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QUALITY ASSURED 

Our quality system focuses on the continuing high quality of our 
components and the best possible service for our customers. We have 
a three-sided quality strategy: we apply a system of total quality control 
and assurance; we operate customer-oriented dynamic improvement 
programmes; and we promote a partnering relationship with our 
customers and suppliers. 

PRODUCT SAFETY 

In striving for state-of-the-art perfection, we continuously improve 
components and processes with respect to environmental demands. 
Our components offer no hazard to the environment in normal use 
when operated or stored within the limits specified in the data sheet. 

Some components unavoidably contain substances that, if exposed by 
accident or misuse, are potentially hazardous to health. Users of these 
components are informed of the danger by warning notices in the data 
sheets supporting the components. Where necessary the warning 
notices also indicate safety precautions to be taken and disposal 
instructions to be followed. Obviously users of these components, in 
general the set-making industry, assume responsibility towards the 
consumer with respect to safety matters and environmental demands. 

All used or obsolete components should be disposed of according to 
the regulations applying at the disposal location. Depending on the 
location, electronic components are considered to be 'chemical', 
'special' or sometimes 'industrial' waste. Disposal as domestic waste is 
usually not permitted. 
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Programmable 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 T PO 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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Programmable Logic Devices Product Status 

DEFINITIONS 

Data Sheet Product Status Definition Identification 

This data sheet contains the design target or goal specnications for 

Objective SpecifiClltion Formative or In Design product development. Specnications may change in any manner 
without notice. 

This data sheet contains preliminary data, and supplementary 

Preproduction Product 
data will be published at a laler dale. Signelics reserves the righl 

Prellmln_'Y SpeclfiClltion 10 make changes at any time whhoul notice in order to improve 
design and supply the best possible product. 

This data sheet contains Final Specnicatlons. Signetics reserves 

Product SpecifiClltion Full Production the right to make changes at any lime whhout notice, in order 10 
improve design and supply the best possible product. 

11 



Philips Semiconductors Programmable Logic Devices 

Selection guide 

INTERNAL 
PHILIPS ARCHITECTURE TOTAL PRODUCT STATE 

SEMICONDUCTORS (Inputs x Terms' INPUTS TERMS PER REGISTERS OUTPUTS 
PART NUMBER x Outputs) PACKAGE (' Dedicated) OR GATE (' Dedicated) C, 110, R, R 110 tpD(Max) fliAX Icc (Max) 

PAL DEVICES 

10H20EV8-4/ 
10020EV8-4 2Ox90xS 24-Pin 20 (12) Sto 12 0 8 varied 4.5ns 208MHz -250mA 

PHD16N8-5 16x16x8 2O-Pin 16 (10) h 0 2C,611O 5ns 180mA 

PHD48N22-7 48 x 73 x 22 68-Pin 4S(36) 7to 12 0 10C, 12110 7.5ns 420mA 

PLUS16L8-7 16x64xS 2O-Pin 16(10) 7 0 2C, 6 110 7.5ns 1 SOmA 

PLUS16R4-7 16x64xS 20-Pin 16(8) 7toS 4(0) 4 VO,4R 7.5ns 74MHz 1 SOmA 

PLUS16R6-7 16x64xS 2O-Pin 16(S) 7toS 6(0) 2 VO,6R 7.5ns 74MHz 1 SOmA 

PLUS16RS-7 16x64xS 20-Pin 16 (S) S S(O) 8R 74MHz 1 SOmA 

PLUS16LBD 16x64xS 20-Pin 16(10) 7 0 2C,611O 10ns 1 SOmA 

PLUS16R4D 16x64xS 2O-Pin 16(S) 7toS 4(0) 4 VO,4R 10ns 60MHz 180mA 

PLUS16RSD lSx64xS 20-Pin lS(S) 7toS 6(0) 2 VO,6R 10ns 60MHz lS0mA 

PLUS16RSD lSx64xS 2O-Pin 16(S) S S(O) 8R 60MHz 1 SOmA 

PLUS20L8-7 20 x64 xS 24-Pin 20(14) 7 0 2C,611O 7.5ns 210mA 

PLUS20R4-7 20xS4xS 24-Pin 20(12) 7toS 4(0) 4 VO,4R 7.5ns 74MHz 210mA 

PLUS20RS-7 20xS4xS 24-Pin 20(12) 7toS 6(0) 2 VO,6R 7.5ns 74MHz 210mA 

PLUS20RS-7 2Ox64xS 24-Pin 20(12) S S (0) 8R 74MHz 210mA 

PLUS20L8D 20x64x8 24-Pin 20(14) 7 0 2C,611O 10ns 210mA 

PLUS20R4D 20x64xS 24-Pin 20(12) 7toS 4(0) 4 VO,4R 10ns 60MHz 210mA 

PLUS20RSD 20xS4x8 24-Pin 20(12) 7toS 6(0) 2 VO,6R 10ns 60MHz 210mA 

PLUS20R8D 20 xS4 xS 24-Pin 20 (12) S S(O) 8R 60MHz 210mA 

ABT22V10-7 22 x 130 x 10 24-Pin 22(12) Sto 16 10 (0) 10 varied 7.5ns S7MHz 210mA 

90mA, 
PL22V10-151I15 22x130x10 24-Pin 22 (12) Sto 16 10 (0) 10 varied 15ns 53MHz 0.5mAIMHz 

90mA, 
PL22V10-12 22 x 130 x 10 24-Pin 22 (12) Sto 16 10(0) 10 varied 12ns 67MHz 0.5mAIMHz 

110mA, 
PL22V10-10 22 x 130 x 10 24-Pin 22(12) Sto 16 10(0) 10varied 10ns 77MHz 0.5mAIMHz 

PLC1SV8Z35 100jJA, 
PLC1SV8Z1 1S x74 xS 20-Pin lS (8) S S(O) 8 varied 35,40ns 21MHz 1.5mAIMHz 

PLC1SV8Z25 l00jJA, 
PLC18V8ZAI 18x74x8 20-Pin 18(8) S 8(0) 8 varied 25ns 30MHz 1.5mAIMHz 

P3C18V8Z25 # 35ns 25MHz 6OjJA, 
P3C18V8ZAI# 18x74x8 20-Pin 18(8) 8 S(O) 8 varied 40ns 20MHz 0.8mAIMHz 

P3C1SV8-7 + # 18xS4x8 20-Pin 18 (10) 7 8(0) 8 varied 7.5ns 100MHz 150tnA 

P3C20V8-7 + # 22 xS4 x8 24-Pin 22 (14) 7 8(0) 8 varied 7.5ns 100MHz 150mA 

LVT22V10-7 + # 22 x 130 x 10 28-Pin 22(12) 8to 16 10(0) 10 varied 7.5ns 100MHz 150mA 

PLA 

PLS100/101 16x48x8 28-Pin 1S(16) Up to 4S 0 8C 50ns 170mA 

PLS153 18x42x10 20-Pin 18 (8) Up to 32 0 10 I/O 40ns 155mA 

PLS153A 18 x42 x 10 20-Pin 18(8) Up to 32 0 10 I/O 30ns 155mA 

PLUS153B 1Sx42x10 20-Pin lS(S) Up to 32 0 10 I/O 15ns 200mA 

PLUS153D 18x42x10 20-Pin 18 (8) Up to 32 0 10 I/O 12ns 200mA 

PLUS153-10 lS x42 x 10 20-Pin lS(8) Up to 32 0 10 I/O 10ns 200mA 

PLS173 22x42xl0 24-Pin 22(12) Up to 32 0 10110 30ns 170mA 

PLUS173B 22 x42x 10 24-Pin 22(12) Up to 32 0 10110 15ns 200mA 

PLUS173D 22x42x10 24-Pin 22(12) Up to 32 0 10110 12ns 200mA 

PLUS173-10 22x42x10 24-Pin 22(12) Up to 32 0 101/0 10ns 210mA 

December 1993 12 



Philips Semiconductors Programmable Logic Devices 

Selection guide 

PHILIPS ARCHITECTURE PACKAGE 
SEMICONDUCTORS (Inputs x Tenns" 
PART NUMBER x Outputs) 

PLS 

PLS105 22 x48 x8 28-Pin 

PLS105A 22x48x8 28-Pin 

PLUS105-45 22x48x8 28-Pin 

PLUS105-55 22 x48 x8 28-Pin 

PLUS405-37 24x64x8 28-Pin 

PLUS405-45 24 x64 x8 28-Pin 

PLUS405-55 24 x64 x8 28-Pin 

PLS155 16x45x12 2O-Pin 

PLS157 16x45x12 2O-Pin 

PLS159A 16x45x12 20-Pin 

PLS167 22x48x6 24-Pin 

PLS167A 22x48x6 24-Pin 

PLS168 22x48x8 24-Pin 

PLS168A 22x48x8 24-Pin 

PLS179 20x45x12 24-Pin 

PLC42VA 121I 42 x 105 x 12 24-Pin 

PLC415-16 25x68x8 28-Pin 

PML 

PLHS501 104 x 116 x 24 52-Pin 

PML2552-35 205 x 210 x 24 68-Pin 

PML2552-50 205 x 210 x 24 68-Pin 

PML2852-35 205 x 210 x40 84-Pin 

PML2852-50 205 x 210 x40 84-Pin 

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 

INTERNAL 
TOTAL PRODUCT STATE 
INPUTS TERMS PER REGISTERS 

(' Dedicated) OR GATE (' Dedicated) 

22(16) Up to 48 
22(16) Up to 48 
22(16) Up to 48 
22(16) Up to 48 
24(16) Up to 64 

24(16) Up to 64 

24(16) Up to 64 

16 (4) Up to 32 

16(4) Up to 32 

16 (4) Up to 32 

22(14) Up to 48 

22(14) Up to 48 

22 (12) Up to 48 

22 (12) Up to 48 

20(8) Up to 32 

42(10) Up to 64 

25(17) Up to 64 

32(24) Upto 136. 

53(29) Up to 258. 

53 (29) Up to 258. 

53(29) Up to 258. 

53 (29) Up to 258. 

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

NOTES: 
fMAX = l/(tls + tcKO) worst case 
* Includes control product terms 

6(6) 

6 (6) 

6(6) 

6(6) 

8(8) 

8(8) 

8(8) 

4(0) 

6(0) 

8(0) 

8(6) 

8(6) 

10(6) 

10 (6) 

8(0) 

10(0) 

8(8) 

0 

36(20) 

36(20) 

36(20) 

36(20) 

OUTPUTS tpD(MaX) fMAX Icc (Max) 
C, 110, R, R I/O 

SR 14MHz 180mA 

SR 20MHz 180mA 

SR 45MHz 200mA 

SR 55MHz 200mA 

SR 37MHz 225mA 

SR 45MHz 225mA 

SR 55MHz 225mA 

SIIO,4R 110 50ns 14MHz 190mA 

611O,6R 110 50ns 14MHz 190mA 

4110, S R I/O 35ns 18MHz 190mA 

6R 14MHz 180mA 

6R 20MHz 180mA 

SR 14MHz 180mA 

SR 20MHz 180mA 

411O,SR I/O 35ns 18MHz 210mA 

10110 or R I/O, 35ns 25MHz 135mA 
21/0 

SR 16MHz l00~A! 
SOmA 

16C,SI/0 22ns 295mA 

SIlO, 16R I/O 35ns 50MHz lOrnA! 
100mA 

SIIO,16RI/0 50ns 35MHz lOrnA! 
100mA 

16C,SI/O, 35ns 50MHz lOrnA! 
16RI/0 100mA 

16C,SI/O, 50ns 35MHz lOrnA! 
16RI/0 100mA 

• Productterms 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: 

GAL is a registered trademark of Lattice Corp. 

Package Code 
A = 20-, 2S-, 52-, 6S-, S4-lead Plastic Leaded Chip Carrier (PLCC) 
o = 20-, 24-Pin Plastic SO (300-mil) 
F = 20-, 24-, 2S-Pin Ceramic Dual In-Line 
N = 20-, 24-, 2S-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, 0, -35, -7, etc. = propagation delay (ns) 
-37, -45, -55, etc. = operating frequency (MHz) 

Basic Part Number 
(3 to S characters) 
(e.g., 100, 105, 153, 16S, 173, 1SPS, 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: PLC1SVSZI = -40 to +S5°C 

PL22V10115= -40to+S5°C 

PAL is a registered trademark of MMI, Corp., a whOlly-owned subsidiary of Advanced Micro Devices (AM D), Inc. 

December 1993 14 
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Philips Semiconductors Programmable Logic Devices 

. Programmable logic 

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 
(PROMs). 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 ANDIOR/INVERT 

INPUTS 

NOTES: 
I. P. C. N. F and PIE are user·programmable connections. 

November 1993 

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 

PH 
K Qp 

STATE 
REGISTER 

Figure 1. High Speed Sequencer 

17 

Introduction 

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 
PLUSl53 programmable logic array (PLA). 
which was derived from the original PLS100. 

PRiOE 

OUTPUTS 



Philips Semiconductors Programmable Logic Devices 

Programmable logic Introduction 

P 1 Po 

B9----r-----------+-----------r---~~ 

>---------~~~BO 

= 

Figure 2. PLUS153 20-Pln Functional Diagram 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic 

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 ~ AS + ~D + BO' 

Xl ~ AS + ~D + EFG 

AND T 
E 
R 
M 

~----------------------

P-Terms 
Po =AB 
P1 = CD 
P2 = BO' 
P3 =~B 

INPUT (1m) 

H H 
L H -

H - L 

L H 

P4 =EFG ~~-L~L-~-L-J __ ~-L~ __ L-~~~~~~~H~H~~H~ 

44 

45 

• • • 

Xc = Po + P 1 + P2 ~---,4-,-6 -+----,f--+--t--I--+--+---I---+--+--+---If--+--t--I--+--f 

November 1993 

47 

PIN 
NO. 20 21 22 23 24 25 26 27 2 3 4 7 8 

ABC D E F G 

Figure 3. Field Programmable Logic Array 

A 

B 

Xc C 

D 

E 
F 
G 

Figure 4. Equivalent Fixed Logic Diagram 

19 

Introduction 

POLARITY 

:I=CI:J=I::J::1Iii 
.... ----~.!!.-----

OUTPUT Fp 
-7 6 5 4 3 2 1-0' 

A 
A A 

A 
A 

A 

10 11 12 13 15 16 17 18 

Xl Xc 

Xl 

Xl :1(B+CD+EFG 



Philips Semiconductors Programmable Logic Devices 

Programmable logic 

In the previous example, the two Boolean 
Logic equations were broken into Product 
terms. Each P-term was then programmed 
into the P-term section of the PLA Program 
Table. This was accomplished in the following 
manner: 

T 

Step 1 
Select which Input pins 10 -115 will 
correspond to the Input variables. In this 
case A - G are the input variable names. 16 
through 10 were selected to accept inputs 
A - G respectively. 

AND 
E ~----------------------R 
M 

~5-r1413 r"12 
0 

1 
2 

3 
4 

44 

45 

46 

47 

PIN 
20 21 22 23 

NO. 

W 
...J w 
a:J:E 
~<C 
C::z 
~ 

Step 2 
Transfer the Boolean Terms to the PLA 
Program Table. This is done simply by 
defining each term and entering it on the 
Program Table. 

e.g., Po= AB 

11 

24 

INPUT (1m) 

10 9 8 7 6 -; .-3- 211"'"0" 

• • 
• 

25 26 27 2 3 4 5 6 7 8 9 

A B C D E F G 

Figure 5. 

This P-term translates to the Program Table 
by selecting A = 16 = Hand B = 15 = Hand 
entering the information in the appropriate 
column. 

AND T 
E 
R 
M 

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

November 1993 

44 

45 

46 

47 

PIN 
NO. 

INPUT (1m) 

151"'"14131"'"",2 -1-1' r--10• .... -9-.-- .. --.. - 6 r"s • r-3 
H H 

H 

H - L 

H 

--1"'"-
2 1 0 

- - H H H 

20 21 22 23 24 25 26 27 2 3 

• • • 

ABC 0 E F G 

Figure 6. 

20 

Introduction 

:I:CIIIJ:IIii 
------<>.!!..-----

OUTPUTFp 
-7- 6 5 4 3 2 1 1"'"0 

10 11 12 13 15 16 17 18 

This term is defined by selecting C = 14 = L 
and D = 13 = H, and entering the data into the 
Program Table. Continue this operation until 
all P-terms are entered into the Program 
Table. 

~I:ci:r='I=I1ItL 
OR 

~-----------~. OUTPUT Fp 1"'"_ 
76543210 

10 11 12 13 15 16 17 18 



Philips Semiconductors Programmable Logic Devices 

Programmable logic 

Step 3 
Select which output pins correspond to 
each output function. In this case Fo = 
Pin 18 = Xo• and Fl = Pin 17 = Xl. 

AND T 
E -----------------------
~ INPUT (1m) 

44 

45 

46 

47 

PIN NO. 

15"'14 13""'12 -1-1' ~10· .... -9-.-- .. --·-6 r-S 4" ..... 3- 21 "'0 
H H 

H 

H 

20 21 22 23 24 25 26 27 2 3 

H 

- L 

H H H 

• 
• • 

ABC D E G 

Figure 7. 

Introduction 

~I:ci:J:IIJ:I: 
I------~-----
1--

7
- 6 5 OU:PU~FP 2 1""0 

10 11 12 13 15 16 17 18 

Xl leo 

Step 4 
Select the Output Active Level desired for 
each Output Function. For Xo the active 
level is high for a positive logic expression of 

this equation. Therefore. it is only necessary 
to place an (H) in the Active Level box above 
Output Function O. (Fo). Conversely. Xl can 

be expressed as Xl by placing an (L) in the 
Active Level box above Output Function 1. 
(F1). 

November 1993 

AND T 
E ~----------------------
~ INPUT (1m) 

~5"'14 13""'12 -1-1 ,...-10·'"1"'-9-.--.,--.,-

44 

45 

46 

47 

PIN NO. 

6 r-"S 
H H 

H 

H 

20 21 22 23 24 25 26 27 2 3 

- .... -
4 3 2 1 

H 

- L 

H H 

• • • 

ABC D E 

Figure 8. 

21 

.-
0 

H 

G 

POLARITY 
~I:CI:1:IJ::1I~ 
~ ____ ..2.!!.. _____ 
1-_,.. OUTPUTFj> ..... _ 

7 6 5 4 3 2 1 0 

10 11 12 13 15 16 17 18 

Xl leo 



Philips Semiconductors Programmable Logic Devices 

Programmable logic 

Step 5 
Select the P-Terms you wish to make 
active for each Output Function. In this 
case Xo = Po + PI + P2. so an A has been 
placed in the intersection box for Po and Xo. 
P1 and Xo and P2 and Xo. 

Terms which are not active for a given output 
are made inactive by placing a (e) 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. 

T AND 

>Co = Po + P1 + P2 

X1 = P3 + P1 + P4 

November 1993 

E ~----------------------R 
M 

44 

45 

46 
47 

PIN 
NO. 

INPUT (Iml 

H H 
L H -

H - L -
L H 

• • • 

H H H 

ABC D E F G 

Figure 9. 

22 

I ntrod uction 

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. 

~I=ciII:I!I[ 
~ ____ ~!L _____ 

~i 6 5 OU:PU~ FD 2 ;·~O . A 
A A . A 
A . 
A . 

10 11 12 13 15 16 17 18 

X1 Xc 



Philips Semiconductors Programmable Logic Devices 

Programmable logic 

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, 10110 pins, 
and 42 product terms. The user can configure 
the device by defining the direction of the 1/0 
pins. This is easily accomplished by using the 
direction control terms Do - Dg to establish 

P 1 Po 

Introduction 

the direction of pins 80 - 8g. The D-terms 
control the 3-State buffers found on the 
outputs of the Ex-OR gates. Figures 10 and 
11 show how the D-term configures each Bx 
pin. 

D9 

J® 
~~------------~------------~---+~ 

~----~----~------~~ 

= 

~----------~~~BO 

3-STATE 
BUFFER 

Figure 10. PLUS153 Functional Diagram 

10 

= 

OUTPUT 
>-e-:--o B9 

a. D9 Active Makes 8 9 Appear as an Output 
with Feedback 
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P 1 Po D9 

b. D9 Inactive Makes 89 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 (Bx pin an output), the output of 
the control gate must be at logic HIGH (1). 
This can be accomplished in one of two 

Vee 

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

Vee 

Introduction 

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. 

I = HIGH (1) 0---+-----...... I = LOW (0) 0---+-----...... 

>--_---0 BX = OUTPUT >------0 BX = INPUT 

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

Vee 

1= HIGH (1) 0---+----...... 

>-----0 BX = OUTPUT 

Figure 13. Effect on Control Gate if Fuse is Programmed 
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DEDICATING BX 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 Bx pins 
being in the input condition. the resultant 
device is, therefore, an 18-input, o-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 Bx pins are to be outputs. The next step 
is to condition the control gate to make the 
3-State buffer for those gates active. To 
dedicate So and Bl as outputs, it is necessary 
to program all fuses to the inputs to Control 
Gates Do and 0 1. This internally pulls all 
inputs to those gates to HIGH (1) 
permanently. since all inputs to the Control 

AND 

8(1) 

Introduction 

Gates are HIGH (1), the output is HIGH (1) 
and the 3-State buffers for So and Bl are 
active. This permanently enables Bo and Bl 
as outputs. Note that even though So and Bl 
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. 

POLARITY 

OR 

8(0) 

T 
E 
R 
M 765432109876543210 9876543210 

r--.--

<C • 'f-~ 
a:' w ~ 
0' > I

, i= (.) 
, ~ ~ 
, '--'--
, " - ,_ _ _ _ _ _ _ _ _ _ _ -'--_-L--'---'---'---'--L..-L......1.......1...--l..--l..---1..---1..--L--L---L--1--1---1 

o 
Z' 
<C, 
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W 
II: 

Z~_ m 1m ~ 
...: I"': g 

30 

31 

• • • 
! I 

t-~D~9~~0~0~~0~0~O~0~_0+-0~0~0~_0+-0+-0~0~0-+_0+-0~O~~ J T o 0 0 0 0 0 0 000 0 0 000 0 0 0 

~ 0 0 0 000 0 000 0 0 000 0 0 0 

06 000010000001000010000 

05000000000000000000 

D4 

03 

02 

01 

DO 

PIN 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O~------------~ 

0000000000 1 000 0 10000 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 O~----------------~ 

8 7 6 5 4 3 2 1 19 18 17 16 15 14 13 12 11 9 19 18 17 16 15 14 13 12 11 9 

Figure 14. Dedicating Bo and B1 as Outputs and B2 Through B9 as Inputs 

25 



Philips Semiconductors Programmable logic Devices 

Programmable logic 

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 Bo and Bl pins as outputs. By placing a 
(0) in all input boxes for B2 - 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 

a
m 

inactive and the B2 - Bg pins are enabled as 
inputs. All Bx 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 Bx 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 

ANO 

8(1) 

Introduction 

Control Gate to respond to one or more input 
pins. It is only necessary to select which Ix 
and Bx 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 
Be - Bg with 17. When 17 is lOW (l), pins 
Be - Bg are outputs; when 17 is HIGH (H), 
pins Be - Bg are inputs. Note that by 
programming all other Ix and Bx pins as 
DON'T CARE (-), they are permanently 
disconnected from control of Bx pin direction. 

POLARITY 

OR 

8(0) 

T 
E 
R 
M 7 6 5 4 3 2 1 0 9876543210 9876543210 ,---

c( • 'r-w eel w ~ 
0' > I-

: ~ ~ : '--
, " _ _ _ _ _ _ _ _ _ _ _ _ -'--_-L-.....L..-L---'---''--.L-..L... ........ -L-.....L..-L---' ____ '--.L-..L... ........ -'--'---' 

~, 
«, 

November 1993 

w 
a; 

w « 
> u 
i= I-

~_ m 1m ~ 
..: I": Q 

30 

• • • 

31 I i 

06 

05 

D4 

03 

02 

01 

DO 

PIN 

-----------------.--------' 
L ----
L 

8 7 6 5 4 3 2 1 19 18 17 16 15 14 13 12 11 9 19 18 17 16 15 14 13 12 11 9 

Figure 15. Active Control of 80 - 81 Using 17 Active Low (L) 
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The previous 28-pin logic synthesis example 
could be done on the PLUS153 as follows: 

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 

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. 

Xo = AB + ~D + BU 

Xl = 1\B + ~D + EFG 

Note that Bo was used as a CHANGE input. 
When Bo is HIGH (H) the outputs appear on 
Bs and Bg. When Be is LOW (L), the outputs 
appear on Bs and B7. Bl through B5 are not 
used and therefore left unprogrammed. 

~ 
T 
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R 
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, t3 ~ 
< ---
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POLARITY 
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OR 

B(O) 
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A. A 

09 

t-,,-0s -t-+-+-+--+-+--+-+---1--1-- ~+-+-+-+----1--1[-P 1 
07 

06 

05 
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000000000000000000 

000000000000 0 o!o 000 __ ------.... 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

2 1 0 

02 

01 

o 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 __ ----------' 

DO 

PIN 
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o 0 0 0 0 0 0 0 0 0'0 0 0 0 0 0 0 0 

000000000000000000 __ ------------' 

8 7 6 5 4 3 2 1 19 18 17 16 15 14 13 12 11 9 

ABCOE G 

Figure 16. PLUS153 Example 
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SEQUENTIAL LOGIC 
CONSIDERATIONS 
The PLUS405, PLUS105 and PLC42VA 12 
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. 

sequential operations in relatively high-speed 
processor systems. By placing repetitive 
sequential operations on the PLUS405, 
processor overhead is reduced. 

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

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 
PLUS40S is fully capable of performing fast 

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 (I) at clock time (t). All 
stable states are stored in the State Register. 

CLOCK----------~--------------~ 

0 
® 
® 
® 

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. 

= INPUT 

= PRESENT STATE 

= NEXT STATE 

= NEXT OUTPUT 

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

11 _ 3 are jump conditions which must be satisfied before any 
transitions take place. 
Fr are changes in output triggered by 1m, and stored in the 
output register. 
State transitions a ~ band c ~ d involve no output change. 

Figure 18. Typical State Diagram. 
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The arrow connecting the two states gives rise to a transition 
term Tn. I is the jump condition. 

Figure 19. Typical State Transition 
Between Any Two States of Figure 18. 
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State Jumps 
The state from which a jump originates is 
referred to as the Present state (P), and the 
state to which a jump terminates is defined as 
the Next state (N). A state jump always 
causes a change in state, but mayor may not 
cause a change in machine output (F). 

State jumps can occur only via "transition 
terms" Tn. These are logical AND functions of 
the clock (t), the Present state (P), and a 
valid input (I). Since the clock is actually 
applied to the State Register, Tn = I.P. 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 
necessary). The simple state jump in 
Figure 20, involving 2 inputs, 1 state bit, and 
1 output bit, illustrates the equivalence of 
discrete and programmable logic 
implementations. 

Sequencer Logic Structure 
The Sequencer consists of programmable 
AND and OR gate arrays which control the 
Set and Reset inputs of a State Register, as 
well as monitor its output via an internal 
feedback path. The arrays also control an 
independent Output Register, added to store 
output commands generated during state 
transitions, and to hold the output constant 
during state sequences involving no output 
changes. If desired, any number of bits of the 
Output Register can be used to extend the 
width of the State Register, via external 
feedback. 

November 1993 

A 
B 

Introduction 

A 

B 

T=ABO 

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

II- lOGIC TERMS T ----II 
OPTIONS 

PRiOE 

P7=t::t=======~ Po __ ~~ __________________ +-j~---4~~ 

C--4-~------------------r-~-' 

c--+-+------------------r~ 

'f+.--t>---- Fo 

47 46 

Figure 21. Simplified Logic Diagram of PLUS105 
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Figure 22. Typical AND Gate Coupled to (I) and (P) Inputs. 
If at Least One Link Pair Remains Intact, Tn Is Unconditionally Forced Low. 

~ 
1--0-

~ 
1---D- D-

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

Figure 24. Typical Transition Terms 
Involving Arbitrary Inputs and State 
Variables. All Remaining Gate Inputs 
Are Programmed Don't Care. Note 

That T2 Output Is State Independent. 

November 1993 

Input Buffers 
16 external inputs (1m) and 6 internal inputs 
(Ps), fed back from the State Register, are 
combined in the AND array through two sets 
of TruelComplement (TIC) buffers. There are 
a total of 22 TIC buffers, all connected to 
multi-input AND gates via fusible links which 
are initially intact. 

Selective fusing of these links allows coupling 
either True, Complement, or Don't Care 
values of (1m) and (Ps). 

"AND" Array 
State jumps and output changes are triggered 
at clock time by valid transition terms Tn. 
These are logical AND functions of the 
present state (P) and the present input (I). 

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

30 
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"OR" Array 
In general, a clocked sequence will consist of 
several stable states and transitions, as 
determined by the complexity of the desired 
algorithm. All state and output changes in the 
state diagram imply changes in the contents 
of State and Output Registers. 

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

The PLUS105 OR Array consists of 14 pairs 
of OR gates, controlling the SIR 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 

Introduction 

CK 

CK 

Figure 25. Typical OR Array Gating of Transition Terms T1,2,3 Controlling 
Arbitrary State and Output Register Stages. 

COMPLEMENT 
ARRAY LOGIC 

PATH 

I
I 
I 
I 
I 
I 
I 
I 

AND ARRAY 

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 
TRANSl110N TERMS 

a. Typical State Sequence 

Po-----..-

L ______ .J 

COIFLEMENT ARRAY 

b. COmplement Jump 

Figure 27. 

a. X and Y Specify the COnditional Logic for Direct Jump Transition Terms T 1 

and T2. The Complement Jump Term T31s True Only When Both T, and T2 are 
False. 

b. Note that the Complementary Logic Expression for T 3. 'T1+1'2. 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 Tl and T2 in 
Figure 27 require only a single AND gate 
each. 

But a complement jump such as T 3 generally 
requires many AND gates if implemented as 
a direct jump. However, by using the 
Complement Array, the logic requirements for 
this type of jump can be handled with just one 
more gate from the AND Array. Because it 
can be split into separate machines 
(2 clocks), the PLUS405 incorporates two 
Complement Arrays. 

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 

10 0- ~ 

11 ..,. ~ 

12 ::> 

..? 

..? 

~~ 

00 S 

R 

01 S 

R 

02 S 

R 

8 TRANSITION TERMS USED 

l 
COMPLEMENT 
ARRAY 

J 

c. State logic without Using the Complement Array 

Introduction 

Td1 =10'1 Po 

Td2=12 PO 
Te3 = (Td1 + Td2) PO= (10 '1 + 12) Po 

TeM='2 P3 
Td6=1011 Po 

TeS= (TeM + Td6l P3 = (10 11 + '2) P3 

Ten = COMPLEMENT STATE TRANSITION TERM 

Teln = DIRECT STATE TRANSITION TERM 

p. = PRESENT STATE 

b. logic Definition 

10 ~_-----,,~-t--j--+--t--t--t-

l 
COMPLEMENT 
ARRAY 

f------*-4---+~>----<..._+- J 

Td1 Td2 Te3 TeM Td6 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 Complement Jumps T C3 and 
T C5 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 
PLC42VA 12 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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Programmable high-speed decoder logic 
(16 x 16 x 8) 

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. 

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

Order codes are listed below. 

ORDERING INFORMATION 

DESCRIPTION 

FEATURES 
• Ideal for high speed system decoding 

• Super high speed at 5ns tpD 

• 10 dedicated inputs 

• 8 outputs 

- 6 bidirectional 110 

- 2 dedicated outputs 

• Security fuse to prevent duplication of 
proprietary designs. 

• Individual 3-State control of all outputs 

• Field-programmable on industry standard 
programmers 

• Available in 2O-pin Plastic Dualln-Une and 
20-Pin PLCC 

APPLICATIONS 

• High speed memory decoders 

• High speed code detectors 

• Random logic 

• Peripheral selectors 

• Machine state decoders 

• Footprint compatible to 16L8 

• Fuse/Footprint compatible to TIBPAD 

ORDER CODE 

2O-Pin Plastic Dual In Line Package; (300 mil-wide) PHD16N8-5N 

2O-Pin Plastic Leaded Chip Carrier; (350 mil square) PHD16N8-5A 
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Product specification 

PHD16N8-5 

PIN CONFIGURATIONS 

N Package 

GND 

vee 
07 

86 

B5 

B4 

B3 

B2 

B1 

00 

N - Plastic Dual In-line Package (300mil-wide) 

A Package 

10 vee 07 

18 GND 19 00 B1 

A= Plastic Leaded Chip Carrier 

86 

B5 

B4 

B3 

82 

DRAWING NUMBER 

01730 

0400E 

853-141711164 
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Programmable high-speed decoder logic 
(16x16x8) 

LOGIC DIAGRAM 

NOTES: 

1..~IJ.\.Inprogrammed or virgin "AND" gateiocations are pulled to logic "0· 
2.:::::;::::: Programmable connections 
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Programmable high-speed decoder logic 
(16 x 16 x 8) 

FUNCTIONAL DIAGRAM 

10 

19 

ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER Min Max 

Vee Supply voltage -0.5 +7 

VIN Input voltage -0.5 +5.5 

VOUT Output voltage +5.5 

liN Input currents -30 +30 

lOUT Output currents +100 

Tamb Operating temperature range 0 +75 

Tstg Storage temperature range --65 +150 

NOTES: 

UNIT 

Vrx; 

Vrx; 

Vrx; 

mA 

mA 

°C 

°C 

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 Vrx; 

Tamb Operating free-air temperature 0 +75 °C 
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Product specification 

PHD16N8-5 

81-86 

00,07 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
75°C ambient to junction 
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(16 x 16 x 8) 

DC ELECTRICAL CHARACTERISTICS 
ODC < Tarm ~ +75DC 4 75 ~ Vee ~ 5 25V -

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage2 

VIL Low Vee = MIN 

VIH High Vee = MAX 

Vie Clamp Vee = MIN, liN = -18mA 

Output voltage 

Vee = MIN, VIN = VIH or VIL 
VOL Low 10L = +24mA 
VOH High 10H =-3.2mA 

Input current 

Vee = MAX 
III Low VIN = +OAOV 
IIH High VIN = +2.7V 
II High VIN = Vee = Vee MAX 

Output current 

Vee = MAX 
10zH Output leakage3 VOUT = +2.7V 
10Zl Output leakage3 Your = +OAOV 

los Short circuit" VOUT=OV 

lee Vee supply current Vee = MAX 

CapacitanceS 

Vee = +5V 
CIN Input VIN = 2.0V@f= 1MHz 
COUT 1/0(8) VOUT = 2.0V@ f = 1MHz 

NOTES: 
1. Typical limits are at Vee = 5.0V and Tamb = +25°C. 

Product specification 

PHD16N8-5 

UMITS 

MIN TYP1 MAX UNIT 

0.8 V 

2.0 V 

-Q.8 -1.5 V 

0.5 V 

2.4 V 

-20 -250 JlA 
25 JlA 
100 JlA 

100 JlA 
-100 JlA 

-30 -90 mA 

115 180 mA 

8 pF 

8 pF 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Leakage current for bidirectional pins is the worst case of III and 10Zl or ItH and 10ZH. 
4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
5. These parameters are not 100% tested, but are periodically sampled. 

October 22,1993 40 



Philips Semiconductors Programmable Logic Devices 

Programmable high-speed decoder logic 
(16 x 16 x 8) 

AC ELECTRICAL CHARACTERISTICS 
ODC ~Tamb~ +7SDC, 4.7S ~Vcc ~S.2SV, Al = 2000, A2 =3900 

SYMBOL PARAMETER FROM TO 

tpol Propagation delay (I, B)± Output± 

toE2 Output Enable (I, B)± Output enable 

too2 Output Disable (I, B)± Input disable 

NOTES: 
1. tpo is tested with switch SI closed and CL = SOpF. 

Product specification 

PHD16N8-5 

TEST UMITS 

CONDITIONS MIN MAX UNIT 

CL = SOpF S ns 

CL = 50pF 10 ns 

CL = SpF 10 ns 

2. For 3-State output; output enable times are tested with CL = SOpF to the 1.SV level, and SI is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL _ SpF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - O.SV) with SI open, and Low-to-High impedance tests are made to the VT = (VOL + O.SV) level with SI closed. 

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links open, such that: 
1. All outputs are disabled. 

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

TIMING DEFINITIONS 

SYMBOL PARAMETER 

tpo 
Input to output propagation 
delay. 

Input to Output Disable 
too (3-State) delay (Output 

Disable). 

toE 
Input to Output Enable 
delay (Output Enable). 

TIMING DIAGRAM 

~ 6~~-+--r-1--+~r-~~ 
> 
j 5r-~ __ ~r-+--r-+--r-~ 
l!l 
z 4~1--+--r-1--+--r--r~ o 
~ 3~1--+--r-1--+--r--r~ 
~ 2~~-+--r-1--+--r--r~ 
II: 
11. 

3 4 7 8 

TEST CONDITIONS: T amb - 75"C; 
VCC - 4.75V; CL - SOpF; 
Rl - 200Q; R2 - 3900 

Worst-Case Propagation Delay vs. 
Number of Outputs Switching 

INPU~I~~_tP, --t~J g:: 
OUTPUTS ~ »o)-t)+)+>-t> ..... --4«K~+< :: 

WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE ~ 
DON'TeARE: CHANGING; 

STEADY STEADY 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

]) ([ 
CENTER 

DOES NOT UNE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 
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AC TEST LOAD CIRCUIT 

c'y~ 
10 

INPUTS 19 
BW 

BX 

NOTE: 
Ct and C2 are to bypass VCC to GND. 

LOGIC PROGRAMMING 
The PHD16N8-5 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package. ABELl .. 
CUPLl .. 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) 

VCC L-> 
Rl 

By 

CL 
DUT 

GND 
BZ 

OUTPUTS -= 
-= 

PHD16N8-510gic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

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

Product specification 
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VOLTAGE WAVEFORMS 

2.5na 2.5na 

MEASUREMENTS: 
All circuit delays are measured at the + t.5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 

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

i

l'B il'B il,B il'B 
I,B I,B I,B ~B 

I,ll I,ll I,ll I,B 

P,D P,D P,D P,D 

STATE STATE I STATE I CODE I STATE I 
INAcnVE1 

NOTE: 
1. This is the initial state. 

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

October 22,1993 
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PROGRAM TABLE 

<~ 
AND 

Q T , 
E INPUT (I) , 
R 

-' I- M 9 8 1 7 6 5 41 3 2 1 
fil' ~ 
)(' 11-

~ ~ !S, z I- 0 
~ Q 

0::' 0 0 w 
0, ~ w en 1 1 1 (.) > ~ , w ~ I-

~ ~ , a: 
~ 0 2 is z 

, 3 1 1 ----------------, 
l l , 4 , ~ 

, 5 1 1 
C) J: ....I I 6 ! ! o. 

~I 7 1 1 
8 I I 

, 
9 1 1 , , III 1111 I I I": 10 , 

, 
11 1 1 
12 I I 

13 1 1 
14 1 1 

X 15 1 1 >< >< 
9 ! 8 5 ! 4 >< W PIN 11 7 6 3 2 

Lr' ~ () c 1 1 

I w 1 1 
> ..J W 1 1 

'II W a::I::e 1 1 
I- a: S< 1 1 a: a:Z 
if 

~ 
~ 1 1 

c 1 1 
w a: I I N if =- :::i 

a: 0 u.. =-w w =- a::I 0 w NOTES: ::e c ..J 

0 6 5 

1 18 17 

w ::e a: < a: () > W a::I 1. The PHD16N8-5 is shipped with all links intact. 
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OR (RXEO) 

INPUTS (B) OUTPUTS (B. 0) 

41 3 2 1 7 6 5 4 1 3 2 1 0 

1 D 1/ V I/I/ V 1/ V 
: A 1/ 1/ 1/1/ V 1/ V 
I V oV VI/ V V V 
: V AV Vi/ V V V 
1 V / DVl7 V V V 
: V / A Vi/ V V V 
1 V / V DV V V V 
I 1/ 1/ 17 Aj/ 1/ 1/ 1/ 
I V 1/ 1/ 1/1 D V 1/ V 
: V 1/ 1/ 1/1 A 1/ 1/ V 
1 V 1/ 1/ I/!/ 01/ V 
I V 1/ 1/ 1/1/ AI/ V 
I V 1/ 1/ l/l/ V DV 

i V 1/ 1/ VI/ V AV 
1 V 1/ V 1/1/ V V D 

J V 1/ V Vi/ 1/ V A 
16 115 14 13 19 18 17 16 !15 14 13 12 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 I 

Z 0 :> UJ a::I ~ 2. Unused I and B bits in the AND array exist as INACTIVE in the virgin state. a: w w a: ::e w UJ c W ::J ::e 3. All p-terms are inactive until programmed otherwise. 
::e < UJ ::e Z < 4. Data cannot be entered into the OR array field due to the fixed nature of the device architecture. 
~ :J: 11. ~ ..J a: 

() :::i ~ 0 
UJ a: UJ 0 
::J ::J :I: ::J ~ a: 
() 11. 11. () 11. 
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DECODING 1/2 MEG STATIC MEMORY 

AH31 

• • PHD1SNB • 1SKIC4 • SHAM 
AL1S 

AH31 

• • PHD1SNB • • AUII • • • AH31 • • • • • AUII 

AH31 

• • PHD111NB • • AUII 

111KIC4 
SHAM 

SNAP RESOURCE SUMMARY DESIGNATIONS 

.o----td-t'-----+--+--: :::l:::~:--------+--t--
18 ~:~~~~~~:---~---if---+--

--+----+-··I~·.·.·.··.·.·.·.I.. ----.;:;:::DlNP ... ·I::~: . . I"T -+--t--------!IT: 
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Philips Semiconductors Programmable Logic Device Products 

Zero standby power 
CMOS versatile PAL devices 

DESCRIPTION 
The PLC18V8Z35 and PLC18V8Z1 are 
universal PAL®' devices featuring high 
performance and virtually zero-standby power 
for Opower sensitive applications. They are 
reliable, user-configurable substitutes for 
discrete TIUCMOS logic. While compatible 
with TIL and HCT logic, the PLC18V8Z1 can 
also replace HC logic over the Vee 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 100jJ.A 
and active power consumption of 
1.5mAlMHz, the PLC18V8Z is ideally suited 
for power sensitive applications in battery 
operated/backed portable instruments and 
computers. 

The PLC18V8Z is also processed to 
industrial requirements for operation over an 
extended temperature range of _40DC to 
+85DC and supply voltage of 4.5V to 5.5V. 

Ordering information can be found below. 

ORDERING INFORMATION 

FEATURES 
• 20-pin Universal Programmable Array 

Logic 

• Virtually Zero-Stand by-power 

- 20jJ.A (typical) 

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

• Functional replacement for Series 20 
PAL devices 
- IOL = 24mA 

• High-performance CMOS EPROM cell 
technology 
- Erasable 

- Reconfigurable 

- 100% testable 

• 35ns Max propagation delay (comm) 

• 40ns Max propagation delay (Industrial) 

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

• Programmable output polarity 

• Power-up reset on all registers 

• Register Preload capability 

• Synchronous Preset/Asynchronous Reset 

• Security fuse to prevent duplication of 
proprietary designs 

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

APPLICATIONS 

• Battery powered instruments 

• Laptop and pocket computers 

• Industrial control 

• Medical Instruments 

• Portable communications equipment 

Product specification 
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PIN CONFIGURATIONS 
D, N, and FA Packages 

vee 

F7 

F6 

FS 

F4 

F3 

F2 

F, 

Fo 

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

A Package 
10' 

12 I, CLKVCC F7 

Is GND Igi Fo F, 
OE 

A - Plastic Leaded ehi Carrier 

PIN LABEL DESCRIPTIONS 
I Dedicated input 

B Bidirectional input/output 

0 Dedicated output 

D Registered output (D-type flip-flop) 

F Macrocellinput/Output 

CLK Clock input 

OE Output Enable 

Vee Supply voltage 

GND Ground 

DESCRIPTION 
OPERATING CON-

ORDER CODE 
DRAWING 

DITIONS NUMBER 

20-Pin (300mil-wide) Plastic Dual In-Line Package (tpD = 35ns) Commercial PLC18V8Z35N 0408B 

20-Pin (300m ii-wide) Ceramic Dual In-Line Package with quartz window (tpD = 35ns) Temperature Range PLC 18V8Z35FA 0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tPD = 35ns) ±5% Power PLC18V8Z35A 0400E 

20-Pin (300m ii-wide) Plastic Small Outline Large Package (tpD = 35ns) Supplies PLC18V8Z35D 0172D 

20-Pin (300m ii-wide) Plastic Dual In-Line Package (tPD = 40ns) Industrial PLC18V8ZIN 0408B 

20-Pin (300m ii-wide) Ceramic Dual In-Line Package with quartz window (tPD = 40ns) Temperature Range PLC18V8ZIFA 0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tpD = 40ns) ± 10% Power PLC18V8ZIA 0400E 

20-Pin (300mil-wide) Plastic Small Outline Large Package (tpD = 40ns) Supplies PLC18V8ZID 0172D 

1. PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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Zero standby power 
CMOS versatile PAL devices 

LOGIC DIAGRAM 

NOTES: 
In the unprogrammed or virgin state: 

All eells are in a conductive state. 
All AND gateiocations are pulled to a logic "0" (Low). 
Output polarity is inverting. 

October 22. 1993 

PLC18V8Z3S/PLC18V8ZI 

F7 

F6 

F5 

F4 

F3 

F2 

Fl 

FO 

19ICE 

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 (OMe) are configured as bidiredional VO, with the outputs disabled via the 
diredion term. 

..... Denotes a programmable eeillocation. 
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION 
CROSS REFERENCE 

16L8 16L2 14L4 PIN PLC 16H8 16R4 16R6 16R8 16H2 14H4 NO. 18V8Z 16P8 16RP4 16RP6 16RP8 16P2 14P4 16P8 

1 loIClK I ClK ClK ClK I I 

19 F7 B B B D I I 

18 F6 B B D D I I 

17 F5 B D D D I 0 

16 F4 B D D D 0 0 

15 F3 B D D D 0 0 

14 F2 B D D D I 0 

13 F1 B B D D I I 

12 FO B B B D I I 

11 I~ I OE OE OE I I 

12L6 10L8 
12H6 10H8 
12P6 10P8 

I I 

I 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

I 0 

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 

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. 

OUTPUT MACRO CELL (OMC) 

FROM AND 

ARRAY t TO ALL OMCs 

r---------
I 
I 
I 
I 
I 
I 
I 

1------· 
r=-=='-'~':":":":'=":'=-""-i--t--+--i----Ill 

:R"i:~ {~=~->-"'-;'t:-.... 
I 
I 
I ACl n ::. I . 
I AC2n : 

I ':" 

I 
I 

I 
I 

L _________ ~_L~ _____ ~J 
t t t 

TOALLOMCs 

NOTE: 
:::::: Denotes a programmable cell location. 
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FUNCTIONAL DIAGRAM 

C~~-C---------I 

IS 

THE OUTPUT MACRO CELL 
(OMC) 
The PlC 18V8Z 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, 
AC 1 nand AC2n (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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Zero standby power 
CMOS versatile PAL devices 

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 
dock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 

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

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

CONTROL CELL CONFIGURATIONS 

FUNCTION AC1 1 AC2N 

Registered mode Programmed Programmed 

Bidirectional 1/0 mode 1 Unprogrammed Unprogrammed 

Fixed input mode Unprogrammed Programmed 

Fixed output mode Programmed Unprogrammed 

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

ARCHITECTURE CONTROL-AC1 and AC2 

OMC CONFIGURATION 

REGISTERED (D-TYPE) 

~I--------- F(I) 

OMC CONFIGURATION 

FIXED INPUT 

NOTES: 

CONFIGURATION CEll 

PIN 1_ ClK 
PIN 11.OE 

A factory shipped unprogrammed device is configured such that: 
1. This is the initial unprogrammed state. All cells are in a conductive state. 
2. All AND gates are pulled to a logic "0" (Low). 
3. Output polarity is inverting. 

CONFIG. CELL 

Programmed 

Unprogrammed 

Unprogrammed 

Unprogrammed 

F(B), F(B) 

4. Pins 1 and 11 are configured as inputs 0 and 9. The clock and ~ functions are disabled. 

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

Pin 1 =CLK, Pin 11 =~ 

Pin 1 and Pin 11 = Input 

COMMENTS 

Dedicated dock from Pin 1. ~ Control 
for all registerd OMCs from Pin 11 only. 

Pins 1 and 11 are dedicated inputs. 
3-State control from AND array only. 

Pins 1 and 11 are dedicated inputs. 

Pins 1 and 11 are dedicated inputs. The 
feedback path (via FMux) is disabled. 

F(O), F(O> 

OMC CONFIGURATION 

FIXED OUTPUT 

0-t~,)------

Nn

ClKQ 
SP 

A 
N OE 

CONFIGURATION CEll 

PIN 1-INPUT 
PIN 11 - INPUT 

5. All Output Macro Cells (OMCs) are configured as bidirectional 1/0, with the outputs disabled via the direction term. 
6. 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 dock and output enable functions are enabled on Pins 1 and 11, respectively, if anyone OMC is programmed 
as registered. 
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ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATINGS UNIT 

Vee Supply voltage -0.5 to +7 Voc 

Vee Operating supply voltage 4.5 to 5.5 (Industrial) 
Voc 4.75 to 5.25 (Commercial) 

VIN Input voltage -0.5 to Vee + 0.5 Voc 

VOUT Output voltage -0.5 to Vee + 0.5 Voc 

!l.t/!l.V Input/clock transition rise or fall2 250 
nsN 

maximum 

liN Input currents -10to+10 mA 

lOUT Output currents +24 mA 

Tamb Operating temperature range -40 to +85 (Industrial) °C o to +75 (Commercial) 

Tstg 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. All digital circuits can oscillate or trigger prematurely when input rise 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 Vee = 4.5V. 

AC TEST CONDITIONS 

vee L/ 
c'y~ 

R, 

10 By 

R2 CL 
INPUTS 19 OUT 

BW 

BX BZ 
GND OUTPUTS -= 

-= NOTE: 
C, and C2 are to bypass Vec to GND. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C ambient to junction 

VOLTAGE WAVEFORMS 

+3'OV~---90"10 

L J 10% 
OV -J 5ns tR tF 5ns I.--

+3.0V}-f,0% L90% 
OV--- 5ns/.-- ~5ns 

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

Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = O°C S; Tarrb S; +75°C, 4.75V S; Vee S;5.25V; 
Industrial = -40°C S; T arnb < +85°C, 4.5V < Vee < 5.5V - - -

SYMBOL PARAMETER TEST CONDITION 

Input voltage 

V,L low Vee = MIN 

V,H High Vee = MAX 

Output voltage2 

VOL low Vee = MIN, IOL = 2OJ.lA 
Vee = MIN, IOL = 24mA 

Vee = MIN,loH =-3.2mA 

Product specification 
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LIMITS 

MIN Typ1 MAX UNIT 

-<>.3 0.8 V 

2.0 Vee + 0.3 V 

0.100 V 
0.500 V 

2.4 V 
VOH High 

Vee = MIN, IOH = -20J.lA Vee- O.1V V 

Input current 

I,L low7 

I'H High 

Output current 

10(OFF) Hi-Zstate 

los Short-circuit3 

Icc Vee supply current (Standby) 

leelf Vee supply current (Active)4 

Capacitance 

C, Input 

CB I/O 

45 

'/ 
/ VV 

/ 

'/ 
V 

30 

~ 
'0 o 

15 

100llA 

o 0 12 18 24 
!(MHz) 

Figure 1. Icc vs Frequency5,6 
(Worst Case) 

NOTES: 

30 

1. All typical values are at Vee = 5V, T arrb = +25°C. 

V,N =GND 

V,N = Vee 

VOUT= Vee 
VOUT = GND 

VOUT = GND 

Vee = MAX, V,N = 0 or Vee8 

Vee = MAX (CMOS inputs)5,6 

Vee = 5V 
V,N =2.0V 

VB = 2.0V 

lL 
V 

V 
.."V 

/' 
/v 

-1 

-2 
/ 
o 20 40 60 80 100 120 140 160 180200 

OUTPUT CAPACITANCE LOADING (pF) 

Figure 2. ~tpD vs Output Capacitance 
loading (Typical) 

2. All voltage values are with respect to network ground terminal. 
3. Duration of short-circuit should not exceed one second. Test one at a time. 
4. Tested with TTL input levels: V,L = 0.45V, V,H = 2.4V. Measured with all outputs switching. 
5. ~Ieeml input = 2mA. 
6. ~Iee vs frequency (registered configuration) = 2mAlMHz. 
7. I,L for Pin 1 (loIClK) is ± 10J.lA with V,N = O.4V. 
8. V,N includes ClK and OE if applicable. 
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-10 J.lA 

10 J.lA 

10 J.lA 
-10 J.lA 

-130 mA 

20 100 J.lA 

1.5 mAlMHz 

12 pF 

15 pF 
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AC ELECTRICAL CHARACTERISTICS4 
Commercial = O°C ~ Tam ~ +75°C, 4.75V ~ Vee ~ 5.25V; 
Industrial = -40°C < T arm < +85°C 4.5V ~ Vee < 5.5V· R2 = 3900 - - -

SYMBOL PARAMETER FROM TO 

Pulse width 

Clock period 
tcKP (Minimum ClK + ClK+ 

tiS + tcKO) 

tcKH Clock width High ClK+ ClK-

tcKL Clock width Low ClK- ClK+ 

tARW 
Async reset 

I ±, F± 1+, F+ pulse width 

Hold time 

tlH 
Input or feedback 

ClK + Input± data hold time 

Setup time 

tiS 
Input or feedback 

I ±, F± ClK+ data setup time 

Propagation delay 

tpo 
Delay from input 

I ±, F± F± to active output 

Clock High to 
tcKO output valid ClK + F± 

access Time 

Product term 
1oE13 enable to outputs I ±, F± F± 

off 

Product term 
10012 disable to outputs I±, F± F± 

off 

Pin 11 output 
10022 disable High to OE- F± 

outputs off 

1oE2
3 

Pin 11 output 
enable to active OE+ F± 
output 

tARO Async reset delay I±, F± F+ 

tARR 
Async reset recov-

I ±, F± ClK+ ery time 

tSPR 
Sync preset recov-

I ±, F± ClK+ erytime 

tpPR Power-up reset Vee + F+ 

Frequency of operation 

fMAX Maximum frequency 1/(tl5 + tcKO) 

NOTES: 
1. Refer also to AC Test Conditions. (Test load Circuit) 

Product specification 
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TEST CONDITION1 
PLC18V8Z35 PLC18V8Z1 
(Commercial) (Industrial) 

R1 (0) 
CL MIN MAX MIN MAX 

UNIT 
(pF) 

200 50 47 57 ns 

200 50 20 25 ns 

200 50 20 25 ns 

35 40 ns 

200 50 0 0 ns 

200 50 25 30 ns 

200 50 35 40 ns 

200 50 22 27 ns 

Active-High R = 1.5k 
50 35 40 ns 

Active-low R = 550 

From VOH R = 00 
5 35 40 ns 

From VOL R = 200 

From VOH R = 00 
5 25 30 ns 

From VOL R = 200 

Active-High R = 1.5k 
Active-low R = 550 50 25 30 ns 

35 40 ns 

25 30 ns 

25 30 ns 

35 40 ns 

200 50 21 18 MHz 

2. For 3-State output; output enable times are tested with CL = 50pF to the 1.5V level, and S1 is open for high-impedance to High tests and 
closed for high-impedance to low tests. Output disable times are tested with CL ~ 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH -0.5V) with S1 open, and low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with S1 closed. 

3. Resistor values of 1.5k and 5500 provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level. 
4. leave all the cells on unused product terms intact (unprogrammed) for all patterns. 
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POWER-UP RESET 
In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated in the PLC18V8Z. All internal 
registers will reset to Active-Low (logical "0") 
after a specified period of time (tpPR)' 

TIMING DIAGRAMS 

INPUTS 
1/0. REG. 

FEEDBACK 

ClK 

PIN 11 DE 

REGISTERED 
OUTPUTS 

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 (0) of a 

Product specification 

PLC18V8Z3S/PLC18V8Z1 

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. 

ANYINPUT~~7+.~-r~~~~~~-r~~~~~~-r~~-r~~~~~~~~~ 
PROGRAMMED FOR 

DIRECTION CONTROL -'""""""'9"'"""~""-"-'I""""""""""""t.,.-:;...L..40"-'l~""-"""""",,...L..40,",,...L.""-"-'I~""-"""t.,.-:;...L..40,", I ~~ __ -II '--___ .I 

COMBINATORIAL 

OUTPUTS ...... ~...L."""'-"...L.""-"-'I~""-'" 

Switching Waveforms 

+5V 

Vee OV 

F 
VOH 

(OUTPUTS) 
VOL 

I.B 
+3V 

(INPUTS) 
OV 

+3V 
elK 

OV 

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

Power-Up Reset 
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TIMING DIAGRAMS (Continued) 

October 22,1993 

1----- tARW----+i 

--------~ ,--------------------
ASYNCHRONOUS 

RESET INPUT -----' 

REGISTERED 
OUTPUT 

£-----~~----~----~~~--~--

CLOCK 

SYNCHRONOUS 
PRESET INPUT 

CLOCK 

REGISTERED 
OUTPUT 

Asynchronous Reset 

tIS --+1+-- tIH'--+Io----tSPR----I 

l+------tCKO---+l\ 

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 
(lgt'OE and Is). (See diagram for timing and 
sequence.) 

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

REGISTER PRELOAD (DIAGNOSTIC MODE) 

Ig/OE 
(PIN 11) 

s.ov 

12.0V 

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

Refer to the voltage waveform for timing and 
voltage references. tpL = 10llsec. 

14'=-'1.J'----------------- OE(VoLl 

IS 
(PIN 6) 

I 
~~-------- --------- -----r-----' 
(PIN 1) ________ + _______ -+ ____ ..;I _____ --!-.L.._J 

~ 
'-----------~--~I.~--------

F~7--------~ PRELOAD DATA IN DATA OUT 
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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. ABELlM and 
CUPLlM 90 design software packages also 
support the PLC18V8Z architecture. 

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

OUTPUT POLARITY - (0, B) 

D,H 

I ACTIVE LEVEL I CODE I 
I INVERTING 1 I I 

"AND" ARRAY - (I, 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, 

r ACTIVE LEVEL r CODE 1 
I NON-INVERTING I H I 

O,B 
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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: 

1

I

'B 1I'B 1

I

'B 1

I

'B 
I, B I, B I, B I, B 

l,B l,B T,B l,B 

P P P , P 

I 
STATE 

I 
CODE 

I I STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I I 
STATE 

! 
CODE 

I DON'T CARE - INACTIVE' 0 I, B H l,g L 

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 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/cm2. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,OOOIlW/cm2 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/cm2). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 

55 

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 

x-x x x u:-
() 

"*' I-a: 
CJ) 
I-a: 
ct 

ct 
0 
w 

"*' 
~ 
-l 

u... 
0 
a: 
W 
co 
~ 
:::> 
z 
....J 

~ 
f2 

a: 0 w w "*' co 
~ 0 W ~ « a: () >-
Z 0 :> CJ) 

a: w w a: w CJ) 0 W 
~ « CJ) ~ 

f2 J: f2 () CL 
CJ) a: :J CJ) 
:::> :::> I :::> 
() CL CL () 
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:> 
w 
a: 

"*' w 
-l 
co 
~ 
~ « a: 
(!) 
0 a: 
CL 

CONFIGURATION CELL (CLKIOE CONTROL) I 

AR~~~~l~~~~~~~ 
T AND OR/FIXED) 

~ I F~ 
_M~8L6L4321~~~~A~~i~ 
o 

F(B,O,D) 
4 3 1 
// 1/ 
// 1/ 
71/ 1/ 

V/ 1/ 
1// 1/ 

1/ 
v 

18 
19 
20 

v 

;""--/1/ 
1/ 
1/ 

1/ 

57 

// 

// 
v 

68 

.R 
l1'l L1 9 JI 6 5 4 3 2 ~ L19111lL1 11 L15114L1311 i:9 

w 
...I w 
~~ 
~Z 

AND ARRAY CONTROL OR ARRAY (AXED! 

INACTIVE 0 

I, F(I,1!l H 

I F{I IJL l 
"DON'T CARE -

1r====O=M=C=AR=C=H:;::'~I;::=O=U=TP=U=T=PO=L=AR=fT=Y:::;::~ ~~ ~~~~T::R~~~~~g 
REGISTERED 0 I NON-INVERTING I H I DUE TO THE AXED NATURE 

1-:.-:.(:XIc:.::~:.=.;.::.:IElN::....PUT=-=----_+-,-I-l I INVE:::
G

. CEll' I l I ~~RT~E DEVICE ARCHITEC-

:~~E~~;':l I/O ~ L PIN 1 = ClK; PIN 11 = ~ l J DIRECTION CONTROL 0 

L PINI PIN11:INPUT lHJ :~~~~~TPUT V 
, THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE. 
•• FOR SP, AR: "-" IS NOT ALLOWED. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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FROM 
AND 

ARRAY 

lo'CLK -----------r;:;::=1 

IS 

FROM AND 

ARRAY • TO ALL OMCs 
I , 

,---------- ----{-------, 
I 
I 
I 
I 
I 
I 
I 
I 

: I 
: I 

r---------~-~-~--111 I 
VCC 01 OE 

, , , , 
, 
, " 

MUX 

NM~ L __________ ~-~~-

~,![l' Denotes a programmable cell location. " , 
TOALLOMCs 
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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 
TIUCMOS logic. While compatible with TIL 
and HCT logic. the PLC18V8Z can also 
replace HC logic over the Vee 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 1 OO~A 
and active power consumption of 
1.5mAlMHz. the PLC18V8Z is ideally suited 
for power sensitive applications in battery 
operatedlbacked portable instruments and 
computers. 

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

Ordering information can be found below. 

ORDERING INFORMATION 

FEATURES 
• 20-pin Universal Programmable Array 

Logic 

• Virtually Zero-Standby-power 

- 20~A (typical) 

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

• Functional replacement for Series 20 
PAL devices 

- IOL= 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 polarity 

• Power-up reset on all registers 

• Register Preload capability 

• Synchronous Preset/Asynchronous Reset 

• Security fuse to prevent duplication of 
proprietary deSigns 

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

APPLICATIONS 
• Battery powered instruments 

• Laptop and pocket computers 

• Industrial control 

• Medical Instruments 

• Portable communications equipment 

PIN CONFIGURATIONS 

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

A Package 
10/ 

12 11 CLKVee F7 

1 2 1 

18 GND 19/ FO F1 
OE' 

A = Plastic Leaded Chip Carrier 

PIN LABEL DESCRIPTIONS 

I Dedicated input 

B Bidirectional input/output 

0 Dedicated output 

D Registered output 
(D-type flip-flop) 

F Macrocellinput/Output 

CLK Clock Input 

OE Output Enable 

Vee Supply Voltage 

GND Ground 

OPERATING DRAWING 
DESCRIPTION CONDITIONS ORDER CODE NUMBER 

20-Pin (300mil-wide) Plastic Dual In-Line Package (tpo = 25ns) Commercial PLC18V8Z25N 0408B 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpo = 25ns) Temperature Range PLC18V8Z25FA 0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier (tpo = 25ns) ±5%Power PLC18V8Z25A 0400E 

20-Pin (300mil-wide) Plastic Small Outline Large Package (tpo = 25ns) Supplies PLC18V8Z25D 0172D 

20-Pin (300mil-wide) Plastic Dual In-Line Package (tpo = 25ns) Industrial PLC18V8ZIAN 0408B 

20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpo = 25ns) Temperature Range PLC18V8ZIAFA 0584B 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tpD = 25ns) ± 10% Power PLC18V8ZIAA 0400E 

20-Pin (300mil-wide) Plastic Small Outline Large Package (tPD = 25ns) Supplies PLC18V8ZIAD 0172D 

PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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LOGIC DIAGRAM 

10/ClK 

12 

13 

14 

15 

16 

17 

18 

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. 

October 22, 1993 

PLC18V8Z2S1 PLC18V8ZIA 

F7 

F6 

F5 

F4 

F3 

F2 

F1 

FO 

ISIOE 

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 liD, with the outputs disabled via the 
direction term 

.. Denotes a programmable cell location. 
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION 
CROSS REFERENCE 

16L8 
PIN PLC 16H8 16R4 16R6 
NO. 18V8Z 16P8 16RP4 16RP6 

16P8 

1 loIClK I ClK ClK 

19 F7 B B B 

18 F6 B B D 

17 F5 B D D 

16 F4 B D D 

15 F3 B D D 

14 F2 B D D 

13 F1 B B D 

12 FO B B B 

11 Iw'OE I OE OE 

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 

OUTPUT MACRO CELL (OMC) 

r---------

16L2 1414 12L6 10L8 16R8 16H2 14H4 12H6 10H8 16RP8 16P2 14P4 12P6 10P8 

ClK I I I I 

D I I I 0 

D I I 0 0 

D I 0 0 0 

D 0 0 0 0 

D 0 0 0 0 

D I 0 0 0 

D I I 0 0 

D I I I 0 

OE I I I I 

devices prior to shipment 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. 

FROM AND 

ARRAY + TO ALL OMCs 

I 
I 
I 
I 
I 
I 
I 

1------' 
~~~~~~~~--~4-~--~ 

:.r~ {==::p..._>-"--""'\."I'-'" 

I 
I 
I 
I 
I 
I 
I 

L _________ +_~~ _____ ~J 

, " TO ALL OMCs 

NOTE: 
:~::;, Denotes a progranmable cell location. 
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FUNCTIONAL DIAGRAM 

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 110 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 n and AC2n (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 
dock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 

for all registered OMCs is common-from Pin 
11 only. Output enable control of the 
bidirectional 110 OMCs is provided from the 
AND array via the direction product term. 

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

CONTROL CELL CONFIGURATIONS 

FUNCTION AC1 1 AC2N 

Registered mode Programmed Programmed 

Bidirectional 110 mode 1 Unprogrammed Unprogrammed 

Fixed input mode Unprogrammed Programmed 

Fixed output mode Programmed Unprogrammed 

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

ARCHITECTURE CONTROL-AC1 and AC2 

SP F(D). F(D) 

OMC CONFIGURATION 

REGISTERED (D-IYPE) 

~I---------- F(II 

OMC CONFIGURATION 

FIXED INPUT 

NOTES: 

CONFIGURATION CELL 

PIN 1.CLK 
PIN 11.UE 

A factory shipped unprogrammed device is configured such that: 
1. This is the initial unprogrammed state. All cells are in a conductive state. 
2. All AND gates are pulled to a logic "0" (Low). 
3. Output polarity is inverting. 

CONFIG. CELL 

Programmed 

Unprogrammed 

Unprogrammed 

Unprogrammed 

F(B). F (S) 

F(D). F(U) 

4. Pins 1 and 11 are configured as inputs 0 and 9. The clock and ~ functions are disabled. 

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

Pin 1 = CLK, Pin 11 = ~ 
Pin 1 and Pin 11 = Input 

COMMENTS 

Dedicated dock from Pin 1. ~ Control 
for all registerd OMCs from Pin 11 only. 

Pins 1 and 11 are dedicated inputs. 
3-State control from AND array only. 

Pins 1 and 11 are dedicated inputs. 

Pins 1 and 11 are dedicated inputs. The 
feedback path (via FMux) is disabled. 

SiD [:»- F(O). F (0) 

OMC CONFIGURATION 

FIXED OUTPUT 

DJ--t,;tJ-.)------

NDCLKQ SP 

A 
N UE 

---------------~ 

CONFIGURATION CELL 

PIN1.INPUT 
PIN 11 • INPUT 

5. All Output Macro Cells (OMCs) are configured as bidirectionalI/O, with the outputs disabled via the direction term. 
6. This configuration cannot be used if any OMCs are configured as registered (Code = D). 
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ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATINGS UNIT 

Vee Supply voltage -0.5 to +7 Vrx; 

Vee Operating supply voltage 
4.5 to 5.5 (Industrial) 

Vrx; 4.75 to 5.25 (Commercial) 

VIN Input voltage -0.5 to Vee + 0.5 Vrx; 

VOUT Output voltage -0.5 to Vee + 0.5 Vrx; 

!J.t/!J.V Input/clock transition rise or fall2 250 
nsN 

maximum 

liN Input currents -10to +10 rnA 

lOUT Output currents +24 rnA 

Tamb Operating temperature range 
-40 to +85 (Industrial) °C o to +75 (Commercial) 

Tstg 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. All digital circuits can oscillate or trigger prematurely when input rise 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 Vee = 4.5V. 

AC TEST CONDITIONS 

vee L> c'yc, R1 

10 By 

eL 
INPUTS 19 OUT 

BW 

BX BZ 
GND OUTPUTS = 

= 
NOTE: 
e1 and e2 are to bypass Vee to GNO. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
75°C 

ambient to junction 

VOLTAGE WAVEFORMS 

+3.0V~ __ -
90"10 

L J 10"10 

OV --J 5ns tR tF 5ns I..--
+3.0V~ F 
---L~LI 

OV-=-4:s ~ ~5ns 
MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = oos;c S; Tamb S; +75°C, 4.75V S; Vee S; 5.25V; 
Industrial = -40°C S; T amb S; +85°C 4 5V S; Vee S; 5 5V 

SYMBOL PARAMETER TEST CONDITION 

Input voltage 

Vil low Vcc = MIN 

VIH High Vee = MAX 

Output voltage2 

VOL low 
Vee = MIN, 10l = 2O~ 
Vee = MIN, 10l = 24mA 

Vcc = MIN, 10H = -3.2mA 

Product specification 
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UMITS 

MIN TYP1 MAX UNIT 

-0.3 0.8 V 

2.0 Vcc +0.3 V 

0.100 V 
0.500 V 

2.4 V 
VOH High 

Vee = MIN, 10H = -20~ Vcc- 0.1V V 

Input current 

III low7 

IIH High 

Output current 

10(OFF) Hi-Z state 

los Short-circuits 

Icc Vee supply current (Standby) 

lcelf Vee supply current (Active)4 

Capacitance 

CI Input 

CB I/O 

45 

V 
/ 

/ 

VV 
/ 

15 

V 
00 12 18 24 

I(MHz) 

Figure 1. Icc vs Frequency5, 6 

(Worst Case) 

NOTES: 

30 

VIN =GND 

VIN =Vcc 

VOUT = Vee 
VOUT = GND 

VOUT =GND 

Vcc = MAX, VIN = 0 or Vcc8 

Vcc = MAX (CMOS inputs)5. 6 

~ 2 

<i1 

-1 

-2 

Vcc=5V 
VIN = 2.0V 

VB = 2.0V 

lL 
V 

L 
....... v 

V 
/~ 

'/ 
o 20 40 60 80 100 120 140 160 180200 

OUTPUT CAPACITANCE lOADING (pF) 

Figure 2. ~tpD vs Output Capacitance 
loading (Typical) 

1. All typical values are at Vee = 5V, T arm = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Duration of short-circuit should not exceed one second. Test one at a time. 
4. Tested with TTL input levels: Vil = 0.45V, VIH = 2.4V. Measured with all outputs switching. 
5. ~Iccml input = 2mA. 
6. ~Icc vs frequency (registered configuration) = 2mAlMHz. 
7. III for Pin 1 (lo/ClK) is ± 10~ with VIN = O.4V. 
8. VIN includes ClK and OE if applicable. 
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AC ELECTRICAL CHARACTERISTICS4 
Commercial = O°C S Tamb S +75°C, 4.75V S Vee oS: 5.25V; 
Industrial = -40°C < Tamb < +85°C, 4.5V S Vee < 5.5V; R2 = 3900 - - -

SYMBOL PARAMETER FROM TO 

Pulse width 

tcKP 
Clock period 

CLK+ CLK+ (Minimum tiS + tcKO) 

tcKH Clock width High CLK + CLK-

tcKL Clock width Low CLK- CLK+ 

tARW Async reset pulse width I ±, F± 1+, F + 

Hold time 

tlH 
Input or feedback 

CLK+ Input± data hold time 

Setup time 

tiS 
Input or feedback 

I ±, F± CLK+ data setup time 

Propagation delay 

tpo 
Delay from input 

I ±, F± F± to active output 

tcKO 
Clock High to output valid 

CLK+ F± access Time 

toE1 3 Product term enable to 
I ±, F± F± outputs off 

to01 2 Product term disable to 
I ±, F± F± outputs off 

tool 
Pin 11 output disable High 

OE- F± to outputs off 

toE23 Pin 11 output enable to 
OE+ F± active output 

tARO Async reset delay I ±, F± F+ 

tARR Async reset recovery time I ±, F± CLK+ 

tgPR Sync preset recovery time I ±, F± CLK+ 

tpPR Power-up reset Vee + F+ 

Frequency of operation 

fMAX Maximum frequency I/(tls + tcKO) 

NOTES: 
1. Refer also to AC Test Conditions. (Test Load Circuit) 

Product specification 
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TEST CONDITION1 
PLC18V8Z25 PLC18V8ZIA 
(Commercial) (Industrial) 

R1 (0) 
CL MIN MAX MIN MAX 

UNIT 
(pF) 

200 50 33 33 ns 

200 50 15 15 ns 

200 50 15 15 ns 

25 25 ns 

200 50 0 0 ns 

200 50 18 18 ns 

200 50 25 25 ns 

200 50 15 15 ns 

Active-High R = 1.5k 
50 25 25 Active-Low R = 550 ns 

From VOH R = 00 
5 25 25 

From VOL R = 200 
ns 

From VOH R = 00 
5 20 20 ns 

From VOL R = 200 

Active-High R = 1.5k 
50 20 20 ns 

Active-Low R = 550 

30 30 ns 

20 20 ns 

20 20 ns 

25 25 ns 

200 50 30 30 MHz 

2. For 3-State output; output enable times are tested with CL = 50pF to the 1.5V level, and S1 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with S1 open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with S1 closed. 

3. Resistor values of 1.5k and 5500 provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level. 
4. Leave all the cells on unused product terms intact (unprogrammed) for all patterns. 
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POWER-UP RESET 
In order to facilitate state machine design and 
testing, a power-up reset function has been 
incorporated in the PLC18V8Z. All internal 
registers will reset to Active-Low (logical ·0") 
after a specified period of time (tpPR). 

TIMING DIAGRAMS 

INPUTS 
VO, REG. 

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 (0) of a 

FEEDBACK ~"""" I , _______ -' 

ClK 

PIN 11 OE 

REGISTERED 
OUTPUTS ____ ~-------------J 

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. 

ANYINPUT~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,---, ,------~ 
PROGRAMMED FOR 

DIRECTION CONTROL ~"""'-~~"""'-'-'I.~"""'-'-'I.""""",,",,~",,,,",,~"'-"~"""'-'-'I.~"""'-'-'I.",,,,",,,,",,",,,,",,,,",,'..I '-___ .I '-______ -'" 

COMBINATORIAL 
OUTPUTS~"""""",-'-'I.""""""'-,",,",,,,"""'-,",,~ '-___________________ -'" 

Switching Waveforms 

~-------------------- +5V 

VCC OV 

F 
(OUTPUTS) 

VOL 

I,B 
+3V 

(INPUTS) 
OV 

+3V 
ClK 

OV 

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

Power-Up Reset 
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TIMING DIAGRAMS (Continued) 

ASYNCHRONOUS 
RESET INPUT ____ J 

REGISTERED 
OUTPUT 

i4----tARw----i 

'-___ ~~ __ ~~ ____ ~~~--~-J 

October 22, 1993 

CLOCK 

SYNCHRONOUS 
PRESET INPUT 

CLOCK 

REGISTERED 
OUTPUT 

Asynchronous Reset 

tiS -~-- tIHI-~----tSPR'---~ 

j.1.----tCKO,...-----'t-.! 

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/OE and 15). (See diagram for timing and 
sequence.) 

To read the data out, Pins 11 and 6 must be 
returned to normal TTL levels. The outputs, 
Fa - F7, must be enabled in order to read 

REGISTER PRELOAD (DIAGNOSTIC MODE) 

19IOE 
(PIN 11) 

S.ov 

12.0V 

data out. The Q outputs of the registers will 
reflect data in as input via Fa - 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. tpL = 1 a~sec. 

~.."...----------------- OENQL) 

IS 
(PIN 6) 

I 
~~-------- --------- -----r-----~ 
(PIN 1) _______ -+ ________ + ____ ..;I ______ I-L_...J 

_-------- IQICLK 

~ 
r------------r--~ 

F~7-------_4 PRELOAD DATA IN DATA OUT F~7 

11-4,6-a 11-4,6-a 
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LOGIC PROGRAMMING 
The PLC 18V8Z series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package. ABELTM and 
CUPLTM 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 - (0, B) 

a,B 

, ACTIVE LEVEL ., CODE l 
, INVERTlNG1 I L I 

"AND" ARRAY - (I, 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, 

, ACTIVE LEVEL I CODE I 
I NON· INVERTING I H I 

0,8 

various OMC configurations are implemented 
by programming the Architecture Control bits 
ACl 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: 

1'811'8 1'811'8 1'811'8 1'811'8 I,B I,B I,B I,B 

p p p p 

" ----S-~-T-E----Ir-C-O--D-E~I 
DON'T CARE l,lr 

STATE 1,8 STATE STATE 

INACTIVE' 

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 1/0 Corp. 
CUPL is a trademark of Logical Devices, Inc. 

October 22,1993 

The recommended erasure procedure for the 
PLC 18V8Z 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/cm2. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,OOOIlW/cm2 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 
7258Wseclcm2). 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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PROGRAM TABLE 
CONAGURATlON CELL (CLKIOE CONTRO L)i 

ARCH. CONTROL BITS 
OUTPUT Pni 4Rlrv 

.!ll -0 ~ T AND OR (AXED) 
E F(I) F(B,O,D) ;~:rg R I 

9 8 7 6 5 4 3 2 1 o 7 6 5 4 3 2 1 0 
Cll IU 0 > CIl-
't5 15:g . 
Cll Cll :0 E 

~ g.ffiE~ 

~ ~~8-3 
oi.g !(l ~ ? 

0 
-ggas8 

]' as2 .... c: 

~I~g·~ /' v 
IU 

/" ./ 

•• 0 ::l -0 5 ~ 2 V V 
Cll- .g- lii ~ '5 3 '//'/' 
--0 /"./ 19 Cll (I).::J! ..... Q) 

15 .//" CIl= lUolU.£: 

.S 5. as.g O'.!9 ././ 
v V/' V 

.g> ~ ~ 5 Cll ~ ~ ./ ././/' ./ 
~ ~·E~¢:Q..s? vv v /' V 
o c: Cll c: . CIl .c V ./ /' 

as .g .~ 8 ~ 2l .~ /' 
/' 

~ g .!!l ~ c: 0 ~ 23 /'/' 

~Q;·E~·~ ~ ~ ./ 
./ 

C1iij..!ll-oSE5 /" 

[C18. c:.g>'50 ./ .//' ./ 
c: 0 _ IU c: a. Cll V .//" ./ 

en ::JZ::J""-O:;£ lL" /"./ /" 
W Cll <.9-CIl O O.£: /" /"/" /" 

b£<8£~<'~ ./ /'./ /' 
./ /'./ /' z.s • •• • /' /'/' ./ 
./ v/' ./ 
./V /' ./ 

/" ./ 
./ ./ 
./ /" 
./ /'/" 
./ /'/' 

/' /'/' 
./ .//' 
./ ./ 

UJ /'./ 

~ 
/'/' 

X .//' ./ 
0 V/' ./ 

X .//' lL" 
X /"./ /" 
X /"./ /" 
LL .//" ./ 

0 .//" /' 
.//'./ /' ./ 
/'/'./ /' ./ 

'It :> .//'./ /' ./ 
UJ .//'./ //' ./ 

f- a: ./ /' ./ a: ./ /' 

~ 59 /' /' 
C/) 

0 f-
UJ a: 
N ~ 'It :::J 

a:: 0 u. 'It /' /'/' 
UJ UJ 'It co 0 /' /'/' 
~ 0 ~ 

UJ /' /'/' 
UJ a:: ....J « a: 0 >- co z 0 C/) UJ 

~ :> co /" /' a:: UJ UJ a:: ~ 
~ 

./ ./ 
UJ C/) 0 UJ :J /'V /" 
~ « C/) ~ z « .//" /" 

g :r: a.. g ....J a:: PI 11' 9 8 6 5 4 3 2 1 .19.18 11· 111115 14113112 ,1"111 11: 
0 ;! ~ " w 

C/) a:: U) 0 al~ :J :J :r: :J g a:: ~c( 
0 a.. a.. 0 a.. ~z 

AND ARRAY CONTROL OR ARRAY (AXED) 

INACTIVE 0 
OMCARCH. OUTPUT POLARITY DATA CANNOT BE ENTERED 

INTO THE OR ARRAY AElD 
I F(I B) H REGISTERED 0 I NON-INVERTING lHJ DUE TO THE AXED NATURE 
I F(I B) L 

{I).TYPEl [INVERTING I L I OF THE DEVICE ARCHITEC-

"DON'T CARE -
AXED INPUT I 

CONRG. CELL' 
TURE. 

AXED OUTPUT 0 I PIN 1 = CLK; PIN 11 = UEI L I DIRECTION CONTROL 0 
BIDIRECTIONAL 110 B I ACTIVE OUTPUT A I PIN1 PIN 11 = INPUT I H I 

NOT USED V1 
, THE CONAGURATlON CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE. 
.. FOR Sp, AR: "-" IS NOT ALLOWED. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

October 22,1993 

FROM { AND 
ARRAY 

lotCLK ------------1 

12 

17 

18 

FROM AND 

ARRAY • TO ALL OMCs 
, 

r---------- ---t--------, 
: I I 

I 
I 
I 
I 
I 
I 
I 

: I 
r---------+-~+_~--;tt I 

VCC 

=::=="=1--

I 
I 
I ACt n 
I 
I AC2n 

I 
I 

OO~ L __________ ~-~~-

~'l.~. Denotes a programmable cell location. " , 
TOALLOMCs 
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FEATURES 
• Ultra high-speed 

- tpo = 7.5ns and fMAX = 74MHz for the 
PLUS16R8-7 Series 

- tpo = 10ns and fMAX = 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 

• Individual3-State control of all outputs 

DESCRIPTION 
The Philips Semiconductors PLUS1SXX 
family consists of ultra high-speed 7.5ns and 
1 Ons versions of Series 20 PAL devices. 

The PLUS1SXX family is 100% functional 
and pin-compatible with the 16L8, 1SR8, 
1SRS, and 1SR4 Series devices. 

The sum of products (AND-OR) architecture 
is comprised of S4 programmable AND gates 
and 8 fixed OR gates. Multiple bidirectional 
pins provide variable inpuVoutput pin ratios. 
Individual3-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 PLUS1SR8, RS, 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 

Product specification 

PLUS16R80/-7 SERIES 

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 PLUS1SXX 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 PLUS1SXX 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 

PLUS16L8 10 8 (SilO) 

PLUS16R8 8 0 

PLUS16R6 8 21/0 

PLUS16R4 8 41/0 

ORDERING INFORMATION 

DESCRIPTION ORDER CODE 

PLUS16R8DN 
PLUS1SRSDN 
PLUS1SR4DN 

2O-Pin Plastic Dual-In-Line PLUS1SL8DN 
300m ii-wide PLUS1SR8-7N 

PLUS16R6-7N 
PLUS16R4-7N 
PLUS1SL8-7N 

PLUS1SR8DA 
PLUS1SRSDA 
PLUS1SR4DA 

20-Pin Plastic Leaded Chip Carrier (PLCC) 
PLUS1SL8DA 
PLUS16R8-7A 
PLUS1SR6-7A 
PLUS1SR4-7A 
PLUS1SL8-7A 

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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PIN CONFIGURATIONS 

GND 10 

SYMBOL 
I 
o 
Q 

B 
CLK 
OE 

VCC 
GND 

PLUS16l8 

L---------l 11 19 

PLUS16L8 

18 GND 19 00 B1 

DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/outputl 
Clock Input 
Output Enable 

Supply Voltage 
Ground 

September 10,1993 

SYMBOL 
I 
o 
Q 
B 
CLK 
OE 

VCC 
GND 

PLUS16R8 

PLUS16R8 

10 ClK Vec 07 

AND 
OR OUTPUTS 

ARRAY 

DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (input/outputl 
Clock input 
Output Enable 
Supply Vokage 
Ground 
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04 

03 

02 
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PIN CONFIGURATIONS 

PLUS16R6 PLUS16R4 

Vcc Vcc 

B7 B7 

0& Os 

Os Os 

a.. 04 

Oa 03 

0:2 02 

01 B1 

Do Do 

GND or: GND or: 

PLUS16R6 PLUS16R4 

10 ClK Vcc B7 11 10 ClK Vcc B7 

Os B6 

Os Os 
AND AND 
OR OUTPUTS a.. 

ARRAY 
OR OUTPUTS 04 

ARRAY 

Oa 03 

0:2 02 

SYMBOL DESCRIPTION SYMBOL DESCRIPTION 
I Dedicated Input I Dedicated Input 
o Dedicated combinatorial Output a Dedicated combinatorial Output 
a Registered output Q Registered output 
B Bidirectional (inpuVoutput) B Bidirectional (inpuVoutput) 
ClK Clock input ClK Clock input 
"DE Output Enable "DE Output Enable 

VCC Supply Voltage VCC Supply Vo~age 
GND Ground GND Ground 
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LOGIC DIAGRAM PLUS16L8 

11 

86 

12 

85 

13 

~ 
84 

!II 
::E 
a: 14 w 
l-
I-
() 
:;) 
0 
0 a: 83 0. 

15 

INPUTS (0-31) 
31 

NOTES: 
1. ..:\!I.unprogrammed or virgin "AND" gate locations are pulled to logic "0". 
2. ,{:} Programmable connections. 
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LOGIC DIAGRAM 

12 

I 
III 
:::E 
a: 13 w 
~ 
~ 
U 
:::> 
0 
0 a: 
~ 

'" 

INPUTS (0-31) 

NOTES: 
1.M.unprogrammed or virgin "AND" gate locations are pulled to logic "0". 
2. .:.'.:.:.: Programmable connections. 
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PLUS16R8 

31 
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LOGIC DIAGRAM PLUS16R6 

12 

; 
UI 
~ 
II: 13 w 
l-
I-
e,) 
::::l 
C 
0 
II: no 

14 

INPUTS (0-31) 31 

NOTES: 
1. Ail. unprogrammed or virgin "AND" gate locations are pulled to logic "0". 
2. tf:: Programmable connections. 
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PLUS16R8D/-7 SERIES 

LOGIC DIAGRAM PLUS16R4 

12 

I 
VI 
:::E 
a: 13 w 
l-
I-e 
::> 
0 
0 a: 
Q. 

14 

INPUTS (0-31) 
31 

NOTES: 
1. A.:!lynprogrammed or virgin "AND" gate locations are pulled to logic "0". 
2. co}} Programmable connections. 
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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 
PLUS 16L8 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 
(On) are controlled by an external input 
(IDE), 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 110 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 

PLUS16R8D/-7 SERIES 

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. ABELn.! 
CUPLTM 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. 

4'" 4'" 4" 4'" I,B I, B I,B I,B 
'j,B 'j,B j,B j,B 

P,D P,D P,D P,D 

I STATE I CODE I 
I I INACTlVE',2 I 0 I 

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. A" outputs are at "H" polarity. 

2. A" Pn terms are disabled. 

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

ABEL is a trademark of Data va Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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16L8, 16R8,16R6, 16R4 

ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage -0.5 +7 VDC 

VIN Input voltage -1.2 +8.0 VDC 

VOUT Output voltage -0.5 Vee +0.5V VDC 

liN Input currents -30 +30 mA 

lOUT Output currents +100 mA 

T5tg 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 VDe 

Tamb Operating free-air temperature 0 +75 °C 

September 10,1993 79 

Product specification 

PLUS16R8D/-7 SERIES 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
ambient to junction 75°C 
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PAL devices 
16L8, 16R8, 16R6, 16R4 

DC ELECTRICAL CHARACTERISTICS 
O°C s; Tarrb s; +7SOC,4.7SS;Vee S;S.2SV 

SYMBOL PARAMETER 

Input voltagr 

Vil Low 

VIH High 

Vie Clamp 

Output voltage 

VOL Low 

VOH High 

Input current 

III Low3 

IIH High3 

II Maximum input current 

Output current 

10ZH Output leakage 

10Zl Output leakage 

los Short circuit 4, 5 

lee Vee supply current 

Capacitance6 

CIN Input 

CB 1/0(8) 

NOTES: 
1. All typical values are at Vee = 5V, T arrb = +25°C. 

TEST CONDITIONS 

Vee = MIN 

Vee = MAX 

Vee = MIN,IIN = -18mA 

Vee = MIN, VIN = VIH or Vil 

10L = 24mA 

IOH =-3.2mA 

Vee = MAX 

VIN = 0.40V 

VIN = 2.7V 

VIN = Vee = VeeMAX 

Vee = MAX 

VOUT = 2.7V 

VOUT =O.4V 

VOUT= OV 

Vee = MAX 

Vee=SV 

VOUT = 2.0V 

VOUT = 2V, f = 1 MHz 

2. All voltage values are with respect to network ground terminal. 
3. Leakage current for bidirectional pins is the worst case of III and 10Zl or IIH and 10ZH. 
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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LIMITS 

MIN TYP1 MAX UNIT 

0.8 V 

2.0 V 

-0.8 -1.5 V 

0.5 V 

2.4 V 

-250 ~A 

25 ~ 

100 ~ 

100 ~ 

-100 ~A 

-30 -90 mA 

160 180 mA 

8 pF 

8 pF 
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PAL devices 
16L8, 16R8,16R6, 16R4 PLUS16R80/-7 SERIES 

AC ELECTRICAL CHARACTERISTICS 
R, = 2oon, R2 = 390n, O°C $ Tamb$ +75°C, 4.75 $Vcc $5.25V 

SYMBOL PARAMETER FROM TO 

MIN1 

Pulse Width 

tcKH Clock High CK+ CK- 5 

tcKL Clock Low CK- CK+ 5 

tcKP Period CK+ CK+ 10 

Setup & Hold time 

tiS Input 
Input or 

CK+ 7 feedback 

tlH Input CK+ 
Input or 

0 feedback 

Propagation delay 

tcKO Clock CK± Q± 3 

tcKF Clock3 CK± '0 

tpD Output(16L8, R6, R4)2 I, B Output 3 

taE' Output enable4 DE Output enable 3 

taE2 Output enable4.5 I Output enable 3 

taD' Output disable4 DE Output disable 3 

taD2 Output disable4•5 I Output disable 3 

tSKW Output Q Q 

tpPR Power-Up Reset Vcc+ Q+ 

Frequency (16R8, R6, R4) 

No feedback 1/ (tcKL + tcKH)6 

fMAX Internal feedback 1/ (tiS + tCKd 

External feedback 1/ (tiS + tCKO)6 
... . " • For definitions of the terms, please refer to the Timing/Frequency Definitions tables . 

NOTES: 
1. CL = OpF while measuring minimum output delays. 

LIMITS 

-7 

TYP MAX 

6.5 

3 

7.5 

8 

10 

8 

10 

1 

10 

100 

90 

74 

2. tpD test conditions: CL = 50pF (with jig and scope capacitance), VIH = 3V, VIL = OV, VOH = VOL = 1.5V 
3. tcKF was calculated from measured Internal fMAX. 

D UNIT 

MIN1 MAX 

7 ns 

7 ns 

14 ns 

9 ns 

0 ns 

3 7.5 ns 

6.5 ns 

3 10 ns 

3 10 ns 

3 10 ns 

3 10 ns 

3 10 ns 

1 ns 

10 ns 

71.4 MHz 

64.5 MHz 

60.6 MHz 

4. For 3-State output; output enable times are tested with CL = SOpF to the 1.SV 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 CL = SpF. High-to-High impedance tests are made to an output 
voltage of Vr = (VOH - O.SV) with S, open, and Low-to-High impedance tests are made to the Vr = (VOL + 0.5V) level with S, closed. 

S. Same function as taE' and taD'. with the difference of using product term control. 
6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the 

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

TEST LOAD CIRCUIT 

.--_.--_______ V_C-..C L>---__ 

NOTE: 

o--r- 10 
I 
I 
I 
I 

INPUTS I 
o-L-. In 

0----- CLK 

Cl and C2 are to bypass VCC to GND. 

OUTPUT REGISTER SKEW 

Bnton 

OUT ~ 

GND 

CLK ___ ... /l-,.-------------- 3V 

-----------------w 

On 
(REGISTERED OUTPUT) __________ _ 

Qn +1 
(REGISTERED OUTPUT) 

~UY 
1.5V 

t~~ 
----------------

CLOCK TO FEEDBACK PATH 

\. ~KF ·1 
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PAL devices 
16L8,16R8,16R6,16R4 

TIMING DIAGRAMS1, 2 

I,B 
(INPUTS) 

_-------- +3V 

~-------I ~---------OV 

ClK 

Q 
(REGISTERED OUTPUTS) 

_---+3V 

---..1.1-------- OV 

~~.;!~~'~~Iof~'~"'''' 

_-----+3V 

--+-----1-------- OV 

Flip-Flop Outputs 

1
~-------------------------------------+3V 

'NPU\:' ,1 .... S_V ___________________________________ OV 

~--------tPD--------~·1 

O,B 
(COMBINATORIAL 

OUTPUTS) 

VOH 

--------------~---- VOL 

---------_ +3V f._toD2 

I,B 
(OUTPUT 
ENABLE) _____ --' ~ __________ -J ~ OV 

Gate Outputs 

~---------------------------VCC 

---------------------- OV 

Q~,-~~~~~l,.--------~ 
(REGISTERED 

OUTPUTS) ~~~~;;, 

I, B 
(INPUTS) 

ClK 

NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.5ns. 
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~---------- VOL 

,_--------- +3V 

------------- OV 

----+3V 
1.SV 

----;----- OV 

Power-Up Reset 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKl Interval between clock pulses. 

tcKP Clock period. 

Required delay between 
tiS beginning of valid input and 

positive transition of clock. 

Required delay between 
tlH positive transition of clock and 

end of valid input data. 

Delay between positive 

tcKF 
transition of clock and when 
internal "0 output of flip-flop 
becomes valid. 

Delay between positive 

tcKO 
transition of clock and when 
outputs become valid (with 
(JE LoW). 

Delay between beginning of 
toE1 Output Enable Low and when 

outputs become valid. 

Delay between beginning of 

toOl Output Enable High and when 
outputs are in the Off-State. 

Delay between predefined 

toE2 
Output Enable High, and 
when combinational outputs 
become valid. 

Delay between predefined 

to02 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 

Delay between Vee (after 

tpPR 
power-on) and when flip-flop 
outputs become preset at "1" 
(internal Q outputs at "0"). 

Propagation delay between 
tpo combinational inputs and 

outputs. 

FREQUENCY DEFINITIONS 

No feedback: Determined by 
the minimum clock period, 
1/(tcKl + tCKH)· 
Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 
through the internal feedback 
and array to the flip-flop 
inputs, 1/(tls + tcKF)· 
External feedback: 
Determined by clock-to-output 
delay and input setup time, 
1/(tI5 + tcKO)· 
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OUTPUT REGISTER PRELOAD 

Product specification 

PLUS16R8D/-7 SERIES 

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 Vcc at 5V and Pin 1 at VIL, raise Pin 11 to VIHH. 

Step 2. Apply either VIL or VIH to the output corresponding to the register to be preloaded. 
Step 3. Pulse Pin 1, clocking in preload data. 
Step 4. Remove output voltage, then lower Pin 11 to VIL. Preload can be verified by observing the voltage level at the output pin. 

September 10, 1993 

PIN1~ 

PIN 1 CLOCK 

REGISTERED 110 

I 
I 
I 
I 
I 

Isu 

NOTE: td - tau -Iw - 100ns to 1000ns. 

VIHH - 10.25Vto 10.75V. 

Pin number references for DIP package. 

~--------+------ VIL 

~-----VOH 

INPUT 

'-"1+-___ vOL 
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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 

PROGRAMMABLE AND ARRAY 

······"""A~D::;:," 

00,07 B1-B6 

PLUS16L8 

ClK 10-17 OE 

. CKPAL1, "HOEPAtt· 

PROGRAMMABLE AND ARRAY 

QO Q7 

PLUS16R8 
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SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 

PROGRAMMABLE AND ARRAY 

·.·.·····.:~"it ... · 

80, B7 

PLUS16R6 

PROGRAMMABLE AND ARRAY 

80, B1, B6, B7 

PLUS16R4 
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PAL devices 
20L8,20R8,20R6,20R4 

FEATURES 
• Ultra high-speed 

- tpo = 7.5ns and fMAX = 74MHz for the 
PLUS20R8-7 Series 

- tpo = 1 Ons and fMAX = 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 
1 Ons versions of Series 24 PAL devices. 

The PLUS20XX family is 100% functional 
and pin-compatible with the 20L8, 2OR8, 
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 

PLUS20R8D/-7 SERIES 

intemal 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 pattems 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 COMBINATORIAL REGISTERED 
INPUTS OUTPUTS OUTPUTS 

PLUS20L8 14 8(61/0) 0 

PLUS20R8 12 0 8 

PLUS20R6 12 21/0 6 

PLUS20R4 12 41/0 4 

ORDERING INFORMATION 

DESCRIPTION ORDER CODE DRAWING 
NUMBER 

PLUS20R8DN 
PLUS20R6DN 
PLUS20R4DN 

24-Pin (300mils-wide) Plastic Dual-In-Line Package (DIP) PLUS20L8DN 04100 PLUS20R8-7N 
PLUS20R6-7N 
PLUS20R4-7N 
PLUS20L8-7N 

PLUS20R8DA 
PLUS20R6DA 
PLUS20R4DA 

28-Pin (300mils-wide) Plastic Leaded Chip Carrier (PLCC) PLUS20L8DA 0401F PLUS20R8-7A 
PLUS20R6-7A 
PLUS20R4-7A 
PLUS20L8-7A 

4If>Al is a registered trademark of Advanced Micro Devices, Inc. 
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PAL devices 
20L8,20R8,20R6,20R4 

PIN CONFIGURATIONS 

PLUS20L8 

Vec 

113 

OJ 

B& 

Bs 

B4 

B3 

82 

81 

So 

112 

111 

PLUS20L8 

SYMBOL DESCRIPTION 
I Dedicated Input 
o Dedicated combinatorial Output 
Q Registered output 
B Bidirectional (input/output) 
CLK Clock input 
OE Output Enable 

VCC Supply Voltage 
GND Ground 
NC No Connection 

September 10,1993 

PLUS20R8 

Is 

19 

GND 

PLUS20R8 

SYMBOL DESCRIPTION 
I Dedicated Input 
o Dedicated combinatorial Output 
Q Registered output 
B Bidirectional (input/output) 
CLK Clock input 
OE Output Enable 

VCC Supply Vo~age 
GND Ground 
NC No Connection 
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vee 

111 

Q7 

Q& 

Qs 

Q4 

Q3 

Q2 

Ql 

Qo 

110 

OE 



Philips Semiconductors Programmable Logic Devices 

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

PIN CONFIGURATIONS 

SYMBOL 
I 
o 
Q 

B 
ClK 
OE 

VCC 
GND 
NC 

PLUS20R6 

PLUS20R6 

DESCRIPTION 
Dedicated Input 
Dedicated combinatorial Output 
Registered output 
Bidirectional (inpuVoutput) 
Clock input 
Output Enable 

Supply Voltage 

Ground 
No Connection 

September 10,1993 

vee 

111 

87 

Os 

Os 

a.. 
aa 

~ 

01 

110 

110 

OE 

PLUS20R4 

18 

19 

GND 

PLUS20R4 

SYMBOL DESCRIPTION 
I Dedicated Input 
o Dedicated combinatorial Output 
Q Registered output 
B Bidirectional (input/output) 
ClK Clock input 
OE Output Enable 

VCC Supply Vottage 
GND Ground 
NC No Connecthn 
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vee 

111 

87 

Bs 

Os 

04 

03 

02 

81 

110 

110 

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

LOGIC DIAGRAM 

I.t 

~ 
1/1 
~ 
a: Is w 
l-
I-
U 
=> 
0 
0 a: a.. 

16 

0--3 4 - - 7 8 - -11 12- -15 16- -19 20- -23 24- -27 211- -31 32- -35 36--39 

INPUTS (0-39) 

NOTES: 
1. ..fI.11 unprogrammed or virgin "AND" gate locations are pulled to logic '·0". 
2. .:::;::;::: Programmable connections. 
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20L8,20R8,20R6,20R4 

LOGIC DIAGRAM 

13 

~ 
III 
~ 
a: 

~ w 
~ 
~ 
() 
:;) 
c 
0 a: 
~ 

15 

NOTES: 
t. .1.11 unprogrammed or virgin "AND" gate locations are pulled to logic "0". 
2.:m::::: Programmable connections. 
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LOGIC DIAGRAM 

o • ·3 4··7 8·.11 12· .15 16· ·19 20· ·23 24· ·27 28· ·31 32·.35 36··39 

INPUTS(~9) 

NOTES: 
1. .NI unprogrammed or virgin ·AND" gale locations are pulled to logic ·0". 
2. tr~~: Prograrrmable connections. 
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PAL devices 
20L8,20R8,20R6,20R4 

LOGIC DIAGRAM 

13 

~ 
til 
:::E 
II: 

'" 
W 
l-
I-
(.) 
;:) 
c 
0 
II: 
a. 

IS 

O· ·3 4··7 8· '11 12· ·15 16· ·19 20··23 24 •• 27 211 •• 31 32··35 36. ·39 

INPUTS (0-39) 

NOTES: 
1. .NI unprogrammed or virgin "AND" gate locations are pulled to logic "0". 
2. ·::tt Programmable connections. 
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PAL devices 
20L8,20R8,20R6,20R4 

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 SSIlMSI 
integrated circuits to reduce package count 
and board area occupancy, consequently 
improving reliability and design cycle over 
Standard Cell or gate array options. By 
programming the security fuse, proprietary 
designs can be protected from duplication. 

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

3-State Outputs 
The PLUS20XX series devices also feature 
3-State output buffers on each output pin 
which can be programmed for individual 
control of all outputs. The registered outputs 
(On) 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 1/0 lines that can 
be individually configured as inputs or 
outputs. 

Output Registers 
The PLUS20R8 has 8 output registers, the 
20R6 has 6, and the 2OR4 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 

PLUS20R8D/-7 SERIES 

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. ABELTM 
CUPLTM 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. 

4'· 4'· 4'· 4'· I,B I,B ~B ij 
I,B 

I,j I,j I,j 

P,D P,D P,D P,D 

I STATE I CODE I 
I I INACllVE1,2 I 0 I 

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at "H" polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 

ABEL is a trademark of Data 110 Corp. 
CUPL is a trademark of Logical Devices, inc. 
PALASM is a registered trademark of AMD Corp. 
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STATE 

I,B 
I C~DE I I 

STATE I C~DE I I 
STATE I C~DE I 

I. B DON'T CARE 
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PAL devices 
20L8,20R8,20R6,20R4 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tstg Storage temperature range 

NOTE: 

RATINGS 

MIN MAX UNIT 

-0.5 +7 Voc 

-1.2 +8.0 Voc 

-0.5 Vee +0.5V Voc 

-30 +30 rnA 

+100 rnA 

--65 +150 °C 

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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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
ambient to junction 75°C 
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PAL devices 
20L8,20R8,20R6,20R4 

DC ELECTRICAL CHARACTERISTICS 
O°C STamb:s; +75°C, 4.75:s; Vee :S;5.25V 

SYMBOL PARAMETER 

Input Yoltage2 

Vil Low 

VIH High 

VIC Clamp 

Output voltage 

VOL Low 

VOH High 

Input current 

III Low3 

IIH High3 

II Maximum input current 

Output current 

10zH Output leakage 

10Zl Output leakage 

los Short circuit 4, 5 

Icc Vcc supply current 

Capacltance6 

CIN Input 

CB 1/0(8) 

NOTES: 
1. All typical values are at Vee = 5V, T arrb = +25°C. 

TEST CONOInONS 

Vee=MIN 

Vee = MAX 

Vcc = MIN, liN = -18mA 

Vee = MIN, VIN = VIH or VII. 

10l = 24mA 

10H =-3.2mA 

Vee = MAX 

VIN =0.40V 

VIN =2.7V 

VIN = Vee = VeeMAx 

Vee = MAX 

VOUT= 2.7V 

VOUT= 0.4V 

VOUT =OV 

Vee = MAX 

Vee =5V 

VOUT= 2.0V 

VOUT = 2V, f = lMHz 

2. All voltage values are with respect to network ground terminal. 
3. Leakage current for bidirectional pins is the worst case of III and 10Zl or IIH and 10ZH. 
4. Test one at a time. 
5. Duration of short circuit should not exceed 1 second. 
S. These parameters are not 100% tested but periodically sampled. 
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LIMITS 

MIN TYp1 MAX UNIT 

0.8 V 

2.0 V 

-0.8 -1.5 V 

0.5 V 

2.4 V 

-250 ~ 

25 ~ 

100 ~ 

100 ~ 

-100 ~ 

-30 -90 mA 

150 210 mA 

8 pF 

8 pF 
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PLUS20R8D/-7 SERIES 

AC ELECTRICAL CHARACTERISTICS 
R1 = 200n R2 = 390n, O°C <Tarrb~+75°C, 4.75:!> Vcc:!>5.25V -

SYMBOL PARAMETER FROM TO 

MIN1 

Pulse Width 

tcKH Clock High CK+ CK- 5 

tcKL Clock Low CK- CK+ 5 

tcKP Period CK+ CK+ 10 

Setup & Hold time 

tiS Input Input or 
CK+ 7 feedback 

tlH Input CK+ 
Input or 

0 feedback 

Propagation delay 

tcKO Clock CK± Q± 3 

tcKF Clock3 CK± a 
tpo Output (20L8, R6, R4j2 I, B Output 3 

toE1 Output enable4 OE Output enable 3 

toE2 Output enable4•5 I Output enable 3 

to01 Output disable4 OE Output disable 3 

to02 Output disable4,5 I Output disable 3 

tSKW Output Q Q 

tpPR Power-Up Reset Vcc+ Q+ 

Frequency (20R8, R6, R4) 

No feedback 1/ (tcKL + tcKH)6 

fMAX Internal feedback 11 (tiS + tcKF)6 

External feedback 1/ (tIS + tcKO)6 
. .. . .. 

• For definitions of the terms, please refer to the Timing/Frequency Definitions tables . 
NOTES: 
1. CL = OpF while measuring minimum output delays. 

UMITS 

-7 

TYP MAX 

6.5 

3 

7.5 

8 

10 

8 

10 

1 

10 

100 

90 

74 

2. tpo test conditions: CL = 50pF (with jig and scope capacitance), VIH = 3V, VIL = OV, VOH = VOL = 1.5V. 
3. tcKF was calculated from measured Internal fMAX. 

0 UNIT 

MIN1 MAX 

7 ns 

7 ns 

14 ns 

9 ns 

0 ns 

3 7.5 ns 

6.5 ns 

3 10 ns 

3 10 ns 

3 10 ns 

3 10 ns 

3 10 ns 

1 ns 

10 ns 

71.4 MHz 

64.5 MHz 

SO.6 MHz 

4. For 3-State output; output enable times are tested with CL = 50pF to the 1.5V level, and S1 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL _ 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (VOH - 0.5V) with S1 open, and Low-to-High impedance tests are made to the Vr = (VOL + 0.5V) level with S1 closed. 

5. Same function as toE1 and to01, 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. 

September 10,1993 97 



Philips Semiconductors Programmable Logic Devices 

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

OUTPUT REGISTER PRELOAD 
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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 pre loaded individually by following the steps given below. 

Step 1. With Vcc at 5V and Pin 1 at VIL, raise Pin 13 to VIHH. 

Step 2. Apply either VIL or VIH to the output corresponding to the register to be preloaded. 
Step 3. Pulse Pin 1, clocking in preload data. 
Step 4. Remove output voltage, then lower Pin 13 to VIL. Preload can be verified by observing the voltage level at the output pin. 

TEST LOAD CIRCUIT 

NOTE: 

PIN1~! 

PIN 1 CLOCK 

I 
I 
I 

Isu IW 

I 
I 

L-. ___ ~_-+-_____ VIL 

n-:,i----- vOH 

REGISTERED I/O INPUT 

......... +----VOL 

NOTE: Id = Isu = Iw = 1 DOns 10 1000ns. 

VIHH = 10.25V10 10.75V. 

Pin and number reference for DIP package 

~--------, 

C1 and C2 are 10 bypass VCC 10 GND. = 
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OUTPUT REGISTER SKEW 

ClK ___ ~/r-------------- 3V 

----------------w 

(REGISTERED OUTP~ J'~ ------------
Qn +1 

(REGISTERED OUTPUT) 

CLOCK TO FEEDBACK PATH 

I elK 

f-
• :::,.V 

I. ~KF· ·1 
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TIMING DIAGRAMS1, 2 

I, B 
(INPUTS) 

Q 
(REGISTERED OUTPUTS) 

~~'~'~~-~~j~~'~ 

_-------- +3V 

'------------oV 
_---+3V 

'----'-f---- OV 

_-------- +3V 

--1-----,------- OV 

Flip-Flop Outputs 

1------------------------------------------+3V 

(INPU~S~ ,l ... _5_V _________________________________________ OV 

~---- tPD·----~·~! 

0, B 
(COMBINATORIAL 

OUTPUTS) 

VOH 

----------------~--- VOL 

------------_ +3V 
I,B 

(OUTPUT 
ENABLE) _____ -.1 

f,:_toD2 

~-------------' ~ OV 

Gate Outputs 

~
r---------------------------------Vcc 4_5V 

Vec _ 

------------------------- OV 

--tpp 

Q'-~~~~~~.r_----------~ 
(REGISTERED 

OUTPUTS) ...JIIo.~~'-"M 

I,B 
(INPUTS) 

ClK 

NOTES: 
1. Input pulse amplitude is OV to 3V. 
2. Input rise and fall times are 2.Sns. 

September 10, 1993 

~---------- VOL 

_------------------ ~V 

----------------- OV 

_---~V 

1.5V 

~----+----- OV 

Power-Up Reset 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKl Interval between clock pulses. 

tcKP Clock period. 

Required delay between 
tiS beginning of valid input and 

positive transition of clock. 

Required delay between 
tlH positive transition of clock and 

end of valid input data. 

Delay between positive 

tcKF 
transition of clock and when 
internal 0 output of flip-flop 
becomes valid. 

Delay between positive 

tcKO 
transition of clock and when 
outputs become valid (with 
OE"Low). 

Delay between beginning of 
toE1 Output Enable Low and when 

outputs become valid. 

Delay between beginning of 
toD1 Output Enable High and when 

outputs are in the Off-State. 

Delay between predefined 

toE2 
Output Enable High, and 
when combinational outputs 
become valid. 

Delay between predefined 

toD2 
Output Enable Low and when 
combinational outputs are in 
the Off-State. 

Delay between Vcc (after 

tpPR 
power-on) and when flip-flop 
outputs become preset at "1" 
(internal Q outputs at "0"). 

Propagation delay between 
tpD combinational inputs and 

outputs. 

FREQUENCY DEFINITIONS 

No feedback: Determined by 
the minimum clock period, 
1/(tcKL + tCKH). 
Internal feedback: 
Determined by the internal 
delay from flip-flop outputs 
through the internal feedback 
and array to the flip-flop 
inputs, 1/(tIS + tcKF). 
External feedback: 
Determined by clock-to-output 
delay and input setup time, 
1/(tIS + tcKO)' 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

PROGRAMMABLE AND ARRAY 

00,07 

PLUS20L8 

PROGRAMMABLE AND ARRAY 

QO 

PLUS20R8 
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SNAP RESOURCE SUMMARY DESIGNATIONS (Continued) 

10-111 

PROGRAMMABLE AND ARRAY 

8O,B7 

PLUS20R6 

PROGRAMMABLE AND ARRAY 

80, Bl, B6, B7 

PLUS20R4 
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PL22V10-10 

FEATURES DESCRIPTION PIN CONFIGURATIONS 

• Advanced CMOS EEPROM technology 

• Ultra high performance 

- 10ns, (tpD) commercial version 

- fMAX as fast as 83.3MHz 

• Available in Dualln-Une, Small Outline 
Large, and Plastic Leaded Chip Carrier 
packages 

• Low power consumption 

- 110mA + 0.5mA/MHz max 

• EE reprogrammability 

- Low-risk reprogram mabie 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 AN 0 array 

- Up to 22 inputs and 10 outputs 

- Variable product term distribution (8 to 
16 per output) for greater logic flexibility 

- Independently Rrogrammable 
4-configuration )10 macrocells 

- Synchronous prrset, asynchronous clear 

- Independently programmable output 
enables 

• Application versatility 

- Pin-for-pin and JEDEC-file compatible 
with the bipolar AmPAL22V10, CMOS 
PALC22V10 and PEEL22CV10A 

ORDERING INFORMATION 

DESCRIPTION 

The Philips Semiconductors PL22V10-10 is a 
CMOS programmable 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 PL22V10 allows 
cost effective plastic packaging, low risk 
inventory, reduced development and retrofit 
costs, and enhanced testability to ensure 
100% field programmability and function. The 
PL22V10's flexible architecture offers 
complete function and JEDEC-file 
compatibility with the bipolar AmPAL22V10 
and the CMOS PALC22V10. Applications for 
the PL22V1 0 include: replacement of random 
SSI/MSllogic 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 
Semiconductors and third-party 
manufacturers. 

PIN LABEL DESCRIPTIONS 

11-111 Dedicated Input 

NC Not Connected 

FO-F9 Macro CelllnputJOutput 

CLK/IO Clock Input/Dedicated Input 

Vcc Supply Voltage 

GND Ground 

ORDER CODE 

24-Pin (300m ii-wide) Plastic DIP (Dual-In-Line Package) PL22V10-10N 

28-Pin (300m ii-wide) PLCC (Plastic Leaded Chip Carrier Package) PL22V10-10A 

24-Pin (300mil-wide) Plastic SOL (Small Outline Large) Package PL22V10-10D 
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D and N Packages 

VCC 

F9 

FB 

F7 

F6 

F5 

F4 

F3 

F2 

F1 

FO 

GND 111 

N = Plastic Dualln·Line Package (300mil-wide) 
D _ Plastic Small Outline large (300mil-wide) 

Package 

A Package 

ClK! 
12 11 10 NC Vce F9 FB 

A = Plastic leaded Chip Carrier 

DRAWING NUMBER 

04100 

0401F 

01730 

853-158111164 
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LOGIC DIAGRAM 

ClKllO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

110 

GND~ 
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Fa 

F7 

F6 

F5 

~ H~r---i151 F1 

~ H~r---i14 I FO 

111 
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ClKIIO 

FUNCTION DESCRIPTION 
The PL22V1 0 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 liD macrocells 
further increase logic flexibility. 

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

October 22,1993 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

Figure 1. Functional Diagram 

ANDIOR LOGIC ARRAY 
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 lines carry the True and 
Complement values of feedback or input 
signals from the 10 liDs 

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 
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11-111 

product term which is connected to both the 
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, So OUTPUT CONFIGURATION 

0 0 RegisteredfActive-LOW 

0 1 Registered' Active-H IGH 

1 0 Combinatorial/Active-LOW 

1 1 Combinatorial/Active-HIGH 

o = Unprogrammed fuse 
1 = Programmed fuse 

Figure 2. Output Macro Cell Logic Diagram 

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

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

Figure 3. 
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PROGRAMMABLE I/O 
MACROCELL 
The output macrocell provides complete 
control over the architecture of each output. 
The ability to configure each output 
independently permits users to tailor the 
configuration of the PL22V10 to the precise 
requirements of their designs. 

MACROCELL ARCHITECTURE 
Each 1/0 macrocell, as shown in Figure 2, 
consists of a D-type flip-flop and two 
signal-select multiplexers. The configuration 
of each macrocell of the PL22V10 is 
determined by the two EEPROM bits 
controlling these multiplexers. These bits 
determine output polarity, and output type 
(registered or non-registered). Equivalent 
circuits for the macrocell configurations are 
illustrated in Figure 3. 

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

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

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

ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark of AMD Corp. 
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OUTPUT ENABLE 
The output of each 1/0 macrocell can be 
enabled or disabled under the control of its 
associated programmable output enable 
product term. When the logical conditions 
programmed on the output enable term are 
satisfied, the output signal is propagated to 
the 1/0 pin. Otherwise, the output buffer is 
driven into the high-impedance state. 

Under the control of the output enable term, 
the 110 pin can function as a dedicated input, 
a dedicated output, or a bi-directional 1/0. 
Opening every connection on the output 
enable term will permanently enable the 
output buffer and yield a dedicated output. 
Conversely, if every connection is intact, the 
enable term will always be logically FALSE 
and the 1/0 will function as a dedicated input. 

REGISTER FEEDBACK SELECT 
When the 1/0 macrocell is configured to 
implement a registered function (S1 =0) 
(Figures 3.a or 3.b), the feedback signal to 
the AND array is taken from the 0 output. 

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

POWER-ON RESET 
To ease system initialization, all flip-flops will 
power-up to a reset condition and the Q 

output will be low. The actual output of the 
PL22V10 will depend on the programmed 
output polarity. The Vce rise must be 
monotonic and the reset delay time is 5fl.s 
maximum. 
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DESIGN SECURITY 
The PL22V10 provides a special EEPROM 
security bit that prevents unauthorized 
reading or copying of designs programmed 
into the device. The security bit is set by the 
PLD programmer, either at the conclusion of 
the programming cycle or as a separate step, 
after the device has been programmed. Once 
the security bit is set it is impossible to verify 
(read) or program the PL22V10 until the 
entire device has first been erased with the 
bulk-erase function. 

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

Approved programmers are listed in the 
Philips Semiconductors Programmer 
Reference Guide. 

SOFTWARE SUPPORT 
The PL22V10 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SNAP design software package. ABELTM, 
CUPLTM, and PALASM® 90 design software 
packages also support the PL22V1 0 
architecture. 

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

PL22V10 logic designs can also be 
generated using the prograr table entry 
format. This program table entry format is 
supported by SNAP only. 
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ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER CONDITIONS 

Vee Supply voltage Relative to GND 

V,N. Vour Voltage applied to any pin3 Relative to GND2 

lOUT Output current Per pin (IOl• IOH) 

T81g Storage temperature range 

TlT Lead temperature Soldering 10 seconds 

NOTES: 
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RAnNGS 

MIN MAX UNIT 

-0.5 +7.0 V 

-1.2 Vee +0.5 Voc 

±25 mA 

-65 +125 DC 

+300 DC 

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. Minimum DC input is -O.5V. however inputs may undershoot to -2.0V for periods less than 20ns. 
3. V,N and Vourare not specified for programlverify operation. 

OPERATING RANGES 

RATINGS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

Vee Supply voltage CommerciaP +4.75 +5.25 Voc 

Industrial +4.5 +5.5 Voc 

Tamb Ambient temperature CommerciaP 0 +70 °C 

Industrial -40 +85 DC 

tR Clock Rise Time See note 2 250 ns 

q: Clock Fall Time See note 2 250 ns 

tRvee Vee Rise Time See note 2 250 ms 

NOTES: 
1. Voltage applied to input or output must not exceed Vee +0.3V. 
2. Test points for Clock and Vee in tR. q:. tel. teH. and tRESET are referenced at 10% and 90% levels. 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = O°C < T arm S + 75°C 4 75V S Vee S 5.25V -

SYMBOL PARAMETER CONDITIONS 

Input voltage 

VIL Low 

VIH High 

Output voltage 

VOL Low- TTL Vee = MIN, IOL = l6mA 

VOLe Low-CMOS Vee = MIN, IOL = 101lA 

VOH High- TTL Vee = MIN, IOH = -4.0mA 

VoHe High-CMOS Vee = MIN, IOH = -101lA 

Input current 

IILillH Input leakage current Vee = MAX, GND S V1N ~ Vee 

Output current 

loz Output leakage 110 = Hi-Z, GND S Vo S Vee 

Ise5 Short circuit Vee = 5V, VOUT = 0.5V1 

lee Vee active current, CMOS 
VIN = Vee or GND2, 3 (commercial) 

Vee active current, CMOS 
VIN = Vce or GND2, 3 (industrial) 

Vee active current, TTL 
VIN = VIL or VIH2, 3 (commercial) 

Vee active current, TTL 
VIN = VIL or VIH2, 3 (industrial) 

NOTES: 
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UMITS 

MIN TYp4 MAX UNIT 

-0.3 0.8 V 

2.0 Vee + 0.3 V 

0.5 V 

0.1 V 

2.4 V 

Vee- 0.1 V 

1 ±10 IlA 

2 ±10 IlA 
~O -130 mA 

80+ 110 + 
mA 0.5mA/MHz 0.5mA/MHz 

90+ 120+ 
mA 0.5mA/MHz 0.5mA/MHz 

90+ 120+ 
mA 0.5mA/MHz 0.5mA/MHz 

100+ 130+ rnA 0.5mA/MHz 0.5mA/MHz 

1. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
2. I/O pins open (no load). 
3. lee for a typical application: This parameter is tested with the device programmed as a 10-bit Counter. 
4. Typical values are at Vee = 5V. Typical values are guaranteed by design. 
5. Room temperature only. 

October 22,1993 109 



Philips Semiconductors Programmable Logic Devices 

CMOS programmable electrically erasable 
logic device 

AC ELECTRICAL CHARACTERISTICS 
Commercial = O°C < Tamb < +75°C 4 75V S Vee < 5 25V1.2 - - - . 

SYMBOL PARAMETER 

tpD Input3 to non-registered output 

tEA Input3 to Output Enable4 

tER Input3 to Output Disable4 

teo Clock to output 

te02 
Clock to combinatorial output delay via internal registered feed-
back 

ts Input3 or feedback setup to clock 

tSF Internal feedbacks 

tH Input3 hold after clock 

tWl, tWH Clock width - clock low time, clock high timeS 

tep MIN clock period External (ts + teo) 

fMAX1 

MAX operating frequency; 
Internal feedbacks CSF~ teo) 

fMAX2 MAX operating frequency; External (l/tep) 

fMAX3 
MAX clock frequency; 
No feedback6 CWl~tWH) 

tARW Asynchronous Reset pulse width 

tAR Input3 to Asynchronous Reset 

tARR Asynchronous Reset recovery time 

tSPR Synchronous Preset recovery time 

tRESET Power-on reset time for registers in clear stateS 

CapacitanceS 

CIN Input Capacitance? 

COUT Output Capacitance? 

NOTES: 

Product specification 
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TEST PL22V10-10 

CONDITIONS MIN MAX UNIT 

50pF 10 ns 

50pF 10 ns 

5pF 10 ns 

50pF 8 ns 

50pF 14 ns 

50pF 7 ns 

50pF 5 ns 

50pF 0 ns 

50pF 6 ns 

50pF 15 ns 

50pF 76.9 MHz 

50pF 66.6 MHz 

50pF 83.3 MHz 

50pF 10 ns 

50pF 12 ns 

50pF 8 ns 

50pF 10 ns 

50pF 5 fls 

Tamb = 25°C, 6 pF 
Vee = 5.0V 

@f=lMHz 12 pF 

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

2. Device test loads are specified at the end of this section. 
3. "Input" refers to an Input pin signal. 
4. toE is measured from input transition to VREF ± 0.1 V, toD is measured from input transition to VOH - 0.1 V or Val + 0.1 V. 
5. Test points for Clock and Vee in tR, tF, tel, teH, and tREsET are referenced at 10% and 90% levels. 
6. Parameters are not 100% tested. Specifications are based on initial characterization and are tested after any design or process modification 

which may affect operational frequency. 
7. Capacitances are tested on a sample basis. 
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TEST LOAD CIRCUIT 

NOTES: 
C1 and C2 are to bypass Vee to GND. 
R1 • 23!iO, R2· t59O, CL • SOpF. 

THEVENIN EQUIVALENT VOLTAGE WAVEFORM 

2.50s 

MEASUREMENTS: 

2.5ns 

All circun delays are measured at the + 1.5V level of 
Inputs and outputs, unless otherwise specHied. 

Input Pulses 
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SWITCHING WAVEFORMS 

INPUTOR tVT 
FEEDBACK _____ '_. ~ta\'T 'PO "'V-T---

COMBINATORIAL 
OUTPUT 

Combinatorial Output 

ClK 

ClK 

fMAX1 ; Internal Feedback (tsF ~ tco ) 

CLOCK 

Clock Width 

Product specification 
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INPUT OR tv: r-
"':::: ____ '_ ~V_T_\s}V:~~ 

_ __________ ~_OOikICO VT REGISTERED 
OUTPUT 

Registered Output 

ClK 

OUTPUT 

Clock to Combinatorial Output (tC02) 

INPUT 

OUTPUT 

Input to Output Disable/Enable 

INPUT ASSERTING 
ASYNCHRONOUS 

RESET 

INPUT ASSERTING ~ 
SYNCHRONOUS VT 

PRESET ___ _ 

IS 

REGISTERED 
OUTPUT 

CLOCK 

NOTES: 
1. VT = 1.5V. 

Asynchronous Reset 

2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.5ns max. 
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"AND" ARRAY - (I, B) 

Product specification 
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1

,

•

B 

1,·B 1

'

•

B 

1

,

·

B 
I.B I.B I.B I.B 

1.11 1.11 1.11 1.11 

P,D P,D P.D P.D 

I STATE I CODE I 
I INACTIVE 1 I 0 I 

NOTE: 
1. This is the initial state. 

POWER-UP RESET 
The power-up reset feature ensures that all 
flip-flops will be reset to LOW after the device 
has been powered up. The output state will 
depend on the programmed pattern. This 
feature is valuable in simplifying state 
machine initialization. A timing diagram and 

SYMBOL 

tpR Power-up Reset Time 

TRUE 
I STATE STATE 

parameter table are shown below. Due to the 
synchronous operation of the power-up reset 
and the wide range of ways VCC can rise to 
its steady state. two conditions are required 
to ensure a valid power-up reset. These 
conditions are: 

PARAMETER 

ts,tsF Input or Feedback Setup Time 

tWL Clock Width LOW 

STATE 

OON'TCARE 

1. The Vcc rise must be monotonic. 

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

LIMITS 

MIN I MAX UNIT 

I 1 j.1S 

See AC Electrical 

Characteristics 

Jt------------------------------------VCC 

POWER _____ 4 .... V,\,. .. ___ 1PR=M 

REGISTERED { 
ACTIVE-LOW 

OUTPUT J' 
CLOCK--~~ ~~-

1=IWL 
Power-Up Reset Waveform 
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PRELOAD TEST CONDITION 

SYMBOL PARAMETER 

tpe Valid data out 

tpz Output 3-State delay time after assertion of Preload 
(Pin 2 = VHH) 

tpH Hold time of all preload inputs with respect to Clock 
rising edge 

tpsu Setup time of all preload inputs with respect to Clock 
rising edge 

tplH Hold time for Preconditioning input 

VHH Preload enable voltage 

PRELOAD WAVEFORM 

elK 
PIN 1 

PIN2 

ALL OTHER INPUTS 

110 PINS 
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LIMITS 

CONDITIONS MIN TYP MAX UNIT 

100 ns 

100 ns 

15 ns 

100 ns 

50 ns 

14.50 14.75 15.0 V 

VIH 3.0V 

Vil OV 

VHH 14.75V 

Vil OV 

VIH 3.0V 

VllOV 

._----------- VIH 3.0V 

VALID DATA·OUT 

....... ----------- Vil OV 
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PROGRAM TABLE 
I B - COMBINATORIAL 
I 0 - REGISTERED 
I CONTROL WORD 
I ~ J 

T AND 
E 

I FII) R 
M 11 10 9 8 7 6 5 4 13 2 1 0 9 8 7 6 5 4 3 2 1 
0 I 
1 I I 
2 1 I I 
3 
4 I 

5 I I 
6 I I 
7 I I 
8 
9 

10 I I 
11 I I 
12 L I 
13 I I I 
14 
15 I I 

16 1 1 
17 1 1 
18 1 1 
19 
20 
21 I 1 
22 I I 
23 I I 
24 I I 
25 
26 I I 

27 I I 
28 I I 
29 1 
30 
31 I I 

32 I I 
33 I I 
34 I I 
35 
36 
37 I 
38 I 
39 I 
40 I 
41 
42 I 

43 I 1 
44 I I 
45 1 I 
46 
47 
48 I 
49 I 
50 I I 1 
51 I I 
52 
53 I 

54 1 
55 I I 
56 I I 
57 
58 
59 I 
60 I 
61 I 
62 
63 
64 I 

0 

PIN 13 11 10 9 8 7 6 5 4 3 2 1 23 22 21 20 19 18 17 16 15 14 

w 

al~ 
::!:< 
~Z 
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POlAmTY 
I H -> ACTIVE HIGH 
I L -> ACTIVE LOW 

POlARITY 
I I I I 

FO 
9 817 6 5 4 3 2 1 0 

D/'/ /' ./' L / // / 
AVV / / // // / 
A/I/ / / / / / / / 
A/'/' / / V / /' / L 
AVI/ / / / / // / 
A// / / V / / / / 
A VI/ / / / / // / 
A/I/ / / V / / / / 
A// / ~ IL/ // / 
/' 0/ / / / / // / 
/ AI/ / / / / / /' /' 
L A/ / / / / /'/ / 
/ A/ / / / / // / 
/ AI/ / / L /' /L L 
L A/ / / // / / / 
/ AI./' / / /""1/ /' / / 
/" AI/ // /1/ // / 
/ AI/ / / /1/ / / / 
/ AI/ / / V"'V ./ ./' L 
/ A/ / / // // / 
/ /0 / / // // / 
/ /IA / / / / // / 
/ /1 A / / V / / / / 
/ /IA / / / / // / 
/ /A / / / / / / / 
/ /A / / V / /' / / 
/ VA / V IL / // / 
/ /A / / / / // / 
/ VIA / / / /' /' / / 
/ /1 A / / / / / / / 
/ V A / / V / / / / 
L V A/ / // // / 
L V A/ / / / / / / 
/ V / 0/ V / /' / / 
/" V V A/ / / // / 
/ / / A/ // / / / 
/ V / AV V"/ ,/ /' L 
/ / / A/ /1/ / / / 
/ V / AV VV ,/ V ./' 
/ / / A/ /1/ / / / 
/ / / AV /1/ / / / 
/ V/ AV V/ ./' /' L 
/ /1/ A/ // / / / 
/ /1/ A/ VV / / / 
/ /V AV VV ,/ / /'" 
/ /1/ A/ /1/ / / / 
/ // A/ V/ / / / 
L V /' A / / / // / 
L V / / 0/ / / / / 
/ / / / A/ / / / / 
/ V V / AV / ,/ / / 
,/ V ,/ / A/ / /' / / 
/ // / AV/ / / / 
/' /1/ V A VI/ ,/ / / 
/ /1/ / A /1/ / / / 
/ /V / AVV / / ,/ 
L VI/ / A /1/ // / 
/ // / A// /,/ / / 
/ VV ,/ A 'V V ,/ / V 
L /1/ / A /1/ / / / 
/ /1/ / A// / / / 
,/ VV V A ILV V L IL 
/ // / A /1/ / / / 
/ V/ / A IL/ // / 
/ /1/ / A /1/ // / 
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PROGRAM TABLE (Continued) 

T AND 
E 

I FI) R 
M 11 10 9 817 6 5 4 13 2 1 0 9 8 7 6 5 4 3 2 1 

65 
66 I I I 
67 I I I 
68 
69 
70 I I I 
71 I I 
72 I I L 
73 
74 
75 I I 
76 I I 
77 1 1 1 
78 
79 
80 I I 
81 I I 
82 I I 
83 
84 
85 I I 1 
86 I I I 
87 I I 
88 
89 
90 1 I 
91 I I 
92 1 L 
93 
94 
95 I I 
96 L 
97 1 1 I 
98 I I 
99 

100 I , 
101 1 1 
102 1 1 
103 1 I 
104 
105 
106 1 I 
107 I I I 
108 1 I I 
109 
110 

, 
111 I 1 
112 I I 
113 1 1 
114 
115 
116 I I 
117 1 j 
118 I I 
119 
120 
121 1 1 
122 I I 
123 I I 
124 1 
125 
126 

, 1 
127 I I 
128 I 
129 
AR 
SP 1 

0 

PIN 13 11 10 II 8 7 6 5 4 3 2 1 23 22 21 20 19 18 17 16 15 14 

w 

a!~ 
:!« 
~Z 
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FQL 
9 8 7 6 5 4 3 2 1 0 
/' /' /' /' /' O/' /' /'/ 
V ./ /' ./ ./ AV V ./ I/'" 
V / / / / AI/ / / / 
/ / / / / A/ / / / 
/ / / / / A/ / / / 
V / / / / A/ V / / 
V / /' ./ / AV V / I/'" 
/ / / / / A/ / / / 
/ / / / / A/ / / / 
V // / / A/ V / /" 
/ // / / A/ / / / 
V // / / A/ / / / 
/' /'/' /' /' AI/ / / / 

V /1/ / / A/ / / / 
IL /~ IL / A/' / / / 
V // / / A/ / / / 
V /1/ V / AV V / ~ 
/ /V / / /10 / / / 
V /1,./ V / /A V / V 
/ // / / /A / / / 
V // / V /A V / / 
V /V V / /'A / / / 
/ /1/ / / /A V / / 
V /V / / /IA V / ~ 
V /i/ V / /IA IL V ~ 
/ // / / /A / / / 
/ // V / / A V / / 
/' /'/ /' /' /lA / / / 
/ /1/ / / /A / / / 
V /V V / /A V / I/'" 
/ // / / /A / / / 
IL /' /' /' /'/A / / / 
/ / / / / /1/ 0/ / 
V / /' V / /'/ A/ I/'" 
/ / / / / /1/ A/ / 
V / / V v /./ A/ / 
V / :/ V / /:/ A/ ~ 
/ / / / / // A/ / 
/ / / / V /1/ A/ / 
V / / V V /V A./ ../ 
/ / / / / // A/ / 
V // / / // A/ / 
V / Y V V /./ A/ ~ 
/ / / / / /1/ A/ / 
/ / / / / // A/ / 
V / / / / /1/ IL O~ 
/ / / / / // / A/ 
/ // / / // /' A/ 
V /lL IL ./' L'L' / A/ 
/ /1/ / / /V v A../ 
V /1/'" IL V /1/ / A/ 
/ /1/ / / /1/ / A/ 
V /:/ V / /:/ V AI/" 
/ /'/ / / / / / A/ 
/ /1/ / / / / /' A/ 
v /V / V / / V A~ 
/ // / / / / / / 0 
/ // / / / / / / A 
V // V / L/ IL L A 
/. /1/ / / // V / A 
V /V / / /V V /'A 
V /J....-C' V V Lv / /A 
/ // / / // / / A 
V ~/ / / // V / A 
/ /1/ / //1/ / / A 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

:OI/ll\l'iO 
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FEATURES 
• Advanced CMOS EEPROM technology 

• Ultra high performance 

- 12ns, and 15ns (lpo) commercial 
versions 

- 15ns (!Po) industrial version 

- fr..4AX as fast as 71.4MHz 

• Available in Dualln-Une, Small Outline 
Large, and Plastic Leaded Chip Carrier 
packages 

• Low power consumption 

- 90mA + O.SmA/MHz max 

• EE reprogrammability 

- Low-risk reprogram mabie 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 

- Variable product term distribution (8 to 
16 per output) for greater logic flexibility 

- Independently programmable 
4-configuration flO macrocells 

- Synchronous preset, asynchronous clear 

- Independently programmable output 
enables 

• Application versatility 

- Pin-for-pin and JEDEC-file compatible 
with the bipolar AmPAL22Vl0, CMOS 
PALC22Vl0 and PEEL22CV10A 

ORDERING INFORMATION 

DESCRIPTION 

DESCRIPTION 
The Philips Semiconductors PL22V1 0-12 and 
PL22V10-15 are CMOS programmable 
electrically erasable logic devices that provide 
a high-performance, low-power, 
reprogrammable, and architecturally 
enhanced alternative to early generation 
programmable logic devices (PLDs). 
Designed in advanced CMOS EEPROM 
technology, the PL22V10 rivals speed 
parameters of comparable bipolar PLDs while 
providing a dramatic improvement in active 
power consumption. The EE 
reprogrammability of the PL22V10 allows 
cost effective plastic packaging, low risk 
inventory, reduced development and retrofit 
costs, and enhanced testability to ensure 
100% field programmability and function. The 
PL22V10's flexible architecture offers 
complete function and JEDEC-fife 
compatibility with the bipolar AmPAL22V10 
and the CMOS PALC22V10. Applications for 
the PL22V10 include: replacement of random 
SSI/MSIIogic 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 PL22V1 0 is provided by Philips 
Semiconductors and third-party 
manufacturers. 

PIN LABEL DESCRIPTIONS 

11-111 Dedicated Input 

NC Not Connected 

FO-F9 Macro Cell InpuVOutput 

CLK/IO Clock InpuVDedicated Input 

Vcc Supply Voltage 

GND Ground 

PIN CONFIGURATIONS 

D and N Packages 

vee 
F9 

F8 

F7 

F6 

F5 

F4 

F3 

F2 

Fl 

FO 

GND 111 

N. Plastic Dual In· Line Package (300mil·wide) 
O. Plastic Small Outline Large (300mil-wlde) 

Package 

A Package 

CLK! 
12 11 10 NC VCC F9 F8 

A • Plastic Leaded Chip Carrier 

ORDER CODE DRAWING NUMBER 

PL22V10--12N 
24-Pin (300mil-wide) Plastic DIP (Dual-In-Line Package) PL22V10--15N 0410D 

PL22V10115N (Industrial) 

PL22V10--12A 
28-Pin (300mil-wide) PLCC (Plastic Leaded Chip Carrier Package) PL22V10-15A 0401F 

PL22V10115A (Industrial) 

PL22V1 0--1 OD 

24-Pin (300m if-wide) Plastic SOL (Small Outline Large) Package PL22V10--12D 0173D PL22V10--15D 
PL22V10115D (Industrial) 
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LOGIC DIAGRAM 

GND~ o 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 

NOTE: 
::::::::# Programmable connection. 
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F5 

F4 

F3 

F2 

F1 

FO 

111 
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FUNCTION DESCRIPTION 
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 110 macrocells 
further increase logic flexibility. 

ARCHITECTURE OVERVIEW 
The PL22V10 architecture is illustrated in the 
Figure 1. Twelve dedicated inputs and 10 
liDs 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 110 macro cell which can be 
independently programmed to one of 4 
different configurations. The programmable 
macro cells allow each 110 to create 
sequential or combinatorial logic functions 
with either Active-High or Active-Low polarity. 

October 22,1993 

PROGRAMMABLE 
AND ARRAY 

(44 x 132) 

Figure 1. Functional Diagram 

AND/OR LOGIC ARRAY 
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 lines carry the True and 
Complement values of feedback or input 
signals from the 10 liDs 

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 110) 

1 global synchronous preset term 

1 global asynchronous clear term 

At each input-line/product-teJin 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 

120 
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product term which is connected to both the 
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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OUTPUT CONFIGURATION 

Registered! Active-LOW 

Registered! Active-HIGH 

Combinatorial/Active-LOW 

Combinatorial/Active-HIGH 

o = Unprogrammed fuse 
1 = Programmed fuse 

Figure 2. Output Macro Cell Logic Diagram 

SP 

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

SP 

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

Figure 3. 
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PROGRAMMABLE I/O 
MACROCELL 
The output macrocell provides complete 
control over the architecture of each output. 
The ability to configure each output 
independently permits users to tailor the 
configuration of the PL22V10 to the precise 
requirements of their designs. 

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

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

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

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

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

October 22, 1993 

OUTPUT ENABLE 
The output of each I/O macrocell can be 
enabled or disabled under the control of its 
associated programmable output enable 
product term. When'the logical conditions 
programmed on the output enable term are 
satisfied, the output signal is propagated to 
the I/O pin. Otherwise, the output buffer is 
driven into the high-impedance state. 

Under the control of the output enable term, 
the I/O pin can function as a dedicated input, 
a dedicated output, or a bi-directional I/O. 
Opening every connection on the output 
enable term will permanently enable the 
output buffer and yield a dedicated output. 
Conversely, if every connection is intact, the 
enable term will always be logically FALSE 
and the I/O will function as a dedicated input. 

REGISTER FEEDBACK SELECT 
When the 1/0 macrocell is configured to 
implement a registered function (S1 =0) 
(Figures 3.a or 3.b), the feedback signal to 
the AND array is taken from the a output. 

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

POWER-ON RESET 
To ease system initialization, all flip-flops will 
power-up to a reset condition and the Q 

output will be low. The actual output of the 
PL22V10 will depend on the programmed 
output polarity. The Vcc rise must be 
monotonic and the reset delay time is 51ls 
maximum. 

122 

Product specification 

PL22V10-12/-15, 
PL22V10115 

DESIGN SECURITY 
The PL22V10 provides a special EEPROM 
security bit that prevents unauthorized 
reading or copying of designs programmed 
into the device. The security bit is set by the 
PLD programmer, either at the conclusion of 
the programming cycle or as a separate step, 
after the device has been programmed. Once 
the security bit is set it is impossible to verify 
(read) or program the PL22V1 0 until the 
entire device has first been erased with the 
bulk-erase function. 

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

Approved programmers are listed in the 
Philips Semiconductors Programmer 
Reference Guide. 

SOFTWARE SUPPORT 
The PL22V10 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SNAP design software package. ABELn .. , 
CUPLn .. , and PALASM® 90 design software 
packages also support the PL22V10 
architecture. 

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

PL22V10 logic designs can also be 
generated using the program table entry 
format. This program table entry format is 
supported by SNAP only. 
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ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER CONDITIONS 

Vee Supply voltage Relative to GND 

VIN. VOUT Voltage applied to any pin3 Relative to GND2 

lOUT Output current Per pin (IOl. IOH) 

T5tg Storage temperature range 

TLT Lead temperature Soldering 10 seconds 

NOTES: 
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PL22V10-12/-15, 
PL22V10115 

RATINGS 

MIN MAX UNIT 

~.5 +7.0 V 

-1.2 Vee +0.5 Voc 

±25 mA 

--65 +125 °C 

+300 °C 

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. Minimum DC input is -fJ.5V. however inputs may undershoot to -2.0V for periods less than 20ns. 
3. VIN and VOUT are not specified for programlverify operation. 

OPERATING RANGES 

RATINGS 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

Vee Supply voltage CommerciaP +4.75 +5.25 Voe 

Industrial +4.5 +5.5 Voe 

Tamb Ambient temperature Commercial1 0 +70 °C 

Industrial -40 +85 °C 

tR Clock Rise Time See note 2 250 ns 

tF Clock Fall Time See note 2 250 ns 

tRvee Vee Rise Time See note 2 250 ms 

NOTES: 
1. Voltage applied to input or output must not exceed Vee +C.3V. 
2. Test points for Clock and Vee in tR. IF. tel. teH. and tREsET are referenced at 10% and 90% levels. 
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DC ELECTRICAL CHARACTERISTICS 
Commercial = O°C $; Tamb $; +75°C, 4.75V $; Vee $; 5.25V; 
Industrial = -40°C $; Tamb $; +S5°C, 4.5V $; Vee $; 5.5V 

SYMBOL PARAMETER CONDITIONS 

Input voltage 

VIL Low 

VIH High 

Output voltage 

VOL Low-TIL Vee = MIN, IOL = 16mA 

VOLe Low-CMOS Vee = MIN, IOL = 10J-lA 

VOH High-TIL Vee = MIN, IOH = -4.0mA 

VOHe High-CMOS Vee = MIN,loH = -10J-lA 

Input current 

IIL/IIH Input leakage current Vee = MAX, GND $; VIN $; Vee 

Output current 

laz Output leakage I/O = Hi-Z, GND $; Va $; Vee 

Ise5 Short circuit Vee = 5V, VauT = 0.5V1 

Icc Vee active current, CMOS 
VIN = Vee or GND2. 3 (commercial) 

Vee active current, CMOS 
VIN = Vee or GND2. 3 (industrial) 

Vee active current, TIL 
VIN = VIL or VIH2. 3 (commercial) 

Vee active current, TIL 
VIN = VIL or VIH2. 3 (industrial) 

NOTES: 

LIMITS 

MIN TYp4 

-0.3 

2.0 

2.4 

Vee- 0.1 

1 

2 

-30 

70+ 
0.5mA/MHz 

SO+ 
0.5mA/MHz 

80 + 
0.5mA/MHz 

90 + 
0.5mA/MHz 

Product specification 

PL22V10-12/-15, 
PL22V10115 

MAX UNIT 

0.8 V, 

Vee + 0.3 V 

0.5 V 

0.1 V 

V 

V 

±10 J-lA 

±10 J-lA 

-130 mA 

90 + mA 0.5mA/MHz 

100+ 
mA 0.5mA/MHz 

100+ 
mA 0.5mA/MHz 

110+ 
mA 0.5mA/MHz 

1. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 
2. I/O pins open (no load). 
3. Icc for a typical application: This parameter is tested with the device programmed as a 10-bit Counter. 
4. Typical values are at Vee = 5V. Typical values are guaranteed by design. 
5. Room temperature only. 

October 22, 1993 124 



Philips Semiconductors Programmable Logic Devices 

CMOS programmable electrically erasable 
logic device 

AC ELECTRICAL CHARACTERISTICS 
Commercial = O°C $; Tamb $; +75°C, 4.75V $; Vee $; 5.25V1.2; 
Industrial = -40°C < T amb < +85°C 4 5V < Vee < 5 5V - - - - . 

SYMBOL PARAMETER 

tpD InputJ to non-registered output 

tEA Input3 to Output Enable4 

tER InputJ to Output Disable4 

teo Clock to output 

te02 
Clock to combinatorial output delay via internal regis-
tered feedback 

ts InputJ or feedback setup to clock 

tSF Internal feedbacks 

tH Input3 hold after clock 

tWL, tWH Clock width - clock low time, clock high time5 

tep MIN clock period External (ts + teo) 

MAX operating frequency; 

(~F ~teO) fMAX1 Internal feedbacks 

fMAX2 MAX operating frequency; External (1/tep) 

fMAX3 
MAX clock frequency; 
No feedbacks 

(tWL ~ tWH) 

tARW Asynchronous Reset pulse width 

tAR Input3 to Asynchronous Reset 

tARR Asynchronous Reset recovery time 

tSPR Synchronous Preset recovery time 

tREsET Power-on reset time for registers in clear state5 

CapacitanceS 

CIN Input Capacitance 7 

COUT Output Capacitance7 

NOTES: 

TEST 

CONDITIONS 

50pF 

50pF 

5pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

50pF 

Tamb = 25°C, 
Vee = 5.OV 

@f= 1MHz 

PL22V10·12 

Product specification 

PL22V10-12/-15, 
PL22V10115 

PL22V10-15 
PL22V10I15 

MIN MAX MIN MAX UNIT 

12 15 ns 

12 15 ns 

12 15 ns 

9 10 ns 

16 19 ns 

8 10 ns 

6 9 ns 

0 0 ns 

7 8 ns 

17 20 ns 

66.7 52.6 MHz 

58.8 50.0 MHz 

71.4 62.5 MHz 

12 15 ns 

15 18 ns 

10 10 ns 

10 10 ns 

5 5 f.ls 

6 6 pF 

12 12 pF 

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

2. Device test loads are specified at the end of this section. 
3. "Input" refers to an Input pin signal. 
4. toE is measured from input transition to VREF ± 0.1V, too is measured from input transition to VOH - 0.1 V or Val + 0.1 V. 
5. Test points for Clock and Vee in tR, tF, tel, teH, and tRESET are referenced at 10% and 90% levels. 
6. Parameters are not 100% tested. Specifications are based on initial characterization and are tested after any design or process modification 

which may affect operational frequency. 
7. Capacitances are tested on a sample basis. 
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TEST LOAD CIRCUIT 

NOTES: 
Cl and C2 are to bypass VCC to GND. 
R 1 = 235G, R2 ~ 1590, CL - 5OpF. 

THEVENIN EQUIVALENT VOLTAGE WAVEFORM 

2.5ns 

MEASUREMENTS: 

2.5ns 

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

Input Pulses 
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SWITCHING WAVEFORMS 

INPUTOR tVT 
FEEDBACK _____ '~ ~~~ 'PC "'V-T---

COMBINATORIAL 
OUTPUT 

Combinatorial Output 

elK 

ClK 

fMAX1 ; Internal Feedback (-t _1-t -) 
SF + CO 

CLOCK 

Clock Width 

Product specification 

PL22V10-12/-15, 
PL22V10115 

INPUTOR € f= FEEDBACK VT 

ClOCK-------~=timk~~ VT 

REGISTERED 
OUTPUT 

INPUT 

OUTPUT 

Registered Output 

ClK 

OUTPUT 

Clock to Combinatorial Output (tC02) 

>+M------+++l_ VT 

Input to Output Disable/Enable 

INPUT ASSERTING 
ASYNCHRONOUS 

RESET 

INPUT ASSERTING~ 
SYNCHRONOUS VT 

PRESET ___ _ 

IS 

REGISTERED 
OUTPUT 

CLOCK 

NOTES: 
1. VT = 1.5V. 

Asynchronous Reset 

2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.5ns max. 
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"AND" ARRAY - (I, B) 

Product specification 

PL22V10-12/-15, 
PL22V10I15 

1

I

'B 1I'B 1

I

'B 1

I

'B 
I,B I,B I,B I,B 

l,B l,B l,B' T.B' 

P,D P,D P,D P,D 

STATE 

INACTIVE 1 

NOTE: 
1. This is the initial state. 

POWER-UP RESET 
The power-up reset feature ensures that all 
flip-flops will be reset to LOW after the device 
has been powered up. The output state will 
depend on the programmed pattern. This 
feature is valuable in simplifying state 
machine initialization. A timing diagram and 

SYMBOL 

tpR Power-up Reset Time 

STATE 

TRUE 
I STATE 

parameter table are shown below. Due to the 
synchronous operation of the power-up reset 
and the wide range of ways Vcc can rise to 
its steady state, two conditions are required 
to ensure a valid power-up reset. These 
conditions are: 

PARAMETER 

ts,tsF Input or Feedback Setup lime 

tWl Clock Width LOW 

STATE 

DON'T CARE 

1. The Vee rise must be monotonic. 

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

LIMITS 

MIN I MAX UNIT 

I 1 J.ls 

See AC Electrical 

Characteristics 

Jt------------------------------------vcc 

POWER ____________ 4V '~I-oho--- tPR=-:=j 

REGISTERED / / 1 
~T~Gi~u~ ______________________ -'~.~~ 

ClOCK------'\ ....... 1-~=t-----

Power-Up Reset Waveform 
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PRELOAD TEST CONDITION 

SYMBOL PARAMETER 

tpE Valid data out 

tpz Output 3-State delay time after assertion of Preload 
(Pin 2 = VHH) 

tpH Hold time of all preload inputs with respect to Clock 
rising edge 

tpsu Setup time of all preload inputs with respect to Clock 
rising edge 

tplH Hold time for Preconditioning input 

VHH Preload enable voltage 

PRELOAD WAVEFORM 

elK 
PIN 1 

PIN2 

All OTHER INPUTS 

1/0 PINS 
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14.50 

Product specification 

PL22V10-12/-15, 
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LIMITS 

TYP MAX UNIT 

100 ns 

100 ns 

15 ns 

100 ns 

50 ns 

14.75 15.0 V 

VIH 3.0V 

VHH 14.75V 

VIH 3.0V 

._----------- VIH 3.0V 
VALID DATA-OUT 

........ ----------- Vil OV 



Philips Semiconductors Programmable Logic Devices 

CMOS programmable electrically erasable 
logic device 

PROGRAM TABLE 
I R _ COMBINATOAI" 

D - REGISTERED 
CONTROL WORD 

I I 1 11 1 I I 1 1 
T AND 
~ I 
M 11 10 9 8 7 6 5 4 3 

F 
2 1 0 9 8 7 615 4 3 2 1 0 

o I 
I I I 
1 

I I 
1 1 

10 I 

11 I 1 1 
12 I 1 
13 I 
14 
15 
16 1 1 I 
17 1 I I 
18 1 
19 
20 
21 I I 1 
22 I I I 
23 I 1 1 
24 I i 
25 
26 , , I 

27 I 1 I 
28 I 
29 I 
30 
31 
32 1 1 
33 
34 1 
35 , 
36 
37 I 

38 I 
39 1 
40 1 
41 
42 
43 
44 I I 
45 1 1 
46 
47 
48 1 I 1 
49 I I I 
50 I I I 
51 1 I I 

52 
53 I 

54 1 1 I 
55 I I I 
56 1 I 
57 
58 
59 1 1 1 
60 I I I 
61 I I I 
62 I 

63 
64 I 

PIN 13 11 10 9 8 7 6 5 4 3 2 1 23 22 21 20 19 18 17 16 15 14 
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POLARITY ~r~~ 
POLARITY 

TT I 

FlO! 
9876543210 
D///777777 
A 1.. ... /1/1/1// /1/1/1/ 
A 1/1/1/1/1/1/1717 17 
A ///""'///I/!/I/ 
AI/ /1// /1/1/1/1/ 
A 1/1/1/ 1/ 1/ 1/ 171717 
A77/",//L71/// 
A /1// /1/1/1/ /1/ 
A 1/;/ / / / /777 

V D /////1/// 
1/ AI/I/I/I/I/177r7 
747/'/77/// 
1/ A I/!/I/I/ /1/ /1/ 
/A/7777777 
1/ A://///I//I/ 
17 A V 7[7r717 1717 17 
v A 7////1/// 
1/ A /!/1/1/1/17717 
r7 A 777771777 
1/ A;//I/I/;/I/I/I/ 
-:/7 D'7/771/// 
1/ /I A / / /1/1/ / / 
1/ VI A 7171717171717 
'7:.71&'7./ 771/ / /'" 
/"" I/i A 7[7[717 i7 i717 
717 A /"'777/17[7 
/ /I A / / /1/1/ / / 
1/1/1" /1/ /1/1/ / / 
I7I7f A 77/'17 7 77 
/1/1 A ///1/'/// 
/1/ A 1/1/1// i71717 
V / A '7 / /" 71/ / / 
1/1/1 A / /1/1/1/ / / 
7 [.7[7 D 1717i7171717 
/"'717-" /177·/ /.7 
/1/;/ A 1/1/;//1/1/ 
vl..?:7-A 1/1771/1/17 
1/1/1/ ,,1/1//1/1/1/ 
17[717 A 1717171711717 
777 A 177717r717' 
1/1/1/ ,,1/1/1/1/1/1/ 
1/1/ ;/ A 1/ 1/ ;/ 171717 
/'1/7 A 1/17171/ /1/ 
1/1/1/ A 1/1/1/ 1/1/1/ 
1/1/1/ A 1/ 1/ 1/1/1/1/ 
/,77 A 1/177 / /17 
1/1/;/ A 1/1/;/1/1/1/ 
71717A717777r7 
1//1/1/ D 1/ /1/1/1/ 
1/1/1/1/ A 1/1/1/1/1/ 
vi/v/, A77 / 77 
1/ /,/1/ A :/ /1/1// 
1/1/;/1/ A 1/;/1/1/1/ 
1717'717 A [7'17 [711717 
v /l7r:/ A /171/1/ 7 
1/1/1/ ./ " ./ /I/i/,/ 
/ /1/ /" A 1/17 /I/!/ 
1/1/;/1/ A 1/ /1/1/1/ 
17177117 A [7'71.711717 
1/ /1,/1/ A /171/1/ /" 
1/1/1/1/ A 1/1/1/ 1/ '/ 
v17l71/ A r7i7[/1717 
r///I/ A //1/1// 
1/1/:/1/ A 1/:/1/1/1/ 
/' ........... 7/' " ........... 71/ / 7 
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PROGRAM TABLE (Continued) 

T AND 
E I F I R 
M 11 10 9 8 I 7 6 5 4 3 2 1 0 9 8 7 6 I 5 4 3 2 1 

65 
66 1 1 1 
67 , , 
68 
69 

, , , 
70 I I I 
71 1 1 1 
72 I , I 
73 
74 
75 I I I 
76 I I I 
77 , I 
78 
79 
80 I I 1 
81 1 1 I 
82 I I I 
83 
84 
85 I 1 I 
86 I I I 
87 I 1 I 
88 
89 
90 I 1 I 
91 1 I I 
92 I I 
93 , 
94 
95 

, I 
96 I I 
97 1 I 
98 , , 
99 

100 1 
101 I I 
102 1 I 
103 1 , 
104 
105 
106 1 I 
107 1 I 
108 1 1 
109 
110 
111 I I 
112 1 I 
113 1 I 
114 
115 
116 I 1 
117 I I 
118 I I 
119 
120 
121 1 I 

122 1 1 
123 I 
124 , 
125 
126 

, 1 
127 I 1 
128 1 1 
129 , 
AR 
SP 1 

0 

PIN 13 11 10 9 8 7 6 5 4 3 2 1 23 22 21 20 19 18 17 16 15 14 

w 
~~ 
~< 
~Z 

October 22, 1993 131 

Product specification 

PL22V10-12/-15, 
PL22V10115 

FOl 
9 8 7 6 5 4 3 2 1 0 
// // / 0 // // 
VV VV f7 A/ /V V 
!/I/ 1/1/ 1/ A/ V V / 
f7 -7 '/7 / A / /'/ ,/ 
1/ 1/ // 1/ A/ // V 
f7 7 77 7' A / // / 
// ,// / A / // / 
1/ 1/ 1/ 1/ 1/ A/ IL IL V 
// // / A / // / 
1/ // 1/ 1/ A/ V V V 
777 77 A/ // / 
/// /1/ A/ // / 
f7 717 f7 7 A/ IL IL V 
1/ /'1/ /'/ A / /V V 
1/ 1/:/ 1/ 1/ A/ k" IL V 
V / // / A / // / 
// 1/ 1/ 1/ A/ /V / 
f7 f7 [7 7 7 v oV IL V 
V V V 1/ V V Ak" IL V 
1/ 1/ // / / AV V / 
V /'/ '/ / 1/ A V V V 
17 [/IV 17 V VIA // / 
1/ /1/ 1/ / 1/ AV V V 
7/1/ // / A // / 
/ /i/ / 1/1/ A/ / / 
77/ 77 / A // / 
1/ / 1/ / / / A ./ / V 
1/ / // / / A // / 
// // / / A // / 
/ / 1/ / / / A / / / 
7 7 7 17 17 1/ AV L :/ 
/ / '/ / /1/ A/ / / 
'7 [7 IV 7 1/ 1/ / DL V 
'/ / '/ / / / / A V V 
7 '7 7 7 f7 1/ / A /' :/ 
/ // // // A/ / 
/ // / / // A/ / 
/ 1/1/ / / 1/ / A/ / 

[7 f7[7 V f7 1// AIL V 
1/ 1/1/ IV 1/ V/ A/ V 
1/ 1/1/ 1/ 1/ 1/ / AV V 
7 -7/ 7 /' // A/ / 
1/ /'/ 1/ '/ / / AI/ V 
1/ 1/1/ / 1/ 1// AV V 
17 1/1/ L? 1/ V/ AIL" V 
1/ /1/ / / 1/ / V 01/ 
V f7~ V f7 1// V AV 
1/ I/~/ 1/ 1/ V/ / A/ 
1/ /1/ / / 1/ / !/ AV 
f7 f7[7 f7 f7 1// V AV 
17 /1/ /' / / / 1/ AI/ 
1/ 1/1/ / 1/ 1/ / V A V 
[7 f7:7 f7 f7 1// V AV 
7' /1/ /' / 1/ / / A/ 
/ i/I/ / 1/ 1/1/ ../ AV 
f7 [7f7 f7 [7 1// V AV 
/ 1// / / 1/ / / / 0 
f7 17:7 7 f7 1// V VA 
7 77 7 7 1/ / / V A 
1/ /1/ 1/ 1/ 1/ / VV A 
17 // ;;- / 1/ / IL !L A 
/ // / 1/ 1/ / / V A 
f7 717 f7 [7 1/,/ V V A 
/ // / / ,/ / / / A 
1/ /1/ 1/ 1/ V / // A 
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DESCRIPTION 
The ABT22V10 is a versatile PAll device 
fabricated with the Philips BiCMOS process 
known as CUBiC. The CUBiC process 
produces a very high speed device (7.5ns 
worst case) which has excellent noise 
immunity. The ground bounce, with 9 outputs 
switching and the 10th held low is, typically, 
less than 0.8V. 

The ABT22V10 uses the familiar AND/OR 
logic array structure, which allows direct 
implementation of sum-of-product equations. 
This device has a programmable AND array 
which drives a fixed OR array. The AND array 
is programmed to create custom product 
terms while the fixed OR array sums selected 
terms at the output. 

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

The ABT22V10 is designed so the outputs 
can never display a metastable state due to 
set up and hold time violations. If set up and 
hold times are violated, the outputs will not 
glitch or display a metastable state (the 
propagation delays may, however, be 
extended). 

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

Order codes can be found in the Ordering 
Information table. 

FEATURES 
• Ultra fast 7.5ns tpD and 6ns teo 
• Pin and JEDEC file compatible to industry 

standard 22V10 

ORDERING INFORMATION 

DESCRIPTION 

.10 input/output macro cells for architectural 
flexibility 

• Metastable immune flip-flops 

• low ground bounce (<O.8V typical) 

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

• Programmable output polarity 

• Power-up reset on all registers 

• Synchronous Preset/Asynchronous Reset 

• Programmable on standard PAL-type 
device programmers 

• Design support provided using SNAP 
software development package and other 
CAD tools for PlDs 

• Available in 300mil-wide 24-Pin Plastic 
Dual In-line Package and 28-Pin Plastic 
leaded Chip Carrier 

APPLICATIONS 

• DMA control 

• State machine implementation 

• High speed graphics processing 

• Counters/shift registers 

• SSIIMSI random logic replacement 

• High speed memory decoder 

PIN LABEL DESCRIPTIONS 

11-111 Dedicated Input 

NC Not Connected 

FO-F9 Macro Cell Input/Output 

ClK/IO Clock Input/Dedicated Input 

Vcc Supply Voltage 

GND Ground 

ORDER CODE 

24-Pin Plastic Dual-In-line Package 300m ii-wide ABT22V10--7N 

28-Pin Plastic leaded Chip Carrier ABT22V10-7A 

1. (!!lPAL is a registered trademark 01 Advanced Micro Devices. Inc. 
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PIN CONFIGURATIONS 

N Package 

vcc 
F9 

FB 

F7 

F6 

F5 

F4 

F3 

F2 

Fl 

FO 

GND 111 

N - Plastic DIP (3OOmil-wide) 

A Package 

FB 

1 

Ito GND NC 111 FO Fl 

A - Plastic Leaded Chip Carrier 

DRAWING NUMBER 

04100 

0401F 
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LOGIC DIAGRAM 

ClKIIO 

F9 

F8 

11 

F7 

12 

F6 

13 

F5 

14 

F4 

15 

F3 

16 

F2 

17 

Fl 

18 

FO 

19 

110 111 

GND~ 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 

NOTE: 
:::::::~:::; Programmable connection. 
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CLK/IO 

FUNCTIONAL DESCRIPTION 
The ABT22Vl0 allows the systems engineer 
to implement the design on-chip, by opening 
fuse links to configure AND and OR gates 
within the device, according to the desired 
logic function. 

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

The ABT22Vl 0 has 12 inputs and 10 1/0 
Macro Cells (Figure 1). The Macro Cell 
allows one of four potential output 
configurations, registered output or 
combinatorial 1/0, Active-HIGH or 
Active-LOW (see Figure 7). The configuration 
choice is made according to the user's design 
specification and corresponding programming 
of the configuration bits So - S1. Multiplexer 
controls are connected to ground (0) through 
a programmable fuse link, selecting the "0" 
path through the multiplexer. Programming 
the fuse disconnects the control line from 
GND and it floats to Vcc (1), selecting the "1" 
path. 

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

October 1993 

programmable 
and array 
(441 132) 

Figure 1. Functional Diagram 

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

Metastable Immune 
CharacteristiCS 
Philips Semiconductors uses the term 
'metstable immune' to describe the output 
characteristics of registered logic devices. 
This term means that the outputs will not 
gitch or display an output anomaly under any 
circumstances, including set up and hold time 
violations. This claim is easily verified by 
following 74F5074 Synchronizing Dual 
flip-flop example. The ABT22Vl 0 device has 
been designed using the same metastable 
immune flip-flop. 

a Trigger 

Digi1aJ 
scope 

cp a Input L-__ --I 

Figure 2. Test Set-up 

By running two independent signal 
generators (see Figure 2) at nearly the same 
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11-111 

frequency (in this case 1 OM Hz clock and 
10.02MHz data) the device-under-test can be 
often be driven into a metastable state. If the 
Q output is then used to trigger a digital 
scope set to infinite persistence, the "0 output 
will build a waveform. An experiment was run 
by continuously operating the devices in the 
region where metastability will occur. 

When the device-under-test is an 74F74 
(which was not designed with metastable 
immune characteristics) the waveform will 
appear as in Figure (3]. 

Figure 3 shows clearly that the "0 output can 
vary in time with respect to the Q trigger 
point. This also implies that the Q or "0 output 
waveshapes may be distorted. This can be 
verified on an analog scope with a charge 
plate CRT. Perhaps of even greater interest 
are the dots running along the 3.5V volt line 
in the upper right hand quadrant. These show 
that the "0 output did not change state even 
though the Q output glitched to at least 1.5 
volts, the trigger point of the scope. 

When the device-under-test is a metastable 
immune part, such as the 74F5074, the 
waveform will appear as in Figure 4. The 
74F5074 output will not vary with respect to 
the Q trigger point even when the a part is 
driven into a metastable state. Any tendency 
towards internal metastability is resolved by 
Philips Semiconductors patented circuitry. If a 
metastable event occurs within the flop the 
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COMPARISON OF METASTABLE IMMUNE AND NON-IMMUNE CHARACTERISTICS 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

TIme base = 2.00nsldiv Trigger level = 1.5 Volts Trigger slope = positive_ 

Figure 3. 74F74 0" output triggered by Q output, Setup and Hold times violated 

~~ 

\ 
_\ 
'l ~\ 

\ , 
~ 

TIme base = 2.00ns/div Trigger level = 1.5 Volts Trigger slope = positive 

Figure 4. 74F5074 0" output triggered by Q output, Setup and Hold times violated 

only outward manifestation of the event will 
be an increased clock-to-QIO propagation 
delay. This propagation delay is, of course, a 
function of the metastability characteristics of 
the part defined by 't and To. 

The metastability characteristics of the 
ABT22V10-7 and related part types represent 
state-of-the-art BiCMOS technology. 

After determining the To and t of the flop, 
calculating the mean time between failures 
(MTBF) is simple. Suppose a designer wants 
to use the 74F5074 for synchronizing 
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asynchronous data that is arriving at 10MHz 
(as measured by a frequency counter), has a 
clock frequency of 50MHz, and has decided 
that he would like to sample the output of the 
74F5074 10ns after the clock edge. He 
simply plugs his number into the equation 
below: 

MTBF = e(t'lllt T ofcfl 

In this formula, fc is the frequency of the 
clock, fl is the average input event frequency, 
and t' is the time after the clock pulse that the 
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output is sampled (t' < h, h being the normal 
propagation delay). In this situation the fl will 
be twice the data frequency of (20 MHz) 
because input events consist of both of low 
and high transitions. Multiplying fl by fc gives 
an answer of 1015 Hz2. From Figure 5 it is 
clear that the MTBF for the 74F5074 device 
is greater than 1010 seconds. Using the 
above formula the actual MTBF is 1.51 X 
1010 seconds or about 480 years. The MTBF 
for the ABT22V10-7, under the same 
condition is 5.6 trillion years. 
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MEAN TIME BETWEEN FAILURES (MTBF) VERSUS t' 

MTBF in seconds 

NOTE: VCC = 5V, T amb = 25°C 

FC = clock frequency 

Fi = input event frequency 

10 14 \------+-----11--1---1'---/--1--1---1 

1013 \------+----i---i-l----.f---I-+-+--+---I 

10 12 t-----+--~'---H-I--I---tl--f---I 

t' in nanoseconds 
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MTBF = exp(t'/t)/(to*Fc*Fi) 

Figure 5. MTBF versus t' for ABT22V10-7 at 't = 83ps and To = 2.2 X 1017 sec 

TYPICAL VALUES FOR 't AND To AT VARIOUS VccS AND TEMPERATURES 
Tamb = ooc Tamb = 25°C 

Vcc 't To 't To 
S.SV 83ps 8.1 X 1018 sec 82ps 7.5 X 1018 sec 

S.OV 80ps 4.0 X 1018 sec 83ps 2.2 X 1017 sec 

4.SV 8Sps 3.4 X 1014 sec 91ps 2.5 X 1012 sec 

OUTPUT MACRO CELL 

51 50 

0 0 

0 1 

1 0 

1 1 

SP 

So = 

Figure 6. Output Macro Cell Logic Diagram 
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Tamb = 70°C 

't To 

101ps 3.0 X 1012 sec 

98ps 4.4 X 1011 sec 

106ps 1.1 X 108 sec 

OUTPUT CONFIGURATION 

Registeredl Active-LOW 

RegisterediActive-HIGH 

Combinatorial! Active·LOW 

Combinatorial! Active-LOW 

Unprogrammed fuse 
Programmed fuse 
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SP 

a. Registeredl Active-LOW 

b. Registered/Active-HIGH 

Registered Output Configuration 
Each Macro Cell of the ABT22V10 includes a 
D-type flip-flop for data storage and 
synchronization. The flip-flop is loaded on the 
LOW-to-HIGH transition of the clock input. In 
the registered configuration (S1 = 0), the 
array feedback is from "0 of the flip-flop. 
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c. Combinatorial! Active-LOW 

d. Combinatoriall Active-HIGH 

Figure 7. Output Macro Cell Configurations 

Combinatorial 110 Configuration 
Any Macro Cell can be configured as 
combinatorial by selecting the multiplexer 
path that bypasses the flip-flop (S1 = 1). In 
the combinatorial configuration, the feedback 
is from the pin. 
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Variable InputlOutput Pin Ratio 
The ABT22V10 has twelve dedicated input 
lines, and each Macro Cell output can be an 
I/O pin. Buffers for device inputs have 
complementary outputs to provide 
user-programmable input signal polarity. 
Unused input pins should be tied to Vee or 
GND. 
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ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage -0.5 +7.0 Voc 

VIN Input voltage -1.2 Vee + 0.5 Voe 

VOUT Output voltage -0.5 Vee + 0.5 Voe 

liN Input currents ~O +30 mA 

lOUT Output currents +100 mA 

Tst9 Storage temperature range -.Q5 +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 

DC ELECTRICAL CHARACTERISTICS 

SYMBOL PARAMETER TEST CONDITIONSl 

Input voltage 

Vil Low Vee = MIN 

VIH High Vee = MAX 

VI Clamp Vee = MIN, liN = -18mA 

Output voltage 

Vee = MIN, VIN = VIH or Vil 

VOL Low IOl= 16mA 

VOH High IOH=~.2 mA 

Input current 

Vee = MAX 

III Low VIN =0.40V (except Pin 1) 

III (Pin 1) Low VIN =0.40V 

IIH High VIN = 2.7V 

II Maximum input current VIN = 5.5V 

Output current 

Vee = MAX 

IOlH Output leakage3 VIN = Vil or VIH, VOUT = 2.7V 

lOll Output leakage3 VIN = Vil or VIH, VOUT = 0.4V 

Ise Short circuit2 VOUT= 0.5V 

lee Vee supply current Vee = MAX 

NOTES: 

Preliminary specification 
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THERMAL RATINGS 
TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
ambient to junction 75°C 

LIMITS 

MIN MAX UNIT 

0.8 V 

2.0 V 

-1.2 V 

0.5 V 

2.4 V 

-100 ~ 

-150 ~ 
25 ~ 
1.0 mA 

100 ~ 
-100 ~ 

~O -130 mA 

210 mA 

1. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
2. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. VOUT = 0.5V has been 

chosen to avoid test problems caused by tester ground degradation. 
3. 1/0 pin leakage is the worst case of IOlX or Ilx (where X = H or L). 
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AC ELECTRICAL CHARACTERISTICS 
Over commercial operating range unless otherwise specified 

TEST LlMITSl 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

tpo Input or feedback to non-registered output2 Active-LOW 7.5 

Active-HIGH 7.5 ns 

ts Setup time from input, feedback or SP to Clock 5.5 ns 

~ Hold time 0 ns 

teo Clock to output 6.0 ns 

tcF Clock to feedback3 2.5 ns 

tAR Asynchronous Reset to registered output 10.0 ns 

tARW Asynchronous Reset width 7.5 ns 

tARR Asynchronous Reset recovery time 5.5 ns 

tSPR Synchronous Preset recovery time 5.5 ns 

tWL Width of Clock LOW 4.0 ns 

tWH Width of Clock HIGH 4.0 ns 

fMAX 
Maximum frequency; 
External feedback l/(ts + tcO)4 87 MHz 

Maximum frequency; 
Internal feedback l/(ts + tcF)4 125 MHz 

teA Input to Output EnableS 9.0 ns 

teR Input to Output DisableS 9.0 ns 

CapacitanceS 

CIN Input Capacitance (Pin 1) VIN =2.0V Vee =5.0V 6 pF 

Input Capacitance (Others) VIN=2.0V Tamb = 25°C 6 pF 

COUT Output Capacitance VOUT= 2.0V f= 1MHz 8 pF 

NOTES: 
1. Commercial Test Conditions: R1 = 3000, R2 = 3900 (see Test Load Circuit). 
2. fpo is tested with switch Sl closed and CL = 50pF (including jig capacitance). VIH = 3V, VIL = OV, VT = 1.5V. 
3. Calculated from measured fMAX internal. 
4. These parameters are not 100% tested, but are calculated at initial characterization and at any time the design is modified where frequency 

may be affected. 
5. For 3-State output; output enable times are tested with CL = 50pF to the 1.5V level, and Sl is open for high-impedance to High tests and 

closed for high-impedance to Low tests. Output disable times are tested with CL _ 5pF. High-ta-High impedance tests are made to an output 
voltage of VT = (VOH -0.5V) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with Sl closed. 

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

TEST LOAD CIRCUIT 

FO~----------'-~ 

NOTE: 
eland e2 are to bypass Vee to GNO. 
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VOLTAGE WAVEFORM 

2.Sns 2.Sns 

MEASUREMENTS: 
All circuit delays are measured a1 the + 1.SV level of In
puts and OUlpUlS, unless otherwise specified. 

Input Pulses 
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SWITCHING WAVEFORMS 

INPUT OR 
FEEDBACK 

COMBINATORIAL 
OUTPUT 

CLOCK 

CLOCK 

INPUT ASSERTING 
ASYNCHRONOUS 
RESET 

REGISTERED 
OUTPUT 

CLOCK 

NOTES: 
1. VT = 1.SV. 

-~-VT 
Combinatorial Output 

Clock 10 Foodback (IMAX Inlernal) 
(See Palh al RighI) 

Clock Width 

Asynchronous Reset 

2. Input pulse amplitude OV to 3.0V. 
3. Input rise and fall times 2.Sns max. 
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INPUTOR ;g F FEEDBACK VT 

CLOCK-------~=timkV:~ VT 

REGISTERED 
OUTPUT 

INPUT 

OUTPUT 

Registered Output 

ClK 

r---------- ----, 
I I 
I I 
I LOGIC IS REGISTER I 
I I 
I I 
I tCF I L _______________ ~ 

Input to Output Disable/Enable 

INPUT ASSERTING =t 
SYNCHRONOUS VT 
PRESET ___ _ 

IS 

CLOCK 

REGISTERED 
OUTPUT 

Synchronous Preset 
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Programmable 3-State Outputs 
Each output has a 3-State output buffer with 
3-State control. A product term controls the 
buffer, allowing enable and disable to be a 
function of any product of device inputs or 
output feedback. The combinatorial output 
provides a bidirectional 1/0 pin, and may be 
configured as a dedicated input if the buffer is 
always disabled. 

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

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

Preset/Reset 
For initialization, the ABT22V10 has 
additional Preset and Reset product terms. 
These terms are connected to all registered 
outputs. When the Synchronous Preset (SP) 
product term is asserted high, the output 
registers will be loaded with a HIGH on the 
next LOW-to-HIGH clock transition. When the 
Asynchronous Reset (AR) product term is 
asserted high, the output registers will be 
immediately loaded with a LOW, independent 
of the clock. 

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

Metastable Immune Flip-Flops 
The D-type flip-flops have been designed 
such that the outputs will not glitch or display 
an output anomaly if the input set up or hold 
times are violated. Based on a 1: of < 90 ps, 
and sampling the output Sns after the clock 

ABEL is a trademark of Data 110 Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark 01 AMD Corp. 
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edge, the typical MTBF is 170.3 years. If the 
sample is taken 10ns after the clock the 
MTBF is 5.6 trllion years. 

Power-Up Reset 
All flip-flops power-up to a logic LOW for 
predictable system initialization. Outputs of 
the ABT22V1 0 will depend on the 
programmed output polarity. The Vee rise 
must be monotonic and the reset delay time 
is 1-10~ maximum. 

Security Fuse 
After programming and verification, a 
ABT22V10 design can be secured by 
programming the security fuse link. Once 
programmed, this fuse defeats readback of 
the internal programmed pattern by a device 
programmer, securing proprietary designs 
from competitors. When the security fuse is 
programmed, the array will read as if every 
fuse is programmed. 

Quality and Testability 
The ABT22V1 0 offers a very high level of 
built-in quality. Extra programmable fuses 
provide a means of verifying performance of 
all AC and DC parameters. In addition, this 
verifies programmability and functionality of 
the device to provide the highest 
programming and post-programming 
functional yields. 

Low Ground Bounce 
The Philips Semiconductors BiCMOS QUBiC 
process produces exceptional noise 
immunity. The typical ground bounce, with 9 
outputs simultaneously switching and the 
10th output held low, is less than O.SV. 

Technology 
The BiCMOS ABT22V10 is fabricated with 
the Philips Semiconductors process known 
as QUBiC. QUBiC combines an advanced, 
state-of-the-art 1.01lm (drawn feature size) 
CMOS process with an ultra fast bipolar 
process to achieve superior speed and drive 
capabilities. QUBiC incorporates three layers 
of AI/Cu interconnects for reduced chip size, 
and our proven Ti-W fuse technology ensures 
highest programming yields. 
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Programming 
The ABT22V10-7 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABELTI .. 
CUPLTM and PALASM® 90 design software 
packages also support the ABT22V1 0-7 
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 (Support Material) of this data 
handbook for additional information. 

OUTPUT REGISTER PRELOAD 
The register on the ABT22V1 0 can be 
preloaded from the output pins to facilitate 
functional testing of complex state machine 
designs. This feature allows direct loading of 
arbitrary states, making it unnecessary to 
cycle through long test vector sequences to 
reach a desired state. In addition, transitions 
from illegal states can be verified by loading 
illegal states and observing proper recovery. 
The procedure for preloading follows: 
1. Raise Vcc to 5.0V ± 0.25V. 

2. Set Pin 2 or 3 to VHH to disable outputs 
and enable preload. 

3. Apply the desired value (VILPIVIHP) to all 
registered output pins. Leave 
combinatorial output pins floating. 

4. Clock Pin 1 from VILP to VIHP. 

5. Remove VILPNIHP from all registered 
output pins. 

6. Lower Pin 2 or 3 to VILP. 

7. Enable the output registers according to 
the programmed pattern. 

S. Verify VOLIVOH at all registered output 
pins. Note that the output pin signal will 
depend on the output polarity. 
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"AND" ARRAY - (I, B) 

1 1,8 11'8 1 1'8 1 1'8 1,8 1,8 1,8 1,8 
T,B T,B T,B T,B 

P,D P,D P,D P,D 

I STATE I CODE I STATE r STATE I CODE I STATE 

I INACTIVE1 I 0 I TRUE I COMPLEMENT I DON'T CARE 

LIMITS 

SYMBOL PARAMETER MIN REC MAX UNIT 

VHH Super-level input voltage 9.5 9.5 

VILP Low-level input voltage 0 0 

VIHP High-level input voltage 2.4 5.0 

tD Delay time 100 200 

tiiO I/O valid after Pin 2 or 3 drops from VHH to VILP 100 

NOTE: 

PINS 2, 3 

REGISTERED 
OUTPUTS 

CLOCK 

1. This is the initial state. 
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tD tD --1~t~I/O~ 
------

l-----H:.u(1 DATA OUT 

Output Register Preload Waveform 
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10 V 

0.8 V 

5.5 V 

1000 ns 

ns 
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Jt~----------------------------------vcc 
POWER_4V,~~~ ~R7A 

REGISTERED 
ACTIVE·LOW 
OUTPUT 

t~ CLOCK----....-.r-\\'l _--

l=tWL 

SYMBOL 

tpR Power-up Reset lime 

ts Input or Feedback Setup lime 

tWL Clock Width LOW 

POWER-UP RESET 
The power-up reset feature ensures that all 
flip-flops will be reset to LOW after the device 
has been powered up. The output state will 
depend on the programmed pattern. This 
feature is valuable in simplifying state 
machine initialization. A timing diagram and 
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Power-Up Reset Waveform 

PARAMETER 

parameter table are shown below. Due to the 
synchronous operation of the power-up reset 
and the wide range of ways Vcc can rise to 
its steady state, two conditions are required 
to ensure a valid power-up reset. These 
conditions are: 
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UMITS 

MIN I MAX UNIT 

J 1 Ils 

See AC Electrical 

Characteristics 

1. The Vcc rise must be monotonic. 

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

T 
E 
R 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

11 10 9 8 7 

I 

I 
I 
I 

I 
1 

I 

I 

I 

I 
1 
I 

I 

I 

1 
I 

1 
1 
I 

64 I 

PIN 13 11 10 9 8 
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I CONTROL WORD 
I 1 1 

AND 

FI 
65432109876543210 

1 
T I 

I 

I I 
T 1 
I I 

f I 

1 1 
I 

i I 

I 

I I 
I 

I I 

I I 
I 

I I 

T I 

1 I 
T I 
i I 

I I 
1 1 

I 

I I 

1 1 
I I 

I I 

I I 
1 1 

I 

I 

1 

I 
I I 

I 
I 
I 

I 

1 
I 

7 6 5 4 3 2 1 23 22 21 20 19 18 17 16 15 14 

145 

Preliminary specification 

ABT22V10-7 

POLARITY 
1 

FOI 
9876543210 
D///////// 
A / / / / ./1/1/ /V 
A///////// 
A7'~./"/////// 
A/////Y/Vk" 
A777////// 
A/////V/VV 
A///7'/V/// 
A 7:/:// / / / / / 
'/ D'/I/I/I//V// 
1/ AVI/I/I/I//// 
V A/"/ /1/1/ /1/ / 
/ A / /1/1/:/ / // 
74"777///// 
/ A :/ / /I/./V// 
1/ A '/ / /I/I,/'VVIL 
V A VI/I/vVI/ / / 
1/ A //I/I//VV/ 
V A /i/i/I/VVVV 
V A/" / /1/ /1/ / / 
1/1/ DI/I/I/ /V /V 
V,/'" AI/I/v//// 
1/1/ Ai/i/I/VVVV 
/7 A771//I/// 
// AI/I////VV 
V / A 1/ 1/ /~Vk""1L 
V / A /1/ / /V / / 
1// AI/I//V/// 
V/ AI/!////// 
// A ////1/// 
1// AI/I///VVV 
/7A77///// 
V/A/V/VV// 
VV/ D //V/VV 
///A////// 
///A/////:/ 
1/77 A ./" /V //V 
VI/I/ A ////// 
/// A //1//// 
1/1/1/ Ai/I/VVVV 
777 A VI/ /I/VV 
1/1/./ A 1/ 1/ ;/ V V / 
VI/I...? AI/v/v// 
/1// A 1/1/ VI/ / / 
1/1/ / A [71/ VVVV 
V77 AI7//I/// 
///AI///VI/V 
1/ /:/ A 71/:/VVV 
V[7f7L7 D I/VVILIL 
////A//V// 
1/71717 A I/VVVV 
VI7i717 -A I/i/VVIL 
VI/:/I/ A v /1/ / / 
1//// A //V// 
1/ / /7 A I/I/VVV 
VI/V/ A 1/ /1/ / / 
1///'/ A ////V 
1717:77 A I/v/VV 
////A///// 
1717177 A 1/1/ / / / 
//// A /1//// 
/1/1/ / A 1// /../ /' 
////A///// 
////A///// 
//// AI/I//// 
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PROGRAM TABLE (Continued) 
T AND 
E I FI FOI 
R 

11 10 9 8 I 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0 9 817 6 5 413 2 1 0 
65 T I /// // D/ // / 
66 I I I V VV / / AI/ 7 1.7 7 
67 1 1 //1/ / / A,/ / 1/ 1/ 
68 ,/ 1/,/ V V A7' /" 1/ ,7 
69 I I /// // A/ // 1/ 
70 I I I / // / / A/ 7' 17 7' 
71 I I I /// / /A / / / / 
72 1 I 1 /// / / A'/ 7' 17 7' 
73 V I/~ / V A / // / 
74 1 T I /// // A/ / / / 
75 I I I '/ /1/ / / AI/ 7' 17 7 
76 I I I V VV V V AI/ ./ / / 
77 I I 1 / 1/'/ / 1/ AI/ / 1/ 1/ 
78 1/ 1// 1/ 17 A7 7-7 7 
79 1 1 I V V!/ / / A ./ / 1/ ./ 
80 1 I 1 1/ 1/'/ 1/ V AI/ 1/ 1/ 1/ 
81 I I V Vl/ / / A/ / 1/ / 
82 I 1 1 / 1// 1/ 1/ 17 D[7 17 [7 
83 V vv 1/ 17 -;7 A/ ,/ 7' 
84 / V/ / / 1/ A / '/ / 
85 1 1 1 V '/ '/ 17 17 1.7 A 17 7 17 
86 I I I V V 1/ V V ,/I A / / / 
87 I I / 1/ / 1/ / 1/ A 1/ 1/ / 
88 1/ V 1/ 1/ 17 1.7 A 17 17 17 
89 / '/ / / 1/ 1/ A / / / 
90 1 1 1 1/ / / 17 1.7 I7A 11.7 1.7 17 
91 I I V /1/ V / '/ A / / 1/ 
92 1 I / // 1/ '/ / A 1/ / / 
93 1/ /1/ 1/ / /A V / IV 
94 V /1/ / / /IA / / / 
95 1 1 / // 1/ / 1/ A 1/ / / 
96 I I V /'/ / / / A / / / 
97 I I / // / / /1/ D/ / 
98 I I V /v V V 77 A7 7 
99 / // / / // A/ / 

100 I I V 77 1/ V 7~7 A/ 17 
101 I I V / '/ / / // A/ / 
102 I I / / / / V / / A/ / 
103 I I 1/ / / 17 7' 7' 17 A7' 7 
104 V / V / / / / A/ / 
105 

, I , /' 1/ ,/ / 1/ 1/ /' AI/ 1/ 
106 I T 17 17 :7 1/ 17 [7 :7 A 11.7 17 
107 I I i/ /'/ / / 1// AI/ !/ 
108 I I / 1/1/ 1/ 1/ [77 A 11.7 17 
109 V 1./1/ / / // A/ / 
110 / /1/ / / 1/,// D/ 
111 I 1 / 1// / / 1/// AI/ 
112 I I 17 1/'7 1/ 17 177 f7 AI? 
113 I 1 1/ 1./1.7 V 1/ 1.7 17 V AV 
114 / /1/ / / 1// / A/ 
115 / 1// 1/ 17 1717 [7 A[7 

..,lJ.§- 1 1 ;/ // / / 1// / A . ./ 

117 I T / 1// 1/ 17 11.77 [7 AI7 
118 1 I / / / / / // / A/ 
119 / '/ / / 1/ 1// 1/ A/ 
120 1/ / 7 V ,/ ~./1/ 1/ AIV 
121 I / / / / / 1// / '/ D 
122 I I / / / / '/ '/;/ 11.7 7' A 
123 I 1/ // 1/ / 1711.7 17 1.7 A 
124 1 / /1/ / / // ./ / A 
125 / // / / i/I/ 1/ / A 
126 I I V /v V / VI7 V V A 
127 I / // / / // / / A 
128 r / // 1/ 7 77 17 7' A 
129 I 1/ /1/ / / /1/ /" / A 
AR 

_ SP I 
PIN 13 11 10 9 8 7 6 5 4 3 2 1 23 22 21 20 19 18 17 16 15 14 

w 
-'w 
~~ 
~z 
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DESCRIPTION 
The 10H20EVS/10020EVS is an ultra 

high-speed universal ECl PAL ® device. 
Combining versatile output macrocells with a 
standard ANDIOR single programmable 
array, this device is ideal in implementing a 
user's custom logic. The use of Philips 
Semiconductors state-of-the-art bipolar oxide 
isolation process enables the 
10H20EVS/10020EVS to achieve optimum 
speed in any design. The SNAP design 
software package from Philips 
Semiconductors simplifies design entry 
based upon Boolean or state equations. 

The 10H20EVS/10020EVS is a two-level logic 
element comprised of 11 fixed inputs, an 
input pin that can either be used as a clock or 
12th input, 90 AND gates, and S Output logic 
Macrocells. Each Output Macrocell can be 
individually configured as a dedicated input, 
dedicated output with polarity control, a 
bidirectional 1/0, or as a registered output 
that has both output polarity control and 
feedback to the AND array. This gives the 
part the capability of having up to 20 inputs 
and eight outputs. 

The 10H20EVS/1 0020EVS has a variable 
number of product terms that can be OR'd 
per output. Four of the outputs have 12 AND 
terms available and the other four have 8 
terms per output. This allows the designer the 
extra flexibility to implement those functions 
that he couldn't in a standard PAL device. 
Asynchronous Preset and Reset product 
terms are also included for system design 
ease. Each output has a separate output 
enable product term. Another feature added 
for the system designer is a power-up Reset 
on all registered outputs. 

ORDERING INFORMATION 

DESCRIPTION 

24-Pin Ceramic Dual In-line (300mil-wide) 

2S-Pin Plastic leaded Chip Carrier 

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

FEATURES 
• Ultra high speed ECl device 

- tpD = 4.5ns (max) 

- tiS = 2.6ns (max) 

- !eKO = 2.3ns (max) 

- fMAX = 208MHz 

• Universal ECl Programmable Array logic 

- 8 user programmable output macrocells 

- Up to 20 inputs and 8 outputs 

- Individual user programmable output 
polarity 

• Variable product term distribution allows 
increased design capability 

• Asynchronous Preset and Reset capability 

• 10KH and 1 oaK options 

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

• Design support provided via SNAP and 
other CAD tools 

• Security fuse for preventing design 
duplication 

• Available in 24-Pin 300mil-wide DIP and 
2S-Pin PlCC. 

ORDER CODE 

10H20EV8-4F 
10020EVS-4F 

10H20EV8-4A 
10020EV8-4A 

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc. 
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PIN CONFIGURATIONS 

F Package 

F = Ceramic DIP (300mil·wide) 

A Package 

14 15 VEE NC 16 

A = Plastic Leaded Chip Carrier 

DRAWING NUMBER 

05S68 

0401F 

18 

853-142311164 
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ASYNCHRONOUS PRESET 

NOTES: 
1 • ..J.~~I unprogrammed or virgin "ANO" gate locationa are pulled to logic "0" 
2. :::;:;:: Programmable connections 
3. Pinout for F Package 
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FUNCTIONAL DIAGRAM 

FUNCTIONAL DESCRIPTION 
The 10H20EVS/10020EVS is an ultra 
high-speed universal ECl PAL-type device. 
Combining versatile Output Macrocells with a 
standard AND/OR single programmable 
array, this device is ideal in implementing a 
user's custom logic. 

As can be seen in the logic Diagram, the 
device is a two-level logic element with a 
programmable AND array. The 20EVS can 
have up to 20 inputs and S outputs. Each 
output has a versatile Macrocell whereby the 
output can either be configured as a 
dedicated input, a dedicated combinatorial 
output with polarity control, a bidirectionalc I/O, 
or as a registered output that has both output 
polarity control and feedback into the AND 
array. 

Figure 1. Output logic MacrocelJ 
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The device also features 90 product terms. 
Two of the product terms can be used for a 
global asynchronous preset and/or reset. 
Eight of the product terms can be used for 
individual output enable control of each 
Macrocell. The other SO product terms are 
distributed among the outputs. Four of the 
outputs have eight product terms, while the 
other four have 12. This arrangement allows 
the utmost in flexibility when implementing 
user patterns. 

Output Logic Macrocell 
The 10H20EVS/10020EVS incorporates an 
extremely versatile Output logic Macrocell 
that allows the user complete flexibility when 
configuring outputs. 

As seen in Figure 1, the 10H20EVS/ 
10020EVS Output logic Macrocell consists of 
an edge-triggered D-type flip-flop, an output 
select MUX, and a feedback select MUX. 
Fuses So and Sl allow the user to select 
between the various cells. Sl controls 
whether the output will be either registered 
with internal feedback or combinatorialI/O. 
So controls the polarity of the output (Active
HIGH or Active-lOW). This allows the user to 
achieve the following configurations: 
Registered Active-HIGH output, Registered 
Active-lOW output, Combinatorial Active
HIGH output, and Combinatorial Active-lOW 
output. With the output enable product term, 
this list can be extended by adding the 
configurations of a Combinatorial I/O with 
Polarity or another input. 
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ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATING UNIT 

VEE Supply voltage -8.0 V 

V1N Input voltage (VIN should never be more negative than VEE) o to VEE V 

10 Output source current -50 mA 

Ts Operating Temperature range -55 to +150 °C 

TJ Storage Temperature range I Ceramic Package +165 °C 

I Plastic Package +150 °C 

NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 

these or any other condition above those indicated in the operational and programming specification of the device is not implied. 

DC OPERATING CONDITIONS 10H20EV8 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN NOM MAX UNIT 

Vee, Ve01, Ve02 Circuit ground 0 0 0 V 

VEE Supply voltage (negative) -5.2 V 

Tamb = O°C -1170 -840 mV 

VIH High level input voltage Tamb = +25°C -1130 -810 mV 

Tamb = +75°C -1070 -735 mV 

Tamb = O°C -1950 -1480 mV 

VIL low level input voltage Tamb = +25°C -1950 -1480 mV 

Tamb = +75°C -1980 -1450 mV 

Tamb Operating ambient temperature range 0 +25 +75 °C 

NOTE: 
When operating at other than the specified VEE voltage (-5.2V), the DC and AC Electrical Characteristics will vary slightly from specified values. 

DC OPERATING CONDITIONS 10020EV8 

TEST LIMITS 

SYMBOL PARAMETER CONDITIONS MIN NOM MAX UNIT 

Vee, Ve01 , Ve02 Circuit ground 0 0 0 V 

VEE Supply voltage -4.8 -4.5 -4.2 V 

VEE Supply voltage when opetating with the 10K -5.7 V 
or 10KH ECl family 

VEE = -4.2V -1150 

V1H High level input voltage VEE = -4.5V -1165 -880 mV 

VEE =-4.8V -1165 

VEE = -4.2V -1475 mV 

V1L low level input voltage VEE = -4.5V -1810 -1475 mV 

VEE = -4.8V -1490 mV 

Tamb Operating ambient temperature range 0 +25 +85 °C 

NOTE: 
When operating at other than the specified VEE voltages (-4.2V, -4.5V, -4.8V), the DC and AC Electrical Characteristics will vary slightly from 
their specified values. 
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D 

Registered Active-HIGH Registered Active-lOW 

D o 

Combinatorial Active-HIGH Combinatorial Active-lOW 

OUTPUT MACRO CELL 
CONFIGURATION 
Shown in Figure 2 are the four possible 
configurations of the output macrocell using 
fuses So and S1. As seen, the output can 
either be registered Active-HIGH/LOW with 
feedback or combinatorial Active-HIGH/LOW 
with feedback. If the registered mode is 
chosen, the feedback from the "0 output to 
the AND array enables one to make state 
machines or shift registers without having to 
tie the output to one of the inputs. If a 
combinatorial output is chosen, the feedback 
gate is enabled from the pin and allows one 
to create permanent outputs, permanent 
inputs, or I/O pins through the use of the 
output enable (D) product term. 

OUTPUT ENABLE 
Each output on the 1 OH20EV8/1 0020EV8 
has its own individual product term for output 
enable. The use of the D product term 
(direction control) allows the user three 
possible configurations of the outputs. They 
are: always enabled, always disabled, and 

October 22, 1993 

Figure 2. Output Macro Cell Configurations 

controlled by a programmed pattern. A HIGH 
on the D term enables the output, while a 
LOW performs the disable function. Output 
enable control can be achieved by 
programming a pattern on the D term. 

The output enable control can also be used to 
expand a designer's possibilities once a 
combinatorial output has been chosen. If the 
D term is always HIGH, the pin becomes a 
permanent Active-HIGH/LOW output. If the 
D term is always LOW (all fuses left intact), 
the pin now becomes an extra input. 

PRESET AND RESET 
The 1 OH20EV8/10020EV8 also includes a 
separate product term for asynchronous 
Preset and asynchronous Reset. These lines 
are common for all registers and are asserted 
when the specific product term goes HIGH. 
Being asynchronous, they are independent of 
the clock. It should be noted that the actual 
state of the output is dependent on how the 
polarity of the particular output has been 
chosen. If the outputs are a mix of 

152 

Active-HIGH and Active-LOW, a Preset signal 
will force the Active-HIGH outputs HIGH 
while the Active-LOW outputs would go LOW, 
even though the Q output of all flip-flops 
would go HIGH. A Reset signal would force 
the opposite conditions. 

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

It can also be used by a designer to help 
debug a circuit. This could be important if a 
state machine was implemented in the 
10H20EV8/10020EV8. The PRELOAD 
would allow the entry of any state in the 
sequence desired and start clocking from that 
particular point. Any or all transitions could be 
verified. 
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DC ELECTRICAL CHARACTERISTICS 10H20EV8 
O°C < Tamb < +75°C VEE = -5 2V + 5%, Vee = Ve01 = Ve02 = GND - - -

SYMBOL PARAMETERl TEST CONDITIONS2 

VOH High level output voltage VIN = VIH MIN or VIL MAX 

VOL Low level output voltage VIN = VIH MIN or VIL MAX 

IIH High level input current VIN = VIH MAX 

IlL Low level input current VIN = VIL MIN 
Except I/O Pins 

T8mb 

O°C 
+25°C 
+75°C 

O°C 
+25°C 
+75°C 

O°C 
+75°C 

O°C 
+75°C 

-lEE Supply current VEE = MAX O°C to +75°C 
All inputs = VIH MAX 

DC ELECTRICAL CHARACTERISTICS 10020EV8 
O°C $; Tamb $; +85°C, -4.8V < VEE < -4.2V Vee = Veo1 = Veo2 = GND - -

SYMBOL PARAMETERl TEST CONDITIONS2 MIN 

VEE =-4.2V -1020 

VOH High level output voltage VIN = VIH MAX or VIL MIN VEE =-4.5V -1025 

VEE =-4.8V -1035 

Outputs Apply VIHMIN or VILMAX to VEE =-4.2V -1030 

VOHT High level output threshold voltage Loaded one input at a time, other VEE =-4.5V -1035 

with 50n inuts at VIHMAX or VILMIN. VEE =-4.8V -1045 

to -2.0V Apply VIHMIN or VILMAX to VEE =-4.2V 

VOLT Low level output threshold voltage ±0.010V one input at a time, other VEE =-4.5V 

inuts at VIHMAX or VILMIN. VEE =-4.8V 

VEE =-4.2V -1810 

VOL Low level output voltage Inuts at VIHMAX or VILMIN. VEE =-4.5V -1810 

VEE =-4.8V -1830 

IIH High level input current One input under test at VIHMAX. Other inputs at VILMIN. 

IlL Low level input current One input under test at VILMIN. Other inputs at VIHMAX. 0.5 

-lEE VEE supply current All inputs at VIHMAX. 

NOTES: 
1. All voltage measurements are referenced to the ground terminal. 

L1MITS4 

MIN MAX UNITS 

-1020 ~40 

-980 ~10 mV 
-920 -735 

-1950 -1630 
-1950 -1630 mV 
-1950 -1600 

220 J.lA 

0.3 J.lA 

250 mA 

L1MITS4 

TYP MAX UNITS 

~70 mV 

-955 -880 mV 

~80 mV 

mV 

mV 

mV 

-1595 mV 

-1610 mV 

-1610 mV 

-1605 mV 

-1705 -1620 mV 

-1620 mV 

220 IlA 

IlA 

230 mA 

2. Each ECL 10KH/100K series device has been designed to meet the DC specification after thermal equilibrium has been established. 
Thermal equilibrium is established by applying power for at least 2 minutes, while maintaining transverse airflow of 2.5 meters/sec (500 linear 
feet/min.) over the device, mounted either in a test socket or on a printed circuit board. Test voltage values are given in the DC operating 
conditions table. Conditions for testing shown in the tables are not necessarily worst case. For worst case testing guidelines, refer to 
DC Testing, Chapter 1, Section 3, of the Philips Semiconductors to/lOOK EeL Data Handbook. 

3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be 
terminated to -2V. If tied to VEE, it must be through a resistor> 10K. It is recommended that pins that have been programmed as RESET, 
PRESET, or CLOCK inputs not be left open due to the possibility of false triggering from internally and externally generated switching 
transients. 

4. The specified limits represent the worst case values for the parameter. Since these worst case values normally occur at the supply voltage 
and temperature extremes, additional noise immunity can be achieved by decreasing the allowable operating condition ranges. 
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AC ELECTRICAL CHARACTERISTICS (for Ceramic Dual In-Line Package) 
10H20EV8: O°C ~ Tamb s; +75°C, VEE = -5.2V ± 5%, Vee = VeOl = Ve02 = GND 
10020EV8: O°C ~ Tamb S; +85°C, -4.8V S; VEE S; -4.2V, Vee = VeOl = Ve02 = GND 

LlMITS1 

SYMBOL PARAMETER FROM TO O"C +25°C 

MIN2 TVp3 MAX2 MIN2 Typ3 

Pulse Width 

tcKH Clock High ClK+ ClK- 2.0 0.6 2.0 0.6 

tcKL Clock low ClK- ClK+ 2.0 0.9 2.0 0.9 

tcKP Clock Period ClK+ ClK+ 4.0 4.0 

tpRH PreseVReset Pulse (I,IIO)± (1,1I0)± 4.5 - 4.5 -

Setup and Hold TIme 

tiS Input (I,IIO)± ClK+ 2.6 1.0 2.6 1.1 

tlH Input ClK+ (1,1I0)± 0.1 <0 0.1 <0 

tpRs Clock Resume after (I,IIO)± ClK+ 4.6 1.0 4.6 0.9 
PreseVReset 

Propagation Delay 

tpD Input (I,IIO)± IIO± 2.85 4.7 2.95 

tcKO Clock ClK+ 1I0± 1.65 2.4 1.7 

toE Output Enable (I,IIO)± 110 2.0 4.2 2.1 

toD Output Disable (I,J/O)± I/O 2.0 4.2 2.1 

tpRo PreseVReset (I,I/O)± I/O± 2.8 4.7 3.0 

tpPR Power-on Reset VEE 110 - 10 -
fMAX 212 377 212 357 

NOTES: 
1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 
2. Maximum loading conditions: 89 fuses intact per row. 

Product specification 
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+75"C/+85°C UNIT 

MAX2 MIN2 TVp3 MAX2 

2.0 0.6 ns 

2.0 0.9 ns 

4.0 ns 

4.5 - ns 

2.7 1.4 ns 

0.1 <0 ns 

4.6 0.8 ns 

4.7 3.35 4.7 ns 

2.4 2.0 2.5 ns 

4.2 2.2 4.2 ns 

4.2 2.2 4.2 ns 

4.7 3.5 4.7 ns 

10 - 10 ns 

204 294 MHz 

3. Typical loading conditions: 15 fuses intact per row. (All "inactive" fuses, except those necessary for correct functionality, are removed.) 
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AC ELECTRICAL CHARACTERISTICS (for Plastic Leaded Chip Carrier) 
10H20EVS: O°C s Tamb s +75°C, VEE = -5.2V ± 5%, Vee = Ve01 = Ve02 = GND 
10020EVS· O°C < Tamb < +S5°C -4 SV < VEE < -42V Vee = Veo1 = VC02 = GND - - - -

SYMBOL PARAMETER FROM TO ooe 

MIN TYp3 MAX2 MIN 

Pulse Width 

tcKH Clock High CLK+ CLK- 2.0 0.6 2.0 

tcKL Clock Low CLK- CLK+ 2.0 0.9 2.0 

tcKP Clock Period CLK+ CLK+ 4.0 4.0 

tpRH Preset/Reset Pulse (I,I/O)± (I,I/O)± 4.5 - 4.5 

Setup and Hold Time 

tiS Input (I,I/O)± CLK+ 2.5 1.0 2.5 

tlH Input CLK+ (I,I/O)± 0 <0 a 
tpRS Clock Resume after (I,I/O)± CLK+ 4.5 1.0 4.5 

Preset/Reset 

Propagation Delay 

tpD Input (I,I/O)± I/O± 2.S5 4.5 

tcKO Clock CLK+ I/O± 1.65 2.2 

toE Output Enable (I,I/O)± I/O 2.0 4.0 

toD Output Disable (I,I/O)± 1/0 2.0 4.0 

tpRO Preset/Reset (I,I/O)± I/O± 2.8 4.5 

tpPR Power-on Reset VEE 1/0 - 10 

fMAX 212 377 212 

NOTES: 
1. Refer to AC Test Circuit and Voltage Wafeforms diagrams. 
2. Maximum loading conditions: 89 fuses intact per row. 
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LlMITS1 

+25°e +75°e/+85°e UNIT 

Typ3 MAX2 MIN Typ3 MAX2 

0.6 2.0 0.6 ns 

0.9 2.0 0.9 ns 

4.0 ns 

- 4.5 - ns 

1.1 2.6 1.4 ns 

<0 0 <0 ns 

0.9 4.5 O.S ns 

2.95 4.5 3.35 4.5 ns 

1.7 2.2 2.0 2.3 ns 

2.1 4.0 2.2 4.0 ns 

2.1 4.0 2.2 4.0 ns 

3.0 4.5 3.5 4.5 ns 

- 10 - 10 ns 

357 204 294 MHz 

3. Typical loading conditions: 15 fuses intact per row. (All "inactive" fuses, except those necessary for correct functionality, are removed.) 
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AC TEST CIRCUIT 

-t2.0V ± O.010V 

L2------------~~------~ 

-2.SY ± O.010Y FOR l0020EY8 
-3.2Y ± O.010Y FOR 10H20EY8 

NOTES: 
1. Use decoupling capacitors of 0.1J.LF and 25J.LF from GND to Vee. and 0.01J.LF and 25J.LF from GND to VEE (0.01 and 0.1J.LF capacitors 

should be NPO Ceramic or MLC type). Decoupling capacitors should be placed as close as physically possible to the DUT and lead 
length should be kept to less than 1/4 inch (Smm). 

2. All unused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required. 
3. All unused outputs are loaded with son to GND. 
4. L1 and L2 are equal length son impedance lines. L3• the distance from the DUT pin to the junction of the cable from the Pulse 

Generator and the cable to the Scope. should not exceed 1/4 inch (Smm). 
5. RT = son terminator internal to Scope. 
6. The unmatched wire stub between coaxial cable and pins under test must be less than 1/4 inch (Smm) long for proper test. 
7. CL = Fixture and stray capacitance :s; 3pF. 
8. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the DUT or between the 

DUT and the Scope should not exceed 1/4 inch (6mm) in length (refer to section on AC setup procedure). 
9. All son resistors should have tolerance of ± 1 % or better. 

10. Test procedures are shown for only one input or set of input conditions. Other inputs are tested in the same manner. 
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VOLTAGE WAVEFORMS 

