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24-pin Combinatorial TTL/CMOS PAL Devices 

PRODUCT PINS TECHNOLOGY tp0{ns) lcc<mA) DESCRIPTION PAGE 

AmPAL22XP1 O 24 TTL 20,30,40 90, 180,210 XOR gate 5-271 
PAL20S10 24 TTL 35 240 Product term steering 5-103 
AmPAL22P10 24 TTL 15,25 105, 210 24-pin superset 5-291 
AmiPAL20L 1 O 24 TTL 15,20,25,30 105, 165,210 10 outputs 5-113, 5-306 
PAL20L8 24 TTL, E CMOS 15,25,35,45 0.1, 105, 210 Standard 5-122 
PAL6L16 24 TTL 25 90 Wide output 5-141 
PAL8L14 

I 
24 TTL 25 90 Wide output 5-141 

PAL12L10 24 TTL 40 100 Simple combinatorial 5-147 
PAL14L8 24 TTL 40 100 Simple combinatorial 5-147 
PAL16L6 24 TTL 40 100 Simple combinatorial 5-147 
PAL18L4 24 TTL 40 100 Simple combinatorial 5-147 
PAL20L2 24 TTL 40 100 Simple combinatorial 5-147 
PAL20C1 24 TTL 40 100 Simple combinatorial 5-147 

24-pin Registered TTL/CMOS PAL Devices 

PRODUCT PINS TECHNOLOGY fMAX(MHz) 'ccCmA) DESCRIPTION PAGE 

AmPALC29MA 16 24 EE CMOS 20, 15 120 Advanced Async. Macro 5-209 
AmPALC29M16 24 EE CMOS 20, 15 120 Advanced Macrocell 5-231 
PAL32VX10 24 TTL 25,22 180 J-K, varied terms 5-70 
Am/PAL22V10 24 TTL, E CMOS 40, 33, 28.5, 20, 18 90, 180 Versatile 5-79, 5-249 
PAL22RX8 24 TTL 28.5 210 J-K flip-flops 5-87 
PAL20RA10 24 TTL 20 200 Asynchronous 5-95 
AmPAL20XRP1 O 24 TTL 30,22, 14 105, 180,210 XOR gate & polarity 5-271 
AmPAL20XRP8 24 TTL 30,22, 14 105, 180,210 XOR gate & polarity 5-271 
AmPAL20XRP6 24 TTL 30,22, 14 105, 180,210 XOR gate & polarity 5-271 
AmPAL20XRP4 24 TTL 30,22, 14 105, 180,210 XOR gate & polarity 5-271 
PAL20RS10 24 TTL 20 240 Product term steering 5-103 
PAL20RS8 24 TTL 20 240 Product term steering 5-103 
PAL20RS4 24 TTL 20 240 Product term steering 5-103 
PAL20X10 24 TTL 22 180 XOR gate 5-113 
PAL20X8 24 TTL 22 180 XOR gate 5-113 
PAL20X4 24 TTL 22 180 XOR gate 5-113 
AmPAL20RP1 O 24 TTL 37,25 105, 210 Programmable polarity 5-291 
AmPAL20RP8 24 TTL 37,25 105,210 Programmable polarity 5-291 
AmPAL20RP6 24 TTL 37,25 105,210 Programmable polarity 5-291 
AmPAL20RP4 24 TTL 37,25 105,210 Programmable polarity 5-291 
PAL20R8 24 TTL, E CMOS 37,25,20, 15 0.1, 105, 210 Standard 5-122 
PAL20R6 24 TTL, E CMOS 37,25,20, 15 0.1, 105, 210 Standard 5-122 
PAL20R4 24 TTL, E CMOS 37,25,20, 15 0.1, 105, 210 Standard 5-122 
PAL32R16 40 TTL 16 280 MegaPAL ™ device 5-158 
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In late 1987, the two programmable logic market leaders, Monolithic Memories and Advanced Micro 
Devices, merged into one great company. We combined our strong traditions of customer service 
and innovation to offer you the best line of programmable logic devices. The 1988 Data Book 
presents the technical specifications on the entire product line. The separate 1988 Handbook 
presents all of the necessary support material, whether you are accustomed to using MMI or 
AMO products. 

AMD/MMI has the products, manufacturing capacity and technology to perpetuate the leadership 
in the programmable logic field which we pioneered. In the 1988 Data Book you will notice that we 
not only have the broadest programmable logic line, but we also have the industry's most 
comprehensive CMOS programmable logic line. We think that you will find the Data Book and 
Handbook informative and useful. If you have any comments or questions on the books or the 
product line, please contact us. 

Cyrus Tsui 

Vice President 
Programmable Logic Division 
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Description 
This 1988 PAL Device Handbook/Data Book is your complete guide to all programmable logic 
devices (PLDs) from Monolithic Memories and Advanced Micro Devices. The merger of the two 
companies provides a greater wealth of products and services for you. Note that all PLDs which 
were in production before the merger are still being produced. 

The PAL Device Handbook/Data Book is organized into two volumes and six easy-to-use sections: 

PAL Device Handbook 

Section 1: Introduction 
Includes an overview of the PLD product family. 

Section 2: Applications 
Includes detailed application examples. The first few chapters provide tutorials in PLD design. 
The application notes are grouped by application area. 

PAL Device Data Book 

Section 3: Programming and Quality 
Includes information on PLD software programs, programming information, PLD technology and 
quality discussions, and package information. 

Section 4: PALASM 2 Software User Documentation 
Includes complete documentation for PALASM 2 software. 

Section 5: Data Sheets 
Includes specifications for all PLDs from the combined company. PAL devices formerly from MMI 
are under "PAL Devices," while PAL devices formerly from AMD are under "AmPAL Devices." 

Section 6: Appendices 
Includes quick reference information. 

If you have any questions or comments on PLDs or any other products, please contact your most 
convenient AMD/MMI sales office, listed at the end of each book. 
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IBM® is a registered trademark of International Business Machines 
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Company. 
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Design Software for 
Programmable Logic 

Introduction 

Programmable logic design software translates a custom logic 
design specification into a format which can be accepted by a 
programmer (Figure 1 ). 

Programmable logic software is also an excellent tool for design 
simulation and documentation. Simulation assists in debugging 
an initial design and helps to ensure that a device will operate as 
intended the first time instead of requiring multiple design itera
tions. Documentation is essential for someone other than the 
original designer to understand a custom programmable logic 
specification. 

This overview will describe the basic components of PLO design 
software packages, including assistance in logic simulation and 
testing. Several software packages are available. They are listed 
at the end of this overview, along with references to the appropri
ate pages for more !nformation or user documentation. 

BLANK PLO 
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Figure 1. The Programmable Logic Development Cycle 

Design Software for Programmable 
logic 

PLO design software lets the designer write logic descriptions at 
a high level, that is, at a level that accurately reflects the design 
concept. This type of software increases productivity while 
producing designs that are thoroughly documented. 

The software should support all programmable logic device 
types, all popular logic (PROM) programmers, and a large num
ber of popular development computers. In addition, software 
products offer a variety of input design formats such as state 
machines, high-level Boolean equations, truth tables and logic 
schematics. 

A compiler's syntax offers a general and easy description of the 
desired configuration of the chosen programmable logic device 
(PLO). 

PAL 
DEVICES 

602 02 

HIGH LEVEL 
EQUATIONS 

STATE 
MACHINE 

DESIGN 
SOFTWARE 

NEXT GENERATION 
PROGRAMMABLE 

DEVICE 
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Figure 2. The Compiler 

PROMS 

In addition, the high-level description of the design provides 
flexibility in changing the design if so desired. A designer might 
use a particular type of PLO. Later, when fixes or enhancements 
are made, the design can be quickly re-compiled for the same 
device. If the changes require more product terms or an architec
tural configuration that the chose.n PLO cannot support, the 
function can easily be placed in an alternate device. In many 
cases this will allow design modifications without altering printed 
circuit boards which may have already been manufactured. 

logic Simulation 

Most of the PLO software design tools also offer logic simulation. 
Logic simulation is typically performed to verify the logical design 
prior to programming an actual device. This may save some of 
the time spent trouble-shooting a programmable logic design 
using conventional techniques, using an oscilloscope and logic 
analyzer. 

A simulation file consists of stimulus patterns applied to inputs 
and response patterns expected at outputs. The simulator com
pares each stimulus/response pattern, or vector, with the logic 
equations to verify that the expected response agrees with that 
produced according to the equations. 

Not simulating may be of little consequence for simple designs, 
but for complex designs, especially complex sequential logic, it is 
well worth the time. 

Testing Programmable logic 

PLO software design tools also assist the designer in testing the 
PLO after it has been programmed. 

Before shipping a PLO, programmability may be verified by the 
manufacturer by exercising the device's address and program
ming circuitry on redundant test sites. 
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Design Software for Programmable Logic 

After the device has been received and programmed by the user, 
the logic programmer will read the states of all the fuses in the 
device and compare them with the data stored in the 
programmer's memory to check the status of the programming 
matrix, in its verify cycle (Figure 3). If any mismatches are 
detected, the device is rejected. 

FIXED 
LOGIC 

OUTPUTS 

TESTED DURING TESTED BY APPLYING 
PROGRAMMER VERIFY FUNCTIONAL TEST 

CYCLE VECTORS 

602 03 

Figure 3. Programmable Logic Device Testing 

However, a correct fuse verify does not guarantee that the device 
will work properly, since the fixed logic of the device has not been 
fully tested. To ensure proper operation the device must be 
functionally tested. 

Functional testing of PLDs involves applying stimulus patterns to 
a device while looking for the expected response. The test 
sequence consists of a table of stimulus/response patterns 
similar to those used to perform a simulation. PLD software 
design tools offer the capability of generating these test vectors. 

Test vectors are produced by creating a simulation input file 
containing stimulus/response patterns. After running the simula
tor to verify the integrity 6f the vectors, they are appended to the 
JEDEC down-loadable file which already contains the program
ming patterns for the particular target device. 

We can now see that there are two distinct benefits of logic 
simulation in working with PLDs: 

LOGIC SIMULATION 

DESIGN / ""' TEST VECTOR 
VERIFICATION GENERATION 602 04 

Software Tools 

Many different programmable logic design aid software programs 
are available. Table 1 lists some current suppliers of these design 
tools. Contact the indicated companies for the status of their 
particular product. 

MMl/AMD supplies several software products for its program
mable logic devices. Table 2 lists the software supporting the 
various PLDs. 

SOFTWARE VENDOR DESCRIPTION 

PALASM 2 (PAL, MMl/AMD Page 3-5 
PROSE, PLS) Contact Local Sales Office Documentation: 

Chapter4 

PLPL MMl/AMD Page 3-7 
(Am PAL) Contact Local Office 

LCA Development MMl!AMD Page 3-21 
Systems (LCA) Contact Local Office 

ABEL Data 110 Corp. Page 3-35 
DASH-GATES 10525 Willows Road N.E. 
DASH-CAD AT Redmond, WA. 98073 
DASH-ABEL (800) 426-1045 

CUPL Personal CAD Systems Page 3-43 
1290 Parkmoor Avenue 
San Jose, CA. 95126 
(408) 971-1300 

LOG/iC ISDATAGmbH Page 3-66 
(Reps: See page 3-75) 

Table 1. Software Design Tools 
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Design Software for Programmable Logic 

PRODUCT SOFTWARE SUPPORT 

16L8, 16R8, 16R6, 16R4 Both PALASM 2 and PLPL software* 
18P8 
22V10 
20L10 
20L8,20R8,20R6,20R4 

16RA8 PALASM 2 software only 
16P8, 16RP8, 16RP6, 16RP4 
1 OHS, 12H6, 14H4, 16H2, 16C1, 1 OL8, 12L6, 14L4, 16L2 
32VX10 
22RX8 
20RA10 
20S10,20RS10,20RS8,20RS4 
20X10, 20X8, 20X4 
6L16, 8L14 
12L10, 14LB, 16L6, 1BL4,20L2,20C1 
32R16 
105, 167, 168 
14R21 
10H20G8 
10H20PB 
1OH/10020EV/EG8 

23S8 PLPL Software only 
29MA16 
29M16 
22XP10, 20XRP10, 20XRPB, 20XRP6, 20XRP4 
22P10, 20RP10, 20RP8, 20RP6, 20RP4 

16X4 PALASM 1 Software 

29PL141 ASM14X 

2971 PEGASUS 

M2064 XACT software 
M2018 

'PALASM 2 and PLPL software are bundled together. 

Table 2. Software Support 
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PALASM 2 Logic Design 
Software Package 

High-Performance Support Tools 

PALASM 2 CAD software is an integral part of the MMl/AMD 
programmable logic solution. As PAL devices and other PLDs 
have grown more powerful and complex, our team of software 
engineers has added major enhancements to PALASM software. 
The goal is to provide timely, state-of-the-art software support for 
every new PAL device at market introduction. The result is 
software that enables you to configure a PLO quickly, easily, and 
effectively. 

Freedom to Express Your Designs 
in Different Forms 

PALASM 2 software offers you increased design flexibility. You 
have the option of creating your design file with Boolean or State 
equations. The powerful PAL device design specification syntax 
has the advantage of being flexible enough for complex designs, 
without compromising ease-of-use. The basic operators INVERT, 
AND, OR, and EXCLUSIVE-OR can be used to describe any logic 
function using Boolean equations. The syntax for State equations 
is equally easy to use. 

Powerful Simulator Provides 
Automatic Testing 

PALASM 2 software has a powerful, event-driven simulator that 
cuts down the margin of design error significantly. It enables 
simulation of the design before the chip is programmed. This 
means you can go back and edit the design as many times as you 
want without wasting a single chip. The simulator's English-like 
commands allow you to describe functions easily. It performs a 
validation of your qesign, and generates vectors from a test 
sequence that you specify. PALASM 2 software's simulation 
makes testing of the design an integral part of creating the design. 
This means that every time you insert a PAL device into the 
programmer, you can be sure it will be accurately programmed. 

511 01 

Automatic Logic Reduction for 
Cost-Effective Design 

PALASM 2 software gives you the option of automatically reduc
ing your logic equations, enabling you to utilize your PAL device 
fully. Now you don't have to go through tedious manual reduction 
and DeMorganization. The software does the work for you. 
Reduced logic leads to cost-effective design, since less device 
space is used. By conserving space, design efficiency is in
creased, as more complex logic can be packed into the device. 

Edit Programmed Device Designs 

PALASM 2 software offers you the unique ability to edit pro
grammed device designs. Its time-saving JEDEC manipulator 
enables you to read a fuseplot directly from a programmed 
device, and disassembles the fuse information back to Boolean 
equations. If you wish to alterthe design, you can edit the Boolean 
equations that the JEDEC manipulator generates. 

Easy-to-Use New Menu 

The power of PALASM 2 software has been harnessed by a 
powerful new menu. Function key options allow you to modify, 
assemble, and simulate your design; view any data, including ~ 
simulation waveforms; and download JED EC files to a program-~ 
mer. And with the "Autorun" feature, all of the assembly and 
simulation processes can be chained together so that one com-
mand completes the entire process. Errors are flagged on-screen 
and in a log file for examination later. The result is a smooth, 
integrated design environment that allows you to design logic 
easily and efficiently. 

Hardware Support 

PALASM 2 software is supported on the following systems: 

IBM-PC/XT/AT and compatibles 
VAX-VMS/Ultrix 
Daisy workstations 
Mentor workstations 

D 
JEDEC 

FILE 

-
PAL DEVICE 
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PALASM 2 Logic Design Software Package 

Documentation is a Few Pages Away 

PALASM 2 software is fully documented in section 4 of this 
databook. In addition, a free hotline is provided to answer any 
questions you niay have about the software or about MM I/AMO 
devices. The hotline number is (800) 222-9323. 

•SYNTAX 
INPUT 

Design Software for PLDs 

We believe that PALASM 2 software and MMl/AMO PLDs are 
firmly linked. From immediate device.support to documentation to 
field service: PLO support and software support are one and the 
same. It is through this philosophy that PALASM 2 software has 
become the world's most widely-used PLO design package, and 
a natural complement to MMl/AMO PLOs. 

OUTPUT 
CHECKING • FUSEMAP • FUSEPLOT . 

•LOGIC • STATE MACHINE ASSEMBLY • JEDEC FILE DEVICE 
REDUCTION PROGRAMMING 

•BOOLEAN •ERROR 
• SIMULATION 

DETECTION • HISTORY FILE 
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PLPL: Programmable Logic 
Programming Language 
Software Version V2.1 

PLPL supports all Am PAL devices, including the following: 

16L8, 16R8/6/4 ' 

PLPL PLD Design Environment 

18P8' 
23S8 
22V10' 
20L10' 
22P10, 20RP10/8/6/4 
22XP10, 20XRP10/8/6/4 
29M16 
29MA16 

Devices marked with an asterisk are also supported by PALASM 
2 software. PLPL will automatically be shipped with the PC 
version of PALASM 2 software. 

PLPL is a programmable logic development package which lets 
the designer describe logic functions and state machines in a 
high-level syntax. Various programs in the PLPL package are 
used to process this design or source file before programming a 
device. 

PLPL is composed of 6 separate programs: 
A programmable logic compiler (PLC) converts the design file 
into logic equations and stores these in an intermediate file. 
A logic optimizer (OPTIMIZE) logically reduces the Boolean 
equations in the intermediate file. 
A JEDEC-standard fuse map generator (JM) converts the 
equations in the intermediate (or optimized) file and writes 
these into a fuse map file. This fuse map is used to program the 
device. 
A manual test vector generator (TESTV) generates JEDEC
standard test vectors from a user-specified function table in the 
design file. These vectors are used by the simulator when 
modeling the part. 
A functional simulator (SIM) tests the logic equations in the 
intermediate/optimized file using the user-defined test vectors. 
A PLO program which helps the user define the architecture 
features on a device (available for PCs). 

PLPL has adatabasefile for every supported part. Each database 
file name is composed of the letter P and the numeric designation 
of the part. For example, theAmPAL22V1 O database file is called 
P22V10. 

PLD Design Methodology: Using PLPL 

A typical PLPL design cycle contains the following steps: 

1. Write a design file specifying the logic functions to be pro
grammed into a PLO using the PLPL language. 

2. Use PLC to compile the design file; the output of PLC is called 
an intermediate file. 

3. If required, use the optimizer to reduce the logic equations in 
the intermediate file produced by PLC. 

4. Specify a function table in the PLO design file. Use TESTV to 
generate JEDEC-format test vectors from the function table. 

5. Use JM to produce a JEDEC-standard fuse map from the 
equations in the intermediate file. 

6. Use SIM to simulate the logic model represented by the 
intermediate file with the test vectors generated by TESTV. 

7. If there are any errors, repeat steps (1) to (6). 
8. Load the fuse map into a PLO programmer to program the 

PLO. 

OPTIMIZED 
FILE 

LOGIC 
EQUATION 

LIST 
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PLPL: Programmable Logic Programming Language 

The PLPL Logic Language 

PLPL is a logic language used to simplify the design and definition 
of Boolean logic functions. These functions can be described 
u~ing logic equations with Boolean operators in canonical or 
standard sum-of-products form, or through high-level language 
constructs such as IF-THEN-ELSE and CASE. 

Language Elements 

There are ihree main elements in the PLPL language: keywords, 
punctuation marks, and user-defined elements. 

Keywords 

The following is the list of keywords that the PLC compiler 
attributes special meanings to: 

BEGIN 
CASE 
DEFINE 

DEVICE 
ELSE 
ENABLE 

END 
IF 
PIN 

PRESET 
RESET 
THEN 

These should not be used as variable or constant names. 

Punctuation Marks 

These symbols are interpreted in the PLC language: 

+ --+ Boolean OR operator, as in C = A+B 
--+ Boolean AND operator, as in c ·= A *B 

% --+ Boolean XOR operator, as in C = Ao/oB 
(,) --+ Parentheses to control logic evaluation, as in 

C=A*(B+E) 

--+ Boolean complement operator, as in C =IA 
--+ Assignment operator, as in C =A 
--+ Encloses comments 
--+ Statement terminator; This must be put at the 

end of each statement 

--+ Indicates a range of values 
--+ concatenates values and variabies in CASE 

statements and functions 

--+ Indicates the end of file and musi be preceded 
by the keyword "END" 

Comments must begin and end with double quotes("). Such com
ments can be placed anywhere in a PLPL file to improve reada
bility and documentation. Comments cannot be nested. 

Operator Precedence 

There are four logical operators in PLC: NOT (I), AND(*), OR(+), 
and XOR(%). In addition to these, parentheses'()' are provided 

to control the graupihg or associativity of these operators. The 
operators are arranged in .order of precedence as follows: 

In the expression F = A*.B +IC+ D,Aarid B Will beANDed first 
because '*' has higher precedence than '+'. C is com'plemented 
before the '+'operator is evaluated. That is, the expression is 
evaluated as F = ((A *B) + ((IC) + D)). 

OPERATION OPERATOR ASSOCIATIVITY 

primary () right to left 
bitwise complement I right to left 
bitwise AND . right to left 
bitwise OR,XOR +,% right to left 

Note that ihe '+' and 'o/o' operators have the same precedence. 
Use parentheses to prevent any ambiguities in the logic expres
sion. 

Example: F = (Ao/oB) + (Co/oD) will be evaluated differently from 
F=A%B+C%D . 

User-Defined Elements 

You can create variables or numbers in PLPL. Variables ate 
alphanumeric strings which beg\n with an alphabetic character 
and may contain up to 24 characters. These include all 26 letters, 
the numbers 0-9, arid . the underscore ('_') symbol. Spaces· 
cannot be used, and upper and lower-case characters are treated 
the same. 

Example: VAR_A this is a valid variable name 
VAR A invalid varifl,ble name 

Numbers can be expressed in one of four radices: binary, octal, 
decimal and hexadecimal. To specify a radix, the '#x' symbol is 
used, where 'x' is b, o, d, or h to represent binary, octal, decimal, 
or hexadecimal, respectively. If '#x' is not used, the number is 
assumed to be decimal. In PLC, the numbers have to be positive 
integers. 

Example: #b1110 
#0016 
#d14 

14 
#hE 

binary representation of 14 
octal representation of 14 
decimal representation of 14 
decimal representation of 14 
hexadecimal representation of 14 

Note: Upper or lower-:case characters can be used for the key
words, variables, or numbers. For example, no distinction 
will be made between the character strings "DEVICE" and 
"Device". 
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PLPL Design. File 

The logic equations or function definitions are specffied in an 
ASCII PLPL design file. Most text editors/word processors can 
create Clean text files in ASCII mode, which are free of any control 
characters. The design file contains the following sections: the 
design name, the header, and the logic specification. 

Example: 

DEVICE design_name (part_narne) 
"<---L.... Design name" 

PIN "<- header section" 
D[O] = l(input combinatorial) 
Y[O] = 22 (output active_HIGH registered); 

DEFINE 
CONSTANT_l = 4, 
CONSTANT 2 = 5; "<- end of header section" 

BEGIN "<- logic/function section" 
"write logic equations in this section" 

END. 

Design Name 

The design name section contains the keyword DEVICE, the 
design file name, and the part to be used in parentheses. 

DEVICE design_name (part_name) 

Header 

The header consists of two subsections: pin definition and define 
sections. 

1. Pin Definition Section 

The designer defines names and architectural features to each 
pin on the PLO. For example, the Am PAL 16R8 (P16R8) has 8 
inputs and 8 registered active-LOW outputs. A design making 
use of 2 inputs and 5 outputs on this device can be described as 
follows: 

QEVICE example (Pl6R8) 
PIN a = 1 (input combinatorial) 

/b = 2 (input combinatorial) ''active LOW input" 
/state[3:0] = 13:16 (output register;;d active LOW) 
/c = 18 (output registered active_LOW); -

In this example, pins 1 and 2 have been defined as the input 
variables A and /B (active low inputs have 'f). and pin 18 as the 
registered output variable C that is also active-LOW. 

The architecture definitions in parentheses correspond to the 
features available for this device pin. If a feature is programmable 
(e.g., registereq or combinatorial ori the AmPAL22V10), then 
these architecture definitions are necessary for the JM fuse map. 
generator program to set the appropriate architecture fuses. The 
dedicated input pins do not need the •active_LOW' definition in 

parentheses because there is no physical fuse to program in 
order to get an active-LOW input; the 'f is sufficient. 

To get the available architecture settings for each pin, use the 
menu-driven PLO program. This program guides the user 
through the definition of each pin. After setting the architecture 
fuses, the PLO program will write a PLPL source file template 
containing the design name and header sections. All the designer 
has to do is enter the logic equations between the main BEGIN
END section. 

Pins can also be associated in groups called vectors. Once a 
group of pins has been defined as a vector, this group can be 
referred to by the vector definition. This is helpful when specifying 
state machines or address/data buses. In the example, the group 
of pins 13, 14, 15, and 16 have been assigned to the output vector 
called "state[3:0]'. This is logically equivalent to the definition: 

PIN a = 1 (input combinatorial) 
/b = 2 (input combinatorial) 
/state [3] = 13 (output registered active LOW) 
/state [2) = 14 (output registered active -LOW) 
/state [l) = 15 (output registered active-LOW) 
/state [OJ = 16 (output registered active=LOW) 
/c = 18 (output registered active_LOW); 

The range of pins to be assigned to a vector can be described by 
using the':' symbol, as in "13:16". In addition, non-sequential pin 
numbers can be specified by using ','. In the pin definition 
example, ff pin 17 is to be used instead of pin 16, then the 
definition of state[3:0] can be written as: 

/state[3:0] = 13:15,17 (output ... ) 

An element or elements in a vector can be accessed by using the m 
appropriate subscripts. 

Example: c • a*b*state[3]; 
"access the 3rd vector element" 

state[3:2] = state[l:O]; 
"assign the last two vector elements 
to the two most significant bits" 

Only pins with the same architecture definitions can be grouped 
together as vectors. 

2. DEFINE section (optional) 

PLPL supports intermediate variable definitions. A PLPL defini
tion is a variable name assigned to an integer constant or an 
often-used logic equation. Vector definitions are currently not 
supported. Each macro definition is separated by a comma and 
the macro definition section is terminated by';'. This is an optional 
section. 

Example: DEFINE LOAD 
OUTPUTl 
SET_SIGNAL 

ENABLEl*ENABLE2 

20 ' 
LOAD + SYSRESET 

In the example, LOAD has been assigned to the logic equation 
ENABLE:1*ENABLE2, while the name OUTPUT1 has been as
signed to the constant decima.120. The logic equations assigned 
to defined names can contain variables and logic operators. The 
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variables can also be previously defined names, as shown in the 
SET_SIGNAL definition, where the definition LOAD is logically 
ORed with the signal SYSRESET. 

Definitions are used to simplify the logic specification section by 
assigning easily recognized names to logic equations or con
stants. It is easier to rememberthat a load signal is LOAD instead 
of a logic equation ENABLE1 'ENABLE2, and that an often-used 
value is called OUTPUT1 instead of the decimal number 20. 

Logic/Function Description 

After defining the pin architectures, the designer can now write 
logic equations for these pins between the main BEGIN-END. 

Logic Specification Section 

The statements in the main BEGIN-END block that describe the 
logic functions can be expressed in terms of logic equations or 
high-level statements. 

Logic Equations 

The equations can use the logic operators described in the 
language elements section. This capability is provided for de
signers who know the logic equations for a function. The logic 
equation is composed of three parts: the variable on the left-hand 
side, the assignment symbol '='. and the logic expression on the 
right-hand side of the '='. Each logic equation is terminated by a 
semicolon (;). 

Single Signal Expressions 

The left-hand side of the equation can be a pin name or a pin 
vector. All pins must be defined in the PIN definition section as an 
output, 1/0 or internal register. The logic expression on the right
hand side of the '=' can be any Boolean algebraic expression 
composed of the logic operators AND('), OR(+), NOT(/), and 
XOR(%). In addition, evaluation of logic statements can also be 
controlled by the use of parentheses. Each equation is consid
ered a single statement. 

Example: If the variables B and C are to be evaluated first, then 
these are enclosed in parentheses. 

C = A*(B+C)*/D; 

Every signal in the equation section is considered either true or 
false regardless of the physical pin description. A statement such 
as: 

IF (A*B) THEN 
c·= 1; "this is logically equivalent to C = A*B" 

means output C is true (set to a logic 1) if signals A and Bare true. 
"IF (/A' /B) THEN" is read "IF A and B are both false". Note that 
the designer does not need to worry about the pins being defined 
as active HIGH or LOW. 

Vector Expressions 

Logic operations can also be performed on vectors. If a vector 
VCTR_A[3:0] is to be assigned the value of another vector 
VCTR_B[0:3] logically ANDed with a vector \i'.CTR_C[3:0], then 
this is written as: 

VCTR_A[3:0] = VCTR_B[0:3]*VCTR_C[3:0]; 

This is easier to write than: 

VCTR_A[3] = VCTR_B[O]*VCTR_C[3]; 
VCTR_A[2] = VCTR_B[l]*VCTR_C[2]; 
VCTR_A[l] = VCTR_B[2] *VCTR_C[l]; 
VCTR_A[O] = VCTR_B[3]*VCTR_C[O]; 

Single signals can also be used when working with vector vari
ables. 

Example:VCTR_A[3:0] = VCTR_B[0:3]*/A; 

is equivalent to: 

VCTR_A[3] = VCTR_B[O]*/A; 
VCTR_A[2] = VCTR_B[l]*/A; 
VCTR_A[l] = VCTR_B[2]*/A; 
VCTR_A[O] = VCTR_B[3]*/A; 

Vectors cannot be assigned to single signals, as in 

C = VCTR_A[3:0]; 

This vector assignment property also holds for vectors specified 
with special functions (e.g., ENABLE, RESET). Vectors cannot 
be created by concatenating scalars or parts of vectors (using ',') 
in a logic expression such as "VCTR_A[3:0] 
A,B,VCTR_A[1 :O];". An error will be generated. 

High-Level Logic Descriptions 

Thedesignercan describe logic functions in a higher-level format 
by ma.king use of the PLPL statement constructs. PLPL supports 
two statement forms: IF-THEN-ELSE and CASE. 

IF· THEN-ELSE Statement 

This language format is similar to the IF-THEN-ELSE used in 
regular programming languages. In PLPL, this language con
structs the appropriate logic equations from the statements in the 
THEN and ELS!= sections and the test conditions. The statement 
format is: 

IF (logic condition) THEN 
[statement] 

ELSE 
[statement] 
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For example, if an output pin is to be set when a condition (e.g., 
/A) is true, and reset when not true, this can be defined as: 

IF (/A) THEN 
OUTPUT = 1; 

ELSE 
OUTPUT = O; 

This is the same as writing OUTPUT= /A, where OUTPUT will be 
active when the condition /A is true and inactive when not true. 
The IF-THEN-ELSE statement makes the function more under
standable. A 2-input AND gate can be similarly described: 

IF (A*B) THEN Truth Table A B OUTPUT 
OUTPUT = 1; 0 0 0 

ELSE 0 1 0 
OUTPUT = O; 1 0 0 

1 1 1 

The high-level description is equivalent to OUTPUT= A'B; The 
logic test condition must always be enclosed in parentheses. 

Note thatthe statementfollowing THEN and ELSE can be a single 
statement or a group of statements enclosed between BEGIN 
and END, and followed by a semicolon (;). For example: 

IF (/A) THEN 
BEGIN 
A = B+C; 
G = VCTR_A(3]+ B; 
END; 

ELSE 
etc .. 

The entire IF-THEN-ELSE statement is considered a single 
statement and can be nested inside another IF-THEN-ELSE. 

IF (/A) THEN 
IF (B+C) THEN "nested IF-THEN-ELSE" 

C = A*B; 
ELSE 

C = A*D; 
ELSE 

A = B; 

The ELSE part in any IF-THEN-ELSE is optional but any ELSE 
section will match the most recent IF section, hence care must be 
taken when using nested IF-THEN-ELSE statements. 

For example: 

IF (/A) THEN 
IF (B+C) THEN "nested IF-THEN" 

C = A*B; 
ELSE 

A= B; 

The ELSE is matched with IF (B+C) THEN, and not IF (/A) THEN. 
In order to match the ELSE with (/A), BEGIN and END keywords 
must be used to enclose the statements between IF (/A) THEN 
and the ELSE, as shown in the following example: 

IF (/A) THEN 
BEGIN 
IF (B+C) THEN "nested IF-THEN is now a single 

statement" 
C = A*B; 

END; 

ELSE "ELSE now matches with IF (/A) THEN" 
A = B; 

Logic Test Conditions 

A logic test condition can be a logic expression, a vector test, or 
a combination of both. 

Logic Expression as a Test Condition 

A logic expression can be used as a test condition. This 
expression can contain single signals, vector variables, and logic 
operators, including parentheses. 

Examples: IF (/A) THEN 
IF (A+B*(A+/C)) THEN 
IF (A+VCTR_A[3]) THEN 
IF (VCTR_A[3:0] = #blOOl) THEN 

In the last example, a vector test is used as the test condition. This 
logic expression checks if the vector is a specific value. The value 
can be expressed in any radix, as long as it can be represented ~ 
by the vector. VCTR_A[3:0] is tested to determine if it has a value ~ 
of binary 1001; this is equivalent to 

IF (VCTR_A[3] * /VCTR_A[2] */VCTR_A [l] *VCTR_A[O]) THEN 

If the vector test condition does not include the equal sign and a 
value (as in IF (VCTR_A[3:0]) THEN), then this is equivalent to 
logically ANDing every element in the vector, or 

IF (VCTR_A[3] *VCTR_A[2] *VCTR_A[l] *VCTR_A[O]) THEN 

Vector test conditions can be mixed with other vector or single
signal test conditions. The following are some examples of 
mixed element logic test conditions: 

Example: IF ( (VCTR_Al3:DJ = #blDDl) */a + b) THEN 

IF ((VCTR_A[0:3] = #hA)*(VCTR_B[3:0] = #ol2)) 
THEN 
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Note that each vector test must be enclosed in its own set of 
parentheses. If not, an error will be generated. A vector test 
condition can be performed by concatenating single signals and 
vectors and testing for a value. In the example below, signalsA,B 
and VCTR_A[2] are tested to determine if they have the value 
#b110. 

Example: IF (A, B, VCrR_A[2] = #BllO) THEN 

CASE Statement 

The CASE statement is similar to the multiway branch statement 
provided in computer programming languages. It has the follow
ing format: 

CASE(pin_vector) 
BEGIN 

valueO) [statement] 
value1) [statement] 
value2) [statement] 

valueN) [statement] 
END; 

The pin vector must be large enough to represent the values 
VALUEOto VALUEN. For example, ifthe pinvectorcontainedtwo 
elements, then a maximum of four different values can be tested. 
The user can also specify a range of values by using the':' and 
','symbols. 

Example: CASE (VCTR_A[3:0]) 
BEGIN 

0:5,9) BEGIN 
F = A*B; 
E = /A*C + B; 
END; 

12,#bllll) A_FLAG = 1; 
END; "end of CASE" 

In the example above, the CASE statement is used to check the 
possible values of VCTR_A. The first values tested are from Oto 
5 and the decimal number 9. The second test checks whether 
VCTR_A[3:0] is equal to 12 or 15 (specified in binary). Any 
number radix can be used to specify the values, and a name 
defined as a constant in the DEFINE section can also be used as 
a CASE value. 

The statement at each variable value can be a single logic 
equation, a set of logic equations (bracketed by BEGIN and 
END), an IF-THEN-ELSE statement, or another CASE state
ment. There is no default statement to handle values that are not 
specified. No logic equations will be generated for the unspeci
fied values. 

Example: CASE (VCTR_A[3:0j) 
BEGIN 

0 ) BEGIN 
VCTR_A[3:0] l; 
A_FLAG = 1· 
END; 

1 ) BEGIN 
VCTR_A[3:0] 12; 
A_FLAG = 0; 
END; 

12) VCTR_A[3:0] = O; 
END; "end of case statement" 

In the example above, only three possible values for 
VCTR_A[3:0] are tested and the corresponding logic 
statement(s) are listed. 

The vector used in the CASE condition can also be created from 
single signals. The concatenation operator ',' is used to group 
single signals and/or vectors together, as shown in the examples 
below. 

Examples: CASE (A,B,C) 
BEGIN 

#BlOO) [statement] 

END; 

CASE (A,VCTR_A[3:2],C) 
BEGIN 

#BllOO) [statement] 

END; 

CASE (VCTR_A[3:2],VCTR_B[3:2]) 
BEGIN 

#BllOl) [statement] 

END; 

Case statements are useful in creating state machines. The 
vector variable specified in the CASE statement can be consid 
ered as a group of state bits, with the values in the CASE 
statement being the range of possible states the vector may take 

A multi-mode counter is an example of a state machine. B) 
defining two pins as state registers (these can be defined as < 
vector), the count sequence can be easily customized. In this ex 
ample, the nex1 state of the machine at any count is determinec 
by the present count and the mode bit MODE. If the MODE bit ii 
UP, then the counter operates as an up counter. If the MODE bi 
is DOWN, then the device operates as a down counter. 
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Multi-Mode Counter Example 

DEFINE UP = 0, "const~t definitions for better" 
DOWN = l; "readability" 

.CASE (COUNT[l:O]) "4-state up/down counter" 
BEGIN 
0) IF (MODE = UP) THEN 

COUNT[l:O] = l; 
ELSE 

COUNT[l:O] • 3; 

3) IF (MODE = UP) THEN 
COUNT[l:O] = O; 

ELSE 
COUNT[l:O] - 2; 

END; "end of CASE statement" 

NOTE: The use of CASE statements with large numbers of values 
to be tested and the extensive use of nested CASE statements 
may force the PLC compiler to consume all available memory. If 
an "OUT OF MEMORY" error is generated when using nested 
CASE statements, try converting the function definition into a 
single-level CASE statement. 

DeMorganlzatlon 

If an output· variable or vector is prefaced by a complement(/) 
operator on the left-hand side of a logic equation, then the right 
hand side of the logic equation is OeMorganized. 

Example: IF (/A) THEN 
/SIGNAL[3:0] = /B*C; 

In this example, the right-hand side will be OeMorganized before 
assignment to each element in the vector SIGNAL[3:0]. In other 
words, the resulting logic expression for each element in the 
vector SIGNAL is: 

SIGNAL[3] = B + /C; 
SIGNAL[2] = B + /C; 
SIGNAL[l] = B + /C; 
SIGNAL[O] = B + /C; 

Positive-Polarity Signals on 
Negative-Polarity Outputs 

A positive-polarity signal can be represented with a negative
polarity pin by OeMorganizing the equation. This may be neces
sary if the only available PLO does not have programmable 
polarity. For example, the active-HIGH function F = A*B can be 
implemented on an active-LOW device (P16L8) by complement
ing the function: 

/F(H) = /(A*B) 
F(L) = /(A*B) 
F(L) • /A+ /B 

In the PLPL language: 

DEVICE a_design (Pl6L8) 
PIN A = 1 (input combinatorial) 

B • 2 (input combinatorial) 
F = 15 (output active_LOW combinatorial); 

BEGIN 
/F • A*B; 
END. 

PLPL automatically OeMorganizes the equation for device im
plementation. 

Special Functions 

The PLPL language allows the creation of logic expressions to 
utilize special functions for PLO pins. RESET, PRESET and 
ENABLE are examples of special functions for output pins. These 
three function names are treated as keywords because most 
PLOs incorporate them. More advanced devices may have other 
control functions (e.g., OBSERVE on the AmPAL23S8). 

The database file contains architecture information on the device 
that is used to generate the JEOEC fuse maps for programming 
the device. The database file also contains architecture and 
special function names which the user will need to know when 
writing the PLPL source file for the part. 

Example: 

The polarity architecture fuse for pin 23 on a 22V1 O is defined in 
the database file as: 

t active_LOW 5808 0 + t active_HIGH 5808 1 ~ 
This means JEOEC fuse number 5808 for the 22V10 controls the 
polarity of this device. If the name "active_LOW" is used in the pin 
definition section (described earlier) for pin 23, then fuse 5808 is 
set to state O; if "active_HIGH", then the fuse is set to state 1. 

Special functions such as OBSERVE and PRELOAO are also 
contained in the database file. These names are prefaced by the 
'!'symbol. 

Example: 

The observability product term feature on the 23S8 is defined in 
the database file as: 

!OBSERVE 1 6072; 

This is interpreted as 1 · observability product term starting at 
JEOEC fuse location 6072. The user must type the feature name 
when using the special function in the design file. 

The special functions for newer PLOs are listed in the correspond
ing PLO database file and are preceded by the 'I' symbol. 
ENABLE, RESET and PRESET are not listed there. PC users 
can use the PLO program to get a listing of the functions available 
on a PLO. 
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Usage 

A special function consists of the function name followed by 
parentheses. Enclosed in the parentheses are the signals and/ 
or vectors that are to be associated with the logic expressions 
used to define and activate the special functions. 

For example, to define the special function product term(s) for a 
set of output vectors, write: 

DEVICE a_design (P22V10) 
PIN MODEO = 1 (input combinatorial) 

MODEl - 2 (input combinatorial) 
A = 3 (input combinatorial) 

SIGNAL[3:0] = 14:17 (output registered 
active_HIGH); 

BEGIN 
IF (/MODEO*/MODEl) THEN 

ENABLE(SIGNAL[3:0]) = ilbllll; "i" 
IF (MODEO*/MODEl) THEN 

RESET (SIGNAL[3]) = A; "ii" 
IF (MODEO*MODEl) THEN 

PRESET (SIGNAL[3]); "iii" 

END. 

In (i), the ENABLE function product term for each vector element 
is set to 1 (logic true) when both mode inputs are low because the 
binary value #b1111 corresponds to each of the four vector 
elements. If the binary number #b1 is used, then the enable term 
for SIGNAL[O] will be set to 1 and the enable terms will be O for the 
other 3 vector elements. 

The special functions can also be equated to logic expressions. 
In (ii), the RESET function is active for the vector element 
SIGNAL[3] ii the test condition (MODEO* /MODE1) is true and the 
variable A is true. If no logic expression is specified (iii), then ihe 
function is dependent on the test condition (MODEO*MODE1 ). 

If no test condition is specified; as in: 

BEGIN 
ENABLE(SIGNAL[3:0]); 

END. 

then this is equivalentto ENABLE(SIGNAL[3:0]) = #b1111; where 
each variable enclosed in the parentheses is assigned the 

. constant 1. 

The function can also be defined like a logic expression. (ii) can 
be written as: "RESET(SIGNAL[3]) - MODEO'/MODE1*A;'. 

Special Parts 

Using the XOR Gate In the AmPAL20XRP10 Serles 

To use the XOR gate in the AmPAL20XRP1 O PLO series (e.g., 
P22XP10), use the XOR function provided: 

pin20 = inputl*input2*input3; 
xor (pin20) • /inputl*/input2+/input3* /input4; 

The second statement above will assign the logic function to the 
two product terms allotted to the XOR gate of pin PIN20. The first 
statement above assigns the logic expression to the other group 
of six product terms on the other XOR input. Do not use the XOR 
(%)operator because the compiler will oonvert logic expressions 
with the % operator into its sum-of-products form. 

Internal Registers on the AmPAL23S8 

The internal registers on the AmPAL23S8 are considered as 
output pins and are numbered as pins 21 to 26. Pin 21 refers to 
the internal register connected to physical output pin 13, while pin 
26 is oonnected to pin 18. 

Using the Dual-Feedback Macrocell 
on the AmPALC29M/MA 16 

The architecture of each of the 16 1/0 macrocells on the 29M16 
and 29MA 16 can be configured by the 8 or 9 architecture fuses 
in each macrocell. 8 of the 16 macrocells on the part have dual
feedback paths and these dual-feedback macrocells have 8 
architecture fuses. The remaining 8 single-feedback macrocells 
have 9 fuses. The 8 dual-feedback macrocells are connected to 
pins 3,4,9, 10, 15, 16,21, and 22. 

In PLPL V2.1, each of the architecture fuses is given a pair of 
names describing the effect the fuse has on the macrocell. For 
example, fuse SO (see datasheet) can be described as 
"ACTIVE_LOW" or "ACTIVE_HIGH". This oorresponds to the 2 
possible states this fuse can have. For fuses S4 to S7, the names 
Sn_O or Sn_1 are used (n = 4,5,6, 7), where Sn_O means the fuse 
is not programmed, and Sn_1 means the fuse is programmed. 

The fuse names can be obtained from the P29M/MA 16 database 
files. The fuse names are prefaced by the # symbol. For a 
description of the functions controlled by the architecture fuses, 
refer to the datasheet. 

These names are put between parentheses in the pin definition 
section in the PLPL design file. 

Using the Dual-Feedback Macrocell as an Internal 
Register and a Dedicated Input 

The dual-feedback macrocell can be used as an internal register 
and as a dedicated input. This is done by setting architecture 
fuses in the macrocell to always disable the output buffer. To refer 
to this internal register in the part, use the virtual pin number. 

There are 8 virtual pin numbers corresponding to the 8 dual
feedback macrocells. These virtual pins are numbered from pins 
25 to 32, and refer to the physical pins 3, 4, 9, 10, 15, 16, 21, and 
22 respectively. For example, if the register attached to pin 3 is 
programmed as an internal register, then pin 3 can be oonsidered 
as an input and pin 25 as an internal register. Logic equations can 
be assigned to pin 25. 
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Example: DEVICE dual_macro (P29M16) 
PIN p2 • 2 (input combinatorial) 

p3 = 3 (I~O combinatorial) 
p4 = 4 (I_O combinatorial) 
regular_out = 5 (output active_HIGH 

registered reg_latch 
out_cell s4_1 s5_1 
s6_0 s7_1 
reg_ feedback) 

internal! = 25 (active_HIGH registered 
reg_latch S4_1 S5_1 s6_0 
s7_0); 

BEGIN 
internal! = p2 % p4; 
regular_out • internall*/p3; 
END. 

The architecture definitions for the pin "internal1" have been 
selected to always disable the output of the register in this 
macroceil (S6 and S7 set too= S6_0, S7 _0). This frees pin 3 to 
be used as a dedicated input by using one of the feedback paths 
in this dual-feedback path macroceil. 

Other output pins on the device, such as "regular_out", can now 
refer to this internal register just like a regular pin. The only 
difference is that the output of this internal register cannot be 
observed by the designer at the pins. 

Using the Dual-Feedback Macrocell as a 
Regular 1/0 Macrocell 

The dual-feedback macroceils can be use~ as regular 1/0 pins. 
Configure the architecture features of the virtual pins such thatthe 
output of the register in this dual-feedback macrocell is always 
enabled. This meal')s that the output of the register will be sent 
through the corresponding physical pin. The physical pin must be 
configured as an output or 1/0 pin. 

Example: DEVICE dual_macro (P29M16) 
PIN p2 = 2 (input combinatorial) 

p3 = 3 (IO combinatorial) 
p4 = 4 (IO combinatorial) 

regular_out = 5 (output active_HIGH 
registered reg_latch 
out_cell s4_1 s5_1 s6_0 
s7_1 reg_feedhack) 

internal! = 25 (active_HIGH registered 
reg_latch S4_1 S5_1 s6_0 
s7_1); 

BEGIN 
internal! = p2 % p4; 
regular_out = internall*/regular_out; 
END. 

In. this example, the output of "internal1" will be sent through Its 
corresponding physical pin 3. Note that P3 is defined as a 
combinatorial 1/0 pin. 

Defining 1/0 Pins as Inputs 

When an 1/0 pin on a device that does not have polarity control 
(e.g., pin 15 on the AmPAL20l10) is defined as an input, the 
polarity keywords (ACTIVE_HIGH and ACTIVE_LOW) must not 
be used. 

For example: Pin 15 on the P20L 1 O is defined as an active-HIGH 
input. The pin should be defined as: 

PIN name_x = 15 (input combinatorial) 

Generating Test Vectors 

Test vectors are used by PLO programmers or logic.simulators to 
verify thatthe logic functions defined for a PLO are correct. These 
vectors describe the inputs to the PLO and the outputs expected 
from the device after applying these inputs. 

In PLPL, these test vectors are listed at the end of the design file. 
They are processed by the test vector generator program 
(TESTV) which produces JEDEC-format test vectors. 

Test Vector Format 

DEVICE .... 
PIN .... See PLPL Language section 
BEGIN 

END. 

TEST VECTORS 
[Pin classification] 

BEGIN DI 
[Vectors] 
END. 

The user-Oefined test vectors are attached to the end of a PLPL 
language file, i.e. after the "END.". The keyword 
TEST_ VECTORS marks the beginning of the vector section. 
This is followed by a pin classification section which specifies the 
pin types. There are four pin types: IN, OUT, l_O, and BREG. 
These refer to input, output. ir.t-ut/output and internal (buried) 
re11ister pins, respectively. 

The pin names specified in the pin classification section must 
have been defined already inthe PIN definition section (see PLC). 
The pin names must also be classified under the appropriate 
types; 

Example: DEVICE Exl (Pxxxxx) 
PIN A= 1 (input ••• ) 

/B = 2 (input ••• ) 
/C = 15 (IO active_LOW .•• ) 
D = 16 (output ••• ); 

BEGIN "logic equation section" 

END. 
TEST VECTORS "test vector section" 
IN A-;-B; 
I_O C; 
OUT D; 
BEGIN 

END. 
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The pins A and Bare.classified as inputs, C as 1/0, and Das a 
dedicated output pin. This matches with the PIN section. Note 
that the 'f symbols can be used, but'are not required. 

The pin classification section specifies the order with which the 
user must specify the pin value~. This means that since the pin 
order is now A,B,C and D, the values specified for the test vector 
must also follow this order. · 

Example: TEST_VECTORS 
IN A,B; 
I_O C; 
OUT D; 
BEGIN 
1 1 H L; 
1 0 H H; 
0 1 LL; 
0 0 L H; 
END. 

In the first vector, the first value 1 is associated with pin A, the next 
1 with pin B, H with pin C, and L with pin D. The list is then 
terminated with a ';'. 

If a different pin order is required, then the pin order in the pin 
classification section can be changed. 

Example: TEST_VECTORS 
OUT D; 
IN A; 
I_O C; 
IN B; "sections can be split.up also" 
BEGIN 
L 1 H 1; 

END. 

Test Vector Values 

The valiies a pin can take in a test vector are determined by its pin 
type. These values are outlined in the JEDEC standard. The 
following is the Ust of possible pin values: 

o - drive input low 
1 - drive input high 

2-9 - drive input to super voltage #2 to 9 
L - tei1t output low 
H - test output high 
F - float input or output 
Z - test input or output for high-impedance 
C - drive input low, high, low (positive clock pulse) 
K - drive input high, low, high (negative clock pulse) 
P - preload registers 
B - preload burieq/internal registers 
N - power pins and output not tested 
X - output not tested, use input default level 

The default level for unspecified pins is a Oor L. In the test vector 
generator program TESTY, this can be set to a 1 or H. 

Pin Types 

There are two types of pins: supply, and input or output pins. 

Supply Pins 

These pins are not tested by the PLO programmer or logic 
simulator. These arethe power and ground pins. They should.not 
be specified in the pin classification section. 

Input and Output Pins 

Input and Output pins are dedicated input, output, clock, or input/ 
output pins. Control pins such as dedicated enable pins (as on the 
AmPAL 16R8) are considered input pins. The values these pins 
may take are listed below: 

PIN TYPE POSSIBLE TEST VECTOR VALUE 

input 0, 1,2,3,'4,5,6, 7,8,9 
F,Z 
X,N 

output L,H,F,Z 
0, 1 (preload) 
x,N 

clock C,K,P 
X,N 

input/output (same as input and output) 

Example: To test a 2-input AND function programmed into an 
Am PAL 16R8 with the following PLPL definition: 

DEVICE AND_FUNCTION (P16R8) 
PIN CLKl = 1 (clock) 

BEGIN 

A = 2 (input combinatorial) 
B = 3 (input combinatorial) 
ENB = 11 (control) "enable pin" 

/AND= 19 (registered output active_LOW); 

AND = A*B; 
END. 
TEST_VECTORS 
IN CLKl, ENB, A, B; ''pin classification section" 
OUT AND; 

BEGIN 
c 0 0 0 L; 
c 0 0 l L; 
c 0 1 0 L; 
c 0 1 1 H; 
END. 