~~~L ~rn~ +1110mV (10H20EV8) 
+10SOmV (10020EV8) 

NEGATIVE 
PULSE 

+310mV 

twILl 

tw(H) 
+1110mV (10H20EV8) 

80% 80% 
+10SOmV (10020EV8) 

POSITIVE 
PULSE 

20% 
.. 310mV 

-trLH trHL-

INPUT PULSE REQUIREMENTS 

VCC = VC01 = VC02 = +2.0V iO.010V, VEE = -3.2V :I: O.010V, VT = GND (OY) 

FAMILY I AMPUTUDE I REP RATE I PULSE WIDTH I tTLH T tTHL 

10KH ECL I 800mVp_p I 1MHz I 500ns I 1.3 .. 0.2ns I 1.3 .. 0.2ns 

INPUT PULSE REQUIREMENTS 

VCC = VC01 = VC02 = +2.0V iO.010V, VEE = -2.5V :I: O.010V, VT = GND (OY) 

FAMILY I AMPUTUDE I REP RATE I PULSE WIDTH I tTLH I tTHL 

100K ECL I 740mVp-p I 1MHz I 500ns I 0.7 .. 0.1ns I 0.7 .. 0.1ns 

Input Pulse Definition 
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TIMING DIAGRAMS 

1,110 
(INPU1) 

I~------IJS------' 

CLK----------~-------------J 

110 
(REGISTERED 

OUTPU1) 

---IJH 

__________ ~---------------------------J 

OUTPU1) 

Product specification 

1 OH20EV8/1 0020EV8 

tpD * 
(COMBINATORI~~ ___________________ ...J ~. 

~---------
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ov 

REGISTERED 
ACTIVE-LOW 

OUTPUT 

1,110 
(INPU1) 

Flip-Flop and Gate Outputs 

Power-On Reset 
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TIMING DIAGRAMS (Continued) 

(INPUT) 1'lIo~m 
~-----------------------------

110 
(OUTPUT) 

ClK 

ASYNCHRONOUS 
PRESETIRESET 

October 22.1993 

110 
(OUTPUT) 

• 

Output Enable/Disable 

V5C)% 

I 
\50% 
f\'---___ _ 

-----.I 

--=x-'--__ 
Asynchronous Preset/Reset 
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REGISTER PRELOAD 
The 10H20EV8/10020EV8 has included 
circuitry that allows a user to load data into 
the output registers. Register PRELOAD can 
be done at any time and is not dependent on 
any particular pattern programmed into the 
device. This simplifies the ability to fully verify 
logic states and sequences even after the 
device has been patterned. 

The pin levels and sequence necessary to 
perform the register PRELOAD are shown 
below. 

VIH 

~N3 ------~--------------------------------------

~N23 

OUTPUTS 

DISABLE OUTPUTS 
ENABLE PRELOAD 

APPLY EXTERNAL 
INPUTS TO BE 
PRELOADED 

SYMBOL PARAMETER 

VIH 
Input HIGH level during 
PRELOAD and Verify 

VIL 
Input LOW level during 
PRELOAD and Verify 

Vpp 
PRELOAD enable voltage 
applied to 111 

NOTE: 
1. Unused inputs should be handled as follows: 

- Set at VIH or VIL 
- Terminated to -2V 

DATA PRELOADED 
AND PRELOAD 

DISABLED 

LIMITS 

MIN TYP 

-1.1 -0.9 

-1.85 -1.65 

1.45 1.6 

- Tied to VEE through a resistor> 10K 
- Open 

October 22, 1993 

REMOVE EXTERNAL 
INPUTS 

MAX UNIT 

-0.7 V 

-1.45 V 

1.75 V 
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LOGIC PROGRAMMING 
The 10H20EV8/10020EV8 is fully supported 
by industry standard (JEDEC compatible) 
PLD CAD tools, including Philips 
Semiconductors SNAP design software 
package. ABELn, and CUPLTM design 
software packages also support the 
1 OH20EV8/1 0020EV8. 

"AND" ARRAY (I) (F) (0 ) - , , 

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

10H20EV8I10020EV810gic designs can also 
be generated using the program table entry 
format detailed on the following page. This 

Product specification 
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program table entry format is supported by 
SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, F, Q, etc.) is assigned a symbol. 
The symbols for TRUE, COMPLEMENT, 
INACTIVE, PRESET, etc., are defined below. 

-4"'0 -4"00 -4',',0 -4'"0 I,F,Q I,F,Q I,F,Q I, F,Q 

I, F. Q I, F. Q I, F. Q I,F. Q 

P, D,AP,AR P,D,AP,AR P,D,Ap,AR 

I STATE I CODE I 
I 

STATE I C~DE I I 
STATE I C~DE I I 

STATE 

I INAcnVE1,2 I 0 I I,F,Q I,F,Q DON'T CARE 

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

OUTPUT MACROCELL CONFIGURATIONS 

OUTPUT MACROCELL CONFIGURATION CONTROL WORD 

Registered Output, Active-HIGH 

Registered Output, Active-LOW 

CombinatorialI/O, Active-HIGH 

CombinatorialI/O, Acitve-LOW 

NOTE: 
1. This is the initial (unprogrammed) state of the device. 

PROGRAMMING AND 
SOFTWARE SUPPORT 
Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of the 1992 PLD Data 
Handbook for additional information. 

ABEL is a trademark of Data UO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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D 

D1 

B 

B 
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POLARITY FUSE 

H 

L1 

H 

L 

P,D,Ap,AR 

I C~DE I 
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PROGRAM TABLE 
CONTROL WORD POLAR/TY 

I I I I I I I I I I I I I 
T AND OR (F/XED) 
E I F(I) F(O) 
R 
M 12 11 10 9 18 7 6 5T4 3 2 1 8 7 6 5 14 3 2 1 8 7 6 5 4 3 2 1 

./ ./ 
./ ./ 6 
./ ./ 6 
./ ./ A 

A 
A 
A 

./ A 
./ ./ A 
D 

10 A 
A 
6 
A 
A 
6 
A 
A 
./ D 
V A/ 
./ ./ ./ A ./ 
./ ./ ./ A ./ 
V / / A/ 

./ ./ A ./ 
24 / A 

/ ./ 6 
./ ./ A 
./ /' A 
./ ./ A 
./ ./ A 
/ ./ A 

D ./ ./ 
A ./ /' 
A / ./ ./ 
A ./ ./ ./ 
A./ / 7 

36 AV 
A ./ 
A / 
A ./ 
A/ 
A ./ 
A/ 
A/ 

./ ././ 0 

./././ A 
/ A / 

A ./ 
48 A ./ 

6 ./ 
A ./ 
A 17 
A ./ ./ 
A ./ ./ 

V/ A ./ ./ 
./ ./ A ./ ./ 
./ ./ A ./ ./ 
V 0 1// 

./ ./ A ./ ./ 

./ ./ A ./ ./ 
V /A // 
././ A ./ ./ ./ 

62 ./ ./ A ./ ./ 
V /A // 
./ ./ A ./ ./ 
/ A // 
./ A ./ ./ ./ 
./ A ./ ./ ./ 
./ A / /" 

A ./ ./ 
./ 0 ./ 
./ A ;7 
/ A ./ 

././ A ./ 
74 .// A ./ 

A :7 
/./ A ./ 
// A / 
././ A ./ 
././ ./ ./ 

A ./ 
A ./ 
A /' 
A ./ 

A ./ 
A ./ 
A ./ 

/ 

PIN 3 23 22 16 15 14 13 11 10 9 2 1 21 20 18 17 8 7 5 4 
w 
~~ 
:5< 
~Z 
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SNAP 
Features 

• Schematic entry using DASWM 4.0 or 

above or OrCADTM SOT III 

• State Equation Entry 

• Boolean Equation Entry 

• Allows design entry in any combination of 
above formats 

• Simulator 

- Logic and fault simulation 

- liming model generation for device 
timing simulation 

- Synthetic logic analyzer format 

• Macro library for standard TTL and user 
defined functions 

• Device independent neUist generation 

October 22,1993 

• JEDEC fuse map generated from netlist 

SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 
combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 

The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high
level netlist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 
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SNAP's simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 

SNAP operates on an IBM® PC/Xl PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 

DESIGN SECURITY 
The 10H20EVS/10020EVS has a 
programmable security fuse that controls the 
access to the data programmed in the device. 
By using this programmable feature, 
proprietary designs implemented in the 
device cannot be copied or retrieved. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

CLKII 

F 

OLMDlR: 

"OLMI~:: 

Output Logic Macrocell 
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DESCRIPTION 
The PHD48N22-7 is an ultra fast 
Programmable High-speed Decoder featuring 
a 7.5ns 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 PHD48N22-7 is a two level logic 
element comprised of 36 fixed inputs, 
73 AND gates, 10 outputs, and 12 
bidirectional I/0s. This gives the device the 
ability to have as many as 48 inputs. 
Individual 3-State control of all outputs is also 
provided. 

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

The SLICE and SNAP software packages 
from Philips Components-Philips 
Semiconductors support easy design entry 
for the PHD48N22-7 as well as other PLD 
devices. 

Order codes are listed below. 

ORDERING INFORMATION 

DESCRIPTION 

68-Pin Plastic Leaded Chip Carrier 

October 22,1993 

FEATURES 
• Ideal for high speed system decoding 

• Super high speed at 7.5ns tpo 

• 36 dedicated inputs 

• 22 outputs 

- 12 bidirectional 1/0 

- 10 dedicated outputs 

• Security fuse to prevent duplication of 
proprietary designs. 

• Individual3-State control of all outputs 

• Field-programmable on industry standard 
programmers 

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

APPLICATIONS 
• High speed memory decoders 

• High speed code detectors 

• Random logic 

• Peripheral selectors 

• Machine state decoders 

ORDER CODE 

PHD48N22-7A 
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PIN CONFIGURATION 

A Package 

26 44 

A = Plastic Leaded Chip Carrier 

Pin Function Pin Function 

1 10 35 129 

2 11 36 130 

3 12 37 131 

4 VCC3 38 vCC4 

13 39 132 

14 40 133 

7 15 41 134 

8 16 42 135 

9 17 43 BO 

10 19 44 B1 

11 19 45 B2 

12 110 46 B3 

13 111 47 B4 

14 GN05 48 GN06 

15 GN01 49 GN02 

16 112 50 B5 

17 113 51 B6 

18 114 52 B7 

19 115 53 00 

20 116 54 01 
21 VCC2 55 VCC1 

22 117 56 02 

23 119 57 03 

24 119 58 04 
25 120 59 05 

26 121 60 06 

27 122 61 07 

28 123 62 08 

29 124 63 09 

30 125 64 ORO 

31 126 65 OR1 

32 GND3 66 GND4 

33 127 67 OR2 

34 128 68 OR3 

DRAWING NUMBER 

0398E 

853-158811164 
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LOGIC DIAGRAM 
INPUTS (0 - 95) 

10 

12 

13 
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Bg~--I)o-_-I681 0113 

88->--I>--_-I6710R2 

E3 ~--I>--_-I651 ORI 

i::::j:l=J~--I)o-_-I641 ORO 

~==~>---@ 09 

~~----~----~~I09 

~>------~----~611 07 

f---c~----I>-----I601 06 

~=====c..--im 05 

-<:>-----i>---i58 I 04 

:::::====t:--~ 03 

-<:>------i>-----t:M>I 02 

f---c>-------I>----~IOI 

~>------~---_\531 00 

14 ~Billliilllllliillllifli~~B7 , -= B6 

15 ~&U~UW.amwa.~~~~~~ 
16 

17 

118~~~~~~~ttijt~~~~~ttijttiti=llttl~jtl~W=tltl~~tlt±llittiH=tltl~±jtlt±llittlti=====~-----~I~ 

119~~~~t+~#ij~t+~#ij~~~~~~~~~~~#U~~~#U~tilij:titi~~~~====~r-----~I~ 

1~~-1~4m~~~~~~m=~4m~~~~~~~mt~~~~~~~~fft~~ti~tl=====~-----4!1I~ 
NOTES: 
I. AI.!. unprogrammed or virgin "AND" gate locations are pulled to logic "0" 
2. "":'" Programmable connections 
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FUNCTIONAL DIAGRAM 

10 

135 

ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER MIN MAX 

Vee Supply voltage -0.5 +7 

VIN Input voltage -0.5 +5.5 

VOUT Output voltage +5.5 

liN Input currents -30 +30 

lOUT Output currents +100 

Tamb Operating temperature range 0 +75 

Ts1g Storage temperature range -65 +150 

NOTES: 

UNIT 

Voe 

Voe 

VDe 

rnA 

rnA 

°C 

°C 

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 

Vce Supply voltage +4.75 +5.25 Voe 

Tamb Operating free-air temperature 0 +75 °C 
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80-87 

00-09 

ORO 

OR1-0R3 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
75°C ambient to junction 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb < +75°C, 4.75 < Vee < 5.25V - - - -

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage2 

Vil Low Vee = MIN 

VIH High Vee = MAX 

Vie Clamp Vee = MIN,IIN = -18mA 

Output voltage 

Vee = MIN, VIN = VIH or Vil 

Val Low 10l =+24mA 

VOH High 10H =-3.2mA 

Input current 

Vee = MAX 

III Low VIN = +0.40V 

IIH High VIN = +2.7V 

II High VIN = Vee = Vee MAX 

Output current 

Vee = MAX 

10ZH Output leakage 3 VOUT = +2.7V 

10Zl Output leakage 3 VOUT = +0.40V 

los Short circuit 4 VOUT = +OV 

lee Vee current Vee = MAX 

CapacitanceS 

Vee = +5V 

CIN Input VIN = 2.0V @f = 1MHz 

COUT 1/0 VOUT = 2.0V@ f = 1MHz 

NOTES: 
1. Typical limits are at Vee = 5.0V and Tamb = +25°C. 

Product specification 
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LIMITS 

MIN Typ1 MAX UNIT 

0.8 V 

2.0 V 

-0.8 -1.5 V 

0.5 V 

2.4 V 

-20 -250 J.lA 
25 J.lA 
100 J.lA 

100 J.lA 
-100 J.lA 

-30 -60 -90 rnA 

420 rnA 

8 pF 

8 pF 

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Leakage current for bidirectional pins is the worst case of III and 10Zl or IIH and 10Zl. 
4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
5. These parameters are not 100% tested, but are periodically sampled. 
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AC ELECTRICAL CHARACTERISTICS 
O°C S Tamb S +7SoC, 4.7S S Vee S S.2SV, Rl = 200n, R2 = 390n 
Operating temerature at 200 CFM Minimum air flow. 

SYMBOL PARAMETER FROM TO 

tpOl l 
Propagation delay 

(I, B,OR)± Output± through BlO outputs 

tp02l Propagation delay 
(I, B,OR)± Output± through OR outputs 

toE2 Output Enable (I, B,OR)± Output enable 

too2 Output Disable (I, B,OR)± Output disable 

NOTES: 
1. tpOl,2 are tested with switch Sl closed and CL = SOpF. 

Product specification 
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TEST LIMITS 

CONDITIONS MIN MIN UNIT 

CL = SOpF 7.S ns 

CL = SOpF 8.0 ns 

CL = SOpF 10 ns 

CL = SpF 10 ns 

2. For 3-State output; output enable times are tested with CL = SOpF to the 1.SV level, and Sl is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = !?pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - O.SV) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with Sl closed. 

VIRGIN STATE TIMING DEFINITIONS 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are disabled. 

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

TIMING DIAGRAM 

INPUTS,IIO ~HH'~H_ 

OUTPUTS 

WAVEFORM INPUTS 

MUST BE 
STEADY 

October 22, 1993 

SYMBOL PARAMETER 

tpol Input to output propagation 
delay (through B/O outputs). 

tpo2 Input to output propagation 
delay (through OR outputs). 

too Input to Output Disable 
(3-State) delay (Output 
Disable). 

tOE Input to Output Enable delay 
(Output Enable). 

OUTPUTS WAVEFORM 

WILL BE ~ STEADY 

1» ([ 

169 

3.0V 

INPUTS OUTPUTS 

DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMIITED UNKNOWN 

CENTER 
DOES NOT UNE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 
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~ 8r-~-r~~r-~-r~~+-~-r~~+--r-+~--+--r-+--r-+--r~ 
I 

j 7r-~-+--~+--+~~+--+~~+--r-1--+--r-+--~-r-+--~~-+~ 
w 
c 6r-~-+--r-+--+~~+--+~~+-~~--+-~-+--~~-+--r-;--+~ 
z 
~ 5~~-+--~+--+~~+--+~~+--r-1--+--r-+--~-r-+--~~-+~ 
~ 4~~-+--~+--+~~+--+~~+--r-1--+--r-+--~-r-+--~~-+~ 

~ 3r-~-+--r-+--+~~+--+~~+-~~--+-~-+--~~-+--r-~-+~ 
IL 

3 4 

NOTE: 0 = OR Outputs 
• = 9/0 Outputs 

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

TEST CONDITIONS: Tamb = 75OC; 

VCC = 4.75V; CL = 50pF; 

Rl = 2000; R2 = 3900 

Worst-Case Propagation Delay vs. Number of Outputs Switching 
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AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS 

VCC 

e'ye, 
10 

INPUTS OUT 

BX 
GNO 

= NOTE: 
Cl and C2 are to bypass VCC to GND. 

October 22, 1993 

L-> 
By 

R2 

BZ 
OUTPUTS = 

170 

R1 

CL 

2.5ns 2.5"8 

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

Input Pulses 
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LOGIC PROGRAMMING 
The PHD48N22-7 is fully supported by 
industry standard (JEDEC compatible) PlD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEllM and 
CUPllM 90 design software packages also 
support the 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) 

PHD48N22-71ogic 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. 

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

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

1

I

'B 1I'B 1

I

'B 1

I

'B 
I,B I, B I, B I, B 

I,B I,B I,B I,B 

P,D P,D P,D P,D 

STATE STATE I STATE I CODE I STATE 

INACTlVE1 TRUE I COMPLEMENT I L I DON'T CARE 

NOTE: 
1. This is the initial state. 

ABEL is a trademark of Data 1/0 Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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PROGRAM TABLE 
T INPUTS 
E 

I R 
M 3534 33 32 31 30 2929 27 26 2524 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
PIN 42 41 40 39 37 36 35 3433 31 30 29 28 27 26 25 24 2322 20 19 18 17 16 13 12 11 10 

w 
.... w 
~:f 
~Z 
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B OR 
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 3 2 1 0 

9 8 7 6 5 3 2 1 52 51 50 47 4645 44 43 68 67 65 64 
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PROGRAM TABLE (Continued) 
T OUTPUTS 
E 
R 0 B OR 
M 9 8 7 6 5 4 3 2 1 o 7 6 5 4 3 2 1 o 3 2 1 0 
o V 1/1/ 1// I/IV /1/ I/V 1/1/ vl/ VV IV D VVV 
1 VV vV VIV VV Ivi/ IVI/ VI/ I/V ,VI/ AV VI/ 
2 VV VI/ VI/ I/V VV VV VI/ // vi/ A / 1/1/ 
3 VI/ 1/1/ /V 1/1/ 1/1/ VI/ VV I/V 1/1/ A / 1/1/ 
4 1/1/ 1// /1/ 1// 1/1/ 1/1/ VI/ I/V VI/ A 1/ VV 
5 1/1/ // /1/ 1// 1// 1/1/ /1/ I/V VI/ AV VI/ 
6 VV VV VV VV V/ 1// /1/ // 1/1/ AI/ 1/1/ 
7 VI/ 1/1/ /1/ I/V 1/1/ 1/1/ VV I/V VI/ AI/ VV 
8 VV VV VI/ // 1// 1/1/ /1/ /V 1/1/ 1/ D 1/1/ 
9 VV VV VV I/V VI/ VV VV // 1/1/ 17 A 1/1/ 

10 V/ 1/1/ I/V 1/1/ 1/1/ VV I/V 1/1/ VV VA VV 
11 V/ 1/1/ /V 1// 1/1/ 1/1/ I/V 1/1/ VI/ VA VV 
12 vV VV VV // 1// 1// /V /1/ VI/ 1/ A 1/1/ 
13 VV VV VV I/V VV VV VV 1// /1/ 1/ A /1/ 
14 VI/ VI/ I/V VV VV VV VV // /1/ / A VI/ 
15 // 1/1/ // 1// VI/ 1/1/ V/ 1/1/ 1/1/ VA VV 
16 V/ 1// // // 1// 1/1/ /'/ 1/1/ VI/ VI/ oV 
17 i// // /v // // 1/1/ // 1// ,/1/ 1// A 1/ 
18 VV VV IVV IVIV VV VV VV I/V VI/ VV AI/ 
19 VI/ VI/ VV 1// I/IV I/IV 1/1/ I/V 1/1/ IVV AV 
20 V/ // /1/ // // I/IV // 1// '/1/ // A 1/ 
21 // VV IVV VV VV VV VV V/ // // A 1/ 
22 VI/ IVIV /1/ 1// 1/1/ 1/1/ 1/1/ IVV VI/ I/V AV 
23 VI/ // /1/ // 1// 1/1/ /1/ // vl/ I/V A 1/ 
24 k"'V VV VI/ V/ 1// 1/1/ /1/ // 1/1/ 1// 1/ D 
25 // VV V/ VV VV VV V/ VV /V // /A 
26 V/ IVI/ // I/V 1/1/ 1/1/ 1// I/IV /1/ 1/1/ /A 
27 /V // // // 1// IV/ // // /1/ // /A 
28 /V VV V/ VV VV VV V/ // // // /A 
29 VV VIV // IVV 1/1/ I/IV IV/ IVI/ /1/ IVI/ /A 
30 // // // // // // // // /1/ 1// /A 
31 // VV V/ VV VV VV V/ I/V // // / A 
32 V/ VI/ IV/ I/V 1/1/ VI/ 1// 1/1/ /1/ VIV /A 
33 V/ 1/1/ 1// 1// 1/1/ VI/ 1// 1/1/ /1/ 1/1/ /A 

f-1L ~~ ~r7 r7~ ~~ r7r7 1// 1// 1// /1/ 1~15 ~1-35 1/1/ // // /1/ 
36 // VV 1// VI/ VI/ VV V/ VV /1/ VV /A 
37 0/ VI/ // 1// I/V VV 1// 1/1/ /1/ 1// /V 
38 A/ 1// // 1// 1// 1/1/ 1// 1// /1/ // /1/ 
39 /0 // // /V VV 1// // // // // /1/ 
40 /A VI/ 1// 1/1/ 1/1/ VI/ 1// 1/1/ /1/ 1/1/ /1/ 
41 VI/ 01/ 1/1/ VV VV I/V 1/1/ /1/ I/V 1/1/ I/V 
42 V/ AV V VV V VV 1/:/ 1// ,/1/ // 1/1/ 1// 
43 VV V D V VV V VV VV V 1/1/ V 1/1/ VV VV 
44 VI/ 1/ A 1/1/ 1/1/ VI/ 1/1/ 1/1/ VV I/V VI/ 1/1/ 
45 VI/ VI/ oV /1/ /1/ 1// I/V 1/1/ I/V 1/1/ VV 
46 VV VV AV VV VV VV V VV V vi/ 1/1/ VI/ 
47 VI/ 1/1/ 1/ D VI/ I/V I/V V I/V V I/V VI/ VI/ 
48 VI/ VI/ 1/ A /1/ VI/ /1/ 1/1/ 1/1/ I/V 1/1/ I/V 
49 VV VV v V D V VV VV V VI/ V 1/1/ VV VV 
50 VV I/V 1/1/ AI/ VI/ 1/1/ V I/V 1/ I/V V1/ VI/ 
51 VI/ 1/1/ 1/ VV 01/ 1/1/ 1/1/ VI/ 1/1/ VI/ I/V]/ 
52 leV VV V VV AV V VV V 1/1/ 1/1/ /1/ 1/1/1/ 
53 VV VV VI/ VV OV VV V 1/1/ V I/V V1/ VV 
54 VI/ 1/1/ 1/1/ VI/ A 1/ 1/1/ I/V 1/1/ VV 1/1/ 1/1/ 
55 VV VV V VI/ V I/O VV v VV v 1/·;- 1/1/ VV 
56 VI/ 1/1/ 1/1/ 1/1/ 1/ A I/V V I/V V I/V 1/1/ 1/1/ 
57 V/ /V 1/1/ /V Vv 01/ 1/1/ /1/ 1/1/ 1/1/ 1// 
58 VV VI/ V 1/1/ V I/V AV V 1// V 1/1/ VV I/V 
59 VI/ I/V 1/1/ VI/ // I/O 1/1/ VV I/V 1/1/ I/V 
60 VI/ /,/ 1/1/ /1/ /v /A /1/ /1/ I/V 1/1/ I/V 
61 IL"V VV V VI/ V // // 01/ /1/ 1/1/ 1/1/ 1/1/ 
62 VV VV 1/ I/V 1/1/ V I/V AI/ I/V I/V VI/ I/V 
63 VV I/V 1/1/ VI/ // 1// 1/ 0 I/V 1/1/ 1/1/ I/V 
64 VI/ /V 1// /1/ // // 1/ A /1/ 1// 1/1/ I/V 
65 VV VI/ V I/V 1/1/ /1/ 1/1/ I/O V I/V VV VV 
66 VI/ /1/ 1/1/ // // 1// 1/1/ A 1/ 1/1/ 1/1/ I/V 
67 1/1/ /:/ 1// /1/ // // 1// /0 1// 1/1/ I/V 
68 VV VV V I/V 1/1/ V VI/ 1/1/ 1/ A I/V VV VV 
69 VI/ 1/1/ 1/1/ /1/ // 1// 1/1/ /1/ D 1/ I/V I/V 
70 VI/ Vv 1// // // // 1// /1/ A / 1/1/ I/V 
71 VI/ // // // // // 1// // / 0 1/1/ // 
72 v/ IV/ V 1// // 1/ 1/1/ /1/ 1// 1/ A // 1/17 

PIN 63 62 61 60 59 58 57 5654 53 52 51 50 47 46 45 44 43 68 67 65 64 

w 
-'w 

~:i 
~z 
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Programmable high-speed decoder logic 
(48 x73 x 22) 

PHD48N22-7 

TYPICAL SYSTEM APPLICATION 

r----------------------, I OPTIONAL 

I 
I 
r-------,/A,~ __________ ~,~ 

CACHE 
TAG 

SRAM H CLOCK 
GENERATOR 

RESET CLK2 

~ CACHE 1-----1.-11r--_-_--A-..-------,{,J---, PHD48N22 =- I t-------I 
- I CONTROL 

I 

ADDRESS 

1 

~ "7~J D ~>~> > 
TIMER! I FLOPPY INTERRUPT 

'-- CONTROLLER 

EXTERNAL 
INTERRUPTS 
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Programmable high-speed decoder logic 
(48 x 73 x 22) 

SNAP RESOURCE SUMMARY DESIGNATIONS 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(18 x 42 x 10) 

DESCRIPTION 
The PLS153 and PLS153A are two-level 
logic elements, consisting of 42 AND gates 
and 10 OR gates with fusible link connections 
for programming 1/0 polarity and direction. 

All AND gates are linked to 8 inputs (I) and 
10 bidirectional 1/0 lines (8). These yield 
variable 1/0 gate configurations via 10 
direction control gates (D), ranging from 18 
inputs to 10 outputs. 

On-chip TIC buffers couple either True (1,8) 
or Complement (T, S) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Their output polarity, in 
,turn, is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 

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

ORDERING INFORMATION 

DESCRIPTION 

2O-Pin Plastic Dual In-Line, 300mil-wide 

20-Pin Plastic Leaded Chip Carrier 

October 22,1993 

FEATURES 
• Field-Programmable (Ni-Cr links) 

.8 inputs 

.42 AND gates 

.10 OR gates 

• 10 bidirectional 1/0 lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• 1/0 propagation delay: 

- PLS153: 40ns (max) 

- PLS153A: 30ns (max) 

• Input loading: -100J..lA (max) 

• Power dissipation: 650mW (typ) 

• 3-State outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 

ORDER CODE DRAWING NUMBER 

PLS153N, 04088 
PLS153AN 

PLS153A, 0400E 
PLS153AA 

179 
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PIN CONFIGURATIONS 

N Package 

N = Plastic DIP (300mil·wide) 

A Package 

A = Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

TYPICAL PRODUCT TERM: 
Pn=A·B·C·D· ••• 

TYPICAL lOGIC FUNCTION: 

NOTES: 

AT OUTPUT POLARITY = H 

Z = PO + P1 + P2 .•• 

AT OUTPUT POLARITY = l 

Z=PO+P1+P2 + ... 
Z=PO"·PT·~· •.. 

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

2. Z, A, B, C, etc. are user defined connections to fixed 
inputs (I) and bidirectional pins (B). 

853--0311 11164 
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Programmable logic arrays 
(18 x 42 x 10) 

LOGIC DIAGRAM 

10 

11 

12 

13 

14 

15 

16 

17 

NOTES: 
1. All programned 'AND' gate locations are pulled to logic "I". 
2. ~I.I programmed 'OR' gate locations are pulled to logic "C/'. 
3. :::::::: Programmable connection. 
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Programmable logic arrays 
(18x42x10) 

FUNCTIONAL DIAGRAM 

P 1 Po D9 

B9---~-------+-------~----~~ 

Product specification 
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}-I------t >-~t___-+-~ B9 

>--------___o ......... -c Bo 

= 

ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage +7 VDe 

VIN Input voltage +5.5 VDe 

VOUT Output voltage +5.5 Voc 

liN Input currents -30 +30 rnA 

lOUT Output currents +100 rnA 

Tamb Operating temperature range 0 +75 °C 

TSl9 Storage temperature range -65 +150 °C 

NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 

is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 

October 22,1993 181 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 

The PLS153/A 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 Handbook. 



Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(18 x42x 10) 

DC ELECTRICAL CHARACTERISTICS 
O°C ~Tamb ~+75°C, 4.75V~ vcc ~5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIL Low 

VIH High 

Vie Clamp3 

Output voltage2 

VOL Low4 

VOH High5 

Input current9 

IlL Low 

IIH High 

Output current 

10(OFF) Hi-Z stateS 

los Short circuit3, 5, 6 

lee Vee supply current7 

Capacitance 

CIN Input 

CB I/O 

NOTES: 
1. All typical values are at Vee = 5V, T arm = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Measured with + 10V applied to 17. 

TEST CONDITIONS 

Vee = MIN 

Vee = MAX 

Vee = MIN, liN =-12mA 

Vee = MIN 

10L= 15mA 

IOH =-2mA 

Vee = MAX 

VIN = 0.45V 

VIN = 5.5V 

Vee = MAX 

VOUT = 5.5V 

VOUT = 0.45V 

VOUT =OV 

Vee = MAX 

Vee=5V 

VIN = 2.0V 

VB = 2.0V 

5. Measured with +1 OV applied to 10-7. Output sink current is supplied through a resistor to Vee. 
6. Duration of short circuit should not exceed 1 second. 
7. lee is measured with 10, 11 at OV, 12 - 17 and B0-9 at 4.5V. 
8. Leakage values are a combination of input and output leakage. 
9. IlL and IIH limits are for dedicated inputs only (10 -17). 
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LIMITS 

MIN TYp1 MAX UNIT 

0.8 V 

2.0 V 

-0.8 -1.2 V 

0.5 V 

2.4 V 

-100 ~ 

40 ~ 

80 ~ 

-140 

-15 -70 mA 

130 155 mA 

8 pF 

15 pF 



Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(18 x 42 x 10) 

AC ELECTRICAL CHARACTERISTICS 
O°C ~ Tamb ~ +75°C, 4.75V ~ Vee ~ 5.25V, R, = 3000, R2 = 3900 

SYMBOL PARAMETER FROM TO 

tpo Propagation delay Input± Output± 

toE Output enable2 Input± Output-

too Output disable2 Input± Output + 

NOTES: 
1. All typical values are at Vee = 5V, T arrb = +25°C. 

Product specification 

PLS153/A 

LIMITS 

TEST PLS153 PLS153A UNIT 

CONDITION MIN TYp1 MAX MIN TYP1 MAX 

CL = 30pF 30 40 20 30 ns 

CL = 30pF 25 35 20 30 ns 

CL = 5pF 25 35 20 30 ns 

2. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with S, open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with S, closed. 

3. All propagation delays are measured and specified under worst case conditions. 

VOLTAGE WAVEFORMS 

~W~ 

ov ~l'R ~J .. c 
~ __ 1 .~AL9O% 
~~ ~5ns 

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

Input Pulses 

TIMING DEFINITIONS 

SYMBOL PARAMETER 

tpo Propagation delay between 
input and output. 

too Delay between input change 
and when output is off (Hi-Z 
or High). 

toE Delay between input change 
and when output reflects 
specified output level. 

October 22,1993 

TEST LOAD CIRCUIT 

.'y.' 
INPUTS 

NOTE: 
C, and C2areto bypass VCC to GNO. 

TIMING DIAGRAM 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(18 x 42 x 10) 

LOGIC PROGRAMMING 
The PLS153/A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors 
SNAP, Data 1I0's ABELTM and Logical 
Devices, Inc. CUPLTM design software 
packages. 

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

OUTPUT POLARITY - (B) 

I ACTIVE LEVEL I CODE I 

I HIGH1 I I 
(NON-lNVERTING) H 

AND ARRAY - (I, B) 

PLS153/A logic designs can also be 
generated using the program table entry 
format detailed on the following page. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 

I ACTIVE LEVEL I CODE I 

I LOW I (INVERTING) I 

Product specification 

PLS153/A 

COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

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

1

1

'B 11'B 1

1

'B 1

1

'B 
I, B I, B I,B I,B 

r,lf r,lf r,lf r,lf 

P,D P,D P,D P,D 

I STATE I CODE I STATE 

L INACTIVE1, 2 I 0 I I, B 

OR ARRAY - (B) 

-fo-s 
I Pn STATUS I CODE I 
I ACTIVE1 I A I 

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

STATE 

r,lf 

I Pn STATUS I CODE I 
I INACTIVE I • I 

2. Any gate P n will be unconditioanlly inhibited if both the True and Complement of an input (either 
I or B) are left intact. 

ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 

October 22, 1993 184 

STATE 

DON'TeARE 

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at "H" polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 

CAUTION: PLS153A TEST 
COLUMNS 
The PLS153A incorporates two columns not 
shown in the logic block diagram. These 
columns are used for in-house testing of the 
device in the unprogrammed state. These 
columns must be disabled prior to using the 
PLS153A in your application. If you are using 
a Philips Semiconductors-approved 
programmer, the disabling is accomplished 
during the device programming sequence. If 
these columns are not disabled, abnormal 
operation is possible. 

Furthermore, because of these test columns, 
the PLS153A cannot be programmed using 
the programmer algorithm for the PLS153. 



Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(18x42x10) 

PROGRAM TABLE 
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POLARITY 

OR 

8(0) 

9876543210 

I I 

I I 

I I 

I I 

I I 

I I 

01 
a:' ~ 
0' ~ 1= 

, 1= u 

: ~ ~ 
: ~ : lillj..J 06 
'!Z' 05 : 8: ~ ~ J-,D4=--+-+--+-+--II--I-+--I-++-+-+-If-.-I-+-+-+-+-I!: 
, , ~ ..J ~ __ ~~-+-4--1~~+-4-~~-+-4-1~~~4-~~~It------------~ 
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02 

-'- - _ - _,_ J _ _ _ _ 01 

DO 
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Programmable logic arrays 
(18 x 42 x 10) 

SNAP RESOURCE SUMMARY DESIGNATIONS 

P~1 Po D9 

10 ~.:I.Pffl:.~Il~.: 
- I I.-6-NI«~S~'-· ----+------+---+_ 

I 
I 
I 
I 
I 

17 

>-------'--080 

= 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(18x42x10) 

Product specification 

PLUS153B/D 

DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLUS153 PLDs are high speed, 
combinatorial Programmable Logic Arrays. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce propagation delays as 
short as 12ns. 

The 20-pin PLUS 153 devices have a 
programmable AND array and a 

programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the PLUS153 
devices can support up to 32 input wide OR 
functions. 

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

The PLUS153 devices are 
user-programmable using one of several 
commercially available, industry standard 
PLD programmers. 

ORDERING INFORMATION 

DESCRIPTION 

20-Pin Plastic Dual-In-Line 300m iI-wide 

20-Pin Plastic Dual-In-Line 300m iI-wide 

20-Pin Plastic Leaded Chip Carrier 

20-Pin Plastic Leaded Chip Carrier 

• 110 propagation delays (worst case) 

- PLUS153B -15ns max. 

- PLUS 153D - 12ns max. 

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

• Two programmable arrays 

- Supports 32 input wide OR functions 

.8 inputs 

• 10 bi-directional I/O 

.42 AND gates 

- 32 logic product terms 

- 10 direction control terms 

N Package 

vcc 

B9 

B8 

B7 

B6 

B5 

B4 

B3 

B2 

GND B1 

• Programmable output polarity 
N = Plastic Dual In·Line Package (300mil-wide) 

- Active-High or Active-Low 

• Security fuse 

• 3-State outputs 

• Power dissipation: 750mW (typ.) 
A Package 

• TTL Compatible 12 11 10 VCC B9 

APPLICATIONS B8 

• Random logic 
B7 

B6 
• Code converters 

B5 

• Fault detectors B4 

• Function generators 

• Address mapping 

• Multiplexing A = Plastic Leaded Chip Carrier 

tpD(MAX) ORDER CODE DRAWING NUMBER 

15ns PLUS153BN 0408D 

12ns PLUS153DN 0408D 

15ns PLUS153BA 0400E 

12ns PLUS153DA 0400E 

®PAL is a registered trademark of Monolnhic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation. 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(18 x42x 10) 

LOGIC DIAGRAM 

10 

11 

12 

13 

14 

15 

16 

17 

NOTES: 
1. All programmed 'AND' gate locations are pulled to logic "1". 
2. ~II programmed 'OR' gate locations are pulled to logic "0". 
3. :{} Programmable connection. 
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Programmable logic arrays 
(18 x 42 x 10) 

FUNCTIONAL DIAGRAM 

P 1 

Product specification 

PLUS1538/D 

Po 09 

)---jf-----J >---<>---+-.--o B9 

>-------*~DBO 

ABSOLUTE MAXIMUM RATINGS1 

RATING 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage +7 Voe 

VIN Input voltage +5.5 Voe 

VOUT Output voltage +5.5 Voe 

liN Input currents -30 +30 rnA 

lOUT Output currents +100 rnA 

Tamb Operating free-air temperature range 0 +75 °C 

Tstg Storage temperature range -65 +150 °C 

NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. 

This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 

Maximum ambient 

Allowable thermal rise 
ambient to junction 

150°C 

75°C 

75°C 
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Programmable logic arrays 
(18x42x10) 

DC ELECTRICAL CHARACTERISTICS 
ODC s; Tarrb s; +75DC 475 S; Vee S; 5 25V 

SYMBOL PARAMETER 

Input voltagr 

VIL Low 

VIH High 

VIC Clamp 

Output voltagr 

VOL Low' 

VOH High5 

Input current9 

IlL Low 

IIH High 

Output current 

10(OFF) Hi-Z stateS 

los Short circuit3, 5,6 

lee Vee supply current1 

Capacitance 

CIN Input 

CB I/O 

NOTES: 
1. All typical values are at Vee = 5V, T anti = +25DC. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 

Product specification 
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UMITS 

TEST CONDITIONS MIN TYp1 MAX UNIT 

Vee = MIN 0.8 V 

Vee = MAX 2.0 V 

Vee = MIN,IIN =-12mA -0.8 -1.2 V 

Vee = MIN 

101..= 15mA 0.5 V 

IOH=-2mA 2.4 V 

Vee = MAX 

VIN =0.45V -100 J.IA 
VIN = Vee 40 J.IA 

Vee = MAX 

VOUT= 2.7V 80 J.IA 
VouT=O.45V -140 

VOUT=OV -15 -70 rnA 

Vee = MAX 150 200 mA 

Vee = 5V 

VIN =2.0V 8 pF 

VB = 2.0V 15 pF 

4. Measured with inputs 10 -12 = OV, inputs 13 -15 = 4.5V, inputs 17 = 4.5V and 16 = 10V. For outputs BO - 84 and for outputs B5 - 89 apply the 
same conditions except 17 = OV. 

5. Same conditions as Note 4 except 17 = + 1 OV. 
6. Duration of short circuit should not exceed 1 second. 
7. lee is measured with inputs 10 -17 and BO - 89 = OV. 
8. Leakage values are a combination of input and output leakage. 
9. IlL and IIH limits are for dedicated inputs only (10 -17). 
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Programmable logic arrays 
(18 x 42 x 10) 

AC ELECTRICAL CHARACTERISTICS 
ODC :5 Tamb:5 +75DC, 4.75V:5 Vcc:5 5.25V, R, = 300n, R2 = 390n 

SYMBOL PARAMETER FROM TO TEST 

CONDITION 

tpD Propagation Delay2 Input +/- Output+/- CL = 30pF 

toE Output Enable' Input +/- Output- CL =30pF 

too Output Disable 1 Input +/- Output + CL = 5pF 

NOTES: 

Product specification 
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LIMITS 

PLUS153B PLUS153D UNIT 

MIN TYP MAX MIN TYP MAX 

11 15 10 12 ns 

11 15 10 12 ns 

11 15 10 12 ns 

1. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and SI is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with SI open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with SI closed. 

2. All propagation delays are measured and specified under worst case conditions. 

VOLTAGE WAVEFORMS 

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

Input Pulses 

TIMING DEFINITIONS 

SYMBOL PARAMETER 

tpD Propagation delay between 
input and output. 

too Delay between input change 
and when output is off (Hi-Z 
or High). 

toE Delay between input change 
and when output reflects 
specified output level. 

October 22, 1993 

TEST LOAD CIRCUIT 

e'ye, 
INPUTS 

NOTE: 
Cl and C2 are to bypass VCC to GND. 

TIMING DIAGRAM 
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VCC L-> 
R, 

10 By 

R2 CL 
DUT 

BZ/---'---· 
GND OUTPUTS = 
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Programmable logic arrays 
(18 x42x 10) PLUS1538/D 

LOGIC PROGRAMMING 
The PLUS153B1D is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABELTM and 
CUPLTM design software packages also 
support the PLUS153B1D architecture. 

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

PLUS153B1D logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

AND ARRAY - (I, B) 

PROGRAMMING AND 
SOFTWARE SUPPORT 

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

OUTPUT POLARITY -lB) 

s-r-' 
I ACTIVE LEVEL I CODE I 

I (NO~~~~~nNG) I H I 

s-r-" 
I AcnVE LEVEL I CODE I 

I (INV~~NG) I I 

1

1

'B 11'B 1

1

'B 1

1

'B 
I,B I,B I,B I,B 

r,B' r,B' r,B' r,B' 

P,D P,D P,D P,D 

I STATE I CODE I I STATE I CODE I I STATE I CODE I I STATE 

I 
CODE 

I INAcnVE1,2 I 0 I I, B H I,B L DON'T CARE -

OR ARRAY - (B) VIRGIN STATE 

I 

A factory shipped virgin device contains all 

-f=>-. -f=>-s 
I PnSTATUS I CODE I I PnSTATUS I CODE I 
I AcnvE1 I A I I INAcnVE I • I 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Pn will be unconditionally inhibited if both the true and complement of an input (either 

lor B) are left intact. 

ABEL is a trademark of Data VO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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fusible links intact, such that: 
1. All outputs are at "W polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 
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NOTES 
In the unprogrammed state: 

• All AND gates are pulled to a logic "0" (Low). 

• Output polarhy is non-inverting. 

• Unused I and B bits in the AND array should be programmed 
as Don't Care (-). 

• Unused product terms in the OR array should be 
programmed as INACTIVE (0). 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(18 x 42 x 10) 

DESCRIPTION FEATURES 
• I/O propagation delays (worst case) 

- PLUS153-10 - 10ns max. 

Product specification 

PLUS153-10 

PIN CONFIGURATIONS 

N Package 
The PLUS153-10 PLD is a high speed, 
combinatorial Programmable Logic Array. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce maximum propagation 
delays of 1 Ons or less. 

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

Vcc 

B9 

B8 • Two programmable arrays 
The 2O-pin PLUSl53 device has a 
programmable AND array and a 

- Supports 32 input wide OR functions B7 

programmable OR array. Unlike PAL® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the 
PLUS 153-1 0 can support up to 32 input wide 
OR functions. 

The polarity of each output is user
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of deSign flexibility, 
particularly when implementing complex 
decoding functions. 

The PLUS153-10 device is user
programmable using one of several 
commercially available, industry standard 
PLD programmers. 

ORDERING INFORMATION 

DESCRIPTION 

20-Pin Plastic Dual-In-Line 300m ii-wide 

20-Pin Plastic Leaded Chip Carrier 

.8 inputs 

• 10 bi-directionall/O 

.42 AND gates 

- 32 logic product terms 

- 10 direction control terms 

• Programmable output polarity 

- Active-High or Active-Low 

• Security fuse 

• 3-State outputs 

• Power dissipation: 825mW (typ.) 

• TTL Compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 

tpo(MAX) 

10ns 

10ns 

®PAL is a registered trademark 01 Advanced Micro Devices Corporation. 
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N = Plastic DIP (300mil·wide) 

A Package 

12 11 10 Vcc B9 

A = Plastic Leaded Chip Carrier 

B6 

B5 

B4 

B3 

B2 

B1 

B8 

B7 

B6 

B5 

B4 

ORDER CODE DRAWING NUMBER 

PLUS153-1ON 0408D 

PLUS153-10A 0400E 

853-150811164 



Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(18 x 42 x 10) 

LOGIC DIAGRAM 

10 

11 

12 

13 

14 

15 

16 

17 

NOTES: 
1. All programmed 'AND' gate locations are pulled to logic "1". 
2 . .cl.1I programmed 'OR' gate locations are pulled to logic ·0". 
3 .. :;::::: Programmable connection. 

October 22, 1993 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(18 x 42 x 10) 

FUNCTIONAL DIAGRAM 

P 1 

Product specification 

PLUS153-10 

Po 

}-t---1 ~~~---I-----Y--O 89 

>-----------~~~ 

ABSOLUTE MAXIMUM RATINGS1 

RATING 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage +7 Voc 

Vln Input voltage +5.5 Voc 

VOUT Output voltage +5.5 Voc 

liN Input currents -30 +30 mA 

lOUT Output currents +100 mA 

Tani> Operating free-air temperature range 0 +75 DC 

Tstg Storage temperature range ~5 +150 DC 

NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. 

This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 
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Programmable logic array 
(18x42x10) 

DC ELECTRICAL CHARACTERISTICS 
O°C $; Tamb $; +75°C. 4.75 $; Vee $; 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIL Low 

VIH High 

Vie Clamp 

Output voltage2 

VOL Low4 

VOH High5 

Input current9 

IlL Low 

IIH High 

Output current 

10(OFF) Hi-Z stateS 

los Short circuit3, 5,6 

lee Vee supply current? 

Capacitance 

CIN Input 

CB 110 

NOTES: 
1. All typical values are at Vee = 5V, T arrb = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 

TEST CONDITIONS 

Vee = MIN 

Vee = MAX 

Vee = MIN.ItN =-12mA 

Vee = MIN 

10L = 15mA 

10H =-2mA 

Vee = MAX 

VIN = 0.45V 

VIN = Vee 

Vee = MAX 

VOUT = 2.7V 

VOUT = 0.45V 

VOUT = OV 

Vee = MAX 

Vee = 5V 

VIN = 2.0V 

VB = 2.0V 

Product specification 

PLUS153-10 

LIMITS 

MIN TYp1 MAX UNIT 

0.8 V 

2.0 V 

-0.8 -1.2 V 

0.4 0.5 V 

2.4 2.9 V 

-20 -100 f.IA 
1 40 f.IA 

0 80 f.IA 
-15 -140 

-15 -30 -70 mA 

165 200 mA 

8 pF 

15 pF 

4. Measured with inputs 10 - 12 = OV. inputs 13 -15 = 4.5V. inputs 17 = 4.5V and 16 = 10V. For outputs 80 - 84 and for outputs 85 - 89 apply the 
same conditions except 17 = OV. 

5. Same conditions as Note 4 except 17 = +1 OV. 
6. Duration of short circuit should not exceed 1 second. 
7. lee is measured with inputs 10 - 17 and 80 - 89 = OV. 
8. Leakage values are a combination of input and output leakage. 
9. IlL and IIH limits are for dedicated inputs only (10 -17). 
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Programmable logic array 
(18 x 42 x 10) 

AC ELECTRICAL CHARACTERISTICS 
O°C s T amb s +7SoC, 4.7SV s Vee S S.2SV, Rl = 3000, R2 = 3900 

SYMBOL PARAMETER FROM TO 

tpD Propagation Delay2 Input +/- Output +/-

toE Output Enable 1 Input +/- Output-

toD Output Disable 1 Input +/- Output + 

NOTES: 

Product specification 

PLUS153-10 

TEST LIMITS 

CONDITION MIN TYP MAX UNIT 

CL = 30pF 8 10 ns 

CL = 30pF 8 10 ns 

CL = SpF 8 10 ns 

1. For 3-State output; output enable times are tested with CL = 30pF to the 1.SV level, and SI is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = SpF. High-te-High impedance tests are made to an output 
voltage of VT = (VOH -O.SV) with SI open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with SI closed. 

2. All propagation delays are measured and specified under worst case conditions. 

VOLTAGE WAVEFORMS 

~'v~ 

'v ~ .. L~ .,J'ML-O% 

~: __ jl\ ,0%/iL9O".4 

"-1- --1 .. 
MEASUREMENTS: '. 
All circuit delays are mbasured at the + I.SV level 
of inputs and outputs, bnless otherwise specHied. 

Input Pulses 

TIMING DEFINITIONS 

SYMBOL PARAMETER 

tpD Propagation delay between 
input and output. 

toD Delay between input change 
and when output is off (Hi-Z 
or High). 

toE Delay between input change 
and when output reflects 
specified output level. 

October 22, 1993 

TEST LOAD CIRCUIT 

e'ye, 
INPUTS 

NOTE: 
eland e2 are to bypass Vee to GND. 

TIMING DIAGRAM 
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VCC L-> 
10 By 

CL 

17 OUT 

BW 

BX BZ 
GND OUTPUTS -=-
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Programmable logic array 
(18x42x10) 

PLUS153-10 

LOGIC PROGRAMMING 
The PLUS153-10 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABELTM and 
CUPLTM design software packages also 
support the PLUS153-10 architecture. 

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

PLUS153-10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

AND ARRAY - (I, B) 

PROGRAMMING AND 
SOFTWARE SUPPORT 

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

OUTPUT POLARITY - CB} 

s~. 

I ACTIVE LEVEL I CODE I 

l HlGH1 I H I 
~NON"(NVERTING) 

s~. 

I ACTIVE LEVEL 

I LOW 
(INVERTING) 

I CODE I 

I L I 

1
1'B 11'B 1 1

'B 1 1
'B 

I,B I, B I, B I,B 
I,B I,ll r,B I,B 

P,D P,D P,D P,D 

I STATE I CODE I I STATE I CODE I I STATE I CODE I I STATE 

I 
CODE 

I INACTIVE1,2 I 0 I I,B H I,ll L DON'T CARE -

OR ARRAY - (B) VIRGIN STATE 

I 

A factory shipped virgin device contains all 

-fD-s IP jD-s 
I PnSTATUS I CODE I I PnSTATUS I CODE I 
I ACTIVE1 I A I INACTIVE I • I 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Pn will be unconditionally inhibited if both the true and complement of an input (either 

I or B) are left intact. 

ABEL is a trademark of Data I/O Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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fusible links intact, such that: 
1. All outputs are at "W polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 
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Programmable logic array 
(18 x 42 x 10) 

PROGRAM TABLE 
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POLARITY 
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Programmable logic array 
(18 x 42 x 10) 

SNAP RESOURCE SUMMARY DESIGNATIONS 

~ ~.:~1"::-. ___ --iPO _____ Do+-_-t-D9 
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I 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

DESCRIPTION 
The PLS173 is a two-level logic element 
consisting of 42 AND gates and 10 OR gates 
with fusible link connections for programming 
1/0 polarity and direction. 

All AND gates are linked to 12 inputs (I) and 
10 bidirectional 1/0 lines (8). These yield 
variable 1/0 gate configurations via 10 
direction control gates (D), ranging from 22 
inputs to 10 outputs. 

On-chip TIC buffers couple either True (I, 8) 
or Complement (T, B) input polarities to all 
AND gates, whose outputs can be optionally 
linked to all OR gates. Their output polarity, in 
turn, is individually programmable through a 
set of EX-OR gates for implementing 
AND/OR or AND/NOR logic functions. 

The PLS173 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes for this device are listed belOW. 

ORDERING INFORMATION 

DESCRIPTION 

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

28-Pin Plastic Leaded Chip Carrier 

October 22,1993 

FEATURES 
• 1/0 propagation delay: 30ns (max.) 

• 12 inputs 

• 42 AN D gates 

.10 OR gates 

• 10 bidirectional 1/0 lines 

• Active-High or -Low outputs 

• 42 product terms: 

- 32 logic terms 

- 10 control terms 

• Ni-Cr programmable links 

• Input loading: -1001lA (max.) 

• Power dissipation: 750mW (typ.) 

• 3-State outputs 

• TTL compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 

ORDER CODE 

PLS173N 

PLS173A 

203 

Product specification 

PLS173 

PIN CONFIGURATIONS 

N Package 

N = Plastic DIP (300mil·wide) 

A Package 
13 12 11 88 

A = Plastic Leaded Chip Carrier 

DRAWING N'IMBER 

0410D 

0401F 

853-0324 11164 



Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

LOGIC DIAGRAM 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

110 

111 

NOTES: 
1. All programmed 'AND' gate locations are pulled to logic "1". 
2. All programmed 'OR' gate locations are pulled to logic "0". 
3. :::t: Programmable connection. 

October 22,1993 
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PLS173 

B7 
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B5 
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B2 

B1 

BO 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

FUNCTIONAL DIAGRAM 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating free-air temperature range 

Tstg Storage temperature range 

NOTES: 

D9 

>-If-----l >--_-+--,---0 89 

~----------~~-O~ 

RATING 

Min Max UNIT 

+7 Voe 

+5.5 Voe 

+5.5 Voe 

-30 +30 mA 

+100 mA 

0 +75 °C 

-65 +150 °C 

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

PLS173 

LOGIC FUNCTION 

NOTES: 

TYPICAL PRODUCT TERM: 

Pn=A·IJ·C·D· •.. 

TYPICAL LOGIC FUNCTION: 

AT OUTPUT POLARITY = H 

Z = PO + P1 + P2 ••• 

AT OUTPUT POLARITY + L 

Z=PO+P1+P2+ ... 

Z=l'iJ·pt·"!'2"· ••• 

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

2. ZX, A, B, C, etc. are user defined connections to 
fixed inputs (I), and bidirectional pins (8). 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 

The PLS173 is also processed to military 
requirements for operation over the military 
temperature range. For specifications and 
ordering information, consult the Philips 
Semiconductors Military Data Handbook. 



Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb::; +75°C 475 < Vee < 5 25V - - -

SYMBOL PARAMETER 

Input voltage2 

VIL Low 

VIH High 

Vie Clamp3 

Output voltage2 

VOL LoW! 

VOH High5 

Input current9 

IlL Low 

IIH High 

Output current 

lo(oFF) Hi-Z stateS 

los Short circuits, 5, 6 

lee Vee supply current7 

Capacitance 

liN Input 

CB I/O 

NOTES: 
1. All typical values are at Vee = 5V, T arrb = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 

TEST CONDITIONS MIN 

Vee = MIN 

Vee = MAX 2.0 

Vee = MIN, liN = -12mA 

Vee = MIN 

IOL = 15mA 

IOH = -2mA 2.4 

Vee = MAX 

VIN = 0.45V 

VIN = Vee 

Vee = MAX 

VOUT = 5.5V 

VOUT = 0.45V 

VOUT =OV -15 

Vee = MAX 

Vee = 5V 

VIN = 2.0V 

VB = 2.0V 

4. Measured with inputs VIL applied to 111. Pins 1-5 = OV, Pins 6-10 = 4.SV, Pin 11 = OV and Pin 13 = 10V. 
5. Same conditions as Note 4 except Pin 11 = +1 OV. 
6. Duration of short circuit should not exceed 1 second. 
7. lee is measured with 10 and 11 = OV, and 12 -111 and Bo - B9 = 4.5V. Part in Virgin State. 
8. Leakage values are a combination of input and output leakage. 
9. IlL and IIH limits are for dedicated inputs only (10 -111)' 
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PLS173 

LIMITS 

TYp1 MAX UNIT 

0.8 V 

V 

-0.8 -1.2 V 

0.5 V 

V 

-100 ~ 

40 ~ 

80 ~ 

-140 

-70 mA 

150 170 mA 

8 pF 

15 pF 



Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

AC ELECTRICAL CHARACTERISTICS 
O°C STamb S +75°C, 4.75 S Vee S5.25V, R1 = 470n, R2 = 1k.Q 

SYMBOL PARAMETER FROM 

tpo Propagation delay2 Input± 

toE Output enable 1 Input± 

too Output disable 1 Input± 

NOTES: 

TO 

Output± 

Output-

Output + 

Product specification 

PLS173 

TEST LIMITS 

CONDITION MIN TYP MAX UNIT 

CL = 30pF 20 30 ns 

CL = 30pF 20 30 ns 

CL = 5pF 20 30 ns 

1. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and Sl is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with Sl open, and Low-ta-High impedance tests are made to the VT = (VOL + O.5V) level with Sl closed. 

2. All propagation delays are measured and specified under worst case conditions. 

VOLTAGE WAVEFORM 

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

Input Pulses 

TIMING DEFINITIONS 

SYMBOL PARAMETER 

tpo Propagation delay between 
input and output. 

too Delay between input change 
and when output is off (Hi-Z 
or High). 

toE Delay between input change 
and when output reflects 
specified output level. 

October 22, 1993 

TEST LOAD CIRCUIT 

C'y~ 

INPUTS 

NOTE: 
C1 and C2 are to bypass VCC to GNO. 

TIMING DIAGRAM 

207 

Vcc L-> 
Rl 

10 By 

R2 CL 

111 
OUT 

Bw 

BX BZ 
GNO OUTPUTS -= 

-= 



Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

LOGIC PROGRAMMING 
The PLS173 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors 
SNAP, Data 1/0 Corporation's ABELTM, and 
Logical Devices Incorporated's CUPLTM 
design software packages. 

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

PLS 173 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, S, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

AND ARRAY - (I, B) 

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

OUTPUT POLARITY - (B) 

s~. 

I ACTIVE LEVEL I CODE I 

I HIGHt I 
(NON-NVERTlNG) H I 

Product specification 

PLS173 

s~. 

I ACTIVE LEVEl 

I LOW 
(INVERTING) 

I CODE I 

I I 

'

1,8 ,1,8 ,1,8 ,1,8 1,8 1,8 1,8 1,8 
I,B I,B r,B I,B 

P,D P,D P,D P,D 

I STATE I CODE I STATE STATE 

I INAcnvEt,2 I 0 I 1,8 
I,B 

OR ARRAY - (B) 

PnSTATUS CODE PnSTATUS CODE 

A INACTIVE 

NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 

(inactive) AND gates Pn, Dn. 
2. Any gate Pn, Dn will be unconditionally inhibited if both the True and Complement of any input 

(I, S) are left intact. 

ABEL is a trademark of Data 110 Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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STATE 

DON'T CARE 

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at "H" polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 
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Programmable logic array 
(22 x 42 x 10) 

PROGRAM TABLE 
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Product specification 

PLS173 

POLARITY 

OR 

8(1) 8(0) 
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Programmable logic array 
(22 x 42 x 10) 

SNAP RESOURCE SUMMARY DESIGNATIONS 

P31 Po 

• ~Ii]----I-------t----t-

111 

October 22,1993 
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Philips Semiconductors Programmable logic Devices 

Programmable logic arrays 
(22 x 42 x 10) 

DESCRIPTION FEATURES 
.110 propagation delays (worst case) 

- PLUS 173B - 15ns max. 

- PLUS 173D - 12ns max. 

Product specification 

PLUS1738/D 

PIN CONFIGURATIONS 

N Package 
The PLUS173 PLDs are high speed, 
combinatorial Programmable Logic Arrays. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce propagation delays as 
short as 12ns. 

• Functional superset of 20L 10 and most 
other 24-pin combinatorial PAL devices 

• Two programmable arrays The 24-pin PLUS173 devices have a 
programmable AN D array and a 
programmable OR array. Unlike PAL ® 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the PLUS173 
devices can support up to 32 input wide OR 
functions. 

- Supports 32 input wide OR functions 

The polarity of each output is user
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 

The PLUS173 devices are user
programmable using one of several 
commercially available, industry standard 
PLD programmers. 

ORDERING INFORMATION 

DESCRIPTION 

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

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

28-Pin Plastic Leaded Chip Carrier 

28-Pin Plastic Leaded Chip Carrier 

.12 inputs 

• 10 bi-directionall/O 

.42 AND gates 

- 32 logic product terms 

- 10 direction control terms 

• Programmable output polarity 

- Active-High or Active-Low 

• Security fuse 

• 3-State outputs 

• Power dissipation: 750mW (typ.) 

• TTL Compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 

tpD (MAX) 

15ns 

12ns 

15ns 

12ns 

®PAL is a registered trademark of Advanced Micro Devices Corporation. 
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N = Plastic Dualln·Line (300mil·wide) 

A Package 

13 12 11 10 vee 89 B8 

A = Plastic Leaded Chip Carrier 

ORDER CODE DRAWING NUMBER 

PLUS173BN 0410D 

PLUS173DN 0410D 

PLUS173BA 0401F 

PLUS173DA 0401F 

853-129811164 
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Programmable logic arrays 
(22 x 42 x 10) 

LOGIC DIAGRAM 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

110 

111 

NOTES: 
1. All programmed 'AND' gate locations are pulled to logic "I". 
2. All programmed 'OR' gate locations are pulled to logic "0". 
3. , .. :.: Programmable connection. 
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Product specification 

PLUS1738/0 
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Programmable logic arrays 
(22 x 42 x 10) 

FUNCTIONAL DIAGRAM 

P3l PO 

Product specification 

PLUS173B/O 

DO 09 

so---t------'------t-----I 
~-----~~~BO 

= 

ABSOLUTE MAXIMUM RATINGS1 

RATING 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage +7 Voe 

VIN Input voltage +5.5 Voe 

VOUT Output voltage +5.5 Voe 

liN Input currents ~O +30 mA 

lOUT Output currents +100 mA 

Tamb Operating free-air temperature range 0 +75 °C 

Tstg Storage temperature range -B5 +150 °C 

NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 

is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 
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Programmable logic arrays 
(22 x42 x 10) 

DC ELECTRICAL CHARACTERISTICS 
O°C :S Tamb:S +75°C 475:S Vee:S 5 25V 

SYMBOL PARAMETER 

Input voltage2 

Vil Low 

VIH High 

Vie Clamp 

Output voltage2 

VOL Low4 

VOH HighS 

Input current9 

IlL Low 

IIH High 

Output current 

10(OFF) Hi-Z stateS 

los Short circuit3. 5. 6 

lee Vee supply current? 

Capacitance 

liN Input 

CB 1/0 

NOTES: 
1. All typical values are at Vee = 5V, T amb = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 

Product specification 

PLUS173B/D 

UMITS 

TEST CONDITIONS MIN TYP' MAX UNIT 

Vee = MIN 0.8 V 

Vee = MAX 2.0 V 

Vee = MIN, liN = -12mA -{l.8 -1.2 V 

Vee = MIN 

10l = 15mA 0.5 V 

10H =-2mA 2.4 V 

Vee = MAX 

VIN = 0.45V -100 flA 
VIN = Vee 40 flA 

Vee = MAX 

VOUT = 2.7V 80 flA 
VOUT =0.45V -140 

VOUT =OV -15 -70 mA 

Vee = MAX 150 200 mA 

Vee = 5V 

VIN = 2.0V 8 pF 

VB = 2.0V 15 pF 

4. Measured with inputs 10 - 14 = OV, inputs 15 -19 = 4.SV, 111 = 4.5V and 119 = 10V. For outputs BO - B4 and for outputs 85 - 89 apply the 
same conditions except 111 = OV. 

5. Same conditions as Note 4 except input 111 = +1 OV. 
6. Duration of short circuit should not exceed 1 second. 
7. lee is measured with inputs 10 -111 and BO - 89 = OV. Part in Virgin State. 
8. Leakage values are a combination of input and output leakage. 
9. III and IIH limits are for dedicated inputs only (10 -Ill). 
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Programmable logic arrays 
(22 x 42 x 10) PLUS173B/O 

AC ELECTRICAL CHARACTERISTICS 
O°C ~ Tant> ~ +75°C, 4.75 ~ Vee ~ 5.25V, Rl = 300n, R2 = 390n 

LIMITS 

SYMBOL PARAMETER FROM TO TEST PLUS173B PLUS173D UNIT 

CONDITION MIN TYP MAX MIN TYP MAX 

tpo Propagation Delay2 Input+/- Output+/- CL = 30pF 11 15 10 12 ns 

toE Output Enable 1 Input +/- Output- CL = 30pF 11 15 10 12 ns 

too Output Disable 1 Input +/- Output + CL = 5pF 11 15 10 12 ns 

NOTES: 
1. For 3-State outputs; output enable times are tested with CL = 30pF to the 1.5V level, and S1 is open for high-impedance to High tests and 

closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH -O.SV) with S1 open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with SI closed. 

2. All propagation delays are measured and specified under worst case conditions. 

VOLTAGE WAVEFORM 

+3.0V-----r--\. 90"10 

---'I I~ .. -Jl~ ~J .. c 
: __ 1 _AL9O% 

~~ ~sns 
MEASUREMENTS: 
All circuil delays are measured at the + 1.5V level 
01 inputs and outputs, unless otherwise specffied. 

Input Pulses 

TIMING DEFINITIONS 

SYMBOL PARAMETER 

tpo Propagation delay between 
input and output. 

too Delay between input change 
and when output is off (Hi-Z 
or High). 

toE Delay between input change 
and when output reflects 
specified output level. 

October 22, 1993 

TEST LOAD CIRCUIT 

Vcc L> 
C'y~ 

R, 

In BZ 

INPUTS OUT 

BZ 
GNO -=-

-=-
NOTE: 
C1 and C2 are to bypass Vec to GNO. 

Test Load Circuit 

TIMING DIAGRAM 

I,B =*_'.S_V ____ 
J
*'.SV ~:V 

B E *,.. E ~VTJ ~VOH 
I I VOL 

tpo--l too --l toE I...-
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(22 x 42 x 10) 

LOGIC PROGRAMMING 
The PLUS 173 series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABELTM and 
CUPLTM design software packages also 
support the PLUS173 architecture. 

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

PLUS173 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

AND ARRAY - (I, B) 

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

OUTPUT POLARITY - (B) 

S~B 

I ACTIVE LEVEL I CODE I 

I HlGH1 I 
(NON-INVERTlNG) H I 

Product specification 

PLUS173B/D 

S~. 

I ACTIVE LEVEL I CODE I 

I LOW 
(INVERTING) I L I 

'

I'B ,I'B ,I'B ,I'B 
I,B I,B I,B ~B 

I,B I,B J,B I,B 

P,D P,D P,D P,D 

I STATE I CODE I STATE STATE 

I INACTlVE1,2 I 0 I I, B I,B 

OR ARRAY - (B) 

PnSTATUS CODE PnSTATUS CODE 

A INACTIVE • 
NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 

(inactive) AND gates Pn, Dn. 
2. Any gate Pn, On will be unconditionally inhibited if both the true and complement of any input 

(I, B) are left intact. 

ABEL is a trademark of Data VO Corp. 
CUPL is a trademark 01 Logical Devices, Inc. 
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STATE 

DON'T CARE 

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs are at "H" polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 
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Programmable logic arrays 
(22 x 42 x 10) 

PROGRAM TABLE 
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POLARITY 

OR 

B(I) 8(0) 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(22 x 42 x 10) 

SNAP RESOURCE SUMMARY DESIGNATIONS 

P3l Po 

• T*'iI:------1f-------+---t-
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Philips Semiconductors Programmable LogIc Devices 

Programmable logic array 
(22 x 42 x 10) 

DESCRIPTION FEATURES 
• I/O propagation delays 

- 10ns (worst case) 

Product specification 

PLUS173-10 

PIN CONFIGURATIONS 

N Package 
The PLUS173-10 PLD is a high speed, 
combinatorial Programmable Logic Array. 
The Philips Semiconductors state-of-the-art 
Oxide Isolated Bipolar fabrication process is 
employed to produce maximum propagation 
delays of 1 Ons or less. 

• Functional superset of 20L 10 and most 
other 24-pin combinatorial PAL devices 

• Two programmable arrays 
The 24-pin PLUS173-10 device has a 
programmable AND array and a 
programmable OR array. Unlike PAL@ 
devices, 100% product term sharing is 
supported. Any of the 32 logic product terms 
can be connected to any or all of the 10 
output OR gates. Most PAL ICs are limited to 
7 AND terms per OR function; the 

- Supports 32 input wide OR functions 

PLUS 173-1 0 device can support up to 32 
input wide OR functions. 

The polarity of each output is user
programmable as either Active-High or 
Active-Low, thus allowing AND-OR or 
AND-NOR logic implementation. This feature 
adds an element of design flexibility, 
particularly when implementing complex 
decoding functions. 

The PLUS173-10 device is user
programmable using one of several 
commercially available, industry standard 
PLD programmers. 

ORDERING INFORMATION 

DESCRIPTION 

24-Pin Plastic Dual In-Line 300m ii-wide 

28-Pin Plastic Leaded Chip Carrier 

.12 inputs 

• 10 bi-directional I/O 

• 42 AN D gates 
- 32 logic product terms 
- 10 direction control terms 

• Programmable output polarity 

- Active-High or Active-Low 

• Security fuse 

• 3-State outputs 

• Power dissipation: 850mW (typ.) 

• TTL Compatible 

APPLICATIONS 

• Random logic 

• Code converters 

• Fault detectors 

• Function generators 

• Address mapping 

• Multiplexing 

tpD(MAX) 

10ns 

10ns 

@PAL is a registered trademark 01 Advanced Micro Devices Corporation. 
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N - Plastic Dualln·Line (300mil·widel 

A Package 

13 12 11 10 vee 89 B8 

A - Plastic Leaded Chip Carrier 

ORDER CODE DRAWING NUMBER 

PLUS173-10N 0410D 

PLUS173-10A 0401F 

853-142211164 



Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

LOGIC DIAGRAM 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

110 

111 

NOTES: 
I, All programmed 'AND' gale localions are pulled 10 logic "1", 
2, All programmed 'OR' gale locations are pulled to logic "(J', 
3, ,,:::::: Programmable connection, 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

FUNCTIONAL DIAGRAM 

P31 

Product specification 

PLUS173-10 

PO DO 09 

>---cf-----J >-~~--t-.__o B9 

>------~~~BO 

= 

ABSOLUTE MAXIMUM RATINGS1 

RATING 

SYMBOL PARAMETER Min Max UNIT 

Vee Supply voltage +7 Voe 

VIN Input voltage +5.5 Voe 

VOUT Output voltage +5.5 Voe 

liN Input currents -30 +30 mA 

lOUT Output currents +100.0 mA 

Tamb Operating free-air temperature range 0 +75 DC 

T5t9 Storage temperature range -65 +150 DC 

NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 

is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 

Maximum ambient 

Allowable thermal rise 
ambient to junction 

150°C 

75°C 

75°C 
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Programmable logic array 
(22 x42 x 10) 

DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb < +75°C 4 75 ~ Vee < 5 25V - - -

SYMBOL PARAMETER 

Input voltage2 

VIL Low 

VIH High 

Vie Clamp 

Output voltage2 

VOL Low4 

VOH High5 

Input current9 

IlL Low 

IIH High 

Output current 

10(oFF) Hi-Z stateS 

los Short circuif3, 5, 6 

lee Vee supply current? 

Capacitance 

liN Input 

Cs 1/0 

NOTES: 
1. All typical values are at Vee = 5V. T arm = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 

Product specification 

PLUS173-10 

LIMITS 

TEST CONDITIONS MIN TYpl MAX UNIT 

Vee = MIN 0.8 V 

Vee = MAX 2.0 V 

Vee = MIN. liN =-12mA -0.8 -1.2 V 

Vee = MIN 

10L = 15mA 0.4 0.5 V 

10H =-2mA 2.4 2.9 V 

Vee = MAX 

VIN = 0.45V -20 -100 !lA 
VIN = Vee 1 40 !lA 

Vee = MAX 

VOUT = 2.7V 0 80 !lA 
VOUT =0.45V -15 -140 

VOUT =OV -15 --30 -70 rnA 

Vee = MAX 170 210 rnA 

Vee = 5V 

VIN = 2.OV 8 pF 

VB = 2.OV 15 pF 

4. Measured with inputs 10 - 14 = OV. inputs 15 - 19 = 4.5V. 111 = 4.5V and 110 = 10V. For outputs BO - B4 and for outputs 85 - 89 appiy the 
same conditions except 111 = Ov. 

5. Same conditions as Note 4 except input 111 = +1 Ov. 
6. Duration of short circuit should not exceed 1 second. 
7. lee is measured with inputs 10 -111 and 80 - 89 = Ov. Part in Virgin State. 
8. Leakage values are a combination of input and output leakage. 
9. IlL and IIH limits are for dedicated inputs only (10 -111). 
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Programmable logic array 
(22 x 42 x 10) 

AC ELECTRICAL CHARACTERISTICS 
O°C ~ Tamb ~ +75°C, 4.75 ~ Vee ~ 5.25V, R1 = 300n, R2 = 390n 

Product specification 

PLUS173-10 

TEST LIMITS 

SYMBOL PARAMETER FROM TO CONDITION MIN TYP MAX UNIT 

tpD Propagation Delay2 Input +/- Output+/- CL = 30pF 8 10 ns 

toE Output Enable1 Input +/- Output- CL = 30pF 8 10 ns 

toD Output Disable 1 Input +/- Output + CL =5pF 8 10 ns 

NOTES: 
1. For 3-State outputs; output enable times are tested with CL = 30pF to the 1.5V level, and S1 is open for high-impedance to High tests and 

closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with S1 open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with S1 closed. 

2. All propagation delays are measured and specified under worst case conditions. 

VOLTAGE WAVEFORM 

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

Input Pulses 

TIMING DEFINITIONS 

SYMBOL PARAMETER 

tpD Propagation delay between 
input and output. 

toD Delay between input change 
and when output is off (Hi-Z 
or High). 

toE Delay between input change 
and when output reflects 
specified output level. 

October 22, 1993 

TEST LOAD CIRCUIT 

e'ye, 
INPUTS 

NOTE: 
C1 and C2 are to bypass VCC to GND. 

TIMING DIAGRAM 
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vcc L> 
Rl 

In BZ 

R2 CL 

In OUT 
BM 

BM BZ 
GND OUTPUTS = 

= 

Test load Circuit 
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Programmable logic array 
(22 x42 x 10) 

PLUS173-1Q 

LOGIC PROGRAMMING 
The PLUS173-10 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABEUM and 
CUPLTM design software packages also 
support the PLUS173-10 architecture. 

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

PLUS173-10 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
page. This program table entry format is 
supported by SNAP only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

AND ARRAY - (I, B) 

PROGRAMMING AND 
SOFTWARE SUPPORT 
Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Supporf] of this data handbook for 
additional information. 

OUTPUT POLARITY - (B) 

sr-' 
1 ACTIVE LEVEL .1 CODE J 

I HlGH1 I H J 
(NON~NVERnNG) 

s-:r. 
L AcnVE LEVEL I CODE I 

I (INV~~'r.NG) I L I 

1

1

'B 11'B 1

1

'B 1

1

'B 
I,B I,B I,B I,B 

I,B I,B r,B r,B 

P,D P,D P,D P,D 

I STATE I CODE I I STATE I CODE I I 
STATE I CODE I I STATE I CODE 

I INACTlVE1,2 I 0 I I,B H I,B L DON'T CARE -

OR ARRAY - (B) VIRGIN STATE 

I 

A factory shipped virgin device contains all 

-f-D-s -f-D-s 
1 PnSTATUS 1 CODE 1 1 PnSTATUS 1 CODE 1 
1 AcnvE1 1 A 1 I INACTIVE I • 1 

NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused 

(inactive) AND gates Pn, Dn. 
2. Any gate Pn, Dn will be unconditionally inhibited if both the true and complement of any input 

(I, B) are left intact. 

ABEL Is a trademark of Data VO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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fusible links intact, such that: 
1. All outputs are at "H" polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 



Philips Semiconductors Programmable Logic Devices 

Programmable logic array 
(22 x 42 x 10) 

PLA PROGRAM TABLE 
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POLARITY 

I 
OR 

8(1) 8(0) 

9876543210 9876543210 

I I 

I I 

~ I 

02 

-:- - - - -'- J - - - - ~D~1-1-+++--L+++-I--!--!--!----l--!--I--!----!----!---L---!----!---t--'----------' 
DO I I I I 

0' 

~: 
, 
, 
, 
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Programmable logic array 
(22 x 42 x 10) 

SNAP RESOURCE SUMMARY DESIGNATIONS 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(16 x 48 x 8) 

DESCRIPTION 
The PLS100 (3-State) and PLS101 (Open 
Collector) are bipolar, fuse Programmable 
Logic Arrays (PLAs). Each device utilizes the 
standard AND/OR/lnvert architecture to 
directly implement custom sum of product 
equations. 

Each device consists of 16 dedicated inputs 
and 8 dedicated outputs. Each output is 
capable of being actively controlled by any or 
all of the 48 product terms. The True, 
Complement, or Don't Care condition of each 
of the 16 inputs and be ANDed together to 
comprise one P-term. All 48 P-terms can be 
selectively ORed to each output. 

The PLS100 and PLS101 are fully TIL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open Collector or 
3-State outputs for ease of expansion of 
product terms and application in 
bus-organized systems. 

Order codes are listed in the Ordering 
Information Table. 

ORDERING INFORMATION 

DESCRIPTION 

28-Pin Plastic Dual In-Line 600mil-wide 

28-Pin Plastic Leaded Chip Carrier 

October 22, 1993 

FEATURES 
• Field-programmable (Ni-Cr link) 

• Input variables: 16 

• Output functions: 8 

• Product terms: 48 

.110 propagation delay: 50ns (max.) 

• Power dissipation: 600mW (typ.) 

• Input loading: -1 OO~ (max.) 

• Chip Enable input 

• Output option: 

- PLS100: 3-State 

- PLS 1 0 1: Open-Collector 

• Output disable function: 

- 3-State: Hi-Z 

- Open-Collector: High 

APPLICATIONS 
• CRT display systems 

• Code conversion 

• Peripheral controllers 

• Function generators 

• Look-up and decision tables 

• Microprogramming 

• Address mapping 

• Character generators 

• Data security encoders 

• Fault detectors 

• Frequency synthesizers 

• 16-bit to 8-bit bus interface 

• Random logic replacement 

3·STATE 

PLS100N 

PLS100A 

227 
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PIN CONFIGURATIONS 

N Package 

* Fuse Enable Pin: It is recommended that this pin 
be left open or connected to ground during normal 
operation. 

N = Plastic DIP (600mil-wide) 

A Package 

15 16 17 FE vee 18 19 

A = Plastic Leaded Chip Carrier 

OPEN COLLECTOR DRAWING NUMBER 

PLS101N 04130 

PLS101A 0401F 

853-0308 11164 



Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(16 x 48 x 8) 

LOGIC DIAGRAM 
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111 
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113 

114 

115 

NOTES: 
1. All AND gate inputs w~h a blown link float to a logic "1". 
2. All OR gate inputs wtth a blown fuse float to logic ·0". 
3. .::} Programmable connection. 

October 22, 1993 

Product specification 

PLS1 00/PLS1 01 

228 



Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(16 x 48 x 8) 

FUNCTIONAL DIAGRAM 

TYPICAL CONNECnON 

= 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATINGS UNIT 

Vee Supply voltage +7.0 VDe 

VIN Input voltage +5.5 Voc 

Vo Output voltage +5.5 VDe 

liN Input current ±30 mA 

lOUT Output current +100 mA 

Tamb Operating temperature range o to +75 °C 

Tstg Storage temperature range --65 to +150 °C 

NOTE: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. 

This is a stress rating only. Functional operation at these or any other conditions above 
those indicated in the operational and programming specification of the device is not 
implied. 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 

Maximum ambient 

Allowable thermal rise 
ambient to junction 

October 22,1993 

150°C 

75°C 

75°C 

The PLS100 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the Philips 
Semiconductors Military Data Handbook. 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(16 x 48 x 8) 

DC ELECTRICAL CHARACTERISTICS 
ODC STamb S;+75DC, 4.75V S Vee S;5.25V 

SYMBOL PARAMETER 

Input voltagr 

VIH High 

VIL Low 

VIC Clamp3 

Output voltagr 

VOH High (PLS100)4 

VOL LowS 

Input current 

IIH High 

IlL Low 

Output current 

IO(OFF) Hi-Z state (PLS100) 

los Short circuit (PLS100) 3,6 

Icc Vee supply current? 

Capacitance 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V, T arrb = +25DC. 

TEST CONDITIONS 

Vee = MAX 

Vee = MIN 

Vee = MIN, liN = -12mA 

Vee = MIN 

IOH =-2mA 

IOL= 9.6mA 

VIN =5.5V 

VIN = 0.45V 

cr = High, Vee = MAX 

VOUT = 5.5V 

VOUT=0.45V 

cr = Low, VOUT = OV 

Vee = MAX 

cr = High, Vee = 5.0V 

VIN = 2.0V 

VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one pin at a time. 
4. Measured with VIL applied to cr and a logic high stored. 

Product specification 

PLS1 00/PLS1 01 

UMITS 

MIN Typ1 MAX UNIT 

2.0 V 

0.8 V 

-0.8 -1.2 V 

2.4 V 

0.35 0.45 V 

< 1 25 IlA 
-10 -100 IlA 

1 40 IlA 
-1 -40 IlA 

-15 -70 mA 

120 170 mA 

8 pF 

17 pF 

5. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor 
to Vee. 

6. Duration of short circuit should not exceed 1 second. 
7. lee is measured with the Chip Enable input grounded, all other inputs at 4.5V and the outputs open. 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(16 x 48 x 8) 

AC ELECTRICAL CHARACTERISTICS 
O°C < Tarm < +75°C 475 So Vee < 5 25V R, = 4700 R2 = 11<0 - - , . 

SYMBOL I PARAMETER I TO 

Propagation delay2 

tpo I Input I Output 

teE I Chip Enable3 I Output 

Disable time 

te~ I Chip Disable3 I Output 

NOTES: 
1. All typical values are at Vee = 5V. Tarm = +25°C. 

I FROM 

I Input 

I Chip Enable 

I Chip Enable 

2. All propagation delays are measured and specified under worst case conditions. 

Product specification 
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I UMITS I 
I MIN I TYP' I MAX I UNIT 

I I 35 I 50 I ns 

I I 15 I 30 I ns 

I I 15 I 30 I ns 

3. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with S, open, and Low-ta-High impedance tests are made to the VT = (VOL + O.5V) level with S, closed. 

VOLTAGE WAVEFORMS 

MEASUREMENTS: 
All circuit delays are measured at the + 1.SV level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 

TIMING DEFINITIONS 

SYMBOL PARAMETER 

teE Delay between beginning of 
Chip Enable Low (with Input 
valid) and when Data Output 
becomes valid. 

te~ Delay between when Chip 
Enable becomes High and 
Data Output is in off state 
(Hi-Z or High). 

tpo Delay between beginning of 
valid Input (with Chip Enable 
Low) and when Data Output 
becomes valid. 

October 22,1993 

TEST LOAD CIRCUIT 

Vcc L-> 
c'y~ 

10 Fo 

CL 
INPUTS 1,5 OUT 

CE F7 
GNO OUTPUTS '::' 

'::' 

NOTE: 
C, and ~ are to bypass Vce to GND. 

TIMING DIAGRAM 

+3.ov 
INPUT 

OV 

+3.0V 

OV 

VOH 
FO-F7 

Read Cycle 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(16 x 48 x 8) 

LOGIC PROGRAMMING 
PLS100/PLS101 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP, Data 1/0 Corporation's ABEU" and 
Logical Devices Inc.'s CUPUM design 
software packages. 

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

OUTPUT POLARITY - (F) 

I ACTIVE LEVEL I CODE I 

I LOW I 
(INVERTING) I 

"AND" ARRAY - (I) 

PLS100/PLS10110gic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors' SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The sum bois for TRUE, 

I ACTIVE LEVEL I CODE I 

l HIGH1 I 
(NON-lNVERTlNG) I H I 

Product specification 
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COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

PROGRAMMING AND 
SOFTWARE SUPPORT 
Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) of this dat handbook for 
additional informational. 

'i: 'i: 'i: 'i: 
I STATE I CODE I 
I INACTlVE',2 I 0 I 

"OR" ARRAY - (F) 

I Pn STATUS I CODE I 
I ACTIVE' I A l 

NOTES: 

I 
STATE 

I I CODE 

I I 
STATE 

H 

I Pn STATUS I CODE I 
I INACTIVE I • I 

I 

1. This is the initial unprogrammed state of all links. It is normally associated with all unused 
(inactive) AND gates Pn. 

2. Any gate Pn will be unconditionally inhibited if anyone of its (I) link pairs is left intact. 

VIRGIN STATE 
The PLS100/101 virgin devices are factory 
shipped in an unprogrammed state, with all 
fuses intact, such that: 
1. All Pn terms are disabled (inactive) in the 

AND array. 

2. All Pn terms are active in the OR array. 

3. All outputs are Active-High. 

ABEL is a trademark of Data 1/0 Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic arrays 
(16 x 48 x 8) 

SNAP RESOURCE SUMMARY DESIGNATIONS 
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Programmable Logic Devices Section 5 
Programmable Logic Sequencer 
Devices 

CONTENTS 

PLS155 Programmable logic sequencer (16 x 45 x 12); 14MHz ....... 

PLS157 Programmable logic sequencer (16 x 45 x 12); 14MHz ....... 

PLS159A Programmable logic sequencer (16 x 45 x 12); 18MHz ....... 

PLS167/A Programmable logic sequencer (14 x 48 x 6); 14, 20MHz 

PLS168/A Programmable logic sequencer (12 x 48 x 8); 14, 20MHz ..... 

PLS179 Programmable logic sequencer (20 x 45 x 12); 18MHz ....... 

PLC42VA12 CMOS programmable multi-function PLD (42 x 105 x 12); 25MHz 

PLC415-16 CMOS programmable logic sequencer (17 x 68 x 8); 16MHz .. 

PLS105/A Programmable logic sequencer (16 x 48 x 8); 14, 20MHz ..... 

PLUS105-45 Programmable logic sequencer (16 x 48 x 8); 45MHz ........ 

PLUS105-55 Programmable logic sequencer (16 x 48 x 8); 55MHz ........ 

PLUS105-70 Programmable logic sequencer (16 x 48 x 8); 70MHz ........ 

PLUS405-371-45 Programmable logic sequencer (16 x 64 x 8); 37, 45MHz ..... 

PLUS405-55 Programmable logic sequencer (16 x 64 x 8); 55MHz ........ 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencer 
(16 x 45 x 12) 

DESCRIPTION 
The PLS155 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a "fold-back" inverting buffer and 
control gate Fe. It features 4 registered I/O 
outputs (F) in conjunction with 8 bidirectional 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates 
(0, L) ranging from 16 inputs to 12 outputs. 

The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectional 1/0 lines (B), internal flip-flop 
outputs (a), and Complement Array output 
(q. The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 

On-chip T/C buffers couple either True (I, B, 
a) or Complement (T, "S, 0, "C") input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectionalI/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the AN D gates can 
drive the J-K inputs of all flip-flops. The 
Asynchronous Preset and Reset lines (P, R), 
are driven from the OR matrix. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (8), (a) and 
programmable output select lines (E). 

The PLS155 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are listed below. 

ORDERING INFORMATION 

DESCRIPTION 

FEATURES 

• fMAx = 14MHz 

- 18.2MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 

.32 AND gates 

.21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 8 bidirectional I/O lines 

• 4 bidirectional registers 

• J-K, T, or D-type flip-flops 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable N control 

• Positive edge-triggered clock 

• Input loading: -1 OO~ (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• 3-State outputs 

APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 

ORDER CODE 

20-Pin Plastic Dual In-Line Package (300mil-wide) PLS155N 

20-Pin Plastic Leaded Chip Carrier PLS155A 
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PIN CONFIGURATIONS 

N Package 

GND 

Vee 
87 

86 

F3 

F2 

Fl 

FO 

85 

B4 

N = Plastic Dualln·Line Package (300mil-wide) 

A Package 

83 GND OE 84 85 

A = Plastic Leaded Chip Carrier 

DRAWING NUMBER 

0408D 

0400E 

B6 

F3 

F2 

Fl 

BO 

853-031711164 



Philips Semiconductors Programmable logic Devices 

Programmable logic sequencer 
(16 x45 x 12) 

LOGIC DIAGRAM 

Product specification 
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•• f------ (LOGIC TERMS-T) -----•••• f------ (CONTROl.. TERMS) ------•• 

10 

11 

12 

13 

~~~~_+--~~~~+--~H+H+~~-~~ 

~~~~~~--~~4-+-~-~+H~~_+-~121~ 

B3 

B2 

81 

BO 

31 •••••• 2423 •••• 0 016150 ••••• 8 7 •••••• 0 FC Cl("o-O -~--m CLK 

NOTES: 
1. AIlOR gate inpuls with a blown link float to logic -0". 
2. All other gates and control Inputs wkh a blown link float to logic "1". 
3. $ denotes WIRE-OR. 
4. 1@1 Programmable connection. 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencer 
(16x45x12) 

FUNCTIONAL DIAGRAM 

(lOGIC TERMS) 

~ 

> 
b 

Q 

r-... 0 

~ 
... 

S 

R 

p 

M 

R 

p 

M 

T3l To FC 

FLIP-FLOP TRUTH TABLE 

OE L CK P R J K a F 

H Hi-Z 

L X X H L X X H L 

L X X L H X X L H 

L L i L L L L a "0 

L L i L L L H L H 

L L i L L H L H L 

L L i L L H H 0 a 
H H i L L L H L H* 

H H i L L H L H L* 

+10V X i x X L H L H** 

X i x X H L H L** 

October 22, 1993 

(CONTROL TERMS) 
l l 0 

• • 
b 
II 
<I--

<'1--
.... 

I~I-

C ~ 
X v 

r----..:= 
K ~ F::: 
l.-/~ J (2) 

'I 
K CK 
"----

"7 

~ 

K ~ ~ 
~.t, 

J 

J 
(2) 

~ K CK -
../1 

NOTES: 
1. Positive Logic: 

J-K = To + T1 + T2 .................. T31 
Tn =~. (10 .1 1 .12 ... ), (00' 01 ... ). 
(80 .81 , ... ) 

2. i denotes transition from Low to High level. 
3. X = Don't care 
4. * = Forced at Fn pin for loading the J-K 

flip-flop in the Input mode. The load 
control term, Ln must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. At P = R = H, 0= H. The final state of a 
depends on which is released first. 

6. * * = Forced at Fn pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State 8 outputs. 
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Phifips Semiconductors Programmable logic Devices 

Programmable logic sequencer 
(16 x 45 x 12) 

LOGIC FUNCTION 

I ~31 ~ I ~1 JJ I ~ PRESENT STATE 

STATE REGISTER X • B • C •••• 

I 0 I 0 I 011 I Sn+1 NEXT STATE 

SET 00: Jo = (03 • 0'2' 01 • ~) • x . B . C ... 
Ko=O 

RESET 01:J1 =0 
Kl =(Qa·n2· 01'~) ·X·B· c ... 

HOLD~:J2=0 

K2=0 
TOGGLE 03: J3= (03' O:l' 01' 00)' X, B' c •.• 

K3 = (03' O:l . 01 • no) • x • B . C ••. 

NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tstg Storage temperature range 

NOTES: 

VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
75°C ambient to junction 

RATINGS 

Min Max UNIT 

+7 VDC 

+5.5 VDC 

+5.5 VDC 

~O +30 rnA 

+100 rnA 

0 +75 °C 

-65 +150 °C 

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

Programmable logic sequencer 
(16x45x 12) 

DC ELECTRICAL CHARACTERISTICS 
O°C S T amb S +75°C, 4.75V S Vee S 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 

VIL Low 

TEST CONDITION 

Vee = MAX 

Vee = MIN 

VIe Clamp Vee = MIN, lIN = -12mA 

Output voltage2 

Vee = MIN 

VOH High 10H =-2mA 

VOL Low IOL = 10mA 

Input currentS 

Vec=MAX 

IIH High VIN =5.5V 

IlL Low VIN = O.45V 

Output current 

Vcc=MAX 

10(OFF) Hi-Z stateS, 6 VouT =5.5V 

VOUT =0.45V 

los Short circuit!, 7 VOUT =OV 

Ice Vee supply current4 Vee = MAX 

Capacitance 

Vee =5.0V 

CIN Input VIN =2.0V 

COUT Output VOUT = 2.0V 

NOTES: 
1. All typical values are at Vce = 5V, T arm = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. lee is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
5. Leakage values are a combination of input and output leakage. 
6. Measured with VIH applied to OE. 
7. Duration of short circuit should not exceed 1 second. 
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UMITS 

MIN TYP' MAX UNIT 

2.0 V 

0.8 V 

-0.8 -1.2 V 

2.4 V 

0.35 0.5 V 

<1 80 ~ 

-10 -100 ~ 

1 80 ~ 

-1 -140 ~ 

-15 -70 mA 

150 190 mA 

8 pF 

15 pF 
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AC ELECTRICAL CHARACTERISTICS 
O°C:s; Tamb :s;+75°C, 4.75V:s; Vee:S; S.25V, Rl =470n, R2 = 1kn 

SYMBOL PARAMETER FROM 

Pulse width 

tcKH Clock2 High CK+ 

tcKL Clock Low CK-

tcKP Period CK+ 

tpRH Preset/Reset pulse (1,8)-

S~tuptime5 

tlSl Input (1,8)± 

tlS2 Input (through Fn) F± 

tlS3 
Input (through 

(1,8)± Complement Array)4 

Hold time 

tlHt Input (I,E)± 

tlH2 Input F± 

Propagation delays 

tcKO Clock CK+ 

toEl Output enable3 OE-

toOl Output disable3 OE+ 

tpo Output (1,8)± 

toE2 Output enable3 (1,8) + 

to02 Output disable3 (1,8)-

tpRO Preset/Reset (1,8) + 

NOTES: 
1. All typical values are at Vcc = 5V. T arm = +25°C. 

TO 

CK-

CK+ 

CK+ 

(1,8)+ 

CK+ 

CK+ 

CK+ 

CK+ 

CK+ 

F± 

F-

F+ 

8± 

8± 

8+ 

F± 

2. To prevent spurious clocking, clock rise time (10% - 90%) oS. iOns. 
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UMITS 

TEST CONDITION MIN TYP' MAX UNIT 

CL = 30pF 25 20 ns 

CL = 30pF 30 20 ns 

CL = 30pF 70 50 ns 

CL = 30pF 40 30 ns 

CL = 30pF 40 30 ns 

CL = 30pF 20 10 ns 

CL = 30pF 65 40 ns 

CL = 30pF 0 -10 ns 

CL = 30pF 15 10 ns 

CL = 30pF 25 30 ns 

CL = 30pF 20 30 ns 

CL = 5pF 20 30 ns 

CL = 30pF 40 50 ns 

CL = 30pF 35 55 ns 

CL = 5pF 30 35 ns 

CL = 30pF 50 55 ns 

3. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and Sl is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with Sl closed. 

4. When using the Complement Array tcKP = 95ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
6. For test circuits, waveforms and timing diagrams see the following pages. 

VOLTAGE WAVEFORMS 

+3.0V~ __ - 90% 

L I 
10% 

OV 

--Jsns tR tF--.lsnsl.-

MEASUREMENTS: 
All circuit delays are measured at the + 1.SV level 
of inputs and outputs, unless otherwise spec~ied. 

Input Pulses 

October 22, 1993 

TEST LOAD CIRCUIT 

e'ye, 
INPUTS 

NOTE: 
Cl and C2 are to bypass VCC to GNO. 

242 

VCC L-> 
R, 

m: 
10 By 

R2 CL 

In OUT 

BW 

BX 
BZ 

CLK GNO OUTPUTS = 

= 
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TIMING DIAGRAMS 

CK 

F 
(OUTPUTS) 

Flip-Flop Outputs 

+3V 

oV 

+3V 
1.5V 

OV 

VOH 

VOL 

+3V 

OV 

~------------------------------------------------+3V 

'~-'r:_'5_V _______ ~ _____ ~ ______ '_I ___________________________ OV 

,~U~ ~~-------~:: 
~~i~----------~tv~~ tv ~~-1 : 

Gate Outputs 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKL Interval between clock pulses. 

tcKP Clock period. 

tpRH Width of preset input pulse. 

Required delay between 
tlS1 beginning of valid input and 

positive transition of clock. 

Required delay between 

tlS2 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 

Required delay between 
tlHl positive transition of clock and 

end of valid input data. 

Required delay between 

tlH2 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 

Delay between positive 

tcKO 
transition of clock and when 
outputs become valid (with 
OE"Low). 

Delay between beginning of 
toEl Output Enable Low and when 

outputs become valid. 

Delay between beginning of 

toOl 
Output Enable High and 
when outputs are in the 
OFF-State. 

Propagation delay between 
tpo combinational inputs and 

outputs. 

Delay between predefined 

toE2 
Output Enable High, and 
when combinational outputs 
become valid. 

Delay between predefined 

to02 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 

Delay between positive 
transition of predefined 

tpRO Preset/Reset input, and 
when flip-flop outputs become 
valid. 
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TIMING DIAGRAMS (Continued) 

,---------------------~v I,B 
(INPUTS) 

____________________ -J 

---------------- OV 

--OV 

,------_~--------~------+3V 

·PRESET RESET 

p, BINPUTS) 

Q 

F 
(OUTPUTS_) ____________ --J 

• The leading edge 0' preset/reset must occur only when the Input clock is "low", and must remain "high" as long as 
required to override clock. The falling edge of preset/reset can never go "low" when the input clock is "high". 

I, B 
(lOAD SELECT) 

or 

F 
(INPUTS) 

Asynchronous Preset/Reset 

--+--------' 

ClK 

tcKH 

+3V 

OV 

+3V 

OV 

_--+---- +3V VOH 

~-+_---- OV VOL 

+3V 

Q~~~~~~~== 
Flip-Flop Input Mode 
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(16 x 45 x 12) 

LOGIC PROGRAMMING 
The PLS155 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips' Semiconductors 
SNAP, Data I/O Corporation's ABELTM and 
Logical Devices Inc.'s CUPLTM design 
software packages. 

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

"AND" ARRAY - (I), (B), (Qp) 

PLSl55 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
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COMPLEMENT,INACTIVE, PRESET, etc., 
are defined below. 

PROGRAMMING AND 
SOFTWARE SUPPORT 

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

¢,~a ¢,~a ¢'U ¢,~a ~~O ___ ~~O ___ ~~O ___ I,B,O ___ 
I,~O I,B,O I,B,O I,B,O 

(T, Fe. I.., Po R, Din (T, Fe. I.., Po R, Din (T, Fe. I.., P, R, D)n (T, Fe. I.., P, R, Din 

I STATE I CODE I 
I 

STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I I STATE 

I 
CODE 

I I INAcnVE1,2 I 0 I I,B,O H 1,~Q L DON'TCARE -

"COMPLEMENT" ARRAY - (C) 

~: ~: ~: ~: 
(Tn' FC) (T/IO FC) (T/IO FC) (Tn,FC) 

I AcnON I CODE I I AcnON I CODE I I AcnON I CODE J 
I 

ACTION 

I 
CODE 

I I INACnVE1, 3, S I 0 I I GENERATES I A I I PROPAGATE I • J TRANSPARENT -

"OR" ARRAY - (F-F CONTROL MODE) 

I AcnON I CODE I AcnoN CODE 

l (cci:R~r:.&D) I A I • 
Notes on following page. 
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"OR" ARRAY - (Qn = D-Type) 

Tn Tn 

Q 

"OR" ARRAY - (Qn = J-K Type) 

Q 

ACTION 

SET 

"OR" ARRAY - (S or B), (P), (R) 

Q 

CODE 

H 

~P'R'S I l.......' (ORB) 
~P'R'S I l.......' (ORB) 

I Tn STATUS I CODE I l Tn STATUS I CODE I 
L ACTlVE1 I A I I INACTIVE I • I 

"Of" ARRAY - (E) 

~~ 
En 

~~ 
En 

I ACTION I CODE I I ACTION I CODE I 
I IDLE1,4 I 0 I I CONTROL I A I 

NOTES: 
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Q Q Q 

K 

ACTION CODE 

HOLD 

"EX-OR" ARRAY - (B) 

S~P> __ B 
S--\:PI>-B 

POLARITY CODE I POLARITY I CODE I 
LOW I HIGH I H I 

~~ 
En 

~~ 
En 

I ACTION I CODE I I ACTION I CODE I 
I ENABLE4 I • I I DISABLE I - I 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fe, L, P, R, D)n will be unconditionally inhibited if both of the I, B, or Q links are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn, Fe. 
4. En = 0 and En = • are logically equivalent states, since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 
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PROGRAM TABLE 
AND I OR , CONTROL I ---------r.--------i--------------i 

INACTIVE I 0 I I ACTIVE 'A I P, R, B(O) I I JIK • I F/F I 
I B a I H I, B(I), I L INACTIVE L· (a s D) I JIK or D I A I MODE IDLE 1 0 I 
T, B, a I L O(P) I I (cootroRed) I CONTROLI A I 
DON'T CARE I - I I ENABLE I. EA, B I 

INACTIVE I 0 

GENERATE I A 

PROPAGATE I • 

TRANSPARENT I -

en 
(,) 

i= 
W 
Z 
Cl en 
> m 
c 
w "*" .... .... 
W a: 
-' « c.. 0-
~ C 0 W (,) N 
w ::::i 
m 0 
0 m .... ~ 
z > 
0 en 
i= a: 
a: X w 

~ 0 X 
0- X ~ en ~ en 
:2 u.. ::J .... (,) (,) 

I I DISABLE I - I 
I TOGGLE I 0 I I HIGH : ~ I (POL) I 

C I SET I H (O=J/K)I LOW . _ I 
I RESET I L I I FIF MODE 

,HOLD 1- I 

T AND 
E 

I 8(1) Q(P) R 
M 

C 
5 413 3 2 1 o 7 6 2 1 o 3 2 1 0 

0 I 

1 
I 

2 I 
3 I 
4 I 
5 I 
6 

, 
7 

J 

8 I 
9 , 

10 I 
11 I 
12 

, 
c : W 13 

> 14 I jjj en 
I (,) .... 15 

W z I W 16 a: 
~ I 17 w 
~ 

!ci: 18 
, 

0 J 
C (,) 19 

20 I 

I 

21 I 
22 I 
23 I 
24 I 

W 
: !ci: 

25 

C 26 I 

I 

27 I 

28 I 
29 I 

> 
W 30 I 

~ 
a: 31 

FC I 
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NOTES 

1. The device is shipped whh all links intact. Thus a back
ground of entries corresponding to states of virgin links 
exists in the table, shown BLANK for clarity. 

2. Program unused C, I, B, and a bits in the AND array as (-). 
Program unused Q, B, P, and R bhs in the OR array as H 
or (A), as applicable. 

3. Unused Terms can be left blank. 
4. a (P) and a (N) are respectively the present and next states 

offlip-fiopsO. 

EB EA I POLARITY 

I I I 
OR 

Q(N) P R B(O) 

3 2 1 o B A B A 7 6 5 41 3 2 1 0 

I 
I 

: 
I 
I 
I 
I 

I 

: 
I 

1 
I 

I 
I 
I 

I 

I 

I 
I 
I 
I 

J 

I 
I 

I 
I 
I 

: 
I 

I 
I 
I 

-~~I"""'" 

I 
a: 

LB I t---

~ ~ ~ LA I 
a: w u.. ~ 

07 I W w (,) 0 W 
~ c :> a: -' 06 I 
« a: w w m : z 0 ~ 

05 
C m 

a: w en ~ D4 I 
W en (,) ::J ~ 03 I ~ « i= z « 
0 :J: -' a: 02 I .... (,) W Cl 
en a: z ~ 0 01 I 
::J ::J Cl 

~ a: DO I 
(,) c.. en 0-

PIN 5 4 3 2 19 18 13 121 9 8 7 6 17 16 15 14 

October 22,1993 247 



Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencer 
(16 x45x 12) 

SNAP RESOURCE SUMMARY DESIGNATIONS 

(LOGIC TERMS) (CONTROL TERMS) 
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DESCRIPTION 
The PLS157 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a "fold-back" inverting buffer and 
control gate Fc. It features 6 registered I/O 
outputs (F) in conjunction with 6 bidirectional 
110 lines (B). These yield variable 110 gate 
and register configurations via control gates 
(D, L) ranging from 16 inputs to 12 outputs. 

The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming 110 polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectional 110 lines (B), internal flip-flop 
outputs (Q), and Complement Array output 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 

On-chip T/C buffers couple either True (I, B, 
Q) or Complement (T, "S, 0, "0") input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates drives bidirectional 110 lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. The 
Asynchronous Preset and Reset lines (P, R), 
are driven from the AND array for 4 of the 8 
registers. The Preset and Reset lines (P, R) 
controlling the lower four registers are driven 
from the OR matrix. 

All flip-flops are positive edge-triggered and 
can be used as input, output or 110 (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (Q) and 
programmable output select lines (E). 

The PLS157 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are listed below. 

ORDERING INFORMATION 

DESCRIPTION 

FEATURES 

• fMAX = 14MHz 

- 18.2MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 4 dedicated inputs 

• 13 control gates 

• 32 AN D gates 

.21 OR gates 

• 45 product terms: 

- 32 logic terms 

- 13 control terms 

• 6 bidirectional 110 lines 

• 6 bidirectional registers 

• J-K, T, or D-type flip-flops 

• 3-State outputs 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE" control 

• Positive edge-triggered clock 

• Input loading: -100J.IA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoderlregisters 

ORDER CODE 

2O-Pin Plastic Dual In-Line Package (300mil-wide) PLS157N 

2O-Pin Plastic Leaded Chip Carrier PLS157A 
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PIN CONFIGURATIONS 

N Package 

GND 

Vee 
85 

F5 

F4 

F3 

F2 

F1 

FO 

B4 

N = Plastic Dualln·Line Package (300mil·wide) 

A Package 

11 10 CLKVCC85 

83 GND UE B4 FO 

A = Plastic Leaded Chip Carrier 

DRAWING NUMBER 

0408B 

0400E 

F5 

F4 

F3 

F2 

F1 

853-031811164 
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LOGIC DIAGRAM 
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•• 1------- (LOGIC TERMS-T) ------i •••• 1-------- (CONTROL TERMS) ------_ • 

10 

11 

12 

13 

31 •••••• 2423 •••••• 1615 •••••• 8 7 •••••• 0 FC 

NOTES: 
1. AllOR gate inputs with a blown link float to logic "0". 
2. All other gates and control inputs wtth a blown link float to logic "1". 
3. Ell denotes WIRE-OR. 
4. it} Programmable connection. 
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FUNCTIONAL DIAGRAM 

(LOGIC TERMS) 

~ 

b ~ 

(CONTROL TERMS) 
P R L L D 
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E E 
a 
i 
b 
Ii 

<J- = 
<]--

Q <I--0 

000 

S 

M 

R 

P 

M 

T 1: F 31 C 

VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 

2. Preset and Reset are always disabled. 

October 22,1993 

~ 

c ? 
X V 

= PR 

f 
J Q 

(n) 

~ 

K <-I- CK "" I 1--./'1 
"-1 

.--

J. 
h J Q 

(n) 

1 ~ 

K <I--I- CK 

I I-- ....., 
"'-..1 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 

251 

B 

'" ..... 

-t>o-r-D 

LOGIC FUNCTION 

Q3 Q2 Q1 QO 

11 I 0 11 Lo I ~R PRESENT STATE 

STATE REGISTER 14 ' B ' c ' . , . 

I 0 I 0 I 0 t1 I Sn + 1 NEXT STATE 

SET 00: Jo = (03' O:!' Q1 ' 00) , 14' B ' c .. , 

Ko=O 
RESET Q1:J1 = 0 

K1 = (03' 02 ' Q1 '00) , 14' B' C .. , 

HOLD Q2: J2 = 0 

K2=0 

TOGGLE 03: J3 = (Q3 ' O:! ' Q1 ' 00) , 14 ' B ' C , .. 

K3 = (Q3' O:! ' Q1 • 00) , 14 ' B ' c, " 

NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops, 
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FLIP-FLOP TRUTH TABLE 

OE L CK P R J 

H 

L X X H L X 

L X X L H X 

L L t L L L 

L L t L L L 

L L t L L H 

L L t L L H 

H H t L L L 

H H t L L H 

+10V X t x X L 

X t x X H 

NOTES: 

K 

X 

X 

L 

H 

L 

H 

H 

L 

H 

L 

1. Positive Logic: J-K =!o + T, + T2 .................. T3, 
Tn = C· (10 , I, . 12 ... ). (00 .0, ... ). (80, B, .... ) 

2. t denotes transition from Low to High level. 
3. X = Don't care 

Q F 

HI-Z 

H L 

L H 

0 '0 

L H 

H L 

'0 0 

L H* 

H L* 

L H** 

H L* * 

4. * = Forced at Fn pin for loading the J-K flip-flop in the Input mode. The load control term, Ln 
must be enabled (HIGH) and the p-terms that are connected to the associated flip-flop must 
be forced LOW (disabled) during Preload. 

5. At P = R = H, 0 = H. The final state of 0 depends on which is released first. 
S. * * = Forced at Fn pin to load J-K flip-flop independent of program code (Diagnostic mode), 

3-State B outputs. 

ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage +7 Voc 

VIN Input voltage +5.5 Voc, 

VOUT Output voltage +5.5 Voc, 

liN Input currents -30 +30 rnA 

lOUT Output currents +100 rnA 

Tamb Operating temperature range 0 +75 DC 

Tstg Storage temperature range -65 +150 DC 

NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. 

This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 
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DC ELECTRICAL CHARACTERISTICS 
ODC ~ T arm ~ + 75DC, 4. 75V ~ Vee ~ 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 

VIL Low 

TEST CONDITION 

Vee = MAX 

Vee = MIN 

VIC Clamp Vee = MIN, liN =-12mA 

Output voltage2 

Vee = MIN 

VOH High IOH =-2mA 

VOL Low IOL= 10mA 

Input current 

IIH High VIN =5.5V 

IlL Low VIN =0.45V 

Output current 

Vee = MAX 

IO(OFF) Hi-Z states. 6 VOUT =5.5V 

VOUT =0.45V 

los Short circuits. 7 VOUT =OV 

lee Vee supply current4 Vee = MAX 

Capacitance 

Vee =5.0V 

CIN Input VIN =2.0V 

COUT Output VOUT= 2.0V 

NOTES: 
1. All typical values are at Vee = 5V. T arm = +25DC. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. lee is measured with the UE input grounded. all other inputs at 4.5V and the outputs open. 
5. Leakage values are a combination of input and output leakage. 
6. Measured with VIH applied to UE. 
7. Duration of short circuit should not exceed 1 second. 
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UMITS 

MIN TYp1 MAX UNIT 

2.0 V 

0.8 V 

-0.8 -1.2 V 

2.4 V 

0.35 0.5 V 

<1 80 ~ 

-10 -100 ~ 

1 80 ~ 

-1 -140 ~ 

-15 -70 mA 

150 190 mA 

8 pF 

15 pF 
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AC ELECTRICAL CHARACTERISTICS 
O°C:s; Tamb:5 +7S 0 C, 4.7SV:5 Vee:5 S.2SV, Rl =470n, R2 = 1kn 

SYMBOL PARAMETER FROM 

Pulse width 

fcKH Clock2 High CK+ 

fcKL Clock Low CK-

tcKP Period CK+ 

tpRH Preset/Reset pulse (I,B)-

Setup timeS 

tiS 1 Input (I,B)± 

tlS2 Input (through Fn) F± 

tlS3 
Input (through 
Complement Array}4 (I,B)± 

Hold time 

tlHl Input (I,B)± 

tlH2 Input F± 

Propagation delays 

fcKO Clock CK+ 

toE 1 Output enable3 OE-

toOl Output disable3 OE+ 

tpo Output (I,B)± 

toE2 Output enable3 (I,B) + 

to02 Output disable3 (I,B)-

tpRO Preset/Reset (I,B) + 

NOTES: 
1. All typic.al values are at Vcc = 5V, T arm = +25°C. 

TO 

CK-

CK+ 

CK+ 

(I,B) + 

CK+ 

CK+ 

CK+ 

CK+ 

CK+ 

F± 

F-

F+ 

B± 

B± 

B+ 

F± 

2. To prevent spurious clocking, clock rise time (10010 - 90%) 5. 10ns. 
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LIMITS 

TEST CONDITION MIN TYpl MAX UNIT 

CL = 30pF 25 20 ns 

CL = 30pF 30 20 ns 

CL = 30pF 70 50 ns 

CL = 30pF 40 30 ns 

CL = 30pF 40 30 ns 

CL = 30pF 20 10 ns 

CL = 30pF 65 40 ns 

CL = 30pF 0 -10 ns 

CL = 30pF 15 10 ns 

CL = 30pF 25 30 ns 

CL = 30pF 20 30 ns 

CL = 5pF 20 30 ns 

CL = 30pF 40 50 ns 

CL = 30pF 35 55 ns 

CL = 5pF 30 35 ns 

CL = 30pF 50 55 ns 

3. For 3-5tate output; output enable times are tested with CL = 30pF to the 1.5V level, and 51 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - O.SV) with 51 open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with 51 closed. 

4. When using the Complement Array tcKP = 95ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

VOLTAGE WAVEFORMS 

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

Input Pulses 
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TEST LOAD CIRCUIT 

e'ye, 
INPUTS 

NOTE: 
Cl and C2 are to bypass VCC to GNO. 
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OE ~ 
By 
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TIMING DIAGRAMS 

CLK 

F 
(OUTPUTS) 

Flip-Flop Outputs 

+3V 

OV 

+3V 

1.5V 

OV 

VOH 

VOL 

+3V 

OV 

1
~----------------------------------------------+3V 

PNPU~~ 1 •. 5_V ______________________________________________ 

OV 

~ · ;;J~ ~~v-------~:: B 
(OUTPUTS) 

~~iL~---------tv- :E ~'-1 :v 
Gate Outputs 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKL Interval between clock pulses. 

tcKP Clock period. 

tpRH Width of preset input pulse. 

Required delay between 
tlSl beginning of valid input and 

positive transition of clock. 

Required delay between 

tlS2 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 

Required delay between 
tlHl positive transition of clock and 

end of valid input data. 

Required delay between 

tlH2 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 

Delay between positive 

tcKO 
transition of clock and when 
outputs become valid (with 
O"ELow). 

Delay between beginning of 
toEl Output Enable Low and when 

outputs become valid. 

Delay between beginning of 

toOl 
Output Enable High and 
when outputs are in the 
OFF-State. 

Propagation delay between 
tpD combinational inputs and 

outputs. 

Delay between predefined 

toE2 
Output Enable High, and 
when combinational outputs 
become valid. 

Delay between predefined 

toD2 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 

Delay between positive 
transition of predefined 

tpRO PreseVReset input, and 
when flip-flop outputs become 
valid. 
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TIMING DIAGRAMS (Continued) 

r---------------------+3v 
I,B 

(INPUTS) 
____________________ -J 

'---------------------ov 

--ov 

,-______ ~~------------~-------+3V 

·PRESET RESET 

(I, BINPUTS) 

Q 

F 
(OUTPUTS) 

______________________ -J 

• The leading edge of preset/reset must occur only when the input clock is "low". and must remain "high" as long as 
required to override clock. The falling edge of preset/reset can never go "low" when the input clock is "high". 

I,B 
(LOAD SELECT) 

UE 

F 
(INPUTS) 

Asynchronous Preset/Reset 

--1---------' 

ClK 

tcKH 

+3V 

OV 

+3V 

OV 

r---+------ +3V VOH 

'---+-------ov V~ 

+3V 

O~~~~~~== 
Flip-Flop Input Mode 
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LOGIC PROGRAMMING 
The PLS157 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SNAP, Data I/O Corporation's ABELTII and 
Logical Devices Inc.'s CUPLTII design 
software packages. 

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

"AND" ARRAY - (I), (8), (Qp) 

PLS157 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package only. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 

Product specification 
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COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

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

¢". ¢". ¢'"'. ¢'~. 1,8,Q ~8,Q ___ ~8,Q ___ ~8,Q ___ 
i,B,o 1,8,Q I,B,Q I,B,Q 

(T, Fe. L, P, R, Din (T, Fc, L, P, R, Din 

I STATE I CODE 1 
I 

STATE 

I 
CODE 

I I INACTlVE1,2 I 0 I 1,8,Q H 

"COMPLEMENT" ARRAY - (C) 

~: ~: 
(Tn, FC) 

I ACTION I CODE I I ACTION 

I INACTlVe1, 3, S I 0 1 l GENERATES 

"OR" ARRAY - (F-F CONTROL MODE) 

I ACTION I CODE 1 
I (CcitR~~&D) I A 1 

Notes on following page. 

October 22,1993 

ACTION 

(T", FC) 

I CODe I 
I A I 

CODE 

• 

(T, Fe. L, P, R, D)n (T, FC, L, P, R, Din 

I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I i,B.o L DON'T CARE -

~: ~: 
(T", FC) (Tn,FC) 

I ACTION 1 CODe 1 I ACTION I CODe I 
I PROPAGATE I • I I TRANSPARENT I - I 
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"OR" ARRAY - (an = D-Type) 

Tn 

Q 

"OR" ARRAY - (an = J-K Type) 

Q 

ACTION 

SET 

"OR" ARRAY - (S or B), (P), (R) 

Q 

CODE 

H 

~P'R'S I I-' (ORB) 
~P'R'S I I-' (ORB) 

I Tn STATUS I CODE I I Tn STATUS I CODE I 
I ACTIVE1 I A I I INACTIVE I • I 

"OE" ARRAY - (E) 

~~ 
En 

~~ 
En 

I ACTION I CODE I I ACTION I CODE I 
I IDLE1,4 I 0 I I CONTROL I A I 

NOTES: 

Product specification 

PLS157 

Q Q Q 

ACTION CODE 

HOLD 

"EX-OR" ARRAY - (B) 

s--r>-' 
POLARITY CODE I POLARITY I CODE I 

LOW I HIGH I H I 

~~ 
En 

~~ 
En 

I ACTION I CODE I I ACTION I CODE I 
I ENABLE4 I • I I DISABLE I - I 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fe, L, P, R, D)n will be unconditionally inhibited if both of the I, B, or Q links are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn, Fe. 
4. En = 0 and En = • are logically equivalent states, since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 
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PLS157 

PROGRAM TABLE 
AND I OR 1 CONTROL I NOTES 

- - - - - - - - -,- - - - - - - - -I. - - - - - - - - - - - - - - -, 1. The device is shipped whh all links intact. Thus a back-
INACTIVE I 0 1 I ACTIVE I A I P, R, B(O) 1 I J/K I· I F/F 1 ground 01 entries corresponding to states 01 virgin links 
I B 0 I H I, B(I), 1 I INACTIVE I • I (0 = D) 1 J/K or 0 I A MODE IDLE I 0 1 exists in the table, shown BLANK lor clarity. 
T B OiL O(P) 1 1 (contolled) 1 CONTROLI A 1 2. Program unused C, I, B, and 0 bits in. th~ AND array as 
DON'T CARE I _ 1 I ENABLE 1 • EA, B 1 ~(~r~~~~~ ~::::i~~~.P, and R Ms In the OR array 

1 1 DISABLE 1 - 1 3. Unused Terms can be left blank. 
INACTIVE I 0 

GENERATE I A 

PROPAGATE 1 • 
TRANSPARENT I -

en 
u 
i= 
w 
z 
e" 
en 
> 
III 
C 
W 
I
W 
..J 
Do 
:l: 
o 
U 
W 
III 

~ 
Z o 
i= 
a: X o >< 
Il. >< 
en ~ 
J: u. 
I- U 

w 
:!!: « z 
a: 
w 
:!!: 
~ en 
::J 
U 

~ 

a: 
w 
c 
a: 
o 
w 
en 
~ 
J: 
U 
a: 
::J 
Il. 

::tt: 
I
a: 
~ 
c 
W 
N 
:::i o 
m 
:l: 
> en 
a: 
w 
:l: o 
Ien 
:J 
U 

~ 

W 
U :;: 
w 
c 
en 
U 
i= 
w 
z 
e" 
en 
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1 
TOGGLE I 0 1 I HIGH : H I 1 4. 0 (P) and 0 (N) are respectively the present and next 

I H LOW L (POL) states oillip-liops O. 
C 1 SET 1 L (0 = J/K) 1 .. I 

1 RESET 1 FIF MODE EB EA I POLARITY 

c 
w 
> 
jjj 
U 
w 
a: 
w 
~ 
c 

~ 
a: 
~ 
u. 
o 
a: w 
m 
:l: 
::J 
Z 
..J 

~ 
~ 

I HOLD I - I I I I I ! 

AND OR 

P R 8(0) 
T 
E 
R 
M 

c 1-....... .;.I.....,.-Ihr--,....:8(~I;,:.,) ...-....-+~-.-..:Q:;;(P..:.)...-....-~ Q(N) 
3 2 1 0 5 413 2 1 0 5 413 2 1 0 5 4j3 2 1 o A A 5 41 3 2 

o I I I I 
1 I I I 1 

2 : I I 
I 

3 I I I I 

4 1 1 I I 
5 1 I 1 
6 1 I 1 

7 II I I 

8 Ii: I 

9 I I I I 

10 I I I I 
11 1 1 1 

12 I 1 1 

13 I T I I 
14 I 11 I 

~ 15 I I i Z ~~+-4-~~~-+-+~--~~+-+-+-4-~~-+~ 
W ~1~6~4-~+-+-~~1~~-+-+~_~1~~~ I 

:l: ~1~7~~~~~~4-~1-4-+-+-+-+-L1~~~~ I 

~ ~1~8~~~~~~4-~1-4-+-+-+-+~1~~~~ 1 
U 19 I I 1 

20 I I 1 

I 

I 

I 

I 

~ I I I I 

22 I I i 1 

23 I I I I 

w 1----'2:c;..4-+-+-+--+--+--+-+--;-.� -+-+-+-+-+-;-.1 -+-+-+-1 I 
~ ~2~5~~~~~~4-~1-4-+-+-+-+_~1~~~ 1 

c ~2~6~~4-+-+-+-~~1~~-+-+_~1~~~ 1 

I 
27 I i I 

~2~8-+-+-+--+--+--+-+-_+-1+-+-+-+-+-+-1+-+-+-I I 

> ~2~9-+-+-+-+-+-+-+_L-1+-+-+--I-+-L-1+-+-+-1 I 

W 30 1 1 I a: ~3c::..1 -+-+-+--+--+-+-+--:-1 -+--+--+--+-+-:-1 -+-+-+-1 I 

1 

I 
I 
1 

I 

I 
1 

I 
Fe I I r-1fIII"" - ...... 

r-P~B~~--h~+-+-4-~~~-+-+-4~,--h+-+-~ 

J---'<--f---I----+--+-+-+-+--l--+--l--+--l-+--+---!--.-I-
~ ~R~B~-1 __ ~~+-+-4-~I __ ~~+-+-4-~I __ ~+-+-~ 
W~L~B~-4-4-+-+~_I~ __ ~-4-+-+_~i~~~~ 
..J LA 1 I a_----

~ ~~D=5~:=:=~=~=~=~~~~=I~=:=:=:=:=~=~I=~=~=~==: .. ~=================~~ D4 I I :l: ~-~~~~~~~r-+-+-+-+-+-r-+-+-+-~ 
~ 03 II ~---------------------

1 0 

ffi ~D_2-+-1~~~+-+-+-41 __ ~~+-+-4-41 __ ~+-+-~ o 01 I i __ ---------------1 

~ r-OO-Pl-N~r-~~3~r-~.~i+-8+-+-r-+-·+-:+-+-+-~ 
5 4 2 19 121 9 7 6 18 17 116 15 14 13 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

(LOGIC TERMS) 

R ----11----+---+---'1 

P ---11---+--+--I 
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(CONTROL TERMS) 
P R L L D 

B 
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DESCRIPTION FEATURES 
The PLS159A is a 3-State output, registered • High-speed version of PLS159 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K • fMAX = 18MHz 
flip-flops are dynamically convertible to - 25MHz clock rate 
D-type via a "fold-back" inverting buffer and 
control gate Fc. It features 8 registered I/O • Field-Programmable (Ni-Cr link) 

outputs (F) in conjunction with 4 bidirectional • 4 dedicated inputs 
I/O lines (B). These yield variable I/O gate 
and register configurations via control gates • 13 control gates 

(D, L) ranging from 16 inputs to 12 outputs. .32 AND gates 

The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 4 inputs (I), 
bidirectionalI/O lines (B), internal flip-flop 
outputs (a), and Complement Array output 
(C). The Complement Array consists of a 
NOR gate optionally linked to all AND gates 
for generating and propagating 
complementary AND terms. 

On-chip T/C buffers couple either True (I, B, 
a) or Complement (T, "9, 0, "C") input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectionalI/O lines 
(B), whose output polarity is individually 
programmable through a set of Ex-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. There 
are 4 AND gates for the Asynchronous 
Preset/Reset functions. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (a) and 
programmable output select lines (E). 

The PLS159A is field-programmable, 
enabling the user to quickly generate custom 
patterns using standard programming 
equipment. 

ORDERING INFORMATION 

DESCRIPTION 

.21 OR gates 

.45 product terms: 

- 32 logic terms 

- 13 control terms 

• 4 bidirectionalI/O lines 

• 8 bidirectional registers 

• J-K, T, or D-type flip-flops 

• Power-on reset feature on all flip-flops 
(Fn = 1) 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Input loading: -100J.LA (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• 3-State outputs 

APPLICATIONS 
• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• liming function generators 

• System controllers/synchronizers 

• Priority encoder/registers 

ORDER CODE 

20-Pin Plastic Dual In-Line Package (300mil-wide) PLS159AN 

20-Pin Plastic Leaded Chip Carrier PLS159AA 
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PIN CONFIGURATIONS 

N Package 

GND 

vce 

F7 

F6 

F5 

F4 

F3 

F2 

F1 

Fa 

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

A Package 

11 10 elK vee F7 

83 GND UE Fa F1 

A = Plastic Leaded Chip Carrier 

DRAWING NUMBER 

0408D 

0400E 

F6 

F5 

F4 

F3 

F2 

853-115911164 
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LOGIC DIAGRAM 

• (LOGIC TERMS-T) ------1 •••• 1-------

10 

11 

12 

13 

31' ••••• 2423 •••••• 16 1S, ••••• 8 7 •••••• 0 FC 

NOTES: 
1. AllOR gate inputs with a blown link float to logic "0". 
2. All other gates and control inputs wnh a blown link float to logic "1". 
3. e denotes WIRE-OR. 
4. Bit Programmable connection. 
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(CONTROL TERMS) ------... 

B3 

B2 

B1 

BO 

F7 

F6 

FS 

F4 

F3 

F2 

F1 

AI 

CK • lIJ eLK 
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FUNCTIONAL DIAGRAM 

(lOGIC TERMS) 

a .> 
b :» 

0 

rt>0 

000 

LQ c 
S 

X 

"::" 

1 M 

r. 
~ 

I 
h M 

1 

T 31 1 o F C 

Product specification 

PLS159A 

(CONTROL TERMS) 

B B A A B A R P R l l D 
a 
i 
b * Ii 

_<J-
<l-
<l-
e 

"'"' B 

P-R I'" 
J 0 L--' F 

(4) 

K <,-I- CK 
'--- 7 

~ 

PR I'" 
J 0 

(4) 

K <~CK 

I - -, 

CK o------<::l-O ClK 

LOGIC FUNCTION FLIP-FLOP TRUTH TABLE NOTES: 

03 02 01 QO 

11 1 0 11 Eo I ~R PRESENT STATE 

STATE REGISTER .,. . 8 • C .••. 

1 0 I 0 I 0 t1 I Sn + 1 NEXT STATE 

SET 00: JO = (03 • 02· 01 • ~) • .,. • 8 . C ..• 

Ko=O 

RESET 0 1: J1 = 0 
K1 = (Oa· 02 • 01 .~) . .,. ·8· C .•• 

HOLD 02: J2 = 0 

K2=0 
TOGGLE 03: J3 = (03 • ~ . 01 . 00) • .,. • 8 . C •.• 

K3=(03·~· 01 ·00) ·"'·8· c ... 

NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 
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'OE 

H 

L 

L 

L 

L 

L 

L 

L 

H 

H 

+10V 

L CK P 

X X L 

X X H 

X X L 

L i L 

L i L 

L i L 

L i L 

H i L 

H i L 

X i X 

X i X 

R J K Q 

X X X L 

L X X H 

H X X L 

L L L a 
L L H L 

L H L H 

L H H 0 

L L H L 

L H L H 

X L H L 

X H L H 

263 

F 

Hi-Z 

H 

L 

H 

0 

H 

L 

a 
H* 

L* 

H** 

L* * 

1. Positive Logic: 
J-K = To + T1 + T2 .................. T31 
Tn = a· (10·11 .12 ... ) . (00 . 0 1 ..• ) . 
(80·81· ... ) 

2. i denotes transition from Low to High level. 
3. X = Don't care 
4. * = Forced at Fn pin for loading the J-K 

flip-flop in the Input mode. The load 
control term, Ln must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. At P = R = H, a = H. The final state of a 
depends on which is released first. 

6. * * = Forced at Fn pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State 8 outputs. 
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VIRGIN STATE CAUTION: PLS159A THERMAL RATINGS 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

lIN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tstg Storage temperature range 

NOTES: 

PROGRAMMING ALGORITHM 
The programming voltage required to 
program the PLS159A is higher (17.5V) than 
that required to program the PLS159 (14.5V). 
Consequently, the PLS159 programming 
algorithm will not program the PLS159A. 
Please exercise caution when accessing 
programmer device codes to insure that the 
correct algorithm is used. 

PARAMETER 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 

RATINGS 

MIN MAX UNIT 

+7 Voc 

+5.5 Voc 

+5.5 Vrx; 

-30 +30 mA 

+100 mA 

0 +75 °C 

-65 +150 °C 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
O°C ~ Tamb < +75°C, 4.75V ~ Vee ~ 5.25V -

SYMBOL PARAMETER 

Input voltage2 

VIH High 

VIL Low 

Vie Clamp 

Output voltage2 

VOH High 

VOL Low 

Input current 

IIH High 

IlL Low 

Output current 

10(OFF) Hi-Z state4, 7 

los Short circuit3, 5 

lee Vee supply currents 

Capacitance 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V, T arm = +25°C. 

TEST CONDITION 

Vee = MAX 

Vee = MIN 

Vee = MIN,IIN =-12mA 

Vee = MIN, 10H = -2mA 

10L = 10mA 

Vee = MAX, VIN = 5.5V 

VIN =0.45V 

Vee = MAX, VOUT = 5.5V 

VOUT = 0.45V 

VOUT = OV 

Vee = MAX 

Vee = 5.0V, VIN = 2.0V 

VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Measured with VIH applied to OE. 
5. Duration of short circuit should not exceed 1 second. 
6. lee is measured with the OE input grounded, all other inputs at 4.5V and the outputs open. 
7. Leakage values are a combination of input and output leakage. 
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UMITS 

MIN TYp1 MAX UNIT 

2.0 V 

0.8 V 

-0.8 -1.2 V 

2.4 V 

0.35 0.5 V 

<1 80 ~ 

-10 -100 ~ 

1 80 ~ 

-1 -140 ~ 

-15 -70 mA 

150 190 mA 

8 pF 

15 pF 
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AC ELECTRICAL CHARACTERISTICS 
O°C ~ Tamb ~ +75°C, 4.75V < Vee ~ 5.25V, Rl =4700., R2 = 1ko. -

SYMBOL PARAMETER FROM 

Pulse width 

tcKH Clock2 High CK+ 

tcKL Clock Low CK-

tcKP Period CK+ 

tpRH Preset/Reset pulse (I,B)-

Setup timeS 

tlSl Input (I,B)± 

tlS2 Input (through Fn) F± 

tlS3 
Input (through 
Complement Array)4 (I,B)± 

Hold time 

tlH1 Input (I,B)± 

tlH2 Input (through Fn) F± 

Propagation delay 

tcKO Clock CK+ 

toE1 Output enable3 OE-

toOl Output disable3 OE+ 

tpD Output (I,B)± 

toE2 Output enable3 (I,B) + 

to02 Output disable3 (I,B)-

tpRO Preset/Reset (I,B) + 

tpPR Power-on/preset Vec+ 

NOTES: 
1. All typical values are at Vce = 5V, T arm = +25°C. 

TO 

CK-

CK+ 

CK+ 

(I ,B) + 

CK+ 

CK+ 

CK+ 

CK+ 

CK+ 

F± 

F-

F+ 

B± 

B± 

B+ 

F± 

F-

2. To prevent spurious clocking, clock rise time (10% - 90%) ~ 10ns. 
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UMITS 

TEST CONDITION MIN TYpl MAX UNIT 

CL = 30pF 20 15 ns 

CL =30pF 20 15 ns 

CL = 30pF 55 45 ns 

CL = 30pF 35 30 ns 

CL = 30pF 35 30 ns 

CL = 30pF 15 10 ns 

CL = 30pF 55 45 ns 

CL = 30pF 0 -5 ns 

CL = 30pF 15 10 ns 

CL = 30pF 15 20 ns 

CL = 30pF 20 30 ns 

CL = 5pF 20 30 ns 

CL = 30pF 25 35 ns 

CL = 30pF 20 30 ns 

CL = 5pF 20 30 ns 

CL = 30pF 35 45 ns 

CL = 30pF 0 10 ns 

3. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and Sl is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - O.5V) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with Sl closed. 

4. When using the Complement Array tcKP = 75ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

VOLTAGE WAVEFORMS 

+3.0V----r--\. 90% 

JI I~ 
'v -Jl ~ ~J .. LO% 

~~: __ 1 ,0%/iL9O% 

=rns~ ~5ns 
MEASUREMENTS: 
All circuit delays are measured at the + 1.SV level 
of inputs and outputs. unless otherwise specHied. 

Input Pulses 
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TEST LOAD CIRCUIT 

e'ye, 
INPUTS 

NOTE: 
Cl and C2 are to bypass VCC to GNO. 