The JEDEC test vectors produced will be: 

Pin 

VOOOl COOXXXXXXNOXXXXXXXHN* 
V0002 COlXXXXXXNOXXXXXXXHN* 
V0003 ClOXXXXXXNOXXXXXXXHN* 
V0004 CllXXXXXXNOXXXXXXXLN* 

1 11 19 
2 

3 
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Note that the values for pin 19 are inverted. This is because the 
name AND in the pin classification section did not have a'/' as in 
the PIN definition section. TESTV reverses the polarity of the 
vector value if the pins do not have the same definitions (one 
defined with the 'f and the other without). If they have the same 
definition in both the pin classification and definition section (both 
with or without '/'),the vector values are not modified. 

This capability is useful because now the user can think in terms 
of asserted/not asserted or voltage levels. If the user is thinking 
of assertion levels, then the names are specified in the pin 
classification section without any 'l's. A 0/1 or UH will mean not 
asserted/asserted for inputs and outputs, respectively. TESTV 
will convert the 0/1s and UHs.by resolving any polarity discrep
ancies in both the pin classification and definition sections. 

Example: In the AND function example, pin 19 (AND) is defined 
as active-LOW in the PIN definition section but de
fined without the '/' in the pin classification section. 
The vector values specified now refer to AND being 
asserted (H) ornot asserted (L). TESTVwill automati
cally invert them. 

If the user wants to think in terms of voltages with a 0/1 and UH 
referring to the low and high voltages respectively, then the 
names must match in both pin definition sections. 

Example: In the AND example, if pin AND were defined as /AND 
in the pin classification section, then the test value 
specified for AND must be the voltage or physical level 
expected. This means that when AND is asserted, an 
L is expected at the output, with H expected when 
AND is not asserted. 

The test vectors will be numbered in increasing order (decimal) 
and will contain a number of values equivalent to the physical 
number of pins on the device. In the preceding example, all pin 
locations on the Am PAL 16R8 except pins 1,2,3, 10, 11, 19 and 20 
are specified as X or don't care. Pins 1Oand20 are the power and 
GND pins (automatically set by the TESTV program) while pins 
1,2,3, 11 and 19 were taken from the test vector specification. 

Some PLD programming systems and simulators will use the test 
vectors in the following manner: the specified inputs are applied 
to the PLD and the outputs and inpuVoutput values are compared 
with the outputs specified. In sequential designs the previous 
register state is used to determine the next state. For the very first 
vector, many PLDs have the power-up reset feature which guar
antees the part starting with all registers reset to 0. 

Preloadlng Registers 

Registers can be preloaded by putting the 'P' value on the clock 
pin controlling the registers. This means that if a clock pin controls 
a bank of registers, a 'P' should be placed on the clock pin to 
preload that register bank. The value to be loaded into the 
registers is then specified using O and 1, not L and H. 

Example: To pre load an Am PAL 16R8 with 10010110, the follow
ing vector sequence is used (note that the outputs are 
active LOW): 

TEST_ VECTORS 

IN CLKl, IN A, IN B; 
OUT I out 7 ,/out6~ I outs, I out4, /out3, /out2, /outl, /outO; 
BEGIN 
C 0 1 XXXX XXXX; 
P X X OllO 1001; 
0 X X LHHL HLLH; 

C 1 1 XXXX XXXX; 

END. 

"do one test" 
"preload reg with 10010110" 
"test registers without clocking" 
"do another test with preloaded reg" 

For preloading buried or internal registers on a device like the 
AmPAL23S8, the keyword LOAD_INTERNAL is used. A se
quence of Os and 1 s follows which corresponds directly to the 
states of the internal registers. 

1. Test vector values may be grouped together if they are all 
numbers or all alphabetic characters. 

Example: TEST_ VECTORS 
IN INO,IN1,IN2; 
OUT OUTO,OUT1,0UT2; 
BEGIN 
111 HHL; 
100 LHH; 
101 LHL; 

END. 

2. Spaces can be used to separate the test vector values 
(ex. '1 1 1 H H L'). 

PLPL V2.1 Programs 

The PLPL V2.1 package contains the following programs: 

Programs: 

1. PLC: generic logic software compiler 
2. OPTIMIZE: logic optimizer 
3. JM: JEDEC map generator 
4. TESTV: manual test vector generator 
5. SIM: functional simulator 
6. For PC users, a pin utility program PLO.EXE is included 

A menu program PLPL.EXE can be used to control execution of 
each of the programs, or the programs can be called individually 
as described later. Experiencechisers can create a batch file to 
perform the COMPILE-OPTIMIZE-FUSEMAP sequence. 

PLC: Programmable Logic Compiler 

The PLC logic compiler compiles an ASCII logic description file 
written in the PLPL language and produces an intermediate file. 
To run PLC, type the following command at the system prompt 
(e.g .. A>) 

A> plc -i filename [-o intermediate_filenarne] 

-i filename ==> specifies the input filename 
-o intermediate_filename ==>writes the compiled form to 

the file specified (optional) 
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The compiled form will appear on the screen. Any errors will be 
written to the temporary file $tmp.$$$. 

OPTIMIZE: Logic Optimizer 

OPTIMIZE is a logic equation optimizer that applies logic reduc
tion algorithms to the expressions in the intermediate file. This 
program detects and eliminates logic redundancies in the expres
sions. 

The optimizer is called as follows: 

A> optimize -i intermediate_filename 
[-o new_file] 

-i intermediate_filename ==> an intermediate file is 
taken as an input 

-o new_filename ==>the logically minimized file is written 
td the file with the specified name (optional) 

The optimized file will be displayed on the monitor. 

JM: JEOEC Link/Fuse Map and Equation Listing 
Generator 

JM takes an intermediate file, and generates the link/fuse map for 
the targeted PLO. The link/fuse map generated conforms to the · 
standards set forth by the JEOEC committee. The intermediate 
file contains the logic equations that are then converted into a 
pattern of 1s and Os corresponding to the device links on a PLO. 

JM can also perform the following functions: 

List the logic equations with the user-defined signal names into 
a file; improves documentation 

• Concatenate an existing JEOEC map with a TESTV-generated 
test vector file; this format is used by some PLO programming 
units with testing capability 
Generate a new PLO design file header containing a correct pin 
definition section; this menu-driven function will display the 
available architectural features for all the pins on a user
specified PLD. This is used on VAX versions of the program 
and is similar to PLO.EXE on the PC. 

To run JM, type: 

A> jm -i intermediate_filename [-o map_filename] 
[-1 list_filename] 

or 
jm -a <link/fuse map file> <test_vector_file> 

or 
jrn -n 

-i intermediate_filename ==>generate the link/fuse map from 
the equations in this file 

-o map_filename ==> send the JEDEC map to the file 
specified (optional) 

-I list_filename ==> list the logic equations with the user
specified variables into a file (optional) 

-a <link/fuse_map_file> <test_vector_file> ==> first file name 
contains link/fuse map and second contains the JEDEC 
standard test vector file 

-n ==> used to generate a new PLO design file header 

The device/fuse map will be displayed on the screen. If the"- o" 
option is used, it will also be sent to the file specified. 

The "-a" or concatenate option must be used by itself. If other 
options like "-i" or "-o" are included with their arguments, they will 
be ignored. 

The "-n" option must also be used by itself when creating new 
design file headers. 

TESTV: JEDEC Standard Test Vector Generator 

TESTV takes a PLPL language file and searches for a test vector 
section. It then converts these user-specified vectors into a 
format that can be loaded into a PLD programmer for testing. 

To run TESTV, type: 

A> testv -i filename [-o out_filename] 

-i filename is the input file specification 
-o filename is the file to write the test vectors to; 

this is an optional argument 

The vectors generated will be sent to the screen. 
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SIM: Functional Simulator 

The functional simulator SIM simulates PLO designs created with 
the PLPL V 2.1 package. Logical errors can be detected before 
the part is actually programmed, thus reducing debugging costs 
and design time. 

To run the simulator, type: 

sim -i <intermediate/optimized_file> 
<testvector_file> 

The following simulator options are available: 

-o output_file 
-b init_val,final_val 
-x value_of_don't_care 
-z value_of_three_state 
-e 
-t 

Options: 

-e 

Status information (e.g., number of errors) generated by the 
Simulator is normally sent to the CRT. This option will cause the 
output to the CRT to be suppressed. 

-i <intermediate_file> <testvector_file> 

The intermediate file is generated by the PLC program. This file 
serves as the simulation model for the PLO design. The test 
vector file is generated by TESTV and contains the inputs to the 
model and the expected outputs. 

-o <output_file> 

Writes the simulation results to the output file. 

-b <init_val,final_val> 

Breakpoint selection option: simulation will be performed on a 
range of vectors. This range begins at the vector numbered 
INIT_ VAL up to and including the vector numbered FINAL_ VAL. 
Any one of these two values can be left out. If the initial value is 
not specified, then the beginning of the test vector file is taken as 
the first vector read by the simulator. If the final_value is not 
specified, then the final vector in the test vector file is taken as the 
final vector affected by this breakpoint option. 

For example: 

[-b 20,] start simulation at test vector 20 to the end of file. 
[-b ,12] start simulation at test vector 1 to test vector 12. 
[-b 7,24] start simulation at test vector 7 to test vector 24. 

-x <value_of_don't_care> 

The default interpretation of a don't care symbol in the test vector 
file ('X') is interpreted O (or L for outputs). The user can set the X 
value to be interpreted as O (L for outputs) or 1 (H for outputs). 

-z <value_of_three_state> 

The default three-state value is 1. This Z value can be set to 0, 
L, or H with this option. 

-t 

The trace feature displays simulation results on the screen. The 
simulator will compare the calculated outputs with the expected 
outputs (specified by the user) and flag any inconsistencies. 

Simulating Special Functions 

To ensure the correct simulation of a design specification, make 
sure that all special-function product terms for outputs on a PLO 
are defined. If a product term is not used, specify a logic O for that 
product term. For example, if the RESET function is not used on 
an AmPAL22V10, write: RESET(x,y) = #bOO; where x,y are two 
outputs used in the design. 
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Logic Cell™Array 
and Development Systems 

The Logic Cell Array 
The Logic Cell Array (LCA) is the first device to successfully 
bridge the gap between field programmable logic and gate 
arrays. The LCA™ successfully combines the benefits of low
power CMOS LSI technology and the advantages of user pro
grammability with the gate density and logic flexibility previ
ously obtainable only with gate arrays. 

The LCA provides a quantum jump in field-programmable logic 
device capability extending its usable functional density into a 
realm beyond that of more conventional programmable logic 
devices. Much greater gate utilization is achieved with the LCA 
by use of a flexible array type architecture more versatile than 
that of conventional PLDs, which is increasingly inefficient as 
gate density is increased. The Monolithic Memories M2018 
1800-gate LCA device can replace as many as six 1200-gate 
PLD devices in some applications. 

Gate arrays, on the other hand, provide densities higher than 
those of current LCAs. However, gate arrays typically require 
longer development times, design risks and significant cost. 

The LCA is the ideal option for the PLD designer wishing to 
achieve a new level of system functional density and for the 
gate array user looking for a low-cost and easy-to-use alterna
tive which provides instant prototyping through the power of 
in-circuit emulation 

Component Ordering Information 

M2018-50 CNL84 
PART NUMBER -----===i

M2064 (1200 Gates, 58108) 
M2018 (1800 Gates, 74108) 

SPEED GRADE----~ 
-33 = 33 MHz Toggle Rate 
·50 = 50 MHz Toggle Rate 
-70 = 70 MHz Toggle Rate 

[

PACKAGE TYPE 
N48 = 48 Pin Molded DIP 
NL68 = 68 Pin PLCC 
NL84 = 84 Pin PLCC 
P68 = 68 Pin PGA 
P84 = 84 Pin PGA 

TEMPERATURE RANGE 
C =Commercial 
M:Military 

Package Availability 

48-PIN 
68-PIN 68-PIN 84-PIN 84-PIN 

PART PLASTIC 
NUMBER DIP 

PLCC PGA PLCC PGA 

N48 
NL68 P68 NL84 P84 

M2064 x x x 
M2018 x x x x 

Ordering Information Development 
Systems 

PART 
DESCRIPTION 

NUMBER 

LCA-MEK01 Logic Cell Array Evaluation Kit 

LCA-MDS21 XACT'" Design Editor System 

LCA-MDS22 P-SILOS'" Simulator 

LCA-MDS23 
Automatic Placement and 
Routing Program 

XACTOR'" In-Circuit Emulator for 
LCA-MDS24-48N 48-Pin DIP (includes one LCA-MDS26 

and one LCA-MDS27-48N) 

XACTOR In-Circuit Emulator for 
LCA-MDS24-68NL 68-Pin PLCC (includes one LCA-

MDS26 and one LCA-MDS27-68NL) 

XACTOR In-Circuit Emulator for 
LCA-MDS24-68P 68-Pin PGA (includes one LCA-MDS26 

and one LCA-MDS27-68P) 

XACTOR In-Circuit Emulator for 
LCA-MDS24-84NL 84-Pin PLCC (includes one LCA-

MDS26 and one LCA-MDS27-84NL) 

XACTOR In-Circuit Emulator for 
LCA-MDS24-84P 84-Pin PGA (includes one LCA-MDS26 

and one LCA-MDS27-84P) 

LCA-MDS26 Universal Emulation Pod 

LCA-MDS27-48N Emulation fteader Cable for 48-Pin DIP 

LCA-MDS27-68NL 
Emulation Header Cable for 
68-Pin PLCC 

LCA-MDS27-68P 
Emulation Header Cable for 
68-Pin PGA 

LCA-MDS27-84NL 
Emulation Header Cable for 
84-Pin PLCC 

LCA-MDS27-84P 
Emulation Header Cable for 
84-Pin PGA 

LCA-MDS31 
FutureNet® DASH'" Schematic Design 
Entry Interface 

Service Contracts 

PART 
DESCRIPTION 

NUMBER 

LCA-MSC21 
XACT Design Editor System (LCA-MDS21) 
Annual Support Agreement 
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Logic Cell Array M2064, M2018 

Features 
• Fully Programmable 

-1/0 functions 

- Digital logic functions 

- Interconnections 

• General purpose array architecture 

• Complete user control of design cycle 

• Compatible arrays with logic cell complexity equivalent to 
1200 and 1800 usable gates 

• Standard product availability 

• 100% factory-tested 

• Selectable configuration modes 

• Low-power, CMOS, static memory technology 

• Three performance options: 33, 50, and 70 MHz 

• TTL or CMOS Input threshold levels 

• Complete development system support 

-XACT Design Editor 

-Macro Library 

- Timing analyzer 

- Design rules checker 

- Configuration file generator 

-Configuration flle formatter 

• Optional features 

- Schematic capture entry 

-XACTOR In-circuit emulator 

- Logic and timing simulator 

-Auto Place/Route 

Description 
The Logic Cell Array (LCA) is a high-density CMOS user
programmable logic device. The array architecture of the LCA 
allows the designer total flexibility and yields extremely high 
gate utilization. The LCA is composed of three configurable 
logic elements: lnpuVOutput Blocks (IOBs), Configurable Logic 
Blocks (CLBs), and Programmable Interconnect. The XACT de
velopment system Design Editor provides a graphical interface 
to configure individual IOBs for external interface, define CLBs 
to implement internal logic, and assemble an internal network 
of interconnect to accomplish larger logic functions. The XACT 
Design Editor provides an interactive graphic design capture 
system with an automatic routing feature. Both logic simulation 
and emulation are available for design verification. 

Programming 
The Logic Cell Array's logic functions and interconnections are 
determined by a configuration program stored in internal static 
memory cells. On-chip ·logic provides for automatic loading of 
configuration data at power-up or on command. The program 
data can reside in an EEPROM, EPROM, or ROM on the circuit 
board or on a floppy disk or hard disk. 

Several methods of automatically loading the required data are 
designed into the Logic Cell Array and are determined by logic 
levels applied to mode selection pins at configuration time. The 
form of the data may be either serial or parallel, depending on 
the configuration mode. The programming data are indepen
dent of the configuration mode selected. 

The Logic Cell Array is available in a variety of logic capacities, 
package styles, temperature ranges and speed grades. 

Input/Output Block 

Each user-configurable 1/0 block (IOB) provides an interface 
between the external package pin of the device and the inter
nal logic. Each 1/0 block includes programmable input path and 
a programmable output buffer as shown in Figure 1. It also pro
vides input clamping diodes to provide protection from electro
static damage, and circuits to protect the LCA from latch-up 
due to input currents. 

The input buffer portion of each 1/0 block provides threshold 
detection to translate external signals applied to the package 
pin to internal logic levels. The input buffer threshold of the 1/0 
blocks can be programmed to be compatible with either TTL 
(1.4 V) or CMOS (2.2 V) levels. 

Output buffers in the 1/0 blocks provide 4-mA drive for high 
fan-out CMOS- or TTL-compatible signal levels. 

JIOBs 

••••••••• 

• • •••• 
PROGRAMMABLE 
INTERCONNECTS 

LCA Internal .Structure 

LOGIC CON FIG· CON FIG· 
PART CAPACITY URABLE USER URATION 

NUMBER (USABLE LOGIC I/Os PROGRAM 
GATES) BLOCKS (BITS) 

M2064 1200 64 58 12038 

M2018 1800 100 74 17878 
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Configurable Logic Block 

An array of Configurable Logic Blocks (CLBs) provides the 
functional elements from which the user's logic is constructed. 
The Logic Blocks are arranged in a matrix in the center of the 
device. The M2064 has 64 such blocks arranged in an 8-row by 
8-column matrix. The M2018 has 100 logic blocks arranged in a 
10 by 10 matrix. 

Each logic block has a combinatorial logic section, a storage 
element, and an internal routing and control section as shown 
in Figure 2. Each CLB has four general-purpose inputs: A, B, C, 
and D; and a special clock input (K), which may be driven from 
the interconnect adjacent to the block. Each CLB also has two 
outputs, X and Y, which may drive interconnect networks. 

PAD/PIN 

D = USER DEFINABLE 
PATH SELEClOR 

l/OCLOCK 
Additional memory bits are used to set the user-definable path 
selectors, shown in Figure 2, which determine CLB internal 
connections. All memory bits are determined automatically by 
the XACT design editor as the design is entered. Figure 1. IOB Logic Equivalent 
The logic block combinatorial logic uses a table look-up memo
ry to implement Boolean functions. This technique can gener
ate any logic function of up to four variables with a high-speed, 
sixteen-bit memory. The propagation delay through the com
binatorial network is independent of the function generated. 
Each block can perform any function of four input variables or 
any two functions of three input variables each. The input vari
ables may be selected from among the four inputs and the 
block's storage element output "Q." 

Programmable Interconnect 

Programmable interconnection resources in the Logic Cell 
Array provide routing paths to connect inputs and outputs of 
the 1/0 and logic blocks into desired networks. All interconnec
tions are composed of metal segments, with programmable 
switching points provided to implement the necessary routing. 
Three types of resources accommodate different types of net
works: 

• General-purpose interconnect 

• Long lines 

• Direct connection 

INPUTS 

A----.._. 
B-----..., 

COMB. 
C----~..., LOGIC 

D 

D = USER DEFINABLE 
PATH SELEClOR 

Figure 2. CLB Logic Equivalent 

Summary of CLB Switching Characteristics 

SPEED GRADE 

SYMBOL PARAMETER -33 -50 -70 

MIN MAX MIN MAX MIN 

t1LO Logic input to output Combinatorial 20 15 

tcKO To output 20 15 

t1cK K Clock Logic-input setup 12 8 7 

tcKI Logic-input hold 0 0 0 

tp10 
Input/Output 

Pad to input (direct) 12 8 

top Output to pad (enabled) 15 12 

FcLK Maximum flip-flop toggle frequency 33 50 70 
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10 

ns 

6 ns 

9 ns 
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.. CA·MDS21 XACT Design Editor 
System 

Features 
• Runs on an IBM® PC-XT'M or compatible computer 

• Complete basic system for designing wllh Logic Cell Arrays 

• Interactive graphical design editor 

• Simplified definition, placement and interconnection 
capablllty for logic design and lmplemenlation 

• Macro llbrary of 113 stendard logic family equivalents 

• Utility for user-defined macros 

• Boolean equation or Kamaugh map alternatives to specify 
logic functions 

• Point-to-point timing calculations for critical path analysis 

• Automatic design consistency checking for connectivity and 
design violations 

• Documentelion support with hardcopy output of logic and 
physical configuration infonnatlon 

• Download cable to transfer configuniJjon programs from 
personal computer to LCA In target system 

• Compatible hardWa~ and SOftware options to enhance 
design productivity 

• File formatter for EPROM programmer 

General 
The XACT Design Editor provides users with a complete design 
and development system for specification and implementation 
of designs using Monolithic Memories' Logic Cell Arrays. Func
tional definition of Configurable Logic Blocks (CLBs), Input/ 
OL1tput Blocks (IOEls) and interconnection is performed with a 
menu-driven interactive graphics editor. An automatic router 
greatly reduces the effort to interconnect logic. 

Designs are captured with a graphics-based design editor 
using either a mouse for menu-driven entry, or a keyboard for 
command-driven entry. Functions are specified by CLB and 
IOB definitions plus their interconnections. The macro library . 
and user-defined macros enable the user to easily implement 
complex functions. 

The check for logic connectivity and design rule violation is 
easily performed. All unused internal nodes are automatically 
configured to minimize power dissipation. 

Interactive point-to-point timing delay calculation is provided 
for timing analysis and critical path determin.ation. This ability 
enables the user to quickly identify and Gorrect timing prob
lems while the design is in progress. 

Automatic generation of similar input netlist files with timing. 
parameters simplifies the use of fl-SILOS for logic and timing 
simulation. 

The XACT Design Editor includes hardcopy generation to docu
ment a design and automatically track design changes. Logic 
Cell Array configuration programs can be automatically trans
lated into standard EPROM programming bit pattern formats. 

A download cabl_e included with XACT is useful for transferring 
configuration programs serially from the PC workstation to a 
Logic Cell Array installed in a system. During product develop
ment and debug this capability can be used to save the time re
quired to write a modified configuration program into an EPROM . 