266 

Vcc L.>-
Rl 

O'E 

10 By 

R2 CL 

In OUT 

BW 

BZ 
OUTPUTS = 

= 
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TIMING DIAGRAMS 

I,B 
(INPUTS) 

elK 

F 
(OUTPUTS) 

1.SV 

Flip-Flop Outputs 

+3V 

OV 

+3V 

OV 

VOH 

VOL 

+3V 

OV 

i
,...-----+3V 

(INPUi~ 1 .... S_V _______________________ OV 

k tpO ~'I 
B 

(OUTPUTS) 
~ "''''~ ';;V--------~ VOH 

~~ ·"----------~~-----VOl 

~~~iu!------t,~a € -~ :' 
Gate Outputs 

4.SV 

-{

---------------------- +SV 

VCC ---------------------------------------------- OV 

tpPR 

,-~ ... ~~\. .... f.,.------~------------ VOH 
F 

(OUTPUTS) 

I,B 
(INPUTS) 

ClK-----+----1 

'----------- VOL 

_--------- +3V 

_________ ~ OV 

_---+3V 

1.SV 

'"---'" +-------- OV 

Power-On Reset 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKL Interval between clock pulses. 

tcKP Clock period. 

tpRH Width of preset input pulse. 

Required delay between 
tlSl beginning of valid input and 

positive transition of clock. 

Required delay between 

tlS2 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 

Required delay between 
tlHl positive transition of clock and 

end of valid input data. 

Required delay between 

tlH2 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 

Delay between positive 

tcKO 
transition of clock and when 
outputs become valid (with 
OE'Low). 

Delay between beginning of 
toEl Output Enable Low and when 

outputs become valid. 

Delay between beginning of 

toOl 
Output Enable High and 
when outputs are in the 
OFF-State. 

Delay between Vee (after 

tpPR 
power-on) and when flip-flop 
outputs become preset at "1" 
(internal a outputs at "0"). 

Propagation delay between 
tpo combinational inputs and 

outputs. 

Delay between predefined 

toE2 
Output Enable High, and 
when combinational outputs 
become valid. 

Delay between predefined 

to02 
Output Enable Low and when 
combinational outputs are in 
the OFF-State. 

Delay between positive 
transition of predefined 

tpRO Preset/Reset input, and 
when flip-flop outputs become 
valid. 
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(16 x 45 x 12) 

TIMING DIAGRAMS (Continued) 

I,B 
(INPUTS) 

ClK 

PRESET/RESET 

(I, B INPUTS) 

Q 

F 
(OUTPUTS) --------------' 

+3V 

OV 

+3V 

OV 

OV 

(PRESET) 
VOL 

• Preset and Reset functions override Clock. However. F outputs may glnch wtth the first positive Clock Edge if tlS1 
cannot be guaranteed by the user. 

I,B 
(lOAD SELECT) 

F 
(INPUTS) 

ClK 

Asynchronous Preset/Reset 

1.5V 

tcKH 

+3V 

1.5V 
OV 

+3V 

OV 

, 
\ 
'--

+3V VOH 

'--+---- ov VOL 

Q~~~~~~~== 
Flip-Flop Input Mode 
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Programmable logic sequencer 
(16 x 45 x 12) 

LOGIC PROGRAMMING 
The PLS159A is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SNAP, Data 110 Corporation's ABELlM and 
Logical Devices Inc.'s CUPLTM design 
software packages. 

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

"AND" ARRAY - (I), (B), (Qp) 

PLS159A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 

Product specification 

PLS159A 

COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

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

¢"Q ¢"~Q ¢"Q ¢'~Q ~~O ___ ~~O ___ ~~O ___ ~~O ___ 
I,B,O I,B,O I,B,O I,B,O 

CT, FC, I.., P, R, Din CT, FC, I.., P, R, Din (T, Fc, I.., P, R, Dln (T, FC, I.., P, R, Dln 

1 STATE 1 CODE 1 

I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I 
1 STATE 1 CODE 1 

I INACTlVE1,2 1 0 1 I,B,O H I,B,O L 1 DON'T CARE 1 - 1 

"COMPLEMENT" ARRAY - (C) 

~: ~: ~: ~: 
(Tn, Fcl (Tn,FCl (Tn- Fcl (Tn,FCl 

1 ACTION 1 CODE 1 l ACTION 1 CODE 1 1 ACTION 1 CODE 1 1 ACTION 1 CODE 1 

1 INACTlVE1, 3, S 1 01 r GENERATES 1 A I 1 PROPAGATE 1 • l 1 TRANSPARENT 1 - 1 

"OR" ARRAY - (F-F CONTROL MODE) "OR" ARRAY - (Qn = D-Type) 

FC FC 

a a a a 

Notes on following page. CAUTION: 
THE PLS159A Programming Algorithm is different from the PLS159. 
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"OR" ARRAY - (Qn = J-K Type) 

Q 

ACTION CODE 

SET H 

"OR" ARRAY - (S or B) 

I Tn STATUS I CODE I Tn STATUS I CODE I 
I ACTlVE1 I A I l INACTIVE I • I 

"OE" ARRAY - (E) 

~~ 
En 

~~ 
En 

I ACTION I CODE I I ACTION I CODE I 
l IDLE1• 4 I 0 I I CONTROL I A I 

NOTES: 

Q 
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Q Q 

ACTION CODE 

HOLD 

"EX-OR" ARRAY - (B) 

S~' 

POLARITY CODE I POLARITY I CODE I 
I HIGH I H I 

~~ 
En 

~~ 
En 

I ACTION I CODE I I ACTION I CODE I 
I ENABLE4 I • I I DISABLE I - I 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T. Fe. L. p. R. D)n will be unconditionally inhibited if both of the I, B. or Q links are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. Fe. 
4. En = 0 and En = • are logically equivalent states. since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 
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PROGRAM TABLE 
AND I OR I CONTROL I 

---------1.--------1--------------1 
INACTIVE 10 I I ACTIVE I A I P, R, B(O) I I JA< I • I F/F I 
I B a 1 H I, B(I), I t INACTIVE • (a ~ D) I JA< or D I A I MODE IDLE 0 I 
1,B,Q I L O(P) I I (00II110100) I CONTROL A I 
DON'T CARE J - EA,BI 

I I ENABLE . 
I I 

DISABLE - I 
INACTIVE 10 

I 
TOGGLE 0 II HIGH : ~ I (POL) 

1 
GENERATE I A 

I 
SET I H I 

PROPAGATE I • 
C 

I L 
(a = J/K) I LOW 

I 
RESET 

l 
F/FMODE 

TRANSPARENT 1 -
~ 

HOLD 1- : 
T AND 

rn E 
I 8(1) Q(P) R 

0 M 
C 

i= 
3 2 1 0 3 2 1 0 7 6 5 4 3 2 

W 0 
Z 

1 (.'J 

en 2 

> 3 
ID 
C 

4 

W ~ 5 
l- I- 6 W a: 
...J « 7 e.. e.. :: c 8 

0 W 9 
0 N 
W ::::i 10 

ID 0 11 

0 ID 12 
t- :E c 
z > W 13 

0 rn > 14 

i= a: jjj rn 
X w 0 t- 15 a: :E w z 

0 x W 16 

e.. x 0 a: 
:E 17 

rn ~ t- W :E rn ~ 18 
~ 11. ::> 0 
I- 0 0 C 0 19 

20 

21 

22 

23 

24 
W 

~ 25 

C 26 

I 
27 

28 

29 
> 30 W 

~ 
a: 31 

I 
FC a: 
PB <C 

~ e.. RB 
a: 11. ~ 

LB W W ~ 0 w :: c w a: ...J PA 
<C a: 0 w ID 
Z 0 :> ID ~ RA 

a: W w :E 
:E 

LA 
W rn C ::> D3 
:E <C rn Z <C 

~ :I: e.. ...J a: D2 
0 ::::i ~ 

(.'J 
D1 rn a: 0 

~ ::> ::> 0 a: DO 

1 

0 e.. e.. l- e.. 
PIN 5 4 3 2 9 8 7 6 19 18 17 16 15 14 13 
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NOTES 

1. The device is shipped w~h all links intact. Thus a back-
ground of entries corresponding to states of virgin links 
exists in the table, shown BLANK for clarity. 

2. Program unused C, I, B, and a bits in the AND array as (-). 
Program unused a, B, P, and R b~s in the OR array as H 
or (A), as applicable. 

3. Unused Terms can be left blank. 
4. Q (P) and Q (N) are respectively the present and next slales 

of flp-flops O. 

EB EA POLARITY 

(OR) 

Q(N) 8(0) 

0 7 6 5 4 3 2 1 0 3 2 1 0 

l 

r 
l 

12 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

(LOGIC TERMS) (CONTROL TERMS) 
Pa Ra PA RA La LA D 
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DESCRIPTION 
The PLS167 and PLS167A are bipolar, 
Programmable Logic State machines of the 
Mealy type. The Programmable Logic 
Sequencers (PLS) contain logic AND/OR 
gate arrays with user programmable 
connections which control the inputs of 
on-chip State and Output Registers. These 
consist respectively of 8 Op, and 4 OF 
edge-triggered, clocked SIR flip-flops, with an 
asynchronous Preset Option. 

All flip-flops are unconditionally preset to "1" 
during power turn-on. 

The AND array combines 14 external inputs, 
10-13, with 8 internal inputs, PO-7, fed back 
from the State Register to form up to 48 
transition terms (AND terms). In addition, PO 
and P1 of the internal State Register are 
brought off-chip to allow extending the Output 
Register to 6 bits, if so desired. 

All transition terms can include True, False, 
or Don't Care states of the controlling 
variables, and are merged in the OR array to 
issue next-state and next-output commands 
to their respective registers on the 
Low-to-High transition of the Clock pulse. 

Both True and Complement transition terms 
can be generated by optional use of the 
internal variable (C) from the Complement 
Array. Also, if desired, the Preset input can 
be converted to output-enable function, as an 
additional user programmable option. 

Order codes are listed in the Ordering 
Information Table. 

ORDERING INFORMATION 

DESCRIPTION 

FEATURES 

• PLS167 

- fMAX = 13.9MHz 

- 20MHz clock rate 

• PLS167A 

- fMAX = 20MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Cr link) 

.14 True/Complement buffered inputs 

• 48 programmable AND gates 

• 25 programmable OR gates 

• 8-bit State Register 

• 2-bit shared State/Output Register 

• 4-bit Output Register 

• Transition Complement Array 

• Programmable Asynchronous 
Preset/Output Enable 

• Positive edge-triggered clock 

• Power-on preset to logic "1" of all registers 

• Automatic logic "HOLD" state via SIR 
flip-flops 

• On-chip Test Array 

• Power: 600mW (typ.) 

• TTL compatible 

• 3-State outputs 

• Single +5V supply 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• liming generators 

• Sequential circuits 

• Security locking systems 

ORDER CODE 

24-Pin Plastic Dual In-Line Package (3OOmil-wide) PLS167N,PLS167AN 

28-Pin Plastic Leaded Chip Carrier PLS167A,PLS167AA 
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PIN CONFIGURATIONS 

N Package 

110 

111 

112 

113 

PRIOE 

Fl Pl 

PO 

GND F3 

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

A Package 

14 IS 16 ClK Vee 17 18 

1 

F2 GND F3 PRIOE 

A ~ Plastic Leaded Chip Carrier 

DRAWING NUMBER 

04100 

0401F 

Nrc 

112 

113 

Nrc 

853-031511164 



Philips Semiconductors Programmable logic Devices 

Programmable logic sequencers 
(14 x 48 x 6) 

FUNCTIONAL DIAGRAM 

pRJOl: 

p 

CLK 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 ClK Clock: The Clock input to the State and Output Registers. A low-to-High transition on this 
line is necessary to update the contents of both registers. 

2-7 11-113 Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
17-23 between machine states, as determined by a given logic sequence. 

8 10 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When 10 is held at + 1 OV, device outputs FO - 3 and 
PO - 1 reflect the contents of State Register bits P2 - 7 (see Diagnostic Output Mode 
diagram). The contents of flip-flops PO - 1 and FO - 3 remain unaltered. 

9-11 FO-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 
13 Output Register bits 00 _ 3, when enabled. When 10 is held at + 1 OV, FO - 3 = (P2 - 5). 

14-15 PO-1 Logic/Diagnostic Outputs: Two register bits with shared function as least Significant 
State Register bits, or most significant Output Register bits. When 10 is held at + 1 OV, 
PO - 1 = (P6 - 7). 

16 PRiCE Preset or Output Ei1i6le Input: A user programmable function: 

• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 
bits. Preset overrides Clock, and when held High, clocking is inhibited and PO - 7 and 
FO - 3 are High. Normal clocking resumes with the first full clock pulse following a 
High-ta-low clock transition, after Preset goes low. 

• Output Enii6li: Provides an Output Enable function to all output buffers. 
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POLARITY 

Active-High 

Active-High/low 

Active-High/low 

Active-High 

Active-High 

Active-High (H) 

Active-low (l) 
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LOGIC DIAGRAM 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

110 

111 

112 

113 

47· •••• ·40 39· •••• ·32 31· •••• ·24 23· ••••• 16 15· ••••• 8 7······ 0 

NOTES: 
1. All AND gate inputs with a blown link float to a logic "1". 
2. All OR gate inputs with a blown fuse float to logic "0". 
3. -:": .... Programmable connection. 
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01--+---1>---1"131 F3 

0 .. -+-"-'-----1>---1111 F2 

FO 

elK 
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TRUTH TABLE 1,2,3,4,5,6 

OPTION 

Vcc PR DE 10 CK S 

H * X X 

L +10V X X 

L X X X 

H * X X 

+5V L +10V X X 

L X X X 

L X t L 

L X t L 

L X t H 

L X t H 

t X X X X X 
NOTES: 
1. Positive Logic: 

SIR = To + T1 + T2 + ... T47 
Tn = C(IO 11 12 ... )(PO P1 ... P7) 

R QPIF F 

X H H 

X an (OP)n 

X an (OF)n 

X an Hi-Z 

X an (OP)n 

X an (OF)n 

L an (OF)n 

H L L 

L H H 

H IND. IND. 

X H 

2. Either Preset (Active-High) or Output"Eiial5re (Active-Low) are available, but not both. 
The desired function is a user-programmable option. 

3. t denotes transition from Low-to-High level. 
4. R = S = High is an illegal input condition. 
5. * = H or L or + 1 OV. 
6. X = Don't Care (s5.5V) 

ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage +7 Voc 

VIN Input voltage +5.5 Voc 

VOUT Output voltage +5.5 Voc 

liN Input currents ~O +30 mA 

lOUT Output currents +100 mA 

Tamb Operating temperature range 0 +75 °C 

Ts1g Storage temperature range ~5 +150 °C 

NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 

is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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LOGIC FUNCTION 

Typical State Transition: 

I ~ 1~1 E~ I ~R PRESENT STATE 

STATE REGISTER J: • B' C •••• 

I 0 I 0 t1 I Sn+1 NEXT STATE 

SET 00: So = (C:z • 01 • tV) . J: • B • C ... 

Ro=O 

RESET01:S1 =0 
R1 =(C:z '01 • tV) ·J:·1J·C ... 

HOLD02:~=0 
R2=O 

VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. PR/OE option is set to PRo Thus, all 

outputs will be at "1", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 
3. All SIR flip-flop inputs are disabled (0). 
4. The device can be clocked via a Test 

Array pre-programmed with a standard 
test pattern. 
NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Philips 
Semiconductors qualified programming 
equipment. 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 
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DC ELECTRICAL CHARACTERISTICS 
O°C s Tamb S +75°C, 4.75V S Vee S 5.25V 

SYMBOL PARAMETER 

Input Yoltage2 

VIH High 

VIL Low 

VIC Clamp3 

Output yoltage2 

VOH High4 

VOL LowS 

Input current 

IIH High 

IlL Low 

IlL Low (CK input) 

Output current 

IO(OFF) Hi-Z states. 6 

los Short circuit3. 7 

Icc Vee supply currents 

CapacitanceS 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V, T amb = +25°C. 

TEST CONDITION 

Vcc=MAX 
Vee = MIN 

Vee = MIN, liN = -12mA 

Vee = MIN 
10H =-2mA 
10L =9.6mA 

VIN =5.5V 

VIN = 0.45V 

VIN = 0.45V 

Vcc=MAX 

VOUT =5.5V 

VOUT =0.45V 

VOUT = OV 

Vcc=MAX 

Vcc =5.0V 
VIN = 2.OV 

VOUT = 2.OV 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
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UMITS 

MIN Typ1 MAX UNIT 

2.0 V 
0.8 V 

-0.8 -1.2 V 

2.4 V 
0.35 0.45 V 

<1 80 ~ 
-10 -100 ~ 
-50 -250 ~ 

1 40 ~ 
-1 -40 ~ 

-15 -70 rnA 

120 180 rnA 

8 pF 
10 pF 

4. Measured with VIL applied to OE and a logic high stored, or with VIH applied to PRo 
5. Measured with a programmed logic condition for which the output is at a low logic level, and VIL applied to PR/OE' Output sink current is 

supplied through a resistorto Vcc. 
6. Measured with VIH applied to PAlOE'. 
7. Duration of short circuit should not exceed 1 second. 
8. Icc is measured with the PAlO!: input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 
Rl = 4700 R2 = 1 kn CL = 30pF O°C < Tamb S +75°C 4 75°CV < Vee < 5 25V - - - . 

SYMBOL PARAMETER FROM TO 

Pulse width3 

tcKH Clock2 High CK+ CK-

tcKL Clock Low CK- CK+ 

tcKP Clock Period CK+ CK+ 

tpRH Preset pulse PR + PR-

Setup time3 

tiS1A Input Input± CK+ 

tlS1 B Input Input± CK+ 

tlS1 C Input Input± CK+ 

tlS~ Input(through Complement Array) Input± CK+ 

tlS2B Input (through Complement Array) Input CK+ 

tlS2C Input (through Complement Array) Input CK+ 

tvs Power-on preset Vee + CK-

tpRs Preset PR- CK-

Hold time 

tlH Input CK+ Input± 

Propagation delay 

tcKO Clock CK+ Output± 

toE Output enable4 OE- Output-

taD Output disable4 OE+ Output + 
tpR Preset PR+ Output + 

tpPR Power-on preset Vee + Output + 

Frequency of operation3 

fMAXC Without Complement Array 

fMAXC With Complement Array 

NOTES: 
1. All typical values are at Vee = 5V, T amb = +25°C. 
2. To prevent spurious clocking, clock rise time (10% - 90%) 5. 30ns. 
3. See "Speed vs. OR Loading" diagrams. 

Product specification 

PLS167/A 

LIMITS 

PLS167 PLS167A UNIT 

MIN TYpl MAX MIN Typl MAX 

25 15 20 15 ns 

25 15 20 15 ns 

50 30 40 30 ns 

25 15 25 15 ns 

60 40 ns 
50 30 ns 

42 N/A ns 

90 70 ns 

80 60 ns 

72 N/A ns 

0 -10 0 -10 ns 

0 -10 0 -10 ns 

5 -10 5 -5 ns 

15 30 15 20 ns 
20 30 20 30 ns 

20 30 20 30 ns 

18 30 18 30 ns 

0 10 0 10 ns 

13.9 20.0 MHz 
9.8 12.5 MHz 

4. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and Sl is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with Sl open, and Low-ta-High impedance tests are made to the VT = (VOL + O.SV) level with Sl closed. 

TEST LOAD CIRCUIT 

vee 

10 

INPUTS <>-'----i~ 

GND 

= 
NOTE: 
el and e2 are to bypass Vee to GND. 
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VOLTAGE WAVEFORMS 

MEASUREMENTS: 
All circuh delays are measured at the + 1.SV level of 
inputs and outputs, unless otherwise specHied. 

Input Pulses 
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TIMING DIAGRAMS 

10-13 

CLK --1-----" 

OE-------.... 

Flip-Flop Outputs 

+3V 

OV 

+3V 
1.5V 

OV 

VOH 

VOl 

+3V 

OV 

----------------+3V 

---------------OV 

CLK-+---

r---~~-~~~~-----------------------+3V 

M-------------J ~~·~~~-------------OV 

Asynchronous Preset 

,------------------------- +5V 

Vcc ~r-+ __________________________________________ __ 
OV 

'---- VOL 

+3V 

OV 

I<t_------tvs---------+I 

+3V 

10-13 ___________ .J 
OV 

Power-On Preset 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKL Interval between clock pulses. 

tcKP 
Minimum guaranteed clock 
period. 

Required delay between 
tlS1 beginning of valid input and 

positive transition of clock. 

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

tlS2 when using optional 
Complement Array (two 
passes necessary through the 
AND array). 

Required delay between Vee 

tvs 
(after power-on) and negative 
transition of clock preceding 
first reliable clock pulse. 

Required delay between 
negative transition of 

tpRS 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 

Required delay between 
tlH positive transition of clock and 

end of valid input data. 

Delay between positive 

tcKo 
transition of clock and when 
outputs become valid (with 
PR/OE Low). 

Delay between beginning of 
toE Output Enable Low and when 

outputs become valid. 

Delay between beginning of 

too 
Output Enable High and 
when outputs are in the 
OFF-State. 

Delay between input 10 
transition to Diagnostic mode 

tsRE and when the outputs reflect 
the contents of the State 
Register. 

Delay between input 10 
transition to Logic mode and 

tSRO when the outputs reflect the 
contents of the Output 
Register. 

Delay between positive 
tpR transition of Preset and when 

outputs become valid at "1". 

Delay between Vee (after 
tpPR power-on) and when outputs 

become preset at "1". 

tpRH Width of preset input pulse. 

fMAX 
Minimum guaranteed 
operating frequency. 
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(14 x 48 x 6) 

TIMING DIAGRAMS (Continued) 

10 

ClK 

INTERNAl--
STATE REG. 

OUTPUT 
P,F 

(Fn) 

UE---;----------------------------------------
Diagnostic Output Mode 

SPEED VS. "OR" LOADING 

The maximum frequency at which the PlS 
can be clocked while operating in sequential 
mode is given by: 

(1/fMAX) = tcv = tiS + tcKo 

This frequency depends on the number of 
transition terms Tn used. Having all 48 terms 
connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR line 
affects tiS, due to capacitive loading. The 
effect of this loading can be seen in Figure 1, 
showing the variation of t'Sl with the number 
of terms connected per OR. 

The PlS167 AC electrical characteristics 
contain three limits for the parameters t'Sl 
and t'S2 (refer to Figure 1). The first, t'S1A is 
guaranteed for a device with 48 terms 
can nected to anyOR line. t,slBisguaranteed 
for a device with 32 terms connected to any 
OR line. And t,S1C is guranteed for a device 
with 24 terms conntected to any OR line. 

The three other entries in the AC table, t'S2 A, 
B, and C are corresponding 48, 32, and 24 
term limits when· using the on-chip 
Complement Array. 

The PlS167A AC electrical characteristics 
contain two limits for the parameters t'Sl and 
t'S2 (refer to Figure 2). The first, t'S1A is 
guaranteed for a device with 24 terms 
connected to any OR line. t,s1Bisguaranteed 
for a device with 16 terms connected to any 
OR line. 
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IJS~B ...... ~ 50 
tlS1C......,V 

40 V 
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~ 
20 

10 
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Figure 1. PlS167 tlS1 vs. 
Terms/OR Connected 

60 r----,.-....--,...........,..-.... 

10r--+--4---~-+--~ 

o 8 16 24 32 40 
TERMS CONNECTED/OR 

Figure 2. PLS167A tlS1 vs. 
Terms/OR Connected 
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The two other entries in the AC table, tl'S2 A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of tiS for a given application 
can be determined by identifying the OR line 
with the maximum numberofT nconnections. 
This can be done by referring to the inter
connect pattern in the PlS logic diagram, 
typically illustrated in Figure 3, or by counting 
the maximum number of "H" or"l" entries in 
one of the columns of the device Program 
Table. 

This number plotted on the curve in Figure 1 
or Figure 2 will yield the worst case tiS and, by 
implication, the maximum clocking 
frequency for reliable operation. 

Note that for maximum speed al/ UNUSED 
transition terms should be disconnected from 
the OR array. 

TRANSI110N TERMS Tn 

(4)ffiEg} TERMS/ "OR" 
OR (2) ARRAY 

(3) 

NOT 
USED 

Figure 3. Typical OR Array 
Interconnect Pattern 
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LOGIC PROGRAMMING 
The PLS167/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package. ABELn .. 
CUPLTM and PALASM® 90 design software 
packages also support the PLS167/A 
architecture. 

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

PRESET/OE OPTION - (PIE) 

OPT10N CODE 

PRESET1 H 

PROGRAMMING: 

PLS167/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

f~ 
OPTION CODE 

L 

The PS 167/A has a power-up preset feature. This feature insures thatthe device will power-up in a 
known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 

"AND" ARRAY - (I), (P) 

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

~
i'P ~i'P ~i'P ~i'P I,P I,P I,P ~P 

r,p r,p r,p r,p 

Tn Tn Tn Tn 

lr---IN-AS=C::7AV=T:::-1-,2-...--:...."C-=-~=DE::--O: I S:~;E I C~DE I I S~A;E I C~DE I I DO:~~~RE I C~DE I 
"OR" ARRAY - (N), (F) 

"igO-Q 
n,T R 

"igO-Q 
ii;"l R 

"igO-Q 
ii;"l R 

"igO-Q 
ii;f R 

I ACTION I CODE I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACT10N 

I 
CODE 

I I INACTIVE1,3 I 0 I SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

Gl: 
Tn 

Gl~ 
Tn 

Gl: 
Tn 

Gl~ 
Tn 

I 
ACTION I CODE 

I I ACTION I CODE 

I I 
ACTION I CODE 

I I ACTION I CODE I 
INACT1VE1,4 0 GENERATE A PROPAGATE • I TRANSPARENT I - I 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 

flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
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PROGRAM TABLE 

CUSTOMERNAME ______________________ _ 

PURCHASEORDER# ______ ~~-----------
PHILIPS DEVICE # CF (XXXX) 
CUSTOMER SYMBOLIZED PART # _______ _ 

TOTAL NUMBER OF PARTS ________ _ 
PROGRAM TABLE---, ___________ _ 
REV ______________________________ __ 

DATE _____________________________ __ 

AND 
-. 

Product specification 

PLS167/A 

PROGRAM TABLE ENTRIES 
AND I OR ------------,------------

INACTIVE 0 I INACTIVE 0 

GENERATE A I SET H Ns, Fr 

PROPAGATE • Cn I RESET L 

TRANSPARENT I _ I NO CHANGE -

INACTIVE 0 L ___________ _ 
I,P I H '-----~!!~-----
-~~N'T CARE I ~ 1

m
, p. ! I :ESET : ~ I PIE 

OPTION (PIE) I 
OR 

INPUT (1m) PRESENT STATE (p.) REMARKS NEXT STATE (Ns) OUTPUT (Fr) 
TERM Cn 

13 12111 10 -9 - ii 1 '1 6- -5 4ri-2-; o -7- -6 Ii 4-1-3 2 ------------- i - "5 4-3--2.' 0- -3 2 - -
1 0 6 1 0 

0 I 

1 
. 

2 
3 
4 I I 

5 I I I 

6 I I I I I 

7 I I I I I 

8 I I I I I 

9 . I I 

10 . 
11 
12 
13 
14 I I I 

15 I I I I I 

16 I I I I I 

17 I I I I I 

18 I I I I . 
19 
20 
21 
22 
23 I 

24 I I I I 

25 I I I I I 

26 I I I I I 

27 I I I I I 

28 I I 

29 
30 . 
31 
32 . 
33 I I I 

34 I I I I 

35 I I I I I 

36 I I I I I 

37 I I I I I 

38 I I 

39 I 

40 
41 
42 
43 I I I 

44 I I I I I 

45 I I I I I 

46 I I I I I 

47 I I I I 

PIN 
NO. 17 18 19 20 21 22 23 2 3 4 5 6 7 8 15 14 13 11 10 9 

W 
-'w 
m:E 
S<c 
a::z 
~ 

NOTES: 
1. The device is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the PIE option, exists in the table, 

shown BLANK instead for clarity. 
2. Unused Cn, 1m, and Ps bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 
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TEST ARRAY 

Product specification 

PLS167/A 

The PLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

(In + Fn)/Fn 

The array consists of test transition terms 48 
and 49, factory programmed as shown 
below. 

Testing is accomplished by clocking the PLS 
and applying the proper input sequence to 
10-13 as shown in the test circuit timing 
diagram. 

T 
AND 

E INPUT (1m) R C 1 1 
M 

3 2 1 0 

48 A H H H H 
49 l l l l 

Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any 
Signetic's qualified programming equipment. 

T AND 

E INPUT (1m) R C 1 
M 

3 2 1 

48 H H H H 

49 l l l l 
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State Diagram 

PRESENT STATE (Ps) 

Test Array Program 

ClK 

10-13 

FO-3 

STATE 
REGISTER 

PRESENT STATE (Ps) 

Test Array Deleted 
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In 

CLOCK 

PLS Under Test 

OPTION (PIE) H 

OR 

NEXT STATE (Ns) OUTPUT (Fr) 

Test Circuit Timing Diagram 

OPTION (PIE) 

OR 

NEXT STATE (Ns) OUTPUT (Fr) 

PO-l 

H 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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DESCRIPTION 
The PLS168 and the PLS168A are bipolar, 
Programmable Logic State machines of the 
Mealy type. They contain logic ANDIOR gate 
arrays with user programmable connections 
which control the inputs of on-chip State and 
Output Registers. These consist respectively 
of 10 Op, and 4 OF edge-triggered, clocked 
SIR flip-flops, with an Asynchronous Preset 
Option. 

All flip-flops are unconditionally preset to "1 n 

during power turn-on. 

The AND array combines 12 external inputs, 
10-11, with 10 internal inputs, PO-9, fed back 
from the State Register to form up to 48 
transition terms (AND terms). In addition, 
PO-P3 of the internal State Register are 
brought off-chip to allow extending the Output 
Register to 8 bits, if so desired. 

All transition terms can include True, False, 
or Don't Care states of the controlling 
variables, and are merged in the OR array to 
issue next-state and next-output commands 
to their respective registers on the 
Low-to-High transition of the Clock pulse. 

Both True and Complement transition terms 
can be generated by optional use of the 
internal variable (C) from the Complement 
Array. Also, if desired, the Preset input can 
be converted to output-enable function, as an 
additional user programmable option. 

Order codes are listed in the Ordering 
Information table below. 

ORDERING INFORMATION 

DESCRIPTION 

24-Pin Plastic DIP (300m ii-wide) 

28-Pin Plastic Leaded Chip Carrier 

October 22, 1993 

FEATURES 

• PLS168 

- fMAX = 13.9MHz 

- 20MHz clock rate 

• PLS168A 

- fMAX = 20MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 12 True/Complement buffered inputs 

• 48 programmable AND gates 

• 29 programmable OR gates 

• 10-bit State Register 

• 4-bit shared State/Output Register 

• 4-bit Output Register 

• Transition Complement Array 

• Programmable Asynchronous 
Preset/Output Enable 

• Positive edge-triggered clock 

• Power-on preset to logic "1 n of all registers 

• Automatic logic "HOLD" state via SIR 
flip-flops 

• On-chip Test Array 

• Power: 600mW (typ.) 

• TTL compatible 

• 3-State outputs 

• Single +5V supply 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• liming generators 

• Sequential circuits 

• Security locking systems 

• Counters 

• Shift registers 

ORDER CODE 

PLS168N,PLS168AN 

PLS168A,PLS168AA 
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PIN CONFIGURATIONS 

N Package 

N = Plastic DIP (300mil·wide) 

A Package 

13 14 15 elK Vce 16 17 

A = Plastic Leaded Chip Carrier 

DRAWING NUMBER 

0410D 

0401F 

853-0322 11164 
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FUNCTIONAL DIAGRAM 

PRmE 

P 

F 

CLK 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 ClK Clock: The Clock input to the State and Output Registers. A low-to-High transition on this 
line is necessary to update the contents of both registers. 

2-6 11-111 Logic Inputs: The 11 external inputs to the AND array used to program jump conditions 
18-23 between machine states, as determined by a given logic sequence. 

7 10 Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, when 
exercised with standard TIL levels. When 10 is held at + 1 OV, device outputs F2 - F3 and 
PO - P3 reflect the contents of State Register bits P4 - 9 (see Diagnostic Output Mode 
diagram). The contents of flip-flops PO - 1 and FO - 3 remain unaltered. 

13-16 PO-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 
State Register bits PO - 3. When 10 is held at + 1 OV these pins reflect (P6 - P9). 

10-11 F2-F3 Logic/Diagnostic Outputs: Two register bits (F2 - F3) which reflect Output register bits 
(02 - 03). When 10 is held at + 10V, these pins reflect (P4 - P5). 

17 PR/OE Preset or Output EruiIiIi Input: A user programmable function: 

• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 
bits. Preset overrides Clock, and when held High, clocking is inhibited and PO - 9 and 
FO - 3 are High. Normal clocking resumes with the first full clock pulse following a 
High-to-low clock transition, after Preset goes low. 

• Output EruiIiIi: Provides an Output Enable function to all output buffers. 

8,9 FO-Fl Logic Output: Two device outputs which reflect Output Registers ao - 01. When 10 is 
held at+l0V, FO- Fl = Logic "1". 
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POLARITY 

Active-High 

Active-High/Low 

Active-High/Low 

Active-High 

Active-High 

Active-High (H) 

Active-low (L) 
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LOGIC DIAGRAM 

NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1 ". 
2. All programmed "OR" gate locations are pulled to logic "0". 
3. :\}: Programmable connection. 
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ol----t----+-i+D-i151 P2 

0l---f---4-I>--j141 Pl 

ol----t-=---D-il01 1"2 

Fl 

FO 

elK 
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TRUTH TABLE 1, 2, 3, 4, 5, 6 

OPTION 

Vee PR DE 10 eLK S 

H . X X 
L +10V X X 
L X X X 

H . X X 
+5V L +10V X X 

L X X X 

L X i L 

L X i L 

L X i H 

L X i H 

i X X X X X 
NOTES: 
1. Positive Logic: 

SIR =To+ T1 + T2+ ... + T47 
Tn = C(IO 11 12 ... ) (PO Pl ... P9) 

R QplF F 

X H H 
X an (OP)n 
X an (OF)n 

X an Hi-Z 
X an (OP)n 
X an (OF)n 

L an (OF)n 

H L L 

L H H 

H IND. IND. 

X H 

2. Either Preset (Active-High) or Output EnaEIe (Active-Low) are available, but not both. 
The desired function is a user-programmable option. 

3. i denotes transition from Low-to-High level. 
4. R = S = High is an illegal input condition. 
5. • = H or L or + 1 OV. 
6. X = Don't Care (~.5V) 

ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage +7 Voc 

VIN Input voltage +5.5 Voc 

VOUT Output voltage +5.5 Voc 

liN Input currents -30 +30 rnA 

lOUT Output currents +100 rnA 

Tamb Operating temperature range 0 +75 °C 

Tstg Storage temperature range -65 +150 °C 

NOTES: 
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 

is a stress rating only. Functional operation at these or any other condition above those 
indicated in the operational and programming specification of the device is not implied. 
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LOGIC FUNCTION 

Typical State Transition: 

Q2 Q1 QO 

1 0 11 Eo I ~R PRESENT STATE 

STATE REGISTER ~ • 1J • c .... 

1 0 1 0 t1 I 8n+1 NEXT STATE 

SET 00: So = <02 • Q1 • t70) . ~ . 1J • c ... 
Ro=O 

RESETQ1:S1 =0 
R1 = (O:! • Q1 • t70). ~.1J. c ... 

HOLDQ2:~=0 
R2=0 

VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. PR/OE option is set to PRo Thus, all outputs 

will be at "1", as preset by initial power-up 
procedure. 

2. All transition terms are disabled (0). 
3. All SIR flip-flop inputs are disabled (0). 
4. The device can be clocked via a Test 

Array pre-programmed with a standard 
test pattern. 
NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Philips 
Semiconductors qualified programming 
equipment. 

THERMAL RATINGS 
TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 
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DC ELECTRICAL CHARACTERISTICS 
O°C:s; Tarro:S; +75°C 4 75V:s; Vee:S; 5 25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 

VIL low 

Vie Clamp3 

Output voltage2 

VOH High4 

VOL low5 

Input current 

IIH High 

IlL low 

IlL low (ClK input) 

Output current 

10(oFF) Hi-Z state6 

los Short circuit!. 7 

lee Vee supply currents 

CapacitanceS 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V, T arrb = +25°C. 

TEST CONDITION 

Vee = MAX 

Vee = MIN 

Vee = MIN, liN = -12mA 

Vee = MIN 

10H =-2mA 

IOL =9.6mA 

VIN =5.5V 

VIN = 0.45V 

VIN = 0.45V 

Vee = MAX 

VOUT = 5.5V 

VOUT =0.45V 

VOUT = OV 

Vee = MAX 

Vee =5.0V 

VIN = 2.0V 

VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Measured with VIL applied to m: and a logic high stored, or with VIH applied to PRo 
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UMITS 

MIN TYP' MAX UNIT 

2.0 V 

0.8 V 

-0.8 -1.2 V 

2.4 V 

0.35 0.45 V 

<1 25 !lA 
-10 -100 !lA 
-50 -250 JlA 

1 40 !lA 
-1 -40 !lA 

-15 -70 rnA 

120 180 rnA 

8 pF 

10 pF 

5. Measured with a programmed logic condition for which the output is at a low logic level, and VIL applied to PR/OE Output sink current is 
supplied through a resistor to Vee. 

6. Measured with VIH applied to PRIm:. 
7. Duration of short circuit should not exceed 1 second. 
8. lee is measured with the PRIm: input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 
Rl = 470n R2 - 1kn CL = 30pF O°C < Tamb < +75°C 4 75°CV < Vee < 5 25V - - - - - . 

SYMBOL PARAMETER FROM TO 

Pulse width3 

tcKH Clock2 High CK+ CK-

tcKL Clock Low CK- CK+ 

tcKP Clock Period CK+ CK+ 
tpRH Preset pulse PR+ PR-

Setuptime3 

tls lA Input Input± CK+ 
tls l B Input Input± CK+ 

tlS1 C Input Input± CK + 
tlS~ Input (through Complement Array) Input± CK + 

tls2B Input (through Complement Array) Input CK+ 

tlS2C Input (through Complement Array) Input CK + 

tvs Power-on preset Vee + CK-

tpRS Preset PR- CK-

Hold time 

tlH Input CK+ Input± 

Propagation delay 

tcKO Clock CK+ Output± 

taE Output enable4 OE- Output-

taD Output disable4 OE+ Output + 
tpR Preset PR + Output + 
tpPR Power-on preset Vee + Output + 

Frequency of operation3 

fMAXC Without Complement Array 
fMAXC With Complement Array 

NOTES: 
1. All typical values are at Vee = 5V, T arm = +25°C. 
2. To prevent spurious clocking, clock rise time (10% - 90%) S; 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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LIMITS 

PLS168 PLSl68A UNIT 

MIN TVpl MAX MIN Typl MAX 

25 15 20 15 ns 

25 15 20 15 ns 

50 30 40 30 ns 
25 15 25 15 ns 

60 40 ns 
50 30 ns 

42 N/A ns 
90 70 ns 

80 60 ns 

72 N/A ns 

0 -10 0 -10 ns 

0 -10 0 -10 ns 

5 -10 5 -10 ns 

15 30 15 20 ns 
20 30 20 30 ns 
20 30 20 30 ns 
18 30 18 30 ns 
0 10 0 10 ns 

13.9 20.0 MHz 
9.8 12.5 MHz 

4. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and Sl is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with Sl closed. 

TEST LOAD CIRCUIT 

10 

INPUTS 

NOTE: 
el and e2 are 10 bypass Vee 10 GND. 
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GND OUTPUTS -=-
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VOLTAGE WAVEFORMS 

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

Input Pulses 
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TIMING DIAGRAMS 

10-11 

cu<-~--------J 

~~--~--------~--~~ 

OE ----------... 

Flip-Flop Outputs 

+3V 

OV 

+3V 

1.5V 

OV 

VOH 

VOL 

+3V 

OV 

--------------------- +3V 

------------------------OV 

CLK-+----

+------------ +3V 

PR---------------'I ~--------------------OV 

Asynchronous Preset 

+5V 

Vcc ----,~----------------------- OV 

+3V 

OV 

-------- tvs-----+i 

1~11 ---------__________ -' 
OV 

Power-On Preset 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKL Interval between clock pulses. 

tcKP 
Minimum guaranteed clock 
period. 

Required delay between 
tlS1 beginning of valid input and 

positive transition of clock. 

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

tl52 when using optional 
Complement Array (two 
passes necessary through the 
AND array). 

Required delay between Vee 

tvs 
(after power-on) and negative 
transition of clock preceding 
first reliable clock pulse. 

Required delay between 
negative transition of 

tpRS 
asynchronous Preset and 
negative transition of clock 
preceding first reliable clock 
pulse. 

Required delay between 
tlH positive transition of clock and 

end of valid input data. 

Delay between positive 

tcKO 
transition of clock and when 
outputs become valid (with 
PRIOE Low). 

Delay between beginning of 
toE Output Enable Low and when 

outputs become valid. 

Delay between beginning of 

too 
Output Enable High and 
when outputs are in the 
OFF-State. 

Delay between input 10 
transition to Diagnostic mode 

tSRE and when the outputs reflect 
the contents of the State 
Register. 

Delay between input 10 
transition to Logic mode and 

tSRD when the outputs reflect the 
contents of the Output 
Register. 

Delay between positive 
tPR transition of Preset and when 

outputs become valid at "1". 

Delay between Vee (after 
tpPR power-on) and when outputs 

become preset at "1". 

tpRH Width of preset input pulse. 

fMAx 
Minimum guaranteed 
operating frequency. 



Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencers 
(12 x 48 x 8) 

TIMING DIAGRAMS (Continued) 

10 

ClK 

INTERNAL 
STATE REG.--

+3V 

OV 

+10V 

8.0V 
+3V , 
OV 

+3V 

OV 

VOH 

OUTPUT (Fn) 

VOL 

VOH 
1.5V (Fn+1) 

P,F ____ t-________ t-__ -J'I~~~~~I~~~~~~rl~ ____ _ 

O£---~------------------------------------------
Diagnostic Mode 

SPEED VS. "OR" LOADING 

The maximum frequency at which the PLS 
can be clocked while operating in sequential 
mode is given by: 

(1/fMAX) = tcy = tiS + tcKO 

This frequency depends on the number of 
transition terms Tn used. Having all 48 terms 
connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR line 
affects tiS, due to capacitive loading. The 
effect of this loading can be seen in Figure 1, 
showing the variation of tlSl with the number 
of terms connected per OR. 

The PLS168 AC electrical characteristics 
contain three limits for the parameters tlS1 
and tlS2 (refer to Figure 1). The first, tiS1A is 
guaranteed for a device with 48 terms 
connected to any OR line. tlS1Bisguaranteed 
for a device with 32 terms connected to any 
OR line. And tlsle is guranteed for a device 
with 24 terms conntected to any OR line. 

The three other entries in the AC table, tlS2 A, 
B, and C are corresponding 48, 32, and 24 
term limits when using the on-chip 
Complement Array. 

The PLS168A AC electrical characteristics 
contain two limits for the parameters tlS1 and 
tlS2 (refer to Figure 2). The first, tiS1A is 
guaranteed for a device with 24 terms 
connected to any OR line. tlS1 B is guaranteed 
for a device with 16 terms connected to any 
OR line. 
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Figure 1. PLS168 tlS1 vs. 
Terms/OR Connected 

~ 30 .......... V 
ro 
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o 8 16 24 32 40 
TERMS CONNECTED/OR 

Figure 2. PLS168A tlS1 vs. 
Terms/OR Connected 
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The two other entries in the AC table, tlS2 A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of tiS for a given application 
can be determined by identifying the OR line 
with the maximum number ofT n connections. 
This can be done by referring to the 
interconnect pattern in the PLS logic 
diagram, typically illustrated in Figure 3, or by 
counting the maximum number of "H" or"L" 
entries in one of the columns of the device 
Program Table. 

This number plotted on the curve in Figure 1 
or 2 will yield the worst case tiS and, by 
implication, the maximum clocking 
frequency for reliable operation. 

Note that for maximum speed all UNUSED 
tran sition terms should be disconnected from 
the OR array. 

TRANSITION TERMS Tn (4)i&} 
TERMS/ "OR" 

OR (2) ARRAY 

(3) 

NOT 
USED 

Figure 3. Typical OR Array 
Interconnect Pattern 
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Programmable logic sequencers 
(12 x 48 x 8) 

LOGIC PROGRAMMING 
The PLS168/A devices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package. ABELl"', 
CUPLl'" and PALASM® 90 design software 
packages also support the PLS168/A 
architecture. 

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

PRESET/'OE OPTION - (PIE) 

OPTION CODE 

PRESET1 H 

PROGRAMMING: 

PLSl68/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

IM<E (P:~~T--o-r--t..C-J»-E 
DISABLED) 

OPTION CODE 

L 

The PLS168/A has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the device. 
You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 

"AND" ARRAY - (I), (P) 

"OR" ARRAY - (N), (F) 

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

STATE I C~DE I 
DON'T CARE 

~'iro° il,l R "iro° n;l R "iro° n;1 R "iro° n;1 R 

L ACTION I CODE I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE I I 

ACTION 

I 
CODE I I INACTlVE1,3 I 0 I SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

0: 
Tn 
O~ 

Tn 
0: 

Tn 
o~ 

Tn 

I ACTION I CODE I I ACTION I CODE I I ACTION I CODE I I ACTION I CODE J 
INACTlVE1,4 0 GENERATE A I PROPAGATE I • I I TRANSPARENT I - J 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 

flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
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PROGRAM TABLE 

CUSTOMERNAME __________ ------------
PURCHASE ORDER # __________________ ___ 

PHILIPS DEVICE # CF (XXXX) 
CUSTOMER SYMBOLIZED PART # _______ _ 
TOTAL NUMBER OF PARTS _____________ _ 
PROGRAM TABLE, ______________ _ 
REV _______________________________ __ 

DATE ________________________ __ 

AND 

Product specification 

PLS168/A 

PROGRAM TABLE ENTRIES 
AND I OR ------------1------------

INACTIVE 0 1 INACTIVE 0 

GENERATE A 1 SET H 

PROPAGATE • Cn 1 RESET L 
Ns,Fr 

TRANSPARENT' - 1 NO CHANGE 

1-------------
1-____ ~!!~ ____ _ 

1
m

, P
s i I ~:ESET ! ~ I PIE 

H 

DON'T CARE 

INACTIVE 

I, P 

I, P 

OPllON lP/E)l 
OR 

INPUT (1m) PRESENT STATE (Ps ) REMARKS NEXT STATE (Ns) OUTPUT (Fr) 

af7- -6 5 4T3 2 1 0 "9 8 -7- -6 5 4-1-3 2 1- -0 - - - - - - - - - - -9 8 i -6 1; <iT 3- -2 1" - 0- -3 2 1- -0 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

PIN 
NO. 

W 
...J w 
!Xl:!: 
S< 
O:z 
~ 

NOTES: 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

18 19 20 21 

. 
I 

I 

I 

I 

I 

I . 

I 

I 

I 

I 

I 

I 

I 

I 

I I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

22 23 2 3 4 5 6 7 16 15 14 13 11 10 9 8 

1. The device is shipped with all links initially intact. Thus, a background of "0· for all Terms, and an "H" for the PIE option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused Cn, 1m, and Ps bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 
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TEST ARRAY 

The PLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown 
below. 

Testing is accomplished by clocking the 
FPLS and applying the proper input 
sequence to 10-13 as shown in the test 
circuit timing diagram. 

T 
AND 

State Diagram 

In 

CLOCK 

= 

Product specification 

PLS168/A 

PO-3 

FPLS Under Test 

OPTION (PIE) H 

OR 

E INPUT (1m) R Cn 
PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr) 

M 
1 0 

48 A H H 

49 L L 

Both terms 48 and 49 must be deleted 
during user programming to avoid interfering 
with the desired logic function. This is 
accomplished automatically by any 
Signetic's qualified/programming equipment. 

I 

T 
E 
R Cn 1 1 
M 

1 0 

48 H H 

49 

October 22,1993 

Test Array Program 

vcc 

CLK 

10-11 

FO-3 

STATE 
REGISTER 

Test Array Deleted 
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o 
H 

+5V 

ov 

3V 

ov 

------'"' HIGH , 
'- ___________ J 

LOW 

Test Circuit Timing Diagram 
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SNAP RESOURCE SUMMARY DESIGNATIONS 
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Programmable logic sequencer 
(20 x 45 x 12) 

DESCRIPTION 
The PLS179 is a 3-State output, registered 
logic element combining AND/OR gate arrays 
with clocked J-K flip-flops. These J-K 
flip-flops are dynamically convertible to 
D-type via a "foldback" inverting buffer and 
control gate, Fc. It features 8 registered I/O 
outputs (F) in conjunction with 4 bidirectional 
I/O lines (B). There are 8 dedicated inputs. 
These yield variable I/O gate and register 
configurations via control gates (0, L) ranging 
from 20 inputs to 12 outputs. 

The AND/OR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR 
gates with fusible link connections for 
programming I/O polarity and direction. All 
AND gates are linked to 8 inputs (I), 
bidirectionalI/O lines (B), internal flip-flop 
outputs (a), and the Complement Array 
output (C) The Complement Array consists 
of a NOR gate optionally linked to all AND 
gates for generating and propagating 
complementary AND terms. 

On-chip T/C buffers couple either True (I, B, 
a) or Complement (T, "9, 0, C) input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. Any of the 
32 AND gates can drive bidirectional 110 lines 
(B), whose output polarity is individually 
programmable through a set of EX-OR gates 
for implementing AND-OR or AND-NOR logic 
functions. Similarly, any of the 32 AND gates 
can drive the J-K inputs of all flip-flops. Four 
AND gates have been dedicated for the 
Asynchronous Preset/Reset functions. 

All flip-flops are positive edge-triggered and 
can be used as input, output or I/O (for 
interfacing with a bidirectional data bus) in 
conjunction with load control gates (L), 
steering inputs (I), (B), (a) and 
programmable output select lines (E). 

The PLS179 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are listed below. 

ORDERING INFORMATION 

DESCRIPTION 

FEATURES 

• fMAx = 18.2MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 8 dedicated inputs 

• 13 control gates 

.32 AND gates 

.21 OR gates 

.45 product terms: 

- 32 logic terms 

- 13 control terms 

• 4 bidirectional I/O lines 

• 8 bidirectional registers 

• J/K, T, or D-type flip-flops 

• Asynchronous Preset/Reset 

• Complement Array 

• Active-High or -Low outputs 

• Programmable OE control 

• Positive edge-triggered clock 

• Power-on reset on flip-flop 
(Fn = "1") 

• Input loading: - 100~ (max.) 

• Power dissipation: 750mW (typ.) 

• TTL compatible 

• 3-State outputs 

ORDER CODE 

24-Pin Plastic Dual In-Line Package (300mil-wide) PLS179N 

28-Pin Plastic Leaded Chip Carrier PLS179A 
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PIN CONFIGURATIONS 

N Package 

vec 

83 

F7 

F6 

F5 

F4 

F3 

F2 

Fl 

80 FO 

82 

GND OE 

N _ Plastic Dualln·Line Package (300mil·wide) 

A Package 
12 11 10 ClK Vec 83 F7 

A = Plastic Leaded Chip Carrier 

APPLICATIONS 

• Random sequential logic 

• Synchronous up/down counters 

• Shift registers 

• Bidirectional data buffers 

• Timing function generators 

• System controllers/synchronizers 

• Priority encoder/registers 

DRAWING NUMBER 

04100 

0401F 

NIC 

F6 

F5 

F4 

F3 

F2 

NIC 

85~862 11164 
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Programmable logic sequencer 
(20 x 45 x 12) 

LOGIC DIAGRAM 

31 •••••• 2423 •••••• 1615 •••••• 8 7 •••••• 0 Fe 

NOTES: 
1. AllOR gate inputs with a blown link float to logic "0". 
2. All other gates and control inputs wkh a blown link float to logic "I". 
3. Ell denotes WIRE·OR. 
4. 'i!) Programmable connection. 
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Programmable logic sequencer 
(20 x 45 x 12) 

FUNCTIONAL DIAGRAM 

(LOGIC TERMS) 

a "> 
b :> 

O 

-[>0 
... 

-G 
S 

M 

M 

T 31 T F C 

FLIP-FLOP TRUTH TABLE 

OE L CK P R J K Q 

H 

L X X X X X X L 

L X X H L X X H 
L X X L H X X L 

L L i L L L L a 
L L i L L L H L 

L L i L L H L H 

L L i L L H H a 
H H i L L L H L 

H H i L L H L H 

+10V X i X X L H L 

X i X X H L H 
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C 

X 

-= 

F 

H/Hi-Z 

H 

L 
H 

a 
H 

L 

a 
H* 

L* 

H** 

L* * 

(CONTROL TERMS) 

B B A A B R P R L L A o 
a 
i 
b 
Ii 

<~ 

<.t-

<J-
"C 

l)lJlJl) ~ 
PR 

17 J 0 

(4) I ,.., 
K <~ -CK '-' 

I - -, 
',>-- .l 

i>R 

t 
J 0 

(4) 

r. K <r-- CK 

I '--- 7 
"'>-l 

NOTES: 
1. Positive Logic: 

J-K = To + T1 + T2 .................. T31 
Tn =~. (10·11·12 ... )· (00' 0 1 ... ). 
(80· 81· ... ) 

2. i denotes transition from Low to High level. 
3. X = Don't care 
4. * = Forced at Fn pin for loading the J-K 

flip-flop in the Input mode. The load 
control term, Ln must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. At P = R = H, a = H. The final state of a 
depends on which is released first. 

6. * * = Forced at Fn pin to load J-K flip-flop 
independent of program code (Diagnostic 
mode), 3-State 8 outputs. 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencer 
(20 x 45 x 12) 

LOGIC FUNCTION 

03 Q2 01 ao 

11 1
0 

11 10 
1 ~ PRESENTSTATE 

STATE REGISTER "A" • g • c .... 

1 0 1 0 loll I Sn+1 NEXTSTATE 

SETOO:Jo= (03· 02.01 .~)."A" .g. C ••• 

Ko=O 

RESET 01: J1 = 0 
K1=(~·02· Q1·~) ."A".g. c ... 

HOLD~:J2=0 

K2=0 
TOGGLE 03: J3 = (03 • O:z • 01 • 00) • "A" • B . C ••• 

K3 = (03· O:z • 01 • 00) • "A" • B . C ••• 

NOTE: 
Similar logic functions are applicable for D 
and T mode flip-flops. 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tstg Storage temperature range 

NOTES: 

VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition terms are disabled. 

4. All flip-flops are in D-mode unless 
otherwise programmed to J-K only or J-K 
or D (controlled). 

5. All B pins are inputs and all F pins are 
outputs unless otherwise programmed. 

PARAMETER 
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THERMAL RATINGS 
TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 

RATINGS 

MIN MAX UNIT 

+7 Voc 

+5.5 Voc 

+5.5 Voc 

-30 +30 mA 

+100 mA 

0 +75 °C 

-65 +150 °C 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at these 
or any other condition above those indicated in the operational and programming specification of the device is not implied. 
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Programmable logic sequencer 
(20 x 45 x 12) 

DC ELECTRICAL CHARACTERISTICS 
O°C ~ Tamb ~ +75°C. 4.75V ~ Vee ~ 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 
VIL Low 

VIC Clamp 

Output voltage2 

VOH High 

VOL Low5 

Input current 

IIH High 

IlL Low 

Output current 

10(oFF) Hi-Z state4• 7 

los Short circuits. 5 

Icc Vcc supply currents 

Capacitance 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V. T anD = +25°C. 

TEST CONDITION 

Vee = MAX 
Vee = Min 

Vce = MIN. liN = -12mA 

Vee = MIN. IOH = -2mA 
IOL= 10mA 

Vee = MAX. V IN = 5.5V 

VIN = 0.45V 

Vcc = MAX, VOUT = 5.5V 

VOUT = 0.45V 

VOUT = OV 

Vee = MAX 

Vcc = 5.0V. VIN = 2.0V 
VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Measured with VIH applied to OE. 
5. Duration of short circuit should not exceed 1 second. 
6. Icc is measured with the OE input grounded. all other inputs at 4.5V and the outputs open. 
7. Leakage values are a combination of input and output leakage. 
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LIMITS 

MIN TYP1 MAX UNIT 

2.0 V 
0.8 V 

-0.8 -1.2 V 

2.4 V 
0.35 0.5 V 

<1 40 (lA 

-10 -100 (lA 

1 80 (lA 

-140 ~ 
-15 -70 mA 

150 210 mA 

8 pF 
15 pF 



Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencer 
(20 x 45 x 12) 

AC ELECTRICAL CHARACTERISTICS 
Rl - 4700 R;> -1kn CL - 30pF O°C < T rnb < +75°C 4 75°CV < Vee < 5 25V - - - - a - - - . 

SYMBOL PARAMETER FROM TO 

Pulse width3 

tcKH Clock2 High CK+ CK-

tcKL Clock Low CK- CK+ 

tcKP Clock period CK+ CK+ 

tpRH Preset/Reset pulse (I, B)- (I, B) + 

Setup time 

tiS' Input (I, B)± CK+ 

tlS2 Input (through Fn) F± CK+ 

tlS3 Input (through Complement Array)4 (I, B)± CK + 

Hold time 

tlHl Input (I, B)± CK+ 

tlH2 Input (through Fn) F± CK+ 

Propagation delay 

tcKO Clock CK± F± 

toEl Output enable3 OE- F-

toOl Output disable3 OE+ F+ 

tpo Output (I, B)± B± 

toE2 Output enable3 (I, B) + B± 

to02 Output disable3 (I, B)- B+ 

tpRO Preset/Reset (I, B) + F± 

tpPR Power-on preset Vee + F-

NOTES: 

1. All typical values are at Vee = SV, Tamb = +2SoC. 
2. To prevent spurious clocking, clock rise time (10% - 90%) S 10ns. 
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TEST LIMITS UNIT 

CONDITION MIN5 Typl MAX 

CL =30pF 20 15 ns 

CL =30pF 20 15 ns 

CL =30pF 40 30 ns 

CL = 30pF 35 30 ns 

CL =30pF 35 30 ns 

CL =30pF 15 10 ns 

CL =30pF 55 45 ns 

CL =30pF 0 -5 ns 

CL =30pF 15 10 ns 

CL = 30pF 15 20 ns 

CL = 30pF 20 30 ns 

CL = 5pF 20 30 ns 

CL = 30pF 25 35 ns 

CL =30pF 20 30 ns 

CL = 5pF 20 30 ns 

CL = 30pF 35 45 ns 

CL = 30pF 0 10 ns 

3. For 3-State output; output enable times are tested with CL = 30pF to the 1.SV 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 CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - O.SV) with S, open, and Low-to-High impedance tests are made to the VT = (VOL + O.SV) level with S, closed. 

4. When using the Complement Array tcKP = 7Sns (min). 
S. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

VOLTAGE WAVEFORMS 

+3.0V----~ 90% 

-'I Ih 
'v ~l~ 'FJ~c 

MEASUREMENTS: 
All circuit delays are measured at the + '.5V level 
of inputs and outputs, unless otherwise specHied. 

Input Pulses 
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INPUTS 

NOTE: 
e, and e2 are to bypass Vee to GNO. 
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Programmable logic sequencer 
(20 x 45 x 12) 

TIMING DIAGRAMS 

I,B 
(INPUTS) 

CLK 

F 
(OUTPUTS) 

Flip-Flop Outputs 

+3V 

OV 

+3V 

1.SV 

OV 

VOH 

VOL 

+3V 

OV 

1
~----------------------------------------------~v 

'OPU\:' ' .... S_v ______________________________________________ OV 

~ IpO ij'l 
B 

(OUTPUTS) 

~ UV--------y.;- VOH 

f. 
toE2 f- 1002----/ VOL 

(OUT~U~ ----------- ~V ~ O~VV 
ENABlE) _________ . _ . _ 

Gate Outputs 

-4
~---------------------------------------+SV 

4.SV 

vec ---------------------------------------------- ov 

IPPR 

F 
(OUTPUTS) 

I,B 
(INPUTS) 

ClK -----__ ~~------..., 

~-----------------VOl 

~ ________________ +3V 

~ _________________ OV 

_---- +3V 

1.SV 

"---'" +------- OV 

Power-On Reset 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKL Interval between clock pulses. 

tcKP 
Minimum guaranteed Clock 
period. 

tpRH Width of preset input pulse. 

Required delay between 
tlS1 beginning of valid input and 

positive transition of clock. 

Required delay between 

tlS2 
beginning of valid input forced 
at flip-flop output pins, and 
positive transition of clock. 

Required delay between 
tlH1 positive transition of clock and 

end of valid input data. 

Required delay between 

tlH2 
positive transition of clock and 
end of valid input data forced 
at flip-flop output pins. 

Delay between positive 

tcKO 
transition of clock and when 
outputs become valid (with 
O"ELow). 

Delay between beginning of 
toE1 Output Enable Low and when 

outputs become valid. 

Delay between beginning of 

toD1 
Output Enable High and 
when outputs are in the 
OFF-State. 

Delay between Vee (after 

tpPR 
power-on) and when flip-flop 
outputs become preset at "1" 
(internal Q outputs at "0"). 

Propagation delay between 
tpD combinational inputs and 

outputs. 

Delay between predefined 

toE2 
Output Enable High, and 
when combinational Outputs 
become valid. 

Delay between predefined 

toD2 
Output Enable Low and when 
combinational Outputs are in 
the OFF-State. 

Delay between positive 

tpRO 
transition of predefined 
Preset/Reset input, and when 
flip-flop outputs become valid. 
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(20 x 45 x 12) 

TIMING DIAGRAMS (Continued) 

I,B 
(INPUTS) 

+3V 

'------------------- OV 

+3V 

ClK 

OV 

+3V 

PRESET/RESET 
OV 

(I, B INPUTS) 

Q 
(PRESET) 

\"'_...!~~~--' 

VOH 
F 

(OUTPUTS) ____________ -' (PRESET) 

• Preset and Reset functions override Clock. However, F outputs may 91~ch w~h the first positive Clock Edge if tlS1 
can not be 9 uaranteed by the user. 

I, B 
(lOAD SELECT) 

OE 

F 
(INPUTS) 

Asynchronous Preset/Reset 

1.SV 

1.SV 

__ ~ ______ J 

elK 

tcKH 

+3V 

OV 

+3V 

OV 

_-+----- +3V VOH 

'--+-----OV V~ 

+3V 

Q~~~~~~== 
Flip-Flop Input Mode 
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Programmable logic sequencer 
(20 x 45 x 12) 

LOGIC PROGRAMMING 
The PLS179 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SNAP, Data 110 Corporation's ABELTM and 
Logical Devices Inc.'s CUPLTM design 
software packages. 

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

"AND" ARRAY - (I), (B), (Qp) 

PLS179 logic designs can also be generated 
using the program table entry format detailed 
on the following pages. This program table 
entry format is supported by the Philips 
Semiconductors SNAP PLD design software 
package. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 

Product specification 

PLS179 

COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

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

¢"~Q ¢',.,Q ¢".'Q ¢'M I,B,O ~~O ___ I,B,O ___ ~~O ___ 
I, B,a I,B,O I,B,a I,B,a 

(T, Fc, L. P, R, D)n (T, FC, L. P, R, D)n 

I STATE I CODE I 
I 

STATE 

I 
CODE 

I I INACTIVE1,2 I 0 I I,B,a H 

"COMPLEMENT" ARRAY - (C) 

Gt: Gt: 
(Tn' FC) 

I ACTION I CODE 1 I ACTION 

I INACTIVE1, 3, S I o 1 I GENERATES 

"OR" ARRAY - (F-F CONTROL MODE) 

I ACTION I CODE] 

I J-KORD I 
(CONTROLLED) 

Notes on following page. 
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A 

ACTION 

J-K 

(TRo FC) 

I CODE I 
I A I 

CODE 

• 

(T, FC, L. P, R, D)n (T, Fc, L. P, R, Dln 

I 
STATE 

I 
CODE 

I I STATE I CODE I 
I,B,a L I DON'T CARE I - I 

Gt: Gt: 
(TRo FC) (Tn' FC) 

I ACTION I CODE I I ACTION I CODE I 
I PROPAGATE I • I I TRANSPARENT I - I 

"OR" ARRAY - (Qn = D-Type) 

a a 
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"AND" ARRAY - (aN = J-K Type) 

o 

K 

AC110N 

SET 

"OR" ARRAY - (S or B) 

CODE 

H 

~P.R,S 
I L-/ (ORB) 

~P.R.S I L-/ (ORB) 

I Tn STATUS I CODE J I Tn STATUS I CODE J 
I ACl1VE2 I A I I INACllVE I • J 

"OE" ARRAY - (E) 

N~ 
En 

N~ 
En 

I ACTION I CODE I I AC110N I CODE I 
I IDLE1• 4 I 0 I I CONTROL I A I 

NOTES: 

o 
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Tn 

o o 

AC110N CODE 

HOLD 

"EX-OR" ARRAY - (B) 

s-r>-' s-r-' 
I POLARITY I CODE I I POLARITY I CODE I 
I I I I HIGH I H I 

~~ 
En 

N~ 
En 

I ACllON I CODE I I ACllON 1 CODE I 
I ENABLE4 I • J L DISABLE I - I 

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T. Fc. L. p. R. D)n will be unconditionally inhibited if anyone of the I. B. or Q link pairs are left intact. 
3. To prevent oscillations. this state is not allowed for C link pairs coupled to active gates Tn. Fc. 
4. En = 0 and En = • are logically equivalent states. since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (L; p. R. D)n due to their lack of "OR" array links. 

October 22.1993 306 



Philips Semiconductors Programmable Logic Devices 
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PROGRAM TABLE 
AND I OR I CONTROL I 

---------1.--------1--------------1 
INACTIVE 0 I I ACTIVE A I p, R, B(O) I I J/K I • I F/F I 
I,B a H I,B(I), INACTIVE • J (a = D) I J/K or D I A I MODE IDLE I 0 I 
1"9",0 I L O(P) (controlled) I CONTROL I A I 
DON'T CARE I - ENABLE I • EA,BI 

DISABLE I - I 
I INACTIVE 10 TOGGLE 0 I HIGH I ~ I (pOL) 

I 
I GENERATE A SET H I C (O=J/K) LOW 

I PROPAGATE I • RESET I L F/FMOOE 

l TRANSPARENT - I HOLD I- I I I 
T AND 
E 

I B(I) Q(P) R C 

en M 7 6 5 4 3 2 1 0 3 2 1 0 7 6 5 4 3 

t> 0 
j:: 1 
W 
Z 2 

CJ 3 en 4 
> 5 OJ 
0 6 
W ~ 7 .... .... 
W a: 8 
..J 

~ 9 Q. 

:E 0 10 
0 W 11 t> N 
W :J 12 
OJ 0 13 
0 OJ 

14 .... :: 0 
z > W 15 

0 en > 16 
j:: a: W en 

X w t> .... 17 a: :: w z 
0 X W 18 

0 a: Q. X :: 19 
~ .... w en en ~ :e 20 i: LL ::J 0 .... t> t> 0 0 21 

22 

23 

24 

25 

26 

27 

28 
W 

29 
~ 30 
0 

I 
31 

FC 

PB 

> RB 

W LB c:: 
PA 

en 
I 

RA 

.... LA 
a: 03 

~ ~ ~ 02 

c:: W LL ~ 01 
W W t> 0 w :: 0 :> a: ..J DO 
« c:: w W ttl PIN 9 8 7 6 5 4 3 2 23 14 11 10 22 21 20 19 18 
Z 0 0 ttl ~ a: w en :e :: w en t> ::J :: « j:: z « 
0 ::I: ..J c:: 
.... 0 w CJ 
en a: z ~ 0 
::J ::J CJ 0 c:: 
t> Q. en .... e.. 
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NOTES 

1. The device is shipped w~h all links intact. Thus a back· 
ground of entries corresponding to states of virgin links ex-
isis in the table, shown BLANK for ciarny, 

2, Program unused C, I, B, and a bits in the AND array as (-), 
Program unused Q, B, P, and R bits in the OR array as (-) 
or (A), as applicable, 

3, Unused Terms can be left blank. 
4, a (P) and a (N) are respectively the present and next states 

of flip-flops Q, 

EB EA POLARITY 

(OR) 

Q(N) B(O) 

2 1 0 7 6 5 4 3 2 1 0 3 2 1 0 

I--

17 16 15 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

(LOGIC TERMS) (CONTROL TERMS) 

Pa Ra PA RA La LA 0 

a ~ :::::::=:~~::::::':-+ _______ +--+----JI---+-_+--+-_+- i 

b 1ooo(:>~--I---+--------+-+--+--!---+-+--+-: :t:9~Jm::t 

Q 

--II----+--+-------!---t---I--t--+-··:·:::=m=·:·i::~ 
<J-
<.1-

~:.:: •• :.:.:.:.:.:.:.:.:iI:.·.·NO· .. ·.·.·.· .. :.:: .• :.:.::.·.::.::.::.::-+----------; ~:: .. l}\)::: ::,t It:l):::: :,} l:}):t::¢A~: t::::::t::::::::(:} ?}::=:-t: '-:tAi'mf¢t:: 

x 

PR::;::: 

::::::~Q(l~l.}::: 

~--t---I--t--+-~--I~~~H-~-+----~ a 

PLS179 

n'-R~ v\ J~ F 
M-t--:=:1 .... 'V~--f----{]H~~CK, ~r-~~" 

L-----+~-R!--"'..,r--~ " ~-.. " 
>----+--,.,---------nH J Qr------if-----<o; F 

M -+---------c.A7~J (4) 

>----eI7------------i~Ei)-HK < r- CK 

~=~:: 'r--------' 

CK~CLK 
T31 To FC 
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CMOS programmable multi-function PLD 
(42 x 105 x 12) 

DESCRIPTION 
The new PLC42VA12 CMOS PLD from 
Philips Semiconductors exhibits a unique 
combination of the two architectural concepts 
that revolutionized the PLD marketplace. 

The Philips Semiconductors unique Output 
Macro Cell (OMC) embodies all the 
advantages and none of the disadvantages 
associated with the "V" type Output Macro 
Cell devices. This new design, combined with 
added functionality of two programmable 
arrays, represents a significant advancement 
in the configurability and efficiency of 
multi-function PLDs. 

The most significant improvement in the 
Output Macro Cell structure is the 
implementation of the register bypass 
function. Any of the 10 J-KlD registers can be 
individually bypassed, thus creating a 
combinatorial 1/0 path from the AND array to 
the output pin. Unlike other "V" type devices, 
the register in the PLC42VA 12 Macro Cell 
remains fully functional as a buried register. 
Both the combinatorial 1/0 and buried register 
have separate input paths (from the AND 
array). In most V-type architectures, the 
register is lost as a resource when the cell is 
configured as a combinatorial 1/0. This 
feature provides the capability to operate the 
buried register independently from the 
combinatorialI/O. 

The PLC42VA 12 is an EPROM-based CMOS 
device. Designs can be generated using 
Philips Semiconductors SNAP PLD design 
software packages or one of several other 
commercially available JEDEC standard PLD 
design software packages. 

ORDERING INFORMATION 

DESCRIPTION 

24-Pin Ceramic Dual In-Line with window, 
Reprogrammable (300m ii-wide) 

24-Pin Plastic Dual In-Line, 
One Time Programmable (300m ii-wide) 

28-Pin Plastic Leaded Chip Carrier, 
One Time Programmable (450mil-wide) 

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

October 22, 1993 

FEATURES 
• High-speed EPROM-based CMOS 

Multi-Function PLD 

- Super set of 22V10, 32VX10 and 

2ORA10 PAL® ICs 

• Two fully programmable arrays eliminate 
UP-term Depletion" 

- Up to 64 P-terms per OR function 

• Improved Output Macro Cell Structure 

- Individually programmable as: 

• Registered Output with feedback 

• Registered Input 
• Combinatorial 1/0 with Buried Register 

• Dedicated 110 with feedback 

• Dedicated Input (combinatorial) 

- Bypassed Registers are 100% functional 
with separate input and feedback paths 

- Individual Output Enable control 
functions 

• From pin or AND array 

• Reprogrammable -100% tested for 
programmability 

• Eleven clock sources 

• Register Preload and Diagnostic Test Mode 
Features 

• Security fuse 

APPLICATIONS 
• Mealy or Moore State Machines 

- Synchronous 

- Asynchronous 

• Multiple, independent State Machines 

• 1 O-bit ripple cascade 

• Sequence recognition 

• Bus Protocol generation 

• Industrial control 

• AID Scanning 

ORDER CODE 

PLC42VA 12FA 

PLC42VA12N 

PLC42VA12A 
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PIN CONFIGURATIONS 

FA and N Packages 

vcc 

M9 

M8 

M7 

M6 

M5 

M4 

M3 

M2 

eo M1 

81 MIl 

GND 1910E 

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

A Package 

M8 

M7 

M6 

M5 

N/C 

M4 

17 M3 

18 M2 

eo 81 GND NIC 191 MIl M1 
OE 

A = Plastic Leaded Chip Carrier (450mil·square) 

DRAWING NUMBER 

1478A 

0410D 

0401F 

853-141411164 
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LOGIC DIAGRAM 

11 
12 
13 
14 
15 
16 
r7 
18 
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LOGIC DIAGRAM (Continued) 

Product specification 

PLC42VA12 

==--,-1131 19.uE 

-----------------i~~~~tf============~~ttt_--------_tttf~----~ M9 

--------------~====~=3~==========±=~t_--------~----~ ~ 
--------------------------------------------~~----------~------H11 81 

----------------------------------------------~----------~------H~ 00 
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PLC42VA12 

FUNCTIONAL DIAGRAM 

P63 • •• Po Fc Ln Pn Rn CKn LMn PMn RMn CKn DMn DUn DBn 

=t===t=jt======t=jt=t=j====1==t=t=~=t===t===t~<~--~I~ 
11-1S 

~~~~--~~~--------~--~~--+-----+--1---r--r-~----+---~---

< X8 

IoICLK 

< -tl 
--~ __ ~ __ +-________ ~~ __ +--+ ____ ~ __ 4-__ ~~ __ +-__ ~ ____ ~_<~r--

<t-

~~~~~--~~~--------~--r-~--+-----+--1---r--r-~----+---~--

~~2r-~--~--;---------r--r--~-r-----r--+--+--+--+----~--~---

~ l....---+----1-

X8 X8 X2 X2 X2 X2 X8 X2 X2 

..n 
M1:-MB 

~----~.r-,>-______________ ~~-o-. __ +-__ OO~-B1 
POLARI~l.5> .J 
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CMOS programmable multi-function PLD 
(42 x 105 x 12) 

ABSOLUTE MAXIMUM RATINGSl 

SYMBOL PARAMETER RATINGS 

Vee Supply voltage -0.5 to +7 

VIN Input voltage -0.5 to Vee +0.5 

VOUT Output voltage -0.5 to Vee +0.5 

liN Input currents -10 to +10 

lOUT Output currents +24 

Tamb Operating temperature range Oto +75 

T5tg Storage temperature range -65 to +150 
NOTE: 

UNIT 

Voc 

Voc 

Voc 

rnA 

rnA 

°C 

°C 

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

AC TEST CONDITIONS 

Vcc 

INPUTS 

OUTPUTS = 

= NOTE: 

el and e2 are to bypass Vee to GND. 

Test Load Circuit 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 

VOLTAGE WAVEFORMS 

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

Input Pulses 



Philips Semiconductors Programmable Logic Devices 

CMOS programmable mUlti-function PLD 
(42 x 105 x 12) 

DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb < +75°C 4 75V < Vee < 5 25V - - - -

SYMBOL PARAMETER TEST CONDITION 

Input voltage2 

VIL Low Vee = MIN 

VIH High Vee = MAX 

Output voltage2 

VOL Low Vee = MIN; IOL = 16mA 

VOH High Vee = MIN; IOH = -3.2mA 

Input current 

IlL Low VIN = GND 

IIH High VIN = Vee 

Output current 

VOUT= Vec 
IO(OFF) Hi-Z state 

VOUT = GND 

los Short-circuit3·7 VOUT = GND 

ICCl Vec supply current (Active)4 lOUT = OmA, f = 15MHz6, Vcc = MAX 

Icc2 Vee suppiy current (Active)5 lOUT = OmA, f = 15MHz6, Vee = MAX 

Capacitance 

CI Input Vee = 5V; VIN = 2.0V 

CB 110 VB = 2.0V 
NOTES: 
1. All typical values are at Vee = 5V. T arm = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Duration of short-circuit should not exceed one second. Test one at a time. 
4. Tested with VIL = 0.45V, VIH = 2.4V. 
5. Tested with VIL = OV, VIH = Vee. 
6. Refer to Figure 1, ~Iee vs Frequency (worst case). (Referenced from 15MHz) 

The Icc increases by 1.5mA per MHz for the frequency range of 16MHz up to 25MHz. 
The Ice remains at a worst case for the frequency range of 26MHz up to 37MHz. 
The Icc decreases by 1.0mA per MHz for the frequency range of 14MHz down to 1 MHz. 
The worst case lee is calculated as follows: 

- All dedicated inputs are switching. 
- All OMCs are configured as JK flip-flops in the toggle mode ... all are toggling. 
- All 12 outputs are disabled. 
- The number of product terms connected does not impact the Icc. 

7. Refer to Figure 2 for ~tpD vs output capacitance loading. 

+30 

+25 

+20 

+15 
;; 
S. +10 
() 
() 

~ +5 

-5 

-10 

-15 

/ 
~V 

V 
V 

V 
V 
1 10 15 20 25 30 35 40 

f(MHz) 

Figure 1. ~Icc vs Frequency 
(Worst Case) (Referenced from 1SMHz) 
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LIMITS 

MIN TYp1 MAX 

-0.3 0.8 

2.0 Vee + 0.3 

0.3 0.5 

2.4 4.3 

-1 -10 

+1 10 

1 10 
-1 -10 

-130 

90 120 

70 100 

12 

15 

V 
,/" 

V 
~I' 

V 
LI' 

ltI 
o 20 40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE LOADING (pF) 

Figure 2. ~tpD vs Output 
Capacitance Loading (Typical) 

UNIT 

V 

V 

V 

V 

~ 

f1A 

~ 
rnA 

rnA 

rnA 

pF 

pF 
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CMOS programmable multi-function PLD 
(42 x 105 x 12) 

AC ELECTRICAL CHARACTERISTICS 
O°C ::;; Tamb ::;; + 75°C, 4.75V ::;; Vee ::;; 5.25V; Rl = 2380., R2 = 1700. 

SYMBOL PARAMETER FROM 

Set-up Time 

tlS1 Input; dedicated clock (I, B, M) +/-

tls2 Input; P-term clock (I, B, M) +/-

tls33 Preload; dedicated clock (M) +1-

tls43 Preload; P-term clock (M) +/-

tlSS3 Input through complement array; 
(I, B, M) +/-dedicated clock 

tlss3 Input through complement array; 
(I, B, M) +/-P-term clock 

Propagation Delay 

tpOl Propagation Delay (I, B, M) +/-

tp02 
Propagation Delay with complement 

(I, B,) +1-array (2 passes) 

tcKOl Clock to Output; Dedicated clock CK+ 

tcK02 Clock to output; P-term clock (I, B, M) +/-

tRPl 
Registered operating period; 

(I, B, M)+I-
Dedicated clock (tlSl + tcK01) 

tRP2 
Registered operating period; 

(I, B, M) +/-P-term clock (t1S2 + tcK02) 

tRP33 Register preload operating period; 
(M)+I-Dedicated clock (t1S3 + tcK01) 

tRP43 Register preload operating period; 
(M) +/-P-term clock (tlS4 + tcK02) 

tRPs3 Registered operating period with com ple-
(I, B, M) +/-ment array; dedicated clock (tISS + tcK01) 

Registered operating period with 
tRPs3 complement array; P-term clock (I, B, M) +1-

(tISS + tcK02) 

toE 1 Output Enable; from IOE pin4 /OE-

toE2 Output Enable; from P-term4 (I, B, M)+I-

toOl Output Disable; from IOE pin4 IOE + 

to02 Output Disable; from P-term4 (I, B, M) +1-

tpR03 Preset to Output (I, B, M) +/-

tpPR3 Power-on Reset (Mn = 1) Vee + 

Hold Time 

tlHl Input (Dedicated clock) CK+ 

tlH2 Input (P-term clock) (I, B, M) +1-

tlH33 Input; from Mn (Dedicated clock) CK+ 

tlH43 Input; from Mn (P-term clock) {I, B, M)+I-

Pulse Width 

tcKHl Clock High; Dedicated clock CK+ 

tcKL1 Clock Low; Dedicated clock CK-

tcKH2 Clock High; P-term clock CK+ 

tcKL2 Clock Low; P-term clock CK-

tpRH3 Width of preset/reset input pulse (I, B, M) +1-
Notes on page 316. 
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TEST2 PLC42VA12 

TO 
CONDITION 

MIN Typ1 MAX UNIT 
(CL(pF» 

CK+ 50 23 16 ns 

(I, B, M)+I- 50 20 13 ns 

CK+ 50 10 3.5 ns 

(I, B, M)+I- 50 2 -1.0 ns 

CK+ 50 50 34 ns 

(I, B, M) +/- 50 40 30 ns 

(I, B, M) +1- 50 20 35 ns 

(I, B,M)+I- 50 36 55 ns 

(M) +1- 50 13 17 ns 

(M)+I- 50 18 27 ns 

(M) +/- 50 29 40 ns 

(M) +1- 50 31 47 ns 

(M) +1- 50 16.5 27 ns 

(M) +/- 50 17 29 ns 

(M) +/- 50 47 67 ns 

(M) +/- 50 48 67 ns 

(M) +1- 50 10 20 ns 

(B, M)+I- 50 12.5 25 ns 

Outputs dis-
5 10 20 ns abled 

Outputs dis-
5 14.5 25 ns abled 

(M) +/- 50 25 35 ns 

(M) +/- 50 15 ns 

(I, B, M) +1- 50 0 -13 ns 

(I, B, M) +/- 50 5 -7.5 ns 

(M) +/- 50 5 -1.5 ns 

(M) +/- 50 10 3.5 ns 

CK- 50 10 5 ns 

CK+ 50 10 5 ns 

CK- 50 15 7 ns 

CK+ 50 15 7 ns 

(I, B, M) +1- 50 30 7 ns 
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CMOS programmable multi-function PLD 
(42 x 105 x 12) 

AC ELECTRICAL CHARACTERISTICS (Continued) 
O°C ~ T b < +75°C 4 75V < Vcc < 5 25V' R1 - 238Q R2 = 170Q am - - - . -

SYMBOL PARAMETER FROM 

Frequency of Operation 

fCK1 Dedicated clock frequency C+ 

fCK2 P-term clock frequency C+ 

fMAX1 
Registered operating frequency; 

(I, B, M) +/-Dedicated clock (t1S1 + tcK01) 

fMAX2 
Registered operating frequency; 

(I, B, M) +/-P-term clock (t1S2 + tcK02) 

fMAx33 
Register preload operating 
frequency; Dedicated clock (M) +/-
(t1S3 + tcK01) 

Register preload operating 
fMAx43 frequency; P-term clock (M)+/-

(t1S4 + tcK02) 

Registered operating frequency 
fMAX53 with complement array; (I, B,M)+/-

Dedicated clock (t1S5 + tcK01) 

Registered operating frequency 
fMAxs3 with complement array; (I, B, M)+/-

P-term clock (t1ss + tcK02) 

NOTES: 

TO 

C+ 

C+ 

(M) +/-

(M) +/-

(M) +/-

(M)+/-

(M) +/-

(M)+/-

TEST2 

CONDITION 
(CL(pF)) 

50 

50 

50 

50 

50 

50 

50 

50 

1. All typical values are at Vcc = SV, Tamb = +2SoC. These limits are not tested/guaranteed. 
2. Refer also to AC Test Conditions (Test Load Circuit). 
3. These limits are not tested, but are characterized periodically and are guaranteed by design. 
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MIN TYP' MAX UNIT 

50 100 MHz 

33 71.4 MHz 

25 34.5 MHz 

21.3 32.3 MHz 

37 60.6 MHz 

34.5 58.8 MHz 

14.9 21.3 MHz 

14.9 20.8 MHz 

4. For 3-State output; output enable times are tested with CL = SOpF to the 1.SV level, and Sl is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = SpF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - O.SV) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + O.SV) level with Sl closed. 

BLOCK DIAGRAM 

• • • • • • 
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65 X 105 PROGRAMMABLE AND ARRAY 
I 
I 
I 
I 

64 LOGIC TERMS I 41 CONTROL TERMS 

•••• 

64 X32 
PROGRAMMABLE 

OR ARRAY 
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I 
I 
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OUTPUT MACRO CELL (OMC) 

FROM AND ARRAY 

FROM OR ARRAY +-E--e--w.Jf---+----l 

FROM OR ARRAY ---E:9--e-----tJKL ____ 9J 

TO AND ARRAY 

FROM OR ARRAY r 
TO AND ARRAY 

Output Macro Cell Configuration 
Philips Semiconductors unique Output Macro 
Cell design represents a significant 
advancement in the configurability of 
multi-function Programmable Logic Devices. 

The PLC42VA12 has 10 programmable 
Output Macro Cells. Each can be individually 
programmed in any of 5 basic configurations: 

• Dedicated 1/0 (combinatorial) with 
feedback to AND array 

• Dedicated Input 

• Combinatorial 1/0 with feedback and 
Buried Register with feedback (register 
bypass) 

• Registered Input 

• Registered Output with feedback 

Each of the registered options can be further 
customized as J-K type or D-type, with either 
an internally derived clock (from the AND 
array) or clocked from an external source. 
With these additional programmable options, 
it is possible to program each Output Macro 
Cell in anyone of 14 different configurations. 

October 22, 1993 

These 14 configurations, combined with the 
fully programmable OR array, make the 
PLC42VA 12 the most versatile and silicon 
efficient of all the Output Macro Cell-type 
PLDs. 

The most significant Output Macro Cell 
(OMC) feature is the implementation of the 
register bypass function. Any of the 10 J-KlD 
registers can be individually bypassed, thus 
creating a combinatorial 1/0 path from the 
AND array to the output pin. Unlike other 
Output Macro Cell-type devices, the register 
in the OMC is fully functional as a buried 
register. Furthermore, both the combinatorial 
1/0 and the buried register have separate 
input paths (from the AND array) and 
separate feedback paths (to the AND array). 
This feature provides the capability to operate 
the buried register independently from the 
combinatorial 1/0. 

The PLC42VA 12 is ideally suited for both 
synchronous and asynchronous logic 
functions. Eleven clock sources - 10 driven 
from the AND array and one from an external 
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source - make it possible to design 
synchronous state machine functions, 
event-driven state machine functions and 
combinatorial (asynchronous) functions all on 
the same chip. 

Sophisticated control functions support 
individual OE control and Reset functions 
from the AND array. OE control is also 
available from the 19iOE pin. Register Preset 
and Load functions are controlled from the 
AND array, in 2 banks of 4 for OMCs M1 -
MS. Output Macro Cells MO and M9 have 
individual Preset and Load Control terms. 

Output Polarity for the combinatorial 110 
paths is configurable via 12 programmable 
EX-OR gates. The output of each register 
can be configured as inverting (active Low) or 
non-inverting (active High) via manipulation of 
the logic equations. 

The output of each buried register can also 
be configured as inverting or non-inverting via 
the input buffer which feeds back to the AND 
array. 
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OUTPUT MACRO CELL PROGRAMMABLE OPTIONS 

r---------------------, 
OUTPUT MACRO CELL 

L _____________________ J 

ARCHITECTURAL OPTIONS 

REGISTER SELECT OPTIONS 

FROM 
OR ARRAY 

FROM 
AND ARRAY 

FROM 
OR ARRAY 

FROM 
AND ARRAY 

Notes on page 323. 
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R 

REGISTER MODE (0 or JK) CODE 

D-TYPE A 

FC CONTROL P-TERM 

R 

REGISTER MODE (0 or JK) CODE 

JK-TYPE • 

FC CONTROL P-TERM 
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OMC Programmable Options 
For purposes of programming. the Output 
Macro Cell should be considered to be 
partitioned into five separate blocks. As 
shown in the drawing titled "Output Macro Cell 
Programmable Options". the programmable 
blocks are: Register Select Options. Polarity 
Options. Clock Options. OMC Configuration 
Options and Output Enable Control Options. 

There is one programmable location 
associated with each block except the Output 
Enable Control block which has two 
programmable fuse locations per OMC. 

The following drawings detail the options 
associated with each programmable block. 
The associated programming codes are also 
included. The table titled "Output Macro Cell 
Configurations" (page 323) lists all the 
possible combinations of the five 
programmable options. 

Register Select Options 
Each OMC Register can be configured either 
as a dedicated D-type or a J-K flip-flop. The 
Flip-Flop Control term. Fc. provides the 
option to control each Register 
dynamically-switching from D-type to J-K 
type. based on the Fc control signal. 

Register Preset and Reset are controlled 
from the AND array. Each OMC has an 
individual Reset Control term (RMn). The 
Register Preset function is controlled in two 
banks of 4 for OMCs M1 - M3 and M4 - M8 
(via the control terms PA and P8). OMes MO 
and M9 have individual control terms (PMO 
and PM9 respectively). 
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REGISTER SELECT OPTIONS (Continued) 

FROM 
OR ARRAY 

FROM 
ANO ARRAY 

P R 

FC=LOW 

POLARITY OPTIONS (for Combinatorial If 0 Configurations Onlyl) 

FC 

FC= HIGH 

OR~~'!.~>------;--J~""aMCCONRG. H OUTPUTSELECT I 'M' 
r~ 1 OPTIONS. . OPTIONS ~ 

CLOCK OPTIONS 

FROM 
OR ARRAY 

TO 
ANO ARRAY 

FROM 
OR ARRAY 

TO 
ANO ARRAY 

Notes on page 323. 
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POLARITY 

ACTIVE-HIGH (NON-INVERTING) 

POLARITY 

ACTIVE-LOW (INVERTING) 

o (OR J) CK<I--t----I CLK 

CK 

o (OR J) CK,<I--t-----' 

CLKOPTIONS 

EXTERNAL CLOCK 
(FROM PIN 1) 

CLKOPTIONS 

P-TERM CLOCK 
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REGISTER MODE (0 or JK) CODE 

DYNAtJlCALLY CONTROLLABLE A 

FC CONTROL P-TERM LorH 

Polarity Options 
When an OMC is configured as a 
Combinatorial 1/0 with Buried Register. the 
polarity of the combinatorial path can be 
programmed as Active-High or Active-Low. A 
configurable EX-OR gate provides polarity 
control. 

If an OMC is configured as a Registered 
Output, fO is propagated to the output pin. 
Note that either a or fa can be fedback to 
the AND array by manipulating the feedback 
logic equations. (TRUE or COMPLEMENT). 

Clock Options 
In the unprogrammed state, all Output Macro 
Cell clock sources are connected to the 
External Clock pin (ldCLK pin 1). Each OMC 
can be individually programmed such that its 
P-term Clock (CKn) is enabled. thus disabling 
it from the External Clock and providing 
event-driven clocking capability. 

This feature supports multiple state machines, 
clocked at several different rates, all on one 
chip, or the ability to collect large amounts of 
random logic, including 10 separately clocked 
flip-flops. 
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OUTPUT MACRO CELL CONFIGURATION OPTIONS 

TO 
AND ARRAY 

ONC CONRGURATION 

REGISTERED OUTPUT 
(DorJK) 

OMC CONRGURATION CODE 

REGISTERED INPUT Aor.S 

LOAD CONTROL P-TERM 

Notes on page 323. 
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M 

TO 
AND ARRAY 

FR~: >-t-----
ARRAY 

M 

OMCCONRGURATION CODE 

COMBINATORIAL OUTPUT 
WITH BURIED REGISTER 

(DorJK) 
• 

OMC Configuration Options 
Each OMC can be configured as a Registered 
Output with feedback. a Registered Input or a 
Combinatorial 1/0 with Buried Register. 
Dedicated Input and dedicated 1/0 
configurations are also possible. 

When the Combinatorial 1/0 option is selected. 
(the Register Bypass option). the Buried 
Register remains 100% functional. with its 
own inputs from the AND array and a separate 
feedback path. This unique feature is ideal for 
designing any type of state machine; 
synchronous Mealy-types that require both 
Buried and Output Registers. or asynchronous 
Mealy-types that require buried registers and 
combinatorial output functions. Both 
synchronous and asynchronous Moore-type 
state machines can also be easily 
accommodated with the flexible OMC 
structure. 

320 

Note that an OMC can be configured as 
either a Combinatorial 1/0 (with Buried 
Register) or a Registered Output with 
feedback and it can still be used as a 
Registered Input. By disabling the outputs via 
any OE control function. the M pin can be 
used as an input. When the Load Control 
P-term is asserted HIGH. the register is 
preloaded from the M pin(s). When the Lc 
P-term is Active-Low and the output is 
enabled. the OMC will again function as 
configured (either a combinatorial 1/0 or a 
registered output with feedback). This feature 
is suited for synchronizing input signals prior 
to commencing a state sequence. 
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OUTPUT CONTROL OPTIONS 

TO 
AND ARRAY 

OE CONTROl FUSE 

TO 
AND ARRAY 

FROMOE PIN 

OM 

COMPLEMENT ARRAY DETAIL 

co 

co 

• • • 

~------~T~------) 
TO OR ARRAY 

Notes on page 323. 
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OE 

M 

En FUSE 

FROM OE PIN 

M 

TO 
AND ARRAY 

OE CONTROL FUSE 

ALWAYS ENABLED 

• • • 

\:. .... --...,.v--~) 
TO OMCs AND BIDIRECTIONAL 1/0 
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Output Enable Control Options 
Similar to the Clock Options, the Output 
Enable Control for each OMC can be 
connected either to an external source 
(191OE, pin 13) or controlled from the AND 
array (P-terms DMn). Each Output can also 
be permanently enabled. 

Output Enable control for the two 
bi-directionall/O (8 pins 10 and 11) is from 
the AND array only (P-terms D8a and D81 
respectively). 

M 

En FUSE 

ALWAYS ENABLED 

Complement Array Detail 
The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A· 18· IC) and (~) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if anyone or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 

Consider the product terms A, 8 and D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not 8 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 
wasted resources. 
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LOGIC PROGRAMMING 
The PLC42VA 12 is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABELTM and 
CUPLTM design software packages also 
support the PLC42VA 12 architecture. 

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

LOGIC IMPLEMENTATION 

"AND" ARRAY - (I), (B), (Qp) 

PLC42VA 12 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. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. Symbols for OMC 
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configuration have been previously defined in 
the Architectural Options section. 

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

~'~Q ~"~Q '~Q~ 
I,B,O 

~'~Q ~~O ___ ~~O ___ 
I,B,a 

~~Q ---
I,B,O I,B,O I,B,O 

(T, FC, L, P, R, D)n (T, FC, L, P, R, Dln 

I STATE I CODE I 
I 

STATE 

I 
CODE 

I I INACTIVE' I 0 I I,B,O H 

"COMPLEMENT" ARRAY - (C) 

~: 
(Tn,FC) 

I ACTION I CODE I 
I INACTIVE', 3 I 0 I 

"OR" ARRAY - (J-K Type) 

"OR" ARRAY 

~P'R'L I L..../ (ORB) 

I Tn STATUS I CODE I 
I ACTIVE' I A I 

Notes on page 323. 

ABEL is a trademark of Data va Corp. 

o 

CUPl is a trademark of logical Devices, Inc. 
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~: 
(T", FC) 

I ACTION I CODE I 
I GENERATE I A I 

CODE 

SET H 

~P,R,L I L..../ (ORB) 

I Tn STATUS I CODE I 
I INACTIVE I • I 

o 

(T, FC, L, P, R, D)n (T, Fc, L, P, R, Dln 

I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I I,B,O L DON'T CARE -

~: ~: 
(T", FC) (Tn,FC) 

I ACTION I CODE I I ACTION I CODE I 
I PROPAGATE I • I I TRANSPARENT I - I 

Tn Tn 

o o 

HOLD 

o 
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OUTPUT MACRO CELL CONFIGURATIONS 
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PROGRAMMING CODES 

OUTPUT MACRO CELL REGISTER SELECT I OMC CONFIGURATION I POLARITY 

I 
CLOCK 

CONFIGURATION FUSE FUSE FUSE FUSE 

Combinatorial 1/0 with Buried Ootype register 

External clock source A 

I 
• 

I 
H orL 

I 
A 

P-term clock source A • H orL • 
Combinatorial 1/0 with Buried J-K type register 

External clock source • 
I 

• 
I 

HorL 

I 
A 

P-term clock source • • H orL • 
Registered Output (O-type) with feedback 

External clock source A 

I 
A 

I 
N/A 

I 
A 

P-term clock source A A N/A • 
Registered Output (J-K type) with feedback 

External clock source • 
I 

A I N/A 

I 
A 

P-term clock source • A N/A • 
Registered Input (Clocked Preload) with feedback 

External clock source A 

I 
A or.s 

I 
Optionals 

I 
A 

P-term clock source A Aor.s Optionals • 

OUTPUT CONTROL FUSES 

OUTPUT ENABLE CONTROLS 
OE CONTROL FUSE En FUSES CONTROL SIGNAL CONFIGURATION 

OMC controlled by 10E pin A A 
Output Enabled Low 
Output Disabled High 

OMC controlled by P-term • AorO 
Output Enabled High 
Output Disabled Low 

Output always Enabled A a Not Applicable 

NOTES: 
1. This is the initial (unprogrammed) state of the device. 
2. Any gate will be unconditionally inhibited if both the TRUE and COMPLEMENT fuses are left intact. 
3. To prevent oscillations, this state is not allowed for Complement Array fuse pairs that are coupled to active product terms. 
4. The OMC Configuration fuse must be programmed as Combinatorial 1/0 in order to make use of the Polarity Option. 
5. Regardless of the programmed state of the OMC Configuration fuse, an OMC can be used as a Registered Input. Note that the Load Control 

P-term must be asserted Active-High. 
6. Output must be disabled. 
7. Program code definitions: 

A = Active (unprogrammed fuse) 
0, • = Inactive (programmed fuse) 

= Don't Care (both TRUE and COMPLEMENT fuses unprogrammed) 
H = Active-High connection 
L = Active-Low connection 

8. OE control for BO and B1 (Pins 10 and 11) is from the AND array only. 
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TIMING DIAGRAMS 

P-TERMCK 
(~B, M) 

M 
(OUTPUTS) 

~ B, M, OE TERMOR --------
OEPiN 1.SV (OUTPUT ENABLE) ________ ~ 

toEl,2 

Flip-Flop Outputs with P-term Clock 

EXTERNALCK 

M 
(OUTPUTS) 

I, B, M, OE TERM ------...;...-
OR OE PIN 1.SV (OUTPUT ENABLE) ________ ~ 

toEl,2 

Flip-Flop Outputs with External Clock 

'

NPUls':1'" 
tpD .1 

B,M 
(COMBINATORIAL 

OUTPUTS) 

1.5V 

1.SV 

f:-I, B, M, OE TERM 
OROEPIN 

(OUTPUT ENABLE) +WI 

Gated Outputs 
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+3V 

OV 

+3V 

ov 

VOH 

VOL 

+3V 

+3V 

ov 

+3V 

OV 

vOH 

VOL 

+3V 

+3V 

OV 

VOH 

VOL 

+3V 

ov 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

fCKl Clock Frequency; External Clock 

fCK2 Clock Frequency; P-term Clock 

tcKHl 
Width of Input Clock Pulse; 
External Clock 

tcKH2 
Width of Input Clock Pulse; 
P-term Clock 

tcKl1 
Interval between Clock pulses; 
External Clock 

tcKl2 
Interval between Clock Pulses; 
P-term Clock 
Delay between the Positive 

tcKOl Transition of External Clock and 
when M Outputs become valid. 

Delay between the Positive 
tcK02 Transition of P-term Clock and 

when M Outputs become valid. 

Delay between beginning of Valid 

tRPl 
Input and when the M outputs 
become Valid when using 
External Clock. 

Delay between beginning of Valid 

tRP2 
Input and when the M outputs 
become Valid when using P-term 
Clock. 

Delay between beginning of Valid 
Input and when the M outputs 

tRP3 become Valid when using 
Preload Inputs (from M pins) and 
External Clock. 

Delay between beginning of Valid 
Input and when the M outputs 

tRP4 become valid when using Preload 
inputs (from M pins) and P-term 
Clock. 

Delay between beginning of Valid 

tRP5 
Input and when the M outputs 
become Valid when using Com-
plement Array and External clock. 

Delay between beginning of Valid 

tRP6 
Input and when the M outputs 
become Valid when using Com-
plement Array and P-term Clock. 

fMAX1 
Minimum guaranteed Operating 
Frequency; Dedicated Clock 

fMAX2 
Minimum guaranteed Operating 
Frequency; P-term Clock 

Minimum guaranteed Operating 
fMAX3 Frequency using Preload; 

Dedicated Clock (M pin to M pin) 

Minimum guaranteed Operating 
fMAx4 Frequency using Preload; P-term 

Clock (M pin to M pin) 

Minimum guaranteed Operating 
fMAX5 Frequency using Complement 

Array; Dedicated Clock 

Minimum Operating Frequency 
fMAX6 using Complement Array; P-term 

Clock 

Required delay between positive 
tlHl transition of External Clock and 

end of valid input data. 
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TIMING DIAGRAMS (Continued) 

I, B-"I"-------------''I~--- +3V 

(LOAD SELECT)_, I , _____________ , 1'---OV 

I, B, OE TERMOR OE PIN 
(OUTPUT ENABLE) 

-JI~----~~----ov 

M-~-----,,:~~---~dl-~---+3V 

(INPUT)_~-----'I'----..... rl'-~--- OV 

P-TERMOR 
EXTERNAL CK 

- +3V 
_______________________ ""1 

tcK 
1jH3,4 

-+---1- OV 

Q~~~~~~= 
Flip-Flop Input Mode (Preload) 

I, B, M----------"'\.I--------- +3V 

(INPUTS) __________ JI---------OV 

P-TERMOR 
EXTERNALCK 

--OV 

-----t---- +3V 
PRESET/RESET 
(I, B, M INPUTS) _____ _'I 

I~------+----OV 

Q 

M 
(OUTPUTS) 

_Ir_---VOH 

'Preset and Reset functions override Clock. However. M outputs may glitch 
wtth the first positive Clock Edge W tiS cannot be guaranteed by the user. 

Asynchronous PresetlReset 

Vce 

M ~~~~~~~~-----~ 
(OUTPUTS) 

I,B,M 
(INPUTS) ___ ....I ____ +-__ , I ,'--_______ _ 

P-TERMOR I.SV 
EXTERNAL CK ----~----' I 

Power-On Reset 
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TIMING DEFINITIONS (Continued) 

SYMBOL PARAMETER 

Required delay between positive 
tlH2 transition of P-term Clock and 

end of valid input data. 

Required delay between positive 

tlH3 
transition of External Clock and 
end of valid input data when us-
ing Preload Inputs (from M pins). 

Required delay between positive 

tlH4 
transition of P-term Clock and 
end of valid input data when us-
ing Preload Inputs (from M pins). 

Required delay between begin-
tlSl ning of valid input and positive 

transition of External Clock. 

Required delay between begin-
tlS2 ning of valid input and positive 

transition of P-term Clock input. 

Required delay between 

tlS3 
beginning of valid Preload input 
(from M pins) and positive 
transition of External Clock. 

Required delay between 

tlS4 
beginning of valid Preload input 
(from M pins) and positive 
transition of P-term Clock input. 

Required delay between 

tlS5 
beginning of valid input through 
Complement Array and positive 
transition of External Clock. 

Required delay between 

tlS6 
beginning of valid input through 
Complement Array and positive 
transition of P-term Clock input. 

Delay between beginning of 

toEl 
Output Enable signal (Low) from 
IOE pin and when Outputs 
become valid. 

Delay between beginning of 

toE2 
Output Enable signal (High or 
Low) from OE P-term and when 
Outputs become valid. 

Delay between beginning of 

toDl 
Output Enable signal (HIGH) from 
IOE pin and when Outputs 
become disabled. 

Delay between beginning of 

to02 
Output Enable signal (High or 
Low) from OE P-term and when 
Outputs become disabled. 

Delay between beginning of valid 
tpD input and when the Outputs be-

come valid (Combinatorial Path). 

IpRH Width of Preset/Reset Pulse. 

Delay between beginning of valid 

IpRO 
Preset/Reset Input and when the 
registered Outputs become 
Preset ("1 ") or Reset ("0"). 

Delay between Vcc (after 

IpPR 
power-up) and when flip-flops 
become Reset to "0". Note: Signal 
at Output (M pin) will be inverted. 
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LOGIC FUNCTION 

I ~31 ~ I ~1 ~ I ~R PRESENT STATE 

STATE REGISTER J:. B· C •••• 

I 0 I 0 I 0 11 I Sn + 1 NEXT STATE 

SET Qo: Jo = (02 • Q1 • 00) . J: • B . c ... 
Ko=o 

RESETQ1:J1 = 0 
Kp (Oa . n2 • Q1 • 00) . J:. B' C ••. 

HOLD Q2: J2 =0 
K2=0 

RESET Oa: J3= (Oa' n2' Q1 • no)·J:· B' C ••• 
K3= (Oa' 02' Q1' 00) .J:. B' C ••• 

NOTE: 
Similar logic functions are applicable for D 
mode flip-flops. 

FLIP-FLOP TRUTH TABLE 

L X X H X 

L i L L 

L i L L 

L i L H 
L L i L H 

H H i L L 
H H i L H 

+10V X i X X L 
X i X X H 

NOTES: 
1. Positive Logic: 

J-K = To + T, + T2 + ... + T31 
Tn ="C. (10 ·11 ·12 ... )· (00·01 ... ). 
(BO· B1 ... ) 

2. i denotes transition for Low to High level. 
3. X = Don't care 
4. • = Forced at Mn pin for loading the J-K 

flip-flop in the Input mode. The load 
control term, Ln must be enabled (HIGH) 
and the p-terms that are connected to the 
associated flip-flop must be forced LOW 
(disabled) during Preload. 

5. At P = R = H, 0 = H. The final state of 0 
depends on which is released first. 

6. .* = Forced at Fn pin to load J/K flip-flop 
(Diagnostic mode). 

October 22,1993 

PLC42VA 12 UNPROGRAMMED 
STATE 
A factory shipped unprogrammed device is 
configured such that all cells are in a 
conductive state. 

The following are: 

ACTIVE: 
- OR array logic terms 

- Output Macro Cells M1 - M8; 

• D-type registered outputs (D = 0) 

- External clock path 

- Inputs: BO, B1, MO, M9 

INACTIVE: 
- AND array logic and control terms (except 

flip-flop mode control term, Fe) 

- Bidirectional 1/0 (BO, B1); 

• Inputs are active. Outputs are 3-Stated 
via the OE P-terms, DO and D1. 

• D-type registers (D = 0). 

- Output Macro Cells MO and M9; 

• BidirectionalI/O, 3-Stated via the OE 
P-terms, DMO and DM9. The inputs are 
active. 

- P-term clocks 

- Complement Array 

- J-K Flip-Flop mode 

PROGRAMMING AND 
SOFTWARE SUPPORT 
Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 
Software Support) in this data handbook for 
additional information. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 
The erasure characteristics of the 
PLC42VA 12 devices are such that erasure 
begins to occur upon exposure to light with 
wavelength shorter than approximately 4000 
Angstroms (A). It should be noted that 
sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000 - 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC42VA 12 in approximately three 
years, while it would take approximately one 
week to cause erasure when exposed to 
direct sunlight. If the PLC42VA 12 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. 

The recommended erasure procedure for the 
PLC42VA 12 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 
15Wseclcm2. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,OOO~W/cm2 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/cm2 
(1 week @ 12000~W/cm2). 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 retentions 
exceeds 20 years. 
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13 
14 
15 
16 
17 
18 
19 
20 

24 
25 
26 

27 
26 
29 

'" 
31 

32 
33 
34 

35 

38 

3' 

43 

" 45 
46 

48 

4' 
50 

52 

53 
54 
55 

60 
61 

62 
63 
Fe 

RM' 
eK9 

LB 
PB 

RM7 
eK7 

RM5 

eK5 
lA 

RM3 
CK3 

RM2 

eKI 
LMO 

RMO 

eKO 

OM' 
DMa 

DM4 
DM3 

DMI 

DMO 

OBI 
DBO 

V 
A 
RN 
IA 
AM 
BE 
L 

OUTPUT ENABLE CONTROL 

I FIXED OR CONTROLLED EM9 fB EA 

I CONTROLLED FROM PIN DE CONTROL 
QRARRAY 

AND 
I 8(1) M t) 0 P) 

C a , 7 e 5 4 3 21 01 0 If 8 7 65432 1 09 • 7' 5 4 321 0 
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O(N M (0) B(O 

'17854321 0,.7e54321 Of 0 

V 
A 
RN 
IA 
AM 
BE 
L 
E 

12;121 

I 
I 
I 
I 
1 

CKn Asynchronous Clock Control 

Fe Dynamic Flip-Flop Mode Control 

OMn OMC Direction Control 

On JlO Direction Control 

LMnand LA,S OMC Load 

PMn and PA.B Flip-Flop Preset 

AMn - Flip-Flop Reset 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

i63 • •• Po Fe Ln Pn Rn CKn LMn PM., RM., CKn DM., OM., DBn .~ 19/OE 

11-~ = ... J .. I~ ... = ... =. ==t==t=========t==t==t==t=====~==~=t==t==t====~====~<~----~ 
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< -0 
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-Q 
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POLARITY. n X2')>-_____________ --t"'Xl--. __ +-__ 
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-t-

B1 

.~~~::: It~} 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The PLC415-16 PLD is a CMOS 
Programmable Logic Sequencer of the Mealy 
type. The PLC415-16 is a pin-for-pin 
compatible, functional superset of the 
PLS105 and PLUS405 Bipolar 
Programmable Logic Sequencer devices. 

The PLC415 is ideally suited for high density, 
power sensitive controller functions. The 
Power Down feature provides true CMOS 
standby power levels of less than 100J.IA. The 
EPROM-based process technology supports 
operating frequencies of 16 to 20M Hz. The 
PLC415-16 has been designed to accept 
both CMOS and TIL input levels to facilitate 
logic integration in almost any system 
environment. 

The PLC415 architecture has been tailored 
for state machine functions. Both arrays are 
programmable, thus providing full 
interconnectability. Anyone or all of the 64 
AND transition terms can be connected to 
any (or all) of the 8 buried state and 8 output 
registers. 

Two clock sources enable the design of 2 
state machines on one chip. Separate INIT 
functions and Output Enable functions for 
each are controllable either from the array or 
from an external pin. The J-K flip-flops 
provide the added flexibility of the toggle 
function which is indeterminate on S-R 
flip-flops. The programmable Initialization 
feature supports asynchronous initialization of 
the state machine to any user defined 
pattern. 

The unique Complement Array feature 
supports complex ELSE transition statements 
with a single product term. The PLC415-16 
has 2 Complement Arrays which allows the 
user to design two independent complement 
functions. This is particularly useful if two 
state machines have been implemented on 
one chip. 

ORDERING INFORMATION 

DESCRIPTION 

• Pin-for-Pin compatible, functional superset 
of PLS105lA and PLUS405 Logic 
Sequencers 

• Zero standby power of less than 100J.IA 
(worst case) 

- Power dissipation at fMAX = SOmA 
(worst case) 

• CMOS and TTL compatible 

• Programmable asynchronous Initialization 
and OE functions 

- Controllable from AND Array or external 
source 

• 17 input variables 

• 8 output functions 

• 68 Product Terms 

- 64 transition terms 

- 4 control terms 

• 8-bit State Register 

• 8-bit Output Register 

• 2 Transition Complement Arrays 

• Multiple clocks 

• Diagnostic test modes features for access 
to state and output registers 

• Power-on preset of all registers to "1" 

• J-K flip-flops 

- Automatic Hold states 

• Security Fuse 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Arbitration functions 

• Sequential circuits 

• Security locking systems 

• Counters 

• Shift Registers 

OPERATING 
FREQUENCY 

28-Pin Ceramic DIP with window; Reprogrammable (600mil-wide) fMAX = 16MHz 

28-Pin Plastic DIP; One-Time Programmable (600mil-wide) fMAX = 16MHz 

28-Pin Plastic Leaded Chip Carrier; One-Time Programmable (450mil-wide) fMAX = 16MHz 
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N, FA Packages 

110 

111 

112 

113 

114 

11S 

F7 INITiOE 
PDil16 

F6 FO 

F5 Fl 

F4 F2 

GND F3 

NOTE: 
N - Plastic DIP (600mil·wide) 
FA = Ceramic DIP with Quartz window (600mil·wide) 

A Package 

IS/ClK 16 17 ClK VcC 18 19 

NOTE: 
A = Plastic leaded Chip Carrier 

ORDER CODE 
DRAWING 
NUMBER 

PLC415-16FA 1478A 

PLC415-16N 04138 

PLC415-16A 0401F 

853-138211164 
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PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 

1 CLK1 Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High (H) 
line is necessary to update the contents of both registers. Pin 1 only clocks PO-3 and FO-3 
if Pin 4 is also being used as a clock. 

2,3,5-9, 10-14, 17, 16 Logic Inputs: The 12 external inputs to the AND array used to program jump conditions Active-High/Low 
26-27 18-19 between machine states, as determined by a given logic sequence. True and complement (H/L) 
20-22 113-115 signals are generated via use of "H" and "L". 

4 15/CLK2 Logic Input/Clock: A user programmable function: 

• Logic Input: A 13th external logic input to the AND array, as above. Active-High/Low 
(H/L) 

• Clock: A 2nd clock for the State Registers P4-7 and Output Registers F4-7, as above. Active-High (H) 

Note that input buffer Is must be deleted from the AND array (Le., all fuse locations "Don't 
Care") when using Pin 4 as a Clock. 

23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TTL or CMOS levels. When 112 is held at + 11 V, device outputs FO-F7 (H/L) 
reflect the contents of State Register bits PO-P7. The contents of each Output Register 
remains unaltered. 

24 111 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TTL or CMOS levels. When 111 is held at + 11 V, device outputs FO-F7 (H/L) 
become direct inputs for State Register bits PO-P7; a Low-to-High transition on the 
appropriate clock line loads the values on pins FO-F7 into the State Register bits PO-P7. 
The contents of each Output Register remains unaltered. 

25 110 Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TTL or CMOS levels. When 110 is held at + 11 V, device outputs FO-F7 (H/L) 
become direct inputs for Output Register bits OO-Q7; a Low-to-High transition on the 
appropriate clock line loads the values on pins FO-F7 into the Output Register bits 00-07. 
The contents of each State Register remains unaltered. 

10-13 FO-F7 Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 
15-18 normally reflect the contents of Output Register Bits 00-07, when enabled. When 112 is 

held at + 11 V, FO-F7 = (PO-P7). When 111 is held at + 11 V, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +11V, FO-F7 become inputs to Output Register 
bitsOO-Q7. 

19 INIT/OE External Initialization, External/OE, PD or 116: A user programmable function: Only one 
116/PD of the four options below may be selected. Note that both Initialization and JOE options are 

alternately available via the AND array. (P-terms INA, INB, OEA, and OEB.) 

• External Initialization: Provides an asynchronous Preset to logic "1" or Reset to logic Active-High (H) 
"0" of any or all State and Output Registers, determined individually on a 
register-by-register basis. INIT overrides the clock, and when held High, clocking is 
inhibited. Normal clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, after the I NIT pulse goes Low. See timing diagrams for tNVCK and tVCK. 
Note that if the External Initialization option is selected, 116 is disabled automatically via the 
design software and the Power Down and External OE options are not available. Internal 
OE is available via P-Terms OEA and/or OEB. This option can be selected for one or both 
banks of registers. 

• External Output Enable: Provides an Output Enable/Disable function for Output Active-Low (L) 
Registers. Note that if the External OE option is selected, 116 is disabled automatically via 
the design software and the Power Down and ExternallNIT options are not available. 
InternallNIT is available via P-terms INA and/or INB. This option can be selected for one 
or both banks of registers. 

• Power Down: When invoked, provides a Power Down (zero power) mode. The contents Active-High (H) 
of all Registers is retained, despite the toggling of the Inputs or the clocks. To obtain the 
lowest possible power level, all Inputs should be static and at CMOS input levels. Note that 
if the PD options is selected, 116 is disabled automatically via the design software and the 
ExternallNIT and External OE options are not available. InternallNIT is available via 
P-terms INA and/or INB and Internal OE is available via P-terms OEA and/or OEB. 

• Logic Input: The 17th external logic input to the AND array as above. Note that when Active-High/Low 
the 116 option is selected, the Power Down, External JOE and ExternallNIT are not (H/L) 

available. Internal OE and InternallNIT are available from P-Terms OEAlOEB and 
INAIINB, respectively. 
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TRUTH TABLE 1,2,3,4,5 

Vcc 110 111 112 

H X X X 

X +11V X X 

X +11V X X 

X X +11V X 

X X +11V X 
X X X +11V 

L X X X 

+SV H X X X 

X +11V X X 

X +11V X X 

X X +11V X 

X X +11V X 
L X X +11V 
L X X X 

L X X x 
L X X x 
L X X x 
L X X x 

t L L 

NOTES: 
1. Positive Logic: 

SIR (or J/K) = To + Tl + T2 + ... T63 
Tn = (Co, C1)(IO, 11,12, ... ) (PO, P1 ... P7) 

2. t denotes transition from Low-to-High level. 
3. X = Don't Care (.s:S.SV) 

CK 

X 

t 
t 
t 
t 
X 
X 

X 

t 
t 
t 
t 
X 
X 

t 
t 
t 
t 

Product specification 

PLC415-16 

J K Op OF F 

X X H/L H/L OF 
x X Op L L 

x X Op H H 

x X L OF L 

x X H OF H 

X X Op OF Op 
X X Op OF OF 
X X Op OF Hi-Z 

x X Op L L 

x X Op H H 

x X L OF L 

x X H OF H 

X X Op OF Op 
X X Op OF OF 

L L Op OF OF 
L H L L L 

H L H H H 

H H or OF OF 
X X 

4. H/L implies that either a High or a Low can occur, depending upon user-programmed Initialization selection (each State and Output Register 
individually programmable). 

5. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 
on the output pins are forced by the user. 

VIRGIN STATE 
A factory-shipped virgin device contains all 
fusible links intact, such that: 
1. INIT/Q'E/PD/116 is set to INIT. In order to 

use the IN IT function, the user must 
select either the PRESET or the RESET 
option for each flip-flop. Note that 
regardless of the user-programmed 
initialization, or even if the INIT function is 
not used, all registers are preset to "1" by 
the power-up procedure. 

2. All transition terms are inactive (0). 

3. All J/K flip-flop inputs are disabled (0). 

4. The Complement Arrays are inactive. 

5. Clock 1 is connected to all State and 
Output Registers. 

October 22, 1993 

LOGIC FUNCTION 

Q3 Q2 Q1 QO 

11 1 0 11 Eo I ~R PRESENT STATE 

STATE REGISTER )(. B· c· ... 

I 0 1 0 1 0 t1 I Sn + 1 NEXT STATE 

SET Qo: Jo = (02 . Ql . 00) . 1\' • B . C ... 

Ko=o 

RESETQ1:J1 =0 
K1 = (~ . 02 . Q1 . 00) . J\' . B . c ... 

HOLD~:J2=0 

K2=0 

RESET Qa:J3=(Qa' ~. Q1 ·00)·J\'· B' c .. . 
K3 = (~ . 02 . Q1 . 00) . 1\' • B' C .. . 
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FUNCTIONAL DIAGRAM 
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LOGIC DIAGRAM 

NOTE: 
Programmable connection. 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM 

FROM INIT PIN 19 
OR PTERM INA (P0-3) 
OR INB (P4-7) 

Detail A 

FROMCLK1 
OR CLK2 

FROM INT PIN 19 
OR PTERM INA (F0-3) 
OR INB (F4-7) 

Product specification 
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TO OUTPUT 
PINS 

FROM OE PIN 19 
OR PTERM OEA (F0-3) 
OR OEB (F4-7) 

FROMCLK1 
ORCLK2 

Detail B 
State Registers PO - P7 Output Registers FO - F7 

October 22. 1993 

TOINIT. 
UNES 

F4-F7OE FO-F30E 

'--=--'1-6 ---*--------:..:=.::..:..:..---------<t--LJ fPl~~~IPDII16 

TOAND=====~t-------____________ ~ 
ARRAY 

Detaile 
Pin 19 Options: nE, Initialization, Power Down and Input 16 

FROM 
AND ARRAY 

P4-7 AND 
F4-71N1T 

Detail D 

PO-3AND 
FO-3INIT 

Internal and External Initialization 
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DETAILS FOR PLC415-16 LOGIC DIAGRAM (Continued) 

OEB OEA INB INA P63 P62. •• P2 P1 PO 

C1 

co 

'~-----------------'i------------------J/ 

The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 

(/A ·/8· IC) and (~) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if anyone or more of the 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

YiN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tst9 Storage temperature range 

NOTES: 

TO OR ARRAY 

Complement Array Detail 

AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 

Consider the Product Terms A, 8 and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 

RATINGS UNIT 

+7 Voc 

+5.5 Voe 

+5.5 Voe 

-30 to +30 mA 

+100 mA 

o to +75 °c 
-65 to +150 °c 

1. Stresses above those listed may cause malfunction or permanent damage to the device. 
This is a stress rating only. Functional operation at these or any other condition above 
those indicated in the operational and programming specification of the device is not 
implied. 
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all unknown or illegal states. With very 
complex state machines, such an approach 
can be prohibitive, both in terms of time and 
wasted resources. 

Note that the PLC416-16 has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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DC ELECTRICAL CHARACTERISTICS 
o°c s; T mil < +75°C 475 s; Vee S;5 25V a -

SYMBOL PARAMETER TEST CONDITION 

Input voltagr 

VIL Low Vee = MIN 

VIH High Vee = MAX 

Output voltagr 

VOL Low Vee = MIN 
IOL = 16mA 

VOH High IOH = --3.2mA 

Input current 

IlL Low VIN =GND 

IIH High VIN = Vee 

Output current 

IO(OFF) Hi-Z state VOUT = Vce 
VOUT= GND 

los Short-circuit 3, 6 VOUT =GND 

leesB 
Vee sUPl>Iy current with PO Vee = MAX 
asserted7 VIN = o or Vee 

Icc Vec supply current Active 4,5 louT=OmA I atf= lMHz 

(TTL or CMOS Inputs) Vce= MAX I atf= MAX 

Capacitance 

CI Input Vcc = 5V 
VIN = 2.0V 

CB lID VB= 2.0V 

NOTES: 
1. All typical values are at Vee = 5V. T arm = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Duration of short-circuit should not exceed one second. Test one at a time. 

MIN 

-0.3 

2.0 

2.4 

4. Tested with TTL input levels: VIL = 0.45V, VIH = 2.4V. Measured with all inputs and outputs switching. 
5. Refer to Figure 1, Ice vs Frequency (worst case). 
6. Refer to Figure 2 for ~tpD vs output capacitance loading. 
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UMITS 

TYP1 MAX UNIT 

0.8 V 

Vec +0.3 V 

0.5 V 

V 

-10 ~ 
10 ~ 

10 ~ 
-10 ~ 

-130 mA 

50 100 ~ 

55 mA 

80 mA 

12 pF 

15 pF 

7. The outputs are automatically 3-Stated when the device is in the Power Down mode. To achieve the lowest possible current, the inputs and 
clocks should be at CMOS static levels. 

80 
~I-"'" 

i.---" 70 
I--"'" 

--~ 60 
~v 

50 

<" 
§. 40 
(,) 

.9 30 

20 

10 

0 
12 4 6 8 10 12 14 16 

f(MHz) 

Figure 1. Icc vs Frequency 
(Worst Case) 
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IL 
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V 
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/ 
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OUTPUT CAPACITANCE LOADING (pF) 

Figure 2. ~tpD vs Output 
Capacitance Loading (Typical) 
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AC ELECTRICAL CHARACTERISTICS 
R1 = 2520 R2 = 1780 ODC <Tamb < +75DC 475 < Vee 55 25V - - -

SYMBOL PARAMETER FROM 

Pulse width 

tcKH Clock High CK+ 

tcKL Clock Low CK-

tlNITH Initialization Input pulse INIT+ 

Set-up time 

tlS1 Input (1)+1-

tls21 Input through Complement array (I) +1-

tlSPD Power Down Setup (from PO pin) PD+ 

tlSPU Power Up Setup (from PO pin) PD-

tvs1 Power on Preset Setup Vee+ 

tVCK1 
Clock resume (after INIT) when 

INIT-using INIT pin (pin 19) 

tvcK21 Clock resume (after INIT) when 
(I) +1-using P-term INIT (from AND array) 

tNVCK1 
Clock lockout (before INIT) when 

CK-using INIT pin (pin 19) 

INVCK21 Clock lockout (before INIT) when 
CK-using P-term INIT (from AND array) 

Propagation delays 

tcKO Clock to Output CK+ 

tpDZ Power Down to outputs off PD+ 

tpUA1 
Power Up to outputs Active 

PD-with dedicated Output Enable 

tPUA21 Power Up to outputs Active 
with P-term Output Enable 1 PD-

tlHPU 
Last valid clock to Power Down 

Last Valid Clock delay (Hold) 

tlHPD 
First valid clock cycle before Power Beginning of First 
Up Valid Clock Cycle 

toE1 3 Output Enable: from IOE pin OE-

toE21 Output Enable; from P-term (I) +1-

toD1 3 Output Disable; from IOE pin OE+ 

toD23 Output Disable; from P-term (I) +/-

tlNIT1 INITto output when using INIT pin INIT+ 

tlNIT2 
INIT to output when using P-term 

(I) +/-INIT 

tpPR1 Power-on Preset (Fn = 1) Vcc+ 

tRP1 
Registered operating period; 

(I) +/-
(t1S1 + tcK01) 

tRP21 Registered operating period with 
(I) +/-Complement Array (t1S2 + tcK01) 

Notes on follOWing page 
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TEST LIMITS 

TO CONDITION MIN TYP MAX UNIT 

CK- 30pF 25 10 ns 

CK+ 30pF 25 10 ns 

INIT- 30pF 20 ns 

CK+ 30pF 38 25 ns 

CK+ 30pF 60 40 ns 

CK+ 30pF 38 15 ns 

First Valid CK+ 30pF 38 30 ns 

CK- 30pF 0 ns 

CK- 30pF 10 -5 ns 

CK- 30pF 20 8 ns 

INIT- 30pF 10 -3 ns 

INIT- 30pF 0 -5 ns 

(F) +1- 30pF 15 22 ns 

Outputs Off 5pF 25 30 ns 

Outputs Active 30pF 20 35 ns 

Outputs Active 30pF 37 55 ns 

PD+ 30pF 25 15 ns 

PD- 30pF 0 -25 ns 

Output Enabled 30pF 15 30 ns 

Output Enabled 30pF 25 40 ns 

Output Disabled 5pF 20 30 ns 

Output Disabled 5pF 30 40 ns 

(F) +1- 30pF 22 35 ns 

(F) +1- 30pF 35 45 ns 

(F) + 30pF 15 ns 

(F) +/- 30pF 40 60 ns 

(F) +/- 30pF 55 75 ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
R1 = 252!l, R2 = 17S!l, O°C ~Tamb ~+75°C, 4.75 ~ Vee ~5.25V 

SYMBOL PARAMETER FROM 

Hold time 

tlH Input Hold CK+ 

Frequency of operation 

fCLK1 Clock (toggle) frequency C+ 

fMAX1 
Registered operating frequency 

(I) +/-
(t1S1 + tcK01) 

fMAX2 
Registered operating frequency with 
Complement Array (t1S2 + tcK01) 1 (I) +/-

NOTE: 
1. Not 100% tested, but guaranteed by design/characterization. 

TEST 

TO CONDITION 

(F) +/- 30pF 

C+ 30pF 

(F) +/- 30pF 

(F) +/- 30pF 

2. All propagation delays and setup times are measured and specified under worst case conditions. 
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LIMITS 

MIN TYP MAX UNIT 

-10 0 ns 

20 50 MHz 

16.7 25 MHz 

13.3 18.2 MHz 

3. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and S1 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with S1 open, and Low-ta-High impedance tests are made to the VT = (VOL + 0.5V) level with S1 closed. 

TIMING DIAGRAMS 

10-116 

CLK1/2 

FO-F7 

INIT 

10-116 

CLK1/2 

FO-F7 

OJ: 
·(from OEA/B or Pin 19) 

(FROM INAtB OR PIN 19) 

October 22, 1993 

1.5V 

+3V 

ov 

+3V 

1.5V 

ov 

VOH 

VOL 

+3V 

OV 

toE 

Sequential Mode 

---------------------------------------------~V 
----------___________________________________ OV 

'------Ov 

---------- VOH 

'---------- VOL 

1.5V 

~~~~~~~---------------------- OV 

Asynchronous Initialization 

338 



Philips Semiconductors Programmable Logic Devices 

CMOS programmable logic sequencer 
(17 x 68 x 8) 

The PLC416-16 has a unique power down 
feature that is ideal for power sensitive 
controller and state machine applications. 
During idle periods, the PLC415 can be 
powered down to a near zero power 
consumption level of less than 100 micro 
Amps. Externally controlled from Pin 19, the 
power down sequence first saves the data in 

TIMING DIAGRAMS (Continued) 

all the State and Output registers. In order to 
insure that the last valid states are saved, 
there are certain hold times associated with 
the first and last valid clock edges and the 
Power Down input pulse. The Outputs are 
then automatically 3-Stated and power 
consumption is reduced to a minimum. 
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Once in the power down mode, any or all of 
the inputs, including the clocks, may be 
toggled without the loss of data. To obtain the 
lowest possible power level, the inputs should 
be at static CMOS input levels during the 
power down period. 

ADDRESS ~ LASTVAUD XXXXXXXXXXXXX 
~ADDRESS._ 

ZZRX __ X __ 
LASTVAUD 

CLOCK 

CLOCK\", ___ Q ~ 
PDPIN_tIHPuEIiSP 

tpDz--l 
OUTPUT _________ -'X LA~~A~EUD )>-------

POWER DOWN 

Vee 

FO-F7 

eLK112 

10-116 
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Power Down Enable and Disable 

1.5V [FnI = 1 

____ .:..~-f 
'I--tcK 

14-----tvs-----+i 

Power-on Preset 
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+5V 

OV 

VOH 
[FnI + 1 

VOL 

+3V 

OV 

FIRSTVAUD 
CLOCK 
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PLC415-16 

TIMING DIAGRAMS (Continued) 
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10_111,--11"-------------------------- +3V 
113-116 

112 

ClK 

FO-F7 

I'-------------------------------OV 
+10V 

1~-------------+3V 

'------------OV 
I'------~---------------OV 

--+-----+---~ ~~~~ ,--~~~~ ,-------VOH 
1.SV 

---+------+--~'I~~~~"I'--~~~~"~----------VOl 

--~--------------------------------OV 

111 

ClK 

Diagnostic Mode-State Register Outputs 

8.0V 
+3V -F
+10V 

OV 
IRJH 

,-----------'I'~~~~~~+3V 

+3V 

'-----OV 
-IIS- tcKH 

( QP~~~~~@----VOH STATE (DIN) 

REG. tcKO ---- VOL 

110 

FO-F7 
(INPUTS) 

ClKl/2 

Diagnostic Mode-5tate Register Input Jam 

-F
+10V 

8.0V 
+3V 

OV 
IRJH 

~~-r"~-r"'" +3V 

~~~~~~~~~~~ ~------r-J ~~~~~~OV 

+3V 

I'----OV 

Diagnostic Mode-Output Register Input Jam 
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TIMING DEFINITIONS 

SYMBOL PARAMETER SYMBOL PARAMETER 

fClK Minimum guaranteed toggle 
frequency of the clock (from 
Clock HIGH to Clock HIGH). 

tl5PU Required delay between the 
beginning of Power Down 
LOW and the positive 
transition of the first valid 

fMAX1 ,2 Minimum guaranteed 
operating frequency. 

clock. 

tl51 Required delay between 

tcKH Width of input clock pulse. 

tcKl Interval between clock 
pulses. 

beginning of valid input and 
positive transition of Clock. 

tl52 Required delay between 
beginning of valid input and 

tRPl Minimum guaranteed positive transition of Clock, 
operating period - when not when using optional 
using Complement Array. Complement Array (two 

tRP2 Minimum guaranteed 
operating period - when 
using Complement Array. 

passes necessary through 
the AND Array). 

tNVCKl Required delay between the 
negative transition of the 

tcKo Delay between positive clock and the negative 
transition of Clock and when transition of the 
Outputs become valid (with Asynchronous Initialization 
outputs enabled). when using externailNIT 

tlH Required delay between 
positive transition of Clock 
and end of valid Input data. 

control (from pin 19) to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 

tlHPO Required delay between the 
positive transition of the 

tNVCK2 Required delay between the 
negative transition of the 

beginning of the first valid clock and the negative 
clock cycle to the beginning transition of the 
of Power Down LOW to Asynchronous Initialization, 
insure that the last valid when using the internallNIT 
states are intact and that the control (from P-terms INA 
next positive transition of the and INB), to guarantee that 
clock is valid. the clock edge is not detected 

tlHPU Required delay between the 
as a valid negative transition. 

positive transition of the last toOl Delay between beginning of 
valid clock and the beginning Output Enable High and 
of Power Down HIGH to when Outputs are in the 
insure that last valid states OFF-State, when using 
are saved. external OE control (from 

tlNITH Width of initialization input 
pulse. 

pin 19). 

to02 Delay between beginning of 
Output Enable High and 

tlNln Delay between positive when outputs are in the 
transition of Initialization and OFF-State when using 
when Outputs become valid internal OE control (from 
when using externallNIT P-terms OEA and OEB). 
control (from pin 19). 

toE 1 Delay between beginning of 
tlNIT2 Delay between positive Output Enable Low and when 

transition of Initialization and Outputs become valid when 
when outputs become valid using external OE control 
when using internallNIT from pin 19. 
control (from P-terms INA 
and INB). tOE2 Delay between beginning of 

Output Enable Low and when 

tl5PO Required delay between the 
beginning of Power Down 
HIGH (from pin 19) and the 
positive transition of the next 

outputs become valid when 
using internal OE control 
(from P-terms OEA and 
OEB). 

clock to insure that the clock 
edge is not detected as a 
valid Clock and that the last 
valid states are saved. 

tpoz Delay between beginning of 
Power Down HIGH and when 
outputs are in OFF-State and 
the circuit is "powered down". 

October 22,1993 341 

Product specification 

PLC415-16 

SYMBOL PARAMETER 

tpPR Delay between Vee (after 
power-on) and when Outputs 
become preset at "1". 

tpUA1,2 Delay between beginning of 
Power Down LOW and when 
outputs become Active (valid) 
and the circuit is "powered 
up". See AC Specifications. 

tRH Required delay between 
positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 

tRJH Required delay between 
positive transition of Clock 
and end of inputs 111 or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively. 

tRJ5 Required delay between 
when inputs 111 or 110 
transition to State and Output 
Register Input Jam 
Diagnostic Modes, 
respectively, and when the 
output pins become available 
as inputs. 

!sRO Delay between input 112 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 

t5RE Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tVCKl Required delay between 
negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding the first valid 
clock pulse when using 
external INIT control (pin 19). 

tVCK2 Required delay between the 
negative transition of the 
Asynchronous Initialization 
and the negative transition of 
the clock preceding the first 
valid clock pulse when using 
internallNIT control (from 
P-terms INA and INB). 

tV5 Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 
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TEST LOAD CIRCUIT 

VCC 

e'ye, 
<>-r---l~ 10 

INPUTS e>-'---l~115 

O----l~CK 

NOTE: 
C1 and C2 are to bypass VCC to GND. 

LOGIC PROGRAMMING 
The P LC416-16 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors 
SNAP design software package. ABELTM and 
CUPLTM design software packages also 
support the PLC416-16 architecture. 

All packages allow Boolean and state 
equation entry formats. SNAP, ABEL and 

GND OUTPUTS = 

= 

CUPL also accept, as input, schematic 
capture format. 

PLC416-16 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. 

INITIALIZATION (PRESET/RESET)11 OPTION - (P/R) 

AC1l0N AC1l0N 

H 

"AND" ARRAY - (I), (P) 
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VOLTAGE WAVEFORMS 

-~ 
.v ~ L'R ~J C 

2.5n8 2.5ns 

~:-Jt 'iL-
2.5n8 2.5ns 

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

Input Pulses 

To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations if assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 

1
i
'p 1i'P 1i

'p 1i
'p 

I,P I,P I,P I,P 
T,p T,p T,p T,p 

Tn Tn Tn Tn 

I STATE I CODE I 
l INACllVE1,2 I 0 I 

Notes are on page 344. 

ABEL is a trademark of Data 1/0 Corp. 
CUPL is a trademark of Logical Devices, Inc. 
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STATE STATE STATE 

I,P ~P DON'T CARE 
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LOGIC PROGRAMMING (Continued) 

Product specification 
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PIN 19 FUNCTION: POWER DOWN, INIiTALIZATION, OE, OR INPUT 
~-------------------------------------, 

Power Down Mode 

POWER DOWN 
CONTROL 

FROM PIN 19 

INIT DISABLED 
FROM PIN 19 

(PO FUSE) 

POWER DOWN FUSE 

(INIT/OE FUSE) 

,...-----<.--- :o~S~:~~D 

PIN 19 AS POWER DOWN 

EXTERNAL INiT/OE FUSE 

EXTERNAL INIT/OE DISABLED 

External Initialization Control 

(PO FUSE) (INIT/OE FUSE) 

POWER DOWN 
DISABLED 

FROM PIN 19 
,...-----<~- :~~S~:~~D 

INIT CONTROL 
FROM PIN 19 

PO FUSE 

POWER DOWN DISABLED 

EXTERNAL INITiOE FUSE 

PIN 19 AS EXTERNAL INIT 

INTERNAL INIT FUSES 

P-TERM INIT ACTIVE OR 
INACTIVE 

External Output Enable Control 

(PO FUSE) (INIT/OE FUSE) 

POWER DOWN 
DISABLED 

FROM PIN 19 
,...---1--- :OC~~~R~L 

INIT DISABLED 
FROM PIN 19 

PO FUSE 

POWER DOWN DISABLED 

EXTERNAL INIT/OE FUSE 

PIN 19 AS EXTERNAL OE 

INTERNAL INiT FUSES 

P-TERM UE ACTIVE OR 
INACTIVE 

Notes are on page 344. 
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P-Term Initialization Control 

FROM AND ARRAY 

~ PRESET/RESET 
TO REGISTERS 

INTERNAL INIT FUSE 

-= INiT DISABLED 
FROMPIN19 

I INTERNAL INIT FUSES I CODE I 
I P-TERM INIT CONTROL I H7,8 I 
I POWER DOWN FUSE I CODE I I POWER DOWN ENABLED OR I 

DISABLED HORL I 
P-Term OE Control 

FROM AND ARRAY 

~ OUTPUT ENABLE 
CONTROL 

INTERNAL OE FUSE 

-= UE DISABLED 
FROMPIN19 

I INTERNAL OE FUSES I CODE I 
I P-TERM OE CONTROL I H7,8 I 
I POWER DOWN FUSE I CODE I I POWER DOWN ENABLED OR I 

DISABLED HORL I 
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LOGIC PROGRAMMING (Continued) 

"OR" ARRAY - J-K FUNCTION - (N), (F) 

~F±gfJ 
N;"F K 

~Fjg[J 
N;"F K 

~F±gfJ 
N;"F K 

I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I TOGGLE2 0 SET H RESET l 

"COMPLEMENT" ARRAY - (C) 

0.: 
Tn 

0.: 
Tn 

0.: 
Tn 

I ACTION 1 CODE I I 
ACTION 

I CODE 

I 
I ACTION 1 CODE J 

I INACTlVE1,3 I 0 I GENERATE A I PROPAGATE 1 • J 

CLOCK OPTION - (CLK1/CLK2) 

ClK2 ClK2 

ClK1 ClK1 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if anyone of its lor P link pairs is left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
4. These states are not allowed when using PRESET/RESET option. 
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~Fjg[J 
N;"F K 

I 
ACTION I CODE 

I DON'T CARE -

0.: 
Tn 

l ACTION I CODE I 
I TRANSPARENT I - I 

5. Input buffer 15 must be deleted from the AND array (i.e., all fuse locations "Don't Care") when using second clock option. 
6. When using Power Down feature, INPUT 16 is automatically disabled via the design software. 
7. If the internal (P-term) control fuse for INIT and/or OE is programmed as Active High, the associated External Control function will be 

permanently disabled, regardless of the state of the ExternaiINIT/OE fuse. 
8. One internal control fuse exists for each group of 8 registers. PO - 3 and FO - 3 are banked together in one group, as are P4 - 7 and F4 -

7. Control can be split between the INIT/OE pin (Pin 19) and P-terms INA, INB, OEA and OEB. 
9. The PLC416-16 also has a power-up preset feature. This feature insures that the device will power-up in a known state with all register 

elements (State and Output Register) at a logic High (H). When programming the device it is important to realize this is the initial state of 
the device. You must provide a next state jump if you do not wish to use all Highs (H) as the present state. 

10. L = cell unprogrammed. 
H = cell programmed. 

11. Inputs 10, 11 and 12 (pins 25, 24, & 23) can be used for supervoltage diagnostic mode tests. It is recommended that these inputs not be 
connected to product terms INA, INB, OEA or OEB if you intend to make use of the diagnostic modes due to the fact that the patterns 
associated with the internallNIT and OE control product terms may interfere with the diagnostic mode data loading and reading. 
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PROGRAM TABLE 
AND OR (Ns, Fn) 

(Im,Pa) (Cn) 
TOGGLE 0 

INACTIVE 0 INACTIVE 0 

I,P H GENERATE A 
SET H 

I,P l PROPAGATE RESET L . 
DON'T CARE - TRANSPARENT - NO CHANGE -

If 
INTERNAL INI" rERNAloEI 
INB INA EB OEA) INIT/OE 

.::: 

'(1m) 

:n' 18 il7 116 115 14/13 112111 10 

I 
W 
::2 « z 
~ z 
0 0 
W Ci5 (3 w 5> a: ~ w 
0... 0 a: 

I 

I I 

'*I: '*I: 

~ ~ 5: a: « ct z ct a: U) a: 
w 0 w 
::2 1= ::2 
0 w 0 
~ Z ~ 
U) U) 
::::l " ::::l 
0 Ci5 0 

PIN NO. 11920 121122 23 124 125 126 27 2 3 4 5 6 7 8 9 

PIN 
LABELS 

NOTES: 

Product specification 

PLC415-16 

OPTIONS 
I ENTERNAL INIT LJ POWER DOWN H INiTIAUZA1l0N 
I EXTERNAL OE H ENABLED 

PRESET H POWER DOWN L I INTERNAL INiT/OE H 
DISABLED RESET L 

ENABLED 
NOINIT -I CLOCK 1 ONLY I L I I INTERNAL INiT/OE L 

DISABLED CLOCK 1 AND 2 lHJ INDETERMINATE 0 

::::{l 1~;:2 !::::::::: PD INIllAI JZATION 
::::::::j 1::::=:::1 I 

R 

.... .",,: .. , "'A'':(Pa) I'II:A """'I:II'ISI '(Fn) 

PO "0 "" ""Ir .. "" IFO 

I 

,10111 112113115 16 17118 

I 
1. In the unprogrammed state all cells are conducting. Thus, the program table for an unprogrammed device would contain "O"s for all product terms (inactive) and 

initialization states (indeterminate), The defautt or unprogrammed state of all other options is "L", 
2. Unused Cn, 1m and Ps cells are normally programmed as Don't Care (-l, 
3, Unused product terms can be left blank (inactive) for future code modification, 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 
The erasure characteristics of the PLC415 
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 
lamps has wavelengths in the 3000 - 4000A 
range. Data shows that constant exposure to 
room level fluorescent lighting could erase a 
typical PLC415 in approximately three years, 
while it would take approximately one week 

October 22, 1993 

to cause erasure when exposed to direct 
sunlight. If the PLC415 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. 

The recommended erasure procedure for the 
PLC415 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/cm2. The erasure 
time with this dosage is approximately 30 to 
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35 minutes using an ultraviolet lamp with a 
12,OOOjlW/cm2 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/cm2 
(1 week@ 12000jlW/cm2). 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. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

15 ~04S __ ~4-~I~ __ ~IN~B _____________ ~PI!~.~.P~D 
~ 

-+-----+---+--+------J�:.��!��=~I~~I.I.I·I.I •• ~I---------.---------I 
<. 
<. 

---{> /4 
--[> f 4 

-~CK1/CK2 
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Programmable logic sequencers 
(16 x 48 x 8) 

DESCRIPTION 
The PLS105and the PLS105A are bipolar 
Programmable Logic State machines of the 
Mealy type. They contain logic AND-OR gate 
arrays with user programmable connections 
which control the inputs of on-chip State and 
Output Registers. These consist respectively 
of 6 Op, and 8 OF edge-triggered, clocked 
SIR flip-flops, with an Asynchronous Preset 
option. all flip-flops are unconditionally preset 
to "1" during power turn on. 

The AND array combines 16 external inputs 
10 - 1,5 with six internal inputs Po _ 5, which 
are fed back from the State Registers to form 
up to 48 transition terms (AND terms). All 
transition terms can include True, False, or 
Don't Care states of the controlling variables, 
and are merged in the OR array to issue 
next-state and next-output commands to their 
respective registers on the Low-to-High 
transition of the Clock pulse. Both True and 
Complement transition terms can be 
generated by optional use of the internal input 
variable (C) from the Complement Array. 
Also, if desired, the Preset input can be 
converted to Output Eiii6Ie function, as an 
additional user-programmable option. 

Order codes are listed below in the Ordering 
Information Table. 

ORDERING INFORMATION 

DESCRIPTION 

28-Pin Plastic DIP (600mil-wide) 

28-Pin Plastic Leaded Chip Carrier 
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FEATURES 

• PLS105 
- fMAX = 13.9MHz 

- 20MHz clock rate 

• PLS105A 

- fMAX = 20MHz 

- 25MHz clock rate 

• Field-Programmable (Ni-Cr link) 

• 16 input variables 

• 8 output functions 

• 48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked flip-flops 

• Programmable Asynchronous Preset or 
Output Enable 

• Power-on preset to all "1" of internal 
registers 

• Power dissipation: 600mW (typ.) 

• TTL compatible 

• Single +5V supply 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security locking systems 

• Counters 

• Shift registers 

ORDER CODE 

PLS105N,PLS105AN 

PLS105A,PLS105AA 
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PIN CONFIGURATIONS 

F7 

F6 

F5 

F4 

N Package 

N a Plastic DIP (60Omil-wide) 

A Package 

Vcc 

110 

111 

112 

113 

114 

115 

PRtOE 

FO 

Fl 

F2 

F3 

15 16 17 ClK VCC 18 19 

A = Plastic Leaded Chip Carrier 

DRAWING NUMBER 

04138 

0401F 

110 

111 

112 

113 

114 

115 

PRiOE 

853--{)310 11164 
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FUNCTIONAL DIAGRAM 

10 

1M 

>--+----------+-c 

~-+----------~c 

T47---------- TO 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 

2-8 11-115 Logic Inputs: The 15 external inputs to the AND array used to program jump conditions 
20-27 between machine states, as determined by a given logic sequence. 

9 10 Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When 10 is held at +1 OV, device outputs FO - 5 reflect 
the contents of State Register bits PO - 5. The contents each Output Register remains 
unaltered. 

10-13 FO-7 Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of 
15-18 Output Register bits ao - 7, when enabled. When 10 is held at + 1 OV, FO - 5 = (PO - 5), 

and F6, 7 = Logic "1". 

19 PR/OE Preset or Output Eiii6le Input: A user programmable function: 

• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register 
bits. Preset overrides Clock, and when held High, clocking is inhibited and FO - 7 are High. 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after Preset goes Low. 

• output Erui6Ie: Provides an Output Enable function to all output buffers FO - 7 from the 
Output Register. 
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POLARITY 

Active-High 

Active-High/Low 

Active-High/Low 

Active-High 

Active-High (H) 

Active-Low (L) 
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LOGIC DIAGRAM 

NOTES: 
1. All AND gate inputs with a blown link float to a logic "1". 
2. AJI ... OR gate inputs with a blown fuse float to logic "0". 
3. :t?: Programmable connection. 
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r;:::===;:t--/19l PRIOE 

01--+----1>--1171 F1 

nl--+----I>--I161 F2 

01--+----1>-----1151 F3 

01--+----I>--I131~ 

ffiOl--t----I>--l121 FS 

01--+----1>-----1·111 F6 

0l--t----I>--l101 F7 

elK 
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TRUTH TABLE 1,2,3,4,5,6 

OPTION 

Vcc PR OE 10 
H . 
L +10V 
L X 

H . 
+5V L +10V 

L X 

L X 

L X 

L X 

L X 

i X X X 

NOTES: 
1. Positive Logic: 

SIR = To + Tl + T2 + ... + T47 
Tn = C(IO 11 12 ... ) (PO P1 ... P5) 

Product specification 
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CK S R QPIF F 

X X X H H 

X X X an (OP)n 
X X X an (OF)n 

X X X an Hi-Z 
X X X an (OP)n 
X X X an (OF)n 

i L L an (OF)n 

i L H L L 

i H L H H 

i H H IND. IND. 

X X X H 

2. Either Preset (Active-High) or Output Enii6I9 (Active-Low) are available, but not both. The desired function is a user-programmable option. 
3. t denotes transition from Low-to-High level. 
4. R = S = High is an illegal input condition. 
5. • = H or L or + 1 Ov. 
6. X = Don't Care (5.5.5V). 

LOGIC FUNCTION 

Typical State Transition: 

Q2 01 QO 

I 0 1, Eo I ~R PRESENT STATE 

STATE REGISTER "A"' If· C •••• 

I 0 I 0 t, I Sn+1 NEXT STATE 

SET 00: So = <02 . 0, . ~) . }; . If . c ... 
Ro=O 

RESETO,:S, =0 
R, = <02 . 0, .~) . }; ·If . c ... 

HOLD~:~=O 

R2=0 

ABSOLUTE MAXIMUM RATINGS1 

VIRGIN STATE 
The factory shipped virgin device contains all 
fusible links intact, such that: 
1. PRICE option is set to PRo Thus, all 

outputs will be at "1", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All SIR flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 
NOTE: The Test Array pattern MUST be 
deleted before incorporating a user 
program. This is accomplished 
automatically by any Philips 
Semiconductors qualified programming 
equipment. 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tstg Storage temperature range 

NOTES: 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 

RATINGS 

MIN MAX UNIT 

+7 VDC 

+5.5 VDC 

+5.5 VDC 

-30 +30 mA 

+100 mA 

0 +75 °C 

-65 +150 °C 

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation at 
these or any other condition above those indicated in the operational and programming specification of the device is not implied. 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb < +75°C 4 75V:5 Vee < 5 25V - - -

SYMBOL PARAMETER 

Input voltage2 

VIH High 
VIL Low 

Vie Clamp3 

Output voltage2 

VOH High4 

VOL Low5 

Input current 

IIH High 

IlL Low 

IlL Low (CK input) 

Output current 

IO(OFF) Hi-Z state6 

los Short circuit 3, 7 

lee Vee supply currents 

CapacitanceS 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V, T amb = +25°C. 

TEST CONDITION 

Vee = MAX 
Vee = MIN 

Vee = MIN, liN =-12mA 

Vee = MIN 
10H =-2mA 
10L =9.6mA 

VIN =5.5V 

VIN = 0.45V 

VIN = 0.45V 

Vee = MAX 

VOUT = 5.5V 

VOUT = 0.45V 

VOUT = OV 

Vee = MAX 

Vee =5.0V 
VIN = 2.0V 

VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Measured with VIL applied to OE and a logic high stored, or with VIH applied to PRo 

Product specification 
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LIMITS 

MIN Typl MAX UNIT 

2.0 V 
0.8 V 

-0.8 -1.2 V 

2.4 V 
0.35 0.45 V 

<1 25 ~ 
-10 -100 ~ 
-50 -250 ~ 

1 40 ~ 
-1 -40 ~ 

-15 -70 mA 

120 180 mA 

8 pF 
10 pF 

5. Measured with a programmed logic condition for which the output is at a low logic level, and VIL applied to PR!OE Output sink current is 
supplied through a resistorto Vee. 

6. Measured with VIH applied to PRiOE. 
7. Duration of short circuit should not exceed 1 second. 
8. Icc is measured with the PRiOE input grounded, all other inputs at 4.5V and the outputs open. 
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AC ELECTRICAL CHARACTERISTICS 
Rl = 4700, R2 = 1k.n, CL = 3OpF, O°C S Tamb S +75°C, 4.75V S Vee S 5.25V 

SYMBOL PARAMETER FROM TO 

Pulse width 

!eKH Clock2 High CK+ CK-

!eKL Clock Low CK- CK+ 

!eKP Clock period CK+ CK+ 
tpRH Preset pulse PR+ PR-

Setuptime3 

tiS1A Input Input± CK+ 
tlS1 8 Input Input± CK+ 
tlS1C Input Input± CK+ 
tlS~ Input (through Complement Array) Input± CK+ 

tlS28 Input (through Complement Array) Input CK+ 

tlS2C Input (through Complement Array) Input CK+ 

tvs Power-on preset Vee + CK-

tpRS Preset PR- CK-

Hold time 

tlH Input CK+ Input± 

Propagation delay 

!eKO Clock CK+ Output± 

toE Output enable4 OE- Output-

toD Output disable4 OE+ Output + 
tpR Preset PR+ Output + 
tpPR Power-on preset Vee + Output + 

Frequency of operation3 

fMAXC Without Complement Array 
fMAXC With Complement Array 

NOTES: 
1. All typical values are at Vee = 5V, T amb = +25°C. 
2. To prevent spurious clocking, clock rise time (10% - 90%) S 30ns. 
3. See ·Speed vs. OR Loading" diagrams. 
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LIMITS 

PlS105 PlS105A UNIT 

MIN TYpl MAX MIN TYP1 MAX 

25 15 20 15 ns 
25 15 20 15 ns 
50 30 40 30 ns 
25 15 25 15 ns 

60 40 ns 
50 30 ns 
42 N/A ns 
90 70 ns 

80 60 ns 

72 N/A ns 

0 -10 0 -10 ns 

0 -10 0 -10 ns 

5 -10 5 -10 ns 

15 30 15 20 ns 
20 30 20 30 ns 
20 30 20 30 ns 
18 30 18 30 ns 
0 10 0 10 ns 

13.9 20.0 MHz 
9.8 12.5 MHz 

4. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and Sl is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + O.5V) level with Sl closed. 

TEST LOAD CIRCUIT 

Vee 

INPUTS 

GND 

NOTE: 
el and e2 are to bypass Vee to GND. 

October 22, 1993 
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VOLTAGE WAVEFORMS 

MEASUREMENTS: 
All circu~ delays are measured at the + 1.5V level of 
inputs and outputs. unless otherwise specKied. 

Input Pulses 
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TIMING DIAGRAMS 

+3V 
10-15 

OV 

+3V 

1.5V 
ClK--~--------J OV 

VOH 
F0-7 

VOl 

+3V 

OE 
OV 

Sequential Mode 

----------------------------+3v 

----------------------------OV 

ClK --+----' 

FO-7 

~----------------------+3V 

PR --------------..1 ~----------------------ov 

Asynchronous Preset 

,------------------------------------------- +5V 4.SV 
Vee 

OV 

FO-F7 

------ VOL 

elK 

OV 

tvs 
+3V 

10-115 

OV 

Power-On Preset 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tcKH Width of input clock pulse. 

tcKl Interval between clock pulses. 

tcKP 
Minimum guaranteed Clock 
period. 

Required delay between 
tlSl beginning of valid input and 

positive transition of clock. 

Required delay between 
beginning of valid input and 
positive transition of Clock, 

tlS2 when using optional 
Complement Array (two 
passes necessary through the 
AND array). 

Required delay between Vee 

tvs 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

Required delay between 
negative transition of 

tpRS 
Asynchronous Preset and 
negative transition of Clock 
preceding first reliable clock 
pulse. 

Required delay between 
tlH positive transition of Clock 

and end of valid input data. 

Delay between positive 

tcKO 
transition of clock and when 
outputs become valid (with 
PRIDE Low). 

Delay between beginning of 
toE Output Enable Low and when 

outputs become valid. 

Delay between beginning of 

too 
Output Enable High and 
when outputs are in the 
OFF-State. 

Delay between input 10 
transition to Diagnostic mode 

tSRE and when the outputs reflect 
the contents of the State 
Register. 

Delay between input 10 
transition to Logic mode and 

tsRO when the outputs reflect the 
contents of the Output 
Register. 

Delay between positive 
tpR transition of Preset and when 

outputs become valid at "1". 

Delay between Vee (after 
tpPR power-on) and when outputs 

become preset at "1 n. 

tpRH Width of preset input pulse. 

fMAx 
Minimum guaranteed 
operating frequency. 
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Programmable logic sequencers 
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TIMING DIAGRAMS (Continued) 

11-115 

10 

CLK 

FO-F5 (Fn) 

ov 

+10V 

+3V 

OV 

+3V 

OV 

VOl 

VOH 
1.5V (Fn+1) 

VOL 

0E---4--------------------------------------------- ov 

Diagnostic Mode 

SPEED VS. "OR" LOADING 

The maximum frequency at which the PLS 
can be clocked while operating in 
sequential mode is given by: 

(1/fMAX) = tCY = tiS + tcKO 

This frequency depends on the number of 
transition terms Tn used. Having all 48 
terms connected in the AND array does 
not appreciably impact performance; but 
the number of terms connected to each 
OR line affects tiS, due to capacitive 
loading. The effect of this loading can be 
seen in Figure 1, showing the variation of 
tlS l with the number of terms connected 
per OR. 

The PLS105 AC electrical characteristics 
contain three limits for the parameters tlSl 
and tlS2 (refer to Figure 1). The first, tiS1A is 
guaranteed for a device with 48 terms 
connected to any OR line. tlS1B is 
guaranteed for a device with 32 terms 
connected to any OR line. And tlS1C is 
guranteed for a device with 24 terms 
conntected to any OR line. 

The three other entries in the AC table, tlS2 
A, B, and C are corresponding 48, 32, and 
24 term limits when using the on-chip 
Complement Array. 

The PLS105A AC electrical characteristics 
contain two limits for the parameters tlSl 
and tlS2 (refer to Figure 2). The first, tiS1A is 
guaranteed for a device with 24 terms 
connected to any OR line. tls l B is 
guaranteed for a device with 16 terms 
connected to any OR line. 
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~ 

! 

ffi 

60 I 14s7 IIS1 B ....... 
50 

tlS1c ...... V 
40 

V 
./ 

30"...., 

20 

10 

o 8 16 24 32 40 48 
TERMS CONNECTED/OR 

Figure 1. PLS105 tlS1 vs. 
Terms/OR Connected 

60 

/ 50 

40 
IIS1\ / 

II 

1

B

" V 30 

V 
2O~ 

10 I---t--+--t--+-----i 

o 8 16 24 32 40 
TERMS CONNECTED/OR 

Figure 2. PLS105A tlS1 vs. 
Terms/OR Connected 
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The two other entries in the AC table, tlS2 A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of tiS for a given application 
can be determined by identifying the OR 
line with the maximum number of Tn 
connections. This can be done by referring 
to the interconnect pattern in the PLS logic 
diagram, typically illustrated in Figure 3, or 
by counting the maximum number of "H" or 
"L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in 
Figure 1 or 2 will yield the worst case tiS 
and, by implication, the maximum clocking 
frequency for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 

TRANSITION TERMS Tn 

(4)1Ejg} TERMS/ "OR" 
OR (2) ARRAY 

(3) 

NOT 
USED 

Figure 3. Typical OR Array 
Interconnect Pattern 
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PLS105/A 

LOGIC PROGRAMMING 
The PLS105/Adevices are fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP, Data 110 Corporation's ABELTM and 
Logical Devices Inc.'s CUPLTM design 
software packages. 

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

PRESET/OE OPTION - (PIE) 

r~ p-o : DE .. 
(ALWAYS 
ENABLED) 

OP1l0N 

PROGRAMMING: 

P=0-o 
(PRESET 

DISABLED) 

OP1l0N 

l~E 
CODE 

L 

PLS105/A logic designs can also be 
generated using the program table entry 
format detailed on the following pages. This 
program table entry format is supported by 
the Philips Semiconductors SNAP PLD 
design software package. 

The PLS 1 051 A has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 

"AND" ARRAY - (I), (P) 

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

"~~ ,,~~ "'~~ ,,~~ 
9,. 9.. 9.. 9.. 

I'---S~T~AT~E~--~I~CO~D~E~I STATE STATE STATE 

L INACllVE1,2 I 0 I I,P I, P DON'T CARE 

"OR" ARRAY - (N), (F) 

"two 
ii;l R "±W0 

ii;l R "±W0 

n,J R 

"±gtJ-o 
ii;l R 

I ACll0N I CODE I I 
ACllON I CODE 

I I 
ACll0N 

I 
CODE 

I I 
ACll0N 

I 
CODE 

I I INACllVE1,3 I 0 I SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

0.: 
Tn 

0.: 
Tn 

0.: 
Tn 

0.: 
Tn 

L ACll0N I CODE I 

I 
ACll0N 

I 
CODE 

I 
I ACll0N I CODE -' I ACTION I CODE I 

I INACllVE1,4 I 0 I GENERATE A I PROPAGATE J • I I TRANSPARENT J - J 
NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement of any input (lor P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 

flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 

ABEL is a trademark of Data 110 Corp. 
CUPL is a trademark of Logical Devices. Inc. 
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PROGRAM TABLE 

Product specification 
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PROGRAM TABLE ENTRIES 

AND I OR CUSTOMERNAME ____________________ __ ------------1------------
PURCHASEORDER# ____________________ _ 

PHILIPS DEVICE # _________ C_F_("-X-'X-'X'-"X)<-____ _ 
CUSTOMERSYMBOLIZEDPART# ___________ _ 
TOTAL NUMBER OF PARTS ____________ _ 
PROGRAMTABLE ___________________ ___ 
REV _________________________ ___ 

DATE ________________________ __ 

TERM 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

PIN 
NO. 

Cn 

W 
...J W 
Ill:::!: 
S« 
a:Z 
~ 

NOTES: 

- -
15 14 13 

AND 

INPUT (1m) 

12f11- 10 9 8T7 (; 5 -41"3 

I 

. 
1 

I I 

I . 
I I I 

I I 

PRESENT STATE (Ps) 

2 -1- -0 5 4- -3 2 1- -0 

20 ~ ~ ~ ~ ~ ~ V 2 3 4 5 6 7 8 9 

INACTIVE 0 1 INACTIVE 0 

GENERATE A 1 SET H 

PROPAGATE. Cn 1 RESET L 
Ns, Fr 

TRANSPARENT I _ 1 NO CHANGE -

INACTIVE 0 1-------------
I,P H I-----~!!~-----
-~~N'T CARE ~ 1

m
, P

s ! I :ESET ! ~ I PIE 

OPTION (PIE) I 
OR 

REMARKS NEXT STATE (Ns) 

- - - - - - - - - - -5 4 3 2 '1 0 -7- -6 

OUTPUT (Fr) 

5 -4T3 2 1 0 

I 

10 11 12 13 15 16 17 18 

1. The FPLS is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the PIE option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused Cn, 1m, and Ps bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 
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TEST ARRAY 

The PLS105lA may be subjected to AC and 
DC parametric tests prior to programming 
via an on-chip test array. 

The array consists of test transition terms 
48 and 49, factory programmed as shown (,".Fn)"'n 

below. 

Testing is accomplished by clocking the 
PLS 1 051 A and applying the proper input 
sequence to 10 - 115 as shown in the test 
circuit timing diagram. 

T AND 

E 
"1 1- 11-1-·1" INPUT (1m) R C 

(In+Fn)iFn 

0 

(In·"fn)/Fn 

63 

iin+Fn)/Fn 

State Diagram 

PRESENT STATE (Ps) 

M 5 4 3 2 1 o rgTs17rsrsl413"f2Tilo ~T41"3l2r11o 
48 A H H H H H H HIHIHIHIHIHIHIHIHIH HIHIHIHIHIH 
49 L L L L L L LILILILILILILILJLJL LILILILILIL 

Test Array Program 

VCC 4., 

-tvs 
Both terms 48 and 49 must be deleted 
during user programming to avoid interfering CLK 1.SVJ 
with the desired logic function. This is 

L tlS1 accomplished automatically by any Philips 

,.j' Semiconductors' qualified programming 
equipment. 10-15 

tpPR- ~ ----. 

FO-7 3~ 
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VCC? +5V 

L vcc 

In- 10-15 PO-5 

CLOCK ---- CK F0-7 r--- Fr 

r pRJOE 

GND 

~ 
PLS Under Test 

OPTION (PIE) IH 
OR 

NEXT STATE (Ns) OUTPUT (Fr) 

sT41 3"1"2 fiTiJ 71 6 5 14 3·f2TljO 

LILILILILIL L I L L I L L I L I L I L 

HJHJHJHJHJH HIHIHIHIHIHIHIH 

+5V 

OV 
tCKH .L 

tcKL -----

k'-\1.SV 
~VIH 

} .... l.SV 

VIL 
tlH J L liS2 liH J 

---- -- VIH 
1.5V 1.SV 1.5V 

----- -- VIL 

tCKO --- tcKO 
3V 

1.5V 1.5V 

OV 

~{---- --"\ ,',. ---- HIGH 
STATE 

REGISTER ~ ~ ___________ J 

LOW 

Test Circuit liming Diagram 

OPTION (PIE) IH 

T AND OR 

E 
"1 1- 11 r"1-1 INPUT (1m) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr) R C 

M 5 4 3 2 1 o rgTs17rsrsl413"f2Tilo sT41"312 11j° ~T4j3"12fiTo Tf6 151 41"3 f2Tlj 0 
48 - H H H H H H HIHIHIHIHIHIHJHJHJH HIHIHIHIHIH -1-1-1-1-1- -J- - 1- -J-J-J-
49 L L L L L L LILILILILILILILILIL LILILILILIL -1-1-1-1-1- -1- - I - -1-1-1-

Test Array Deleted 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

>-~----------------rC 

I--+-----------------f_ c 
:~: -+----------------~__J 

~----------~ OOW~Rm 
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(16 x 48 x 8) 

DESCRIPTION 
The PLUS105-45 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(10-115) and to the feedback paths of the 6 
buried State Registers (Qpo-Qps). Because 
the OR array is programmable, anyone or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 

All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 

FEATURES 
• 45MHz operating frequency 

- 55.6MHz clock rate 

- No OR term loading restrictions 

• Available in 300mil skinny DIP, 
600mil-wide Plastic DIP and PLCC 
packages 

• Pin and software compatible with other 
commericallyavailable 105 logic 
sequencers 

• 16 input variables 

• 8 output functions 

• 48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked J-K (or 
S-R) flip-flops 

• Security fuse 

Product specification 

PLUS105-45 

PIN CONFIGURATIONS 

N Packages 

The PLUS 1 05-45 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS105-45 is 
backward compatible with all 105-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 

• Programmable Asynchronous Preset or 
Output Enable 

N E Plastic DIP (60Omil·wide) 
N3 = Plastic DIP (3OOmil·wide) 

The PLUS105-45 is pin-for-pin and software 
compatible with the Philips Semiconductors 
PLS105 and PLS105A Logic Sequencers, as 
well as other commercially available 105-type 
programmable logic devices. 

To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS105-45 
device architecture. 

Ordering codes are listed in the Ordering 
Information Table. 

ORDERING INFORMATION 

DESCRIPTION 

28-pin Plastic Dual-In-Line, 600mil-wide 

28-pin Plastic Dual-In-Line, 300m ii-wide 

• Power-on preset (to all "1"s) of internal 
registers 

• Power dissipation: 800mW (typ.) 

• TTL compatible 

• Single +5V supply 

• 3-State outputs 

APPLICATIONS 
• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• liming generators 

• Sequential circuits 

• Elevator controllers 

• Security Locking systems 

• Counters 

• Shift registers 

28-pin Plastic Leaded Chip Carrier, 450mil-square 
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A Package 

A = Plastic Leaded Chip Carrier 

ORDER CODE DRAWING NUMBER 

PLUS105--45N 0413B 

PLUS105-45N3 08640 

PLUS 1 05--45A 0401F 

853-1351 11164 
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PLUS105-45 

FUNCTIONAL DIAGRAM 

~-+------------------~rC 

~~-------------------4- c 

T47---------- To 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 

1 CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this line Active-
is necessary to update the contents of both state and output registers. High(H} 

2-9,26,27 10 -19, Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/ 
20-22 113 -115 between machine states, as determined by a given logic sequence. True and complement Low (H/L) 

signals are generated via use of "Hn and "Ln. 

23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High! 
exercising standard TIL levels. When 112 is held at + 1 OV, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits Po - P5. The contents of each Output Register remains unaltered. 

24 111 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/ 
exercising standard TTL levels. When 111 is held at + 1 OV, device outputs FO - F5 become direct Low (H/L) 
inputs for State Register bits Po - P5 ; a Low-to-High transition on the clock line loads the values 
on pins FO - F5 into the State Register bits Po - P5. The contents of each Output Register 
remains unaltered. 

25 110 Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/ 
exercising standard TIL levels. When 110 is held at + 1 OV, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits QO - 07; a Low-to-High transition on the clock line loads 
the values on pins FO - F7 into the Output Register bits QO - 07. The contents of each State 
Register remains unaltered. 

10-13 FO- F7 Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which normally Active-
15-18 reflect the contents of Output Register bits 00 - 07, when enabled. When 112 is held at + 1 OV, High(H} 

FO - F5 = (Po - P5). When 111 is held at + 1 OV, FO - F5 become inputs to State Register bits 
Po - P5. When 110 is held at + 10V, FO - F7 become inputs to Output Register bits QO - 07. 

19 PRInE" Preset or Output Enable Input: 
A user programmable function: 

• Preset: Provides an asynchronous preset to logic "1 n of all State and Output Register bits. Active-
PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. Normal High(H} 

clocking resumes with the first full clock pulse following a High-to-Low clock transition, after the 
Preset signal goes low. See timing definitions. 

• Output Enable: Provides an output enable function to buffers FO - F7 from the Output Active-
Registers. Low(L} 
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TRUTH TABLE 1, 2, 3, 4, 5, 6 

Vcc 

H 

L 

L 

L 

L 

L 

L 

H 

+5V X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

Positive Logic: 

J-K (or SIR) = To +Tl +T2 + ... T47 
Tn = (Co) (10,11,12, ... ) (Po, Pl , ... P5) 

110 111 

+10V X 

+10V X 

X +10V 

X +10V 

X X 

X X 

X X 

+10V X 

+10V X 

X +10V 

X +10V 

X X 

X X 

X X 

X X 

X X 

X X 

112 CK 

X 

X i 
X i 
X i 
X i 

+10V X 

X X 

X 

X i 
X i 
X i 
X i 

+10V X 

X X 

x i 
x i 
x i 
x i 
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J K Op OF F 

X X H H OF 

x X Op L L 

x X Op H H 

x X L OF L 

x X H OF H 

X X Op OF Op 

X X Op OF OF 

X X Op OF Hi-Z 

x X Op L L 

x X Op H H 

x X L OF L 

x X H OF H 

X X Op OF Op 

X X Op OF OF 

L L Op OF OF 

L H L L L 

H L H H H 

H H OF OF 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
3. i denotes transition from Low-to-High level. 
4. *=HorLor+10V 

5. X = Don't Care (~ 5.5V) 
6. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 

on the output pins are forced by the user. 

VIRGIN STATE 
A factory-shipped virgin device contains all 
fusible links intact, such that: 
1. PRIDE option is set to PRo Note that even 

if the PR function is not used, all registers 
are preset to "1" by the power-up 
procedure. 

2. All transition terms are disabled (0). 

3. All J-K flip-flop inputs are disabled (0). 
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LOGIC DIAGRAM 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

110 

111 

112 

113 

114 

115 

N 

NOTES: 
1. All AND gate inputs with a blown link float to a logic "1". 
2. All. OR gate inputs with a blown fuse float to logic "0". 
3. ...... Programmable connection. 
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r;::====;:f--I191 PRIOE 

0l--+----I>--l181 FO 

H::H-1IJ -01--1----1>--1171 Fl 

o~~--~~161~ 

H::H-1[J0l--I----1>---I151 F3 

0l--+----I>--l131 F4 

o~~--~~12IF5 

ol-~---l>---I1101 F7 

CK 
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COMPLEMENT ARRAY DETAIL 

P47 PAS 1>45 • • •• 1'1 PO 

co 

~-------v-----~) 
TO OR ARRAY 

THERMAL RATINGS 

The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A * IB * IC) and (~) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if anyone or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise ambient to junction 75°C 

ABSOLUTE MAXIMUM RATINGS1 

RATINGS 

SYMBOL PARAMETER MIN MAX UNIT 

Vcc Supply voltage +7.0 Voc 

VIN Input voltage +5.5 Voc 

VOUT Output voltage +5.5 Voc 

liN Input currents --30 +30 rnA 

lOUT Output currents +100 rnA 

Tamb Operating temperature range 0 +75 °C 

T51g 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. 
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Consider the product terms A, Band D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 

LOGIC FUNCTION 

PRESENT STATE 

~·B·C· .. o 

NEXT STATE 

SET 00: Jo = (02 0 01 0 00) 0 ~ 0 B 0 Coo 0 

Ko=o 

RESET 01:J1 = 0 
K1 = (Oa 0 02 0 01 000) 0 ~ 0 B 0 C .. 0 

HOLD 02: J2 = 0 
K2=0 

RESET Oa: J3 = (Oa 0 02 0 01 0 00) 0 J( 0 B 0 Coo 0 

K3 = (Oa 0 02 0 01 0 00) oJ( 0 B 0 C ... 
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DC ELECTRICAL CHARACTERISTICS 
O°C ~ T amb ~ 75°C, 4. 75V ~ V ee ~ 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 

Vll Low 

VIC Clamp3 

Output voltage2 

VOH High 

VOL Low 

Input current 

IIH High 

III Low 

Output current 

10(oFF) Hi-Z state 

los Short circuit3. 4 

Icc Vee supply current5 

Capacitance 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V, T arrb = +25°C. 

TEST CONDITION 

Vee = MAX 

Vee = MIN 

Vcc = MIN, liN =-12mA 

Vee = MIN 

10H =-2mA 

10l =9.6mA 

Vec = MAX 

VIN = Vee 

VIN = 0.45V 

Vee = MAX 

VOUT = 2.7V 

VOUT = 0.45V 

VOUT = OV 

Vec = MAX 

Vce =5.0V 

VIN = 2.0V 

VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Duration of short circuit should not exceed 1 second. 
5. Icc is measured with the PRIOE input grounded, all other inputs at 4.5V and the outputs open. 
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LIMITS 

MIN TYP1 MAX UNIT 

2.0 V 

0.8 V 

-0.8 -1.2 V 

2.4 V 

0.35 0.45 V 

<1 30 ~ 
-20 -250 ~ 

1 40 ~ 
-1 -40 ~ 

-15 -70 rnA 

160 200 rnA 

8 pF 

10 pF 
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AC ELECTRICAL CHARACTERISTICS 
Rl = 470n, R2 = 1kn, cL = 30PF, O°C s; Tamb S; +75°C, 4,75V S; Vcc S; 5,25V 

SYMBOL PARAMETER FROM 

Pulse Width 

tcKH Clock High CK+ 

tcKL Clock Low CK-

tcKP Clock Period CK+ 

tpRH Preset pulse PR+ 

Setup Time 

tlSl Input Input± 

tlS2 Input (through Complement Array) Input± 

tvs Power-on preset Vee + 

tpRS Clock resume (after preset) PR-

tNVCK Clock lockout (before preset) CK-

Hold Time 

tlH Input CK+ 

Diagnostic Mode 

tRJS Initialization of diagnostic mode 
110,1110r112+ 

(to 10V) 

tRJH Clock for diagnostic mode CK+ 

Propagation Delay3 

tcKo Clock CK+ 

toE Output enable2 OE-

toD Output disable2 OE+ 

tpR Preset PR+ 

tpPR Power-on preset Vec+ 

Frequency of Operation 

fMAXl 
Without 

( tiS 1 : teKo ) 
Input± Complement Array 

With 

( tlS2 : tCKO ) 

Input 
fMAX2 Complement Array thru Complement 

Array± 

Internal feedback 

( tCKL : tcKH) 
fMAX3 without Complement Register Output ± 

Array 

fMAx4 
Internal feedback CI:J 

Register Output 

with Complement Array thru Complement 
Array± 

fCLK Clock frequency CK+ 

NOTES: 
1, All typical values are at Vee = 5V, T arm = +25°C, 
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LIMITS 

TO MIN TYpl MAX UNIT 

CK- 9 8 ns 

CK+ 9 8 ns 

CK+ 18 16 ns 

PR- 10 8 ns 

CK+ 13 12 ns 

CK+ 23 20 ns 

CK- 0 -10 ns 

CK- 0 -5 ns 

PR- 10 5 ns 

Input± 0 -5 ns 

Fn as inputs 50 25 ns 

Register input jam 50 25 ns 

Output± 8 9 ns 

Output- 8 9 ns 

Output + 8 9 ns 

Output + 12 15 ns 

Output + 0 10 ns 

Output± 45,5 50,0 MHz 

Output± 31,3 35,7 MHz 

Register Input ± 55,6 62,5 MHz 

Register Input ± 43,5 50,0 MHz 

CK+ 55,6 62,5 MHz 

2, For 3-State output; output enable times are tested with CL = 30pF to the 1,5V level, and SI is open for high-impedance to High tests and 
closed for high-impedance to Low tests, Output disable times are tested with CL = SpF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH -O,5V) with SI open, and Low-to-High impedance tests are made to the VT = (VOL + O,SV) level with SI closed, 

3, All propagation delays and setup times are meausred and specified under worst case conditions, 
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TIMING DIAGRAMS 

10-115 

ClK 

FO-F7 

10-115 

ClK 

FO-F7 

PR 1.SV 

toE 

Sequential Mode 

1.5V 

+3V 

OV 

+3V 

OV 

VOH 

VOL 

+3V 

OV 
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--------------------------------------------- +3V 

--------------------------------------------- OV 

'-----ov 

----------- VOH 

'----------- VOL 

1.5V 

~~~~~~~-----------------------OV 

Asynchronous Preset 

r---------------------------------------- +5V 

VCC 

~L+------------------------------------------ ov 

FO-F7 

---- VOL 

+3V 

ClK 

ov 

10-115 

Power-On Preset 
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TIMING DIAGRAMS (Continued) 
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Jt
+10V 

8.0V 
+3V 

OV 
'RJH 

110 

FO-F7 
~~~~~~~~~~~II" __________ ~ __ ~I~~~~~~+3V 

ONPUTS)~~~~~~~~~~~II'-__________ ~ __ JI~~~~~~OV 

CLK 

( 
QO -Q7) OUTPUT 

REG. 

Diagnostic Mode-Output Register Input Jam 

Jt
+10V 

8.0V 
+3V 

OV 
tRJH 

111 

FO-FS 
~~~~~~~~~~~I,.----------~--~ +3V 

ONPUTS) L.;~~~~""-oj~~~"""'-~I '-------r--J " .................................... OV 

ClK 

10-111, 
113-115 

112 

ClK 

INTERNAL 
STATE REG.--

QO-Q5--

FO-F5 

+3V 

------OV 

Diagnostic Mode-State Register Input Jam 

OE---~----------------------__________________ __ OV 

Diagnostic Mode-State Register Outputs 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tlH Required delay between 
positive transition of Clock and 
end of valid Input data. 

tlSl Required delay between 
beginning of valid input and 
positive transition of Clock. 

tlS2 Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 

tcKH Width of input clock pulse 

tcKL Interval between clock pulses. 

tcKO Delay between positive 
transition of Clock and when 
Outputs become valid (with 
PRiOELow). 

tcKP Minimum guaranteed clock 
period. 

tNvcK Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 

TEST LOAD CIRCUITS 

NOTE: 
Cl and C2 are to bypass VCC to GND. 

LOGIC PROGRAMMING 
PLUS 1 05-45 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SLICE and SNAP design software packages. 
ABELTM, CUPLTM and PALASM® 90 design 
software packages also support the 
PLUS105-45 architecture. 

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

October 22, 1993 

SYMBOL PARAMETER 

too Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 

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

tpPR Delay between Vcc (after 
power-on) and when Outputs 
become preset at "1". 

tpR Delay between positive 
transition of Preset and when 
Outputs become valid at "1". 

tpRH Width of preset input pulse. 

tpRS Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 

tRH Required delay between 
positive transition of clock and 
the end of valid input data 
(FO-F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 

~--------. 
FOhr---------...... ---, 

F7 

P'R/OB4----Q 

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

PLUS105-45 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table entry format is 
supported by SLICE only. The SLICE design 
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SYMBOL PARAMETER 

tRJH Required delay between 
positive transition of clock and 
return of input 110,111 OR 112 
from Diagnostic Mode (1 OV). 

tRJS Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 

!sRD Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 

tSRE Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tvs Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

fCLK Minimum guaranteed clock 
frequency (register toggle 
frequency) 

fMAX Minimum guaranteed 
operating frequency. 

VOLTAGE WAVEFORMS 

+3.0V---~90"Io 

-'I Ih 
OV j L'R ..J ~O% 

2.5os 2.508 

MV~L9O"Io 
OV--=-J ~ ~ 

2.5ns 2.5ns 

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

Input Pulses 

package is available, free of charge, to 
qualified users. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESETIOE OPTION - (PIE) 

"'-0 i~E (PRESET 
DISABLED) 

OPTION OPTION CODE 

PROGRAMMING THE PLUS105-45: 
The PLUS105-45 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 

"AND" ARRAY - (I), (P) 

I STATE I CODE I 
I INACTlVE1,2 I 0 I 

"OR" ARRAY - (N), (F) 

"tgo-a 
n,1 K 

"tgo-a 
n,1 K 

"tgo-a 
n,1 K 

I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I TOGGLE1 0 SET H RESET L 

"COMPLEMENT" ARRAY - (C) 

~~ 
Tn 
~~ 

Tn 
~~ 

Tn 

I ACTION I CODE I 
I 

ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I INACTIVE', 3 I 0 I GENERATE A PROPAGATE • 
NOTES: 
1. This is the initial unprogrammed state of all link pairs. 
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<P~~: 
STAlE r~ I 

DON'T CARE 

"tgo-a 
n,1 K 

I 
ACTION 

I 
CODE 

I NO CHANGE -

~~ 
Tn 

I ACTION I CODE I 
I TRANSPARENT I - I 

2. Any gate Tn will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
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PLUS10S PROGRAM TABLE 
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PROGRAM TABLE ENTRIES 
AND I OR CUSTOMERNAME ____________________ __ ------------,------------

TERM 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

PIN 
NO. 

PURCHASEORDER# ____________________ _ 
PHILIPS DEVICE # CF (XXXX) 
CUSTOMERSYMBOLIZEDPART# ___________ _ 
TOTALNUMBEROFPARTS ________________ _ 
PROGRAMTABLE ______________________ _ 
REV _____________________________ ___ 
DATE ________________ _ 

AND 

Cn - -
15 14 13 

PRESENT STATE (Ps) 

2 -1- -0 5 4 3 '2 1 0 

INPUT (1m) 

1:2f11- 10 9 8T7 6 5 -413 

I 

I 

I I 

I I 

I I 

I I . 

I 

I I 

I I 

I I 

I I . 

20 ~ ~ ~ ~ ~ ~ V 2 3 4 5 6 7 8 9 

W 
..J w 
CD~ 
S« 
C::z 
~ 

NOTES: 

INACTIVE 0 1 INACTIVE 0 

GENERATE A 1 o;E~OGGLE H 

PROPAGATE • Cn 1 RESET L Ns, Fr 

TRANSPARENT' - 1 NO CHANGE _ 

INACTIVE 0 1-------------
I,P H I-----~!!~-----
~~N'T CARE ~ 1

m
, P

s ! I ~:ESET ! ~ I PIE 

OPTION (PIE) 
OR 

REMARKS NEXT STATE (Ns) 

- - - - - - - - - - -5 4 i -2 "1 0 7 6 

OUTPUT (Fr) 

5 -4T3 :2 

I 

I . 
I , 

I 

I 

I , , . 

, 
I , , 

1 0 

-" 

10 11 12 13 15 16 17 18 

1. The device is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the PIE option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused Cn, 1m, and Ps bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

>--I---------+-c 

~4--------~c 

T47---------- To OUTPUT REG. 
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DESCRIPTION FEATURES 
• SSMHz operating frequency 

- 71.4MHz clock rate 

- No OR term loading restrictions 

Product specification 

PlUS105-55 

PIN CONFIGURATIONS 

N Packages 
The PLUS10S-SS is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(10 - 11S) and to the feedback paths of the 6 
buried State Registers (Qpo-Qps). Because 
the OR array is programmable, anyone or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 

• Available in 300mil skinny DIP, 600mil-wide 
DIP, and PLCC packages 

All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 

• Pin and software compatible with other 
commerically available 10S sequencers 

• 16 input variables 

• 8 output functions 

• 48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked J-K (or 
S-R) flip-flops 

• Security fuse 
N = Plastic DIP (600mil·wide) 
N3 = Plastic DIP (3OOmil-wide) 

The PLUS10S-SS device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS10S-SS is 
backward compatible with all 1 OS-type 
devices that have S-R flip-flops. 
Asynchronous Preset/Output Enable 
functions are available. 

• Programmable Asynchronous Preset or 
Output Enable A Package 

The PLUS10S-SS is pin-for-pin and software 
compatible with Philips Semiconductors 
PLS10S and PLS10SA Logic Sequencers, as 
well as other commercially available 1 OS-type 
programmable logic devices. 

To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS10S-SS 
device architecture. 

Ordering codes are listed in the Ordering 
Information Table. 

ORDERING INFORMATION 

• Power-on preset to (all "1 "s) of internal 
registers 

• Power dissipation: 800mW (typ.) 

• TTL compatible 

• Single +SV supply 

• 3-State outputs 

APPLICATIONS 
• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security Locking systems 

• Counters 

• Shift registers 

DESCRIPTION 

28-pin Plastic Dual-In-Line, 600mil-wide 

28-pin Plastic Dual-In-Line, 300m ii-wide 

28-pin Plastic Leaded Chip Carrier, 4S0mil-square 
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A = Plastic Leaded Chip Carrier 

ORDER CODE DRAWING NUMBER 

PLUS10S-SSN 0413B 

PLUS10S-SSN3 08640 

PLUS10S-SSA 0401F 

8S3-1429 11164 
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FUNCTIONAL DIAGRAM 

~-r------------------~-C 

I---+----------------------l- C 

T47---------- To 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 

1 CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-
line is necessary to update the contents of both state and output registers. High (H) 

2-9,26,27 10-19, Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-Highl 
20-22 113 -115 between machine states, as determined by a given logic sequence. True and complement Low (H/L) 

signals are generated via use of "H" and "L". 

23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-Highl 
exercising standard TTL levels. When 112 is held at + 1 OV, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits PO - P5. The contents of each Output Register remains 
unaltered. 

24 111 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-Highl 
exercising standard TTL levels. When 111 is held at + 1 OV, device outputs FO - F5 become Low (H/L) 
direct inputs for State Register bits PO - P5; a Low-to-High transition on the clock line loads 
the values on pins FO - F5 into the State Register bits PO - P5. The contents of each Output 
Register remains unaltered. 

25 110 Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-Highl 
exercising standard TTL levels. When 110 is held at + 10V, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits QO - Q7; a Low-to-High transition on the clock line loads 
the values on pins FO - F7 into the Output Register bits QO - Q7. The contents of each State 
Register remains unaltered. 

10-13 FO - F7 Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-
15-18 normally reflect the contents of Output Register bits QO - Q7, when enabled. When 112 is High (H) 

held at + 10V, FO - F5 = (PO - P5). When 111 is held at + 10V, FO - F5 become inputs to State 
Register bits PO - P5. When 110 is held at +10V, FO - F7 become inputs to Output Register 
bits QO-Q7. 

19 PRICE Preset or Output Enable Input: 
A user programmable function: 

• Preset: Provides an asynchronous preset to logic "1" of all State and Output Register Active-
bits. PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. High (H) 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after the Preset signal goes Low. See timing definitions. 

• Output Enable: Provides an output enable function to buffers FO - F7 from the Output Active-

Registers. Low(L) 
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TRUTH TABLE1, 2,3,4,5,6 

Vec 

H 

L 

L 

L 

L 

L 

L 

H 

+5V X 

X 

X 

X 

L 

L 

L 

L 

L 

L 

Positive Logic: 

J-K (or SIR) = To + T, + T2 + ... T48 
Tn = (Co) (10,11,12, ... ) (Po, P" ... P5) 

110 111 

+10V X 

+10V X 

X +10V 

X +10V 

X X 

X X 

X X 

+10V X 

+10V X 

X +10V 

X +10V 

X X 

X X 

X X 

X X 

X X 

X X 

112 CK 

X 

X i 
X i 
X i 
X i 

+10V X 

X X 

X 

X i 
X i 
X i 
X i 

+10V X 

X X 

x i 
x i 
x i 
x i 
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J K Op OF F 

X X H H OF 

x X Op L L 

x X Op H H 

x X L OF L 

x X H OF H 

X X Op OF Op 

X X Op OF OF 

X X Op OF Hi-Z 

x X Op L L 

x X Op H H 

x X L OF L 

x X H OF H 

X X Op OF Op 

X X Op OF OF 

L L Op OF OF 

L H L L L 

H L H H H 

H H OJ; OF OF 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
3. i denotes transition from Low-to-High level. 

4. *=HorLor+10V 

5. X = Don't Care ($ 5.5V) 
6. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 

on the output pins are forced by the user. 

VIRGIN STATE 
A factory-shipped virgin device contains all 
fusible links intact, such that: 
1. PR/OE option is set to PR. Note that 

even if the PR function is not used, 
all registers are preset to "1" by the 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All J-K flip-flop inputs are disabled (0). 
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LOGIC DIAGRAM 

NOTES: 
1, All AND gate inputs with a blown link float to a logic "1", 
2, All, OR gate inputs with a blown fuse float to logic "0", 
3, :"i)? Programmable connection, 
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r;:::====;t--fi9J PRIOE 

a 1--1-------1>---118� Fe 

~~r~-~~----~--~17IFl 

01--+------1>----1161 F2 

01--+------I>--iI51 F3 

01--1-------1>---1131 F4 

01--+----1>----1121 F5 

01--+----1>----1111 F6 

ClK 
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COMPLEMENT ARRAY DETAIL 

P47 P46 P45 • • • • PO 

co 

~~------~y-------) 
TO OR ARRAY 

THERMAL RATINGS 

The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A' 18' IC) and (A"+lf+O) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if anyone or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise ambient to junction 75°C 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATINGS UNIT 

MIN MAX 

Vee Supply voltage +7.0 Voe 

VIN Input voltage +5.5 Voe 

VOUT Output voltage +5.5 Voc 

liN Input currents -30 +30 mA 

lOUT Output currents +100 mA 

Tamb Operating temperature range 0 +75 °C 

TSl9 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. 
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Consider the product terms A, Band D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 

LOGIC FUNCTION 

PRESENT STATE 

J\"·B·C· ••• 

NEXT STATE 

SET 00: Jo = (02 • 01 • 00) • J\" • B • c ... 
Ko=o 

RESET 01:J1 = 0 
K1 = (Oa ·02· 01 ·00) .J\". B· c ... 

HOLD 02: J2 = 0 
K2=0 

RESET Oa: J3 = (03 . 02 • 01 • 00) . J\" • B • C ••• 
K3 = (Oa . 02 • 01 . 00) .J\" • B • C ••• 
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DC ELECTRICAL CHARACTERISTICS 
O°C s; Tamb:S; 75°C, 4.75V:s; Vee s; 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 

VIL Low 

Vie Clamp3 

Output voltage2 

VOH High 

VOL Low 

Input current 

IIH High 

IlL Low 

Output current 

IO(OFF) Hi-Z state 

los Short circuits. 4 

Icc Vee supply currentS 

Capacitance 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V. T amb = +25°C. 

TEST CONDITIONS 

Vce = MAX 

Vee = MIN 

Vee = MIN, liN = -12mA 

Vee = MIN 

IOH =-2mA 

IOL =9.6mA 

Vee = MAX 

VIN = Vee 

VIN = 0.45V 

Vee = MAX 

VOUT = 2.7V 

VOUT =0.45V 

VOUT = OV 

Vee = MAX 

Vee = 5.0V 

VIN = 2.0V 

VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Duration of short circuit should not exceed 1 second. 
5. lee is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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LIMITS 

MIN Typl MAX UNIT 

2.0 V 

0.8 V 

--<l.8 -1.2 V 

2.4 V 

0.35 0.45 V 

<1 30 !-IA 
-20 -250 !-IA 

1 40 !-IA 
-1 -40 !-IA 

-15 -70 mA 

160 200 mA 

8 pF 

10 pF 
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AC ELECTRICAL CHARACTERISTICS 
R1 = 470n, R2 = 1 Kn, CL = 30pF, O°C::; Tamb::; +75°C, 4.75V::; Vee::; 5.25V 

SYMBOL PARAMETER FROM 

Pulse Width 

tcKH Clock High CK+ 

tcKL Clock Low CK-

tcKP Clock Period CK+ 

tpRH Preset pulse PR+ 

Setup Time 

tl51 Input Input± 

tl52 Input (through Complement Array) Input± 

tV5 Power-on preset Vee + 

tpR5 Clock resume (after preset) PR-

tNVCK Clock lockout (before preset) CK-

Hold lime 

tlH Input CK+ 

Diagnostic Mode 

tRJ5 Initialization of diagnostic mode 110,111 or 112 + 
(to 10V) 

tRJH Clock for diagnostic mode CK+ 

Propagation Delay2 

tcKO Clock CK+ 

toE Output enable3 OE-

toD Output disable3 OE+ 

tpR Preset PR+ 

tpPR Power -on preset Vee + 

Frequency of Operation 

fMAX1 
Without 

( tlS1 : teKo ) 
Input± Complement Array 

With 

( tl52 : tCKO ) 

Input 
fMAx2 Complement Array thru Complement 

Array± 

Internal feedback 

( tCKL ~ tcKH ) 
fMAX3 without Complement Register Output ± 

Array 

fMAX4 
Internal feedback 

(tl:2) 

Register Output 

with Complement Array thru Complement 
Array± 

fCLK Clock period CK+ 

NOTES: 
1. All typical values are at Vcc = 5V, T arm = +25°C. 

TO 

CK-

CK+ 

CK+ 

PR-

CK+ 

CK+ 

CK-

CK-

PR-

Input± 

Fn as inputs 

Register input jam 

Output± 

Output-

Output + 

Output + 

Output + 

Output± 

Output± 

Register Input ± 

Register Input ± 

CK+ 

2. All propagation delays and setup times are meausred and specified under worst case conditions. 
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LIMITS 

MIN TYP1 MAX UNIT 

7 6.5 ns 

7 6.5 ns 

14 13 ns 

10 8.0 ns 

10 9.5 ns 

20 18.0 ns 

0 0 ns 

0 0 ns 

12 10.0 ns 

0 -5 ns 

50 25 ns 

50 25 ns 

7 8 ns 

6 8 ns 

6 8 ns 

12 15 ns 

5 10 ns 

55.6 60.6 MHz 

35.7 40.0 MHz 

71.4 76.9 MHz 

50.0 55.6 MHz 

71.4 76.9 MHz 

3. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and S1 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with S1 open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with S1 closed. 
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TIMING DIAGRAMS 

10-115 

eLK 

FO-F7 

10-115 

eLK 

FO-F7 

PR 
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+3V 

OV 

+3V 

1.5V 

OV 

VOH 

VOL 

+3V 

OV 

tOE 

Sequential Mode 

___________________________________________ ~v 

----_______________________________________ OV 

'"--------- ov 

--+-----------------'" ,-------- VOH 

------' '-....1-----------.1 "'----- VOL 

1.5V 

~~~~~~---------------------OV 

Asynchronous Preset 

,---------------------- +5V 

Vee 

~~---------------------------------------- OV 

FO-F7 

'---- VOL 

~-+-~---- +3V 
eLK 

OV 

10-115 

Power-On Preset 
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TIMING DIAGRAMS (Continued) 

October 22, 1993 

B.OV 
+3V 

110 
OV Y=
+10V 

tRJH 

a-~~~~~~~~~~ ,-----------~--~I~~~~~~+3V 
FO-F7 

(INPUTS) ~~"""""'''''''-_'''''''''''"",""_"""""",,,",,r-M '--__________ ...,.. __ -' 1 ""'''_'~ ... ''_'~ OV 

ClK 

111 

I'----OV 

-tCKH 

7B-;;;-' VOH 

~...L"L ----..I VOL 

tcKO 

Diagnostic Mode-Output Register Input Jam 

B.OV 
+3V 

OV Y=
+10V 

tRJH 

Fo_~~~~~~~~~~~~LIJ------------~~ ,,~~~~~+3V 

(INPUTS) "'-oj~"""-"_'~"""-"_'~"'''_'~' 1 , ... 1._5V __________ .,....--' """"""-"-'~"""-"'" OV 

ClK 

( 
PO-P5 ) 
STATE 
REG. 

10-111, 
113-115 

+3V 

----OV 

Diagnostic Mode-State Register Input Jam 

+3V 
1.5V 

---1'-------------------------------------- OV 

112 

elK 

~~~i:~~~.--
00-05 --

FO-F5 

+10V 

+3V 

OV 

+3V 

OV 

VOL 

VOH 
1.5V (Fn+1) 

VOL 

~---------------------------------------------- OV 

Diagnostic Mode-State Register Outputs 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tlH Required delay between 
positive transition of Clock and 
end of valid Input data. 

tlSl Required delay between 
beginning of valid input and 
positive transition of Clock. 

tlS2 Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 

tcKH Width of input clock pulse 

tcKl Interval between clock pulses. 

tcKo Delay between positive 
transition of Clock and when 
Outputs become valid (with 
PRlOELow). 

tcKP Minimum guaranteed clock 
period. 

INVCK Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 

TEST LOAD CIRCUITS 

NOTE: 

Cl and C2 are to bypass VCC to GND. 

LOGIC PROGRAMMING 
PLUS105-55 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SNAP design software package. ABELTM, 
CUPLTM and PALASM® 90 design software 
packages also support the PLUS105-55 
architecture. 

ABEL is a trademark 01 Data VO Corp. 
CUPl is a trademark 01 logical Devices, Inc. 
PAlASM is a registered trademark 01 AMD Corp. 