Monolithic Memories provides ongoing support for XACT users. 
For the first year, software updates are included. After that the 
user may purchase the LCA-.MSC21 Annual Support Agree
ment to continue to receive the latest software releases. XACT 
users also receive Monolithic fv'temories' technical inform;;ition, 
which includes information aboiit Logic Cell Arrays and PAL® 
devices, as well as software updates and application notes for 
designers. In addition, Monolithic Memories provides compre
hensive field and factory support. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer with: 

• MS-DOS™ 2.1 or higher 

• 1 M Bytes RAM 

• 1 Diskette Drive 

• 10-MB Hard Disk 

• IBM compatible Color Graphic Adapter and Display 

• 1 Serial Interface Port 

• 1 Parallel Interface Port 

• Mouse System™, Microsoft® or compatible mouse 

Design Editor with Routed Design 
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XACT Macro Library 

General CLBs FOCR D Flip-Flop with ClkEna, Reset 
FOGS D Flip-Flop with ClkEna, Set 

GADD Adder FDM D Flip-Flop 2-lnput Data Mux 
GCOMP Compare FDMR D Flip-Flop 2-lnput Data Mux, Reset 
GEQGT Equal or Greater FDMS D Flip-Flop 2-lnput Data Mux, Set 
GMAJ Majority FDM-rd D Flip-Flop 2-lnput Data Mux, ResetDir 
GMux 2-to-1 Mux FDM-sd D Flip-Flop 2-lnput Data Mux, SetDir 
GPAR Parity FSR Set-Reset Flip-Flop with Set Dominate 
GXOR Exclusive-OR FRS Set-Reset Flip-Flop with Reset Dominate 
GXOR2 Dual Exclusive-OR FJK J-K Flip Flop 
GXTL Crystal Oscillator O+ 2108 FJKS J-K Flip Flop with Synchronous Set 
GOSC Low Frequency 1 +2108 FJK-rd J-K (Set-Reset) Flip Flop with ResetDir 

Resistor-Capacitor Oscilator FJK-sd J-K (Set-Reset) Flip Flop with SetDir 
FJK-srd J-K (Set-Reset) Flip Flop with SetDir, 

Pads IOBs ResetDir 
FTO Self Toggle Flip-Flop 

PIN Input Pad FTOR Self Toggle Flip-Flop with Reset 

PINO Input Pad with Storage FT Toggle Flip-Flop 

PIO Input/Output Pad FTP Toggle Flip-Flop with ParEna 

PIOQ lnpuVOutput Pad with Input Storage FTP-rd Toggle Flip-Flop with ParEna, ResetDir 

PIOC lnpuVOutput Pad with 'Open Collector' FTR Toggle Flip-Flop with Reset 

PIOQC lnpuVOutput Pad with Input Storage, FTS Toggle Flip-Flop with Set 

'Open Collector' FT2 2-lnput Toggle Flip-Flop 

POUT Output Pad FT2R 2-lnput Toggle Flip-Flop with Reset 

POUTC Output Pad with 'Open Collector' 
PO UTZ Output Pad with 3-State Control Decoders CLBs 
PREG Output Pad with Input Storage 

02-4 1-of-4 Decoder 2 D Latches CLBs D2-4E 1-of-4 Decoder, with Ena 2 
74-139 1-of-4 Single Decoder with Low Output, Ena 4 

LO Data Latch 03-8 1-of-8 Decoder 5 

LC-rd Data Latch with ResetDir D3-8E 1-of-8 Decoder with Ena 6 

LC-sd Data Latch with SetDir 74-138 1-of-8 Decoder with Enables, Low Output 7 

LD-srd Data Latch with SetDir, ResetDir 74-42 1-of-10 Decoder with Low Output 8 

LDM Data Latch with 2-lnput Data Mux 
LDM-rd Data Latch with 2-lnput Data Mux, ResetDir Multiplexers CLBs 
LDM-sd Data Latch with 2-lnput Data Mux, SetDir 

M3-1 3-to-1 Mux 2 

Flip-Flops CLBs M3-1E 3-to-1 Mux with Ena 2 
M4-1 4-to-1 Mux 3 

FD D Flip-Flop M4-1E 4-to-1 Mux with Ena 3 

FDR D Flip-Flop with Reset 74-352 4-to-1 Mux with Low Output, Ena 3 

FDS D Flip-Flop with Set M8-1 8-to-1 Mux 7 

FD-rd D Flip-Flop with ResetDir M8-1E 8-to-1 Mux with Ena 7 

FD-sd D Flip-Flop with SetDir 74-151 8-to-1 Mux with Ena 7 

FD-srd D Flip-Flop with SetDir, ResetDir Complementary Outputs 

FOG D Flip-Flop with ClkEna 74-152 8-to-1 Mux with Low Output 7 
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XACT Macro Library 

Registers CLBs Modulo& 

Data Registers CBBCP 3-Bit Binary Counters with ClkEna, ParEna 5 
CBBCR 3-Bit Binary Counters with ClkEna, Reset 4 

RD4 4-Bit Data Register 4 CB BC-rd 3-Bit Binary Counters with ClkEna, ResetDir 4 
ROB 8-Bit Data Register 8 CBJCR 3-Bit Johnson Counters with ClkEna, Reset 4 
REBCR 8-Bit Data Register with ClkEna, Reset 8 

Modulo10 
Serial to Parallel 

C10BC-rd 4-Bit BCD Counter with ClkEna, ResetDir 4 
RS4 4-Bit Shift Register 4 C10BCP-rd 4-Bit BCD Counter with ClkEna, ParEna, 7 
74-195 4-Bit Serial to Parallel 5 ResetDir 

Shift Register with ParEna, Reset 74-160 4-Bit BCD Counter with ClkEna, ParEna, 8 
74-194 4-Bit Bidirectional Shift Register 12 ResetDir 

with ClkEna, ParEna, ResetDir C10BP-rd 4-Bit BCD Counter with ParEna, ResetDir 6 
RSB 8-Bit Shift Register 8 C10JCR 5-Bit Johnson Counter with ClkEna, Reset 5 
RSBCR 8-Bit Shift Register with ClkEna, Reset 8 
RSBPR 8-Bit Shift Register with ParEna, Reset 8 Modulo 12 

RSBR 8-Bit Shift Register with Reset 8 
74-164 8-Bit Serial to Parallel Shift Register 8 C12JCR 6-Bit Johnson Counter with ClkEna, Reset 6 

with ResetDir 
Modulo 16 

Counters CLBs C16BA-rd 4-Bit Binary Ripple Counter with ResetDir 4 
C16BC-rd 4-Bit Binary Counter with ClkEna, ResetDir 4 

Modulo2 C16BCPR 4-Bit Binary Counter with ClkEna, ParEna, 10 
Reset 

C2BCR 1-Bit Binary Counters with ClkEna, Reset C16BCP-rd 4-Bit Binary Counter with ClkEna, ParEna, 6 
C2BC-rd 1-Bit Binary Counters with ClkEna, ResetDir ResetDir 
C2BP 1-Bit Binary Counters with ParEna 74-161 4-Bit Binary Counter with ResetDir 8 
C2BR 1-Bit Binary Counters with Reset C16BP-rd 4-Bit Binary Counter with ParEna, ResetDir 5 
C2B-rd 1-Bit Binary Counters with ResetDir C16BUD-rd 4-Bit Binary Up-Down Counter with ParEna, 8 

ResetDir 
Moduk•4 C16JCR 8-Bit Johnson Counter with ClkEna, Reset 8 

C4BCP 2-Bit Binary Counters with ClkEna, ParEna 3 Modulo256 
C4BCR 2-Bit Binary Counters with ClkEna, Reset 2 
C4BC-rd 2-Bit Binary Counters with ClkEna, ResetDir 2 C256FC-rd 8-Bit Modulo 256 Feedback Shift Register 9 
C4JCR 2-Bit Johnson Counters with ClkEna, Reset 2 with ClkEna, ResetDir 

Modulo6 

C6JCR 3-Bit Johnson Counter with ClkEna, Reset 3 
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LCA·MDS22 P·SILOS Simulator 

Features 
• Event-driven logic and timing simulator 

• Logic network Input automatically generated by XACT 
Design Editor 

• Control and observation of any physical circuit node 

• Multiple file input for vectors and commands 

• Interactive or batch mode operation 

• Output available in printed or tabular formats 

• Runs on an IBM PC-XT, PC-AT or compatible personal 
computer 

General 
P-SILOS is a powerful PC-based simulator that provides event
driven logic and timing simulation of Logic Cell Array designs. 
Simulation is particularly useful for testing logic or logic seg
ments as well as for verifying critical timing over worst case 
power supply, temperature and process conditions. 

Simulation is useful in several stages of the design cycle. After 
design entry, simulation may be used to debug logic in an 
unplaced and unrouted design. This saves design time 
because togic errors can be detected and corrected prior to 
final placement and routing. After a circuit has been placed, 
routed, and then fully debugged using in-circuit emulation, 
worst case timing may be verified. This enables the user to 
select the correct Logic Cell Array speed for a particular appli
cation. 

Network inputs for Logic Cell Array designs are automatically 
created by the Simgen utility in the XACT system. The network 
includes logic and routing delay parameters and setup and hold 
times based upon the selected speed grade operating under 
worst case conditions. Simulation stimuli are created with a set 
of clock statements or with an input pattern for either pad 

inputs or internal nodes. Simulation results are available in 
tabular, plotted, and graphic formats. This flexibility makes 
debugging easy for both the circuit function and timing. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer with: 

• MS-DOS 2.1 or higher 

• 640 K Bytes RAM 

• 1 Diskette Drive 

• 10-MB Hard Disk 

• 1 Parallel Interface Port 

Refer to the MDS21 XACT Design Editor Product Datasheet for 
additional equipment required for systems which will also run 
the XACT Design Editor. 

P-SILOS Waveform Output 
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LCA·MDS23 Automatic Placement 
and Routing Program 

Features 
• Automatic placement and routing of logic to minimize design 

cycle time 

• User control over placement of logic blocks 

• User specification of critical paths 

• Netlist inputs from either schematic capture or XACT 

• May be used in conjunction with schematic capture or with 
the XACT Design Editor 

• Runs on IBM PC-XT, PC-AT or compatible personal 
computer 

General 
The automatic Placement and Routing program enhances the 
productivity of designers using Logic Cell Arrays by reducing 
design placement and routing time, whether the design logic is 
entered from a schematic capture package or from the XACT 
Design Editor. 

Designs that are developed incrementally can also take advan
tage of Automatic Placement and Routing. Partial Logic Cell 
Array layouts can be locked in place while additions to the 
design are automatically placed and routed, or the design can 
be completely rearranged to yield a new placement. 

The Automatic Placement and Routing program is extremely 
flexible. Through placement directives the user can control the 
placement process to achieve the best placement for a partic
ular design. Routing resources can be specified to minimize 
clock skews and signal delays tor critical paths. The result is 
faster product developement. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer with: 

• MS-DOS 2.1 or higher 

• 640 K Bytes RAM 

• 1 Diskette Drive 

• 10-MB Hard Disk 

• 1 Parallel Interface Port 

Refer to the MDS21 XACT Design Editor Product Datasheet for 
additional equipment required for systems which will also run 
the XACT Design Editor. 

XACT 
Design System 
LCA-MDS21 

OR 

APR 

Schematic Design 
Entry Interfaces 

LCA-MDS31 

Auto Place And Route 
LCA-MDS23 

Optimally Placed 
And Routed 
LCADesign 

APR Diagram 
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LCA·MDS31 FutureNet DASH 
Schematic Design Entry Interface 

Features 
• Design entry to XACT via the FutureNet DASH Schematic 

Designer 

• Macro library of over 100 standard logic family equivalents 
derived from the XACT Macro Library 

• Library of logic symbols including all two-input, three-input, 
and four-input AND, OR, and XOR gates plus storage, input/ 
output, and clock elements 

• User control for flagging critical paths for the LCA-MDS23 
Automatic Placement and Routing Program 

• Automatic partitioning and conversion of schematic 
drawings to a Monolithic Memories' Logic Cell Array design 
file 

• Output compatibility with XACT Design Editor and the 
Automatic Placement and Routing Program 

• Runs on an IBM PC-XT, PC-AT or compatible personal 
computer 

General 
Schematic entry and automatic partitioning of Logic Cell Array 
designs shortens product development times. Complex de
signs can be specified schematically and quickly implemented 
for in-circuit design verification. 

Monolithic Memories FutureNet DASH Schematic Design Entry 
Interface provides the symbol library and conversion utility to 
permit designers to enter Logic Cell Array designs with the 
FutureNet DASH Schematic Designer. The Monolithic 
Memories module provides the logic, 1/0 and macro symbols to 
be used in the schematic and a conversion utility which auto
matically partitions and translates the schematic into a Logic 
Cell Array design. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer with: 

• FutureNet DASH-2 or later, and associated hardware 
including mouse, Enhanced Graphics Adapter and Display 

• MS-DOS 2.1 or higher 

• 640 K Bytes RAM 

• 1 Diskette Drive 

• 10-MB Hard Disk 

Refer to the MDS21 XACT Design Editor Product Datasheet for 
additional equipment required for systems which will also run 
the XACT Design Editor. 

Schematic Capture 
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LCA·MDS24, LCA·MDS261 LCA· 
MDS27 XACTOR In-Circuit Emulator 

Features 
• Real-time in-circuit emulation in user's target system 

• Concurrent emulation of up to four devices 

• Readback and display of Logic Cell Array internal storage 
element states 

• Device status display with automatic update of 
asynchronous events 

• Control and 1/0 pin isolation from target system 

• Support for daisy chain programming of up to seven devices 
in a daisy chain 

• On-chip crystal oscillator support during emulation 

• Support for multiple device and package types 

• Runs on an IBM PC-XT, PC-AT or compatible personal 
computer 

General 
The XACTOR real-time in-circuit emulator provides interactive 
target-system emulation of up to four Logic Cell Arrays from 
the host PC system. In-circuit emulation provides a powerful 
productivity enhancement to simulation, providing capabilities 
to verify functionality in the target system at full speed with all 
other circuits and system software. 

The emulation system is composed of a microcomputer-based 
controller (LCA-MDS24), and from one )o four universal emula
tion pods (LCA-MDS26), each with a package-specific emula
tion header (LCA-MDS27). One universal emulation pod is 
included with the system. The controller is connected to the 
host PC through a serial port and provides local storage of con
figuration programs, control of individual device configurations 
and control of the isolation of the pod device(s) from the target 
system. The user can set the state and isolation for each of 
the control signals to provide debugging of target hardware. 
Four general 1/0 pins are available to provide test points which 
may also be isolated from the target system. 

Target Logic Cell Arrays can be programmed individually or in a 
daisy chain. Daisy chains of up to seven devices may be sup
ported from any of the four pods. Individual device isolation 
and configuration is controlled with mouse or keyboard com
mands and may be supplemented with user-defined setup files 
for easy system debugging. 

Readback of device configuration may be performed on com
mand for verification of the configuration process and interro
gation of the internal states. The state of all internal storage 
elements is displayed after readback has been performed. 
Status displays showing the state of all .isolation switches and 
control signal states are provided. The status display includes 
automatic reporting of asynchronous status changes in the 
target system. 

Universal In-Circuit Emulator Pod 
(LCA·MDS26) 
Additional pods may be connected to the XACTOR in-circuit 
emulator controller, up to a maximum of four pods per control
ler. Pod headers (LCA-MDS27) are interchangeable for differ
ent device and package types. Each pod provides a direct 
in-socket connection for a minimum disruption of the target 
system. Test points are provided to allow connection of a logic 
analyzer or other test equipment to aid in the system 
debugging. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer as configured for 
MDS21 XACT Design Editor, plus second serial interface port. 

MONOCHROME 
MONITOR 

(OPTIONAL) 

COLOR-GRAPHICS 
MONITOR 

0 
0 

IBM PERSONAL 
COMPUTER 
(ATORXT) 

SERIAL PORT 

l=G= =D=l / 

MOUSE 

NOTE: 
INTERCHANGEABLE 

3 4 

XACTOR Hardware 

POWER 

FLAT 
RIBBON 
CABLE 
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LCA·MEK01 Logic Cell Array 
Evaluation Kit 

The Monolithic Memories Logic Cell Array is a high-perfor
mance CMOS user-programmable gate array. The Monolithic 
Memories' Logic Cell Array Evaluation Kit is a software pack
age that provides the capability to evaluate the Logic Cell 
Array for new applications. 

Features 
• Design software package for IBM PC-XT, PC-AT or 

compatible computer 

• Interactive graphics-oriented designer interface 

• Simplified definition, placement and connection capability for 
implementation of complex logic 

• Boolean equation or Karnaugh map alternatives to specify 
logic functions 

• Macro library of 113 standard logic equivalents plus support 
for user-defined macros 

• Point-to-point timing calculations for critical path analysis 

• Automatic checking for connectivity and design 
consistency 

• Hardcopy output of logical and physical configuration 
infonnation 

General 
The Evaluation Kit can be used to enter complete designs 
using a subset of the XACT design editor, including the use of 
the Monolithic Memories macro library. Critical timing for the 
design can be evaluated with the timing delay calculator to 
evaluate the applicability of the Logic Cell Array technology to 
a particular design. 

Functional definition of Configurable Logic Blocks (CLBs), and 
their internal routing,1/0 Block (IOB) definitions, and intercon
nection are all done within an integrated graphics-oriented 
system. Interactive placement and automatic routing of logic 
and 1/0 elements are accomplished quickly and easily via an 
easy-to-learn user interface. 

Designs are captured with a graphics-oriented design editor, 
using either a mouse or keyboard entry, driven from command 
or files. User functions are specified in terms of CLB definitions 
and interconnections. Standard logic functions from the macro 
library or user-defined macro capabilities can be utilized to 
quickly implement complex logic functions. Placement and 
routing can be edited easily to modify or optimize a design. 

Checking of logical connectivity is performed automatically. All 
unused internal nodes are automatically configured to minimize 
power dissipation. 

Interactive point-to-point timing delay calculation is provided to 
simplify timing analysis and critical path determination. 

The Evaluation Kit includes hardcopy generation to document 
a design and automatically track design changes. 

System Requirements 
Minimum System Configuration 

IBM PC-XT, PC-AT or compatible computer with: 

• MS-DOS 2.1 or higher 

• 640K Bytes RAM 

• 1 Diskette Drive 

• 10-MB Hard Disk 

• IBM or compatible Color Graphic Adapter and Display 

• 1 Serial Interface Port 

• Mouse Systems, Microsoft or compatible mouse 

Evaluation Kit 
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Minimum Requirements of Software and Hardware Configurations 
for Monolithic Memories LCA Design System 

Legend 
Software Package 

R Required AUTOMATIC FutureNet DASH 

S Supported XACT 
XACT 

P-SILOS !PLACEMENT SCHEMATIC EVALUATION 
- Not re~uired or DESIGN EDITOR 

KIT 
SIMULATOR AND DESIGN ENTRY 

suppo ed LCA-MDS21 
LCA-MEK01 

LCA-MDS22 ROUTING INTERFACE 
LCA-MDS23 LCA-MDS31 

Version 1.30 Version 1.30 Version Version Version Version 1.00** 

Version Version 1U.3 2C.5 1.0 DASH DASH DASH 
1.2 1.2 2 3C 4 

XACT 
Version 

Version 
Version Version Version 1.2 or 

Required 1.2 
1.3 

1.3 1.3 

MS-DOS Version Version Version Version Version Version Version Version 
PC-DOS 2.1 or 2.1 or 2.1 or 2.1 or 2.1 or 2.1 or 2.1 or 2.1 or 

Operating System above above above above above above above above 

M2064 M2064 M2064 M2064 M2064 
Logic Cell M2064 (BxB) M2064 (BxB) M2064 (BxB) (BxB) (8x8) 

Arrays (BxB) and (8x8) and (8x8) and and and 
Supported only M2018 only M2018 only M2018 M2018 M2018 

(10x10) (10x10) (10x10) (10x10) (10x10) 

IBM PCXT 
R R R R R R R R or 100% compatible 

IBM PCAT s s s s s s s s or 100% compatible 

Minimum 
640KB 1 MB 640 KB 1 MB 640 KB 640 KB 640 KB 256 KB 512 KB 512 KB 

System RAM 
Memory 

Hard Disk 
(10 MB min R R R R R R R R R R 
30MB REC) 

-
Monochrome - - - - R R - R - -

CGA 
(Color graphics R R R R s s R - - -

adapter) 

Graphics EGA R R 
(Enhanced color s s s s s s s - (with (with 

Boards graphics adapter) 192KB) 192 KB) 
and 

Displays Lotus/Intel EMS R R 
(Expanded memory - (with - (with - - - - - -

specifications) 256KB) 256 KB) 

Vendor Future-

graphics Net 
graphics 

board fontroller 
board 

Security key R R - - R R R - - -

R R R 
Mouse Rt Rt Rt Rt - - - (Future- (Future- (Future-

Net) Net) Net) 

Other 
Future- Future-

Net Net 
Devices Min. number of 

1 1 1 1 1 1 1 1 
mouse/ mouse/ 

parallel ports parallel parallel 
port port 

board board 

Min. number of 
1 1 1 1 0 0 0 0 0 0 serial ports 

XACTOR 
IN-CIRCUIT 
EMULATOR 
LCA-MDS24 

1.10 1.30 
1.33* 

Version Version 
1.2 1.3 

Version Version 
2.1 or 2.1 or 
above above 

M2064 
M2064* 

(8x8) 
(BxB) 

68NL 
and 

only 
M2018 
(10x10) 

R R 

s s 

640 KB 1 MB 

R R 

- -

R R 

s s 

R 
- (with 

256 KB) 

R R 

Rt Rt 

1 1 

2 2 

* XACTOR Version 1.33 supports the universal emulator pod with interchangeable header cables for each package type. Versions 1.10 and 1.30 or XACTOR 
support only the dedicated 68-Pin PLCC emulation pod originalyoffered with XACTORVersion 1.10. XACTOR Version 1.33will also support the original 68-Pin 
PLCC Emulator Pod. 

* * LCA-MDS31 FutureNet DASH Schematic Design Entry Interface version 1.00 is compatible with FutureNet DASH Schematic Designer versions 2, 3C and 4. 

t Must be Mouse Systems"•, FutureNet® or Microsoft® mouse compatible. 
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Logic Cell Array 

MDS21 XACT DESIGN EDITOR SYSTEM OPTIONAL 

MDS24 

TIMING 
DELAY 

CALCULATOR 

LCAMACRO 
LIBRARY 

Misc Profile 

FILE FORMA TIER 
FOR EPROM 

PROGRAMMER 

XACTOR 
EMULATOR 

MDS31 

FUTURENET DASH 
SCHEMATIC DESIGN 
ENTRY INTERFACE 

MDS22 

P-SILOS 
LOGIC AND TIMING 

SIMULATOR 

MDS23 

AUTOMATIC 
PLACE AND ROUTE 

(APR) 

Development System 

The DS21 XACT Design Editor provides all capabilities required 
for Logic Cell Array design. Additional development system 
options provide enhanced designer productivity during design 
entry. placement and routing, and design verification. 

Xilinx, Logic Cell, XACT, XACTOR and LCA are trademarks of Xilinx, Inc. 

IBM is a registred trademark and PC, PC/AT, PC/XT are trademarks of Interna
tional Business Machines Corporation. 

FutureNet is a registered trademark and DASH is a trademark of FutureNet Cor
poration, a Data 1/0 Company. P-Silos is a trademark of SimuCad Corporation. 
MS-DOS is a trademark of Microsoft Corporation. Mouse Systems is a trademark 
of Mouse Systems Corporation. Microsoft is a registered trademark of Microsoft 
Corporation. 

Monolithic Memories does not assume any liability arising out of the application or 
use of any product described herein; nor does it convey any license under its 
patent, copyright or maskwork rights at any rights of others. Monolithic Memories 
reserves the right to make changes, at any time, in order to improve reliability, 
function or design and to supply the best product possible. Monolithic Memories 
cannot assume responsibility for the use of any circuitry described other than 
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ABEL-GATES 
Two Powerful Tools 
For PLD Design 

From FutureNet (Data 1/0) 

FutureNet® Corporation (a Data 110® Company) currently offers 
two high-level PLO design tools: ABEL™, and the more sophis
ticated DASH-GATES™. Each of these products Is ideally suited 
for certain tasks, hardware platforms, and budgets. This article 
describes the similarities and differences between ABEL and 
DASH-GATES, and provides brief examples of the uses of each. 

Thus, ABEL and DASH-GATES share a common purpose-to 
generate a JEDEC file from a design description that is more 
familiar to an engineer. ABEL and DASH-GATES incorporate 
high-level design languages that help engineers describe de
signs in the most natural way. The following types of descriptions 
can be used*: 

Natural Design Descriptions 

• Schematics 
• Boolean Equations 
• Truth Tables 

State Diagrams 

No matter how a design is described, all current PLO program
ming technology adheres to one standard: the JEDEC file (Stan
dard 3A). The JEDEC file contains a list of 1 's and O's that 
specifies the binary state of each fuse in the PL.D. Unfortunately, 
a JEDEC fusemap is not the way most engineers would like to 
describe a design; Boolean equations, truth tables and state 
diagrams are all preferabl.e methods. 

These formats can be used in any combination, to describe any 
design; the engineer is free to decide which form best suits the 
task at hand. Figure 1 shows a state diagram described with the 
ABEL state diagram sy.ntax. 

•With the addition of FutureNet's DASH-ABEL™, designs can be 
described in schematic form with the FutureNet DASH™ CAE 
system and converted to ABEL for implementation in PLDs. 

State AddCard: AddClk IClkIN; 
Ace := Ace; 
if (is_Ace & !Ace) then Add_lO else Wait; 

State Add_lO: AddClk 
Ace 
goto 

= !ClkIN; 
:= High; 
Wait; 

State Wait: AddClk = Low; 
Ace := Ace; 
if (CardOut==Low) then Test_17 else Wait; 

. State Test_17: AddClk = Low; 
Ace := Ace;. 
if IGT16 then ShowHit else Test_22; 

State Test_22: AddClk = Low; 

State Sub_lO: 

Ace :=Ace; 
case LT22 

endcase; 

AddClk 
Ace 
goto 

!LT22 & !Ace 
!LT22 & Ace 

= !ClkIN; 
:= Low; 
Test_17; 

Showstand; 
ShowBust; 
Sub_lO; 

Figure 1. ABEL and DASH-GATES Let Engineers Describe Designs at a High Level, 
as Shown In This Portion of an ABEL State Diagram 
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Simulating and Optimizing the Design 

ABEL and DASH-GATES share another major feature: both 
employ logic reduction algorithms to automatically reduce a 
design description to a near-minimal form. When entering 
designs, engineers need not perform reductions themselves us
ing tedious manual methods such as Karnaugh maps. DASH
GATES also factors designs to make equations fitthe archrrecture 
of the device. 

Functional simulation is also performed by ABEL and DASH
GATES. Functional simulation verifies that a design operates as 
intended before a PLD is programmed. This not only saves PLDs; 
it also provides an opportunrryforthe engineer to experiment with 
new design ideas or changes. Since simulation is automatic and 
generally takes just seconds or minutes, fast answers to "what-if" 
questions can be obtained. 

PLO Toolkit 

Figure 2 shows how Data 110 and FutureNettools are used to fully 
automate the design process. This PLD design toolkit not only 
enhances each step of the PLD design process, but it also 
provides a link to system level simulation and gate array implem
entation. 

ABELOR DAS~ATES 

DATA 110 
PROGRAMMER 

PROGRAMMED DEVICE 

PLD-CADAT 

FUTURENET CAE 
TOOLS (FOR GATE 
ARRAYS, SYSTEMS) 

DASH 
SCHEMATIC 
DESIGNER 

DASH-CADAT 
SIMULATOR 

PLDtest™: Test Vector Generation and Fault 
Analysis 

593 02 

To ensure comprehensive testing of each programmed device, 
PLDtest analyzes the PLD design description and generates a set 
of test vectors based on both the design and the target device. 
PLDtest attempts to assure 100% testability, but reports the 
actual testability along with a fault analysis if 100% testability 
cannot be achieved. 

PLD·CADAT™: A Link to System-Level Simulation 

The ABEL and DASH-GATES simulators readily perform func
tional simulation of single PLO designs. PLD-CADAT goes a step 
further by providing a link to FutureNet's DASH-CADAT-PLUS™ 
system-level simulator. DASH-CADAT-PLUS can simulate 
complete boards, providing results of functional simulation, tim
ing analysis, and fault simulation. PLD-CADAT converts JEOEC 
files created by ABEL or DASH-GATES into the CAOAT model 
description language so that PLO designs can be simulated as 
part of a much larger CAD AT circuit. 

ABEL 

First introduced in 1983, ABEL is a high-level design language for 
PLDs. The early version of ABEL supported 90 devices, and was 
a full-fledged PLO design tool with logic reduvtion, simulation, and 
automatic generation of design documentation. 

Today, ABEL supports over 600 devices, providing complete 
support for virtually all available PLDs. Logic reduction and 
simulation algorithms have been improved, and language modi
fications have been made. The newest enhancements to ABEL 
are: 

Greater Device Support-ABEL supports virtually all standard 
PLDs and can call device specific programs (DSPs) to support 
non-standard devices. 