October 22, 1993 

SYMBOL PARAMETER 

too Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 

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

tpPR Delay between Vee (after 
power-on) and when Outputs 
become preset at "1". 

tpR Delay between positive 
transition of Preset and when 
Outputs become valid at "1". 

tpRH Width of preset input pulse. 

tpRS Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 

tRH Required delay between 
positive transition of clock and 
the end of valid input data 
(FO - F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 

~--------~ 

FO 1-1.----------+----, 

OUT 

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

PLUS105-55 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
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SYMBOL PARAMETER 

tRJH Required delay between 
positive transition of clock and 
return of input 110, 111 or 112 
from Diagnostic Mode (10V). 

tR.lS Required delay between 
inputs 110,111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 

tSRD Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 

tsRE Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tvs Required delay between Vce 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

fClK Minimum guaranteed clock 
frequency (register toggle 
frequency) 

fMAX Minimum guaranteed 
operating frequency. 

VOLTAGE WAVEFORMS 

~~~ 

.v j L~ ..J~" 

~-~ ,lL-
2.508 2.508 

MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 01 
inputs and outputs, unless otherwise specnied. 

Input Pulses 

pages. This program table entry format is 
supported by SNAP. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESETIOE OPTION - (PIE) 

p-U 

OPTION 

r-: 0--.., 
(ALWAYS 
ENABLED) 

PROGRAMMING THE PLUS105-55: 

p-o~ 
(PR~SET 

DISABLED) 

OPTION CODE 

The PLUS105-55 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 

"AND" ARRAY - (I), (P) 

"OR" ARRAY - (N), (F) 

,·twa 

il,l K 
,·twa 

ii;l K 
",·tw a 

iI,1 K 

I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I TOGGLEt 0 SET H RESET L 

"COMPLEMENT" ARRAY - (C) 

0: 
Tn 

0: 
Tn 

0: 
Tn 

I ACTION I CODE I 
I 

ACTION 

I 
CODE 

I 
I ACTION I CODE I 

I INACTIVE1,3 I 0 I GENERATE A I PROPAGATE I • I 
NOTES: 
1. This is the initial unprogrammed state of all link pairs 
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",·twa 

n;1 K 

I 
ACTION 

I 
CODE 

I NO CHANGE -

0: 
Tn 

I ACTION I CODE I 
I TRANSPARENT I - I 

2. Any gate Tn will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
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PLUS105 PROGRAM TABLE 

CUSTOMER NAME 

PURCHASE ORDER # 
PHILIPS DEVICE # CF (XXXXl 

CUSTOMER SYMBOLIZED PART # 
TOTAL NUMBER OF PARTS 

PROGRAM TABLE 

REV 

DATE 

AND 

INPUT (1m) 
TERM 

Cn 15 14 13 12r11- 10 9 8-1-7 I; 5 -41"3 - - - -
2 1 0 

0 
1 
2 
3 
4 
5 
6 I I I 

7 I I I 

8 I I I 

9 I 

10 I 

11 
12 
13 
14 
15 I I 
16 I I I 

17 I I I 

18 I I I 

19 I 

20 
21 
22 
23 
24 I I 

25 I I I 

26 I I I 

27 I I I 

28 I I I 

29 
30 
31 
32 
33 I· 

34 I I 

35 I I I 

36 I I I 

37 I I I 

38 I I I 

39 I I 

40 
41 
42 
43 I 

44 I I I 
45 I I I 

46 I I I 

47 I I I 

PIN 
NO. 20 21 22 23 24 25 26 27 2 3 4 5 6 7 8 9 

W 
-J W Dl:e 
~<[ 
a:Z 

~ 
NOTES: 
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PROGRAM TABLE ENTRIES 
AND I OR ------------1------------

INACTIVE I 0 I :~~~iE ' 0 
GENERATE A I SET H I 

PROPAGATE . Cn I Na,Fr 

TRANSPARENT ' 
RESET L 

- I NO CHANGE -
INACTIVE 0 

L ____________ 

I,P I H 
I OPTION -------------

I"" p. i I :ESET ! ~ I PIE 
I, P L 

DON'T CARE -
I 

OPTION (PIE) I 
OR 

PRESENT STATE (p.) REMARKS NEXT STATE (Na) OUTPUT (Fr) 

5 4- -3 2 ----------- 4 i - 1 0-7- I; 5 -4-1-3 2 1- -0 1 0 5 2 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

10 11 12 13 15 16 17 18 

1. The device is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an OOH" for the PIE option, exists in the table, 
shown BLANK instead for clarity. 

2. Unused Cn, 1m, and Ps bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

>-;-----------------~c 

I--+-----------------+_ c 

T47---------- To OUTPUT REG. 
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DESCRIPTION FEATURES 
• 70MHz operating frequency 

- 1 OOMHz clock rate 

- No OR term loading restrictions 

Preliminary specification 

PLUS105-70 

PIN CONFIGURATIONS 

N Packages 
The PLUS 1 OS-70 is a bipolar programmable 
state machine of the Mealy type. Both the 
AND and the OR array are user
programmable. All 48 AND gates are 
connected to the 16 external dedicated inputs 
(10 - 11S) and to the feedback paths of the 6 
buried State Registers (QpO-Qp5). Because 
the OR array is programmable, anyone or all 
of the 48 transition terms can be connected 
to any or all of the State and Output 
Registers. 

• Available in 300mil skinny DIP, 600mil-wide 
DIP, and PLCC packages 

All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. A Complement Transition 
Array supports complex IF-THEN-ELSE state 
transitions with a single product term. 

The PLUS10S-70 device features 
edge-triggered, J-K flip-flops, which provide 
the added flexibility of the toggle function 
which is indeterminate on S-R flip-flops. 
Because the J-K function is a superset of the 
S-R flip-flop function, the PLUS10S-70 is 
backward compatible with all 1 OS-type 
devices that have S-R flip-flops. 
Asynchronous PreseVOutput Enable 
functions are available. 

The PLUS105-70 is pin-for-pin and software 
compatible with Philips Semiconductors 
PLS105 and PLS10SA Logic Sequencers, as 
well as other commercially available 10S-type 
programmable logic devices. 

To facilitate testing of state machine designs, 
diagnostic mode features for register preset 
and buried state register observability have 
been incorporated into the PLUS10S-70 
device architecture. 

Ordering codes are listed in the Ordering 
Information Table. 

ORDERING INFORMATION 

DESCRIPTION 

28-pin Plastic Dual-In-Line, 600mil-wide 

28-pin Plastic Dual-In-Line, 300m ii-wide 

• Pin and software compatible with other 
commerically available 10S sequencers 

• 16 input variables 

• 8 output functions 

.48 transition terms 

• 6-bit State Register 

• 8-bit Output Register 

• Transition complement array 

• Positive edge-triggered clocked J-K (or 
S-R) flip-flops 

• Security fuse 
N • Plastic DIP (600mil-wide) 
N3 - Plastic DIP (300mil-wide) 

• Programmable Asynchronous Preset or 
Output Enable A Package 

• Power-on preset to (all "1 "s) of internal 
registers 

• Power dissipation: 800mW (typ.) 

• TTL compatible 

• Single +SV supply 

• 3-State outputs 

APPLICATIONS 

• Interface protocols 

• Sequence detectors 
A. Plastic Leaded Chip Carrier 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator controllers 

• Security Locking systems 

• Counters 

• Shift registers 

ORDER CODE DRAWING NUMBER 

PLUS10S-70N 0413B 

PLUS10S-70N3 0864D 

28-pin Plastic Leaded Chip Carrier, 4S0mil-square PLUS10S-70A 0401F 
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FUNCTIONAL DIAGRAM 

~~-------------------1-C 

1--+--------------------1- c 

T47---------- To 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 

1 CLK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-
line is necessary to update the contents of both state and output registers. High (H) 

2-9,26,27 10 -19, Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active-High/ 
20-22 113 -115 between machine states, as determined by a given logic sequence. True and complement Low (H/L) 

signals are generated via use of "H" and "L". 

23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/ 
exercising standard TIL levels. When 112 is held at + 1 OV, device outputs FO - F5 reflect the Low (H/L) 
contents of State Register bits PO - P5. The contents of each Output Register remains 
unaltered. 

24 111 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/ 
exercising standard TIL levels. When 111 is held at + 1 OV, device outputs FO - F5 become Low (H/L) 
direct inputs for State Register bits PO - P5; a Low-to-High transition on the clock line loads 
the values on pins FO - F5 into the State Register bits PO - P5. The contents of each Output 
Register remains unaltered. 

25 110 Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/ 
exercising standard TIL levels. When 110 is held at + 1 OV, device outputs FO - F7 become Low (H/L) 
direct inputs for Output Register bits ao -07; a Low-to-High transition on the clock line loads 
the values on pins FO - F7 into the Output Register bits ao -07. The contents of each State 
Register remains unaltered. 

10-13 Fa - F7 Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-
15-18 normally reflect the contents of Output Register bits ao -07, when enabled. When 112 is High (H) 

held at + 1 OV, FO - F5 = (PO - P5). When 111 is held at + 1 OV, FO - F5 become inputs to State 
Register bits PO - P5. When 110 is held at + 1 OV, FO - F7 become inputs to Output Register 
bits 00-07. 

19 PAIDE Preset or Output Enable Input: 
A user programmable function: 

• Preset: Provides an asynchronous preset to logic "1" of all State and Output Register Active-
bits. PR overrides Clock, and when held High, clocking is inhibited and FO - F7 are High. High (H) 
Normal clocking resumes with the first full clock pulse following a High-to-Low clock 
transition, after the Preset signal goes Low. See timing definitions. 

• Output Enable: Provides an output enable function to buffers FO - F7 from the Output Active-
Registers. Low(L) 
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TRUTH TABLE1, 2,3,4,5,6 

Vce 110 111 112 CK J K Qp QF F 

H X X X H H OF 

L +10V X X i x X Op L L 

L +10V X X i x X Op H H 

L X +10V X i x X L OF L 

L X +10V X i x X H OF H 

L X X +10V X X X Op OF Op 

L X X X X X X Op OF OF 

H X X X X X Op OF Hi-Z 

+5V X +10V X X i x X Op L L 

X +10V X X i x X Op H H 

X X +10V X i x X L OF L 

X X +10V X i x X H OF H 

L X X +10V X X X Op OF Op 

L X X X X X X Op OF OF 

L X X x i L L Op OF OF 

L X X x i L H L L L 

L X X x i H L H H H 

L X X x i H H up OF OF 

NOTES: 
1. Positive Logic: 

J-K (or SIR) = To +T1 +T2 + ... T48 
Tn = (Co) (10,11,12, ... ) (Po, P1, ... P5) 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option. 
i denotes transition from Low-to-High level. 3. 

4. * = H or L or +10V 

5. X = Don't Care (~ 5.5V) 
6. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 

on the output pins are forced by the user. 

VIRGIN STATE 
A factory-shipped virgin device contains all 
fusible links intact, such that: 
1. PRIDE option is set to PRo Note that 

even if the PR function is not used, 
all registers are preset to "1" by the 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All J-K flip-flop inputs are disabled (0). 
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LOGIC DIAGRAM 

NOTES: 
1. All AND gate inputs with a blown link float to a logic "1 n. 

2. All OR gate inputs with a blown fuse float to logic "0". 
3. '. Programmable connection. 

November 1993 389 

Preliminary specification 

PLUS105-70 

r.====rl---l1i9l PRIOE 

:H-f.T0l'-t-----t>--{181 FO 

ol--+----I>-illi1 F2 

01--+----1>--1151 F3 

:H-f.T0l'-t-----t>--{131 F4 

QI--+--~--ll21 F5 

01--+----1;>--1111 F6 

eLK 
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COMPLEMENT ARRAY DETAIL 

P47 P46 P45 • • • • PO 

co 

~~ ____________ -J) 

TO OR ARRAY 

THERMAL RATINGS 

The complement array is a special sequencer 
feature that is often used for detecting illegal 
states. It is also ideal for generating 
IF-THEN-ELSE logic statements with a 
minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 
(/A· IB • IC) and (~) are eqUivalent, 
you will begin to see the value of this single 
term NOR array. 

The complement array is a single OR gate 
with inputs from the AND array. The output of 
the complement array is inverted and fedback 
to the AND array (NOR function). The output 
of the array will be LOW if anyone or more of 
the AND terms connected to it are active 
(HIGH). If, however, all the connected terms 
are inactive (LOW), which is a classic 
unknown state, the output of the complement 
array will be HIGH. 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise ambient to junction 75°C 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATINGS UNIT 

MIN MAX 

Vee Supply voltage +7.0 VDe 

VIN Input voltage +5.5 Voc 

VOUT Output voltage +5.5 VDe 

liN Input currents -30 +30 mA 

lOUT Output currents +100 mA 

Tamb Operating temperature range 0 +75 °c 

T5t9 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. 
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Consider the product terms A, Band D that 
represent defined states. They are also 
connected to the input of the complement 
array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to product term E, which could be 
used in turn to preset the state machine to a 
known state. Without the complement array, 
one would have to generate product terms for 
all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Refer to the AC Electrical Characteristics for 
details. 

LOGIC FUNCTION 

Q3 Q2 Q1 QO 

11 1 0 11 Eo 1 ~R PRESENT STATE 

STATE REGISTER ~ • B • C •••• 

1 0 1 0 1 0 t1 1 Sn + 1 NEXT STATE 

SET Qo: Jo = (02 • Q1 . 00) • ~ . B . C ... 

Ko=o 

RESET Q1:J1 = 0 
K1 = (03 . 02 . Q1 • 00) .7i. . B • C .•• 

HOLD Q2: J2 = 0 
K2=0 

RESET Q3: J3 = (03 . 02 . Q1 . 00) . ~ . B • C ••• 

K3 = (03 . 02 • Q1 . 00) . 7i. • B • C •.• 
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DC ELECTRICAL CHARACTERISTICS 
O°C s; Tamb s; 75°C, 4.75V S; Vee S; 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 

VIL Low 

VIC Clamp3 

Output voltage2 

VOH High 

VOL Low 

Input current 

IIH High 

IlL Low 

Output current 

IO(OFF) Hi-Z state 

los Short circuit3. 4 

lee Vee supply current5 

Capacitance 

CIN In~ut 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V, Tamb = +25°C. 

TEST CONDITIONS 

Vcc = MAX 

Vee = MIN 

Vee = MIN,IIN =-12mA 

Vee = MIN 

IOH =-2mA 

IOL=9.6mA 

Vee = MAX 

VIN = Vee 

VIN = 0.45V 

Vee = MAX 

VOUT = 2.7V 

VOUT =0.45V 

VOUT = OV 

Vee = MAX 

Vee = 5.0V 

VIN = 2.0V 

VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Duration of short circuit should not exceed 1 second. 
5. lee is measured with the PRIDE input grounded, all other inputs at 4.5V and the outputs open. 

November 1993 391 

Preliminary specification 

PLUS105-70 

LIMITS 

MIN Typl MAX UNIT 

2.0 V 

0.8 V 

-0.8 -1.2 V 

2.4 V 

0.35 0.45 V 

<1 30 ~ 

-20 -250 ~ 

1 40 ~ 

-1 -40 ~ 

-15 -70 mA 

160 200 mA 

8 pF 

10 pF 
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AC ELECTRICAL CHARACTERISTICS 
R1 = 470n R2 = 1 Kn CL = 30pF O°C < Tamb S +7SoC 4 7SV S Vee S S 2SV -

SYMBOL PARAMETER FROM 

Pulse Width 

tcKH Clock High CK+ 

tcKL Clock Low CK-

tcKP Clock Period CK+ 

tpRH Preset pulse PR+ 

Setup Time 

tlS1 Input Input± 

tlS2 Input (through Complement Array) Input± 

tvs Power-on preset Vcc + 

tpRS Clock resume (after preset) PR-

tNVCK Clock lockout (before preset) CK-

Hold Time 

tlH Input CK+ 

Diagnostic Mode 

tRJS Initialization of diagnostic mode 110,111 or 112 + 
(to 10V) 

tRJH Clock for diagnostic mode CK+ 

Propagation Delay2 

tcKO Clock CK+ 

toE Output enable3 OE-

too Output disable3 OE+ 

tpR Preset PR+ 

tpPR Power-on preset Vcc+ 

Frequency of Operation 

'MAX1 
Without 

( tlS1 : tCKO ) 
Input± Complement Array 

With 

( tlS2 : tCKO ) 

Input 
fMAx2 Complement Array thru Complement 

Array± 

Internal feedback 

. (.CKL ~ tcKH ) 
fMAx3 without Complement Register Output ± 

Array 

fMAx4 
Internal feedback 

(.1:2) 

Register Output 

with Complement Array thru Complement 
Array± 

fClK Clock period CK+ 

NOTES: 
1. All typical values are at Vcc = SV, T amb = +2SoC. 

TO 

CK-

CK+ 

CK+ 

PR-

CK+ 

CK+ 

CK-

CK-

PR-

Input± 

Fn as inputs 

Register input jam 

Output± 

Output-

Output + 

Output + 

Output + 

Output± 

Output± 

Register Input ± 

Register Input ± 

CK+ 

2. All propagation delays and setup times are meausred and specified under worst case conditions. 
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LIMITS 

MIN TYp1 MAX UNIT 

S ns 

S ns 

10 ns 

10 ns 

8 ns 

1S ns 

0 ns 

0 ns 

10 ns 

0 ns 

SO ns 

50 ns 

6 ns 

6.S ns 

6.S ns 

12 ns 

10 ns 

71.4 MHz 

47.6 MHz 

100.0 MHz 

66.7 MHz 

100.0 MHz 

3. For 3-State output; output enable times are tested with CL = 30pF to the 1.SV level, and S1 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = SpF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - O.SV) with S1 open, and Low-to-High impedance tests are made to the VT = (VOL + O.SV) level with S1 closed. 
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TIMING DIAGRAMS 

10-115 

ClK 

FO-F7 

10-115 

ClK 

FO-F7 
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+3V 

ov 

+3V 
1.5V 

OV 

VOH 

VOL 

+3V 

OV 

toe 

Sequential Mode 

___________________________________________ +3v 

___________________________________________ OV 

-------- OV 

---_ ,_-+-----------------, r----- VOH 

- ...... ----------------'" "'----- VOL 

~~~~~~------------------------OV 



Philips Semiconductors Programmable logic Devices Preliminary specification 

Programmable logic sequencer 
(16 x 48 x 8) 

PLU81 05-70 

TIMING DIAGRAMS (Continued) 
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-F
+10V 

8.0V 
+3V 

OV 

IRJH 

110 

FO- F7 ""-:1""'7'~""''''''~I''"'7'''7'':I''"'7''''''7\.II'''-----''''''--''\.II'-'''''-I''"'7'''''' +3V 

(INPUTS) "",""',""""""''-''''''''''''',"",,''''''',",,,,M I , ..... -----r--....J' I ,,~"'""_I"""~"'" ov 

ClK 

( 

QO -07) 
OUTPUT 

REG. 

111 

Diagnostic Mode-Output Register Input Jam 

-F
+10V 

8.0V 
+3V 

OV 

tRJH 

FO-F5 
~""'~I""'7'~""''''''~'''''''7'':~II,.-----''''''--''\. +3V 

(INPUTS) 
~~"""'-'"""~'"""~~~~ 

ClK 

Diagnostic Mode-State Register Input Jam 

8.DV , 

~---~-----------------------------------------
Diagnostic Mode-State Register Outputs 
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TIMING DEFINITIONS 

SYMBOL PARAMETER 

tlH Required delay between 
positive transition of Clock and 
end of valid Input data. 

tlSl Required delay between 
beginning of valid input and 
positive transition of Clock. 

tlS2 Required delay between 
beginning of valid Input and 
positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through the 
AND Array). 

tcKH Width of input clock pulse 

tcKL Interval between clock pulses. 

tcKO Delay between positive 
transition of Clock and when 
Outputs become valid (with 
PRiOELow). 

tcKP Minimum guaranteed clock 
period. 

tNVCK Required delay between the 
negative transition of the clock 
and the negative transition of 
the Asynchronous PRESET to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 

TEST LOAD CIRCUITS 

NOTE: 
C 1 and C2 are 10 bypass V CC 10 GND. 

LOGIC PROGRAMMING 
PLUS 105-70 is fully supported by industry 
standard (JEDEC compatible) PLD CAD 
tools, including Philips Semiconductors' 
SNAP design software package. ABELTM, 
CUPLTM and PALASM® 90 design software 
packages also support the PLUS105-70 
architecture. 

ABEL is a lrademark of Dala VO Corp. 
CUPL is a trademark of Logical Devices, Inc. 
PALASM is a registered trademark at AMD Corp. 

November 1993 

SYMBOL PARAMETER 

too Delay between beginning of 
Output Enable High and when 
Outputs are in the OFF-state. 

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

tpPR Delay between Vcc (after 
power-on) and when Outputs 
become preset at "1". 

tpR Delay between positive 
transition of Preset and when 
Outputs become valid at "1". 

tpRH Width of preset input pulse. 

tpRS Required delay between 
negative transition of 
Asynchronous Preset and the 
first positive transition of 
Clock. 

tRH Required delay between 
positive transition of clock and 
the end of valid input data 
(FO - F7 as inputs), when 
jamming data into the State or 
Output registers in the 
Diagnostic Mode. 

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

PLUS105-70 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
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SYMBOL PARAMETER 

tRJH Required delay between 
positive transition of clock and 
return of input 110, 111 or 112 
from Diagnostic Mode (10V). 

tRJS Required delay between 
inputs 110, 111 or 112 transition 
to Diagnostic Mode (10V), and 
when the output pins become 
available as inputs. 

tSRD Delay between input (112) 
transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 

tSRE Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 
Register. 

tvs Required delay between Vcc 
(after power-on) and negative 
transition of Clock preceding 
first reliable clock pulse. 

fCLK Minimum guaranteed clock 
frequency (register toggle 
frequency) 

fMAX Minimum guaranteed 
operating frequency. 

VOLTAGE WAVEFORMS 

=y~ 

ov j L~ J ~O% 
~~-~ ,lL-

2.5n8 2.5ns 

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

Input Pulses 

pages. This program table entry format is 
supported by SNAP. 

To implement the desired logic functions, the 
state of each logic variable from logic 
equations (I, B, 0, P, etc.) is assigned a 
symbol. The symbols for TRUE, 
COMPLEMENT, INACTIVE, PRESET, etc., 
are defined below. 
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PRESET/OE OPTION - (PIE) 

(:;~;-G i~E 
DISABLED) ~

RIOE 

P 
E=1 

(ALWAYS = ENABLED) 

OPTION CODE OPTION CODE 

PRESET1 H OE 

PROGRAMMING THE PLUS105-70: 
The PLUS105-70 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 

"AND" ARRAY - (I), (P) 

Preliminary specification 
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I,pi::: I,pi::: I,pi~: ~pi::: 
Tn Tn Tn Tn 

Ir---S~T~A-TE----~I-C-OD~E-'I STATE STATE STATE 

L INACTIVE1,2 I 0 I I, P I, P DON'T CARE 

"OR" ARRAY - (N), (F) 

~'fg[Jc 
ii;l K 

"fg[Jc 
ii;l K 

"'fg[Jc 
ii;l K 

~'±g[]-c 
ii;l K 

I ACTION 

I 
CODE I I ACTION 

I 
CODE I I ACTION 

I 
CODE I I ACTION 

I 
CODE I TOGGLE1 0 SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

0.: 
Tn 

0.: 
Tn 

0.: 
Tn 

0.: 
Tn 

I ACTION I CODE I 
I 

ACTION 

I 
CODE I I ACTION I CODE I I ACTION I CODE I 

I INACTlVE1,3 I 0 I GENERATE A L PROPAGATE 1 • J I TRANSPARENT I - I 

NOTES: 
1. This is the initial unprogrammed state of all link pairs 
2. Any gate Tn will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
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PLUS105 PROGRAM TABLE 

CUSTOMERNAME ____________________ __ 
PURCHASE ORDER # ____________________ _ 

PHILIPS DEVICE # CF (XXXX) 
CUSTOMERSYMBOLIZEDPART# __________ __ 
TOTAL NUMBER OF PARTS ______________ _ 
PROGRAM TABLE ____________________ _ 
REV ________________________ __ 
DATE _______________ __ 

AND 
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PROGRAM TABLE ENTRIES 
AND I OR ------------,------------

INACTIVE I 0 I INACTIVE I 0 

GENERATE A en I ;:rOOGLE 
I H 

PROPAGATE. I RESET L 
TRANSPARENT I - I NO CHANGE _ 

Ha, Fr 

INACTIVE 0 L ___________ _ 
l,P I H L ____ ~!!<?!'I ____ _ 

~N'T CARE '': I"" p. ! I :ESET : ~ I PIE 

OPTION (PIE) I 
OR 

INPUT (1m> PRESENT STATE (P.) REMARKS NEXT STATE (Na) OUTPUT(Fr) 
TERM Cn 

15 14 13 1"2f11- 10 ii a-r7 6 5 -41"3 2 -1- -0 5 4- -3 "2 1 0 
- - - - - - - - - - -5 4 i-2 1 0-7- "6 5 -4T3 "2 1- -0 

0 · I 

1 
2 
3 
4 
5 I 

6 I I I I 

7 I I I I 

8 I I I I 

9 I I I I 

10 . . I 

11 
12 
13 
14 I I I 

15 I I I 

16 I I I I 

17 I I I I 

18 I I I I 

19 . 
20 I I I 

21 
22 
23 
24 I 

25 I I I I 

26 I I I I 

27 I I I I 

28 I I I I 

29 
30 . 
31 
32 
33 
34 
35 I I I I 

36 I I I I 

37 I I I I 

38 I I I I 

39 · 40 · 
41 
42 
43 I 

44 I I I 
45 I I I I 

46 I I I I 

47 I I I I 

PIN 
NO. 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 
..J w 
1Xl:E 
!$<t 
O::z 
§ 

NOTES: 
1. The device is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the PIE option, exists in the table, 

shown BLANK instead for clarity. 
2. Unused Cn, 1m, and Ps bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

~~----------------+c 

I---+-----------------_t_ c 

T47---------- To OUTPUT REG. 
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DESCRIPTION 
The PLUS405 devices are bipolar, 
programmable state machines of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 16 extemal dedicated inputs 
(10 -115) and to the feedback paths of the 8 
on-chip State Registers (Opo - OP7)' Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
productterm (input variables CO, C1). 

All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, anyone or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 

FEATURES 
• PLUS405-37 

- fMAX = 37MHz 
- 50MHz clock rate 

• PLUS405-45 
- fMAX = 45MHz 
- 58.8MHz clock rate 

• Functional superset of PLS105l105A 

• Field-programmable (Ti-W fusible link) 

• 16 input variables 

• 8 output functions 

• 64 transition terms 

• 8-bit State Register 

• 8-bit Output Register 

• 2 transition Complement Arrays 

• Multiple clocks· 

Product specification 

PLUS405-37/-45 

PIN CONFIGURATIONS 

N Package 

All state (Opo - OP7) and output (OFO - OF7) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level "1". 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions, prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally presetto "1". If desired, the 
initialization input pin (IN IT) can be converted 
to an Output Enable (dE) function as an 
additional user-programmable feature. 

• Programmable Asynchronous Initialization 
or Output Enable 

• Power-on preset of all registers to "1" 
N • Plastic DIP (600mi~wide) 

• "On-chip" diagnostic test mode features for 

Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 

Order codes are listed in the Ordering 
Information Table. 

ORDERING INFORMATION 

DESCRIPTION 

28-Pin Plastic DIP (600mil-wide) 

28-Pin Plastic DIP (600mil-wide) 

28-Pin Plastic Leaded Chip Carrier 

28-Pin Plastic Leaded Chip Carrier 

access to state and output registers 

• 950mW power dissipation (typ.) 

• TTL compatible 

• J-K or S-R flip-flop functions 

• Automatic "Hold" states 

• 3-State outputs 

APPLICATIONS 
• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• Timing generators 

• Sequential circuits 

• Elevator contollers 

• Security locking systems 

• Counters 

• Shift registers 

OPERATING 
FREQUENCY 

45MHz (t1S1 + tcK01) 

37MHz (t1S1 + tcK01) 

45MHz (t1S1 + tcK01) 

37MHz (t1S1 + tCK01) 

'Refer to AC Specfficatioos for clock and operating frequencies when using muniple clocks. 
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A Package 

ISlCLK 16 17 ClK Vce 18 19 

A • Plastic Leaded Chip Carrier 

110 

111 

112 

113 

114 

115 

INlTIO'E 

ORDER CODE DRAWING NUMBER 

PLUS405-45N 04138 

PLUS405--37N 04138 

PLUS405-45A 0401F 

PLUS405--37A 0401F 

853-128011164 
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PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 

1 CLK1 Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High (H) 
line is necessary to update the contents of both state and output registers. Pin 1 only 
clocks P0-3 and FO-3 if Pin 4 is also being used as a clock. 

2,3,5-9, 10-14, 17, 16 Logic Inputs: The 12 external inputs to the AND array used to program jump conditions Active-High/Low 
26-27 18-19 between machine states, as determined by a given logic sequence. True and complement (H/L) 
20-22 113-115 signals are generated via use of "H" and "Ln. 

4 CLK2 Logic Input/Clock: A user programmable function: 

• Logic Input: A 13th external logic input to the AND array, as above. Active-High/Low 
(H/L) 

• Clock: A 2nd clock for the State Registers P4-7 and Output Registers F4-7, as above. Active-High (H) 

Note that input buffer 15 must be deleted from the AND array (Le., all fuse locations "Don't 
Care") when using Pin 4 as a Clock. 

23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TTL or CMOS levels. When 112 is held at +10V, device outputs FO-F7 (H/L) 
reflect the contents of State Register bits PO-P7. The contents of each Output Register 
remains unaltered. 

24 111 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TIL levels. When 111 is held at + 1 OV, device outputs FO-F7 become (H/L) 
direct inputs for State Register bits PO-P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the State Register bits PO-P7. The contents 
of each Output Register remains unaltered. 

25 110 Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TIL levels. When 110 is held at + 10V, device outputs FO-F7 become (H/L) 
direct inputs for Output Register bits 00-07; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the Output Register bits 00-07. The 
contents of each State Register remains unaltered. 

10-13 FO-F7 Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 
15-18 normally reflect the contents of Output Register Bits 00-07, when enabled. When 112 is 

held at +10V, FO-F7 = (PO-P7). When 111 is held at +10V, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +10V, FO-F7 become inputs to Output Register 
bitsOO-Q7. 

19 INIT/OE Initialization or Output Enable Input: A user programmable function: 

• Initialization: Provides an asynchronous preset to logic "1" or reset to logic "0" of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and FO-F7 
and PO-P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 
tNVCK and tVCK· 

• Output Enable: Provides an output enable function to buffers FO-F7 from the Output Active-Low (L) 
Registers. 
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TRUTH TABLE 1,2,3,4,5,6,7 

OPTION 

Vcc OE 110 111 

H * * 

L +10V X 
L +10V X 
L X +10V 

L X +10V 
L X X 
L X X 

H X X 
+5V X +10V X 

X +10V X 
X X +10V 

X X +10V 
L X X 
L X X 

L X X 
L X X 
L X X 
L X X 

i x x x 
NOTES: 
1. Positive Logic: 

SIR (orJ/K) = To + T1 + T2 + ... T63 
Tn = (CO, Cl) (10,11,12, ... ) (PO, Pl, ... P7) 

112 . 
X 
X 
X 
X 

+10V 
X 
* 

X 
X 
X 
X 

+10V 
X 

x 
x 
x 
x 
x 
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CK J K Qp QF F 

x x X H/L H/L OF 
i x X Op L L 

i x X Op H H 

i x X L OF L 

i x X H OF H 
X X X Op OF Op 
X X X Op OF OF 
X X X Op OF Hi-Z 

i x X Op L L 

i x X Op H H 

i x X L OF L 

i x X H OF H 

X X X Op OF Op 
X X X Op OF OF 
i L L Op OF OF 
i L H L L L 

i H L H H H 

i H H tip OF OF 
x x X H H 

2. Either Initialization (Active-High) or Output Ei1ciliIe (Active-Low) are available, but not both. The desired function is a user-programmable 
option. 

3. i denotes transition from Low-to-High level. 
4. • = H or L or + 1 OV 
5. X = Don't Care (s,5.5V) 
6. H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 

programmable). 
7. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 

on the output pins are forced by the user. 

VIRGIN STATE 
A factory-shipped virgin device contains all 
fusible links intact, such that: 
1. INIT/O'E is set to INIT. In order to use the 

INIT function, the user must select either 
the PRESET or the RESET option for 
each flip-flop. Note that regardless of the 
user-programmed initialization, or even if 
the INIT function is not used, all registers 
are preset to "1" by the power-up 
procedure. 

2. All transition terms are inactive (0). 

3. All SIR (or J/K) flip-flop inputs are 
disabled (0). 

4. The device can be clocked via a Test 
Array preprogrammed with a standard test 
pattern. 

5. Clock 2 is inactive. 

October 22, 1993 

LOGIC FUNCTION 

, ~3, :2, ~1 f '~R PRESENT STATE 

STATE REGISTER 1I;.1J. c· •.. 

, 0 , 0 , 0 t1 I Sn + 1 NEXT STATE 

SET 00: Jo = (02 . 01 . 00) . II; • 1J . c ... 
Ko=o 

RESET01:J1 =0 
K1 = (~ • 02 . 01 • 00) . II; .1J . c ... 

HOLD 02: J2 = 0 
K2=0 

RESET~: J3 = (~ • ~ . 01 • 00) . II; .1J . c .. . 
K3 = (~ • 02 • 01 • 00) . II; .1J. c .. . 
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FUNCTIONAL DIAGRAM 

P63 
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LOGIC DIAGRAM 

NOTE: 
Denotes a programmable fuse location. 
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DETAILS FOR REGISTERS FOR PLUS405 

Product specification 
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r---------------------------------~ 

STATE REGISTERS 

Q p. 

r---------e-+---~19 INlT~ 

Detail A Detail B 

TOINITUNE 
TOANO 
ARRAY 

r---------------------------------~ r---------------------------------~ 
TO I NIT UNE 

OUTPUT REGISTERS 

QI---------+-~ 
FROMPIN4 

(IS/CLK) 
FROM 
PIN 1 CLK 

I 

I 

---------------------------------, 
Detail C 

COMPLEMENT ARRAY DETAIL 

The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 

(/A ·/8· IC) and (A+B+"""C") are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if anyone or more of the 

October 22, 1993 

P63 P62. •• P2 P1 PO 

C1 

co 

'~ ________ 'I---------J/ 

TO OR ARRAY 

AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 

Consider the Product Terms A, 8 and D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not 8 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in turn to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 

404 

Detail D 

all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that the PLUS40S has 2 Complement 
Arrays which allow the user to design 2 
independent Complement functions. This is 
particularly useful if 2 independent state 
machines have been implemented on one 
device. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

TSstg Storage temperature range 

NOTES: 

RATINGS UNIT 

+7 Voc 

+5.5 Voc 

+5.5 Voc 

-30 to +30 mA 

+100 mA 

o to +75 °C 

~5to+150 °C 

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

DC ELECTRICAL CHARACTERISTICS 
O°C ~ Tamb ~ +7SoC, 4.75V ~ Vee ~ 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 

VIL Low 

Vie Clamp3 

Output voltage2 

VOH High 

VOL Low 

Input current 

IIH High 

IlL Low 

Output current 

10COFF) Hi-Z state 

los Short circuit 3, 4 

Ice Vee supply current5 

Capacitance 

CIN Input 

COUT Output 

NOTES: 
1. All typical values are at Vee = 5V. Tamb = +25°C. 

TEST CONDITIONS 

Vec = MAX 

Vec = MIN 

Vee = MIN,IIN = -12mA 

Vee = MIN, IOH = -2mA 

Vee = MIN, IOL = 9.6mA 

Vee = MAX, VIN = Vee 

Vee = MAX, VIN = 0.45V 

Vee = MAX, VOUT = 2.7V 

Vee = MAX, VOUT = 0.45V 

VOUT = OV 

Vee = MAX 

Vee = 5.0V, VIN = 2.0V 

Vec = 5.0V, VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Duration of short-circuit should not exceed one second. 

MIN 

2.0 

2.4 

-15 

5. lee is measured with the INITIOE input grounded, all other inputs at 4.5V and the outputs open. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 

LIMITS 

Typl MAX UNIT 

V 

0.8 V 

-0.8 -1.2 V 

V 

0.35 0.45 V 

<1 30 J.lA 
-20 -250 J.lA 

1 40 J.lA 
-1 -40 J.lA 

-70 mA 

190 225 mA 

8 pF 

10 pF 



Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencers 
(16 x 64 x 8) 

AC ELECTRICAL CHARACTERISTICS 
R1 = 470Q, R2 = 1kO, CL = 3OpF, O°C s: TarroS:+75°C, 4075V s: Vee S:5025V 

SYMBOL PARAMETER FROM TO 

Pulse width 

tcKH1 Clock High; CLK1 (Pin 1) CK+ CK-

tcKL1 Clock Low; CLK1 (Pin 1) CK- CK+ 

tcKP1 CLK1 Period CK+ CK+ 

tcKH2 Clock High; CLK2 (Pin 4) CK+ CK-

tcKL2 Clock Low; CLK2 (Pin 4) CK- CK+ 

tcKP2 CLK2 Period CK+ CK+ 

tlNITH Initialization pulse INIT- INIT+ 

Setup time 

tlS1 Input Input± CK+ 

tlS2 
Input 

Input± CK+ (through Complement Array) 

tvs Power-on preset Vcc+ CK-

tVCK 
Clock resume 

INIT- CK-(after Initialization) 

tNVCK 
Clock lockout 

CK- INIT-(before Initialization) 

Hold time 

tlH Input CK+ Input± 

Propagation delay 

tcK01 Clock1 (Pin 1) CK1+ Output± 

tcK02 Clock2 (Pin 4) CK2+ Output± 

toE2 Output Enable OE- Output-

too2 Output Disable OE+ Output + 

tiN IT Initialization INIT+ Output + 

tpPR Power-on Preset Vcc+ Output + 

Notes on follOWing page 
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UMITS 

PLUS405-37 PLUS405-45 UNIT 

MIN TYp1 MAX MIN Typ1 MAX 

10 8 80S 7 ns 

10 8 805 7 ns 

20 16 17 14 ns 

10 8 10 8 ns 

10 8 10 8 ns 

20 16 20 16 ns 

15 10 15 8 ns 

15 12 12 10 ns 

25 20 22 18 ns 

0 -10 0 -10 ns 

0 -5 0 -5 ns 

15 5 15 5 ns 

0 -5 0 -5 ns 

10 12 8 10 ns 

12 15 10 12 ns 

12 15 12 15 ns 

12 15 12 15 ns 

15 20 15 20 ns 

0 10 0 10 ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 
R1 = 4700 R2 = 1k.Q CL = 30pF O°C ~ Tamb < +75°C 4 75V ~ Vee < 5 25V - , . - . 

SYMBOL PARAMETER FROM TO 

Frequency of operation 

CLK1; without Complement Array 

fMAX1 
( tlS1 + 1tcK01 ) 

Input± Output± 

CLK2; without Complement Array 

fMAX2 
( tiS 1 + 1tcK02 ) 

Input± Output± 

CLK1 ; with Complement Array 
Input thru 

fMAX3 
( tlS2 + 1tcK01 ) 

Complement Output± 
Array± 

CLK2; with Complement Array 
Input thru 

fMAX4 
( tlS2 + 1tcK02 ) 

Complement Output± 
Array ± 

Internal feedback without 
Complement Array (CLK1 or CLK2) 

Register Register fMAX5 

( tcKL ~ tcKH ) 

Output± Intput± 

Internal feedback with 
Complement Array (CLK1 or CLK2) Register 

fMAX6 

CI:2) 

Outputthru Register 
Complement Intput± 

Array ± 

fCLK 
Minimum guaranteed clock 

CK+ CK+ frequency 

NOTES: 
1. All typical values are at Vcc = 5V, T amb = +25°C. 
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LIMITS 

PLUS405-37 PLUS405-45 UNIT 

MIN TYp1 MAX MIN TYP1 MAX 

37.0 45.5 45.5 55.6 MHz 

33.0 41.7 41.7 SO.O MHz 

27.0 33.3 31.3 38.5 MHz 

25.0 31.3 29.4 35.7 MHz 

50.0 62.5 58.8 72.4 MHz 

40.0 50.0 45.5 55.6 MHz 

50.0 62.5 58.8 72.4 MHZ 

2. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and S1 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with S1 open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with S1 closed. 

3. All propagation delays and setup times are measured and specified under worst case conditions. 

TEST LOAD CIRCUIT 

Vcc L-> 
10 FO 

INPUTS o--'-----<-.j OUT 
F7 

CK INIT/m: 

GNO 

NOTE: 
C, and C2 are to bypass VCC to GND. = 

October 22, 1993 

R, 

CL 

= 

407 

VOLTAGE WAVEFORMS 

~"~ 

" -J L'R .J ~ .. 
2.5ns 2.5ns 

~:-Jt ·fLW% 
2.5ns 2.5ns 

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

Input Pulses 
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TIMING DIAGRAMS 

10-115 

CLK 

FO-F7 

INIT 

October 22, 1993 

10-115 

CLK 

FO-F7 

VCC 

toE 

Sequential Mode 

1.5V 

+3V 

OV 

+3V 

OV 

VOH 

vOL 

+3V 

OV 

_________________________________________ ~V 

----------------------------------------~ 

'-------- OV 

------~ ,-~----------------~ ,---------- VOH 

------ '--1.. ________________ "'" I ,"---------- VOL 

1.5V 

~~~~~~----------------------- ~ 

Asynchronous Initialization 

_------------------------------------- +5V 

~L+---------------------------------------- ov 

FO-F7 1.5V [Fnl = 1 

'------ VOL 

CLK ----...:·~t_tcK OV 

14-------- tvs 

10-115 

Power-On Preset 
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TIMING DIAGRAMS (Continued) 

October 22,1993 

10 -111, ---, ,------------------------------------------------- +3V 
113-115 

---JI~----------------------------------------------------OV 
+10V 

1~---------------------+3V 
112 

~-----------------~ 
+3V 

CLK 
I'------+--------------------OV 

----+---------+---~d,~~~~I~-~~~~,I,--------------voH 
FO-F7 1.5V 

----+---------+---~'I~~~~-VI'---~~~~'~------------VOl 

----------------------------------------------------------OV 

111 

FO-F7 
(INPUTS) 

ClK 

110 

Diagnostic Mode - State Register Outputs 

aov 
+3V 

OV Y=
+10V 

tRJH 
~~...,...,...,...,...,.+3V 

~~~~~~~~~~" ~----------~--JI'~~~~~~OV 

+3V 

~-----OV 

Diagnostic Mode - State Register Input Jam 

Y=
+10V 

aov 
+3V 

OV 
tRJH 

FO _ F7 ,..,.~~..,...,..-:~~~..,...,..-:'" II ,-----------..1..--" 11.:~~r7~r2 +3V 

(INPUTS) ~~~~""""'~'"""_~~~'" II '-__________ ~--J ~'_'&.'"""_"'_'I.'"""_~ OV 
+3V 

ClK 
~-----OV 

Diagnostic Mode - Output Register Input Jam 
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TIMING DEFINITIONS 

SYMBOL PARAMETER SYMBOL 

tcKH1,2 Width of input clock pulse. fMAX6 

tcKP1, 2 Minimum guaranteed clock 
period. 

tlS1 Required delay between 
beginning of valid input and 
positive transition of Clock. fClK 

tcK01,2 Delay between positive 
transition of Clock and when 
Outputs become valid (with 
INIT/Of: Low). 

tCKL1,2 

tpPR Delay between Vee (after 
power-on) and when Outputs 

tlH 

become preset at "1 n. 

tlS2 Required delay between 
beginning of valid Input and toE 

positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 

tSRE 

the AND Array). 

tRJH Required delay between 
positive transition of clock, 
and return of input 110, 111 or 
112 from Diagnostic Mode 

tRJS 

(10V). 

fMAX1 ,2 Minimum guaranteed 
operating frequency; input to 
output (CLKl and CLK2). 

fMAX3,4 Minimum guaranteed 
operating frequency; input 

tNvcK 

through Complement Array, 
to output (CLKl and CLK2). 

fMAx5 Minimum guaranteed internal 
operating frequency; with 
internal feedback from state 
register to state register. 
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PARAMETER SYMBOL PARAMETER 

Minimum guaranteed intemal 
operating frequency with 
Complement Array, with 

tlNITH Width of initialization input 
pulse. 

internal feedback from state 
register through Complement 
Array, to state register. 

tvs Required delay between Vee 
(after power-on) and 
negative transition of Clock 

Minimum guaranteed clock 
frequency (register toggle 

preceding first reliable clock 
pulse. 

frequency). 

Interval between clock 
pulses. 

too Delay between beginning of 
Output Enable High and 
when Outputs are in the 

Required delay between 
OFF-state. 

positive transition of Clock 
and end of valid Input data. tlNIT Delay between positive 

transition of Initialization and 
Delay between beginning of when Outputs become valid. 
Output Enable Low and when 
Outputs become valid. tSRO Delay between input 112 

Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 
the contents of the State 

transition to Logic mode and 
when the Outputs reflect the 
contents of the Output 
Register. 

Register. 
tRH Required delay between 

Required delay between 
inputs 111,110 or 112 
transition to Diagnostic Mode 
(10V), and when the output 
pins become available as 

positive transition of Clock 
and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 

inputs. 

tVCK Required delay between 

Required delay between the 
negative transition of the 
clock and the negative 
transition of the 
Asynchronous Initialization to 

negative transition of 
Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 

guarantee that the clock edge 
is not detected as a valid 
negative transition. 
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LOGIC PROGRAMMING 
The PlUS405-37/-45 is fully supported by 
industry standard (JEDEC compatible) PlD 
CAD tools, including Philips Semiconductors 
SNAP design software packages. ABEU" 
and CUPlT" design software packages also 
support the PlUS405-37/-45 architecture. 

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

PlUS405-37/-45 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. 

To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 

INITIALIZATION OPTION - (INIT) 

INITIALIZATION/OE OPTION - (INIT/OE) 

INlT--Q 

OPnON 

i-~ 
: DE., 

(ALWAYS 
ENABLED) 

INinAUZAnON1 

PROGRAMMING THE PLUS405: 

INlT=0--Q 

(INInAUZAnON 
DISABLED) 

OPnON 

D-E 

CODE 

The PlUS405 has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 

AcnON AcnON AcnON 

PRESET H RESET INDETERMINATE4 

"AND" ARRAY - (I), (P) 

1
i
'p 1i'P 1i

'p 1 i

'p 

I,P I, P I, P I, P 
r,p r,p r,p r,p 

Tn Tn Tn Tn 

I STATE I CODE I STATE STATE STATE 

I INACnVE1,2 I o I I,P I, P DON'TeARE 

Notes are on next page. 

ABEL is a trademark of Data I/O Corp. 
CUPl is a trademark of logical Devices, Inc. 
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"OR" ARRAY - J-K FUNCTION - (N), (F) 

~Ftg[J 
N;F K 

~Ftg[J 
N;F K 

~Ftg[J 
J{"'F K 

~Ftg[J 
J{"'F K 

I 
ACTION I CODE I I ACTION I CODE I I ACTION I CODE I I ACTION I CODE 

TOGGlE1•6 0 SET H RESET l NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

0: 
Tn 

0: 
Tn 

0: 
Tn 

0: 
Tn 

I ACTION I CODE I 
I 

ACTION I CODE 

I INACTIVE1, 3 I 0 I GENERATE A 

CLOCK OPTION - (CLK1/CLK2) 

ClK2 ClK2 

I I 
ACTION 

I 
CODE I l ACTION I 

PROPAGATE • r TRANSPARENT I 

PROGRAMMING/SOFTWARE SUPPORT 
Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 

CODE 

-

Software Support) of this data handbook for additional 
information. 

ClK1 ClK1 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if anyone of its I or P link pairs is left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
4. These states are not allowed when using INITIALIZATION option. 
5. Input buffer 15 must be deleted from the AND array (i.e., all fuse locations "Don't Care") when using second clock option. 
6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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PLUS405-37/-45 

PLUS405 PROGRAM TABLE 

w 
~ o 

> w 
a: 

w 
~ 
<t: 
Z 
a: 
w 
~ 

8 
(j) 
:J 
o 

NOTES: 

x-
X 
X 
~ 
LL 
o 

:ij: 

W 
() 

:> 
w 
o 
(j) 
a.. 
:::J 
I 
D.... 

j 
Ia: 
rt 
o 
W 
N 
:::J o 
CO 
~ 
>
(j) 

a: 
w 
~ 

8 
(j) 
:J 
() 

AND 1 OR I OPTIONS 
----------------------~----------I-----------
INACTIVE 0 INACTIVE 0 I INACTIVE OR I 0 I IINIT I H IINITfOE 
I,P I H GENERATE A I TOGGlE..1 I . OE Il . 

- Im,Ps • Cn SET IH NsFr I 
I, P I l PROPAGATE I RESET .ll ' I ClK1 ONLY I l I ClK11 

DON'T CARE 1 - TRANSPARENT - : NO CHANGE I _ : I CLK1 AND 2 I H I ClK2 

INITIAUZATIONI )uTP~ . ENABLE I 
r------------;A'"'"N=D----.L-1-C!<!l""OC=K-"1/.!:.2--II-r I I I R I I I I I 

COMP, 
ARRAY INPUT (1m) PRESENT STATE (Ps) 

Cl CO 115 114 113112 111 110 19 18 17 16 15 14 113 12 11 10 P7 P6 P5 L~ P3 LP2. PI PO 
o 
1 
2 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

PIN NO, 

PIN 
lABELS 

I 

I 

1 

I 

..l. ~ 

1 

I 

1 

J 
1 1 

1 

11 

I 

1 

1 

22222222 
0123456723456789 

..I.. 

NEXT STATE (Ns) OUTPUT (Fr) 

i 

I 

! 

T 

T 

I 

I 

1 

T 

I 

1 

1 1 1 1 1 1 1 1 
01235678 

1. The device is shipped w~h all links initially intact. Thus, a background of ''0'' for all Terms, and an "H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 
for clarity. 

2. Unused Cn 1m, and Ps b~s are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modification, or programmed as (-) for maximum speed. 
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Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencer 
(16x64x8) 

DESCRIPTION 
The PLUS405-55 device is a bipolar, 
programmable state machine of the Mealy 
type. Both the AND and the OR array are 
user-programmable. All 64 AND gates are 
connected to the 16 external dedicated inputs 
(10 -115) and to the feedback paths of the 
8 on-chip State Registers (Opo - OP7). Two 
complement arrays support complex 
IF-THEN-ELSE state transitions with a single 
product term (input variables Co, C1). 

All state transition terms can include True, 
False and Don't Care states of the controlling 
state variables. All AND gates are merged 
into the programmable OR array to issue the 
next-state and next-output commands to their 
respective registers. Because the OR array is 
programmable, anyone or all of the 64 
transition terms can be connected to any or 
all of the State and Output Registers. 

All state (Opo - OP7) and output (OFO - OF7) 
registers are edge-triggered, clocked J-K 
flip-flops, with Asynchronous Preset and 
Reset options. The PLUS405 architecture 
provides the added flexibility of the J-K toggle 
function which is indeterminate on S-R 
flip-flops. Each register may be individually 
programmed such that a specific 
Preset-Reset pattern is initialized when the 
initialization pin is raised to a logic level "1". 
This feature allows the state machine to be 
asynchronously initialized to known internal 
state and output conditions prior to 
proceeding through a sequence of state 
transitions. Upon power-up, all registers are 
unconditionally preset to "1". If desired, the 
initialization input pin (INIT) can be converted 
to an Output Enable (oE) function as an 
additional user-programmable feature. 

Availability of two user-programmable clocks 
allows the user to design two independently 
clocked state machine functions consisting of 
four state and four output bits each. 

Order codes are listed in the Ordering 
Information Table below. 

ORDERING INFORMATION 

FEATURES 
• 66.7MHz minimum guaranteed clock rate 

• 55MHz minimum guaranteed operating 
frequency (1/(t'Sl + tcK01) 

• Functional superset of PLS 105/1 05A 

• Field-programmable (li-W fusible link) 

• 16 input variables 

• 8 output functions 

• 64 transition terms 

• 8-bit State Register 

• 8-bit Output Register 

• 2 transition Complement Arrays 

• Multiple clocks 

• Programmable Asynchronous Initialization 
or Output Enable 

• Power-on preset of all registers to "1" 

• "On-chip" diagnostic test mode features for 
access to state and output registers 

• 950mW power dissipation (typ.) 

• TTL compatible 

• J-K or S-R flip-flop functions 

• Automatic "Hold" states 

• 3-State outputs 

APPLICATIONS 
• Interface protocols 

• Sequence detectors 

• Peripheral controllers 

• liming generators 

• Sequential circuits 

• Elevator contollers 

• Security locking systems 

• Counters 

• Shift registers 

Product specification 
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PIN CONFIGURATIONS 

N Package 

N = Plastic DIP (600mil-wide) 

A Package 

15ICLK 16 17 ClK vee 18 

110 

111 

112 

113 

114 

F7 115 

INITiOE 

Fl FO 

A = Plastic Leaded Chip Carrier 

DESCRIPTION OPERATING 
ORDER CODE DRAWING NUMBER FREQUENCY 

28-Pin Plastic Dual In-Line (600mil-wide) 55MHz (tiS + tcKO) PLUS405-55N 0413B 

28-Pin Plastic Leaded Chip Carrier 55MHz (tiS + tCKO) PLUS405-55A 0401F 
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PLUS405-55 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 

1 CLKl Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High (H) 
line is necessary to update the contents of both state and output registers. Pin 1 only 
clocks P0-3 and F0-3 if Pin 4 is also being used as a clock. 

2,3,5-9, 10 -14, 17, 16 Logic Inputs: The 12 external inputs to the AND array used to program jump conditions Active-High/Low 
26-27 18-19 between machine states, as determined by a given logic sequence. True and complement (H/L) 
20-22 113-115 signals are generated via use of "H" and "L". 

4 CLK2 Logic Input/Clock: A user programmable function: 

• Logic Input: A 13th external logic input to the AND array, as above. Active-High/Low 
(H/L) 

• Clock: A 2nd clock for the State Registers P4-7 and Output Registers F4-7, as above. Active-High (H) 
Note that input buffer 15 must be deleted from the AND array (i.e., all fuse locations "Don't 
Care") when using Pin 4 as a Clock. 

23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TTL or CMOS levels, When 112 is held at +10V, device outputs FO-F7 (H/L) 
reflect the contents of State Register bits PO-P7. The contents of each Output Register 
remains unaltered. 

24 111 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TIL levels. When 111 is held at + 1 OV, device outputs FO-F7 become (H/L) 
direct inputs for State Register bits PO-P7; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the State Register bits PO-P7. The contents 
of each Output Register remains unaltered. 

25 110 Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low 
exercising standard TIL levels. When 110 is held at + 1 OV, device outputs FO-F7 become (H/L) 
direct inputs for Output Register bits 00-07; a Low-to-High transition on the appropriate 
clock line loads the values on pins FO-F7 into the Output Register bits 00-07. The 
contents of each State Register remains unaltered. 

10-13 FO-F7 Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs which Active-High (H) 
15-18 normally reflect the contents of Output Register Bits 00-07, when enabled. When 112 is 

held at + 1 OV, FO-F7 = (PO-P7). When 111 is held at + 1 OV, FO-F7 become inputs to State 
Register bits PO-P7. When 110 is held at +10V, FO-F7 become inputs to Output Register 
bitsOO-Q7. 

19 INITIOE Initialization or Output Enable Input: A user programmable function: 

• Initialization: Provides an asynchronous preset to logic "1" or reset to logic "0" of all Active-High (H) 
State and Output Register bits, determined individually for each register bit through user 
programming. INIT overrides Clock, and when held High, clocking is inhibited and FO-F7 
and PO-P7 are in their initialization state. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after INIT goes Low. See timing definition for 
tNVCK and tVCK. 

• Output Enable: Provides an output enable function to buffers FO-F7 from the Output Active-Low (L) 
Registers. 
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TRUTH TABLE 1,2,3,4,5,6,7 

OPTION 

Vcc INIT "DE 110 111 

H . . 
L +10V X 

L +10V X 

L X +10V 

L X +10V 
L X X 
L X X 

H X X 

+5V X +10V X 

X +10V X 

X X +10V 

X X +10V 
L X X 
L X X 

L X X 

L X X 

L X X 

L X X 

i x x x x 
NOTES: 
1. Positive Logic: 

SIR (or J/K) = To + T 1 + T 2 + ... T 63 
Tn = (CO, C1) (10,11,12, ... ) (PO, Pi, ... P7) 

112 . 
X 

X 

X 

X 
+10V 

X . 
X 

X 

X 

X 
+10V 

X 

x 
x 
x 
x 
x 

Product specification 
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CK J K Q p QF F 

x x X H/L H/L OF 
i x X Op L L 

i x X Op H H 

i x X L OF L 

i x X H OF H 
X X X Op OF Op 
X X X Op OF OF 
X X X Op OF Hi-Z 

i x X Op L L 

i x X Op H H 

i x X L OF L 

i x X H OF H 
X X X Op OF Op 
X X X Op OF OF 
i L L Qp OF OF 
i L H L L L 

i H L H H H 

i H H 0;;- OF OF 
x x X H H 

2. Either Initialization (Active-High) or Output Ei1a6Ie (Active-Low) are available, but not both. The desired function is a user-programmable 
option. 

3. i denotes transition from Low-to-High level. 
4. • = H or L or + 1 OV 
5. X = Don't Care (.s5.5V) 
6. H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually 

programmable ). 
7. When using the Fn pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-Stated and the indicated levels 

on the output pins are forced by the user. 

VIRGIN STATE 
A factory-shipped virgin device contains all 
fusible links intact, such that: 
1. INIT/OE is set to INIT. In order to use the 

INIT function, the user must select either 
the PRESET or the RESET option for 
each flip-flop. Note that regardless of the 
user-programmed initialization, or even if 
the INIT function is not used, all registers 
are preset to "1" by the power-up 
procedure. 

2. All transition terms are inactive (0). 

3. All SIR (or J/K) flip-flop inputs are 
disabled (0). 

4. The device can be clocked via a Test 
Array preprogrammed with a standard test 
pattern. 

5. Clock 2 is inactive. 

October 22, 1993 

LOGIC FUNCTION 

03 02 01 QO 

11 1 0 11 Eo 1 ~R PRESENT STATE 

STATE REGISTER ~. B' c· ... 

1 0 1 0 1 0 t1 I Sn + 1 NEXT STATE 

SET 00: Jo = (O2 • 01 . 00) . ~ . B . C ... 

Ko=o 

RESET01:J1 =0 
K1 = (~ • 02 . Q1 ·00) . ~ . B . C ... 

HOLD Q2: J2 = 0 
K2=0 

RESET ~: J3 = (Q3 . ~ • Q1 ·00)· ~ . B . C ... 
K3 = (~ • 02 . Q1 ·00) . ~ . B • C ..• 

417 



Philips Semiconductors Programmable Logic Devices 

Programmable logic sequencer 
(16 x 64 x 8) 

FUNCTIONAL DIAGRAM 
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LOGIC DIAGRAM 

NOTE: 
Denotes a programmable fuse location. 

January 2, 1992 
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DETAILS FOR REGISTERS FOR PLUS405 

= 
.-----~H--_f19 INlTiO'E 

Detail A 

STATE REGISTERS 

Q p. 

Detail B 

Product specification 
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TO INiTUNE 
TO AND 
ARRAY 

r---------------------------------~ r---------------------------------~ 
TOINITUNE 

OUTPUT REGISTERS 

QI-----I--I 
FROM PIN 4 

(lS/ClK) 

Detail C 

COMPLEMENT ARRAY DETAIL 

The Complement Array is a special 
sequencer feature that is often used for 
detecting illegal states. It is also ideal for 
generating IF-THEN-ELSE logic statements 
with a minimum number of product terms. 

The concept is deceptively simple. If you 
subscribe to the theory that the expressions 

(/A • IB ·/C) and (~) are equivalent, 
you will begin to see the value of this single 
term NOR array. 

The Complement Array is a single OR gate 
with inputs from the AND array. The output of 
the Complement Array is inverted and fed 
back to the AND array (NOR). The output of 
the array will be Low if anyone or more of the 

October 22,1993 

P63 P62. •• P2 P1 PO 

'~----~Ir----~/ 
TO OR ARRAY 

C1 

co 

AND terms connected to it are active (High). 
If, however, all the connected terms are 
inactive (Low), which is a classic unknown 
state, the output of the Complement Array will 
be High. 

Consider the Product Terms A, Band D that 
represent defined states. They are also 
connected to the input of the Complement 
Array. When the condition (not A and not B 
and not D) exists, the Complement Array will 
detect this and propagate an Active-High 
signal to the AND array. This signal can be 
connected to Product Term E, which could be 
used in tum to reset the state machine to a 
known state. Without the Complement Array, 
one would have to generate product terms for 

420 

= 

Detail D 

FROM 
PIN1 ClK 

all unknown or illegal states. With very 
complex state machines, this approach can 
be prohibitive, both in terms of time and 
wasted resources. 

Note that the PLUS405 sequencers have 2 
Complement Arrays which allow the user to 
design 2 independent Complement functions. 
This is particularly useful if 2 independent 
state machines have been implemented on 
one device. 

Note that use of the Complement Array adds 
an additional delay path through the device. 
Please refer to the AC Electrical 
Characteristics for details. 
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Programmable logic sequencer 
(16 x 64 x 8) 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tstg Storage temperature range 

NOTES: 

RATINGS UNIT 

+7 Voc 

+5.5 Voc 

+5.5 Voc 

-30 to +30 mA 

+100 mA 

o to +75 °c 
-65 to +150 °c 

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

DC ELECTRICAL CHARACTERISTICS 
O°C s Tarnb S +75°C, 4.75V S Vee S 5.25V 

SYMBOL PARAMETER 

Input voltage2 

VIH High 

VIL Low 

VIC Clamp3 

Output voltage2 

VOH High 

VOL Low 

Input current 

IIH High 

IlL Low 

Output current 

lo(oFF) Hi-Z state 

los Short circuit 3,4 

Icc Vee supply current5 

Capacitance 

CIN Input 

COUT Output 

NOTES: 

1. All typical values are at Vee = SV. Tamb = +2SoC. 

TEST CONDITIONS 

Vee = MAX 

Vee = MIN 

Vee = MIN, liN = -12mA 

Vee = MIN, IOH = -2mA 

Vee = MIN, IOL = 9.6mA 

Vee = MAX, VIN = Vee 

Vee = MAX, VIN = 0.4SV 

Vee = MAX, VOUT = 2.7V 

Vee = MAX, VOUT = 0.45V 

VOUT = OV 

Vee = MAX 

Vee = S.OV, VIN = 2.0V 

Vee = S.OV, VOUT = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 
4. Duration of short-circuit should not exceed one second. 

MIN 

2.0 

2.4 

-15 

5. Icc is measured with the INITIOE input grounded, all other inputs at 4.SV and the outputs open. 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 

LIMITS 

TYp1 MAX UNIT 

V 

0.8 V 

-0.8 -1.2 V 

V 

0.35 0.45 V 

<1 30 ~ 

-20 -250 ~ 

1 40 ~ 

-1 -40 ~ 

-70 mA 

190 225 mA 

8 pF 

10 pF 
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Programmable logic sequencer 
(16 x 64 x 8) 

AC ELECTRICAL CHARACTERISTICS 
R1 = 470n, R2 = 1kn, CL = 3OpF, O°C::;; Tamb::;; +75°C, 4.75V::;; Vee::;; 5.25V 

SYMBOL PARAMETER FROM 

Pulse width 

tcKH1 Clock High; CLK1 (Pin 1) CK+ 

tcKL1 Clock Low; CLK1 (Pin 1) CK-

tcKP1 CLK1 Period CK+ 

tcKH2 Clock High; CLK2 (Pin 4) CK+ 

tcKL2 Clock Low; CLK2 (Pin 4) CK-

tcKP2 CLK2 Period CK+ 

tlNITH Initialization pulse INIT-

Setup time 

tlS1 Input Input± 

tlS2 
Input 

Input± (through Complement Array) 

tvs Power-on preset Vee+ 

tveK 
Clock resume 

INIT-(after Initialization) 

tNveK 
Clock lockout 

CK-(before Initialization) 

Hold time 

tlH Input CK+ 

Propagation delay 

tcK01 Clock1 (Pin 1) CK1+ 

tcK02 Clock2 (Pin 4) CK2+ 

toE
2 Output Enable OE-

1002 Output Disable OE+ 

tiN IT Initialization INIT+ 

tpPR Power-on Preset Vee + 

Notes on following page 
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UMITS 

TO MIN Typ1 MAX UNIT 

CK- 7.5 6 ns 

CK+ 7.5 6 ns 

CK+ 15 12 ns 

CK- 7.5 6 'ns 

CK+ 7.5 6 ns 

CK+ 15 12 ns 

INIT+ 14 12 ns 

CK+ 10 9 ns 

CK+ 18 15 ns 

CK- 0 -10 ns 

CK- 0 -5 ns 

INIT- 12 5 ns 

Input± 0 -5 ns 

Output± 6.5 8 ns 

Output± 7.0 8 ns 

Output- 6.5 8 ns 

Output + 6.5 8 ns 

Output + 12 18 ns 

Output + 0 10 ns 
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Programmable logic sequencer 
(16 x 64 x 8) 

AC ELECTRICAL CHARACTERISTICS (Continued) 
R, = 4700 R2 = 1k.n Cl = 30pF O°C:s Tamb:S +75°C 4 75V:s Vee < 5 25V , . - . 

SYMBOL PARAMETER FROM 

Frequency of operation 

CLK1; (without Complement Array) 

fMAXl 
( tlSl + ~KOI ) Input± 

CLK2; (without Complement Array) 

fMAX2 
( tlSl + ~CK02 ) Input± 

CLK1; (with Complement Array) 
Input through 

fMAX3 
( tlS2 + 1tCKOl ) 

Complement 
Array± 

CLK2; (with Complement Array) 
Input through 

fMAX4 
( tlS2 + 1tCK02 ) 

Complement 
Array± 

Internal feedback without Complement 
Array (CLK1 or CLK2) 

Register 
fMAX5 

( tcKl ~ tcKH ) 
Output± 

Internal feedback with Register 
Complement Array (CLK1 or CLK2) Output 

fMAX6 

( tl:2) 

through 
Complement 

Array± 

felK Minimum guaranteed Clock frequency CK+ 

NOTES: 

1. All typical values are at Vcc = 5V, Tamb = +25°C. 
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UMITS 

TO MIN TYP' MAX UNIT 

Output± 55.6 64.5 MHz 

Output± 55.6 62.5 MHz 

Output± 38.5 46.5 MHz 

Output± 38.5 45.5 MHz 

Register 
Input± 66.7 83.3 MHz 

Register 
Input± 55.6 66.7 MHz 

CK+ 66.7 83.3 MHz 

2. For 3-8tate output; output enable times are tested with Cl = 30pF to the 1.5V level, and S, is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with Cl = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with S, open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with S, closed. 

3. All propagation delays and setup times are measured and specified under worst case conditions. 

TEST LOAD CIRCUIT 

vcc L--> 
10 Fe 

R2 
INPUTS 0--1---1-.1 OUT 

F7 OUTPUTS 

CK INlTJOE 
GNO 

NOTE: 
C, and C2 are to bypass VCC to GND. -=-

October 22, 1993 423 

R, 

cL 

-=-

VOLTAGE WAVEFORMS 

-~ 
.v -J L~ J ~O% 

2.508 2.5ns 

~:-d\ 'iL-
205ns 2.5ns 

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

Input Pulses 
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TIMING DIAGRAMS 

+3V 

10-115 

OV 

+3V 

eLK 1.5V 

OV 

VOH 
FO-F7 

VOl 

+3V 

OV 

toe 

Sequential Mode 

___________________________________________ ~V 

10-115 ___________________________________________ OV 

elK 

~------- OV 

---~ r-~----------------~ ,---------- VOH 
FO-F7 

______ -I ~~ ________________ J ~---------- VOL 

INIT 1.5V 1.5V 

~~~~~~----------------------- OV 

Asynchronous Initialization 

,---------------------------------------- +5V 4.5V 
Vec 

~-+---------------------------------------- OV 

FO-F7 1.5V 

'------- VOL 

,_-+-_-- +3V 

OV 

CLK ----..:·~t_tcK 
~----tys-------+I 

10-115 

Power-On Preset 
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TIMING DIAGRAMS (Continued) 
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10-111, --_'r------------------------------------- +3V 
113-115 

112 

CLK 

FO-F7 

---'I~----------------------------------------------------ov 

+10V 

1~---------------------+3V 

'--------------OV 

I~ ____ ~--------------w 

---+---------+---~ ~~~~,I,~~~~~ft ,-------------VOH 
1.5V 

----+---------+---~'I~~~~~I~--~~~~"~-----------VOl 

--------------------------------------------------------OV 

111 

Diagnostic Mode - State Register Outputs 

8.0V 
+3V 

OV y= +10V 

tRJH 

17"'".""'''''''''''''''''7' +3V FO-F7 
(INPUTS) I...-'-"'''-'''~'''-''-'''-''-'-''~'''-'~ "" ________ .....,. __ 1 "'-'-""""'-"""~" ov 

ClK 

Diagnostic Mode - State Register Input Jam 

Y=
+10V 

8.0V 

+3V 

OV 
tRJH 

110 

FO-F7~~,...,...,..~~~,...,..,..~~II,.----------~--~ +3V 

(INPUTS) 
~-"-'-"~~'-"'-"-'-""""'-"-"'~ 

ClK 

Diagnostic Mode - Output Register Input Jam 
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TIMING DEFINITIONS 

SYMBOL PARAMETER SYMBOL 

tcKH1,2 Width of input clock pulse. fMAX6 

tcKP1,2 Minimum guaranteed clock 
period. 

tlS1 Required delay between 
beginning of valid input and 
positive transition of Clock. fCLK 

tcK01, 2 Delay between positive 
transition of Clock and when 
Outputs become valid (with 
INIT/OE Low). 

tCKL1,2 

tpPR Delay between Vec (after 
power-on) and when Outputs 

tlH 

become preset at "1 ". 

tlS2 Required delay between 
beginning of valid Input and 

tOE 

positive transition of Clock, 
when using optional 
Complement Array (two 
passes necessary through 

tSRE 

the AND Array). 

tRJH Required delay between 
positive transition of clock, 
and return of input 110, 111 or 
112 from Diagnostic Mode 

tRJS 

(10V). 

fMAX1 ,2 Minimum guaranteed 
operating frequency; input to 
output (CLKl and CLK2). 

fMAX3,4 Minimum guaranteed 
operating frequency; input 

tNvcK 

through Complement Array, 
to output (CLKl and CLK2). 

fMAX5 Minimum guaranteed internal 
operating frequency; with 
internal feedback from state 
register to state register. 

October 22, 1993 
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PARAMETER SYMBOL PARAMETER 

Minimum guaranteed internal 
operating frequency with 
Complement Array, with 

tlNITH Width of initialization input 
pulse. 

internal feedback from state 
register through Complement 
Array, to state register. 

tvs Required delay between Vee 
(after power-on) and negative 
transition of Clock preceding 

Minimum guaranteed clock first reliable clock pulse. 

frequency (register toggle 
frequency). too Delay between beginning of 

Interval between clock 
pulses. 

Output Enable High and 
when Outputs are in the 
OFF-state. 

Required delay between 
positive transition of Clock 
and end of valid Input data. 

tiN IT Delay between positive 
transition of Initialization and 
when Outputs become valid. 

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

tSAD Delay between input 112 
transition to Logic mode and 

Delay between input 112 
transition to Diagnostic Mode 
and when the Outputs reflect 

when the Outputs reflect the 
contents of the Output 
Register. 

the contents of the State 
Register. tRH Required delay between 

positive transition of Clock 
Required delay between 
inputs 111,110 or 112 
transition to Diagnostic Mode 
(10V), and when the output 

and end of valid Input data 
when jamming data into State 
or Output Registers in 
diagnostic mode. 

pins become available as 
inputs. tVCK Required delay between 

negative transition of 

Required delay between the 
negative transition of the 
clock and the negative 
transition of the 

Asynchronous Initialization 
and negative transition of 
Clock preceding first reliable 
clock pulse. 

Asynchronous Initialization to 
guarantee that the clock edge 
is not detected as a valid 
negative transition. 
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LOGIC PROGRAMMING INITIALIZATION/OE OPTION - (INIT/OE) 
The PlUS405-55 is fully supported by 
industry standard (JEDEC compatible) PlD 
CAD tools, including Philips Semiconductors 
SNAP design software package. ABElTM and 
CUPLTM design software packages also 
support the PlUS405-55 architecture. 

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

INlT-G 

I~m 
: 0---.., 

(ALWAYS 
ENABLED) 

I OPTION I CODE I 
I INITlAUZATlON' I H I 

PROGRAMMING THE PLUS405: 

Product specification 

PLUS405-55 

I~m 

OPTION CODE 

PlUS405-55 logic designs can also be 
generated using the program table entry 
format, which is detailed on the following 
pages. This program table ent:)' format is 
supported by SNAP only. 

The PlUS405 has a power-up preset feature. This feature insures that the device will power-up 
in a known state with all register elements (State and Output Register) at logic High (H). When 
programming the device it is important to realize this is the initial state of the device. You must 
provide a next state jump if you do not wish to use all Highs (H) as the present state. 

To implement the desired logic functions, 
each logic variable (I, B, P, S, T, etc.) from the 
logic equations is assigned a symbol. TRUE, 
COMPLEMENT, PRESET, RESET, OUTPUT 
ENABLE, INACTIVE, etc., symbols are 
defined below. 

INITIALIZATION OPTION - (INIT) 

ACTION 

PRESET 

"AND" ARRAY - (I), (P) 

ACTION 

H RESET 

1
i
'p 1i'P 1i

'p 1i
'p 

I,P I, P I, P I, P 
r,p r,p r,p r,p 

Tn Tn Tn Tn 

I STATE I CODE I STATE STATE STATE 

I INACTIVE', 2 I 0 J I,P I, P DON'T CARE 

Notes are on next page. 

ABEL is a trademark of Data 1/0 Corp. 
CUPl is a trademark of logical Devices, Inc. 
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"OR" ARRAY - J-K FUNCTION - (N), (F) 

~F±g[]-
lr,F K 

~FfgO-
lr,F K 

~F±g[]-
R;"'F K 

~FfgO-
R;"'F K 

I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

TOGGLE1.6 0 SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

0.: 
Tn 

0.: 
Tn 

0.: 
Tn 

0.: 
Tn 

I ACTION I CODE I 
I 

ACTION 

I 
CODE 

I INACTlVE1,3 I 0 I GENERATE A 

CLOCK OPTION - (CLK1/CLK2) 

ClK2 CLK2 

I I 
ACTION 

I 
CODE 

I 
I ACTION I 

PROPAGATE • I TRANSPARENT I 

PROGRAMMING/SOFTWARE SUPPORT 
Refer to Section 9 (Development Software) 
and Section 10 (Third-party Programmer/ 

CODE 

-

Software Support) of this data handbook for additional 
information. 

CLK1 CLK1 

OPTION CODE 

CLK1ONLy1 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if anyone of its lor P link pairs is left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
4. These states are not allowed when using INITIALIZATION option. 
5. Input buffer 15 must be deleted from the AND array (i.e., all fuse locations "Don't Care") when using second clock option. 
6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. 
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PLUS405PROG~~R~A=M~T~A~B~L~E ____________________ -r ____ ~~ ____ -' __ ~~~=-__ -' 
AND I OR I OPTIONS 

ill 

~ o 

ill 
....J 
a:J 

~ 
::2: 
<t: cr: 
(9 

> 0 
ill cr: 
a: a.. 

w 
::2: 
<{ 
Z 
a: 
ill 
::2: 
o 
~ 
(j) 

=> 
o 

NOTES: 

x 
x 
x 
~ 
LL. 
o 

'**' ill 
o 
:; 
ill 
o 
(j) 
a.. 
::::i 
I 
a.. 

j 
~ c:: 
~ 
o 
ill 
N 
::::i 
o 
(0 

::2: 
>
(j) 

a: 
ill 
::2: o 
~ 
(j) 

=> 
o 

-----------------------~----------~-----------
INACTIVE 0 INACTIVE I 0 I INACTIVE OR I 0 I IINIT I H IINIT/OE 

I, P ! H 1m, Ps GENERATE I A Cn I ~~GlE : HI. OE I l . 

I, P l PROPAGATE I· I RESET I l Ns, Fr I I ClKl ONLY l J ClKll 

DON'T CARE I - TRANSPARENT I - : NO CHANGE _ : I ClKl AND 2 I H I ClK2 

INITlAUZATlON LI: I 
.--_________ --:= ___ --'-_-"C""lO=.!C<!.:K'-!I""I2_...J..-.j I I I I I I I I I I 

AND R 
COMP, 
ARRAY INPUT (1m) PRESENT STATE (Ps) 

Cl co 115 114 113 112 111 110 19 18 17 16 15 14 13 1 1 10 P7 P6 P5 P4iP3 P2 PI PO 

2 

5 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

PIN NO. 

PIN 
LABELS 

I 

I 

J 

I 

I 

I 

I 

I I I 

22222222 
0123456723456789 

I 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 
I 

NEXT STATE (Ns) OUTPUT (Fr) 

Nl NO fj i F&IFS F4 P.I F21 Fl FO 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

1 1 1 1 1 1 1 1 
01235678 

1. The device is shipped wtth all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the IN/E and H for the clock option, exists in the table, shown BLANK instead 
for clarity. 

2. Unused Cn 1m, and Ps btts are normally programmed Don't Care (-). 
3. Unused Transttion Terms can be left blank for future code modification. or programmed as (-) for maximum speed. 
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3 Volt zero standby power 
universal PAL devices 

DESCRIPTION 
The P3C18V8l is a universal PAL-type 
device designed to operate specifically in a 
low voltage environment (3.3V). Per JEDEC, 
the P3C 18V8l can support a regulated 
operating supply voltage, 3.0 to 3.6V and an 
unregulated (battery) operating supply 
voltage, 2.7 to 3.6V, at 21 and 18 MHz, 
respectively. The PAL device is available in 
the commercial temperature range, 
P3C 18V8l35, and the industrial temperature 
range, P3C18V8ll. 

These devices offer virtually zero standby 
power (20JJ.A typical) as well as very low 
power consumption during operation (23mA 
worst case in combinatorial configuration). 
The P3C 18V8l automatically powers down 
when the inputs or the clock are idle for 
greater than one full clock cycle. The device 
will automatically power up from a standby 
mode once any input or the clock is activated. 
This input transition detection circuitry makes 
these devices ideal for power sensitive 
applications - especially those which are 
battery operated or backed up. 

All the P3C18V8l devices are available in 
plastic DIP, PLCC and Plastic Small Outline 
(SOL) packages. A ceramic DIP with a 
window for erasure is available for 
prototyping. 

The P3C 18V8l is a two level logic element 
comprised of 10 inputs, 74 AND gates (logic 
and control product terms) and 8 Output 
Macro Cells (OMCs). Each OMC can be 
configured as a dedicated input, a 
combinatorial 1/0 or a registered output with 
internal feedback. Each OMC has individual 
direction control (from the AND array) and 
programmable output polarity. The dedicated 
clock and OE pins can be configured as 
inputs for strictly combinatorial applications. 
Two product terms control the asynchronous 
Reset and the synchronous Preset functions. 

ORDERING INFORMATION 

Power up Reset and Register Preload 
functions have also been incorporated into 
the P3C18V8l to facilitate state machine 
design and testing. 

The Output Macro Cell feature of the 
P3C 18V8l devices provides the flexibility to 
emulate all 20 pin common PAL and GAL 
functions, thus providing reduced 
documentation, inventory and manufacturing 
costs. The P3C l8V8l is also pin and fuse 
map compatible with all the Philips 5 Volt 
P3C 18V8l devices. 

FEATURES 
• 20-pin Universal Programmable Array 

Logic (PAL), operational over low voltage 
ranges 
- 3.0 to 3.6V (35ns T poI21 MHz fMAX) 

- 2.7 to 3.6V (40ns T PD/18 MHz fMAX) 

• Virtually zero-standby-power and very low 
dynamic power 
- 20J.IA standby (typ.) 

- 0.8 rnA/MHz (worst case) 

• Functional replacement for Series 16 PALs 
and GALs 
- Highly flexible Output Macro Cell 

• Available in DIP, PLCC and SOL (Small 
Outline) packages 

• High performance EPROM CMOS cell 
technology 
- 100% testable prior to programming 

- Low cost OTP plastic packages 

- Erasable/reconfigurable (ceramic 
package) 

• Design support provided by most popular 
third party ~)rogrammable Logic CAD tools 

APPLICATIONS 
• Laptop, notebook and palm top computers 
• Portable communications equipment 
• 8attery power/backed instruments 
• Industrial automation/control 

Product specification 
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PIN CONFIGURATIONS 
D, N, and FA Packages 

lo'CLK , vee 

F7 

Fs 

F5 

F4 

F3 

F2 

F, 

Fe 

GND 11 I!}"DE 

N ~ Plastic Dual In-Line Package (DIP) (300mil-wide) 
FA • Ceramic DIP with Quartz Window (300rril-wide) 
D _ Plastic Small Outline Large Package (300mil-wide) 

A Package 
IcY 

12 I, CLKVCC F7 

Is GND Igi Fe F, 
Of 

A = PlastiC Leaded Chi Carrier 

PIN DESCRIPTIONS 
I Dedicated Input 

F OutpuVlnput Macrocell 

CLK Clock Input 

OE Output Enable 

Vcc Supply Voltage 

GND Ground 

DESCRIPTION 
TEMPERATURE 

ORDER CODE 
DRAWING 

RANGE NUMBER 

20-Pin (300m ii-wide) Plastic Dual In-Line Package Commercial P3C18V8l35N 04088 

20-Pin (300m ii-wide) Ceramic Dual In-Line Package with quartz window P3C18V8l35FA 05848 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package P3C18V8l35A 0400E 

20-Pin (300m ii-wide) Plastic Small Outline Large Package P3C18V8l35D 0172D 

20-Pin (300m ii-wide) Plastic Dual In-Line Package Industrial P3C18V8llN 04088 

20-Pin (300m ii-wide) Ceramic Dual In-Line Package with quartz window P3C18V8llFA 05848 

20-Pin (350mil square) Plastic Leaded Chip Carrier Package P3C18V8llA 0400E 

20-Pin (300m ii-wide) Plastic Small Outline Large Package P3C18V8llD 0172D 
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LOGIC DIAGRAM 

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. 

September 1, 1993 

Product specification 

P3C18V8Z35/P3C18V8Z1 

Pins 1 and 11 are configured as Inputs 0 and g, respectively, via the configuration cell. The clock and 
DE functions are disabled. 
All output macro cells (OMC) are configured as bidirectional VO, with the outputs disabled via the 
direction term. 

";,!it! Denotes a programmable cell location. 
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PAL DEVICE TO P3C18V8Z OUTPUT PIN CONFIGURATION 
CROSS REFERENCE 

16L8 16L2 14L4 PIN P3C 16H8 16R4 16R6 16R8 
NO. 18V8Z 16P8 16RP4 16RP6 16RP8 16H2 14H4 

16P8 16P2 14P4 

1 loIClK I ClK ClK ClK I I 

19 F7 B B B D I I 

18 F6 B B D D I I 

17 F5 B D D D I 0 

16 F4 B D D D 0 0 

15 F3 B D D D 0 0 

14 F2 B D D D I 0 

13 F1 B B D D I I 

12 FO B B B D I I 

11 Ig/OE I OE OE OE I I 

12L6 1018 
12H6 10H8 
12P6 10P8 

I I 

I 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

I 0 

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 

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. 

OUTPUT MACRO CELL (OMC) 

FROM AND 

ARRAY t TO ALL OMCs 

r---------
I 
I 
I 
I 
I 
I 
I 

l------' 
~~~~~~~~r_-+~-T--~ 

I 
I 
I 

L---------~-~r _____ ~J 
t t t 

TO ALL OMCs 

NOTE: 
::;:;: Denotes a programmable cell location. 
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FUNCTIONAL DIAGRAM 

c~~ -D----------------I~;.;;.:~;:;l 

IS 

THE OUTPUT MACRO CELL 
(OMC) 
The P3C 18V8Z 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, 
AC 1 nand AC2n (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 P3C 18V8Z 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 
A single configuration cell controls the 
functions of Pins 1 and 11. Refer to 
Functional Diagram. When the configuration 
cell is programmed, Pin 1 is a dedicated 
clock and Pin 11 is dedicated for output 
enable. When the configuration cell is 
unprogrammed, Pins 1 and 11 are both 
dedicated inputs. Note that the output enable 

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

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

CONTROL CELL CONFIGURATIONS 

FUNCTION AC1 1 AC2N 

Registered mode Programmed Programmed 

Bidirectional 110 mode Unprogrammed Unprogrammed 

Fixed input mode Unprogrammed Programmed 

Fixed output mode Programmed Unprogrammed 

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

ARCHITECTURE CONTROL-AC1 and AC2 

SP F(D). F(O) 

OMC CONFIGURATION 

REGISTERED (D-TYPE) 

~r--------- F(I) 

OMC CONFIGURATION 

FIXED INPUT 

NOTES: 

OMC CONFIGURATION 

BIDIRECTIONAL 1/0 
(COMBINATORIAL) 

CONFIGURATION CELL 

PIN 1 =CLK 
PIN11=DE 

A factory shipped unprogrammed device is configured such that: 

CON FIG. CELL 

Programmed 

Unprogrammed 

Unprogrammed 

Unprogrammed 

F(B). F (B) 

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

Pin 1 = ClK, Pin 11 = rn: 
Pin 1 and Pin 11 = Input 

COMMENTS 

Dedicated clock from Pin 1. rn: Control 
for all registerd OMCs from Pin 11 only. 

Pins 1 and 11 are dedicated inputs. 
3-State control from AND array only. 

Pins 1 and 11 are dedicated inputs. 

Pins 1 and 11 are dedicated inputs. The 
feedback path (via FMux) is disabled. 

OMC CONFIGURATION 

FIXED OUTPUT 

~---------------
NDCLKQ SP 

A 
N DE 

~~----------~EQ 

CONFIGURATION CELL 

PIN 1 = INPUT 
PIN 11 = INPUT 

1. 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 anyone OMC is programmed 
as registered. 
* 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 bidirectionalI/O, with the outputs disabled via the direction term. 
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ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

Vee Operating supply voltage 

VIN Input voltage 

VOUT Output voltage 

t:;.t/tN Input/clock transition rise or fall2 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tst9 Storage temperature range 

NOTES: 

RATINGS UNIT 

-0.5 to +6 Voc 

2.7to 3.6 Voc 

-0.5 to Vee +0.5 Voc 

-0.5 to Vee +0.5 Voc 

200 
nsN 

maximum 

-10 to +10 mA 

+24 mA 

-40 to +85 (Industrial) °C o to +75 (Commercial) 

--65 to +150 °C 

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. All digital circuits can oscillate ortrigger prematurely when input rise 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, external 
Schmitt-triggers are recommended if rise/fall times are likely to exceed 200ns at Vee = 3.6V. 

AC TEST CONDITIONS 

Vec L> 
Rl 

10 By 

R2 CL 
INPUTS 19 OUT 

Bw 

Bx Bz 
GNO OUTPUTS 

':" 

':" 

NOTE: 
Cl and C2 are to bypass VCC to GNO. R1 = 2000 R2 = 3900 

SWITCHING WAVEFORM 

INPUT 

OUTPUT 

Input to Output Disable/Enable 
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THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
75°C ambient to junction 

VOLTAGE WAVEFORMS 

.Z7V--/fL JK,~ 
OV --J 5ns tR tF 5ns '--

+3'OV~10% L90

% 

OV- - - 5ns \.-- -----I5ns 

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

Input Pulses 
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DC ELECTRICAL CHARACTERISTICS 
2. 7V ~ Vee:S; 3.S and 3.0V ~ Vee ~ 3.S ranges 
Commercial = O°C ~ Tamb:S; +75°C 
Industrial = -40°C ~ T amb :s; +85°C 

SYMBOL PARAMETER 

Input voltage 

VIL low 

VIH High 

Output voltage2 

VOL low 

VOH High 

Input current 

IlL low5 

IIH High 

Output current 

10(OFF) Hi-Z state 

los Short-circuit=! 

Icc Vee supply current (Standby) 

leelf Vee supply current (Active)4 

Capacitance 

C, Input 

CB 1/0 

24 

/ 
V 

/ 

V/ 16 

8 

V 
/ 

100ilA 

o 0 

NOTES: 

12 18 24 30 

!(MHz) 

Figure 1. Icc vs Frequency 
(Worst Case) 

1. All typical values are at Vee = 3.3V, T afTil = +25°C. 

TEST CONDITION 

Vee = MIN 

Vee = MAX 

Vee = MIN, 10L = 20jJA 
Vee = MIN, IOL = 24m A 

Vee = 3.0, 10H = -3.2mA 
Vee = 3.0, 10H = -20jlA 
Vee = 2.7, 10H =-1.SjJA 

VIN = GND 

VIN = Vee 

VOUT = Vee 
VOUT = GND 

VOUT= GND 

Vee = MAX, VIN = 0 or Vee6 

Vee = MAX 

Vee = 5V 
VIN = 2.0V 

VB = 2.0V 

2. All voltage values are with respect to network ground terminal. 
3. Duration of short-circuit should not exceed one second. Test one at a time. 
4. Measured with all outputs swtiching. 
5. IlL for Pin 1 (loIClK) is ± 10jJA with VIN = 0.4V. 
S. V'N includes elK and OE if applicable. 
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LIMITS 

MIN Typ1 MAX UNIT 

-0.3 0.8 V 

2.0 Vee +0.3 V 

0.100 V 
0.500 V 

Vee- 0.6 
Vee -0.3 V 
Vee- 0.3 V 

-5 jJA 

5 jJA 

10 jJA 
-10 jJA 

-130 mA 

20 SO jJA 

0.8 mA/MHz 

12 pF 

15 pF 
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AC ELECTRICAL CHARACTERISTICS 
3.0V ~ Vee ~ 3.6V range; R2 = 3900 
Commercial = O°C:S; Tamb:S; +75°C 
Industrial = -40°C < T amb < +85°C - -

SYMBOL PARAMETER 

Pulse width 

tcKP Clock period (Minimum tiS + tcKO) 

tcKH Clock width High 

tcKL Clock width Low 

tARW Async reset pulse width 

Hold time 

tlH Input or feedback data hold time 

Setup time 

tiS Input or feedback data setup time 

Propagation delay 

tpo Delay from input to active output 

tcKo 
Clock High to output valid access 
Time 

toEl Product term enable to outputs off 

toOl Product term disable to outputs off 

to02 
Pin 11 output disable High to outputs 
off 

toE2 Pin 11 output enable to active output 

tARO Async reset delay 

tARR Async reset recovery time 

tSPR Sync preset recovery time 

tpPR Power-up reset 

Frequency of operation 

fMAX Maximum frequency 

NOTES: 

FROM TO 

CLK+ CLK+ 

CLK+ CLK-

CLK- CLK+ 

I±. F± 1+. F + 

CLK + Input± 

I ±. F± CLK+ 

I ±. F± F± 

CLK+ F± 

I ±, F± F± 

I±. F± F± 

OE- F± 

OE+ F± 

I±, F± F+ 

I ±. F± CLK+ 

I ±, F± CLK+ 

Vee + F+ 

I/(tls + tcKO) 

1. Refer also to AC Test Conditions. (Test Load Circuit) 
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TEST CONDITION1 P3C18V8Z35 P3C18V8Z1 
(Commercial) (Industrial) 

CL(pF) MIN MAX MIN MAX UNIT 

50 47 57 ns 

50 20 25 ns 

50 20 25 ns 

35 40 ns 

50 0 0 ns 

50 25 30 ns 

50 35 40 ns 

50 15 20 ns 

50 40 45 ns 

5 35 40 ns 

5 25 30 ns 

50 30 35 ns 

35 40 ns 

25 30 ns 

25 30 ns 

35 40 ns 

50 25 20 MHz 
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AC ELECTRICAL CHARACTERISTICS 
2.7V $, Vee $, 3.6V range; R2 = 3900 
Commercial = O°C $, Tamb $, +75°C 
Industrial = -40°C $, T amb $, +85°C 

SYMBOL PARAMETER 

Pulse width 

tcKP Clock period (Minimum tiS + tcKo) 

tcKH Clock width High 

tcKL Clock width Low 

tARW Async reset pulse width 

Hold time 

tlH Input or feedback data hold time 

Setup time 

tiS Input or feedback data setup time 

Propagation delay 

tpo Delay from input to active output 

tcKo 
Clock High to output valid access 
lime 

toE 1 Product term enable to outputs off 

1001 Product term disable to outputs off 

1002 
Pin 11 output disable High to outputs 
off 

toE2 Pin 11 output enable to active output 

tARO Async reset delay 

tARR Async reset recovery time 

tSPR Sync preset recovery time 

tpPR Power-up reset 

Frequency of operation 

fMAX Maximum frequency 

NOTES: 

FROM TO 

CLK + CLK+ 

CLK+ CLK-

CLK- CLK+ 

I ±, F± 1+, F + 

CLK+ Input± 

I±, F± CLK+ 

I±, F± F± 

CLK + F± 

I±, F± F± 

I±, F± F± 

OE- F± 

OE+ F± 

I ±, F± F+ 

I ±, F± CLK+ 

I ±, F± CLK+ 

Vee + F+ 

l/(tlS + tcKO) 

1. Refer also to AC Test Conditions. (Test Load Circuit) 
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TEST CONDITION1 
P3C18V8Z35 P3C18V8ZI 

(Commercial) (Industrial) 

CL(pF) MIN MAX MIN MAX UNIT 

50 57 57 ns 

50 25 30 ns 

50 25 30 ns 

40 45 ns 

50 0 0 ns 

50 30 35 ns 

50 40 45 ns 

50 17 22 ns 

50 45 50 ns 

5 40 45 ns 

5 30 35 ns 

50 35 40 ns 

40 45 ns 

30 35 ns 

30 35 ns 

40 45 ns 

50 21 17 MHz 
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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 P3C18V8Z. All internal 
registers will reset to Active-Low (logical "0") 
after a specified period of time (tpPR). 

TIMING DIAGRAMS 

INPUTS 
VO, REG. 

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 (0) 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. 

FEEDBACK~~~I'~ ____________ -' ~ __________________________________ -' 

ClK 

PIN 11 UE 

REGISTERED 
OUTPUTS 

----~--------------,,,~----------' 

ANYINPUT~~rh~~~~~~~~~~~~~~~~~~~~~~~~~~ 
PROGRAMMED FOR 

DIRECTION CONTROL """","""-"9-'I"'""'''''''-'''"''"'"'''''''''''''''-''~''''''''''''-''~~''-''''''''-~"'"'''''''''-'''"''~''''''-'''"''~''''''''''''-''~''''''''''''-''''' '-_____ J 

COMBINATORIAL 
OUTPUTS~","",,,,,,,-,,,",,~,,,,,,,,,,,,-,,~,,,,,,,,,,,,-,,-,,~~ ___________________________________ ---, 

Switching Waveforms 

._------------------------------------- +3.3V 

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

Power-Up Reset 
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TIMING DIAGRAMS (Continued) 

September 1. 1993 

____ "'" 14'---tARW---.... 1' _________ _ 

ASYNCHRONOUS 
RESET INPUT ----

REGISTERED 
OUWUT~ __ ~,-__ ~~ __ ~_~ __ ~-, 

CLOCK 

SYNCHRONOUS 
PRESET INPUT 

CLOCK 

Asynchronous Reset 

tIS --t+-- tIH'--to-----tSPR'----t 

REGISTERED--------f4''o:::::::::::::::-IC-K-O·=======-~l 
OUWUT _____________ ~-______ -~~~-__ - ___ 

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 P3C18V8Z 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"OE and 15). (See diagram for timing and 
sequence.) 

To read the data out, Pins 11 and 6 must be 
returned to normal TIL levels. The outputs, 
FO-7, must be enabled in order to read data 

REGISTER PRELOAD (DIAGNOSTIC MODE) 

Ig/OE 
(PIN 11) 

5.0V 

12.0V 

Product specification 

P3C18V8Z35/P3C18V8Z1 

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

Refer to the voltage waveform for timing and 
voltage references. tpL = 10Jlsec. 

14C\~----------------- OEWoLl 

15 
(PIN 6) 

I 
loIcLK -------- --------- -----r-----"'\ 
(PIN 1) --------I---------+----..:Ir-------+~--'I 

~ r----------+--,Ir--------
F~7-------~ PRELOAD DATA IN DATA OUT 

~---------+--I'~--------
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LOGIC PROGRAMMING 
The P3C l8V8l series is fully supported by 
industry standard (JEDEC compatible) PLD 
CAD tools, including Philips Semiconductors' 
SNAP design software package. ABEL TU and 
CUPLTM 90 design software packages also 
support the P3C18V8l architecture. 

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

OUTPUT POLARITY - (0, B) 

o.s 

I ACTIVE LEVEL I CODE I 
I INVERTING 1 I I 

"AND" ARRAY - (I, B) 

P3C l8V8l 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/ORlEX-OR gate input connections 
necessary to implement the desired logic 
function are coded directly from logic 
equations using the Program Table. Similarly, 

I ACTIVE LEVEL I CODE I 
I NON·INVERTING I H I 

O.B 

Product specification 
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various OMC configurations are implemented 
by programming the Architecture Control bits 
ACl 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: 

1

1

•

B 

1I'B 1

I

'B 1

I

'B 
I,B I,B I, B I,B 

l,B l,B l,B l,B 

p p p p 

STATE STATE STATE STATE 
DON'T CARE INACTIVE' I, B l,B 

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 P3C18V8l 
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 P3C18V8l in 
approximately three years, while it would take 
approximately one week to cause erasure 
when exposed to direct sunlight. If the 
P3C l8V8l 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 110 Corp. 
CUPL is a trademark of Logical Devices, Inc. 

September 1, 1993 

The recommended erasure procedure for the 
P3C18V8l is exposure to shortwave 
ultraviolet light which has a wavelength of 
2537 Angstroms (A). The integrated dose 
(Le., UV intensity x exposure time) for 
erasure should be a minimum of 
15Wsec/cm2. The erasure time with this 
dosage is approximately 30 to 35 minutes 
using an ultraviolet lamp with a 
12,OOOIlW/cm2 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/cm2). Exposure of these CMOS 
EPLDs to high intensity UV light for longer 
periods may cause permanent damage. 
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The maximum number of guaranteed 
erase/write cycles is 50. Data retention 
exceeds 20 years. 
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PROGRAM TABLE 

X 
X 
X 
X 
LL 
() 

=1:1:: 

I-a: 
~ 

C/) 
Cl I-
W a: 
N 

~ =1:1:: :::i 
a: 0 u. 

W W =1:1:: co 0 
~ Cl W ~ a: « a: () >- W Z 0 :> CI) co a: w w a: ~ W C/) Cl W ::l 
~ « CI) ~ z 
~ ::r: ~ a.. ....J () 

;! ~ C/) a: C/) 
::l ::l ::r: ::l ~ () a.. a.. () 
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W 

~ 
Cl 

;> 
W 
a: 

'*I: 
w 
....J 
co 
~ 
~ « a: 
Cl 
0 a: 
a.. 

P3C 18V8Z3S/P3C 18V8Z1 

CONFIGURATION CELL (ClKlOE CONTROl) r 
AR~T~g~:~~~~~~~~~ 

T AND OR (FIXED) 

~ I F~ 
M 98765~32tO~~~A~210 

F(B,O,D) 
6 5 

VV 

v 

1/ 

17 
18 
19 
20 

IV IV 
1/ 1/ 

1/ 

V '/VV 
/ // 
/ 1/ / 

1/ 
1// 

/ / 
/ 1/ 
1/ 1/ 

/ 
/ 
1/ 

1/ 1/ 
/ 
/ 1/ 
/ 1/ 

46 77 1/ 1/1/ 
'/ / / 

/ / 
1/ 

/ 
/ !/ 

57 / / 
/ / 
// / 
// / 
// / 

68 

1// / 
V/ / 

R // / 
Ipi 9 8 6 5 4 3 2 111 I" '16 11511· 12 11: 

w 
..Iw 
~~ 
~Z 

AND ARRAY CONTROL OR ARRAY (AXEDl 

INACTIVE 0 
OMCARCH. OUTPUT POLARITY DATA CANNOT BE ENTERED 

INTO THE OR ARRAY AElD 
I,F(I,B) H REGISTERED D I NON-INVERTING I H I DUE TO THE AXED NATURE 
I FO, B) l IO-TYPE! I INVERTING I l I OF THE DEVICE ARCHITEC-

RXEDINPUT I TURE. 
"DON'T CARE - CONRG. CEll' 

0 RXEDOUTPUT l PIN 1 = ClK; PIN 11 = uel l I DIRECTION CONTROL D 
BIDIRECTIONAL 110 B ACTIVE OUTPUT A I PIN1 PIN 11 = INPUT lHJ 

NOT USED V 
• THE CONFIGURATION CEll IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE. 
•• FOR Sp, AR: "-" IS NOT ALLOWED. 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

FROM 
AND 

ARRAY 

NOTE: 

loICLK -----------t 

18 

FROM AND 

ARRAY • TO ALL OMCs 
I 

-~--------, 
I 

I 

L __________ 1_ -.-.-

;:;§~ Denotes a programmable cell location. t t t 
TOALLOMCs 
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3 Volt BiCMOS Versatile GAL-type PLD 

DESCRIPTION 
The LVT16V8-7 is a V-type GAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BiCMOS process which produces 
superior performance,low noise and reduced 
ground bounce. The reduction from SV to 
3.3V also dramatically reduces power to less 
than O.S watts (worst case). 

This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V ± 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (S.OV and 3.3V). 
The LVT16V8-7 can accept both 3.3 and 
S.OV input levels without the need for level 
translators. Both the inputs and 1/0 have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT16VS is interfaced with SV devices. 

The LVT16V8-7 is designed with metastable 
hardened flip-flops so that the outputs can 
never display a metastable state due to set 
up or hold time violations. If set up or hold 
times are violated, the outputs will not glitch 
or display a metastable state (however 
propagation delays may extend). 

Active bus-hold circuitry is provided to 
eliminate the need for external resistors to 
hold unused or floating inputs at valid logic 
levels. 

The LVT16VS's flexible architecture supports 
a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines, 
multiplexers and random logic collection. 

The LVT16V8-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 16VS devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 

ORDERING INFORMATION 

DESCRIPTION 

20-Pin Plastic Dual In-Line Package 

20-Pin Plastic Leaded Chip Carrier 

20-Pin Plastic Small Outline Large Package 

October 1993 

FEATURES 
• Advanced low voltage BiCMOS process 

technology 

• Ultra high performance over the 3.0 to 3.6 
voltage range 

- 7.Sns TpD 

- S.Ons TIS 

- S.Ons TCKO 

- 110 MHz FMAX (internal feedback) 

- 143 MHz clock rate 

• Low power dissipation 

- 300mW typical 

• SV compatible inputs and 1/0 
• Exceptional noise immunity and low ground 

bounce 

• Live insertionlextraction 

• Bus-hold data inputs eliminate the need for 
external pull up resistors. 

• Wide package availability; DIP, PLCC, SOL 

• Metastable hardened Flip-Flops 

• Architectural Flexibility 

- Emulates all 20 pin PAL devices 

- Up to 16 inputs and 8 outputs 

- Independently programmable 1/0 
macrocells (4 configurations) 

- Independently programmable output 
polarity 

- Product term output enable for 
combinatorial functions 

- Register Preload and Power Up reset of 
all registers 

• Development and programming support 

- Third party software and programmers 

- Philips SNAP development software 

ORDER CODE 

LVT16V8-7N 

LVT16V8-7A 

LVT16V8-7D 
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PIN CONFIGURATIONS 

o and N Packages 

Vee 

GND 

N = Plastic DIP (300mil·wide) 
D = Plastic SOL (300mil-wide) 

A Package 

~I~K VCC 1/07 

A = Plastic Leaded Chip Carrier 

1/07 

V .. 

II .. 

II .. 

V., 

1/06 

1/05 

1104 

1/03 

1/02 

PIN TABLE DESCRIPTIONS 

CLK Clock 

GND Ground 

I Input 

1/0 Input/Output Macro Cell 

NC No connect 

OE" Output Enable 

Vcc Supply Voltage 

DRAWING NUMBER 

0408B 

0400E 

0172D 
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LOGIC DIAGRAM 

CK 

0 4 8 12 16 20 24 28 

8 v 
9 

FE> 10 
11 
12 
13 OLMC r---14 19 

19 

15 .. ... 
::> <1-:::c:::I: 

18 
17 

V 

~ 
18 
19 
20 

OLMC 21 
22 18 

18 

23 

;> <I-~ 
24 
25 

OL"C~ 28 
'l:1 
28 
29 17 30 

17 

31 .. 
::> <I-~ 

32 
33 

~"C~ 34 
35 
36 
37 16 
38 

16 

39 ... 
;> <I-p 40 

41 

OL"C~ 42 
43 
44 
45 15 48 

15 

47 
.... 

j .2 <I-=v==c 
48 
49 

~c~ 50 
51 
52 14 53 
54 

14 

65 

::> <I-p 
5& 
57 

~MC~ 5& 
59 
60 
61 13 
62 

13 

63 

> <.I-:p: 
64 
65 

OL"C~ 86 
ffl 
68 
69 12 
70 

12 

71 

2 <.1-
DE 

11 
12 16 20 24 28 

October 1993 448 



Philips Semiconductors Low Voltage Products 

3 Volt BiCMOS Versatile PAL 

DESCRIPTION 
The LVT22V10-7 is a V-type PAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BiCMOS process which produces 
superior performance, low noise and reduced 
ground bounce. The reduction from SV to 
3.3V also dramatically reduces the power 
consumption to less than 100mA (worst 
case). 

This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V ± 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (S.OV and 3.3V). 
The LVT22V10-7 can accept both 3.3 and 
S.OV input levels without the need for level 
translators. Both the inputs and I/O have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT22V10 is interfaced with SV devices. 

The LVT22V10-7 is designed with 
metastable hardened flip-flops so that the 
outputs can never display a metastable state 
due to set up or hold time violations. If set up 
or hold times are violated, the outputs will not 
glitch or display a metastable state however 
(propagation delays may extend). 

The LVT22V10's flexible architecture 
supports a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines 
multiplexers and random logic collection. 

The LVT22V10-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 22V10 devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 

ORDERING INFORMATION 

DESCRIPTION 

24-Pin Plastic Dual In-Line Package 

28-Pin Leaded Chip Carrier 

24-Pin Plastic Small Outline Large Package 

July 1993 

FEATURES 
• Advanced low voltage BiCMOS process 

technology 

• Ultra high performance over the 3.0 to 3.6 
voltage range 

- 7.5ns TpD 
- S.Ons TIS 
- 6.0ns TCKO 
- 110 MHz FMAl( (internal feedback) 
- 143 MHz clock rate 

• Low power dissipation 

- 300mW typical 
• SV compatible inputs and 110 
• Exceptional noise immunity and low ground 

bounce 

• Live insertion/extraction 

• Metastable hardened Flip-Flops 

• Wide package availability; DIP, PLCC, SOL 

• Architectural Flexibility 

- Up to 22 inputs and 10 outputs 
- Variable product term distribution for 

greater logic flexibility 
- Synchronous preset; asynchronous clear 
- Independently programmable output 

polarity and output enable 
- Register preload and power up reset of 

all registers 
- Register Preload and Power Up reset of 

all registers 
• Development and programming support 

- Third party software and programmers 
- Philips SNAP development software 

ORDER CODE 

LVT22V10-7N 

LVT22V10-7A 

LVT22V10-7D 
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PIN CONFIGURATIONS 

o and N Packages 

VCC 

F9 

F8 

F7 

F6 

F5 

F4 

F3 

F2 

F1 

FO 

GND 111 

N = Plastic Dual In·Llne PaCkage (300mil·wide) 
D = Plastic Small Outline Large (300mB·wide) 

Package 

A Package 

CLKJ 
12 11 10 VCC VCC F9 F8 

A = Plastic Leaded Chip Carrier 

PIN LABEL DESCRIPTIONS 

11-111 Dedicated Input 

NC Not Connected 

FO-F9 Macro CelllnpuVOutput 

CLK/IO Clock InpuVDedicated Input 

Vcc Supply Voltage 

GND Ground 

DRAWING NUMBER 

04100 

0401F 

0173D 
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3 Volt BiCMOS Versatile PAL LVT22V10-7 

LOGIC DIAGRAM 

GND~ 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31 32 35 36 39 40 43 

NOTE: 
::::;::~:::; Programmable connection. 
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3 Volt BiCMOS Versatile GAL-type PLD 

DESCRIPTION 
The LVT20V8-7 is a V-type GAL device 
designed to operate over the 3.0 to 3.6 volt 
range. This versatile device is fabricated 
using the BiCMOS process which produces 
superior performance,low noise and reduced 
ground bounce. The reduction from 5V to 
3.3V also dramatically reduces power to less 
than 0.5 watts (worst case). 

This industry standard device is ideal for high 
performance systems which have been 
designed to operate with 3.3V ± 0.3V power 
supplies, as well as systems which are 
operating with dual supplies (S.OV and 3.3V). 
The LVT20V8-7 can accept both 3.3 and 
S.OV input levels without the need for level 
translators. Both the inputs and 110 have 
high state reverse current flow protection to 
insure that the outputs are not damaged if the 
3V LVT20VS is interfaced with SV devices. 

The LVT20V8-7 is designed with metastable 
hardened flip-flops so the outputs can never 
display a metastable state due to set up or 
hold time violations. If set up or hold times 
are violated, the outputs will not glitch or 
display a metastable state (however 
propagation delays may extend). 

Active bus-hold circuitry is provided to 
eliminate the need for external pull up 
resistors to hold unused or floating inputs at 
valid logic levels. 

The LVT20VS's flexible architecture supports 
a wide variety of high performance 
applications: counters, shift registers, 
address decoders, state machines, 
multiplexers and random logic collection. 

The LVT20V8-7 is identical, in function and 
fuse map, to other industry standard 
EEPROM and EPROM 20VS devices. 
Development and programming support are 
offered by Philips and other third party 
vendors. 

ORDERING INFORMATION 

DESCRIPTION 

24-Pin Plastic Dual In-Line Package 

28-Pin Plastic Leaded Chip Carrier 

24-Pin Plastic Small Outline Large Package 

July 1993 

FEATURES 
• Advanced low voltage BiCMOS process 

technology 

• Ultra high performance over the 3.0 to 3.6 
voltage range 

- 7.Sns TpD 
- S.Ons TIS 
- G.Ons TCKO 
- 110MHz FMAX (internal feedback) 
- 143MHz clock rate 

• Low power dissipation 

- 300mW typical 
• SV compatible inputs and 1/0 

• Exceptional noise immunity and low ground 
bounce 

• Live insertionlextraction 

• Metastable hardened Flip-Flops 

• Wide package availability; DIP, PLCC, SOL 

• Bus-hold data inputs eliminate the need for 
external pull up resistors 

• Architectural Flexibility 

- Emulates all 24 pin PAL devices 
- Up to 20 inputs and S outputs 
- Independently programmable 1/0 

macrocells (4 configurations) 
- Independently programmable output 

polarity 
- Product term output enable for 

combinatorial functions 
- Register Preload and Power Up reset of 

all registers 
• Development and programming support 

- Third party software and programmers 
- Philips SNAP development software 

ORDER CODE 

LVT20V8-7N 

lVT20V8-7A 

lVT20V8-7D 
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PIN CONFIGURATIONS 

D and N Packages 

GND 

vCC 

113 

1107 

1/06 

1/05 

1/04 

1/03 

1102 

1/01 

1/00 

112 

N = Plastic DIP (300mil-wide) 
D = Plastic SOL (300 mil-wide) 

A Package 

19 110 GNDGNDOEI 112 110 
111 

A = Plastic Leaded Chip Carrier 

PIN TABLE DESCRIPTIONS 

ClK Clock 

GND Ground 

I Input 

1/0 Input/Output Macro Cell 

NC No connect 

OE Output Enable 

Vcc Supply Voltage 

DRAWING NUMBER 

04100 

0401F 

01730 
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Philips Semiconductors Programmable Logic Devices Product specification 

Programmable macro logic 
PMLTM PLHS501/PLHS501 I 

FEATURES 
• Programmable Macro Logic device 

• Full connectivity 

• TIL compatible 

• SNAP development system: 

- Supports third-party schematic entry 
formats 

- Macro library 

- Versatile netlist format for design 
portability 

- Logic. timing. and fault simulation 

• Delay per internal NAND function = 6.Sns 
(typ) 

• Testable in unprogrammed state 

• Security fuse allows protection of 
proprietary designs 

STRUCTURE 
• NAND gate based architecture 

- 72 foldback NAND terms 

• 136 input-wide logic terms 

• 44 additional logic terms 

• 24 dedicated inputs (10 -123) 

• 8 bidirectional IIOs with individual 3-State 
enable: 

- 4 Active-High (B4 - B7) 

- 4 Active-Low (Bo - "83) 

• 16 dedicated outputs: 

- 4 Active-High outputs 

0 0• 0, with common 3-State enable 

O2• 0 3 with common 3-State enable 

- 4 Active-Low outputs: 

0 4• 0 5 with common 3-State enable 

Os. 0 7 with common 3-State enable 

- 8 Exclusive-OR outputs: 

Xo• X, with common 3-State enable 

X2• X3 with common 3-State enable 

~. X5 with common 3-State enable 

Xs• X7 with common 3-State enable 

PML is a trademark of Philips Semiconductors 

October 22. 1993 

PIN CONFIGURATION 

A Package 
(52-pin PLCC) 

117 116 115 114 113 112 111 110 19 Is 17 16 15 

DESCRIPTION 
The PLHSS01 is a high-density Bipolar 
Programmable Macro Logic device. PML 
incorporates a programmable NAND 
structure. The NAND architecture is an 
efficient method for implementing any logic 
function. The SNAP software development 
system provides a user friendly environment 
for design entry. SNAP eliminates the need 
for a detailed understanding of the PLHSS01 
architecture and makes it transparent to the 
user. PLHSS01 is also supported on the 
Philips Semiconductors SNAP software 
development system s. 

The PLHSS01 is ideal for a wide range of 
microprocessor support functions. including 
bus interface and control applications. 

The PLHSS01 is also processed to industrial 
requirements for operation over an extended 
temperature range of -40°C to +8S0C and 
supply voltage of 4.SV to s.sv. 

4SS 

ARCHITECTURE 
The core of the PLHSS01 is a programmable 
fuse array of 72 NAND gates. The output of 
each gate folds back upon itself and all other 
NAND gates. In this manner. full connectivity 
of all logic functions is achieved in the 
PLHSS01 . Any logic function can be created 
within the core of the device without wasting 
valuable I/O pins. Furthermore. a speed 
advantage is acquired by implementing 
multi-level logic within a fast internal core 
without incurring any delays from the I/O 
buffers. 

8S3-120711164 
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Programmable macro logic 
PMLTM 

ORDERING INFORMATION 

DESCRIPTION 

52-Pin Plastic Leaded Chip Carrier 

52-Pin Plastic Leaded Chip Carrier 

DESIGN DEVELOPMENT TOOLS 

SNAP 
The SNAP Software Development System 
provides the necessary tools for designing 
with PML. SNAP provides the following: 

• Schematic entry netlist generation from 
third-party schematic design packages 

such as OrCAD/SDT IWM and 

FutureNet™. 

• Macro library for standard TTL functions 
and user defined functions 

• Boolean equation entry 

• State equation entry 

• Syntax and design entry checking 

• Simulator includes logic simulation, fault 
simulation and timing simulation. 

FutureNet is a trademark 01 FutureNet Corporation. 
OrCAD/SDT is a trademark 01 OrCAD. Inc. 

OPERATING CONDITIONS 

Commercial Temperature Range 
±5% Power Supply 

Industrial Temperature Range 
±10% Power Supply 

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

SNAP provides primitive PML function 
libraries for third-party schematic design 
packages. Custom macro function libraries 
can be defined in schematic or equation form. 

After the completion of a design, the software 
compiles the design for syntax and 
completeness. Complete simulation can be 
carried out using the different simulation tools 
available. 

The programming data is generated in 
JEDEC format. Using the Device 
Programmer Interface (DPI) module of SNAP, 

IBM is a registered trademark of International Business Machines Corporation. 
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ORDER CODE DRAWING NUMBER 

PLHS501A 0397E 

PLHS501IA 0397E 

the JEDEC fusemap is sent from the host 
computer to the device programmer. 

DESIGN SECURITY 
The PLHS501 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary designs 
implemented in the device cannot be copied 
or retrieved. 

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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Programmable macro logic 
PMLTM 

PLHS501 FUNCTIONAL BLOCK DIAGRAM 
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Programmable macro logic 
PMLTM 

FUNCTIONAL DIAGRAM 
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Philips Semiconductors Programmable Logic Devices 

Programmable macro logic 
PMLTM 

ABSOLUTE MAXIMUM RATINGS1 

RAllNGS 

SYMBOL PARAMETER MIN MAX UNIT 

Vee Supply voltage +7 Voc 

VIN Input voltage +5.5 Voc 

VOUT Output voltage +5.5 Voc 

liN Input currents -30 +30 mA 

lOUT Output currents +100 mA 

Tarrb Operating temperature range 0 +75 °C 

T6t9 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. 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 
75°C ambient to junction 

October 22, 1993 

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links open, such that: 
1. All product terms are enabled. 

2. All bidirectional (8) pins are outputs. 

3. All outputs are enabled. 

4. All outputs are Active-High except 
BO - "8"3 (fusible I/O) and 0 4 - 0 7 which 
are Active-Low. 

460 
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Programmable macro logic 
PMLTM 

DC ELECTRICAL CHARACTERISTICS 
Commercial= oOC ~ TaITt> ~ +75°C, 4.75V ~ Vee ~ 5.25V 

Industrial = -400 C ~ Tarrb ~ +85°C, 4.5V ~ Vee ~ 5.5V 

SYMBOL PARAMETER 

Input voltage2 

VIL Low 

VIH High 

Vie Clamp2,3 

Output voltage 

VOL Low2,4 

VOH High2,5 

Input current 

IlL Low 

IIH High 

Output current 

10(OFF) Hi-Z state9 

los Short circuit3, 5,6 

Ice Vee supply currents 

Capacitance 

CIN Input 
Cs I/O 

NOTES: 
1. A" typical values are at Vcc = 5V, T arrb = +25°C. 
2. All voltage values are with respect to network ground terminal. 
3. Test one at a time. 

Product specification 
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LIMITS 

TEST CONDITION MIN TYp1 MAX UNIT 

Vee = MIN 0.8 V 

Vee = MAX 2.0 V 

Vee = MIN, liN = -12mA -0.8 -1.2 V 

Vee = MIN 
10L = 10mA 0.45 V 
10H =-2mA 2.4 V 

Vee = MAX 
VIN = 0.45V -100 j.lA 
VIN = 5.5V 40 j.lA 

Vee = MAX 
VOUT = 5.5V 80 j.lA 

VOUT = 0.45V -140 

VOUT = OV -15 -70 mA 

Vee = MAX 225 295 mA 

Vee =5V 
VIN = 2.0V 8 pF 

VOUT= 2.0V 15 pF 

4. For Pins 15 -19,21 - 27 and 37 - 40, VOL is measured with Pins 5 and 41 = 8,75V, Pin 43 = OV and Pins 42 and 44 = 4.5V. 
For Pins 28 - 33 and 35 - 36, VOL is measured under same conditions EXCEPT Pin 44 = Ov. 

5. VOH is measured with Pins 5 and 41 = 8.75V, Pins 42 and 43 = 4.5V and Pin 44 = OV. 
6. Duration of short circuit should not exceed 1 second. 
7. Icc is measured with a" dedicated inputs at OV and bidirectional and output pins open. 
8. Measured at VT = VOL + 0.5V. 
9. Leakage values are a combination of input and output leakage. 

TEST LOAD CIRCUITS 

vee L-> 
R1 

10 By 

CL 
INPUTS o-1---I~ OUT 

BZ 

BX 
GNO Ox -= 

-= 
NOTE: 
Cl and C2 are to bypass VCC to GND. 

October 22, 1993 461 

VOLTAGE WAVEFORMS 

+3.0V---~ 9O"k 

JI I~ 
OV ~ L~ ~J l-O% 

2.5ns 2.508 

~~~~ 
2.5ns 2.50s 

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

Input Pulses 
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Programmable macro logic 
PMLTM PLHS501/PLHS501I 

SNAP RESOURCE SUMMARY DESIGNATIONS 

71 
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Programmable macro logic 
PMLTM 

MACRO CELL SPECIFICATIONS1 (SNAP Resource Summary Designations in Parantheses) 
Commercial:Tamb = O°C to +7SoC, 4.75V:s Vee:S 5.2SV, CL = 30pF, R2 = 1000n, Rl = 470n 
Industrial: Tamb = -40°C to +8SoC, 4.SV:s Vee:S S.SV, CL = 30pF, R2 = 1000n, Rl = 470n 

Input Buffer 
(DIN501 [Non-Inverting], NIN501 [Inverting]) 

I~~ 
LIMITS 

SYMBOL MIN TYP MAX UNIT 

LlIHL O.OS 0.1 0.15 nslp-term 

LlILH -{l.02 -0.05 -{l.08 nslp-term 

PARAMETER LIMITS 

SYMBOL To From 
MIN TYP MAX 

UNIT 
(Output) (Input) 

tpHL X I 4.5 5.5 6.5 ns 
tpLH X I 5 6 7.S ns 

tpHL y I 2.5 3 3.5 ns 
tpLH y I 4 4 4.S ns 

Input Pins: 1-7,9 -14,41-45,48 -52. 
Bidirectional Pins: 15 -18,37 - 40. 
Maximum internal fan-out: 16 p-terms on X or y. 

NAND Output Buffer with 3-State Control 
(TOU501) 

T'~--D~ow 
PARAMETER LIMITS 

SYMBOL To From 
MIN TYP (Output) (Input) 

tpHL Out In 8.5 14.0 
tpLH Out In 8.5 14.0 

toE2 Out Tri-Ctrl 8.S 15 
too2 Out Tri-Ctrl 8.S 12.5 

Output Pins: 24 - 27. 

Internal Foldback NAND 
(FBNAND) 

Input D Output 

LIMITS 

SYMBOL MIN TYP MAX UNIT 

LltPHL 0.05 0.1 0.15 ns/p-term 

LltPLH -{l.0 -0.05 -0.1 nS/p-term 

PARAMETER LIMITS 

SYMBOL To From MIN TYP MAX UNIT 
(Output) (Input) 

IpHL Out Any 
4.0 4.5 6.8 ns 

IpLH 5.5 6.5 8 ns 

Maximum internal loading of 16 terms. 

Notes are on follOWing page. 

October 22, 1993 463 

Product specification 

PLHS501 /PLHS501 I 

NOTES 

With 0 p-terms load 

With 0 p-terms load 

MAX 
UNIT 

17.S ns 
16 ns 

18.S ns 
17.0 ns 

NOTES 

With 0 p-terms load 
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MACRO CELL SPECIFICATIONS1 (Continued) (SNAP Resource Summary Designations in Parantheses) 
Commercial:T arrb = O°C to +75°C, 4.75V ~ Vee ~ 5.25V, CL = 30pF, R2 = 10000, R1 = 4700 
Industrial' Tamb = -40°C to +85°C 4 5V ~ Vee ~ 55V, CL = 30pF, R2 = 10000, R1 = 4700 , . 

AND Output Buffer with 3-State Control 
(NOU501) 

Tri-Ctrl 

In Out 

PARAMETER LIMITS 

SYMBOL To From 
MIN TYP MAX (Output) (Input) 

tpHL Output In 8.0 11 13 
tpLH Output In 8.0 11 13 

toE2 Out Tri-Ctrl 8.5 15 18.5 
too2 Out Tri-Ctri 8.5 12.5 17.0 

Bidirectional and Output Pins: 19, 21, 22, 23,15 -18. 

NAND Output Buffer 
(OUT501) 

'"~~ 

PARAMETER LIMITS 

SYMBOL To From 
MIN TYP MAX (Output) (Input) 

tpHL Out In 8.5 14 17.5 
tpLH Out In 8.5 14 16.0 

Bidirectional Pins: 37 - 40. 

Ex-OR Output Buffer 
(EX0501) 

:~ ~6--0 
PARAMETER LIMITS 

SYMBOL To From MIN TVP MAX (Output) (Input) 

tPHL Out AorB 8.5 14 17.5 
tpLH Out AorB 8.5 14 16.0 

toE2 Out Tri-Ctrl 8.5 15 18.5 
too2 Out Tri-Ctrl 8.5 12.5 17.0 

Ex-OR Output Pins: 28 - 33. 

NOTES: 
1. Limits are guaranteed with internal feedback buffers simultaneously switching cumulative maximum of eight outputs. 

UNIT 

ns 
ns 

ns 
ns 

UNIT 

ns 
ns 

UNIT 

ns 
ns 

ns 
ns 

2. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and S1 is open for high-impedance to High tests and 
closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of Vr = (VOH - 0.5V) with S1 open, and Low-to-High impedance tests are made to the Vr = (VOL + 0.5V) level with S1 closed. 
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PMLTM 

PLHS501 GATE AND SPEED ESTIMATE TABLE 

FUNCTION 
INTERNAL NAND 

TYPICAL tpo EQUVALENT 

Gates 

NANDs 1 6.5ns 
ANDs 1 6.5ns 
NORs 1 6.5ns 
ORs 1 6.5ns 

Decoders 

3-to-8 8 11ns 
4-to-16 16 11ns 
5-to-32 32 11ns 

Encoders 

8-to-3 15 11ns 
16-to-4 32 11ns 
32-to-5 41 11ns 

Multiplexers 

4-to-1 5 11ns 
8-to-1 9 11ns 
16-to-1 17 11ns 
27-to-1 28 11ns 

Flip-Flops 

D-type Flip-Flop 6 
T-type Flip-Flop 6 
J-K-type Flip-Flop 10 

Adders 

8-bit 45 15.5ns 

Barrel Shifters 

8-bit 72 11ns 

Latches 

D-Iatch 3 

October 22, 1993 
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fMAX COMMENTS 

For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 
For 1 to 32 input variables 

Inverted inputs available 
Inverted inputs available 
Inverted inputs available (24 chip outputs only) 

Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels 
Inverted inputs, 2 logic levels, factored solution. 

Inverted inputs available 

Can address only 27 external inputs - more if internal 

30MHz With asynchronous S-R 
30MHz With asynchronous S-R 
30MHz With asynchronous S-R 

Full carry-Iookahead (four levels of logic) 

2 levels of logic 

2 levels of logic with one shared gate 
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APPLICATIONS 

MASTER SlAVE r-------------'r-------, 
I 
I 
I 
I 
I 
I 
II 

Simplified NuBus™ Diagram (10MHz Operating Frequency) 

-ADL 
1------- BUFEN 

-CDSETUP 
-Ml~O 

-81 
-SO 
-A2 
-A1 
-AO 

7-BIT 
LATCH 

-CMD--------------~ 

~7~8~============~ DOO 

CHRESET 

J-----DlR 
T----:o~ ...... 

.--+----i I=====+~ f===~) ~E 2 

OCTAL 

~;C=~ MUL~~OL~XER 

DATA OUTPUT 

Block Diagram of Basic POS Implementation in PLHS501 

NuBus is a trademark of Texas Instruments. Inc. 
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CMOS high density programmable macro logic 

FEATURES 

• Full connectivity 

• Erasable version and one time 
programmable version available 

• Scan test 

• Power down mode 

• Power on reset 

• 100% testable 

• SNAP development system 

- Supports third-party schematic entry 
formats 

- TTL Macro library 

- Versatile netlist format for design 
portability 

• Power dissipation (TTL) = 630mW 

• Power dissipation (CMOS) = 525mW 

• Power dissipation (Power-Down mode) = 
52mW 

• Security fuse for copy protection 

• Reprogrammable 

PROPAGATION DELAYS 
• Delay per internal NAND gate 

= 15ns (typ) 

• 50MHz flip-flop toggle rate 

APPLICATIONS 

• Low-end gate array replacement 

• Instrumentation 

• Bus arbitration functions 

• Wide multiplexers and decoders 

• Multiple independent state machines 

• General purpose logic integration and 
microprocessor support logic 

• PAL ® and glue logic replacement 

ORDERING INFORMATION 

DESCRIPTION 

68-pin Plastic Leaded Chip Carrier 

68-pin "J" Leaded Ceramic Cerquad Package 

68-pin Plastic Leaded Chip Carrier 

68-pin "J" Leaded Ceramic Cerquad Package 

PAL is a registered trademark of Advanced Micro Devices, Inc. 
NuBus is a trademark of Texas Instruments, Inc. 

October 22, 1993 

DESCRIPTION 
The Philips Semiconductors PML family of 
PLDs provides "instant gate array" 
capabilities for general purpose logic 
integration applications. The PML2552 is the 
first high density CMOS-PML product. 
Fabricated with the Philips Semiconductors 
high-performance EPROM process, it is an 
ideal way to reduce NRE costs, inventory 
problems and quality concerns. The 
PML2552 incorporates the PML folded NAND 
array architecture which provides 100% 
connectivity to eliminate routing restrictions. 
What distinguishes the PML2552 from the 
"classic" PLD architectures is its flexibility and 
the potent flip-flop building blocks. The device 
utilizes a folded NAND architecture, which 
enables the designer to implement multiple 
levels of logic on a single chip. The PML2552 

PIN CONFIGURATION 

I/CK03 

I/CKOl 

I/OB7 

tpo (MAX) 

35ns 

35ns 

50ns 

50ns 
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eliminates the NRE costs, risks, and hard to 
use design tools associated with semicustom 
and full custom approaches. It allows tho 
system designer to manage reliable 
functionality, in less time and space plus a 
faster time to market. The PML2552 is ideal 
in todays instrumentation, industrial control, 
EISA, NuBus™, bus interface and dense 
state machine applications in conjunction with 
the state-of-the-art CMOS processors. It is 
capable of replacing large amounts of TTL, 
SSI and MSI logic and literally allows the 
designer to build a system on the chip. 

The SNAP development software gives easy 
access to the density and flexibility of the 
PML2552 through a variety of design entry 
formats, including schematic, logic equations, 
and state equations in any combination. 

ORDER CODE 

PML2552-35A 

P ML2552-35KA 

PML2552-50A 

P ML2552-50KA 

1/012 

1/013 

1/014 

11015 

CKE2 

VCC2 

DO 

Bl 

B2 

B4 

GN02 

B5 

B6 

B7 

IIOAO 

I/0Al 

DRAWING NUMBER 

0398E 

1473A 

0398E 

1473A 

853-147511164 
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FUNCTIONAL BLOCK DIAGRAM 

A 
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LOGIC DIAGRAM 
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STRUCTURE 
.112 possible foldback NAND gates: 

- 96 internal NAND 

- 16 from the 1/0 macros 

.114 additional logic terms 

• 53 possible inputs (with programmable 
polarity) 

- 29 dedicated inputs 

- 24 bidirectional II0s 

• 24 bidirectional pins 

• 52 flip-flops 

• 24 possible outputs with individual Output 
Enable control (8 with programmable 
polarity) 

• Multiple independent clocks 

• 20 Buried JK-type flip-flops with foldback 
(JKFFs): 

- 10 JKFFs with one shared preset signal 
and one shared clocked signal 
originating from the clock array. 

- 10 JKFFs with 10 independent clock 
signals originating from the clock array 
and 10 independent clear signals 

.258 inputs per NAND gate 

• Bypassable Input D-type flip-flop 
(DFFs)/Combinatoriallnputs: 

- 16 DFFs/combinatorial inputs 

- DFFs clocked in two groups of eight 

- DFFs not bypassed in unprogrammed 
state 

- Independent bypass fuse on each DFF 

• Inputs/bypassable D-type flip-flop 
outputslfoldback NAND gates: 

- 16 output DFFs/combinatorial 
inputsloutputs with individual Output 
Enable control 

- DFFs clocked in two groups of eight 

- DFFs not bypassed in unprogrammed 
state 

- Independent bypass fuse on each DFF 

- The DFF can be used as an internal DFF 
or an internal fold back NAND gate. 

• Combinatorial inputs: 

- 9 dedicated inputs to the NAND array 

- 3 inputs optional to NAND array and/or 
clock array 

- 1 input optional to NAND array andlor 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 
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• Separate clock array: 

- Separate clock array for JKFFs clock 
inputs 

- 4 inputs to clock array originated from 
NAND array 

- 4 inputs (with programmable polarity) 
directly from input pins 

- 10 inputs from 0 outputs of JKFFs with 
clear 

• Dedicated clocks: 

- One dedicated clock for input DFFs 
(Group A) 

- Two dedicated clocks for output DFFs 

• Scan test feature: 

- Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 

- Pins SCI, SCM, and CKE1 are used to 
operate the scan test 

• Power down mode 

- Dedicated pin (PD) freezes the circuit 
when brought to logic "1". The circuit 
remains in the same state prior to the 
logic "0" to logic "1" transition of the "PD" 
pin. 

- When in the power down mode, the SCI 
pin acts as the 3-State pin for the 24 
outputs. 

• Power on reset: 

- All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset to 
logic "0" after Vee power on. 

ARCHITECTURE 
The core of the PML2552 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The '0' and '0' output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2552. Any logic function 
can be created within the core without 
wasting valuable 1/0 pins. Furthermore, a 
speed advantage is acquired by 
implementing mUlti-level logic within a fast 
internal core without incurring any delays 
from the 110 buffers. Figure 1 shows the 
functional block diagram of the PML2552. 

Macro Cells 
There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 
bank of flip-flops has a common clock. In the 
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unprogrammed state of the device the flip
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFAx) must be 
programmed. 

The 161/0 pins (100 -1015) and their 
respective D flip-flop macros can be used in 
anyone of the following configurations: 
1. As combinatorial input(s). 

Each of the 16 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs. 
These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFBx (see PML2552 Logic 
Diagram) is used to bypass anyone of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs. 
By programming the bypass (BFBx) fuse 
of anyone of the DFFs, the flip-flop(s) is 
bypassed. The 110 pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates. 
When the 110 pin is used as an input, the 
output macro can be used as an internal 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. 
Otherwise it will act as an internal DFF. 

The 8 bidirectional pins (BO-B7) can be used 
as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 

The NAND signal labeled '00' (Output 
Disable) shown on the PML2552 logic 
diagram is used for the Power Down mode 
operation. This signal disables the outputs 
when the device enters the Power Down 
mode and SCI is high. 

Clock Array 
The 20 buried JKFFs can be clocked through 
the 'Clock Array'. The Clock Array consists of 
11 NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 18 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the 0 outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 
With the rise in the ratio of devices on a chip 
to the number of 1/0 pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PML2552 
incorporates a variable length scan test 
feature which permits access to the internal 
flip-flop nodes without requiring a separate 
external 1/0 pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic "1", the circuit enters the scan mode. 

SCAN MODE OPERATION 

SCOUT 
1/015 1/00 1/014 1/01 1/013 

In this mode it is possible to shift an arbitrary 
test pattern into the flip-flops. The SCI pin is 
used to input the pattern. The inverted 
outputs of flip-flops DO - D15 are observable 
on pins 1/00 -1/015. 

The following are features and characteristics 
of the device when in Scan Mode: 
1. CKE1 is the common scan-clock for all 

the flip-flops when in scan mode. CKEl 
overrides all clock resources of normal 
operational mode. 

2. The Preset (PR) and Clear (Cl) functions 
of the flip-flops are disabled. 

3. Scan overrides the bypass fuse of the 
flip-flops. This means that all the 

1/02 1/012 1/03 1/011 1/04 1/010 

(COMMON CLOCK (CKE1) FOR ALL FUP-FLOPS WHEN IN SCAN MODE) 

Figure 2. 
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bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 

4. To observe the SCAN data, the output 
buffers must be enabled by the Output 
Enable (tri-ctrl) terms. 

5. The outputs of the flip-flops are 
complemented on pins 1/00 - 1/015. 

6. All external inputs to flip-flops in the scan 
chain are disabled when the device enters 
the scan mode. 

7. Blowing the security fuse does not disable 
the Scan Test feature. 

IIOS 1109 1/06 1/08 1/07 
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SCAN TEST STRATEGY 
The scan test pattem is design dependent 
and the user must make considerations for 
Design For Testability (DFT) during the initial 
stages of the design. A typical test sequence 
is to pre-load (Le., enter a state); revert to 
normal operation (i.e., activate the next state 
transition); go back to scan mode to check 
the result. Note that the scan test feature 
available in the PML2552 is a variable length 
scan chain. The DATA entered at SCI 
(JKCl9) can be accessed anywhere between 
21 clock cycles (at 1100) to 36 clock cycles 
(at 11015). For the strategy discussed here, 
DATA is read out after 36 clocks at 11015 
(i.e., D15). The following operation sequence 
suggests a possible scan test method. 

A conservative test policy demands proof that 
the test facility is working. Thus, to prove 
Sean Chain holds and maintains correct data: 

a. Fill chain with several patterns (for 
example, all ones and all zeros). 

b. Retrieve same patterns. 

The user is responsible for managing an 
external test memory buffer for applied 
vectors and results, as part of the test 
equipment. 

1. Parallel readout of 1100 - 11015 is 
possible, but assume only 11015 is used 
for this strategy. 

2. The first DATA entered at SCI (or JKCL9) 
will be the content of D15 after 36 clocks. 
This DATA will be inverted at the output 
pin 11015 (i.e., SCOUT). The last DATA 
entering the scan chain will be the content 
of JKCL9. Thus, the sean chain 
resembles a first-in-first-out shift register 
with inverted outputs (1/00 - 11015). 

3. 'Test Data' is read in at the SCI input and 
read out of the SCOUT output pin (1/015). 
To enter 'Test Data': 

a. Put device in Scan Mode by applying 
the sean control signals (SCM=1). 

b. Clock device with sean clock (CKE1). 

c. Apply consecutive serial test vectors. 

d. Read back results as new 'Test Data' 
(States) are applied. The first 36 
outputs read at SCOUT (11015) are 
random ('old') data (e.g., remnant of 
Step 1). 

e. Apply 36 'Test Data' until the chain is 
full. 

4. To apply 'Test Data' (States), exit Scan 

5. To read result of the state transition, 
re-enter scan and apply the sean clock 
(CKE1). The result of the state transition 
in JKCL9 will be available at SCOUT 
(11015) after 36 clocks. The results ean be 
stored in a user defined test memory 
buffer in inverted logic representation. 

NOTE: 

SELECT NEXT TEST DATA 
AND APPLY TO SCI 

1. The first 36 outputs are random ('OLD') data. 
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6. As the results are being read and stored, 
new 'Test Data' can be entered via SCI. 

7. Repeat for all test pattems of interest. 

8. Figure 3 (FLOW_CHART) depicts a flow 
chart version of the test sequence. 

Mode and apply on system clock together 
with any other possible test vectors. 

Figure 3. FLOW_CHART 
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A Simple Example 
Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3-bit up counter. Our test vector will be a 
single clock applied to the counter. Suppose 
we wish to first check the State5(i.e., 101) to SCI ••• 
State 6 (i.e., 110) transition, then the State 3 

JKCL9 JKCL6 
(i.e., 011) to State 4 (i.e., 100) transition. 
Assume the scan chain has been pre-verified 
and we may begin. 

Enter scan mode (set SCM=1)1 apply 36 bits 
in sequence so that the value 101 (i.e., State 
5) resides in the last three cells. Exit scan 
mode (set SCM=O) and apply a single clock 
to the counter. Now the value 110 (i.e., State 
6) resides in the last three cells. Re-enter 
scan mode (set SCM=1) and read back 36 SCI ••• 
bits from position 11015. Note that the outputs 
are complemented and are also read back in JKCL9 JKCL6 

the reverse order. Therefore the value for 
STATE 6 read at 1/015 will be 100 which is 
the complement of STATE 6 (110) read in the 
reverse order. 

As this is being read back, apply a new state, 
serially equal to the value 011 (i.e., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being ••• 
read back at 1/015. After STATE 3has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 (i.e., 011) to STATE 4 
(i.e., 100) transition. Re-enter scan mode and 
read back 36 bits at 1/015. The last three bits 
should contain 110which is the complement 
of State 4 read in the reverse order. Figure 4 
(SCAN_EXAMPLE) shows a flow diagram of SCI ••• 
this example. Note that the States will always 
be complemented and read back in the JKCL9 JKCL6 

reverse at 1/015. Other sequences may be 
applied in the same manner. 

A possible alternative to this example is to 
read back the output states at 1/00 (DO) 
instead of 1/015 (JKCL9). This will allow the 
outputs to be read back after 21 clock cycles 
rather than the 36 used in the above 
example. 

SCI • •• 
JKCL9 JKCL6 

••• 
D~ ~4 DO ~2 

STATE 41N REVERSE ORDER OUTPUTS COMPLEMENTED 

Figure 4. SCAN_EXAMPLE 

October 22, 1993 473 



Philips Semiconductors Programmable Logic Devices 

CMOS high density programmable macro logic 

POWER DOWN 
The PML2552 offers the user controlled 
capability of putting the device to "sleep" 
where power dissipation is reduced to very 
low levels. When brought to a logic "1", the 
PD pin freezes the circuit while reducing the 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each fold back gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic "1". 

There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any external clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power
down and stay that way until it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 

NOTE: 
1. During power down, external clocks (CKA, 

CKB/CKC, CKE1, CKE2) should not 
change. 

2. SCM must be "0" as in normal operation 
mode. 

3. External clock recovery time (Iow-to-high) 
is 60ns (high-speed) and 70ns (standard) 
after the device is powered up. 

4. Power Down Timing Diagrams on pages 
17 and 18 are for combinatorial operation 
only. 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vcc Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tstg Storage temperature range 

NOTE. 

DEVELOPMENT TOOLS 
The PM2552 is supported by the Philips 
Semiconductors SNAP software development 
package and a multitude of hardware and 
software development tools. These include 
industry standard PLD programmers and 
CAD software. 

SNAP 
Features 

• Schematic entry using DASHTM 4.0 or 

above orOrCADTM SDT III 

• State Equation Entry 

• Boolean Equation Entry 

• Allows design entry in any combination of 
above formats 

• Simulator 

- Logic and fault simulation 

- Timing model generation for device 
timing simulation 

- Synthetic logic analyzer format 

• Macro library for standard TTL and user 
defined functions 

• Device independent netlist generation 

• JEDEC fuse map generated from netlist 

SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 

RATINGS UNIT 

+7 Voc 

+5.5 Voc 

+5.5 Voc 

-30 to +30 mA 

+100 mA 

o to +75 °C 

-65 to +150 °C 

1. ~tresses abov~ 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. 

DASH is a trademark of Data va Corporation. 
OrCAD is a trademark of OrCAD. Inc. 
IBM is a registered trademark of International Business Machines Corporation. 
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combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 

The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high
level nellist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 

SNAP's simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 

SNAP operates on an IBM® PC/XT, PC/AT. 
PS/2. or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 

DESIGN SECURITY 
The PML2552 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design 
implemented in the device cannot be copied 
or retrieved. 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 
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DC ELECTRICAL CHARACTERISTICS 
O°C < Tamb oS. +75°C, 4.75V.s. Vee < 5.25V - -

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage 

VIL Low Vee = MIN 
VIH High Vee = MAX 

Output voltage 

VOL Low Vee = MIN,IOL = 5mA 

VOH High Vee = MIN, 10H = -2mA 

Input current 

IlL Low VIN = GNO 
IIH High VIN = Vee 

Output current 

10(OFF) Hi-Z state Your = Vee 
Vour= GND 

10H Output High Vee = MIN, Your = 2AV 

10L Output Low Vee = MIN, Your = OA5V 

los Short-circuits Vour= GND 

Icc Vee supply current Vee = MAX, No load CMOS input2 

f= 1MHz TILinput3 

Iss Standby Vee supply current Vee = MAX, No load CMOS input 
PO = VIH TTL input 

Capacitance 

CIN Input Vee = 5V, Tamb = +25°C, VIN = 2.0V 
Cs liD Vee = 5V, Tamb = +25°C, VIO = 2.0V 

NOTES: 
1. All typical values are at Vee = 5V, Tamb = +25°C. 
2. CMOS inputs: VIL = GNO, VIH = Vee. 
3. TIL inputs: VIL = OA5V, VIH = 2AV. 
4. All voltage values are with respect to network ground terminal. 
5. Duration of short-circuit should not exceed one second. Test one at a time. 
6. L'llee vs. Frequency = 4mAlMHz max. 

TEST LOAD CIRCUITS 

vee 

e'ye, 
IA By 

INPurs IB our 

BW 

Bz 

BX 
GNO Ox 

NorES: -= el and e2 are to bypass Vee to GND. 
Test Load Rl = 7SCn, R2 = 442!l, CL = 30pF (CL = SpF for Output Disable) 
c·e.s: ramb.s: +7S·C, 4.7SV .s: VCC.s: S.25V 
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LIMITS 

MIN TYP' MAX UNIT 

-0.3 0.8 V 
2.0 Vee + 0.3 V 

0.45 V 

204 V 

-10 !LA 
10 !LA 

10 !LA 
-10 !LA 
-2 mA 

5 mA 

-100 mA 

60 1006 mA 
65 1206 mA 

1.0 10 mA 
1.5 10 mA 

8 pF 
16 pF 

VOLTAGE WAVEFORMS 

MEASUREMENTS: 
All circu~ delays are measured at the + 1.5V level of 

inputs and outputs, unless otherwise specified. 

Input Pulses 
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MACRO CELL AC SPECIFICATIONS 
Min: O°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 

Input Buffer 
(DIN552, NIN552, BDIN55, BNIN552 

CDIN552, CNIN552, CKDIN552, CKNIN552, IDFF552*) 

I~ 
PARAMETER LIMITS 

SYMBOL To From PML2552-35 PML2552-50 UNIT 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL X I 5 7 10 7 10 15 ns 

tpLH X I 5 7 10 7 10 15 ns 

tpHL Y I 5 7 10 7 10 15 ns 

tpLH y I 5 7 10 7 10 15 ns 

• When D flip-flop is bypassed. 
Input Pins: 8-14,16,17,20,22-24. 
Bidirectional Pins: 1-3, 5-7, 46-48, 50-54, 57-64, 67, 68. 
Bypassed D flip-flop at pins 26, 28-31, 33-35, 37, 39-45. 

Internal NAND of Main Array 
(FBNAND, NAND) 

x D y 

PARAMETER LIMITS LIMITS 

SYMBOL To From PML2552-35 PML2552-50 UNIT 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL Y X 10 15 20 12 18 25 ns 

tpLH y X 10 15 20 12 18 25 ns 

Internal NAND of Clock Array 
(NAND) 

x D y 

PARAMETER LIMITS LIMITS 

SYMBOL To From PML2552-35 PML2552-50 UNIT 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL Y X 5 7 10 7 10 15 ns 

tpLH y X 5 7 10 7 10 15 ns 
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MACRO CELL AC SPECIFICATIONS (Continued) 
Min: O°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 

3-State Output with Programmable Polarity 
(TOUT552 + EXOR552) 

PARAMETER 

Out 

D 

LIMITS 

! 3 t---t--t--t--t--:;;llL-t--t-t-t--I 
'6 
E- 2 t---t--t--hf-t-t-t-t-t--I 

<l 

ot---fT-t--t--t--t-t-t-t-t--I 

-l~t--t--t--t--t-t-t-t-t--I 

~~~~~~~~~~~ 

o 20 40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE LOADING (pF) 

LltPD vs Output Capacitance 
Loading (Typical) 

SYMBOL To From PML2552-35 PML2552-SO UNIT 

(Output) (Input) MIN TYP MAX 

tpHL Out In 12 18 25 

tpLH Out In 12 18 25 

toE
4 Out Tri-Ctrl 5 7 10 

toD
4 Out Tri-Ctrl 5 7 10 

Bidirectional Pins: 46-48, 50-54. 

In 

110 Output Buffer with 3-State Control, OFF Bypassed 
(TOUT552 + NAND) 

MIN TYP MAX 

17 25 35 

17 25 35 

7 10 15 

7 10 15 

7 

6 

5 

4 .. 3 c 
'6 
~ 2 

<l 
1 

0 

-1 

-2 

PARAMETER LIMITS 

SYMBOL To From PML2552-35 PML2552-50 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL Out In 12 18 25 17 25 35 

tpLH Out In 12 18 25 17 25 35 

toE
4 Out Tri-Ctrl 5 7 10 7 10 15 

toD
4 Out Tri-Ctrl 5 7 10 7 10 15 

I/O Pins: 1-3,5-7,57-64,67,68. 

Notes on page 481. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

o FLIP-FLOP 

SYMBOL 

fCKE 

tWCKE High 

tWCKE Low 

tSETUP 10 

tHOLD/D 

SYMBOL 

tpLH 

tpHL 

October 22, 1993 

Output DFF Used Internally 
(ODFF552) 

LIMITS 

PARAMETER PML2552-35 PML2552-50 

MIN TYP MAX MIN TYP MAX 

Flip-flop toggle rate 50 35 

Clock HIGH 10 14 

Clock LOW 10 14 

10 setup time to CKE 15 20 

10 hold time to CKE 4 6 

PARAMETER LIMITS 

From To PML2552-35 PML2552-50 

(Input) (Output) MIN TYP MAX MIN TYP MAX 

CKE i Q 10 15 20 14 20 25 

CKE i Q 10 15 20 14 20 25 

478 

Product specification 

PML2552 

UNIT 

MHz 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

o FLIP-FLOP (Continued) 

INPUTS OUTPUTS 

CK 0 Q 0-

L X 0 0 0 0 

i H H L 

i L L H 

NOTE: 
QO.OO represent previous stable condition of Q. a. 

Input and Output 
(IDFF552 & ODFF552) 

I/DA.I/DB ~Q 
CKA. CKB. CKC 

U ~-------------
BFAX 

Tri-Ctrl ------------, 

10 

:E ~ .... I>-O_-Q~~~~O-----IOut 

LIMITS 7 

SYMBOL PML2552-35 PML2552-50 UNIT 
6 V 
5 

)~ MIN TYP MAX MIN TYP MAX 
4 

fCKA. CKB. CKC 50 35 MHz ~ 3 / 
c V 

tw CKA. CKB. CKC High 10 14 ns !:- 2 
V <I 

tw CKA. CKB. CKC Low 10 14 ns 1 
/~ 

0 
tsETUP IIDA. IIDB 5 7 ns /' -1 

tHOLD I/DA. IIDB 5 7 ns -2 

/ 

fCKE 
o 20 40 60 80 100120140160180200 

50 35 MHz OUTPUT CAPACITANCE LOADING (pF) 

tWCKE High 10 14 ns ~tpD vs Output Capacitance 

tWCKE Low 10 14 ns 
Loading (Typical) 

tSETUP 10 15 20 ns 

tHOLD 10 4 6 ns 

PARAMETER LIMITS 

SYMBOL From To PML255?-35 PML2552-50 UNIT 

(Input) (Output) MIN TYP MAX MIN TYP MAX 

tpLH CKA. CKB/CKC i 0.0 5 7 10 7 10 15 ns 

tpHL CKA. CKB/CKC i 0.0 5 7 10 7 10 15 ns 

tpLH CKE i Out 12 18 25 17 25 35 ns 

tpHL CKE i Out 12 18 25 17 25 35 ns 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

JK FLIP-FLOPS 

(JKPR552) (JKCL552) 

INPUTS OUTPUTS INPUTS OUTPUTS 

PR CK J K Q Q C[ CK J K Q Q 

L X X X H L L X X X L H 

H i L L 0 0 '00 H i L L 0 0 '00 

H i H L H L H i H L H L 

H i L H L H H i L H L H 

H i H H TOGGLE H i H H TOGGLE 

H L X X 00 I 0 0 H L X X 00 100 

PR CL 

IJ Q IJ Q 

CKl CK2 

IK IK 

UMITS 

SYMBOL PARAMETER PMl2552-35 PML2552-50 UNIT 

MIN TVP MAX MIN TVP MAX 

fCKl CK1 toggle frequency 50 35 MHz 

fCK2 CK2 toggle frequency 50 35 MHz 

tWCKl High CK1 clock HIGH 10 14 ns 

tWCKl Low CK1 clock LOW 10 14 ns 

tWCK2 High CK2 clock HIGH 10 14 ns 

tWCK2 Low CK2 clock LOW 10 14 ns 

tSETuP IJ, IK IJ, IK setup time to CK1, CK2 27 35 ns 

tHOLO/J,/K IJ, IK hold time to CK1, CK2 0 0 ns 

twPR Low Preset Low period 10 14 ns 

tw CL Low Clear Low period 10 14 ns 

PARAMETER UMITS 

SYMBOL From To PMl2552-35 PML2552-50 UNIT 

(Input) (Output) MIN TVP MAX MIN TYP MAX 

tpLH CK1,2 0,'0 2 3.5 5 3 5 7 ns 

tpHL CK1,2 0,'0 2 3.5 5 3 5 7 ns 

tpLH PR 0,'0 12 18 25 17 24 30 ns 

tpHL PR 0,0 12 18 25 17 24 30 ns 

tpLH CL 0,'0 12 18 25 17 24 30 ns 

tpHL CL 0,'0 12 18 25 17 24 30 ns 
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AC ELECTRICAL CHARACTERISTICS 
O°C ~Tamb ~+75°C, 4.75V~ Vee ~5.25V, vpp = Vcc, 
Al = 7S00, A2 = 4420, Cl = 5pF for Output Disable) (See Test Load Circuit Diagram) 

SYMBOL PARAMETER 

Scan mode operation 1 

tsCMS Scan Mode (SCM) Setup time 

tsCMH Scan Mode (SCM) Hold time 

tiS Data Input (SCI) Setup time 

tlH Data Input (SCI) Hold time 

tcKO Clock to Output (110) delay 

tcKH Clock High 

tcKl Clock Low 

Power down, power Up2 

tl Input (I, bypassed IIDA, IIDB, 1/0, B) setup time before power down 

t2 Input hold time 

t3 Power Up recovery time 

4 Output hold time 

t5 Input setup time before Power Up 

toE SCI to Output Enable time3 

toD SCI to Output Disable time3 

Il) Power Down setup time 

t7 Power Up to Output valid 

Power-on reset 

tpPRl Power-on reset output register (0 = 0) to output (110) delay 

tpPR2 
Power-on reset input register (0 = 0), buried JK Flip-Flop (0 = 0) 
to output (B, bypassed 1/0) delay 

NOTES: 
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LIMITS 

PMl2552-35 PMl2552-50 UNIT 

MIN MAX MIN MAX 

15 15 ns 

25 30 ns 

5 5 ns 

5 5 ns 

30 40 ns 

10 15 ns 

10 15 ns 

40 50 ns 

30 35 ns 

60 70 ns 

0 0 ns 

20 25 ns 

40 50 ns 

40 50 ns 

10 15 ns 

70 80 ns 

10 15 ns 

40 50 ns 

1. SCM recovery time is 50ns after SCM operation. SOns after SCM operation, normal operations can be resumed. 
2. Timings are measured without foldbacks. 
3. Transition is measured at steady state High level (-500mV) or steady state Low level (+SOOmV) on the output from 1.5V level on the input 

with specified test load (AI = 7500, A2 = 4420, Cl = 5pF). This parameter is sampled and not 100% tested. 
4. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and Sl is open for high-impedance to High tests and 

closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + 0.5V) level with Sl closed. 
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TIMING DIAGRAMS 

SCM tr--1U,V ----,.~ +3V 

-I-- tSCM tSCMH ---1- OV 

------~ +3V 

SCI 

OV 

+3V 

CKE1 

OV 

,------------VOH 
1/0 

~-----------VOL 

Scan Mode Operation 

_--------- +lV 
I, BYPASSED IIOA, IIOB, 1/0, B 1.5V 

PO 

+3V 

'"---------- OV 

~t1tt2 
____ ~I--J~1.-5V--------------

B,IIO 

~ I ~tP01 OV 

-----1-.5~~r~I----~)~~H~IG~H--~KrL ____________ ~ VOH 

- ~ ~ r. ~~ I.PED~:.(. ~ VOL 
SCI 
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__________ ...,-1 , . .v \ ,.v : 

Power Down, Power Up 
Input (old) Ready Before Power Up 
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TIMING DIAGRAMS (Continued) 

'~M.ED __ ~. =t:,~~~"1-'S-V-----: 

PO I -f 1.5V '\ 1.5VI 

I. BYPASSED IfDA, IfD~ Ifo, B 

PO 

~lfO 

sa 
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OV 

_~ I ~--i-~t-~ -
~lfO ~ I ) IMP:~~E ~ ... 1_'SV ___ :: 

~~r~ r~~ g +3V 

sa f- 1.5V \"'_1.S_V __________ _ 

Power Down, Power Up 
Input (new) Ready After Power Up 

OV 

,.---- +3V 

OV 

+3V 

OV 

VOH 

+3V 

OV 

Power Down, Power Up 
Input (new) Ready Before Power Up 

__ u I~~-------------------------- +sv ~~4.5V 

vcc ~I -tpP-
R1
-J------- OV 

If 0 ~ 1.SV VOH 

- VOL 

tpPR2 ::1 
~ IfO,.-1.-SV------------------ VOH 

- • VOL 

Power-On Reset 
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SNAP RESOURCE SUMMARY DESIGNATIONS 

mrfiJ.ftrt 

r~~ 
8O-B7 

ci1 ~x 
IIDA>--",,;S'T---t D Q t_-II----t-___II---t-----+--t---+--t-___I--+--+--+_I -+_ 
CKA>---;7'----11> (S) tM::: 

, Qt_-t---t---t--~----r-___II---r-~--t---+_--+_--+_-+_ 

I/DB 

IICKBICKC 

BFAX -+--+---+--+-----1--+--+--4--+--I---+--liiij_t 
-= -+--+--+--+-----t--+---t--r--+--t---t--t,ijij~::: 

~ ~t_-t---t---t--~----r-___II---r-~--t---+_-+_-+_-+__ 
....--1> (S) :J6.f.if.$ila} 

Qt--t---t---t--~----r-~I---r-~--t---+--+--+--+__ 

1, BFAX 

, 

-t----iI---t-----1I------+---+---+--+--t---+--+--\'$.iM~i:: 
-= ::::!'f"!l"'-~::: 

=~~==~===~~==~=========t==~~===t==~==~:==!===!==::~:!m~WN {!fflff~~t: 
:?~_::I----+--r----~--+-_+--t--+__---f--I--I-~f_ 
I:OOi.t@Wt---+--t------+--+--+--+---+---i---I---t----11--

IICK.~+-+-'r--.., 

:t!?l~R::-I: I---r----II------+---+--+--t--I--~--_+-_+--I
:::::~r~:::. 
:::::i».IN$.~::I---+--r-------+---+---+--t--+-----f--I----f-~f
}:piji.i¥WI---t---I-----t--+--+-~f---+--+--f---I----1---

10 

S if' 
-tti4mJ.:ti-

~!.I~I~I~lj-...... -..... -...... -...... -...... -..... ---+--t---

1 ~ :::::Imii::....: _--1_-1-_ 

/ 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 
The erasure characteristics of the PML2552 
device is 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 lamps have 
wavelengths in the 3000 - 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML2552 in approximately three years. while 
it would take approximately one week to 
cause erasure when exposed to direct 
sunlight. If the PML2552 is to be exposed to 

October 22. 1993 

these types of lighting conditions for 
extended periods of time. opaque labels 
should be placed over the window to prevent 
unintentional erasure. 

The recommended erasure procedure for the 
PML2552 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/cm2. The erasure 
time with this dosage is approximately 30 to 
35 minutes using an ultraviolet lamp with a 
12.oo0J.lW/cm2 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 
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exposed to without damage is 7258Wsec/cm2 

(1 week @ 12.0oojlW/crn2). Exposure of 
these CMOS EPLDs to high intensity UV light 
for longer periods may cause permanent 
damage. 

The maximum number of guaranteed 
eraselwrite 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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FEATURES 
• Wide gates for efficient product term use 

• Multiple 1/0 pins for 16-32 bit buses or up 
to 32-bit data flow 

• Multiple 1/0 pins for mUltiple-port data 
handling 

• Multiple clocks for independent state 
machines and storage banks 

• 100% connectible, no place and route 
restrictions 

• Erasable and one time programmable 
versions available 

• Scan test 

• Low CMOS power dissipation = 
525mWmax. 

• Power down mode (52mW max.) 

• Power on reset 

• Security fuse for copy protection 

• Supported by advanced SNAP and SLICE 
development systems 

PERFORMANCE 
• 35ns max. pin-to-pin for 32-bit decoders 

• 40ns max. internal, 55ns max. pin-to-pin for 
16-bit multiplexers 

• 33MHz max. throughput for 16-bit latches 

• 18-50MHz max. for 1 O-bit counters 

• 31 MHz max. for 10-bit shift registers 

• 15ns (typ.) delay for internal NANDs 

• 50MHz max. flip-flop toggle rate 

APPLICATIONS 
• Bus interface and control (microchannel, 

VME, NuBus, etc.) 

• Microcomputer peripheral interface and 
control (printers, SCSI, hard disk drives, 
etc.) 

ORDERING INFORMATION 

DESCRIPTION 

84-pin Plastic Leaded Chip Carrier 

84-pin "J" Leaded Ceramic Cerquad Package 

84-pin Plastic Leaded Chip Carrier 

84-pin "J" Leaded Ceramic Cerquad Package 

NuBus is a trademark of Texas Instruments, Inc. 
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• Multiport memory control and arbitration 
(cache, DRAM, VRAM, etc.) 

• Intelligent instrumentation (data acquisition, 
testers, medical equipment, etc.) 

• Industrial control (process control, motor 
control, engine control, etc.) 

• Communication network control (LAN, 
Ethernet, Tl, TDMA, etc.) 

• General purpose logic integration 

• Laptops, pocket computers, and handheld 
instruments 

• Low-end gate array replacement for quick 
prototyping 

SNAP DEVELOPMENT SYSTEM 
• Supports third-party schematic entry 

formats 

• Versatile EDIF-compatible netlist format for 
design portability 

• TTL macro library for automatic mapping 

• Logic, timing, and fault simulation 

• Automatic test vector generator 

• Espresso logic minimizer 

• Boolean equation extractor from JEDEC 
fusemap 

DESCRIPTION 
The Philips Semiconductors family of 
Programmable Macro Logic is optimized for 
handling wide buses, wide datapaths, and 
multiple-port applications with the highest 
throughputs among high density PLDs and 
FPGAs. The PML2852 now expands Philips 
Semiconductors CMOS PML product offering 
into the 32-bit arena. Fabricated with a 
high-performance EPROM process, the 
PML2852 is ideal in today's bus interface 
control, microprocessor peripheral control, 
memory interface, communications, 
instrumentation, and industrial control. It is 
capable of replacing large amounts of TIL 

tpD (MAX) 

35ns 

35ns 

50ns 

50ns 
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SSI and MSllogic, and literally integrates a 
complete custom microcontroller. 

The PML2852 incorporates the folded NAND 
array architecture, which provides 100% 
connectivity to eliminate the routing 
restrictions associated with other high density 
PLD/FPGA architectures. The array of 
wide-input NAND gates enables the designer 
to implement any wide-gate logic function, 
from decoders to mUltiplexers, with no more 
than two gate-level delays. It also allows 
implementation of multiple levels of logic 
within the chip, without wasting 1/0 pins. Its 
flexible and potent flip-flop building blocks 
provide for high throughput data storage, high 
speed state machines, and fast counters. 

The PML2852 also incorporates two unique 
features: scan test and power down. With 
user-controlled scan test, the PML2852 
significantly reduces system functional test 
time by providing access to all of its internal 
registers. In the user-controlled power down 
mode, the PML2852 power dissipation is 
reduced to a mere 52mW, making it ideal for 
laptop or pocket computers and handheld 
instruments. 

Thanks to its high density and its flexible 
architecture, the PML2852 provides instant 
gate array capabilities for all general purpose 
logic integration. As such, the PML2852 
eliminates the NRE costs, risks, inventory 
problems, and hard to use design tools 
associated with semicustom and full custom 
approaches. It allows the designer to quickly 
bring concepts to silicon for faster learning 
cycles and a much shorter time to market. 
Functional prototypes are available within 
minutes. 

The SNAP development software is designed 
to fully exploit the flexibility and density of the 
PML2852. It accepts a variety of design entry 
formats, including schematic, logic equations, 
and state equations in any combination for 
maximum flexibility. Its powerful features, but 
ease of use, allows literally push-button 
operation. 

Together, the PML2852 and SNAP constitute 
the designer's personal desktop silicon 
foundry. 

ORDER CODE DRAWING NUMBER 

PML2852-35A 0399F 

PML2852-35KA 1551 

PML2852-50A 0399F 

PML2852-50KA 1551 

853-158611164 
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PIN CONFIGURATION FUNCTIONAL BLOCK DIAGRAM 

A and KA Packages 

32 

33 

Pin Function Pin Function Pin 

1 1105 2? PO 57 

2 1104 3p IIOB7 58 

3 1103 31 I/OB6 59 

VCCl 32 I/OB5 60 

1102 33 VCC5 61 

6 1101 34 I/OB4 62 

7 1100 35 I/OB3 63 

03 36 VOB2 64 

02 37 VOBl 65 

10 01 38 VOBO 66 

11 00 39 VOA7 67 

12 18 40 VSS2 68 

13 17 41 VOA6 69 

14 16 42 I/OA5 70 

15 15 43 110M 71 

16 14 44 CKA 72 

17 13 45 I/OA3 73 

18 12 46 VCC3 74 

19 VSSl 47 I/OA2 75 

20 11 48 I/0Al 76 

21 10 49 I/OAO 77 

22 SCM 50 015 78 

23 SCI 51 014 79 

24 IICK03 52 013 80 

25 VCC2 53 012 81 

26 IICK02 54 011 82 

27 IICKOl 55 010 83 

28 IICKB/CKC 56 09 64 
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A 

54 

Function 

08 

B7 

B6 

B5 

VSS3 

B4 

B3 

B2 

Bl 

BO 

VCC4 

CKE2 

1/015 

1/014 

07 

06 

05 

04 

1/013 

1/012 

1/011 

1/010 

1109 

1/08 

CKE1 

VSS4 

1/07 

1/06 

16 
INPUT 

D FUP-FLOPS 
& 

13 DEDICATED 
INPUTS 

L-___ .......I 

~ 
FOlDED 

NAND 
ARRAY 

B 

10 
JK FUP-FlOPS 

WITH 
COMMON 

ClK 
C 

10 
JK FUP-FlOPS 

WITH 
DISTINCT 

ClKS 
D 
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LOGIC DIAGRAM 
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STRUCTURE 
• 112 possible foldback NAND gates: 

- 96 internal NAND 

- 16 from the I/O macros 

• 114 additional logic terms 

• 53 possible inputs (with programmable 
polarity) 

- 29 dedicated inputs 

- 24 bidirectional I/Os 

• 24 bidirectional pins 

• 16 dedicated output pins 

• 52 flip-flops 

• 40 possible outputs with Output Enable 
control (8 with programmable polarity) 

• Multiple independent clocks 

• 20 Buried JK-type flip-flops with foldback 
(JKFFs): 

- 10 JKFFs with one shared preset signal 
and one shared clocked signal 
originating from the clock array. 

- 10 JKFFs with 10 independent clock 
signals originating from the clock array 
and 10 independent clear signals 

• 258 inputs per NAND gate 

• Bypassable Input D-type flip-flop 
(DFFs)/Combinatoriallnputs: 

- 16 DFFs/combinatorial inputs 

- DFFs clocked in two groups of eight 

- DFFs not bypassed in unprogrammed 
state 

- Independent bypass fuse on each DFF 

• Inputs/bypassable D-type flip-flop 
outputs/foldback NAND gates: 

- 16 output DFFs/combinatorial 
inputs/outputs with individual Output 
Enable control 

- DFFs clocked in two groups of eight 

- DFFs not bypassed in unprogrammed 
state 

- Independent bypass fuse on each DFF 

- The DFF can be used as an internal DFF 
or an internal foldback NAND gate. 

• Combinatorial inputs: 

- 9 dedicated inputs to the NAND array 

- 3 inputs optional to NAND array and/or 
clock array 

- 1 input optional to NAND array and/or 
clock array, and/or clock of Input D 
Flip-Flops (Group B) 

October 22,1993 

• Separate clock array: 

- Separate clock array for JKFFs clock 
inputs 

- 4 inputs to clock array originated from 
NAND array 

- 4 inputs (with programmable polarity) 
directly from input pins 

- 10 inputs from 0 outputs of JKFFs with 
clear 

• Dedicated clocks: 

- One dedicated clock for input DFFs 
(Group A) 

- Two dedicated clocks for output DFFs 
(Group E) 

• Scan test feature: 

- Scan chain is implemented through the 
20 buried JKFFs and 16 output DFFs 

- Pins SCI, SCM, and CKEl are used to 
operate the scan test 

• Power down mode 

- Dedicated pin (PD) freezes the circuit 
when brought to logic "1". The circuit 
remains in the same state prior to the 
logic "0" to logic "1" transition of the "PD" 
pin. 

- When in the power down mode, the SCI 
pin acts as the 3-State pin for the 40 
outputs. 

• Power on reset: 

- All flip-flops (16 input DFFs, 20 buried 
JKFFs, and 16 output DFFs) are reset to 
logiC "0" after Vee power on. 

ARCHITECTURE 
The core of the PML2852 is a programmable 
NAND array of 96 NAND gates and 20 buried 
JKFFs. The output of each NAND gate folds 
back upon itself and all other NAND gates 
and flip-flops. The '0' and '0' output of each 
flip-flop also folds back in the same manner. 
Thus, total connectivity of all logic functions is 
achieved in the PML2852. Any logic function 
can be created within the core without 
wasting valuable 110 pins. Furthermore, a 
speed advantage is acquired by 
implementing multi-level logic within a fast 
internal core without incurring any delays 
from the 110 buffers. Figure 1 shows the 
functional block diagram of the PML2852. 

Macro Cells 
There are 16 bypassable DFFs on the input 
to the NAND array. These flip-flops are split 
in two banks of 8 (Bank A and Bank B). Each 
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bank of flip-flops has a common clock. In the 
unprogrammed state of the device the flip
flops are active. In order to bypass any DFF, 
its respective bypass fuse (BFAx) must be 
programmed. 

The 16 110 pins (100 - 1015) and their 
respective D flip-flop macros can be used in 
anyone of the following configurations: 
1. As combinatorial input(s): 

Each of the 16 3-State outputs can be 
individually disabled by the associated 
NAND term and the pin is used as an 
inverting or non-inverting input. 

2. As registered DFF outputs: 
These DFFs are split into two banks of 8, 
and each bank is clocked separately. The 
bypass fuse BFBx (see PML2552 Logic 
Diagram) is used to bypass anyone of 
these DFFs. The flip-flops are all active in 
an unprogrammed device. 

3. As combinatorial outputs: 
By programming the bypass (BFBx) fuse 
of anyone of the DFFs, the flip-flop(s) is 
bypassed. The 110 pin can then be used 
as a combinatorial output. 

4. As Internal foldback DFFs or foldback 
NAND gates: 
When the I/O pin is used as an input, the 
output macro can be used as a buried 
DFF or a foldback NAND term. If the 
bypass fuse is programmed, the macro 
will act as a foldback NAND term. 
Otherwise it will act as a buried DFF. 

The 8 bidirectional pins (BO-B7) can be used 
as either combinatorial inputs or outputs with 
programmable polarity. The Exclusive-OR 
polarity gates are non-inverting in the 
unprogrammed state. 

The NAND signal labeled '00' (Output 
Disable) shown on the PML2852 logic 
diagram is used for the Power Down mode 
operation. This signal disables the outputs 
when the device enters the Power Down 
mode and SCI is high. 

Clock Array 
The 20 buried JKFFs are clocked through the 
'Clock Array'. The Clock Array consists of 11 
NAND terms. Ten of these terms are 
connected to the clock inputs of the Bank A 
flip-flops that can be clocked individually. One 
NAND gate is connected to Bank B flip-flops 
that have a common clock. There are 18 
inputs to the clock array. Four come directly 
from the input pins (with programmable 
polarity), 4 inputs are from 4 NAND gates 
connected directly to the folded NAND array. 
10 inputs are from the 0 outputs of the 
JKFFs with clear. 
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SCAN TEST FEATURE 
With the rise in the ratio of devices on a chip 
to the number of 1/0 pins, Design For 
Testability is becoming an essential factor in 
logic design methodology. The PMl2852 
incorporates a variable length scan test 
feature which permits access to the intemal 
flip-flop nodes without requiring a separate 
extemal 1/0 pin for each node accessed. 
Figure 2 (Scan Mode Operation) shows how 
a scan chain is implemented through the 20 
buried JKFFs and 16 output DFFs. Two 
dedicated pins, SCI (Scan In) and SCM 
(Scan Mode), are used to operate the scan 
test. The SCM pin is used to put the circuit in 
scan mode. When this pin is brought to a 
logic "1", the circuit enters the scan mode. 

SCAN MODE OPERATION 

SCOUT 
1/015 1/00 1/014 1/01 1/013 

In this mode it is possible to shift an arbitrary 
test pattem into the flip-flops. The SCI pin is 
used to input the pattem. The inverted 
outputs of flip-flops DO - D 15 are observable 
on pins 1/00 -1/015. 

The following are features and characteristics 
of the device when in Scan Mode: 
1. CKEl is the common scan-clock for all 

the flip-flops when in scan mode. CKEl 
overrides all clock resources of normal 
operational mode. 

2. The Preset (PR) and Clear (Cl) functions 
of the flip-flops are disabled. 

3. Scan overrides the bypass fuse of the 
flip-flops. This means that all the 

1/02 1/012 1/03 1/011 1/04 1/010 

(COMMON CLOCK (CKE1) FOR ALL FUP-FLOPS WHEN IN SCAN MODE) 

Figure 2. 
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bypassable DFFs remain intact during 
scan operation even though they may 
have been bypassed during normal 
operation. 

4. To observe the SCAN data, the output 
buffers must be enabled by the Output 
Enable (tri-ctrl) terms. 

5. The outputs of the flip-flops are 
complemented on pins 1100 - 1/015. 

6. All extemal inputs to flip-flops in the scan 
chain are disabled when the device enters 
the scan mode. 

7. Blowing the security fuse does not disable 
the Scan Test feature. 

IIOS 1109 1/06 1108 1/07 
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SCAN TEST STRATEGY 
The scan test pattern is design dependent 
and the user must make considerations for 
Design For Testability (OFT) during the initial 
stages of the design. A typical test sequence 
is to pre-load (i.e., enter a state); revert to 
normal operation (i.e., activate the next state 
transition); go back to scan mode to check 
the result. Note that the scan test feature 
available in the PML2852 is a variable length 
scan chain. The DATA entered at SCI 
(JKCL9) can be accessed anywhere between 
21 clock cycles (at 1/00) to 36 clock cycles 
(at 11015). For the strategy discussed here, 
DATA is read out after 36 clocks at 1/015 
(Le., 015). The following operation sequence 
suggests a possible scan test method. 

A conservative test policy demands proof that 
the test facility is working. Thus, to prove 
Scan Chain holds and maintains correct data: 

a. Fill chain with several patterns (for 
example, all ones and all zeros). 

b. Retrieve same patterns. 

The user is responsible for managing an 
external test memory buffer for applied 
vectors and results, as part of the test 
equipment. 

1. Parallel readout of 1100 - 11015 is 
possible, but assume only 11015 is used 
for this strategy. 

2. The first DATA entered at SCI (or JKCL9) 
will be the content of 015 after 36 clocks. 
This DATA will be inverted at the output 
pin 11015 (i.e., SCOUT). The last DATA 
entering the scan chain will be the content 
of JKCL9. Thus, the scan chain 
resembles a first-in-first-out shift register 
with inverted outputs (1/00 -11015). 

3. 'Test Data' is read in at the SCI input and 
read out of the SCOUT output pin (11015). 
To enter 'Test Data': 

a. Put device in Scan Mode by applying 
the scan control signals (SCM=1). 

b. Clock device with scan clock (CKE1). 

c. Apply consecutive serial test vectors. 

d. Read back results as new 'Test Data' 
(States) are applied. The first 36 
outputs read at SCOUT (11015) are 
random ('old') data (e.g., remnant of 
Step 1). 

e. Apply 36 'Test Data' until the chain is 
full. 

4. To apply 'Test Data' (States), exit Scan 

5. To read result of the state transition, 
re-enter scan and apply the scan clock 
(CKE1). The result of the state transition 
in JKCL9 will be available at SCOUT 
(1/015) after 36 clocks. The results can be 
stored in a user defined test memory 
buffer in inverted logic representation. 

NOTE: 

SELECT NEXT TEST DATA 
AND APPLY TO SCi 

1. The first 36 outputs are random (,OLD') data 
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6. As the results are being read and stored, 
new 'Test Data' can be entered via SCI. 

7. Repeat for all test patterns of interest. 

s. Figure 3 (FLOW_CHART) depicts a flow 
chart version of the test sequence. 

Mode and apply on system clock together 
with any other possible test vectors. 

Figure 3. FLOW_CHART 
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A Simple Example 
Assume the last three cells of the scan chain 
(JKCL9, JKCL8, JKCL7 in Figure 4 contain a 
3-bit up counter. Our test vector will be a 
single clock applied to the counter. Suppose 
we wish to first check the State 5 (Le., 101) to SCI ••• 
State 6 (Le., 110) transition, then the State 3 

JKC19 JKCL6 
(i.e., 011) to State 4 (Le., 100) transition. 
Assume the scan chain has been pre-verified 
and we may begin. 

Enter scan mode (set SCM= 1)1 apply 36 bits· 
in sequence so that the value 101 (i.e., State 
5) resides in the last three cells. Exit scan 
mode (set SCM=O) and apply a single clock 
to the counter. Now the value 110 (Le., State 
6) resides in the last three cells. Re-enter 
scan mode (set SCM=1) and read back 36 SCI ••• 
bits from position 11015. Note that the outputs 
are complemented and are also read back in JKCL9 JKCL6 

the reverse order. Therefore the value for 
STATE 6 read at 1/015 will be 100 which is 
the complement of STATE 6(110) read in the 
reverse order. 

As this is being read back, apply a new state, 
serially equal to the value 011 (Le., State 3). 
This state should be loaded on the last three 
clock cycles during which STATE 6 is being ••• 
read back at 11015. After STATE 3 has been 
loaded (and STATE 6 read back), exit scan 
mode and apply a single clock which will 
invoke the STATE 3 (i.e., 011) to STATE 4 
(i.e., 100) transition. Re-enter scan mode and 
read back 36 bits at 1/015. The last three bits 
should contain 110 which is the complement 
of State 4 read in the reverse order. 4 
(SCAN_EXAMPLE) shows a flow diagram of SCI ••• 
this example. Note that the States will always 
be complemented and read back in the JKC19 JKCL6 

reverse at 11015. Other sequences may be 
applied in the same manner. 

A possible alternative to this example is to 
read back the output states at 1100 (~O) 
instead of 1/015 (JKCL9). This will allow the 
outputs to be read back after 21 clock cycles 
rather than the 36 used in the above 
example. 

SCI • •• 
JKCL9 JKCL6 

••• 
015 014 013 012 

STATE 41N REVERSE ORDER OUTPUTS COMPLEMENTED 

Figure 4. SCAN_EXAMPLE 
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POWER DOWN 
The PML2852 offers the user controlled 
capability of putting the device to "sleep" 
where power dissipation is reduced to very 
low levels. When brought to a logic "1", the 
PD pin freezes the circuit while reducing the 
power. All data is retained. This not only 
includes that of the registers, but also the 
state of each foldback gate. For those cases 
where it is desirable to 3-State the outputs, 
that can be accomplished by raising the SCI 
pin to a logic "1". 

There is one point that should be noted while 
the circuit is in its power-down mode. The 
switching of any extemal clock pin will cause 
a disruption of the data. All clocks must be 
frozen before the circuit goes into power
down and stay that way until it powered back 
up. Clocks that are internally generated and 
feed the clock array are automatically 
stopped by the power-down circuitry. Any 
other input can toggle without any loss of 
data. 

NOTE: 
1. During power down, external clocks (CKA, 

CKB/CKC, CKE1, CKE2) should not 
change. 

2. SCM must be "0' as in normal operation 
mode. 

3. External clock recovery time (Iow-to-high) 
is 60ns (high-speed) and 70ns (standard) 
after the device is powered up. 

4. Power Down Timing Diagrams on pages 
502 and 503 are for combinatorial 
operation only. 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN Input voltage 

VOUT Output voltage 

liN Input currents 

lOUT Output currents 

Tamb Operating temperature range 

Tst9 Storage temperature range 

NOTE: 

DEVELOPMENT TOOLS 
The PM2852 is supported by the Philips 
Semiconductors SNAP software development 
package and a multitude of hardware and 
software development tools. These include 
industry standard PLD programmers and 
CAD software. 

SNAP 
Features 

• Schematic entry using DASWM 4.0 or 

above or OrCADTM SDT III 

• State Equation Entry 

• Boolean Equation Entry 

• Allows design entry in any combination of 
above formats 

• Simulator 

- Logic and fault simulation 

- TIming model generation for device 
timing simulation 

- Synthetic logic analyzer format 

• Macro library for standard TIL and user 
defined functions 

• Device independent netlist generation 

• JEDEC fuse map generated from nellist 

SNAP (Synthesis, Netlist, Analysis and 
Program) is a versatile development tool that 
speeds the design and testing of PML. SNAP 

RATINGS UNIT 

+7 Voc 

+5.5 Voc 

+5.5 Voc 

-30 to +30 mA 

+100 mA 

Oto +75 °C 

-65 to +150 °C 

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. 

DASH is a trademark of Data VO Corporation. 
OrCAD is a trademark of OrCAD, Inc. 
IBM is a registered trademark 01 International Business Machines Corporation. 
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combines a user-friendly environment and 
powerful modules that make designing with 
PML simple. The SNAP environment gives 
the user the freedom to design independent 
of the device architecture. 

The flexibility in the variations of design entry 
methodologies allows design entry in the 
most appropriate terms. SNAP merges the 
inputs, regardless of the type, into a high
level nellist for simulation or compilation into 
a JEDEC fuse map. The JEDEC fuse map 
can then be transferred from the host 
computer to the device programer. 

SNAP's simulator uses a synthetic logic 
analyzer format to display and set the nodes 
of the design. The SNAP simulator provides 
complete timing information, setup and 
hold-time checking, plus toggle and fault 
grading analysis. 

SNAP operates on an IBM® PC/XI. PC/AT, 
PS/2, or any compatible system with DOS 
2.1 or higher. A minimum of 640K bytes of 
RAM is required together with a hard disk. 

DESIGN SECURITY 
The PML2852 has a programmable security 
fuse that controls the access to the data 
programmed in the device. By using this 
programmable feature, proprietary design 
implemented in the device cannot be copied 
or retrieved. 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75°C 

Allowable thermal rise 75°C 
ambient to junction 
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DC ELECTRICAL CHARACTERISTICS 
O°C!:> Tamb!:> +75°C, 4.75V!:> Vee!:> 5.25V 

SYMBOL PARAMETER 

Input voltage 

VIL Low 
VIH High 

Output voltage 

VOL Low 

VOH High 

Input current 

IlL Low 
IIH High 

Output current 

10(OFF) Hi-Z state 

10H Output High 

10L Output Low 

los Short-circuits 

TEST CONDITIONS 

Vcc = MIN 
Vcc= MAX 

Vcc = MIN, 10L = 5mA 

Vcc = MIN, 10H = -2mA 

VIN = GND 
VIN = Vcc 

VOUT = Vcc 
VOUT= GND 

Vee = MIN, VOUT = 2.4V 

Vcc = MIN, VOUT = 0.45V 

VOUT= GND 

Icc Vcc supply current Vcc = MAX, No load CMOSinput2 

f= lMHz TTL input3 

ISB Standby Vcc supply current Vcc = MAX, No load CMOS input 
PD = VIH TTL input 

Capacitance 

CIN Input Vcc = 5V, T amb = +25°C, VIN = 2.0V 
CB I/O Vcc = 5V, Tamb = +25°C, VIO = 2.0V 

NOTES: 
1. All typical values are at Vcc = 5V, T arm = +25°C. 
2. CMOS inputs: VIL = GND, VIH = Vcc. 
3. TTL inputs: VIL = 0.45V, VIH = 2.4V. 
4. All voltage values are with respect to network ground terminal. 
5. Duration of short-circuit should not exceed one second. Test one at a time. 
6. ~Icc vs. Frequency = 4mAlMHz max. 

TEST LOAD CIRCUITS 

Vcc 

c'y~ 
IA By 

INPUTS OUT 

BZ 

BX 
GNO Ox 

NOTES: = C 1 and C2 are to bypass V CC to GND. 
Test Load R 1 = 7S00, R2 = 4420, CL = 30pF (CL = SpF for Output Disable) 
O·C S Tambs +7S·C, 4.7SV S VccsS.2SV 
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UMITS 

MIN TYP' MAX UNIT 

-0.3 0.8 V 
2.0 Vcc+ 0.3 V 

0.45 V 

2.4 V 

-10 ~ 
10 ~ 

10 ~ 
-10 ~ 

-2 mA 

5 mA 

-100 mA 

60 100S mA 
65 1206 mA 

1.0 10 mA 
1.5 10 mA 

8 pF 
16 pF 

VOLTAGE WAVEFORMS 

MEASUREMENTS: 
All circu~ delays are measured at the + 1.SV level of 

inputs and outputs, unless otherwise specified. 

Input Pulses 
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MACRO CELL AC SPECIFICATIONS 
Min: O°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 

Input Buffer 
(DIN552, NIN552, BDIN552, BNIN552 

CDIN552, CNIN552, CKDIN552, CKNIN552, IDFF552*) 

I~ 
PARAMETER LIMITS 

SYMBOL To From PML2852-35 PML2852-50 UNIT 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL X I 5 7 10 7 10 15 ns 

tpLH X I 5 7 10 7 10 15 ns 

tpHL y I 5 7 10 7 10 15 ns 

tpLH y I 5 7 10 7 10 15 ns 

* When input 0 flip-flop is bypassed. 
Input Pins: 12-18, 20, 21, 24, 26-28. 
110 and Bidirectional Pins: 1-3,5-7,58-60,62--66,69,70,75-80,83,84. 
Bypassed OFF at Pins: 30-32, 34-39, 41-43, 45, 47-49. 

Internal NAND of Main Array 
(FBNAND, NAND) 

X D y 

PARAMETER LIMITS LIMITS 

SYMBOL To From PML2852-35 PML2852-50 UNIT 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL Y X 10 15 20 12 18 25 ns 

tpLH y X 10 15 20 12 18 25 ns 

Internal NAND of Clock Array 
(NAND) 

x D y 

PARAMETER LIMITS LIMITS 

SYMBOL To From PML2852-35 PML2852-50 UNIT 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL Y X 5 7 10 7 10 15 ns 

tpLH y X 5 7 10 7 10 15 ns 
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MACRO CELL AC SPECIFICATIONS (Continued) 
Min: O°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V (SNAP Resource Summary Designations in Parentheses) 

3-State Output with Programmable Polarity 
(TOUT552 + EXOR552 + NAND) 

PARAMETER 

Out 

o 

LIMITS 

t 3 l---+--+--+--+--~+--+--+--+--i 
~ 2 I-+-+-h~+-+-+-+-+-I 

<l 

-1~+-+-+-+-+-+-+-r-+-I 

-2~~~~~~~~~~ 

o 2D 40 60 80 100120140160180200 
OUTPUT CAPACITANCE LOADING (pF) 

~tpD vs Output Capacitance 
Loading (Typical) 

SYMBOL To From PML2852-35 PML2852-50 UNIT 

(Output) (Input) MIN TYP MAX 

tpHL Out In 12 18 25 

tpLH Out In 12 18 25 

toE4 Out Tri-Ctrl 5 7 10 

too4 Out Tri-Ctrl 5 7 10 

Bidirectional Pins: 58-60, 62-66. 

In 

1/0 Output Buffer with 3-State Control, OFF Bypassed 
(TOUT552 + NAND) 

MIN TYP MAX 

17 25 35 

17 25 35 

7 10 15 

7 10 15 

7 

6 

5 

4 . 
3 c c 

~ 2 
<l 

1 

0 

-1 

-2 

PARAMETER LIMITS 

SYMBOL To From PML2852-35 PML2852-50 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL Out In 12 18 25 17 25 35 

lpLH Out In 12 18 25 17 25 35 

toE4 Out Tri-Ctrl 5 7 10 7 10 15 

too4 Out Tri-Ctrl 5 7 10 7 10 15 

1/0 Pins: 1-3, 5-7, 69, 70, 75-80,83, 84. 

Notes on page 501. 
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o 2D 40 60 80 100 120 140 160 180 200 
OUTPUT CAPACITANCE LOADING (pF) 

~tpD vs Output Capacitance 
Loading (Typical) 

UNIT 

ns 

ns 

ns 

ns 
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MACRO CELL AC SPECIFICATIONS (Continued) 
Min: oDe, 5.25V; Typ: 25°e, 5.0V; Max: 75oe, 4.75V (SNAP Resource Summary Designations in Parentheses) 

Active-Low 3-State Output 
7 

/ 
(TOUT852 + NAND) 6 V 

5 
/~ 

4 

i 3 1/ 
15 ,/ 

~ 
~ 2 

<I / 

~ 
1 

0 
~v 

-1 / 
Out 

0 -2 
o 20 40 60 80 100 120 140 160 180 200 

OUTPUT CAPACITANCE LOADING (PF) 

~tpD vs Output Capacitance 
Loading (Typical) 

PARAMETER LIMITS 

SYMBOL To From PML2852-35 PML2852-50 UNIT 

(Output) (Input) MIN TYP MAX MIN TYP MAX 

tpHL Out In 12 18 25 17 25 35 ns 

tpLH Out In 12 18 25 17 25 35 ns 

Output Pins: 8-11, 50-57, 71-74. 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

o FLIP-FLOP 
Min: O°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 

SYMBOL 

fCKE 

tWCKE High 

tWCKE Low 

tSETUP ID 

tHoLD ID 

SYMBOL 

tpLH 

tpHL 

October 22,1993 

Output OFF Used Internally 
(OOFF552) 

m -Q~o==t 01 I 
j;;j- -

LIMITS 

PARAMETER PML2852-35 PML2852-50 

MIN TYP MAX MIN TYP MAX 

Flip-flop toggle rate 50 35 

Clock HIGH 10 14 

Clock LOW 10 14 

ID setup time to CKE 15 20 

ID hold time to CKE 4 6 

PARAMETER LIMITS 

From To PML2852-35 PML2852-50 

(Input) (Output) MIN TYP MAX MIN TYP MAX 

CKEi Q 10 15 20 14 20 25 

CKE i Q 10 15 20 14 20 25 
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UNIT 

MHz 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

D FLIP-FLOP (Continued) 
Min: O°C, 5.25V; Typ: 25°C, 5.0V; Max: 75°C, 4.75V 

INPUTS OUTPUTS 

CK 0 Q 0 

L X 00 00 

i H H L 

i L L H 

NOTE: 
00. Uo represent previous stable condition of O. U. 

Input and Output 
(IDFF552 & ODFF552) 

IIDA,I/DB~Q 
CKA, CKB, CKC 

a --------------
BFAX 

/0 

TrI-CtrI -----------, 

CKE~~D Q ~~.~-----I0ut 
BF~r_L.----' 

LIMITS 7~~~~-r~~~~~~ 

6 1--+--+--+--+--+--+--+--+-/-..+-1 

sl--+--+--+--+-+--+--hI<+-+--I 
4~~-+-+-r~/~V-+-+-I 

SYMBOL PML2852-35 PML2852-50 

MIN TYP MAX MIN TYP MAX 

fCKA. CKB. CKC 50 35 

tw CKA. CKB. CKC High 10 14 

tw CKA. CKB. CKC Low 10 14 

tSETUP IIDA, IIDB 5 7 

tHOLO IIDA, IIDB 5 7 

fCKE 50 35 

tWCKE High 10 14 

tWCKE Low 10 14 

tSETUP 10 15 20 

tHOLO 10 4 6 

PARAMETER 

SYMBOL From To 

(Input) (Output) 

tpLH CKA, CKB/CKC i 0.0 
tpHL CKA, CKB/CKC i 0.0 

tpLH CKE i Out 

tpHL CKE i Out 
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UNIT 

MHz 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 

ns 

~ 3 J--I-I--+-+I~ //y-.-+--+-t---1 

E- 2 J--1-I--+-,tFIL~-+--+--+-t---1 
<l ~ 

11-t-ho"'!-t-t-t-t-t--+---t 

o~~/q~-+-+-+~1-+_~ 
-1 ./ 

o 20 40 60 80 100120140160180200 
OUTPUT CAPACITANCE LOADING (pF) 

iltpD vs Output Capacitance 
Loading (Typical) 

LIMITS 

PML2852-35 PML2852-50 UNIT 

MIN TVP MAX MIN TVP MAX 

5 7 10 7 10 15 ns 

5 7 10 7 10 15 ns 

12 18 25 17 25 35 ns 

12 18 25 17 25 35 ns 
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MACRO CELL AC SPECIFICATIONS (Continued) (SNAP Resource Summary Designations in Parentheses) 

JK FLIP-FLOPS 
Min: ODC, 5.25V; Typ: 25DC, 5.0V; Max: 75DC, 4.75V 

(JKPR552) (JKCL552) 

INPUTS OUTPUTS INPUTS OUTPUTS 

PR CK J K Q a C[ CK J K Q Q 

L X X X H L L X X X L H 

H i L L 00 0 0 H i L L 00 0 0 
H i H L H L H i H L H L 

H i L H L H H i L H L H 

H i H H TOGGLE H i H H TOGGLE 

H L X X 00 I 0 0 H L X X 00 I 0 0 

PR Cl 

IJ Q IJ Q 

CK1 CK2 

IK D-----IK IK n----~K 

UMITS 

SYMBOL PARAMETER PML2852-35 PML2852-50 UNIT 

MIN TYP MAX MIN TYP MAX 

fCKl CK1 toggle frequency 50 35 MHz 

fCK2 CK2 toggle frequency 50 35 MHz 

tWCKl High CK1 clock HIGH 10 14 ns 

twcKl Low CK1 clock LOW 10 14 ns 

tWCK2 High CK2 clock HIGH 10 14 ns 

tWCK2 Low CK2 clock LOW 10 14 ns 

tsETUP IJ, IK IJ, IK setup time to CK1, CK2 27 35 ns 

tHOLO/J,IK IJ, IK hold time to CK1, CK2 0 0 ns 

tw PR Low Preset Low period 10 14 ns 

tw CL Low Clear Low period 10 14 ns 

PARAMETER UMITS 

SYMBOL From To PML2852-35 PML2852-50 UNIT 

(Input) (Output) MIN TYP MAX MIN TYP MAX 

tpLH CK1,2 0,0 2 3.5 5 3 5 7 ns 

tpHL CK1,2 0,0 2 3.5 5 3 5 7 ns 

tpLH PR 0,0 12 18 25 17 24 30 ns 

tpHL PR 0,0 12 18 25 17 24 30 ns 

tpLH CL 0,0 12 18 25 17 24 30 ns 

tpHL CL 0,0 12 18 25 17 24 30 ns 
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AC ELECTRICAL CHARACTERISTICS 
O°C:5 Tamb:5 +75°C, 4.75V:5 Vee:5 5.25V, Vpp = Vcc, 
Rl = 7oon, R2 = 442n, CL = 5pF for Output Disable) (See Test Load Circuit Diagram) 

SYMBOL PARAMETER 

Scan mode operation 1 

tsCMS Scan Mode (SCM) Setup time 

tsCMH Scan Mode (SCM) Hold time 

t,s Data Input (SCI) Setup time 

tlH Data Input (SCI) Hold time 

tcKO Clock to Output (110) delay 

tcKH Clock High 

tcKL Clock Low 

Power down, power up2 

t1 Input (I, bypassed IIDA, IIDB, 1/0, B) setup time before power down 

t2 Input hold time 

t3 Power Up recovery time 

4 Output hold time 

t5 Input setup time before Power Up 

toE SCI to Output Enable time3 

too SCI to Output Disable time3 

ts Power Down setup time 

t7 Power Up to Output valid 

Power-on reset 

tpPRl Power-on reset output register (Q = 0) to output (1/0) delay 

tpPR2 
Power-on reset input register (Q = 0), buried JK Flip-Flop (Q = 0) 
to output (B, bypassed 1/0) delay 

NOTES: 
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LIMITS 

PML2852-35 PML2852-50 UNIT 

MIN MAX MIN MAX 

15 15 ns 

25 30 ns 

5 5 ns 

5 5 ns 

30 40 ns 

10 15 ns 

10 15 ns 

40 50 ns 

30 35 ns 

60 70 ns 

0 0 ns 

20 25 ns 

40 50 ns 

40 50 ns 

10 15 ns 

70 80 ns 

10 15 ns 

40 50 ns 

1. SCM recovery time is 50ns after SCM operation. 50ns after SCM operation, normal operations can be resumed. 
2. Timings are measured without foldbacks. 
3. Transition is measured at steady state High level (-500mV) or steady state Low level (+500mV) on the output from 1.5V level on the input 

with specified test load (Rl = 750n, R2 = 442n, CL = 5pF). This parameter is sampled and not 100% tested. 
4. For 3-State output; output enable times are tested with CL = 30pF to the 1.5V level, and Sl is open for high-impedance to High tests and 

closed for high-impedance to Low tests. Output disable times are tested with CL = 5pF. High-to-High impedance tests are made to an output 
voltage of VT = (VOH - 0.5V) with Sl open, and Low-to-High impedance tests are made to the VT = (VOL + O.5V) level with Sl closed. 
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ERASURE CHARACTERISTICS 
(For Quartz Window Packages 
Only) 
The erasure characteristics of the PML2852 
device is 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 lamps have 
wavelengths in the 3000 - 4000A range. Data 
shows that constant exposure to room level 
fluorescent lighting could erase a typical 
PML2852 in approximately three years, while 
it would take approximately one week to 

PROGRAMMING 

cause erasure when exposed to direct 
sunlight. If the PML2852 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. 

The recommended erasure procedure for the 
PML2852 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 15Wseclcm2. The erasure 
time with this dosage is approximately 30 to 

Refer to the following charts for qualified manufacturers of programmers and software tools: 

PROGRAMMER MANUFACTURER PROGRAMMER MODEL 

DATA I/O CORPORATION UNISITE 40/48 Ver. 3.5 
10525 WILLOWS ROAD, N.E. 
P.O. BOX 97046 

PINSITE Ver. 3.5 REDMOND, WASHINGTON 98073-9746 

(800)247-5700 

STREBOR DATA COMMUNICATIONS PLP-S1A Programmer 
1008 N. NOB HILL MP68CC adapter 
AMERICAN FORK, UT 84003 

BASIC COMPUTER SYSTEMS AG UP2oo0 
WOLFGANG-PAULI-GASSE Rev. 2.28 
A-1140 WIEN-AUHOF, AUSTRIA 

SMS - W. STEUDEL SPRINT PLUS/EXPERT 
1M MORGENTAL 13 Rev. TBD 
D-8994 HERGATZ, GERMANY 

SYSTEM GENERAL TURPRO-1 
244 SOUTH PARK VICTORIA DRIVE Rev. 1.42 
MILPITAS, CALIFORNIA 95035 

* Needs a 40-pin DIP to 84-pin PLCC adaptor that is available from Emulation Technology. 
Part Number: AS-84-40-01P-6YAM 

EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Building D 
Santa Clara, California 95051 
Telephone No. (408) 982-{)660 
Fax. No. (408) 982-{)664 

Product specification 

PML2852 

35 minutes using an ultraviolet lamp with a 
12,000J.lW/cm2 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 7258Wseclcm2 

(1 week@ 12,000J.lW/cm2). 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. 

FAMilY/PINOUT CODES 

15918C* (with adaptor) 

15918D 

SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM 

PHILIPS SEMICONDUCTORS 
811 EAST ARQUESAVENUE 
P.O. BOX 3409 

SNAP SOFTWARE SUNNYVALE, CALIFORNIA 94088-3409 

(408)991-2000 

October 22,1993 505 





Programmable Logic Devices Section 8 
Military Selection Guide 

CONTENTS 

Military selection guide ................................................... 509 





Philips Semiconductors Programmable Logic Devices 

Military selection guide 

Part Number 
Device Package Standard 
Description Description MIL-Drawing 

PLC18V8Z1BRA GAL 20DIP3 PLANNED 

PLC 18V8Z1B2A GAL 20LLCC PLANNED 

PLC22V10-15/BLA GAL 24DIP3 5962-8984105MLA 

PLC22V10-2O/BLA## GAL 24DIP3 5962-8984102MLA 

PLC22V10-25/BLA## GAL 24DIP3 5962-8984104MLA 

PLC22V10-30/BLA## GAL 24DIP3 5962-8984101 MLA 

PLS167/BLA PLS 24DIP3 

PLS168/BLA PLS 24DIP30 5962-9201201 MLA 

PLS173 PLA 24DIP3 5962-8850402MLA 

82S100/BXA PLA 28DIP6 M38510/50202XA* 

82S100/BYA PLA 28FLAT 

82S101/BXA PLA 28DIP6 M38510/50201XA* 

82S101/BYA PLA 28FLAT 

82S101/B3A PLA 28LLCC 

82S105/BXA PLS 28DIP6 5962-8670901XA 

82S105/BYA PLS 28FLAT 5962-8670901YA 

82S105/B3A PLS 28LLCC 5962-86709013A 

82S153A1BRA PLA 20DIP3 5962-8768201 RA 

82S 153A1B2A PLA 20LLCC 5962-87682012A 

Available in QPL part IV specifications 
## Available as an SMD part number only 
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FEATURES 
• Schematic entry available using 

Data lID DASWM 
OrCAD SDT IvrM 

• State equation entry 

• Boolean equation entry 

• Truth table entry 

• Netlist entry 

• Edif 2.xx entry 

• Graphical simulation waveform entry 

• Capability to design in one or any 
combination of formats 

• Device independent, netlist based design 
platform 

• Boolean equation extractor 

• Fuse table editor 

• Philips LESIM 5-State gate array simulator: 

- Logic and fault simulation 

- Model extraction and timing simulation 

- Synthetic logic analyzer format 

- Stimuli entry in waveform format 

- Simulate multiple-PLD design 

• Freezing of selected Critical paths 

• Capability to create user defined macros or 
to use TIL elements 

• Automatic test vector generation for 
combinatorial circuits 

• JEDEC fusemap compiler and device 
programmer interface 

DASH is a trademark of Data VO Corp. 
OrCAD STD IV is a trademark of OrCAD. Inc. 
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J1 
SIMULATE 

GENERAL DESCRIPTION 
SNAP PLD development software. 
Simple-to-use tools for demanding designs. 

Get ready for greater design productivity. 
SNAP, the complete logic synthesis, 
simulation and layout package for Philips 
Semiconductors full line of PLDs, saves one 
commodity in preciously short supply: design 
time. Fully equipped with every tool you 
need to turn out PLD designs quickly, 
SNAP eliminates the "learning curve" that can 
keep you from being immediately productive. 
Regardless of whether you're a PLD novice 
or seasoned pro, SNAP allows you to 
produce optimized designs within a matter of 
hours. 

For rapid design you need flexibility and 
SNAP provides lots of it. Enter your design in 
the most convenient way possible - using 
any combination of schematics, truth 
tables, Boolean equations, state 
equations or netlists. SNAP merges the 
inputs and generates a dense, high-speed 
design that can be simulated in SNAP's 
powerful simulator and then downloaded to a 
PLD programmer. 

With SNAP, you produce your design in a 
net/ist-based, device-independent 
environment. No need to commit to a 
particular part from the start of the design 
process: With SNAP, you can change the 
target PLD at will. If you find that your design 
needs a larger device or can fit into a smaller, 

SNAP Design Flow 

INPUT 

11 

less expensive one, simply select a new part 
and resimulate. SNAP allows you to take 
advantage of the most appropriate PLD for 
the job without wasting time. 

SNAP'S UNRIVALED 
SIMULATION FACILITY 
Simulation is a key part of the SNAP design 
process. SNAP incorporates Philips 
S-State ASIC simulator, a simulator so 
unsurpassed in its accuracy and diagnostic 
ability that it is a standard tool used by the 
company's own chip designers. You can 
examine any of your design's internal nodes 
and apply SNAP's virtual logic analyzer to 
display the precise timing at that node. Then 
change the stimulus and put the design 
through its paces with SNAP's built-in 
waveform editor. Compile into a specific PLD 
and resimulate. When you finally program a 
PLD, chances are that it will run perfectly the 
first time. 

Since testability represents an ever-important 
measure of the success of a PLD design, 
SNAP includes a powerful fault simulator 
that simplifies the task of analyzing fault 
coverage. The tool rapidly generates a report 
detailing undetected and potentially 
undetectable faults, coverage efficiency, and 
other useful data. With it, you get the most 
thorough fault coverage possible in a limited 
test period. 

11 
COMPILE 

A 
OUTPUT 

~ 
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Would you like to know how many potential faults your test vectors can detect? 
Just look at the output of the SNAP FAULT SIMULATOR. .. 

FAULT LIST' 
TOTAL NUMBER OF SIGNALS 
NUMBER OF NAMED SIGNALS 
NUMBER OF CIRCUIT FAULTS 
NUMBER OF INSERTED FAULTS 
NUMBER OF COLLAPSED FAULTS 

fA!!! T DETECTION' 

NUMBER OF HARD DETECTED FAULTS 
NUMBER OF POTENTIALLY DETECTED FAULTS 
NUMBER OF UNDETECTED FAULTS 

FAllI T COVERAGE' 

HARD DETECTION FAULT COVERAGE 
POTENTIAL DETECTION FAULT COVERAGE 
TOTAL DETECTION FAULT COVERAGE 

12 
10 

2 

12 

100.0% 
0.0 % 
100.0% 

HARD DETECTION EAln T COVERAGE VERSUS PATTERN!! • 

?ATTERN# % 0 20 40 60 80 100 
------------------+---------+---------+---------+---------+---------+ 

1 58.3 
2 75.0 

83.3 
100.0 

5 100.0 

***************************** 
************************************** 
****************************************** 
************************************************** 
************************************************** 

------------------+---------+---------+---------+---------+---------+ 

Designers who need to consolidate the 
designs of existing logic devices will draw 
considerable benefit from SNAP's unique 
Boolean equation extractor, It take the 
design data from existing PLDs and converts 
it to the actual, corresponding Boolean 
equations, which can then be used as an " 
input to SNAP. It eliminates the need to find 
and re-enter design data, often a 
time-consuming process. 

And for added convenience, SNAP features 
the powerful logic optimizer, Espresso 
Minimizer, Espresso automatically removes 
all unnecessary gates from your design, 
assuring that it will be the fastest and densest 
possible. Espresso allows you to pack more 
in - or fit it into a smaller PLD. The result 
can be substantial cost and power savings. 

PAlls a registered trademark of AMDIMMI, Inc. 
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FULL SUPPORT NOW - AND 
INTO THE FUTURE 
SNAP supports Philips broad line of PLDs, 
which includes high-speed PAL®-type 
devices, programmable logic arrays, 
programmable logic sequencers, and 
sophisticated programmable macro logic. It is 
fully compatible with SLICE, Philips 
entry-level design package. And as Philips 
introduces new PLDs in the future, SNAP will 
support those too, in a timely manner. You 

514 

can standardize on SNAP for your future 
development, with confidence. 

Menu-driven and supported by clear, 
concise documentation, SNAP is a 
pleasure to use. But if problems do arise, 
Philips network of field applications engineers 
stand ready to help. Specially trained and 
backed by a comps of factory experts, Philips 
FAEs are stationed in all major cities in the 
U.S. and overseas. Wherever you are, 
chances are that support is nearby. 
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FROM THIS: 

TO THIS: 

SNAP Boolean Equation Extractor 

LOOOO 
1111111111111101110111101111111111111111 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
0000000000000000000000000000000000000000 
1111111111111011111111111111111111011111 

@LOGIC EQUATION 
S.D =/(ASN*RWN*/DREQN1+S*/DREQN1); 

AUTOMATICALLY IMMEDIATELY EFFORTLESSLY 

PRODUCT SUPPORT 
SLICE supports the Philips line of PLDs, 
which ranges from high-speed PAL devices to 
complex Programmable Macro Logic circuits. 
It will also support new Philips PLDs as they 
are introduced. The devices currently 
supported are: 

Programmable Logic Arrays: 
PLUS153 PLS100 
PLUS173 

Programmable Macro Logic: 
PLHS501 PML2852 
PML2552 

Programmable Logic 
Sequencers: 
PLS155 
PLS157 
PLS159 
PLS167 
PLS168 
PLS179 

PLC42VA12 
PLC415 
PLS105 
PLUS105 
PLUS405 

Programmable Array Logic 
PLUS20L8 PLUS16L8 
PLUS20R8 PLUS16R8 
PLUS20R6 PLUS16R6 
PLUS20R4 PLUS16R4 
10H20EV8 PLQ22Vl0 
10020EV8 PLC18V8Z 
PHD48N22 PL22Vl0 
PHD16N8 

IBM is a registered trademark of International Business Machines Corp. 
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TRY IT - YOU'LL LIKE IT 
Pop the enclosed SNAP demo disk into your 
computer and see how easy PLD design can 
be. The demo, like SNAP itself, runs on 
almost any IBM® PC or compatible having 
DOS 3.0 or higher, 640K RAM and a hard 
disk. 



Philips Semiconductors Programmable Logic Development Software 

Synthesis Netlist Analysis Program 

71 

1 ... .1. .... ".... --+--+--+-+-+--+--+---+-+-t--+--+--+--+--+--+--+' '-t-ft", 
~ ~::::lli:;.f: --+--I--+--+--+-+--t--t--+--t--+--+--I--+--t--+-~ 

123 ~~r+-r-+---+~-+--+-r-+-~-r-+-~-+---+~-+-~-+-~ 

--~+-;----r-+~~;--r-+--+-;-~~~+---~-+~--;--r--r~<}--

<J-

I 
x4 x4 

SNAP 1.9 

JJX4 JCo,X2.lC.t.~ 
'-----------<lI.-1i." :::~f 

January 26. 1993 

'----__________________ -O),L-)X4" Xl. X3. XS. X7 

rr=========SNAP Resources Summary ========~ 

Cell name used/total % 

DIN501 18 / 32 56% 
NIN501 7 / 32 21% 
FBNAND 72 / 72 100% 

NAND 34 / 44 77% 
OUT501 2 / 4 50% 
NOU501 4 / 8 50% 
EX0501 8 / 8 100% 
TOU501 4 / 4 100% 

Please hit any key to continue ... 

PLHS501 Resources 
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SNAP OVERVIEW 
Philips SNAP (Synthesis Netlist Analysis and 
Program) is a software program used in 
implementing logic designs with Philips 
Programmable logic Devices. The software 
runs on any IBM PS/2, AT, XT, or compatible 
computer. SNAP accepts the logic design 
specified in the form of schematics, EDIF 
netlists, Boolean logic equations, andlor state 
equations; combines the different forms and 
different parts of the design into a single 
netlist; prompts the user to select a target 
PlD; and generates the JEDEC fuse map 
used for programming the target PlD device. 

Schematics can be created with either 
OrCAD SDT III, OrCAD SDT IV or DASH, 
three schematic capture packages offered as 
options to SNAP. logic and state equations 
can be created using any ASCII text editor. 
After you specify the design, SNAP converts 
the schematic, logic equations, and state 
equations into a single netlist. You can then 
use SNAP to perform the following functions: 

• Create, display, and edit the stimulus 
waveforms for simulation 

• Simulate the logic functions and timing 

• Display and print the simulation results 

• Determine the fault coverage for a given 
set of inputs 

• Generate the test vectors 

• Generate the fuse map for the target PlD 
device 

• Generate a netlist of the PlD 
implementation for simulation 

• Download the fuse map and test vectors to 
the PlD programmer 

January 26, 1993 

Specification of the logic design is 
independent of the type of PlD device. You 
can specify the design first and choose the 
PlD device later, after simulating and 
debugging the logic design. If the chosen 
device is unable to accommodate the design, 
it is a simple matter to select another device 
and generate the fuse map for that device. 
After this has been done, SNAP can generate 
a netlist and a set of logic equations directly 
from the final fuse map, allowing analysis and 
simulation of the final design as implemented 
in the target device. Also, a design using 
several PlD devices can be accurately 
simulated with the use of real delays. 

Supported PLD Devices 
The PlD devices supported by SNAP 1.8 are 
listed below, showing the part number, 
architecture (Inputs x Terms x Outputs), and 
number of pins for each device type. 

Programmable Macro Logic (PML) 
Devices 
PLHS501 
PML2552 
PML2852 

104 x 116 x 24 52 pins 
185 x 226 x 24 68 pins 
185 x 226 x 40 84 pins 

Programmable Logic Sequencer (PLS) 
Devices 
PLs155 16 x 45 x 12 20 pins 
PLS157 16 x 45 x 12 20 pins 
PLS159 16 x 45 x 12 20 pins 
PLs167 14 x 48 x 6 24 pins 
PLs168 16 x 45 x 12 20 pins 
PLs179 12 x 48 x 24 pins 
PLC42vA12 42 x 105 x 12 24 pins 
PLC415 17 x 68 x 8 28 pins 
PLS105 16 x 48 x 28 pins 
PLUSI05 22 x 48 x 28 pins 
PLUS405 24 x 64 x 28 pins 
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Programmable Logic Array (PLA) Devices 
PLSI00 16 x 48 x 8 28 pins 
PLUS153 18 x 42 x 10 20 pins 
PLUS173 22 x 42 x 10 24 pins 

PAL Devices 
PLUS16L8 16 x 64 x 20 pins 
PLUs16R8 16 x 64 x 20 pins 
PLUS16R6 16 x 64 x 20 pins 
PLUS16R4 16 x 64 x 20 pins 
PHD16N8 16 x 16 x 20 pins 
PLC18V8Z 18 x 74 x 20 pins 
PLUS20L8 20 x 64 x 24 pins 
PLUS20R8 20 x 64 x 24 pins 
PLUS20R6 20 x 64 x 24 pins 
PLUS20R4 20 x 64 x 24 pins 
10X20EV8 20 x 90 x 24 pins 
PHD48N22 48 x 73 x 22 68 pins 
PL22VI0 22 x 132 x 10 24 pins 
PLQ22V10 22 x 132 x 10 24 pins 

Before you can begin using SNAP, you must 
first install the software and learn the function 
keys and top-level menu. As part of the setup 
procedure, you specify the text editor and 
schematic capture software you are using 
with SNAP so that SNAP can invoke these 
programs as needed. 
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Overview of SNAP Process 
The OrCAD SOT IV and DASH schematic 
capture systems are available as options to 
the SNAP software package. 

OrCAD SOT IV is a complete schematic 
capture package, one of several design tools 
offered by OrCad Systems Corporation. 
OrCAD SOT IV lets you create, edit, save, 
and print logic schematics. Schematic data 
files are accepted direcdy by the SNAP 
software. Instructions on installing and using 

OrCAD SOT IV are provided with the OrCAD 
SOT IV software package. Supplemental 
information is provided in Appendix A of the 
User's Manual on configuring OrCAD SOT IV 
for compatibilty with SNAP. 

DASH is Data 1/0 schematic capture 
package. Schematic data files are accepted 
directly by the SNAP software. Instructions 
on installing and using DASH are provided in 
Appendix B of the User's Manual, serving as 
an addendum to the DASH User's Manual. 

SNAP 1.9 

Any of these schematic capture systems may 
be used for logic design purposes with SNAP. 

SNAP is an interactive, menu-driven software 
package. At the top level of the program is a 
graphical menu that allows selection of the 
desired SNAP operation. See Figure 5. 

The boxes show the SNAP program 
operations that you can select. Operations 
may be performed at any time and in any 
order, provided that the input files for that 
operation are available. 

SNAP 1.90 Copyright 1993 PHILIPS SEMICONDUCTORS All rights reserved 

Project DEMO 

Minimizer 

16:35:21 

Use cursor keys to select module 
Use function keys to enter command 

l:HELP 2:RUN 3:PROJECT 4: STATUS 5:SETUP 6:SAVE 7:DOS 8:EDIT 9:PRINT 10:EXIT 

Figure 5. Top-Level SNAP Menu 
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.EQN 

.EQM 

.EQJ 

SNAP 1.9 
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.EQQ 
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. JED 

15 9~'2~ 14c:;:J16~ 
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.PRT 

Figure 6 shows the typical order in which the 
SNAP program operations are executed. The 
figure also shows the file name extensions for 
the files produced by (and used by) the 
individual program operations. The menu 
options shown in bold boxes are the minimum 
required to specify a design and generate the 
fuse map. The remaining menu options may 
be used as needed for simulation and testing 
purposes. 

In Step 1 (ScCapture). you specify part or all 
of the logic design with the schematic capture 
package (OrCAD SOT IV or DASH). using a 
library of logic elements recognized by SNAP. 
The design may be drawn hierarchically. In 
Step 2 (NetGen). SNAP converts the 
schematic into an intermediate netlist (.MAC 
file). 

January 26. 1993 

Figure 6. Order of Operations and Data Files 

In Step 3 (Equations). you specify part or all 
of the logic design with Boolean logic 
equations andlor state equations. In Step 4 
(Minimizer). an optional step. SNAP changes 
the form of the equations to minimize the 
number of gates necessary to implement the 
design. In Step 5 (NetConv). SNAP converts 
the logic and state equations into an 
intermediate netlist (.MAC file). 

The complete design may be specified with 
any combination of schematic capture. logic 
equations. and state equations. Different 
parts of the design may be specified 
separately. Each lower-level part of the 
design is a "macro· that can be used multiple 
times at a higher level of the hierarchy. 
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.MOD .JWV 

.EQJ 

In Step 6 (Merger). SNAP combines the 
separate netlists (.MAC files) into a single 
master netlist (. NET file). 

In Step 7 (SimNet). SNAP converts the 
master netlist into a binary-format file (.BIN 
file) that is accepted by the simulator. 

In Step 8 (Waveforms). you use a graphical 
waveform editor to create the input signals for 
the simulation. SNAP converts the 
waveforms into the "Simulation Control 
language" format (.SCl file). 

In Step 9 (SimScI). SNAP simulates the logic 
operation and timing of the design using the 
input signals created previously. The resulting 
output signals are stored in a "results" file 
(.RESfile). 
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In Step 10 (Plot), SNAP displays the results 
graphically on the screen. You can analyze 
the simulation results in detail by adjusting 
the time range and time scale of the display. 

In Step 11 (SimPrt), SNAP prints out the 
simulation results on the printer, monitor 
screen, or a disk file. You select the type of 
display (alphanumeric or graphic), the time 
range, and the time scale for the printout. 

In Step 12 (SimFlt), SNAP simulates the 
design with circuit faults, and reports the 
percentage of potential faults that can be 
detected with the given set of input test 
signals. Test signals may be specified as 
waveforms or by an ASCII file. A detailed 
fault coverage report is generated (.FLT file). 

In Step 13 (Compiler), SNAP generates the 
fuse map for implementing the logic design. 
You select the PLD device type and then 
specify the input/output signal name 
associated with each device pin. SNAP 
optimizes the design for the selected device, 
generates the fuse map, and writes out the 
results in JEDEC format (.JED file). The 
percentage utilization of the on-chip PLD 
resources is reported on the screen and 
stored in a separate file (.USE). 

In Step 14 (ModGen), SNAP takes the PLD 
device structure and fuse map, and 
generates a new nellist (.MOD file) based on 
the actual implementation of the logic design 
in the PLD device. This new nellist can be 
simulated in the same manner as the original 
design, allowing verification of the PLD 
implementation. 
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In Step 15 (TestVector), the test vectors 
(input signals and expected output signals) 
are converted to JEDEC format. This 
information can be downloaded to the device 
programmer machine along with the fuse 
map (.VEC file). 

In Step 16 (DPI), the Device Programmer 
Interface, SNAP downloads the fuse map and 
test vectors to the PLD programmer machine 
through a serial port. The programmer 
machine uses the fuse map to program the 
PLD device, and the test vectors to test the 
device after programming. 

The programmed device operates as 
specified by the schematics, logic equations, 
and state equations created in Steps 1 and 3. 

Many of the steps described above are 
optional. The minimum steps necessary for a 
project are either ScCapture and NetGen, or 
Equations and NetConv, to specify the logic 
design; Merger to make the nellist; Compiler 
to generate the fuse map; and DPI to 
download the fuse map to the device 
programmer. The other steps allow you to 
analyze and simulate the design, and to 
generate the test vectors. 

Hardware and Software 
Requirements 
SNAP requires the following computer 
resources: 

• IBM PS/2, AT, XT or compatible computer 

• MS-DOS operating system, version 3.0 or 
higher 

• 640 Kbytes RAM 
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• Hard disk drive: 10 Mbytes (20 Mbytes or 
more preferred) 

• Floppy disk drive 

• Monitor: Hercules, EGA, or VGA 
recommended for schematic capture 

• Text editor software 

Installation 
The SNAP software is provided on a set of 
floppy diskettes. Two functionally identical 
sets are provided: a 51/4 inch set and a 31/2 

inch set. 

The files are stored on the diskettes in 
compressed-data format, so you cannot 
simply copy the files to the hard disk. Instead, 
use the installation program provided on the 
diskettes. Running the installation program is 
straightforward. The program takes care of 
creating a SNAP subdirectory (if it doesn't 
already exist), and automatically 
"decompresses" the SNAP files and transfers 
them to the hard disk. If you have an earlier 
version of SNAP installed on your system, 
first make a backup of all data files (if any) in 
your SNAP subdirectory. To ensure that you 
don't lose any valuable files, make a 
separate, complete backup of the SNAP 
subdirectory using the BACKUP command or 
a backup utility program. Then delete all the 
files from the SNAP subdirectory. 

If you are upgrading from SLICE, you can 
install SNAP without removing SLICE. Once 
you are familiar with SNAP, you can delete 
SLICE from the hard disk. 
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Philips Semiconductors PLD programming guide 

ADVANTEST ADVIN PIE BP MICROSYSTEMS 

Philips 
R4971 PILOT·U84 UP2OO0 Bp·1200 CP·1128 Semiconductors 

PRODUCT NAME Revision Revision Revision Software Software 
Revision Revision 

PAL® DEVICES 

10H20EV8-4 - - 2.25 2.22 1.78 

10020EV8-4 - - 2.25 2.22 1.78 

PHD16N8-5 - 10.16 2.25 2.22 1.78 

PHD48N22-7 - - 2.25 2.22 -
PL22Vl0-l0/-121-15 - 10.32 3.00 2.22 1.81 

PLC18V8Z-25/-35 - 10.16 2.25 2.22 1.78 

PLUS16L8-7/D •• C50 10.16 2.25 2.22 1.78 

PLUS16R4-7/D •• C50 10.16 2.25 2.22 1.78 

PLUS16R6-7/D •• C50 10.16 2.25 2.22 1.78 

PLUS16R8-7/D •• C50 10.16 2.25 2.22 1.78 

PLUS20L8-7/D •• C50 10.16 2.25 2.22 1.78 

PLUS20R4-7/D •• C50 10.16 2.25 2.22 1.78 

PLUS20R6-7/D •• C50 10.16 2.25 2.22 1.78 

PLUS20R8-7/D •• C50 10.16 2.25 2.22 1.78 

PLADEVICES 

PLS100 C50 10.35 - 2.22 1.78 

PLS101 C50 10.35 - 2.22 1.78 

PLS153/153A C50 10.35 2.25 2.22 1.78 

PLS173 C50 10.35 2.25 2.22 1.78 

PLUS153-10/D/B C50 10.35 2.25 2.22 1.78 

PLUS173-10/D/B C50 10.35 2.25 2.22 1.78 

PLS DEVICES 

PLC415-16 - - 2.25 2.21C 1.78 

PLC42VA12 - 10.32 2.25 2.21C 1.78 

PLS105/105A C50 10.35 2.25 2.21C 1.78 

PLS155 C50 10.35 2.25 2.21C 1.78 

PLS157 C50 10.35 2.25 2.21C 1.78 

PLS159A C50 10.35 2.25 2.21C 1.78 

PLS167/167A C50 10.35 2.25 2.21C 1.78 

PLS168/168A C50 10.35 2.25 2.21C 1.78 

PLS179 C50 10.35 2.25 2.21C 1.78 

PLUS105-55/-45 C50 - 2.25 2.21C 1.78 

PLUS405-55/-45/-37 C50 10.35 2.25 2.21C 1.78 

PMLDEVICES 

PLHSS01/SOlI - - 2.25 - -

PML2552-35/-50 - - 2.25 - -
PML2852-35/-SO - - 3.0 - -

* See individual programmer reference guide for more details . 
•• New revision listed is required if you wish to program the security fuse on the following products: 

PLUS20L8/R8/R6/R4 Rev. G or later 
PLUS16R8/R6/R4 Rev. I or later 
PLUS16L8 Rev. K or later 

••• Need version 4.0 for SO Package Support 
®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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DATA I/O· 

UNISITE 
MODEL MODEL 

2900 3900 

Revision System System 
Revision Revision 

4.2 1.5 -
4.2 1.5 -
2.8 1.5 1.0 

3.4 - 1.1 

3.5··· 1.5 1.1 

2.6··· 1.5 1.0 

4.1 1.5 1.2 

4.1 1.5 1.2 

4.1 1.5 1.2 

4.1 1.5 1.2 

4.1 1.5 1.0 

4.1 1.5 1.0 

4.1 1.5 1.0 

4.1 1.5 1.0 

2.2 1.5 1.0 

2.2 1.5 1.0 

2.8 1.5 1.0 

1.7 1.5 1.0 

3.6 1.5 1.1 

2.3 1.5 1.1 

2.6 1.5 1.0 

3.5 1.6 1.0 

1.5 1.0 1.0 

1.5 4.3 1.0 

1.5 4.3 1.0 

3.0 1.5 1.0 

1.5 1.5 1.0 

1.5 1.5 1.0 

3.3 1.5 1.0 

4.2 1.6 1.0 

4.2 1.6 1.0 

1.7 1.7 1.1 

2.8 1.7 1.1 

3.8 - 2.0 
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DATA 1/0' (continued) LOGICAL DEVICES SMS STAG' STREBOR SYSTEM GENERAL 

MODEL MODEL 
ALLPR040 ALLPR088 

SPRINT 
ZL30A PLP-S1A SGUP-85A TURPRO-1 

29B 60 PLUS 

303A-011A System Software Software System System Software System System 
Revision Revision Revision Revision Revision Revision Revision Revision Revision 

PAL® DEVICES 

- - 1.50e 2.10 3.5 - - 2.4 1.68 

- - 1.50e 2.10 3.5 - - 2.4 1.68 

V12 V15 1.50e 2.10 3.5 30A36 - 2.4 1.68 

- - - 2.10 - - FD - 1.68 

V14 V18 - - - 30BOl - - 1.68 

V09 V15 1.50C 2.10 3.5 30A31 - 2.4 1.68 

V08 V14.2/19 1.50e 2.10 3.5 30A31/B07 - 2.4 1.68 

V08 V14.2/19 1.50C 2.10 3.5 30A31 1807 - 2.4 1.68 

V08 V14.2/19 1.50e 2.10 3.5 30A31/B07 - 2.4 1.68 

V08 V14.2/19 1.50C 2.10 3.5 30A31/807 - 2.4 1.68 

V08 V14.2/19 1.50e 2.10 3.5 30A31 1807 - 2.4 1.68 

V08 V14.2/19 1.50C 2.10 3.5 30A31/B07 - 2.4 1.68 

V08 V14.2119 1.50e 2.10 3.5 30A31/807 - 2.4 1.68 

V08 V14.2/19 1.50e 2.10 3.5 3OA31/B07 - 2.4 1.68 

PLA DEVICES 

V05* VOl 1.50e 2.10 3.5 30AOl - - -
V05* VOl 1.50e 2.10 3.5 30AOl - - -

V02 V12 1.50e 2.10 3.5 30AOl - 2.4 1.68 

V02 V12 1.50e 2.10 3.5 30AOl - 2.4 1.68 

V07 V15 1.50e 2.10 3.5 30A40 - 2.4 1.68 

V07 V15 1.50C 2.10 3.5 30A40 - 2.4 1.68 

PLS DEVICES 

Vl0 V17.1 1.50C 2.10 3.5 30A34 - - 1.68 

V12 V15 1.50e 2.10 - 30A34 - 2.4 -
V02 V12 1.50e 2.10 3.5 30AOl - 2.4 1.68 

V02 V12 1.50e 2.10 3.5 30AOl - 2.4 1.68 

V02 V13 1.50e 2.10 3.5 30AOl - 2.4 1.68 

V02 V12 1.50C 2.10 3.5 30A25 - 2.4 1.68 

V02 V12 1.50e 2.10 3.5 30AOl - 2.4 1.68 

V02 V12 1.50e 2.10 3.5 30AOl - 2.4 1.68 

V02 - 1.50e 2.10 3.5 30A27 - 2.4 1.68 

V09 - 1.50e 2.10 3.5 30A37 - - -
V07 - 1.50C 2.10 3.5 30A31 - 2.4 1.68 

PMLDEVICES 

- - 1.50C 2.10 - 30A22 FA 2.4 1.68 

- - - - - - Fe - 1.68 

- - - - - - FD - 1.68 
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Data 1/0 Corporation 

Data 110 Oorporation 
10524 Willows Road, N.E. 
Redmond, Washington 98073-9746 
Telephone Number: (SOO) 247-5700 

Philips MODEL 298 
Semiconductors Adapter Revision UNISITE 

Part Device 
DIP PLCC 

Site Chip/ 
Number Code 40/48 Pin Site 

PHD 

PHD16NS 1B8F 303A-011A;V12 303A-011B;V05 V2.S V3.4 

PHD4SN22 0960B2 - - V3.4···· V3.4·· 

ECL 

10H20EV8 14013B - - V2.7 V2.7 

10020EVS 14013B - - V3.0 TBD 

PAL® 

PL01SVSZ-35/-25 864F 303A-011A;V09 303A-011 B;V04 V2.6 V2.S 

PL22V10 A628 303A-011A;V14 303A-011B;V04 V3.5 V3.5 

PlUS16L8 1B17 303A-011A;VOS 303A-011 B;V04 V3.S· V3.S· 

PLUS16R8IR6IR4 1B24 303A-011A;V08 303A-011B;V04 V3.S· V3.S· 

PlUS20L8 1B26 303A-011A;V08 303A-011B;V04 V3.9· V3.9· 

PLUS20R8IR6IR4 1B27 303A-011A;V08 303A-011 B;V04 V3.9· V3.9· 

PLA 

PLS1001101 9601 303A-001;V01 - - -
PLS100/101 9661 303A-OO 1 ;V05 - V2.2 V2.2 

PlS153/A 9665 303A-011A;V02 303A-011 B;V02 V2.S -
PlS1531A 9665 303A-001 ;V05 303A-011 B;V02 V2.S V2.S 

PLS173 9676 303A-011A;V02 303A-011B;V02 V1.7 -
PLS173 9676 303A-001 ;V06 303A-011B;V02 V1.7 V1.7 

PLUS 153B/D/-10 1865 303A-011A;V07 303A-011 B;V03 V3.G V3.6 

PLUS 173B/D/-1 0 1B76 303A-011A;V07 303A-011 B;V03 V2.3 V2.3 

PLS 

PlC415-16 86AA 303A-011A;V10 303A-011B;V04 V2.6 V2.7 

PLC42VA12 86SA 303A-011A;V12 303A-011B;V05 V3.5 V3.5 

PLS105lA 9603 303A-011A:V02 - V1.5 -
PlS105lA 9603 303A-001 ;V01 - - -
PlS105lA 9663 303A-001 ;V05 303A-011 B;V02 V1.5 -
PLS105lA 9663 303A-011A;V02 303A-011 B;V02 V1.5 V1.5 

PLUS 105-45/-55 1863 303A-011A;V09 303A-011B;V04 V3.6 V3.6 

PlS155 9667 303A-011A;V02 303A-011B;V02 V1.5 -
PLS155 9667 303A-001;V05 303A-011B;V02 V1.5 V1.5 

PlS157 9668 303A-001;V05 303A-011 B;V02 V1.5 -
PlS157 9668 303A-011A;V02 303A-011B;V02 V1.5 V1.5 

PlS159A 6466 303A-011A;V02 303A-011 B;V02 V3.0 V2.S 

PLS159A 6466 - - V3.0 -
PLS167/A 9660 303A-011A;V02 303A-011 B;V02 V1.5 V1.5 

PlS167/A 9660 - - - -
PlS1681A 9674 303A-011A;V02 303A-011 B;V02 V1.5 V1.5 

PLS1681A 9674 303A-001 ;V06 - - -
PlS179 9677 303A-011A;V02 303A-011 B;V02 V3.3 V3.3 

PLUS405-37/-45/-55 1B79 303A-011A;V07 303A-011 B;V04 V3.6 V3.6 
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MODEL 60 
MODEL MODEL Adapter Revision 

2900 3900 System 
DIP PLCC Revision 

1.6 1.0 V15 360A001 360AOO6 

- 1.1 - - -

1.5 - - - -
1.5 - - - -

1.5 1.0 V15 360A001 360AOO6 

1.5 1.1 V1S 360A001 360AOO6 

1.5 1.2 V14.2 360AOO1 360AOO6 

1.5 1.2 V14.2 360A001 360AOO6 

1.5 1.0 V14.2 360A001 360AOOG 

1.5 1.0 V14.2 360A001 360AOO6 

1.0 1.0 - - -
1.0 1.0 V01 360A003 -
1.0 1.0 V01 360A002 A ONLY 

1.0 1.0 V12 360A009 A ONLY 

1.0 1.0 V08 360AOO2 -
1.0 1.0 V12 - 360AOO9 

1.0 1.1 V15 3GOAOO1 360AOO9 

1.0 1.1 V15 360AOO2 360AOO9 

1.5 1.0 V17.1 360AOO3 TBD 

1.6 1.0 V15 360A002 TBD 

1.0 1.0 V01 360A003 A ONLY 

1.0 1.0 V12 - -
1.0 1.0 - 360A003 -
1.0 1.0 V01 - 360AOOS 

2.3 1.0 - - -

1.0 1.0 V01 360A002 -
1.0 1.0 V12 - 360AOO9 

1.5 1.0 V13 360A002 -
1.5 1.0 V13 - 360AOO9 

1.5 1.0 V12 360A002 360AOO9 

1.5 1.0 - - -
1.5 1.0 V05 360A002 -
1.5 1.0 V12 - 360AOO9 

1.5 1.0 V05 360A002 -
1.5 1.0 V12 - 360AOO9 

1.5 1.0 - - -
2.3 1.7 - - -
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PLD programmer reference guide -
Data I/O Corporation 

Philips MODEL29B MODEL 60 
Semiconductors Adapter Revision UNISITE MODEL MODEL Adapter Revision 

Part Device 
DIP PLCC 

Site Chip! 2900 3900 System 
DIP PLCC Number Code 40!48 Pin Site Revision 

PML 

PLHS501 1002 - - - V1.7 - 1.1 - - -
PLHS502 01C05E - - V2.4*** V3.2** - - - - -
PML2552-35/-50 1590SC - - V2.S**** V3.1** - 1.1 - - -
PML2852-351-50 1591SC - - V3.5***** V3.5 - - - - -

NOTES: 
1. The software and hardware revisions listed are the first revisions released. All following revisions maintain support. 
2. FOR UNISITE USERS: PLCC packages can be programmed on either the Chipsite or Pinsite adaptors. 
3. FOR UNISITE USERS ONLY: Family codes listed above (the first two digits) must be preceeded with a "0" for PLCC packages. Pin codes 

listed above (the last two digits) must be preceeded with a "]" or "6" for PLCC packages. Also, product name might be preceeded by "-FN". 
4. * This version required to program security fuse on newer product. 

Older parts can use Version 2.3 or later. 
Pinsite adaptor required to program and functionally test these products without a DIP to PLCC adaptor. 
Needs a 40-Pin DIP to 68-Pin PLCC adaptor available from Emulation Technology. Part Number: AS-68-40-01P-6 
Pinsite is also available for programming and functional testing without an adaptor. 
Needs a 40-Pin DIP to 68-Pin PLCC adaptor that is available from Emulation Technology. Part Number: AS-68-40-04P-6 
Pinsite is also available for programming and functional testing without an adaptor. 
Needs a 40-Pin DIP to 84-Pin PLCC adaptor available from Emulation Technology Part Number: AS-84-40-OlP-6YAM 

EMULATION TECHNOLOGY, INC. 
2368B Walsh Avenue, Building D 
Santa Clara, California 95051 
Telephone No. (408) 982-0660 
Fax. No. (408) 982-0664 

5. DEVICE CODE: XXYV 
XX = FAMILY CODE 
YV = PIN CODE 

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

STAG MICRO SYSTEMS, INC. 
Western Area: 
1600 Waytt Drive, Suite 3 
Santa Clara, CA 95054 
(408) 988-1118 

PHIUPS SEMICONDUCTORS 

PART NUMBER 

PHD DEVICES 

PHD16N8-5 

ECLDEVICES 

10H/l0020EV8 

PAL® DEVICES 

PL22Vl0-l0/-121-15 

PLC1SVSZ 

PLUS20L8D/-7 

PLUS20R8D/-7 

PLUS20R6D/-7 

PLUS20R4D/-7 

PLUS16L8D/-7 

PLUS16R8D/-7 

PLUS16R6D/-7 

PLUS16R4D/-7 

PLA DEVICES 

PLS100/l0l 

PLS153/153A 

PLUS153B/D/-l0 

PLS173 

PLUS 173B/D/-1 0 

PLSDEVICES 

PLS105/105A 

PLUS105-45/-55 

PLC415 

PLC42VA12 

PLS155 

PLS157 

PLS159A 

PLS167/167A 

PLS16S/168A 

PLS179 

PLUS405-37/-45/-55 

PMLDEVICES 

PLHS501 

NOTES: 

DEVICE CODES 

FAMILY PIN 

CODES CODES 

10 167 

-- --

12 070 

12 205 

11 56 

11 57 

11 58 

11 59 

11 29 

11 30 

11 31 

11 32 

13 00 

14 05 

11 05 

15 96 

11 96 

13 02 

11 02 

12 177 

12 197 

14 06 

14 07 

13 08 

15 91 

15 97 

15 130 

11 138 

10 133 

MODEL 

ZL30 

(DIP ONLY) 

30A36 

--

--

30A34 

30A31 

30A31 

30A31 

30A31 

30A31 

30A31 

30A31 

30A31 

30AOl 

30AOl 

30A39S 

3OA01 

30A39S 

30AOl 

30A39 

30A34 

30A45 

30AOl 

30AOl 

30A25 

30AOl 

30AOl 

30A27 

30A31 

N/A 

The software and hardware revisions listed are the earliest revisions that support these products. Later 
revisions can also be assumed to support these products. 
• Requires 3OA10l adaptor; includes PLCC support. 
1. The second revision listed is required if you wish to program the security fuse on the following products: 

April 1992 

PLUS20LS/RS/R6/R4 Rev. G or later 
PLUS16R8/R6/R4 Rev. lor later 
PLUS16L8 Rev. K or later 
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Eastern Area: 
3 Northern Blvd., Suite B4 
Amherst, NH 03031 
(603) 673-4380 

MODEL 

ZL30A 

SYSTEM PLCC 

REVISION ADAPTER 

3OA36 30A001 

-- --

30BOl TBA 

3OA34 30Aool 

30A31/B07 30Aool 

30A31/B07 30AOOl 

30A31/B07 30AOOl 

30A31/B07 30AOOl 

30A31/B07 30AOOl 

30A31/B07 30AOOl 

30A31/B07 30AOOl 

30A31/B07 30AOOl 

30AOl 30AOOl 

30AOl 30AOOl 

30A39S 30AOOl 

30AOl TBA 

30A39S TBA 

30AOl 30AOOl 

30A37 30AOOl 

30A34 30AOOl 

30A45 30AOOl 

30AOl 30AOOl 

30AOl 30AOOl 

30A25 30AOOl 

30AOl 30AOOl 

30AOl 30AOOl 

30A27 30AOOl 

30A31 30AOOl 

30A22. 30Al0l 
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COMPANY LOCATION PERSON TO CONTACT CERTIFICATION 

Advin Systems 
1050-L E. Duane Avenue Wing F. Hui Pending update 

Sunnyvale, CA 94086 (408) 243-7000 75% done 

9952 Eash Bladwin Place 
John Goosseff 

American Reliance EI Monte, CA 91731 
Tel: (800) 654-9838 Vendor to provide equipment 

(818) 575-5110 

Daisan-Maruzen Building 

Aval Data 
6-16-6 Nishishinjuku Toshiko Ishii 

Vendor to provide equipment 
Shinjuku-ku, 03-3344-2001 

Tokyo Japan 160 

B&C Microsystems 
750 N. Pastoria Avenue 

(408) 730-5511 Pending new update 
Sunnyvale, CA 94086 

Basic Computer 
Wolfgang-Pauli-Gasse Tel: +43-222-9736360 Certified 4/89 

SystemsAG A-1140 Klagenfurt-Auhof, Fax: +43-222-975915 UP2000 
Austria 

1000 North Post Oak Rd. Suite 225 
Bill Cates 

BP Microsystems Houston, TX 77055 
(800) 225-2102 Certified PLD1100, CPl128 

Fax # (713) 461-7413 

Data 110 
10525 Willow Road, N.E. 

(800) 247-5700 
Certified Model 29/60 

Redmond, WA 98073-9746 UNISITE, Sl000, 2900,3900 

Eden Engineering 
12505 Loma Rica Drive Dan Mower 

Vendor to provide equipment 
Grass Valley, CA 95945 (916) 272-2770 

Elan Digital Systems 
538 Valley Way (800) 541-ELAN Pending new update 

Milpitas, CA 95035 (408) 946-8495 

HiLoITribal 44388 S. Grimmer Blvd. Robert Kruger 
Pending new update Microsystems Fremont, CA 94538 (510) 623-8860 

Joleen Rasmussen 

Logical Devices 
692 South Military Trail (SOO) 331-7766 ALLPR040 

Deerfield Beach, FL 33442 (305) 428-6868 Certified 7/91 
(FLonly) 

3628 Madison Avenue, Tel: (916) 348-6066 Certified 
Minato Suite 5 

North Highlands, CA 95660 
Fax: (916)348-0926 System 1891 & 1910 

2098 South Grand Avenue Stanley Fiala 
Red Square Co. Suite H Vendor to provide equipment 

Santa Ana, CA 92705 
(714) 751-1373 

SMS P.O. Box 3159 Bob Young Certified 
Sprint Plus/Expert Redmond, WA 98073-3159 (206) 883-8447 Sprint Plus 

SMS - G. Steudel Tel: +49-7522-4460 
1m Morgental 13 Fax: +49-7522-8929 

0-8994 Hergatz, Germany 

Stag Micro Systems, Inc. 
1600 Wyatt Drive, Suite 3 Terry Hepner Certified 
Santa Clara, CA 95054 (408) 988-1118 ZL30A 

Strebor 1008 North Nob Hill Drive Larry Roberts Certified 
PML Support Only America Fork, UT 84003 (801) 756-3605 PLP-Sl/S1A 

ByTek 
543 NW. 77th Street Buddy Farmer 

Vendor to provide Ea. 
Boca Raton, FL. 33487 800-523-1565 

Sunrise Electronics 
524 South Vermont Anh Le 

Vendor to provide equipment Glendora, CA 81740 (818) 914-1926 

510 South Park Victoria Dr. Tim Morse Certified - SGUP-85/85A 
System General P.O. Box 361898 (408) 263-6667 TURPRO-l 

Milpitas, CA 95036-1898 

757 No Pastoria Avenue YoungOh 
Xeltek Sunnyvale, CA 94086 (408) 745-7974 Pending new update 

(800) 541-1975 
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Approved software support 

PHILIPS ACUGEN 

PHILIPS 
SLICE SNAP ATGEN PRODUCT NAME 

Rev Rev Rev 

PAL® DEVICES 

10H20EV8-4 1.0 1.6 2.47 

10020EV8-4 1.0 1.6 2.47 

PHD16N8-5 1.0 1.6 2.47 

PHD48N22-7 1.0 1.6 -
PL22V10-10/-12/-15 1.05 1.8 2.47 

PLC18V8Z-25/-35 1.05 1.8 -

PLUS16L8-7/D 1.0 1.6 2.47 

PLUS16R4-7/D 1.0 1.6 2.47 

PLUS16R6-7/D 1.0 1.6 2.47 

PLUS16R8-7/D 1.0 1.6 2.47 

PLUS20L8-7/D 1.0 1.6 2.47 

PLUS20R4-7/D 1.0 1.6 2.47 

PLUS20R6-7/D 1.0 1.6 2.47 

PLUS20R8-7/D 1.0 1.6 2.47 

PLA DEVICES 

PLS100 1.05 1.8 2.47 

PLS101 1.05 1.8 2.47 

PLS1531153A 1.0 1.6 2.47 

PLS173 1.0 1.6 2.47 

PLUS153-10/D/B 1.0 1.6 2.47 

PLUS173-10/D/B 1.0 1.6 2.47 

PLS DEVICES 

PLC415-16 1.0 1.6 2.47 

PLC42VA12 1.05 1.8 2.47 

PLS1051105A 1.0 1.6 2.47 

PLS155 1.05 1.8 2.47 

PLS157 1.05 1.8 2.47 

PLS159A 1.05 1.8 2.47 

PLS167/167A 1.05 1.8 2.47 

PLS168/168A 1.05 1.8 2.47 

PLS179 1.05 1.8 2.47 

PLUS105-55/-45 1.0 1.6 2.47 

PLUS405-55/-45/-37 1.0 1.6 2.47 

PMLDEVICES 

PLHS50 1 150 11 1.0 1.6 2.47 

PML2552-35/-50 1.0 1.6 -
PML2852-35/-50 1.05 1.8 -

®PAL is a registered trademark of Advanced Micro Devices, Inc. 
• See individual software guide. 
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DATA 110 ISDATA LoolCDEV MINC 

ABEL * LoolIC CUPL* 
PL* 

Designer 

Rev Rev Rev Rev 

3.1 3.4 4.2A 2.1 

3.1 3.4 4.2A 2.1 

4.0 3.3 2.50A 2.1 

4.0 3.6 4.2A -
3.1 3.4 2.11A 3.0 

4.1 3.4 4.2A 2.1 

3.1 3.3 1.01A 2.1 

3.1 3.3 1.01A 2.1 

3.1 3.3 1.01A 2.1 

3.1 3.3 1.01A 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.OA 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.15A 2.1 

3.1 3.3 2.15A 2.1 

3.1 3.3 2.15A 2.1 

3.1 3.3 2.1A 2.1 

4.0 - 4.0A 2.1 

4.1 - 4.2A -

3.1 3.3 2.0A 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.0A 2.1 

3.1 3.3 2.1A 2.1 

3.1 3.3 3.0A 2.1 

3.1 3.3 3.0A 3.0 

3.1 3.3 3.0A 2.1 

3.1 - 3.2A -

- - - -
- - - -



Philips Semiconductors Programmable Logic Devices 

Third-party software support 

ABEL 
Data 1/0 Corporation 
10525 Willows Road N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 
Telephone: (206) 881-6444 

PART NUMBER 

10020EV8 
10020EV8 
10H20EV8 
10H20EV8 
PHD16N8 
PHD16N8 
PHD48N22 
PL22V10 
PL22V10 
PLC18V8Z 
PLC18V8Z 
PLC415 
PLC415 
PLC42VA12 
PLC42VA12 
PLHS501 
PLS100 
PLS100 
PLS101 
PLS101 
PLS105/105A 
PLS105/105A 
PLS153/153A 
PLS153/153A 
PLS155 
PLS155 
PLS157 
PLS157 
PLS159A 
PLS159A 
PLS167/167A 
PLS167/167A 
PLS168/168A 
PLS168/168A 
PLS173 
PLS173 
PLS179 
PLS179 
PLUS105 
PLUS105 
PLUS153 
PLUS153 
PLUS16L8 
PLUS16L8 
PLUS16R4 
PLUS16R4 
PLUS16R6 
PLUS16R6 
PLUS16R8 
PLUS16R8 
PLUS173 
PLUS173 

TYPE PACKAGE 

PAL® DIP 
PAL PLCC 
PAL DIP 
PAL PLCC 
PAL DIP 
PAL PLCC 
PAL PLCC 
PAL DIP 
PAL PLCC 
EPLD DIP 
EPLD PLCC 
FPLS DIP 
FPLS PLCC 
FPLS DIP 
FPLS PLCC 
PML PLCC 
FPLA DIP 
FPLA PLCC 
FPLA DIP 
FPLA PLCC 
FPLS DIP 
FPLS PLCC 
FPLA DIP 
FPLA PLCC 
FPLS DIP 
FPLS PLCC 
FPLS DIP 
FPLS PLCC 
FPLS DIP 
FPLS PLCC 
FPLS DIP 
FPLS PLCC 
FPLS DIP 
FPLS PLCC 
FPLA DIP 
FPLA PLCC 
FPLS DIP 
FPLS PLCC 
FPLS DIP 
FPLS PLCC 
FPLA DIP 
FPLA PLCC 
PAL DIP 
PAL PLCC 
PAL DIP 
PAL PLCC 
PAL DIP 
PAL PLCC 
PAL DIP 
PAL PLCC 
FPLA DIP 
FPLA PLCC 

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

April 1992 

# PINS DEVICE FILE ABEL REV. 

24 EC20EV8A 3.1 
28 EC20EV8AC 4.2 
24 EC20EV8A 3.1 
28 EC20EV8AC 4.2 
20 P16N8 4.0 
20 P16N8 4.0 
68 P48N22 4.0 
24 P22V10 3.4 
28 P22V10C 3.4 
20 P18V8Z 4.1 
20 P18V8Z 4.1 
28 F415 4.0 
28 F415 4.0 
24 F42VA12 4.1 
28 F42VA12 4.2 
52 PML501 3.1 
28 F100 3.1 
28 F100 3.1 
28 F100 3.1 
28 F100 3.1 
28 F105 3.1 
28 F105 3.1 
20 F153 3.1 
20 F153 3.1 
20 F155 3.1 
20 F155 3.1 
20 F157 3.1 
20 F157 3.1 
20 F159 3.1 
20 F159 3.1 
24 F167 3.1 
28 F167C 4.2 
24 F168 3.1 
28 F168C 4.2 
24 F173 3.1 
28 F173C 4.2 
24 F179 3.1 
28 F179C 4.2 
28 F105 3.1 
28 F105 3.1 
20 F153 3.1 
20 F153 3.1 
20 P16L8 3.1 
20 P16L8 3.1 
20 P16R4 3.1 
20 P16R4 3.1 
20 P16R6 3.1 
20 P16R6 3.1 
20 P16R8 3.1 
20 P16R8 3.1 
24 F173 3.1 
28 F173C 4.2 
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Philips Semiconductors Programmable Logic Devices 

Third-party software support 

ABEL - Data I/O Corporation (CONTINUED) 

PART NUMBER TYPE PACKAGE # PINS DEVICE FILE ABEL REV. 

PLUS20LB PAL DIP 24 P20LB 3.1 
PLUS20LB PAL PLCC 28 P20L8C 4.1 
PLUS20R4 PAL DIP 24 P20R4 3.1 
PLUS20R4 PAL PLCC 28 P20R4C 4.1 
PLUS20R6 PAL DIP 24 P20R6 3.1 
PLUS20R6 PAL PLCC 28 P20R6C 4.1 
PLUS20R8 PAL DIP 24 P20R8 3.1 
PLUS20R8 PAL PLCC 28 P20R8C 4.1 
PLUS405 FPLS DIP 28 F405 3.1 
PLUS405 FPLS PLCC 28 F405 3.1 
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Philips Semiconductors Programmable Logic Devices 

Third-party software support 

CUPL 
Logical Devices, Inc. 
1201 N.w. 65th Place 
Ft. Laudedale, FL 33309 
Telephone: (305) 974-0967 

PART NUMBER DEVICE MNEMONIC 

10020EV8 P1020EV8 
10H20EV8 Pl020EV8 
82S100 Fl00 
82S101 Fl00 
82S1 05/1 05A Fl05 
82S153/153A F153 
PHD16N8 P16N8 
PHD48N22 F48N22 
PLC18V8Z F18V8Z 
PLC415 F415 
PLC42VA12 F42VA12 
PLHS501 F501 
PLS100 Fl00 
PLS10l Fl00 
PLS105/10SA Fl05 
PLS153/153A F153 
PLS155 F155 
PLS157 F157 
PLS159A F159 
PLS167/167A F167 
PLS168/168A F168 
PLS173 F173 
PLS179 F179 
PLUS105-4S/-55 Fl05 
PLUS1538/D/-l0 F153 
PLUS16L8D/-7 F16L8 
PLUS16R4D/-7 P16R4 
PLUS16R6D/-7 P16R6 
PLUS16R8D/-7 P16R8 
PLUS1738/D/-l0 P173 
PLUS20L8D/-7 P20L8 
PLUS20R4D/-7 P20R4 
PLUS20R6D/-7 P20R6 
PLUS20R8D/-7 P20R8 
PLUS405 F405 
PL22Vl0 P22Vl0 

April 1992 

# PINS # FUSES #OF P·TERMS CUPLREV. 

24 3616 80 4.2a 
24 3616 80 4.2a 
28 1928 48 2.00a 
28 1928 48 2.00a 
28 3553 48 2.00a 
20 1842 42 2.15a 
20 512 16 2.50a 
68 7008 73 4.2a 
20 2689 72 4.2a 
28 5751 68 4.0a 
24 8994 10 4.2a 
52 15780 112 3.2a 
28 1928 48 2.00a 
28 1928 48 2.00a 
28 3553 48 2.00a 
20 1842 42 2.15a 
20 2108 43 2.00a 
20 2108 43 2.00a 
20 2108 43 2.00a 
24 3361 48 2.00a 
24 3553 48 2.10a 
24 2178 42 2.15a 
24 2452 43 3.0a 
28 3553 48 3.0a 
20 1842 42 2.15a 
20 2048 64 1.01a 
20 2048 64 1.01a 
20 2048 64 1.01a 
20 2048 64 1.01a 
24 2178 42 2.10a 
24 2560 64 2.00a 
24 2560 64 2.00a 
24 2560 64 2.00a 
24 2560 64 2.00a 
28 5410 64 3.Da 

24 5828 130 2.11a 
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Third-party software support 

PLDeslgner 
Minc, Incorporated 
6755 Earl Drive 
Colorado Springs, CO 80918 
Telephone: (719) 590-1155 

PART NUMBER 

PLS100 

PLS101 

PLS1531153A 

PLUS153 

PLS173 

PLUS173 

10020EV8-4 

10H20EV8-4 

PLUS16L8 

PHD16N8-5 

PLUS16R4 

PLUS16R6 

PLUS16R8 

PLC18V8Z35 

PLUS20LB 

PLUS20R4 

PLUS20R6 

PLUS20R8 

PL22V10 

PLS105/105A 

PLUS105 

PLS155 

PLS157 

PLS159A 

PLS167/167A 

PLS168/168A 

PLS179 

PLUS405 

PLC415 

April 1992 

TEMPLATE NAME 

A100 

A100 

A153 

A153 

A173 

A173 

P20EV8 

P20EV8 

P16L8 

P16N8 

P16R4 

P16R6 

P16R8 

P18V8S 

P20LB 

P20R4 

P20R6 

P20R8 

P22V10 

S105 

S105 

S155 

S157 

S159 

S167 

S168 

S179 

S405 

S415 

TECHNOLOGY PACKAGES REVISION 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

ECL CDiP/PLCC 2.1 

ECL CDIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

CMOS DIP/CDIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

CMOS DIP/PLCC 3;0 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 3.0 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

TIL DIP/PLCC 2.1 

CMOS DIP/CDIP/PLCC 2.1 

533 



Philips Semiconductors Programmable Logic Devices 

PLD software vendors contact guide 

LOCATION 
CONTACT 

PRODUCT NUMBER 

·Philips Semiconductors 811 E. Arques Avenue (800) 451-6644 
SNAP Sunnyvale, CA 94088 Bulletin board # 

ACUGEN 427-3 Amherst St., Ste. 391 
Software, Inc. Nashua, NH 03063 (603) 881-8821 

ATGEN 

Data 1/0 10525 Willow Rd., N.E. (BOO) 247-5700 ABEL Redmond, WA 9B073-9746 

Logical Devices 1201 N.w. 65th Place (BOO) EEl-PROM CUPL Ft. Lauderdale, FL 33309 

Daisy/Cadnetix 5775 Flatiron Parkway (303) 444-8075 PLD Master Boulder, CO 80301 

MINC 6755 Earl Drive Michael O. Watry 
PLD Designer Colorado Springs, CO 80918 (719) 590-1155 

Mentor Graphics Corp. 8500 S.w. Creekside Place 
(503) 626-7000 PLD Synthesis Beaverton, OR 97005 

OrCAD Systems 1049 S.w. Baseline St., 

ORCAD/PLD Suite 500 (503) 640-9488 
Hillsboro, OR 97123 

ISDATA GmbH 

ISDATA LOG/ic Daimlerstr. 51 Tel: +49-721-751087 
0-7500 Karlsruhe 21 Fax: +49-721-752634 

Germany 

19500 N.w. Gibbs Drive 
Logic Automation P.O. Box310 (503) 690-6900 

Beaverton, OR 87075 

• The SNAP phone number connects to the SPG bulletin board. CompatIble WIth 1200/2400 baud modems, messages can be left, problem 
files uploaded, and solution files downloaded. 
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Philips Semiconductors Programmable logic Devices 

PAL devices 

INTRODUCTION 
Philips Semiconductors provides 
state-of-the-art industry standard PAL® 
devices, both bipolar and CMOS. The range 
of offers spans the entire gamut of 
performance options; zero-standby power 
generic devices specified over the 
commercial, industrial and military 
temperature ranges, or the ultimate in high 
speed, an ECL compatible 20EVS device. 
Almost every option in between is also 
offered. 

The PAL architecture consists of a 
programmable AND array, followed by a fixed 
OR array as shown in Figure 1. The 
somewhat rigid architecture lends itself to 
less complex, narrower logic functions. There 
are three basic PAL-type device 
configurations. The XXLS devices are strictly 
combinatorial. The XXRX series offers a 
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RAY 

range of registered and combinatorial 
outputs. 

The XXVS series is considered to be generic 
in nature, in that the output macros are 
variable (hence the "V") as combinatorial or 
registered. Most frequent applications include 
counters and shifters (the RX series), and 
small decoders and multiplexers (the L8 
series). 

The 22V10 is a popular PLD architecture. 
Philips Semiconductors offers both CMOS 
and BiCMOS versions of this device. The 
PL22V10 is an electrically erasable CMOS 
implementation. The PLQ22V10 is a 
low-noise, high-speed BiCMOS version with 
additional improved circuit characteristics. 

In addition to the standard devices just 
described, Philips Semiconductors also offers 
devices tailored for specific applications. The 
PHD4SN22 is an expanded high-speed 

Figure 1. PAL Architecture 

®PAL is a registered trademark of Advanced Micro Devices, Inc. 
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PAL-type architecture device, with up to 4S 
inputs, 22 outputs and a 7.5ns propagation 
delay, it is optimized for very wide decoding 
applications. Another decoder, the PHD16NS 
is optimized for decoding speed by removing 
the OR array. 

If you are designing using ECL, Philips 
Semiconductors offers the 
10H20EVS/10020EVS. This device provides 
S outputs which may be individually 
configured for registered or combinatorial 
operation. It also features ultra high-speed 
operation with a tpD of 4.5ns and a fMAX of 
10SMHz. An application note in this section 
demonstrates how to implement various 
circuits in a 20EVS device. 

Industry standard software can be used with 
Philips Semiconductors PAL-type devices. 
Full support is also provided via the Philips 
Semiconductors SNAP Design software. 
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Philips Semiconductors Programmable Logic Devices 

PAL devices 

The PLUS16L8D and -7 
The PLUS16l8D and -7 PAL-type devices 
are functionally identical to other 
commercially available 16L8 PAL ICs. 
Figure 2 shows an extremely simplified 
version. Less flexible than a PLA, the 
PLUS16L8D/-7 provides raw speed and 
current drive so important for driving SRAM 
arrays on RISC processors or the 
control/data lines on rapid bus structures. 
The PLUS16L8D has a worst-case 
propagation delay of 10ns. The worst-case 
tpD of the -7 is 7.5ns. 24mA output drive is 
guaranteed. 

The PLUS16l8D/-7 have seven product 
terms per OR function and one per 3-State 
control. Six of the eight outputs can be 
configured as inputs or outputs. The 
PLUS 16L8D/-7 are available in 20-pin plastic 
DIL or 20-pin PLCC packages. 

October 1993 
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PAL devices 

The PLUS16R8D and -7 
The PLUS16R8D and -7, like the 
PLUS16L8D and -7 is identical to other 
manufacturers' registered PAL devices. The 
parts have eight inputs, eight outputs, and 
eight D-flip-flops. Each flip-flop feeds an 
output pin through a 3-State buffer. The 
output of each D-flip-flop, 0, is also fed back 
to the AND array. Each output is capable of 
driving 24mA IOL max, with all ouputs 
simultaneously asserted. 

The PLUS16R8D has a worst-case 
propagation delay of 10ns. The worst-case 
tpD of the -7 is 7.5ns. The PLUS16R8D and 
-7 are available in 20-pin plastic DIP and 
20-pin PLCC. 

October 1993 
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PAL devices 

The PlUS20l8D and -7 
The PLUS20LSD and -7 devices have 14 
inputs, two dedicated outputs and six 
bidirectionals. The tpo are 10ns max and 
7.5ns max, respectively. The 24mA of output 
low current of these devices can drive 
capacitive address line inputs and pc-board 
traces through long layouts. This makes the 
particularly suitable for driving SRAM, video 
DRAM, and FAST dynamic RAM arrays in 
32-bit microprocessor environments. 

Identical to other commercially available 20L8 
PAL devices, the PLUS20LSD and -7 have 
56 functional product terms which are 
hard-wired to eight OR gates. Each OR gate 
drives an Active-Low output. The 3-State 
control of each output is from a dedicated 
AND product term. 

The worst-case propagation delays for the 
PLUS20L8D and 20LS-7 are 10ns and 7.5ns, 
respectively. 

October 1993 
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Figure 5. PLUS20R8 (0 and -7) 

The PLUS20R8D and -7 
The PLUS20R8D and -7 are 24-pin versions 
of the 16R8 PAL device. With propagation 
delays of 1 Ons and 7.5ns max, the parts 
deliver 24mA of output low current drive. 
Eight D-flip-flops share a common clock and 
output enable line. The output of each flip-flop 
is dedicated to a separate output pin and is 
also fed back to the AND array. 

The PLUS20R8D and -7 are available in 
24-pin plastic OIL and 28-pin PLCC. 

October 1993 

The PLC18V8Z 
The PLC18V8Z is a multi-function, generic 
PAL-type device. It is pin-compatible with, 
and can replace 22 different 20-pin registered 
and combinatorial PAL devices. To 
accomplish this, the conventional 'single 
function' output pin has been replaced by a 
configurable Output Macro Cell. Each Macro 
Cell contains a D-flip-flop or a combinatorial 
110 path. Output polarity and 3-State control 
functions are also individually configurable. 

541 

Each OMC is fed by nine AND product terms, 
which are hard-wired in the classic PAL 
fashion. 

One of the key features of the part is its 
ability to sink 24 milliamps IOL, compatible 
with other bipolar PAL devices-yet still 
comply with internal CMOS circuitry. The UV 
erasable version is available in 20-pin 
ceramic DIL with a quartz window. 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

INTRODUCTION 
ECl designers have never had enough chips 
to complete high performance designs. 
Period. The TTL and CMOS designers 
always had full MSI and lSI catalogs to rely 
on, and the Eel guys only had a handful of 
chips, to solve the hardest technological 
problems yet! But, that's all changed with the 
introduction of the Philips Semiconductors 
PAlTM 20EV8. Here's how. 

Philips Semiconductors 10H/10020EV8 PAL 
devices are two 24-pin PlDs which can be 
configured to perform a whole catalog of 

parts in just two ICs. Whether you need to do 
simple decoding, multiplexing, counting, 
shifting or form complex state machines, 
these extraordinary parts can do it all. You 
can think of them as equivalents to these 
valuable functions, or as an empty canvas to 
paint your own catalog on. Don't be frustrated 
by the nonavailable entries in your ECl 
catalog, go ahead and roll your own! 

Designers don't have time to read lengthy 
application notes, so this one was created to 
show you exactly how to make the basic 

SNAP RESOURCE SUMMARY DESIGNATIONS 

F 

Output Logic Macrocell 

PAL is a registered trademark of Advanced Micro Devices. 
ABEL is a trademark of Data I/O Corporation. 
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functions you'll probably need. First, there is 
a single page description of the parts. Then, 
there is a series of four application briefs 
showing the exact equations, pinning, internal 
resource usage and simulation files for the 
basic mux, decoder, shifter and counter. 
These design files are created using Philips 
Semiconductors SNAP and SLICE syntax, 
which is simple: *=AND, +=OR and 
I=INVERT. These products are also 
supported on Data I/O ABEL TM, which has a 
similar syntax. 
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1 OH/1 0020EV8 LOGIC DIAGRAM 

1ooO-:=iiitEi~IEt~z$~zMi~$i~i~~===== ASYNCHRONOUS RESET 
ASYNCHRONOUS PRESET 

NOTES: 
1 .. ~n unprogrammed or virgin "AND" gate locations are puned to logic "0" 
2. ::,:,::' Programmable connections 
3. Pinout for F Package 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #1 : Three-To-Eight Decoder Using SNAP/SLICE 

@PINLIST 
AO I;A1 I;A2 I; PIN FILE OUTO 0;OUT1 0;OUT2 0;OUT3 0;OUT4 

0;OUT5 0;OUT6 O;OUT 7 0; Device 0X20EV8 
@GROUPS 
@TRUTHTABLE i?inl AD 

@LOGIC EQUATIONS Pin2 Al 
OUTO =/ ( /A2* /A1* /AO); 
OUT1 =/ ( /A2* /A1* AO) ; Pin4 OUTO 
OUT2 =/ ( /A2* A1* /AO) ; 
OUT3 =/ ( /A2* A1* AO); PinS OUTI 

OUT4 =/ ( A2* /A1* /AO); Pin7 OUT2 
OUTS =/ ( A2* /A1* AO); 
OUT6 =/ ( A2* A1* /AO) ; Pin8 OUT3 
OUT7 =/ ( A2* A1* AO); 
@INPUT VECTORS Pin9 A2 

@OUTPUT VECTORS Pin17 OUT4 
@STATE VECTORS 
@TRANSITIONS Pin18 OUTS 

Pin20 OUT6 

Pin21 OUT7 

Design Brief #1: Three-To-Eight Decoder Using ABEL 

module_decode; 

decode device 'ec20ev8a'; 

aO,a1,a2 
outO,out1,out2,out3 
out4,out5,out6,out7 

inputs = [a2,a1,aO]; 
H,L = 1,0; 

equations 
outO ! (inputs==O); 
out1 (inputs==l); 
out2 (inputs==2); 
out3 (inputs==3); 
out4 (inputs==4); 
outS (inputs==5); 
out6 (inputs==6); 
out7 (inputs==7); 

test vectors 

pin 1,2,9; 
pin 4,5,7,8; 
pin 17,18,20,21 

[inputs - [outO ,out1 ,out2, 
[ 0 - [ L H , H 
[ 1 - [ H L , H 
[ 2 - [ H H , L 
[ 3 - [ H H , H 
[ 4 - [ H H , H 
[ 5 - [ H H , H 
[ 6 - [ H H , H 
[ 7 - [ H H , H 
[ - [ L H , H 

end 

October 1993 

out3 ,out4 ,outs 
H ,H , H 
H ,H , H 
H ,H , H 
L ,H , H 
H ,L , H 
H ,H , L 
H ,H , H 
H ,H , H 
H ,H , H 
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L 
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DESIGN FROM DECODE.N2 FOR 
DEVICE 10X20EV8 

Cell Name Used/Total % 

CKEV8 0/1 0% 

DINEV8 3 / 28 10% 

NINEV8 3 / 28 10% 

AND 16 / 90 17% 

OR 8 / 8 100% 

OLMDIR 8 / 8 100% 

OLMINV 0 / 8 0% 

OLMREG 0 / 8 0% 

DFFEV8 0 / 8 0% 

OUTEV8 8 / 8 100% 

,out7 ]); 

H ]; 

H ]; 
H ]; 
H ]; 
H ]; 
H ]; 
H ]; 

L ]; 
H ]; 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #2: Dual Four-to-One MUX with SNAP/SLICE 

@PINLIST 
AO I;Al I;BO I;Bl I;CO I;Cl I;DO I;Dl I;SEL I; 
OUTO O;OUTI 0;OUT2 0;OUT3 0;OUT4 O;OUTS 0;OUT6 O;OUT 7 0; 
@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
OUTO = AO*SEL + Al*/SEL; "MUX AO-DO ON SEL. Al-Dl ON /SEL" 
OUT 1 = BO*SEL + Bl*/SEL; 
OUT2 = CO*SEL + Cl*/SEL; 
OUT3 = DO*SEL + Dl*/SEL; 
OUT4 = Al*SEL + AO*/SEL; "DATA SWAP FROM ABOVE METHOD" 
OUTS = Bl*SEL + BO*/SEL; 
OUT6 = Cl*SEL + CO*/SEL; 
OUT7 = Dl*SEL + DO*/SEL; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

PIN FILE 

Device OX20EV8 

Pinl AO 

Pin2 Al 

Pin4 OUTO 

PinS OUTI 

Pin7 OUT2 

Pin8 OUT3 

Pin9 BO 

Pinl0 Bl 

Pinll co 

Pin13 cl 

Pin14 DO 

PinlS Dl 

Pin16 SEL 

Pin17 OUT4 

Pin18 OUTS 

Pin20 OUT6 

Pin21 OUT7 

October 1993 

DESIGN FROM MUX.N2 FOR 
DEVICE 10X20EV8 

Cell Name Used/Total % 

CKEV8 0/1 0% 

DINEV8 9 / 28 32% 

NINEV8 1 / 28 3% 

AND 24 / 90 26% 

OR 8 / 8 100% 

OLMDIR 0 / 8 0% 

OLMINV 8 / 8 100% 

OLMREG 0 / 8 0% 

DFFEV8 0/8 0% 

OUTEV8 8 / 8 100% 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #2: Dual Four-to-One MUX Using ABEL 

mux device 'ec20evSa'; 

sel 
aO,bO,cO.dO 
al,bl,cl,d1 
outO,out1,out2,out3 
out4,outS,out6,out7 

,\"mux aO-dO to outO-out3 
"mux a1-d1 to out4-out7 
"mux aO-dO to out4-out7 
"mux a1-d1 to outO-out3 

out 1 [outO .. out3]; 
outh [out4 .. out7]; 
in1 [aO,bO,cO,dO]; 
inh [a1,b1,c1,d1]; 

equations 

on 
on 
on 
on 

pin 16; 
pin 1,9,11,14; 
pin 2,10,13,lS; 
pin 4,S,7,S; 
pin 17,lS,20,21; 

sel==l 
sel==l 
se1==0 
se1==0 

when (sel==l) then outl=inl; 
when (sel==l) then outh=inh; 
when (sel==O) then out1=inh; 
when (sel==O) then outh=inl; 

test vectors 
( [s;l, inl , inh - [outl, outh]); 

[1, "ho ,"hf - ["ho "hf] ; 

[1, "ha , "hs - ["ha "hS] ; 

[0, "ho ,"hf - ["ho "hf]; 

[0, "ha ,"hs - ["ha "hS] ; 

[1, "hI ,"hs - ["hI "hS] ; 

end 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #3: 8-bit Counter Using SNAP 

@PINLIST 
CLOCK I;RESET I; 
OUTO O;OUTI O;OUT2 O;OUT3 0;OUT4 O;OUTS 0;OUT6 O;OUT 7 0; 
@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
OUTO.D /OUTO; 
OUTI.D /OUTO*OUTI 

+ OUTO*/OUTI; 
OUT2.D /OUT2*OUTI*OUTO 

+ OUT2*(/OUTI + /OUTO); 
OUT3.D /OUT3*OUT2*OUTI*OUTO 

+ OUT3*(/OUT2 + /OUTI + /OUTO); 
OUT4.D /OUT4*OUT3*OUT2*OUTI*OUTO 

+ OUT4*(/OUT3 + /OUT2 + /OUTI + /OUTO); 
OUTS.D /OUTS*OUT4*OUT3*OUT2*OUTI*OUTO 

+ OUTS*(/OUT4 + /OUT3 + /OUT2 + /OUTI + /OUTO); 
OUT6.D /OUT6*OUTS*OUT4*OUT3*OUT2*OUTI*OUTO 

+ OUT6*(/OUTS + /OUT4 + /OUT3 + /OUT2 + /OUTI + /OUTO); 
OUT7.D /OUT7*OUT6*OUTS*OUT4*OUT3*OUT2*OUTI*OUTO 

+ OUT7*(/OUT6 + lOUTS + /OUT4 + /OUT3 + /OUT2 + /OUTI + /OUTO); 
OUTO.CLK = CLOCK;OUTI.CLK = CLOCK OUT2.CLK = CLOCK;OUT3.CLK = CLOCK; 
OUT4.CLK = CLOCK;OUTS.CLK = CLOCK OUT6.CLK = CLOCK;OUT7.CLK = CLOCK; 
OUTO.RST = RESET;OUTI.RST = RESET OUT2.RST = RESET;OUT3.RST = RESET; 
OUT4.RST = RESET;OUTS.RST = RESET OUT6.RST = RESET;OUT7.RST = RESET; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

PIN FILE 
Device OX20EV8 

Pin1 RESET 

Pin3 CLOCK 

Pin4 OUTO 

PinS OUTS 

Pin7 OUT7 

Pin8 OUT3 

Pinl7 OUT4 

Pin18 OUT1 

Pin20 OUT6 

Pin21 OUT2 

October 1993 

DESIGN FROM COUNTER.N2 
FOR DEVICE 10X20EV8 

Cell Name Used/Total % 

CKEV8 1/1 100% 

DINEV8 8 / 28 28% 

NINEV8 9 / 28 32% 

AND 45 / 90 50% 

OR 8 / 8 100% 

OLMDIR 0 / 8 0% 

OLMINV 0 / 8 0% 

OLMREG 8 / 8 100% 

DFFEV8 8 / 8 100% 

OUTEV8 8 / 8 100% 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #3: 8-blt Counter Using SNAP (continued) 

OUtput of Waveform Version 1.80 

Date: 01/20/92 

Input File Name 
Rule File Name : 
Output File Name 

Time: 17:26:48 

COUNTER.SCL 
ScI Rule 

COUNTER.SCL 

P RESET, CLOCK, OUTO, OUTl, OUT2, OUT3, OUT4, OUTS, OUT6, OUT7 
PCO 
S 0 (40) RESET 
S 0 (7,14, ETC) CLOCK 
SU time = 5220 
F 

File: counter. res 
(Model) 

RESET L 

CLOCK L 

OUTO U 

OUTI U 

OUT2 U 

OUT3 U 

OUT4 U 

OUTS U 

OUT6 U 

OUT7 U 

20 

PHILIPS e 1992 

October 1993 

WFA 1. 80 

Delay = Ons Marker = Ons 

60 100 140 

MODE 
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Sec/Div = 20ns 

180 220 

Fl HELP, FlO : EXIT 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #3: 8-bit Counter Using ABEL 

module_count; 

countb device 'ec20ev8a'; 

clock, reset 
outO,out1,out2,out3 
out4,out5,out6,out7 

count 
H,L,C 

[out7 .. outO]; 
[1,0, .C.; 

equations 

count .- count + 1· 
count.ar = !reset; 

test vectors 
[clock ,reset ]-

L L ]-
C , L ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C , H ]-
C ,L ]-

end 

October 1993 

pin 3,1; 
pin 4,18,21,8; 
pin 17,5,20,7; 

count) ; 
0; 
0; 
1; 
2· 
3; 
4; 
5; 
6· 
7; 
8; 

9; 
10; 
11; 
12; 
0; 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #4: Octal Shifter Using SNAP 

@PINLIST 
CLOCK I;DATIN I;RESET I; 
OUTO O;OUTI 0;OUT2 0;OUT3 0;OUT4 O;OUTS 0;OUT6 O;OUT 7 0; 
@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
OUTO.D = DATIN; 
OUTl.D = OUTO; 
OUT2.D = OUTl; 
OUT3.D OUT2; 
OUT4.D OUT3; 
OUTS.D = OUT4; 
OUT6.D = OUTS; 
OUT7.D = OUT6; 
OUTO.CLK = CLOCK;OUTl.CLK = CLOCK;OUT2.CLK = CLOCK;OUT3.CLK = CLOCK; 
OUT4.CLK = CLOCK;OUTS.CLK = CLOCK;OUT6.CLK = CLOCK;OUT7.CLK = CLOCK; 
OUTO.RST = RESET;OUTl.RST = RESET;OUT2.RST = RESET;OUT3.RST = RESET; 
OUT4.RST = RESET;OUTS.RST = RESET;OUT6.RST = RESET;OUT7.RST = RESET; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

PIN FILE 

Device = OX20EV8 

Pin1 = RESET 

Pin2 = DATIN 

P in3 = CLOCK 

Pin4 = aUTO 

PinS = OUT1 

Pin7 = OUT2 

Pin8 = OUT3 

Pin17 = OUT4 

Pin18 = OUTS 

Pin20 = OUT6 

Pin21 = OUT7 

October 1993 

DESIGN FROM SHIFTER.N2 FOR 
DEVICE 10X20EV8 

Cell Name Used/Total % 

CKEV8 1 I 1 100% 

DINEV8 1 I 28 3% 

NINEV8 8 I 28 28% 

AND 17 I 90 18% 

OR 8 I 8 100% 

OLMDIR 0/8 0% 

OLMINV 0 I 8 0% 

OLMREG 8 I 8 100% 

DFFEV8 8 I 8 100% 

OUTEV8 8 I 8 100% 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #4: Octal Shifter using SNAP (continued) 

Output of Waveform Version 1.80 

Date: 01/20/92 

Input File Name 
Rule File Name : 
Output File Name 

Time: 17:15:42 

SHIFTER.SCL 
ScI Rule 

SHIFTER.SCL 

PRESET, DATIN, CLOCK, OUTO, OUT1, OUT2, OUT3, OUT4, OUTS, # OUT6, OUT7 
PCO 
S 0 (80) RESET 
S 0 (40,220,1640) DATIN 
S 0 (100,200,ETC) CLOCK 
S 1 (5880) VCC 
S 0 (5880) GND 
SU time = 5880 
F 

RESET 

DATIN 

CLOCK 

OUTO 

OUT1 

OUT2 

OUT3 

OUT4 

OUTS 

OUT6 

File: shifter.res 
(Model) 

r-

L 

L 

L 

U 

U 

U 

U 

U 

U 

U 

'--- I 

I I 

100 

I 

I 

PHILIPS © 1992 WFA 1. 80 

October 1993 

Delay Ons Marker Ons 

I 

I I 

I I 

I 

I I I 

I I I I I I 

300 500 700 

MODE 
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Sec/Div = lOOns 

L 

I 

I L-
I 

I 
I 
I I I 

900 1100 

Fl HELP, FlO EXIT 
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1 OH/1 0020EV8 high-speed (4.4ns) Eel PlD 

Design Brief #4: Octal Shifter Using ABEL 

module_shift; 

shifter device 'ec20ev8a'; 

clock,reset,datain pin 3,1,2; 
outO,outl,out2,out3 pin 4,5,7,8; 
out4,outS,out6,out7 pin 17,18,20,21; 
output = [out7 .. outO]; 
H,L,C = [1,0, .C.; 

output istype 'buffer'; 

equations 
outO.d = datain; 
out1.d = outO; 
out2.d out1; 
out3.d out2; 
out4.d out3; 
outS.d out4; 
out6.d outS; 
out7.d = out6; 

[output] .ar = !reset; 

test vectors 
[clock,reset,datain - [outO 

0 0 0 - [ L 
C 0 1 - [ L 
C 1 1 - [ H 
C 1 ° - [ L 
C 1 1 - [ H 
C 1 0 - [ L 
C 1 1 - [ H 
C 1 ° - [ L 
C 1 1 - [ H 
c 1 - [ L 

C 0 1 - L 
c 1 1 - H 
c 1 1 - H 
c 1 1 - H 
C 1 1 - H 
c 1 1 - H 
c 1 1 - H 
c 1 1 - H 
c 1 1 - H 
C 0 1 - L 

end 
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,out1 
L 
L 
L 
H 
L 
H 
L 
H 
L 
H 

L 
L 
H 
H 
H 
H 
H 
H 
H 
L 

,out2 ,out3,out4,outS 
L L L L 
L L L L 
L L L L 
L L L L 
H L L L 
L H L L 
H L H L 
L H L H 
H L H L 
L H L H 

L L L L 
L L L L 
L L L L 
H L L L 
H H L L 
H H H L 
H H H H 
H H H H 
H H H H 
L L L L 
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,out6 , out 7 ]); 
L L ]; 
L L ] ; 
L L ]; 
L L ]; 
L L ]; 

L L ]; 
L L ]; 
L L ] ; 
H L ]; 
L H ]; 

L L ]; 
L L ]; 
L L ]; 
L L ]; 
L L ]; 
L L ]; 
L L ]; 
H L ]; 
H H ]; 
L L ]; 
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PHD48N22 high speed (7.5ns) 
32-bit programmable decoder 

INTRODUCTION 
Performance specifications for PLDs usually 
include simple parameters like tpo and fMAX. 
These values oversimplify PLD performance. 
Specifying the reaction time for an output pin 
to an input signal (tpo) is important, but tpo 
doesn't tell the whole story. Similarly, the 
flip-flop fMAX shows only the maximum upper 
limit toggle rate. Neither number tells whether 
the PLD can even solve the problem at hand. 
To get that answer, the designer has to go 
beyond these simple parameters and 
investigate the design's exact needs. 

THE DECODE PROBLEM 
A recent computer architecture book 
(Hennesy and Patterson) shows several 
guidelines for fast processor design. These 
principles are commonly associated with 
RISC processors. 

The primary guideline is simple: make the 
common case fast. For microprocessors, this 
means make the basic machine cycle as fast 
as possible. Since the basic cycle is repeated 
continuously, it defines nearly 100% of what 
the processor is doing. 

Trimming time off the basic instruction cycle 
results in the single highest payoff. This is 
simple, right? Take the instruction cycle to 
zero wait states and the problem is solved. 
The problem more often yields to a quicker, 
universal solution - money! Put the fastest 
possible high speed memory into the 
processor - memory loop and the design is 
done. Naturally, there are always competitors 
who try to make the same design for less 
cost. All designers must find trade-offs giving 
maximum speed for minimum cost. 

Getting a zero wait state solution for the 
lowest cost is the goal. Naturally, the 
cheapest solution is also the slowest one. For 
this problem, the designer must use the 
slowest memory devices that meet the zero 
wait state goal. We'll focus simply on that 
goal. It gets more interesting if some 
transactions can be done with one or two wait 
states while others require zero. 

SOLVING THE PROBLEM 
What must be done? When the processor 
emits its address and control signals, the 
memory space should not respond until 
specific modules have been explicitly 
selected. This is the basic problem of fast 
address decode. 

Address decode has several dimensions: 
speed, resolution and current drive. Speed is 

® PAl is a registered trademark of AMO. 

February 1990 

obvious: it is the simple tpo of the part - with 
the output reacting in the low direction to 
drive a RAM chip enable. Secondary issues 
include switching edge rates, reflections and 
contention. Current drive is the next important 
dimension because most small systems need 
at least 24mA (Iod to drive an array of chip 
enables, and pc board traces. The resolution 
dimension is the most interesting for the 
following reasons. 

Today's high performance microprocessors 
have 32 address bits, along with several 
status and control bits. Careful decode may 
require as many as 36 or more distinct inputs 
to select bytes from the four gigabyte address 
space. In the past, it was acceptable to waste 
whole memory sections if chip decodes 
couldn't pack memory tightly. I/O regions 
were mapped into the memory space, leaving 
address gaps. Alternately, I/O device 
addresses would have repeated response 
regions in memory. Both solutions are less 
than desirable. 

This arrangement contradicts today's 
prevailing design philosophy. Tight, 
contiguous memory regions are now 
desirable, while maintaining design freedom. 
Most software developers also resent giving 
up any memory space due to poor hardware 
design. 

How fast does address decode have to be? 
Today, 33M Hz and 50MHz processors are 
being shipped. This sets memory cycles at 33 
and 20 nanoseconds, respectively. To get 
zero wait states Fast cache (at 20ns or less) 
is needed. Fast cache cost rises dramatically 
with 5ns speed increments. Suppose a 25ns 
cache were used on a 33ns cycle time. This 
leaves 8ns to decode and drive signal 
capacitance. For this analysis, we'll assume 
no line ringing or other electrical 
phenomenon. A decode propagation delay 
time below 7ns is needed. 

To solve this decoding problem, a new PLD
the PHD48N22 - has been developed with a 
minimal tpo and an adequate current drive. 
The PHD48N22 I/O structure (Figure 1) is its 
main strength. As the name implies, the 
PHD48N22 combines the potential for 48 
inputs with 22 outputs. Combining high-speed 
configurable NAND gates with a PAL ® 

architecture, the PHD48N22 is dual 
optimized. It easily handles high speed 
SRAMs, EPROMs, DRAMs and I/O. 

By decoding 32 bits of address lines and 
several control lines, the PHD48N22 
distinguishes reads from writes and I/O from 
memory to a byte level of resolution. This 
meets the needs of any system today. If the 
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22 outputs are not enough, another 
PHD48N22 can be added, to complete the 
system decode. Let's describe the part, 
showing some of its less obvious capabilities. 

A LOOK INSIDE THE PHD48N22 
Figure 1 is a logic diagram of the PHD48N22. 
It reveals three distinct logic regions, all 
connected to the main programming array. 
First, there are 18 AND gates, then there are 
three seven-input PAL sites and one 12-input 
PAL site. The speed of the paths which follow 
an input pin to an AND gate, inverter and 
output pin is shown in Figure 2 as solid dots. 
The speed path passing through the PAL 
sites is shown as hollow dots. 

The number of outputs driven versus tpo is 
also shown in Figure 2. The address decode 
function often needs only one output selected 
at any point in time, so it makes sense to 
show the speed with only one output driven. 
One output driven is the fastest configuration 
and is also a common case. Pyramided 
solutions that stack gates in series are 
unacceptable for very fast decode. 

Note that the PHD48N22 outputs are 3-State 
controlled with logic gates programmable 
from the array. These 3-State, controlled 
outputs permit PHD48N22 outputs to be 
wire-ANDed together. 

Wire-ANDing permits two important benefits. 
First, the logic function through the 
programmable AND gates becomes the 
NAND-AND when two outputs are joined. 
This connection is logically equivalent to the 
AND-OR-INVERT. The AND-OR-INVERT is 
exactly the logic function made by the 
PAL 16L8. Second, wire-ANDing the gates 
can double the output drive to 48mA if the 
outputs are enabled by the same control 
logic. This approach avoids feeding an output 
back into the array just to drive another 
output, or serial buffering. Serial buffering 
increases time delay. Alternately, drive 
current can be split from different output pins 
instead of wire-ANDing them. Current 
splitting also increases time delay, but much 
less so than serial buffering. 

For designers that are reluctant to use the 
wire-AND, some logic flexibility can occur at 
the four PAL sites. The usual 
sum-of-products can be made at these sites, 
and the speed is acceptable for memory 
decode. The PAL sites are somewhat slower 
than the high speed AND paths, and are ideal 
for controlling the processor wait line for I/O. 

The PAL site outputs can also be 3-State 
controlled so the logic function can expand if 
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needed. Any mix of the PAL sites and the 
high speed AND gates may be had at the 
output pins, but the designer should be aware 
that the final output function is limited to the 
wire AND. This means that any low driving 
output signal dominates at the pin, if its 
3-State enable is asserted. 

A very simple policy for the use of the AND 
terms is to put the same logic function on the 
3-State controlling term as is applied to the 
AND gates' logic inputs (Figure 3). Exotic 
enabling conditions can be made by using the 
seven input PAL sites to make and gate 
enable signals - wrapping around the part 
through the 110 pins. 

The gate resolution is variable up to 48 
inputs. Typically, designers will use 32 or 
fewer. Even with this, designers can resolve a 
single byte location out of a four gigabyte 
address space. Memory mapped 110 will no 
longer fragment an otherwise clean address 
space. It is possible to drop 110 registers 
(UARfTs, disks, etc.) right into the middle of a 
large memory space giving up no addresses 
except those needed for 110 select. 

BACK TO THE SYSTEM . .. 
A common practice today is to make memory 
and 110 devices shadow each other in the 
same address space. This is a cinch with the 
PHD48N22. 

The best address partitioning with the 
PHD48N22 is to simply use the fast AND 
paths to handle memory, and the PAL sites to 
handle 110 decode needs. The PAL sites can 
be used to control the wait line on the 
processor for slower decodes, handle 
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interrupt input lines, DMA requests, or 
whatever. 

OTHER APPROACHES 
It makes sense to consider the other 
solutions. Let's start with the way most 
designers have been solving the problem 
over the last few years. The most obvious 
way is fast PALs. Until recently, these parts 
offered the finest address resolution with as 
many as 21 inputs. This is the case with the 
22V10, configured as an address decoder. 

The number of 22V10 110 pins leaves much 
to be desired, as well as the best case speed 
of 7.5ns. The output current drive is also low 
- between 12mA and 16mA depending on 
the manufacturer. Similarly, 5ns PAL devices 
of other varieties have the current drive and 
speed, but not enough inputs and outputs. 

Considering other parts optimized for fast 
decode, the TIBPAD-6 is such a simple 
programmable NAND circuit. This part is 
pinned compatible to the PAL 16L8, and has 
the requisite current drive, but not enough 
input pins. The Philips Semiconductors 
PHD16N8 is pin compatible and faster with a 
tpD of 5ns. The PHD16N8 is the little sister of 
the PHD48N22. A logic diagram is shown in 
Figure 8. 

The Xilinx LCA 4000 offers four quick 
decoders at 10ns and up to 60 inputs. The 
speed is 10ns and the output current is only 
12mA. If the output current must be 
increased with an extra buffer, the horserace 
is lost. Paralleling output pins uses up pins 
very quickly. 
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The Intel 85C508 offers a fast (7.5ns) 
registered comparator, but it again only 
provides 12mA of output current. None of 
these solutions offer a fully integrated system 
decoder in a single chip. 

MORE TRICKS 
The PHD48N22 can build up other functions 
than simple, fast address decoders. For 
instance, Figure 4 shows a 48N22 exploiting 
its input width working with a deep counter. 
When a decode value occurs on the counter 
outputs, the NAND gate generates a pulse to 
either reset or load the counter with a new 
value. 

Any value -from 1 to 16 bits (shown here)
can expand to 48 bits. 

Fancy latches can be built, or custom arbiters 
based on the configuration shown in Figure 5 
for multiple DMA contenders vying for 
selection. 

Other logic structures not needing the signal 
width are possible to build with a 48N22, if 
any pins and functions remains after its 
primary use is accomplished. Figure 6 shows 
a simple sum of logical products and Figure 7 
shows a multiplexer. Both require output 
signals fold back into the array and neither 
needs an external pull-up resistor. 

In conclusion, the most common way to use 
the 48N22 is in its intended configuration, as 
a very wide input high speed address 
decoder. Literally, any high performance 
microprocessor can be used with the 
PHD48N22 resulting in a fast, clean design. 
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Figure 2. Worst Case Propagation Delay vs. Number of Outputs Switching 
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Figure 4. High Speed Count Decode 
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NOTES: 

1. All unprogrammed or virgin "AND" gate locations are pulled to logic ''0'' 
2. {,:,:,:,:,:;::::::.: Programmable connections 

Figure S. PHD16NS-5 Logic Diagram 

February 1990 558 

Application Note 

AN031 



Philips Semiconductors Programmable Logic Devices 

68030 system decoding 

68030 ADDRESS DECODING 
Philips Semiconductors PHD48N22 decoder 
is not only very high speed but also has a 
very wide input structure. This combination 
allows high-performance systems to be 
constructed in a minimal space without 
sacrificing decoding resolution. The following 
example demonstrates the use of the 
PHD48N22 as well as the PHD16N8 in a 
33MHz 68030 system. 

This example uses one each 48N22 and 
16N8 PHD decoders to interface together a 
33MHz 68030 processor, 33MHz 68882 
Floating-Point Coprocessor, 128K bytes of 
35ns static RAM, 64K bytes of 200ns 
EPROM and a SCN2692 Dual port UART. 
Additional logic required amounts to only one 
16-pin and one 24-pin device. 

October 1993 

The schematic is shown in Figure with SNAP 
listings of the PHD devices in Figures and. 
As can be seen from the schematic, the 
PHD48N22 handles all of the RAM, PROM 
and DUART decoding. Notice the number of 
68030 address lines input into the 48N22: 
A31 through A8 and A 1 and AO. Depending 
upon the application, the 48N22 can decode 
down to the byte level in 6.5ns. The 
PHD16N8 decodes an early chip-select 
signal for the 33MHz 68882 FPCP in less 
than the required 5ns. 

Accesses to the RAM produce an immediate 
acknowledge (DSACK) from the 48N22 to the 
68030, allowing it to run full speed in 
asynchronous mode. Since the EPROM and 
DUART operate at a much slower speed than 

559 

Application Note 

AN044 

the 68030, two additional devices, a 74F191 
counter and a 74F646 transceiverlregister 
were used in this example. If either the 
EPROM or DUART are accessed, the 
counter will count CPU clock cycles and 
delay the 48N22's assertion of DSACK 
signal. The 'F646 is used to quickly 3-State 
signals from the EPROM and DUART. Also, 
in conjunction with the counter and 48N22, a 
read of a DUART register first causes 
information to be read into a register of the 
'F646, which is then read by the 68030 while 
the DUART's output is disabled. This was 
done since a DUART specification (tRWD) 
requires 200ns between reads or writes. 
Therefore, accesses to the DUART are 
controlled by the counter, 48N22, and 'F646. 
Software restrictions are not required. 
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@PINLIST 
"Signal names preceding with a 'n' means active low signals" 

AO I; 
Al I; 
nAS I-
Q3 I; 
TC I; 
eLK I; 
A8 I; 
A9 I-
AIO I; 
All I; 
Al2 I; 
Al3 I; 
A14 I; 
Al5 I; 
Al6 I; 
Al7 I-
Al8 I; 
Al9 I-
A20 I; 
A21 I; 
A22 I; 
A23 I; 
A24 I; 
A25 I; 
A26 I; 
A27 I; 
A28 I; 
A29 I-
A30 I; 
A31 I; 
FCO I; 
FCI I; 
FC2 I; 
SIZO I; 
SIZI I; 
RW I; 
nOE B-
nCPU B; 
nSAB B; 
nASN B; 
nWUUB B; 
nCEN B-
nBEN 0-
nRDN 0; 
nWRN 0-
nDSACKOa 0; 
nDSACKOb 0-
nDSACKOc 0; 
nDSACKl 0; 
nBERR 0-
nAVEC 0; 
nCLKN 0; 
nCTEN 0; 
nWUMB B; 
nWLMB B; 
nWLLB B; 

@LOGIC EQUATIONS 

PROMADR 

RAMADDR 

UARTADR 

UORPROM 

ASD 
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"RAM, PROM, and UART address definitions" 
/A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/AI9*/AI8*/A17*/AI6; 
/A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/AI9*/AI8*/AI7; 
/A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/AI9*/A18*/A17*A16*/A15*/A14*/A13*/A12*/All*/AIO*/A9*/A8; 
/A31*/A30*/A29*/A28*/A27*/A26*/A25*/A24*/A23*/A22*/A21*/A20* 
/A19*/A18*/A17; 
nAS * nASN; "eliminate hazard ANDing nAS with nCPU" 

Figure 2_ PHD48N22·7 SNAP Listing (1 of 2) 
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nOE.oe = 1; 
nCPU.oe 1; 
nSAB.oe = 1; 
nASN.oe = 1; 
nWUUB.oe = 1; 
nCEN.oe = 1; 
nCTEN.oe 1; 
nWUMB.oe 1; 
nWLMB.oe 1· 
nWLLB.oe 1· 

"enables for DSACKO and DSACK1" 
nDSACKOa.oe (PROMADR*nCPU*ASD*Q3); "acknowledge PROM 8 bits" 
nDSACKOb.oe (UARTADR*nCPU*ASD*TC); "acknowlodge USART 8 bits" 
nDSACKOc.oe (RAMADDR*nCPU*ASD); "acknowledge RAM 32 bits" 
nDSACKl.oe (RAMADDR*nCPU*ASD); "acknowledge RAM 32 bits" 

nASN = /nAS; "delay nAS" 

nDSACKOa = /(PROMADR*nCPU*ASD*Q3); 
nDSACKOb = /(UARTADR*nCPU*ASD*TC); 
nDSACKOc = /(RAMADDR*nCPU*ASD); 
nDSACKl /(RAMADDR*nCPU*ASD); 

"acknowledge PROM 8 bits" 
"acknowlodge USART 8 bits" 
"acknowledge RAM 32 bits" 
"acknowledge RAM 32 bits" 

nCPU 
nAVEC 

nOE 

nWLLB 

nWLMB 

nWUMB 

"CPU address space decoding" 
/(FCO*FCl*FC2); 
/(FCO*FC1*FC2*A19*A18*A17*A16); "interrupt ack forces autovector" 

"RAM output enable" 
/(RAMADDR*nCPU*RW); "enable all RAM outputs upon read" 

"RAM write strobes" 
/(RAMADDR*/RW*Al*AO*nCPU*ASD 
+RAMADDR*/RW*AO*SIZ1*SIZO*nCPU*ASD 
+RAMADDR*/RW*/SIZ1*/SIZO*nCPU*ASD 
+RAMADDR*/RW*Al*SIZ1*nCPU*ASD); 

"directly addressed, any size" 
"old alignment, 3 byte size" 
"any RAM address, long word size" 
"word aligned, word or 3 byte size" 

/(RAMADDR*/RW*Al*/AO*nCPU*ASD "directly addressed, any size" 
+RAMADDR*/RW*/Al*/SIZ1*/SIZO*nCPU*ASD"word aligned, long word size" 
+RAMADDR*/RW*/Al*SIZ1*SIZO*nCPU*ASD "word aligned, 3 byte size" 
+RAMADDR*/RW*/Al*AO*SIZO*nCPU*ASD); "word aligned, word or long word" 

/(RAMADDR*/RW*/Al*AO*nCPU*ASD 
+RAMADDR*/RW*/Al*/SIZ0 *nCPU*ASD 
+RAMADDR*/RW*/Al*SIZ1*nCPU*ASD); 

"directly addressed, any size" 
"word aligned,byte or 3 byte size" 
"word aligned, word or long word" 

nWUUB = /(RAMADDR*/RW*/Al*/AO*nCPU*ASD); "directly addressed, any size" 

"DUART and PROM address decoding" 
nCEN /(UARTADR*nCPU*ASD); 

nRDN /(UARTADR*nCPU*ASD*/Q3*RW); 

nWRN /(UARTADR*nCPU*ASD*/Q3*/RW); 

nBEN /(UORPROM*nCPU*ASD); 

nSAB /(PROMADR*nCPU*ASD*RW); 

nCTEN /(UARTADR*nCPU*ASD*/TC 
+PROMADR*nCPU*ASD*/Q3); 

nCLKN = /(CLK*nAS); 

"enable F646 for USART or PROM" 

"F646 transparent for PROM, 
registered for USART" 

"hold count upon TC for UART or" 
"Q3 for PROM access" 

"clock for F19l" 

nBERR = / (nCEN*nWUUB*nWUMB*nWLMB*nWLLB*nOE*nCPU*nSAB*ASD) ; "nBERR if no access" 

Figure 2. PHD48N22·7 SNAP Listing (2 of 2) 
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@PINLIST 

FC2 I; 
FCI I; 
FCO I; 
Al9 I· 
Al8 I; 
AI? I; 
A16 I; 
A15 I; 
A14 I; 
A13 I; 
nCS 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

nCS.OE = 1; 

CPU 
COPROCESSOR 
CP ID 

FC2 * FCl * FCO; 
/A19 * /A18 * AI? * /Al6; 
/A15 * /A14 * A13; 

nCS = /(CPU * COPROCESSOR * CP_ID); 

"cpu space" 
"coprocessor communications" 
"cp-id one" 

Figure 3. PHD16N8·5 SNAP Listing 
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INTRODUCTION 
A common function in many systems is to 
convert parallel data into a serial data stream. 
A microcontroller may be programmed to shift 
a byte in a register out to a port, but this is a 
relatively slow procedure. A simple 
pre-Ioadable shift register could perform the 
basic conversion. However, for the function to 
be complete, additional circuitry to perform 
handshaking or control of the process is 
required. The entire function can be made to 
fit into a low cost Programmable Logic 
Device (PLo), including control circuitry 
tailored to meet specific application 
requirements. 

DESCRIPTION 
Figure 1 shows the desired waveforms for a 
typical implementation. First, a reset signal 
initializes the system and this circuit. Next, 
the parallel data to be serialized is applied to 
the device, possibly from a parallel port of a 
microcontroller, and a write strobe (WRS) 
signal pulsed. The PLo then raises a flag 
(BUSY) and puts the data, one bit at a time, 
on an output (SoAT) under control of a clock 
signal (CLK). Another output, (SCLK) is an 
inverted copy of the transmitting clock, 
ANoed with a control signal, so it only is 
active when data is actually being sent. It can 
be used by the receiving device to clock in 
the serial data. 

How does one get a PLo to perform such a 

CLK 

RESET 

WRS u 

function? Preferably this design should fit into 
a simple,low cost device such as a 22V10 
type PLo. A 22V10 has ten outputs which 
may be individually configured to be 
registered or combinatorial. It is possible to 
make a two input multiplexer circuit in front of 
eight of the o-type flip-flops. It could then be 
configured to shift data or load parallel data 
upon a control signal and clock. However, to 
provide the output control signal BUSY and 
gate SCLK, a 3-bit counter will be required to 
indicate when the last bit of data is shifted 
out. That would bring the total registers in the 
design up to eleven, one more than a 22V10 
provides. Additionally, the write strobe (WRS) 
is a short duration asynchronous signal, so 
more circuitry is still required to synchronize it 
with the transmitting clock (CLK). 

Another method of serializing data is to use a 
multiplexer (8 t01 for this example) and a 
counter. The counter controls which bit is to 
be output from the multiplexer. A count of 
zero connects input 100 to the output, a count 
of one connects 101, and so on. This will 
work only if the parallel input data is held 
stable throughout the serialization process. 
For this example, the data is applied from 
one port of a microcontroller and held stable 
until after the BUSY signal transitions from 
high-to-Iow, so a multiplexer will work for this 
case. An 8-to-1 multiplexer will use only one 
output, while the three-bit counter will use 
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three outputs of a 22V10, which leaves us 
with six outputs for other functions. Let's use 
this technique to implement this example. 
Additional outputs are required for signals 
BUSY, SCLK, and some currently unspecified 
control signals. 

A counter may be constructed very easily 
using a SNAP syntax equation of: 
·COUNT.0=COUNT#1H;". The "#" (pound) 
symbol means addition, the ".0" signifies an 
input to a o-type of flip-flop, and the "1H" is 1 
hexadecimal. So the equation is simply 
COUNT equals COUNT plus 1. The actual 
equation in Figure 3 contains another term, 
but more on that later. In addition to the 0 
inputs of the flip-flops, it is necessary to 
describe the flip-flops clock and reset 
connections. Those are listed in lines 57and 
58 of Figure 3. 

A multiplexer is also very easy to describe 
using SNAP syntax Boolean equations. For 
an 8-t0-1 multiplexer with output SoAT and 
inputs 107-100 it is: 

SoAT = 100 • (COUNT ==OH) 
+ 101 • (COUNT==1H) 
+ 102 • (COUNT ==2H) 
+ 103 • (COUNT ==3H) 
+ 104 • (COUNT ==4H) 
+ IDS· (COUNT==5H) 
+ 106· (COUNT ==6H) 
+ 107· (COUNT ==7H); 

107 •. 100 ----~x--r+T_----------------~~c= 
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So far, we have a counter and multiplexer to 
serialize the data. The process of 
serialization begins with an asynchronous 
pulse on the write strobe input (WAS). It is 
therefore necessary to construct a latch to 
capture the pulse and then use two registers 
to synchronize the signal to the input dock. 
Figure 2 shows the desired operation of two 
intermediate signals Z and Z 1. An extremely 
simple latch can be made with the equation: 
"Z = !WAS + Z". Once set with WAS low, it 
could never be reset. An additional signal 
named GATE, will be used as an extra term 
in the latch to reset it. From the waveforms of 
Figure 2, a table of the three signals may be 
constructed. 

WAS GATE Z Z+ 

0 0 0 1 
0 0 1 1 
0 1 0 1 
0 1 1 1 
1 0 0 0 
1 0 1 1 
1 1 0 0 
1 1 1 0 

ZO 

Z+ is the "next state" or what value output Z 
should be, given the current inputs and the 
current state of Z. From the table, a 
Karnough map may be constructed (shown 
above) and the equation 
"Z=!WAS+Z· /GATE;" derived. 

SCLK 

SOAT 
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We have signal Z, which latches the input 
strobe, but we need to synchronize it to the 
input clock. That can be done with flip-flop Zl 
and the following flip-flop, GATE, described 
later. For Z1, the equation is simply: 
"Zl.D=Z;" Zl is clocked by the rising edge of 
ClK. Zl's output will go high upon the rising 
edge of ClK and Z high. It will go low upon a 
rising edge of ClK and Z low. 

According to the original waveforms of 
Figure 1, a signal named BUSY is required to 
occur after the falling edge of ClK following a 
detected strobe (WAS). The internal D-type 
flip-flops of a 22V1 0 can only be clocked on 
the rising edge of the clock, so one of the 
22Vl0's internal flip-flops cannot be used. 
However a Boolean equation may be used to 
describe this signal. The times and conditions 
when this signal is to be high will be noted 
from Figure 2 and a Boolean expression 
generated. From Figure 2, at time T2, BUSY 
should go high. Therefore, one term of the 
equation for BUSY will be: "Z·Zl·/ClK". 
When both Z and Zl are high and ClK is low, 
then BUSY will go high. This product term will 
keep BUSY high until time T3. 

At time T3, BUSY should remain high and 
adding a product term of "BUSY·Zl" can 
keep it high until time T5. This product term 
actually becomes active long before time T3 
arrives, so there will be no glitching of the 
output. Adding yet another product term of 
"BUSY·GATE" will keep BUSY high from just 
after time T3, through time T5, until time T19. 
Finally, one last product term of "BUSY·ClK", 
keeps it high until the falling edge of the 

Figure 2. Waveform TIming Relationships 
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clock. The combined equation for BUSY is 
shown in Figure 3 lines 38 through 41 . 

The last signal to be described is GATE. It is 
used to control the gating of the inverted 
clock output SClK, and also control the 
already described signals BUSY and Z. 
GATE can use one of the flip-flops inside the 
22Vl0, as it should only switch after the 
rising edge of the input clock. It goes high 
after the first rising edge of ClK after BUSY 
goes high. Therefore, one of inputs to the 
GATE flip-flop has to be BUSY. GATE should 
go low after COUNT reaches seven, so the 
equation can be "GATE. 0 = BUSY· 
/(COUNT ==7H);" The input to the GATE 
flip-flop will be high when BUSY goes high 
and COUNTis not equal to 7. 

Signal GATE was also added to each of the 
terms in the multiplexer equation and it was 
added as a term in the counter equation. It 
was added to the multiplexer so SDAT would 
be low unless actual data was being sent. It 
was added to the counter so the counter 
would only count when GATE was high. This 
design used nine of the ten possible 22Vl0 
outputs. The input AESET was added to 
many of the equations to force a proper 
initialization of the signals. From here it is just 
a matter of typing the equations into SNAP, 
running a simulation, and generating a 
JEDEC file for downloading to a device 
programmer. Figure 4 shows the SNAP 
simulation results and Figure 5 shows the 
associated simulation control language (SCl) 
file. 
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1 I 
2 1"-------------------------------------------------" 
3 I" High Speed 8-bit Parallel to Serial Converter " 
4 1"-------------------------------------------------" 
5 I 
6 I@PINLIST 
7 ICLK 
8 IID[O .. 7] 
9 IRESET 

10 IWRS 
111 
12 IBUSY 
13 ISCLK 
14 ISDAT 
15 IC[O .. 2] 
16 IGATE 
17 IZ 
18 IZ1 
19 I 
20 I@GROUPS 

I; 
I; 
I; 
I; 

0; 
0; 
0; 
0; 
0; 
0; 
0; 

21 ICOUNT=[C2,C1,CO]; 
22 I 
23 I@TRUTHTABLE 
24 I@LOGIC EQUATIONS 

"active low" 

25 I 
26 I 
27 I 

"write strobe latch" 

28 IZ /WRS*reset+Z*/GATE*reset; 
29 I 
30 I 
31 I 

"first flip-flop to sychronize WRS to CLK" 

32 IZ1.D = Z; 
33 IZ1.CLK = CLK; 
34 IZ1.RST = reset; 
35 I 
36 I 
37 I 

"busy flag" 

38 IBUSY = Z*Zl*/CLK*reset 
39 I + BUSY*Zl*reset 
40 I + BUSY*GATE*reset 
41 I + BUSY*CLK*reset; 

CLK 
RESET 

IDO 
ID1 
ID2 
ID3 
ID4 
ID5 
ID6 
ID7 
WRS 

42 I 
43 I 
44 I 

"gate for control and 2nd synchronizing flip-flop" 

45 IGATE.D = BUSY*/(COUNT==7H); 
46 IGATE.CLK = CLK; 
47 IGATE.RST = reset; 
48 I 
49 I 
50 I 
51 I 

"output clock" 

52 ISCLK = /CLK*GATE; 
53 I 
54 I 
55 I 

"3-bit up counter" 

I 
I 

1ICLK/IO 
21Il 
31I2 
41I3 
51I4 
61I5 
71I6 
81I7 

[ 91I8 
[101I9 
[l1IIlO 
[12IGND 

I 
I 

56 ICOUNT.D = GATE==l * COUNT#lH; 
57 ICOUNT.CLK = CLK; 

"count only when GATE is high" 

58 ICOUNT.RST = reset; 
59 I 
60 I 
61 I 
62 ISDAT 
63 I 
64 I 
65 I 
66 I 
67 I 
68 I 
69 I 
70 I 

"Multiplexer Equations" 

IDO* (COUNT==OH) *GATE*reset 
+ ID1*(COUNT==lH)*GATE*reset 
+ ID2*(COUNT==2H)*GATE*reset 
+ ID3*(COUNT==3H)*GATE*reset 
+ ID4*(COUNT==4H)*GATE*reset 
+ ID5*(COUNT==5H)*GATE*reset 
+ ID6*(COUNT==6H)*GATE*reset 
+ ID7*(COUNT==7H)*GATE*reset; 

71 I@INPUT VECTORS 
72 I@OUTPUT VECTORS 

"if GATE is low then output a low" 
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\_-/ I 
I 

VCCI24] 
I/09123] 
I/08122] Zl 
I/07121] Z 
I/06120] SDAT 
I/05119] SCLK 
I/04118] GATE 
I/03Il7] C2 
I/02116] C1 
I/01115] CO 
I/00114] BUSY 
Il11l3] 

I 
I 

73 I@STATE VECTORS 
74 I@TRANSITIONS 

NOTE: Line numbers are for reference only. they 
are NOT part of the design file. 

75 I 

Figure 3. SNAP Listing and Pin File 
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File: SHIFT .RES DELAY Ons Marker Ons Sec/Div = 200ns 
<Model> 

CLK L 

RESET L -.J 

WRS H ---u 
U L-BUSY U L 

GATE U I 
SCLK U 

U 
SDAT U L 

C[2 .. 0] U I JO J~J2-Jc=lJ4-J5-=1J6-r JO-
Z U ~--.J 

Zl U I 

200 600 1000 1400 1800 2200 

Philips Semiconductors <C> 1993 MODE = 1 F1 : HELP, FlO : EXIT 

Figure 4. SNAP Simulation Waveforms 

*************************************************** 
* Output of Waveform Version 1.90 * 
* Date: 04/21/93 Time: 16: 14: 48 * 
*************************************************** 
* * Input File Name 
* Rule File Name 
* Output File Name 

* 

SHIFT.SCL 
Scl Rule 
SHIFT.SCL 

* 
* 
* 
* 
* 

*************************************************** 
P IDO, IDl, ID2, ID3, ID4, IDS, ID6, ID7, CLK, RESET, WRS, BUSY, 

# GATE, SCLK, SDAT, C[2 .. 0], Z, Zl 
PCO 
S 0 (5890) IDO 
S 1 (5890) ID1 
S 0 (5890) ID2 
S 0 (5890) ID3 
S 1 (5890) ID4 
S 0 (5890) IDS 
S 1 (9200) ID6 
S 0 (14290) ID7 
S 0 (100, 200, ETC) CLK 
S 0 (80, 5600, 6000) RESET 
S 1 (180, 240, 4000, 4200) WRS 
SU time = 14290 
F 

Figure 5. SNAP Simulation Sel File 
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A Metastability Primer 

INTRODUCTION 
When using a latch or flip-flop in normal 
circumstances (I.e., when the devices set-up 
and hold times are not being violated) the 
outputs will respond to a latch enable or clock 
pulse within some specified time. These are 
the propagation delays found in the data 
sheets. If, however, the set-up and hold 
times are violated so that the data input is not 
a clear one or zero, there is a finite chance 
that the flip-flop will not immediately latch a 
high or low but get caught half way in 
between. This is the metastable state and it is 
manifested in a bi-stable device by the 
outputs glitching, going into an undefined 
state somewhere between a high and low, 
oscillating, or by the output transition being 
delayed for an indeterminable time. 

Once the flip-flop has entered the metastable 
state, the probability that it will still be 
metastable some time later has been shown 
to be an exponentially decreasing function. 
Because of this property, a designer can 
simply wait for some added time after the 
specified propagation delay before sampling 
the flip-flop output so that he can be assured 
that the likelihood of metastable failure is 
remote enough to be tolerable. On the other 
hand one consequence of this is that there is 
some probability (albeit vanishingly small) 
that the device will remain in a metastable 
state forever. The designer needs to know 
the characteristics of metastability so that he 
can determine how long he must wait to 
achieve his design goals. 

THE CHARACTERISTICS OF 
METASTABILITY 
In order to define the metastability 
characteristics of a device three things must 
be known: first, what is the likelihood that the 
device will enter a metastable state? This 
propensity is defined by the parameter To. 
Second, once the device is in a metastable 
state how long would it be expected to 
remain in that state? This parameter is tau (t) 
and is simply the exponential time constant of 
the decay rate of the metastability. It is 
sometimes called the metastability time 
constant. The final parameter is the 
measured propagation delay of the device. 
Commonly, the typical propagation delays 
found in the data book are used for this and it 
is designated h in the equations (although 
most designers are familiar with this value as 
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Tpd). Now lets see how tau and To are 
determined by measurements. 

A TEST METHOD 
Suppose we wanted to measure the 
metastability characteristics of a fictitious 
edge-triggered D-type flip-flop and we had a 
test system that would count each time the 
flip-flop is found in a metastable state at 
some time after a clocking edge. The first 
thing we would like to know about the flip-flop 
would be the h or typical propagation delay. 
We could measure the delay or look it up in 
the data book (of course, measuring the 
actual delay would allow more precise 
results). This fictitious flip-flop has an h of 
7ns. In this test we decide to use a clock 
frequency of 10MHz. This frequency is 
primarily a function of the test systems ability 
to assimilate the information. The data will 
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run at 5MHz asynchronously to the clock and 
with a varying period. This frequency was 
chosen because at two transitions per cycle 
the data signal produces 10 million points 
each second where it is possible for the 
flip-flop to go into a metastable state, an 
average of one point for each clock pulse. 
An important point about the characteristic of 
the data signal in relation to the clock is that 
the data transitions must have an equal 
probability of occurring anywhere within the 
clock period or the results could be skewed. 
In other words, we need to have a uniform 
distribution of random data transitions (high 
and low) relative to the clocking edge. 

The first measurement we take is to 
determine the number of times the device is 
still in a metastable state 8ns after the clock 
edge. With this device there are 792 failures 
after 1 billion clock cycles. Changing the time 
to 9ns we measure 65 failures after another 1 
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billion cycles. Because metastability resolves 
as an exponentially decaying function the two 
points define the exponential curve and they 
can be plotted as shown in Figure 1. An 
equivalent plot can be made using a semi log 
scale as in Figure 2. The slope of the line 
drawn through the two points represents tau. 
With these two points the tau can be 
determined by equation (1): 

(1) 

where N1 and N2 are the number of failures 
at times tl and t2, respectively. 

Working through the numbers gives us a tau 
of 0.40ns. Tau of this order is representative 
of the FAST line of flip-flops. 

Earlier we stated that To is an indicator of the 
likelihood that the device will enter a 
metastable state. Now we will attempt to 
explain it. At 9ns after the clock we observed 
65 failures in 1 billion clock cycles. Since the 
data transits on average once per clock cycle 
and the period of this clock is lOOns, from 
equation (2) we can say that there appears to 
be an aperture about 0.0065 picoseconds 
wide at the input of the device that allows 
metastability to occur for 9 or more 
nanoseconds. Another way of explaining the 
same thing would be to suppose that if 1 
billion data transitions were uniformly and 
randomly distributed over a clock period of 
lOOns: you would expect 65 of these 
transitions to cause the outputs to go into a 
metastable state and remain there for at least 
9ns. 

(2) 

Where Ncg is the number of clocking events 
at 9ns (in this instance, 1 billion), Pc is the 
period of the clock, and N9 is the number of 
failures recorded at 9ns. 

By the same reasoning the window at 8ns 
appears to be 0.0792 picoseconds wide. It 
seems to have grown because there are, of 
course, more failures after 8ns than after 9ns. 
This aperture has been normalized by 
researchers to indicate the effective size of 
the aperture at the clock edge, or time zero. 
Unfortunately the normalization process 
tends to obscure the interpretation of To. To 
can be calculated using equation (3). Figure 
3 is an extension of Figure 2 and shows the 
relationship of To, h, and tau. 

To = T8e (8;-,) (3) 
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Figure 3. 

or equivalently, 

In this case To is 38.41ls and this value is 
again typical of the FAST line of products. 

Figure 3 is an extension of Figure 2 and gives 
a graphic indication of To. The number of 
failures plots on the same scale as the 
aperture size but the number of failures is 
dependent on the number of clock cycles 
used in the test (we always used 1 billion in 
this paper) and the ratio of data transitions to 
clock pulses (1:1 in this paper). On the other 
hand, the aperture size is independent of 
these things. 

MTBF 
Having determined the To and tau of the 
flip-flop, calculating the mean time between 
failures (MTBF) is simple. Suppose a 
designer wants to use the flip-flop for 
synchronizing asynchronous data that is 
arriving at 10MHz, he has a clock frequency 
of 25MHz, and has decided that he would 
like to sample the output of the flip-flop 15ns 
after the clock edge. He simply plugs his 
numbers into equation (4) . 

(f) 
MTBF=IJ~ 

Tofcl; 
(4) 

In this formula fc is the frequency of the 
clock, fi is the average input event frequency, 
and t' is the time after the clock pulse that the 
output is sampled (of course t' > h). In this 
situation the fi will be twice the data 
frequency because input events consist of 
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both low and high data transitions. For the 
numbers above the MTBF is one million 
seconds or about one failure every 11.6 days. 
If the designer would have tried to sample the 
data after only 1 Ons the MTBF would have 
been 3.8 seconds. 

Metastability literature can be very confusing 
because several companies use different 
nomenclature and often the fundamental 
parameters are obscured by scale factors, so 
it is important that the user understand MTBF. 
Lets try a thought experiment to determine 
the correct MTBF formula. We know the size 
of the aperture at 8ns so we need to know 
how often that window will occur. This is 
supplied by the clock period. This gives a 
ratio of window size to clock period and gives 
us the likelihood of a transition within the 
clock period causing a metastable state that 
lasts beyond the 8ns point. Now we need to 
know the number of input events per clock 
period to determine the MTBF at 8ns. This is 
supplied by the average input event period 
and produces the equation below where Pc 
and Pi are the periods of the clock and input 
events, respectively. 

MTBF = __ 1_ 
1', 1 1 

8 Pc Pi T8 fc I; (5) 

This gives the MTBF for 8ns, but how can the 
formula be developed to handle other times? 
It has been stated in this paper that the rate 
of decay of metastable events is an 
exponential function with a time constant of 
tau. Using this information gives the equation 
below where t' is the time after the clock 
pulse that the output is sampled. 
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e (t' -~811S) 
MTBF =--

T8leli 

e(f) (6) 

T8 e (8;s) fc J; 

To fc Ii 
A point should be made here about MTBF. 
This is the mean time between failures and 
as such does not indicate the average time 
between failures. In fact, in this situation, the 
MTBF is the time before which there is a 
63.2% probability that a failure would have 
occurred. Suppose a device has an MTBF of 
one million seconds like the example above; 
because the MTBF is an exponential function 
there is a 9.5% probability that a failure will 
occur in the first 1.16 days of operation. This 
might cause the user to feel that the device is 
failing more than expected. The user would 
find that 50% of his failures would occur 
within 8 days. Figure 4 gives a visual 
interpretation of this idea: time constant one 
represents one million seconds in this case. 

RECENT DEVELOPMENTS 
The quest for better metastability 
characteristics in flip-flops has recently 
resulted in the development of flip-flops with 
taus significantly less than 0.40ns. Perhaps 
the most notable of these is the Philips 
Semiconductors 74F50XXX series with 
typical taus of 135ps. The specifications of 
these new products can cause confusion 
among the uninitiated because the typical To 
on these devices is 9.8 million seconds or 
about 113 days. This is an example of how 
the normalization process obscures the 
interpretation of To. In the newest products 
the taus have decreased faster than the 
normal propagation delays primarily due to 
speed limitations of the outputs. 

Using the example above and calculating T7 
from equation (3) we see that the window at h 
is 0.965ps. Now lets assume that we have a 
device with the same size window (0.965ps) 
at h and an h of 7ns. The difference between 
this device and the previous example is that 
this device has a tau of 150ps. Clearly, if the 
device has the same h and the same size of 
window at h but a smaller tau, the device is 
better. But lets calculate the To. 

To = 1:' )7;S) 
To = 178 million seconds! 
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Comparing the To of any two devices does 
not show which device is superior. However, 
one can expect that the device with the lower 
tau is superior in all but the most peculiar 
circumstances. 

SUMMARY 
This paper is intended to introduce the reader 
to the terms he will be dealing with regarding 
metastability and it is hoped that this 
introduction will help him to digest the more 
in-depth papers that he will be reading. 
Philips Semiconductors uses the parameters 
described by Thomas Chaney of Washington 
University in St. Louis, Missouri because they 
are fundamental and the better metastability 
papers generally use these parameters. For 
further reading on the subject, the article 
"Metastable behavior in digital systems", by 
Lindsay Kleeman and Antonio Cantoni 
published in IEEE Design & Test of 
Computers in December of 1987, is 
recommended. 
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Figure 4. 
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INTRODUCTION 
Philips Semiconductors PLAs are particularly 
useful in the design of wide address decoders 
and random logic replacement. The primary 
advantage Philips Semiconductors bringsto 
these applications with their PLA devices is 
product term sharing, which is made possible 
via the two programmable arrays graphically 
shown in Figure 1. The familiar PAL® 
architecture supports a programmable AND 
array, followed by a fixed OR array. Better 
than 90% of the PAL devices that are 
available today are limited to 8 input wide OR 
gates. When pursuing a solution to a 
complex address decoding scheme, this 
restriction is prohibitive. The Philips 
Semiconductors PLA devices support 100% 
connection of all product terms to one or 
more OR gates. Once a term is created, it 
can be shared with any or all of the output 
functions. No duplication of resources is 
incurred. The popular PLXX153 family 
support 32-input wide OR gates which are 
ideal for memory or 110 decoders. The 
addition of programmable output polarity also 
enhances design efficiency and logic 
minimization. 

The two programmable array concept 
dominates the Philips PLD product line. 
With the exception of the PAL-type devices 
which have been geared for ultimate 
performance, all Philips PLDs have been 
architected with efficient and flexible PLA 
structures. With the largest breadth 
programmable product line in the industry, 
Philips believes the designer can truly fill his 
requirements from the several product lines -
PLA, PAL and PLS. Two combinatorial logic 
PLA device descriptions follow. For 
information on PLA devices with registers 
please refer to the sequencer section of this 
manual. 

PHILIPS SEMICONDUCTORS 
PLUS153 
Figure 2 depicts the Philips PLUS153. This 
bipolar PLA is pin and functionally equivalent 
to the Philips PLS153, however is available 
with a maximum propagation delay time of 
1 Ons from input to output. 

The PLUS153 has eight dedicated inputs and 
10 bidirectional pins. The bidirectional pins 
may be adapted to suite the user's specific 
needs. 20-pin DIP or PLCC packages are 
available. 

The output structure of the PLUS153 includes 
programmable polarity control on each 
output. Either active HIGH (non-inverting) or 
active LOW (inverting) outputs are 
configurable via the EX-OR gate associated 
with each liD. Individual 3-State control of 
the liD is also supported with the ten 
direction control AND terms (D1-D9). 

Other benefits to the PLUS 153 include full pin 
compatibility with most 20-pin combinational 
PAL parts. The natural product term sharing 
capabilities of the PLA architecture yield 
complete freedom of configuration should the 
engineer implement a particularly creative 
decode configuration. 

® PAL is a registered trademark of Advanced Micro Devices 
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PHILIPS SEMICONDUCTORS 
PLUS173 
Figure 3 depicts the Philips Semiconductors 
PLUS173. This bipolar PLA is functionally 
equivalent to the Philips PLS173. The 24-pin 
PLUS173 has four more inputs pins than the 
PLUS153. The user may adapt the 
bidirectional pins to suit particular decoding 
needs, but the propagation delay time is still 
no more than 10ns from stabilized input to 
stable output for a PLUS 173-1 0 device. 

By having more inputs than the 153 part, the 
173 can either resolve more input lines or 
generate more outputs functions for the same 
number of inputs. Distinct 3-State control 
over each output may be useful for controlling 
chip enables where contention (i.e., multiple 
access) may exist. 

For speed and input width, the PLUS 173 is 
probably the best single PLS available today 
for both memory and liD decoding. 
Combining the 1 Ons T PD with the 
distinguishable range of 12 to 21 inputs, the 
designer can easily decode say 16 input 
addresses as well as readlwrite qualifiers or 
encoded status signals. Output polarity 
control (Active-High or Active-Low) is 
achieved by programming the Exclusive-OR 
gate associated with each output. 

The flexibility achieved with a PLA structure 
can be quickly appreciated by the designer 
who has experienced the frustration of the 
dedicated "OR" structures in PAL ICs. 
Currently, the only time penalty for the 
freedom granted by a PLA is a few 
nanoseconds! 
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Figure 2. PLUS153 
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INTRODUCTION 
The PLUS153-10 is available in a 20-pin DIP 
or 20-pin PLCC package. The PLUS173-10 
is available in a 24-pin DIP or 28-pin PLCC 
package. Both parts have tpD no greater 
than 10ns. 

Both parts provide 32 wide input product 
terms, whose outputs may be tied to the 
inputs of the sum terms (OR gates) below. 
There are no restrictions on this interconnect 
- any or all product terms may feed any or 
all sum terms. Thus each OR term can 
accept from 1 to 32 inputs without leaving the 
chip for a signal "wrap around". All ten 
outputs are bi-directional, so they may be 
traded off as inputs are used. Finally, each 
output may be polarity configured 
(exclusive-OR fused) and each is 
independently 3-Stateable from a separate 
product term (each) which is identical to the 
rest. 

Although slightly slower (from pin to pin) than 
7.5ns 20L8 structures, the following example 
demonstrates a simple case of how a 10ns 
PLA can be faster than a 7.5ns PAL. 

Example 1: Glue Collection 
This first example is an illustration of 
compressing glue logic. Figure 1 shows a 
piece of logic which performs one of two 
operations on two 8-bit numbers. These may 
come from different registers in a system, or 
be from two halves of a 16-bit bus. The goal 
is to perform the input operations (compare 
the bytes in one mode or multiplex one bit out 
in the other) in 10ns. Using MSI parts, this 
could have been done except there is no 16 
to 1 MUX available in the 74F device series. 
There is a 74150 device available, but it has 
a propagation delay of 17ns. So this will not 
work. Figure 1 shows the solution using the 
7.5ns PAL devices. Unfortunately, because 
architecture provides only seven product 
terms per sum term (16L8-7) multiple signal 
passes are required. This results in a 
solution needing over 20ns. It might be 
conjectured that a 15ns 22V10 could make it 
with 16 product terms on some outputs, but 
doing the MUX would only provide the output 
at "point 1" in 15ns. Additional time is 
needed to make the final out signal. A 10ns 
22V10 could not make spec, with an 
additional 74F32 adding 4ns. Figure 3 shows 
the preferred solution - a single PLUS173 
generating the final function in 10ns. Figures 
4 and 5 show the pinout and SNAP equations 
for this solution. 
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Example 2: Cache Update Inhibit 
Key to modern micro system design has been 
simple, fast RISC processors with quick 
cache and single cycle high performance 
operation. Unfortunately even using the new 
cache control chips, exception handling 
results in clumsy designs. This may be one 
of the reasons simple, direct-mapped caches 
have also become popular. Exception 
handling is often resolving transactions which 
occur with data items that are non-cacheable. 
This occurs in a number of ways - first, 
EPROMs, 1/0 devices and special state 
registers are not cacheable items, so they will 
never be put into a cache memory. What 
happens when a non-cache able item is 
referenced? The cache controller will miss 
and begin to update the cache. The 
transaction must be terminated before it 
overlays an 1/0 device onto the least recently 
used cache address. 

The way to deal with the transaction overlay 
problem is straightforward - recognize all 
non-cacheable transactions and intercept 
them before the controller cleans house. 
How big of a problem is this? Figure 6 shows 
what might be an average engineering 
workstation. Each device (disk controller, 
LAN controller, keyboard, printer, etc.) usually 
has several internal registers each occupying 
a unique address. With two disks, a LAN, 
modem and printer, a system could instantly 
exceed 16 distinct 1/0 registers. It is best to 
assume a large number. Enter the PLA -
the PLUS 173 - for such a system. Each 
product term can be scattered all over 
memory if needed and decodes summed into 
a single output signal generating a composite 
inhibit. This process takes less than 1 Ons for 
up to 32 devices. Using a 20L8-7 requires 
trading off resolution (number of address bits 
resolved) and feeding through the chip 
multiple times, expanding to 13 devices in 
two passes (at 15ns for a 7.5ns device). 
Using a PLA keeps the RISC design very 
clean and fast. 

Example 3: Interfacing Mixed 
Memory Types 
Other sections of a microprocessor system 
can use the summation of a large number of 
decoded terms. For instance, the interrupt 
request, DMA request and the cycle 
extension WAIT line are contenders for a 
large number of decoded and summed 
inputs. Some are asserted low and some 
high so polarity control is vital. Some require 
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a 3-State or open collector resistive pull-up, 
so the PLA enable fits well. These are 
situations where attention signals come into 
the processor. 

It is not always necessary for the CPU to 
operate at full speed. Operating the CPU at 
a slower speed brings about a more 
economical and compact system. This is due 
to higher costs associated with fast memory 
and greater board area for wide memory 
configurations. 

Some software routines where slower 
performance may be acceptable include 
power up initialization, diagnostic routines, or 
some exception routines. When speed is 
critical, an 8-bit bus is the most economical 
and compact because of readily available 
byte wide PROMs and RAMs. The 68030 is 
easily interfaced to 8-, 16- or 32-bit ports 
because it dynamically interprets the port size 
during each bus cycle. Figure 7 shows an 
example of interfacing both a slow 200ns 
8-bit EPROM and a fast 35ns 32-bit RAM to a 
68030. A PLUS173-10 was chosen for its 
high speed and large number of inputs and 
outputs. The EPROM occupies memory 
space 0-32K while the RAM occupies 
addresses 64-128K. Note that because not 
all of the upper memory address bits were 
decoded, the memory arrays will also appear 
at other addresses. 

PROBLEM: 

16·bit Data Compare I MUX 

Mode 1: Compare two 8·b~ fields 

Mode 2: Select 1 of 16 b~s 

Mustbefastl 

SOLUTION 1: 

SELECT 

8·BIT 

COMPARE 

74F521 

MODE 

16-BIT 
TOONE 

MUX 
74150 

Figure 1_ 

74F32 
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Quick PLA 

SOLUTION 2: MAKE IT OUT OF PALs 

A[0 .. 7) --,,c......> ...... --~ 

8[0 .• 7) ---,7'-=---1f-<1>----I 

SELECT -_t--I-~--I 

2OL8-7.5 

PAL 1 
) , WAS"'D vo pm FOR FEED"'" 

16L8-7.5 

2 WASTED VO PINS 

) 2 WASTED VO PINS 

MODE-----------------i 1------ OUT 

SOLUTION 3: MAKE IT OUT OF A PLUS173D 

A[O .. 7) 

8[0 .. 7] 

S[O .. 3] 

MODE 

tpD- 10ns 
1 PACKAGE 

PLUS173-10 

COMPARE FUNCTION: 

16 PRODUCT TERMS 

MUX FUNCTION: 

16 PRODUCT TERMS 

INVERTERS: 

INCLUDED 

QRS.: 
INCLUDED 

GATE EFFICIENCY: 

1 PLA 
32 GATES USED 
NO GATES WASTED 

.BEmll..I: 

OUT 

THE BEST SOLUTION; ONE PACKAGE 

Figure 3. 
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Figure 2. 

N Package 

S3 

S2 

S1 

SO 

MODE 

87 

B6 

85 

B4 

OUT 

83 

Figure 4. Comparator/MUX 
Pin Program 
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3) 7.5PALs 
1) 2OL8-7.5 
2) 16L8-7.5 

COMPARE FUNCTION: 

tpD - 7.5 (1st PASS -#1) 
- 7.5 (2nd PASS-#1) 

- 7.5 (3rd PASS - #3) 

- 22.5ns 

MUX FUNCTION: 

tPD - 7.5 (1st PASS -#2 or 3) 
- 7.5 (2nd PASS - #2 or 3) 

- 7.5 (3rd PASS - #3) 

- 22.5ns 

GATE EFFICIENCY: 

30 PALs 
40 GATES USED 
152 GATES WASTED 

~: 
NOT FAST ENOUGH; SLOWER THAN 74F 
SOLUTION 
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Quick PLA 

@PINLIST 
a[O .. ?] i; 
b[O .. ?] i; 
s[0 .. 3] i; 
MODE i; 

OUT 0; 

@GROUPS 
sel = s[0 .. 3]; 

@TRUTHTABLE 
@LOGIC EQUATIONS 

comp aO • bO Imode 

mux 

mode 

+ laO· bO Imode 
+ a1· b1/mode 
+ la1· b1/mode 
+ a2· b2 Imode 
+ la2· b2 Imode 
+ a3· b3 Imode 
+ la3· b3 Imode 

a4· b4/mode 
+ la4· b4 Imode 
+ as· bS Imode 
+ laS· bS Imode 
+ a6· b6 Imode 
+ la6· b6 Imode 
+ a7* b7 Imode 
+ la7· b7/mode; 

aO· (sel == Oh) • mode 

+ a1· (sel == 1h)· 

+ a2· (sel == 2h)· mode 

+ a3· (sel == 3h) • mode 

+ a4· (sel == 4h) • mode 

+ as· (sel == Sh)· mode 

+ a6· (sel == 6h)· mode 

+ a7· (sel == 7h)· mode 
bO • (sel == 8h) • mode 

+ b1· (sel == 9h) • mode 

+ b2· (sel == Ah) • mode 

+ b3· (sel == Bh) • mode 

+ b4· (sel == Ch) • mode 

+ bS· (sel == Dh) • mode 

+ b6· (sel == Eh)· mode 

+ b7· (sel == Fh) • mode; 

out = mux + comp; 

@INPUT VECTORS 

@OUTPUT VECTORS 

@STATE VECTORS 

@TRANSITIONS 

Figure 5. SNAP Equation Listing 
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32-BIT 
MICROPROCESSOR 

ADDRESS 1 DISK 1 

• 1 

ADDRESS 2 

ADDRESS 3 

ADDRESS n PRINTER 
32 

UPDATE INHIBIT 

Figure 6. Cache Update Inhibit Using a PLA 
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Quick PLA 

+ AO-A14 

,---, 
00 D1 01 

F174 
D2 
02 

MR 03 D3 

I 
27C256 l .--___________ --=D:..:3"-1---=D:..::2 __ 4_/?'~'__.8 __ _t D 32KX8 ,1-_______ ----, 

EPROM 

20MHz 
CLOCK 

GENERATION 

irDn------. 

rl~~f/~32----------~ 
ClK 

MC68030 

I ClK 

D0-031 

AO-A31 

-
AS 

1 
I'--

AS DlYIN 
A31 

I'-- A30 
I'-- A19 
I'-- A18 
I'- A17 
I'- A16 
I'- A1 

74F244 

/ 32 
/ I 

D 

A2-A15 

RMCS I-
W 

1 
a D 

TWO t-
16Kx4 

SRAMs 

W 

TWO 
16Kx4 

SRAMs 

a 

t-

D 

W 

D~~~:~ ~ -l- J 
UMCS~~P-------
lMCS~~D--------------

TWO 
16Kx4 

SRAMs 

a 

I-

D 

W 

'---- AD 
llCSh ~ 
EPcsil I ~ JP-------------------~ 

SIZO f----- SIZO 
SIZ1 I---- SIZ1 
RWI---- RW 

I I 74F32 EPROM SEl 

~hl 
S-T-E-R-M~----P~l~U~S~17~3~-1~O---~~ I 
DSACKOI------------~ 

Figure 7. Example Interfacing Mixed Memory Types 

September 1993 578 

mo 
16Kx4 

SRAMs 

a 



Philips Semiconductors Programmable Logic Products 

Quick PLA 

DECODER FOR INTERFACING SRAMa AND EPROMs TO AN MC68030. THIS DESIGN IS FOR A PLUS 173 DEVICE 

@PINLIST 
dlyin i; 
nas i; 
a[31..30] 
a[19 .. 16] 
a[1 .. 0] i; 
sizO 
siz1 
rw 
nrmcs 0; 
dstrt o· 
nuucs 0; 
numcs 0; 
nlmcs 0; 
nllcs 0; 
nepcs 0; 
nack[1 .. 0] 0 

@LOGIC EQUATIONS 

"EPROM enable" 
nepcs = I (la31 * la30 * la19 * I a18 * la17 * I a16 * I nas; 

"start shift register during EPROM access" 
dstrt = I (/a31 * la30 * la19 * I a18 * la17 * I a16 * I nas; 

"DSACKO after 4 clock cycles for EPROM access" 
nackO = I (dlyin); 

"immediate STERM upon RAM access" 
nack1 = I (la31 * la30 * la19 * la18 * la17 * la16); 

"Byte select signals for RAM writes" 
nuucs I (laO * la1 * Irw * a16 */a17 */18 */a19 */a30 */a31); 

nuucs I ( aO * la1 * 
+ I a1 * IsizO * 
+ I a1 * Isiz1 * 

nlmcs I (laO * la1 * 
+ I a1 * IsizO * Isiz1 * 
+ I a1 * sizO* Isiz1 * 

+ I a1 * aO * IsizO * 

nllcs I ( aO * a 1 * 

nrmcs 

+ aO * sizO * siz 1 * 
+ I sizO * Isiz1 * 

+ I a1 * siz1 * 

I ( 

Irw* a16*/a17*/18*/a19*/a30*/a31 
Irw * a16 */a17 */18 */a19 */a30 */a31 
Irw * a16 */a17 */18 */a19 */a30 */a31); 

Irw * a16 */a17* /18 */a19 */a30 */a31 
Irw * a16 * la17 * /18 * la19 * la30 */a31 
Irw * a16 */a17 */18 */a19 */a30 */a31 

Irw * a16 */a17 */18 */a19 */a30 * la31); 

Irw * a16 * la17 */18 */a19 */a30 * la31 
Irw * a16 */a17 */18 * la19 */a30 */a31 
Irw * a16 */a17 */18 */a19 */a30 * la31 

Irw * a16 */a17 '/18 */a19 */a30 */a31); 

Irw * a16 '/a17 */18 * la19 * la30 */a31); 

A1 

AO 

SIZO 

Figure 8. Equations for PLUS173 Shown in Figure 7 
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N Package 

NRMCS 

DSTRT 

NUUCS 

NUMCS 

NLMCS 

NLLCS 

NEPCS 

NACK1 

NACKO 

RW 

SIZ1 
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Latches and flip-flops with PLS153 

DESCRIPTION 
Using the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, we will discuss the 
implementation of two R-S latches, aD-latch, 
an edge-triggered R-S flip-flop, an 
edge-triggered D flip-flop, and an 
edge-triggered JK flip-flop. 

SIMPLE R-S LATCH 
A simple R-S latch may be formed by 
cross-coupling two NAND functions together 
as shown in Figure 1. 

R -----'--r-~ 
0-=-..-- Q 

S ___ ~-L...JD-"-+-- 0 

NA2 

Figure 1. RS Latch 

@pinlist 
i; 

s i· 
q b; 
qn b; 

@Iogic equations 
qn = /(q*s); 
q = /(r*qn); 
qn· oe = 1; 
q. oe= 1; 

Figure 2. RS Latch SNAP Equations 

ANOTHER SIMPLE R-S LATCH 
Another way to implement a simple latch is 
shown in Figure 3, in which two NOR 
functions are cross-coupled to form a latch. 

The SNAP equations are shown in Figure 4. 

Since each AND-term of the PLS153 can 
accommodate up to 18 inputs (true or 
inverting inputs of eight from 10 to 17 and ten 
from So to 89), and each OR circuit can be 
connected to up to thirty-two AND-terms, we 
can add additional features such as those 
shown in Figure 5. 

The programming of this design is left to the 
reader as an exercise. 
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R -----'-~--... 
xr-...--Q 

S ------A-L-"~'-*--- 0 
N02 

Figure 3. RS Latch 

@pinlist 
r i; 
s i· 
q b· 
qn b: 

@Iogic equations 
qn = (/q*/s); 
q = (/r*/qn); 
qn· oe = 1; 
q. oe = 1; 

Figure 4. RS Latch SNAP Equations 

· · AS----L.. __ 

R 

Do 
• 

Figure 5. Expanded RS Latch 

D-LATCH 
A simple D-Iatch can be constructed with a 
PLS153 as shown in Figure 6. 

This circuit may be easily programmed into 
the PLS153 as shown in Figure 7. Note that 
according to the K Map of Table [1), there is a 
static hazard using only two gates, so the D * 
Q term is recommended. 
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This circuit may be expanded to have 
multiple D-Iatches using the same latch 
enable (LE). 

D 

LE 

Q 

a. Pinout 

AN2 

b. D·Latch Schematic 

FigureS. 

@pinlist 
d 
Ie 
q 0; 

@Iogic equations 

q = ((d * Ie) 
+ (d *q) 
+ (d * /Ie)); 

Q 

Figure 7. D- Latch SNAP Equations 
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Latches and flip-flops with PLS153 AN014 

Table 1. D-Latch K Map 
d,Le 

a 00 01 11 10 

t--+--+t--tt--~/ ~~~ITCH 

R-S FLIP-FLOP 
Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the 
rising-edge of the clock (or the falling-edge of 
the elock, if the designer so desires). Figure 9 
shows a combination of two sets of 
cross-coupled NOR gates concatenated to 
form the flip-flop. The implementation of this 
circuit using SNAP equations is shown in 
Figure 8. 

CLK 

R 

S 

BO 

a. Pinout 

@pinlist 

elk i; 
i; 

s i' 
bO b' 
b1 b: 
q b; 
qn b; 

@Iogic equations 
qn =, (q 

+ (b1 * elk) ); 
q = , ( (clk * bO) 

+qn); 
b1 =, bO 

+ (s * 'clk); 
bO =, ( (r * 'elk) 

+b1): 

bO·oe=l; 
b1 ·oe= 1; 
q. oe= 1; 
qn·oe=l; 

Figure 8. SNAP Equations 
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ON 

a 

B1 

B1 

a 

an 

CLK 

INV 

Figure 9. R-S Edge Triggered Latch 

r----------------------o~MP 

a 

CLK 

RST 
1 U6 2 

INV 
SET 

Figure 10. Ootype Flip-Flop 

ClK 10 
@pinlist 

Vee 
clk i; 

D 89 d i; 

RST 
rst i; 

12 88 set i; 

SET 13 B7 q o' 
tempo; 

14 86 @Iogic equations 

15 B5 temp = ( (d * 'clk * 'rst) 

16 B4 
+ (d * temp * 'rst) 
+ (temp * , rst * clk) 

17 83 + (set); 

TEMP BO 82 Q = ( (temp * clk * , rst) 
+ (temp * q * , rst) 

GND + (q * , rst * 'clk) 
+ (set); 

Figure 11. SNAP Equations and Pinout 

D FLIP-FLOP 
An edge-triggered master-slave D flip-flop 
may be constructed with two D-Iatches in the 
manner shown in Figure 10. 

581 

A PLS153 may be programmed as shown in 
Figure 11 to implement the D flip-flop. 
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Latches and flip-flops with PLS153 AN014 

AN4 

AN4 
r-r-----------~----------~----------------------------~O TEMP 

U9 

K 

INY 

a 

AN3 

ClK 

INY 

RST 

INY 

SET o---------------------------------~----------------------------~ 

ClK 

o 

RST 

SET 

TEMP 

September 1993 

Figure 12. JK-type Flip-Flop 

@pinlist 

elk 
j 
k 
rst 
set 
q 0; 
tempo; 

@Iogic equations 
temp = ( 0 * / elk * / rst * /q) 

+ (/elk * / k *q * / rst) 

+ 0 * / rst * temp * /q) 
+ (temp * /rst * elk) 
+ (set); 

q = ( (temp * clk * / rst) 
+ (temp * q * / rst) 
+ (I rst * q * / elk) 
+ (set); 

Figure 13. SNAP Equations and Pinout 
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JK FLIP-FLOP 
An edge-triggered JK flip-flop schematic is 
shown in Figure 12. SNAP equations and 
pinout are shown in Figure 13. 
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PLS173 as a 10-bit comparator, 74LS460 

DESCRIPTION 
The PLS173 is a 24-pin PLA device which 
has 10 bidirectional outputs and 12 dedicated 
inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output may be individually programmed as 
Active-High or Active-Low. A 10-bit 
comparator similar to the 74LS460 compares 
two 1 O-bit data inputs to establish if 
EQUIVALENCE or NOT EQUIVALENCE 
exists. The output has True and Complement 
comparison status outputs. The logic diagram 
of the comparator is shown in Figure 1. 

The truth table is as shown in Table 1 where 
vectors a and bare 1 O-bit inputs to A9 to AO 
and 89 to 80. If the input to A9-AO is bit-to-bit 
equivalent to the input to 89-80, the two input 
vectors are considered EQUIVALENT, and 
output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with SNAP as shown in 
Figure 3. 

Table 1. Function Table 
Ag-Ao Bg-Bo EQ NE 

a a H L 

b b H L 

a b L H 

b a L H 

TOP VIEW 

Figure 1. Logical Equivalent Circuit of 
10-Bit Comparator 
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RESOURCES 
This design used 20 product terms in the 
PLS173. As shown in Figure 4, expanded 
equations, each output needs 20 product 
terms. Since the product terms are the 
same, each output shares the 20 product 
terms with an output polarity fuse determining 
the proper output level. 

D Package 

89 

AS 

88 

AS 

85 NE 

84 EQ 

83 87 

82 A7 

B4 81 86 

110 80 A6 

GND GND 111 85 

Figure 2. Pin Configuration 

This circuit compares to two 1 O-bit inputs. If 
they are bit-to-bit equivalent, output EQ goes 
high and NE goes low. If they are not 
bit-to-bit equivalent, output EQ will be low 
while NE will be high. 

@PINLIST 
A[0 .. 9) 
8[0 .. 9) i; 
EQ 0; 
NE 0; 

@GROUPS 
one a[0 .. 9); 
two b[0 .. 9); 

@TRUTHTA8LE 
@LOGIC EQUATIONS 

EQ = one == two; 
NE = one != two; 

@INPUT VECTORS 

@OUTPUT VECTORS 

@STATE VECTORS 

@TRANSITIONS 

These equations are written for Philips Semiconductors 
SNAP software. 

Figure 3. Boolean Equations of 
10-Bit Comparator 
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@LOGIC EQUATIONS 

eq /«/b9*a9) 

ne 

+ (b9*a9) 

+ (b8*/a8) 

+ (lb8*a8) 

+ (I b7 * a7) 

+ (b7 * / a7) 

+ (b6 * / a6) 

+ (I b6 * a6) 

(b5 * / a5) 
+ (b5 * / as) 

+ (I bS * as) 

+ (I b4 * a4) 

+ (b4*a4) 

+ (I b3 * a3) 

+ (b3 * / a3) 

+ (I b2 * a2) 

+ (b2 * / a2) 

+ (I b1 * a1 ) 

+ (b1*/a1) 

+ (bO * / aO) 

+ (I bO * aO»; 

« /b9 * a9) 

+ (b9 * a9) 

+ (b8*/a8) 

+ (I b8 * a8) 

+ (/ b7 * a7) 

+ (b7* / a7) 

+ (b6 * / a6) 

+ (I b6 * a6) 

(bS * / a5) 

+ (bS * / as) 

+ (I bS * as) 

+ (I b4 * a4) 

+ (b4*a4) 

+ (I b3 * a3) 

+ (b3 * / a3) 

+ (I b2 * a2) 

+ (b2 * / a2) 

+ (lb1 *a1) 

+ (b1 * / a1 ) 

+ (bO * / aO) 

+ (I bO * aO»; 

Figure 4. Expanded Equations 
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9-Bit parity generator/checker with PLS153/153A 

INTRODUCTION 
This application note presents the design of a 
parity generator using Philips 
Semiconductors PLD, PLS153or PLSl53A, 
which enables the designers to customize 
their circuits in the form of ·sum- of-products". 
The PLA architecture and the 10 
bi-directionalI/O's make it possible to 
implement the 9-bit parity generator/checker 
in one chip without any external wiring 
between pins. 

The parity of an 8-bit word is generated by 
counting the number of"l 'sO in the word. If 
the number is odd, the word has odd parity. If 
the number is even, the word has even parity. 
Thus, a parity generator designed for even 
parity, for example, will generate a "0" if the 
parity is even, or a "1" if parity is odd. 
Conversely, an odd parity generator will 
generate a "0" if the parity of the word is odd, 
or a "1" if the parity is even. This bit is then 
concatinated to the word making it 9-bits 
long. When the word is used elsewhere, its 
parity may be checked for correctness. 

FEATURES 

• Generates even and odd parities (SUME 
and SUMO) 

• SUME = "1" for even parity, "0" for odd 
parity 

• SUMO = "1" for odd parity, "0· for even 
parity 

• Generate parity or check for parity errors 

• Cascaded to expand word length 

10 11 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

lO_ 

ll_ 

12_ 

13_ 

14_ 

IS_ 

IS_ 

17_ 

IS_ 

12 SUl 

0 0 

1 1 

1 0 

0 1 

1 0 

0 1 

0 0 

1 1 

SUl 

0 

0 

0 

0 

1 

1 

1 

1 

SUl -

SU2 

~ 

i3 14 Is 

0 0 0 

0 1 1 

0 0 1 

0 1 0 

1 0 1 

1 1 0 

1 0 0 

1 1 1 

SU2 SU3 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 
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SUMo -
SUME -

SU2 Is 17 Is SU3 

0 0 0 0 0 

0 0 1 1 0 

1 1 0 1 0 

1 1 1 0 0 

0 0 0 1 1 

0 0 1 0 1 

1 1 0 0 1 

1 1 1 1 1 

SUMO SUME 

0 1 

1 0 

1 0 

0 1 

1 0 

0 1 

0 1 

1 0 

DESCRIPTION Figure 1. Block Diagram of 9-Bit Parity Generator/Checker 

The most straightforward way of 
implementing the parity generator/checker is 
to take the 9-input truth table (8 inputs for the 
8-bit word, and 1 input for cascading the 
previous stage) and put it in a 256 x 4 PROM. 
Since there are 29 combinations and half of 
them is odd, the other half is even, the circuit 
will take 256 terms. 

An alternative is to divide the 9-bits into 3 
groups of 3-bits as shown in Figure 1. If the 
sum of the 3-bits is odd, then the 
intermediate output SU 1, or SU2, or SU3 
equals 1. Otherwise it equals O. The 
intermediate results are grouped together and 
SUMO becomes "1" if the sum is odd, 
otherwise SUMO equals -0". 

The circuit is implemented using SNAP as 
shown in Figure 3. SUl is an intermediate 
output for inputs 10, 11 and 12. In the same 
manner, SU2 and SU3 are intermediate 
outputs for 13, 14 , Is and Is, 17, Is. 
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RESOURCES 
The design uses up 20 product terms and 5 
control terms leaving 12 product terms and 4 
bi-directionall/O's to implement other logic 
designs. 
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INO 

IN1 

IN2 

IN3 

1N4 

INS 

INS 

IN7 

INS 

D Package 

SUME 

SUMO 

SU3 

SU2 

SU1 

Figure 2. Pin Configuration 
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9-Bit parity generator/checker with PLS 153/153A 

@PINLIST 

in[O .. S] 

su[I .. 3] 

sumo 

sume 

This circuit is a !Hl~ parity generator/checker commonly used for error detection in high speed 
data transmission/retrieval. 
The odd parity output (SUMO) is high when the sum of the data bns is odd. Otherwise n is low. 

0; The even par~y output (SUME) is high when the sum of the data b~s is even. Otherwise it is iow. 

0; SU3, SU2 and SUI are intermediate terms. 

0; This design was done using the Truth Table Entry method of Philps Semiconductors SNAP 
software. 

@TRUTHTABLE 

[IN2, IN1, INO SUll 

[IN5, 

[INS, 

o 0; 

1· 

1· 

0; 

1; 

O· 

O· 

1; 

1N4, IN3 : SU2] 

0; 

1; 

1· 

O· 

1· 

O· 

o· 
1· 

IN7, IN6 SU3] 

O· 

1· 

1· 

o· 
1· 

o· 
O· 

1· 

[SU3, SU2, SUI: SUMO, SUME] 

1· 

O· 
O· 

1; 

O· 

1· 

1· 

0; 

Figure 3. SNAP Truth Table Entry 
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@Iogic equations 
su1 ( (in2· in1 • inO) 

su2 

su3 

+ (in2· in1 • inO) 
+ (!in2· in1 ·/inO) 
+ (!in2·!in 1 • inO); 

( (in5 • in4 • in3) 
+ (in5· in4 • in3) 
+ (!in5· in4 • lin3) 
+ (!in5· !in4 • in3); 

«in8 • in?· in6) 
+ (in8· in? • in6) 
+ (!in8· in?· lin6) 
+ (!in8· !in?· in6); 

sumO ( (su3 • su2 • su1) 
+ (su3· Isu2 • Isu1) 
+ (/su3· su2 • Isu1) 
+ (/su3· Isu2· sul); 

sume ( (su3 • su2· su1) 
+ (su3· Isu2· Isu1) 
+ (/su3· su2 • Isu1) 
+ (/su3· Isu2 • su1); 

Figure 4. Expanded Equations 
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Schmitt trigger using PLS153 

Issued June 1988; revised October 1990; revised September 1993 

INTRODUCTION starts at zero volt, the output voltage is 
One of the many features of the PLS153 is therefore at VOL which causes 02 to pull R3 
the availability of individually controlled towards ground. As the input voltage 
3-State I/O pins. Taking advantage of this increases, only a fraction of the voltage is 
feature, a Schmitt trigger may be constructed impressed upon the input buffer due to the 
using one input pin, two bidirectional I/O pins dividing network R1 and R3. As soon as the 
and additional components of three resistors. input voltage reaches a point where V1=VTH 
The two threshold voltages, as well as the (VTH= 1.38V typical), the output switches to 
hysterisis, are determined by the values of VOH which, in turn, turns off O2 and turns on 
the three resistors and the parameters of the 01. V 1 will jump to a value greater than VTH 
PLS153 device, which are 1) input threshold and 01 then pulls the input pin, through R2, 

voltage, VTH, 2) High output voltage, VOH, towards VOH, which in turn locks the output to 
and 3) Low output voltage, VOL. The circuit a High state even if the input voltage 
may be simplified if Schmitt function is fluctuates, as long as it does not fluctuate 
needed only on Low going High or High going outside of the designed hysterisis. When the 
Low, and if the hysterisis and threshold input voltage goes from a High to a Low, the 
voltages are not important. Schmitt function repeats itself except that 01 

DESCRIPTION 
A simplified block diagram of a non-inverting 
Schmitt trigger is shown in 1 where R1, R2, 

and R1, R3, form two pairs of voltage dividers 
one of which get into action at input voltage 
direction of High going Low and the other 
Low going High. Assuming that input voltage 

+Vee 

INPUT 

= 

and 02 reverse their roles. 

The triggering voltages, VH (Low going High) 
and VL (High going Low) are: 

VH=VTH [(R1+R3)/R3J- VOL (R1/R3); 

VL=VTH [(R1+R2)/R21 - VOH (R1/R2); 

where, at room temperature, Vee = 5.0V, 
IOH/IOL <1 rnA. VTH is the threshold voltage of 

OUTPUT 

I
::> 
o 
> 

Application Note 

AN018 

the device, typically 1.38V; VOL is the output 
Low voltage of the device, typically O.36V at 
IloL I <1 mA; VOH is the output High voltage 
of the device, typically 3.8V at IloH I <1mA. 

The implementation of 1 using PLS153/153A 
is as shown in Figures 2a and 2b. A scope 
photo of the operation of the circuit is shown 
in Figure 6. 

An inverting Schmitt triggered buffer may be 
constructed using the same principle. A 
simple block diagram of such inverter is 
shown in Figure 3a. The circuit is 
implemented as shown in Figures 3b and c. 

If the voltage levels (VL and VH) and the 
hysterisis are not critical, one I/O pin may be 
used to pull the input pin High and Low. 
Therefore one I/O pin and a resistor may be 
saved. The drawback is that the range of VH 
and VL is quite limited. The circuit is as 
shown in Figure 4. 

If Schmitt function is needed only in one 
direction, one of the resistor/output circuit 
may be eliminated. The circuit is as shown in 
Figure 5. 

Figure 1. Simplified Block Diagram of a Schmitt Trigger 
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Schmitt trigger using PLS 153 AN018 

INPUT PLSl531153A 

s. Using PLS153/153A 

NOTE: Schmitt trigger output may be obtained from both 10 and B(I)o to drive the AND-ARRAY. 

SNAP LISTING FOR A SCHMITT TRIGGER FUNCTION. EXTERNAL RESISTORS ARE REQUIRED AS SHOWN ABOVE. 

@pinlist 

input 

output b 

B1 0; 

B2 0; 

@Iogic equations 

output input; 

output.oe = 1 

B1.oe / output; 

B1 0; 

B2.oe output 

B2 1; 

b. SNAP Equations 

Figure 2. Schmitt Trigger 
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Schmitt trigger using PLS 153 

INPUT 

= 

September 1993 

OUTPUT 

a. Simplified Block Diagram 

b. Using PLS153 

I
:::> 
o 
> 

SNAP LISTING SHOWING INVERTING SCHMITI TRIGGER FUNCTION. 

@pinlist 
input i· 
output b 
81 0; 
82 o· 

@Iogic equations 
output I input; 
output.oe = 1 

81.oe output; 
81 o· 

82.oe output 
82 1; 

c. SNAP Equations 

Figure 3. Inverting Schmitt Trigger 
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Schmitt trigger using PLS153 AN018 

SNAP LISTING SHOWING SCHMIIT TRIGGER USING 

INPUT OUTPUT 

VL = O.7BV, VH - 1.6V 

a. 

ONE VO PIN TO PULL INPUT HIGH OR LOW. 