Simulation-A new simulator provides greater support of asyn
chronous devices and complex macrocells. It also allows 
changes in test vectors without reprocessing of the design. 

Improved Syntax-The ABEL syntax now supports devices with 
multiple feedback paths, and is compatible wrrh the DASH
GATES syntax. 

Macro and Function Library-Device-specific declarations or 
any kind of macro or function can now be stored in a system 
library. 

Automatic JEDEC-to-ABEL Conversion-This utility converts 
a JED EC file to an ABEL source file. The ,JEDEC file might be 
o_btained from disk or directly from a programmed device. This 
utilny is useful for recovering undocumented designs existing on 
master devices, or for making quick changes to designs for which 
the ABEL source file has been lost. 

ABEL was designed to provide a comprehensive PLO design tool 
that would perform on standard IBM PCs, XTs, and ATs. ABEL is 
also available for VAX VMS and UNIX installations, and runs on 
most popular engineering workstations. 

DASH-GATES 

DASH-GATES offers all the PLD design features of ABEL and 
much more. DASH-GATES provides superior assistance in the 
design entry process, with split-screen capability, design entry 
forms, and interactivity. 
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Additionally, DASH-GATES is a link to full CAE systems (such as 
FutureNet DASH) which can be used to create random logic, gate 
array, standard cell, and full system-level designs. Such designs 
can then be simulated at a system level with complete timing 
analysis and fault grading. 

The Differences Between ABEL and 
DASH-GATES 

ABELand DASH-GATES are both powerful PLD design tools, but 
there are differences between them that make each better-suited 
for a particular application or class of users. The major differ
ences are outlined below; additional differences are discussed in 
ABEL and DASH-GATES examples that follow. 

Interactive vs. Batch 

The single biggest difference between the two products is that 
DASH-GATES is a truly interactive program and ABEL is not. 
DASH-GATES provides forms to speed up design entry and 
continuously monitors design input to detect errors. As you make 
an error, DASH-GATES lets you know so you can correct it "on the 
fly." DASH-GATES provides other "interactive advantages" illus
trated in the design examples below. ABEL, on the other hand, 
processes a design description that has been created with a text 
editor, reports errors to the screen during processing, and wrttes 
detailed error messages to documentation files. 

Links to Other Technologies 

ABEL is specifically a PLD design tool and supports virtually all 
available PROMs, PAL devices, PLSs, and other PLDs. DASH
GATES supports all the same devices as ABEL and provides an 
automated path to gate arrays and standard cells. DASH-GATES 
has a functional~to-schematicdescription conversion feature that 
automatically converts equations, truth tables, and state dia
grams to FutureNet DASH schematics. These schematics can 
then be incorporated into larger designs using the DASH CAE 
system, and netlists can be produced for gate array and standard 
cell designs. 

Advanced Features of DASH-GATES 

DASH-GATES also provides factoring, partitioning, and ad
vanced reduction algorithms. These features allow greater flexi
bility in adapting, or "fitting", a design to meet the constraints of 
various types of devices. 

Required Hardware 

ABEL runs on minimum configuration PCs, including laptops, as 
well as any IBM PC, XT, AT or compatible personal computers, 
workstations, or minicomputers. DASH-GATES runs on an en
hanced AT, UNIX-based minicomputers and a variety of engi
neering workstations. 

Describing And Processing Designs 

How a Design Is Described with ABEL 

ABEL design descriptions are entered using any standard text 
editor. Any combination of Boolean equations, truth tables, and 
state diagrams can be used to describe the desired logic function. 
The basic Boolean operators for ABEL are the following: 

invert 
& AND 
JI OR 

Figures 2 and 3 show a complete design for a counter/seven
segment display decoder. (This same design will be used to 
illustrate the operation of DASH-GATES.) The design is actually 
described in two separate modules; each module describes a 
partition of the design that will be programmed into a device. 

The design description has four major sections, as shown in the 
figures. The declarations section defines set names and assigns 
signal names to device pins. Sets are useful for referring to a 
group of signals with one name. Subsequent equations can use 
the set name in lieu of listing all the components of the set. 
"Count" is a set of the signals 00, 01, 02, and 03. 

The equations section lists the Boolean equations forthe design. 
In this example, a complete state machine is described with one 
equation. The equation, "Count= (Count+ 1) & !Clear", describes 
the count-up operation that takes place only when Clear is low. 

The truth table section of the ABEL design description contains 
the decoding function for the seven-segment decoder. For each m 
value of count (values can be entered in decimal, binary, hex, or 
octal), the corresponding outputs for the LED segments are listed. 
The outputs are expressed in terms of ON or OFF according to the 
desired state of the LED. ON and OFF can be assigned to a high 
or low signal based on polarity required to drive the LEDs. 

The final section of the design description contains test vectors 
used to perform functional simulation. Much like the truth table 
the test vectors describe inputs and their corresponding outputs'. 
During simulation, the inputs are applied to the design and results 
are checked against the listed outputs. If a mismatch between 
actual and predicted values occurs, a simulation error is reported. 

How a Design is Processed by ABEL 

An ABEL design is processed in six steps that can be run by 
issuing one batch file command. Typically, the user types a 
command like "ABEL LED" to process the design named LED. 
ABEL then automatically performs the logic reduction, simulation, 
and conversion to a JED EC file. Individual steps such as logic 
reduction or simulation can be performed if desired. Each step of 
the ABEL processing sequence can be customized through the 
use of parameters. 

How a DASH-GATES Design is Entered 

DASH-GATES uses design entry forms to help the engineer enter 
PLD designs. The following forms are available: 
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inodule _count flag •-r3' 

title '4 bit binary counter FutureNet a Data l/O Company' 

count device 'Pl6RS'; 

Clk,Clear,OEl 
QO,Ql,Q2,Q3 

pin 1,2,11; 
pin 14,15,16,17~ 

count [Q3,Q2,Ql,QO]; 

z,c = .z., .c.; 

equations 
Count := (Count +l) & !Clear; 

test_ vectors 
( [Clk,Clear,OEl] -> Count) 

[ c ' 1 0 l -> O; 
[ c . 0 . 0 l -> l; 
[ c . 0 ' 0 l -> 2; 
[ c 

' 
0 ' 0 l -> 3; 

[ c 0 ' 0 l -> 4; 
[ c 0 ' 0 l -> 5; 
[ c ' 

0 
' 0 l -> 6; 

[ c 0 
' 

0 l -> 7; 
[ c . 0 ' 1 l -> Z; 
[ c . 0 ' 1 l -> Z; 
[ c ' 

0 . 0 l -> 10; 
[ c ' 0 . 0 l -> 11; 
[ c ' 0 . 0 l -> 12; 
[ c ' 0 ' 0 l -> 13; 
[ c . 0 . 0 l -> 14; 
[ c . 0 ' 0 l -> 15; 
[ c ·, 0 ' 0 l -> O; 
[ c ' 0 0 l -> l; 
[ c 1 

' 
0 l -> O; 

end 

Figure 2. ABEL Source Files for a Counter 

module _led flag •-r3' 

Title '7 segment decoder FutureNet a Data I/O Company• 

led device 'Pl6L8'; 

QO,Ql,Q2,Q3 
OE2 
a,b,c,d,e,f,q 

pin 2,3,4,5; 
pin 11; 
pin 13,14,15,16,17,18,19; 

count 
ON 
OFF 

[Q3,Q2,Ql,QO]; 
l; 
O; 

x,z .x., .z.; 

equations 
enable [a,b,c,d,e,f,q] = !OE2; 

truth table 
(Count -> [ a , b , c , d , e , f , g ]) 

0 -> [ON ,ON ,ON ,ON ,ON ,ON ,OFF]; 
1 -> [OFF,ON ,ON ,OFF,OFF,OFF,OFF]; 
2 -> [ON ,ON ,OFF,ON ,ON ,OFF,ON ]; 
3 ->[ON ,ON ,ON ,ON ,OFF,OFF,ON ]; 
4 -> [OFF,ON ,ON ,OFF,OFF,ON ,ON]; 
5 ->[ON ,OFF,ON ,ON ,OFF,ON ,ON]; 
6 ->[ON ,OFF,ON ,ON ,ON ,ON ,ON]; 
7 ->[ON ,ON ,ON ,OFF,OFF,OFF,OFF]; 
8 ->[ON ,ON ,ON ,ON ,ON ,ON ,ON]; 
9 ->[ON ,ON ,ON ,ON ,OFF,ON ,ON]; 

'hA ->[ON ,ON ,ON ,OFF,ON ,ON ,ON]; 
'hb -> [OFF,OFF,ON ,ON ,ON ,ON ,ON]; 
'hC ->[ON ,OFF,OFF,ON ,ON ,ON ,OFF]; 
Ahd -> [OFF,ON ,ON ,ON ,ON ,OFF,ON ]; 
'hE ->[ON ,OFF,OFF,ON ,ON ,ON ,ON]; 
'hF ->[ON ,OFF,OFF,ON ,OFF,ON ,ON]; 

end 

Figure 3. ABEL Source Files for a Decoder 
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FORM PURPOSE 

Declarations Enter set names, pin assignments, etc. 
Equations Aid entry of Boolean equations 
Truth Table Aid entry of truth tables 
State Diagrams Aid entry of state diagram 
Simulation Set parameters, perform simulation 
Reduction Set parameters, perform reduction 
Factoring Set parameters, perform factoring 
Partitioning Define partition, display partitioning data 
Schematic Set parameters, perform schematic 

generation 
PLO Map Set parameters, create JEDEC file 

Each type of form has a predefined format and follows certain 
rules to make design entry easier, faster, and more accurate. For 
example, as an engineer enters an equation in the equations 
form, DASH-GATES checks each signal name against those 
entered on the declarations form. If a typing or assignment error 
occurs, an error message appears so the error can be corrected. 
For instance, entering an input on the output side of an equation 
would result in an error message, as would the use of an illegal 
operator or incorrect syntax. 

llMUijl· 
» edit type: reduci;ian 

The interactivity of the forms prevents design errors from accu
mulating in a design, only to be discovered later after much work. 
More than one form can be displayed on the screen at a time, and 
all forms are always "active"-that is, available to DASH-GATES 
for cross-checking of entries and collection of data for further 
processing. 

The top of Figure 4 shows an equation form with three equations 
that describe the COUNT function of the counter/LED decoder 
design example. The first equation, "Count.d = (Count.q + 1) & 
!Clear," describes the count-up operation that takes place only 
when Clear is low. Note that a ".d" or ".q" has been appended to 
the set name. This notation allows the engineer to explicitly state 
whether the reference is to the D input or Q output of a D flip-flop. 
It also provides better control of multiple feedback paths. 

The second equation, "Count.elk = Clk", describes the clocking 
operation, assigning the clock input of the flip-flops to the Clk 
signal. The third equation, "Count.or= !OE1 ", is for the output 
enable. 

DASH-GATES Reduction 

The lower half of figure 4 shows reduced equations. Note that 
reduction parameters can be entered in the four columns to the 
left of each equation to be reduced. 

~~~!:~~~Ion leuel' ltone TransfarR Swl-of-products Espresso 

mt:f§)ilM§l@IS!.U i1!Qvl1fo!WR1iliil 
Count.d = (Count,q + 1l a !Clear 

Count.elk = Clk 

Count .oe = IOEl 

' Polarity 
' ' Exclusl~H 
' ' ' Display 
e + n r Qll,clk = Clk 
e - n r IQB,d = Clear I Qll,q 
e + n r Qll,oe = IOEl 
e + n r QI.elk = Clk 
e - n r IQl.d = IQl,q I IQB,q I Ql,q I QB,q I Clear 

Figure 4. Split Screen Showing Original and Reduced Equations 
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llMl!H· i11Mlrlilhii 
» edit type: siMUlation Jlal'll!' ledcount 

Enter input or output ualue 

ift'ftlfJ!QW7,_ilM!!ltj5Ul1 U!Q8i16!vlilMG\titi'!fi11 

1 
z 
3 
4 
5 
r. 
7 
8 
9 

I 18 
I 11 
• 1Z 
I 13 
I 14 
I 15 
• 16 
I 17 

Clk Clear OEl OE2 I Count a b c. d e f g 

-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 
-c 

8 
e 
e 
e 

8 .JI --1 _1 _J.__1 --1 _1 .JI 
--1 .JI --1 --1 .JI .JI .JI .JI 
-2 --1 _1 .JI _1 _1 .JI --1 
-3 --1-1-1--1.Jl.Jl--1 
_4 .JI _1 --1 .JI .JI _1 --1 
--5 --1 .JI _1 .;.1 .JI _1 _1 
J, J.J1_1JJ_1J 
_7 _1 --1 --1 .JI .JI .JI .JI 
--8 JJJ_lJ_1J 

rnmr;wnu' 

FIB for new uector 

Figure 5. DASH-GATES Simulation in Progress 

DASH·GATES Simulation DASH-GATES Factoring 

A simulation form is shown in Figures for the LED decoder portion 
of the design. Unlike ABEL, DASH-GATES will fill in the output 
section of the form automatically. Once the input values are 
entered, the simulator goes to the design description forms, 
applies the inputs to the design, obtains output values, and inserts 
them into the simulation form. Notice that in Figure 5 roughly half 
the simulation is complete, so half the values are filled in. The 
engineer checks the values to make sure they are correct and can 
then make them "permanent," so they may be used for checking 
future iterations of the design. With ABEL, all values must be 
entered manually. 

Simulation takes place interactively and can be set to stop at the 
first error. An error message is displayed on the screen so 
corrections to the design can be made. In fact, because DASH
GATES can display more than one screen at a time, the engineer 
can simply call up the truth table for the decoder and make the 
appropriate change without leaving the simulation screen. 

!IMUij!· 
» edit ~pe: factor 

PLDs differ in the number of inputs to theirAND and OR gates, the 
number of product terms, the existence of feedback paths and 
internal registers, the number of inputs and outputs, and many 
other items of interest to the engineer .. DASH-GATES' factoring 
algorithm optimizes the design equations for the gate counts of 
the target device, creating intermediate equations and multiple 
levels of logic to do so. 

Figure 6 shows the counter equations before factoring; note that 
03.d requires 5 product terms. Figure 7 shows the factored 
equations for the counter outputs. During factoring, one interme
diate equation, "cnt@O", was produced to reduce the number of 
product terms from 5 to 4. If an internal signal or extra input is 
available, this intermediate equation can be used. Note also that 
the int'ermediate equation introduced one more stage or level into 
the design (indicated by the [3) next to the equation). In timing
critical designs, such a tradeoff may not work; in other designs, 
saving one product term may mean cost and/or power savings by 
allowing the use of a smaller PLD. 

Select factor target: Cate...array If! lfone Pal 

3-40 

mwM•c•ma.: •rnllmfl\" .. "•••••••• 
Crwp: cnt MD Min: Z AND Max: ZB OR Min: 3 OR Max: 4 

Stage Count : 99 Factor Target: n Polarity: + 

Stages Factored Equations: 
IQB,d = Clear I QB,q 
IQ1.d = IQ1.ci a IQB,q I Q1.q a QB.q I Clear 
IQ2,d = 

qz.ci a Q1,q a qe,q 
I IQ2,q a IQ0,q 
I IQ2,q a IQ1,q 
I Clear 

IQ3 ,d = 
113,q a QZ,q a q1,q a QB,q 

I IQ3,q a !Q0,q 
I IQ3,q I IQ1.q 
I IQ3,q a IQ2,q 
I Clear 

Figure 6. Screen Showing Original Equations 
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llMU:ll· 
» 

Select f ac\or iarset: Caie....array Ir 1 llone Pa 1 

Group: cnt RllD Min: 2 AND Max: 20 OH Min: 3 OH Max: 4 
St.age Count: 99 Fac\or Target: p Polarity: • 

St.ages 
111 
121 
121 

131 

St.ages 
121 

Fac\ored Equa\lons: 
IQB,d =Clear I QB,q 
IQ1.d = IQ1.q a IQB,q I 111,q a llB,q I Clear 
1112.d = 

112 .q a 111.q a llB ,q 
I IQ2,q a IQB,q 
I IQ2,q I 1111,q 
I Clear 
IQ3.d = cntllll I Clear 

lnie,.,.,dlaie Equations: 
cnt&e = 

Q3,q a 112.q a 111.q a QB,q 
I IQ3,q I IQll,q 
I IQ3,q a IQ1.q 
I IQ3,q I IQ2,q 

Figure 7. Screen Showing Factored Equations 

DASH-GATES Partitioning The engineer enters design outputs that he thinks are candidates 

Manually partitioning a PLD design into more than one PLD can 
be a difficult task. The engineer must determine which inputs and 
outputs are common to equations to decide what makes a 
sensible partition. DASH-GATES' partitioning form provides 
assistance in this task. Figure 8 shows a partitioning form for the 
full LEDCOUNT design. 

llMllH· 1;;;:1m1* 
» edit .type: partition 

Enier ootput na.., Cas In declaration! 

for partitioning. DASH-GATES references the various declara
tion and design description forms and fills in the required inputs, 
the required number of combinatorial and registered outputs, and 
the total number of pins used by the partition. In this case, it is 
obvious thatthere is a natural partition between the count function 
that produces the QO through 03 outputs and the decoder 
function. 

nane : ledcount. 

F19 for new recor 
titftlS!J 4W $140 5 I .U j1!Q.l16IK!§M@t£i1TIU 

Partition: ledcoont 
Inputs: 4 Carib Outputs: 7 CB Wl'feedbackl 
Tot.al Pins Required: 15 

Output llalle: 
113 
112 
Ql 
Q9 
a 
b 
c 
d 
e 
r 
g 

Output Type: 
Bid Ir 
Bid Ir 
Bid Ir 
Bid Ir 
Output 
Output 
Output 
Output 
Output 
Output 
Output 

Reg Outputs: 4 C4 Wl'feedbackl 

Inputs Required= 
Clear 1Clk10El1QB,Ql1ll21Q3 
Clear 1Clk10El1llB 11111112 
Clear 1Clk10El 11101111 
Clear,Clk10El1110 
OE2111B1lll1Q2,Q3 
OE2111B1lll11121Q3 
OE21ll91lll11121113 
OE2111B1111.1121113 
OE2111B1111.Q21Q3 
OE2111B1lll11121113 
OE2111B1Ql,Q2,Q3 

Figure 8. Partitioning Form Used to Partition Large Designs 
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» edit type: p ld-11ap nane: count 

Enter PLD deulce. type 

ii!Q.l1fo WA1i!iil 
Partition' count 
Target Deulce type: P1GHB 
OutPllt File nane: count.Jed 

OutP11t file for11at: Jedec 

File Title Line= 4 bit binary counter Futurellet a Data Ml Coolpany 
Checksuft For11at: full Fast Flag: no 
Si1111latlon FomCsl: ledcount 

Special Fuse rtw.ber: UaJue: 

Pin llafte: 
Clear 
Clk 
OE1 
1111 

Type: P-tel'llS: 
lnP11t 

Pin rtw.ber' 
2 

Actlue Leuel: 
high 

lnP11t 1 high 

~~r:; 2 
11 
14 

high 
high 

Q1 Bldlr 3 15 high 
Q2 Bldlr 4 16 high 
113 Bldlr 5 17 high 

Figure 9. Device and Pin Assignment Form Used When a GATES Design is Programmed Into a PLO 

Pin and Device Assignment 

To this point, the DASH-GATES design description has been 
completely "technology independent.• In other words, the func
tion of the design has been described without regard to the type 
of device used to implement tt. This design could be part of a 
larger gate array or a complete program for a PLO. In this case, 
we have a partitioned design for two PLDs and must assign 
signals to the PLO pins. Figure 9 shows a device and pin 
assignment form. 

Two Powerful Tools: ABEL and 
DASH·GATES 

As the above discussion shows, both ABEL and DASH-GATES 
are powerful PLO design tools that address the needs of the PLO 

design process. Both provide natural design entry methods, 
automated logic reduction and simulation, and full design docu
mentation. 

The differences between ABEL and DASH-GATES arise mainly 
in the way a design is entered and processed. ABEL is a 
character-oriented, batch process; DASH-GATES is a graphical, 
interactive tool. DASH-GATES also features advanced logic 
reduction, factoring and partitioning and schematic generation. 

The choice between ABEL or DASH-GATES is a choice deter
mined by a variety of factors, among them budget, need, and 
hardware availability. ABEL will serve many engineers to the full 
extent they need; others will decide the advanced processing of 
DASH-GATES warrants the additional investment. The choice of 
tools is simply a choice between two very high levels. 
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Complier-Based Software and PLDs 
Improve Logic Design 

Programmable logic devices allow you to 
complete a design faster than you can using 
SSI devices or custom !Cs, and PW 
implementations take up less space than do 
SSI-based circuits. Moreover, easy-to-use 
compiler-based languages that don't require 
you to understand PW architectures make 
PLDs increasingly attractive for 
logic designs. 

Bob Osann, Assisted Technology 

Circuits that incorporate programmable logic devices 
(PLDs) take up less board space than do SSl-based 
implementations and require less design time than do 
custom-IC or SSI-based versions. But until recently, 
the PLDs' unusual architecture and lack of software 
support made designers hesitant to use the devices, 
despite the advantages they offer. Compiler-based soft
ware, however, is simplifying PLD use; this high-level 
software makes it unnecessary for you to be concerned 
with the PLDs' internal details when implementing 
logic functions with the devices. 

This first article in this 3-part series, which is aimed 
at first-time PLD users, (liscusses basic PLD architec
ture and shows you how to replace two simple logic 

EDN January 10, 1985 

Part 1 

designs with PLDs using a compiler-based PLD design 
language. Part 2 will show you how to replace more 
complicated combinatorial and registered-TTL designs 
with PLDs. Part 3 will introduce the state-machine 
concept and show you how to implement a logic design 
directly, without ever developing a gate-level descrip
tion of the system. 

Although the PLD approach lets you go from logic 
function to PLD circuit without conceiving a gate-level 
description, when designers decide to use PLDs, they 
usually have either completed TTL designs that they 
want to shrink or else gate-level descriptions of circuits 
they don't want to implement in discrete logic. There
fore, the first two articles in this series target convert
ing existing designs. 

Why use a PLD? 
For one-of-a-kind designs, prototypes, or small pro

duction runs, designers have traditionally taken the 
discrete approach. Discrete designs are easy to modify 
and inexpensive to manufacture in small quantities, and 
you can complete them more quickly than you can 
complete custom or semicustom designs. For produc
tion runs over 500, designers have typically chosen the 
semicustom and custom routes and sacrificed short 
design cycles and ease of modification to reduce manu
facturing costs. 

PLDs bridge the gap between bulky discrete designs 
and long custom-IC design cycles. On the one hand, 
PLD designs are easier to modify than SSI-based ones 
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and use much less space. Moreover, depending on the 
application, they can cost less than SSI-based imple
mentations for even small production runs. And on the 
other hand, although custom !Cs can prove more eco
nomical than PLDs for large production runs, PLD 
design cycles are much shorter. So, if you need to get a 
small, inexpensive design to market quickly and can't 
wait for a completed custom design, PLDs can provide 
you with a quick stand-in until your custom design is 
completed. 

In general, the PLD architecture contains a fixed 
logic array made of AND gates-whose outputs feed 
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Fig I-Typical PLDs use one of two general architectures to permit 
implementation Qf a wide range of logic functions. PAL-type devices 
(a) prove easier to use, but FPLAs (b) pr01•ide more .flexibility by 
allowing two levels of programmability. 

A PW approach allows designers to go 
from a logic function to a PW-based 
circuit without conceiving a gate-level 
description. 

OR gates-and a programming matrix. The program
ming matrix is made up of fuses that you blow with a 
programming device. By blowing the appropriate 
fuses, you can achieve any AND/OR product or combi
nation. Fig 1 shows the PAL-type and FPLA-type 
architectures. The total number of terms that you can 
generate is limited only by the size of the matrix. 

Because you can represent any logical function as the 
logical sum of product terms, you can realize any logical 
function using a PLD. A product term consists of any 
combination of input variables or their complements 
ANDed together. A logical sum is any combination of 

CONCEPTUALIZE THE LOGICAL DESIGN 

CREATE THE LOOIC-Di:SCRIPTION FILE 

RUN CUPL FOR TARGET PLD 

EDIT SOURCE FILE. 

~---'---~vES 
COMPILE ERRORS? 1--------.i 

NO 

SIMULATE FOR DESIGN VERIFICATION 

DOWNLOAD AND PROGRAM TARGET PLD 

r----~---~YES 
LOGIC DESIGN ERRORS? t------~ 

NO 

CREATE SIMULATION INPUT FILE 
FOR TEST-VECTOR GENERATION 

RUN SIMULA TOR TO PRODUCE 
JEDEC FILE (DOWNLOADABLE) 

WITH TEST VECTORS 

PRODUCTION RELEASE 

Fig 2-PLDs greatly simplify logic design. After you complete the 
logic-description file, the PLD software automatically compiles the 
data for downloading to a programming device. 
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12 •OUT 12 OUT 
PLO PLO 

IN2 

Fig 3-When using CUI'/~, you can afu•ayM write your logic equa
tions in positiue logic, regardless <!f"lhe acf1wl polarity ~f"lhe signals 
entering the dei,ice. For example, the tu•o cases illustrated abo1•e both 
yield the same logic equation: Ol!T=IN,&JN,. 

product terms ORed together. Using De Morgan's 
theorems, 

(AB) = A"+ a. and 

<A+""B> =A' D. 

Then, using the distributive property, 

A (B + C) = AB + AC, and 

(A + B)(C + D) = AC + AD + BC + DD. 

The PLD software determines the best form of the 
equation that will fit into a PLD, which uses a general 
architecture to permit implementation of a wide range 
of functions. The software should allow you to think in 
terms of logical functions rather than gates. The better 
the software, the more you can abstract from the 
details of discrete design and attend to system 
concerns. 

Once you've decided to use a PLD approach, you'll 
need to choose the software development support for 
that device. You can use two basic types of software: 
assembler-based software and compiler-based software 
(Ref 1). Assembler-based software is supplied by the 
PLD manufacturer; it typically supports only that 
manufacturer's devices. If you buy PLDs in large 
quantity, you can usually get the software for well 
under $100. An alternative to assembler-based soft
ware is the compiler-based software sold by Data 1/0 
and Assisted Technology. Compiler-based software 
supports almost all PLD devices and programmers; 
typical prices range from $750 for a version that runs on 
CP/M-based systems to $2695 for a version that runs on 
VAX/VMS systems. 

Although compiler-based software is more expen
sive, it will make your PLD design task easier. Capabil
ities such as symbolic signal representation and macro 

IN 1 

15 our, 

IN2 

Fig .J~'iome Pf,/) devices use an inverting output buffer. As a 
re:wlt, to accommodate applications that demm1d an acti1ie-high 
output si,qnal, the compiler r~ffen m1rnt ge~1erate ertra producr terms 
fhaf 111i.qhf 111ake fhe design loo liig.f(ir the fargef PLD. 

substitution make it easier for you to formulate and 
enter your logic equations. These improvements allow 
you to formulate your design at a higher conceptual 
level; that is, you can think in terms of systems instead 
of individual circuits. 

Fig 2 illustrates the PLD design process using As
sisted Technology's CUPL language. (The Abel lan
guage, developed by Data 1/0, could also be used 
to demonstrate the techniques involved.) 

The CUPL syntax 
Before you can design with CUPL, you have to learn 

the syntax. CUPL's operators, which were chosen 
largely from the C programming language, are as 
follows: 

& =logical AND 
#=logical OR 
$=logical exclusive-OR 
! =logical negation. 

You can place comments anywhere within a CUPL 
logic specification by using the symbol /* for "start 
comment" and the symbol */ for "end comment." You 
can also nest parentheses to any level, as in this 
example: OUT= !((A&B)&(C#(D&E))). 

To facilitate clear documentation, CUPL allows you 
to use symbolic names of arbitrary length (the first 31 
characters must be unique). Symbolic names can repre
sent pin variable names, internal device nodes, inter
mediate variables, bit-field representations, and sym
bolic constants. To further improve clarity, you can use 
the underscore character-

RAM_FARITy_INT_E N. 
When you're converting an existing design, CUPL 

allows you to give symbolic names to internal nodes 
within your design. For example, for flip-flops con
nected to the pin PIN_ VAR, you would name the node 
as follows: 

• D-type flip-flop--PIN_ VAR.D=Expressirm 

~ Mono11th1aW Memories~ 3.45 



CUPL 

• JK-type flip-flop-PIN_ VAR.J =Expression, 
PIN_ VAR.K=Expression 

• RS-type flip-flop-PIN_ VAR. R =Expression, 
PIN_ VAR.S=Expression. 

For 3-state-device enable signals connected to a pin, 
you would write: 

• PIN_VAR.OE=Expression 
• [PIN_ VAR LIST].OE=Expression, 

as in [DATA7 .. 0].0E=Expression. If you're leaving the 
3-state device enabled, you don't have to write an 
equation for it. 

Handling signal polarities 
One issue that often confuses first-time PLO users is 

the representation of signal polarities. In CUPL, you 
can always write equations in positive logic, regardless 
of the polarity of the signals entering the device. 
Because all signals entering the PLO are buffered, you 
have access to both the true and complement versions 
of the input signal for your logic equations. Fig 3 
illustrates two simple cases. For each case-if you were 
using the PLO as an AND gate-you would write the 
same logic equation: OUT=IN,&IN2. 

The specification of signal polarities is complicated by 
the inverting-output architecture of, for instance, 
20-pin PAL devices (Fig 4). If you need an active-low 
output polarity, this doesn't create a problem. In this 
case, the compiler has to implement only one P (prod
uct) term. However, if you need an active-high output 
signal, the compiler must apply De Morgan's theorem, 

r----------~-----------1 

!IN, 4 1 LSOO PLO EQUIVALENT i 
STROBE 

IN, 5 I 
I I 
I I I 115 OUT 

I 
I 
I 
I 
I 

IN, sl 
L ______________________ J 

Fig 5-With Cl'/'/,, you can often replace a TT/, design without 
understanding its function. l'<>u just 11a111e the pi11s and nodes, 
co111bi11e them accordi11g to gale relationships i11 the circuit, and the 
sr~nu•are doe...; the rf'sf. 

The PW architecture contains a fixed 
logic array made of a programming 
matrix and AND gates whose 
outputs feed OR gates. 

IN1-------------' 

Fig 6-&duced propagation delays are one of the benefits of using 
PLDs. A PLD implementation of the circuit shown here ha8, on the 
ai•erage, half the propagation delay of the discrete implementation. 

and !OUT1=!(IN,&IN2) becomes !IN1#!IN2. Note that 
this equation contains two product terms. The addition
al space the compiler requires reduces the probability 
that the compiler will be able to fit the logic function 
into the target PLO. 

CUPL can eliminate this problem for PLO devices 
that have programmable output polarities. CUPL auto
matically chooses the output polarity that will result in 
the fewest number of P terms. 

Reduce _keystrokes 
One of CUPL's (and Abel's) major advantages is 

macro substitution, the ability to use a single variable 
name to represent a complex logical equation. For 
example, if you define "INT_ VAR" as "A&B#C," the 
compiler will insert A&B#C every time it encounters 
INT_VAR. 

Because macro substitution lets you use fewer key
strokes to write equations, it saves time and reduces 
the probability that you'll make input errors. By using 
macro substitution, you can write your logic specifica
tion in a hierarchical fashion, breaking complex equa
tions into more manageable and readable pieces. 

The logic description 
The heart of CUPL is the logic-description file 

(LDF), which contains your logic equations, pin decla
rations, intermediate variables, and documentation de
scribing the device's function. You must complete the 
LDF to prepare your logic equations for downloading to 
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a programming device. Table 1 shows the format for a 
CUPL LDF that was written for a memory decoder. 

The following example shows you how to complete 
the logic equation, pin declaration, and intermediate 
variable portions of an LDF for the design in Fig 5. 
First, you write the pin declarations using the same 
names and signal polarities that appear on your sche
matic. Next, you name the output of each gate in the 

TABLE 1-SOURCE 
SPECIFICATION FILE FORMAT 

FUNCTION 

PART NO 900 16487 
NAME MEMOEC 
DATE 07118184 
REV 03 
DESIGNER OSANN 
COMPANY ATI 
ASSEMBLY PC-RAM 
LOCATION 417 

THIS DEVICE DECODES ADDRESSES 
FOR THE DYNAMIC RAM ANO 
PROVIDES THE AAS STROBES AS 
WELL AS A SIGNAL THAT INITIATES 
CAS 
ALLOWABLE TARGET DEVICE 
TYPES: PAL 16l8, 825153, 
EP300. 

INPUTS: 
PIN 11.61 • \A 19 .. 14) 

~:~ ;.,,,a, AE~~~;;'~~~MAJ 
PIN 11 • ! AEF_RAS 
PIN 13 • ALT_LOC 

~l~rr,~~'~1:61 • ! (RAS 3 . O] 
PIN 14 = ! CAS_INIT 

DECLARATIONS AND INTER· 
MEDIATE VARIABLE DEFINITIONS: 

~~~o A~6M:oM~MJf' ;9ME~~4l 
LOGIC EQUATIONS: 

FUNCTION 

DESCRIPTION 

HEADER INFORMATION 
IDENTIFIES THE 
PARTICULAR LOGIC 
SOURCE FILE 

TITLE BLOCK 
DESCRIBES IN 
PLAIN TERMS WHAT 
THIS DEVICE DOES 

DEVICE MENU: LISTS 
ALL TARGET DEVICE TYPES 
THAT MAY BE USED. 

PIN DECLARATIONS: 
CPU ADDRESS BUS 
MEMORY DATA STROBES 
INDICATES REFRESH CYCLE IN PROGRESS 
STROBE FOR RAS-ONLY REFRESH 
PLACE MEMORY IN ALTERNATE RANGE 

RAM ROW ADDRESS STROBES 
ENABLE CAS STROBES 

WRITE EQUATIONS FOR 
BIT-FIELD DECLARATIONS 
AND INTERMEDIATE VARIABLES 
WHICH WILL SE SUBSTITUTED 
LA TEA USING MACRO
SUBSTITUTION. 
MEMORY ADDRESS 
MEMORY REQUEST 

WRITE EQUATIONS FOR 
OUTPUTS IN TERMS OF 
INPUTS ANO FEEDBACK AS IN: 
OUTPUT = INPUT 1 & FEEDBACK 1 

# INPUT 2 & FEEDBACK 2 
# INPUTS N & FEEDBACK N 

DESCRIPTION 

RAS 3 = MEMREQ & ! REF _AOR_EN & 

~ ~ti =tgg : ~~~:g~; l~~ : ~~~~~) 
# REF ___AOR_EN & REF _RAS 

RAS 2 = MEMAEQ & ! AEF. ...... .AOR_EN & 

~ ~ti =tgg : ~~~~g~~ 1=: : ~:~~~)) 
# REF ___AOR_EN & REF _RAS 

RAS 1 = MEMREQ & ! REF _ADA_EN & 

~ ~ti =tgg : ~~~~g~~ f =: . ~~~~~\ 
# REF ___AOFLEN & REF _AAS 

RAS 0 = MEMAEQ & ! REF __AOA_EN & 

~ ~rr=tgg: ~~~~g~; 1=: :~~~~~\ 
# REF __AOA_EN & REF _AAS 

CAS_INIT • MEMAEQ & ! REF __ADR_EN & 

~ !H=tgg t ~~~~g~; f=: ·~~~~~ 

PRIMARY RANGE 
AL TERNA TE RANGE 
REFRESH CYCLE 

PRIMARY RANGE 
AL TERNA TE RANGE 
REFRESH CYCLE 

PRIMARY RANGE 
ALTERNATE RANGE 
REFRESH CYCLE 

PRIMARY RANGE 
AL TERNA TE RANGE 
REFRESH CYCLE 

PRIMARY RANGE 
ALTERNATE RANGE 

schematic. In the example, STROBE, A, and !GATE 
are the intermediate variables. Using the intermediate 
variable definitions, you tjien write an equation for the 
output: 

PIN 4=!IN1 

PIN 5=IN2 
PIN 6=IN3 

PIN 15=0UT 
A=!IN2 

STROBE=!(!INi)#!IN2; /*!(!!Ni) =IN 1*l 
!GATE=!(A&IN3 ) 

OUT=STROBE&!GATE. 

The following expressions show this strategy applied 
to the more complicated design in Fig 6: 

A=!IN, 
B= !(IN 1&IN2&!IN,) 
C=!(!IN,)#!(!IN4 ) 

D=!C 
E=!(C&IN,,) 
F=!B&!D&!E 
G=A#F 

!OUT=(G&IN,;). 

The design in Fig 6 illustrates another advamage of 
using PLDs instead of discrete logic. The propagation 
delay in the PLD implementation is often less than that 
in the discrete design. The discrete design for this 
circuit requires at least three TTL packages and has 
five levels of delay. The total delay time is 50 nsec (five 
levels times 10 nsec/level) ior LS packages and 26 nsec 
(4x4nsec+10 nsec) for a combination of LS and Schott
ky TTL packages. In an equivalent PLD circuit, the 
maximum delay is 25 nsec; typical delay is only 15 nsec. 

Registered PLDs 
Some of the more complicated types of PLDs use 

flip-flops in their output stages to store information. 
Most of these PLDs provide integral feedback paths. 
The simplest registered PLDs contain D-type flip-flops, 
which transfer the signal at their D input to their Q 
output after one clock pulse (more specifically, after the 
application of a positive-going leading edge). The equa
tions for the flip-flop in Fig 7 are 

OUTPUT.D=G&INPUT /•UPDATE WITH INPUT'/ 
#!G&OUTPUT; /'MAINTAIN CURRENT OUTPUT'/ 

;•VIA INTERNAL FEEDBACK DATA'/. 

For simple registered designs, you can often model 
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Compiler-based software for PW design 
includes such features as symbolic signal 
representation and macro substitution. 

the circuit with a timing diagram. Using the timing 
diagram, you can write your logic equations easily. In 
the Fig 8 timing diagram for a D-type flip-flop, INPUT2 . 
initiates the input pulse, and INPUT1 terminates the 
oµtput pulse. The pin declarations are 

the smallest possible number of product terms to keep a 
D flip-flop . set for sev~ral clock cycles. Here, the 
flip-flop's output is fed back until some condition is met 
that again enables the flip-flop. · 

If the registered PLD contained JK flip-flops, the 
expressions would be 

PIN 3=!INPUT1 
PIN 6= !INPUT2 
PIN l=CLOCK 

PIN 14=0UTPUT, 

OUTPUT.J=INPUT2; /*SET FF*/ 
OUTPUT.K=INPUT1; /* RESET FF*/. 

and the corresponding logic equations are 
To handle more complicated sequential designs, you 

can model your circuit as a multiple~flip-flop system 
that uses a common clock. (Virtually all currently 
available registered PLDs use coµunon clocks for their 
flip-flops.) For example, to convert TTL designs that 
use cascaded flip-flops (in which the outputs of some 
flip-flops are used to clock other flip-flops), you must 
find the originating clock in the circuit, which is usually 

OUTPUT.D=!OUTPUT&INPUT 2 /*SET FF*/ 
# OUTPUT&!INPUT l; /* KEEP FF SET*/ 

I* UNTIL INPUT l*/ 
/*GOES ACTIVE*/. 

These equations demonstrate one method for using 

CLOCK__fl_f"lJ""L _i-u-u-uL..J 
INPUT 

PLO 
G OUTPUT (REGISTERED) 

!INPUT,-----------i__r-

CLOCK 
!INPUT2~---

OUTPUT__r------~ 

Fig 8---Converting logic designs to PLDs is eaag once you've 
Fig 1-Some PLDs use registered outputs to introduce storage completed a timing diagram for your circuit. This one represents 
elements into their architecture. _,ope'--ra_t1_·on----'of_a_D_--'ty'-'-pe--'-fl-'ip-;_,fl_o_,_p_. -----------

TABLE 2-CUPL OPTION FLAGS 

A PRODUCE YOUR_FILE_NAME.ABS FOR LATER USE BY CSIM. 
L · PRODUCE YOUR_FILE_NAME.LST WITH LINE NUMBERS AND ERROR MESSAGES. 
I PRODUCE YOUR__FILE_NAME.HL DOWN-LOADABLE HL FORMAT FILE FOR IFL. 
H PRODUCE YOUR_FILE_NAME.HEX MMI PAL ASCII-HEX FdRMAT FILE. 
F PRODUCE YOUR_FILLNAME.DOC WITH FUSE MAP FILE. 
X PFIODUCE YOUR_FILE_NAtJ!E.DOC WITH FULLY EXPANDED EQUATIONS. 
G PROGRAM SECURITY FUSE. 
R DISABLE GLOBAL PRODUCT-TERM MERGING. (FPLA DEVICES). 
MO PERFORM NO LOGIC MINIMIZATION. 
M.1 PERFORM LOCAL LOGIC MINIMIZATION. 
M2 PERFORM LOGIC MINIMIZATION UNTIL EQUATIONS FIT IN TARGET DEVICE. 
M3 PERFORM FULL LOGIC MINIMIZATION. 
D DEACTIVATE UNUSED OR-TERMS. (INCREASES SPEED IN FPLAs). 
U SET ALTERNATE SEARCH PATH FOR PLO DEVICE DATABASE. 
J PRODUCE YOUR~FILE_NAME .. IED, THE JEDEC FORMAT DOWNLOADABLE FILE 
S AUTOMATICALLY RUN CSIM AFTER RUNNING CUPL 
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the highest-frequency source in the circuit. In most 
cases, the timing skew from one flip-flop output to the 
next is tolerable. 

The TTL circuit in Fig 9 contains an LS161 counter 
whose output is decoded in an LS138. The decoded 
output sets and resets flip-flops at various points in the 

· timing cycle. The timing diagram in Fig 10 is based on 
the assumption that the clock rate is sufficiently high 
that the propagation delays from SYSCLK to OUT, and 
OUT2 are not significant. If you were to implement this 
design in a PLD, the pinout would look like the one 
shown in Fig 11. Outputs Qu and Q, were added to make 
all eigh~ time slots in the circuit's cycle a unique 
combination of the four outputs. Adding Qo and Q, 
results in a timing sequence like the one in Fig 12. 

You can now write the logic equations by noting, for 
each output, each place in the timing cycle where the 
output reads high (the flip-flop is set). For example, 
OUT, is set during time slots 2, 3, and 4. (The equation 
for the D input should include representations of time 
slots 1, 2, and 3; these time slots occur immediately 
before the flip-flop is set.) For time slots 1 through 3, 
you can now write 

OUT1.D=!OUT1&!0UT2&Qo&!Q1 /*TIME SLOT 1*/ 
#OUT,&!OUT2&!Qo&!Q1 /*TIME SLOT 2*/ 
#OUT1&!0UT2&Q0&!Q1 /*TIME SLOT 3*/. 

Writing these equations is easier if you first define each 
time slot in terms of the register outputs that are fed 

sv 

OUT2 

Compiler-supported symbolic names can 
represent pin variable names, internal 
device nodes, intermediate variables, 
bit-field representations, and 
symbolic constants. 

TIME SLOTI 
SYSCLK 

!RESET 

our,.-------"""" 

Fig 10-This timing diagmm is based on the assumption that the 
Fig 9 circuit uses a clock rote that is not significantly affected by 
propagation delays from SYSCLK to OUT, and OUT,. 

PLO 

PIN 1 = SYSCLK I RESET 
our, 

PIN 2 - IRESET OUT2 
PIN 13- our, 
PIN14-0UT2 SYSCLK a, 

PIN1s-a, Ro Oo 
PIN16·0o 

Fig 11-Adding outputs Qoand Q, of this PLD implementation of the 
Fig 9 circuit makes each of the eight intervals in the Fig 12 timing 
cycle a unique combination of the circuit's four outputs. 

back into the programmable array: 

TS0=!0UT1&!0UT2&!Qo&!Q1; /*TIME SLOT 0*/ 
TS1=!0UT,&!OUT2&Qo&!Q1; /*TIME SLOT 1°/ 
TS2=0UT,&!OUT2&!Qo&!Q,; /*TIME SLOT 2*/ 
TSa=OUT1&!0UT2&Qo&!Q,; /*TIME SLOT 3*/ 
TS4 =0UT1&0UT2&!Qo&!Q1; /*TIME SLOT 4*/ 
TS5=!0UT1&0UT2&!Qo&!Q1; /*TIME SLOT 5*/ 
T8,;=!0UT,&OUT2&Qo&!Q,; /*TIME SLOT 6*/ 

You can now write the equations for the four registered 
outputs in terms ofTSo through TSo (TSi is not needed); 

our, CUPL performs the following substitutions: 

I RESET 

Fig 9-When converting romp/ex sequential designs to PLDs, you 
can nwdel your ci,.1·111f ''" •1 111·11111 1 ·11 t1,o f711f>."' rlrn,en by a comnwn 
clock. 

OUT1.D=TS1#TSa#TSa 
OUT2.D=TSa#TS4#TS0 

Qo. D = TSo#TS2#TS. 
Q,.D=TSo. 

Running CUPL 
Once you've completed the LDF, you're ready to 

compile the LDF for downloading to the PLD program
mer. To compile the file, you type an expression that 
follows this format: 

CUPL [FLAGS] TARGET_DEVICE_CODE 
YOUR_FILE_NAME. 
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PWs with an inverting-output 
architecture complicate selection of 
signal polarities. 

TIME SLOT I 0 I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 0 I 
SYSCLK 

RESET 

OUT1-----

our, _______ __, 

a,----

0,------------"""'r-i___ 

Fig 12---0nce you've rewritten the Fig 10 timing diagrams to reflect 
the PLD configuration in Fig II, you can write a set of logic 
equations for implementing the PLD design. 

For example, the sequence CUPL ..J -A P16L8 RAM
CNTRL compiles the source file for a RAM controller 
that is targeted for a PAL16L8. The J and A symbols 
are chosen from a table of CUPL option flags (Table 2). 
In this case, the compiler produces aJEDEC file and an 
absolute-format file to be used later by CUPL's simula
tor, CSIM (Ref 1). The resulting compiled code is 
downloaded to the programmer, which then blows the 
appropriate fuses in the PLD. 

The designs discussed thus far are simple but useful 
for describing the :f'.LD design process. The next two 
articles will extend the discussion to more advanced 
designs, and finally, to the state-machine approach. 

EDN 

Reference 
Marrin, K, "Programmable logic devices gain software 

support," EDN, February 9, 1984, pg 67. 
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Use PLDs to Shrink Complex, Discrete Logic Designs Part 2 

As discrete combinatorial and sequential 
logic circuits become more complex, it 
becomes more difficult to convert them to 
PW equivalents. With the help of 
compiler-based software, though, you)ll be 
converting complicated logic designs in no 
time. 

Bob Osann, Assisted Technology Inc 

Converting complicated discrete designs to their PLD 
(programmable logic device) equivalents can be an 
imposing task for the first-time PLD user or for the 
engineer who's been laboring with outmoded PLD 
software tools. New compiler-based software, howev
er, makes it easy for you to implement even complex 
logic designs with PLDs. 

This article, the second in a 3-part series on PLD 
design, introduces a few of the more advanced features 
of the compiler-based PLD design language CUPL and 
shows you how to use those features to convert compli
cated sequential and combinatorial SSI logic designs to 
PLD equivalent designs. Part 1 of the series demon
strated some elementary features of CUPL and showed 
you how to apply those features in a few simple designs. 
Part 3 will introduce CUPL's state-machine syntax and 

show you how to move directly from logic ideas to PLD 
implementations without developing a gate-level de
scription of your system. 

CUPL lets you use a systems approach 
The CUPL high-level PLD support language enables 

you to develop your logic designs using a systems 
approach. This approach not only speeds the design 
process but facilitates the generation of logic descrip
tions that are easy to understand. 

CUPL supports a systems approach with several 
advanced features, which give you a self-documenting 
syntax, allow you to use fewer keystrokes to develop 
your systems, and let you use symbolic names that 
correspond to whatever function you're trying to imple
ment. CUPL also gives you a flexible format, which lets 
you describe several similar systems in less time than it 
would take to describe the systems using a more rigid 
format. 

One of CUPL's advanced features is its bit-field 
capability, which allows you to use a single symbolic 
name to represent a group of bits (such as an address 
bus or state bit field). This feature saves you key
strokes when you're formulating your design equations 
and makes the resulting equations easier to read. Once 
you've defined a symbolic name, you can use that name 
to represent either a single hexadecimal value or a 
range of hexadecimal values. For example, in an ad
dress-decoding application, you could equate the sym
bolic name MEMADR with [ADR7, ADR6, ADR5, 
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PWs are effective replacements for both 
simple and complex combinatorial and 
sequential discrete logic designs. 

ADR4, ADR3, ADR2, ADRl, ADRO]. You could then 
substitute [ADR7 ... O] for [ADR7, ADR6, ADR5, 
ADR4, ADR3, ADR2, ADRl, ADRO]. The resulting 
equation, FIELD MEMADR=[ADR7 ... ], assigns 
the name MEMADR to the address bus. 

CUPL speeds bit-field comparisons 
Another CUPL feature is its":" operator, which can 

perform bit-field comparisons and operations quickly 
and efficiently. This feature is particularly useful for 
describing such features as an address decoder. When 
the compiler is performing a bit-field comparison, the 
operator ":" compares a bit field with either a hexadeci
mal or an octal constant value or a hexadecimal or octal 
list of constant values (hexadecimal is the default 
value). When you're describing an address decoder, for 
example, the statement MEMADR: [AOOO ... EFFF] 
is true if the address MEMADR falls in the hexadecimal 
range' AOOO to EFFF (inclusively). Note that hexadeci
mal constant values must contain the proper number of 
nibbles' to include the most significant bit of the bit 
field. In the above expression, the most significant bit 
ofthe E in EFFF corresponds to A15 in MEMADR. 

You can also use the ":" operator for bit-field opera
tions, as in the following equation: 

IOADR: & REPLACES A7&A6&A5&A4&A3&A2&Al&AO 
IOADR: #REPLACES A7#A6#A5#A4#A3#A2#Al#AO. 

Another timesaving CUPL feature is the preprocess-

PAL16R8 

INPUT 2 
I 

G 
PLO 

OUTPUT 3 
Ao r-' I 

CLOCK 1 

(REGllNV) 

PAl..16R8 

INPUT 2 
I 

(REGllNV) G 3 PLO 
Ao p IOUTPUT 

I 

CLOCK , 

Fl11-Tline '"'° PLDI 1110111 tlllO poulble output conlf1urationa 
fer a PLD with a fixed inverting ootput /ruff er. PLDs with program
mable ootput polarity eliminate the confusion that fixed ootput 
devices cause. 

or, which lets you write general-purpose logic descrip
. tions that you can tailor to suit more than one applica
tion. For example, you might write a general-purpose 
decoder that you could adapt to 8-, 16-, or 32-bit 
applications by changing a few symbolic names and 
ranges. 

The CUPL preprocessor is a program that operates 
on the CUPL source file before it's compiled. The 
preprocessor's string-substitution function, for exam
ple, can replace one symbolic name with another until 
some condition is met. When it encounters the state
ment $DEFINE ARGl ARG2, for instance, the pre
processor replaces ARG 1 with ARG2 until it encoun
ters the statement $UNDEF ARGl. You could use the 
arguments in this example to represent different ver
sions of your decoder. You could make ARGl represent, 
say, the 8-bit decoder, and you could make ARG2 
represent the 16-bit decoder. 

The preprocessor also allows you to delay inclusion of 
a file until compile time. Again, this feature lets you 
generalize your functions. For example, you could write 
several files that represent several specific cases of a 
general application. To implement different functions, 
you'd just include different file names. In the statement 
$INCLUDE FILENAME, the referenced file becomes 
part of the LDF (logic description file) only at compile 
time. 