@pinlist 
input i; 
output b 
B1 o' 

@Iogic equations 
output input; 
output.oe = 1 

B1 
B1.oe 

b. 

output; 
l' 

Figure 4. Schmitt Trigger Using One 1/0 Pin 

INPUT OUTPUT 

a. High Going low Direction 

INPUT 
Rl 

---A,/\/I1t--. E2
R

3-l >--__ OUTPUT 

81 

b. low Going High Direction 

Figure 5. Schmitt Trigger 

NOTE: 
Rl = 3.9kn, R2 = 10.Bk .. kn, R3 = 2.0kn, 
VCC • S.OV, Ambient temperature = 2SOC 

O.Sms/div 

SNAP LISTING FOR SCHM ITT TRIGGER FUNCTION 
IN THE HIGH TO LOW DIRECTION ONLY. 

@pinlist 
input 
output 
B1 0; 

@Iogic equations 
output 
output.oe = 

B.oe 
B1 

c. 

input; 
1 

output; 
1; 

SNAP LISTING FOR SCHMITT TRIGGER FUNCTION 
IN THE LOW TO HIGH DIRECTION ONLY. 

Output 

Input 

@pinlist 
input j. 

output b 
B1 0; 

@Iogic equations 
output 
output.oe = 

B1.oe 
B1 

d. 

input; 
1 

/output; 
1; 

Figure 6. A Non-Inverting Schmitt Triggered Buffer 
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Sequencer devices 

INTRODUCTION 
Ten years ago, in their search for a 
straightforward solution to complex sequential 
problems, Philips Semiconductors originated 
Programmable Logic Sequencers. Philips 
Semiconductors Programmable Sequencers 
represent a product line which combines the 
versatility of two programmable arrays (PLA 
concept) with flip-flops, to achieve powerful 
state machine architectures. 

Each arrangement or "architecture" offers a 
variation of the basic concept which 
combines two programmable logic arrays with 
some flip-flops, in an undedicated fashion. 
The PLA product terms are llQ1 specifically 
dedicated to any particular flip-flop. All, none, 
or any mix in between may be connected to 
any flip-flop the designer chooses. The PLA 
structure therefore supports 100% product 
term-sharing as well as very wide OR 
functions preceding the flip-flops. 

Philips Semiconductors line of Programmable 
Logic Sequencers has been further 
customized to accommodate specific types of 
state machine designs. Some have both 
registered and combinatorial outputs, 
specifically for synchronous and 
asynchronous Moore-type state machines. 
Others have state or buried registers, as well 
as output registers. These devices 
(PLUS105, PLC42VA12 and PLUS405) are 
ideal for synchronous Mealy-type 
applications. 

Figure 1. Up-Down Counter 
State Diagram 

October 1993 

J-K and S-R register functions are another 
benefit. The logic functions provided by these 
types of registers far exceed the capability of 
a D-type register. The functionality of the J-K 
allows the designer to optimize the logic used 
in generating state transitions. Ninety percent 
of PAL devices have D-type registers. All the 
sequencers are equipped with three state 
options for bussing operations, JK or SR 
flip-flops and some form of register 
Preset/Reset functions. 

Finally, all PLS devices have a Transition 
Complement Array. This asynchronous 
feedback path, from the OR array to the AND 
array, generates "complement" transition 
functions using a single term. Virtually hidden 
in between the AND array and the OR array 
is the Complement Array. This single NOR 
gate is not necessarily "an array," however 
the inputs and outputs of this complement 
gate span the entire AND array. The input(s) 
to the Complement Array can be any of the 
product terms from the AND array. The 
output of the Complement Array will be the 
'complement' of the product term input. If 
several product terms are connected to the 
Complement Array, their respective 
complements can also be generated. The 
output of the Complement Array is fed back 
to the AND array, whereby it can be logically 
gated through another AND gate and finally 
propagated to the OR array. The significance 
being that the complement state of several 

While [STATE 0] 
IE' [U] 
IE' [/0] 

While [STATE 1] 
IE' [U] 
IE' [/0] 

While [STATE 2] 
IE' [U] 
IE' [/0] 

When [STATE 3] 
IE' [U] 
IE' [/0] 

product terms can be generated using one 
additional AND product term. For example, if 
an efficient method of sensing that no inputs 
were asserted was needed, the designer 
could connect the output of appropriate AND 
gates to the complement NOR gate. The 
output of the NOR gate could then be used to 
condition and then set or reset a flip-flop 
accordingly. As well, he could detect a 
particular state variable combination and 
force a transition to a new state, independent 
of the inputs. Or he could combine input 
signals and state (AND) terms to generate a 
new composite term. In any of these 
applications, the Complement Array greatly 
reduces the number of state transition terms 
required. 

In order to present the material in the most 
concise fashion, a brief state equation tutorial 
is presented first. The PLUS105 description 
immediately follows. In this capsule 
description, the level of detail is expanded, so 
read it first for basic understanding. Each 
additional presentation will be done with 
regard to the fundamentals described for the 
PLUS105. Figure 3 shows the detailed 
drawing ofthe PLUS105 in full detail. 
Figure 4 shows a compressed rendition of the 
same diagram so that the reader can 
understand the diagram notation. The 
compressed shorthand version will be used 
for the rest of the sequencers. 

THEN [STATE 1] 
THEN [STATE 3] 

THEN [STATE 2] 
THEN [STATE 0] 

THEN [STATE 3] 
THEN [STATE 1] 

THEN [STATE 0] 
THEN [STATE 2] 

Figure 2. STATE EQUATIONS to Implement Up-Down Counter for JK 
or SR Type Flip-Flop Based Sequencer 
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State Equation Tutorial 
STATE equation entry is a convenient way to 
describe elementary sequential machines in a 
manner which is directly related to a state 
diagram of the machine. The basic 
commands are few, but can be combined in a 
powerful fashion. Figure 1 shows a 4 state 
up-down counter for a machine with an 
U(up)/D(down) input line. Figure 2 shows the 
state equation syntax to implement Figure 1. 

The basic meaning can be summarized in the 
following way. Simply, "while in state X" if 
input "Y" occurs, "transverse to state Z". This 
is a Moore machine model. Mealy may be 
accommodated by addition of the "with" 
operation which designates an output 
variable being associated as shown below: 

A.) While [CURRENT STATE) 
with [OUTPUT VARIABLE) 
IF [INPUT VARIABLE) 
then [NEXT STATE] 

or 

B.) While [CURRENT STATE) 
IF [INPUT VARIABLE) 
then [NEXT STATE] 
with [OUTPUT VARIABLE] 

If a latched output variable is desired, the 
addition of a prime notion (I) to the right of the 
output variable is required. 

The designer must assign the binary values 
of choice to specific states for a state 
equation function to be implemented. The 
Philips Semiconductors SNAP manual details 
state equation solutions with more examples, 
but the advantage of state equations is that 
the designer can be less involved with the 
internal structure of the sequencer than 
required by other methods. 

October 1993 

The PLUS105 
This part (Figure 3) has sixteen logic inputs 
and eight outputs. It also has eight S-R 
flip-flops tied directly to those output pins 
through 3-State buffers (common control from 
pin 19). The user may select pin 19 to be an 
Output Enable signal or an asynchronous 
preset (PR) signal which is common to all 
flip-flops. Embedded into the device are 48 
AND gates. All flip-flops are S-R type with an 
OR gate on both Sand R. The designer may 
choose any number of product terms and 
connect them with any OR gate. The product 
terms can also be shared across any OR 
gate, as needed. Six of the 14 flip-flops are 
termed "buried registers" as their outputs are 
fed back to the AND array, regenerating both 
the a and 10 state variables. There is no 
direct connection to an output. Both the input 
signals and the state variables a and 10 are 
fed to the AND array through buffers which 
provided the TRUE (or noninverted) and 
Complement (inverted) renditions of the 
variable. This is critical for the efficient use of 
the AND array. The designer has all state and 
input variables necessary to generate any 
state transition signal to set and/or reset 
commands to the flip-flops. Because of this 
AND/OR arrangement, combined with 
complete freedom of configuration, all 
sequential design optimization methods are 
applicable. 

There are many other feature capabilities 
suitable for creative usage. For example, it is 
common practice to use the 48 product terms 
with the 6-bit buried register, treating the 
output 8-bit register as an intermediate, 
loadable data register only. This provides a 
very good bus 'pipeline" for the internal 6-bit 
machine. However, other logic options can be 
accomplished by combining internal state 
information (present state) with current input 
information, generating a next state which is 
different from the current internal state. 
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10 
11 

PRIOE 
12 

13 

... 
15 

Is 

17 

Is 
19 

110 

111 

112 

113 

114 

115 

al--+----l>--~181 FO 

al--+----l>--~131 F4 

01--+---1>--112\ F5 

OI--+----l>--~l1l FS 

CK 

Figure 3. PLUS105 
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~-r------------------~C 

I--r------------------~c 

T47---------- To 

Figure 4. Compressed Drawing of PLUS105 

October 1993 593 



Philips Semiconductors Programmable Logic Devices 

Sequencer devices 

The PLS155, 157, and 159A constitute a 
three part family of 2O-pin sequencers that 
are well suited for high speed handshakers, 
counters, shift registers, pattem detectors 
and sequence generators. Additional 
applications include testability enhancement, 
demonstrated in the application examples of 
signature analysis and pseudo random 
number generation. The three devices are 
very similar in architecture. All have a total of 
12 possible outputs. The difference is the 
ratio of combinational 110 to registered 
outputs available. 

The PLS155 
The PLS155 is a sequencer providing four 
J-K flip-flops with a PLA having 32 logic 
product terms and 13 control product terms. 
Eight combinational 110 are available in 

(LOGIC TERMS) 

addition to the four registered outputs. All of 
the state variables and combinational 
variables are presented to the output pins by 
way of 3-State inverting buffers. The 
combinational and state variable outputs are 
fully connected (fed back) back to the AND 
array in both the True and Complemented 
form of the variable. The product includes a 
special feature that allows the user to 
configure the flip-flops as either J-K or D 
flip-flops on an individual basis. A Register 
Preload feature is supported via two product 
terms (La, Lb) which permit "back loading" of 
data into the flip-flops, directly from the output 
pins. The part can now be easily forced into 
any known state by enabling La, Lb, applying 
data at the outputs (previously "3-Stated"), 
and applying a clock pulse. Register Preset 

(CONTROL TERMS) 

L D 

~--,r----+---r----------------------+--~--. 
~--~----+---+---------------------~--~---i 
~--~----+---+---------------------~--~---b 
~--~----r-~----------------------r---~6 

~~~~~~---+--~----------------------+---~c 

R----4-----+---Hr-1 

p----4-----+---hr-1 

-, 
I 
I 

..J 

1---+----- CK 

and Reset functions are controlled in 2 banks 
of 2 registers each. Note that control product 
terms are from the OR array. 

The outputs of all variables are 3-State 
controlled by a unique partition. Pin 11 
provides an Output Enable input (DE) which 
can be asserted with the EA and EB control 
product terms. EA controls the flip-flops FO 
and F1, and EB controls F2 and F3. Each 
combinational output term has a distinct 
3-State control term (DO - D7) originating 
from the AND array of the PLA. Each 
combinational output variable can be 
programmed as inverting (active LOW) or 
non-inverting (active HIGH) by way of the 
output polarity EX-OR gate associated with 
each 110 pin. 

I 
I 
I 

B 

~------------------~I 
Fcl 4 Copies I L ______________________ J TO 

Figure 5. PLS155 Architecture 
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The PLS157 
This sequencer features all the attributes of 
the aforementioned PLS155, however, two 
flip-flops have been added, at the expense of 
two of the combinational outputs. Pins 13 and 
18 on the PLS157 are flip-flop driven, where 
the same pins on the PLS155 are 
combinatorial, driven from the PLA. Again, all 
variables (input, output, or state variables) 
fully connect over the PLA portion with both 
True and complemented versions supplied. 

(LOGIC TERMS) 

:> 
b :> 

Q 

u 

... 

s 

M 

R 

P 

M 

T31 To FC 

October 1993 

c 

The number of product terms, the 
Complement array, Output Enable, 3-State 
configurations, Register Preload, etc., track 
the PLS155 part. As with the PLS155, distinct 
clock input on pin 1 is provided for 
synchronous operation. Register Preset and 
Reset are available in 2 banks. Pin F4 and Fs 
are controlled from the AND array (Product 
Terms PB and RB). The remaining 4 registers, 
Fa - F3, are controlled by the sum terms (from 
the OR array) P A and RA. 

(CONTROL TERMS) 
P R L L 0 

a 
a 
b 
I) 

Designs requiring more than 16 states but 
less than or equal to 64 states are solid 
candidates for realization with the PLS157. It 
can be configured as a Moore machine for 
counter and shifter designs from the flip-flop 
outputs, or as high speed pulse generators or 
sequence detectors with the combinational 
outputs. Mixed solutions are also possible. 

E E 

<l--- * <I--
<l--
c 

X 
B 

-= 'p-R 

'" t 
J Q ..... 

(n) 

- <--' - CK 

I 
K 
~-e/I 

.~ 

.----

;:=l 
[>riD ;; J Q 

1 (n) 

- <'-- - CK "" 

T 
K 

--d" 
">--l 

Figure 6. PLS157 Architecture 
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The PLS159A 
By extending the PLS157 arrangement even 
further, the PLS159A can be derived. Again, 
maintaining identical input, product terms, 
Complement array and similar 3-State 
partitioning, the PLS159A also resides in a 
2O-pin package. The expansion to dual4-bit 
banks of flip-flops, at the expense of 2 

combinational outputs, enhances the number 
of available internal states while maintaining 
product term and pin compatibility. Note that 
all registers are controlled from the AND 
array in 2 groups of four. 

The PLS159A is an ~ruu:t. It readily 
enters the environment of the a-bit data 
operand as well as the bus oriented system. 

(LOGIC TERMS) (CONTROl.. TERMS) 

~~-r----~--+--------------+---+---4--~~a 

~~==~~4=========~~~==~=t=~ b Ii 

<1---+---- CK 

For enhanced performance, the flip-flop 
outputs are inverted. To provide positive 
outputs for shifters and counters, the input 
variables and state feedback variables can be 
selectively inverted through an input receiver 
or the feedback path through the AN D gate 
array. 

E 

I 
I 
I 

1----------l1 

FC I 8 Copies I TO L ______________________ ~ 

Figure 7. PLS159A Architecture 
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There are three basic members in the 24-pin 
package family: The PLS167A, the 
PLS168A, and the PLS179. The PLC42VA12 
is discussed elsewhere. 

The PLS167A 
The PLS167A has 14 logic inputs and six 
registered outputs (S-R flip-flops). Six 
additional buried flip-flops reside beside the 
48 product term AND array. This device can 

support state machine designs of up to 256 
states-as two outputs feed back into the 
AND array, making a total of eight buried 
registers. There is complete feedback 
connectivity of the inputs and the state 
flip-flop outputs to the PLA AND gates. 
Organizationally it has much more in 
common with the PLS105A than the 
aforementioned 20-pin parts. The 

>--r------------------~ c 

t--+------------------i- C 

TO 

Figure 8. PLS167A 
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asynchronous Preset and the Output Enable 
are identical to the PLS105A. 

By having the output latched state variable 
capability, it provides an automatic buffer for 
bus based systems. The current state may be 
presented, fully stable and synchronized to a 
bus-while the internal buried machine is 
transitioning to the next state based on 
current input conditions. 

PRIOE 

p 

CK 
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The PLS168A 
This sequencer is a down-scaled version of 
the PLS105A. Having identical product terms, 
Complement array, asynchronous 
PRESET/Output Enable options, and 3-State 
controls, its primary difference is having 12 
inputs.compared to the PLS105A's 16 inputs. 
However, the PLS168A can become a state 

machine of up to 1024 states due to internal 
feed back of its six state registers, plus the 
feedback of four of the eight output registers. 
The PLS168A is packaged in a 300mil-wide 
24-pin DIP or 28-pin PLCC. 

This is also an octal part, providing an 8-bit 
register to a bus based system. State 

~-+------------------~~c 

l--+------------------+c 

TO 

Figure 9. PLS168A 
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registers, interrupt vector synchronizers, 
counters, shifters, or just about any basic 
state machine can be generated and 3-State 
interfaced to a computer bus with a 
PLS168A. Outputs provided by the positive 
asserted sense make state transitioning and 
loading of state variables straightforward. 

PRiOE 

P 

CK 
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The PLS179 
The PLS179 is architecturally similar to the 
PLS159A. The 3-State enable, number of 
product terms, flip-flop mode controls, 
register preload, etc., are all identical to the 
PLS 159A. The four additional inputs are the 
dominant differentiating feature for this part 
as compared to the PLS159A. As with the 

PLS159A, the PLS179 Preset and Reset 
functions are controlled from the AND array 
in 2 groups of 4 registers each. 

The PLS179 is also an ~ part. Providing 
the state contents directly to the pin through 
3-State buffers allows counters and other 
sequence generators direct access to an 
asserted low octal bus. Some design 

creativity will generate positive assertion 
through the pin inverters, for positive driven 
busses. Additional input pins expand the 
capability of the part beyond the PLS159A. 
Input combinations may be presented in a 
wider format, more fully decoded to the 
sequencer for faster reaction and less 
external circuitry than the PLS159A requires. 

PO - P31 FC 

elK 

October 1993 

I 
I 
I 

~====~k---------~I 
---------------~ 

8 Copies 

Figure 10. PLS179 Architecture 
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The PLUS405 
The PLUS405 is a functional superset of the 
PLUS105. It is also much faster. The 
performance of the PLUS405 has been 
dramatically improved relative to the 
PLS105A. Available in two speed versions, 
the operating frequencies (1ft1S + tcKO) range 
from 37 to 45MHz (minimum guaranteed 
frequency). The clock frequencies, or toggle 
rate of the flip-flops, are 50MHz and 
58.BMHz, respectively. The PLUS405 has 16 
more product terms and two more buried 
state registers than the PLUS105. Equipped 
with two independent clocks, it is partitionable 
into two distinct state machines with 
independent docks. And, it contains two 

October 1993 

independent Complement arrays, allowing full 
benefits over both machines. 

The PLUS405 can be partitioned as one large 
state machine (16FFs) with 64 available 
p-terms using one clock and 16 inputs or 
alternately two state machines (BFFs each) 
with independent clocks, sharing 64 p-terms 
with 15 inputs in any combination the user 
desires. The Complement arrays can be used 
to generate the "else" transition over each 
state machine or alternately used as NOR 
gates. They can be coupled into a latch if 
needed. 

The Asynchronous Preset option of the 
PLS105/167/168 architectures has been 

SOO 

replaced with a Programmable Initialization 
feature. Instead of a Preset to all logic "1 "s, 
the user can customiZe the PreseVReset 
pattern of each individual register. When the 
INIT pin (Pin 19) is raised to a logic "1", all 
registers are preset/or reset. The cI~ks ~e 
inhibited (locked out) until the INIT signal IS 

taken Low. Note that Pin 19 also controls the 
OE function. Either Initialization or OE is 
available, but not both. 

A CMOS extension to the PLUS405 is Philips 
Semiconductors PLC415, which is pin 
compatible and a functional superset of the 
PLUS405 architecture. 
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The Future is Here Now. 
Recent architectural extensions are currently 
available from Philips Semiconductors. These 
include the PLC415 and PLC42VA 12. These 
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Figure 11. PLUS405 

new ·Super Sequencers" are available now 
for high-end new designs. Please check the 
data sheet section of this handbook for more 
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information. See also the CMOS Sequencers 
section for more design examples using the 
PLC415 and the PLC42VA 12. 
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INTRODUCTION 
The PLSl68/168A is a bipolar Programmable 
Logic Sequencer as shown in Figure 1, which 
consists of 12 inputs, a 48 product term PLA 
and 14 RlS flip-flops. Out of the 14 flip-flops, 
six are buried State Registers (p 4-P9), four 
Output Registers (Fa-F3), and four 
Dual-purpose Registers (Pa-Pa), which may 
be used as Output or State Registers. All 
flip-flops are positive edge-triggered. They 
are preset to "1" at power-up, or may be 
asynchronously set to "1" by an optional 
PRIOE pin, which may be programmed either 
as a preset pin or as an Output Enable pin. 
Additional features includes the Complement 
Array and diagnostics features. 

ARCHITECTURE 
As shown in Figure 2, the device is organized 
as a decoding AND-OR network which drives 
a set of registers some of which, in turn, 
feedbacks to the ANDIOR decoder while the 
rest serve as outputs. Outputs Po to P3 may 
be programmed to feedback to the ANDIOR 
decoder as State Registers and, at the same 
time, used as outputs. The user now can 
design a 10-bit state machine without 
external wiring. The ANDIOR array is the 
classical PLA structure in which the outputs 
of all the AND gates can be programmed to 
drive all the OR gates. The schematic 
diagram of the AND-OR array is shown in 
Figure 3. This structure provides the user a 
very structured design methodology which 
can be automated by CAD tools, such as 
Philips Semiconductors SNAP software 
package. The output of the PLA is in the form 
of sum-of-products which, together with the 
RS flip-flops, is the ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of 
synchronous finite state machines.) 

Design Tools 
State machines may be implemented easily 
with the assistance of a PLD design software 
package. The software, such as Philips 
SNAP package, allows for various methods 
of design description entry. State machines 
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may be described using direct H/L table entry, 
schematic entry, Boolean equations, or state 
equations. The preferred method is, of 
course, state equation entry. The syntax for 
each software package differs but is generally 
of the form: 

WHILE [present state] 

IF [input condition] then [new state] with 
[output] 

IF [input condition] then [new state] with 
[output] 

IF [input condition] then [new state] with 
[output] 

Only one input condition should be active at 
anyone time, otherwise two or more product 
terms trying to force the machine into 
different states may be active simultaneously. 
The result would be a state machine in an 
unexpected state, which would not be a 
desirable condition. The manual for your 
software package should be consulted for 
specific syntax rules and options. 

Direct H/L table entry is not recommended for 
design entry, however looking at a table for 
verification of a design and for learning how 
state equations are implemented in a device 
is useful. SNAP does not provide access to a 
table from a menu entry. Instead, run the 
program 'FUSETABLE' from the DOS 
prompt. ABEL from Data 1/0, provides a 
program called IFLDOC to display the 
JEDEC file in a H/L table format. Designs 
implemented in sequencer devices using JK 
or SR type flip-flops are easier to interpret in 
a H/L table format than those using D-type 
flip-flops. 

The following examples illustrate how state 
equations are implemented in a PLSl68 
device. Two of them illustrate the functioning 
of the Complement Array and how it may be 
used to reduce the number of product terms 
used in a simple state machine design. The 
last example shows how only one 
Complement Array may be used in a state 
machine design which uses multiple ELSE 
statements. 
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A PLSl68 H/L table as shown in the data 
sheet is shown in Table 1. The table is 
organized according to input and output of 
the PLA decoding network. The lefthand side 
of the table represent the inputs to the 
AND-array, which includes input from input 
pins and present state information from the 
feedback buffers which feedback the contents 
of the State Register. The righthand side of 
the table represents the output of the 
OR-array, which drives the State and Output 
Registers as the next state and output. Each 
column in the lefthand side of the table 
represents an input buffer, which may be 
inverting, non-inverting, disconnected or 
unprogrammed. Each column in the righthand 
side of the table represents a pair of outputs 
to the flip-flops, which may be set, reset, 
disconnected, or unprogrammed. The 
programming symbols are H, L, -, and O. 
(See Figure 4 for details.) For inputs buffers, 
"H" means that the non-inverting buffer is 
connected, "L" means that the inverting buffer 
is connected, "-" means that both inverting 
and non-inverting buffers are disconnected, 
and "0" means that both inverting and 
non-inverting buffers are connected which 
causes that particular AND-term to be 
unconditionally Low. On the output side of the 
table, "H" means that the particular AND-term 
is connected to the OR-term on the OS" input 
of the particular flip-flop, "L" means that the 
AND-term is connected to the "R" side, "-" 
means that the AND-term is not connected to 
the flip-flop at all, and "0" means that the 
AND-term is connected to both the OS" and 
"R" sides. More details of the symbols and 
their meanings are shown in Appendix B. 
Each row in the table represents an 
AND-term. There are 48 AND-terms in the 
device. Therefore, there are 48 rows in the 
table. An example of implementing a 
transition from one state to another is shown 
in Figure 4a. The state diagram can be 
implemented by the PLS168 as shown in 
Figure 4b. The state diagram is translated 
into H/L format as shown in Figure 4c. The 
first column on the lefthand side of the table 
is for the Complement Array which will be 
discussed in detail in the next section. 
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NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1 n. 

2. All programmed "OR" gate locations are pulled to logic ''0". 
3. {::",. Programmable connection. Figure 1 
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Table 1. PLS168/168A Programming Table 

CUSTOMERNAME, ____________________ __ AND I OR ------------,------------
PURCHASEORDER# __________________ ___ INAcnVE 0 1 INAcnVE 0 

PHILIPS DEVICE # CF (XXXX) 
CUSTOMER SYMBOLIZED PART # ________ _ 
TOTALNUMBEROFPARTS _______ _ 
PROGRAMTABLE ____________________ ___ 
REV ______________________________ _ 
DATE ______________________________ __ 

Ms, Fr GENERATE A 1 SET H 

PROPAGATE Cn 1 RESET L 

TRANSPARENT I _ 1 NO CHANGE I -

INACnVE 0 1-------------
I,P I H I-----~!!.~-----
-:;N'T CARE I ~ I~ Ps ! I ~:ESET ! ~ I PIE 

AND 
opnON PIE 

OR 

INPUT (1m) PRESENT STATE (Ps) (Px) REMARKS NEXT STATE (Ns) (Px)T OUTPUT (Fr) 

TERM Cn~1~1T7.10~9-..8~7 .. ~6"5~4~~3~2~1~~0~9~8~7~~6~5~4~11~3~;2~1~0~---=::::=---+:9~8~7~~6~5~4~fl~3~2~1~0~;3~2~1~0~ 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

PIN 
NO. 
W 
...I w 
III:!: 
~<C 
O::z 
~ 

18 19 20 
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I 

I 

I 

I 

I . 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

. 
I 

I 

I 

I 

21 22 

· I 

I 

I 

I 

I 

· 
I 

I 

I 

I 

I 

I 

I 

I 

I 

· I 

I 

I 

I 

23 2 3 4 5 6 7 16 15 14 13 11 10 9 8 
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Figure 2. The Architecture of PLS168/168A 
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AND-GATE 
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} 
TOOTHER 

______ AND-GATES 

} 
TOOTHER 

______ AND-GATES 

.----i----+--1,- Vee 

.---------I----~;-1} 

~~~~~=r 
TO INPUTS OF 
FUP-FLOPS 

L _____ _ 

OR-GATE 

Figure 3. Schematic Diagram of AND-OR Array 
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00 

01 

PIN 
NO. 

N 
A 
M 
E 

~
o 

1011 

01 

a. State Diagram 

INPUT 

11 10 9 a17 6 5 413 

- H L -.- - - -.-. · . I 

la 19 20 21'22 23 2 3 '4 
I I 

I · I I 

I I 

I I 

I · 0 I I 
~ ~ I I 

AND 

2 1 

- -

5 6 
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b. Implementation of State Diagram (a) with PLS168 

OP1l0N(P/E) I 
OR 

PRESENT STATE NEXT STATE I OUTPUT 

0 9 a I 7 6 5 4h 2 1 0 9 a 17 6 5 4 .3 2 1 0 3 2 1 0 

- - -.- - H L.- - - - - -.- - L H.- - - - H - - -

. . . · . I 

· 7 '16 15 14 13 11 10 9 a 
I 

I 

I · I 0 · l-

• :::> 

· 0 

c. PLS168 Programming Table 

Figure 4. Implementing State Machine with PLS168 
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Figure 5. Logic Diagram of Complement Array 

Complement Array 
An additional feature is the Complement 
Array, which is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array is shown in 
Figure 5. The output of the Complement 
Array is normally Low when one or more 
AND-terms are High. If all of the AND-terms 
are Low, then the output of the Complement 
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Array will be High. In this example, if each 
AN D-term is a decoder for a particular state 
and input combination, and if the circuit gets 
into an undefined state, none ofthe 
AND-terms will be High. Therefore, the output 
IC will be High, which will then enable the 
AN D-term S which in turn may be used to 
reset all registers to Low or High as 
predefined. The state machine thus escapes 
from being in an undefined state by using the 
Complement Array and one AND-term. 

Without the Complement Array an alternate 
way of escaping from being in an undefined 
state is by defining all possible states which 
are not being defined. This method may 
require quite a few AND-terms depending on 
the design. Another application for the 
Complement Array is illustrated by the 
following example. As shown in Figure 6, 
when the machine is in state 23, if input 
vector equals 1001, it will go to next state 24. 
If the input is 1101, then go to state 25. But if 
the input is neither 1001 nor 1101, then go to 
state 03. It takes only two terms to implement 
the first two transition vectors. 
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To implement the third vector "go to state 03 
if input is neither 1001 nor 1101", the 
Complement Array accepts the outputs of the 
first two AND-terms as inputs. If the input 
vector is neither 1001 nor 1101, then both 
terms will be Low, which causes the output of 
the Complement Array (/C) to be High. A third 
AND-term is used to AND state 24 and IC 
together to set the registers to state 03. The 
State Diagram is translated into SNAP syntax 
as shown in Figure 6b, where all vectors are 
in square brackets and the Complement 
Array is represented by the ELSE statement. 
The State diagram Figure 6a can also be 
expressed in the format of a program table as 
shown in Figure 6c. The complement array 
may be used to exit from different present 
states to different next states. It can be used 
many times in one state machine design as 
shown in Figures 7a, b, and c where the state 
diagram is implemented using the SNAP 
state equation syntax and a HIL format 
representation. 
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TERM C 

00 A 

01 A 

02 . 
03 

04 

05 

PIN 
NO. 

N 
A 
M 
E 

11 10 

H L 

H H 

- -

18 19 

C') (\J 

~~ 

INPUT 

9 8 ,7 6 5 4 ,3 

L H'- - - -,-

L H;- - - - , -
, - - - - - - -, 
, , 

, 

a. State Diagram 

WHILE [23] 
IF [1001] THEN [24] WITH [OUT1] 
IF [1101] THEN [25] WITH [OUT2] 
ELSE [03] WITH [OUT9] 

b. SNAP State Equation Syntax 

AND 

PRESENT STATE 

2 1 0 9 8,7 6 5 4,3 2 

- - - H L'L L H H'- -

- - - H L;L L H H;- -

- - - H L:L L H H:- -

~ 

1 0 

-

-

-1/, 
;1/, 

PRESENT STATE=23(HEX) /;11 
NEXT STATE: 24(HEX) 'II , 25(HEX 

20 21' 22 23 2 3 ' 4 03(HEX)! 5 6 7 

, 

, 
~ 0, 
~ ~, 

c. H/L Format 

Figure 6. Application of Complement Array 
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OPTION PIE 
OR 

NEXT STATE I OUTPUT 

8 ,7 6 5 4 ,3 2 1 0 3 2 1 0 

L'L H L L ,- - - L L L H 

L;L H L H;- - - ! L L H L 

L:L L H H:- - - 'I H L L H 

OUT1'=0001
1
/; 

II 
OUT2=OO10 Ij 
OUTG=1001 
I I 

'16 15 14 13 11 10 9 8 

C')(\J ~O 
Il.Il. Il.Il. , 00 00 
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a. State Diagram 

AND 

INPUT 
TERM C 

11 10 9 817 6 5 413 2 1 

00 A L L L LI- - - -1- - -
01 A L L L HI- - - _1- - -
02 · - - - _1- - - _1- - -, , 
03 

, , , , 
04 A L L H L'- - - -

, 
- - -, , 

05 A L L H H,- - - -,- - -
06 · - - - -1- - - -,- - -
07 

, , 
08 A L H L L:- - - - , - - -, 
09 A L H L H'- - - - , - - -1 , 
10 · - - - -

, 
- - - -

, 
- - -, , , , 

11 , , 
PIN 

, , 
NO. 18 19 20 21'22 23 2 3' 4 5 6 , , , , 
N , , 
A 

, , 
M 

, , , , 
E C') N ..... 0, , 

~ ~~ ~, , 

PRESENT STATE 

0 9 817 6 5 413 2 1 0 

- L LIL L L LI- - - -
- L L:L L L L:- - - -
- L L:L L L L'- - - -, , , , 1 

- L L,L L L H,- - - -
- L LIL L L H,- - - -

- L L:L L L H:- - - -
, , , , 

- L L:L L H L'- - - -, 
- L L;L L H L,- - - -
- L L,L L H L,- - - -

, , , , 

7 

c. PLS168 Programming Table 

WHILE (00) 
IF [0000) THEN [01) WITH [OUTO) 
IF [00(1) THEN [02) WITH [OUT1) 
ELSE [3F) WITH [OUT9) 

WHILE [01) 
IF [0010) THEN [03) WITH [OUT2) 
IF [0011) THEN [04) WITH [OUT3) 
ELSE [2F) WITH [OUTS) 

WHILE [02) 
IF [0100) THEN [05) WITH [OUT4) 
IF [0101) THEN [OS) WITH [OUTS) 
ELSE [2F) WITH [OUT7) 

b. SNAP State Equation 

OPTION (PRlOE) 
OR 

NEXT STATE I OUTPUT 

9 817 6 5 413 2 1 0 3 2 

L LIL L L HI- - - - L L 

L L:L L H LI- - - - L L 

H H:H H H H'- - - - H L , , , , 1 

L L,L L H H'- - - - L L , 
L L,L H L L:- - - - L L 

H L:H H H H,- - - - L H 
, 

1 , 
L L:L H L H'- - - - L H , 
L L,L H H L'-, - - - L H 

H L,H H H H:- - - - L H , , , , 
, 
'16 15 14 13 11 10 , , , , , 
1 C') N , n.n. , 00 

Figure 7. Applications of Complement Array 
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1 0 

L L 

L H 

L H 

H L 

H H 

H L 

L L 

L H 

H H 
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..... 0 
n.n. 
00 
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a. PLS168 Setup Time 
vs. P-Term Loading 

Figure 8 

b. PLS168 Setup Time 
vs. P-Term Loading 

Figure 9. Difference in Propagation 
Delay Due to Different P-Term Loading 

IN'U' ~ r-----.~u \ ~.I(!! ~-
CLOCK r \\.,. ____ J..J \~ ___ ..... ~ 

OUTPUT / __ ----J \~ __ -..J~ 
OUTPUT UNDETERr.tNED I 

DUE TO METASTABLE 
CONDITION OF FUp·FLOP 

Figure 10. Change of tCKO Due to Metastable Condition of Flip-Flop 
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Optional Preset/Output Enable 
The PRIOE pin provides the user with the 
option of either using that pin to control the 
3-State output buffers of the Output 
Registers, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS168 to a known state, all 
Highs. The output enable function are 
sometimes used where the state machine is 
connected to a bus which is shared by other 
output circuits. It is also used during 
power-up sequence to keep the PLS168 from 
sending power glitches to other circuits which 
it drives. By programming the PRIOE pin to 
control the 3-State output buffers, the preset 
function is permanently disabled. By 
programming the PRIOE pin to control the 
asynchronous preset of the registers, the 
output buffers are permanently enabled. 
While using the preset function to 
asynchronously preset the register, if a rising 
edge of the clock occurs while the preset 
input is High, the registers will remain preset. 
Normal flip-flop operation will resume only 
after the preset input is Low and the rising 
edge of the next clock. Setting the registers 
to a predefined pattern other than all Highs 
may be accomplished by using a dedicated 
p-term, which is activated by an input pin 
which will also inhibit all other p-terms which 
are being used. The inhibiting of other 
p-terms eliminates the problem of 
undetermined state of an RS flip-flop caused 
by having Highs on both R and S inputs. 

October 1993 

Diagnostic Features 
In debugging a state machine, sometimes it 
is necessary to know what is the content of 
the state register. The buried State Register 
may be read by applying +1 OV on 10, which 
will cause the contents of register bits P4 to 
Ps, P6 to Pg to be displayed on output pins F2 
to F3 and Po and P3 respectively. While the 
device can handle the + 1 OV on pin 10, 

prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at + 1 Ov. To facilitate more 
expedient functional tests, synchronous 
preset vectors as described above may be 
used to set the State Register to different 
states without having to go through the entire 
sequence. 

Timing Requirements 
Since the PLSl68 is intended to be a 
synchronous finite state machine, the inputs 
are expected to be synchronous to the clock 
and set-up and hold time requirements are 
expected to be met. In general, the set-up 
time requirement is measured at its worst 
case as having the entire AND-array 
connected to the OR-term being measured 
and there is only one active AND-term to 
drive the entire line. The set-up time 
decreases from there as less p-terms are 
used. This is due to the capacitance of the 
unused AND-terms being removed from the 
line. Figure 8a shows the typical set-up time 
requirement of a PLS168A device. Figure 8b 
shows the normalized set-up time as a 
percentage of the worst case, which is with 
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48 terms connected. In a typical state 
machine design, some flip-flops will change 
states more frequently than others. Those 
that change more frequently will have more 
p-term loading on its OR gates than those 
that change states less frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of the input change gets to 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock's rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get into metastable 
condition as shown in Figure 10. The state 
machine is now either out of sequence or is 
in an undefined state. This problem often 
occurs with asynchronous inputs which is 
generated totally independent of the clock on 
the system. A common remedy for the 
problem of asynchronous inputs is to use 
latches or flip-flops to catch the input and 
then synchronously feed it to the state 
machine. This minimizes the problem with the 
different propagation delays due to different 
p-term loading. But there is still a finite 
probability that the external latches or 
flip-flops will get into metastable condition, 
which may be propagated into the state 
machine. Nevertheless, the window for the 
flip-flops in state machine to get into 
undefined states or metastable condition is 
narrowed by a great extent. 
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APPENDIX A 

INTRODUCTION TO STATE 
MACHINE 
A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in 

INPUTS 

INPUTS 
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hardware, can run much faster than a 
computer running the sequence in software. 
Therefore, it is often used in controller 
applications where speed is important. 

Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures 1 a and 1 b. The fundamental 
difference of the two types are: the output of 
a Moore machine is a dependent of only the 

OUTPUTS 

Appendix A-1. Moore Machine Model 

OUTPUTS 

AN023 

state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the logic 
sequence in the form of state diagram in 
which the bubbles represent state vectors, 
and the arrows represent transitions from 
present states to next states. 

STa IS PRESENT STATE 
OUTa IS OUTPUT VECTOR 

INa IS INPUT VECTOR 

STb IS NEXT STATE 
OUTb IS OUTPUT VECTOR 

ST. IS PRESENT STATE 

OUTPUT 
DECODER I

Ta 

INa/OUTa 

STb 

INa IS INPUT VECTOR 
OUT a IS OUTPUT VECTOR 

STb IS NEXT STATE 

Appendix A-2. Mealy Machine Model 
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APPENDIX B 

LOGIC PROGRAMMING 
The PLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

PRESETIOE - (PIE) 

OPTION 

PRESET 

PROGRAMMING: 

P=1 ---cJ 

CODE OPTION CODE 

H 
In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term Tn, is assigned a 
symbol which results in the proper fUSing 
pattern of corresponding link pairs, defined as 
follows: 

"AND" ARRAY - (I), (P) 

The PLS168/A has a power-up preset feature. This feature insures that the device will 
power-up in a known state with all register elements (State and Output Register) at logic High 
(H). When programming the device it is important to realize this is the initial state of the 
device. You must provide a next state jump if you do not wish to use all Highs (H) as the 
present state. 

1
i

'p 1i'P 1 i

'p 1 i

'p 

I,P I,P I,P ~P 

r,p r,p r,p r,p 

Tn Tn Tn Tn 

I STATE I CODE I STATE STATE STATE 

I INACTIVE1, 2 I o J I,P I,P DON'T CARE 

"OR" ARRAY - (N), (F) 

"tg[j0 "±gQ-o n,f tg[jo "±gQ-o 
il,l R il,l R il,l R il,l R 

I ACTION I CODE I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I INACTIVE1,3 I 0 I SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

0: 
Tn 

0: 
Tn 

0: 
Tn 

0: 
Tn 

I ACTION I CODE I 
I 

ACTION 

I 
CODE 

I 
I ACTION I CODE I I ACTION I CODE I 

I INACTIVe1,4 I 0 I GENERATE A I PROPAGATE J • I I TRANSPARENT I - I 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Tn will be unconditionally inhibited if both the true and complement of any input (lor P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for Nand F link pairs coupled to active gates Tn (see 

flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Tn. 
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A Programmable Alarm System -
PLS168 
A basic alarm controller can be considered as 
a black box with several inputs and several 
outputs (Figure 1). Some inputs are used for 
detection and others for control. Detect inputs 

CONTROL { 
INPUTS 

CLOCK 

ARM 

RESET 

RRE 

are driven from a variety of alarm transducers 
such as reed switches, smoke detectors, 
pressure mats, etc. An ARM input switches 
the system into a state which allows detection 
of the various alarm conditions and a RESET 

SOUNDER 

PREATAK ALARM BEACON } 
ALARM 
OUTPUTS 

DETECT 
INPUTS 

nMED1 

nMED2 

ALARM 1 

ALARM 2 

ALARM 3 

ALARM 3 

CONTROLLER 

i---' 
I 

I 

~ 
) 

STATUS 
INDICATOR 

Figure 1. Basic Alarm Controller 

~a~:-resetJ 
~nder 

TOST_NULL 

Figure 2. State Diagram for the Alarm Controller 
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input is used to reset the system after an 
alarm has been triggered and dealt with or on 
re-entering the protected area. Outputs from 
the system include a sounder, a beacon and 
status indicators. 
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Detect inputs can be divided into timed, 
un timed, fire and personal attack inputs. 
limed circuits allow entry/exit delay circuits 
for front and rear doors, to delay operation of 
the alarm for approximately 16 seconds. 
Untimed circuits cause the alarm to operate 
immediately when an alarm condition occurs. 
These would be used to protect unusual 
means of entry, such as windows. Both the 
timed and untimed circuits should operate 
only if the system is armed. 

The personal attack circuit is a special case 
untimed circuit and should operate only when 
the system is disarmed. The fire-detect circuit 
is again a special case untimed circuit and 
should operate regardless of whether the 
system is armed or not. 

Outputs from the controller drive an external 
sounder and beacon. After 128 seconds, the 
sounder should turn off if the alarm has been 
triggered by either a timed or general untimed 
circuit. However, when a fire or personal 
attack triggers the system, the sounder 
should not turn off until the system is reset 
and the alarm condition removed. 

State Machine Implementation 
This design is best implemented as a state 
machine. The state diagram is derived from 
the verbal system description. Please note 
from Figure 2 the controller can be in one of 
six possible states. Examine the transitions 

from ST_NULL as an example. If a personal 
attack or fire condition occurs while in this 
state, a transition to ST_1 takes place as 
indicated by the arrows on the diagram. Also 
at this time the sounder and beacon are 
activated, thus giving the alarm. If the fire and 
personal attack conditions have not occurred 
and the ARM SWITCH is set, then a 
transition to ST_Otakes place. 

Similarly, other arrows on the state diagram 
represent transitions between other states 
when specified input conditions occur. Output 
parameters are shown to the right of the 
slash line. Where there are no output 
parameters specified in a transition term, this 
indicates that no output changes are desired 
during this transition. That is, an output will 
hold its present value until told to change. 

PLD Implementation 
Having defined the desired system operation 
it is now time to select the required device to 
implement the desired system function from 
the PLD Data Manual. In this case, the 
device selected is the PLS168. Figure 3 
shows the pinning information for the alarm 
controller. A 10-bit counter within the 
controller produces the entry/exit and 
sounder turn-off delays since this makes 
more efficient use of the PLD facilities than 
implementing the delays as part of the state 
machine. This counter uses seven internal 
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registers with feedback and three without. For 
those registers without feedback, external 
wiring feeds their outputs back into the device 
to complete the 20-bit counter. Pins five to 
ten are used for this purpose. Output T7 also 
forms part of the counter. 

Three other registers form the state registers 
and are labeled SRO, SRl and BEACON. 
State vectors for these registers have to be 
chosen with care to ensure that the beacon 
output is activated at the correct time. Other 
inputs and outputs are as already discussed. 
Note that the PRIOE pin is not used. SNAP 
defaults its use to a register PRESET 
function. This pin should be tied to ground in 
the final circuit. 

The EON file of SNAP is separated into 
sections. First, in the @PINLIST section all 
of the signal names connected directly to the 
pins and their function is listed. If a signal 
name is used later in the file and not listed in 
the @PINLIST section, that signal is 
assumed to represent an internal node. The 
@PINLIST and @LOGIC EOUATIONS 
sections of the EON file are shown in Table 1. 
The remaining state machine portion of the 
EON file is shown in Table 2. Register SRO 
halts and clears the counter while the 
controller is in certain states. This needs to 
be considered when defining the state 
vectors. 
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TABLE 1. SNAP EQUATIONS 

" ________________________________________ H 

ALARM CONTROLLER 
"----------------------------------------" 
@PINLIST 
clock 1; 
arm 1; 
reset 1; 
peratak 1; 
tS1n 1; 
t9in i; 
tlOin 1; 
alarm3 1; 
alarm2 i; 
alarml 1; 
t1med2 i; 
t1medl 1· 
fire 1; 

tlO 0; 
t9 0; 
tS 0; 
t70 0; 
sounder 0; 
beacon 0; 
srl 0; 
srO 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
"ten-bit counter for delay" 

t1.s = /tl*/srO; 
tl.r = tl*/srO + srO; 
tl. clk = clock; 
t2.s = tl*/t2*/srO; 
t2.r = tl* t2*/srO + srO; 
t2.clk = clock; 
t3.s = tl* t2*/t3*/srO; 
t3.r = tl* t2* t3*/srO + srO; 
t3.clk = clock; 
t4.s = tl* t2* t3*/t4*/srO; 
t4.r = tl* t2* t3* t4*/srO + srO; 
t4.clk = clock; 
tS.s = tl* t2* t3* t4*/tS*/srO; 
tS.r = tl* t2* t3* t4* tS*/srO + srO; 
tS.clk = clock; 
t6.s = tl* t2* t3* t4* tS*/t6*/srO; 
t6.r = tl* t2* t3* t4* ts* t6*/srO + srO; 
t6.clk = clock; 
t7.s = tl* t2* t3* t4* ts* t6*/t7*/srO; 
t7.r = tl* t2* t3* t4* tS* t6* t7*/srO + srO; 
t7.clk = clock; 
t70=t7; 

t3* t4* ts* t6* t7*/tSin*/srO; 
t3* t4* tS* t6* t7* tSin*/srO + srO; 

t3* t4* ts* t6* t7* tSin*/t9in*/srO; 
t3* t4* tS* t6* t7* tSin* t9in*/srO + srO; 

tS.s = tl* t2* 
tS.r = tl* t2* 
tS.clk = clock; 
t9.s = tl* t2* 
t9.r = tl* t2* 
t9.clk = clock; 
tlO.s= tl* t2* 
tlO.r= tl* t2* 
tlO.clk clock; 

t3* t4* tS* t6* t7* tSin* t9in*/tlO1n*/srO; 
t3* t4* ts* t6* t7* tSin* t9in* tlOin*/srO + 

srO.clk = clock; 
srl.clk = clock; 
beacon.clk = clock; 

srO; 

sounder.clk = clock; (EON file continued in Table 2) 
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State Equation Entry 
The state equation entry portion of the EON 
file uses a state-transition language, 
parameters of which are taken directly from 
the state diagram. Information is entered into 
this file in a free format. The only points to 
remember are that the square brackets 
should be used throughout to define the state 
registers and transitions, semicolons should 
be used to mark the end of vector definition. 
State vectors can be defined in the state 
equation entry file as shown in Table 2. State 
vectors are simply a means of labeling an 
arrangement of state registers which can be 
used later to define state transitions. Because 
we are using the BEACON output register as 
a state register also and SRO is being used to 

halt and clear the 1 O-bit counter, particular 
care must be taken in defining the state 
vectors in this instance. 

From the state diagram, the counter must 
begin counting during states ST_O, ST_2and 
ST 3 and it must be cleared during states 
ST-1 ST 4 and ST_NULL. State ST_NULL 
repre~ents the power-up state of the PLS168 
in which all register outputs are at logic one. 
Thus the inactive state of the counter is 
defined as being when SRO is at logic one, 
therefore, SRO must be at this level during 
states ST_1 and ST_ 4 and at logic zero 
during other states. The alarm beacon is 
considered to be active by an active-low 
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signal and must be activated during states 
ST 3 and ST_ 4. Register SR 1 must therefore 
be ~osen to ensure mutual exclusivity 
between state vectors. Input and output 
vectors can be defined in the same manner in 
terms of input and output label names. In this 
case, however, the label names are used 
directly. State transitions can now be der~ved 
directly from the state diagram. Entry/eXit 
and sounder tum-off delay times are 
represented as a decoding of the 10-bit 
counter states. Thus to get the desired 16 
second entry/exit delay. t7 must be decoded 
and to achieve the 128 second sounder 
turn-off delay t10in must be decoded. 
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TABLE 2. SNAP EQUATIONS 

@INPUT VECTORS 
@OUTPUT VECTORS 
[sounder]srff 
s_on ~b; 

s_off = Ib; 

@STATE VECTORS 
[srO, srl, beacon]srff 
st_null lllb; 
st_O OOlb; 
st 1 101b; -
st 2 Ollb; -
st _3 OlOb; 
st _4 100b; 

@TRANSITIONS 

while [st_null] 
if [arm*/fire*/peratak] 
if [peratak] 
if [fire] 

while [st 0] -
if [t7*/fire*(arm+reset)] 
if [/arm*/reset] 
if [fire] 

while [st 1] -
if [timedl*/fire] 
if [timed2* /fire] 
if [alarml*/fire] 
if [alarm2* /fire] 
if [alarm3*/fire] 
if [/arm*/reset] 
if [fire] 

while [st_2] 
if [t7*/fire] 
if [alarml*/fire] 
if [alarm2* /fire] 
if [alarm3*/fire] 
if [/ arm* / reset] 
if [fire] 

while [st_3] 

then 
then 
then 

then 
then 
then 

then 
then 
then 
then 
then 
then 
then 

then 
then 
then 
then 
then 
then 

[st_O] 
[st_4] with [s_on] 
[st - 4] with [s_on] 

[st 1] -
[st_null] with [s_off] 
[st_4] with [s_on] 

[st_2] 
[st_2] 
[st_3] with [s_on] 
[st_3] with [s_on] 
[st_3] with [s_on] 
[st_null] with [s_off] 
[st - 4] with [s_on] 

[st_3] with [s_on] 
[st_3] with [s_on] 
[st_3] with [s_on] 
[st_3] with [s_on] 
[st_null] with [s_off] 
[st - 4] with [s_on] 

if [tlOin*/fire*(arm+reset)] then [st_4] with [s_off] 
if [/arm*/reset] then [st_null] with [s_off] 
if [fire] then [st_4] with [s_on] 

while [st_4] 
if [/arm*/reset] 
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With the system fully defined, simply 
assemble the design information using SNAP. 

Functioning of the device can be verified with 
the SNAP simulator, which can also be used 
to check A.C. timings before downloading the 
pattern to a device programmer. 

inputs indicate an alarm condition when in the 
high state, logic one, and that the alarms are 
activated when the alarm outputs are active 
low (Le., at logic zero). 

Should an alarm input transducer be used 
which indicates an alarm condition as a low 
state, this can be catered for by altering the 
EON file. For example, consider a smoke 
detector which outputs logic zero on 
detection of an alarm condition and assume 
that this transducer is driving the "fire" input 

of the device. By changing all references to 
'fire' in the EON file to '/fire' and all instances 
of '/fire' to 'fire' then the activation of the 
alarms will occur when logic zero is applied to 
this input and not when logic one is applied, 
as in the original case. 

Programmability 
The PLS168 device could now be used as 
the controller of an alarm system. As it 
stands, the device assumes that all the alarm 
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Polarity of the output signals cannot be 
altered as easily, as the device will always 
power-up with the outputs at logic one. This 
should not prove to be a problem since the 
outputs simply drive output transistors and 
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these can be used to produce the correct 
polarity signal for the beacon and sounder. 

System Implementation 
Figure 2 shows a typical alarm system based 
on this device. The system clock is produced 
by a relaxation oscillator built from 74HC132 
Schmitt Triggers. Values of R1 and C1 shown 
result in a frequency of approximately 4Hz 
which will provide the desired entry/exit and 
sounder turn-off delays. These delays can be 

modified either by changing the external 
oscillator circuit or by decoding a different 
internal counter state. For example, to 
increase the entry/exit delay change all 
references to 17 in the EON file to t8. Both 
normally-closed and normally-open loop 
implementations are shown. Due to the 
distances involved in an alarm system, the 
open-loop configuration may cause problems, 
being driven by the positive supply. to avoid 

Figure 5. Status LEDs Connected to the alarm 
controller as shown provide status information 
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this problem, input-detect polarity of the 
open-loop circuit can be changed by altering 
the EON file. 

Status indication can be provided by 
connecting LEDs as in Figure 5. When the 
reset button is pressed, any LED being lit will 
indicate an alarm condition for that input. This 
will not reset the alarm system unless the 
arm switch is off. 
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INTRODUCTION 
The general technique underlying the 
operation of this AID converter is illustrated 
by the functional block diagram in Figure 1. 
The system consists of a D/A converter, a 
comparator circuit, and digital logic circuitry. 
The digital logic circuitry outputs a digital 
value which is converted to analog by the D/A 
converter. 

The comparator senses when the output is 
greater or less than the input and causes the 
digital circuit to decrement or increment its 
digital output respectively. The initial 
conversion is completed in 13 clock cycles. If 
tracking mode is used, the AID converter 
then tracks the input voltage as it changes by 
incrementing or decrementing 1-LSB per 
clock. The tracking function makes it possible 
to make an AID conversion in one clock cycle 
if the input changes less than the value of 
1-LSB per clock period. The conversion may 
be halted and the digital output, as well as 
the converted analog output from DAC, will 
hold their output constant indefinitely. This 
feature works well as sample-and-hold since 
its output voltage will not decay over time 
whereas the output of an analog samplelhold 
will decay due to charge leakages. 

In order to avoid the violation of setup time by 
the output of the comparator, its output is 
latched. There is a built-in 2-phase clock in 
U2 which may be used to drive the logic 
circuitry and the latch of the comparator (see 
Philips Semiconductors NE5105 data sheet 
for details on output latches of voltage 
comparators). 

The analog input voltage may be sampled 
and held by an analog sample/hold circuit to 
keep the input to the ADC from changing. 
The DONE output may be used to control the 
sample-and-hold if needed. 

This paper discusses only the digital circuit 
which contains the SAR and the Up/Down 

Counter. The analog circuits are not within 
the scope of this paper. 

SAR 
Two PLS179s are connected together to form 
a 12-bit shift register and up/down counter. 
The schematic diagram of the AID converter 
is shown in Figure 2. U2 contains bits 0 to 4 
and U 1 contains Bits 5 to 11. Interconnects 
are made as shown in the diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
111111111111 is full scale or 4095). After the 
nST input becomes 0, at the rising edge of 
the next clock, the SAR is initialized to 
half-scale (1000 0000 0000) and the DONE 
flip-flop is reset to output 0 which causes the 
open-collector output nDone OC to become 
high impedance. -

The digital output is converted by the DAC 
and is compared to the analog input voltage 
by the comparator. If the digital output is 
greater than the analog input, the SAR shifts 
the 1 to next MSB on the right. The content of 
the SAR becomes (0100 0000 0000). If the 
digital output is still greater than the input, the 
SAR shifts right one bit again. The content of 
the SAR then becomes (001000000000). 
The shifting of 1 to the next MSB in 
equivalent to reducing by half the value of the 
bit under consideration. It the output is still 
too large, the SAR reduces it by half again by 
shifting to the right one more time. The SAR 
keeps shifting to the right until the digital 
output is less than the input. When the output 
is less than the input, the SAR adds one bit to 
the next MSB while keeping all the higher 
order bits unchanged. For example, if the 
current output is 0001 00000000 and the 
output is less than the input, the SAR adds 
one bit to the right at the next clock. The 
output becomes 0001 10000000. The output 

is again compared to the input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the input. When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 
12 bits have been operated on. The last bit 
(Bit 0) is always changed from 0 to 1, which 
is used as the condition to set DONE to 1 
which, in turn, sets open-collector output, 
/nDONE_DC, to O. 

UP/DOWN COUNTER 
After DONE becomes 1, if /nST and nHOLD 
are 1 and nTRACK is 0, the SAR turns into a 
12-bit up/down counter. If the analog input 
voltage increases, the counter will increment 
by 1 at every clock until it matches the input. 
If the input decreases, the counter will 
decrement by 1. When nHOLD becomes 0, 
the counter is inhibited and the output is held 
indefinitely. The counters consist of 12 toggle 
flip-flops and 2 p-terms per flip-flop for 
directional control. The counter will operate 
only after the approximation cycle is 
completed and DONE is 1. 

Since the nST and nHOLD inputs may be 
asynchronous with the clock, in order to 
minimize the possibilities of having a 
metastable condition from happening, these 
inputs close-up are latched by flip-flops 
nSTART of U1 and nHLD of U2 respectively. 
Once they are latched, subsequent operation 
begins at the rising-edge of the next clock. 
The output of the comparator may be latched 
to prevent setup time violation. (Philips 
Semiconductors NE5105 is a high-speed 
comparator with an output latch. External 
latch may be used with other comparators.) 

ST---i-.t 

TRXCK---i-.t 

ROm----I-.t 

I----i .. DONE 
12-BITSAR 

AND I----i .. DORE:::OC 
UPIDOWN COUNTER CLOCK 1 

1----.. CLOCK 2 

ANALOG INPUT 
..--__ ---,,/ 12-BIT DATA OUTPUT 

Figure 1. Functional Block Diagram of 12-Bil High-Speed AID Converter 
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CLOCKS 
U2 generates an optional 2-phase clock 
which may be used to control the latch of the 
comparator. The two clocks are basically 
1800 out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1. CLOCK2 is used to drive the 
clock-inputs of the PLS 179 devices. 

The clock frequency is controlled by Rand C. 
Those who want to use the built-in clock 
should experiment with RC time constants for 
the best value. It is recommended that the 
capacitance should be less than 1000pF for 
best results. 

DONE AND nDONE_OC 
The output DONE is reset to 0 when nST is 
o. It remains 0 until the approximation cycle is 
completed. After the least significant bit 
becomes 1, the DONE bit becomes 1 at the 
next clock. It remains 1 until it is reset again 
by input nST. 

The nDONE_OC output is configured to 
emulate an open-collector output. The output 
is programmed to have a logic o. When 
DONE is 0, the 3-State output buffer is set to 

CLOCK 1 

-.j r-- tpD .s 25ns 

CLOCK 2 

Hi-Z condition. As soon as DONE equals 1, 
the 3-State buffer is enabled and 
nDONE_OC becomes o. 
In the initial phase of AID conversion, 13 
clock cycles are required. It is essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 
the front end. The DONE output may be used 
to control the analog sample/hold circuit. 

INPUT LATCHES 
Flip-flop nSTART and 2 p-terms in U1 are 
configured as a non-inverting D flip-flop. The 
input, nST, and the output nSTART have the 
same polarities. Flip-flop nHLD and 2 p-terms 
in U2 also form a non-inverting D flip-flop. 
The output nHLD and the input nHOLD have 
the same polarities. 

AMAZE IMPLEMENTATION 
The implementation of the logic circuit using 
ABEL is as shown in the appendices. Two 
files (ADCS1.ABL and ADCS2.ABL) are 
generated for each PLS 179s. State machine 

and Boolean equation design entries are 
used for both files. 

The SAR circuit is designed as a state 
machine and the up/down counter, input 
latches, 2-phase clocks and the 
open-collector output are implemented by 
using Boolean equations. BITO to 4 are 
described in ADCS2 and BITS to 11 are in 
ADCS 1. Toggle flip-flops are implemented by 
the JK flip-flops (when .J=.K). In order to 
combine two different design entries into one 
device, pin attribute assignment 'ISTYPE 
REG_JK' must be given to keep output 
registers type consistency (ABEL will default 
state machine to D-F/F). 

Test vectors are also supplied with each 
design file to simulate SAR and up/down 
counter functions. Note that U2 will not start 
functioning until BITS and U 1 becomes 1 and 
ripples into U2. When nST becomes O,it 
clears all the state registers and next 
conversion cycle begins. The files are then 
compiled and simulated to produce the 
JEDEC files (ADCS1.JED and ADCS2.JED) 
and the simulation files (ADCS 1.SIM and 
ADCS2.SIM). 

H : lw ~ 1 CLOCK PERIOD 

~ ~! I~!----------------------------~--+--------------
I I 
I I SUCCESSIVE APPROXIMATION 

BITS 0-11 

I 

DONE. 

I 
I 

~.v 
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Figure 3. Timing Diagram of Successive Approximation Cycle 
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APPENDIX A: ABEL DESIGN FILE OF U1 

MODULE ADCS1; 
TITLE 'SAR AND UPDOWN COUNTER FOR THE BIT5 .. BITll 

PHILIPS SEMICONDUCTORS' 

DECLARATIONS 
ADCS1 DEVICE 'F179'; 

"Signal names preceding with a 'n' means 'active low'. 
"INPUTS 

CLOCK,nST,COMPARE,nHLD,nTRACK 
BIT4,BIT3,BIT2,BIT1,BITO,DONE 

PIN 1,2,3,4,5; 
PIN 6,7,8,9,10,11; 

"OUTPUTS 
BIT5,BIT6,BIT7,BIT8,BIT9 
BIT10,BIT11,nSTART 

PIN 15,16,17,18,19 ISTYPE 'REG_JK'; 
PIN 20,21,22 ISTYPE '~G_JK'; 

October 1993 

H,L,CK,X = 1, 0, .C., .X.; 

"GREATER means digital output is greater than analog input, 
"LESS means digital output is less than analog inputs, ... 
GREATER = COMPARE&!BIT4&!BIT3&!BIT2&!BIT1&!BITO&nST&!DONE; 
LESS = !COMPARE&!BIT4&!BIT3&!BIT2&!BIT1&!BITO&nST&!DONE; 

SREG = [nSTART,BIT11,BIT10,BIT9,BIT8,BIT7,BIT6,BIT5]; 

BEGIN [X, X,X,X, X,X,X,X ]; 
INIT [0, 0,0,0, 0,0,0,0 ]; 

HALFSCALE [1, 1,0,0, 0,0,0,0 ]; 
ST2048 [1, 1,0,0, 0,0,0,0 ]; 

STl024 [1, X,l,O, 0,0,0,0 ] ; 
ST512 [1, X,X,l, 0,0,0,0 ]; 

ST256 [1, X,X,X, 1,0,0,0 ] ; 

ST128 [1, X,X,X, X,l,O,O ]; 

ST64 [1, X,X,X, X,X,l,O ]; 
ST32 [1, X,X,X, X,X,X,l ] ; 

AD1024 [X, X,l,X, X,X,X,X ]; 

AD512 [X, X,X,l, X,X,X,X ]; 

AD256 [X, X,X,X, 1,X,X,X ]; 

AD128 [X, X,X,X, X,l,X,X ] ; 

AD64 [X, X,X,X, X,X,l,X ]; 
AD32 [X, X,X,X, X,X,X,l ]; 

AD16 [1, X,X,X, X,X,X,X ] ; 

SH1024 [X, O,l,X, X,X,X,X ]; 
SH512 [X, X,O,l, X,X,X,X ]; 
SH256 [X, X,X,O, 1,X,X,X ]; 

SH128 [X, X,X,X, O,l,X,X ]; 
SH64 [X, X,X,X, X,O,l,X ] ; 
SH32 [X, X,X,X, X,X,O,l ]; 
SH16 [X, X,X,X, X,X,X,O ]; 
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APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 

EQUATIONS 

SREG.CLK = CLOCK; 

"Non-Inverting Input Latch: nSTART nST 
nSTART.J !nST; 
nSTART.K = nST; 

"UPDOWN COUNTER" 
BITS.J = !nSTART.Q & !nTRACK & DONE & nHLD& COMPARE & 

!BITO & !BITI & !BIT2 & !BIT3 & !BIT4 

* !nSTART.Q & !nTRACK & DONE & nHLD& !COMPARE & 
BITO & BITI & BIT2 & BIT3 & BIT4; 

BITS.K = !nSTART.Q & !nTRACK & DONE & nHLD& COMPARE & 
!BITO & !BITI & !BIT2 & !BIT3 & !BIT4 

* !nSTART.Q & !nTRACK & DONE & nHLD& !COMPARE & 
BITO & BIT 1 & BIT2 & BIT3 & BIT4; 

BIT6.J = !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO & !BITI & !BIT2 & !BIT3 & !BIT4 & BITS.Q 
1# 

BIT6.K 

!nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BITI & BIT2 & BIT3 & BIT4 & !BITS.Q; 

!nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO & !BITI & !BIT2 & !BIT3 & !BIT4 & BITS.Q 
1# 
!nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BITI & BIT2 & BIT3 & BIT4 & !BITS.Q; 

BIT7.J = !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO & !BITI & !BIT2 & !BIT3 & !BIT4 & BITS.Q & BIT6.Q 

* !nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BIT 1 & BIT2 & BIT3 & BIT4 & !BITS.Q & !BIT6.Q; 

BIT7.K !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO & !BITl & !BIT2 & !BIT3 & !BIT4 & BITS.Q & BIT6.Q 

* !nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BITI & BIT2 & BIT3 & BIT4 & !BITS.Q & !BIT6.Q; 

BITS.J = !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO & !BITI & !BIT2 & !BIT3 & !BIT4 & BITS.Q & BIT6.Q & BIT7.Q 

* 
!nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BITI & BIT2 & BIT3 & BIT4 & !BITS.Q & !BIT6.Q & !BIT7.Q; 

BITS.K !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO & !BITI & !BIT2 & !BIT3 & !BIT4 & BITS.Q & BIT6.Q & BIT7.Q 

* !nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BIT 1 & BIT2 & BIT3 & BIT4 & !BITS.Q & !BIT6.Q & !BIT7.Q; 
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APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 

BIT9.J = !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO& !BIT1& !BIT2& !BIT3& !BIT4& BITS.Q& BIT6.Q& BIT7.Q& BIT8.Q 
# 
!nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BIT1& BIT2& BIT3& BIT4& !BITS.Q& !BIT6.Q& !BIT7.Q& !BIT8.Q; 

BIT9.K = !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO& !BIT1& !BIT2& !BIT3& !BIT4& BITS.Q& BIT6.Q& BIT7.Q& BIT8.Q 
# 
!nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO & BIT1& BIT2& BIT3& BIT4& !BITS.Q& !BIT6.Q& !BIT7.Q& !BIT8.Q; 

BIT10.J = !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO& !BIT1& !BIT2& !BIT3& !BIT4& BITS.Q& BIT6.Q& BIT7.Q& BIT8.Q& BIT9.Q 
# 
!nSTART.Q & !nTRACK & DONE & nBLD & !COMPARE & 
BITO& BIT1& BIT2& BIT3& BIT4& !BITS.Q& !BIT6.Q& !BIT7.Q& !BIT8.Q& !BIT9.Q; 

BIT10.K = !nSTART.Q & !nTRACK & DONE & nBLD & COMPARE & 
!BITO& !BIT1& !BIT2& !BIT3& !BIT4& BITS.Q& BIT6.Q& BIT7.Q& BIT8.Q& BIT9.Q 
# 
!nSTART.Q & !nTRACK & DONE & nBLD & !COMPARE & 
BITO& BIT1& BIT2& BIT3& BIT4& !BITS.Q& !BIT6.Q& !BIT7.Q& !BIT8.Q& !BIT9.Q; 

BIT11.J = !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 
!BITO& !BIT1& !BIT2& !BIT3& !BIT4& BITS.Q& BIT6.Q& BIT7.Q& BIT8.Q& BIT9.Q& BIT10.Q 
# 
!nSTART.Q & !nTRACK & DONE & naLD & !COMPARE & 
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BITO& BIT1& BIT2& BIT3& BIT4& !BITS.Q& !BIT6.Q& !BIT7.Q& !BIT8.Q& !BIT9.Q& !BIT10.Q; 

BIT11.K = !nSTART.Q & !nTRACK & DONE & nHLD & COMPARE & 

October 1993 

!BITO& !BIT1& !BIT2& !BIT3& !BIT4& BITS.Q& BIT6.Q& BIT7.Q& BIT8.0& BIT9.Q& BIT10.0 
# 
!nSTART.Q & !nTRACK & DONE & nHLD & !COMPARE & 
BITO& BIT1& BIT2& BIT3& BIT4& !BITS.Q& !BIT6.Q& !BIT7.Q& !BIT8.Q& !BIT9.Q& !BIT10.Q; 
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APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 

STATE_DIAGRAM SREG; 

STATE BEGIN: 
if !nST then INIT; 

STATE INIT: 
if nST then HALFSCALE; 

STATE ST2048: 
if GREATER then S81024 
if LESS then AD1024; 

STATE ST1024: 
if GREATER then S8512 
if LESS then AD512; 

STATE ST512: 
if GREATER then S8256 
if LESS then AD256; 

STATE ST256: 
if GREATER then S8128 
if LESS then AD128; 

STATE ST128: 
if GREATER then S864 
if LESS then AD64; 

STATE ST64: 
if GREATER then S832 
if LESS then AD32; 

STATE ST32: 
if GREATER then S816 
if LESS then AD16; 
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APPENDIX A: ABEL DESIGN FILE OF U1 (Continued) 

TEST_VECTORS 

([nST,nHLD,nTRACK,BIT4,BIT3,BIT2,BIT1,BITO,DONE,CLOCK,COMPARE] 
- [nSTART,BIT11,BIT10,BIT9,BIT8,BIT7,BIT6,BIT5]) 

[1,1,1,0,0,0,0,0,0,0 ,0] -> [1,1,1,1,1,1,1,1]; N1 power-on reset 
[l,l,l,O,O,O,O,O,O,CK,O] -> [1,1,1,1,1,1,1,1]; "2 
[l,l,l,O,O,O,O,O,O,CK,O] -> [1,1,1,1,1,1,1,1]; "3 
[O,l,l,O,O,O,O,O,O,CK,O] -> [0,0,0,0,0,0,0,0]; "4 nST resets outputs to Os 
[O,l,l,O,O,O,O,O,O,CK,O] -> [0,0,0,0,0,0,0,0]; "5 
[O,l,l,O,O,O,O,O,O,CK,O] -> [0,0,0,0,0,0,0,0]; "6 
[l,l,l,O,O,O,O,O,O,CK,O] -> [1,1,0,0,0,0,0,0]; "7 State machine goes to HALFSACLE 
[l,l,l,O,O,O,O,O,O,CK,l] -> [1,0,1,0,0,0,0,0]; "8 and SAR begins 
[l,l,l,O,O,O,O,O,O,CK,l] -> [1,0,0,1,0,0,0,0]; "9 
[l,l,l,O,O,O,O,O,O,CK,l] -> [1,0,0,0,1,0,0,0]; "10 

[l,l,l,O,O,O,O,O,O,CK,l] -> [1,0,0,0,0,1,0,0]; "11 
[l,l,l,O,O,O,O,O,O,CK,O] -> [1,0,0,0,0,1,1,0]; "12 
[l,l,l,O,O,O,O,O,O,CK,O] -> [1,0,0,0,0,1,1,1]; "13 
[l,l,l,O,O,O,O,O,O,CK,l] -> [1,0,0,0,0,1,1,0]; "14 End of SAR of bit5-11 
[l,l,l,l,O,O,O,O,O,CK,l] -> [1,0,0,0,0,1,1,0]; "15 OUtputs keep unchange 
[l,l,l,O,l,O,O,O,O,CK,l] -> [1,0,0,0,0,1,1,0]; "16 
[1,1,1,0,1,1,0,0,0, CK, 0] -> [1,0,0,0,0,1,1,0]; "17 
[l,l,l,O,l,O,l,O,O,CK,O] -> [1,0,0,0,0,1,1,0]; "18 
[l,l,l,O,l,O,l,l,O,CK,O] -> [1,0,0,0,0,1,1,0]; "19 
[l,l,l,O,l,l,l,l,l,CK,O] -> [1,0,0,0,0,1,1,0]; "20 End of SAR of hitO-4 

[l,l,O,l,l,l,l,l,l,CK,l] -> [1,0,0,0,0,1,1,0]; "21 Tracking (up/down counter) started 
[1,1,0,1,1,1,1,1, 1,CK, 0] -> [1,0,0,0,0,1,1,1]; "22 up 

[l,l,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,0,0,0]; "23 up 
[l,l,O,l,l,l,l,O,l,CK,O] -> [1,0,0,0,1,0,0,0]; "24 unchange 
[l,l,O,l,l,l,l,O,l,CK,O] -> [1,0,0,0,1,0,0,0]; "25 unchange 
[l,l,O,l,l,l,l,O,l,CK,O] -> [1,0,0,0,1,0,0,0]; "26 unchange 
[l,l,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,0,0,1]; "27 up 
[l,l,O,O,O,O,O,O,l,CK,l] -> [1,0,0,0,1,0,0,0]; "28 down 
[l,l,O,O,O,O,O,O,l,CK,l] -> [1,0,0,0,0,1,1,1]; "29 down 
[l,l,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,0,0,0]; "30 up 

[l,l,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,0,0,1]; "31 up 
[l,l,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,0,1,0]; "32 up 
[l,l,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,0,1,1]; "33 up 
[l,l,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,1,0,0]; "34 up 
[l,l,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,1,0,1]; "35 up 

[l,O,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,1,0,1]; "36 nHLO goes LOW, hold the output value 
[l,O,O,O,O,O,O,O,l,CK,l] -> [1,0,0,0,1,1,0,1]; "37 
[l,O,O,l,l,l,l,l,l,CK,O] -> [1,0,0,0,1,1,0,1]; "38 
[1,0,0,1,1,1,1,1, 1,CK, 1] -> [1,0,0,0,1,1,0,1]; "39 
[O,l,l,O,O,O,O,O,O,CK,O] -> [0,0,0,0,0,0,0,0]; "40 Next conversion cycle begins 

[l,l,l,O,O,O,O,O,O,CK,O] -> [1,1,0,0,0,0,0,0]; "41 HALFSACLE 
[l,l,l,O,O,O,O,O,O,CK,l] -> [1,0,1,0,0,0,0,0]; "42 SAR begins 
[l,l,l,O,O,O,O,O,O,CK,O] -> [1,0,1,1,0,0,0,0]; "43 

END ADCS1 
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APPENDIX B: ABEL DESIGN FILE OF U2 

MODULE ADCS2; 
TITLE 'SAR AND UPDOWN COUNTER FOR THE BITO .. BIT4 

PHILIPS SEMICONDUCTORS' 

DECLARATIONS 
ADCS2 DEVICE 'F179'; 

"INPUTS 
CLOCK, nSTART,COMPARE, nHOLD,nTRACK PIN 1,2,3,4,5; 
BIT5,RC,nDONE_OC PIN 6,10,23; 

"OUTPUTS 
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CLOCK1,CLOCK2 
DONE,BITO,BlT1,BIT2 
BIT3,BIT4,nHLD 

H,L,CK,X = 1,0, .C., .X.; 

PIN 11,14; 
PIN 15,16,17,18 ISTYFE 'REG JK'; 
PIN 19,20,21 ISTYFE 'REG_JK'; 

GREATER = COMPARE; "IF DIGITAL OUTPUT IS GREATER THAN ANALOG INPUT. 
LESS !COMPARE; "IF DIGITAL OUTPUT IS LESS THAN ANALOG INPUT. 

SREG = [BIT4,BIT3,BIT2,BlT1,BITO,DONE]; 

BEGIN [X, X,X,X,X, X]; 
INlT [0, 0,0,0,0, 0] ; 
ST16 [1, 0,0,0,0, 0]; 
ST8 [X, 1,0,0,0, 0] ; 
ST4 [X, X,l,O,O, 0]; 
ST2 [X, X,X,l,O, 0] ; 
ST1 [X, X,X,X,l, 0] ; 

ADS [X, 1,X,X,X, X]; 
AD4 [X, X,l,X,X, X]; 
AD2 [X, X,X,l,X, X]; 
AD1 [X, X,X,X,l, X]; 
lEND [X, X,X,X,X, 1]; 

SH8 [0, 1,X,X,X, X]; 
SH4 [X, O,l,X,X, X]; 
SH2 [X, X,O,l,X, X]; 
SH1 [X, X,X,O,l, X]; 
SHO [X, X,X,X,O, 1] ; 
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APPENDIX B: ABEL DESIGN FILE OF U2 (Continued) 

EQUATIONS 

SREG.CLK = CLOCK; 
nHLD.CLK = CLOCK; 

"Non-Inverting Input Latch: nHLD 
nHLD.J = !nHOLD; 
nHLD.K = nHOLD; 

"UP /DOWN COUNTER" 

nHOLD" 

BITO.J = (nSTART , !nTRACK , !DONE.Q , nHLD ); 
BITO.K = (nSTART , !nTRACK, !DONE.Q , nHLD ); 

BITI.J = (nSTART , !nTRACK , !DONE.Q , nHLD , !COMPARE , !BITO.Q 
#nSTART , !nTRACK , !DONE.Q , nHLD , COMPARE' BITO.Q); 

BITl.K = (nSTART , !nTRACK , !DONE.Q , nHLD , !COMPARE , !BITO.Q 
#nSTART , !nTRACK , !DONE.Q , nHLD , COMPARE' BITO.Q); 

BIT2.J = (nSTART , !nTRACK , !DONE.Q , nHLD , !COMPARE , !BITO.Q 
#nSTART , !nTRACK , !DONE.Q , nHLD , COMPARE, BITO.Q , 

BIT2.K = (nSTART , !nTRACK , !DONE.Q , nHLD , !COMPARE , !BITO.Q 
#nSTART , !nTRACK , !DONE.Q , nHLD , COMPARE' BITO.Q & 

, !BITl.Q 
BITI.Q) ; , !BITl.Q 
BITI.Q); 

BIT3.J = (nSTART , !nTRACK , !DONE.Q , nHLD , !COMPARE , !BITO.Q , !BITl.Q , !BIT2.Q 
#nSTART , !nTRACK , !DONE.Q , nHLD , COMPARE' BITO.Q 'BITI.Q 'BIT2.Q); 

BIT3.K = (nSTART , !nTRACK , !DONE.Q , nHLD !COMPARE , !BITO.Q , !BITl.Q , !BIT2.Q 
#nSTART , !nTRACK , !DONE.Q , nHLD COMPARE' BITO.Q , BITI.Q , BIT2.Q); 

BIT4.J = (nSTART' !nTRACK, 
#nSTART' !nTRACK, 

BIT4.K = (nSTART' !nTRACK, 
#nSTART' !nTRACK& 

nDONE_OC = 0; 

nDONE_OC.OE !DONE.Q; 

RC = 0; 
RC.OE = RC; 

CLOCKl RC; 
CLOCK2 !CLOCKI; 

STATE_DIAGRAM SREG; 

STATE BEGIN: 
if !nSTART then INIT; 

STATE INIT: 
if BITS then STl6 

STATE ST16: 
if GREATER then SHS 
if LESS then ADS; 

STATE STS: 
if GREATER then SH4 
if LESS then AD4; 

STATE ST4: 

!DONE.Q& 
!DONE.Q' 
!DONE.Q& 
!DONE.Q& 

if GREATER then SH2 
if LESS then AD2; 

STATE ST2: 
if GREATER then SHl 
if LESS then ADI; 

STATE STI: 

if GREATER then SHO 
else lEND; 
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nHLD ,!COMPARE '!BITO.Q , !BITl.Q '!BIT2.Q , !BIT3.Q 
nHLD ,COMPARE 'BITO.Q 'BITI.Q 'BIT2.Q , BIT3.Q); 
nHLD &!COMPARE '!BITO.Q & !BITl.Q &!BIT2.Q & !BIT3.Q 
nHLD &COMPARE 'BITO.Q &BITl.Q 'BIT2.Q & BIT3.Q); 
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APPENDIX B: ABEL DESIGN FILE OF U2 (Continued) 

TEST_VECTORS 
([nSTART,nHOLD,nTRACK,BIT5,COMPARE,CLOCK] -> [BIT4,BIT3,BIT2,BIT1,BITO,DONE,nHLD]); 

[1,1,1,0,0,0 ] -> [1,1,1,1,1,1,1]; "1 Power_on reset 
[l,l,l,O,O,CK] -> [1,1,1,1,1,1,1]; "2 
[O,l,l,O,O,CK] -> [0,0,0,0,0,0,1]; "3 nSTART clears all the output registers 
[l,l,l,O,l,CK] -> [0,0,0,0,0,0,1]; "4 
[l,l,l,O,l,CK] -> [0,0,0,0,0,0,1]; "5 
[l,l,l,O,l,CK] -> [0,0,0,0,0,0,1]; "6 
[l,l,l,l,l,CK] -> [1,0,0,0,0,0,1]; "7 bit5=1 ripples into U2 to start SAR of bitO-4 
[l,l,l,O,l,CK] -> [0,1,0,0,0,0,1] ; "8 
[l,l,l,O,l,CK] -> [0,0,1,0,0,0,1]; "9 
[l,l,l,O,O,CK] -> [0,0,1,1,0,0,1]; "10 

[l,l,l,O,O,CK] -> [0,0,1,1,1,0,1]; "11 
[l,l,l,O,O,CK] -> [0,0,1,1,1,1,1]; "12 
[l,l,l,O,O,CK] -> [0,0,1,1,1,1,1]; "13 end of SAR of bitO-4 
[l,l,l,O,l,CK] -> [0,0,1,1,1,1,1]; "14 
[l,l,l,O,l,CK] -> [0,0,1,1,1,1,1] ; "15 
[l,l,l,O,l,CK] -> [0,0,1,1,1,1,1] ; "16 
[l,l,O,O,l,CK] -> [0,0,1,1,0,1,1] ; "17 Tracking started and counts down 
[l,l,O,O,l,CK] -> [0,0,1,0,1,1,1]; "18 down 
[l,l,O,O,O,CK] -> [0,0,1,1,0,1,1]; "19 up 
[l,l,O,O,O,CK] -> [0,0,1,1,1,1,1]; "20 up 

[1, 1, 0, 0, 0, CK] -> [0,1,0,0,0,1,1]; "21 up 
[l,l,O,O,l,CK] -> [0,0,1,1,1,1,1]; "22 down 
[l,l,O,O,l,CK] -> [0,0,1,1,0,1,1]; "23 down 
[1, 0, 0, 0, 0, CK] -> [0,0,1,1,1,1,0]; "24 nHOLD becomes 0, hold 
[l,O,O,O,O,CK] -> [0,0,1,1,1,1,0]; "25 
[l,O,O,O,l,CK] -> [0,0,1,1,1,1,0]; "26 
[O,l,l,O,O,CK] -> [0,0,0,0,0,0,1]; "27 Next conversion cycle begins 
[O,l,l,O,O,CK] -> [0,0,0,0,0,0,1]; "28 
[l,l,l,O,l,CK] -> [0,0,0,0,0,0,1]; "29 
[l,l,l,l,l,CK] -> [1,0,0,0,0,0,1]; "30 

[l,l,l,l,l,CK] -> [0,1,0,0,0,0,1]; "31 
[l,l,l,l,l,CK] -> [0,0,1,0,0,0,1]; "32 
[l,l,l,l,l,CK] -> [0,0,0,1,0,0,1]; "33 

END ADCS2 

H 
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Interrupt Handler - PLS179 
As an example of designing a microprocessor 
family part, consider Figure 1, which depicts 
an interrupt handler. In particular, note that 
interrupt inputs will be latched into an 8-bit 
register. This in turn will be encoded to a 3-bit 
vector which may be appropriately enabled 
and applied to the microbus. Figure 1 shows 
the eight flip-flops as having J-K and 10 
inputs which will be generated with a PLS1?9 
by switching the flip-flop control. Appropriate 
control signals for the various transactions 
might be as follows: 
1. CLOCK - the system synchronous time 

base. 

2. Interrupt Enable - when asserted high 
from the microprocessor, allows interrupts 
to be generated to the microprocessor. 

3. Interrupt - a strobe or level defined to 
indicate a pending interrupt and a valid 
encoded vector. 

4. Interrupt Acknowledge - a response 
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signal from the microprocessor which may 
be used to enable the 3-bit vector onto the 
bus. As well, it may initiate clearing the 
currently asserted interrupt latch. 

5. II NTO-II NT? - eight possible interrupt 
request signals which must be asserted 
low and held there until service for that 
device has occurred. 

6. Reset - this is a system override signal 
which will clear all flip-flops during initial 
operation. 

Basic Operation 
Initially, the part should be reset by asserting 
the RESET pin high, asynchronously. Then, 
when interrupts are enabled, the ID-inputs to 
the 8 flip-flops will be synchronously scanning 
for interrupt inputs (asserted low). This will 
put a nonzero value into the eight bit register 
which will generate an interrupt output, 
combinationally through the Complement 
array. In parallel, a 3-bit encoded vector will 
be applied on the VECa, VEC1, VEC21ines. 
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Asserted high logic will be assumed for the 
vector. Presumably, a microprocessor will 
interrupt this, transfer control to a service 
routine and clear the interrupt. The clear will 
be accomplished by disabling interrupts and 
strobing the vector value back into the 
PLS1?9, using the lACK signal. Disabling the 
interrupts will put the registers into J-K mode. 
J is tied to zero and K is decoded from the 
specifically strobed vector. Therefore, 
synchronous clear of the high priority bit is 
done. Interrupts are then re-enabled and the 
process continues. 

The PLS179 solution offers room for user 
alteration. For example, the lACK condition 
could be redefined as a combination of the 
l80 IOREQand M1 signals, or any specific 
splitting of internal signals could be easily 
done. The design could fit into a PLS159A, 
but there would be less room for variation for 
specific users exact needs. Figure 3 shows 
the pinlist for the handler. Figure 4 gives the 
corresponding design file. 
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RESET ------., 
INTENA [make D FFS) 
IINTENA [make J-K FFS) 

IINTO----.... 

KLEARO 

IINT1--__ -I 

KLEAR1 

1INT2---_-I 

KLEAR2 

IINT3 

KLEAR3 

0 

IINT4 

KLEAR4 

0 

IINT5 

KLEAR5 

IINT6-___ -I 

KLEAR6 

IINT7---_-I 

KLEAR7 

LA = LB = INTENA.IINT 

IINTO 

IINT1 

IINT2 

IINT3 

IINT4 

IINT5 

IINT6 

11NT7 

E 

N 

C 

0 

D 

E 

R 

KLEARO 

KLEAR1 

KLEAR2 

KLEAR3 

KLEAR4 

KLEAR5 

KLEAR6 

KLEAR7 

Figure 1. Interrupt Handler 
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IlNO 
IN1 

IlNO 
IIN1 
1M2 

INT llNO 
IIN1 
11M2 
1M3 

VECO I1NO 
IIN1 
11M2 
11M3 
1N4 

I1NO 
I1N1 
11M2 VEC1 
11M3 
1IN4 
INS 

I1NO 
I1N1 

VECO 11M2 
IIN3 
t1N4 
t1N5 
1N6 VEC2 

VEC1 
t1NO 
t1N1 
t1M2 

VEC2 t1N3 
1IN4 
t1N5 
1IN6 
IN7 

Figure 2. Encoder logic Diagram 
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,--I 

CLK [ llCLK VCC 124] 
ENA [ 21lO B3123] VEC2 

RESET [ 31ll F7122] INT7N 
IACK [ 4112 F612l] INT6N 

[ SIl3 FS120] INT5N 
[ 61I4 F41l9] INT4N 
[ 7115 F31l8] INT3N 
[ 8116 F2117] lNT2N 
[ 9117 Fl116] INT1N 

lNTERUPT [lOIBO FOilS] INTON 
VECO [lllBl B2114] VEe 1 

[121GND OE_113] OTE 
I I 
I I 

Figure 3. Interrupt Handler Pin Ust 
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@PINLlST 
OTE I; INT4N B· 
lACK I; INT3N B; 
RESET I; lNT2N B; 
ENA I; INTlN B; 
CLK I; INTON B; 
VEC2 B; VEC1 B· 
INT7N B· VECO B; 
INT6N B; INTERUPT 0; 
INTSN B; 

@LOGIC EQUATIONS 

"Encoder Equations" 
CPT1 INTO*INT1*INT2*/INT3; 
CPT2 = lNTO*INT1*INT2*INT3*INT4*/INTS; 
CPT3 = INTO*INT1*INT2*INT3*INT4*INTS*/INT6; 
CPT4 INTO*INT1*INT2*INT3*INT4*INTS*INT6*/INT7; 
VECO (INTO*/INT1+CPT1+CPT2+CPT4); 
VEC1 (INTO*INT1*/INT2+CPT1+CPT3+CPT4); 
VEC2 = (INTO*INT1*INT2*INT3*/INT4+CPT2+CPT3+CPT4); 
VECO.oe = ENA; 
VEC1.oe = ENA; 
VEC2.oe = ENA; 

C = /(/INTO+/INT1+/INT2+/INT3+/INT4+/INTS+/INT6+/INT7); 
INTERUPT = C; 
INTERUPT . oe = ENA; 

"Decoder Equations" 
KLEARO = /VEC2*/VEC1*/VECO*IACK; "DECODE VECTOR 0" 
KLEAR1 = /VEC2*/VEC1*VECO*lACK; "DECODE VECTOR 1" 
KLEAR2 = /VEC2*VEC1*/VECO*IACK ; "DECODE VECTOR 2" 
KLEAR3 = /VEC2*VEC1*VECO*IACK ; "DECODE VECTOR 3" 
KLEAR4 = VEC2*/VEC1*/VECO*IACK; "DECODE VECTOR 4" 
KLEARS = VEC2*/VEC1*VECO*IACK "DECODE VECTOR S" 
KLEAR6 = VEC2*VEC1*/VECO*IACK 
KLEAR7 = VEC2*VEC1*VECO*IACK 

"Register equations" 
INTO.J=inOj; 
INTO.K=KLEARO+inOk; 
INTl.J=in1j; 
INT1.K=KLEAR1+in1k; 
lNT2. J=in2j; 
INT2.K=KLEAR2+in2k; 
lNT3.J=in3j; 
INT3.K=KLEAR3+in3k; 

"Register RESET equations" 
INTO.rst=RESET; 
lNT1.rst=RESET; 
INT2.rst=RESET; 
INT3.rst=RESET; 

"DECODE VECTOR 6" 
"DECODE VECTOR 7" 

INT4.J=in4j; 
INT4.K=KLEAR4+in4k; 
INTS.J=inSj; 
INTS.K=KLEARS+inSk; 
INT6.J=in6j; 
INT6.K=KLEAR6+in6k; 
INT7.J=in7j; 
INT7.K=KLEAR7+in7k; 

INT4.rst=RESET; 
lNTS.rst=RESET; 
INT6.rst=RESET; 
INT7.rst=RESET; 

Figure 4. Interrupt Handler Design File 
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INTRODUCTION 
Philips Semiconductors PLUS405-55 is ideal 
for high performance microprocessor 
interfacing applications. Being a 
programmable integrated circuit, it adapts to 
nearly any bus or microprocessor protocol. 
The PLUS405-55 can make state machines, 
counters, and shifters running at speeds of 
55 megahertz. The architecture of the 
PLUS405-55 combines a powerful 
programmable logic array with 16 JK flip-flops 
to form a programmable part superior to any 
comparable PAL part. 

WHAT IS INTERFACING? 
Interfacing is the translation of digital signals 
from one target device to another (see 
Figure 1). Each target device has their own 
unique signal behavior, and may not be 
directly connected to each other. Correct 
connection occurs with the use of a flexible 
interface. For instance, today's chip set 
integrated circuits connect a microprocessor 
to its memory and lID devices. The signals 
presented by the microprocessor are not the 
specific ICAS and IRAS needed by the 
memory. Nor are the microprocessor signals 
the correct chip enables to attach to the 
UARIT or graphics controller. Forming the 
translated signals which are appropriate for 
the memories, UARIT's and other controllers 
is the job of the interface chips. Unfortunately, 
there are not off-tha-shelf interface parts for 
all applications. That is where programmable 
parts excel. 

With this information, we can ask: what are 
the qualities of an ideal interface part? 

An ideal interface part must have sufficient 
logic inside to make correctly any logic 
translation needed. Because almost every 
interface is between two target devices which 
use separate clocks, conventional PAL parts 
are not adequate. This includes the popular 
22V10 and most other registered PAL parts. 
To reconcile that an interface may exist 
between two target parts using different 
clocks, the interface must be able to 
synchronize Signals from either or both target 
devices. So, an ideal interface must be 
clockable from at least two different clocks. 

An ideal interface part must have enough 
flip-flops inside to capture data or control 
information from the target parts, and to 
re-synchronize control signals. This suggests 
it needs at least 16 flip-flops because the 
interface might receive 8 from either target 
device. 

To su pport the use of the 16 flip-flops as 
handshaking flip-flops, a typical number of 
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logic AND gates is about 4 gates per flip-flop. 
This number of gates can be less if the type 
of flip-flop is a JK rather than a D flip-flop. 

An ideal interface must be as fast - if not 
faster - than the fastest target devices it must 
interface. This requirement is sometimes 
misunderstood. Most microprocessor parts 
have a clock input which is the fastest signal 
present at the outside world. Very few signals 
coming from the microprocessor are as fast 
or faster than the clock because they are 
usually made from flip-flop circuits inside the 
microprocessor. 

In the past, many designers believed that 
interface PAL parts had to be twice as fast as 
the system clock. This was because either 
the system clock was operating at twice the 
crystal frequency or the PAL part had to 
compensate for the fact that some events 
occur on rising clock edges and other events 
happen on falling clock edges. This 
misconception should be reexamined. What 
is needed is an interface part which can 
respond to both edges of the basic clock rate, 
as the interface dictates. 

Finally, the ideal interface must be electrically 
compatible with both devices that must 
communicate. This is almost always either 
CMOS or TIL and today's technologies 
usually support a standard TIL interface. 

THE PLUS405-55 ... 
THE IDEAL INTERFACE! 
To meet the needs of the ideal interface, 
Philips Semiconductors designed the 
PLUS405-55 (see Figure 2). The 405 is fast 
enough to respond to microprocessor clocks 
in excess of SOMHz, contains 16 JK flip-flops 
and a programmable logic array to control the 
flip-flops. It accepts two clock sources and 
permits the internal flip-flops to be grouped in 
one of two standard ways. The PLUS405-55 
handles simple data synchronization or 
complex bus handshaking between two target 
devices, within a single part. It is widely 
supported by Philips Semiconductors SNAP 
as well as third-party design tools. 

Let's look inside the PLUS405 to see how it 
works. First, there are 15 input pins, each 
supplying a signal or its complement, to the 
main AND array of the 405. There is an 
additional input pin which can optionally bring 
in a clock. There are 8 output pins which are 
directly tied to specific flip-flop outputs 
(labeled FO to F7). This is the fastest flip-flop 
configuration possible. It should be noted that 
the clock to Q time delay (teKo), measured 
from the 405's pins, is 8 nanoseconds (max). 

637 

Application Note 

AN034 

This means that signals can get into and out 
of the PLUS405-55 very fast. 

The choice of flip-flops was the JK flip-flop. 
For building counters, JKs require only one 
gate per bit of additional logic. For building 
shift registers inside, no gates are required 
except that all connections use gates, so it 
uses a small number to connect the shift 
register. 

For making state machines, the number of 
gates per flip-flop is up to the application. 
There is no design restriction with 
programmable AND gates, which can be 
assigned as needed to any OR gates. This is 
superior to the ordinary PAL approach or 
even the 22V10 approach where each OR 
gate permanently connects to specific AND 
gates. AND gate outputs are shared as 
needed and there is no limit on how many 
OR gates may be driven from a single AND 
term. JK flip-flops are superior to D flip-flops 
for all state machine applications, because 
they do not need as much external logic to 
control their behavior. 

At this point, we see that the PLUS405-55 
combines two superior elements. Namely, JK 
flip-flops for making state machines and a 
programmable logic array (PLA) for forming 
logic expressions. However, there are still 
more features which the PLUS405-55 
includes. There is a special pin for tri-state 
control of the 8 output pins or alternately it 
can initialization the 405. When used to 
initialize, the pin can applies any value to the 
asynchronous set or preset of each flip-flop. 
Initialization is to any state chosen. 

The internal flip-flop connection in the 405 is 
also critical. Flip-flops are first grouped into 
two categories - 8 internal flip-flops and 8 
output flip-flops. The internal flip-flops do not 
directly access the output pins and the output 
flip-flops do not feedback. To form state 
machines inside the 405, the internal flip-flops 
are best used. This doesn't mean that the 
output flip-flops can't be used, but rather that 
their use with feedback requires external 
connection. This is seldom necessary. 

Another important flip-flop grouping is inside 
the 405. Four output flip-flops (FO-F3) link 
with their clock inputs to four internal 
flip-flops. The other four output flip-flops 
similarly link with four other internal flip-flops. 
This permits two separate state machines to 
be built. One state machine uses 4 internal 
flip-flops and four output flip-flops on one 
clock and four other internal flip-flops linked 
to their four output flip-flops on another clock. 
Alternately, the can all be linked together to a 
common clock, or by an external inverter, one 
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state machine can operate on the clock while 
the other one operates on the clock's 
complement. 

Almost hidden from view in Figure 2 are two 
additional OR gates which do not drive any 
flip-flops. These two OR gates are inverted 
and fedback to the input of the AND logic 
array. The two inverted OR gates (Le., NOR 
gates) are called complement arrays. They 
are used to save AND gates when state 
transitions are complicated. Luckily, the 
design software - SNAP and SLICE -
automatically use these gates to save the 
designer from having to use them. The 
complement arrays also permit automatic 
homing to known states, if a power transient 
accidentally puts a state machine into an 
undefined state. 

PERFORMANCE 
As mentioned previously, the clock to Q time 
delay is 8 nanoseconds maximum. That is 
only one part of the performance equation. 
The flip-flop speed is: 

fMAX = 1 
ISETUP + tCKO 

When a flip-flop is put into a circuit with logic 
driving it, the logic adds delay which slows 
the circuit down. For a flip-flop with extra 
logic, that logic delay is included in the 
performance equation as follows: 

fMAX 1 
tSETUP + tDELAY + tcKO 
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Passing signals through the PLA section of 
the PLUS405 (the complement array) will add 
additional time delay as follows: 

tsETUP = 10 nsec 

tcKO = 8 nsec 

tDELAY = 8 nsec 

Without the complement array, the fMAX is 
55.6MHz found as the inverse of 18 
nanoseconds. This is because the 
specification includes a single signal pass 
through the PLA as part of the flip-flop setup 
time. Viewed from the outside, this makes 
sense because there is no way to get a signal 
to the flip-flop without entering the PLA. With 
the complement array, fMAX is the inverse of 
26 nanoseconds, found by adding the tDELAY 
term to the fMAX expression. This sets fMAX 
with the complement array at 38.5MHz. An 
additional pass through the complement array 
is never needed, so the PLUS405-55 will 
never be slower than 38MHz. The additional 
complement array is included in case two 
distinct state machines are built, where each 
needs one. 

The PLUS405-55 includes a PLA which has 
64 AND gates in it. This permits an average 
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of 4 AND gates per flip-flop, but this many are 
seldom needed, because the JK flip-flops are 
so efficient. Because the AND gate outputs 
are shared as needed, redundant terms are 
never used. There are additional buffers to do 
the asynchronous flip-flop control, and each 
JK flip-flop includes its own OR gates. 

DESIGN SUPPORT 
Designers need tools which can capture the 
design, compile it to a fuse map and download 
commercially available programmers. Philips 
Semiconductors supports the PLUS405-55 
with SNAP design software (Figure 3). This 
software runs on personal computers and 
permits designs to be formulated with 
Boolean logic equations, state equations or 
schematics. SNAP, the full-featured product, 
includes advanced simulation capability found 
only in Field Programmable Gate Array 
(FPGA) or ASIC design software. 

SNAP includes a simulator with back 
annotation of time delays to accurately model 
the PLUS405-55 as well as Philips 
Semiconductors full PLD product line. 
Additional support for the PLUS405-55 can 
be found in third-party design tools. 
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AN EXAMPLE OF INTERFACING WITH THE PLUS405-55 

DATA 

CONTROL 

DATA 

CONTROL 

TARGET TARGET 
SYSTEM INTERFACE SYSTEM 

1 2 

DATA 

CONTROL 

DATA 

CONTROL 

LD: I I I I :DJ 
CLOCK 1 CLOCK 2 

Figure 1. Dlgltallnterfaclng 
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NOTE: 
;::::::::. Denotes a programmable fuse location. 

Figure 2. Philips Semiconductors PLUS405-55 
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SNAP Brv818 Copyright 1990 PHILIPS SEMICONDUCTORS All rights reserved 

Project DDF 

Minimizer 

22:08:22 

Use cursor keys to select module 
Use function keys to enter command 

1:HELP 2:RUN 3:PROJECT 4: STATUS 5:SETUP 6:SAVE 7:DOS 8:EDIT 9:PRINT 10:EXIT 

Figure 3. SNAP Shell 
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INTRODUCTION 
In multiprocessor environments there is 
considerable savings to be made through 
sharing system resources. If each processor 
must support its own bus structure, I/O 
devices, and bulk storage medium, system 
cost could be very high. In the configuration 
shown in Figure 1, all processors share a 
common communication bus, and a number 
of system resources. 

Since every processor must use the common 
system bus to communicate with its 
peripherals, a priority structure that resolves 
simultaneous processor bus requests into a 
single bus grant must be integrated into the 
system. In addition to making request-grant 
transactions, transient bus contention due to 
grant switching must be removed by inserting 
precise guard band times between bus 
grants. 

Philips Semiconductors Programmable Logic 
Sequencer provides a convenient and cost 
effective means for implementing a 
synchronous arbiter to perform these tasks 
within a single chip. 

ARBITER STRUCTURE 
Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue "A" 
grants in a manner that prevents any high 
priority "A" processor from locking out 
another Priority A processor. To enable this, 
the Priority A rules implemented here use a 
Last Granted Lowest Priority (LGLP) ring 
structure. After an "A" processor has 
completed a bus-related task, its next 
arbitrated request priority will be lowest in the 
"A" request group. The previously second 
highest priority "A" processor will then 
become highest priority requester. The net 
effect of the "round robin" exchange is that 
every Priority A processor will have a turn at 
being highest priority processor. Priority A 
processors are typically ones that perform 
real-time operations or vital system tasks. 

SYSTEM ARBITER 
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Priority b processors are lower in priority than 
the "A's" and may only be granted system 
control when no "A" requests are pending. "b" 
processors usually perform background 
tasks. Within the Priority b group, further 
priority ordering exists such that each "b" 
processor has a fixed priority position. 

Plumber1, Pearce2, and Hojberg3 present 
asynchronous techniques of arbiter 
implementation. These methods all have 
hard-wired priority rules and imprecise guard 
band times during grant switching. As pointed 
out by Hojberg, a synchronous state machine 
can be configured as a Mealy-type controller 
to provide not only precise guard band times 
and programmable priority rules, but also 
programmable input/output polarity. The state 
machine in Figure 2 is made from a control 
PROM array and an edge-triggered latch. 
The "A" and "b" requests and the machine's 
present state are used by the control PROM 
to determine the next "A" and "b" grants and 
the next state. 

CHANNEL B CHANNEL A 

r~~----G-0-----R-1----G-1-----R-2~A~-G-2-----R-3----G-3-----~----~~ r~------------A~------------~, 
ro 90 r1 91 r2 92 

Figure 1. Multiprocessor Structure 
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SYSTEM OPERATION 
Two machine states can be identified by 
inspection: a wait state and a grant state. The 
state machine enters a grant state as a 
response to a system request on either RN or 
rN. The machine will remain in this state with 
a single grant line asserted as long as the 
request remains asserted. Upon releasing the 
request line, the machine will pass through a 
single wait state before considering other 
pending requests. This provides a single 
state guard band time. The requests received 
must meet the set-up requirement of the 
edge-triggered latch after propagating 
through the control PROM. If these time 
considerations do not fit within a given 
multiprocessor structure, an input latch may 
be added such that the RN and rN lines are 
clocked through the latch by the system 
clock, thereby removing asynchronous set-up 
time considerations. On the basis of a state 
machine approach, two techniques of 
implementation are feasible: 1) using an 
architecturally advanced single IC controller, 
the PLS, and, 2) a traditional PROM/LATCH 
configuration. 

October 1993 

Ra 
A GRANTS 

Go 
R1 G1 

I 

RN GN 

ra LATCH bGRANTS 90 
r1 91 

rN 9N 

a. A and b service requests (RN' rN) plus the present state determine, through the 
control PROM, the next state and the next grant outputs (GN, gN). 

SYSTEM CLOCK t t t t t t t t t t t t t t t t 
Ra ""L--J r--
R1 -, 

ra --,L ______ ....J 

r1 ---,L _________ J------

b. Requests Ra, R1, ra, and r1 are asserted low in the same clock sample period. The 
priority rules that determine the order in which the grants are issued and the shaded 
guard-band areas are programmed into the control PROM. Note that the A and b 
request lines and the present state input to the PROM must have a set-up time equal 
or greater than the latch set-up time plus the PROM access time. 

Figure 2. Arbiter Constructed from a Mealy-Type State Machine 
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PLS ARBITER IMPLEMENTATION 
A five Priority "A" and three Priority "b" arbiter 
will be constructed such that all grant outputs 
will be asserted low for grants and all request 
inputs will be asserted low for system 
requests. 

Brief PLS Description 
The PLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked SIR 
flip-flops. The control PLA is actually an 
AND-OR logic array that functions as a 
Content Addressable PROM. The PLA is 
organized as 48 words of 28 bits with 16 
external input lines, and six internal inputs fed 
back from the State Register. The 28 PLA 
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b. PLS Standard Program Table 

CK S R Q 

i 0 0 Q 

i 0 1 0 

i 1 0 1 

i 1 1 Undefined 

NOTE: 
(t) denotes positive clock transhion. 
S z R = 1 Is an illegal input condition. 

c. Transition Table of Clocked SIR Flip-Flop 

Figure 3. 

outputs drive the SIR inputs of the six-bit 
State Register and eight-bit Output Register. 
Note that the state feedback path is made 
inside the PLS. 

IN and present state inputs, Ps, represent 222 
possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by 
assigning to the variables either Low "L", High 
"H", or Don't Care "-" logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 
internal outputs, thereby issuing a "no 
change" command to the RlS flip-flops. 
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This is an important architectural feature 
because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the PLS, owing 
to the functional characteristics of SIR 
flip-flops tabulated in Figure 3(c). An example 
of this is shown in Figure 4. 

The SIR inputs of both state and output 
registers are specified by using PLA outputs 
("AND" functions of request inputs and 
present state) in the program table of 
Figure 3(c). 
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The corresponding next state of each bit will 
be set to 0 for "L", 1 for "H", and No Change 
for "_H. The PLS's PRIOE line may be 
assigned either Asynchronous Preset or 
Output Enable functions, via a user 
programmable option. 

The entire function is integrated into a single 
28-pin package designated as PLUS105. 

State Algorithm 
Figure 5(a) displays the circular state form 
and all possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 3D, 3C, 
and 38 are arbiter wait states WQ-4. In these 
states, processor "A" and "b" requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor Al in hex state 07. As long 
as Al asserts its request line low, the next 
state will be 0716 and the next output will 
remain with G1 asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition, no PLA resources are required. 

As soon as processor Al returns its request 
line, R1, to 1, a state transition is made to 3D, 
and an output transition is made to set all 
grant outputs to 1. Since processor Al was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state W2, the highest priority 
processor will be A2, second A3, third A4, and 
fourth Ao. To maintain the LGLP rule, grant 
transitions must follow the state rule 
GN -? W(N+ 1), and wait states, WM, must set 
their "A" priorities so that processor AM is 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, A(m-l). 

When no "A" requests are pending; "b" 
requests may be granted. To avoid upsetting 
the LGLP priority rule, a "b" grant must leave 
and return to the same wait state. Since the 
"b" priority structure is the same regardless of 
the wait state, only a single set of "b" 
transition terms are required. 

October 1993 

NOTE: 
TN/FN = Inputs/outputs. 
The PLS requires that only two out of the three transition terms be programmed. 

Figure 4. PLS State and Output Transitions 

For example, a grant transition to g2 (Hex 
20-25) can be issued only if there are no "A", 
"bo", or "b{ requests pending. Given the 
binary wait state code 111 XXX, where "X's" 
represent Don't Cares, a request code of 
01111111 will transfer the arbiter to the grant 
state g2 from any of the wait states, WQ-4. 

It is important to realize that in making this 
transition, the lower 3-State bits will not be 
changed-they provide the wait state return 
address. When r2 returns high, 1 XXXXXXX, a 
transition back to the previously exited wait 
state is made by forcing a "1" in the three 
most significant state bits and leaving the 
lower 3-State bits unchanged. 

All output and state bits are initially preset to 
"1" through the use of the optional preset 
function. Grant output lines are only forced 
low when transitions are made to grant states 
and are returned to "1" when jumping back to 
a wait state. 

The complete arbiter circuit diagram is shown 
in Figure 6a. The SNAP equations are shown 
in Figure 7. 
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PROM/LATCH IMPLEMENTATION 
The same five "A" processor and three "b" 
processor arbiter can be implemented with 
discrete PROM's and Latches using the 
same state diagrams for the PLS, except that 
now looping transition terms must be 
programmed. Coding of all state and output 
transitions requires programming of two 
memory fields: the "A" request PROM's 
(2KX6) and the "b" request PROM (64 x 3). 
The complete circuit diagram is shown in 
Figure 6(b). 

The "A" request PROM's determine the next 
machine state (NO-s) at all times, except 
when there are no "A" requests pending and 
there is a "b" request, or if the machine is 
presently in a "b" grant state. In these cases, 
the "b" request PROM controls the machine's 
next state. 

The grant control lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROM/LATCH 
organization is shown in Figure 6a. 
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Table 1. Design Alternatives for the Priority Arbiter 
PARAMETER 

Parts count 

PCB space 

Power 

Voltage 

SUMMARY 
As can be seen from the circuit diagrams, the 
PLS can offer significant advantages over 
discrete MSI arrays in the design of state 
machines. The tradeoff in both design 
alternatives for the Priority Arbiter is shown in 
Table 1. Clearly, the PLS approach uses 
fewer parts, with savings in PC board space 
and power requirements. 
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IEEE Transactions on Computers, 
January 1972, pp. 37-42. 
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SEQUENCER PROM/LATCH 

11C ... 191C's 

.84in2 7.92 in2 

.65W 2.85W 

+5V +5V 
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"Asynchronous Arbiter Module"; IEEE 
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mable Arbiter for Multiprocessors"; 
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TYPICAL mANSlDON TERM 

12 rl rO Itt R3 R2 Rl RO 

a. 

b. 

Figure 5. Arbiter State Transition Diagram 
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PRESET 
I 

17 P F7 

16 F6 

15 FS 

14 PLUS105 F4 

13 PLS F3 

12 F2 

It Ft 

10 CK FO 

SYSTEM CLOCK 

8. 

N/c 
N/c A7 

256x4 

NOTE: ALL RANDOM LOGIC 
MUST BE SCHOTTKY 
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Figure 6. Arbiter Circuit Diagram Summary 
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Single Chip Multiprocessor Arbiter AN7 
"---------------------------------------------" 
@PlNLlST 

CLOCK I; PRESET 
RB2 I; OB2 
RBl I· OBl 
RBO I; OBO 
RA4 I; OA4 
RA3 I; 0A3 
RA2 I; 0A2 
RAl I· OAl 
RAO I· OAO 

@GROUPS 
@TRUTHTABLE 
@LOGlC EQUATIONS 

OBO.CLK = CLOCK; 
OB1. CLK = CLOCK; 
OB2 . CLK = CLOCK; 
OAO . CLK = CLOCK; 
OAL CLK = CLOCK; 
0A2 . CLK = CLOCK; 
0A3 . CLK = CLOCK; 
OA4 . CLK = CLOCK; 
FFO . CLK = CLOCK; 
FFl.CLK = CLOCK; 
FF2 . CLK = CLOCK; 
FF3 . CLK = CLOCK; 
FF4.CLK = CLOCK; 
FF5.CLK = CLOCK; 

0; 
0; 
0; 
0; 
0; 
0; 
0; 
0; 

I; 

"Flip-Flops are SET when PRESET is HIGH" 

OBO.SET /PRESET; 
OB1.SET = /PRESET; 
OB2.SET = /PRESET; 
OAO.SET = /PRESET; 
OAI.SET /PRESET; 
OA2.SET /PRESET; 
OA3.SET /PRESET; 
OA4.SET /PRESET; 
FFO.SET /PRESET; 
FFI.SET /PRESET; 
FF2.SET /PRESET; 
FF3.SET /PRESET; 
FF4.SET /PRESET; 
FF5.SET /PRESET; 

@INPUT VECTORS 
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CLOCK 
RB2 
RBI 
RBO 
RA4 
RA3 
RA2 
RAl 
RAO 
OB2 
OBl 
OBO 
OA4 

a. SNAP Equations 

Figure 7. 
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IICLK VCCI28] 
21I7 18127] 
3116 19126] 
4115 llO125] 
5114 ll1124] 
6113 ll2123] 
7112 ll3122] 
81ll ll4121] 

[ 9110 ll5120] 
[101F7 PR/OE_119] PRESET 
[1l1F6 FOilS] OAO 
[121F5 F1117] OAl 
[131F4 F2116] 0A2 
[14IGND F3115] 0A3 

I I 
I I 
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" PIN LABELS , BOOLEAN EXPRESSIONS OSED IN TRANSITIONS N 

@OOTPOT VECTORS 
[OB2, OB1, OBO, OA4, 0A3, 0A2, OA1, OAO]srffs 

QAO = FEh 
QAl = FDh 
0A2 = FBh 
QA3 = F7h 
QA4 = EFh 
QBO = DFh 
QBl = BFh 
QB2 = 7Fh 
NOGRAHT = FFh 

@STATE VECTORS 
[ FFS, FF4, FF3, FF2, FFl, FFO ]srffs 

WO = 03Fh 
Wl = 03Eh 
W2 = 03Dh ; 
W3 = 03Ch ; 
W4 = 03Bh ; 
W04 = lll---b 
GAO = 06h 
GAl = 07h 
GA2 = OEh 
GA3 = OFh 
GA4 = l6h 
GBO = 101---b 
GBl = 110---b 
GB2 = 100---b 

b. SNAP Equations (Continued) 

Figure 7 (Continued) 
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@TRANSITIONS 

WHILE [WO] 
CASE 

[/RAO] :: [GAO] WITH [QAO] 
[IRAl * RAO] :: [GAl] WITH [QAl] 
[fRA2 * RAl * RAO] :: [GA2] WITH [QA2] 
[/RA3 * RA2 * RAl * RAO] :: [GA3] WITH [QA3] 
[fRA4 * RA3 * RA2 * RAl * RAO] :: [GA4] WITH [QA4] 

ENDCASE 

WHILE [WI] 
CASE 

[fRAl] :: [GAl] WITH [QAl] 
[fRA2 * RAl] :: [GA2] WITH [QA2] 
[fRA3 * RA2 * RAl] :: [GA3] WITH [QA3] 
[/RA4 * RA3 * RA2 * RAl] :: [GA4] WITH [QA4] 
[fRAO * RA4 * RA3 * RA2 * RAl] :: [GAO] WITH [QAO] 

END CASE 

WHILE [W2] 
CASE 

[/RA2] :: [GA2] WITH [QA2] 
[fRA3 * RA2] :: [GA3] WITH [QA3] 
[/RA4 * RA3 * RA2] :: [GA4] WITH [QA4] 
[fRAO * RA4 * RA3 * RA2] :: [GAO] WITH [QAO] 
[fRAl * RAO * RA4 * RA3 * RA2] :: [GAl] WITH [QAl] 

END CASE 

WHILE [W3] 
CASE 

[fRA3] :: [GA3] WITH [QA3] 
[/RA4 * RA3] :: [GA4] WITH [QA4] 
[/RAO * RA4 * RA3] :: [GAO] WITH [QAO] 
[fRAl * RAO * RA4 * RA3] :: [GAl] WITH [QAl] 
[/RA2 * RAl * RAO * RA4 * RA3] :: [GA2] WITH [QA2] 

ENDCASE 

WHILE [W4] 
CASE 

[/RA4] :: [GA4] WITH [QA4] 
[/RAO * RA4] :: [GAO] WITH [QAO] 
[fRAl * RAO * :RA4] :: [GAl] WITH [QAl] 
[fRA2 * RAl * RAO * RA4] :: [GA2] WITH [QA2] 
[fRA3 * RA2 * RAl * RAl * RA4] :: [GA3] WITH [QA3] 

ENDCASE 

WHILE [W04] 
CASE 

[/RBO * RA4 * RA3 * RA2 * RAl * RAO] :: [GBO] WITH (QBO) 
[/RBl * RBO * RA4 * RA3 * RA2 * RAI * RAO] :: [GBl] WITH [QBl] 
[fRA2 * RBl * RBO * RA4 * * RA3 * RA2 * RAI * RAO] :: [GA2] WITH [QB2] 

END CASE 

WHILE [GAO] 
IF (RAO] THEN [WI] WITH [NOGRANT] 

WHILE [GAl] 
IF (RAl] THEN [W2] WITH [NOGRANT] 

WHILE [GA2] 
IF (RA2] THEN [W3] WITH [NOGRANT] 

WHILE [GA3] 
IF (RA3] THEN [W4] WITH [NOGRANT] 

WHILE [GA4] 
IF (RA4] THEN CWO] WITH [NOGRANT] 

WHILE [GSO] 
IF (RBO] THEN [GBl] WITH [NOGRANT] 

WHILE [GBl] 
IF (RBI] THEN [GB2] WITH [NOGRANT] 

WHILE [GB2] 
IF (RB2] THEN [GBO] WITH [NOGRANT] 

b. SNAP Equations (Continued) 
Figure 7 (Continued) 
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Engineers are excited to discover the 
PLUS405-55, a PLD state machine IC rated 
for a maximum operating frequency of 
55MHz. It has a flexible architecture offering 
65 product terms, and a programmable OR 
array driving 16 J-K flip-flops, 8 of which are 
buried (see Figure 1). This design allows the 
64 product terms to realize 64 state 
transitions in a general state machine 
implementations. (State machines based on 
a counter will be implemented much more 
efficiently.) In order to estimate if a particular 
state machine will fit in the PLUS405, one 
need only count the state transitions and 
assure that there are fewer than 65! There 
are the remaining issues of number of states, 
inputs and outputs. The PLUS405 has 8 
buried registers, allowing representation of 
256 unique states. A dual complement array 
is available for the "ELSE" condition of state 
equations, and along with dual clocking 
capabilities allows two independent state 
machines to be synthesized on one IC. 

Ease of design is further enhanced by SNAP, 
the PC-based PLD development tool. SNAP 
supports Boolean and State Equation entry of 
the design, simulation, and downloading of 
the programming information to a 
programmer. SNAP allows an abstract 
approach to design with PLDs, as the target 
device is not specified by the engineer until 
he is done fully integrating and simulating his 
efforts. After device selection, SNAP can 
back-annotate the design files with target 
silicon characteristics, allowing simulation of 
the actual device. 

October 1993 

The engineer sets out to solve all his high 
speed state machine design problems armed 
with this new silicon and software, only to 
discover all this performance has its price. 
Studying the data sheet on the PLUS405-55 
shows the following performance: 

fMAXl 55.6MHz minimum 
Input Setup time 10ns minimum 
Input Hold time Ons minimum 

The cycle time at 55MHz is roughly 18.2 
nsec. The window during which data must be 
stable to guarantee no metastability is 10 
nsec long. The difference between the setup 
and hold time, and the cycle time, is the 
allowed time interval for changes to occur. 
this example leaves 8.2ns for any changes. 

From a system standpoint, this means the 
design engineer must be extremely careful in 
implementing his system, or he will violate 
the setup and hold specifications of the 
PLUS405-55. This can lead to metastable 
conditions in the state machine with several 
negative effects: 
1. Jumps to undefined states. (May hang up 

system!) 

2. Lengthened clock to 0 times (slows 
down!). 

3. Jumps to states out of proper sequence. 

All of the above problems will yield a system 
that is unreliable, unpredictable and 
expensive in terms of servicing elusive bugs 
in the field. 
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The preceding analysis said nothing 
regarding asynchronicity. It is feasible to 
design the above system in a fully 
synchronous manner and have acceptable 
results. What about the system where known 
asynchronous inputs will be used in the state 
machine? Examples of common 
asynchronous signals are refresh request in 
DRAM controller applications and interrupts 
in a real-time control system. One approach 
to managing asynchronous inputs is to 
precede the state machine with aD-type 
flip-flop. This can serve as a synchronizing 
stage ... or can it??? A simple analysis will 
explore the feasibility of using a simple 
synchronizing flip-flop. 

A common Dual-D flip-flop frequently 
selected for this application in TTL 
high-performance systems is the FAST 
74F74. The asynchronous data is fed into the 
D input of the flip-flop, and the 0 output is fed 
into the logic input of the PLUS405 state 
machine. A common clock is used for both 
parts (see Figure 2). Based on current 
published data sheets, the 74F74 has a 
clock-to-O time of 9.2ns maximum. The worst 
case setup time on the PLUS405-55 is 10ns. 
The minimum cycle time of the combined 
system is (9.2 + 10) ns, yielding a maximum 
clock frequency of 52MHz. Let's assume for 
this example a desired system clock is 
50MHz. 
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Figure 1. PlUS405-55 Functional Diagram 
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Figure 2. 74F74 Driving PLUS405-55 
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The important issue to examine in the timing 
diagram is the time that elapses between the 
end of the 74F74 clock-to-Q interval and the 
beginning of the PLUS405's setup time (see 
Figure 3). This is 20ns minus 10ns minus 
9.2ns, which equals .8ns! At 50MHz, this 
combination is just able to work reliably on a 
worst case basis, assuming no instances of 
metastability. If metastable operation is 
encountered, the 800 picosecond window is 
the only time left in the clock cycle to resolve 
the situation. The next issue to examine is 
the mean time between failures (MTBF) for 
this system. From the work of Mr. Chaney, an 
equation which models metastable behavior 
is: 

EQUATION 1. MTBF = exp('trl't) 1 (TO * f * a) 

{Explanation of above symbols} 

MTBF is mean time between failures, 
in seconds. 

'tf is the elapsed time before sampling 
the process 

or 
the time allotted for metastability to 
resolve. 

is the "Metastability Time 
Constant". 

Q 
74F74 

PLUS405-55I 
INPUT 

REQUIREMENTS 

TO in seconds, the zero intercept of 
aperture time versus propagation 
delay. TO indicates the propensity 
of a device to enter the metastable 
state. 

is the clock speed, in Hertz. 

a is the transition rate of data being 
sampled (i.e., edges per second) 
in Hertz. 

Assume for this discussion that the 
asynchronous input data is roughly 2MHz, 
meaning the edges that can cause 
metastability occur at a 4MHz rate. The 
system clock is assumed to be 50MHz, and 
the elapsed time before sampling is 10ns. 
(The sample time is calculated from the 
difference between the cycle time (1/50MHz 
= 20ns) and the setup time of the 
PLUS405-55 (10ns). The other parameters 
can be determined from measurements of an 
'F74, or can be found in Mr. Chaney's paper. 
't was found to be .4ns and TO .2 
milliseconds. Armed with a calculator and 
Equation #1 , the MTBF for this particular 
scenario is calculated: 

MTBF = exp(101.4) 1 (.2e-3* 50e6 * 4e6) = 
1.8 seconds 

10ns---~ 

DATA MUST 
BE STABLE I 

(SETUP 11 ME) 
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Clearly, this level of failure in any system is 
unacceptable. A better solution for this class 
of problem must be found! 

Philips Semiconductors has recently 
introduced a new family of parts designed 
with metastability performance in mind. The 
first four members of this family are the 
74F5074, 74F50109, 74F50728 and 
74F50729. These are excellent general 
purpose flip-flops, but special attention has 
been paid to short setup and hold times, and 
fast clock-to-Q times. The output stage has 
also been designed with a balanced drive 
characteristic, leading to tight matching 
between rise and fall propagation delays, and 
matching of skews between other outputs. 
this makes them useful in clock driver 
applications also. Let's repeat the former 
calculation using the measured 't and TO 
values for the 74F5074 used as a 
synchronizer (see Figure 4) ahead of the 
PLUS405-55. 

't = .135ns 
TO = 9.8 E 6 seconds 

MTBF = exp(1 01.135) 1 (9.8e6 * 50e6 * 4e6) = 
75.46 e9 seconds 

NOTE: For the reader's reference, a century 
is 3.154 e9 seconds. 

Figure 3. Timing Diagram of 74F74 and PLUS405-55 
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74F5074 

Q 
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ClOCK 
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NT/OE 

I PLUS40S-S5 
~-------------------------------------

Figure 4. 74F5074 Driving PLUS405-05 
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S"On 

On 

CPn "~ 

Ron 

A system that was unreliable is now found to 
be quite acceptable by using the 74FS074. 
The major drawback to the synchronizing 
flip-flop solution is the added delay on the 
asynchronous signal before it enters the state 
machine. In the case of the 74F5074, this will 
amount to one clock cycle delay. For designs 
that demand the maximum in freedom from 
metastability, Philips Semiconductors has 
developed a product with cascaded D 
flip-flops for synchronizing applications. The 
74FS0728 (see Figure S) will therefore 
introduce a two clock cycle delay into the 
system. It is pin compatible with the 74FS074 
and 74F74 to allow retrofits on existing 
systems. 

Calculation for the MTBF of a system using 
the 74FS0728 is similar to the technique used 
earlier. In this case though, at least one entire 
clock cycle is used to resolve any 
metastability. 
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0 Q 0 

r--C ~CP r--C f> CP 

Figure 5. Internal Diagram of 74F50728 (1/2l 

EQUATION 2. MTBF = exp(-cri't) 1 (TO * f * a) 

{Explanation of above symbols} 

All symbols are the same as EQUATION 1 
with the exception of -cr. 

n is the elapsed time before sampling 
the process or the time allotted for 
metastability to resolve. In the case 
of 74FS0728, one entire clock 
cycle. 

The flip-flops embedded in the 'FS0728 are 
essentially the same as the flip-flops used for 
the 'FS074, therefore the same "Metastability 
Time Constant" -c, and TO, can be used in the 
calculation. 

MTBF = exp(201.13S)1 (9.8e6 * SOe6 * 4e6) = 
1.12 e43 seconds! 

Now that the designer is comfortable with 
handling metastability, it is feasible to begin 
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approaching the design of the system by 
stating a goal for MTBF and adjusting the 
state machine's clock to meet the desired 
failure level. 

Let's assume out system is to have an MTBF 
of S years from metastability induced 
anomalies. The calculations would proceed 
as follows, assuming the same 2MHz data 
rate from our previous example: 

MTBF = S years * (31.S4 e6 seconds/year) = 
1S7.7 e6 seconds 

Setting up the equation to find the roots 
yields: 

EQUATION 3. T(setup)h - 1/(f * -c) + 
1 n(TO*a*MTBF*f) = 0 

(T(setup) is the setup time on the PLUS40S) 
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Equation 3 is not solved using algebra, but 
simple numerical methods will allow easy 
solution, especially since we have a good 
initial guess for the value of f. (50 to 55MHzl) 
An HP 32S calculator was used to find the 
root of this equation by the following program: 

PRGM 

GTO .. 

801 L8URTN {L8L} 

802 INPUT A 

803 INPUT F 

804 INPUT J 

805 INPUT M 

806 INPUT T 

807 INPUT U 

8 

COMMENTS 

start program entry 

go to top of memory 

label program as 8 

a, Data rate, Edges/Sec. 

Clock frequency, Hertz 

't, seconds 

MT8F, seconds 

TO, seconds 

T(setup), seconds 

808 RCL A begin calculation of 1 n argument 

809 

810 

811 

812 

813 

814 

815 

816 

817 

818 

819 

820 

821 

RCLx T 

RCLx M 

RCLx F 

LN 

RCL F 

RCLx J 

1/x 

+/-

+ 
RCL U 

RCL+ J 

+ 

L8URTN {RTN} 

change sign 

add 

divide 

end, return from routine 

To execute this program we must use the 
SOLVE capability on the calculator. 

SOLVE {FN} FN= Prompt for label of function 

8 

50 E6 STO F load initial guess 50MHz 

SOLVE {SOLVE} SOLVE prompt for unknown variable 

F frequency in this case! 

A? 4.0 E6 set edge rate 

RlS run 

J? 135E-12 set't 

RlS 

M? 157.7 E 6 set MT8F 

RlS 

T? 9.8 E6 set TO 

RlS 

U? 10. E-9 setup time 

RlS 
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At this point the calculator will set off to find 
the root based on the initial guess and the 
desired conditions entered. The system clock 
speed determined from this technique is 
52.16MHz. 

Designers who are forced to deal with an 
uncertain system for the first time are 
uncomfortable with the idea that is is possible 
for the system to fail. Lower speed systems 
have been traditionally designed using worst 
case data sheet numbers to guarantee that 

the system will always work. As system clock 
speeds cross over 50MHz, meeting the setup 
and hold times becomes very difficult for 
TTL-based designs. The allowed time to 
resolve metastability gets shorter and the 
data stream edges become much more 
frequent, increasing the incidence of 
metastability. Faster systems demand that a 
design methodology based on statistics be 
used and the burden is now on the Engineer 
to manage likelihood of failure to acceptable 

Dike, Charles, "AN219, A Metastability Primer", Philips Semiconductors 
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levels. Persons defining high performance 
systems will need to specify goals for MTBF 
due to metastability. Usage of parts that have 
been characterized for metastability behavior 
will become mandatory in future systems. 
New parts, such as the 74F5074 and 
74F50728 from Philips Semiconductors, 
which have published metastable traits and 
are pin compatible with other industry 
standard ICs, can make solving these 
problems as easy as plugging in a new part! 

Chaney, Thomas J., "Measured Flip-Flop Responses to Marginal Triggering "[IEEE Transactions on Computing, Vol. C-32, No. 12, December 1983, 
pp.1207-12091 

Wakerly, John, "Designers Guide to Synchronizers and Metastability, Part 1 and 2" September 1987, VLSI Design 
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INTRODUCTION 
Some state machine applications require a 
state machine to wait for a number of clock 
pulses to occur before some decision point is 
reached. One common example of this is a 
state machine that needs to analyze only 
certain bits in a serial data stream. The state 
machine may have to wait for a number of 
serial data bits to transpire before pulsing a 
load signal or proceeding into states to 
actually check individual data bits for specific 
preamble or header information. 

SEQUENCER ARCHITECTURE 
State machine implementations using JK 
flip-flop based sequencer devices are 
generally very efficiently implemented 
because product terms (AND gates) are 
required only to force a transition from one 
state to the next. Product terms are not 
required to hold the sequencer in a state, as 
they are for D-type based devices. A JK 
based state machine can wait forever in one 
state for a specific parallel combination of 
input signals to happen, using only one 
product term to perform the comparison and 
force a jump to a new state. In addition, 
Philips sequencers have a PLA architecture 
meaning that both the AND array and the OR 
array have programmable connections. A 
single product term may be connected to the 
inputs of multiple state and/or output 
registers. This feature allows for efficient 
device resource utilization since any product 
term may be connected to any buried or 
output register. The product terms are not 
fixed in their usage to a specific register or 
output. 

DESIGN METHODS 
PLD software packages, such as Philips 
SNAP, provide for different methods of design 
entry. The easiest and usually best format for 
state machines is, of course, a state equation 
entry method. Figure 1 shows an example 
using state equations. For JK based 
sequencers, SNAP essentially translates 

each 'IF' statement into a product term in the 
device. An OR function in the input condition 
field of the 'IF' statement will cause an 
additional product term to be used. 

A series of unconditional transitions to a new 
state may be found in some state machine 
designs where it is required to wait a certain 
number of clock cycles before performing a 
function. The example in Figure 1 shows a 
simple state machine that runs continuously 
through sixteen states and outputs a pulse on 
output 'OUT1' while in state 'F'. This state 
machine is not waiting for any inputs, other 
than the clock to occur. It is simply a counter. 

COUNTER IMPLEMENTATION 
For typical state machine implementations 
with conditional transitions between states, 
state equations produce efficient state 
machines. However for implementing 
counters, state equations may not produce 
the most efficient implementation. JK 
flip-flops have a feature whereby if both J and 
K are active, after a clock, the output will 
toggle or change state. This feature may be 
used to implement counters very efficiently. 
Combining the toggle feature of the flip-flops 
with a PLA devices ability to connect a single 
product term to multiple OR array inputs, 
produces an implementation where only one 
product term is needed for each bit in the 
counter. A four bit counter may be 
constructed using only four product terms! 

The function described in Figure 1 is 
duplicated in Figure 2, except the Figure 2 
design uses a counter described with 
Boolean equations. Only six product terms 
were used compared to the sixteen used for 
the design in Figure 1. Four product terms 
were used for the counter and two to control 
output pin Dun. So, when a portion of a 
state machine design is required to 
unconditionally transition from one state to 
the next, consider implementing a counter 
using Boolean equations and merging it into 
the state machine. 
The example in Figure 2 only used Boolean 
equations, no state equations. So, another 
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example is shown in Figure 3. This example, 
using SNAP, illustrates the proper syntax for 
connecting the outputs of a counter to the 
inputs of a state machine. This example was 
complied for a PLUS405 device. The state 
machine will wait in each state until the 
counter reaches a specified value. It then 
transitions to the next state. 

Complicating the design a bit more, Figure 4 
shows another SNAP example. This is a 
listing of a design that, in addition to using the 
counter outputs as inputs to the state 
machines, connects two outputs of the state 
machine back to the counter. The outputs of 
the state machine (actually two of the state 
bits) can enable or disable counting, or reset 
the counter. In this example the state vectors 
were specially assigned such that state 
register S1 must be LOW for the counter to 
count. When state register S2 is HIGH, the 
counter will be reset. Instead of using state 
registers bits, additional outputs could have 
been defined and connected to the counter. 

Figure 5 shows a counter that counts from 0 
to 12 and then resets. This example may be 
easily modified to produce a counter that 
counts to any value. 

SUMMARY 
The toggle feature of JK flip-flops together 
with a product term sharing capability, found 
in most Philips sequencer devices, may be 
used to build counters using only one product 
term per counter bit. If a state machine 
design contains many unconditional 
transitions, it is possible to reduce the 
number of product terms required to 
implement the design by separating the 
design into a counter and state machine. 
The counter portion should be described 
using Boolean equations, when state 
equations are preferred for the state 
machines. The counter outputs may be used 
as inputs to the state machine and some 
state machines outputs or state bits may be 
used to enable or reset the counter. 
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@PINLIST 
clk i; 
in it i; 
outl 0; 

@GROUPS 
@TRUTHTABLE 
@LOGlC EQUATIONS 

s[3 .. 0].rst = linit; "Use INIT function pin (19) to reset counter" 
outl.rst = linit; "and to reset output pin." 

@INPUT VECTORS 
@OUTPUT VECTORS 
[outl] jkffr 
00 = Ob; 
01 = lb; 

@STATE VECTORS 
[s3,s2,sl,sO]jkffr 
stO OOOOb; 
stl OOOlb; 
st2 OOlOb; 
st3 OOllb; 
st4 OlOOb; 
stS OlOlb; 
st6 OllOb; 
st7 Olllb; 
stS 1000b; 
st9 1001b; 
sta 1010b; 
stb 1011b; 
stc 1100b; 
std = 110lb; 
ste = 1110b; 
stf = llllb; 

@TRANSlTIONS 

while [stO] 
if [] then [stl] 

while [stl] 
if [] then [st2] 

while [st2] 
if [] then [st3] 

while [st3] 
if [] then [st4] 

while [st4] 
if [] then [stS] 

while [stS] 
if [] then [st6] 

while [st6] 
if [] then [st7] 

while [st7] 
if [] then [stS] 

while [stS] 
if [] then [st9] 

while [st9] 
if [] then [sta] 

while [sta] 
if [] then [stb] 

while [stb] 
if [] then [stc] 

while [stc] 
if [] then [std] 

while [std] 
if [] then [ste] 

while [ste] 
if [] then [stf] with [01] 

while [stf] 
if [] then [stO] with [00] 

Figure 1. SNAP State Equations 
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@PINLIST 
clk i; 
in it i; 
outl 0; 
@GROOPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

"Simple four bit binary counter that" 
"uses toggle feature of JK flip-flops." 
"Because of p-term sharing, only 4 p-terms" 
"are needed to implement this counter." 

cO.j 1; 
cO.k 1; 
cl.j cO; 
cl.k cO; 
c2.j cO * c1; 
c2.k cO * c1; 
c3.j cO * c1 * c2; 
c3.k cO * c1 * c2; 

c [3 .. 0] .rst = /init; "Use INIT function pin (19) to reset counter" 
out1.rst = /init; " and to reset output pin" 

"In this example the counter is free-running." 
"OUt1 will be high when the count is 1111B and" 
"will be forced low when the counter transistions" 
"from 1111 to 0000 binary or reset by pin 19." 

out1.j = c3*c2*c1*/cO; 
out1.k = c3*c2*c1* cO; 

@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

Figure 2. Counter Boolean Equations 
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@PINLIST 
olk i; 
in it i; 
outl 0; 
out2 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

"Simple four bit binary oounter" 

oO.j 1; 
oO.k 1; 
ol.j 00; 
ol.k 00; 
02.j 00 * 01; 
02.k 00 * 01; 
03.j 00 * 01 
03.k 00 * 01 

0[3 .. 0] .rst 
s[1. .0] .rst 
out[2 .. 1] .rst 

* 
* 

@INPUT VECTORS 
@OUTPUT VECTORS 
[out1, out2] jkffr 
00 O-b; 
01 1-b; 
02 = -Ob; 
03 = -lb; 

@STATE VECTORS 
[sl,sO]jkffr 
stO OOb; 
st1 01b; 
st2 = lOb; 
st3 = 11b; 

@TRANSITIONS 

while [stO] 

02; 
02; 

/init 
/init 
/init 

"Use INIT funotion pin (19) to reset oounter" 
" and state registers" 
" and output pins" 

"In this example the oounter outputs are used" 
as inputs to the state maohine" 

if [03*02*01*/00] then [st1] with [01] "move to state 1 when oounter goes" 
"from E hex to F hex" 

while [st1] 
if [] then [st2] with [00] 

while [st2] 

"upon next olook go to state 2 and" 
"reset output" 

if [/03*02*01*/00] then [st3] with [03] "wait here until oount = 6 hex" 
"then go to state 3 and set out2" 

while [st3] 
if [] then [stO] with [02] "goto state 0 and reset out2" 

Figure 3. Counter Connected to State Machine 
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@PINLIST 
c1k i; 
in1 i; 
init i; 

out1 0; 
out2 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

"Four bit binary counter" 
"controlled by state machine state register bits" 

cO.j /sl*/s2; 
cO.k /sl; 
c1.j /sl * 
c1.k /sl * 
c2.j /sl * 
c2.k /sl * 
c3.j /sl * 
c3.k /sl * 

c[3 .. 0].rst 
s [2 .. 0]. rst 
out [2 .. 1] . rst 

cO 
cO; 
cO 
cO 
cO 
cO 

@INPUT VECTORS 
@OUTPUT VECTORS 
[out1,out2]jkffr 
00 O-b; 
01 1-b; 
02 = -Db; 
03 = -lb; 

@STATE VECTORS 
[s2,sl,sO]jkffr 
stO OOOb; 
st1 -lOb; 
st2 = -Olb; 
st3 = 111b; 

@TRANSITIONS 

while [stO] 

"Counter will be forced to 0000 upon" 
"clock and state bit s2 high." 

* /s2; "Counter won't count unless state" 
"register sl is low. (won't count" 

* c1 * /s2; "in state st1)" 
* c1; 
* c1 * c2 * /s2; 
* c1 * c2; 

/init; "Use INIT function pin (19) to reset counter" 
/init; " and state registers" 
/init; " and output pins" 

"Note the special state assignments to" 
"simplify one state bit connections to" 
"the counter." 

"In this example the counter outputs are used" 
"as inputs to the state machine and some of the" 
"state register bits S2 and Sl control the operation" 
"of the counter." 

if [/c3*c2*/c1*cO] then [st1] with [01] "move to state 1 when counter goes" 
"from 5 hex to 6 hex" 

while [st1] 
if [in1] then [st2] with [00] "when input 'in1 = high' go to state 2 but" 

"hold counter at 6 while waiting for in1" 
while [st2] 
if [c3*/c2*/c1*/cO] then [st3] with [03] "wait here until count = 8 hex" 

"then go to state 3 and set out2" 
while [st3] 
if [] then [stO] with [02] "goto state 0 and reset out2" 

"and counter" 

Figure 4. Counter Enable and Reset Functions Controlled 
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@PINLIST 
clk i; 
ignd i; 
in it i; 
outl 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

"Four bit binary counter" 
"modified to count from" 
"0 to 11 and then reset." 

cO.j = nor; 
cO.k = nor; 
cl.j nor * cO; 
cl.k nor * cO; 
c2.j nor * cO * cl; 
c2.k (nor * cO * cl) + count12; 
c3.j nor * cO * cl * c2; 
c3.k (nor * cO * cl * c2) + count12; 

count12 = c3*c2*/cl*/cO; 
nor = /(count12+ignd); 

"When count=ll, then output NOR is LOW, disabling the product terms" 
"that cause the counter to count. Another product term (count12)" 
"connects to the registers of the counter that are HIGH K-inputs," 
"forcing it to all zeros upon the next clock. These connections may" 
"be modified to alter the upper count limit." 

c[3 .. 0] .rst = /init; "Use INIT function pin (19) to reset counter" 
outl.rst = /init; " and to reset output pin" 

"In this example the counter is free-running." 
"OUtl will be high when the count is 1100B and" 
"will be forced low when the counter transistions" 
"from 1100 to 0000 binary or reset by pin 19." 

outl.j = c3*/c2*cl*cO; 
outl.k = c3*c2*/cl*/cO; 

"For SNAP 1.90 to implement this design in a minimum nwober of product 
terms, two passes through the merger are necessary. First, generate a 
netlist normally - running NETCONV and MERGER. Then, highlight equations 
in the MERGER box to extract the equations from the netlist. Run the 
extracted equations through the minimizer (EQNGEN). Run through NETCONV 
(Minimized) and MERGER again to produce a minimized netlist. The design 

may then be compiled for the device." 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

Figure 5. Modulo-n Counter 
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INTRODUCTION 
Philips Semiconductors invented the 
programmable logic sequencer with the 
82S105 back in 1979. Since that time, 
additional parts were introduced, with a wide 
following of users who got programmable 
state machines into their designs. But, many 
potential users are still confused about what 
a sequencer is. Let us clarify that by simply 
stating that a sequencer is a programmable 
logic device capable of making user 
configurable state machines in a single chip. 
The first sequencers were configured with a 
programmable logic array (PLA) connected to 
a group of flip-flops. For state machine 
designs, the choice of either S-R or J-K 
flip-flops was appropriate because of logic 
efficiency. D flip-flops may be used, just as 
well, but are less efficient. Also, the restriction 
of using a PLA may not be mandatory. Many 
have used fixed-OR structures driving D 
flip-flops, and found the resulting solutions 
satisfactory. Hence, the broad definition of a 
sequencer is simply a programmable logic 
device with flip-flops. The inclusion of 
additional features beyond these basics can 
make all the difference in the world, and will 
be shown to be quite useful. Among the 
critical additional features are: A complement 
array, buried versus exposed flip-flops, 
independent flip-flop clocking and 
independent asynchronous set and reset 

"PAL is a registered trademark of Advanced Micro Devices. Inc. 
GAL is a trademark of Lattice Corp. 
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capabilities. As well, something as simple as 
permitting some flip-flops to be clocked on 
rising clock edges and others on falling edges 
can have far-reaching performance 
implications. 

This booklet will look at three parts that are 
sequencers, but which also have the 
additional property of being made from 
CMOS, so they have some low power 
capabilities that similar bipolar devices do not 
have. These devices are the PLC18V8Z, the 
PLC415 and the PLC42VA12. Each of these 
devices will be presented with a detailed 
application described that is appropriate to 
that device. After an initial description of the 
parts is given, a brief discussion of 
power-saving techniques is given. Then the 
example applications are detailed with 
complete design files which can be run on 
Philips Semiconductors design software. 

The PLC18V8Z 
Figure 1 shows the PLC18V8Z logic diagram. 
As can be seen, there is a large 
programmable region that can interconnect 
input lines and feed back logic values to a 
region where they may be associated with 
the inputs to AND gates at small fixed-OR 
sites. This is termed Programmable Array 
Logic (PAL ®). The outputs of the fixed-OR 
sites then drive into macrocells (the little 

666 

boxes in Figure 1). The macrocell is detailed 
in Figure 2, where it is seen that the 
macrocell consists of one D flip-flop, three 
multiplexors, an exclusive-OR gate (for 
polarity control), configuration programm.able 
sites and feedback paths. The output points 
of the macrocells have access to the chip's 
output pins. By configuring the m.acrocell . 
multiplexors, it is possible for a Signal coming 
into the macrocell to be routed (by MUX) to 
the output pins (from the combinational logic 
area) to take the flip-flop output to the pins, to 
feed back the flip-flop to the main logic array, 
or accept the "F" pin as in input. Because a 
large number of applications are "byte" 
oriented, eight macrocells fits in a data 
oriented system. The number of applications 
that require no more than 8 product terms per 
OR gate cluster, is also very large, and 
includes counters, shifters, pattern 
recognizers and handshakers. It should also 
be noted that a special output is dedicated on 
the macrocell to permit 3-State control of the 
output pins, from the programmable array. 

Designers familiar with generic array logic . 
(GALTM) will appreciate that the PLC18V8Z IS 
intentionally pinned to be directly compatible 
with the 20-pin 16V8 device. This means that 
the PLC18V8Z can replace the long list of 
fixed-OR devices that includes the popular 
16L8, 16R8, 16R6, 16R4, etc. 
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Figure 1. PLC18V8Z 
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The PLC415 
The PLC415 is shown in Figure 3, in a 
shorthand form. The actual part incorporates 
groups of J-K flip-flops with a programmable 
logic array. The flip-flops are logically 
grouped by virtue of association to specific 
output pins and association with particular 
clock inputs. The PLC415 illustrates both 
exposed flip-flops (0 outputs directly tied to 
the output pins) and buried flip-flops (0 
outputs fed directly back to the 
programmable interconnect region). 
Sometimes, the outputs of the buried 
flip-flops are referred to as the state variable 
register because they capture next-state 
information to generate the transition signals 
for driving other flip-flop inputs. It should be 
noted that the PLC415 associates one group 
of four buried flip-flops, to a specific group of 
4 exposed flip-flops by virtue of common 
clock inputs. Hence, this group can be 
thought of as a single, synchronous 
programmable state machine. The 64 product 
terms are available to be freely 
interconnected to any of the flip-flop OR gate 
inputs. There are no connection restrictions, 
and complete freedom of sharing. The 
second state machine can also use any of 
the AND gates as needed. 

One of the powerful features of the PLC415, 
which is not available on registered fixed-OR 

October 1993 

devices, is multiple clock source availability. 
This, coupled with independent 3-State 
controls, permits some unique inherent output 
multiplexing capabilities. 

Another feature that has been seldom 
understood, is the "complement term: 
Basically, the complement term is a NOR 
gate located in the PLC415 PLA, to permit 
efficient next-state transitioning. If flip-flop 
transitions are accomplished with Boolean 
products (asserted to logical "1" at their 
outputs), the state machine will transition 
accordingly. Usually, this is thought of by 
saying "If the machine is in state X, and an 
input of Z occurs, then assume the next state 
of w." What happens if input value Z doesn't 
occur? Usually, the machine will then stay in 
state X. But what if it is desired to move to 
another state if there are no asserted input 
conditions present? The logic designer is 
confronted with generating a function that 
provides the correct, positive asserted 
transition terms. This consumes lots of 
product terms, and the designer quickly 
depletes AND gates. However, by logically 
combining a product term that decodes the 
present state, with the missing input 
combination, a logical product will be 
generated permitting a next-state transition t~ 
occur when the input condition is absent. ThiS 
product can be sent to the NOR term 
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(Le., complement term), which generates a 
logical "1" when all of its inputs are at a 
logical "0". This NOR output can for~e.a 
transition from state X to state Y. ThiS IS 
commonly referred to as generating a logical 
"else" condition. Hence, using the 
complement term, a state transition may be 
described as "if state X and input Z, then 
state W, else state Y." A particularly slick 
feature of this attribute is that by combining 
the current state with the queried input into a 
product term, other product terms can be 
included in the complement NOR gate, which 
decode different states and input conditions. 
The state transition payoff is that only one 
complement term is really ever needed per 
state machine, to get the "else transitions" 
from all possible states. Because the PLC415 
can build two independent machines, it 
includes two complement terms. The Philips 
Semiconductors design software SNAP 
automatically use the complement term to 
perform "else state transitions." Because the 
complement term requires a signal to pass 
through the programming array twice before 
hitting a flip-flop input, there is a small speed 
penalty to use it. However, there is a ~ajor 
payoff in terms of AND gate us~ge. ThiS. 
feature has literally become a signature Item 
in most Philips Semiconductors sequencers. 
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The PLC42VA12 
The PLC42VA 12 was recently (December 
1989) heralded as one of the top 
programmable logic devices of the year by 
Electronic Design magazine. Its architecture 
solves more standard design problems for a 
24-pin device than any other comparable 
device. The PLC42VA 12 is so flexible that 
designers are permitted nearly unrestricted 
design freedom. Incorporating 10 J-K 
flip-flops with a large PLA, the designer is 
able to clock each flip-flop from a distinct 
source. Each flip-flop has asynchronous set 
and clear, and flip-flop outputs either pass to 
an output pin, back into the programming 
array, neither, or both. Using an output pin 
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does not force the associated flip-flop 
function to be lost, and outputs are 3-State 
controlled in small groups, from either 
dedicated pins, or from the PLA. The 
PLC42VA12 also has two combinational 
outputs. As can be seen in Figure 4, the 
combinational output points are driven from 
polarity controlling Exclusive-OR gates. It 
should be noted that the PLC42VA 12 has 
been designed for compatibility with the 
popular 22V10 device. Designers that have 
enjoyed the 22V10, but needed greater 
flexibility, will appreciate additional freedom in 
designing with the PLC42VA12. 

Functional independence is a key feature of 
the PLC42VA 12. By having separate clocks 
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for each flip-flop, the designer may treat each 
flip-flop as a separate element. Most PLDs 
assign a single clock to large groups of 
flip-flops, which forces the designer to restrict 
the applications to standard synchronous 
state machines. The PLC42VA 12 permits a 
designer to build up to 10 (granted, simple) 
state machines in a single chip. But basically, 
design freedom is maximized in a 
PLC42VA 12. Additionally, the asynchronous 
reset and set inputs are carefully partitioned 
among the flip-flops to minimize restrictive 
design practices. As usual, the complement 
term is available for efficient utilization of the 
"IF-THEN-ELSE" syntax. 
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CMOS POWER IN PLDs 
When one first thinks of CMOS, zero power is 
one concept that comes to mind. A CMOS 
device should consume not power in a DC 
state, and when switching the power should 
be proportional to the frequency. This idea 
seems to make the thought of a zero power 
CMOS PLD a natural one. Yet, when one 
examines the CMOS PLD marketplace, only 
a fraction of the devices claim the mantle of 
zero power. An understanding of the basic 
concepts can be vital. 

With the exception of two architectures, all 
CMOS PLDs are constructed using an 
electrically erasable (EEPROM) or ultraviolet 
erasable (EPROM) cell similar to that shown 
in Figure 1. It should be pointed out that a 
true CMOS E2 or EPROM memory cell does 
not exist. The core of almost all CMOS PLDs 
is an array of NMOS transistors. By wrapping 
the NMOS core with CMOS 1/0 cells, the 
illusion of a CMOS PLD is created (Figure 2). 
The only fallacy behind this is that NMOS 
devices consume power in a DC state. The 
array of NMOS devices are continually fed 
power to maintain optimum speed. This 
means that even in a DC state, where the 
device is not switching, the power level is in 
the 10's of rnA. The main advantage here is 
that since only the array consumes power, 
the Icc of the device will be much less than 
similar bipolar PLDs. If we could "eliminate" 
the power to the array, the power drops to 
levels expected from CMOS devices. 

There are two classical electronic techniques 
used to eliminate the Icc to the die core, and 
Philips Semiconductors uses both of them 
depending on the part. Both techniques have 
inherent disadvantages, but lower Icc 
dramatically. The first method is through the 
use of a special pin. When correctly asserted, 
a series blocking transistor(s) that supplies 
power to the core is turned off. This requires 
an external signal to control when Icc is to be 
?'ocked and the core becomes "asleep" or 
Inoperable. 
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To wake up the part, the power down 
condition must be released. Placing the part 
into and out of power down mode takes time 
and this impedes performance. Figure 3 
illustrates the power saving approach of a 
dedicated control pin with the specific 
transaction for the PLC415. Note that PO 
(Power Down) must be asserted (i.e., logic 
"1") and released (logic "0") with a specific 
timing relationship to the clock. If the timing is 
maintained, the device will power down and 
power back up in the same state. Should the 
timing be altered, the internal state may be 
lost. 

From a simple viewpoint, the other method, 
which is used in Philips Semiconductors 
18V8Z, is more convenient. This technique, 
called "Input Transition Detection" (ITO), has 
been adapted from MOS memory design. A 
diagram of the key circuitry is shown in 
Figure 4. If any input makes either a 
high-to-Iow or low-te-high transition, the ITO 
senses it and sends a pulse to the array 
supply module. The supply in turn provides 
power to the array for a period of time long 
enough that the contents of the array can be 
latched. This data is now available as inputs 
into the 1/0 buffers for further processing. 
Once the data has been latched, there is no 
need for the array to consume power. The 
width of the power pulse is designed so it 
only need fulfill this function. This period of 
time, approximately 20ns for the 18V8Z, is 
much shorter than the cycle time of the 
device (35ns for the 18V8Z). This means that 
the array only consumes power for 57% of 
each cycle. Obviously when longer cycles are 
used, the percentage is reduced. The rest of 
the circuitry obeys CMOS rules. The lOT 
feature gives a device more typical of a 
traditional CMOS technology. When all inputs 
are at static CMOS levels, power to the array 
is turned off so the device consumes a 
current of less than 100JlA. Unlike some zero 
power PLDs, there is no surge in current 

Ip 

Figure 1. CMOS Programming - The EPLD 
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once the device becomes active. When 
switching, the current of the 18V8Z rises at a 
linear rate which is typically 1 rnA per MHz. 

The key to the technique is the Input 
Transition Detection circuit. Shown in 
Figure 5 is a simplified ITO implementation. 
When any of the inputs makes a transition, 
the output of the Ex-OR gate, as well as the 
OR gate, goes high for a period determined 
by the delay circuit. This "power signal" is 
what feeds the array supply circuit which 
eventually powers the array. The width of the 
delay varies across temperature to 
compensate for faster speeds at cold 
temperatures and slower speeds at hot 
temperatures. 

Waveforms for the ITO circuit are shown in 
Figure 6. When input A makes a low-to-high 
transition, the power signal goes high for a 
period of tAP after a delay of tDP. From these 
waveforms, it is easy to see one of the 
disadvantages of this method. When several 
inputs are applied to the device in a system 
environment, there will be a finite amount of 
skew between the inputs. Since all inputs are 
tied to the ITO circuitry, pulses will be 
generated for each input. An example of this 
is shown in Figure 7. The power signal is 
initially triggered by input A. Input B, which is 
skewed from input A by the time IsKEW 

generates its own power pulse, which is 
ORed to the pulse generated by input A. This 
makes the power pulse last longer in a 
system environment, which means the device 
will consume more power than originally 
anticipated. 

A disadvantage of the ITO circuit is a speed 
penalty. Two factors in the design reduce the 
speed. Since the array is not continuously 
powered, some delay is incurred by the ITO 
circuit to provide array power. The other 
speed penalty is paid in the data latches. 
These latches are necessary to store the 
array contents. 
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PLC18V8Z APPLICATIONS 
The 8OC51 microcontroller and its CMOS 
derivatives have two power reducing modes, 
Idle and Power Down. The Power Down 
mode reduces the device's current to less 
than 50JlA by only keeping the on-chip RAM 
and SFRs data intact. In order to resume 
operation while in the Power Down mode, it is 
necessary to apply a reset to the 
microcontroller. 

The PlC18V8Z is in a low power mode 
whenever its inputs are not switching, 
drawing less than 100JlA. An input transition 
causes the PlC18V8Z to power up its 
internal array for a short time, latch a valid 
output and then return to low power mode. 
Because of this transparent power reduction 
feature and its programmability, the 
PlC18V8Z is an excellent device to use in 
low power applications with an 80C51 
microcontroller. 

Two examples of using the PlC 18V8Z with a 
SC87C751 microcontroller are presented. 
Both applications use the PlC18V8Z to 
detect events while the SC87C751 is in a 
Power Down mode and then reset (wake up) 
the microcontroller. The first example, shown 
in Figure 1, uses the PlC18V8Z as an 8-bit 

10 11 12 

U1 

Ycc 

1~~ 

-= 
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priority encoder. SNAP pin layout and listing 
of the circuitry fused inside the PlC 18V8Z is 
shown in Figure 2. 

Whenever one of the inputs 17 - 10 goes lOW, 
a binary representation of its position is 
output on pins A3 - Ao. If more than one input 
is Active-lOW, then the input with the highest 
priority is represented on the output, where 17 
has the highest priority. Another output, EO, 
is not connected to the microcontroller but is 
used to control the RST output of the 
PlC18V8Z. EO is Active-lOW anytime all 
inputs are high. Actually, the PlC18V8Z 
could easily be reprogrammed to output the 
inverse of this signal which could be tied to 
the interrupt line of the microcontroller to 
generate an interrupt anytime one or more 
inputs were low. 

Pin 16 of the PlC18V8Z, labeled RST, is the 
output of a 3-State buffer whose input is 
always high. The buffer's control line is tied 
internally to a product term which is enabled 
by EO and an input from the microcontroller 
labeled "RSTEl'f. The RST buffer may be in 
only two states, either driving a high 
(resetting the SC87C751) or 3-State (allowing 
C3 to discharge), enabling normal operation 
of the microcontroller. Before entering the 

13 14 15 16 17 Is GND 

PLC1SVSZ 

SC87C751 
P3.4 

AO P3.3 
Al P3.2 
A2 P3.1 

P3.0 
PO.2 
PO.l/SDA 
PO.O/SCL 

RST RST 
X2 
Xl 
YSS 

U2 

-= 
Figure 1. 
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Power Down mode, the microcontroller 
should force"RSTEl'f low. Then, any low on 17 
-10 will cause EO and also RST high, 
resetting the microcontroller. When the 
microcontroller is reset, it will force its ports to 
input mode and since P1 and P3 have internal 
pull-up resistors, "RSTEl'f will go high forcing 
RST into the 3-State mode allowing C3 to 
discharge. 

The second example, shown in Figure 3, with 
SNAP pin layout and listing in Figure 4, uses 
the PlC18V8Z to monitor three 
microcontroller input lines (INC -INA) and 
reset the microcontroller upon any change. 
Three internal registers inside the PlC18V8Z 
are used to hold the states or levels of the 
input lines prior to entering Power Down 
mode. Before entering Power Down mode, 
the microcontroller should clock into the 
PlC18V8Z the states of INC -INA with the 
lOAD signal. Comparator logic fused into the 
PlC18V8Z compares the output of the 
registers to the three input lines. The RST 
output of the PlC 18V8Z operates in a similar 
manner to the first example to reset the 
microcontroller whenever "RSTEl'f is low and 
the output of the comparator is false. 

Vcc 

vcc 24 

P3.5 23 

P3.6 22 

P3.7 21 

Pl.7iTO 20 

Pl.6I1NT1 19 

Pl.5I1NTO lS 

Pl.4 17 

Pl.3 16 

Pl.2 15 

Pl.l 14 

Pl.0 13 
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************************************************************ 
* PLC18V8Z 20-Pin DIP Package Pin Layout 
* Date: 10/03/93 Time: 15:27:18 * 
************************************************************ 

IO 
Il 
12 
13 
14 
15 
16 
17 

I \ __ I 
I 

1 I IO/CLK 
21Il 
3112 
4113 
5114 
6115 
7116 
8117 

[ 9118 
[10IGND 

I 
I 

@PINLIST 
IO i;I1 i;I2 i;I3 i; 
14 i;I5 i;I6 i;I7 i; 
RSTEN i; 
AO 0;A1 0;A2 0; 
EO o;RST 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

I 
I 

VCCI20] 
F7119] 
F6118] 
F5117] 
F4116] 
F3115] 
F2114] 
Fl113] 
FOl12] 

19/0E_lll] 
I 
I 

AO /I1*I2*I3*I4*I5*I6*I7 
+ /I3*I4*I5*I6*I7 
+ /I5*I6*I7 
+ /I7; 

A1 /I2*I3*I4*I5*I6*I7 
+ /I3*I4*I5*I6*I7 
+ /I6*I7 
+ /I7 

A2 /I4*I5*I6*I7 
+ /I5*I6*I7 
+ /I6*I7 
+ /I7 ; 

RST 
EO 
A2 
A1 
AO 
RSTEN 

EO /(IO*I1*I2*I3*I4*I5*I6*I7); 
RST 1; 
RST.OE = /RSTEN*EO; 

@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

Figure 2. 
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U2 

19 GND 
10 

FO 18 9 = 13 F1 17 
14 F2 16 
15 

F3 15 
16 F4 14 RSTER 
17 F5 13 
18 F6 12 
19 

~ 11 
20 

Vee 10 Vcc 

PlC18V8Z 
SC87C751 

P3.4 Vcc 
24 

P3.3 P3.5 23 

P3.2 P3.6 22 

P3.1 P3.7 21 

LOAD P3.0 P1.7fTO 20 

Vcc PO.2 P1.6I1NT1 19 

PO.1/SDA P1.5I1NTO 18 

1~~ PO.O/SCL P1.4 17 

RST RST P1.3 16 

X2 P1.2 15 
R1 

X1 P1.1 14 
8.2K 

VSS P1.0 13 

= U1 

= 
Figure 3. 
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************************************************************ 
PLC18V8Z 20-Pin DIP Package Pin Layout * 

* Date: 10/03/93 Time: 15:27:00 * 
************************************************************ 

I \_-/ 
I 

LOAD 1 I IO/CLK 
INA 21Il 
INB 31I2 
INC 41I3 

RSTEN 51I4 
61I5 
71I6 
SII7 

[ 91I8 
[lOIGND 

I 
I 

@PINLIST 

LOAD i;INA i;INB 
INC i;RSTEN i;OEN 

OUTA o;OUTB o;OUTC 
COMP o;NOA o;NOB 
NDC o;RST 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

i; 
i; 

0; 
o· 

I 
I 

VCCI20] 
F7119] 
F611S] 
F5117] 
F4116] 
F31l5] 
F2114] 
Fl113] 
F0112] 

I9/0E_lll] 
I 
I 

da.d = ina; "flip-flop equation" 
da.clk = load; 

RST 
OUTC 
OUTB 
OUTA 
COMP 
NDC 
NOB 
NDA 
OEN 

nda = Ida; "invert buffer to pin equa-
tion" 
nda.oe /oen; 

db.d inb; 
db.clk load; 
ndb = /db; 
ndb.oe /oen; 

dc.d = inc; 
dc.clk = load; 
ndc = /dc; 
ndc.oe = /oen; 

outa = da*ina + /da*/ina; "comparator" 
outb = db*inb + /db*/inb; 
outc = dc*inc + /dc*/inc; 
comp = outa * outb * outc; 

rst = 1; 
control" 
rst.oe = /rsten * /comp; 
is low and no compare" 

@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

Figure 4. 
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PLC415 APPLICATIONS 
This example places 2 independent stepper 
motor controllers in one PLC41S. Each 
individually clocked controller includes a 
direction input as well as full and half step 
control. Individual set inputs force the internal 
state and output registers to state #1. Pin 19 

Table 1. Half Step Sequence 

STATE W1D 

STEP 1 0 

STEP 2 0 

STEP 3 1 

STEP 4 1 

STEPS 1 

STEPS 0 

STEP 7 0 

STEP 8 0 

CLK1 

FHSTP1 
1/2 

is fused as a power-down input and may be 
used to reduce current consumption while the 
motors are stationary. 

Suppose a stepper motor needs the 
sequence of data shown in Table 1 Clockwise 
rotation is performed by applying outputs 
associated with steps 1 through 8, while 

W1C 

1 

0 

0 

0 

0 

0 

1 

1 

W1A 

W1B 

PLC415 
W1C DlR1 

SET1 W1D 

POWER 
BUFFER 

Figure 1. Stepper Control Circuit 
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counter-clockwise rotation is achieved by 
applying outputs corresponding to 8 through 
1. Each state or step in this table is actually 
one half step to the motor. A full step skips 
one state. 

SNAP listings for this example are shown in 
Figures 3 and 4. 

W1B W1A 

0 1 

0 1 

0 1 

0 0 

1 0 

1 0 

1 0 

0 0 

v 
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NOTES: 
D,. D2 are IN4001 
0, is a 2N2222 
02 is a 2N3055 
D3 is a BY127 
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Vee 

Figure 2. Stepper Control Power Buffer 
10F4 

Ll 
INDUCTOR 
PHASE A 

************************************************************ 
PLC415 28-Pin PLCC Package Pin Layout 

* Date: 10/03/93 Time: 15:28:48 * 
************************************************************ 

DIR2 
FHSTP1 
FHSTP2 

W2A 
W2B 

CDS C S 
LIE L E 
K R T K T 
21112 

+-+-+-+-+-+-+-+ 
I I I I 1212121 
141312111817161 

+----------------------+ 
I I I I C V I I I 
I 5 6 7 L C 8 9 I 
I / K C I 
I C I 
I L I 
I K I 
I I 

51I4 IlOl25] 
61I3 Ill124] 
71I2 Il2123] 
81Il Il3122] 

[ 91IO Il4121] 
[101F7 IlS120] 
[1l1F6 IN/O/P/II19] 

I I 
I G I 
I FFNFFFF I 
I 5 4 D 3 2 1 0 I 
+----------------------+ 

111111111111111 
121314151617181 
+-+-+-+-+-+-+-+ 

WW WWWW 
2 2 111 1 
CD ABCD 

Figure 3. SNAP Listing: Pin Diagram 
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@PINLIST 
elkl i; 
elk2 i; 
fhstpl i; 
dirl i; 
setl i; 
set2 i; 
dir2 i; 
fhstp2 i; 

W1D 0: 
WlC 0; 
W1B 0; 
WlA 0: 
W2A 0: 
W2B 0: 
W2C 0: 
W2D 0: 
@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
wla.elk = elkl: "clock' set/rst for" 
wla.set = setl: "output flip-flops" 
wlb.elk = elkl; 
wlb.rst = setl; 
wle.elk = elkl; 
wle.set = setl; 
wld.elk = elkl; 
wld.rst = setl; 

pla.elk = 
pla.set = 
plb.elk = 
plb.rst = 
ple.elk = 
ple.set 
pld.elk 
pld.rst = 

elkl; "clock , set/rst for" 
setl; "internal flip-flops" 
elkl; 
setl; 
elkl; 
setl; 
elkl; 
setl; 

w2a.elk = elk2; 
w2a. set = set2; 
w2b.elk = elk2; 
w2b.rst = set2; 
w2e.elk = elk2; 
w2e. set = set2; 
w2d.elk = elk2; 
w2d.rst set2; 

p2a.elk elk2; 
p2a. set set2; 
p2b.elk elk2; 
p2b.rst set2; 
p2e.elk elk2; 
p2e. set set2; 
p2d.elk elk2; 
p2d.rst = set2; 

@INPUT VECTORS 
@OUTPUT VECTORS 
[wld,wle,wlb,wla] 
stepl OlOlb; 
step2 OOOlb; 
step3 lOOlb; 
step4 lOOOb; 
stepS lOlOb; 
step6 OOlOb; 
step7 OllOb; 
stepS OlOOb; 

"output flip-flops" 

"internal flip-flops" 

Figure 4. SNAP Usting: .EQN File (1 of 3) 
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[w2d,w2c,w2b,w2a] 
stepla= OlOlb; 
step2a= 0001b; 
step3a= lOO1b; 
step4a= lOOOb; 
stepSa= lOlOb; 
step6a= OOlOb; 
step7a= OllOb; 
stepSa= OlOOb; 

@STATE VECTORS 
[pld,plc,plb,pla] 
stpl OlOlb; "state machine # 1" 
stp2 0001b; 
stp3 lOO1b; 
stp4 lOOOb; 
stpS lOlOb; 
stp6 OOlOb; 
stp7 OllOb; 
stpS OlOOb; 

[p2d,p2c,p2b,p2a] 
stpla= OlOlb; "state machine # 2" 
stp2a= 0001b; 
stp3a= lOOlb; 
stp4a= lOOOb; 
stpSa= lOlOb; 
stp6a= OOlOb; 
stp7a= OllOb; 
stpSa= OlOOb; 

@TRANSITIONS 

"motor controller #1" 
while [stpl] 
if [ fhstpl* dirl] then [stp3] with 
if [/fhstpl* dirl] then [stp2] with 
if [ fhstpl*/dirl] then [stp7] with 
if [/fhstpl*/dirl] then [stpS] with 

while [stp2] 
if [ fhstpl* dirl] then [stp4] with 
if [/fhstpl* dirl] then [stp3] with 
if [ fhstpl*/dirl] then [stpS] with 
if [/fhstpl*/dirl] then [stpl] with 

while [stp3] 
if [ fhstpl* dirl] then [stpS] with 
if [/fhstpl* dirl] then [stp4] with 
if [ fhstpl*/dirl] then [stpl] with 
if [/fhstpl*/dirl] then [stp2] with 

while [stp4] 
if [ fhstpl* dirl] then [stp6] with 
if [/fhstpl* dirl] then [stpS] with 
if [ fhstpl*/dirl] then [stp2] with 
if [/fhstpl*/dirl] then [stp3] with 

while [stp5] 
if [ fhstpl* dirl] then [stp7] with 
if [/fhstpl* dirl] then [stp6] with 
if [ fhstpl*/dirl] then [stp3] with 
if [/ fhstpl * / dirl] then [stp4] with 

while [stp6] 
if [ fhstpl* dirl] then [stpS] with 
if [/fhstpl* dirl] then [stp7] with 
if [ fhstpl*/dirl] then [stp4] with 
if [/fhstpl*/dirl] then [stpS] with 

[step3] "full step forward" 
[step2] "half step forward" 
[step7] "full step backward" 
[stepS] "half step backward" 

[step4] 
[step3] 
[stepS] 
[stepl] 

[stepS] 
[step4] 
[stepl] 
[step2] 

[step6] 
[stepS] 
[step2] 
[step3] 

[step7] 
[step6] 
[step3] 
[step4] 

[stepS] 
[step7] 
[step4] 
[stepS] 

Figure 4. SNAP Listing: .EON File (2 of 3) 
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while [stp7] 
if [ fbstpl* dir1] then [stpl] with [stepl] 
if [/fbstpl* dirl] then [stp8] with [step8] 
if [ fbstpl*/dirl] then [stp5] with [step5] 
if [/fbstpl*/dirl] then [stp6] with [step6] 

while [stp8] 
if [ fbstpl* dirl] then [stp2] with [step2] 
if [/fbstpl* dirl] then [stpl] with [stepl] 
if [ fbstpl*/dirl] then [stp6] with [step6] 
if [/fbstpl*/dirl] then [stp7] with [step7] 

"motor controller #2" 
while [stpla] 
if [ fbstp2* dir2] then [stp3a] with [step3a] "full step forward" 
if [/fbstp2* dir2] then [stp2a] with [step2a] "half step forward" 
if [ fbstp2*/dir2] then [stp7a] with [step7a] "full step backward" 
if [/fbstp2*/dir2] then [stp8a] with [step8a] "half step backward" 

while [stp2a] 
if [ fbstp2* dir2] then [stp4a] with [step4a] 
if [/fbstp2* dir2] then [stp3a] with [step3a] 
if [ fbstp2*/dir2] then [stp8a] with [step8a] 
if [/fbstp2*/dir2] then [stpla] with [stepla] 

while [stp3a] 
if [ fbstp2* dir2] then [stp5a] with [step5a] 
if [/fbstp2* dir2] then [stp4a] with [step4a] 
if [ fbstp2*/dir2] then [stpla] with [stepla] 
if [/fbstp2*/dir2] then [stp2a] with [step2a] 

while [stp4a] 
if [ fbstp2* dir2] then [stp6a] with [step6a] 
if [/fbstp2* dir2] then [stp5a] with [step5a] 
if [ fbstp2*/dir2] then [stp2a] with [step2a] 
if [/fbstp2*/dir2] then [stp3a] with [step3a] 

while [stp5a] 
if [ fbstp2* dir2] then [stp7a] with [step7a] 
if [/fbstp2* dir2] then [stp6a] with [step6a] 
if [ fbstp2*/dir2] then [stp3a] with [step3a] 
if [/fbstp2*/dir2] then [stp4a] with [step4a] 

while [stp6a] 
if [ fbstp2* dir2] then [stp8a] with [step8a] 
if [/fbstp2* dir2] then [stp7a] with [step7a] 
if [ fbstp2*/dir2] then [stp4a] with [step4a] 
if [/fbstp2*/dir2] then [stp5a] with [step5a] 

while [stp7a] 
if [ fbstp2* dir2] then [stpla] with [stepla] 
if [/fbstp2* dir2] then [stp8a] with [step8a] 
if [ fbstp2*/dir2] then [stp5a] with [step5a] 
if [/fbstp2*/dir2] then [stp6a] with [step6a] 

while [stp8a] 
if [ fbstp2* dir2] then [stp2a] with [step2a] 
if [/fbstp2* dir2] then [stpla] with [stepla] 
if [ fbstp2*/dir2] then [stp6a] with [step6a] 
if [/fbstp2*/dir2] then [stp7a] with [step7a] 

Figure 4. SNAP Usting: .EQN File (3 of 3) 
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PLC42VA12 DMA APPLICATIONS 
The PLC42VA 12 contains 10 flip-flops that 
may flexibly be configured to build counters, 
shifters or any customized state machine 
required. With today's 32-bit micro
processors, there is a need for user-

@PINLIST 

designed, system-specific DMA controllers 
that can generate addresses or count nibbles, 
bytes, half-words or words. Applications for 
these controllers include I/O concentration 
and cache subsystem updating. Typically, 
these devices can be preset or cleared and 

CLK I ;MODEO I ;MODEI I;RST I;LOAD I;CO O;TOE I; 
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count (up) by 1, 2, or 4 depending on the 
chosen circumstances. A solution for the 
problem is presented in this section to 
illustrate solving the problem with Philips 
Semiconductors SNAP design software. The 
SNAP files are presented in Figure 1. 

OUTA O;OUTB O;OUTC O;OUTD B;OUTE B;OUTF B;OUTG G;OUTH B;OUTI B;OUTJ B; 

@Logic Equations 

" model 
o 
o 
1 
1 

modeO 
o 
1 
o 
1 

function 
count by 1 
count by 2 
count by 4 

illegal 

QUOTA.J l*/load*/modeO*/model 
+ modeO*/load 
+ model*/load 
l*/load*/modeO*/model 

"load disables P-terms" 
"force 0 for count by 2" 

+ XOUTA; "or count by 4" 
QUOTA.K + YOUTA; "XOUTA,YOUTA are outputs of " 

"tristate inputs 
QOUTB.J outa*/load*/modeO*/model 

+ l*/model*modeO*/load 

QOUTB.K 
+ model*/modeO*/load + XOUTB; "force 0 count by four" 
outa*/load*/modeO*/model 
+ model*/modeO*/load + YOUTB; 

DOUTC = outa*outb/load*/modeO*/model 
+ outb*/model*modeO*/load; 

QOUTC.J DOUTC + XOUTC; 
QOUTC.K DOUTC + YOUTC; 

DOUTD = outa*outb*outc*/load*/modeO*model 
+ outb*outc*/model*modeO*/load 
+ outc*model*/modeO*/load; 

QOUTD.J DOUTD + XOUTD; 
QOUTD.K DOUTD + YOUTD; 

DOUTE = outa*outb*outc*outd*/load*/modeO*/model 
+ outb*outc*outd*/model*modeO*/load 
+ outc*outd*model*/modeO*/load; 

QOUTE.J DOUTE + XOUTE; 
QOUTE.K DOUTE + YOUTE; 

"count by 1" 
"count by 2" 
"count by 4" 

DOUTF = outa*outb*outc*outd*oute*/load*/modeO*model 
+ outb*outc*outd*oute*/model*modeO*/load 
+ outc*outd*oute*model*/modeO*/load; 

QOUTF.J DOUTF + XOUTF; 
QOUTF.K DOUTF + YOUTF; 

DOUTG = outa*outb*outc*outd*oute*outf*/load*/modeO*/model 
+ outb*outc*outd*oute*outf*/model*modeO*/load 
+ outc*outd*oute*outf*model*/modeO*/load; 

QOUTG.J DOUTG + XOUTG; 
QOUTG.K DOUTG + YOUTG; 

DOUTH = outa*outb*outc*outd*oute*outf*outg*/load*/modeO*/model 
+ outb*outc*outd*oute*outf*outg*/model*modeO*/load; 
+ outc*outd*oute*outf*outg*model*/modeO*/load; 

QOUTH.J DOUTH + XOUTH; 
QOUTH.K DOUTH + YOUTH; 

Figure 1. SNAP Files (1 of 3) 
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DOUTI outa*outb*outc*outd*oute*outf*outg*outh*/load*/modeO*/model 
+ outb*outc*outd*oute*outf*outg*outh*/model*modeO*/load 
+ outc*outd*oute*outf*outg*outh*model*/modeO*/load; 

QOUTI.J DOUTI + XOUTI; 
QOUTI.K DOUTI + YOUTI; 

DOUTJ = outa*outb*outc*outd*oute*outf*outg*outh*outi*/load*/modeO*/model 
+ outb*outc*outd*oute*outf*outg*outh*outi*/model*modeO*/load 
+ outc*coutd*oute*outf*outg*outh*outi*model*/modeO*/load; 

QOUTJ.J = DOUTJ + XOUTJ; 
QOUTJ.K = DOUTJ + YOUTJ; 

co = outa*outb*outc*outd*oute*outf*outg*outh*outi*outj*/load*/modeO*/model 
+ outb*outc*outd*oute*outf*outg*outh*outi*outj*/model*modeO*/load 
+ outc*outd*oute*outf*outg*outh*outi*outj*model*/modeO*/load; 

" Reset for 
QOUTA.RST 
QOUTB.RST 
QOUTC.RST 
QOUTD.RST 
QOUTE.RST 
QOUTF.RST 
QOUTG.RST 
QOUTH.RST 
QOUTI.RST 
QOUTJ.RST 

all flip-flops " 
RST; 
RST; 
RST; 
RST; 
RST; 
RST; 
RST; 
RST; 
RST; 
RST; 

" Flip-flops are followed by tristate outputs which drive the pin 
OUTA /QOUTA; 
OUTB /QOUTB; 
OUTC /QOUTC; 
OUTD /QOUTD; 
OUTE /QOUTE; 
OUTF /QOUTF; 
OUTG /QOUTG; 
OUTH /QOUTH; 
OUTI /QOUTI; 
OUTJ /QOUTJ; 
OUTA.OE TOE; 
OUTB.OE TOE; 
OUTC .OE TOE; 
OUTD.OE TOE; 
OUTE.OE TOE; 
OUTF.OE TOE; 
OUTG.OE TOE; 
OUTH.OE TOE; 
OUTI.OE TOE; 
OUTJ.OE TOE; 

Figure 1. SNAP Files (2 of 3) 
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"Pins are fed back 
XOUTA /OUTA; 
YOUTA OUTA; 
XOUTB /OUTB; 
YOUTB OUTB; 
XOUTC /OUTC; 
YOUTC OUTC; 
XOUTD /OUTD; 
YOUTD OUTD; 
XOUTE /OUTE; 
YOUTE OUTE: 
XOUTF /OUTF; 
YOUTF OUTF: 
XOUTG /OUTG: 
YOUTG OUTG; 
XOUTH /OUTH; 
YOUTH OUTH; 
XOUTI /OUTI; 
YOUTI OUTI; 
XOUTJ /OUTJ: 
YOUTJ OUTJ; 
XOUTA.LD LOAD: 
XOUTB.LD LOAD; 
XOUTC.LD LOAD: 
XOUTD.LD LOAD; 
XOUTE.LD LOAD: 
XOUTF.LD LOAD; 
XOUTG.LD LOAD; 
XOUTH.LD LOAD; 
XOUTLLD LOAD: 
XOUTJ.LD LOAD; 
YOUTA.LD LOAD; 
YOUTB.LD LOAD; 
YOUTC.LD LOAD; 
YOUTD.LD LOAD; 
YOUTE.LD LOAD; 
YOUTF.LD LOAD; 
YOUTG.LD LOAD; 
YOUTH.LD LOAD; 
YOUTLLD LOAD; 
YOUTJ.LD LOAD; 
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to flip-flops using tristate inputs (FF load)" 
"feed.back to J is inverted" 
"feed-back to K IS NOT inverted" 

Figure 1. SNAP Files (3 of 3) 
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INTRODUCTION 
This application note describes two PLD 
designs made with the PLC42VA 12. Both 
designs are controller functions for an 
12C-bus n-bit 110 expander. The first design is 
a controller function for an-bit 12C-bus Input 
Expansion (12C-bus Slave Transmitter 
function) and the second one for an-bit 
12C-bus Output Expansion (12C-bus Slave 
Receiver function). 