Conditional control structures extend even further 
the ability to create generalized files. They allow you to 

A, 

Ao 
A, 

A, 
A, 

A. 

A, 

Ao 

Fig 2-Addre88 decode1'11 are typical targets for fif'llt-time PLD 
uae1'11. A simple application like this address decoder slwws lww you 
can benefit from software features like macro substitution, range 
functions, and list notation. 
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TABLE 1 - MEMDEC LOGIC DESCRIPTION FILE 
PART NO 
NAME 
DATE 
REV 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 

2600A00004 ; 
MEMDEC; 
02/14/84; 
02; 
OSANN; 
ASSISTED TECHNOLOGY ; 
PC-RAM; 
U76; 

/ ...................................................................................................................... / 
I' THIS DEVICE DECODES ALL MEMORY ACCESSES FOR BOTH PRIMARY AND "/ 
I' ALTERNATE LOCATIONS. IT GENERATES THE RAS SIGNALS FOR THE FOUR •1 
I' BANKS OF 16K DYNAMIC RAMS AS WELL AS THE SIGNAL THAT INITIATES • / 
/' THE CAS SIGNALS. "I 
t•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• .................... I 
! .. ALLOWABLE TARGET DEVICE TYPES: PAL'l6L8, 82S153, PAL16P8 "/ 

! .. INPUTS '"/ 
PIN[1 .. 6] 
PIN[7,8] 
PIN9 
PIN11 
PIN13 

I .. OUTPUTS""/ 
PIN[19 .. 16] 
PIN14 

= [A19 .. 14J 
= ! [MEMW,MEMRJ 
= !REF_ADR_EN 
= !REF_RAS 
= ALT_LQC 

= ![RAS3 .. 0] 
= !CAS_INIT 

; I' CPU ADDRESS BUS"/ 
; /'MEMORY DATA STROBES"/ 
; I' INDICATES REFRESH CYCLE IN PROGRESS'/ 
; I" STROBE FOR RAS-ONLY REFRESH"/ 
; I' PLACE MEMORY IN ALTERNATE RANGE"/ 

; I' RAM ROW ADDRESS STROBES"/ 
; I' ENABLE CAS STROBES"/ 

/ .. DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS"/ 

FIELD MEMADR 

MEMREQ 

= [A19 .. 14J 

= MEMW#MEMR 

; I' MEMORY ADDRESS"/ 

; I' MEMORY REQUEST •1 

I .. LOGIC EQUATIONS"/ 

RAS3 

RAS2 

RAS1 

RASO 

CAS_INIT 

MEMREQ & !REF_ADR_EN & 
(!ALT_LOC & MEMADR:[OCOOO .. OFFFFJ 
# ALLLOC & MEMADR:[FCOOO .. FFFFFJ) 
# REF_ADR_EN & REF_RAS ; 

MEMREQ & !REF _ADR_EN & 
(!ALLLOC & MEMADR:[08000 .. OBFFF] 
# ALLLOC & MEMADR:[F8000 .. FBFFFJ) 
# REF_ADR-EN & REF_RAS ; 

MEMREQ & !REF_ADR-EN & 
(IALLLOC & MEMADR:[04000 . .D7FFFJ 
# ALLLOC & MEMADR:[F4000 .. F7FFFJ) 
# REF_ADR_EN & REF-RAS ; 

MEMREQ & !REF_ADR_EN & 
(!ALLLOC & MEMADR:[00000 .. 03FFFJ 
# ALT_LOC & MEMADR:[FOOOO .. F3FFF]) 
# REF_ADR_EN & REF_RAS ; 

MEMREQ & !REF_ADR-EN & 
(!ALLLOC & MEMADR:[OOOOO .. OFFFF] 
# ALLLOC & MEMADR:[FOOOO .. FFFFFJ); 

~ 1tllonollthlo DllMemorle• ~ 

I" PRIMARY RANGE"/ 
I" ALTERNATE RANGE •1 
I' REFRESH CYCLE •t 

I' PRIMARY RANGE •t 
I' ALTERNATE RANGE"/ 
I' REFRESH CYCLE •t 

I' PRIMARY RANGE"/ 
I' ALTERNATE RANGE"/ 
1• REFRESH CYCLE"/ 

I' PRIMARY RANGE"/ 
I' ALTERNATE RANGE •1 
I' REFRESH CYCLE •t 

I' PRIMARY RANGE •1 
t• ALTERNATE RANGE"/ 
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compile particular portions of your LDF when you've 
co~plied with certain conditions. When you use the 
format 

$IFDEF ARG 

$ELSE 
.. STATEMENTS ... 

... STATEMENTS ... 
$ENDIF, 

the statements are compiled only if the argument ARG 
has been defined. When you use the format 

$IFNDEF ARG 

$ELSE 

$ENDIF, 

... STATEMENTS . 

... STATEMENTS . 

the statements are compiled only if the argument ARG 
has not been defined. 

Output programmability saves space 
One CUPL feature that can save you considerable 

space in your design is the language's ability to support 
a PLD with programmable output polarity. For PLDs 
with this feature, the CUPL compiler chooses whichev-

A19 .. A14 
MEMDEC 

CPU !IORD, !IONR PAL16L8 
ALLLOC OR 

JMPR 825153 
!REF_RAS 

A13 .. 0 c 
!BUS...AK L 

L !BUS_REQ 

'--" RFSHCNT w 
RFSH RESET 
TIMER PAL16R8 

OR 
IREF_REQ 825157 

CLR 'l L_ !CLR_REF _ TMR 

By using symbolic names to represent bit 
fields such as address buses) you can not 
only save keystrokes, but you can make your 
designs virtuaJly self documenting. 

er output polarity results in logic equations that use the 
smallest number of product terms. Although output
programmability support is a useful PLD option, many 
widely used PLDs contain inverting output buffers that 
are fixed instead of programmable. The examples that 
follow demonstrate the limitations of PLDs that don't 
have programmable output polarity. 

For instance, Fig 1 illustrates the architecture for a 
PLD that uses a single D flip-flop and an inverter in its 
output stage. Fig la shows a design that uses an 
active-high output name, and Fig lb shows one that 
uses an active-low output name. The pin declarations 
for Fig la are 

PIN I~ CLOCK 
PIN 2 ~INPUT 
PIN 3 ~ G 
PIN 18 ~ !OUTPUT. 

To see why support for output programmability is so 
important, imagine that the flip-flop's output is fed 
back to keep it set. The polarity used in the output 
name makes a significant difference in the number of 
product (P) terms that are fed back. 

!RAS3 .. 0 4 x 
16k x 8 

4 x 532 J:, 
ICAS3 .. 0 

!CAS_INIT 

l DYNAMIC 
RAM 

DELAY LINE ADDRESS 
MUX 

(4 x 1) 

1 -L 
1----j A7 .. 0 

~ 
SELA SELB 

r 

!RFSH...ADR_EN 

f REFRESH ADDRESS COUNTER l 

'------------------------------------------------' 
Fig 3- Memory decoders (MEMDEC) prove a challenging application for PLD conversions. This decoder is a portion of a dynamic 
RAM controller. 
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TABLE 2- RFSHCNT LOGIC DESCRIPTION FILE 
PART NO 
NAME 
DATE 
REV 
DESIGNER 
COMPANY 

2600A00005 ; 
RFSHCNT; 
02119184; 
02; 
OSANN; 
ASSISTED TECHNOLOGY ; 

1•••••• ................................................................................................................ I 

I' THIS DEVICE RESPONDS TO THE REFRESH REQUEST(REF_REQ) GENERATED 'I 
I' BY THE REFRESH INTERVAL TIMER. IT PRODUCES THE SIGNAL WHICH 'I 
I' GATES THE REFRESH COUNTER ADDRESS INTO THE RAM ADDRESS BUS 'I 
I' AS WELL AS THE REFRESH RAS STROBE AND THE CLEAR PULSE FOR 'I 
I' THE REFRESH INTERVAL TIMER. 'I 
/ ...................................................................................................................... / 
/" ALLOWABLE TARGET DEVICE TYPES: PAL 16R6, 82S157 

/"INPUTS "/ 
= CLK ; I' CPU CLOCK 'I 

"/ 

PIN 1 
PIN2 
PIN3 
PIN4 
PIN11 

= REF_REQ 
= !BUS_AK 
=RESET 

; /'REFRESH REQUEST FROM INTERVAL TIMER 'I 
; I' BUS ACKNOWLEDGE FROM CPU 'I 

I" OUTPUTS "I 
PIN 18 

= !OE 

= !BUS_REQ 

; I' SYSTEM RESET 'I 
; I' TIED TO GROUND 'I 

; I' BUS REQUEST TO CPU 'I 
PIN 17 = !REF_ADFLEN 

= !REF_RAS 
; I' ENABLE REFRESH ADDRESS 'I 

PIN16 
PIN15 = !REF_RAS_DLY1 

= !REF_RAS_DLY2 
= !CLFLREF_TMR 

; I' STROBE FOR RAS-ONLY REFRESH 'I 
; I' REF_RAS DELAYED 1 CLOCK 'I 

PIN14 ; I' REF _RAS DELAYED 2 CLOCKS 'I 
PIN13 ; I' PULSE TO CLEAR RFRSH INTERVAL TIMER 'I 

/"DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS "I 

FIELD ST = [BUS_REQ, I' ALL OUTPUTS ARE PART OF 'I 

!" LOGIC EQUATIONS "I 

BUS_REQ.D = !RESET & 

REF_ADFLEN, I' THE STATE BIT FIELD. 'I 
REF_RAS, 
REF_RAS_DLY1, 
REF _RAS_DLY2, 
CLFLREF_TMR] ; 

!BUS_REQ & REF_REQ 
II BUS_REQ & ( ST:20 II ST:30 

II ST:38 II ST:3C 
II ST:3E) ); 

REF_ADFLEN.D = !RESET & 
( !REF _ADFLEN & BUS...AK & BU$.._REQ 
II REF_ADFLEN & ( ST:30 II ST:38 

II ST:3C II ST:3E) ); 

REF_RAS.D = !RESET & (ST:30 II ST:38 II ST:3C) ; 

REF_RAS_DLY1 .D = !RESET & (ST:38 II ST:3C II ST:3E) ; 

REF_RAS_DLY2.D = !RESET & (ST:3C II ST:3E II ST:36) ; 

CLFLREF_TMR.D = !RESET & ST:36 ; 

~ ll/lonollthla IRl1J 11/Jemorles ~ 

l'SETIT'I 
I' KEEP IT SET' I 
I' KEEP IT SET'/ 
I' KEEP IT SET'/ 

l'SETIT'I 
I' KEEP IT SET'/ 
f'IKEEP IT SET'/ 
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If you choose an active-high output name, the logic 
equations are 

OUTPUT.ll ~ G & INPUT 1• UPDATE WITH INPUT 'I 
# !G & OUTPUT I' MAINTAIN CURRENT OUTPUT 'I 

I' VIA INTERNAL FEEDBACK PATH 'I. 

Because of the inverting output buffer, the equations 
that you must program into the array are 

!OUTPUT.ll ~ !(G & INPUT# !G & OUTPUT) 
!OUTPUT.D ~ !G & !OUTPUT# !INPUT & G # 

!INPUT & !OUTPUT. 

Notice the extra product terms that are created. If, on 
the other hand, you choose an active-low output name, 
the pin declarations are 

PIN 1 ~CLOCK 
PIN 2 ~INPUT 
PIN 3 ~ G 
PIN 18 ~ !OUTPUT, 

and the final equations are 
OUTPUT.D ~ G & INPUT 1• UPDATE WITH INPUT•; 

# !G & OUTPUT;• MAINTAIN CURRENT OUTPUT •1 
1• VIA INTERNAL FEEDBACK PATH •1. 

As you can see, when PLDs have fixed inverting 
buffers, the active-low output condition requires the 
fewest number of P terms. 

Now that you're familiar with CUPL's features, 
you're ready to apply them to more complicated sys
tems. When a logic designer uses a PLD for the first 
time in a new design, the designer's target area is often 
the address-decode function. Fig 2 shows a simple 
110-decoding circuit that creates a buffer-enable signal 
for I/O reads or writes when the decoded address falls 
in the hexadecimal range 10 through 12, inclusively. If 
you were to implement this address-decoding function 
using assembler-based software, your equations would 
look like the following ones: 

BUFFEN ~ IORll'iA 7'1A6'/A5' A4 'I A3'/A2'1 Al '!AO 
+ IORD'!A 7'1A6'!A5' A4 '/A3'1A2'1 Al' AO 
+ IORD'iA7'1A6'iA5'A4'1A3'iA2' Al '!AO 
+ IOWR 'IA7'1 A6'/A5' A4 'IA3'1A2' I Al'! AU 
+ IOWR'IA7'1A6'/A5' A4'1A3'/A2'1Al •AO 
+ IOWR 'IA 7'1A6'/A5' A4 'IA3'!A2' Al '!AU. 

If you were to implement the address-decoding func
tion using CUPL, your equations would look like this: 

FIELDADR ~ [A7 .. OJ; 
IOREQ ~ !ORD # IOWR; 
BUFFEN ~ IOREQ & ADR:[IO .. 12);. 

To write equations using CUPL, you first define the 
address bus as a bit field where ADR=[A7 ... OJ. The 

Conditional, control structures improve 
compiler flexibility. They aJlow the compiler 
to delay decisions until certain predefined 
conditions are met. 

compiler then substitutes [A 7 ... OJ whenever it sees 
ADR. You then combine the strobe signals and give 
them the arbitrary name IOREQ where IOREQ 
= IORD# IOWR. Finally, you write an equation for the 
output BUFFEN in terms of the intermediate variables 
IOREQ and ADR so that BUFF EN= IOREQ&ADR:[lO 
... 12J. The list-notation and range functions, as well 
as macro substitution, are all used here. The final code 
takes less time to write and is much easier to read than 
code written in an assembler-based language, and it's 
virtually self documenting. 

Fig 3 shows the CUPL design technique in a more 
complicated decoder application, a dynamic RAM con
troller. The PLD MEMDEC in Fig 3 provides the 
memory decoder function. It supplies four 16kx8-bit 
banks of dynamic RAM with RAS (row address strobe) 
signals and generates a signal that initiates the CAS 

·(column address strobe}. The initiating signal first 
passes through a delay line and then recombines with 
the RAS signals to produce the CAS. 

MEMDEC decodes address bits A19 through Al4 of 
a 20-bit address space and maps the 64k-byte block to 
either the top or the bottom of the memory map shown 
in Fig 4. The jumper-selectable input called ALT __ LOC 

FFFFF 

FCOOO 

F8000 

F4000 

FOOOO 

OFFFF 

ocooo 
08000 

04000 

DODOO 

BANK3 

BANK2 

BANK1 

BANKO 

BANK3 

BANK2 

BANK1 

BANKO 

J m.=· 

MEMORY 
MAP 

Fig J-This memory map shows two possible locations for address 
bit-< A19 through A14 of a 20-bit address space. MEMDEC decodes 
the bits and maps the 64k-byte block to either the top or the bottom of 
the 111emory map. 
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determines whether the top or the bottom of the 
memory map is used. Table 1 shows a completed LDF 
for the memory decoder. 

Not only does CUPL simplify combinatorial designs, 
but it's useful for implementing sequential designs as 
well. Because PLDs contain both the logic array and 
registers in the same package, they're particularly 
powerful for implementing registered logic. The PLD 
named RFSHCNT in the RAM controller shown in Fig 
3 handles the sequential aspects of refresh control for 
the dynamic RAM in a typical µP system. 

RFSHCNT responds to a refresh signal from the 
refresh internal timer (usually 14 µsec) by driving the 
CPU's bus-request line high. After receiving a bus
acknowledge signal from the CfU, RI<'SHCNT then 
generates signals for address MUX control and RAS
only refresh timing. 

RFSHCNT also provides a signal that resets the 
refresh interval timer and clocks the refresh-address 
counter. Fig 5 shows the timing diagram for 
RFSHCNT. Note that the registered output signals 
are shown as logical true even though the actual 
outputs are active low. Because the equations are based 
on signals in the timing diagram, in order for the 
registered outputs to be shown as logical true, the 
target device must have either an inverting output 

(STATE) TIME SLOT I 30 138 

CLK 

(IN) REF _REQ 

(IN)!BUS__AK 

(OUT] REF _,6.QR_EN _____ __, 

(OUT)REF_RAS ----------' 

(OUT, NC) REF _RA$_DLY1 

(OUT, NC) REF_RAS_DLY2 

(OUT] CLFLREF _ TMR 

Programmable-output capability allows the 
compiler to save PW space. Thus) you)ll 
need fewer PWs when you)re converting 
your design. 

buffer or programmable-output-polarity capability. 
Table 2 shows the LDF for RFSHCNT. The LDF 

uses the hexadecimal values that define the time slots 
shown in the timing diagram. Note the use of CUPL's 
bit-field capability in the equations that specify the D 
flip-flop's state. 

CUPL's (!Ompiler-based techniques simplify the con
version of complicated SSI circuits to their PLD equiva
lents. Part 3 of this series will show you how to simplify 
the logic design process even further by using the 
state-machine approach. EDll 

I oo 

Fig 5-The regiatered output •ignala shown in this timing diagram for RFSHCNT are shown as logical true even thougk tke actual outputa 
are active low. Because tke equations are based on tke timing diagram, tke target device must be inverting, or it must have 
programmable-output capalrility. 
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State-Machine Approach Speeds Logic Design Part 3 

To exercise a PW)s fall potential for 
shortening design time and improving 
documentation) use the state-machine 
approach. This approach lets you formulate 
a behavioral description of your system and 
implement it directly in a PW) without 
ever developing an equation-level 
representation. 

Using the state-machine approach and a compiler-based 
PLD design language like CUPL, you can bypass the 
gate- and equation-level stage in logic design and move 
directly from a system-level description to a PLD 
implementation. Unlike assembler-based approaches, 
the state-machine approach lets you document your 
design in a. manner that's understandable to future 
users of your design. 

Actually, few logic designers currently use the state
machine approach in their logic designs. This isn't 
surprising: The technique seems difficult to learn at 
first. But CUPL makes the state-machine approach less 
formidable by handling many of the decisions you would 

EDN February 7, 1985 

normally have to make. Furthermore, CUPL gives you 
a general and simple state-machine model like the one 
shown in Fig 1. The software automatically fits the 
model to your application. 

Defining the state model 
In general, a state machine is a logic circuit with 

flip-flops. Because a flip-flop's output can be fed back to 
its own or some other flip-flop's input, a flip-flop's input 
value may depend on both its own output and that of 
other flip-flops. Consequently, the final value for a 
flip-flop's output depends on its own previous values, as 
well as those of other flip-flops. 

The CUPL state-machine model uses six compo-

INPUTS -----t--__ N_D_N_RE_G_IS_T_ER_E_D_o_uT_P_UT_...S 

COMBINATORIAL 
LOGIC STORAGE 

REGISTERS 

REGISTERED 
OUTPUTS 

STATE BITS 

Fig 1--State-machine theory can be complicated, but CUPL allows 
you to abstract from the theory's complicated details. Using this 
simple model and an easy-to-learn syntax, you can quickly con
struct i'.ifate-machine models of your systenl. 
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CLOCK 

STATE BIT 

REGISTERED 
OUTPUT 

NONREGISTERED OUPUT 
(DEPENDS ONLY ON STATE) 

INPUT 

NONREGISTERED OUTPUT 
(DEPENDS ON STATE AND INPUT) 

When you use the state-machine approach, 
you don't have to write a logic-equation
/eve! description of your system before 
implementing it in a PW. 

~ Tco+Tpd 

Fig 2-This timing diagram charactel'izes Cl!PL's :..:.imJ>le sfatc-11wchi11e model. The setti11g or rc.wdtiny <~(the 1Tgisfered output dt'/Wllff,<; 011 

the ,<;fatus <~lthe state bit. ('on1•ersely, no;u·egistered outpuf.o.; ccu1 depend either rm only the <'IO't'ellf state hit',.., status or IHI f)(Jfh the ,i;fate hirs 
status and the input'.'i statu:.;. 

nents: inputs, combinatorial logic, storage registers, 
state bits, registered outputs, and nonregistered out
puts. Fig 2 shows the timing relationships between 
these components. 

Inputs are signals entering the device that originate 
in some other device. Combinatorial logic is any combi
nation of logical gates (usually AND-OR) that produces 
an output signal that's valid T pd (propagation delay 
time) nsec after any of the signals that drive these 
gates changes. T pd is the time delay between the 
initiation of an input or feedback event and the occur
rence of a nonregistered output. 

State bits are storage-register outputs that are fed 
back to drive the combinatorial logic. They contain the 
present-state information. Storage registers are any 
flip-flop elements that receive their inputs from the 
state machine's combinatorial logic. Some registers are 
used for state bits, while others are used for registered 
outputs. The registered output is valid Teo nsec after 
the clock pulse occurs. Teo is the time delay between the 
initiation of a clock signal and the occurrence of a valid 
flip-flop output. 

For the system to operate properly, you must meet 
your PLD's requirements for setup and hold times. For 
most PLDs, the setup time (T,u) usually includes both 
the propagation delay of the combinatorial logic and the 
actual setup time of the flip-flops. T,u is the time it takes 
for the result of either a feedback or an input event to 
appear at the input to a flip-flop. A subsequent clock 
input cannot be applied until this result becomes valid 
at the flip-flop's input: These flip-flops may be either D, 

RS, or JK types (but RS and JK types are used more 
often in state-machine implementations because they 
require fewer product (P) terms than D types do). 

Nonregistered outputs are outputs that come direct
ly from the combinatorial logic gates. They may 
be functions of the state bits and the input signals (and 
have asynchronous timing), or they may be purely 
dependent on the current state-bit values, in which case 
they become valid T",+Tpd nsec after an active clock 
edge occurs. 

Registered outputs are outputs that come from the 
storage registers but are not included in the actual 
state-bit field (ie, a bit field composed of all the state 
bits). State-machine theory requires that the setting or 
resetting of these registered outputs depend on the 
transition from a present state to a next state. This 
allows a registered output to be either set or reset in a 
given state, depending on how the machine came to be 
in that state. Thus, a registered output can assume a 
"don't care" operation mode. In the "don't care" mode, 
the registered output will remain at its last value as 
Jong as the current state transition does not specify 
that registered output. 

The state-machine syntax 
To help you implement this state-machine model 

quickly, CUPL supplies a general and simple state
machine syntax. This syntax gives you a single, simple 
format that allows you to describe any function in the 
state machine. The general format for the state-ma
chine syntax is 
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SEQUENCE stata...biLfield { 
PRESENT presenLstate 

IF inpuLcond NEXT nexLstate OUT outputs ; 
IF inpuLcond NEXT nexLstate OUT outputs ; 
IF ... 

PRESENT presenLstate 
IF inpuLcond NEXT nexLstate OUT outputs ; 
IF inpuLcond NEXT nexLstate OUT outputs ; 
IF ... 

PRESENT ... 
} 

Each present-state block within this format de
scribes both asynchronous (present state) and synchro
nous (transition) activity. Using this format, you can 
describe any component of the state machine. For 
example, the formats for registered outputs would be 

IF inpuLcond NEXT nexLstate OUT outputs 

CONDITIONAL OUTPUT ASSOCIATED 
TRANSITION WITH TRANSITION 

or 

NEXT nexLstate OUT outputs 
~--~--~ 

UNCONDITIONAL OUTPUT ASSOCIATED 
TRANSITION WITH TRANSITION, 

depending on whether the transition is conditional or 
not. To use these equations for describing your system, 
you need to learn how to use the CUPL keywords. For 
example, when you use a Next statement, you're telling 
the compiler that all of the outputs in that block are 
registered outputs whose values depend on transition 

OUT 
! REG_OUT 

NON_REG_OUT =INPUT 

OUT REG_OUT 

information (ie, information about the transition from 
the present state to th'e next state). Using the If 
statement signifies a conditional event. When you use 
the If keyword in a nonregistered description, you 
signify that the input and output events will have an 
asynchronous dependence. The absence of a Next key
word signifies a nonregistered event. 

For nonregistered outputs, you would use the format 

IF inpuLcond OUT outputs 

INPUT CONDITION NO STATE OUTPUTS ASSOCIATED 
AFFECTS OUTPUT TRANSITION WITH INPUT CONDITION 

or 

AFTER T,. AND PRESENT STATE. 

NO INPUT 
CONDITION 

OUT outputs 

NO STATE OUTPUT ASSOCIATED 
TRANSITION SOLELY WITH PRESENT 

STATE. VALID 
T0 , + T,. AFTER 

CLOCK. 

Much of the reason for choosing either the registered 
or nonregistered format for an output depends on the 
system timing. For fully synchronous systems that 
require tight timing, the registered output provides 
fast response-it responds within T00 nsec after the 
occurrence of a clock pulse. This quick response gives 
the circuit time to use that registered output as an 
input somewhere else in the circuit before the next · 
clock pulse occurs. 

Conversely, you would use the nonregistered output 
in asynchronous applications. You would also use the 

NON_REG_OU T 

INPUT 

PLO 
REG_OUT 

01 
CLOCK 

QO 

Fig 3-This model f~r a free-running 2·bit counter demonstrates CUPL's state-machine syntax. The counter has one input, one 
nonregistered output, and one registered outpnt. 
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nonregistered output in simpler applications, such as 
present-state decoders. 

To better understand the state-machine model and its 
syntax, consider a simple example: a free-running 2-bit 
counter with one input, one registered output, and one 
nonregistered output. Fig 3 shows the state-transition 

diagram. The circles represent states (specific combina
tions of the state bits), and the arrows represent the 
transitions between states. Because the transitions in 
this example are unconditional, the counter is free
running. Accordingly, th~ logic description uses no If 
keywords in statements that signify a Next state. The 

The function-table approach 
To design logic systems with 
PLDs, you could use the func
tion-table approach, which com
plements the state-machine ap-

TABLE A-GATED MUX LOGIC DESCRIPTION FILE 

proach. The function-table 
approach is useful in applications 
such as code converters,_ where 
input/output relationships are 
best represented in tabular 
form. 