The 12C-bus is a 2-way, 2-line communication 
between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial 
clock line (SCL). The designs provide remote 
input or output expansion for our Philips 
micro controller families via the two-line serial 
bidirectionaI12C-Bus. The 12C-Bus slave 
address of the designs is equal to the 
address of the PCF8574 (remote 8-bit 110 
expander). The 12C-Bus has been specified 
for 100kHz, but the PLC42VA 12 designs can 
go up to 1 MHz. This makes the designs 
suitable as test vehicle for the new fast 
12C-Bus standard of 400 kHz. 

The PLC42VA 12 is the most powerfull PLD 
device in a DIL-package of Philips 
Semiconductors. The designs use almost all 
resources and most of the features of the 
PLC42VA 12 e.g. combination of synchronous 
and asynchronous logic, 3-State outputs 
used as open collector outputs and a 
combination of output flip-flops and state 
flip-flops. 

The design has been verified on a 
bread-board. This board contains the two 
PLC42VA 12 controller designs, four 
74HC165 devices, four 74HC595 devices and 
all the circuitry necessary to read 32 
DIP-switches and to control 32 LED's. 

This application note gives first a general 
description of the designs. Then it describes 
the characteristics of the 12C-Bus and some 
basic functions (tricks) used in both designs. 
You will find a detailed description of the 
designs and the 12C-Bus protocols of the 
controller functions in the sections entitled, 
12C-Bus Slave Transmitter Function and 
12C-Bus Slave Receiver Function. The 
appendix, gives all the used design files in 
the SNAP syntax. SNAP is the Philips 
Semiconductors PLD design software 
package. You will find the equation entry files 
EON, the simulation control files SCL and the 
pinning files PIN. The last sheet gives the 
schematic diagram of the bread-board. 

October 1993 

GENERAL DESCRIPTION OF THE 
DESIGNS 
The two designs described in this report are 
both controller functions for an 12C-Bus n-bit 
liD-expander. The designs were made on a 
customer request to have a solution for his 
problem to address via the 12C-Bus more 
than 200 bits of inputs and outputs. With the 
existing 12C-Bus devices the maximum 
number of input andlor output bits is 16 x 8 = 
128 (8 x PCF8574 + 8 x PCF8574A). The 
designs work fully according to the 12C-Bus 
specification at 100kHz. 

When an 12C-Bus master device (e.g. a micro 
controller) has to read data from or write data 
to the remote liD-expander devices PCF8574 
and PCF8574A, it first sends the 12C-Bus 
slave address of the device and then reads or 
writes only one byte. The two controller 
functions, the Slave-Receiver and the Slave 
Transmitter, don t have this problem. For 
these designs, the master sends the slave 
address only once, and then reads or writes 
one or multiple data-bytes. The master 
device, decides the number of bytes. The 
slave addresses used for the designs are 
identical to the slave addresses of the 
PCF8574 and PCF8574A devices. 

The 12C-bus has been specified for a 100 kHz 
clock (SCL). With the internal maximum 
system clock of 8 MHz, the two PLC42VA 12 
designs can go upto an 12C-bus clock of 
1 MHz. This makes the design suitable as test 
vehicle for the new fast 12C-bus standard of 
400 kbits/s. The speed is the only additional 
specification point of this new 12C-bus 
specification that can be met. The other new 
specification points as Schmitt-trigger inputs 
and slope control of the falling edges of the 
SDA and SCL signals can not be met. 

The PLC42VA12 has been chosen, because 
of its special hardware features. These 
features are not available in other PLD 
devices available in a 24-pin DIL package 
e.g. the PL22V10. Some of the used features 
are: 

• Combination of synchronous and 
asynchronous logic. 

• Combination of D-type flip-flops with 
JK-type flip-flops. 

• Flip-flops used as state registers. The 
M-pins used as inputs and/or outputs. 
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• 3-State buffers used as open collector 
outputs. The 3-State control-input of an 110 
Output buffer is used as logic input. The 
input of that buffer is connected to the 
ground. 

The intention was, to put both the Slave 
Transmitter and the Slave Receiver controller 
in one device. Unfortunately, the resources of 
the PLC42VA 12 are not sufficient to 
implement both designs in one device. As a 
combination of a Slave Transmitter and a 
Slave Receiver with a high number of inputs 
and outputs is seldom requested, this should 
not be a problem. 

The first PLC42VA 12 design is an 12C-bus 
Slave Transmitter controller. With one or 
multiple 74HC165 devices, it forms an 
12C-bus n-bit Input Expander. At one side the 
controller fully controls the 12C-Bus Slave 
Transmitter function, and at the other side it 
generates the control signals for the 
74HC165. The 74HC165 devices can be 
cascaded to increase the number of inputs. 
Chapter. 12C-Bus Slave Transmitter Function 
gives a detailed description of the design. 

The second design is an 12C-bus Slave 
Receiver controller. With one or multiple 
74HC595 devices it forms an 12C-bus n-bit 
Output Expander. At one side the controller 
fully controls the 12C-Bus Slave Receiver 
function, and at the other side it generates 
the control signals for the 74HC595. The 
74HC595 devices can be cascaded to 
increase the number of outputs. The section 
entitled 12C-Bus Slave Receiver Function 
describes in detail the deSign. 

For design verification purposes, a 
bread-board has been made. This board 
contains all the devices to build a Slave 
Transmitter with 32 inputs and a Slave 
Receiver with 32 outputs. The main devices 
of the board are: 

• A PLC42VA 12 with the Slave Transmitter 
controller function, 

.4 PC74HC165 devices, 

• 4 octal DIP-switches, 

• A PLC42VA 12 containing the Slave 
Receiver controller function, 

• 4 PC72HC595 devices, 

.32 LED's. 
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System Configuration CHARACTERISTICS OF THE 
12C-BUS 
The 12C-bus is a 2-way, 2-line communication 
between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial 
clock line (SCl). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 

pulse as changes in the data line at this time 
will be interpreted as control signals 
(Figure 1, Bit Transfer). The maximum clock 
frequency is 100kHz. 

Stan and Stop Conditions 
Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-lOW 
transition of the data line, while the clock is 
HIGH is defined as the start condition (S). A 
lOW-to-HIGH transition of the data line while 
the clock is HIGH is defined as the stop 
condition (P). Figure 2, Definition of Start and 
Stop Conditions, gives the timing diagram. 

A device generating a message is a 
transmitter, a device receiving a message is 
the receiver. The device that controls the 
message is the master and the devices which 
are controlled by the master are slaves. 
Figure 3, System Configuration, gives a block 
diagram of the system configuration. 

Bit Transfer 
One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 

SOA / X 
~/ \~ / SCL 
i i 

Data Une Change 
Stable: ofOata 

Data Valid Allowed 

Figure 1. Bit Transfer 

SOA 

_~': ____ ~' I-
I I I I 

, I , I 

I I 

I 

SCL -~ /-----\ / I,: 

: S : "------I '-. ___ J. P 

Start Condition Stop Condition 

Figure 2. Definition of Start and Stop Conditions 

\ 

\ 

SDA 

SCL 

SOA------------~--------------_.--------------~--------------_.--------------~-----

SCL-----t-------t------~------~------~------~------~------~------~------~-----
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Acknowledge 
The number of data bytes transferred 
between the start and the stop conditions 
from transmitter to receiver is not limited. 
Each byte of eight bits is followed by one 
acknowledge bit. The acknowledge bit is a 
HIGH level put on the bus by the transmitter 
whereas the master generates an extra 
acknowledge related clock pulse. A slave 
receiver which is addressed must generate 
an acknowledge after the reception of each 
byte. Also a master must generate an 
acknowledge after the reception of each byte 
that has been clocked out of the slave 
transmitter. The device that acknowledges 
has to pull down the SDA line during the 

SCLFROM 
MASTER 

start condition 

acknowledge clock pulse, so that the SDA 
line is stable LOW during the HIGH period of 
the acknowledge related clock pulse. Setup 
and hold times must be taken into account. A 
master receiver must signal an end of data to 
the transmitter by not generating an 
acknowledge on the last byte that has been 
clocked out of the slave. In this event the 
transmitter must leave the data line HIGH to 
enable the master to generate a stop 
condition (seeFigure 4, Acknowledgement on 
the 12C-bus). 

Formats 
Data transfers follow the format shown in 
Figure 5 Data formats of the 12C-bus. After 

DATA OUTPUT ',;: X 
BYTRANSMTTER ~~' ____ ~~ ____________ -J ~ __________ ~ 

DATA OUTPUT 
BY RECEJVER 
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Figure 4. Acknowledgement on the 12C-Bus 

690 

Application Note 

AN036 

the START condition, the master sends the 
slave address. This address is 7 bits long, the 
eighth bit is a data direction bit (RlWN). A 
zero indicates a transmission (WRITE) and a 
one indicates a request for data (READ). A 
master always terminates a data transfer by a 
STOP condition. However, if a master still 
wishes to communicate on the bus, it can 
generate an other START condition and 
address an other slave without first 
generating a STOP condition. Various 
combinations of read and write formats are 
then possible within such a transfer. 
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Possible data transfer formats are: 

a. Master transmitter to slave receiver. Direction is not changed. 

SLAVE ADDRESS RlWN A DATAl 

'0' (write) 

A DATAn 

data tranafelTed 
(n bytes + acknowledge) 

P 

A = acknowledge 
S = start 
P=stop 

b. Master reads slave immediately after first byte. 

S I SLAVE ADDRESS RlWN A I DATAl A I DATAn I A I P 

I data tranafelTed ~ 
'l'(read) 

(n bytes + acknowledge) 

At the moment of the first acknowledge, the master transmitter becomes a master receiver and the slave receiver 
becomes a slave transmitter. This acknowledge is still generated by the slave. 

The STOP condition is generated by the master. 

L (nbytes ~ 
read or write +8ck.) read or write I 

L (nbytes ~ 
+ ack.) 

direction of transfer may 
change at this point. 

During a change of direction within a transfer, the START condition and the slave address are both repeated, but the RlW 
bit reversed. Start, stop, slave addresses and RlW bits are generated by the master. 

COMMON BASIC FUNCTIONS 
This section gives a number of common 
basic functions used in the designs. The 
report gives for each function the basic 
diagram, the SNAP description and the timing 
diagram if applicable. The following basic 
circuits are described: 

• Oscillator 

• SCl Edge detection 

• Start/Stop detection 

Oscillator 
The design has two clock options, the internal 
oscillator and an external clock. For both 
options, the clock input ClK is used. A HIGH 
ClKEN input selects the internal oscillator 
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Figure 5. Data formats of the 12C-Bus 

and a lOW input the external clock. Without 
capacitor, we get the maximum frequency of 
the internal clock of 8 MHz. This frequency 
can be lowered by using a small capacitor C. 
Figure 6 Oscillator shows the diagram and 
the EON file description of the oscillator. 

SCL Edge Detection 
The frequency of the system clock is much 
higher than the 12C-bus clock (SCl). This 
means, that most of the time the state 
machine is waiting for the edges of the SCl 
clock. This section describes the circuit that 
detects the HIGH and the lOW going edge of 
the SCl clock. The state machines 
synchronizes on the output pulses SClH and 
SClL.The detection network uses only two 
flip flops and two AND gates. Figure 7 SCl 
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Timing Diagram SCl Edge Detection. gives 
the timing diagram of the edge detector and 
Figure 8 SCl Edge Detection. the diagram 
and the description of the EON file. 

Start/Stop Detection 
A HIGH-to-lOW transition of the data line, 
while the clock is HIGH has been defined as 
the start condition (S) of the 12C-bus. A 
lOW-to-HIGH transition of the data line while 
the clock is HIGH has been defined as the 
stop condition (P). The easiest way to detect 
this start and stop condition is using 
asynchronous logic. The PlC42VA12 is very 
suited for this kind of solutions. Figure 2, 
Definition of Start and Stop Conditions, gives 
the timing diagram of these conditions. 
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RC 
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ClK 

,'-____ ---J1 

CLKEN 

CLK 

Figure 6. Oscillator 

@PINLIST 
RC 
CLK 
CLKEN 

B; 
B; 
I; 

@LOGIC EQUATIONS 
CLK. OW =CLKEN 
RC.OE 
RC 
CLK 

=CLK*CLKEN; 
=GND; 
=RC; 
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~ll ____________________________ ~r_l~ ____________________________________ ~r_l~ __________________________________ ~ 

SCl 

CLK .... --f-----l 

R~ET.--~~-----~ 
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Figure 7. seL Timing Diagram SCL Edge Detection 

~LH 

@PINLIST 
SCL 
CLK 
RESET 

I; 
B; 
I; 

@LOGIC EQUATIONS 

~LL 

SCLFF1.D 
SCLFF1.RST 
SCLFF2.D 
SCLFF2.RST 
SCLH 
SCLL 

Figure 8. SCL Edge Detection 
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=SCL; 
=RESET; 
=SCLFF1; 
=RESET; 
=SCLFF1*/SCLFF2; 
=/SCLFF1*SCLFF2; 
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SCL __ ----------~~ 

SDA 

RST 

o 
STOPFF 

RST 

STARTFF 

STOPFF 

@PINLIST 
SCL 
SOA 
RESET 

I; 
B; 
I; 

@LOGIC EQUATIONS 
STARTFF.CLK =/SOA; 
STARTFF.O 
STARTFF.RST 
STOPFF.CLK 
STOPFF.O 
STOPFF.RES 

=SCL; 
=RESET; 
=SDA; 
=SCL; 
=RESET; 
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RESET ... -----------------1 

12C-BUS SLAVE TRANSMITTER 
FUNCTION 
The Slave Transmitter design provides 
remote input expansion for our Philips 
microcontroller families via the two-line serial 
bidirectionaI12C-Bus. The 12C-Bus slave 
address is equal to the address of the 
PCF8574 (remote 8-bit 1/0 expander). The 
design will only acknowledge the read-mode. 

The design handles the full slave read mode 
of the 12C-Bus and will generate the control 
signals for the 74HC165, an 8-bit parallel-in I 
serial-out shiftregister. This device is used to 
read the parallel input data and convert this 
into serial data. This data is written to the 
12C-Bus. The total number of 74HC 165 
devices is almost unlimited. 

With the three address selection inputs, the 
slave transmitter can be combined with 
multiple PCF8574 devices. 

The design has a build-in clock oscillator. The 
section entitled Oscillator describes this 
circuit. If an external clock is required, the 
internal oscillator can be inhibited with the 
CLKEN-input. 

Figure 17, Slave Transmitter EQN File 
Figure 18, Slave Transmitter SCL File: and 
Figure 19, Slave Transmitter PIN File, give 
the design files. The sections SDA Control 
Slave Transmitter, 12C-Bus protocol Slave 
Transmitter and Interface with 74HC165 give 
a detailed description of parts of the design. 

SOA Control Slave Transmitter 
The SDA data line of the 12C-bus is a 
bidirectional line with a passive pull-up. This 
asks for a bidirectional open collector 1/0 line. 
As the PLC42VA 12 has only 3-State I/Os, we 
need one of the advantages of the 
PLC42VA 12 to get an open collector output. 

October 1993 

Figure 9. Start/Stop Detection 

IN a PLC42VA 12 each OE-input can be used 
as a logic input. With a LOW level (ground) at 
the input, the output has a LOW level when 
OE is true and is floating when OE is false. 
These are the characteristics of an open 
collector output. 

Only one AND-gate controls the OE input of a 
bidirectional 1/0. The design asks for 
multi-level logic. Figure 10 SDA Control Slave 
Transmitter shows how this input can be 
controlled by multi-level logic. The inputs 
ACKNOW, DATIN and SDAIN are auxiliary 
outputs of the PLC42VA 12, used as inputs of 
the SDA control. 

12C-BuS protocol Slave 
Transmitter 
The section entitled Formats describes the 
general data formats of the 12C-Bus protocol. 
Figure 11 12C-Bus Protocol Slave Transmitter 
gives the protocol for this design. After a start 
condition, the master sends the slave 
address of the device. This 7 bits address 
consists of a fixed part and a programmable 
part. The first four bits are fixed (0100) and 
the three least significant bits are 
programmable. Three hardware address pins 
determine the final slave address. Up to 8 
devices (or PCF8574) may be addressed by 
the master. After the slave address and a 
HIGH RIWN bit, the slave generates an 
acknowledge. At the next LOW SCL, the 
slave may start sending the first data byte. 
This byte will be acknowledged by the 
master. Also the next bytes will be 
acknowledged by the master. As after the 
acknowledge pulse the slave controls the 
SDA-line, the master can not generate a stop 
condition. The only way for a master to 
terminate a transmission, is not to 
acknowledge the last byte n. Then, the slave 
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transmitter will release the SDA-line and the 
master can generate a stop condition. 

Interface with 74HC165 
The 74HC/HCT165 is an 8-bit parallel load or 
serial-in shift register with complementary 
serial outputs (Q7 and Q7N) available from 
the last stage. When the parallel load (PLN) 
input is LOW, parallel data from the DO to D7 
inputs are loaded into the register 
asynchronously. When PLN is HIGH, data 
enters the register serially at the DS input 
and shifts one place to the right with each 
positive-going clock transition. This feature 
allows parallel-to-serial converter expansion 
by tying the Q7 output to the DS input of the 
succeeding stage. 

The CLOUT output of the PLC42VA 12 
controls the clock of the 74HC165 and the 
PLOADN output controls the PLN input. The 
Q7 output of the 74HC165 is the data input 
DATIN of the PLC42VA 12. 

With this setup, the most significant bit of the 
data is the first bit that will be sent from the 
slave to the master. Figure 11 12C-Bus 
Protocol Slave Transmitter gives the timing 
diagram of this interface. 

When the slave address and the read bit 
have been detected, the controller generates 
the parallel load pulse PLOADN. After 
sending the firs bit (most significant bit of the 
transmission) it generates the first shift pulse 
CLOCKOUT. At the end of the first byte, the 
master generates an acknowledge. The 
second byte starts with a shift pulse 
CLOCKOUT. At each next LOW SCL level, 
this pulse is repeated. If at the end of the byte 
the master sends an acknowledge, then the 
next byte will be sent. A not acknowledge 
stops the procedure. 
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SDA 

• 

Acldreu from master 

ACKNOW 
@PINLIST 
SDA B; 
ACKHOW I; 
DAUN I; 
SDAEN 0; 

SDAOE 0; 

@LOGIC EQUATIONS 
SDA 
SDA.OE 
SDAOE 

Figure 10. SDA Control Slave Transmitter 

Data from elave 

=GND; 
=SDAOE; 
=ACKNOW+ 
( /DATIN*SDAEN) 

Data from "ave 

AN036 

L Start condition '1' ~ad L Acknowledge from "ave L Acknowledge from maater U 

SCl 

S 

SDA 

DAnN 

PlOADN 

ClOCKOUT 
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Figure 11. l2C-bus Protocol Slave Transmitter 

U 

Figure 12. Interface with 74HC165 
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Not acknowledge from master 
end of transmlaeion, 

Stop condition 



Philips Semiconductors Programmable Logic Devices 

12C bus expander 

12C-8US SLAVE RECEIVER 
FUNCTION 
The slave receiver design provides remote 
output expansion for our Philips micro 
controller families via the two-line serial 
bidirectionaI12C-bus. The 12C-bus slave 
address is equal to the address of the 
PCF8574 (remote 8-bit 110 expander). The 
design will only acknowledge the write-mode. 

The design handles the full slave write mode 
of the 12C-Bus and will generate the control 
signals for the 74HC595, an 8-bit serial-in / 
parallel-out shiftregister. This device is used 
to write the serial from the 12C-bus input to, 
and convert this into parallel data. The total 
number of 74HC595 devices is almost 
unlimited. 

With the three address selection inputs, the 
slave receiver can be combined with multiple 
PCF8574 devices. 

The design has a build-in clock oscillator. The 
section entitled Oscillator describes this 
circuit. If an external clock is required, the 
internal clock can be inhibited with the 

CLKEN-input. Figure 20, Slave Receiver 
EON File, Figure 21, Slave Receiver SCL 
File, and Figure 22, Slave Receiver PIN File 
give the design files. The sections SDA 
Control Slave Receiver, Set-Reset Flip-Flop, 
12C-Bus protocol Slave Receiver and 
Interface with 74HC595 give a detailed 
description of parts of the design. 

SDA Control Slave Receiver 
In the Slave Receiver protocol of the 12C-Bus, 
mainly the master controls the SDA-line. The 
Slave Receiver uses the SDA-line only for 
generating an acknowledge pulse. This is 
done after receiving its slave address with a 
write condition and all the following data 
bytes. Figure 13, SDA Control Slave 
Receiver gives the diagram and the 
description of the EON-file. 

Set-Reset Flip-Flop 
The PLC42VA12 has 10 internal flip-flops. As 
the design needs an additional D-Iatch, this 
one has to be built out of gates. Figure 14, 
Set-Reset Flip-Flop Slave Receiver, gives the 
diagram and the equation file description of 

ACKNOW 

@PINLIST 
SOA 
ACKNOW 
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this function. In this example the signal ST07 
is defined as an input, but in the final design 
this is a auxiliary output of the device. 

12C-8us protocol Slave Receiver 
The section entitled Formats describes the 
general format of the 12C-Bus protocol. 
Figure 14, Set-Reset Flip-Flop Slave 
Receiver, gives the protocol for this design. 
After a start condition, the master sends the 
slave address of the device. This 7 bits 
address consists of a fixed part and a 
programmable part. The first four bits are 
fixed (0100) and the three least significant 
bits are programmable. Three hardware 
address pins determine the final slave 
address. Up to 8 devices (or PCF8574) may 
be addressed by the master. After the slave 
address and a LOW RlWN bit, the slave 
generates an acknowledge. At the next LOW 
SCL, the master starts sending the first data 
byte. This byte will be acknowledged by the 
slave. Also the next bytes will be 
acknowledged by the slave. The master 
terminates a transmission, by sending a stop 
condition or a restart condition. 

B· 
I; 

@LOGIC EQUATIONS 

SDA 

ST07 
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SOA 
SOA.OE 

Figure 13. SDA Control Slave Receiver 

DATA7 

Figure 14. Set-Reset Flip-Flop Slave Receiver 
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=GNO; 
=ACKNOW 

@PINLIST 
SOA 
ST07 
OATA7 

B; 
I; 
0; 

@LOGIC EQUATIONS 
OATA7 = ((ST07*SOA) + 

(OATA7*/ST07) ) 
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Interface with 74HC595 
The 74HC/HCT595 is an 8-stage serial shift 
register with a storage register and 3-State 
outputs. The shift register and storage 
register have separate clocks. 

Data is shifted on the positive-going 
transitions of the SHCP input. The data in 
each register transfers to the storage register 
on a positive going transition of the STCP 
input. The shift register has a serial input 
(OS) and a serial standard output (Q7 ) for 
cascading. AilS shift registers have an 
asynchronous reset (active LOW). The 
storage register has 8 parallel 3-State bus 
driver outputs. Data in the storage registers 
at the output whenever the output enable 
input (OEN) is LOW. 

Four outputs of the PLC42VA 12 control the 
inputs of the 74HC595. The RESOUT output 
the MRN input, CLKSTO the STCP input, 
ClKSHFT the SHCP and the DATOUT the 
OS input. 

The 12C-Bus sends first the most significant 
bit of the transmission. Figure 16 12C-Bus 

Address from master 

Interface with 74HC595 gives the timing 
diagram of this interface. 

To set all outputs of the 74HC595 to a 
defined level, after power-on, the controller 
generates first a reset pulse at the RESOUT 
output and then a clock pulse CLKSTO for 
the storage register. 

After a the slave address and the write bit 
(LOW) have been detected, during the next 
HIGH period of the SCL line there are three 
options. At the SDA line there can be the 
most significant bit of new data, the master 
generates a restart condition or the master 
generates a stop condition. This is also the 
case after each acknowledge. 

This implies, that this first data bit must be 
stored. At the next LOW period of the SCL 
line we know whether we had data or 
restart/stop condition. If it was data, then we 
have to put this data at the DATOUT output 
and generate a clock pulse at the CLKSHFT 
output. At the next 7 HIGH periods of the 

Data from maater 
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SCl-line, data is valid and the controller 
generates a clock at the CLKSHFT output. At 
the end of the transmission, the master 
generates a stop condition or a restart. Then 
the stored data will be transferred to the 
storage register by a clock pulse at the 
CU<STO output. 

BREAD-BOARD 12C-BUS 1/0 
EXPANDER 
For design verification purposes, a 
bread-board has been designed. The board 
contains all the devices to build an 12C-Bus 
Slave Transmitter with 32 inputs and an 
12C-Bus Slave Receiver with 32 outputs. The 
inputs can be set HIGH or LOW by 4 octal 
DIP-switches. The outputs are examined by 
32 LED's. Figure 23, Schematic Diagram 
Bread-Board, gives the complete diagram of 
the bread-board. 

The board has been designed for design 
verification only. 

Data from maater 

L Start condition '0' JI1e L Acknowledge from alaw L_._._ J I 
...... _ ....... w~ 

Stop condition 
end of transmission 

figure 15. 12C-bus Protocol Slave Receiver 

SCL 

SDA 

DATOUT 

CLKSHFT ________________ ..... 

CLKSTO .l1L _________________________________ _ 
RESOUT 1J 

Figure 16. Interface with 74HC595 
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*************************************************** 
* * 
* Equation Entry File * 
* * 
* Project IIC * 
* Function IIC-bus Slave Transmitter * 
* * 
* File Name IICTRANS .EQN * 
* Design file IICTRANS . SCL * 
* Pin File IICTRANS .PIN * 
* * 
* Date March 1993 * 
* Designer Aloys Schatorj * 
* Company Philips Semiconductors * 
* Department PCALE * 
* Place Eindhoven * 
* Country The Netherlands * 
* * 
*************************************************** 

@PINLIST 
CLK B; 
RC B· 
CLKEN I; 
SCL I; 
SDA B; 
RESET I; 
ADDO I; 
ADDI I; 
ADD2 I; 
DATIN I· 
CLOCKOUT 0; 
PLOADN O· 
SDAOE O· 
SDAEN O· 
ACKNOW O· 
STATEST O· 

@GROUPS 
@TRUTHTABLE 

"System clock" 
"RC input internal clock" 
"Clock selection input" 
"IIC-BUS clock" 
"IIC-BUS data" 
"System reset" 
"Address selection line" 
"Address selection line" 
"Address selection line" 
"Data from input shift-register" 
"Clock to input shift-register" 
"Parallel load to input shift-register" 
"Enable line SDA I/O" 
"Enable condition SDA caused by data" 
"Acknow1edge data" 
"Reset start and stop FF" 

@LOGIC EQUATIONS 
CLK.OE CLKEN 
RC.OE CLK*CLKEN; 
RC GND 
CLK RC 
STARTFF.CLK /SDA 
STARTFF.D SCL 
STARTFF.RST STATEST 
SCLFFl.D SCL 
SCLFFl.RST RESET 
SCLFF2.D 
SCLFF2.RST 
SCLH 
SCLL 
QO.RST 
Ql.RST 
Q2.RST 
Q3.RST 
Q4.RST 
Q5.RST 
SDA 

SCLFFI 
RESET 

SCLFFl*/SCLFF2 
/SCLFF1*SCLFF2 
RESET 
RESET 
RESET 
RESET 
RESET 
RESET 
GND 
SDAOE 

/PLOAD ; 
SDA.OE 
PLOADN 
SDAOE ACKNOW + (/DATIN*SDAEN) 

Figure 17. Equation Entry File Slave Transmitter (1 of 3) 
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@INPUT VECTORS 

@OUTPUT 

ACK 
CLKOUT 
SDAENA 
PLOUT 

VECTORS 
[ACKNOW, 

1 

@STATE VECTORS 

CLOCKOUT, PLOAD, SDAEN] 

1 1 
1 

1 1 

[QS, Q4, Q3, Q2, Q1, QO] JKFFR 
INITL 00 H; 
INIT 3F H; 
WAIT 3E H; 
WAIT 1 3D H; 
ADDBIT6 01 H; 
ADDBITS 02 H; 
ADDBIT4 03 H; 
ADDBIT3 04 H; 
ADDBIT2 05 H; 
ADDBIT1 06 H; 
ADDBITO 07 H; 
RWBIT 08 H; 
READMOO 09 H; 
ACKBITR OA H; 
READ7L OB H; 
READ7C 10 H; 
READ7 11 H; 
READ6C 12 H; 
READ 6 13 H; 
READSC 14 H; 
READS 15 Ho 
READ4C 16 H; 
READ 4 17 Ho 
READ3C 18 Ho 
READ 3 19 H; 
READ2C 1A H; 
READ 2 1B H; 
READ1C 1C H; 
READ 1 10 H; 
READOC 1E Ho 
READ 0 1F H; 
ACKPLS 20 H; 
ACKPLSW 21 H; 

@TRANSITIONS 
WHILE [INITL] 

IF [] THEN [INIT] 
WHILE [INIT] 

IF [] THEN [WAIT] 

B 
B 
B 
B 

WHILE [WAIT] WITH 
IF [STARTFF] THEN [WAIT1] 

WHILE [WAIT1] WITH 
IF [] THEN [ADDBIT6] 

WHILE [ADDBIT6] 
IF [SCLH*SDA] THEN [WAIT] 
IF [SCLH*/SDA] THEN [ADDBITS] 

WHILE [ADDBITS] 
IF [SCLH*/SDA] THEN [WAIT] 
IF [SCLH*SDA] THEN [ADDBIT4] 

WHILE [ADDBIT4] 
IF [SCLH*SDA] THEN [WAIT] 
IF [SCLH*/SDA] THEN [ADDBIT3] 

WHILE [ADDBIT3] 
IF [SCLH*SDA] THEN [WAIT] 
IF [SCLH*/SDA] THEN [ADDBIT2] 

WHILE [ADDBIT2] 
IF [SCLH*/«SDA*ADD2)+(/SDA*/ADD2»] THEN 
IF [SCLH*«SDA*ADD2)+(/SDA*/ADD2»] THEN 

Figure 17. Equation Entry File Slave Transmitter (2 of 3) 
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[STATEST] 

[WAIT] 
[ADDBIT1] 
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WHILE [ADDBITl] 
IF [SCLH*/«SDA*ADD1)+(/SDA*/ADD1»] THEN [WAIT] 
IF [SCLB*«SDA*ADD1)+(/SDA*/ADD1»] THEN [ADDBITO] 

WHILE [ADDBITO] 
IF [SCLB*/«SDA*ADDO)+(/SDA*/ADDO»] THEN [WAIT] 
IF [SCLH*«SDA*ADDO)+(/SDA*/ADDO»] THEN [RWBIT] 

WHILE [RWBIT] 
IF [SCLB*SDA] THEN [READMOD] 
IF [SCLB*/SDA] THEN [WAIT] 

WHILE [READMOD] 
IF [SCLL] THEN [ACKBITR] 

WHILE [ACKBITR] WITH [ACK] 
IF [SCLL] THEN [READ7L] 

WHILE [READ7L] WITH [PLOUT] 
IF [] THEN [READ7] 

WHILE [READ7C] WITH [CLKOUT] 
IF [] THEN [READ7] 

WHILE [READ7] WITH [SDAENA] 
IF [SCLL] THEN [READ6C] 

WHILE [READ6C] WITH [CLKOUT] 
IF [] THEN [READ 6] 

WHILE [READ 6] WITH [SDAENA] 
IF [SCLL] THEN [READSC] 

WHILE [READSC] WITH [CLKOUT] 
IF [] THEN [READS] 

WHILE [READS] WITH [SDAENA] 
IF [SCLL] THEN [READ4C] 

WHILE [READ4C] WITH [CLKOUT] 
IF [] THEN [READ4] 

WHILE [READ4] WITH [SDAENA] 
IF [SCLL] THEN [READ3C] 

WHILE [READ3C] WITH [CLKOUT] 
IF [] THEN [READ3] 

WHILE [READ3] WITH [SDAENA] 
IF [SCLL] THEN [READ2C] 

WHILE [READ2C] WITH [CLKOUT] 
IF [] THEN [READ2] 

WHILE [READ2] WITH [SDAENA] 
IF [SCLL] THEN [READ1C] 

WHILE [READ1C] WITH [CLKOUT] 
IF [] THEN [READ1] 

WHILE [READ1] WITH [SDAENA] 
IF [SCLL] THEN [READOC] 

WHILE [READOC] WITH [CLKOUT] 
IF [] THEN [READO] 

WHILE [READO] WITH [SDAENA] 
IF [SCLL] THEN [ACKPLS] 

WHILE [ACKPLS] 
IF [SCLH*/SDA] THEN [ACKPLSW] 
IF [SCLH*SDA] THEN [WAIT] 

WHILE [ACKPLSW] 
IF [SCLL] THEN [READ7C] 

Figure 17. Equation entry file slave transmitter (3 of 3) 
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*************************************************** 

* 
Simulation Control Language File 

* 
* Project 
* Function 

* File Name 
* Design file 
* Pin File 

* 
* Date 
* Designer 
* Company 
* Department 
* Place 
* Country 

IIC 
IIC-bus Slave Transmitter 

IICTRANS.SCL 
IICTRANS.EQN 
IICTRANS.PIN 

March 1993 
Aloys Schatorj 
Philips Semiconductors 
PCALE 
Eindhoven 
The Netherlands 

* 
* 
* 

* 
* 

* 
* 
* 

* 

*************************************************** 

* 
P CLK, RESET, SCL, SDA, DATIN, SDAEN, CLOCKOUT, PLOADN, ACKNOW, 

# STARTFF, STATEST, QO, Ql, Q2, Q3, Q4, 
# RC, CLKEN, ADDO, ADDl, ADD2, VCC 
* SCLH, SCLL, 

PCO 
*** Initialisation *** 

BUSI SDA 
BUSI CLK 
BUSO RC 
S 0 (50, 100, ETC)CLK 
S 0 (75)RESET 
S 0 (500, 1000, ETC)SCL 
ST 1 (DATIN) 
ST 1 (VCC) 
ST 1 (SDA) 
ST 0 (CLKEN) 
ST 001 (ADD2, ADDl, ADDO) 
SU TIME = 1225 

*** Generate start condition 
ST 1 (SDA) 
SU TIME = *+500 
ST 0 (SDA) 
SU TIME = *+500 

receive device address with read (01000011). *** 
ST 0 (SDA) 
SU TIME = *+1000 
ST 1 (SDA) 
SU TIME = *+1000 
ST 0 (SDA) 
SU TIME = *+4000 
ST 1 (SDA) 
SU TIME = *+2000 

*** Generate acknowledge from slave *** 
BUSO SDA 
SU TIME = *+1000 

*** Transmit 8 bits data word 11111111 *** 
ST 1 (DATIN) 
SU TIME = *+8000 

*** Generate acknowledge from master *** 
BUSI SDA 
ST 0 (SDA) 
SU TIME = *+1000 

Figure 18 .. SCl File Slave Transmitter (1 of 2) 
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*** Transmit 8 hits data word 11001100 *** 
BUSO SDA 
ST 1 (OATIN) 
SU TIME = *+2000 
ST 0 (OATIN) 
SU TIME = *+2000 
ST 1 (OATIN) 
SU TIME = *+2000 
ST 0 (OATIN) 
SU TIME = *+2000 

*** Generate no acknowledge from master (end of transmition) *** 
BUSI SDA 
ST 1 (SOA) 
SU TIME = *+1000 

*** Wait for new start condition *** 
SU TIME = *+3000 

*** Generate new start condition *** 
ST 1 (SOA) 
SU TIME = *+500 
ST 0 (SOA) 
SU TIME = *+500 

*** receive device address with write (01000010). *** 
ST 0 (SOA) 
SU TIME = *+1000 
ST 1 (SOA) 
SU TIME = *+1000 
ST 0 (SOA) 
SU TIME = *+4000 
ST 1 (SOA) 
SU TIME = *+1000 
ST 0 (SOA) 
SU TIME = *+1000 

*** Wait for new start condition *** 
SU TIME = *+3000 

*** Generate new 
ST 1 (SOA) 
SU TIME = *+500 
ST 0 (SOA) 
SU TIME = *+500 

start condition *** 

*** Receive wrong 
ST 0 (SOA) 

device address (0110000). *** 

SU TIME = *+1000 
ST 1 (SOA) 
SU TIME = *+2000 
ST 0 (SOA) 
SU TIME = *+6000 

*** Test internal clock *** 
BUSO CLK, RC 
ST 1 (CLK) 
ST 1 (CLKEN) 
SU TIME = *+ 1000 
F 

Figure 18 .• SCL File Slave Transmitter (2 of 2) 
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* 
* 
* 

Pinning File 

* Project 
* Function 

* File Name 
* Design file 
* Pin File 

* * Date 
* Designer 
* Company 
* Department 
* Place 
* Country 

IIC 
IIC-bus Slave Transmitter 

IICTRANS . EON 
IICTRANS . SCL 
IICTRANS.PIN 

March 1993 
Aloys SChatorje 
Philips Semiconductors 
PCALE 
Eindhoven 
The Netherlands 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

*************************************************** 

Device 
Pin2 
Pin3 
Pin4 
PinS 
PinS 
Pin9 
PinlO 
Pinll 
Pin14 
PinlS 
PinlS 
Pin19 
Pin20 
Pin21 
Pin22 
Pin23 

=C42VA12 
=RESET 
=ADDO 
=ADDl 
=ADD2 
=CLKEN 
=SCL 
=SDA 
=CLOCKOUT 
=CLK 
=RC 
=DATIN 
=ACKNOW 
=SDAOE 
=SDAEN 
=STATEST 
=PLOADN 

Figure 19 .. PIN File Slave Transmitter 
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*************************************************** 

* 
* Equation Entry File * 

* 
* Project IIC 
* Function IIC-bus Slave Receiver 

* 
* File Name IICRECEI.EQN 
* Design file IICRECEI . SCL 
* Pin File IICRECEI.PIN * 

* Date March 1993 * 
* Designer Aloys Schatorj 
* Company Philips Semiconductors 
* Department PCALE 
* Place Eindhoven 
* Country The Netherlands 

* 
*************************************************** 

@PINLIST 
CLK 
RC 
CLKEN 
SCL 
SDA 
RESET 
ADDO 
ADDl 
ADD2 

B; 
B; 
I; 
I; 
B; 
I; 
I; 
I; 
I; 

"System clock" 
"RC input internal clock" 
"Clock selection input" 
"IIC-BUS clock" 
"IIC-BUS data" 
"System reset" 
"Address selection line" 
"Address selection line" 
"Address selection line" 

CLKSHFT 
CLKSTO 
DATOUT 
DATA7 

0; 
0; 
0; 
0; 

"Clock to output shift-register" 
"Parallel load into output register" 
"Data to output shift register" 
"Output data RSFF bit7" 

ST07 0; "Store pulse DATA7 FF" 
OUT7 0; "Enable DATA7 FF data" 
RESOUT 
ACKNOW 

0; 
0; 

"Reset output shift register" 
"Acknowledge data" 

STATEST 0; "Reset start and stop FF" 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
CLK.OE CLKEN 
RC.OE CLK*CLKEN; 
RC GND 
CLK RC 
STARTFF.CLK = /SDA 
STARTFF.D SCL 
STARTFF.RST STATEST 
STOPFF.CLK SDA 
STOPFF.D SCL 
STOPFF.RST STATEST 
SCLFF1.D SCL 
SCLFF1.RST RESET 
SCLFF2.D SCLFFl 
SCLFF2.RST 
SCLH 
SCLL 

RESET ; 
SCLFF1*/SCLFF2 
/SCLFF1*SCLFF2 ; 

DATA7 
QO.RST 
Ql.RST 
Q2.RST 
Q3.RST 
Q4.RST 
QS.RST 

«ST07*SDA)+DATA7*/ST07) 
RESET 

SDA 
SDA.OE 
DATOUT 
RESOUT 

RESET 
RESET 
RESET 
RESET 
RESET 

GND 
ACKNOW ; 
(SDA*/OUT7) + (DATA7*OUT7) 

/RESOUTN ; 

Figure 20. Equation Entry File Slave Receiver (1 of 3) 
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@INPUT VECTORS 

@OUTPUT VECTORS 
[CLKSHFT, CLKSTO, RESOU'rN, STATEST, ST07, OUT7] 

CLKSHIFT = 1 B; 
CLKSTOR 1 1 B; 
RESO 1 1 B· 
STATST 1 B· 
STAST07 1 1 B; 
OUTBIT7 1 B· 
OUTCLK7 1 1 B; 

@STATE VECTORS 
[QS, Q4, Q3, Q2, Q1, QO] JKFFR 

!HITL 00 H; 
!HIT 3F H; 
!HIT 1 3E H; 
!HIT2 3D H; 
WAIT 3C H; 
WAIT 1 3B H; 
ADDBIT6 01 H; 
ADDBITS 02 H; 
ADDBIT4 03 H; 
ADDBIT3 04 H; 
ADDBI:T2 05 H; 
ADDBIT1 06 H; 
ADDBITO 07 H; 
RWBIT 08 H; 
WRIDMOD 09 H; 
ACKBITTR OA H; 
TESTSTA OB H; 
TESTSTAl OC H; 
TESTSTA2 00 H; 
OUTB7 OE H; 
CLKB7 OF H; 
WRID6 10 H; 
WRID6C 11 H; 
WRIDS 12 H; 
WRIDSC 13 H; 
WRID4 14 H; 
WRID4C 15 H; 
WRID3 16 H; 
WRID3C 17 H; 
WRID2 18 H; 
WRID2C 19 H; 
WRID1 1A H; 
WRID1C 18 H; 
WRIDO 1C H; 
WRI:DOC 1D H; 

@TRANSITIONS 
WHILE [!HITL] 

IF [] THEN [!HIT] 
WHILE [INIT] 

IF [] THEN [INI'l'l] 
WHILE [INITl] WITH [RESO] 

IF [] THEN [INIT2] 
WHILE [INIT2] WITH [CLKSTOR] 

IF [] THEN [WAIT] 
WHILE [WAIT] WITH [STATST] 

IF [STARTFF] THEN [WAITl] 
WHILE [WAIT1] WITH [STATST] 

IF [] THEN [ADDBIT6] 
WHILE [ADDBIT6] 

IF [SCLH*SDA] THEN [WAIT] 
IF [SCLH*/SDA] THEN [ADDBITS] 

WHILE [ADDBITS] 
IF [SCLH*/SDA] THEN [WAIT] 
IF [SCLH*SDA] THEN [ADDBIT4] 

Figure 20. Equation Entry File Slave Receiver (2 of 3) 
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WHILE [ADDBIT4] 
IF [SCLH*SDA] THEN [WAIT] 
IF [SCLH* /SDA] THEN [ADDBIT3] 

WHILE [ADDBIT3] 
IF [SCLH*SDA] THEN [WAIT] 
IF [SCLH*/SDA] THEN [ADDBIT2] 

WHILE [ADDBIT2] 
IF [SCLH*/«SDA*ADD2)+(/SDA*/ADD2»] THEN [WAIT] 
IF [SCLH*«SDA*ADD2)+(/SDA*/ADD2»] THEN [ADDBIT1] 

WHILE [ADDBIT1] 
IF [SCLH*/«SDA*ADD1)+(/SDA*/ADD1»] THEN [WAIT] 
IF [SCLH*«SDA*ADD1)+(/SDA*/ADD1»] THEN [ADDBITO] 

WHILE [ADDBITO] 
IF [SCLH*/«SDA*ADDO)+(/SDA*/ADDO»] THEN [WAIT] 
IF [SCLH*«SDA*ADDO)+(/SDA*/ADDO»] THEN [RWBIT] 

WHILE [RWBIT] 
IF [SCLH*/SDA] THEN [WRIDMOD] 
IF [SCLH*SDA] THEN [WAIT] 

WHILE [WRIDMOD] 
IF [SCLL] THEN [ACKBITTR] 

WHILE [ACKBITTR] WITH [ACKNOW] 
IF [SCLL] THEN [TESTSTA] 

WHILE [TESTSTA] WITH [STATST] 
IF [SCLH] THEN [TESTSTA1] 

WHILE [TESTSTA1] WITH [STAST07] 
IF [] THEN [TESTSTA2] 

WHILE [TESTSTA2] WITH [STATST] 
IF [STARTFF] THEN [INIT2] 
IF [STOPFF] THEN [INIT2] 
IF [SCLL] THEN [OUTB7] 

WHILE [OUTB7] WITH [OUTBIT7] 
IF [] THEN [CLKB7] 

WHILE [CLKB7] WITH [OUTCLK7] 
IF [] THEN [WRID6] 

WHILE [WRID6] 
IF [SCLH] THEN [WRID6C] 

WHILE [WRID6C] WITH [CLKSHIFT] 
IF [] THEN [WRIDS] 

WHILE [WRIDS] 
IF [SCLH] THEN [WRIDSC] 

WHILE [WRIDSC] WITH [CLKSHIFT] 
IF [] THEN [WRID4] 

WHILE [WRID4] 
IF [SCLH] THEN [WRID4C] 

WHILE [WRID4C] WITH [CLKSHIFT] 
IF [] THEN [WRID3] 

WHILE [WRID3] 
IF [SCLH] THEN [WRID3C] 

WHILE [WRID3C] WITH [CLKSHIFT] 
IF [] THEN [WRID2] 

WHILE [WRID2] 
IF [SCLH] THEN [WRID2C] 

WHILE [WRID2C] WITH [CLKSHIFT] 
IF [] THEN [WRID1] 

WHILE [WRID1] 
IF [SCLH] THEN [WRIDIC] 

WHILE [WRIDIC] WITH [CLKSHIFT] 
IF [] THEN [WRIDO] 

WHILE [WRIDO] 
IF [SCLH] THEN [WRIDOC] 

WHILE [WRIDOC] WITH [CLKSHIFT] 
IF [] THEN [WRIDMOD] 

Figure 20. Equation Entry File Slave Receiver (3 of 3) 
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*************************************************** 
* * 
* Simulation Control Language File * 
* * 
* Project J:IC * 
* Function IIC-bus Slave Receiver * 
* * 
* File Name IICRBCEI. SCL * 
* Design file IICRBCEI.EQN * 
* Pin File IICRBCEI.PIN * 
* * 
* Date March 1993 * 
* Designer Aloys Schatorj * 
* Company Philips Semiconductors * 
* Department PCALE * 
* Place Eindhoven * 
* Country The Netherlands * 
* * 
*************************************************** 
P CLK, RESET, SCL, SDA, DATOUT, CLKSHFT, CLKSTO, RESOUT, ACKNOW, 

I STATEST, OATA7, OUT7, ST07, STARTFF, STOPFF, QO, Q1, Q2, Q3, Q4, Q5, 
I RC, CLKEN, ADOO, ADOl, AD02, VCC 
* SCLH, SCLL, 

PCO 
*** Initialisation *** 

BUSI SOA 
BUSI CLK 
BUSO RC 
S 0 (50, 100, ETC)CLK 
S 0 (75)RESET 
S 0 (500, 1000, ETC)SCL 
ST 1 (VCC) 
ST 1 (SOA) 
ST 0 (CLKEN) 
ST 001 (AD02, AD01, ADDO) 
SU TIME = 1225 

*** Generate start condition *** 
ST 1 (SOA) 
SU TIME = *+500 
ST 0 (SOA) 
SU TIME = *+500 

*** receive device 
ST 0 (SOA) 
SU TIME = *+1000 
ST 1 (SOA) 
SU TIME = *+1000 
ST 0 (SDA) 
SU TIME = *+4000 
ST 1 (SOA) 
SU TIME = *+1000 
ST 0 (SOA) 
SU TIME = *+1000 

address with write (01000010) *** 

*** Generate acknowledge from slave *** 
BUSO SOA 
SU TIME = *+1000 

*** Receive 8 bits data word 11111111 *** 
BUSI SOA 
ST 1 (SOA) 
SU TIME = *+8000 

*** Generate acknowledge from slave *** 
BUSO SOA 
SU TIME = *+1000 

Figure 21 •• SCL file slave receiver (1 of 3) 
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*** Receive 8 bits data word 11001100 *** 
BUSI SDA 
ST 1 (SDA) 
SU TIME = *+2000 
ST 0 (SOA) 
SU TIME = *+2000 
ST 1 (SOA) 
SU TIME = *+2000 
ST 0 (SOA) 
SU TIME = *+2000 

*** Generate acknowledge from slave *** 
BUSO SOA 
SU TIME = *+1000 

*** Receive 8 bits data word 01110001 *** 
BUSI SDA 
ST 0 (SDA) 
SU TIME = *+1000 
ST 1 (SDA) 
SU TIME = *+3000 
ST 0 (SDA) 
SU TIME = *+3000 
ST 1 (SDA) 
SU TIME = *+1000 

*** Generate acknowledge from slave *** 
BUSO SOA 
SU TIME = *+1000 

*** Generate new start condition *** 
BUSI SDA 
ST 1 (SDA) 
SU TIME = *+500 
ST 0 (SDA) 
SU TIME = *+500 

*** receive device 
ST 0 (SDA) 
SU TIME = *+1000 
ST 1 (SDA) 
SU TIME = *+1000 
ST 0 (SDA) 
SU TIME = *+4000 
ST 1 (SDA) 
SU TIME = *+2000 

address with read (01000011) *** 

*** Wait for new start condition *** 
SU TIME = *+3000 

*** Generate new start condition *** 
ST 1 (SOA) 
SU TIME = *+500 
ST 0 (SOA) 
SU TIME = *+500 

*** receive device 
ST 0 (SDA) 
SU TIME = *+1000 
ST 1 (SDA) 
SU TIME = *+1000 
ST 0 (SDA) 
SU TIME = *+4000 
ST 1 (SDA) 
SU TIME = *+1000 
ST 0 (SOA) 
SU TIME = *+1000 

address with write (01000010) *** 

*** Generate acknowledge from slave *** 
BUSO SOA 
SU TIME = *+1000 

Figure 21 .. SeL File Slave Receiver (2 of 3) 
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*** Generate stop condition *** 
ST 0 (SDA) 
SU TIME = *+500 
ST 1 (SDA) 
SU TIME = *+500 

*** Wait for new start condition *** 
SU TIME = *+3000 

*** Generate new start condition 
ST 1 (SDA) 
SU TIME = *+500 
ST 0 (SDA) 
SU TIME = *+500 

*** receive wrong device address (0110000). *** 
ST 0 (SDA) 
SU TIME = *+1000 
ST 1 (SDA) 
SU TIME = *+2000 
ST 0 (SDA) 
SU TIME = *+6000 

*** Test internal clock *** 
BUSO CLK, RC 
ST 1 (CLK) 
ST 1 (CLKEN) 
SU TIME = *+ 1000 
F 

Figure 21 .. SCL File Slave Receiver (3 of 3) 

*************************************************** 

* 
* 
* 

Pinning File 

* Project 
* Function 

* 
* File Name 
* Design file 
* Pin File 

* 
* Date 
* Designer 
* Company 
* Department 
* Place 
* Country 

* 

IIC 
IIC-bus Slave Receiver 

IICRECEI . SCL 
IICRECEI.EQN 
IICRECEI.PIN 

March 1993 
Aloys Schatorje 
Philips Semiconductors 
PCALE 
Eindhoven 
The Netherlands 

* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 

*************************************************** 

Device 
Pin2 
Pin3 
Pin4 
PinS 
Pin8 
Pin9 
Pin10 
Pinll 
Pin14 
Pin15 
Pin16 
Pinl? 
Pin18 
Pinl9 
Pin20 
Pin2l 
Pin22 
Pin23 

=C42VAl2 
=RESET 
=ADDO 
=ADDl 
=ADD2 
=CLKEN 
=SCL 
=SDA 
=CLKSHFT 
=CLK 
=RC 
=DATOUT 
=CLKSTO 
=RESQUT 
=ACKNOW 
=OUT? 
=DATA? 
=STATEST 
=STO? 

Figure 22. .PIN File Slave Receiver 
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INTRODUCTION 
There are currently numerous integrated 
circuits available for data communication. 
They are mostly of a high complexity and 
their functionality covers nearly all 
requirements for the development of new 
telecommunication equipment. However, in 
many cases, the highly specialized 
communication ICs do not cover the intended 
product function exactly, and a few, 
sometimes simple functions remain to be 
realized seperately. Those extra parts of the 
electronics design can often be satisfied by 
the use of programmable logic circuits,a fact, 
that shall be demonstrated by this application 
note. 

In order to complete the prototype of a new 
system board for data transmission, a small 
controller unit needed to be designed. The 
functions of this controller is to monitor an 
incoming serial stream of data bits, indicating 
certain commands at fixed positions within 
this bitstream, and to control an output data 
line in response to these commands. 

SPECIFICATION OF THE 
CONTROLLER FUNCTION 
The first function in this controller is that of 
monitoring an incoming stream of data bits. A 
general overview of the construction and 
timing relations of the serial bitstream and 
associated input control signals is shown in 

Figure 1. The understanding of this structure 
is most important for the specification of the 
controller design. The serial stream of data 
bits (via SOl - Serial Data In) is synchronous 
to the clock signal DCl and one data bit has 
the length of two clock cycles. The bit stream 
itself is subdivided into single data words of 
32 Bits, whereas the beginning and the length 
of each data word is indicated by the frame 
signal FSC. 

Given this structure, the first task of the 
controller is to synchronize itself on the data 
frame and to isolate the data bits number 
27 ... 30. These are the so called command 
indication bits (CII - Command Indication in 
Figure 1) serving for the link and network 
control between the communicating stations. 

The internal function of the desired controller 
is to evaluate the CII-Bits and to send the 
appropriate response on the output data 
stream. The complete sequence of 
commands during a transmission session is 
shown in Figure 2, illustrating the order of 
incoming commands and corresponding 
output bit pattern. Accordingly to this 
graphical specification the controller has to 
detect the two commands PU (Power Up) 
and DR (Deactivate Request), and on the 
output side, it has to drive the line SDO 
(Serial Data Out) in dependence on these 
commands. 

Basically SDO has a constant level 'low' 
after the activation of a communication 

EXTERNAL ACTIVATION OF A TRANSMISSION SESSION 

/ 
START 
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AN037 

session. But if the input command PU is 
recognized, the controller shall send a 
respond command ARN (Active Request 
None loop) within the following data frames 
and at the same bit position as the incoming 
CII-Bits. The command ARN on the line SDO 
is to send till the command DR is detected at 
the input side. The command DR marks the 
end of a communication session and one 
Frame after its detection the line SDO is to 
switch to the deactive signal level ('High') as 
it is shown in Figure 2. 

Beside the elementary fuctionality, some 
additional constraints need to be observed. 
First, it should be considered, that the 
complete design needs to have an 
asynchronous part. During the period of no 
communication, no frame and no clock signal 
is attached at the inputs and the initial 
change of the line Start demands an 
immediate acknowledgment before the clock 
becomes externally activated. So, the 
synchronous mode of operation is to extend 
with an asynchronous design part. The 
second constraint was the demand that the 
incoming data are to read with the Hl-edge of 
the second clock cycle (see Figure 1), while a 
signal change of the output line is to initiate 
synchronous with the lH-edge of the system 
clock. This requirement assures the correct 
recognition of the incoming data also for long 
distance transmissions with slow rising signal 
edges, but therefore the design needs to 
work with two active clock edges. 

~-------------------------------ONEDATAFRAME ----------------------------------~ 

FSC 

DCL 

SOl 

CONFIRMATION ACTIVATION 

SDO 

Figure 1. General Structure of the Data Frame and Basic Timing Relations 
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FUNCTIONAL DESIGN 
DESCRIPTION 
Figure 3 shows a possible approach for the 
realization of the specified controller function. 
This block structure contains a cyclic 
6-Bit-Counter clocked with DCl and 
synchronized on the frame signal FSC. 
Refering to the counter value it is possible to 
determine the position of Command-Bits 
within input bitstream and so the decoder 
block 'CI Decod' can derive the appropriate 
control signals for Read- and Write-Cycles of 
Data. The signal CI controls the second 
essential module, the shift register, via its 
Enable-Input. The 4-Bit Shift-Register has to 
read the four Command Bits from the serial 
bitstream and the following Decoder 
'Com_Decod' has just to indicate the two 
relevant commands, 'PU' and 'DR'. Finally, 
the real controller is contained within the 
block 'Control'. There a finite state machine 
evaluates the 'PU' and 'DR' signals after a 
new command was read and in 
correspondence to the actual section of a 
transmission session the appropriate bit 
pattern for the output will be generated. 

Using this global design description, all 
constraints can be satisfied easily while 
realizing the complete controller function. 
First, the shift-register and the 
Controller-module can be clocked with the 
inverted and non inverted DCl-pulse and so 
different clock edges are taken for the Read
and Write- Cycle of Data Bits. Furthermore, 
the asynchronous initialization of the 
controller is accomplished by the 
Reset-Inputs of the internal Flip-Flop's and 
the combinatorial output decoder. Finally the 
clear structure of the design guarantees the 

complete testability of its circuit 
implementation. 

While a functional specification of each block 
in this initial design description can easily be 
created, the final design implementation 
leads to serious problems. Due to its 
structure the design requires a sequencer 
component with one or more combinatorial 
outputs, and the presence of sequential 
blocks with two different clocks needs a 
circuit that fit this condition too. Additionally, 
the complete design requires a minimum of 
thirteen internal Flip-Flop's. If these three 
constraints are taken together an appropriate 
component can hardly be found. Simple 
PlDs cannot contain so much multilevel 
logic. Complex PlDs turned out to be too 
expensive for this application. So, a different 
design approach was indicated for this 
design. The schematic-like block structure 
was given up for a more abstract, but also 
compact design description. 

DESIGN IMPLEMENTATION 
Since the original design couldn't be directly 
implemented in a simple PlD, a complete 
revision of its structure had to be carried out. 
The resulting description file is to see in 
Figure 4, now given as an abstract HDL-file. 
The essential advantage of this design 
description consists of the facts that abstract 
descriptions are favorable for all kinds of 
automatic optimization, and that they can 
easily be adapted to several hardware 
architectures. 

Several changes were made within the 
design description. First, the counter and the 
control unit are now merged into one state 

COUNT6BIT 

FSC ..... ------. FSC BIT5 

BIT4 CI 

CLK(C) BIT3 

BIT2 

Bill 

RST(R) BITO 
CIEND 

CISTART 

SHIFTREG 

SDI _--+--if---' 

DeL _--+--1f---' 

SHENABLE 

DATAIN 

CLK(C) 

RST(R) 

DAT3(Q) PU 

DAT2(Q) 

DAT1(Q) DR 

DATO(Q) 
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machine. In doing so, an initial concept was 
given up. Instead of counting through the 
whole data frame, the sequencer waits just 
for the rising and the falling clock edges of 
the frame signal. So only the second part of a 
data frame needs to be evaluated and the 
state machine counts only the steps up to the 
beginning of the CII-Bits. Furthermore, some 
FF's of the shift register are now used twice. 
While reading the CII-Bits from the incoming 
bitstream they have their original function, but 
during the rest of time they serve as flags. So 
one FF stores the information about a 
detected DR-command, while another FF 
helps to evaluate a frame signal edge timing. 
Here the feature of two different clock pulses 
is taken in order to achieve a save mode of 
operation. All in all the design function is now 
given in a much more compact description 
and the abstract description style allows its 
easy mapping onto different device 
architectures. So finally a PlC42VA 12 was 
found to be a suitable circuit for the design's 
realization. 

In spite of its general fitting, a successful 
implementation of the design requires design 
optimization. An optimal state assignment for 
the included state machine description as 
well as a final boolean minimization are 
absolutely necessary for the design 
compilation and Figure 5 shows the optimized 
version, which can now be compiled directly. 
Figure 7 gives a corresponding Pinning for 
the PlC42VA 12 and Figure 6 shows a 
simulation output resulted from the 
implemented circuit model. This part of the 
simulation represents the beginning of a 
communication session from the initialisation 
via the Start-signal up to the first 
acknowledgement (ARN) on output SDO. 

OUT DECOD 

Sool(M) DAT1 

CLOCK(C) 

START ~4------------------r--i1t' RESET(R) SERDATA SOO 

DAT2 

Figure 3. Block Structure of the Controller Design 
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@PINLIST 

Start I 
FSC I 
DCL I 
SDI I 

SDO 0 

@LOGIC EOUATIONS 

" Shift-Enable Signal defines the Time Slots to read the Command Bits 

ShE nab le 04 * 03 * 02 * /01 * /00 
+ 04 * /03 * 02 * /01 * 00 
+ 04 * /03 * 02 * 01 * /00 
+ 04 * /03 * /02 * 01 * 00 

" DR and PU mark the correspondinq Commands decoded from the Shift Reqister n 

DR /DataBit3 * /DataBit2 * /DataBitl * /DataBitO 

PU /DataBit3 * DataBit2 * DataBitl * DataBitO 

" Shift Reqister - SHIFT operation only when Enable, else HOLD 

DataBitO.CLK = / DCL ; 
DataBitO.RST = / Start; 
DataBitO.J = ShEnable * SDI 
DataBitO.K = ShEnable * / SDI 

+ 04 * /03 * /02 * /01 * QO 

DataBitl.CLK = / DCL ; 
DataBit1.RST = / Start; 
DataBit1.J = ShEnable * DataBitO 
DataBit1.K ShEnable * / DataBitO 

+ 04 * /03 * /02 * /01 * 00 ; 

" DataBit2 serves also for the Detection of a new Frame Phase 

DataBit2.CLK = / DCL ; 
DataBit2.RST = / Start 
DataBit2.J = ShEnab1e * DataBit1 

+ /04 * /Q3 * /02 * /Q1 * /QO * FSC 
DataBit2.K ShEnable * / DataBit1 

+ /Q4 * /Q3 * /Q2 * /01 * 00 * /FSC 
+ 04 * /03 * /02 * /01 * 00 ; 

" DataBit3 serves also as Flaq for a detected DR-Command 

DataBit3.CLK = / DCL ; 
DataBit3.RST = / Start 
DataBit3.J = ShEnab1e * DataBit2 

+ 04 * /03 * /02 * /01 * 00 * DR ; 
DataBit3.K = ShEnable * / DataBit2 

+ 04 * /03 * /Q2 * /Q1 * 00 * /DR ; 

" The Flaq PU stores the switches at the first occurence of the Command PU 

PU F1aq.CLK 
PU-Flaq.RST 
PU-Flaq.J 
PU=F1aq.K 

DCL ; 
/ Start ; 
Q4 * /03 * /02 * 01 * 00 * PU 
o . 

Q4.CLK DCL ; 
04.RST / Start 

03.CLK DCL ; 
03.RST / Start 

02.CLK DCL ; 
02.RST / Start 

01.CLK DCL ; 
01.RST / Start 

OO.CLK DCL ; 
OO.RST / Start 

Figure 4. Complete HDL-Description for the Controller (1 of 3) 
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" Finally the OUtput Signal 

SOO Start 
+ Q4 * Q3 * Q2 * /Ql * PU Flag 
+ Q4 * /Q3 * /Q2 * /Ql * 7Qo ; 

@INPUT VECTORS 

[ OataBit3, OataBit2 

FSC Flag 
NFSC Flag 
DR Flag 
NOR_Flag 

@OUTPUT VECTORS 

@STATE VECTORS 

-1 B' 
-0 B; 
1- B; 
0- B; 

Q4, Q3, Q2, Ql, QO ] JKFFR 

" state assignment with One Bit Changes for a Minimum of Logic 

Wait on FSC 
Wait-on - NFSC 
" Stepl
Step2 
Step3 
Step4 
StepS 
Step6 
Step? 
Step8 
Step9 
Stepl0 
Step11 
Step12 
Step13 
Stepl4 
Step15 
Step16 
Stepl? 
Step18 
Stepl9 
Step20 
OatBitl 0 
OatBit1-l 
OatBit2-0 
OatBit2-1 
OatBit3-0 
OatBit3-l 
OatBit4-0 
OatBit4-1 
End Cycle 
End-

@TRANSITIONS 

00000 B; 
00001 B; 
= 00011 B; to much " 
00010 B; 
00110 B; 
00111 B; 
00101 B; 
00100 B; 
01100 B; 
01101 B; 
01111 B; 
01110 B; 
01010 B; 
01011 B; 
01001 B; 
01000 B; 
11000 B; 
11001 B; 
11011 B; 
11010 B; 
11110 B; 
11111 B; 
11101 B; 
11100 B; 
10100 B; 
10101 B; 
10111 B; 
10110 B; 
10010 B' 
10011 B; 
10001 B; 
10000 B; 

WHILE [ Wait on FSC ] 
IF [-FSC_F1ag THEN [ Wait_on_NFSC 

WHILE [ Wait on NFSC ] 
IF [-NFSC_F1ag ] THEN Step2] 

" WHILE [ Step1 ] 
IF [] THEN [ Step2 ] " 

WHILE Step2 ] 
IF [] THEN Step3 

WHILE Step3 ] 
IF[] THEN Step4 

WHILE Step4 ] 
IF [] THEN StepS 

" else remain in this state " 

Figure 4. Complete HDL-Description for the Controller (2 of 3) 
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WHILE StepS ] 
IF [] THEN Step6 

WHILE Step6 ] 
IF [] THEN Step? 

WHILE Step? 
IF [] THEN StepS 

WHILE StepS ] 
IF [] THEN Step9 

WHILE Step9 ] 
IF [] THEN SteplO 

WHILE SteplO ] 
IF [] THEN Stepll 

WHILE Stepll ] 
IF [] THEN Step12 

WHILE Step12 ] 
IF [] THEN Step13 

WHILE Step13 ] 
IF [] THEN Step14 

WHILE Step14 ] 
IF [] THEN SteplS 

WHILE SteplS ] 
IF [] THEN Step16 

WHILE Step16 ] 
IF [] THEN Stepl? 

WHILE Stepl? ] 
IF [] THEN Step18 

WHILE SteplS ] 
IF [] THEN Step19 

WHILE Step19 ] 
IF [] THEN Step20 

WHILE Step20 ] 
IF [ DR_Flag ] THEN [ End ] 
IF [ NDR_Flag ] THEN [ DatBitl_O 

WHILE DatBitl 0 ] 
IF [] THEN [ DatBitl 1 

WHILE DatBitl 1 ] 
IF [] THEN [ DatBit2 0 

WHILE DatBit2_0 ] 
IF [] THEN [ DatBit2_l 

WHILE DatBit2 1 ] 
IF [] THEN [ DatBit3 0 

WHILE DatBit3 0 ] 
IF [] THEN [ DatBit3 1 

WHILE DatBit3 1 ] 
IF [] THEN [ DatBit4_0 

WHILE DatBit4_0 ] 
IF [] THEN [ DatBit4_l 

WHILE DatBit4 1 ] 
IF [] THEN [ End_Cycle 

WHILE End_Cycle ] 
IF [] THEN [ Wait on FSC 

WHILE End ] 
IF [] THEN End] 

Figure 4. Complete HDL-Description for the Controller (3 of 3) 
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@PINLIST 

Start I 
FSC I 
DCL I 
SDI I 

SOO 0 

@LOGIC EQUATIONS 

" Shift-Enable Signal defines the Time Slots to read the Command Bits 

ShEnable Q4 * Q3 * 02 * /01 * /00 
+ 04 * /03 * 02 * /01 * 00 
+ 04 * /03 * 02 * 01 * /00 
+ 04 * /03 * /Q2 * 01 * 00 

" DR and PU mark the corresponding Commands decoded from the Shift Register " 

DR /DataBit3 * /DataBit2 * /DataBitl * /DataBitO 

PU /DataBit3 * DataBit2 * DataBitl * DataBitO 

" Shift Register - SHIFT operation only when Enable, else HOLD 

DataBitO.CLK = / DCL ; 
DataBitO.RST = / Start 
OataBitO.J = ShEnable * SDI ; 
OataBitO.K = ShEnable * / SDI 

+ 04 * /03 * /02 * /01 * 00 

DataBitl.CLK = / DCL ; 
DataBitl.RST = / Start 
DataBitl.J = 04 * /03 * 02 * /01 * 00 * DataBitO 

+ 04 * /03 * 02 * 01 * /00 * DataBitO 
+ 04 * /03 * /02 * 01 * 00 * DataBitO ; 

DataBitl.K = 04 * /03 * 02 * /01 * 00 * /DataBitO 
+ 04 * /03 * 02 * 01 * /00 * /DataBitO 
+ 04 * /03 * /02 * 01 * 00 * /OataBitO 
+ 04 * /03 * /02 * /01 * 00 ; 

" DataBit2 serves also for the Detection of a new Frame Phase 

DataBit2.CLK = / DCL ; 
OataBit2.RST = / Start 
OataBit2.J = 04 * /03 * 02 * 01 * /00 * OataBit1 

+ 04 * /03 * /02 * 01 * 00 * DataBit1 
+ /04 * /03 * /02 * /01 * /00 * FSC ; 

OataBit2.K = 04 * /03 * 02 * 01 * /00 * /DataBit1 
+ 04 * /03 * /02 * 01 * 00 * /OataBit1 
+ /04 * /03 * /02 * /01 * 00 * /FSC 
+ 04 * /03 * /02 * /01 * 00 ; 

" DataBit3 serves also as Flag for a detected DR-Command 

DataBit3.CLK = / DCL ; 
DataBit3.RST = / Start 
OataBit3.J = 04 * /03 * /02 * 01 * 00 * DataBit2 

+ 04 * /03 * /02 * /01 * 00 * DR ; 
DataBit3.K = 04 * /03 * /02 * 01 * 00 * / OataBit2 

+ 04 * /03 * /02 * /01 * 00 * /DR ; 

" The Flag PU stores the switches at the first occurence of the Command PU 

PU Flag.CLK 
PU:Flag.RST 
PU Flag.J 
PU:Flag.K 

DCL ; 

DCL ; 
/ Start ; 
04 * /03 * /02 * 01 * 00 * PU 
o ; 

04.CLK 
04.RST 
04.J 
04.K 

/ Start ; 
/04 * 03 * /02 * /01 * /00 ; 
04 * /03 * /02 * /01 * 00 ; 

Figure 5. HOl-Descrlptlon for the Final Design Implementation (1 of 2) 
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03.CLK 
03.RST 
03.J 
03.K 

02.CLK 
02.RST 
02.J 

02.K 

01.CLK 
01.RST 

DCL ; 
/ Start ; 
/04 * /03 * 02 * /01 * /00 ; 

04 * 03 * 02 * 01 ~ 00 * Databit3 
+ 04 * 03 * 02 * /01 * /00 

DCL ; 
= / Start ; 

/04 * /03 * /02 * 01 * /00 
+ 04 * 03 * /02 * 01 * /00 

/04 * 03 * 02 * 01 * /00 
+ 04 * 03 * 02 * 01 * 00 * DataBit3 
+ 04 * /03 * 02 * 01 * /00 

DCL ; 
= / Start ; 

01.J /04 * /03 * /02 * /01 * 00 * /Databit2 
+ /04 * 03 * 02 * /01 * 00 
+ 04 * 03 * /02 * /01 * 00 
+ 04 * /Q3 * Q2 * /01 * 00 

Q1.K /Q4 * /03 * 02 * 01 * 00 
+ /Q4 * 03 * /02 * 01 * 00 
+ 04 * 03 * 02 * 01 * 00 
+ /Q4 * /Q3 * /02 * 01 * 00 
+ 04 * /03 * /Q2 * 01 * 00 ; 

DCL ; 
= / Start ; 

OO.CLK 
QO.RST 
QO.J = /Q4 * /03 * /02 * /01 * /00 * DataBit2 

+ /04 * /Q3 * 02 * 01 * /00 
+ /04 * 03 * 02 * /01 * /00 
+ /04 * 03 * /02 * 01 * /00 
+ 04 * Q3 * /Q2 * /Q1 * /00 
+ 04 * 03 * 02 * 01 * /00 
+ 04 * /03 * 02 * /Q1 * /00 
+ Q4 * /03 * /02 * Q1 * /00 

QO.K /04 * /03 * /02 * /01 * 00 * /DataBit2 
+ /04 * /03 * 02 * /01 * 00 
+ /04 * 03 * 02 * 01 * 00 
+ /04 * 03 * /Q2 * /01 * 00 
+ 04 * 03 * /Q2 * 01 * 00 
+ 04 * 03 * Q2 * 01 * 00 * DataBit3 
+ 04 * 03 * 02 * /01 * 00 
+ 04 * /Q3 * 02 * 01 * 00 
+ 04 * /Q3 * /02 * /01 * 00 

" Finally the Output Signal 

SDO Start 
+ Q4 * 03 * Q2 * /Q1 * PU Flag 
+ 04 * /03 * /02 * /01 * 7Qo ; 

Figure 5. HDL-Description for the Final Design Implementation (2 of 2) 
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START~ ________________________________________________________________ ~ 

FSC 

DCL 

SDOL-__________________________________________________________ ~ 

DATABITO~ __________________________ ~ 

PU-FLAG~ ____________________________ ~ 

Device 

Pinl 
Pin2 
Pin3 
Pin4 
Pin14 

= C42VA12 

= DCL 
= START 
= FSC 
= SDI 
= SDO 

Figure 7. Pinlist for the 
Controller Implementation 
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Figure 6. Simulator Output of the Modeled Circuit Implementation 
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*************************************************** 
* Output of Updsim Version 1.85 
* Date: 02/04/93 Time: 13 :56:28 * 
*************************************************** 

* Input File Name 
* Output File Name 

APPNOTE3.net 
APPNOTE3.SCL 

* 

* * 
*************************************************** 

P START, FSC, DCL, SDI, PU_F1ag, DataBit3, DataBit2, DataBit1, DataBitO, 
It SDO 

PCO 

S 1 500) START 
S 0 1000, 33000, 65000, 97000, 129000, 161000, 192000, 224000 ) FSC 
S 1 500, 1000, etc) DCL 
S 0 55000, 61000, 117000, 119000, 121000, 123000 ) SDI 
SU time = 300000 

F 

SUMMARY 
The example of the developed controller has 
shown that even relative complex designs 
can be realized with quite small PLDs. 
Especially if sequential control functions or 
irregular logic is to be implemented. 
Hardware programmable logic ICs are often 
the most suitable solution and sometimes the 
use of PLDs can simplify the development of 
new boards and systems significantly. 

October 1993 

Figure 8. SCL 

In addition, the example also illustrates the 
great effect, which can be achieved by certain 
design styles and by an appropriate 
optimization of designs. An initial design 
description has an essential influence on the 
final network and its implementation and so it 
affects the requirements for a component as 
well as the whole projects costs. By 
optimization a designer can reduce the 
amount of gates for a certain design too, 
leading to a much more efficient use of the 
given components. 
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PLD programmable retriggerable one-shot 

FEATURES 
• Programmable pulse-width/delay 

• Maximum 256 clock cycles 

• Asynchronous TRIGGER input 

• Active-High and Active-Low outputs 

• Asynchronous RESET 

• 20-pin package 

THEORY OF OPERATION 
The one-shot consists of a PLC42VA 12 and 
an external clock which may be part of the 
system in which this one-shot is to work. As 
shown in Figures 1 and 3 the PLD is 
configured to have a latch and an eight-bit 
binary up counter which is presettable by 
input data to any number less than 256. 
Since the input data is inverted before it is 
loaded into the registers, counting from the 

complements of the input to FF will give the 
correct number of counts as counting from 
the input down to 00. 

PUlse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all1's (terms 
PB, PA, and PMO). At the rising edge of the 
next clock, data is latched into the registers 
(terms LB, LA, and LMO). When !TRIG goes 
Low, it is latched into the input latch formed 
by term # 0, 1, 2 and 13. The output 01 of 
the latch goes High and 02 goes Low which 
enables the 8-bit counting cycle. The 01 and 
/01 will maintain their output levels until the 
end of the counting cycle at which time the 
counter reaches the count FF, resets the 
latch by term # 13, and sets 02 High. At the 
rising edge of the next clock, terms LA, LB, 
and LMO cause data to be loaded again into 
the registers, and the device is ready for 
another !TRIG input. The output waveforms 
are illustrated in Figure 2. 

Application Note 
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If the !TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the 
device will react as mentioned above, and at 
the end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the !TRIG input without 
changing throughout the change-over of one 
count cycle to another. 01 a, on the other 
hand, will go Low for one clock period at the 
change-over. As long as the !TRIG is Low, 
01a will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output 02 will pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 

The one-shot is implemented by 
programming the PLC42VA 12 as shown by 
the SNAP listing in Figures 3 and 4. 

~-----01 

~ __ ~ __ -,~-~~--------------Ol 

,....--__ --., ~~)O---....... --------------. 01a 

COUNT 
FO QO 

Fl 01 

F2 02 

F3 03 
INPUT 

F4 Q4 
02 

F5 05 

F6 06 

SYSTEM CLK }-___________ -.J 

~ r-----------------J 

Figure 1. Programmable Retriggerable One-Shot 
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November 1986 

CLOCKJLrLn 

TRIG"--.....,U s S 

Ioelo--- COUNT CYCLE ---.., Ir-------'loS 'r-S ----i 
01,Ola -----' 

01 -------, 

S S 

~--------------~~~----

1 

1 

1 

1 

1 

1 

1 

I 
1 

1 

1 

1 

TRIG -------, 
RETRIGGER MODE I 

1 r-S S 1 

'-------'loS S I! 1 
114 .--- COUNT CYCLE -I I---COUNT CYCLE --l 

S S ~I 
0,.----' 

01----...... ss i SS t-I--
1 ~I ____ __ 

s'r----~i---4 I 
1 I 

01 -----..., 

S 

~--------~n ~ 
Programmable One-Shot 

miG 

01a 

02 

Figure 2. Timing Diagram of Programmable Retriggerable One-Shot 
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************************************************************ 
PLC42VA12 24-Pin DIP Package Pin Layout * 

* Date: OS/10/93 Time: 13:02:11 * 
************************************************************ 

I \ / I ---
I I 

CLK 1 I IO/CLK VCCI24] 
RESET 21Il M9123] 

TRIG 3112 MS122] 
4113 M7121] 
5114 M6120] 
6115 MS119] 
7116 M411S] 
SII7 M3117] 

[ 91IS M2116] 
01 [101BO Ml115] 

01A [ll1B1 MOI14] 
[12IGND 19/0E_113] 

I 

Figure 3. Pin Layout 

" Programmable Retriggerab1e One-Shot " 
"-------------------------------------" 
" This design is for a PLC42VA12 device. 

A similar type of function may be programmed into 
any of the PLS155/7/9A type devices. These devices 
contain a flip-flop preload function which may be 
controlled by input pins and TTL voltage levels or 
by feedback into the array from the flip-flops outputs. 

This one-shot loads the data at the INFO-INF7 
input pins into the counter at the end of the clock 
cycle (02 = HIGH). If TRIG input is LOW longer than 
the count cycle, output 01A will go LOW for one 
clock period and will go HIGH again for another count 
cycle. Outputs N01 and 01 stay LOW and HIGH 
respectively until TRIG goes HIGH and the count 
cycle is completed without interruption. 

@pinlist 

c1k i; 
reset i; 
trig i; 
inf [7 .. 0] i; 
01 0; 
02 0; 
no1 b; 
ola b; 

@logic equations 

"-----------------------------" 
" equations for latch circuit " 
"-----------------------------" 
01 (no1+/trig) ; 
ola /(no1+/trig); 
01a.oe = 1; 
no1 /«f7*f6*f5*f4*f3*f2*f1*fO) 

+ 01a); 
no1.oe = 1; 

" count comparison equation " 
"---------------------------" 
02 (f7*f6*f5*f4*f3*f2*f1*fO); 

Figure 4. SNAP Listing (1 of 2) 
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02 
N01 
INF7 
INF6 
INF5 
INF4 
INF3 
INF2 
INF1 
INFO 
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"-------------------------------------" 
" equations to load counter from pins " 
,,-------------------------------------" 
"use register preload feature" 

temp [15 .. 0] .ld 
temp14 
templS 
temp12 
temp13 
templO 
templl 
temp8 
temp9 
temp 6 
temp7 
temp4 
tempS 
temp2 
temp3 
tempO 
temp1 

(f7*f6*fS*f4*f3*f2*f1*fO); 
inf7; 
linf7; 
inf6; 
linf6; 
infS; 
linfS; 
inf4; 
linf4; 
inf3; 
linf3; 
inf2; 
linf2; 
inf1; 
linf1; 
infO; 
linfO; 

" counter equations" 
"------------------" 
"The counter is constructed using the toggle feature of 

J.K flip-flops. Both J and K are connected to the same 
product term so only eight product erms are required to 
implement this counter. The '+tempXX' input does not require 
a product term in the 42VA12 or PLS1SS/7/9A type devices 
due to the wire-or register pre loading feature. This 
feature is controlled internally in the device by the 
LA and LB product terms. SNAP automatically uses these 
control terms to implement the preload. 

fO.j «no1*reset) 
+temp1); 

fO.k «no1*reset) 
+tempO) ; 

fl. j «no1*fO*reset) 
+temp3); 

f1.k ( (no1*fO*reset) 
+temp2) ; 

f2.j «no1*f1*fO*reset) 
+tempS); 

f2.k «no1*fl*fO*reset) 
+temp4) ; 

f3.j «no1*f2*f1*fO*reset) 
+temp7) ; 

f3.k «nol*f2*f1*fO*reset) 
+temp6) ; 

f4.j «no1*f3*f2*f1*fO*reset) 
+temp9) ; 

f4.k «no1*f3*f2*fl*fO*reset) 
+temp8) ; 

fS.j «nol*f4*f3*f2*f1*fO*reset) 
+tem11); 

fS.k «nol*f4*f3*f2*f1*fO*reset) 
+tem10); 

f6.j «nol*fS*f4*f3*f2*f1*fO*reset) 
+tem13) ; 

f6.k «nol*fS*f4*f3*f2*fl*fO*reset) 
+tem12); 

f7.j «nol*f6*f5*f4*f3*f2*fl*fO*reset) 
+tem15); 

f7.k «no1*f6*fS*f4*f3*f2*f1*fO*reset) 
+teml4); 

f[7 .. 0].clk clk; 
f[7 .. 0].set = reset; 

Figure 4. SNAP Usting (2 of 2) 
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Designing with programmable macro logic 

INTRODUCTION TO 
PROGRAMMABLE MACRO 
LOGIC DESIGN CONCEPTS 
Programmable Macro Logic (PML), an 
extension of the Programmable Logic Array 
(PLA) concept combines a programming or 
fuse array with an array of wide input NAND 
gates wherein each gate folds back upon 
itself and all other such NAND gates. This is 
called a foldback NAND structure and its 
basic elements have been outlined previously 
(Cavlan 1, Wong2, Gheissari and Safari3). 

The choice of an internal NAND logic cell is 
appropriate because the cell is functionally 
complete, requiring but a single cell type to 
generate any Boolean function. A cell within 
the PLHS501 may be configured to 
accommodate from one to 32 inputs from the 
outside world, and up to 72 inputs from within 
the chip. Because the user can select either 
direct or inverted input variables, and either a 
direct or complemented output, the NAND 
function can generate, with a single pass 
through the programming array, the basic four 
logic functions of AND, OR, NAND, NOR. all 
these basic functions, can be extremely wide, 
of course (see Figure 1). This convenient 
structure allows efficient exploitation of all 
widely used minimization techniques 
(Karnaugh Maps, Quine-McClusky, Boolean 
Algebra, etc.). 

The obvious extensions to additional 
combinational functions for decoding, 
mUltiplexing and general Boolean functions is 
straightforward. Adding feedback to the 
system expands the range of realizable 
functions to include sequential as well as 
combinational functions. Figure 2 illustrates 
the basic arrangement of the PLHS501. 

JI: 
IA~ 

Because of the large number of inputs each 
NAND gate has available, logic functions that 
require several levels of conventional 4 or 8 
input gates may be able to be reduced to 1 or 
2 levels. However, it is important to realize 
that unlike AND-OR PLD architectures, more 
than 2 levels of logic may be implemented in 
the P LHS501 without wasting output or input 
pins. Up to 72 levels of logic may be 
implemented due to each of the 72 foldback 
NAND gates. 

So far, the concept of a "macro" is still not 
evident. Two ways for the generation of a 
macro exist-namely, hard and soft. 
Borrowing from the concept in computer 
programming wherein a section of code 
(called a macro) is repeated every time its 
use is required, we can establish 
sub functions which can be repeated each 
time required. The user defined or soft macro 
can be one which will generate a function by 
fused interconnect. When a fixed design 
function is provided, it is a hard macro. This 
may be an optimized structure like a flip-flop 
or an adder, or some other function which is 
generated on the foundation, by the 
manufacturer. Soft macros are seldom 
optimized or precisely consistent, but hard 
macros are both optimized and unalterable. 

When a user function for a particular use is 
isolated, defined and repetition of the function 
is required, special software constructs are 
provided which will allow it to be defined at a 
higher performance and functional density, 
and an array of choices which contain 
optimized functions or hard macros will be 
offered in successor chips. In particular, the 
PML2552 and PML2852 include an array of 
flip-flops for state machine design. 

B 
IB~ 

A h..--b- JOr.":7Z 

: }--' v (NAND) 
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INPUT 
SECTION 

:~~'::'.'2 
A~AB"'Z 
B : (AND) 
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Figure 1. PML Basic Functions 
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Optimizing combinational functions in PML 
consists largely in making choices and 
trade-ofts. For single output logic functions, 
the choice is obvious from the truth table. If a 
particular function's truth table has fewer 
entries that are logical zeroes than logical 
ones, product of sums should be chosen and 
the appropriate OR-AND structure generated. 
Otherwise, the usual sum of products should 
be chosen, minimizing as usual, before 
dropping into the two level AND-OR structure 
(using the NAND-NAND realization). 
Combining the availability of inversion at the 
input and output of the chip, the 
NAND-NAND structure can perform either the 
OR-AND or the AND-OR rendition of a 
function with equal logic levels. The designer 
needs only to choose the optimal rendition to 
suit his needs (see Table 1). Truth tables with 
50% ones can use either version at the 
designers whim unless other uses arise. 

PERFORMANCE 
The PLHS501 (Figure 2) is a high speed, 
oxide isolated, vertically fused PML device 
containing 72 internal NAND functions which 
are combined with 24 dedicated outputs. A 
large collection of applications, both 
combinational and sequential, may be 
configured using this part which looks roughly 
like a small, user definable gate array. For the 
sake of clarity, worst case passing a signal 
from an input, making one pass through the 
NAND array (output terms) and exiting an 
output takes around 25 nanoseconds with 
each incremental pass through the NAND 
foldback array taking about 8 nanoseconds. 
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Table 1. Example Demonstration 

A 

o 
o 
o 
o 

B 

o 
o 

F1 (A, B, C) = J(BC + "A"BC + ABC + ABC + ABC 

C f1 

o o 
11 10 

o 

o 
o 

o 
1 

o 
o 
o The optimal choice would be to generate 

the zero entries 

o 

If we group on the ~ entries we shall get: AB '-BC + BC 

A 

IA~: 
B 

IB~~ 
C B 

IC~C 
~ '-1 ___ --' 

INPUTS NAND ARRAY 

F1(A,B,C) 

OUTPUT 

If we group on the ~ entries we get instead: F1 = (B + C) ("A" + B + C) 

A 

IA~ 
B B 

IB~ C 

C ~ 
F1 (A, B, C) 

IC~ B 
C 

~ 
INPUTS NAND ARRAY OUTPUT 

November 1993 725 



Philips Semiconductors Programmable Logic Devices 

Designing with programmable macro logic 

INPUT 71 
BUFFERS L ••• I 

100 U 

I 72 OUT~UT 1230 rD 
NAND TERMS - TERMS 

. 

VVV"'~)l)~) <~~~t~ l~l'l' x4 x4 ~~~~t~ x4 x4 

I 
'---

-----:::::J. 
»X4) 

I 
)) X4) 

Figure 2. PLHS501 Logic Diagram 
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The data sheet first lists some maximum 
propagation delays from an input, through a 
NAND output term and out through various 
output gates. Secondly, it lists maximum 
propagation delays from an input, through a 
NAND foldback term, through a NAND output 
term and out through the different output 
gates. 

PLHS501 TIMING 

tpD 

INPUT7t 
BUFFERS I ... 

100 f-D 
I 

1230 f-D 72 
NAND 

"""- TERMS 

It is intriguing that subtracting one from the 
other yields a NAND foldback gate delay of 5 
to 6ns when the worst case gate delay of an 
internal fold back gate is listed as 8ns. This is 
due to the fact that a gate has less of a delay 
when its output is falling (tpHd than when its 
output is rising (tpLH). When passing a signal 
through two NAND gates one gate will have 

:!. 1 

!I 

oUTlUT i~ 
~~ 

TERMS 

:1 
;: 

II 
~~ 
,:' 

less of a delay than the other, and since the 
individual rise and fall delays are not 
specified, this causes the apparent 
discrepancy between the two delays. 

Figure 3, Figure 4, Figure 5 and Figure 6 
show graphically the timing paths listed in the 
PLHS501 data sheet. 
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PLHS501 TIMING (Continued) 
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PLHS501 TIMING (Continued) 
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PLHS501 TIMING (Continued) 
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NAND GATE FLIP-FLOPS 
Various types of flip-flops and latches may be 
constructed using the NAND gate building 
blocks ofthe PLHS501. A typical 7474 type 
of edge-triggered D flip-flop requires 6 NAND 
gates as shown in Figure 7. 

No additional gates are required to implement 
asynchronous set and reset functions to the 
flip-flop. The equations necessary for SNAP 
to implement the D flip-flop are shown in 
Figure 8. However, please note that the 
equations of Figure 8 define a D flip-flop 
configured as a divide by 2 (i.e., ON is 
connected to the data input) whereas 
Figure 7 shows a general case. Also note 
that flip-flops with some additional features 
may be constructed without using more than 
the six NAND gates. This is possible because 
of the large number of inputs associated with 
each NAND gate. For instance, a flip-flop 
may be required to have a clock gated by one 
or more signals. Using the PLHS501, it may 

RESETN 

CLOCK 

DATA 
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be implemented by adding additional input 
signal names to NAND gate equations of 
gates #2 and #3 of Figure 7. If the data input 
is to the AND of several signals, extra inputs 
to NAND gate #4 may be used. Or if 
additional set or reset lines are required, they 
may be added simply by using more of the 
inputs of each NAND gate connected to the 
main set or reset. 

Figure 10 shows two simulations of the same 
flip-flop. The first one is at a little less than 
maximum frequency, for clarity in following 
the waveforms, and the second is at the 
maximum toggling frequency. For these 
simulations each NAND gate h~s a maximum 
tpHL or tpLH of 8ns (which is the gate delay of 
a NAND gate in the PLHS501 's fold back 
array). First of all, it can be seen from these 
simulations that for proper simulation or 
testing of such a device a set or reset input is 
mandatory. Both a and ON outputs are 
unknown not matter what the inputs do, until 

Figure 7. Edge-Triggered 0 Flip-Flop 
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they are put into a known state by either a set 
or reset input. Secondly, various timing 
parameters such as propagation delay, as 
well as setup and hold times may be 
determined. 

Therefore, performance of the flip-flop 
depends a great deal on which gates in the 
PLHS501 are used, either NAND gates in the 
foldback array or output NAND gates, 
connected to bidirectional pins. As a test of 
the simulation, a D flip-flop connected as a 
divide by 2 was constructed using only the 
foldback NAND terms (see Figure 8). An 
output NAND terms was used to invert the 
ON output and drive an output buffer. The 
only inputs were the clock and a reset. The 
data input to the flop was driven internally by 
the ON output. According to the simulation, it 
was possible to drive the clock at a frequency 
of 25MHz and this small circuit also 
functioned at that frequency_ 
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************************************************************ 
PLHS501 52-Pin PLCC Package Pin Layout 

* Date: 10/13/93 Time: 16:42:21 * 
************************************************************ 
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+----------------------------------+ 
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+----------------------------------+ 
121212121212121212\31313131 
111213141516171819101112131 
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@PINLIST 
clk i; 
rst i; 
out 0; 
@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

flop.elk 
flop.d 
flop.rst 
out 

elk; 
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Figure 8. SNAP Ustlng 
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PLHS501 
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Figure 9. Partial PLHS501 Fusemap Showing Test Flip-Flop Fusing 
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FUNCTIONAL FIT 
In the late 1960's and early 1970's designers 
used SSI, MSI and small amounts of early 
LSI to generate logic solutions. Frustrated by 
the lack of wide input gates to accommodate 
a lot of product terms for two level solutions, 
they turned toward the budding ROM and 
PROM products. These devices relied on 
literally realizing a function by generating its 
truth table in silicon. The logic function had to 
have each logical one and zero realized 
distinctly as an entry for a particular 
combination of input variables, usually 
supplied on the address lines of the memory. 
Observing that many such truth tables were 
dense in ones or zeroes and sparse in the 
remainder, a cadre of initial manufacturers 
emerged with focus on supplying a 
programmable product with a few AND gates 
and OR gates which were versatile enough to 
compete against the ROMIPROM parts. The 
gimmick supplied these PLA manufacturers 
was to illustrate the functional equivalency of 
the PLA to the PROM by comparing the 
number of product terms (to be shortened to 
Up-terms") the PLA supplied and comparing 
this to the width and depth of available 
PROMs. P-terms became the "currency" of 
the PLA world and a designer only had to 
assess the equivalent number of Boolean 
product terms required by his function to 
determine whether a particular PLA was a 
suitable candidate for his design. 

Almost in parallel, gate arrays became 
available. These provided an array of 
identical, fixed input gates (usually two input 
NANDs or NORs). These were generated in 
a regular fashion on substrate which has a 
fixed input/output pin arrangement. Also 
recognizing that all logic functions could be 
built from the appropriate two input gate, 
when interconnected correctly, manufacturers 
offered these devices to customers who 
required increased density. 
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The designer's responsibility was to generate 
what would ultimately be a metal interconnect 
pattern of his design. Special tools were 
required to allow an untrained system 
designer to do this successfully. Flop-flops, 
decoders, registers, adders, etc., could all be 
generated from the low level gate building 
blocks. 

The currency of gate arrays became known 
as gate equivalent functions. That is with 
limited number of available gates on a 
substrate, the user needed to know precisely 
how many gates were used up, on a function 
by function basis, to generate each piece of 
his design. A D flip-flop requires about six 
gates, a D latch four, a 3 to 8 decoder takes 
about 14 gates and so forth. This allowed 
estimation regarding whether the function 
could conceivable be fit onto a particular 
substrate or not. Manufacturers had to offer 
multiple foundations to that a designer could 
be assured that his design would result in a 
working IC. 

The classic method of estimating whether a 
logic function would fit into a PLA was to 
determine the number of 1/0 pads required 
and the number of product terms required to 
generate the logical function, then select the 
PLA. For a gate array, the required measure 
included the 1/0 pad arrangement but 
substituted the number of available gates to 
generate the logical function (usually by table 
lookup). In an attempt to reconcile the two 
measures, Hartman4 has evolved a formula 
for his product line. A calculation using this 
method and developing an appropriate 
"exchange rate: is shown in Table 2 for the 
PLHS501 and PLHS502. An alternate 
method of generating an estimate is to 
consider the gate equivalent of generating, 
say for the PLHS501, a gate equivalent of the 
part in an optimistic functional configuration 
(72 occurrences of a 32 input NAND gate). 
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Figure 11 shows how this will result in over 
2000 equivalent gates. Conversely, by 
stacking the NAND gates into D flip-flops, its 
least efficient function, the PLHS501 will have 
a gate equivalent of only about 100 gates. 

The most rational method of assessing fit is 
to isolate functions and identify the correct 
configuration in terms of gates, to allow direct 
tally of the gates used, to generate the 
proposed configuration. Table 3 may assist in 
doing this analysis. Note that all basic gates 
require precisely one gate to generate the 
function. Also note the occurrence of 
functions in the table which could never be 
generated as standard ICs previously. The 
procedure is to tally the design against a total 
budget of 72 multiple input NAND gates. 

Table 3 is illustrative only, and should by no 
means be taken as complete. It may be 
simply expanded by designing the proposed 
function with disregard to the usual 
restrictions on the number of inputs to a gate, 
realize the function as one, two, three, or 
more levels of interconnected logic and count 
the number of gate occurrences required. 
Special software has been provided to allow 
pyramided logic structures to be generated 
under the designer's control. These 
structures may, however, be no deeper than 
72 levels for the PLHS501. Functions should 
be generated in accord with the guidelines 
mentioned before, for selecting an optimal 2 
level logical solution. 

It is an interesting observation that 
manufacturers of gate arrays and standard 
cell products which offer embedded PROMs, 
ROMs or RAMs have not successfully 
described these embedded functions in terms 
of equivalent gates, but rather resort to other 
means (such as divulging their relative area 
with respect to the area of a basic gate). 
There is, as yet, no standard in this arena. 
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Table 2. Equivalency Ratio 

Hartman's method is based on a CMOS gate array equivalency wherein 4 transistors 
constitute a 2 input NAND or NOR gate, equal to one gate. Thus, his "exchange rate" 
is as follows: 

E.R. = 4 x # inputs 
+9 x# FFs 
+7 x # 3-State outputs 
+(15 to 30) x # OR outputs from the AND/OR array. 

For the PLHS501: (using CMOS numbers which .tIrnY be inappropriate) 

E.R. = 4 x32 
+9xO 
+7x24 
+(15 to 30) x 50% of 72 feedbacks = 836 to 1376 gates 

Being for two bipolar ICs, in this case, the method may be inappropriate, 
but may be taken as an estimating procedure. 
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Double this and add one for a 32 input NAND. 

Figure 11. 16 Input NAND Formed from 2 Input Gates 
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Table 3. PLHS501 Gate Count Equivalents 

INTERNAL 
FUNCTION NAND EQUVAL· COMMENTS 

ENT 

Gates 

NANOs 1 For 1 to 32 input variables 
ANDs 1 For 1 to 32 input variables 
NDRs 1 For 1 to 32 input variables 
DRs 1 For 1 to 32 input variables 

Decoders 

3-to-8 8 Inverted inputs available 
4-to-16 16 Inverted inputs available 
5-to-32 32 Inverted inputs available (24 chip outputs 

only) 

Encoders 

8-to-3 15 Inverted inputs, 2 logic levels 
16-to-4 32 Inverted inputs, 2 logic levels 
32-to-5 41 Inverted inputs, 2 logic levels, 

factored solution. 

Multiplexers 

4-to-1 5 Inverted inputs available 
8-to-1 9 
16-to-1 17 
27-to-1 28 Can address only 27 external inputs -

more if internal 

Flip-Flops 

D-type Flip-Flop 6 With asynchronous S-R 
T-type Flip-Flop 6 With asynchronous S-R 
J-K-type 10 With asynchronous S-R 
Flip-Flop 

Adders 

8-bit 45 Full carry-Iookahead (four levels of logic) 

Barrel Shifters 

8-bit 72 2 levels of logic 

Latches 

D-Iatch 3 2 levels of logic with one shared gate 
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SUMMARY 
The evolution of Programmable Logic 
Devices (PLD's) has led to the birth of a new 
generation of programmable devices 
designated as PML (Programmable Macro 
Logic). The immense versatility of these 
devices brings them closer as plausible 
alternatives to semicustom design 
approaches in low-to-medium ranges of 
applications. The following paper gives a 
description of all three PML devices, the 
PLHS501, PML2552, and the PML2852. In 
addition, some basic design tips and 
techniques for PML devices are presented. 

THE EMERGENCE OF THE 
THIRD GENERATION 
PLD ARCHITECTURE 
PML was introduced at WESCON '85 by 
Philips Semiconductors Corporation. The 
unique architecture of PML breaks away into 
a new era of programmable logic devices. 
The purpose of the PML architecture is to 
overcome the two level AND-OR bottleneck 
and provide the user with a higher level of 
logic integration. Current PLD's rely on two 
levels of logic transformation to implement 
combinational logic in Sum-Of-Products 
(SOP) form. In addition, various PLD's make 
use of higher level macros such as flip-flops 
to form sequential logic functions. These 
macros connect the AND-OR chain to 
dedicated 110 pins. 

Figure 1 show the basic architecture of one of 
the most recent PAL® devices. It is clear that 
this architecture is inefficient in making full 
use of the available on-chip resources. This 
is due to the fact that an unused 110 macro 
will be wasted and remains futile. 

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

June 1988 

For example, if an 110 pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic 
integration. The PML device takes advantage 
of the fundamental architecture shown in 
Figure 2 to overcome these deficiencies and 
waste of on-chip resources. As shown in 
Figure 2, PML incorporates the NAND-NAND 
gate equivalence to break the AN D-OR 
bottleneck. 

The core of the PML is the programmable 
NAND-NAND network which connects the 
input and output macros to each other. Thus 
the inputs, outputs, and function macros are 
all connected by a single array. 

The first device is the PLHSSO 1. The 
seemingly simple structure of this device can 
implement every logic function furnished by 
the current PAUPLA devices. Although the 
PLHS501 is principally a combinational logic 
device, its unique architecture makes it an 
ideal tool for applications involving 
asynchronous state machines (See 
Reference 2). 

AND-OR CHAIN 
AND OUTPUT MACRO 

Figure 1. One of the Latest Registered PAls 
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Figure 2. PML Fundamental Architecture 
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THE PLHS501 
The PLHS501 architecture in Figure 3 
exhibits an exquisite logic tool. The device 
provides a combination of 72 NAND terms, 
24 dedicated inputs (10-123), eight 
bidirectionalllO's (BO-B7), eight 
exclusive-OR outputs (XO-X7), and eight 
dedicated outputs (00-07). 

Since the output of each NAND term feeds 
back to the inputs of the NAND array, 

June 1988 

24 
DEDICATED 

INPUTS 

intricate logic functions can be implemented 
without wasting valuable 1/0 pins. For 
example, in order to implement an internal 
'RS' latch in a combinational PAUPLD, at 
least two inputs and two outputs are required. 
The same internal latch can be configured by 
the PLHS501 without using any 1/0 pins. 

The shorthand notation of Figure 3 hides 
something with which many designers have 

NAND 
ARRAY 

I 
N 
T 
E 
R 
C 
o 
N 
N 
E 
C 
T 

been impressed in the PLHS501 , the wide 
input NAND gates. Figure 4 shows just how 
wide the internal NANDs are, from a logical 
viewpoint. Each NAND can accommodate up 
to 32 external inputs and 72 internal inputs. 
Hence the part is ideal for wide decoding of 
32-bit address and data busses. With 72 
copies of the wide NAND, the PLHS501 is 
often compared against low-end gate arrays. 

16 
DEDICATED 
OUTPUTS 

24 <=> BI-DIRECTIONA 
II0s 

Figure 3. PlHS501 Functional Block Diagram 
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Figure 4. An Internal NAND Logic Equivalent 

LATCHES 

Figure 5 illustrates how 'RS' and 'D' latches 
are implemented in the PLHS501. 

s--+-___ -

R-+-+---

INPlJTD--.~Q---DooTPUT V Q-...-+----" 

INPUTD-R~ o--D OUTPUT 

0--+-___ ---" 

a. RS Latch 

B'---+-t-..-t-----' 

INPUTD-- 0 -----.---r-~ 
QG ooTPIIT V 

INPUTD--rr 

b. D Latch 

Figure 5. RIS and D Latch Implementation with PML 
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Flip-Flop Merging 
Figure 6a shows the positive edge triggered 
D flip-flop structure. By putting a two-level 
AND/OR structure in front of the data input, 
the D flip-flop can be steered from state to 
state. 

Figure 6b shows such an input structure 
realized from a two-level NAND gate section. 

Figure 6c shows this "AND-OR" structure 
rolled inside of the flip-flop. The gating was 
merged with the flip-flop inwards to make a 
faster, composite function. Whereas this may 
appear as a trick to the uninitiated, this 
degree of flexibility allowed gate array 
designers to merge a multitude of logic into a 

fixed foundation. For highest efficiency, 
similar thinking allows the designer to break 
up decoders and multiplexers into their 
building blocks and generate only the pieces 
needed. 

PLHS501 DESIGN EXAMPLE 
The following example intends to manifest 
the capabilities of the PLHS501. Figure 7 
shows a system formed with TTL logic. The 
system requirements make it imperative only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
directly replaced by registers. The system is 

a 

ON 

A 

B 

C 

o 
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partitioned into two PLS173s and one 
PLS153. The specified PLD's are labeled with 
the same labels as those on the system 
schematic (Figure 7). Figure 8 shows the 
overall system implemented with PLDs. The 
logic condensation capabilities of PML makes 
it feasible to replace the whole system by a 
single PLHS501 (Figure 9). The PLHS501 in 
this design will still have ample space for any 
future additions. 

The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of PML devices and their immense logic 
power will pave the way for a new generation 
of efficient and elegant systems. 

a 

ON 

Figure 6a. Positive Edge Triggered 
D-Flip-Flop with Reset and Set Figure 6b. As in (A), with Input AND-OR Function 
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seTN 

CLOCK 

RESETn 

C 
0---......--

a 

ON 

Figure 6c. As Above, with Integral AND-OR Input Function 

Figure 6. Flip-Flop Merging 
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THE PML2552 
The PML2552 is the first CMOS PML part. 
Using an EPROM process, the PML2552 is a 
dense, fast multilevel PLD capable of making 
multiple independent state machines in a 
single part. The PML2552 has been 
optimized for handling data within the part 
and is ideal for making bus controllers and 
other microprocessor peripherals. Useful 
PML2552 applications areas include DMA 
controllers, DRAM controllers, Video memory 
controllers, FAX machines, hand held 
instruments, laser printers, digital and 
telecommunications. 

The PML2552 combines 96 foldback NAND 
gates with 52 flip-flops in a 68 pin package. 
See the block diagram in Figure 10. 

Foldback NAND gates are the easiest to use 
programmable elements. Because any 
function can be builtfrom NAND gates, they 
have no inherent logic limitation. Foldback 
gates permit free connection of any gates in 
the foldback region. This allows designers to 
make any number of logic levels necessary to 
solve problems. Usually, the design software 
flattens the logic to exploit the wide inputs of 
these gates, but the designer easily 
maintains full control. 

The choice of flip-flops has been done 
judiciously optimizing two 8 bit data paths 
within the part. Two groups of D flip-flops are 
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assigned to input pins, and two groups of D 
flip-flops are associated with output pins. The 
latter group may also be buried. Additionally, 
two groups of 10 JK flip-flops are buried for 
building efficient counters, shifters and other 
state machines. JK flip-flops require very little 
additional gating circuitry to make state 
machines. 

Figure 11 shows a more detailed diagram of 
the PML2552, with the intemal cell names 
broken out according to the conventions used 
with Philips Semiconductors SNAP software. 
An important point should be made with 
Figure 11 regarding internal timing 
specifications. Each cell shown in Figure 11 
has been specified as if it were a gate array 
type cell. These specifications include the cell 
time delay (min,tYP,max) and how the time 
delay increases with incremental loading. The 
details of the time delays are shown in the 
data sheet. The exact same values are 
automatically included in the simulation 
model which SNAP makes after a design 
compiles into the PML2552. 

THE PML2852 
Figure 10 shows a block diagram of the 
PML2852. The PML2852 is similar to the 
PML2552 except it has an additional 16 
outputs. The 3-State control structure for pins 
1/00 -1/015 was changed from independent 
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control to two 8-bit groups in the PML2852. 
All chip resources connect through the 
central array. It is possible to form logic 
functions of up to 96 levels by passing input 
signals repetitively through the 96 foldback 
NAND gates. Folded architectures permit free 
internal connection of buried gates and 
flip-flops. It is also possible to form logic 
functions from input to output in a single 
NAND level. Two groups of 10 buried JK 
flip-flops are within the programming array, 
along with two groups of 8 D flip-flops. 
Additional input flip-flops are available at the 
device pins. Several clocking options are 
available for the different flip-flop groups. 
The PML2852 has 84 pins. The PML2852 
and PML2552 both are available in 
reprogram mabie and one time programmable 
packages. 

Typical propagation delays for the internal 
NAND gates are 15 nanoseconds. Flip-flop 
toggle rates are at 50 MHz, with some JK 
based counters operating at that rate. 

The basic architectural rationale is to use the 
input D flip-flops to capture data. Then, the 
buried D flip-flops pipeline data and the JK 
flip-flops form counters, timers and control 
flip-flops. Of course, the JKs may act as shift 
registers as can the buried D flip-flops. Using 
D flip-flops for counter design is discouraged, 
but allowed. A wide class of data oriented 
applications fit this architecture well. 
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Figure 10. PML2552/PML2852 Functional Block Diagram 
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TESTABILITY 
Deep nesting of the buried flip-flops makes 
testability an important issue. Both 
controllability and observability of the 
flip-flops would be jeopardized if they were 
not scan chain configurable. By asserting the 
Scan Mode pin, the buried flip-flops form a 
large, multiplexed shift register (Figure 12). 
The shifter is controllable and observable. 
Parallel output of the most significant 16 bits 
of the shifter goes to the outside world. 
Alternatively, multiple PML2852s or 
PML2552s can cascade if correctly 
connected. 

SCOUT 

1/015 

1100 

11014 

1101 

1/013 

POWER DISSIPATION 
All EE and EPROM based PLDs contain an 
NMOS core. An external CMOS image 
occurs because the 1/0 pads are CMOS. To 
improve on the power consumption, two 
techniques have evolved. One technique, 
input transition detection, automatically 
reduces power consumption by sensing input 
pin activity. The other technique uses a 
special power down pin. The power down pin 
blocks current flow into the chip core, 
reducing power consumption. The PML2552 
and PML2852 use a power down pin. Power 
down presents the problem of maintaining the 
internal device state during power transition. 
Internal node conditions automatically latch 
when power down occurs, and restore upon 
power up. Full power consumption is 525 mW 
at maximum speed. In low power mode, this 
drops to one tenth that value. 

1/02 1103 1104 

1/012 1/011 11010 
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DESIGN SOFTWARE 
To support PML, a gate array style software 
package, called SNAP, is available from 
Philips. SNAP contains resources for 
equation and schematic capture 
(incorporating OrCADTM SDT and 
FutureNet™ DASH). SNAP includes a 
proprietary simulator and logic compilers for 
the entire Philips Semiconductors PLD family. 
The compilers use netlist synthesis and 
netlist optimization methods, and ultimately 
compile to JEDEC fusemap formats. A logic 
netlist model, including all internal node 
delays, is derived automatically from the 
JEDEC format. The derived model permits 
accurate device simulation. 

1105 1/06 

1109 1/08 

(COMMON CLOCK (CKE1) 
FOR ALL FLIP-FLOPS WHEN IN SCAN 

MODE) 

1/07 

Figure 12. SCAN Mode Operation Flip-Flop Chain 
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Targeting a PML2552/2852 Design 
Key to a successful design is recognizing an 
appropriate mapping of internal resources to 
a specific design. The designer should think 
of JK flip-flops for counters and state 
machines, maximizing efficiency. As well, the 
input D flip-flops should be aimed at handling 
byte wide data applied to the input pins. The 
buried D flip-flops can be thought of as a 
natural landing place for output data, 
internally buffered data, shift registers, or 
simple state machines. Care should be taken 
to assign external clocks to the appropriate 
pins of the PML2552 or PML2852, because 
specific pins are dedicated as clock inputs to 
the internal flip-flops. SNAP may sometimes 
be used with automatic pinning mode, but 
this is often less than optimal. 

By careful use of key flip-flop properties, a 
design can be easily forced to land in specific 
internal flip-flops. Remember, the 
PML255212852 has input D flip-flops, output 
D flip-flops, JK flip-flops with independent 
resets and JK flip-flops with independent 
sets. As an example, if a JK flip-flop equation 
is written, and its asynchronous set input is to 
a logical 1, then SNAP assumes that the JK 

flip-flop is to be one which has an 
asynchronous set and assigns it accordingly. 
On the other hand, if the asynchronous reset 
is referred to, SNAP will map this to a JK 
flip-flop with an asynchronous reset input. It's 
usually that simple. If the designer uses a 
flip-flop which is not an available PML 
resource, SNAP will build it out of NAND 
gates in the fold back array. This is usually 
found during the compile phase when the 
resource summary exceeds the available 
foldback gates and the expected flip-flops go 
unused. 

The most straightforward design method is 
simple incremental compiling. Incremental 
compiling is the logical approach to use with 
PML. Incremental compiling is simply taking a 
small piece of a design, capturing it (either 
equations or schematic) and compiling it into 
the part. During the compilation process, a 
small table is displayed showing the current 
usage of internal PML 2552 resources. 
Figure 13 shows such a small resource table. 
At this point, when the resources are 
examined, each cell should be accounted for. 
If not, there is either something wrong or the 
designer has misunderstood the part or the 

Design from PML2552B.N2 - Created on Fri 
Device PML2552 

Cell name used/total % 
======================== ================ 

CKDIN552 0 / 4 0% 
CKNIN552 0 / 4 0% 

FBNAND 59 / 96 61% 
NAND 96 / 104 92% 

DIN552 11 / 25 44% 
NIN552 11 / 25 44% 

CDIN552 3 / 4 75% 
CNIN552 1 / 4 25% 

CK552 1 / 4 25% 
IDFF552 8 / 16 50% 
BDIN552 0 / 24 0% 
JKCL552 10 / 10 100% 
JKPR552 10 / 10 100% 
EXOR552 8 / 8 100% 
TOUT552 20 / 24 83% 
ODFF552 12 / 16 83% 

Figure 13. PML2552 Resources Summary 
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mapping process. When the resource is 
correctly mapped, it shows up in the table 
with the right tally. If not, the netlist may need 
examination. 

By going incrementally, designs will progress 
systematically with only small surprises along 
the way. Usually, the surprises are that the 
design took fewer resources than expected. 
This is because the PML architecture is 
almost fully connectible, and SNAP optimizer 
is focused on flattening the design (for speed) 
to maximize wide internal gate usage. 

As a suggestion, one very appropriate design 
method is to layout the data paths first, 
compile the design, then when everything fits 
appropriately, design in the control sections. 

REFERENCES 
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tion PLD Architecture Breaks AND-OR 
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DESIGN EXAMPLES 
Most designers tend to view a PLD as a 
mechanism for collecting logical glue within a 
system. That is, those pieces which tie 
together the larger LSI microprocessors, 
controllers, RAMs, ROMs, UARTs, etc. 
However, there is a tendency of viewing a 
gate array as an entire system on a chip. 
PML based products will fit well in either 
casting as will be demonstrated by a series of 
small but straightforward examples. For 
starters, we shall examine how the fusing 
process embeds function, progress to 
glue-like decoding operations and finally 
demonstrate some coprocessor like functions 
as well as homemade ·standard products". 

1 OF 8 DECODER/DEMULITPLEXER 

The method of associating gates within the 
NAND foldback structure is depicted in 
Figure 1 wherein a simple three to eight 
decoder is fused into the array. The 
corresponding inputs are on the left and 
outputs at the top. This figure shows inputs 
and their inverse formed in the array resulting 
in a solution that requires 6 inverting NANOs 
that would probably be best generated at the 
input receivers. Hence, this diagram could be 
trimmed by six gates, down to eight to 
achieve the function. Figure 2 shows two 
consecutive 0 flip-flop fusing images. Note 
that asynchronous sets and resets may be 
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achieved for free. in this version. In both 
Figures 1 and 2 the gates are numbered in a 
one-to-one arrangement. As well. the 
accompanying equations are in the format 
used by Philips SNAP design software. For 
clarity. consider the gate labeled 2A in 
Figure 1. Schematically. this is shown as a 
3 input NAND. However. in the fused 
depiction. it combines from three intermediate 
output points with the dot intersect 
designation. Hence. all gates are drawn as 
single input NANOs whose inputs span the 
complete NAND gate foldback structure. 
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Figure 1. Decoder Implementation In NAND Foldback Structure 

750 

r;"-
L....!.I 

0 
~ L...:..:./ 
~ 
~ 

@-
Q-
R 
L2..t" 
LV 
~ 
F.=( 
LV-
~ 
~ 
IT>-
@-

~ 



Philips Semiconductors Programmable Logic Devices Application Note 

PLHS501 design examples AN049 

r-t-_y--t=ru:\r....--1"""> 02 

CLOCKl 

DATA2r->----~~ DATAl c>------l.:-:J 

@LOQJ:C BQUATJ:OH 
DA1 - I (DN1 • SN1); 
SN1 - / (DA • CLOCK1) 
RN1 - / (SN1 • CLOCK1 • DN1); 
DN1 - / (DATAl • RN1); 
01 - / (SN1' ON1); 
ON1 - / (RN1 • 01); 

DA2 - I (DN2 • SN2); 
SN2 - I (DA2 • CLOCK2) 
RN2 - / (SN2 • CLOCK2 • DN2); 
DN2 - / (DATA2 • RN2); 
02 - I (SN2 • ON1); 
ON2 - I (RN2 • 02); 

ICLOCK2 -~ 
ICLOCKl 

DATA2 ~ 

DATAl ~ 

02 lN2 01 QNl 

~ 

=( 
1=< 
1=< 
=( 
~ 
~ 
~ 
~ 

~ 3A 

38 

lA 

18 

~ 28 

Figure 2. Two Flip-Flops Implemented in the NAND Foldback Strucutre 

One straightforward example of using a 
PLHS501 is shown in Figure 3. Here, the 
device is configured to accept the 23 upper 
address lines generated by a 68000 
microprocessor. By selecting the direct and 
complemented variables, at least 16 distinct 
address selections can be made using only 
the dedicated outputs. The designer can 
combine additional VME bus strobes, or other 
control signals to qualify the decode or, define 
8 additional outputs for expanded selection. 

October 1993 

As well, the designer could transform the 
bidirectionals to inputs and decode over a 32 
bit space, selecting combinations off of a 32 
bit wide address bus. Because this simple 
level of design requires only NAND output 
terms plus 4 NAND gates in the foldback 
array (for inversion of signals connected to 
03.00), there may be as many as 68 
remaining gates to accomplish additional 
handshaking or logical operations on the 
input variables. 
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Figure 3. 68000 Microprocessor 
Address Decode 
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Figure 4. 8-Bit Barrel Shifter Implemented with the PLHS501 

An eight bit barrel shifter exploits most of the 
PLHS501 as depicted in Figure 4. This 
implementation utilizes all 72 intemal 
foldback NANOs in a relatively brute force 
configuration as well as 8 output NANOs to 
generate transparent latched and shifted 
results. The shift position here is generated 
by the shift 0, shift 1 and shift 2 inputs which 
are distinguished and selected from the input 
cells. Variations on this idea of data 
manipulation could include direct passing 
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data, mirror imaged data (bit reversal) or byte 
swapping to name a few. 

Part of an eight bit, look-ahead parallel adder 
is shown in Figure 5. Gates necessary to 
form the level-O generate and propagate, as 
well as the XOR output gates generating the 
resulting sum are not shown. The reader 
should be aware that this solution exploits 
four layers of pyramided gates and only 
utilizes a total of about 58 gates. Additional 
comparison or Boolean operations could still 
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be generated with remaining NAND functions 
to achieve additional arithmetic operations. 
This application should make the reader 
aware of a new class of applications 
achievable with third generation PLDs - user 
definable I/O coprocessors. The approach of 
increasing microprocessor performance by 
designing dedicated task coprocessors is 
now within the grasp of user definable single 
chip solutions. 
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G6 
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P7 
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P2 
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Gl 
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~ D>------- IP1' 
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Figure 5. Partial NAND Gate Equivalence of the 8-Bit Look-Ahead Adder 
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An example of one of the least efficient 
structures realizable on the PLHS501 is 
shown in Figure 6. Here, a cascade of 12 
flip-flops are formed into a toggle chain that 
used all available NAND gates in the main 
logic array. In the PLHS501 simple cross
coupled latches or transparent D latches are 
preferred over edge triggered flip-flops simply 
because they conserve NAND gates. 
Applications for structures like this include 
timing generators, rate multiplication, etc. 
Rearranging Figure 6 as a 12-bit shifter, 
picking off states at the output terms could 
result in a general purpose sequence 
recognizer capable of recognizing binary 
string sequences. These strings could be up 
to 13 bits long (in a Mealy configuration) and 
24 distinct sequences could be sensed and 
detected. 

Figure 7 shows a 32 to 5-bit priority encoder. 
This sort of device could generate encoded 
vector interrupts for 32 contending devices. 
Of particular interest is the fact that ordinary 
encoders are not this wide. The designer is, 
of course, not constrained to generating 
combinational functions in even powers of 
two. Thus, the PLHS501 can easily perform 
customized functions like a 5 to 27 decoder 
or a 14 to 4 encoder or, even an 18 to 7 
multiplexor. For the sake of optimization, the 
designer is encouraged to implement 
precisely the function he needs, no more and 
no less! 

The design examples given are illustrative of 
some typical operations used in ordinary 
systems. In each case, the example could be 
thought of as simply an "off the shelf" 
standard solution to an every day problem 
(i.e., a de facto standard product). 
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CLK 

RST 

012 011 010 09 08 07 

Figure 6. 12·Blt Ripple Counter 

INPUT NAND OUTPUT 
BUFFERS ARRAY TERMS 

Figure 7. Encoder 
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DEVELOPMENT SUPPORT 

SNAP 
Because the architecture encourages deep 
functional nesting, a new support tool has 
been developed. Synthesis, Net/ist, Analysis 
and Program (SNAP) software defines a gate 
array type development environment. SNAP 
permits several forms of design capture 
(schematic, Boolean equations, state 
equations, etc.), a gate array simulator with 
back annotation, waveform display and a 
complete fault analyzer and final fusemap 
compilation and model extraction. SNAP 
comes with a library of cells, and designs 
may be captured independently of the 
ultimate device that will implement the 
design. This permits the designer to migrate 
his design among a family of PML devices 
just as gate array designs can be moved to 
larger foundations when they do not route on 
smaller ones. Figure 8 shows the SNAP user 
interface "Shell" which dictates one sequence 
of operations to complete a design. Other 
sequences may be used. 

The top portion of the shell depicts the paths 
available for design entry. Any design may be 
implemented in anyone or a blend of all 
methods. For instance, a shift register might 
best be described schematically but a 
decoder by logic equations. These may be 
united with a multiplexor described by a text 
netlist as well. Ultimately, each form of input 
will be transformed to a function netlist and 
passed either to the simulation section or to 
the compiler section. Waveform entry is for 
simulation stimuli. 

The simulator portion of SNAP is a 5-State 
gate array simulator with full timing 
information, setup and hold time checking, 
toggle and fi:lUlt grade analysis and the ability 
to display in a wide range of formats, any set 
of nodes within the design. This permits a 
designer to zoom in with a synthetic logic 
state analyzer and view the behavior of any 
point in the design. Simulations can occur 
with unit delays, estimations or exact delays. 
The sequence of operations depicted in 
Figure 8 is entirely arbitrary, as many other 
paths exist. 
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It should be noted that the output of the 
"merger" block represents the composite 
design, but as yet is not associated to a PML 
device. This occurs in the compiler portion 
wherein association to the device occurs and 
a fusemap is compiled. This is analogous to 
placement and routing in a gate array 
environment. Because of the inter
connectibility of PML, this is not difficult. 
Once compiled, the exact assignment of pins, 
gates and flip-flops is known, so timing 
parameters may be associated and a new 
simulation model generated with exact 
detailed timing embedded. The design may 
be simulated very accurately at this point, 
and if correct, a part should be programmed. 

To facilitate future migration to workstations, 
SNAP has been written largely in C. The 
internal design representation is EDIF 
(Electronic Design Interchange Format) 
compatible which permits straightforward 
porting to many commercially viable 
environments. SNAP currently utilizes OrCAD 
for schematic entry with eminent availability 
of FutureNet™ DASH. 

Minimizer 

Use cursor keys to select module 
Use function keys to enter command 

Figure 8. SNAP Shell Design 

FutureNet and DASH are trademarks 01 DATA VO 
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PLHS501 EXAMPLES USING 
SNAP 
• 8-bit barrel shifter 

• 12-bit comparator with dual 1 of 8 decoders 

• 8-bit carry look-ahead adder 

• 32 to 5 priority encoder 

• 4-bit synchronous counter 

• VME EPROM interface 

• Microchannel interface 

• NuBus interface 

• Data bus parity generator 

• 16-bit comparator 

Following are example applications for the 
PLHS501 using SNAP. They should not be 
viewed as showing all possible capabilities of 
the device. They have been designed to 
demonstrate some of the PLHS501 features, 
syntax of SNAP, and to give the reader some 
ideas for possible circuit implementations. 

Note that these examples were written using 
SNAP Rev. 1.90. Although Philips will try to 
keep succeeding versions of SNAP 
compatible, it may be necessary to change 
some syntax rules. Therefore, please refer to 
your SNAP manual for any notes on 
differences, if using a revision later than 
Rev. 1.90. 

8-BIT BARREL SHIFTER 
This 8-bit shifter will shift to the right, data 
applied to A7 - A9 with the result appearing 
on OUT7 - OUTO. Data may be shifted by 1 
to 7 places by indicating the desired binary 
count on pins SHIFT2 - SHIFTO. Data 
applied to the OUTO position for a shift of 1. 
For a shift of 0, A 7 will appear on OUT7. 

Also included is a transparent latch for the 
output bits. The input 'COMPLMTO' will invert 
all output bits simultaneously and input IOE 
will 3-State all outputs. 

This design was done by using OrCAD's SDT 
with SNAP. The top level drawing is shown in 
Figure 11. The PLHS501 has various output 
structures. For the best fit, it was necessary 
to alter the portion of the schematic 
connecting to pins 15 - 18 compared to pins 
37-40. This is shown in Figures 12 and 13. 
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************************************************************ 
* PLHS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/15/93 Time: 17:32:41 * 
************************************************************ 

A2 
A3 
A4 
AS 
A6 
A7 
L4 
L5 
L6 
L7 

C 
o 

S SSM 
H H H P P 
I I I L I 
F F F M H 

AATTTTL5 
102 1 0 0 E 2 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
I I I I I I I I I I I I I I I 
I 11111 1 1 1 987 6 5 I 
I 76543 2 1 0 I 
I I 

81VCC VCCI46] 
[ 91118 l4145] 
[101ll9 13144] 
[1l1l20 l2143] 
[121l21 ll142] 
[131122 lOI4l] 
[141l23 /B3140] 
[151B4 /B2139] 
[161B5 /BlI38] 
[171B6 /BOI37] 
[181B7 X7136] 
[19100 X6135] 
[201GHD GHDI34] 

I I 
I / / / / I 
I 0 OOOOOOXXXXXX I 
I 1 2 3 4 5 6 7 012 3 4 5 I 
+----------------------------------+ 

121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

000000 
UUUUUU 
T T T T T T 
012 3 4 5 

Figure 9. Barrel Shifter Pin Ust 
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LO 
L1 
L2 
L3 
OUT7 
OUT6 
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AD 
Al 
A2 
A3 
A4 
AS 
A6 
A7 

110 
111 
101 
100 
011 
010 
001 
000 

SHiFTO ~ SHiFTl 
SHlFT2 ~ Jr 

~ 
ILE 

~" or 1 ~ flO ~1 y[J)- ora;: 
~ ~ ~ ~ ~ ~ ~ 

COMPLMlO 

~ JOE r 
OUT7 OUT6 OUTS OUT2 OUTl OUTO 

Figure 10. 8·Bit Barrel Shifter Schematic 
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NA5 

AD 

NA5 

us 

NA5 

D3 

NA5 

U1 
D4 

10 
N 

NA9 
NA5 

U2 

NA5 
NA2 

NA5 

Figure 12. Portion of Shifter to Connect to NAND Output Pins 
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NA5 

AO 

NA5 

us 

NA5 

D3 

NA5 

Ul 
D4 

IN 

D5 
NAg 

NA5 

NA5 
NA2 

NA5 

Figure 13. Portion of Shifter to Connect to AND Output Pins 
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************************************************************ 
* PLHS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/15/93 Time: 17:44:04 * 
************************************************************ 

AS 
A6 
A7 
A8 
A9 
BO 

ENCOMP 
DCDREN 

RW 
WO 

October 1993 

AA 
AAA11AABBBBBB 
432101098 7 654 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I 1 1 1 1 1 1 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
1 I I I I I I I I I I I I I I 
1 1 1 111 1 1 1 987 6 5 I 
I 765 4 3 2 1 0 I 
I I 

81VCC VCCI46] 
[ 91Il8 I4145] 
[101 Il9 I3144] 
[111I20 I2143] 
[121I21 Il142] 
[131I22 I0141] 
[141I23 /B3140] 
[151B4 /B2139] 
[161B5 /BlI38] 
[171B6 /BOI37] 
[181B7 X7136] 
[19100 X6135] 
[20IGND GNDI34] 

1 I 
I / / / / I 
I 0000000 XXXXXX I 
I 1234567 012 3 4 5 I 
+----------------------------------+ 

121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
WWWWWWWRRRRRR 
12345 6 7 0 123 4 5 

Figure 14. 12-BIt Comparator Pin List 
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B3 
B2 
Bll 
B10 
B1 
CMPOUT 
DA2 
DA1 
DAO 
R7 
R6 

Application Note 

AN049 

12-BIT COMPARATOR WITH 
DUAL 1-0F-8 DECODERS 
Two functions that are very often associated 
with controlling 1/0 parts are address 
comparison and address decoding. In this 
example, both functions are programmed into 
a PLHSS01 using 52 out of the 72 foldback 
NAND terms. 

The comparator compares 12 bits on inputs 
A11 -AO to inputs B11 - 80 when the input 
'ENCMP' is High. Output 'CMPOUT' will 
become Active-Low when all 12 bits of the A 
input match the B. Selection between the two 
decoders is done with input 'RJW'. Only one 
output may be active (Low) at a time. 
Although currently separate functions, the 
decoder enable may be derived internally 
from 'CMPOUT' freeing 2 bidirectional pins 
which together with available foldback NAND 
terms, may be used to incorporate a third 
function. 

All-AO 

811-80 

DA2 
DAl 
DAO 

RW 

CMPOUT 

ENCOMP 

W7-WO 

R7-RO 

DCDREN 

Figure 15. 12-Bit Comparator with 
Dual 1 - 8 Decoders Block Diagram 
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"FILENAME: CMP12BIT.EQN" 
l2-bit address comparator and dual 1 of S decoders" 

@PINLIST 
BO I; 
Bl I; 
B2 I; 
B3 I· 
B4 I; 
B5 I; 
B6 I; 
B7 I; 
BS I; 
B9 I; 
B10 I; 
Bll I· 
AO I; 
Al I; 
A2 I; 
A3 I; 
A4 I; 
AS I; 
A6 I· 
A7 I; 
AS I; 
A9 I; 
A10 I; 
All I· 
DAO I; 
DAl I; 
DA2 I; 
RW I; 
DCDREN I; 
ENCOMP I; 
WO 0; 
Wl 0; 
W2 O· 
W3 0; 
W4 0; 
W5 O· 
W6 0; 
W7 0; 
RO 0; 
Rl 0; 
R2 O· 
R3 0; 
R4 O· 
R5 0; 
R6 O· 
R7 0; 
CMPOUT O· 

@LOGIC EQUATION 

"COMMON PRODUCT TERM" 
adO=/da2*/dal*/daO*dcdren; 
adl=/da2*/dal* daO*dcdren; 
ad2=/da2* dal*/daO*dcdren; 
ad3=/da2* dal* daO*dcdren; 
ad4= da2*/dal*/daO*dcdren; 
adS= da2*/dal* daO*dcdren; 
ad6= da2* dal*/daO*dcdren; 
ad7= da2* dal* daO*dcdren; 

Figure 16. 12·Bit Comparator Boolean Equations (1 of 2) 
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"l2-Bit Address Comparator" 

axbO aO*/bO + /aO*bO; 
axbl al*/bl + /al*bl; 
axb2 a2*/b2 + /a2*b2; 
axb3 a3*/b3 + /a3*b3; 
axb4 a4*/b4 + /a4*b4; 
axb5 a5*/b5 + /a5*b5; 
axb6 a6*/b6 + /a6*b6; 
axb7 a7*/b7 + /a7*b7; 
axb8 a8*/b8 + /a8*b8; 
axb9 a9*/b9 + /a9*b9; 
axblO = alO*/blO + /alO*blO; 
axbll = all*/bll + /all*bll; 

cmpout = /(/axbO*/axbl*/axb2*/axb3*/axb4*/axb5*/axb6*/axb7*/axb8*/axb9* 
/axblO*/axbll*encomp); 

"Dual 1 of 8 decoders 

w7 
w6 
w5 
w4 
w3 
w2 
wl 
wO 

r7 
r6 
r5 
r4 
r3 
r2 
rl 
rO 

da2-daO are address inputs 
dcdren is an enable input 
rw selects which group of 8 outputs r7-rO or w7-wO 

will have the decoded active low output" 

/(ad7*/rw); 
/(ad6*/rw); 
/(ad5*/rw); 
/(ad4*/rw); 
/(ad3*/rw); 
/(ad2*/rw); 
/(adl*/rw); 
/(adO*/rw); 

/(ad7* rw); 
/(ad6* rw); 
/(ad5* rw); 
/(ad4* rw); 
/(ad3* rw); 
/ (ad2* rw); 
/(adl* rw); 
/(adO* rw); 

Figure 16. 12-Bit Comparator Boolean Equations (2 of 2) 
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S-BIT CARRY LOOK-AHEAD 
ADDER 
This function may be used as part of an ALU 
design or simply to off-load a microprocessor. 
Figure 18 is a block diagram showing the 
individual components needed for each bit. 

************************************************************ 
* PLHS501 52-Pin PLCe Package Pin Layout * 
* Date: 10/15/93 Time: 17:50:08 * 
************************************************************ 

A carry input (CO) is provided along with a 
carry output (C8). The result of an addition 
between the inputs A7 - AO and 87 - 80 
occurs on outputs SUM7 - SUMO. 

~~~~ 
G8 P8 G7 P7 G6 P6 G5 P5 

Hp tttt tt+t 
P2' I G2' I 

GROUP 2 

A7 
BO 
B1 
B2 
B3 
B4 

e8 

AAAAAAA 
6 5 432 1 0 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
I I I I I I I I I I I I I I I 
I 1 1 1 1 1 1 1 1 9 8 7 6 5 I 
I 765 432 1 0 I 
I I 

8 I vee vee 146] 
[ 91118 I4145] 
[101ll9 I3144] 
[111I20 I2143] 
[121 I21 lll42] 
[131I22 IOl41] 
[141I23 IB3140] 
[151B4 IB2139] 
[161B5 IBl138] 
[171B6 IBOl37] 
[181B7 X7136] 
[19100 X6135] 
[20IGND GND 134] 

I I 
I I I I I I 
I 000 OOOOXXX x x x I 
I 1 2 3 4 5 670 1 2 345 I 
+----------------------------------+ 

121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

S S S S S S 
UUUUUU 
MMMMMM 
o 123 4 5 

Figure 17. 8-Bit Adder Pin List 

eo 
B7 
B6 
B5 

SUM7 
SUM6 

fi4 fi3 fi2 g;: !~g~~g IT IT IT IT LEVEL.() FUNCTIONS 

G4 P4 G3 P3 G2 P2 G1 P1 

+ + + t t t t + LEVEL.1 I G2' I AUXILIARY 
FUNCTIONS ~ GROUP 1 

ri5~~~~ 
CARRY 
INFORMATION 

co 
ADDEND 
AUGEND 

I.8 

NOTES: 

G1'- G4 + P4 'G3+ P4 'P3 'G2+ P4 'P3 'P2 'Gl; 
Pl' - P4 ' P3 ' P2 ' Pl 
~'-~+~'~+~'~'OO+~'~'~'G~ 
P2' - P8' P7' P6' P5 

Cl - Gl + Pl • CO; 
C2 = G2 + P2 ' Gl + P2 ' P 1 ' CO; 
C3 = G3 + P3' G2 + P3 ' P2 ' Gl + P3 ' P2 ' Pl ' CO; 
C4=Gl'+Pl"CO; 
C5 - G5+ P5' Gl' +P5' Pl" CO; 
C6 - G6 + P6 ' G5 + P6' P5' Gl' + P6 ' P5 ' Pl' , CO; 
C7 = G7 + P7' 00 + P7 ' P6 ' G5 + P7' P6 ' P5 ' Gl' +P7 ' P6 ' P5 ' Pl' , CO; 
C8 - G2' + P2" Gl' + P2" Pl" CO; 

Figure 18. 8-Bit Carry Look-Ahead Adder Block Diagram and Equations 
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"FILENAME: ADDR8BIT _EQN 
8 Bit Carry Look-Ahead Adder" 

@PINLIST 
AO I; 
Al I; 
A2 I; 
A3 I; 
A4 I; 
AS I; 
A6 I-
A7 I; 
BO I; 
Bl I-
B2 I; 
B3 I; 
B4 I; 
B5 I; 
B6 I; 
B7 I; 
CO I; 

C8 0; 
SUMO 0; 
SUMl 0; 
SUM2 0; 
S0M3 0-
SUM4 0; 
SUMS 0; 
SUM6 0; 
SUM7 0; 

@LOGIC EQUATION 

"level-O functions" 

gol = /(aO*bO); 
pl = /(/aO*/bO); 
gl = /gol; 

go2 = /(al*bl); 
p2 = /(/al*/bl); 
g2 = /go2; 

go3 = / (a2*b2) ; 
p3 = / (/a2*/b2); 
g3 = /go3; 

go4 = /(a3*b3); 
p4 = /(/a3*/b3); 
g4 = /go4; 

go5 = /(a4*b4); 
p5 = /(/a4*/b4); 
g5 = /go5; 

go6 = / (a5*b5) ; 
p6 = /(/a5*/b5); 
g6 = /go6; 

go7 = / (a6*b6) ; 
p7 = /(/a6*/b6); 
g7 = /go7; 

go8 = /(a7*b7); 
p8 = /(/a7*/b7); 
g8 = /go8; 

"level-l functions" 

gl_l = g4 + p4*g3 + p4*p3*g2 + p4*p3*p2*gl; 
g2_1 = g8 + p8*g7 + p8*p7*g6 + p8*p7*p6*g5; 

Figure 19. 8-Bit Adder Boolean Equations (1 of 2) 
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"carry information" 

c1 = gl 
c2 = g2 
c3 = g3 
c4 = gl 1 
cS = gS
c6 = g6 
c7 = g7 
c8 = g2_1 

"addition 

sumO = cO 
sum1 = c1 
sum2 = c2 
sum3 03 
sum4 c4 
sumS cS 
sum6 = c6 
sum7 = c7 

October 1993 

+ p1*cO; 
+ p2*gl + p2*p1*cO; 
+ p3*g2 + p3*p2*gl + p3*p2*p1*cO; 
+ p4*p3*p2*p1*cO; 
+ pS*gl_l + pS*p4*p3*p2*p1*cO; 
+ p6*gS + p6*pS*gl 1 + p6*pS*p4*p3*p2*pl*cO; 
+ p7*g6 + p7*p6*gS- + p7*p6*pS*gl 1 + p7*p6*pS*p4*p3*p2*pl*cO; 
+ p8*p7*p6*pS*gl_1 + p8*p7*p6*pS*p4*p3*p2*pl*cO; 

functions" 

+ (p1 * gol); 
+ (p2 * go2); 
+ (p3 * go3); 
+ (p4 * go4); 
+ (pS * goS); 
+ (p6 * go6); 
+ (p7 * go7); 
+ (p8 * go8); 

Figure 19. 8-BII Adder Boolean Equations (2 of 2) 
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************************************************************ 
* PLHS501 52-Pin PLee Package Pin Layout 
* Date: 10/15/93 Time: 17:58:06 * 
************************************************************ 

I I I I I I I I I I I 
1 1 1 1 1 3 I 3 I 2 2 2 2 
5 4 3 2 1 1 0 0 2 9 8 7 6 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
1 1 I I 1 1 1 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
1 I I I I I I I I I I I I I I 
I 111 1 1 1 1 1 9 8 7 6 5 I 
I 76543210 I 
I I 

8 I vee vee 146] 
Il6 [ 91Il8 14145] 125 
Il7 [101 Il9 13144] 124 
Il8 [111120 12143] 123 
Il9 [121121 Ill42] 122 
Il [131122 10141] 121 

120 [141123 /B3140] IlO 
13 [151B4 /B2139] 19 
14 [161B5 /BlI38] 18 
15 [171B6 /BOI37] 17 
16 [181B7 X7136] 
AO [19100 X6135] 

[20lGND GNDI34] 
I I 
I / / / / I 
I 000 000 0 XXX XXX I 
I 123 4 5 6 7 012 3 4 5 I 
+----------------------------------+ 

121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
AAAA E G 
123 4 o S 

Figure 20. Encoder Pin list 
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32- to 5-BIT PRIORITY ENCODER 
This relatively simple example demonstrates 
the capability of the PLHS501 to be 
programmed with functions that are not 
available in 'standard' device libraries. The 
equations may look difficult at first glance. 
However, there is a pattern to the encoding. 
Referring to Figure 21, Lab4 - Lab1 are 
terms that are common to several outputs 
(A4n - AOn). Separating them from the main 
equations allows a total reduction in the 
numbers of gates used. 

131-10 
32to5 

PRIORITY 
ENCODER 

A4-AO 

GSN 

ECN 

Figure 21. 32 to 5 Priority Encoder 
Block Diagram 
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"FILENAME: ENCODER.EQN 
32 TO 5 PRIORITY ENCODER" 

@PINLIST 
IO I; 
Il I; 
12 I; 
13 I; 
I4 I; 
15 I" 
16 I; 
I7 I; 
18 I; 
19 I; 
IlO I; 
III I; 
Il2 I" 
ll3 I; 
ll4 I; 
ll5 I; 
ll6 I; 
ll7 I; 
ll8 I; 
ll9 I; 
120 I; 
121 I; 
122 I; 
123 I; 
124 I" 
125 I; 
126 I; 
127 I; 
128 I; 
129 I; 
130 I; 
131 I; 
AO 0; 
A1 0; 
A2 0; 
A3 0" 
A4 0" 
GS 0; 
EO 0" 

@LOGIC EQUATION 

"COMMON PRODUCT TERM" 
cpt1 i26*i27*i28*i29*i30*i31 
cpt2 i20*i21*i22*i23*i24*i25 
cpt3 i14*i15*i16*i17*i18*i19 
cpt 4 i8*i9*i10*i11*i12*i13; 

AO=/( /i31 
+/i29*i30*i31 
+/i27*i28*i29*i30*i31 
+/i25*cpt1 
+/i23*i24*i25*cpt1 
+/i21*i22*i23*i24*i25*cpt1 
+/i19*cpt2*cpt1 
+/i17*i18*i19*cpt2*cpt1 
+/i15*i16*i17*i18*i9*cpt2*cpt1 
+/i13*cpt3*cpt2*cpt1 
+/i11*i12*i13*cpt3*cpt2*cpt1 
+/i9 *i10*i11*i12*i13*cpt3*cpt2*cpt1 
+/i7 *cpt4*cpt3*cpt2 
+/i5 *i6*i7*cpt4*cpt3*cpt2*cpt1 
+/i3 *i4*i5*i6*i7*cpt4*cpt3*cpt2*cpt1 
+/i1 *i2*i3*i4*i5*i6*i7*cpt4*cpt3*cpt2*cpt1); 

A1=/( /i31 
+/i30*i31 
+/i27*i28*i29*i30*i31 
+/i26*i27*i28*i29*i30*i31 

Figure 22. Encoder Boolean Equations (1 of 2) 
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+/123*i24*125*cpt1 
+/i22*i23*i24*i25*cpt1 
+/i19*cpt2*cpt1 
+/118*i19*cpt2*cpt1 
+/115*116*117*118*119*cpt2*cpt1 
+/114*115*116*117*118*119*cpt2*cpt1 
+/111*i12*113*cpt3*cpt2*cpt1 
+/110*111*i12*113*cpt3*cpt2*cpt1 
+/17 *cpt4*cpt3*cpt2*cpt1 
+/16 *i7*cpt4*cpt3*cpt2*cpt1 
+/13 *i4*i5*i6*i7*cpt4*cpt3*cpt2*cpt1 
+/12 *i3*i4*i5*16*i7*cpt4*cpt3*cpt2*cpt1); 

A2=/( /131 
+/130*i31 
+/129*i30*131 
+/128*i29*i30*i31 
+/123*i24*125*cpt1 
+/i22*i23*i24*i25*cpt1 
+/121*i22*i23*i24*i25*cpt1 
+/i20*121*i22*i23*i24*i25*cpt1 
+/115*i16*i17*i18*i19*cpt2*cpt1 
+/114*i15*i16*i17*i18*i19*cpt2*cpt1 
+/113*cpt3*cpt2*cpt1 
+/112*113*cpt3*cpt2*cpt1 
+/17 *cpt4*cpt3*cpt2*cpt1 
+/16 *17*cpt4*cpt3*cpt2*cpt1 
+/15 *16*i7*cpt4*cpt3*cpt2*cpt1 
+/14 *i5*i6*i7*cpt4*cpt3*cpt2*cpt1); 

A3=/( /131 
+/130*i31 
+/i29*i30*i31 
+/128*i29*i30*131 
+/127*i28*i29*130*131 
+/126*127*128*129*i30*131 
+/125*cpt1 
+/124*i25*cpt1 
+/115*116*117*118*i19*cpt2*cpt1 
+/114*i15*116*117*i18*119*cpt2*cpt1 
+/i13*cpt3*cpt2*cpt1 
+/112*113*cpt3*cpt2*cpt1 
+/111*112*i13*cpt3*cpt2*cpt1 
+/110*111*112*113*cpt3*cpt2*cpt1 
+/19 *110*111*112*113*cpt3*cpt2*cpt1 
+/18 *19*110*111*112*i13*cpt3*cpt2*cpt1); 

A4=/( /131 
+/130*131 
+/129*i30*131 
+/i28*129*130*131 
+/127*128*i29*130*131 
+/126*127*128*i29*130*131 
+/125*cpt1 
+/124*125*cpt1 
+/123*124*125*cpt1 
+/122*i23*i24*i25*cpt1 
+/121*122*123*124*125*cpt1 
+/120*121*122*123*124*125*cpt1 
+/i19*cpt2*cpt1 
+/118*119*cpt2*cpt1 
+/117*118*i19*cpt2*cpt1 
+/116*117*i18*119*cpt2*cpt1); 

eo /(10*11*12*13*14*15*16*17 
*i8*19*110*i11*112*113*114*115 
*i16*117*118*i19*120*121*122*i23 
*124*125*cpt1); 

g8 leo; 

Figure 22. Encoder Boolean Equations (2 of 2) 
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4-BIT SYNCHRONOUS COUNTER 
This counter produces a binary count on 
outputs Count3 - CountO. Note the required 
reset (RST) input to initialize all of the 
flip-flops. The inputs for each flip-flop were 
first determined by drawing the desired output 
waveforms. Next, Kamaugh maps were used 
to reduce the number of terms and determine 
the logic equations for the input to each 
flip-flop. This technique could be used to 
construct a counter whose outputs produce 
some count other than binary. 

The simulation only consists of a reset, 
followed by a number of clocks to count from 
o through 15 and back to O. 
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************************************************************ 
* PLBS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/18/93 !1me: 09:51:23 * 
************************************************************ 

COUNTO 
COtJHU 
COUNT2 
COUNT3 

TC 

RC 
S L 
! It 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
I I I I I I I I I I I I I I 
I 1 1 1 1 1 1 1 1 987 6 5 
I 765 432 1 0 
I 

81YCC 
[ 91118 
[101119 
[111120 
[121121 
[131122 
[141123 
[151B4 
[161B5 
[171B6 
[181B7 
[19100 
[201GHD 

I 
I 
I 
I 

1 1 1 1 
OOOOOOOXXXXXX 
1234567 0 1 2 3 4 5 

I 
I 
I 
I 

vcc I 46) 
J:4145) 
13144) 
12143) 
11142) 
10141) 

IB3140) 
IB2139) 
IBl138) 
IBO 137) 
X7136) 
X6135) 

GHD134) 
I 
I 
I 
I 

+----------------------------------+ 
121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

Figure 23. 4-81t Counter Pin Us, 

no 
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"4 bit synchronous counter" 

@PIHLIST 
CLK I; 
RST I; 
COURTO 0; 
COURTl 0; 
COURT2 0; 
COURT3 0; 
TC 0; 

@LOGIC EQUATIOH 

"INPUTS FOR EACH FLIP-FLOP" 

DATAl «CQ1*CQHO)+(CQH1*CQO»; 
DATA2 = «CQO*CQ1*CQH2)+(CQHO*CQ2)+(CQR1*CQ2»; 
DATAl = «CQR2*CQ3)+(CQRO*CQ3)+(CQO*CQ1*CQ2*CQH3)+(CQH1*CQ3»; 

"4 D-T'!PE FLIP FLOPS CORRECTED AS A S'YHCBROHOUS COURTER" 

CSHO = /(CLK*RST*(/(CSHO*(/(CQHO*RST*CRHO»»); 
CRHO /(CSHO*CLK*(/(CQHO*RST*CRHO»); 
CQO = /(CSHO*CQHO); 
CQHO /(CRHO*CQO*RST); 

CSHl = /(CLK*RST*(/(CSH1*(/(DATAl*RST*CRH1»»); 
CRHl /(CSH1*CLK*(/(DATAl*RST*CRH1»); 
CQl = /(CSH1*CQH1); 
CQHl /(CRH1*CQ1*RST); 

CSH2 = /(CLK*RST*(/(CSH2*(/(DATA2*RST*CRH2»»); 
CRH2 /(CSH2*CLK*(/(DATA2*RST*CRH2»); 
CQ2 /(CSH2*CQH2); 
CQH2 /(CRH2*CQ2*RST); 

CSH3 = /(CLK*RST*(/(CSH3*(/(DATAl*RST*CRH3»»); 
CRH3 /(CSH3*CLK*(/(DATAl*RST*CRH3»); 
CQ3 = /(CSH3*CQH3); 
CQH3 = /(CRH3*CQ3*RST); 

"Connection to output pins" 

countO=cqO; 
countl=cql; 
count2=cq2; 
count3=cq3; 

"TERMINAL COURT PIN" 

TC=(CQO*CQ1*CQ2*CQ3); 

October 1993 

Figure 24. 4·Bit Counter Boolean Equations 
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VME Bus EPROM Interface 
The idea for this VMEbus EPROM board 
came from WIRELESS WORLD CIRCUIT 
IDEAS, January, 1988. The implementation 
was done by a Philips' FAE, John McNally. 

The board contains two banks of EPROMs. 
Each bank consists of either two 27128s or 
two 27256s; each of which can be enabled by 
comparing the address location fo the board. 
Decoding three other address bits selects 
which of the banks is accessed. A 4-bit shift 
register combined with four jumpers provide 
wait states. 

The circuit drawing was entered onto a PC 
using FutureNet DASH, a schematic capture 

package (Figures 25, 26, and 27). It was then 
converted to logic equations using SNAP 
(Figures 29 and 30) and then assembled into 
a PLHSS01. 

This application, which originally needed 
eight ICs, used forty-four of the available 
seventy-two NAND Foldback Terms and forth 
of the available fifty-two pins. As the 
PLHSS01 contains no registers, an 
edge-triggered D-type flip-flop was designed 
using NAND gates and this is used as a soft 
macro in order to implement the shift register 
function (Figure 27). 
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As suggested in the original article, the circuit 
could be expanded to access up to eight 
ROM banks (Figure 288). This was achieved 
by editing the logic equation file and adding 
extra equations (Figure 32). Modifying the 
drawing, although fairly easy to do, was not 
considered necessary as the object was to 
design with PML and not TTL. The expanded 
circuit would require another three TTL IC 
packages, brining the total to eleven if done 
using TTL devices. The number of foldback 
terms increased to fifty-five, with the number 
of pins rising to fifty. Figure 28 shows the 
pinout of both versions. 

1 ........ " 2 ENADO 

G1 
1M 1 ~~ ____ ~~v~C~C 
~ ~1~9 __ -1 __ ~~~ ________________ -.~ ________ ~~~A~S~EL 

817 3 1--',,,.8 __ -! __ -+~GND 1 :J5!.2 

A18 4 17 GND 
818 5 16 S23 

A19 6 15 A23 

~ 
A20 8 

1---"::!.o4 __ --I __ -+---'S22 

1--',,,.3 __ -+ __ -+-:A22 
S20 9 12 S21 

2] '3 -G2 

GND 11 A21 7404 
~ C-·_L Kr-...2 

1 ~2 1 7432 
2) )">=-3 -4---"':~-'" 3 

M1 ~ G4 2~ 
G5 G3 

IR-W 
A16 1 ~ 

---+~~4~-2~ ~MD 

~ ,14 ROM1 

r+-~5 13 NC 
L 12 NC 

1 7432 
IROM1LO 2 ,>-=-3 __ ----:..:./R:;:0=M:.:;1 L:.:O 

G6 G7 
6 11 NC 

NC 7 10 NC 

NC 1 7432 1 7432 
QJ~3 __ --.!.IR:!:O~M=.:'~ .. 

G8 

2 J )">=-3 ---,/:.:;R.::;OM:::.':.:.=HI 

G9 

IDSO 
1DS1 

2 ~2 L-____ ':....-r..;..;.;7-400~". I, ~, 
~W-A-IT--~3~)r-'~~~'--G='~0~--------~2~L-I-'J~~--~--~ 

G10 ru, G12 

R-WN 

~ 
~~ ~ 
.~ 13 00 

.~ 1201 

4~ 11 02 
~ 10 03 (SOURCE: WIRELESS WORLD, JAN. 1988, CIRCUIT IDEAS) 

6 

CKBMZ 

Figure 25. VME - EPROM Interface 
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a 

PN 
ON 

CK 

o 
G6 

Figure 26. Edge-Triggered D Flip-Flop (DFFS) 

SET 

Gt 
oFFS OFFS OFFS oFFS 

a QO a at a Q3 

PN aN ONO PN ON aNt PN ON aN3 
GNO 0 RN ROO 0 RN ROt 0 RN R03 

SN SOO SN SOt SN 503 
CLBMZ CK ON 000 CK ON DOt CK ON 003 

FFt FF2 FF3 FF4 

Figure 27. 4-Bit Shifter (7495) 
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A. 2 ROM BANKS AS ORIGINAL CIRCUIT. 
REPLACES 8 PACKAGES - USES 46 FOLDBACK TERMS 

S11 
lAS S18 
A16 S111 
A17 S20 
A18 821 
A111 S22 
A20 

1
7

16 50 411 146147 

S23 

5 4 3 2 1 52 51 

vee 8 46 vee 
A21 II 45 WAIT 
A22 10 44 NIC 
A23 11 43 CKBMZ 
IDSO 12 42 NIC 
lOS1 13 PLHS501 41 HlC 
R-WN 14 40 IR-W 
QO 15 311 DTAK 
Q1 16 38 IDTACK 
Q2 17 37 IMASEL 
Q3 18 38 NIC 
IROMOLO 111 35 NIC. 
GND 20 VMEEXP 34 GND 

IROMOII 1
21

-'22 
23 24 25 26 27 28 2830 31132133 HlC 

1ROM1LO HlC 
1ROM111 HlC 
HlC ENDATII 
HlC ENDATLO 
HlC ENADD 

HlC 

B. EXPANDED TO 8 ROM BANKS 
REPLACES 11 PACKAGES - USES 55 FOLDBACK TERMS 

S17 
lAS S18 
A16 S111 
A17 S20 
A18 S21 
A1II S22 
A20 

17
16 411 148147 

S23 

5 4 3 2 1 52 51 50 

VCC 8 46 VCC 
A21 II 45 W2 
A22 10 44 W1 
A23 11 43 CKBMZ 
IDSO 12 42 HlC 
IDS1 13 PLHS501 41 HlC 
R-WN 14 40 IR-W 
REG 15 311 DTAK 
ENADD 16 38 IDTACK 
ENDATLO 17 37 IMASEL 
ENDATII 18 38 IROMntl 
IROMOLO 111 35 IROM7LO 
GND 20 FULLEXP 34 GND 

IROMOII 121122 23 24 25 28 27 2828 30 31132133 IROM6H1 
1ROM1LO IROM6LO 
IROM111 IROMSHI 
IR0M2LO IROMSLO 
IROM211 IROM4HI 
IR0M3LO IROM4LO 

IROM3HI 

Figure 28. VMEEXP and FULLEXP 
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************************************************************ 
* PLBS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/24/93 Time: 17:24:59 * 
************************************************************ 

A A A A ASS S S S S S 
211 1 1 All 1 2 2 2 2 
098 7 6 5 7 8 9 0 123 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
I I I I I I I I I I I I I I I 
I 1 111 1 1 1 1 9 8 7 651 
I 76543210 I 
I I 

81VCC VCC146] 
A21 [ 91118 14145] MAlT 
A22 [101119 13144] 
A23 [ll1I20 I2143] CKBMZ 
DSO [121I21 Il142] 
DS1 [131122 I0141] 
RWN [141I23 /B3140] RW 

00 [151B4 /B2139] DTACK 
01 [161B5 /BlI38] NDTACK 
02 [171B6 /BOI37] MASEL 
03 [181B7 X7136] 

ROMOLO [19100 X6135] 
[20lGHD GND134] 

I I 
I / / / / I 
I OOOOOOOXXXXXX I 
I 123 4 5 670 123 451 
+----------------------------------+ 

121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
RRR EEE 
000 KKK 
MMM ADD 
011 D A A 
BLB DTT 
I 0 I L B 

o I 

Figure 29. VMEEXP PLHS501 PlnUsl 
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@PINLIST 

WAIT I; 
CKBMZ I; 
DS[1. .0] I; 
RWH I; 
AS I; 
A[16 .. 23] I; 
S[17 .. 23] I; 

Q[O .. 3] O· ENDATLO O· 
ROMOLO 0; ENDATHI 0; 
ROMOHI 0; RW 0; 
ROMlLO O· NDTACK 0; 
ROM1HI 0; DTACK 0; 
ENADD 0; MASEL O· 

@LOGIC EQUATIONS 

R03 (/(MASEL*S03*CKBMZ*D03»; 
S03 (/(CKBMZ*(/(S03*D03*MASEL»»; 
D03 (/ (Q2*R03) ) ; 
R02 (/(MASEL*S02*CKBMZ*D02»; 
S02 (/(CKBMZ*(/(S02*D02*MASEL»»; 
D02 (/ (Q1*R02» ; 
R01 (/(MASEL*SOl*CKBMZ*D01»; 
SOl (/(CKBMZ*(/(SOl*D01*MASEL»»; 
DOl (/ (QO*R01) ) ; 
ROO (/(MASEL*SOO*CKBMZ*DOO»; 
SOO (/(CKBMZ*(/(SOO*DOO*MASEL»»; 
DOO (/(O*ROO»; 

ROMOLO = (/DSO+(/(/A16*MASEL»); 
ROMOHI = (/DS1+(/(/A16*MASEL»); 
ROM1LO = (/DSO+(/( A16*MASEL»); 
ROM1HI = (/DS1+(/( A16*MASEL»); 

QO (/«/(ROO*QO»*SOO*(MASEL»); 
Q1 (/«/(R01*Q1»*SOl*(MASEL»); 
Q2 (/«/(R02*Q2»*S02*(MASEL»); 
Q3 (/«/(R03*Q3»*S03*(MASEL»); 

MASEL = /(/(/(/«A17*S17+/A17*/S17) 
* (A18*S18+/A18*/S18) 
* (A19*S19+/A19*/S19) 
* (A20*S20+/A20*/S20) 
* (A21*S21+/A21*/S21) 
* (A22*S22+/A22*/S22) 
* (A23*S23+/A23*/S23) 
* (AS) »»; 

NDTACK /«/(MASEL+WAIT»*RWN); 
DTACK /NDTACK; 
RW /(RWN); 
ENADD = AS; 
ENDATLO = «RW+MASEL)+/DSO); 
ENDATHI = «RW+MASEL)+/DS1); 

Figure 30. VMEEXP PLHS501 .BEE File 
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************************************************************ 
* PLBS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/24/93 ~1me: 16:42:18 * 
************************************************************ 

A A A A ASS S S S S S 
2 1 1 1 1 All 1 2 2 2 2 
098 7 6 5 7 8 9 0 123 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
I I I I I I I I I I I I I I I 
111 1 1 1 1 1 1 987 651 
I 76543210 I 
I I 

81VCC VCC146] 
A21 [ 91118 14145] WO 
A22 [101119 13144] Wl 
A23 [111120 12143] CKBMZ 
DSO [121121 11142] 
DS1 [131122 10141] 
RWH [141123 /B3140] RW 
REG [151B4 /B2139] D~ACK 

BRADD [161B5 /BlI38] ND~ACK 
BNDA~LO [171B6 /BOI37) NASBL 
ENDA~RI [181B7 X7136] ROM1BI 

ROMOLO [19100 X6135) ROM1LO 
[20lGHD GHD134) 

I I 
I / / / / I 
I OOOOOOOXXXXXX I 
112 3 4 5 6 7 012 3 451 
+----------------------------------+ 

121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
RRRRRRRRRRRRR 
0000000000000 
MMMMMMMMMMMMM 
o 1 1 2 2 3 3 4 455 6 6 
RLRLRLRLRLRLR 
I 0 I 0 I 0 I 0 I 0 101 

Figure 31. FULLEXP Plnlls' 
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@PINLIST 

CKBMZ I; 
OS [1. .0] I; 
RWN I; 
AS I; 
A[16 .. 23] I; 
S[17 .. 23] I; 
W[1. .0] I; 

ROMOLO 
ROMOHI 
ROM1LO 
ROM1HI 
ENADO 

@GROUPS 

0; 
0; 
0; 
0; 
O' 

ENOATLO O' 
ENOATHI 0; 
RW 0; 
NO TACK 0; 
OTACK 0; 
MASEL O' 

ADOR = A[18 .. 16]; 

@LOGIC EQUATIONS 

R03 (/(MASEL*S03*CKBMZ*003»; 
S03 (/(CKBMZ*(/(S03*003*MASEL»»; 
003 (/(Q2*R03»; 
R02 (/(MASEL*S02*CKBMZ*002»; 
S02 (/(CKBMZ*(/(S02*D02*MASEL»»; 
002 (/ (Q1*R02» ; 
R01 = (/(MASEL*SOl*CKBMZ*OOl»; 
SOl (/(CKBMZ*(/(SOl*OOl*MASEL»»; 
001 (/ (QO*R01) ) ; 
ROO (/(MASEL*SOO*CKBMZ*OOO»; 
SOO (/(CKBMZ*(/(SOO*OOO*MASEL»»; 
000 (/(O*ROO»; 

ROMOLO = (/OSO+(/«addr == Oh)*MASEL») 
ROMOHI = (/OSl+(/«addr == Oh)*MASEL») 
ROM1LO = (/OSO+(/«addr == 1h)*MASEL») 
ROM1HI = (/OSl+(/«addr == 1h)*MASEL») 
ROM2LO = (/OSO+(/«addr == 2h)*MASEL») 
ROM2HI = (/OSl+(/«addr == 2h)*MASEL») 
ROM3LO = (/OSO+(/«addr == 3h)*MASEL») 
ROM3HI = (/OSl+(/«addr 3h)*MASEL») 
ROM4LO = (/DSO+(/«addr 4h)*MASEL») 
ROM4HI = (/OSl+(/«addr 4h)*MASEL») 
ROMSLO = (/OSO+(/«addr Sh)*MASEL») 
ROMSHI = (/OSl+(/«addr Sh)*MASEL») 
ROM6LO = (/OSO+(/«addr 6h)*MASEL») 
ROM6HI = (/OSl+(/«addr 6h)*MASEL») 
ROM7LO = (/OSO+(/«addr 7h)*MASEL») 
ROM7HI = (/OSl+(/«addr 7h)*MASEL») 

QO (/(C/(ROO*QO»*SOO*(MASEL»); 
Q1 (/«/(R01*Q1»*SOl*(MASEL»); 
Q2 (/«/(R02*Q2»*S02*(MASEL»); 
Q3 (/«/(R03*Q3»*S03*(MASEL»); 

MASEL = /(/(/(/«A17*S17+/A17*/S17) 
* (A18*S18+/A18*/S18) 
* (A19*S19+/A19*/S19) 
* (A20*S20+/A20*/S20) 
* (A21*S21+/A21*/S21) 
* (A22*S22+/A22*/S22) 
* (A23*S23+/A23*/S23) 
*(AS»») ; 

NO TACK /«/(MASEL+/«/qO*wO*/w1)+(q1*wO*/w1)+(/q2*/wO*w1) 
+(/q3*wO*w1»»*RWN); 

OTACK = /NOTACK; 
RW = /(RWN); 
ENADO = AS; 
ENOATLO = «RW+MASEL) +/OSO) ; 
ENOATHI = «RW+MASEL) +/OSl) ; 

Figure 32. FULLEXP PLHS501 .BEE File 
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MICRO CHANNEL INTERFACE 
IBM's new Micro Channel Architecture (MCA) 
bus implements new features not found on 
the XT/AT bus. One new requirement for 
adapter designers is that of Programmable 
Option Select (POS) circuitry. It allows 
system software to configure each adapter 
card upon power on, thereby eliminating 
option select switches or jumpers on the main 
logic board and on adapter cards. 

Each adapter card slot has its own unique 
-CDSETUP signal routed to it. This allows 
the CPU to interrogate each card individually 
upon power up. By activating a card's 
-CDSETUP line along with appropriate 
address and control lines two unique 8 bit ID 
numbers are first read from the adapter. 
Based upon the ID number, the system then 
writes into the card's option latches 
configuration information that has been 
stored in the system's CMOS RAM. The CPU 
also activates POS latch address 102h bit 0, 
which is designated as a card enable bit. 

If a new card is added to the system, an 
auto-configuration utility will be invoked. Each 
adapter card has associated with it a 
standardized Adapter Description File with 
filename of @XXXX.ADF, where XXXX is the 
hex ID number of the card. The configuration 
utility prompts the user according to the text 

-ADL 

-CDSETUP 
-M/-IO 

-S1 
-SO 
-A2 
-Al 
-AD 

7-8IT 
LATCH 

-CMD----------" 

provided in the .ADF file and updates the 
card's latches and the system's CMOS RAM. 

I BM reserves 8 addresses for byte-wide POS 
latches, however, depending on the card's 
function, not all addresses need to be used. 
In addition, of those addresses that are used, 
only the bits used need to be latched. The 
first two addresses which are reserved for 
reading the ID bytes, and bit 0 of the third 
address, which is defined as a card enable 
bit, are mandatory. Some of the remaining 
bits of the third address are suggested by 
IBM to be used as inputs to an I/O or memory 
address comparator to provide for alternate 
card addresses. Many adapter cards will not 
use more than these three POS locations. 

The following example describes an 
implementation of POS circuitry realized in a 
PLHS501. It uses only 56 of the possible 72 
internal foldback NAN D gates and only a 
portion of the device pins, allowing additional 
circuitry to ba added. Figure 33 shows a 
block diagram of the circuit, and Figures 35 
and 36 are the SNAP files. Pins labeled 
DOO-D07 must be connected externally to 
pins DINO-DIN7. They also must be 
connected through a 74F245 transceiver to 
the Micro Channel. External transceiver 
direction and enable control is provided for by 

circuitry within the PLHS501. The external 
transceiver may also be used by other 
devices on the adapter card. 

In this application, edge-triggered registers 
are not required and therefore should not be 
used, as transparent latches use fewer 
NAND gates to implement. Figure 34 shows 
the various latch circuits described by the 
SNAP equations. POS byte 2 was made 
using four of the IB device pins and four of 
the B pins. Notice however, from Figure 34(B) 
that the bits on the IB pins used the 
complement of the input pin, thereby 
implementing a non-inverting latch. Also, all 8 
bits of this byte were brought to output pins. If 
some of the bits are not used by external 
circuitry, then the specific bit latch may not be 
needed or may be constructed entirely from 
foldback NAND gates freeing additional pins. 

An external F521 may be added to provide 
for I/O address decoding. As the MCA bus 
requires all 16 bits of the I/O address to be 
decoded, 8 bits may be assigned to the F521 
and 8 bits to the 501. Bit fields decoded in the 
501 may be done so in conjunction with bits 
from POS byte 2 to provide for alternate I/O 
addressing. Additionally, some of the 
available 501 outputs may be used as device 
enables for other devices on the card. 

.1---- BUFEN 

...... _..,....._...JI----- DIR 

POS 
1-----+--1 I---~/ BYTE 2 

DATA OUTPUT 

~7~~==========~ DOD 

CHRESET 

Figure 33. Block Diagram of Basic P~S Implementation in PLHS501 
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SETUP 

ADL 
(SETUP) 

(INTERNAL NODE) 

D4I 

AST 

(A) Control Signal Input Latch (1 of 7) 

DOl 

AST 

(C) Data Latch of Bits 0 - 3 

Figure 34. Latches Used In MeA Interface 
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************************************************************ 
* PLHS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/24/93 Time: 15:42:33 * 
************************************************************ 

L4 
L5 
L6 
L7 

S 
E D D D 

SST C MAR I I I 
S S 0 M A A A IDS N N N 
lOP D 2 1 0 0 L T 7 6 5 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
I I I I I I I I I I I I I I I 
I 1 1 1 1 1 1 1 1 987 6 5 I 
I 765 432 1 0 I 
I I 

81VCC VCCI46] 
[ 91118 I4145] 
[101ll9 I3144] 
[111120 I2143] 
[121121 ll142] 
[131122 IO 141] 
[141123 /B3140] 
[151B4 /B2139] 
[161B5 /BlI38] 
[171B6 /BOI37] 
[181B7 X7136] 
[19100 X6135] 
[201GND GNDI34] 

I I 
I / / / / I 
I 0000000 XXXXXX I 
I 1 2 3 4 5 6 7 o 123 4 5 I 
+----------------------------------+ 

121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
BID D D D D D 
o 0 000000 
F W 012 3 4 5 
E B 
N 

Figure 35. PLHS501 MCPOSREG Pinlist 
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DIN4 
DIN3 
DIN2 
DIN1 
DINO 
L3 
L2 
L1 
LO 
D07 
D06 
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Basic Programmable Option Select circuitry 
for a Micro Channel Adaptor card 

@PIHLIST 

a[2 .. 0] i; 1[7 •• 0] 0; 
cmd i; do[7 .. 0] 0; 
setup i; bufen 0; 
ss [1. .0] i; iowb 0; 
din[7 .. 0] i; 
ad1 i; 
mio i; 
rst i; 

@LOGIC EQUATIONS 

readO = (nsetup1*/ss11*ssOl*nmio1*/cmd*na21*/a11*/a01) 
read1 = (nsetup1*/ss11*ssOl*nmio1*/cmd*na21*/a11* a01) 
read2 = (nsetup1*/ss11*ssOl*nmio1*/cmd*na21* a11*/a01) 

b7hi 0; "Define high ID byte " 
b6hi 1; (POS byte 11) 
bShi 1; 7E hex 
b4hi 1; 
b3hi 1; 
b2hi 1; 
b1hi 1; 
bOhi 0; 

b710 = 1; 
b610 
bS10 = 
b4lo 
b310 
b210 
bllo 
bOlo 

1; 
1; 
1; 
1; 
1; 
1; 
1; 

" Define low ID byte " 
(POS byte '0) 

FF hex 

" 7-Bit Input Latch for Control Signals H 

nsetupl = Isetup*/ad1 + nsetup1*ad1; 
nmio1 lmio */ad1 + nmiol *adl; 
5511 ssl */adl + ssll *ad1; 
ssOl ssO */adl + ssOl *ad1; 
na21 la2 */ad1 + na21 *adl; 
all a1 */adl + all *adl; 
a01 = aO */ad1 + a01 *ad1; 

" Option Select Octal Data Latch (POS byte '2) " 
" 10 is to be used as a card enable signal" 

nen = l(nsetup1*/ss01*ss11*nmio1*/cmd*na21*a11*/aOl); "write to latch" 

17 1(/din7 * Inen) * 1(/17 * nen) * (/rst); 
16 1(/din6 * Inen) * 1(/16 * nen) * (/rat); 
15 1(/dinS * Inen) * 1(/15 * nen) * (/rat); 
14 1(/din4 * Inen) * 1(/14 * nen) * (/rat); 
13 1(/( din3 * Inen * Irst) * 1(13 * nen * Irat»; 
12 1(/( din2 * Inen * Irst) * 1(12 * nen * Irat»; 
11 1(/( din1 * Inen * Irst) * 1(11 * nen * Irst»; 
10 1(/( dinO * Inen * Irst) * 1(10 * nen * Irat»; 

Figure 36. PLHS501 MCPOSREG .EQN File (1 of 2) 
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" Octal 3 to 1 Multiplexer N 

" This multiplexer selects between reading 
POS[O] , POS[l] or POS[2] onto tbe data bus" 

ido7 = (b7bi*readl + b7lo*readO + l7*read2) ; 
ido6 (b6bi*readl + b6lo*readO + l6*read2) ; 
idoS (bSbi*readl + bSlo*readO + lS*read2); 
ido4 (b4bi*readl + b4lo*readO + 14*read2) ; 
ido3 (b3bi*readl + b3lo*readO + 13*read2); 
ido2 (b2bi*readl + b2lo*readO + 12*read2); 
idol (blbi *readl + bllo*readO + 11*read2); 
idoO (bObi*readl + bOlo*readO + 10*read2); 

"3-State output control for do7-doO" 

do[7 .. 0] = ido[7 •• 0]; 
do[7 .. 0].oe = (nsetup1*/ssll*ssOl*nmiol*/cmd*na2l*outen); 
outen =/(all*aOl); 

"External F24S transceiver control" 

iowb = /(na2l * nsetupl * nmiol * ssll * /ssOl); 
niow = /(na21 * nsetupl * nmio1 * ssll * /ssOl); 
bufen = cmd * niow; 

Figure 36. PLHS501 MCPOSREG .EON File (2 of 2) 
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NuBus INTERFACE 
In Apple Computer's book· "Designing Cards 
and Drivers for Macintosh 1/ and Macintosh 
SE~ an application was described for 
interfacing an a-bit I/O controller to the 
NuBus. The controller used was a SCSI 
controller of the type used on the main 
Macintosh logic board. Seven devices (three 
of which were PAL architecture) were used 
as control circuitry interfacing the SCSI 
controller and two RAM chips to the bus. 

This example of using the PlHSS01 shows a 
method of interfacing the same SCSI 
controller and RAM chips to the NuBus using 
only three parts. The adapter card schematic 
is shown in Figure 38, the SNAP pin listing is 
in Figure 42, and the SNAP .EON listing is in 
Figure 43. Although the SNAP listing may 

seem confusing at first glance, the circuitry 
fused into the PlHS501 can be broken down 
into small blocks of latches, flip-flops, and 
schematically in Figures 40 and 41 . Circuit 
timing is shown in Figure 39. 

Referring to Figure 40 and Figure 41, the 
circuitry starts a transaction by first detecting 
a valid address in either the slot or super slot 
range. The detection is accomplished by two 
wide-input NAND gates, and controlled by the 
IClK signal. Following each NAND gate is an 
S-R latch to hold the signal until near the end 
of the cycle. The two S-R latch signals are 
combined into one signal named STO such 
that if either NAND gate output was low, then 
some delay time after the rising edge of 
IClK, STO will go low. The next rising edge of 
IClK will cause signal ST1 to go low. This 

MASTER SLAVE r-------------'r-------, 
I 
I 
I 
I 
I 
I 
I 
I 

II 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_.JL. 

NUBUS 

Figure 37. Simplified NuBuS™ Diagram 
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sets signal DE2 low, which is an input to an 
external flip-flop to cause ST2 to go low at 
the next rising IClK edge terminating the 
cycle. An external flip-flop was necessary to 
achieve a high-speed IClK to /lOR and lACK 
transition. Also, an external FI25 buffer was 
added to meed the soon to be approved 
IEEE P1196 specification requirement of 
60mA IOl for signal/NMRO and 24mA IOL for 
signals ITMO/TM1 and lACK. Figure 41(B) 
shows an easily implemented latch which 
controls interrupts generated by the SCSI 
controller passing onto the bus. Upon 
IRESET the latch is put into a known state. 
Under software control, by writing to a 
decoded address, the latch may be set or 
reset, thereby gating or blocking the interrupt 
signals. 

• Designing Cards and Drivers for Macintosh 1/ and Macintosh SE, Addison-Wesley Publishing Company, Inc. 1987. 
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INMRO 

ITail e:;:: 

ITUO Ie:;:: 

lACK 

R 
:t:5 

/START 
IRESET 

ICLK 

~R IID3 
IID2 
IIDl 
liDO 18 

1'------
t=-
F== 
F= 

4 'A7"""'i7 20 
5 A6 B6 19 
6 A5 B5 18 
7A484 17 

74F 25 

~ 

~ 

~ ~ ¥Oi 
I 

PU 

II 1 
~~§~ ~Iii~oiw~ 

D7 ~ffi~~t:::Qen 
D6 ~!!! 

INMREO 
D5 IRESETB 
D4 

71==-
F== 

IAD3 
IAD30 
IAD29 
IAD28 
IAD2 
IAD26 
IAD25 
IAD24 

8 A3 B3 16 D3 
9 A2 B2 15 D2 

PLHS501 /STU ~ 

~,,~, I==- 10 Al Bl 14 Dl en DRO I-- DRO F== 11 AO BO 13 DO o IRO t----- IRO '------ ~ 1I0W IADeLK 
~ 

~ t---1I0W 
GND --t CAB CBA ~ GND 

0 ~ 1I0RR IADCLK- o~~ e 
GND ----j- SAB SBA 121 GND eee ~ ~ IRAMeS 

IIOR I GAB GBA ~ )1J ~ 
IROMCS 
IDACK 
/SCSI 

2 A12 D7 19 34 
D7 23 All D6 18 35 
D6 21 Al0 D5 17 36 
D5 24 A9 D4 16 37 
D4 25 

AS D3 15 38 
D3 3 A7 D2 13 39 
D2 4 A6 8Kx8 Dl 12 40 
Dl 5 11 1 

6 A5 RAM DO DO 
7 M 

&-1I0W ~ A3 WE IEDP 

Application Note 

AN049 

RESETB 

1I0R 

+1
5 r-

~ 26 

I t'I 

VCC IDBP ~ 18 

IDB7 ~ 16 

IDB6 +--- 14 

IDB5 ~ 12 

IDB4 ~ 10 

IDB3 4- 8 

SCSI IDB2 .J--- 6 

CTRLRIDBl ~ 4 
~ 2 IDBO 

/sEL ~44 
IAD15 
IAD14 
IAD13 
IAD12 
IADll 
IAD10 

r---
1==< 

4~2O 
5 A6 B6 19 

8 A2 9 OE ~1I0R IDACK-¥, IDACK IBSY J--36 
~38 

IAD9 
lADS 

IAD7 
IAD6 
IAD5 
IAD4 
IAD3 
IAD2 

IAD19 
IAD18 

1==< 6 A5 B5 18 
f====( 7 A4 84 17 
f=< 8 A3 B3 16 
f====( 9 A2 B2 15 
t=- 10 Al Bl 14 
1==< 11 AO BO 13 
~ 

ADCLK--t CAB CBA ~ GND 
PU -tl SAB SBA f2,- GND 

GABGBAF-PU 
~ 

,.-. 4~2O 
F== 5 A6 B6 19 
F-< 6 A5 B5 18 
F== 7M 84 17 
f==='< 8 A3 B3 16 
F= 9 A2 B2 15 
F= 10 Al Bl 14 
F== 11 AU BO 13 
'------

ADCLK -----} CAB CBA ~GND 
PU-tl SAB SBA ~GND 

GABGBA ~PU 
~ 
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10 Al CSl 
i1C=::MeS ICS--"24 ICS lACK 

AO CS2 1I0R--2g IIOR IATN ~32 
~4O 6264 1I0W ----=- 1I0W IRST 

IlNO ~50 
DRO-¥a DRO ICNO ~46 

~42 IRO~ IRQ IMSG 
F=--48 

33 IREO 

Pal A2 ~ IRES:;;; 2 19 ~ 
Al IRESET 

23 A12 D7 18 AD 

21 A11 D6 17 GND 
24 Al0 D5 16 

111 25 A9 D4 15 
3 AS D3 13 
4 A7 8Kx8 D2 12 
5 AS RAM D1 11 GND 
6 A5 or DO 

7 A4 PROM 
&-1I0W 8 A3 WE 
~1I0R 9 A2 OE 
-;--/ROMCS 10 A1 CS1 

AD CS2 =--PU 
626412764 

Figure 38. Adapter Card Schematic 
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JCLK 

/START 

ACLK 

nk--'~----~~I-----+------~ 

/slOTISUPER ----"""-1 

STO-----lI. 

ST1-------r----~ 

ST2----------~------~------~ 

~CK----------~------~------_L 

1ROMCS~:g: ----. 
'+ ______ ~----~----~J 
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D4-----I 

07-----1 
START -----I 
JACK------i 
CLK-----I 

!RESET -----I 

START------i 
JACK------i 
CLK-----I 

!RESET -----I 

IIOR-----!... 

IIOW-----oj,. 

Figure 39. Timing Diagram 

/slT 

JClK 

/sUP 
D-LATCH WITH INTEGRAL AND GATE INPUT 
(DELAY INPUT UNTIL RISING EDGE OF /clK) 

Figure 40. Decoding and Latch Circuitry 
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IRESET 

/STO /SLOT 

ICLK 

/SLT 

~---A-m 
~K-U 

/sTO 

ICLK 

IRESET IAESET 

/sUPER Til 

ADICLK 

/sUP /SLT 

(A) Four Internal Flip-Flops Constructed from NAND Gates. 

SIot10W"SetAddr ----I-.... c_-------ir-"'" INTEN 
0-...... .=.:=.:..--, AND-OR FUNClIONS 

r---------------~ I 

Slot10W*AeeetAddI' ---'--1-.... DRG ----if----:--t....J 
):)-------1 
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/RESET 
IRQ ---~I--li_.J 

(8) Interrupt Enable Control Latch 
Internal Flip-Flops and Latches 

~---------------~ 

Figure 41. Internal Flip-Flops and Latches 
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************************************************************ 
* PLBS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/24/93 Time: 13:03:39 * 
************************************************************ 

II' 
R II' 
E S 

NHSNHTH 
IIETAAC 
DDT M C R L D D D D D D 
1 0 11K T K 7 6 5 432 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
I I I I I I I I I I I I I I I 
I III 1 1 III 987 651 
I 76543210 I 
I I 

81VCC VCCI46] 
HID2 [ 91118 14145] D1 
HID3 [101119 13144] DO 

DRQ [111120 12143] A19 
IRQ [121121 11142] Al8 

HRESET2 [131122 10141] A9 
ST2 [141123 /B3140] 
STO [151B4 /B2139] 

[161B5 /BlI38] 
[171B6 /BOI37] 
[181B7 X7136] 
[19100 X6135] 
[20lGHD GNDI34] 

I I 
I / / / / I 
I OOOOOOOXXXXXX I 
I 123 4 5 6 7 0 1 2 3 451 
+----------------------------------+ 

121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

AII'll' HDHHHHN 
CRR HERSDII 
LOA M2ECAOO 
KMM R SSCRW 

CC Q EIKR 
SST 

B 

Figure 42. SNAP Pin Us. 
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"SCSI-NuBus Interface" 

@PIHLIST 

nid[O .. 3] i; nromcs 0; 
d[7 .. 0] i; nramcs 0; 
a9 i; nnmrq 0; 
a[19 .. 18] i; nresetb 0; 
nresetl 
nreset2 
ntml 
nack 
nstart 
nclk 
drq 
Irq 
st2 

@LOGIC 

cmpOa 
cmpla 
cmp2a 
cmp3a 
cmpOb 
cmplb 
cmp2b 
cmp3b 

i; nscsi 0; 
i; 
i; ndack 0; 
i; niorr 0; 
i; nio" 0; 
i; stO b; 
i; aclk 0; 
i; de2 0; 
i; 

EQUATION 

"Address Decode" 
(dO*/nidO+/dO*nidO); 
(dl*/nidl+/dl*nidl); 
(d2*/nid2+/d2*nid2); 
(d3*/nid3+/d3*nid3); 
(d4*/nidO+/d4*nidO); 
(d5*/nidl+/d5*nidl); 
(d6*/nid2+/d6*nid2); 
(d7*/nid3+/d7*nid3); 

nsl /(d7*d6*d5*d4*cmpOa*cmpla*cmp2a*cmp3a*/nstart*nack*/nclk); 
nsp = /(cmpOb*cmplb*cmp2b*cmp3b*/nstart*nack*/nclk); 

"latch slot signal" 
nslt /(nresetl*st2*/(nsl*nslt»; 

"latch super signal" 
nsup /(nresetl*st2*/(nsp*nsup»; 

"Let nslt or nsup through only 
until after the rising edge 
of nclk" 

istO = /(/(nslt*nsup*nclk) * /(stO*/nclk) * /(nslt*nsup*stO) * nresetl); 
stO = istO; 
stO.oe = 1; 

nslot.d = stO; 
nslot.clk nclk; 
nslot.set nreset2; 
nslot.rst = nslt; 

nsuper.d = stO; 
nsuper.clk nclk; 
nsuper.set nreset2; 
nsuper.rst nsup; 

stl.d = stO; 
stl.clk = nclk; 
stl.set = nreset2; 

de2 = /(/stl * st2); 

adclk 
aclk 

/nclk*stO*stl; 
/nclk*stO*stl; 

tmll. d = ntml; 
tmll.set 
tmll.clk 
tmll.rst 
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nreset2; 
adclk; 
nslt; 

"Slot signal D-type Flip Flop" 

"Super signal D-type Flip Flop" 

"State 1 D-type Flip Flop" 

"output to external flop" 

"address latch clock" 

"latch tml signal for r/w info" 

Figure 43. SNAP .EQN Ustlng (1 of 2) 
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tmll -> 1 read, 0 write 

niorr - /(/stO*tmll 
nlow • /(/tmll*/stO 

"straiqht 

nscai • /(/nslot*/a19*/a18*/a9 
ndaCk - /(/nslot*/a19*/a18* .9 
nromca- /(/nslot* a19* a18 
nramaa- /(/nsupar 
nrea.tb- nreset2; 

d.code stuff" 
* nr.set1); 
* nres.t1); 
* nr.s.t1); 
* nres.t2); 
* nres.t2); 
* nres.t2); 

"int.rrupt control latch" 
s.tad /(/tmll*/stO*/nalot* a19*/a18* a9); 
ratad /(/tmll*/stO*/nslot* &19*/a18*/a9); 
lnten - /(setad*(/(lnten*rst&d*nres.t2»); 
nnmrq • /(inten*drq+inten*irq); 

Figure 43. SNAP .EQN Uatlng (1 of 2) 
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Data Bus Parity 
The PLHS501 can span 32 bits of input data. 
It has four output Ex-OR gates, and the ability 
to generate literally any function of the inputs. 
It would seem that there must be some "best" 
way to generate and detect parity. Recall that 
the PLHS501 can generate both deep logic 
functions (lots of levels) and wide logic 
functions (lots of inputs). The best solution 
would require the fewest gates and the 
fewest number of logic levels. Let's review 
the basics, first. Table 1 (A) shows the parity 
function for two variables and Table 1 (8) 
shows it for three variables. The Ex-OR 
function generates even parity. 

It is noticeable that there are precisely 50% 
logical 1 entries in the truth tables. This yields 
the famous checkerboard Karnaugh Maps. 
With a checkerboard K-map, no simplification 
of Ex-OR functions is possible by Boolean 
simplification. The two variable Ex-OR has 
two ones (implying 3 gates to generate), the 

Table 1. Even Parity Functions 

A B 
0 0 
0 1 
1 0 

Table1(A). 

3 variable has four ones (implying 5 gates to 
generate). In general, 2f1-1+ 1 product terms 
could generate Ex-OR functions in two levels 
of NAND gates (assuming complementary 
input variables exist). You must have an 
unlimited number of gate inputs for this to 
hold. 

The PLHS501 could do this for 7 input 
variables in two levels (il+1=65), but cannot 
support 8 (27+1=129). Hence, itis 
appropriate to seek a cascaded solution, 
hopefully taking advantage of the available 
output Ex-OR functions. Let's solve a 16 
input Ex-OR function, by subpartitioning. 
First, consider Figure 44(A) where two literals 
are Exclusive-ORed to generate an 
intermediate Ex-OR function. This requires 
available complementary inputs and 
generates even parity in two levels. 
Figure 44(8) also does this (by factoring), 
requiring 3 gate levels, but does not require 
complementary inputs. 

A$B A B 
0 0 0 

0 0 
0 1 

0 0 1 
0 
0 
1 
1 

C 
0 
1 
0 
1 
0 

0 
1 
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Assuming inputs must get into the PLHS501 
through the pin receivers, it is best to 
generate as wide of an initial Ex-OR as 
possible, so a structure like Figure 44(A) 
expanded is appropriate. Figure 44 shows a 
2-level 4 input Ex-OR function which may be 
viewed as a building block. This structure 
may be repeated four times, across four sets 
of four input bits generating partial 
intermediate parity values which may then be 
treated through two boxes similar to 
Figure 44(8). These outputs are finally 
combined through an output Ex-OR at a 
PLHSS01 output pin. Figure 46 shows the 
complete solution which requires 44 NANOs 
plus one Ex-OR. 

Figures 47 and 48 show the pin layout and 
SNAP equations for a parity generator. This 
example uses a cascade with a different 
partitioning than just previously discussed. 

AEilB 
0 
1 
1 
0 

0 
0 

Table 1(B). 

- INPUTS -I- 2 LEVELS ------1 I- 3 LEVELS -I 

~~w.Y ~~w.Y 
Figure 44(A). Figure 44(B). 

Figure 44. Complementary Input Levels 
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Figure 45. Four Variable Ex-oRs 

L 
RG.29(B) 

I 

L 
RG.29(B) 

I 
Total gates. 44 + 1 Ex-OR. 
Gate Delay. 5-NAND 19\1els + 1 Ex"()R. 

Figure 46. 16 Input Even Parity Generation 
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************************************************************ 
* PLHS501 52-Pin PLCC Packaqe Pin Layout * 
* Date: 10/24/93 Time: 14:32:27 * 
************************************************************ 

FEDCBAYXVUTSR 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
171615141312111211101918171 

+----------------------------------+ 
I I I I I I I I I I I I I I 
III 1 1 1 1 1 1 987 6 5 
I 765 432 1 0 
I 

81VCC 
G [ 91Il8 
H [10lIl9 
I [lllI20 
J [121l21 
K [131l22 
L [141l23 

[151B4 
[161B5 
[171B6 
[181B7 
[19100 
[20lGND 

I 
I 
I 
I 

/ / / / 
OOOOOOOXXXXXX 
12345 6 7 0 123 4 5 

I 
I 
I 
I 

VCCI46] 
14145] Q 
13144] P 
12143] 0 
Il142] N 
lOI4l] M 

/B3140] OEN 
/B2139] 
/BlI38] 
/BOI37] 

X7136] 
X6135] 

GND134] 
I 
I 
I 
I 

+----------------------------------+ 
121212121212121212131313131 
111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

o 0 E E 
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D DEE 

N N 
o 
C '0 

C 

Figure 47. PARITET PLHS501 PinUst 
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"FILENAME:PARITBT.EQN 

@P:IHLIST 
A I: 
B I: 
C I: 
D I: 
E I: 
F I: 
G I: 
B I: 
I I: 
J I: 
K I: 
L I: 
M I: 
N I: 
o I: 
P I: 
Q I: 
R I: 
S I: 
T I· 
U I· 
V I; 
X I: 
Y I: 
OEN I; 
ODD 0: 
EVEN O· 
ODD OC 0; 
EVEN_OC 0; 

24 BIT PARITY CIRCUIT" 

@LOGIC EQUATION 

"FIRST LEVEL: ' EVEN' FROM GROUPS OF THREE INPUTS" 
JO=/A*/B*/C + /A*B*C + A*/B*C + A*B*/C; 
Jl=/D*/E*/F + /D*E*F + D*/E*F + D*E*/F; 
J2=/G*/B*/I + /G*B*I + G*/B*I + G*B*/I; 
J3=/J*/K*/L + /J*K*L + J*/K*L + J*K*/L; 
J4=/M*/N*/0 + /M*N*O + M*/N*O + H*N*/O; 
J5=/P*/Q*/R + /P*Q*R + P*/Q*R + P*Q*/R; 
J6=/S*/T*/U + /S*T*U + S*/T*U + S*T*/U: 
J7=/V*/X*/Y + /v*x*y + v*/x*y + V*X*/Y; 

"SECOND LEVEL: 'EVEN' FROM FOUR GROUPS AT A TIMB" 
J8=/JO*/Jl*/J2*/J3 + /JO*/Jl*J2*J3 + JO*Jl*/J2*/J3 +-/JO*Jl*J2*/J3 

+ JO*/Jl*/J2*J3 + /JO*Jl*/J2*J3 + JO*/Jl*J2*/J3 + JO*Jl*J2*J3; 
J9=/J4*/J5*/J6*/J7 + /J4*/J5*J6*J7 + J4*J5*/J6*/J7 + /J4*J5*J6*/J7 

+ J4*/J5*/J6*J7 + /J4*J5*/J6*J7 + J4*/J5*J6*/J7 + J4*J5*J6*J7: 

TO=/(J8*J9); 
Tl=/ (/J8*/J9) ; 
T2=/(J8*/J9); 
T3=/ (/J8*J9) ; 

ODDI=/(T2*T3); 
EVENI=/(TO*Tl); 
ODD=ODDI: 
EVEN=EVENI; 
ODD.OE = /OEN; 
EVEN.OE = /OEN; 
ODD OCI = 0: 
EVEN OCI = 0; 
ODD Oc=ODD OCI; 
EVEN oc=EviN OCI: 
ODD Oc.OE = T2*T3*/OEN; 
EVEN_OC.OE = TO*Tl*/OEN: 

Figure 48. PARITET PLHSS01 .BEE File 
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16-81t Comparator 
This example "compare", implements, a 
16-bit comparator over 32 input bits. The 
design generates outputs for conditions 
representing the classic "E~UAL", "AGTB" 
(A>B) and BGTA (B>A). The long, 
triangularized equation for T 42 suggests a 
clever eciting approach to accurately enter a 
relatively long design equation into SNAP. 

************************************************************ 
* PLBS501 52-Pin PLCC Package Pin Layout * 
* Date: 10/24/93 Time: 14:54:43 * 
************************************************************ 
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AAAAAAABBBBBB 
B D C B A 9 8 A 9 8 7 6 5 

+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
I I I I I I I 1515151414141 
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+----------------------------------+ 
I I I I I I I I I I I I I I 
I 111 1 1 111 9 8 7 6 5 
I 765 432 1 0 
I 
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Figure 49. PLHS501 PlnUst for 16-8lt Comparator 

795 

Application Note 

AN049 



Philips Semiconductors Programmable Logic Devices 

PLHS501 design examples 

"FILENAME :PARITET .EQN 
16 BIT COMPARATOR WITH THREE OUTPUTS: 
EQUAL,AGTB (A>B), AND BGTA (B>A)" 

@PINLIST 

A[9 .. 0] I; 
AA I· AD I 
AB I; AE J: 
AC I; AF I 

B[9 .. 0] I; 
BA I; BD I 
BB I; BE I 
Be I· BF I 

EQUAL 0; 
AGTB 0; 
BGTA 0; 

@LOGJ:C EQUATION 
T1=/ (AF*/BF); 
T3=/(AE*/BE); 
T5=/ (AD*/BD); 
T7=/ (AC* /BC) ; 
T9=/ (AB*/BB); 
T11=/ (AA* /BA) ; 
T13=/ (A9*/B9); 
T15=/(A8*/B8); 
T17=/(A7*/B7); 
T19=/(A6*/B6); 
T21=/ (A5*/B5); 
T23=/(A4*/B4); 
T25=/(A3*/B3); 
T27=/(A2*/B2); 
T29=/(A1*/B2); 
T31=/(AO*/BO); 

T2=/ (/AF*BF) ; 
T4=/ (/AE*BE) ; 
T6=/ (/AD*BD) ; 
T8=/ (/AC*BC) ; 
T10=/ (/AB*BB) ; 
T12=/ (/AA*BA) ; 
T14=/ (/A9*B9) ; 
T16=/ (/A8*B8) ; 
T18=/ (/A7*B7) ; 
T20=/ (/A6*B6) ; 
T22=/ (/A5*B5) ; 
T24=/ (/A4*B4) ; 
T26=/ (/A3*B3) ; 
T28=/ (/A2*B2) ; 
T30=/ (/A1*B1) ; 
T32=/ (/AO*BO) ; 

T41=T1*T2*T3*T4*T5*T6*T7*T8*T9*T10*T11*T12*T13*T14*T15*T16*T17* 
T18*T19*T20*T21*T22*T23*T24*T25*T26*T27*T28*T29*T30*T31*T32; 

T42= /T1+ 
/T3*T2+ 

/T5*T4*T2+ 
/T7*T6*T4*T2+ 

/T9*T8*T6*T4*T2+ 
/T11*T10*T8*T6*T4*T2+ 

/T13*T12*T10*T8*T6*T4*T2+ 
/T15*T14*T12*T10*T8*T6*T4*T2+ 

/T17*T16*T14*T12*T10*T8*T6*T4*T2+ 
/T19*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 

/T21*T20*T18*T16*T14*T12*TIO*T8*T6*T4*T2+ 
/T23*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 

/T25*T24*T22*T20*T18*T16*T14*T12*TIO*T8*T6*T4*T2+ 
/T27*T26*T24*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2+ 

/T29*T28*T26*T24*T22*T20*T18*T16*T14*T12*TIO*T8*T6*T4*T2+ 
/T31*T30*T28 *T26*T24*T22*T20*T18*T16*T14*T12*T10*T8*T6*T4*T2; 

EQUAL=T41; 
AGTB=T42; 
BGTA=/(T41+T42); 

Figure 50. Compare PLHS501 .BEE File 
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INTRODUCTION 
This application note describes how to 
implement expansion 110 ports for a 
microcontroller via the 12C bus using a Philips 
Semiconductors PML2552 programmable 
logic device. This design provides 24 
dedicated inputs and 16 outputs using only a 
single PML2552. Sixteen of the inputs may 
be configured on the bit level to be registered 
or direct inputs. The remaining eight are fixed 
as direct inputs. 

12C BUS 
The 12C bus is a popular two-wire serial bus 
developed by Philips Semiconductors for 
communication between one or more 
microcontrollers and peripheral devices within 
a system. Although not as fast as parallel 
buses, it is designed to reduce packaging and 
board layout costs by requiring less wiring 
and fewer device pins to interconnect ICs or 
modules. Another feature is that additional 
circuitry may be easily plugged onto the two 
wires for testing or expansion purposes. 

A complete specification for the 12C bus may 
be found in Philips' Microcontroller Data 
Handbook. A brief overview of the bus 
follows. 

CHARACTERISTICS OF THE 12C 
BUS 
The 12C bus provides 2-way, 2-line 
communication between different ICs or 
modules. The two lines are a serial data line 
(SDA) and a serial clock line (SCL). Both 
lines must be connected to a positive supply 
via a pull-up resistor when connected to the 
output stages of a device. Data may be 
initiated only when the bus is not busy. 

One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse as changes in the data line at this time 
will be interpreted as control signals 
(Figure 2). 

Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-LOW 
transition of the data line, while the clock is 
HIGH is defined as the start condition (S). A 
LOW-to-HIGH transition of the data line while 
the clock is HIGH is defined as the stop 
condition (P). Figure 3 shows start and stop 
conditions. 

A device generating a message is a 
"transmitter", a device receiving a message is 
the "receiver". The device that controls the 
message is the "master" and the devices that 
are controlled by the master are "slaves". 

October 1993 

Figure 4 shows a block diagram of a system 
configuration. 

The number of data bytes transferred 
between the start and the stop conditions 
from transmitter to receiver is not limited. 
Each byte of the eight bits is followed by one 
acknowledge bit. The master supplies the 
clock pulse for the acknowledge bit. An 
acknowledge is a LOW level on the SDA line 
during the acknowledge clock. Therefore the 
transmitter must leave the bus HIGH so the 
receiver may pull the SDA line LOW to 
acknowledge. 

A slave receiver which is addressed must 
generate an acknowledge after the reception 
of each byte (Figure 5) A master receiver 
must generate an acknowledge after the 
reception of each byte provided the master 
wants to continue receiving bytes. A master 
receiver must signal an end of data to the 
slave transmitter by not generating an 
acknowledge on the last byte that has been 
clocked out of the slave. In this event the 
slave transmitter must leave the data line 
HIGH to enable to master to generate a stop 
condition ). 

Data transfers follow the formats shown in 
Figure 6. After the START condition, the 
master sends the slave address. This 
address is 7 bits long, the eighth bit is a data 
direction bit (RIW). A 'zero' indicates a 
transmission (WRITE) and a 'one" indicates a 
request for data (READ). A master always 
terminates a data transfer by a STOP 
condition. However, if a master still wishes to 
communicate on the bus, it can generate 
another START condition and address 
another slave without first generating a STOP 
condition. Various combinations of read and 
write formats are possible within such a 
transfer. 

Each port in this design is assigned a unique 
address, so only 8 bits are available to or 
from each address. However, a master may 
read or write a port multiple times during the 
same message. During a read of a port 
(slave), if the master acknowledges the data, 
then the same port will put data on the bus 
again. When the master not-acknowledges 
the data, then the slave will release the bus 
so the master may generate a stop or 
another start condition. During a write, the 
master may simply continue to write data 
after the address. All data will go into and be 
acknowledged by the addressed slave output 
port. 
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PML2552 OVERVIEW 
A functional block diagram of the Philips 
PML2552 is shown is Figure 1. The PML2552 
is a CMOS device built on an EPROM 
process. This device contains 16 bypassable 
input D flip-flops, 16 bypassable output D 
flip-flops, 20 internal JK flip-flops, and 96 
foldback NAND gates in a 68 pin package. 
The core of the PML2552 is a programmable 
array of 96 NAND gates and 20 buried JK 
flip-flops. The output of each NAND gate 
folds back upon itself and all other NAND 
gates and flip-flops. The a and /0 output of 
each flip-flop folds back in a similar manner. 
All inputs (true and complement) also 
connect to each of the NAND gate and 
flip-flop inputs. Thus, total connectivity of all 
logic functions is achieved. 

A NAND operation is functionally complete 
meaning that using only NAND gates, AND, 
OR and INVERT operations may be realized. 
Any logic function may therefore be 
constructed from the NAND gates in the 
folded NAND array, from simple combinatorial 
logic to additional edge-triggered registers. 
Because the NAND gates have very wide 
inputs (258 possible input connections), some 
functions which require many logic levels 
using simple 2 or 4 input gates, may be 
'flattened' or implemented in fewer delay 
inducing logic levels. 

12C 1/0 PORT DESIGN 
Shown in Figure 7 is a block diagram of the 
12C I/O port design for the PML2552. It is set 
up as an 12C slave device to provide three 8 
bit input ports and two 8 bit output registers. 
Addresses are programmed into the device 
and may be altered by changing 3 lines in the 
equations file. Two of the 8 bit input ports 
may be configured to be registered or direct 
inputs. These inputs are mapped to the 16 
input D flip-flops of the PML2552 which may 
be individually bypassed. The third 8 bit port 
uses 8 direct input pins. The dual 8 bit output 
registers are mapped to the 16 output D 
flip-flops. An external connection is 
necessary to clock the output D flip-flops. 

An 8-bit shift register was constructed from 8 
internal JK flip-flops. Addresses and data 
appearing on the 12C bus are clocked into this 
register. A state machine looks at this register 
for a valid address, and if appropriate, clocks 
the data following the address into the output 
registers. 
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In addition to the shift register the state 
machine also looks at a three bit counter 
output to determine when a specific bit or 
data bytes are available. Using a counter to 
mark time instead of adding states to the 
state machine can save device resources for 
other functions. A counter may be constucted 
very efficiently using JK flip-flops and this one 
uses a unique design which uses only three 
NAND gates in the PML2552 flip-flop clock 
array, none in the foldback NAND array! The 
state machine is built using 7 of the 
PML2552's internal JK flip-flops. The state 
machine has an output, DSBLCNT, which 
holds the counter at zero for one clock cycle 
during the acknowledge bit time. DSBLCNT 
is also gated with a couple other signals to 
generate an acknowledge on the bus. 

Two signals are involved in reseting or 
initializing the state machine and counter. 
They are called START and BUSY. Their 
relative timing is shown in Figure 8. The 
derivation of these signals is described later, 
but for now note that the counter and state 
machine are reset whenever START is HIGH 
or BUSY is low. START and BUSY are 
generated from a circuit which detects the 12C 
bus start and stop conditions. If an address 
is placed on the 12C bus that does not match 
one programmed into the device, the state 
machine will go into a state which can only be 
exited by the START or BUSY signals 
resetting the state machine. Also, if a bus 
master issues a repeated start condition, 
START will go HIGH initializing the state 
machine to begin looking for an address 
match. 

Instead of loading the input register data into 
a shift register, a 24 to 1 mUltiplexer, along 
with the counter, select the proper input bit to 
send out onto the 12C bus. An additional 
flip-flop (U11) inside of the interface logic 
synchronizes the data to the 12C clock, SCL. 
The multiplexer inputs are offset in relation to 
the counter value. It was necessary to offset 
the bits relative to the counter due to the one 
bit delay introduced by U11 and DSBLCNT 
holding the counter at zero for one bit time. 

U 11 's output connects to another flop-flop 
called U10. U10 holds the data (port data or 
acknowledge bit) to be sent to the master 
device for one data bit time. The 12C data 
must change only when the SCL clock is 
LOW. The falling edge of SCL may be up to 
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300ns long. For this reason, U10 is clocked 
by a delayed falling edge of SCL. The delay 
is created by a bidirectional output pin 
(DLYOUT) and an external RC network. Pin 
DLYOUT is configured to operate like an 
open-collector output. The input to DLYOUT's 
output buffer is connected to ground. The 
SCL input is internally connected to the three 
state output enable control line of this output 
buffer. DLYOUT should be externally 
connected to a 10K pull-up resistor and a 
33pF capacitor connected to ground. An input 
buffer is internally connected to DLYOUT and 
clocks U10. U10's output controls the 3-State 
control line of output SDA. Output SDA 
behaves like an open-collector as the input to 
the 3-State output buffer is connected to 
ground. 

Detecting valid 12C start and stop conditions 
was done without using internal flip-flops. 
Instead, an asychronous state machine was 
designed to output a pulse during start 
conditions and hold a line (busy) high until a 
stop condition. The start pulse initializes 
(resets) the state machine and counter. 

START/STOP DETECTION 
DETAILS 
The waveforms produced by the detection 
cirCUitry are shown in Figure 8. The first step 
to achive these waveforms is to draw 
waveforms of the desired circuit operation 
showing all possible input transitions. First, 
let's start with the START signal waveforms. 
These timing waveforms are shown in 
Figure 9a. 

Next, a primitive flow table should be 
constructed. A primitive flow table has only a 
single stable state on each row. It is shown in 
Figure 9b. From the primitive flow table, a 
reduced flow table can be constructed by 
merging rows. Two rows may be merged, if, 
when comparing each column entry, they are 
the same or at least one is a Don't Care. 
Merging of rows may be described by a 
merger diagram. For this case one is shown 
in Figure 9c. So, from the primitive diagram, 
rows with stable states 0,1 and 2 are 
combined. Also, rows with stable states 6 and 
3 are combined. 

The merged flow table (Figure 9d) has two 
rows so only one state variable (Yo) is 
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required. The output matrix table is shown in 
Figure ge. It was generated by simply 
assigning the output value associated with 
each stable state. Unstable entries were 
assigned the output value associated with the 
corresponding stable state. 

A table showing the next state value for Yo is 
shown in Figure 9f. It was generated by 
noting which states should remain stable and 
what value Y must be to either enter or 
remain in that state. 

Generation of the BUSY signal required two 
state variables as shown in Figure 10. Tables 
were constructed in a manner similar to the 
process described above. However when 
transitioning from unstable state 1 to stable 
state 1 (see reduced flow table, stable state 1 
is circled) an intermediate state was added. 
This was done to avoid switching the two 
transistion variables, y1 & yO, from 00 to 11 
simultaneously. Adding the intermediate state 
makes the variables change from 00 to 1 ° to 
11 . Additionally, an extra state was added to 
transistion from unstable state 3 to stable 
state 3. 

Waveforms for bus transations along with 
some internal signals are shown in Figures 11 
and 12. The SNAP listing is shown in Figure 
14. 

CONCLUSION 
PLDs may be used in embedded systems for 
more than simple decoding and glue logic 
collection functions. This design combined 
several low level functions (counter, shift 
register, state machine, random logic) to 
produce a useful microcontroller peripheral 
using one programmable logic device. This 
design may be easily altered to provide for 
specific system requirements. It has already 
been altered to make a simple 12C bus 
activity monitor which is the subject of 
another application note (AN039)! 

A breadboard of this circuit was constructed 
for functional testing purposes. A listing for 
the design is shown in Figure 14. Additional 
circuit details are written as comments in the 
listing. A copy may be downloaded from the 
Philips PLD and Microcontroller Bulletin 
Board. The phone number is (800) 451-6644 
or (408) 991-2406. Use a modem set to 8 
bits, no parity and one stop bit. 
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Possible data transfer formats are: 
a. Master transmitter to slave receiver. Direction is not changed. 

S SLAVE ADDRESS 

'0' (write) 

b. Master reads slave immediately after first byte. 

acknowledge from slave 

SLAVE ADDRESS 

'1'(read) 

c. Combined format. 

acknowledge from slave 

L (nbytes ~ 
read or write +ack.) 

acknowledge from alaw 

data tranaferred --.J 
(n bytea + acknowledge) 
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A = acknowledge 
S = start 

acknowledge from master 

p= atop 

not acknowledge from master 
to end transmission 

data transferred --.J 
(n bytes + acknowledge) 

acknowledge from slave 

L (nbytes ~ 
read or write 

+ ack.) 

direction of transfer may 
change at this point 

During a change of direction within a transfer, the START condition and the slave address are both repeated, but the R/W 
bit reversed. Start, stop, slave addresses and R/W bits are generated by the master. 

Figure 6. Data formats of the 12C-8us 
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12C I/O Porta 

Thia deaign ia for a PML2552 device. It configurea the PML2552 
to operate as aeveral 12C slave remote I/O porta. It provides 
for 16 parallel output lines and 24 inputs. Specifically, the 
I/O ports are arranged as two 8-bit output ports, two 8-bit input 
ports (whieb may be modified on the bit level to be registered 
or direct inputs), and one 8-bit direct input port. The two 8-bit 
output ports will power-up to a BIGB level on the device pins. 

SNAP 1.90 or later must be used to compile this file. 

@PIHLIST 

"input pins" 
scl i; 
reset i; 
p4 [7 •• 0] i; 
p3 [7 .. 0] i; 
ck3 i; 
ck4 i; 
wplc i; 
wp2c i; 
i[7 .• 0] i; 

"output pins" 
aela b; 
at art b; 
busy b; 
own 0; 
wpl 0; 
wp2 0; 
dlyio b; 
p2[0 .• 7] 0; 
pl[O .. 7] 0; 

@GROUPS 

"I2C clock" 
"reset input is active LOW" 
"port 4" 
"port 3" 
"clock for port 3" 
"clock for port 4" 
"connect pin to wp1 pin" 
"connect pin to wp2 pin" 
"port 5" 

"I2C data" 
"pulse during atart condition" 
"bus busy - high from start to stop" 
"address compare" 
"connect pin to wp1c pin" 
"connect pin to wp2c pin" 
"connect pin to 10K pullup and 33pf cap to gnd" 
"port 2" 
"port 1" 

adr = sr[6 •. 0]; 
ex c[2 .. 0]; 
ct =c[2 •. 0]; 
port 5 i[7 •. 0]; 
port4 = p4[7 .• 0]; 
port3 = p3[7 .• 0]; 
port2 = p2[7 .. 0]; 
portl = pl[7 .. 0]; 

@TRUTBTABLE 
@LOGIC EQUATIONS 

"-----------------" 
" Input registers " 
"-----------------" 

"direct inputs" 
"registered or direct inputs" 
"registered or direct inputs" 
"outputs" 
"outputs" 

d[15 •• 8].id = port4; 
d[15 .. 8].clk = ck4; 
d[7 .• 0].id = port3; 
d[7 .• 0].clk = ck3; 
The breadboard doesn't use input registers 
so the above section is commented out and 
the following section used. 

Figure 14. (1 of 5) 
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" Input pins " 

d[lS .. 8] = port4; 
d[7 .. 0] = port3; 

di[7 .. 0] = portS; 

" OUtput registers " 

port2.od = sr[7 .. 0]; 
port2.clk = wp2c; 
portl.od = sr[7 .. 0]; 
portl.clk = wplc; 

"--------------------------" 
" Shift register equations " 

u2.clk scI; 
u3.clk scl; 
u4.clk scI; 
uS.clk scI; 
u6.clk scI; 
u7.clk scl; 
u8.clk scl; 
u9.clk scI; 
u2.set /(start + /busy); 
u3.set /(start + /busy); 
u4.set /(start + /busy); 
uS.set / (start + /busy); 
u6.set /(start + /busy); 
u7.set /(start + /busy); 
u8.set /(start + /busy); 
u9.rst / (start + /busy); 
u2.j sda; 
u2.k /sda; 
u3.j u2; 
u3.k /u2; 
u4.j u3; 
u4.k /u3; 
uS.j u4; 
uS.k /u4; 
u6.j uS; 
u6.k IuS; 
u7.j u6; 
u7.k /u6; 
u8.j u7; 
u8.k /u7; 
u9.j u8; 
u9.k = IuS; 

sr[O .. 7] = u[2 .. 9]; 

" Counter section " 

c2.j = 1; 
c2.k 1; 
c1. j = 1; 
c1.k = 1; 
cO.j = 1; 
cO.k = 1; 

"8 bit shift register for input" 
"of 12C address and data" 

"the state machine reads this register" 
"for address comparison and clocks" 
"data from this register into" 
"appropriate output register" 

"this register is clocked by the 12C" 
"bus clock" 

"reset or set signals defined so SNAP" 
"will use specific internal JK flip-flops" 

"3-bit binary counter" 
"outputs connected to state machine" 
"and to multiplexer " 

Figure 14. (2 of 5) 
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cO.rst / (/busy + start) ; 
cl.rst / (/busy + start) ; 
c2.rst / (/busy + start); 

cO.clk / (/dsblcnt * /scl); 
cl.clk / (/dsblcnt * /scl * cO); 
c2.clk = / (/dsblcnt * /scl * cO * cl); 

" -----------------------" 
" Multiplexer equations " I' _______________________ " 

uuuOUT = 
(D6*OWN1*/OWN2*CT==OH*/dsblcnt) 

+ (05*OWN1*/OWN2*CT==lH*/dsblcnt) 
+ (D4*OWN1*/OWN2*CT==2H*/dsblcnt) 
+ (D3*OWNl*/OWN2*CT==3H*/dsblcnt) 
+ (02*OWNl*/OWN2*CT==4H*/dsblcnt) 
+ (Dl*OWN1*/OWN2*CT==5H*/dsblcnt) 
+ (DO*OWN1*/OWN2*CT==6H*/dsblcnt) 
+ (07*OWN1*/OWN2* dsblcnt) 

+ (014*OWN2*/OWN1*CT==OH*/dsblcnt) 
+ (D13*OWN2*/OWN1*CT==lH*/dsblcnt) 
+ (D12*OWN2*/OWN1*CT==2H*/dsblcnt) 
+ (Dll*OWN2*/OWN1*CT==3H*/dsblcnt) 
+ (010*OWN2*/OWN1*CT==4H*/dsblcnt) 
+ (D9 *OWN2*/OWN1*CT==5H*/dsblcnt) 
+ (08 *OWN2*/OWN1*CT==6H*/dsblcnt) 
+ (D15*OWN2*/OWN1* dsblcnt) 

+ (di6*OWN1*OWN2*CT==OH*/dsblcnt) 
+ (di5*OWN1*OWN2*CT==lH*/dsblcnt) 
+ (di4*OWN1*OWN2*CT==2H*/dsblcnt) 
+ (di3*OWN1*OWN2*CT==3H*/dsblcnt) 
+ (di2*OWN1*OWN2*CT==4H*/dsblcnt) 
+ (dil*OWN1*OWN2*CT==5H*/dsblcnt) 
+ (diO*OWN1*OWN2*CT==6H*/dsblcnt) 
+ (di7*OWN1*OWN2* dsblcnt); 

" Detect I2C start & stop conditions " 
"------------------------------------" 
uuuy 
uuustart 
start 
start.oe 

uuuyO 

uuuyl 

/scl + uuuy*/sda; 
/uuuy*/sda*scl; 
uuustart; 
1; 

uuuyl*/sda + uuuyl*/scl 
+ /sda*/scl + /uuuyl*uuuyO*sda 
+ uuuyO*/scl + /reset; 

uuuyl*uuuyO + uuuyl*/scl 

"counter uses NAND gates" 
"in clock NAND array, not" 
"from the foldback array" 

"convert parallel input data" 
"to serial format" 

"port 3" 

"port 4" 

"port 5" 

"start condition pulse" 

"bus busy signal is HIGH" 
"from start to stop" 
"conditions" 

+ /uuuyO*sda*/scl + uuuyl*/sda + /reset; 

uuubusy 
busy 
busy.oe 

October 1993 

/uuuyl*uuuyO + /uuuyl*/sda; 
uuubusy; 
1; 

Figure 14. (3 of 5) 
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" Output control " 
" ----------------" 

sda 
sda.oe 

ulOin 

ulO.j 
ulO.k 
ulO.clk 
ulO.rst 

= 0; 
= ulO; 

= Idtw * 
+ dtw * 
= ulOin; 
= lulOin; 
= dlyio; 

I (start 

dsblcnt * own 
Idsblcnt * own * lull; 

"I2C data" 

"send ACK on bus" 
"send data on bus" 

"ulO holds data stable on bus" 

+ Ibusy); 

ull.j 
ul1.k 
ull.clk 
ull.rst 

uuuout; "ull synchronizes input data to I2C clock" 
luuuout; 
scl; 
I(start + Ibusy); 

dlyio 
dlyio.oe 

0; "pin dlyio should be connected to a 10K" 
scl; "pull-up and a 33pf cap to ground" 

" ------------------_____ ', 
" State machine portion " 
" -----------------------" 

"port address declarations" 
"these addresses may be changed to" 
"any valid I2C address" 

adrpl adr==OlllOOOb; "this address 
adrp2 ad=OlllOlOb; "this address 
adrp5 adr=OlllOllb; "this address 

is for portl (write) & port3 
is for port2 (write) & port4 
is to read pins IO to I7" 

(read)" 
(read)" 

state2i S2*/sl*SO; "duplication of some state machine" 
state4i IS2* Sl*SO; "states to be used in following" 
state6i IS2*/S1*SO; "boolean equation" 

dsblcnt state2i+state4i+state6i; "dsblcnt HIGH when in state 2,4 or 6" 

s2.set 
sl.set 
sO.set 
ownl.rst 
own2.rst 
dtw.rst 
dtr.rst 
s2.clk 
sl.clk 
sO.clk 
ownl.clk 
own2.clk 
dtw.clk 
dtr.clk 

I (start 
I (start 
I (start 
I (start 
I (start 
I (start 
I (start 
scl; 
scl; 
scI; 
scl; 
scl; 
scl; 
scl; 

cntr7 
cntr6 

cx--=7h; 
cx==6h; 

+ Ibusy); 
+ Ibusy); 
+ Ibusy); 
+ Ibusy); 
+ Ibusy); 
+ Ibusy); 
+ Ibusy); 

"reset state machine upon start" 
"condition and whenever bus is " 
"not busy (stop detected) . 

"ownl & own2 denote address match" 
"write to I2C bus (read port)" 
"read 12C bus (write port)" 

"clock state machine from I2C clock" 

"state machine reads counter to" 
"wait for specific bits" 

wp = dtr * dsblcnt * ulO; 
wp2 wp * own2; "wp2 and wpl clock data from shift register" 

"into proper output port. external connection" 
"from wpl to wplc and wp2 to wp2c is required" 

wpl wp * ownl; 
own ownl + own2; 

Figure 14. (4 of 5) 
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@IHPUT VECTORS 
@OUTPUT VECTORS 
[dtw, ownl, own2] JKFFR 
low = OOOb; 
[dtr] JKFFR 
dtrl Ob; 
dtrh = lb; 

@STATE VECTORS 
[s2,sl,sO] JKFFS 
stateO lllb; 
state1 110b; 
state2 lOlb; 
state3 100b; 
state4 011b; 
stateS 010b; 
state6 001b; 
state7 OOOb; "bus start or stop condition required to leave state7" 

@TRANSITIONS 

while [stateO] 
if [cntr6] then [statel] 

while [statel] 
if [adrpl* sda] then [state4] 
if [adrp2* sda] then [state4] 
if [adrpS* sda] then [state4] 
if [adrpl*/sda] then [state2] 
if [adrp2*/sda] then [state2] 
if [/adrpl*/adrp2*/adrpS] then 
if [adrpS*/sda] then [state7] 

while [state2] 
if [] then [state3] 

while [state3] 

with [ownl] 
with [own2] 
with [ownl,own2] 
with [own1] 
with [own2] 

[state7] 

"start detected, " 
"wait for address" 

"compare address & r/w bit" 
"addressed port 3 to read" 
"addressed port 4 to read" 
"addressed port S to read" 
"addressed port 1 to write" 
"addressed port 2 to write" 
"no address compare" 
"ignore port S for write" 

"write port" 

if [cntr7] then [state2] with [dtrh] "wait for 7 bits" 

while [state4] 
if [] then [stateS] with [dtw] 

while [stateS] 
if [cntr7] then [state6] 

while [state6] 
if [/sda] then [stateS] 
if [ sda] then [state7] with [low] 

"read port" 

"wait for 7 bits" 

"master acknowledged so send byte again" 
"master not-acknowedged so release bus" 

Figure 14. (5 of 5) 
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INTRODUCTION 
The PML2552 device may be used to build a 
simple real time non-intrusive 12C bus 
monitor. This monitor displays all addresses 
and data sent on the bus as well as 
acknowledge and readlwrite bit conditions. It 
also outputs START and BUSY signals which 
may be used for synchronizing additional test 
equipment to the bus. The outputs of this 
monitor may be connected to a 
microcontroller for additional data formatting 
capabilities. 

A block diagram of this design is shown in 
Figure 1. This design is a modification of an 
12C I/O port application using the PML2552. 
The input registers and multiplexor functions 
were removed from the 12C I/O port and the 
control state machine was modified to latch 
all addresses and data bytes acknowledged 
on the bus. Additionally, since the monitor 
does not drive the 12C bus, the circuitry in the 
I/O port application that generated 
acknowledge bits during a read was also 
removed. Two signals, START and BUSY are 
generated by an asynchronous state 
machine. For detailed information on the 
derivation of these signals, the reader should 
refer to the PML2552 12C I/O port application 
note (AN038). 

SHIFT REGISTER 
Referring to Figure 1 and Figure 3, an 8-bit 
shift register was constructed from 8 internal 
JK flip-flops. Addresses and data appearing 
on the 12C bus are clocked into this register. 
A state machine looks at this register, and 
clocks the byte into the appropriate output 
register for address or data display. The byte 
will only be clocked into an output register if 
an acknowledge of the address or data 
occurred. 

In addition to the shift register the state 
machine also looks at a three bit counter 
output to determine when a specific bit or 
data bytes are available. Using a counter to 
mark time instead of adding states to the 

October 1993 

state machine can save device resources for 
other functions. A counter may be 
constructed very efficiently using JK flip-flops 
and this one uses a unique design which 
uses only three NAND gates in the PML2552 
flip-flop clock array, none in the foldback 
NAND array! The state machine is built using 
7 of the PML2552's internal JK flip-flops. The 
state machine has an output, DSBLCNT, 
which holds the counter at zero for one clock 
cycle during the acknowledge bit time. 
DSBLCNT is also gated with a couple other 
signals to generate the clock pulse that 
updates the output registers. 

Two signals are involved in resetting or 
initializing the state machine and counter. 
They are called START and BUSY. These 
signals are generated from a circuit which 
detects the 12C bus start and stop conditions. 
Refer to Figure 2 to see the relative timing of 
these signals. If a bus master issues a 
repeated start condition, START will go HIGH 
initializing the state machine to begin looking 
for an address match. 

STATE MACHINE DETAILS 
After the BUSY line goes HIGH, the state 
machine will be in state o. It simply waits in 
this state until the counter counts to six. The 
shift register should now contain the address 
sent on the bus. 

Upon the next 12C clock, the state machine to 
transitions to state 1. When the next 12C 
clock occurs, the RW bit status will be 
transferred to a register and an output pin. In 
addition, the RW bit will also be shifted into 
the shift register to be displayed along with 
the address when the shift register is clocked 
into the address display output port. The 
state machine will transition to state 2. 

Being in state 2 causes a signal DSBLCNT to 
go HIGH. This signal disables the counter for 
one count but also enables WP1 to clock the 
address and data into the display port upon 
the falling edge of the 12C clock. 
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After the address is found and latched into 
the output port, the state machine will 
transition to state 3. While in state 3 the state 
machine waits for the counter to count to 
seven, indicating that a byte of data is in the 
shift register. The state machine now 
transitions back to state 2 but sets a control 
bit named DATA. Once set, this bit can only 
be reset by another bus START condition or 
by a bus STOP condition. When the 
acknowledge clock pulse occurs, the byte in 
the shift register will be transferred to the 
data display output port. 

The state machine continues in a like manner 
transitioning between state 2 and state 3, 
latching data into the data display output port. 
When a bus STOP condition occurs, the 
state machine and counter circuitry will be 
reset, and will be held in the reset state until 
a bus START condition occurs. 

CONCLUSION 
This design combined several low level 
functions (counter, shift register, state 
machine, random logic) to produce a useful 
function using one programmable logic 
device. Although a microcontroller may be 
programmed to read addresses and data on 
the 12C bus, as the speed of the 12C bus is 
increased to 400 Kbits/sec the microcontroller 
will have difficulty doing anything else. 
Moving some high speed functions to 
hardware makes sense, allowing the 
microcontroller time to analyze and format 
the data. This design may be easily altered 
to provide for specific system requirements. 

A breadboard of this circuit was constructed 
for functional testing purposes. A listing for 
the design is shown in Figure 3. Additional 
circuit details are written as comments in the 
listing. A copy may be downloaded from the 
Philips PLD and Microcontroller Bulletin 
Board. The phone number is (800) 451-6644 
or (408) 991-2406. Use a modem set to 8 
bits, no parity and one stop bit. 
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I 2C Bus Monitor 

This design is for a PML2SS2 device. It configures the PML2SS2 to work 
as a simple real time non-intrusive I2C bus monitor. When connected to 
the I2C bus, one a-bit output port displays addresses sent on the bus 
while another S-bit port displays data. Additional output pins display 
address acknowledge, data acknowledge, rw mode, bus start condition, 
and bus busy status. 

SNAP 1.90 or later must be used to compile this file. 

@PINLIST 
"inputs" 
scl 
sda 

i; 
i; 

"I2C clock" 
"I2C data" 

reset 
wplc 
wp2c 

i; 
i; 
i; 

"reset input active LOW" 
"connect this pin to wpl pin " 
"connect this pin to wp2 pin " 

"outputs" 
start 
busy 

b; 
b; 

"start pulse" 
"bus busy" 

aack 
dack 
rwo 

0; 
0; 
0; 

"address acknowledge" 
"data acknowledge" 
"read/write" 

wpl 
wp2 
p2[0 .. 7] 

0; 
0; 
0; 

"connect this pin to wplc pin" 
"connect this pin to wp2c pin" 
"data display port" 

pl[O .. 7] 0; "address display port" 

@GROUPS 
adr = sr[6 .. 0]; 
cx = c[2 .. 0]; 
ct = c[2 .. 0]; 
port2 = p2[7 .. 0]; "data display port" 
portl = pl[7 .. 0]; "address display port" 

@TRUTHTABLE 
@LOGIC EQUATIONS 

"------------------" 
" Output registers " 
"------------------" 
port2.od 
port2.clk 
portl.od 
portl.clk 

sr[7 .. 0]; 
wp2c; 
sr [7 .. 0]; 
wplc; 

"--------------------------" 
" Shift register equations " 
"--------------------------" 
u2.clk scI; 
u3.clk scI; 
u4.clk scI; 
uS.clk scI; 
u6.clk scI; 
u7.clk scI; 
uS.clk scl; 
u9.clk scI; 
u2.set /(start + /busy) ; 
u3.set / (start + /busy) ; 
u4.set / (start + /busy) ; 
uS.set / (start + /busy) ; 
u6.set / (start + /busy); 
u7.set /(start + /busy); 
uS.set / (start + /busy) ; 
u9.rst /(start + /busy) ; 

"s bit shift register for input" 
"of I2C addresses and data" 

"the state machine will clock address" 
"or data bits from this register into" 
"the appropriate output register after" 
"eight bits have been clocked in" 

"this register is clocked by the I2C" 
"bus clock" 

"reset or set signals are defined so SNAP" 
"will use specific internal JK flip-flop" 

Figure 3. (1 of 3) 
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u2.j = 
u2.k = 
u3.j = 
u3.k = 
u4.j 
u4.k 
uS.j 
uS.k 
u6.j 
u6.k 
u7.j 
u7.k 
uS.j 
uS.k 
u9.j 
u9.k 

sda; 
/sda; 
u2; 

/u2; 
u3; 

/u3; 
u4; 

/u4; 
uS; 

IuS; 
u6; 

/u6; 
u7; 

/u7; 
uS; 

IuS; 

sr[0 .. 7] = u[2 .. 9]; 

" Counter section " 
" -----------------" 

c2.j l' "3-bit binary counter" 
c2.k l' "outputs are connected to state machine" 
cl.j 1; 
cl.k l' 
cO.j l' 
cO.k l' 

cO.rst I (/busy + start) ; 
cl.rst I (/busy + start) ; 
c2.rst I (/busy + start) ; 

cO.clk /(/dsblcnt * /scl); 
cl.clk = /(/dsblcnt * /scl * cO); 
c2.clk = I(/dsblcnt * Iscl * cO * cl); 

"------------------------------------,, 
" Detect IIC start , stop conditions " 
" ------------------------------------" 

uuuy = /scl + uuuy*/sda; 
uuustart = /uuuy*/sda*scl; 
start = uuustart; 
start.oe 1; 

uuuyO 

uuuyl 

uuubusy 
busy 
busy.oe 

= uuuyl*/sda + uuuyl*/scl 
+ /sda*/scl + /uuuyl*uuuyO*sda 
+ uuuyO*/scl + Ireset; 
= uuuyl*uuuyO + uuuyl*/scl 
+ /uuuyO*sda*/scl + uuuyl*/sda + 

= /uuuyl*uuuyO + luuuyl*/sda; 
= uuubusy; 
= 1; 

"-----------------------" 
" State machine portion " 
" -----------------------" 

"counter uses NAND gates in" 
"clock NAND array, not in" 
"foldback array" 

"start condition pulse" 

"bus busy signal is HIGH" 
"from start to stop conditions" 

Ireset; 

state2i s2*/S1*SO; "duplication of state definition to be used" 
"in following equation" 

dsblcnt = state2i; 

s2.set / (start + 
sl.set I (start + 
sO.set / (start + 
data.rst /(start + 
rw.rst reset 
acka.rst reset 
ackd.rst reset 

/busy) 
Ibusy) 
Ibusy) 
Ibusy) 

"dsblcnt HIGH when in state2" 

"reset state machine upon start" 
"condition and whenever bus is" 
"not busy (stop detected) ." 

"rw displays read or write bus operation" 
"acknowledge address" 
"acknowledge data" 

Figure 3. (2 of 3) 
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s2.c1k scI; 
s1.clk scI; 
sO.clk scI; 
data.clk scI; 
rw.clk scI; 
acka.clk scI; 
ackd.clk scI; 

cntr7 = cx=7h; 
cntr6 = cx==6h; 

wp2 = dsblcnt * /scl * data; 
wp1 = dsblcnt * /scl * /data; 

rwo = rw; 
aack=acka; 
dack=ackd; 

@INPUT VECTORS 
@OUTPUT VECTORS 
[rw, data, acka, ackd]JKFFR 
low = OOOOb; 

@STATE VECTORS 
[s2,sl,sO] JKFFS 
stateO 111b; 
state1 110b; 
state2 = 101b; 
state3 = 100b; 

@TRANSITIONS 
while [stateO] 
if [cntr6] then [state1] 

while [state1] 
if [sda] then [state2] with 
if [/sda] then [state2] with 

while [state2] 
if [ sda*/data] then [state3] 
if [/sda*/data] then [state3] 
if [ sda* data] then [state3] 
if [/sda* data] then [state3] 

while [state3] 
if [cntr7] then [state2] with 

"clock state machine from I2C bus clock" 

"state maachine reads counter to wait" 
"for specific bits" 

"write data to port2" 
"write address and rw bit to port!" 

"pins mirror values of internal flops" 

[rw] 
[/rw] 

with [ acka] 
with [/acka] 
with [ ackd] 
with [/ackd] 

[data] 

Figure 3. (3 of 3) 
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"start detected" 
"wait for address" 

"check polarity of rw bit" 
"addressed port to read" 
"addressed port to write" 

"display port data" 
"display address ack" 

"or data acknowledge" 

"wait for 7 bits" 
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INTRODUCTION 
In many laboratories and institutions one can 
still find many pes or similar computer 
equipment which are not connected via a 
network. There is often a need for occasional 
communication and data exchange in these 
cases and this application note describes a 
inexpensive solution, allowing 
intercommunications of up to eight stations. 

The specific goal of this design was to 
connect six pes and two PLD-Programmers 
in such a way that any two of them could 
communicate. Each of these devices has a 
serial interface (RS 232), which may be 
connected to another device in a null modem 

TrDx 

RcDx 

GND 

configuration by connecting theTrD (Transmit 
Data) and RcD (Receive Date) lines of the 
two selected stations. With the addition of 
readily available software for the pes that 
handshakes using a XON/XOFF protocol, the 
design realizes a digital switching network. 

The main part of the developed design 
represents a MUX-DEMUX-circuit realizing 
the primary switching network. One 
Multiplexer for each direction switches the 
TrD line of an activated station to an internal 
crosspoint and a Demultiplexer connects it to 
the RcD wire of the corresponding station. 
The choice of the stations to be connected is 
set up by the user via mechanical switches, 

so that an additional priority encoder has to 
guarantee the activation of only two stations 
at a time. In order to display the actual status 
of the switching network, two decoders are 
added which can drive 7-Segment-Displays 
directly and indicate the actual connection. 

Figure 1 shows the basic interconnection to 
be realized by the switching network and the 
structure of the complete design is shown in 
Figure 2. Beside the Line Buffers (DS 232) 
the complete design was to be implemented 
using just one programmable logic 
component. A Philips Semiconductor's 
PLHS501 proved to be an excellent choice 
for this design. 

Connector-Station 1 Connector-Station 2 

• • • • • • • • • • • • GND 

Nullmode, XON/XOFF protocol 

Figure 1. Interconnection via RS232 for a Simple XON/XOFF Protocol 
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BASIC OPERATION 

Link Control and Priority 
Encoder 
The first module of the design is the link 
control unit. As inputs it has eight selection 
signals indicating the choice of two stations 
which are to be connected. This primary 
selection will be converted to internal control 
signals for the switching network by the link 
control. As outputs there are 2x8 signals ( 8 
for each direction of data flow) controlling the 
multiplexer and demultiplexer directly. 

In addition to the basic function, the link 
control has to ensure that just two stations 
are connected with each other, even if more 
are activated by the switches. In order to fulfill 
this constraint there has been implemented 
an implicit priority encoder satisfying the 
following rules: 

• if just two stations are chosen by the 
switches (the normal case) then an 
interconnect of these stations will be 
established; 

• if only one switch is set active, the 
transmission signal of this station is 
directed to the Receive line of the same 
station (self test); 

• if no switch is activated no interconnection 
is set up at all; 

• if more then two switches were set to the 
'Active' level just the two stations with the 
highest and lowest number ( Station 0, 
Station 7 - highest priority) are 
interconnected with each other. 
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Realizing such privileges the appropriate 
function of the switching network is 
guaranteed in a way, that never more then 
two stations are linked together. 

Multiplexer 
Two multiplexers are the first part of the 
internal switching network. Directly controlled 
by the output of the link control module the 
multiplexers have the task to switch the 
transmission line of a selected station to an 
internal crosspoint. Since both directions of 
data flow are to be supported, two 
multiplexers exist which link the TrD lines to 
the crosspoints PD and PR respectively. 

Demultiplexer 
The second part of the digital switching 
network is formed by two demultiplexers. 
While the multiplexers have to link the active 
transmitter to central crosspoints, the 
demultiplexers connect these internal nodes 
with the RcD line of the corresponding 
counter station. The links to be established 
are as well controlled by the link control 
module and in the result each set of 
multiplexer/demultiplexers realizes an 
interconnection between any TrD and RcD 
signal lines. Since two of these sets are 
contained, both directions of data flow can be 
satisfied and a logical OR-operation of both 
demultiplexer outputs completes the 
switching network. 

Status Display 
A display was added to the basic function to 
show the actual interconnection. Since the 
original task was to connect eight stations 
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with each other two numerical displays were 
used to display just the number of the two 
active ones. In order to accomplish this 
function two identical decoders were created. 
The decoders read directly the eight control 
signals from the link control module and in 
correspondence to the active line they drive 
the displays with numbers 1 to 8. For the 
case that no station is selected, the displays 
will blank. 

THE PML-ARCHITECTURE 
Circuits with a PMl-structure represent an 
architecture that can replace all typical PlDs. 
In contrast to PAL and PLA circuits which use 
AND and OR gates, PMl is composed of just 
one programmable logic array using only 
NAND gates. The outputs of each gate folds 
back upon itself and all other NAND gates. 
Inputs, outputs and bi-directional pins are 
available in the same way as they are in 
other PlDs. 

The general PMl-architecture is shown in 
Figure 3. It is possible to realize any logical 
function block with this architecture. An 
example of implementing a D-type latch is 
shown in Figure 4. Efficient design 
implementations require a certain design 
style and software that includes an 
appropriate simulator, optimizer and compiler. 
Such tools are contained in the 
PlD-Development Software SNAP, which 
can be used to implement designs within a 
short period of time for PMl as well as for 
other programmable logic devices. 
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A DESIGN TOOL FOR 
PML-CIRCUITS (SNAP) 
Design implementation for PML as well as of 
other programmable logic ICs is supported 
by the Software tool SNAP. This program 
package, offered by Philips Semiconductors, 
guides the user through the complete design 
process beginning with the design description 
up to the automatic generation of final 
programming data and a corresponding test 
vector file. For the initial description of 
designs several entry tools are available. 
First there is the opportunity to create a 
network description via a schematic editor 
(e.g. OrCAD SOT). Alternatively SNAP 
defines a specific HDL (Hardware Description 
Language) and by using this method, a 
design description may be given in terms of 
Boolean equations, truth tables or FSM 
(Finite State Machines) syntax. 

Whichever entry method is used becomes 
converted into an internal network description 
in a following step. The internal network 
format is similar to the EDIF-format and it 
corresponds with the data formats used by 
Philips Design Station for ASIC development. 
So it is also possible with SNAP to import 
designs given as EDIF-network descriptions 
and moreover the internal format keeps open 
the choice of a PLD or a Gate Array design 
implementation. Finally SNAP contains a 
minimzer module can optimize the Boolean 
function thereby increasing the quality of the 
design implementation, sometimes 
significantly. 

After a description has been created, the 
point of interest is to verify the correct 
operation of the design. For this purpose 
SNAP has included an easy to use digital 
simulator. The simulator, LESIM3, is 
contained in SNAP as well as in the Philips 
Design Station which has been used for 
ASIC-development for many years. 

Basically LESIM3 supports the simulation of 
abstract network descriptions as well as of 
concrete circuit models. The simulator either 
assumes a constant, propagation delay value 
for a given, bare network or it can consider 
the real timing relations if the model for a 
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certain IC is available. The stimuli for a 
design simulation can be generated by an 
interactive, graphical wave form entry or a 
textual stimuli description. The graphical 
entry is very easy to handle and leads quickly 
to appropriate stimuli for smaller designs. The 
other choice, the textual notation of stimuli, 
bases on an own simulation control language 
(SCL) of LESIM3 and it allows the compact 
description of sophisticated sequences for 
extensive design verification. This opportunity 
serves more the needs of experienced 
designers and in correlation with fault 
simulator, test pattern generator, model 
generator and other options it makes possible 
all kinds of functional simulation and test. 

The goal of design development software is 
the generation of ICs realizing an application 
specific function. Since the initial design 
description in SNAP is device independent, 
one task is to select a specific component. 
Even the choice of a PLD is made easy by 
SNAP, since all available devices are listed 
directly on the screen together with their most 
relevant data. After the designer has decided 
which PLD to use, there is only left the task of 
specifying pinning of the device. An initial pin 
assignment is suggested by SNAP 
automatically, which can be revised in an 
interactive process directly on the graphical 
presentation of the device. 

If all assignments are done, the ultimate 
design step is the compiler run. Automatically 
the compiler tries to map the given network 
on the selected PLD-architecture and in case 
of success a programmer file is generated 
(the format of programmer file follows JEDEC 
No.3A standard). This file can be downloaded 
onto a device programmer directly from the 
SNAP-shell, so that the IC-implementation 
can be completed immediately by 
programming the physical device. If on the 
other hand the compiler fails in its run the 
appeared problems will be listed in a status 
file and in this way the designer gets hints 
how to modify the design for a successful 
compilation. Especially in these cases SNAP 
has an essential advantage, since the 
SNAP-shell with its clear structure (Figure 5) 
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allows additional design iterations quickly and 
furthermore automated. 

DEVELOPMENT OF THE 
SWITCHING CONTROL UNIT 
WITH SNAP 

Design Description 
The general functionality of the intended 
switching network has been outlined already 
in section two. There, the complete design 
has been subdivided into basic modules, of 
which the logical function can easily be 
described by boolean equations. Therefore it 
makes sense to use the 'Equations' entry of 
SNAP for design description and activating 
this module from the SNAP-shell an editor 
makes it possible to fill in a script of an empty 
HDL-file. Using the Equation-entry any 
design definition has to follow the specific 
HDL-syntax of SNAP and Figure 6 shows this 
description for the complete design. 

Referring to the listing (Figure 6) the basic 
structure of HDL-files can be demonstrated. 
The first section '@PINLlSr serves for the 
definition of primary inputs, outputs and 
bi-directional pins of a design. Just the 
names of the ports and the port types are 
fixed here. After declaring the I/O-part the 
section '@LOGIC EQUATIONS' contains the 
definition of the designs functionality. In this 
part the output is to specify in terms of 
boolean equations, in which inputs, 
intermediate signals and logical operators 
can be used. The basic operators are AND 
('*'), OR ('+'), NOT ('n and EXOR (':+:'), but 
more abstract operations are available too. 

Within a HDL-file additional sections can be 
used for describing truth tables and finite 
state machines, but since they are not 
necessary for the switching network they are 
not explained here. Finally it should be 
mentioned that any project file in SNAP gets 
a specific file name extension upon 
completion of each development stage, so 
that the created Equation-file is marked with 
'.EQN' and the project file is named as 
NuIlMod.Eqn. 
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Figure 5. Snap Shell 
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@PINLIST 
SelO I; 
Sell I; 
Sel2 I; 
Sel3 I; 
Sel4 I; 
SelS I; 
Sel6 I; 
Sel? I; 
TrDO I; 
TrDI I; 
TrD2 I; 
TrD3 I; 
TrD4 I; 
TrDS I; 
TrD6 I; 
TrD? I; 
RcDO 0; 
RcDI 0; 
RcD2 0; 
RcD3 0; 
RcD4 0; 
RcDS 0; 
RcD6 0; 
RcD? 0; 
DisplA 0; 
DisplB 0; 
DisplC 0; 
DisplD 0; 
DisplE 0; 
DisplF 0; 
DisplG 0; 
Disp2A 0; 
Disp2B 0; 
Disp2C 0; 
Disp2D 0; 
Disp2E 0; 
Disp2F 0; 
Disp2G 0; 

@LOGIC EQUATIONS 

SsO SelO ; 
Ssl /SeIO * Sell; 
Ss2 /SeIO * /Sell * Se12; 
Ss3 /SelO * /Sell * /Se12 * Se13; 
Ss4 /SelO * /Sell * /Se12 * /Se13 * Se14; 
SsS /SeIO * /Sell * /Se12 * /Se13 * /Se14 * SeIS; 
Ss6 /SelO * /Sell * /Se12 * /Se13 * /Se14 * /SeIS * Se16; 
Ss? /SeIO * /Sell * /Se12 * /Se13 * /Se14 * /SeIS * /Se16 * Sel?; 

PD = TrDO * SsO + TrDI * Ssl + TrD2 * Ss2 + TrD3 * Ss3 + 
TrD4 * Ss4 + TrDS * SsS + TrD6 * Ss6 + TrD? * Ss? 

Se? Sel? 
Se6 /Sel? * Sel6 ; 
SeS /Sel? * /Se16 * SelS ; 
Se4 /Sel? * /Se16 * /SelS * Sel4 ; 
Se3 /Sel? * /Se16 * /SeIS * /Se14 * Sel3 ; 
Se2 /Sel? * /Se16 * /SeIS * /Se14 * /Se13 * Sel2 
Sel /Sel? * /Se16 * /SelS * /Se14 * /Se13 * /Se12 * Sell 
SeO /Sel? * /Se16 * /SeIS * /Se14 * /Se13 * /Se12 * /Sell * SeIO; 

PR = TrD? * Se? + TrD6 * Se6 + TrDS * SeS + TrD4 * Se4 + 
TrD3 * Se3 + TrD2 * Se2 + TrDI * Sel + TrDO * SeO; 

Figure 6. The Complete Design Description for the Switching Network Circuit (1 of 2) 
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ReD7 = PD * Se7 + PR * Ss7 
ReD6 = PD * Se6 + PR * Ss6 
ReDS = PD * SeS + PR * SsS 
RcD4 = PD * Se4 + PR * Ss4 
ReD3 = PD * Se3 + PR * Ss3 
ReD2 = PD * Se2 + PR * Ss2 
ReDl = PD * Sel + PR * Ssl 
ReDO = PD * SeO + PR * SsO 

DisplG /( Se2 + Se3 + Se4 + SeS + Se6 ); 
DisplD = /( SeO + Se2 + Se3+ SeS + Se6 ); 
DisplE = /( SeO + Se2+ Se6 ); 
DispLF = /( SeO + Se4 + SeS + Se6 ); 
DispLA = /( SeO+ Se2 + Se3+ SeS + Se6 + Se7 ); 
DisplB /( SeO + Sel + Se2 + Se3 + Se4+ Se7 ); 
DisplC /( SeO + Sel + Se3 + Se4 + SeS + Se6 + Se7 ); 

Disp2G /( Ss2 + Ss3 + Ss4 + SsS + Ss6 ); 
Disp2D /( SsO + Ss2 + Ss3 + SsS + Ss6 ); 
Disp2E /( SsO + Ss2 + Ss6 ); 
Disp2F /( SsO+ Ss4 + SsS + Ss6 ); 
Disp2A = /( SsO + Ss2 + Ss3+ SsS + Ss6 + Ss7 ); 
Disp2B /( SsO + Ssl + Ss2 + Ss3 + Ss4 + Ss7 ); 
Disp2C = /( SsO + Ssl + Ss3 + Ss4 + Ss5 + Ss6 + Ss?); 

Figure 6. The Complete Design Description for the Switching Network Circuit (2 of 2) 
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Generation of an Internal Netllst 
As already mentioned, each design 
description within SNAP becomes converted 
into an internal netlist format first. In general 
this step is carried out automatically just by 
activating the corresponding program module 
and for the actual design this means to start 
the 'Net Converter' and the 'Merger' in 
succession. The network converter translates 

the given HDL-file into an EDIF like netlist 
description, while the merger has no essential 
meaning for this design. It is rather important 
for larger, hierarchical designs, where this 
module has to merge several function blocks 
into one, flat netlist. 

out coming netlist file with the name 
NullMod.Net (project name with extension 
'.NET') forms the bases for the following 
simulation and for the compiler. That's why a 
part of the resulting netlist is shown in 
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Regardless of design complexity, the merger 
has to be executed for each design and the 

Figure 7 for demonstration of this important, 
internal file format. 

****************************************************** 
* output of Merger 
* Date: 10/ 1/1993 

Version 1.60 * 
Time: 14:26:44 

****************************************************** 
* Input File Name: 
* Netlist File Name : 

NULLMOD . MAC 
NULLMOD.NET * 

****************************************************** 
* 
NETSTART 

SSl AN2 I(N48 1,Sell) O(SSl) 
B48 1 INV I(SelO) 0(N48 1) 
SS2-AN3 I(N49 1,Se12,N48 1) 0(SS2) 
B49 1 INV I(Sell) 0(N49 I) 
SS3-AN4 I(N49 1,N50 1,se13,N48 1) 0(SS3) 
B50 1 INV I(Se12) 0(N50 1) -- ,-

I 
I 

Disp2B N06 I(SelO,SSl,SS2,SS3,SS4,SS7) o (Disp2B) 
Disp2C N07 I(SelO,SSl,SS3,SS4,SS5,SS6,SS7) o (Disp2C) 

* 
NETEND 

NETIN SelO,Sell,Se12,Se13,Se14,Se15,Se16,Se17,TrDO,TrDl,TrD2, 
ITrD3,TrD4,TrD5,TrD6, TrD7 
NETOUT RcDO,RcDl,RcD2,RcD3,RcD4,RcD5,RcD6,RcD7, 
IDisplC,DisplB,DisplA,Disp1F,Disp1E,Disp1D,DisplG, 
IDisp1C, Disp2B, Disp2A,Disp2F, Disp2E, Disp2D,Disp2G 

* 

Figure 7. The Netlist File NullMod.Net 
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Design Simulation 
The simulation of a design is an important 
step in the development of each circuit. 
Beside the bare functional simulation, the 
actual device timing relations, the testability, 
and last but not least an appropriate test 
pattern needs to be generated. All these 
functions can be realized by SNAP, even if 
only the basic procedure is demonstrated 
here. 

Working with SNAP the first step is to convert 
the netlist into a more compact format easier 

to read for the simulator. This will be 
accomplished by starting the program module 
'SIMNET' and as a result a binary file with the 
name NullMod.Bin becomes created. 
Additionally a stimuli file NullMod.ScI will 
automatically be generated too. These 
automatically generated stimuli are quite 
arbitrary and so it is advisable to modify them 
by the module 'WAVEFORMS' or by the 
available text editor. Are the binary design file 
and the stimuli file present the real simulator 
'SIMSCL' can be run and the simulation 
results are stored in a project file ending with 

'.RES' (Null Mod. Res for the switching 
network). These results can either be 
visualized graphically on the screen by 
'PLOT' or printed out by the program module 
'SIMPRT'. 

A complete simulation takes a good deal of 
work for any design and it can become quite 
extensive. That's why only a small part of the 
stimuli file for the switching network shall be 
shown here for demonstration (Figure 8) and 
Figure 9 shows the corresponding section of 
the graphical simulator output. 

************************************************************** 
* Output of Updsirn 
* Date: 10/01/93 

Version 1.00 
Time: 14:27:02 

* 
* 

************************************************************** 
* Input File Name: NULLMOD.NET * 
* Output File Name: NULLMOD.SCL * 
************************************************************** 

P SelO, Sell, Se12, Se13, Se14, SeO, Sel, Se2, Se3 
PCO 
S 0 (500) SelO 
S 0 (1000) Sell 
S 0 (1700) Se12 
S 0 (2500) Se13 
S 0 (2800) Se14 
S 0 (3100) Se15 
S 0 (3500) Se16 
S 0 (4000) Se17 

SU time = 5000 

Figure 8. A Section of the Simulator Stimuli for the Verification of the Design 

File: NULLMOD.RES DELAY Ons Marker 700ns Sec/Div 

Sel 0 H 

Sel 1 L I 

Sel 2 L I 
Sel 3 L 

Sel 4 L 

Se 0 H 
-.--J I 

Se 1 H I I 
Se 2 L I 

Se 3 L 

500 1000 1500 2000 

Figure 9. Graphical Presentation of Simulator Output 
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The Complier 
The final aim of the design process is to 
generate a data file in order to customize 
programmable logic devices with the 
functionality of the developed design. The 
programming data format generated by 
SNAP follows the international standard 
JEDEC No. 3A, which is widely accepted and 
used in industry and research. 

The compiler block of SNAP has the task to 
map a given, verified netlist onto a certain 
device architecture and to convert the result 
into a JEDEC file readable by a device 
programmer. In order to do so a specific 
device should be chosen and a pin out 
selected. Forthis design, a PLHS501 is 
chosen within the program module 
'DEVSELECT' and the Pinning needs to be 
entered with 'PINSELECT' in correspondence 
to that of Figure 10. After running these two 
programs, the compiler can be started which 
fits the design into the chosen device. In case 
of problems during the compilation an error 
file (with extension '.ERR' ) will be generated 
reporting errors, warnings and information 
about necessary modifications to the initial 
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design. But for the design of the switching 
network the compiler finishes its work with 
success resulting in a JEDEC file named 
NuIlMod.Jed. This file can now directly be 
used to program a PLHS501 or it can be 
modeled for a final timing simulation. 

PROGRAMMING OF THE 
PLHS501 
Among other alternatives the UP2000 device 
programmer represents an interesting, 
efficient tool for the development of 
programmable logic especially in laboratories 
and smaller enterprises. Manufactured for 
use in PC environments it consists of an 
expansion board for PCs (8-Bit Slot), an 
adapter box, several adapters for mounting 
various package layouts, and corresponding 
programmer software. This device 
programmer and associated software 
supports all of the programmable logic 
devices that are contained within the SNAP 
library, so that the UP2000 is the ideal 
companion for the SNAP development 
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system. The programmer software is mostly 
self explanatory and with some skill it can 
directly be included into the SNAP shell. 
Using the JEDEC file from SNAP and a 
UP2000 to program a PLHS501 revealed no 
problems at all. The programming of the 
design of the switching network into the 
PLHS501 was finished within one minute. 

SUMMARY 
The design of a digital switching network as 
described here was implemented within just 
one Philips PLHS501. Adding some 
buffer/drivers and the necessary switches 
and display elements completed the design to 
a working application. It was tested within a 
laboratory of 8 PCs, which were 
interconnected by the switching network via 
their standard serial interfaces. By changing 
the switches, any of the computers could be 
interconnected and using communication link 
programs such as Lap Link or Norton 
Commander, a simple data transfer method 
was realized. 
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PlHS501 

U5A 
11 31 16 vce T10UT T1IN TrDO OlsplA 

B RllN Rl0UT ReDO OlsplB 32 15 

OlsplC 33 17 
T20UT T21N TrDl 28 R21N R20UT ReOl Olsp 10 

Olsp lE 29 0 
Cl+ v+ 

Olsp IF 30 
v-

Cl- OlsplG 27 

C2+ 

C2-

= 
U2 

T10UT T1IN TrD2 Oisp2A vee 
RllN Rl0UT uq Re02 Oisp2B 

T20UT T21N TrD3 
Oisp2C 

R21N R20UT 
Re03 Disp 2D 

Disp 2E 
Cl+ v+ 

v- Oisp 2F 

Cl- Olsp2G 

C2+ 

C2-

OS232 

U3 vec 
Tl0UT T1IN TrD4 
RllN Rl0UT ReD4 

T20UT T21N TrD5 
R21N R20UT Re05 

Cl+ v+ 
v-

Cl-

C2+ 
1 2 3 4 5 6 7 8 

C2-

OS232 Vee 

SelO 43 
U4 Sell 41 
T10UT T1IN TrDS Sel2 

14 
RllN Rl0UT Sel3 

13 ReD6 Sel4 
Sel5 

T20UT T21N TrD7 Sel6 
R21N R20UT 35 ReD7 

Sel7 

Cl+ v+ 
v-

Cl-

C2+ 

C2-

vee 

Figure 10. Schematic of the Complete Switching Network 
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INTRODUCTION 
This paper presents the design of an 
accelerator that increases microcontroller 
performance without resorting to multiple 
expensive high speed memory chips or a 
high-cost superscalar controller. The design 
of a data acquisition unit, similar to a logic 
analyzer, is presented as an example. The 
task of the analyzer is to capture and respond 
to data, sampled at a rate faster than the 
microcontroller can operate. 

Data capture is a hardware-intensive function 
- it is difficult using software to synchronize 
controller operations with external data and 
balance memory requirements. On the other 
hand, formatting captured data and outputting 
it for display is best done in software. The 
accelerator exploits these characteristics by 
using a programmable logic device with the 
microcontroller. This partitions data 
acquisition and display into fast 
hardware-intensive and slower, 
software-intensive functions. 

What is Microcontroller 
Acceleration? 
Microcontroller acceleration is anything that 
makes a microcontroller appear to operate 
faster. Accelerators are special purpose 
hardware units that perform a time critical 
task that a microcontroller cannot. In the 
microprocessor world, accelerators have 
been hardware arithmetic units, simulation 
engines or graphics engines. The accelerator 
works with the microcontroller, either 
intercepting the time critical activity 
automatically (coprocessor), or acting when 
requested by the microcontroller. 
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To illustrate, an arithmetic coprocessor 
automatically intercepts multiply and divide 
instructions, which slow down an integer 
based microprocessor. The coprocessor does 
the arithmetic operations with special purpose 
state machines and floating point hardware. 
A simulation engine performs high speed 
logic evaluations and operates directly on a 
circuit model contained in memory. Graphics 
engines operate directly with the display 
memory, performing the basic housekeeping 
and bit transformations with special purpose 
hardware. Each acceleration device permits 
the host processor to execute other code 
while the accelerator operates at high speed 
doing its special purpose activity. 

SYSTEMATIC APPROACH TO 
ACCELERATION 
Can we systematically design hardware 
accelerators? The answer to that question is 
- probably. The standard approach is part 
science and part art, much like system 
partitioning. In fact, accelerator definition 
tracks functional partitioning in many ways. 

The microcontroller system must be designed 
by first identifying microcontroller activities 
and those that must be done externally. The 
same approach is used for microprocessors 
as for microcontrollers, and will be shown by 
example. 

Matching a microcontroller or microprocessor 
to a target task involves several steps. 
1. Identify tasks that must operate at full 

speed and tasks that can operate slower. 
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2. Identify operations that are most efficient 
when handled by microprocessor data 
paths and those that must be outside, 
handled by high speed logic. 

3. Maximize tasks that can be done by 
software and minimize tasks that must be 
done by application specific hardware. 

4. Identify which tasks must operate with 
custom hardware because of their 
asynchronous nature. 

Much of the task partitioning is intuitive, but 
some may be quantitatively derived. For 
instance, the cycle time of the 
microprocessor is a constraint. Any activity 
that occurs in less time than the cycle time of 
the processor must by handled by hardware 
that can respond quickly enough. Any activity 
that is not critical is a candidate for being 
handled by the microprocessor. 

The key to success in acceleration is 
correctly identifying the tasks that must be 
done at speed and those that can wait. This 
is the first partition. 

The next step is to identifying slow and fast 
data path operands. For instance, initializing a 
counter or a comparator may be done slowly, 
but the counting and comparing operations 
must occur at full speed. Isolating these kinds 
of operations is another partition. 

Additional steps mayor may not be needed. 
However, synchronizing signals that are 
asynchronous is very difficult for controllers to 
do unless the signals are extremely slow and 
the degree of synchronization is loose. 
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AN EXAMPLE 
Lers look at an example taken from the 
instrumentation world. Most digital engineers 
are familiar with logic analyzers, because 
they use them for digital system debug. The 
idea is to make an add-on unit for a personal 
computer, using the PC's abilities to manage 
and display data. However, the PC cannot do 
high speed data capturing or triggering 
(stopping the data capture), unless 
ridiculously low speeds are the goal. For a 40 
MHz data capture rate, these tasks must be 
done by a second processor, passing data 
frames to the PC. This unit, shown in 
Figure 1, could even be inexpensively 
designed into a system that might benefit 

from remote access diagnostics. Clearly, it 
can operate stand-alone, as well. 

To handle the 40 MHz data rate, samples 
must occur every 25 nanoseconds, and be 
stored in consecutive RAM locations. The 
RAM will hold a sampled time image of probe 
voltages captured by the analyzer. Just 
passing the data into the RAM is no problem, 
but an address counter must manage the 
RAM. We'll assume a 20 nanosecond SRAM, 
giving some time margin. 

There are RISC processors today, that could 
pass data through them and update counters 
near this rate. However, that is not all that 
must be done. This is the tough part - each 

~ ! 
I I~ 

00000000000000 LOGIC 
0000000000000 DDDDDOOOODODDO~ ANALYZER 

ODODDODOODDDCJ 
I I 

Figure 1. PC Based Logic Analyzer 
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data item must be examined if a pretriggering 
feature is implemented. 

Pre-triggering permits the analyzer to 
recognize a data item, and when recognized, 
stop capture. This important feature permits 
designers to isolate bugs, and find what 
caused them. An important added feature, is 
time delayed stopping. 

lime delayed stopping permits more data 
capture after the trigger event, allowing 
assessment of the results of a bug. lime 
delayed stopping must be done at full 
hardware rates to be effective. It gets 
complicated. 

· SYSTEM 
• UNDER 
• TEST 
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Now, let's outline the tasks to be done. 
1. The logic analyzer must be enabled by 

the PC. 

2. Each sample must be captured, and 
examined. 

3. In parallel, a RAM address must be 
calculated. 

4. The data must be stored at the address. 

5. If the data matches a trigger value, a time 
delay procedure must be started. 

6. Samples must continue to be captured 
and addresses calculated. 

7. When the time delay value is reached, 
sample capture is to cease. 

8. The PC must be informed that sample 
capture has ceased. 

9. At this point, the PC assumes control and 
reads back the RAM for display. 

Everything is possible for a fast RISC to 
perform up to step four, when a trigger event 
occurs. At this point, the complexity increases 
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to the point that at least four tasks occur 
simultaneously. Examining the sample, 
storing it, updating the address and the delay 
must occur in one 25 nanosecond period, to 
keep up with arriving samples. This suggests 
hardware speeds are required, and sets the 
speed of the events to occur. Since each task 
can be done within the same 25 nanosecond 
period, the next sample can arrive and be 
handled. Even if the RISC could keep up with 
the tasks, it would be a prohibitive solution (at 
least one thousand dollars) for processor and 
memory. Twenty nanosecond SRAMs aren't 
cheap, and fast 32-bit RISCs need several of 
them. 

Even by restricting the analyzer to an 8 bit 
one, doesn't help much. RISC processors of 
this speed are inherently 32 bits wide. This 
motivates us to find an alternative solution. 
We'd like to make a unit for less than 100 
dollars and fifty is preferable. 

First, let's partition the problem into two 
pieces, on-line tasks and off-line tasks. 
On-line tasks are those that occur during data 
capture, and must meet the 25 nanosecond 

FPGA 

DATA 

ADDRESS 

READIWRITE 
CONTROL 

DATA 

Figure 2. Logic Analyzer Block Diagram 
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time constraint. Off-line tasks are those that 
occur when the heat is off, and have no 
particular time constraints beyond ·user 
friendly" speeds. 

Enabling the analyzer, reading back the RAM 
contents and dealing with the PC are off-line 
tasks. Sample capture, store and triggering 
activities are on-line tasks. The design must 
do the on-line tasks in pure hardware and the 
off-line tasks in micro-controller software. 
Figure 2 shows the microcontroller and data 
capture unit along with an SRAM. 

By isolating the high speed operations into 
application specific hardware, forming an 
accelerator, a large class of inexpensive 
microcontrollers can meet the needs of the 
off-line tasks. First, because the needs of this 
example are only for 8 bit data, we'll use an 8 
bit microcontroller. A microcontroller with 
enough I/O ports and the ability to do the 
off-line tasks in a single chip will be the most 
desirable. Off-line tasks include managing the 
sample RAM, communicating with the PC 
and enabling or disabling the accelerator. 

SRAM 
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MICROCONTROLLER 
SELECTION 
The design requires serial access to the PC, 
and at least four ports for handling the 
accelerator. These requirements are met by a 
single 8051 type microcontroller. Because 
8051s are inexpensive and readily available, 
let's pick one that has an additional feature -
speed - ensuring an enjoyable user interface 
for off-line activities. The 33 Mhz version of 
the 8051, offered by Philips Semiconductors 
meets the basic needs. 

An interesting aspect of the 8051 family, is 
that there are so many derivative parts. The 
design presented here, can be adapted in 
many ways to meet other needs. For 
instance, I picked the 33 MHz version, 
preserving user frustration. I could have 
picked the 80CL41 0 for low power, the 
87C751 to minimize the size, or the 87C451 if 
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~ P1 P3 

Address/Data 

Figure 3. The 80C51 

I needed more liD ports. Other family 
members have fewer ports (in smaller 
packages) and built in AID converters. For 
our needs, we'll simply pick the fastest 
microcontroller, the 80C51. Figure 3 shows 
the architecture of the 80C51. If the unit was 
to be portable for a notebook or palmtop PC, 
the chosen 8051 would probably be different. 

ACCELERATOR HARDWARE 
SELECTION 
The accelerator (data capture unit) is another 
issue. First, it must be able to do the tasks 
described as on-line, and it must do them in 
25 nanoseconds. This should not be 
confused with a pin to pin propagation time of 
25 nanoseconds, but simply at a rate tracking 
25 nanosecond samples. As long as the RAM 
addresses and the captured data arrive at the 
SRAM together - at a rate equal to 40 MHz -
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TXD RXD 

the analyzer tracks the samples. It is 
important to update the counter at the sample 
rate, as well as time delay a pretriggered 
sample at the same rate. This is easily done 
with an FPGA type part or a complex PLD. 

For this task, I picked a Philips 
Semiconductors PML 2852 (Figure 4). The 
PML 2852 includes 8 bit registers which 
operate as input data synchronizers and uses 
JK flip flops for internal counters. The PML 
2852 has 52 JK and D type flip flops, with 
over a hundred very wide Nand gates inside. 
The data rate of 40 MHz is well below the 
PML 2852 system clock rate. Interconnect 
routing is not a problem because of the fully 
connectible foldback architecture. In all, the 
PML 2852 provides enough flip flop and gate 
resources in an 84 pin package, to form the 
needed comparators, counters, multiplexers 
and timers to complete the accelerator. 
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Figure 4. PML2852 Detail with SNAP Resource Summary Designations 
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SOME DESIGN DETAILS 
Lers look at some of the more critical internal 
functions (Figure 5a) to understand the 
accelerator operation. The pretrigger 
structure is formed with an eight bit register 
holding a compare pattern, a series of 
Exclusive-Nor functions and a second 
register holding bit enables. The bit enables 
permit "don't care" triggering. The 
Exclusive-nor gates are made from fold back 
Nand gates. The entire unit is designed to 
format 8 bit samples into 256 byte data 
frames, but the design may be expanded by 
cascading additional PML 2852s and 
SRAMs. Cascading can be done using 

Project 

leftover pins, and the fact that the counters 
and comparators are made in a expandable 
fashion. 

Three of the 8051 ports are used to drive 
data values into the PML part, with the fourth 
port makes strobes for the various registers. 
One of the 8051 ports is designated as 
bidirectional and is used to read and write 
data values, compare operands, and 
counters. The pretrigger in this example is set 
at a fixed value of 16 time units, but this value 
can be changed. 

The design shown in Figure 5a, was done 
using Philips Semiconductors PLD design 
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software, SNAP. SNAP (Figure 6) permits a 
gate array flow for the entire PLD family at 
Philips Semiconductors, including the PML 
family. SNAP supports schematic and 
equation entry, device independent design, 
optimization, fitting and back annotated 
logical simulation. All of the blocks in 
Figure Sa were written using Boolean 
equations, except for the control block. The 
control block was described using a 
schematic shown in Figure 5b. The SNAP 
equation listings for the other blocks are 
shown in Figures 9a, b, c, d, and e, with the 
final PML2852 pin layout in Figure 10. 

Use cursor keys to select module 
Use function keys to enter command 

Figure 6. SNAP Flow Chart 

October 1993 838 



Philips Semiconductors Programmable Logic Devices 

Microcontroller acceleration 

ANALYZER OPERATIONS 
The order of operations is shown in Figure 7. 
Initial values are loaded into the counter, the 
compare and enable registers. When a 
control strobe is sent from the 8051 to the 
PML 2852, automatic data capture begins. 
Data capture continues, loading consecutive 
values into the SRAM, at that point. 

When a data value matches the qualified 
trigger pattern, a time delay counter is 
enabled and 16 more samples are taken. At 

the end of the delay, the SRAM write circuitry 
is disabled. The 8051 software scans the 
internal control register and senses the data 
capture complete condition. The 8051 begins 
SRAM readback at that point. If a trigger 
pattern is never encountered, data sampling 
continues and will load one 256 bit frame 
after another on top of old values. As 
mentioned before, the depth of the SRAM 
can be easily expanded to capture these 
frames using more parts, if needed. 

OFF-UNE 
8051 CODE 
SETS UP 
ANALYZER 

ON-UNE 
8051 
SCANS WHILE 
ANALYZER 
FREE RUNS 

INCREMENT ADDRESS 
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Readback occurs when the 8051 resets the 
SRAM address and reads 256 consecutive 
values from it. The 8051 updates the counter, 
reads the SRAM and inputs the data. The 
data is passed on an RS-232 cable to the 
PC, where a separate display routine takes 
the data and forms a familiar waveform 
pattern. Remember that readback is an offline 
activity. The data capture hardware is 
stopped, and the RAM dumping occurs at a 
leisurely rate. 

OFF-UNE 
8051 
TRANSFERS 
ANALYZER 
BACK TO P.C. 

Figure 7. Simplified Analyzer Operation Flow 
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RESULT DISPLAY 
When the data is retrieved by the PC, it can 
be formatted and displayed in classic logic 
analyzer style. Separate channels are simply 
the separate SRAM data lines. Display is 
simply a matter of finding the frame starting 
point, and making transition display segments 
on the screen. 

As an example of this type of display, see 
Figure 8. Figure 8 is actually, a display of 
data taken from the simulation section of 
Philips Semiconductors SNAP design 
software, running on a PC. The simulation 
software in SNAP mimics the display format 
of a logic analyzer. By formatting the 
information taken from the logic analyzer and 
renaming the file for SNAP's needs, a usable 
result is obtained. The SNAP simulation 
display includes features like waveform 
expansion, cursor movement, overlap and 
reorder of waveforms, etc. 

CLOCK H 

RESET H 

DATAl H 

DATA2 L 

DATA3 L ---11 
DATA4 H ---.J 

DATA5 L 

DATA6 H 

DATA7 H 

DATA8 

100 

October 1993 

CONCLUSIONS 
At the outset of this paper, a procedure for 
making accelerators was outlined. By 
example, a small logic analyzer design was 
shown, to speed up an inexpensive 
microcontroller, with a low cost FPGA. 

But why is this class of designs so important? 
First, the logic analyzer shows which 
activities must be made in hardware and 
which can be in software. Second, the design 
is typical of a larger class of designs -
parallel data operation designs. Included in 
this category are other instrumentation 
applications and many computer control 
applications. For instance, if the logic 
analyzer had the triggering hardware 
removed and only passed the data through it 
to the SRAM, it becomes a generalized data 
acquisition unit. If the data acquisition unit 
was supplemented with a single 8 bit ND 

300 500 700 

Figure 8. PC Waveform Displays 
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converter, and its analog input was taken as 
a probe, it becomes a digital oscilloscope. If 
the data acquisition unit passes data to the 
SRAM, and adds a word counter, the unit 
becomes a DMA controller. Other examples 
exist. Each simply takes a high speed task, 
offloads the microcontroller and make.s the 
overall operation much faster. 

There are other design categories where 
accelerators can be beneficial. Most notable 
is the class of serial data operation designs. 
These designs can also be made with 
inexpensive microcontrollers and low cost 
FPGAs. Their primary abilities include 
capturing and sensing serial data patterns 
and taking action, as well. The world of high 
speed data communications uses these types 
of machines, accelerating lower level data 
operations. However, that is the topic of 
another paper! 
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@PINLIST 
AIN I;BIN I;CIN I;DIN I;EIN I;FIN I;GIN I;HIN I;LOAD I; 
AOUT O;BOUT O;COUT O;DOUT O;EOUT O;FOUT O;GOUT O;HOUT 0; 
@LOGIC EQUATIONS 
AOUT.D AIN; 
BOUT.D BIN; 
COUT.D CIN; 
DOUT.D DIN; 
EOUT.D EIN; 
FOUT.D FIN; 
GOUT.D GIN; 
HOUT.D HIN; 
AOUT.CLK LOAD; 
BOUT.CLK LOAD; 
COUT . CLK LOAD; 
DOUT.CLK LOAD; 
EOUT.CLK LOAD; 
FOUT.CLK LOAD; 
GOUT.CLK LOAD; 
HOUT.CLK LOAD; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

Figure 9a. BUFF Block Equations 

@PINLIST 
INAO I;INAl I;INBO I;INBl I;INCO I;INCl I;INDO I;INDl I 
lNEO I;INEl I;INFO I;INFl I;INGO I;INGl I;INHO I;INHl I SEL I; 
DOUTA O;DOUTB O;DOUTC O;DOUTD O;DOUTE O;DOUTF O;DOUTG 0 DOUTH 0; 
@LOGIC EQUATIONS 
DOUTA = /SEL*INAO + SEL*INA1; 
DOUTB /SEL*INBO + SEL*INB1; 
DOUTC /SEL*INCO + SEL*INC1; 
DOUTD /SEL*INDO + SEL*IND1; 
DOUTE /SEL*INEO + SEL*INE1; 
DOUTF /SEL*INFO + SEL*INF1; 
DOUTG /SEL*INGO + SEL*ING1; 
DOUTH /SEL*INHO + SEL*INH1; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

Figure 9b. MUX Block Equations 
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@PINLIST 
DBO B;DB1 B;DB2 B;DB3 B;DB4 B;DBS B;DB6 B;DB7 B; 
HOBO 0;NDB1 0;NDB2 0;HOB3 0;HOB4 O;HOBS 0;NDB6 0;NDB7 0; 
DINO I;DIN1 I;DIN2 I;DIN3 I;DIN4 I;DINS I;DIN6 I;DIN7 I; 
ENA I; 
@LOGIC EQUATIONS 
DBO DINO; 
DB1 DIN1; 
DB2 DIN2; 
DB3 DIN3; 
DB4 DIN4; 
DBS DINS; 
DB6 = DIN6; 
DB7 = DIN7; 
DBO .OE = ENA; 
DB1.OE = ENA; 
DB2.0E = ENA; 
DB3.0E ENA; 
DB4.0E ENA; 
DBS.OE ENA; 
DB6.0E ENA; 
DB7.0E ENA; 
NDBO DBO; 
NDB1 DB1; 
NDB2 DB2; 
NDB3 DB3; 
NDB4 DB4; 
NDBS DBS; 
NDB6 DB6; 
NDB7 DB7; 
@IHPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRAHSITIONS 

Figure 9c. XCVRS Block Equations 

@PINLIST 
COUNT I; LOAD I; DO I;D1 I;D2 I;D3 I;D4 I;DS I;D6 I;D7 I; CLK I; 
A O;B 0; C 0; D 0; E 0; F 0; G 0; H 0; 
@LOGIC EQUATIONS 
H.J = COUNT*A*B*C*D*E*F*G + LOAD*D7; 
H.K = COUNT*A*B*C*D*E*F*G + LOAD*/D7; 
G.J = COUNT*A*B*C*D*E*F + LOAD*D6; 
G.K = COUNT*A*B*C*D*E*F + LOAD*/D6; 
F.J = COUNT*A*B*C*D*E + LOAD*DS; 
F.K = COUNT*A*B*C*D*E + LOAD*/DS; 
E.J = COUNT*A*B*C*D + LOAD*D4; 
E.K = COUNT*A*B*C*D + LOAD*/D4; 
D.J = COUNT*A*B*C + LOAD*D3; 
D.K = COUNT*A*B*C + LOAD*/D3; 
C.J = COUNT*A*B + LOAD*D2; 
C.K = COUNT*A*B + LOAD*/D2; 
B.J = COUNT*A + LOAD*D1; 
B.K = COUNT*A + LOAD*/D1; 
A.J = COUNT + LOAD*DO; 
A.K = COUNT + LOAD*/DO; 
H.CLK = CLK;G.CLK = CLK;F.CLK = CLK;E.CLK = CLK; 
D.CLK = CLK;C.CLK = CLK;B.CLK = CLK;A.CLK = CLK; 
A.SET = l;B.SET=l;C.SET=l;D.SET=l;E.SET=l;F.SET=l;G.SET=l;H.SET=l; 
@IHPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRAHSITIONS 

Figure 9d. COUNTS Block Equations 
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@PINLIST 
AO I:BO I;Al I;Bl I;A2 I;B2 :I;A3 I;B3 I; 
A4 I;B4 I;AS I;BS I;A6 I;B6 I;A7 I;B7 I; 
ENAO I;ENAl I;ENA2 I;ENA3 I; 
ENA4 I;ENAS I;ENA6 I;ENA7 I; 
COMPARE 0; 
@LOGIC EQUATIONS 
EQO /(AO:+:BO)+ENAO; 
EQl /(Al:+:Bl)+ENA1; 
EQ2 /(A2:+:B2)+ENA2; 
EQ3 /(A3:+:B3)+ENA3; 
EQ4 /(A4:+:B4)+ENA4; 
EQS /(AS:+:BS)+ENAS; 
EQ6 /(A6:+:B6)+ENA6; 
EQ7 = /(A7:+:B7)+ENA7; 
COMPARE = EQO*EQ1*EQ2*EQ3*EQ4*EQS*EQ6*EQ7; 
@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANDITIONS 

Figure ge. COMP Block Equations 
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D D D D 
AAAA 
T T T T 
0000 
U U U U 
T T T T 
o 123 

AAAAAA 
EDDDDDD 
NRRRRRR 
LEEEEEE 
o S S S S S S 
ASS S S S S 
D 7 6 5 432 

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 
11111 I I I I I I I I 181818181817171717171 
1110191817161514131211141312111019181716151 
+-----------------------------------------+ 
10 0 0 0 I I I V I I I I I V C I I I I I II 
10 1 2 3 / / / C / / / / / S K / / / / / /1 
I 0 0 0 COO 0 0 0 S E 0 0 0 0 0 01 
I 0 1 2 1 3 4 5 6 7 4 1 8 9 1 1 1 11 
I 0 1 2 31 
I I 

[121I8 04174] DATOUT4 
[131 I7 05173] DATOUT5 
[141 I6 06172] DATOUT6 

CLEAR [151I5 07171] DATOUT7 
LOAD [161I4 I/014170] ADRESS1 

ENABLE [171I3 I/015169] ADRESSO 
DIR [18112 CKE2168] ADDRESSLOAD 

[191VSS1 VCC4167] 
CLOCKIN [20lI1 B0166] DATBUSO 

SEL [211IO Bl165] DATBUS1 
[221 SCM B2164] DATBUS2 
[231 SCI B3163] DATBUS3 

CNTSTROBE [24II/CKD3 B4162] DATBUS4 
[251VCC2 VSS3161] 
[26II/CKD2 B5160] DATBUS5 
[27II/CKD1 B6159] DATBUS6 

PROBLOAD [28II/CKB/CKC B7158] DATBUS7 
[291PD 08157] COMPARE 

PROBE7 [30II/DB7 09156] NWRlTE 
PROBE6 [31II/DB6 010155] COUHTOUT 
PROBE5 [32II/DB5 011154] 

I I 
I I I I I I I I I I I I I I I 
IV / / / / / / V / / / / V / / / I 
IC D D D D DDS D D D CDC D D D 0 0 0 01 
IC B B B B BAS A A A K A C A A All 1 11 
15 4 3 2 1 0 7 2 6 5 4 A 3 3 2 1 0 5 4 3 21 
+-----------------------------------------+ 
1313131313131314141414141414141414151515151 
1314151617181910111213141516171819101112131 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

P P P P P C C C C C C C C C 
RRRRRO 00000 000 
OOOOOM MMMMM MMM 
BBBBBP PPPPP PPP 
E E E EEl I I I L I I I I 
4 3 2 1 0 N N N NON N N N 

765 4 A 3 210 
D 

Figure 10. Data Capture Unit Pin Layout 
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INTRODUCTION 
The PML2552 and PML2852 devices contain 
internal clocked JK-type flip-flops that may be 
used to implement counters, shift registers, or 
synchronous state machines. JK-type 
flip-flops can generally be used to implement 
state machines and counters very efficiently. 
For state machines, JK flip-flop based 
machines require product terms (AND gates) 
only to transition between states. Product 
terms are not required to hold the state 
registers in specified states as they would be 
for D-type flip-flop implementations. 

For implementing counters, JK-type flip-flops 
can be easily configured as T-type or toggle 
flip-flops by connecting the J and K inputs 
together. Only one product term per counter 
bit is required to construct a counter in this 
manner. 

The PML2552 and PML2852 each contain 
two groups of ten clocked JK-type flip-flops. 
One group features independent clocks and 
independent reset inputs. The other group of 
ten features a common clock and a common 
preset input. These are indicated as 
JKCL552 and JKPR552 respectively in 
Figure 1. It is the purpose of this application 
note to demonstrate how, using Philips 
Semiconductors SNAP software, counters 
may be implemented most efficiently in the 
JKCL552 group of flip-flops. Counters of up 
to ten bits may be implemented using only 
one of the 96 foldback (FBNAND) NAND 
gates. This is accomplished by using the 
independent clocking feature of the JKCL552 
flip-flops. 

TYPICAL COUNTER 
IMPLEMENTATION 
The most common way of connecting JK-type 
flip-flops as a counter is shown in the listing 
of Figure 2. This arrangement connects all 
clock inputs to a common clock. The least 
significant counter bit flip-flop has its J and K 
inputs tied HIGH. This flip-flop will change 
state after every clock pulse. The next bit 
flip-flop has its J and K inputs tied to the 
output of the least significant bit flip-flop 
output. If its J and K inputs are tied to the 0 
output of the previous flip-flop, it will toggle 
after a clock when the LSB is HIGH, 
producing an up counter. If its J and K inputs 

October 1993 

are tied to the ON output, then it will toggle 
when the LSB is LOW, producing a down 
counter. The remaining flip-flops in the 
counter have their J and K inputs tied to the 
outputs of all previous counter bits. In all 
Philips Semiconductors PLD devices that 
contain JK flip-flops, the same product term 
that connects to the J input may also be 
connected to the K input. For PML this is also 
true except it is a NAND gate connecting to 
the integral NAND gate inputs on the JK 
flip-flops. 

This type of counter will use one foldback 
NAND gate (FBNAND) for each bit in the 
counter. It may be implemented in the 
JKPR552 or the JKCL552 groupings of 
flip-flops. Which group the counter is 
implemented in can be controlled in SNAP by 
defining an equation for the RST or SET 
inputs of the flip-flops. If a SET equation is 
defined, SNAP will try to use the JKPRFF 
devices. If a RST equation is supplied, SNAP 
will try to use the JKCLFF devices. If neither 
SET or RST equations are defined or both 
are defined, SNAP may try to make JK 
flip-flops totally from the FBNAND gates. 

DEVICE SPECIFIC COUNTER 
Although using only one FBNAND gate per 
counter bit is fairly efficient, a ten bit counter 
would require ten FBNAND gates. A design 
technique is available that can implement up 
to a ten bit counter in the JKCL552 group of 
flip-flops using only one FBNAND gate for the 
whole counter. Figure 3 contains a schematic 
representation of a 3-bit version. Figure 4 
shows the associated SNAP simulation 
waveforms. As can be seen in Figure 3, all of 
the flip-flops JK inputs are tied HIGH. This is 
were the one FBNAND gate is used. All of its 
inputs are disconnected so that its output is 
LOW. The FBNANDs output is then 
connected to the integral NAND gates on the 
JK flip-flops inputs. 

This counter uses a NAND gate to clock each 
bit in the counter. As the JKCL552 flip-flops 
are clocked independently by a special array 
of NAND gates, this design fits perfectly into 
the PML2552 or PML2852 devices. 

Figure 5 shows SNAP equations for a 10-bit 
version. Figure 6 shows a SNAP resource 

845 

Application Note 

AN042 

summary for this 10-bit implementation to 
verify that only one FBNAND gate was used. 
Figure 7 shows the clock NAND array portion 
of a PML2552 fusetable, demonstrating again 
how nicely the counter may be implemented 
in a PML2552 or PML2852. A fusetable 
representation of any PLD device is available 
in SNAP by running FUSTABLE.EXE from 
the DOS command prompt. 

SPECIFIC REQUIREMENTS 
This counter design may be altered to provide 
for a count of any length. Figure 8 shows a 
modification to the 3-bit counter to produce a 
modulo-5 counter. This counter is reset to 
count 011. It then counts up to 111 in a binary 
fashion and then transitions to 011 producing 
5 unique states. 

Figure 9 contains the SNAP listing of another 
modification. This 12-bit counter was part of a 
design that already was using all ten of the 
JKPR552 flip-flops and two of the JKCL552 
resources. For this case 8 of the JKCL552 
flip-flops were configured as described 
above, the remaining four bits used D-type 
flip-flops realized using only FBNAND gates. 
An additional design technique was 
implemented with these D-type flip-flops. 

Normally when making a counter using 
D-type flip-flops, the flip-flops are preceded 
by some AND-OR logic. In this case, since 
the flip-flops are constructed using only 
FBNAND gates, it was possible to merge the 
AND-OR logic structure directly into the 
construction of the flip-flop. For additional 
information on flip-flop merging, please refer 
to application note AN049. 

CONCLUSION 
Counters of up to 10-bits may be 
implemented in PML2552 and PML2852 
devices using only one FBNAND gate and 
the JKCL552 group of flip-flops. The design 
presented may be altered to provide a count 
of any value. If more than 10-bits are 
required, it is possible to add flip-flops from 
the JKPR552 group, the DOFF group, or 
construct flip-flops from FBNAND gates. 
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Figure 1. PML2552 Logic Diagram 
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"8-bit up counter" 
" ----------------" 

"constructed as a down counter 
with inverted outputs" 

@PINLIST 
clr i; clk i; 
q[7 .. 0] 0; 
@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

qi[7 .. 0].clk = clk; 

qi[7 .. 0] .set = /clr; 

"common clock" 

"common clear" 

qO=/qiO ql=/qil; q2=/qi2; "invert outputs to" 
q3=/qi3 q4=/qi4; qS=/qiS; "make an up counter" 
q6=/qi6 q7=/qi7; 

qiO.j 1; 
qiO.k 1; 
qil.j /qiO; 
qil.k /qiO; 
qi2.j /qiO*/qil; 
qi2.k /qiO*/qil; 
qi3.j /qiO*/qil*/qi2; 
qi3.k /qiO*/qil*/qi2; 
qi4.j /qiO*/qil*/qi2*/qi3; 
qi4.k /qiO*/qil*/qi2*/qi3; 
qiS.j /qiO*/qil*/qi2*/qi3*/qi4; 
qiS.k /qiO*/qil*/qi2*/qi3*/qi4; 
qi6.j /qiO*/qil*/qi2*/qi3*/qi4*/qi5; 
qi6.k /qiO*/qil*/qi2*/qi3*/qi4*/qiS; 
qi7.j /qiO*/qil*/qi2*/qi3*/qi4*/qiS*/qi6; 
qi7.k /qiO*/qil*/qi2*/qi3*/qi4*/qiS*/qi6; 

@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

Figure 2. Typical 8-Bit Binary Counter 
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U7 

vcc 

U1 U4 U5 
JKFFR JKFFR JKFFR 

U2 0 
U3 U6 

0 0 

cp cp CP 

INV K R ON K R ON K R ON 
NA2 NA3 

03 02 01 

o 0 0 
o 0 1 
o 1 0 
o 1 1 
1 0 0 
1 0 1 
1 1 0 
1 1 1 

Figure 3. 3-Blt Binary Counter (moduI0-8) 

File: CT8PML.RES DELAY = Ons Marker = Ons Sec/Div = 200ns 
(Netlist) 

CLOCK L 

RESET L 

01 U 

02 U 

03 U I 
U 

*#CHECK U L,-----------------------------------------------------------II 

200 600 1000 1400 1800 2200 

Philips Semiconductors (C) 1993 MODE = 1 F1 : HELP, FlO : EXIT 

Figure 4. SNAP Simulation Waveforms of 3-Bit Binary Counter 
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"Ten bit counter using only NAND gates in clock array 
of JK flip-flops with reset in PML2552 or PML2852" 

@PINLIST 
elr i; 
elk i; 
q[9 .. 0] 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 
qiO.elk elk; 
qi1.elk /(qiO*/clk); 
qi2.clk /(qiO*qi1*/clk); 
qi3.elk /(qiO*qil*qi2*/clk); 
qi4.elk /(qiO*qil*qi2*qi3*/clk); 
qi5.elk /(qiO*qi1*qi2*qi3*qi4*/clk); 
qi6.elk /(qiO*qil*qi2*qi3*qi4*qi5*/clk); 

"JKCL552 flip-flops have" 
"an independent clock " 
"NAND array 

"clock on rising edge of elk" 

qi7.elk /(qiO*qil*qi2*qi3*qi4*qi5*qi6*/clk); 
qi8.elk /(qiO*qi1*qi2*qi3*qi4*qi5*qi6*qi7*/clk); 
qi9.e1k /(qiO*qi1*qi2*qi3*qi4*qi5*qi6*qi7*qi8*/clk); 

qiO.rst 
qi3.rst 
qi6.rst 
qi9.rst 

Iclr qil.rst 
Iclr qi4.rst 
Ic1r qi7.rst 
/clr 

/elr; qi2.rst 
lelr; qi5.rst 
/e1r; qi8.rst 

qO=qiO; q1=qi1; q2=qi2; q3=qi3; q4=qi4; 
q5=qi5; q6=qi6; q7=qi7; q8=qi8; q9=qi9; 

qi [9 .. 0] . j 1 ; 
qi[9 .. 0].k = 1; 

Iclr; "define reset so SNAP" 
lelr; "will use JKCL552 devices" 
Ic1r; 

"tie J and K inputs HIGH" 

Figure 5. SNAP Equations for a 10-8it Counter 

Design from CT256PML.N2 - for device PML2552 
Cell name used/total % 

==--===================================== 
CKDIN552 0 / 4 0% 
CKNIN552 1 / 4 25% 

FBNAND 1 / 96 1% 
NAND 51 / 104 49% 

DIN552 1 / 25 4% 
NIN552 0 I 25 0% 

CDIN552 0 / 4 0% 
CNIN552 0 I 4 0% 

CK552 0 I 4 0% 
IDFF552 0 / 16 0% 
BDIN552 0 I 24 0% 
BNIN552 0 I 24 0% 
JKCL552 10 I 10 100% 
JKPR552 0 I 10 0% 
EXOR552 8 / 8 100% 
TOUT552 10 I 24 41% 
ODFF552 2 / 16 12% 

Figure 6. SNAP Resource Summary 
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» Print out of fusemap starting from col 1 to col 18 « 
IIIIMMMMJJJJJJJJJJ 
////AAAAKKKKKKKKKK 
CCCCIIIICCCCCCCCCC 
KKKKNHNNLLLLLLLLLL 
B ( ( ( 0123456789 
/123CCCC 
C) ) ) KKKK~QQQQQQQQQQ==-=-== 

__ ««1111111111 
222201231 I I I I I I I I I 
4320»» 1111111111 
111111111111111111 
111111111111111111 
VVVVVVVVVVVVVVV 

JKPR CK-> ---- ............. . 
JKCLO-CK-> ---L ..... AAAAA~~~A 
JKCLI-CK-> ---L ...... ~ 
JKCL2-CK-> ---L ....... AAAAAAA 
JKCL3-CK-> ---L ........ AAAAAA 
JKCL4-CK-> ---L ......... AAAAA 
JKCL5-CK-> ---L .......... AAAA 
JKCL6-CK-> ---L ........... AAA 
JKCL7-CK-> ---L ............ AA 
JKCLS-CK-> ---L ............. A 
JKCL9:CK-> ---L ............. . 

Figure 7. Portion of PML2552 Fuse Table Showing Clock Array Connections 
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U7 

vcc 

U1 U4 us 
JKFFR JKFFR JKFFR 

U2 a a U6 a 
cp cp cp 

INV K R ON K R ON K R ON 
NA2 NA3 

4 

03 02 01 

0 1 1 
U8 

1 0 0 
1 0 1 
1 1 0 NA3 
1 1 1 

Figure 8a. Modul0-5 Counter 

File: CT5PML.RES DELAY = Ons Marker = Ons Sec/DiY = 200ns 
(Netlist) 

CLOCK L 

RESET L 

01 U 

02 U 

03 U I 
U 

*#CHECK U L,-----------------------------------------------------------II 

200 600 1000 1400 1800 2200 

Philips Semiconductors (C) 1993 MODE 1 F1 : HELP, FlO : EXIT 

Figure ab. SNAP Simulation Waveforms of Modulo-5 Counter 
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" This example is a 12-bit binary up counter. It is 
constructed using 8 JKCL552 flip-flops and 4 D-type 
flip-flops constructed from FBNAND gates. 

@PIHLIST 
clr i; 
clkn i; 
q[l1. .0] 0; 

@GROUPS 
@TRUTBTABLE 
@LOGIC EQUATIONS 
qiO.clk /clkn; 
qil. clk / (qiO*clkn) ; "clock on falling edge of clkn" 
qi2.clk /(qiO*qil*clkn); 
qi3.clk /(qiO*qi1*qi2*clkn); 
qi4.c1k /(qiO*qi1*qi2*qi3*clkn); 
qi5.c1k /(qiO*qi1*qi2*qi3*qi4*clkn); 
qi6.clk /(qiO*qi1*qi2*qi3*q14*qi5*clkn); 
qi7.clk /(qiO*qi1*qi2*qi3*qi4*qi5*qi6*clkn); 

qiO.rst /clr; qi1.rst = /clr; qi2.rst = /clr "define reset inputs" 
qi3.rst /clr; qi4.rst = /clr; qi5.rst = /clr 
qi6.rst /clr; qi7.rst = /clr; qi8.rst = /clr 
qi9.rst /clr; qi10.rst = /clr; qi11.rst /clr 

qO=ql0; q1=ql1; q2=q12; q3=q13; q4=q14; 
q5=qi5; q6=qi6; q7=qi7; 

q8=qi8; 
q9=qi9; 
q10=q110; 
q11=q111; 

qi[7 .. O].j = 1; 
qi [7 .. 0] . k = 1; 

"all J and K inputs are tied BIGB" 

"Four bit D-type flop counter clocked from output of q17" 

qi8 =/(qi8n*f8sn); "LSB" 
qi8n =/(qi8*f8rn*/clr); 
f8sn =/(f8snn*/qi7*/clr); 
f8snn=/(f8sn*f8rnn); 
f8rn =/(f8rnn*f8sn*/qi7); 
f8rnn=/(f8rn*qi8n*/clr); "qi8.d /qi8;" 

q19 =/ (qi9n*f9sn) ; "LMSB" 
qi9n =/(qi9*f9rn*/clr); 
f9sn =/(f9snn*/qi7*/clr); 
f9snn=/(f9sn*f9rnna*f9rnnb); 
f9rn =/(f9rnna*f9rnnb*f9sn*/qi7); "merge AND/OR into flop" 
f9rnna=/(f9rn*/clr*qi8n*qi9); "qi9.d = /qi8*qi9+qi8*/qi9;" 
f9rnnb=/(f9rn*/clr*qi8*qi9n); 

qilO =/ (q110n*flOsn) ; "UMSB" 
qll0n =/(qilO*flOrn*/clr); 
f10sn =/(f10snn*/qi7*/clr); 
f10snn=/(f10sn*f10rnna*f10rnnb*f10rnnc); 
f10rn =/(f10rnna*f10rnnb*f10rnnc*flOsn*/qi7); "merge AND/OR into flop" 
flOrnna=/(flOrn*/clr*qi8n*q110); "q110.d=/qi8*q110+/q19*q110+qi8*qi9*/q110;" 
flOrnnb=/(flOrn*/clr*qi9n*qilO); 
flOrnnc=/(flOrn*/clr*qi8*qi9*qilOn); 

qi11 =/ (qi11n*f11sn) ; "MSB" 
qilln =/(qill*fllrn*/clr); 
fllsn =/(fllsnn*/qi7*/clr); 
fllsnn=/(fllsn*fllrnna*fllrnnb*fllrnnc*fllrnnd); 
fllrn =/(fllrnna*fllrnnb*fllrnnc*fllrnnd*fllsn*/qi7); 

"merge AND/OR into flop" 
"qi11.d=/qi8*q111+/qi9*qill+/qlO*qi11+qi8*qi9*q110*/qill;" 

fllrnna=/(fllrn*/clr*qi8n*qill); 
fl1rnnb=/(fllrn*/clr*qi9n*qil1); 
fllrnnc=/(fllrn*/clr*qilOn*qill); 
fllrnnd=/(fllrn*/clr*qi8*qi9*qilO*qilln); 

@INPUT VECTORS 
@OUTPUT VECTORS 
@STATE VECTORS 
@TRANSITIONS 

Figure 9. 12·81t Counter 

852 

Application Note 

AN042 



Philips Semiconductors Programmable Logic Devices 

Serial data encoder and decoder 

Authors: Uwe KrOger and JOrgen Meixner 

INTRODUCTION The decoder will flag transmitting errors 
Serial digital data encoding and decoding based upon the specific coding rules of each 
protocols are often used to increase the format. 

reliability of data transmission and storage. This design is part of a testing device for 
Transmitting digital data permits reliable error cables and encoded serial data signals. 
detection and correction techniques to be 
applied. Some encoding formats allow the 
transmitting clock to be extracted from the 
data stream and reproduced at the receiver. 
Long sequences of binary Os or 1 s may be 
transparently limited using formats such as 
HOBn or Manchester. 

Encoded serial signals are used, for instance, 
on the SO-bus in ISDN user interfaces 
(inverse AMI) and in PCM systems (HOB3 
encoding). 

This application note describes circuits that 
can encoder and decode eight of the most 
frequently used formats. A programmable 
logic device, the Philips PML2552, was used 
to implement the encoder. Another PML2552 
was used to implement the decoder function. 
Three inputs on both devices permit selection 
of the desired encoding or decoding method. 

October 1993 

Serial Encoding Formats 
This is a short explanation of the eight 
implemented codes: 

AMI-Code: 
(alternate mark inversion) A binary 1 is 
transmitted alternating as a high mark (+ 1 , 
positive voltage level) and as a low mark 
(-1, negative voltage level), a binary 0 
appears as space (0 Volt). 

HOBn-Code: 
(high density bipolar n) after n spaces will 
be included a code violation, Le. the 
following "0" is transmitted as high mark 
or low mark depending on previous "1": 
Was it sent as a high mark, the violation 
will be also a high mark. So a binary 0 is 
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turned into a "wrong" mark that can be 
recognized and corrected by the receiver. 
A binary 1 after these n spaces will be 
sent as the alternating mark. 

IAMI-Code: 
(inverse AMI) same as AMI code, but 
binary 0 and 1 are swapped. 

RZ-Code: 
(return-to-zero), a binary 1 is transmitted 
as high mark returning to space after the 
half step time. 

NRZ- Code: 
(non-return-to-zero), it's the same as the 
input of the coder, here will be amplified 
the signal amplitude only. 

Manchester - Code: 
binary 1 is transmitted as transition 
between high mark and low mark, binary 0 
switches from low mark to high mark. This 
code is free of any direct voltage, but 
requires the double bandwidth. 
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binary sequence 

clock 

AMI 

HDB1 

HDB2 

HDB3 

IAMI 

RZ 

NRZ 

MANCHESTER 

+1 

-1 

+1 

-1 

+1 

-1 

+1 

-1 

+1 

-1 

+1 

o 

+1 

o 

+1 

-1 

Figure 1. Timing Diagrams of Implemented Serial Encoding Methods 
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ENCODER 

Realizing the Encoder Using a 
PML2552 

Description of Encoder Facilities 
The encoder is designed as a Moore-type 
finite state machine. This structure of state 
machine ensures the output signals transition 
synchronously with the clock. Using a clock 
generated from a quartz oscillator. the data 
link can be provided on only one line. 
however. in this case the receiver must have 
extra circuitry such as a phase locked loop to 
extract the clock from the incoming data 
stream. The receiver must also be able to 

synchronize itself to the transmitter when the 
transmitter sends a special data pattern. 

Three additional pins are implemented in this 
design: Single and double bit clock (CP und 
CP2) and a signal for synchronization 
(/SYNC) of external devices. These pins are 
used in the testing device to trigger an 
oscilloscope and a pattern generator. 

To make a bipolar signal. the outputs Y[2.1) 
of the encoder must be connected with a 
subtractor realized with an OP-AMP. A 
schematic of the complete encoder circuit is 
shown in Figure 15. The following table 
shows dependencies between the encoder 
output and the output of the subtractor: 
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To run the encoder. pin CP4 should be 
connected to an oscillator running at 
quadruple the bit clock. After resetting by a 
LOW pulse on RESET. the encoder 
generates the synchronizing signal (SYNC). 
Outputs Y[2.1) are valid upon the falling 
edges of the clock (CP) after the ISYNC 
pulse. Refer to Figure 6 for timing 
information. 

Code will be chosen by a binary combination 
on pins S[2 .. 0): 

ISync S2 S1 SO 

r---------------- -----
I 
I 
I 
I 
I 
I 
I 
I 
I 

synchronizer 

IReset[3- - L - - - - - :- - - - - - - - - - - - - - - - - - - - - - -
I I 

4Cp 

I 
I 
I 
I 

I 
I 
I 
I 

L _ 

clock 
divider 

L _______________ _ 

Coder 

----, 

I 
I 
I 
I _____ J 

Y2 

Y1 

Cp 2Cp X 

Figure 2. General Structure of Coder Unit 
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Structure of Encoder State Machine 
The finite state machine implementing the 
encoder has a total of nineteen states. Due to 
the complexity of a complete state diagram, 
and the size of this page, only a partial state 
diagram is shown in Figure 3. The state 
diagram of Figure 3 shows the encoding 
technique for the Alternate Mark Inversion 

9 

(AMI) format. Operation of the complete 
state machine may be analyzed by studying 
the @TRANSITIONS section in the 
CODER.EON-file shown in Figure 5. 

Structure of Synchronizer State Machine 
The synchronizer was also realized as a 
Moore machine. A state diagram is shown in 
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Figure 4. RESET initializes the state machine 
to State o. After four clock pulses, the 
machine will be in State 4 and output SYNC 
is forced Law. SYNC stays LOW for one 
more dock pulse, while in State 5, and 
returns HIGH when in State 6. The state 
machine will stay in State 6 until another 
RESET occurs. 

o 

Figure 3. State Diagram of AMI Encoding Technique 

- !'~-"'- ----0---®I------I~~1 

Figure 4. State Diagram of Synchronizer 
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Ustlng of Descriptive File CODER.EQN 

@PIHLIST 
sO i; sl i· s2 i· 
x i; 
cp4 i; 
reset i; 

y1 0; y2 0; 
sync 0; 
cp2 0; cp 0; 

@GROOPS 
@TRUTBTABLE 
@LOGIC EQUATIONS 
sy_r = 1(/reset * cp4 * zt1); 

zt1.c1k = cp4; zt1.j Izt1; zt1.k = zt1; zt1.rst 
zt2.c1k = zt1; zt2.j = Izt2; zt2.k = zt2; zt2.rst 

cp2 = zt1; cp = zt2; 

zsl.c1k = cp4; zs2.c1k = cp4; zs3.c1k = cp4; 
zsl.rst = sy_r; zs2.rst = sy_r; zs3.rst = sy_r; 

1«zt1+zt2)*/reset); 
1«zt1+zt2)*/reset); 

zz4.c1k = zt1; zz3.c1k = zt1; zz2.c1k = zt1; zzl.c1k = zt1; zzO.c1k = ztl; 
zz4.rst = sy_r; zz3.rst = sy_r; zz2.rst = sy_r; zzl.rst = sy_r; zzO.rst = sy_r; 

@INPUT VECTORS 
[s2, sl, sO] 
ami 000 B; hdb1 
iami = 100 B; rz 

[x] 
xO = 0 B; xl = 1 B; 

@OUTPUT VECTORS 
[y2, y1] 

higbm = 01 B; null 

[sync] 
sy = 0 B; nsy = 1 B; 

@STATE VECTORS 
[zz4, zz3, zz2, zzl, 
zO 00000 B; zl 
z4 00100 B; z5 
z8 01000 B; z9 
z12 01100 B; z13 
z16 10000 B; z17 

[zs3, zs2, zsl] jkffr 

001 B; hdb2 
101 B; nrz 

010 B; hdb3 
110 B; man 

00 B; 10wm = lOB; 

zzO] jkffr 
00001 B; z2 00010 B; z3 
00101 B; z6 00110 B; z7 
01001 B; zlO 01010 B; zl1 
01101 B; z14 01110 B; z15 
10001 B; z18 10010 B; 

011 B; 
111 B; 

00011 B 
00111 B 
01011 B 
01111 B 

syO = 000 B; sy1 001 B· sy2 010 B; sy3 011 B; 
sy4 = 100 B; sy5 = 101 B· sy6 110 B· 

@TRANSITIONS 
whi1e[zO] with [null] 

if [] then [zl] 
while [zl] with[nu11] 

if [] then [z2] 
while [z2] with[nu11] 

if[(iami*x1)+«ami+hdb1+hdb2+hdb3)*xO)] 
if [man*xO] 
if [ (man+nrz) *x1] 
if[(iami*xO)+«ami+rz+hdb1+hdb2+hdb3)*x1)] 
if [ (nrz+rz) *xO] 

whi1e[z3] with [higbm] 
if[«man+iami)*xO)+«ami+hdb1+hdb2+hdb3)*x1)] 
if [man*x1] 
if[nrz] 
if[«ami+hdb1+hdb2+hdb3)*xO)+(iam1*x1)] 

while [z4] with [lowm] 
if [am1+hdb1+hdb2+hdb3+iami] 
if [man*xO] 

then [z5] 
then [z4] 
then [z3] 
then [z12] 
then[z13] 

then[z4] 
then [zl1] 
then [z12] 
then [z13] 

then [zl1] 
then [z12] 

Figure 5. Description File CODER.EQN (1 of 2) 
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wh1le[zS] w1th[null] 
1f[am1+hdbl+hdb2+hdb3+1am1] 

wh1le[z6] w1th[null] 
1f[(hdb2+hdb3)*xO] 
if [hdbl*xO] 
if[(am1*xO)+(iam1*xl)] 
if[«ami+hdbl+hdb2+hdb3)*xl)+(iami*xO)] 

while[z7] with [null] 
1f[] 

while[zS] with[null] 
if [hdb3*xO] 
if [hdb2*xO] 
if[(hdb2+hdb3)*xl] 

while[z9] w1th[null] 
if£] 

while [zlO] with [null] 
1f[hdb3*xO] 
1f[hdb3*xl] 

while[zll] w1th[lowm] 
if[«ami+hdbl+hdb2+hdb3)*xO)+(iami*xl)] 
if [man*xO] 
if [man*xl] 
if[«ami+hdbl+hdb2+hdb3)*xl)+(iami*xO)] 

while [zl2] with [highm] 
1f[man*xO] 
if[rz+(nrz*xO)] 
if[ami+hdbl+hdb2+hdb3+1am1+«nrz+man)*xl)] 

while[zl3] with[null] 
if[rz*xO] 
if[rz*xl] 
if [ami+hdbl+hdb2+hdb3+iami+nrz] 

while[z14] with[null] 
1f[«am1+hdbl+hdb2+hdb3)*xl)+(iami*xO)] 
if [nrz*xl] 
if [hdbl*xO] 
if[(hdb2+hdb3)*xO] 

while[zlS] with[null] 
H[] 

while [zl6] with[null] 
if [hdb2*xO] 
1f[(hdb2+hdb3)*xl] 
if [hdb3*xO] 

wh1le[zl7] with [null] 
if[] 

while [zlS] w1th[null] 
if [hdb3*xO] 
if [hdb3*xl] 

while [syO] with [nsy] 
while [syl] with [nsy] 
whlle[sy2] with [nsy] 
while [sy3] with [nsy] 
whlle[sy4] w1th[sy] 
while [syS] with [sy] 
while [sy6] with [nsy] 

if[] then [syl] 
if[] then [sy2] 
if£] then [sy3] 
if[] then [sy4] 
if[] then [syS] 
1f[] then[sy6] 
if[] then [sy6] 

Figure 5. Description File CODER.EQN (2 of 2) 
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then[z6] 

then[z7] 
then [z4] 
then [zS] 
then [zl2] 

then[zS] 

then [z9] 
then[z4] 
then [zl2] 

then [zlO] 

then[z4] 
then [z12] 

then[zS] 
then [z4] 
then[z3] 
then [zl2] 

then[z4] 
then [zl3] 
then [z3] 

then [zl3] 
then[zl2] 
then[zl4] 

then[z4] 
then [z3] 
then [z12] 
then[zlS] 

then[zl6] 

then [zl2] 
then[z4] 
then[zl7] 

then[zlS] 

then [zl2] 
then[z4] 
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Timing simulation 

Timing Diagram of Synchronizer 

x 

2 Y1 

3 Y2 

4 CP4 

5 CP2 

6 CP 

7 RESET 

8 SYNC 

Figure 6. Timing Diagram of Generating the /SYNC Signal 
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*************************************************** 
* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
*************************************************** 
* * Input File Name AMI.SCL * 

* 
* 
* 

* Rule File Name Scl Rule 
* Output File Name AMI.SCL 

* 
*************************************************** 

P S[2 .. 0], X, CK2, Y1, Y2, ZZ[4 .. 0], RESET 
PCO 
S 0 (200000) SO 
S 0 (200000) Sl 
s 0 (200000) S2 
S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, * 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
su time = 200000 
F 

Figure 7. Stimulus File AMI.SCL, Control Word On Inputs S[2 .• 0]= OOOB 

*************************************************** 
* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
*************************************************** 
* * Input File Name 
* Rule File Name 
* Output File Name 

HDB1.SCL 
Scl Rule 
HDB1.SCL 

* 

* 
*************************************************** 
P S[2 .. 0], X, CK2, Y1, Y2, ZZ[4 .. 0], RESET 
PCO 
S 1 (200000) SO 
S 0 (200000) Sl 
S 0 (200000) S2 
S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, * 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
su time = 200000 
F 

Figure 8. Stimulus File HDB1.SCL, Control Word On Inputs S[2 •. 0]= 001 B 
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* OUtput of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
*************************************************** 
* * * Input File Name HDB2 . SCL * 
* Rule File Name Sc1 Rule * 
* OUtput File Name HDB2.SCL * 
* * 
*************************************************** 
P S[2 .. 0], X, CK2, Y1, Y2, ZZ[4 .. 0], RESET 
PCO 
S 0 (200000) SO 
S 1 (200000) Sl 
S 0 (200000) S2 
S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, * 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
su time = 200000 
F 

Figure 9. Stimulus File HDB2.SCL, Control Word On Inputs S[2 •. 0] = 010 B 

*************************************************** 
* OUtput of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
*************************************************** 
* * Input File Name HDB3.SCL 
* Rule File Name Sc1 Rule 
* OUtput File Name HDB3.SCL 

* 

* 
* 
* 
* 

*************************************************** 
P S[2 .. 0], X, CK2, Y1, Y2, ZZ[4 .. 0], RESET 
PCO 
S 1 (200000) SO 
S 1 (200000) Sl 
S 0 (200000) S2 
S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, * 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
su time = 200000 
F 

Figure 10. Stimulus File HDB3.SCl, Control Word On Inputs S[2 •• 0] = 011 B 
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* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
*************************************************** 
* * Input File Name 
* Rule File Name 
* Output File Name 

* 

INV AMI.SCL 
Sel-Rule 
INV _AMI. SCL 

* 
* 
* 
* 
* 

*************************************************** 
P S[2 .. 0], X, CK2, Yl, Y2, ZZ[4 .. 0], RESET 
PCO 
S 0 (200000) SO 
S 0 (200000) Sl 
S 1 (200000) S2 
S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, * 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
su time = 200000 
F 

Figure 11. Stimulus File INV AMI.SCL, Control Word On Inputs S[2 .. 0] = 100 B 

*************************************************** 
* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
*************************************************** 
* * Input File Name RZ.SCL 
* Rule File Name Sel Rule 
* Output File Name RZ.SCL 

* 

* 
* 

* 
* 

*************************************************** 
P S[2 .. 0], X, CK2, Yl, Y2, ZZ[4 .. 0], RESET 
PCO 
S 1 (200000) SO 
S 0 (200000) Sl 
S 1 (200000) S2 
S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, * 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SU time = 200000 
F 

Figure 12. Stimulus File RZ.SCL, Control Word On Inputs S[2 .. 0] = 101 B 
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* OUtput of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
*************************************************** 
* * Input File Name NRZ.SCL * * Rule File Name Sel Rule * * output File Name NRZ.SCL * 
* 
*************************************************** 

P S[2 .. 0], X, CK2, Y1, Y2, ZZ[4 .. 0], RESET 
PCO 
S 0 (200000) SO 
S 1 (200000) Sl 
S 1 (200000) S2 
S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 

# 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SU time = 200000 
F 

Figure 13. Stimulus File NRZ.SCL, Control Word On Inputs S[2 .. 0] = 110 B 

*************************************************** 
* OUtput of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 09:56:50 * 
*************************************************** 
* * Input File Name 
* Rule File Name 
* OUtput File Name 

* 

MANCHEST . SCL 
Sel Rule 
MANCHEST.SCL 

* 
* 

* 
* 

*************************************************** 
P S[2 .. 0], X, CK2, Y1, Y2, ZZ[4 .. 0], RESET 
PCO 
S 1 (200000) SO 
S 1 (200000) Sl 
S 1 (200000) S2 
S 0 (20500, 24500, 28500, 36500, 52500, 64500, 104500, 112500, 116500, 

# 120500, 124500, 128500) X 
S 0 (1000, 2000, ETC) CK2 
S 1 (100, 200) RESET 
SU time = 200000 
F 

Figure 14. Stimulus File MANCHEST.SCL, Control Word On Inputs S[2 •. 0] = 111 B 
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Wiring of the Encoder 

RESET CP 

~~~~~~=~~ SO CP2 ~~ SY~~ ~~:::::-J\oM.""--~ 
x Y2 

DECODER 

Realizing the Decoder Using a 
PML2552 

Description of Decoder 

CP4 

CODER 

The decoding unit is also realized as a Moore 
machine. The capability to recognize 
transmission errors can also be implemented 
as a state machine. So, actually, the 
decoding and error detection functions are 
combined and written as one state machine. 

S2 

S1 

Figure 15. Wiring of Encoder Unit 

The SNAP state equations for the decoder 
and error detection functions are shown in 
Figure 18. 

Pin 2CP of the decoder must be connected to 
a double bit clock. Resetting the decoder 
brings it in the initial state. It is necessary to 
convert the incoming bipolar sequence into 
two digital signals to be applied to the two 
decoder inputs. This splitter is made in the 
testing device by two voltage comparators as 

r------------, 
1 1 

1 
1 
1 
I 
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shown in Figure 18. Synchronized by a LOW 
pulse on the SYNC input, the decoder 
converts the serially encoded sequence into 
binary information on output Y. 

Code will be chosen by a binary combination 
on pins S[2 .. 0]: 

SO 
1-1 ---lOy 

October 1993 

X2 

X1 

2Cp 

ISync 

IReset 

Decoder 

;.-----10 Error 

1 L ___________ _ 

Figure 16. General Structure of Decoder 
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If an error should occur, the decoder will set 
output ERROR to a HIGH. Output Y will 
remain LOW until a reset and synchronization 
cycle begins. Using this facility, a layer II ot 
the OSI stack can be controlled by the 
decoder unit and the decoder can get its 
RESET and SYNC inputs from layer II. 

October 1993 

Structure of Decoders State Machine 
The state diagram shown in Figure 17 shows 
only the AMI portion of the decoder. For 
detailed information on the operation of the 
decoder for other formats, reter to the 
@TRANSISTIONS section of the SNAP state 
equation listing shown in Figure 18. 

Figure 17. State Diagram of AMI Decoder 
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Ustlng of Description File DECODER.EON 

@PINLIST 
sO i; sl 
xl i; x2 
ck2 i; 
reset i; 
sync i; 
Y 0; 
f 0; 

@GROUPS 
@TRUTHTABLE 
@LOGIC EQUATIONS 

i; s2 
i; 

i; 

zzS.c1k = ck2; zz4.c1k = ck2; zZ3.c1k = ck2; 
zz2.c1k = ck2; zzl.c1k = ck2; zzO.clk = ck2; 
zzS.rst = reset; zz4.set reset; zz3.rst reset; 
zz2.rst = reset; zzl.rst = reset; zzO.rst = reset; 

@INPUT VECTORS 
[s2, sl, sO] 
ami = 000 B; hdb1 
iami = 100 B; rz 

001 B· hdb2 
101 B; nrz 

010 B· hdb3 
110 B; man 

011 B; 
111 B· 

[x2, xl] 
highm = 11 B; 10wm = 00 B; spc 10 B; 

[sync] 
sy = 1 B; nsy = 0 B; 

@OUTPUT VECTORS 
[y, f] 
high = 10 B; low = 00 B; err = 01 B; 

@STATE VECTORS 
[zzS, zz4, zz3, zz2, zzl, zzO] jkffsr 
zO 010000 B; zl 000010 B; z2 100000 B; z3 000011 
z4 000100 B; zS 000101 B; z6 001011 B; z7 001001 
zS 010010 B; z9 010001 B; z10 000001 B; zl1 110000 
z12 001000 B; z13 101000 B; z14 100101 B; zlS 100100 
z16 100011 B; z17 100010 B; zlS 000000 B; z19 101001 
z20 100001 B; z21 000110 B; z22 000111 B; 

@TRANSITIONS 
while[zO] with [low] 

B; 
B; 
B; 
B· 
B; 

if[sy] 
if[nsy*«10wm*(ami+hdb1+hdb2+hdb3»+(highm*(rz+nrz+man»)] 
if[nsy*«spc*(hdb1+hdb2+hdb3»+(highm*iami)+(10wm*man»] 
if[nsy*(spc*(ami+rz+nrz»] 
if[nsy*(highm*(ami+hdb1+hdb2+hdb3»] 
if [nsy*lowm*iami] 
if[nsy*«lowm*(rz+nrz»+(spc*man»] 

while [zl] with [low] 
if[spc*(ami+rz+nrz)] 
if[(lowm*ami)+(highm*(rz+nrz+man»] 
if [lowm*man] 
if [highm*ami] 
if[(lowm*(rz+nrz»+(spc*man)] 

while [z2] with [high] 
if [ami+hdb1+hdb2+hdb3+iami] 

while [z3] with [high] 
if[10wm*(ami+hdb1+hdb2+hdb3)] 
if[(spc*(ami+hdb1+hdb2+hdb3»+(iami*10wm)] 
if[highm*(ami+hdb1+hdb2+hdb3+iami)] 
1£ [spc*iami] 

while [z4] with [low] 
if [hdb1+hdb2+hdb3+iami] 
if [ami] 

Figure 18. Description File DECODER.EON (1 of 2) 
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then [zO] 
then [z10] 
then [z12] 
then [zl] 
then [z2] 
then[z4] 
then [zlS] 

then [zl] 
then[z10] 
then [z12] 
then[z2] 
then[zlS] 

then [z3] 

then[z10] 
then[z4] 
then [zlS] 
then[z2] 

then [zS] 
then[zl] 
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while [zS] with [low] 
if[spc*(hdb2+hdb3)] 
if[(lowm*(hdbl+hdb2+hdb3»+(spc*iami)] 
if [highm*iami] 
if [highm*hdbl] 
if[(highm*(hdb2+hdb3»+(lowm*iami)+(spc*hdbl)] 

while [z6] with [low] 
if [hdb2+hdb3] 

while[z7] with [low] 
if [highm*hdb2] 
if[lowm*(hdb2+hdb3)] 
if[(highm*hdb3)+(spc*hdb2)] 
if [spc*hdb3] 

while [zS] with [low] 
if [hdb3] 

while[z9] with [low] 
if [spc*hdb3] 
if [highm*hdb3] 
if [lowm*hdb3] 

while[zI0] with [high] 
if[man*(spc+highm)] 
if[iami+ami+hdbl+hdb2+hdb3+rz+nrz+(man*lowm)] 

while[zll] with [high] 
if[highm*(ami+hdbl+hdb2+hdb3)] 
if[(highm*(rz+nrz+man»+(spc*iami)] 
if[(spc*(ami+hdbl+hdb2+hdb3»+(highm*iami)+(lowm*man)] 
if[spc*(rz+nrz)] 
if[(lowm*(iami+ami+hdbl+hdb2+hdb3+rz+nrz»+(spc*man)] 

while[z12] with [low] 
if[man*(spc+lowm)] 
if[(highm*man)+ami] 
if [iami+hdbl+hdb2+hdb3] 

while[z13] with [low] 
if [lowm*hdbl] 
if [spc*iami] 
if[highm*(hdbl+hdb2+hdb3)] 
if[(highm*iami)+(lowm*(hdb2+hdb3»+(hdbl*spc)] 
if [lowm*iami] 
if[spc*(hdb2+hdb3)] 

while[z14] with [low] 
if [hdb2+hdb3] 

while[zlS] with [low] 
if [spc*hdb3] 
if[highm*(hdb2+hdb3)] 
if[(lowm*hdb3)+(spc*hdb2)] 
if [lowm*hdb2] 

while [z16] with [low] 
if [hdb3] 

while[z17] with [low] 
if [spc*hdb3] 
if [highm*hdb3] 
if [lowm*hdb3] 

while[zIS] with [err] 
iff] 

while[z19] with[low] 
if [hdbl+hdb2+hdb3] 

while[z20] with [low] 
if[lowm*(hdbl+hdb2+hdb3)] 
if [highm* (hdbl+hdb2+hdb3)] 
if[spc*(hdbl+hdb2+hdb3)] 

while[z2l] with [low] 
if [hdbl+hdb2+hdb3] 

while[z22] with [low] 
if[lowm*(hdbl+hdb2+hdb3)] 
if[highm*(hdbl+hdb2+hdb3)] 
if[spc*(hdbl+hdb2+hdb3)] 

Figure 18. Description File DECODER.EQN (2 of 2) 
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then [z6] 
then [zlO] 
then [z12] 
then [z2l] 
then [zlS] 

then [z7] 

then [z2l] 
then [zlO] 
then [z1S] 
then [zS] 

then [z9] 

then [z1S] 
then [z21] 
then[zI0] 

then [zIS] 
then [zll] 

then [z2] 
then [zI0] 
then [zI2] 
then [zl] 
then [z1S] 

then [zIS] 
then [zl] 
then [zI3] 

then [zI9] 
then [z2] 
then[z2] 
then [zIS] 
then[z4] 
then [z14] 

then [zIS] 

then [zI6] 
then[z2] 
then [z1S] 
then [zI9] 

then[zI7] 

then [zIS] 
then[z2] 
then [z19] 

then [zlS] 

then [z20] 

then[zlS] 
then[z2] 
then[zl2] 

then [z22] 

then[zl0] 
then [zIS] 
then [z4] 
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Timing simulation 

Timing Diagram of Synchronizing Cycle 

X1 t-------~ 

2 X2 

3 CLK2 

4 yr-----------' 

5 SYNC 

6 RESET 

7 

Figure 19. Timing Diagram of Synchronizing Cycle 
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*************************************************** 
* OUtput of Waveform Version 1.90 * 
* Date: 06/08/93 Time: 19:25:46 * 
*************************************************** 
* * * ~nput File Name 
* Rule File Name 
* OUtput File Name 

* 

AMI.SCL 
Sc1 Rule 
AMI.SCL 

* 
* 
* 
* 

*************************************************** 
P S[2 •. 0], Xl, X2, CK2, Y, ZZ[4 .. 0], SYNC, RESET, F 
PCO 
S 0 (16500, 20500, 28500, 32500, 52500, 56500, 100500, 104500, 

# 112500, 116500) Xl 
S 1 (24500, 28500, 48500, 52500, 56500, 60500, 104500, 108500, 

# 120500, 124500) X2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
S 0 (1000, 2000, ETC) CK2 
S 0 (200000) S2 
S 0 (200000) Sl 
S 0 (200000) so 
su time = 200000 
F 

Figure 20. Stimulus File AMI.SCl, Control Word On Inputs S[2 •• 0] = 000 B 

*************************************************** 
* output of Waveform Version 1.90 * 
* Date: 06/08/93 Time: 19:25:46 * 
*************************************************** 
* * ~nput File Name 
* Rule File Name 
* output File Name 

* 

HDB1.SCL 
Scl Rule 
SDB1.SCL 

* 
* 
* 
* 
* 

*************************************************** 
P S[2 .. 0], Xl, X2, CK2, Y, ZZ[4 .. 0], SYNC, RESET, F 
PCO 
S 0 (16500, 20500, 28500, 32500, 36500, 40500, 44500, 48500, 52500, 56500, 

# 100500, 104500, 112500, 116500) Xl 
S 1 (4500, 8500, 12500, 16500, 24500, 28500, 48500, 52500, 56500, 60500, 

# 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 96500, 100500, 
# 104500, 108500, 120500, 124500) X2 

S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
S 0 (1000, 2000, ETC) CK2 
S 0 (200000) S2 
S 0 (200000) Sl 
S 1 (200000) SO 
su time = 200000 
F 

Figure 21. Stimulus File HDB1.SCL, Control Word On Inputs S[2 •. 0] = 001 B 
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* Output of Waveform Version 1.90 
* Date: 06/08/93 Time: 19:25:46 * 
*************************************************** 
* * * Input File Name HDB2.SCL 

Se1 Rule 
HDB2.SCL 

* Rule File Name 
* Output File Name * 

* * 
*************************************************** 

P S[2 .. 0], Xl, X2, CK2, Y, ZZ[4 .. 0], SYNC, RESET, F 
pca 
S 0 (16500, 20500, 28500, 32500, 40500, 44500, 52500, 56500, 

# 100500, 104500, 112500, 116500) Xl 
S 1 (8500, 12500, 24500, 28500, 48500, 52500, 56500, 60500, 68500, 

# 72500, 80500, 84500, 92500, 96500, 104500, 108500, 120500, 124500) X2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
S 0 (1000, 2000, ETC) CK2 
S 0 (200000) S2 
S 1 (200000) Sl 
S 0 (200000) SO 
su time = 200000 
F 

Figure 22. Stimulus File HDB2.SCL, Control Word On Inputs S[2 •• 0] = 010 B 

*************************************************** 
Output of Waveform Version 1.90 * 

* Date: 06/08/93 Time: 19:25:46 * 
*************************************************** 
* 
* Input File Name 
* Rule File Name 
* Output File Name 

HDB3.SCL 
Sel Rule 
HDB3.SCL 

* 

* 
*************************************************** 

p S[2 .. 0], Xl, X2, CK2, Y, ZZ[4 .. 0], SYNC, RESET, F 
pca 
S 0 (16500, 20500, 28500, 32500, 44500, 48500, 52500, 56500, 

# 100500, 104500, 112500, 116500) Xl 
S 1 (12500, 16500, 24500, 28500, 48500, 52500, 56500, 60500, 72500, 

# 76500, 88500, 92500, 104500, 108500: 120500, 124500) X2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
S 0 (1000, 2000, 
S 0 (200000) S2 
S 1 (200000) Sl 
S 1 (200000) SO 
su time = 200000 
F 

ETC) CK2 

Figure 23. Stimulus File HDB3.SCl, Control Word On Inputs S[2 •• 0] = 011 B 
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* OUtput of Waveform Version 1.90 * 
* Date: 06/08/93 Time: 19:25:46 * 
*************************************************** 
* * * Input File Name 
* Rule File Name 
* OUtput File Name 

* 

IHV AMI.SCL 
Sel-Rule 
IHV _AMI. SCL 

* 
* 
* 
* 

*************************************************** 
P S[2 .. 0], Xl, X2, CK2, Y, ZZ[4 .• 0], SYNC, RESET, F 
PCO 
S 0 (500, 4500, 8500, 12500, 20500, 24500, 36500, 40500, 44500, 

I 48500, 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 
I 96500, 100500, 116500, 120500) Xl 

S 1 (4500, 8500, 12500, 16500, 32500, 36500, 40500, 44500, 
I 60500, 64500, 68500, 72500, 76500, 80500, 84500, 88500, 92500, 
# 96500, 108500, 112500, 124500, 128500) X2 

S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
S 0 (1000, 2000, ETC) CK2 
S 1 (200000) S2 
S 0 (200000) Sl 
S 0 (200000) SO 
su time = 200000 
F 

Figure 24. Stimulus File INV_AMI.SCL, Control Word On Inputs 5[2 .• 0] = 100 B 

*************************************************** 
* OUtput of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 16:01:57 * 
*************************************************** 
* * * Input File Name 
* Rule File Name 
* output File Name 

RZ.SCL 
Sel Rule 
RZ.SCL 

* 
* 
* 
* 

*************************************************** 
P S[2 .. 0], Xl, X2, CK2, Y, ZZ[4 .. 0], SYNC, RESET, F 
PCO 
S 1 (200000) S2 
S 0 (200000) Sl 
S 1 (200000) SO 
S 0 (16500, 18500, 24500, 26500, 28500, 30500, 48500, 50500, 52500, 

# 54500, 56500, 58500, 100500, 102500, 104500, 106500, 112500, 114500, 
# 120500, 122500) Xl 

S 1 (200010) X2 
S 0 (1000, 2000, ETC) CK2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
su time = 200000 
F 

Figure 25. Stimulus File RZ.SCL, Control Word On Inputs 5[2 •• 0] = 101 B 
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* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 16:01:57 * 
*************************************************** 
* Input File Name NRZ . SCL * 
* Rule File Name : Sel Rule * 
* Output File Name : NRZ .SCL * 
*************************************************** 

P S[2 .. 0], Xl, X2, CK2, Y, ZZ[4 .. 0], SYNC, RESET, F 
PCO 
S 1 (200000) S2 
S 1 (200000) Sl 
S 0 (200000) SO 
S 0 (16500, 20500, 26500, 32500, 48500, 60500, 100500, 108500, 

# 112500, 116500, 120500, 124500) Xl 
S 1 (200010) X2 
S 0 (1000, 2000, ETC) CK2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
su time = 200000 
F 

Figure 26. Stimulus File NRZ.SCL, Control Word On Inputs S[2 .• 0J = 110 B 

*************************************************** 
* Output of Waveform Version 1.90 * 
* Date: 07/19/93 Time: 16:01:57 * 
*************************************************** 
* Input File Name MANCHEST . SCL * 
* Rule File Name : Sc1 Rule 
* Output File Name : MANCHEST.SCL * 
*************************************************** 

P S[2 .. 0], Xl, X2, CK2, Y, ZZ[4 .. 0], SYNC, RESET, F 
PCO 
S 1 (200000) S2 
S 1 (200000) Sl 
S 1 (200000) SO 
S 0 (2500, 4500, 6500, 8500, 10500, 12500, 14500, 18500, 22500, 

# 26500, 28500, 30500, 34500, 36500, 38500, 40500, 42500, 44500, 
# 46500, 50500, 52500, 54500, 56500, 58500, 62500, 64500, 66500, 
# 68500, 70500, 72500, 74500, 76500, 78500, 80500, 82500, 84500, 
# 86500, 88500, 90500, 92500, 94500, 96500, 98500, 102500, 104500, 
# 106500, 110500, 114500, 118500, 122500, 126500, 128500) Xl 

S 0 (2500, 4500, 6500, 8500, 10500, 12500, 14500, 18500, 22500, 
# 26500, 28500, 30500, 34500, 36500, 38500, 40500, 42500, 44500, 
# 46500, 50500, 52500, 54500, 56500, 58500, 62500, 64500, 66500, 
# 68500, 70500, 72500, 74500, 76500, 78500, 80500, 82500, 84500, 
# 86500, 88500, 90500, 92500, 94500, 96500, 98500, 102500, 104500, 
# 106500, 110500, 114500, 118500, 122500, 126500, 128500) X2 

S 0 (1000, 2000, ETC) CK2 
S 0 (300, 400) SYNC 
S 1 (100, 200) RESET 
su time = 200000 
F 

Figure 27. Stimulus File MANCHEST.SCL, Control Word On Inputs S[2 •. 0J = 111 B 
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Philips Semiconductors Programmable Logic Devices 

Serial data encoder and decoder 

Wiring of the Decoder Unit 

I IHt::~t:: 

I ~l 

ISJ 

I S2 

ISYNC 

2Cp 

+Vr., 

+Vcc 

I GND > 

PLDl 
PMl2552 

'----'L RESET 
c..--lL SO 

10 
Sl 

11 

r--i} 
S2 
SYNC 
Xl 

14 
X2 

~ CK2 

PIN 1 OF EACH LT1011 MUST BE CONNECTED WITH GND 

Figure 28. Wiring of Decoder Unit 
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Philips Semiconductors Programmable Logic Devices Application Note 

Serial data encoder and decoder AN041 

WIRING OF THE ENCODER AND DECODER UNITS FOR TESTING 

DECODER PMl2552 DECODER PML2552 

SO SO SO 
S1 S1 S1 
82 S2 S2 

2CP_ 2CP 

CP. 

INPUT INPUT OUTPUT~ INPUT Y., r---<c=:J 
(SYNC::' (SYNC ERROR., ~ 

~C"'- 4CP 
(RESET (RESET "(RESET 

+VCC +Vcc ... +Vcc 
L VCC -Vcc -Vcc 

GND GND GND 

CODER.SCH DECODER.SCH 

Figure 29. Wiring of the Encoder and Decoder Units for Testing 
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Section 12 
Package Outlines 

0400E 

0401F 

0397E 

0398E 

0399F 

05848 

05868 

05898 

1473A 

1551 

04088 

0410D 

04138 

0864D 

0172D 

0173D 

20-Pin (350 mils wide) Plastic Leaded Chip Carrier (A) Package ........... 877 

28-Pin (300 mils wide) Plastic Leaded Chip Carrier (A) Package ........... 878 

52-Pin Plastic Leaded Chip Carrier (A) Package .............. . . . . . . . . .. 879 

68-Pin Plastic Leaded Chip Carrier (A) Package ........................ 880 

84-Pin Plastic Leaded Chip Carrier (A) Package. . . . . . . . . . . . . . . . . . . . . . .. 881 

20-Pin (300 mils wide) Ceramic Dual In-line (F) Package (with window 
(FA) Package) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 882 

24-Pin (300 mils wide) Ceramic Dual In-line (F) Package (with Window 
(FA) Package) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 883 

28-Pin (600 mils wide) Ceramic Dual In-line (F) Package (with Window 
(FA) Package) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 884 

68-Pin CerQuad J-Bend (K) Package. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 885 

84-Pin CerQuad J-Bend (K) package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 886 

20-Pin (300 mils wide) Plastic Dual In-Line (N) Package ................. , 887 

24-Pin (300 mils wide) Plastic Dual In-Line (N) Package . . . . . . . . . . . . . . . . .. 888 

28-Pin (600 mils wide) Plastic Dual In-Line (N) Package . . . . . . . . . . . . . . . . .. 889 

28-Pin (300 mils wide) Plastic Dual In-Line (N) Package ........ '" . . ..... 890 

20-Pin (300 mils wide) Plastic SOL (Small Outline Large) 
Dual In-Line (D) Package .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 891 

24-Pin (300 mils wide) Plastic SOL (Small Outline Large) 
Dual In-Line (D) Package .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 892 
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20 PLACES 

NOTES 
1. fi>ackage dimensions conform to JEDEC Specification MO-047-AA 

for Plastic Leaded Chip Carrier 20 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84.) 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

& Datum plane "-H-" located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

& Location to datum "-A-" and "-8-" to be determined at plane "-H-". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.25mm) on any side. 

& Datum "D-E" and "F-G" are determined where these center leads 
exit from the body at plane "-H-". 

7. Pin numbers continue counterclockwise to Pin 20 (top view). 
8. Signetics order code for product packaged in a PLCC is the suffix 

"A" after the product number. 
&. Applicable to packages with pedestal only. 
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28 PLACES 

NOTES 
1. Package dimensions conform to JEDEC Specification MO-047-AB 

for Plastic Leaded Chip Carrier 28 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84.) 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

& Datum plane "-H-" located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

& Location to datum "-A-" and "-8-" to be determined at plane "-H-". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (O.25mm) on any side. 

& Datum "D-E" and "F~" are determined where these center leads 
exit from the body at plane "-H-". 

7. Pin numbers continue counterclockwise to Pin 28 (top view). 
8. Signetics order code for product packaged in a PLCC is the suffix 

"A" after the product number. 
& Applicable to packages with pedestal only. 
&. Location of Pin #1 mark is optional. Mark on chamfered side is preferred. 
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68 PLACES 

NOTES 
1. Package dimensions conform to JEDEC Specification MO-047-AD 

for Plastic Leaded Chip Carrier 52 leads, 0.050 inch (1.27mm) lead 
spacing, square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

& Datum plane "-H-" located at the top of mold parting line and coincident 
with top of lead, where lead exits plastic body. 

& Location to datum "-A-" and "-8-" to be determined at plane "-H-". These 
datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (0.25mm) on any side. 

~ Datum "D-E" and "F-G" are determined where these center leads 
exit from the body at plane "-H-". 

7. Pin numbers continue counterclockwise to Pin 52 (top view). 

8. Signetics order code for product packaged in a PLCC is the suffix 
"A" after the product number. 

Al. Applicable to packages with pedestal only. 
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NOTES 

1. Package dimensions conform to JEDEC Specification M0-047-AE 
for Plastic Leaded Chip Carrier 68 leads, 0.050 inch lead spacing, 
square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are shown 
in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.SM-1982. 
& Datum plane "-H-" located at the top of mold parting line and coincident 

with top of lead, where lead exits plastic body. 
& Location to datum "-A-" and "-8-" to be determined at plane "-H-". These 

datums do not include mold flash. Mold flash protrusion shall not 
exceed 0.010" (O.2Smm) on any side. 

& Datum "D-E" and "F-G" are determined where these center leads 
exit from the body at plane "-H-". 

7. Pin numbers continue counterclockwise to Pin 68 (top view). 
8. Signetics order code for product packaged in a PLCC is the suffix 

"A" after the product number. 
&A Applicable to packages with pedestal only. 

L11 Location of Pin #1 mark is optional. Mark on chamfered side is 
preferred. 
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NOTES 
1. Package dimensions conform to JEDEC Specification MO-047-AF 

for Plastic Leaded Chip Carrier 84 leads, 0.050 inch lead spacing, 
square. (Issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric dimensions in mm are 
shown in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.SM-1982. 
~ Datum plane "-H-" located at the top of mold parting line and 

coincident with top of lead, where lead exits plastic body. 
& Location to datum "-A-" and "-8-" to be determined at plane "-H-". 

These datums do not include mold flash. Mold flash protrusion 
shall not exceed 0.010" (0.2Smm) on any side. 

- - - - - - - - - - - - ~ Datum "D-E" and "F-G" are determined where these center leads 
1 --II-E:G.& exitfrom the body at plane "-H-". 
~4 SIDES A® F-G ® 7. Pin numbers continue counterclockwise to Pin 84 (top view). 

1--------- 1.158 (29.41) 8. Signetics order code for product packaged in a PLCC is the suffix 
1.150 (29.21) "A" after the product number. 
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NOTES: 
1. Controlling dimension: Inches. Millimeters are 

shown in parentheses. 

2. Dimension and tolerancing per ANSI Y14. 5M-1982. 
3. "T", "D", and "E" are reference datums on the body 

and include allowance for glass overrun and meniscus 
on the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads 
constrained to be perpendicular to plane T. 

5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin #20 when viewed 
from the top. 

@ 6. Denotes window location for EPROM products. 
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from the top. 
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4. Controlling dimension millimeters. 
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lead trim offset and lead plating finish. 

& Backside solder relief is optional and 
dimensions are for reference only. 
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NOTES: 

1. All dimensions and tolerances to conform to ANSI Y14.5-1982. 

[[J UV window is optional. 

[!] Dimensions do not include glass protrusion. Glass protrusion to 
be 0.005 inches max. on each side. 

4. Controlling dimension millimeters (inches shown in parentheses). 

5. All dimensions and tolerances include lead trim offset and lead 
plating finish. 

~ Backside solder relief is optional and dimensions are for 
reference only. 

7. Pin numbers start with Pin #1 and continue counterclockwise 
to Pin #84 when viewed from the top. 
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NOTES 
1. Controlling dimension: Inches. Metric are shown in parentheses. 

2. Package dimensions conform to JEOEC Specification MS-001-AE 
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(plastic) 20 leads (Issue B, 7/85). 

3. Dimension and tolerancing per ANSI Y14, 5M - 1982. 
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NOTES: 
1. Controlling dimension: Inches. Metric are shown in parentheses. 

2. Package dimensions conform to JEDEC Specification MS-001-AF 
for standard Dual In-Line (DIP) package 0.300 inch row spacing 
(plastic) 24 leads (Issue B, 7/85). 

3. Dimension and tolerancing per ANSI Y14, SM - 1982. 

4. "T", "0", and "E" are reference datums on the molded body and 
do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.2Smm) on any side. 

S. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #24 when viewed from the top. 
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1. Controlling dimension: Inches. Metric are shown in parentheses. 

2. Package dimensions conform to JEOEC Specification MS-011-AB 
for standard Dual In-Line (DIP) package 0.600 inch row spacing 
(plastic) 28 leads (Issue B, 7/84). 

Dimension and tolerancing per ANSI Y14, SM - 1982. 
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do not include mold flash or protrusions. Mold flash or protrusions 
shall not exceed 0.010 inch (0.2Smm) on any side. 

S. These dimensions measured with the leads constrained to be 
perpendicular to plane T. 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #28 when viewed from the top. 

0.022 (0.56) -[-$JTTEJD®]o.01O(0.25)@j 
0.017 (0.43) 

~(5.08) =t"'. 
0.138 (3.51) 

0.120 (3.05) 

0 
~ 

"U 

~ "'C 
2: 

(,.) -6' 
CD A) U> 

n g> 
:;IIIi 3 

N 
A) o· 

qo (Q 
0 
:J 

"'tJ (I) a. 
c: 
0 

Z 0 6" 

§ C ~ 

:: "U a 
~ 

:i' cc 
ii3 

iii 
(I) 3 
tn 3 

Il! 

~ 
a: 

2: 
CD 

.!. b 
"'tJ 

cc o· 
r- 0 

J> 
CD 

CIJ ~. 
-I U> 

0 
C 
c: 
J> 
r 
Z r-
z 
m 

:! 
"'tJ 
J> 
0 

" J> 
C) 
m 



c... 
III 
::J 
c: 

~ 

~ 

8 

i o 

~ I- 1~ID®10.004(0.10)1 -\ 

1 

~ -I 
0.100 (2.54) SSC 1.425 (35.63) 

1.415 (35.38) 

0.021 (0.53)~'ElB TIE 10 ®I 0.010 (0.25)@1 
0.015 (0.38) 

I 
NOTES: 

1. Controlling dimension: Inches. Metric are 
shown in parentheses. 

2. Dimension and tolerancing per ANSI Y14, 5M -1982. 

3. "T", "D", and "E" are reference datums on the 
molded body and do not include mold flash or 
protrusions which shall not exceed 0.010 inch 
(0.25mm) on any side. 

4. These dimensions measured with the leads 
constrained to be perpendicular to plane "1". 

5. Pin numbers start with Pin #1 and continue 
counterclockwise to Pin#28 when viewed 
from the top. 

&. Lead tip taper is required after trimming. 
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NOTES 
1. Package dimensions conform to JEDEC Specification MS-013-AC 

for standard Small Outline (SO) package, 20 leads, 7.50mm (0.300") 
body width (Issue A, June 1985). 

2. Controlling dimensions are mm. Inch dimensions in parentheses. 

3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 

4. "D" and "En are reference datums on the molded body and do not 
include mold flash/protrusions. Mold flash/protrusions at "D" shall not 
exceed 0.15mm (0.006") per side. Inter-lead flash/protrusions at "E" 
shall not exceed O.25mm (0.010") per side. 

5. The lead width above the seating plane shall not exceed a maximum 
value of 0.61mm (0.024"). 

6. Pin numbers start with Pin #1 and continue counterclockwise to 
Pin #20 when viewed from top. 

7. Signetics ordering code for a product packaged in a plastic Small 
Outline (SO) package is the suffix D after the product number. 
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NOTES 
1. Package dimensions conform to JEDEC Specification 

MS-Ol3-AD for standard Small Outline (SO) package, 
24 leads, 7.50mm (0.300") body width (Issue A. June 1985). 
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2. Controlling dimensions are mm. Inch dimensions in 
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3. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
4. "0" and "E" are reference datums on the molded body and do 

not include mold flash/protrusions. Mold flash/protrusions 
at "0" shall not exceed 0.15mm (0.006")cer side. Inter-lead 
flash/protrusions at "E" shall not exceed .25mm (0.010") 
per side. 

5. The lead width above the seating plane shall not exceed 
a maximum value of 0.61 mm (0.024"). 

6. Pin numbers start with Pin #1 and continue counterclockwise 
to Pin #24 when viewed from top. 

7. Signetics ordering code for a product packaged in a plastic 
Small Outline (SO) package is the suffix 0 after the 
product number. 
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Philips Semiconductors 

North American Sales Offices, Representatives 
and Distributors 

PHILIPS Itasca Smithfietd 
SEMICONDUCTORS Philips Semiconductors ADI,lnc. 

811 East Arques Avenue Phone: (708) 250-0050 Phone: (919)934-8136 

P.O. Box 3409 INDIANA OHIO 
Sunnyvale, CA 94088-3409 Indianapolis Aurora 

Mohrfield Marketing, Inc. S-J Associates, Inc. 
ALABAMA Phone: (317) 546-6969 Phone: (216) 562-2050 
Huntsville 

Philips Semiconductors Kokomo Columbus 
Phone: (205) 464-0111 Philips Semiconductors S-J Associates, Inc. 

Phone: (317) 459-5355 Phone: (614) 885-6700 
Elcom,lnc. 

MARYLAND Kettering Phone: (205) 830-4001 Columbia S-J Associates, Inc. 

ARIZONA Third Wave Solutions, Inc. Phone: (513) 298-7322 
Phone: (410) 290-5990 Scottsdale Parma 

Thom Luke Sales, Inc. MASSACHUSETTS S-J Associates, Inc. 
Phone: (602) 451-5400 Chelmsford Phone: (216) 888-7004 

JEBCO CALIFORNIA Phone: (508) 256-5800 Toledo 
Calabasas S-J Associates, Inc. 

Philips Semiconductors Westford Phone: (313) 242-0450 
Phone: (818) 880-6304 Philips Semiconductors 

Phone: (508) 692-6211 West Carrollton 
Irvine S-J Associates, Inc. 

Philips Semiconductors MICHIGAN Phone: (513) 438-1700 
Phone: (714) 833-8980 Monroe 

(714) 752-2780 S-J Associates OREGON 
Phone: (313) 242-0450 Beaverton 

Orangevale Philips Semiconductors 
Webster Associates Novi Phone: (503) 627-0110 
Phone: (916) 989-0843 Philips Semiconductors 

San Diego 
Phone: (313) 347-1700 Western Technical Sales 

Phone: (503) 644-8860 
Philips Semiconductors MINNESOTA 
Phone: (619) 560-0242 Bloominfeton PENNSYLVANIA 

San Jose 
High echnology Sales Erie 
Phone: (612) 844-9933 S-J Associates, Inc. 

B.A.E. Sales, Inc. Phone: (216) 888-7004 
Phone: (408) 452-8133 MISSOURI 

Bridgeton Hatboro 
Sunnyvale Centech, Inc. Delta Technical Sales, Inc. 

Philips Semiconductors Phone: (314) 291-4230 Phone: (215) 957-0600 
Phone: (408) 991-3737 

COLORADO 
Raytown Pittsburgh 

Centech, Inc. S-J Associates, Inc. 
En~lewood Phone: (816) 358-8100 Phone: (216) 888-7004 

hilips Semiconductors 
NEW JERSEY Plymouth Meeting Phone: (303) 792-9011 
Toms River Philips Semiconductors 

Thom Luke Sales, Inc. Philips Semiconductors Phone: (215) 825-4404 
Phone: (303) 649-9717 Phone: (908) 505-1200 

TENNESSEE 
CONNECTICUT NEW YORK Greeneville 
Wallingford Ithaca Philips Semiconductors 

JEBCO Bob Dean, Inc. Phone: (615) 639-0251 
Phone: (203) 265-1318 Phone: (607) 257-1111 

TEXAS 
FLORIDA Rockville Centre Austin 
Oviedo S-J Associates Philips Semiconductors 

Conley and Assoc., Inc. Phone: (516) 536-4242 Phone: (512) 339-9945 
Phone: (407) 365-3283 

Wa~~ingers Falls Austin 
GEORGIA ilips Semiconductors Synergistic Sales, Inc. 
Atlanta Phone: (914) 297-4074 Phone: (512) 346-2122 

Philips Semiconductors Bob Dean, Inc. Houston Phone: (404) 594-1392 Phone: (914) 297-6406 Synergistic Sales, Inc. 
Norcross Phone: (713)937-1990 

NORTH CAROLINA 
Elcom,lnc. Greensboro Richardson 
Phone: (404) 447-8200 ADI,lnc. Philips Semiconductors 

ILLINOIS 
Phone: (919) 273-8887 Phone: (214) 644-1610 

Hoffman Estates Matthews Richardson 
Micro-Tex, Inc. ADI,lnc. Shnergistic Sales, Inc. 
Phone: (708) 765-3000 Phone: (704) 847-4323 Pone: (214) 644-3500 

895 

UTAH 
Salt Lake City 

Electrodyne 
Phone: (801) 264-8050 

WASHINGTON 
Bellevue 

Western Technical Sales 
Phone: (206) 641-3900 

Spokane 
Western Technical Sales 
Phone: (509) 922-7600 

WISCONSIN 
Waukesha 

Micro-Tex, Inc. 
Phone: (414) 542-5352 

CANADA 
PHILIPS 
SEMICONDUCTORS 
CANADA, LTD. 

Ca~ary, Alberta 
ecn-Trek, Ltd. 

Phone: (403) 241-1719 

Kanata, Ontario 
Philips Semiconductors 
Phone: (613) 599-8720 

Tech-Trek, Ltd. 
Phone: (613) 599-8787 

Mississauga, Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 

Richmond, B.C. 
Tech-Trek, Ltd. 
Phone: (604) 276-8735 

Ville St. Laurent, Quebec 
Tech-Trek, Ltd. 
Phone: (514) 337-7540 

MEXICO 
Anzures Section 

Philips Components 
Phone: 52-5-533-3858 

EIPaso, TX 
Philips Components 
Phone: (915) 775-4020 

PUERTO RICO 
Santurce 

Mectron Group 
Phone: (809) 723-6165 

DISTRIBUTORS 

Contact one of our 
local distributors: 
Almac/Arrow Electronics 
Anthem Electronics 
Arrow/Schweber Electronics 
Future Electronics 
Gerber Electronics 
Hamilton Hallmark 
Marshall Industries 
Wyle Laboratories, EMG 
Zeus Electronics 
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DATA HANDBOOK SYSTEM 
Philips Semiconductors data handbooks contain all pertinent 
data available at the time of publication and each is revised 
and reissued regularly. 

Loose data sheets are sent to subscribers to keep them 
up-to-date on additions or alterations made during the 
lifetime of a data handbook. 

Catalogs are available for selected product ranges (some 
catalogs are also on floppy discs). 

Our data handbook titles are listed here. 

Integrated Circuits 

Book 

IC01 

IC02 

IC03 

IC04 

IC05 

IC06 

ICOS 

IC10 

IC11 

IC12 

IC13 

IC14 

Title 

Semiconductors for Radio and Audio Systems 

Semiconductors for Television and Video Systems 

Semiconductors for Telecom Systems 

CMOS HE4000B Logic Family 

Advanced Low-power Schottky (ALS) Logic 
Series 

High-speed CMOS Logic Family 

100K ECL Logic Families 

Memories 

General-purpose/Linear ICs 

Display Drivers and Microcontroller Peripherals 
(planned) 

Programmable Logic Devices (PLD) 

S04S-based S-bit Microcontrollers 

IC 15 FAST TTL Log ic Series 

IC16 

IC1S 

IC17 

IC19 

IC20 

IC21 

ICs for Clocks and Watches 

Semiconductors for In-car Electronics and 
General Industrial Applications (planned) 

RFlWireless Communications 

Semiconductors for Datacom: LANs, UARTs, 
Multi-protocol Controllers and Fibre Optics 

SOC51-based S-bit Microcontrollers 

68000-based 16-bit Microcontrollers (planned) 

IC22 ICs for Multi-media Systems (planned) 

IC23 QUBiC Advanced BiCMOS Bus Interface Logic 
ABT. MULTIBYTETh! 

IC24 Low Voltage CMOS & BiCMOS Logic 
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Discrete Semiconductors 

Book 

SC01 

SC02 

SC03 

SC04 

Title 

Diodes 

Power Diodes 

Thyristors and Triacs 

Small-signal Transistors 

Appendix A 

SC05 Low-frequency Power Transistors and Hybrid IC 
Power Modules 

SC06 High-voltage and Switching NPN Power 
Transistors 

SC07 Small-signal Field-effect Transistors 

SCOSa RF Power Bipolar Transistors 

SCOSb RF Power MOS Transistors 

SC09 RF Power Modules 

SC10 Surface Mounted Semiconductors 

SC13 Power MOS Transistors 
including TOPFETs and IGBTs 

SC14 RF Wideband Transistors, Video Transistors 
and Modules 

SC15 Microwave Transistors 

SC16 Wideband Hybrid IC Modules 

SC17 Semiconductor Sensors 

Professional Components 

PC01 High-power Klystrons and Accessories 

PC06 Circulators and Isolators 

MORE INFORMATION FROM PHILIPS 
SEMICONDUCTORS? 
For more information about Philips Semiconductors data 
handbooks, catalogs and subscriptions contact your nearest 
Philips Semiconductors national organization, select from the 
address Jist on the back cover of this handbook. Product 
specialists are at your service and inquiries are answered 
promptly. 
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OVERVIEW OF PHILIPS COMPONENTS 
DATA HANDBOOKS 
Our sister product division, Philips Components, also has a 
comprehensive data handbook system to support their 
products. Their data handbook titles are listed here. 

Display Components 

Book 

DC01 

Title 

Colour Display Components 
Colour TV Picture Tubes and Assemblies 
Colour Monitor Tube Assemblies 

DC02 Monochrome Monitor Tubes and Deflection Units 

DC03 Television Tuners, Coaxial Aerial Input 
Assemblies 

DC05 Flyback Transformers, Mains Transformers and 
General-purpose FXC Assemblies 

Magnetic Products 

MA01 Soft Ferrites 

MA03 Piezoelectric Ceramics 
Specialty Ferrites 

MA04 Dry-reed Switches 

Passive Components 

PA01 Electrolytic Capacitors 

PA02 Varistors, Thermistors and Sensors 

PA03 

PA04 

PA05 

PA06 

PAO? 

PAOS 

Potentiometers and Switches 

Variable Capacitors 

Film Capacitors 

Ceramic Capacitors 

Quartz Crystals for Special and Industrial 
Applications 

Fixed Resistors 

PA 10 Quartz Crystals for Automotive and Standard 
Applications 

PA 11 Quartz Oscillaors 

Professional Components 

PC04 Photo Multipliers 

PC05 Plumbicon Camera Tubes and Accessories 

PCO? Vidicon and Newvicon Camera Tubes and 
Deflection Units 

PCOS Image Intensifiers 

PC12 Electron Multipliers 
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Appendix A 

MORE INFORMATION FROM PHILIPS 
COMPONENTS? 
For more information contact your nearest Philips 
Components national organizaiton shown in the following list. 

Argentina: BUENOS AIRES, Tel. (541)5414261, Fax. (541)786 9367. 

Australia: NORTH RYDE, Tel. (02)8054455, Fax. (02)8054466. 

Austria: WIEN, Tel (01 )601 011820, Fax. (01 )601 01 1210. 

Belgium: BRUXELLES, Tel. (02)741 8211, Fax. (02)735 8667. 

Brazil: SAO PAULO, Tel. (011)8291166, Fax. (011)8291849. 

Canada: SCARBOROUGH, Tel. (416)292 5161, Fax. (416)754 6248. 

Chile: SANTIAGO, Tel. (02)n3 816, Fax. (02)5602 735 3594. 

China (Peoples Republic o~: SHANGHAI, Tel. (021 )3264140, Fax. (021 )3202160. 

Columbia: BOGOTA, Tel. (01)2497624, Fax. (01)2610139. 

Denmark: COPENHAGEN, Tel. (032)883333, Fax. (031 )571 949. 

Finland: ESPOO, Tel. (9)0-50261, Fax. (9)0-520971. 

France: SURESNES, Tel. (01)4099 6161, Fax. (01)4099 6431. 

Germany: HAMBURG, Tel. (040)3296-0, Fax. (040)3296 216. 

Greece: TAVROS, Tel. (01)4894339/(01)4894911, Fax. (01)4815180. 

Hong Kong: KWAI CHUNG, Tel. (852)7245121, Fax. (852)4806960. 

India: BOMBAY, Tel. (022)4938541, Fax. (022)4938722. 

Indonesia: JAKARTA, Tel. (021 )5201122, Fax. (021 )5205189. 

Ireland: DUBLIN, Tel. (01 )640203, Fax. (01 )640210. 

Italy: MILANO, Tel. (02)6752.1, Fax. (02)67523300. 

Japan: TOKIO, Tel. (03)37405143, Fax. (03)3740 5035. 

Korea (Republico~: SEOUL, Tel. (02)709-1412, Fax. (02)709-1415. 

Malaysia: KUALA LUMPUR, Tel. (03)757 5511, Fax. (03)7574880. 

Mexico: CHI HUA HUA, Tel. (016)18-67-01/(016)18-67-02, Fax. (016)7780551. 

Netherlands: EINDHOVEN, Tel. (040)783749, Fax. (040)788399. 

New Zealand: AUKLAND, Tel. (09)849-4160, Fax. (09)849-7811. 

Norway: OSLO, Tel. (22)748000, Fax. (22)748341. 

Pakistan: KARACHI, Tel. (021 )577 032, Fax. (021 )569 1832. 

Philippines: MANILA, Tel. (02)810-0161, Fax. (02)817-3474. 

Portugal: LlSBOA, Tel. (01 )388 3121, Fax. (01 )3883208. 

Singapore: SINGAPORE, Tel. (65)350 2000, Fax. (65)355 1758. 

South Africa: JOHANNESBURG, Tel. (011)470-5434, Fax. (011)470-5494. 

Spain: BARCELONA, Tel. (93)301 6312, Fax. (93)301 4243. 

Sweden: STOCKHOLM, Tel. (08)6322000, Fax. (08)6322745. 

Switzerland: ZORICH, Tel. (01)4882211, Fax. (01 )481 7730. 

Taiwan: TAIPEI, Tel. (2)509 7666, Fax. (2)5005912. 

Thailand: BANGKOK, Tel (2)399-3280 to 9, (2)398-2083, Fax. (2)398-2080. 

Turkey: ISTANBUL, Tel. (01 )279 2770, Fax. (01 )2693094. 

United Kingdom: LONDON, Tel. (071 )580 6633, Fax. (071 )636 0394. 

United States: RIVIERA BEACH, Tel. (800)44 7-3762/(407)881-3200, 
Fax. (407)881-3300. 

Uruguay: MONTEVIDEO, Tel. (02)704 044, Fax. (02)920601. 

For all other countries apply to: Philips eo""onents. 
Marketing Communications, Building BAE, 
P.O. Box 218, 5600 MD, EINDHOVEN, The Netherlands 

Telex 35000 phtcnl, Fax. +31-40-724547. 
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