CUPL's parallel-operation ca
pability makes it easy for you to 
develop these tabular represen
tations. Using that feature, you 
can declare bit fields and use 
them on either the right or left 
side of the equation. 

The parallel operation feature 
allows you to operate uniformly 

B3 

B2 15 ! Y1 

B1 GATED MUX 

BO 

A3 PAL16R4 
OR 

A2 825155 

A1 16 ! YO 

AO 

GATE 12 12 

CLOCK 

Fig A-In code-conversion applications, 
like this dual 4-W-1 niultiPkxer, you can 
best describe the system using a tabular 
format. 

PARTNO 
NAME 
DATE 
REV 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 

PL 10007; 
GATED MUX; 
09117184; 
01; 
ARONSON, 
ASSISTED TECHNOLOGY; 
PC_IO; 
U23. , ........................................................................ .. 

/' THIS DEVICE FUNCTIONS AS A DUAL 4-T0-1 MUX WITH INVERTING 
/' REGISTERED OUTPUTS. THE MUX OUTPUTS ARE ONLY CLOCKEO INTO THE 

;: .~~?!~!~!'1.~ ."Y!"l.~~ .~~~.?fl.~~ .1 ~!'.~! .1:3. ~~-~1Y~ ............................ ·'·. 
/' ALLOWABLE TARGET DEVICE TYPES . PAL16R4 . 82S155 , ......................................................................... . 

/" INPUTS "/ 

PIN 1 
PIN [2 .. 5] 
PIN [6 .. 9] 
PIN 13 
PIN 19 
PIN 12 
PIN 11 

= CLOCK 
= IB3 .. 0[ 
= A3 .. 0[ 
= SEL1 
= SELO 
=GATE 
= IOE 

/'·OUTPUTS ''/ 

PIN 15 
PIN 16 

= !Y1 
= IYO 

; /'SYSTEM CLOCK '/ 
, /' INPUT GROUP B '/ 
, I' INPUT GROUP A '/ 
; I' SELECT 1 '/ 
. I' SELECT 0 'I 
. I' GATES MUX OUTPUT INTO REGISTER '/ 
/'OUTPUT ENABLE'/ 

/' REGISTER OUTPUT FROM GROUP B 'I 
; /' REGISTER OUTPUT FROM GROUP A 'I 

I'' DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS ''/ 

FIELD OUT = [YLO]; /'OUTPUT BITS '/ 
FIELD SEL = [SEL LO]; I' SELECT CONTROL BITS 'I 

/" LOGIC EQUATIONS "/ 

OUT.D = 'GATE & OUT 
#GATE & ( [B3,A3] & SEL:3 

# [B2.A2] & SEL:2 
# (B1 .A1] & SEL:1 
# (BO.AO] & SEL:O I : 

, .............................. , 
I' NOTE: '/ 
I' ONE EQUATION DESCRIBES '/ 
I' BOTH OUTPUT VARIABLES. '/ , .............................. , 
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To ma,ke the state-machine approach easier 
to learn) CUPL uses a model that incor
porates both the Mealy and Moore models. 
You use the same model for all cases. 

nonregistered output is active on a count of two (82) 
when the input is active. The registered output is set on 
the transition from 82 to S3 and reset on the transition 
from S3 to SO. Table 1 gives the logic description for 
the counter. 

An application that incorporates hysteresis shows the 

importance of using transition information in addition 
to present-state information. Consider, for instance, a 
circuit that performs threshold detection on an analog 
signal, but requires a hysteresis band both wider and 
more accurate than the hysteresis band an analog 
comparator could achieve. In such an application, you 

TABLE B-HEXDISP LOGIC DESCRIPTION FILE 
PARTNO 
NAME 
OATE 
REV 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 

CT0002; 
HEXDISP; 
615184; 
01; 
T KAHt· 
ASSISTED TECHNOLOGY INC; 
OISPLAY _BOARD; 
U17; , ........................................................................... , 

t• THIS IS A HEXADECIMAL-TO-SEVEN-SEGMENT A '/ 
t• DECODER CAPABLE OF DRIVING COMMON-ANOOE 1WHt 1 '/ 
I' LEOS. IT INCORPORATES BOTH A RIPPLE· F'I • B 'I 
t• BLANKING INPUT (TO INHIBIT DISPLAYING •1 G •: '/ 

;: ~t~~~~ f5~~E8lvA~gRA E'j.'~~'tA~'cf.i~~1t,G OF ',WNt', :; 
,. DIGITS. e'• '•c '/ ,. ., ., ., 
,. 'WNt' '/ 
1· D '/ , ........................................................................... , 
/'ALLOWABLE TARGET DEVICE TYPES: 32 x 8 PROM (B2S1230R EQUIV) '/ , ........................................................................... / 
/" INPUTS ''/ 

PIN [10 .. 13[ = [D0 .. 3) ; 
PIN 14 = !RBI; 

/"OUTPUTS"/ 

PIN (7 .. 1) = !(A,B,C,D,E,F,G); 
PIN 9 = IRBO; 

I' DATA INPUT LINES TO DISPLAY 
t• RIPPLE BLANKING INPUT 

/' SEGMENT OUTPUT LINES 
t• RIPPLE BLANKING OUTPUT 

/"DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS"/ 

FIELD DATA = ID3 .. 0); /' HEXAOECIMAL INPUT FIELD 
FIELD SEGMENi=(A,B,C,D,E,F.G); /• OISPLAY SEGMENT FIELD 

'I 
'I 

'/ 
"t 

'I 
'I 

$DEFINE ON 'b'1 t• SEGMENT LIT WHEN LOGICALLY "ON" 'I 
$DEFINE OFF 'b'O t• SEGMENT DARK WHEN LOGICALLY 

"OFF" '/ 

!"LOGIC EQUATIONS ••1 ,. A 8 c D E G 'I 
SEGMENT = 
,. 0 ., [ON, ON, ON, ON, ON, ON, OFF) & DATA:O & 'RBI 
,. 1 ., # !OFF ON, ON, OFF, OFF, OFF, OFF] & DATA:1 
,. 2 ., # ON, ON, OFF, ON, ON, OFF, ON) & DATA:2 
/' 3 ., # ION, ON, ON, ON, OFF, OFF, 

ON! 

& DATA:3 
/' 4 ., # OFF, ON, ON, OFF, OFF, ON, ON & DATA:4 
/' 5 'I # (ON, OFF, ON, ON, OFF, ON, OFF & DATA:5 
,. 6 ., # 

ION, 
OFF, ON, ON, ON, ON, OFF & DATA:S 

,. 7 ., # ON, ON, ON, OFF, OFF, OFF, OFF & OATA:7 
1· B '/ # lg: ON, ON, ON, ON, ON, ON] & DATA:8 
,. 9 ·1 # ON, ON, OFF, OFF, ON, ONI & DATA:9 
t• A'/ # ON, ON, ON, OFF, ON, ON, ON & DATA:A 
)• 8 ., # OFF, OFF, ON, ON, ON, ON, ON] & DATA:B ,. c ., # ON, OFF, OFF, ON, ON, ON, OFF] & DATA:C 
/' D •t # OFF ON ON. ON, ON, OFF, 

ON! 
& DATA:D 

I' E '/ # [ON OFF OFF ON, ON, ON, ON & DATA:E 
1· F '/ # I ON ( '~ . lFF, OFF, ON, ON, ON & DATA:F; 

ABO = RBI & DATA 0 

7 !A 

DATA 0 10 6 !B 

DATA 1 11 
HEXDISP 5 !C 

DATA2 12 825123 4 !D OR 

DATA 3 13 EQUIVALENT 3 !E 

2 !F 

! RBI 14 1 !G 

9 I RBO 

Fig 8-Though a PROM wtu1 used to 
implement this simple hexadecimal-to-7 
segment decoder, you co~tld use the sarne 
.flrnction table to irnplenient this state ma· 
chine in a PLD. 

on an entire parallel data path. 
It's easy to write a description 
in this manner, as you can see 
from Fig A's 4-to-l multiplexer, 
which has an inverting regis
tered output. Table A contains 
the multiplexer's LDF. 

The hexadecimal-to-7 segment 
decoder in Fig B also lends itself 
well to tabular representation. 
Again, bit-field notation is con
venient for describing the logical 
function. Incidentally, because 
it's a simple circuit, this imple
mentation uses a PROM as the 
target device (because 16 pins 
are sufficient and bipolar PROMs 
are inexpensive), but you could 
also implement these function 
tables in PLDs. Table B con
tains the decoder's LDF. 
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TABLE 1-LOGIC DESCRIPTION FOR 2-BIT COUNTER 

FIELD COUNT= [Q1, QO]; I' LET'S CALL THE STATE BIT FIELD "COUNT"'/ , ................................................................. , 
$DEFINE SO 0 /'DEFINE SYMBOLIC NAMES FOR THE ACTUAL STATE BIT CONSTANT '/ 
$DEFINE S1 1 /'VALUES USING PREPROCESSOR COMMANDS. CONSTANTS DEFAULT'/ 
$DEFINE S2 2 I" TO HEX AND REPRESENT VALUES OF "COUNT" WITHIN THE '/ 
$DEFINE S3 3 /' "SEQUENCE" BLOCK BELOW. '/ , ................................................................. , 
SEQUENCE COUNT { ,. ,. NOTE USE OF BRACES FOR ENCLOSING STATE 

SEQUENCE DESCRIPTION BLOCK. 

PRESENT SO 

PRESENT S1 
NEXT S1; 

NEXT S2, 
PRESENT S2 IF INPUT OUT NON_REG_OUT; /' 

NEXT S3 OUT REG_OUT; /' 
PRESENT S3 

NEXT SO OUT tREG_OUT ; } 

need transition information in order to achieve hystere
sis. One way to solve this problem would be to con
struct a tracking AID converter in which the threshold 
detector output (digital Schmitt-trigger output) is a 
registered output of the state machine (Fig 4). 

The three counter bits that feed the DIA converter 
compose the state bits. To create the hysteresis, you set 
the trigger output only on the transition from S5 to S6 
and reset the trigger only on the transition from S2 to 
SL At all other times, you place the trigger output in a 
"don't care" state. The trigger output may have differ
ent values in states S2 through S5 depending on how 
the machine arrived at those states. 

,. 
ASYNCHRONOUS WITHIN S2 

SETS ON TRANSITION 

RESETS ON TRANSITION 

COMPARATOR 
PLO 

DIRECTION I 

CLOCK 

., ., 

., ., 

., 

RO 

RO 

RO 

RO 

! TRIGGER 

02 

01 DAC 

00 

Fig 5 shows a state diagram for the system. All 
states in which you can set the trigger output are shown 
on top and all states in which you can reset the trigger 

Fig 4-To realize the hysteresis function in this state-rnachine 
model for an analog comparator with digital hysteresis, you must set 
or reset the registered output by using transition information rather 
than present-state information. 

B- TRIGGER·1 

TRIGGER·O 

Fig 5-The state diagram for tke analog comparator with hysteresis shows that a state's value can be history-tkpendent. The trigger output 
can have different values in states S2 through S5 depending on how the machine arrives at those states. 
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The CUPL state-machine synt11x allows you 
to specijj any state-machine component 
with a single format, thus simplijjing the 
state-machine description. 

TABLE 2-SCHMITT LOGIC DESCRIPTION FILE 

PART NO 
NAME 
DATE 
REVISION 
DESIGNER 
COMPANY 
ASSEMBLY 
LOCATION 

CT0001, 
SCHMITT: 
6130184: 
01: 
T KAHL: 
ASSISTED TECHNOLOGY INC: 
ANALOG_ INTERFACE. 
U27: 

1···········································································1 
/"THIS DEVICE RECEIVES A 'COUNT DIRECTION' COMMAND FROM AN ANALOG "/ 
/"COMPARATOR AND RESPONDS BY INCREMENTING OR DECREMENTING AN "/ 
/"INTEGRAL UP/DOWN COUNTER. A REGISTERED OUTPUT IS CREATED AND ACTS ·1 
I" AS A DIGITAL SCHMITT TRIGGER WITH HYSTERESIS ·1 
1···········································································1 

/ .. INPUTS .. / 

PIN 1 
PIN 2 

/ .. OUTPUTS .. / 

PIN [14 .. 16) 
PIN 17 

= CLOCK: 
= DIRECTION: 

= '[00 .. 2)' 
= !TRIGGER, 

/" CLOCK PIN FOR THE COUNTER '/ 
I" DIRECTION OF COUNT MODE PIN '/ 

/"COUNTER STATE BITS '/ 
/' SCHMITT TRIGGER OUTPUT BIT '/ 

/".DECLARATIONS AND INTERMEDIATE VARIABLE DEFINITIONS. "i 
UP = DIRECTION; i' COUNTER MODES "/ 
DOWN = !DIRECTION:: 

FIELD COUNT = [02 .. 0): 

$DEFINE SO 0 
$DEFINE S1 1 
$DEFINE S2 2 
$DEFINE S3 3 
$DEFINE S4 4 
$DEFINE S5 5 
$DEFINE S6 6 
$DEFINE S7 7 

SEQUENCE COUNT [ 

PRESENT SO 

PRESENT S1 

PRESENT S2 

PRESENT S3 

PRESENT S4 

PRESENT S5 

PRESENT S6 

PRESENT S7 

IF UP 
IF DOWN 

IF UP 
IF DOWN 

IF UP 
IF DOWN 

IF UP 
IF DOWN 

IF UP 
IF DOWN 

IF UP 
IF DOWN 

IF UP 
IF DOWN 

IF UP 
IF DOWN 

1· FIELD FOR COUNTER STATES ·1 

1· COUNTER STATES DEFINED AS "/ 
1· STATES 0 THRU 7 "/ 

NEXT S1: 
NEXT SO; 

NEXT S2; 
NEXT SO; 

NEXT S3; 
NEXT S1 

NEXT S4; 
NEXT S2; 

NEXT S5: 
NEXT S3; 

NEXT S6 
NEXT 54 

NEXT S7: 
NEXT S5; 

NEXT 57: 
NEXT S6: 

OUT !TRIGGER; 

OUT TRIGGER; 
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are shown on the bottom. Note that states S2, S3, S4, 
and S5 appear twice because they can have two differ
ent values. Each state's value depends on the system's 
previous state. 

Note also that the state bits in this application supply 
information to the outside, world; in this case, the 
information consists of inputs to a DIA converter. When 
you give the PLD access to the outside world, you 
deviate from the standard Mealy and Moore state
machine models, but you can squeeze more logic into 
your PLD. 

Table 2 gives the state machine's logic description 
file (LDF). In the LDF, you declare the state bits as a 
bit field and give them the symbolic name "Count." 
Next, you use the input Direction to define names for 
the Up and Down counter modes. You then complete 
the numerical state assignment for states SO through 
S7 by using the $Define command from CUPL's pre
processor. 

In defining the state machine, you use If and Next 
keywords for every present-state block. When you use 
Next, you indicate that the state machine's activity is 
synchronous; when you use If, you indicate that the 
transitions are conditional. The transitions' direction 
depends on the direction the counter counts in, which is 
in tum determined by the value of the Direction input. 

Though applications like counters and comparators 
with hysteresis may not seem very complicated, they 
serve to show that designing with PLDs is a straight
forward task, whether you're using the devices to 
replace existing designs or using them in a state
machine design. EDll 

~ Nlonollthlo W Memories ~ 

D 

3·65 



·LOG/iC 
LOG/iC: The CAE System 
for Digital Electronics 

A modular design tool for digltal electronics for devices 
from the entire ASIC spectrum. 
Supports all types of PLDs, regardless of manufacturer. 
Extensive library, automatic generation of test vectors. 
Development of multi-level gate circuits for gate arrays, 
cell arrays, etc., including a timing analysis and the proc
essing of net lists. 
Complete optimization even for MARCs (microprogram
med designs), state machines of very high complexity. 
Same standardized input syntax for all devices, making it 
easy to switch between different implementations of a 
circuit. The Input data set Is not restricted to describe one 
device and may contain larger circuits. 

418 01 

Functional Description 

DESIGN 
INPUT 

PAL 
PLO 

PLO 
DATABASE 

SCHEMATIC 
ENTRY 

LOG/iC is a modular design tool for the development of digital 
circuits. The system is based on a design specification formu
lated in its own versatile syntax. In addition, it allows schematic 
entry of third-party systems via net lists. Circuit definitions gained 
in this way are checked and optimized specifically for each 
device. LOG/iC transforms this optimized circuit into various 
devices selected from the entire ASIC spectrum, generates test 
aids and produces specific documentation for each realization of 
the circuit. 

The entire CAE system consists of module packages tailored to 
various applications and additional options. All module packages 
use the same input facilities, but they have specific tools to 
optimize the circuit according to the supported device family. 

Module package 1 supports the design of PAL devices. It is also 
contained in module package 2 which supports all PLDs such as 
PROMs, PAL devices, and PLS devices. Module package 3 is 

• Specific optimization strategies for every device family. 
Exact minimization results reached in unequaled speed. 
Standard data format for the programming and test data 
for PLDs. Communication software facilitates a trouble
free connection with the programmer. Interfaces to the 
CAE systems of many manufacturers. 
Can be run on various mainframes (e.g. VAX), worksta
tions (e.g. Apollo), and PCs (e.g. IBM-PC). 

. FPLA 
FPLS 

FUNCTIONAL 
VERIFIER 

GATE ARRAY 
CELL ARRAY 

MARC 

the tool used to develop multi-level gate circuits implemented in 
semi- or full-custom circuits. Module package 4 develops so
called MARCs (Minimized Address space ROM-based Control
lers). 

Optional interfaces allow the connection of "Schematic Entry 
Systems". The "Functional Verifier" option allows the interactive 
simulation of a circuit on the functional level, so that there is no 
need to run a complete compilation in order to verify its logic 
behavior. 

Option "PLO Data Base" rounds out the range of tools offered by 
LOG/iC. This databank contains the essential data of all PLDs 
supported by LOG/iC, such as structures, electrical and AC 
characteristics, etc. Combined with module packages 1 and 2, it 
supports the selection of the best-suited PLDs. 

This data sheet describes the basic features of the system. 
Module packages and options are described in detail on separate 
data sheets. 
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Process of Development 

LOG/IC is a universal design system for digital logic. It puts the 
emphasis on the logical description of the circuit rather than a 
specific device. LOG/IC allows you to run sophisticated designs 
without tying you down to a specific IC. 

Circuit descriptions, as well as syntax and consistency checks, 
can be run without transforming the design into a specific device. 
This applies also to the circuit simulation performed by the 
"Functional Verifier", which verifies the logical functioning of the 

design. There is a specific optimization for each particular device 
family. The designer's choice of a device is based upon the 
results of this optimization. Additional support is offered by the 
"PLD Data Base" that helps select the best-suited type in case of 
a PLD implementation. 

The described procedure allows the user to enter and optimize 
large designs even if they can't be implemented in one single IC. 
After optimization, LOG/iC helps to select the best-suited circuit 
technology and IC type, thus enabling the designer to make best 
use of the benefits of modern I Cs. 

SYSTEM DESIGN 

OPTIMIZATION 

PARTrTIONING 

/+"-... 

,:;/A~ 
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Circuit Definition 

LOG/iC offers specific description aids for various design prob
lems. Its standard syntax preferably describes combinatorial 
circuits, but it is also possible to describe sequential circuits by 
means of Boolean equations. The FSM (Finite State Machine) 
syntax has been created to make the definition of state machines 
more convenient. Special interiace options enable circuits from 
third-party systems to be fed into LOG/iC in the form of circuit 
schematics. Together with LOG/iC, any text editor can be used 
to edit design files. 

the common standard. All common operators can be used. The 
equations can be nested in any ord.er. They will automatically be 
converted into a Sum-of-Products (SOP) format. String substitu
tions considerably reduce the time spent on editing, and allow the 
design to be more clearly laid out. 

Functiontables, basically the most concise way offormatting, can 
be made even more concise through numbers in arbitrary nu
meric systems, which can then be merged (hex, decimal, octal, 
binary). It is possible to partition logical data into a subset of 
different function tables. In addition, equations and tables can be 
merged in order to define a circuit. The option "Rest-Definition" 
and the use of numberfields make the function tables particularly 
concise. As a result, address decoders especially can be conven
iently described. 

Standard Syntax 

The basic elements of the standard syntax are Boolean equations 
and function tables. The format of the equations corresponds to 

418 03 
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3 RAS4 
5 

ADRO/ 
ADR15 

15 
RAMCS1 

14 RAMCS2 
13 RAMCS3 
12 ADR. 

11 DEC. MEM 
10 

REGCS1 
9 
8 REGCS2 

*FUNCTION TABLE 

$ (ADR[l5 .. 0]) :MEM, (RAMCS [1..3]), (REGCS [1..4]); 
;--------------------------------------------------------
00008 .. jFFFH 1 , 100 , 0000 MEMORY NR.l 
4000H .. 7FFFH 1 , 010 , 0000 MEMORY NR.2 
8000H .. BFFFH 1 , 001 , 0000 MEMORY NR.3 

C037H 0 1000 S-REGISTER 
CC03H 0 0100 F-REGISTER 
D0F7H 0 0010 G-REGISTER 
EFF3H 0 0001 L-REGISTER 

REST 0 , 0000 NOT SELECTED 

*END 
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LOG/iC 

OE 

RESET 

6 

CNT_EN CNT21 

DIR CARRY 

CLK 

* FLOW TABLE 
;---------------------------------------------------------
S [1 .. 21], 'CLEAR', 'CAR_O', Fl; SYNCHRONOUS RESET 

;COUNT UP 
s [l .. 20J, 1 UP 1 

S2 l, I UP I 

;COUNT DOWN 

, I CAR 0 I , F [ 2 .. 2 1] ; 
, 'CAR=l 1, Fl; 

s [ 21. . 2], 'DOWN' ' 'CAR a ' ' F [ 2 a .. 1] ; 
S 1, 'DOWN' , 'CAR=l', F 21; 

:---------------------------------------------------------
*STATE ASSIGNMENT 

BINARY 
*END 

Consistency Check 

418 04 

The FSM-syntax enables you to give a functional description of a 
synchronous state machine. LOG/iC supports the design of any 
state machine such as MEALY or MOORE or combinations of the 
two. Any diagram description can be used as a concept, e.g. flow 
diagrams or bubble diagrams. These diagrams can easily be 
transformed into LOG/iC syntax. The basic entry syntax is close 
to hardware. A number of syntax aids, however, enable circuits 
to be defined on a high level. Thus you can define input and output 
vectors and make the design files more understandable by 
means of the macro-definition. The "range notation" also applies 
to state definitions so that counters and similar circuits can be 
conveniently defined. It is possible to select with a single 
statement the relevant variables out of a whole set of input 
variables. 

In addition to the usual syntax check, LOG/iC verifies the logical 
consistency. At a very early stage of the design flow, inconsisten- .. 
cies are pointed out to the designer. The Consistency Checker ~ 
reports its results in the form of information, warnings, and errors 

** WARNING ** 
** WARNING ** 
**** INFO **** 
**** INFO **** 
**** INFO **** 

indicating the line where they occur. 

Incompletely specified branches of a state or incomplete function 
tables are indicated as a warning. Ambiguous outputs of a table, 
on the other hand, as well as contradictory branches and outputs 
of a state machine are indicated as an error. The LOG/iC 
consistency check detects even complex error conditions, such 
as states that can't possibly be reached by running the circuit. 

CIRCUIT DEFINITION 
CONSISTENCY CHECK 

JJ 
STATE 1 INCOMPLETELY DEFINED 
STATE 4 INCOMPLETELY DEFINED 

NO EXIT FROM STATE 4 
STATE 3 CANNOT BE REACHED FROM INITIAL STATE 
STATE 4 CANNOT BE REACHED FROM INITIAL STATE 

INCONSISTENT NEXT-STATE ENTRIES IN LINE 1 AND LINE 

INCONSISTENT CONTROL-VECTORS IN LINE AND LINE 

*** LOG/iC ERROR TERMINATION: CONSISTENCY-CHECK *** 
418 05 
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CIRCUIT DEFINITION 
CONSISTENCY CHECK 

VERIFICATION 

12 STAGE COUNTER, 1-0F-N il 
s c R c c 
T L E 0 D N Q Q 
A 0 s u 0 T Q Q Q Q Q 

T c E N w 1 1 1 Q Q Q 
E K T T N 2 1 0 9 B 7 

- 0 - 1-- 0 - 1- 0 - 1 - 0 - 1 -- 0 - 1 - 0 - 1- 0 - 1 - 0 - 1 - 0 - 1 - 0 - 1-
12 

12 

11 

10 
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Verification 

The option "Functional Verifier" is a simulator that applies stimuli 
to the circuit definition in order to verify its correct logical behavior. 
This simulation is not influenced by any devices and it provides a 
quick verification of the design definition. Its operation, similar to 
a Logic State Analyzer, is screen-based and therefore easy to run. 
The results of such a simulation are indicated in the form of wave
forms. Inputs can be changed on line in the interactive mode and 
the reaction of the simulated circuit willbe indicated immediately. 

means of an exact procedure, called the "FACT Algorithm". PLA 
circuits, on the other hand, are optimized by means of a "bundle"
minimization. Multi-level gate logic for gate and cell arrays is 
optimized through a special procedure. For ROM-based control
lers, the optimizer computes various possible solutions. 

By offering a choice of optimizers, LOG/iC enables the user to 
optimize a defined circuit for very different realizations in a short 
period of time. The optimization reports produced in this way are 
tailored to specific device families. They are decision aids for the 
designer when he wants to realize a particular circuit. 

Optimization 

The data input and consistency checks are completely independ
ent of the device. Optimization, however, is tailored to each 
specific family of devices. Even during optimization, there is still 
no need to specify the type. PAL device designs are optimized by 

All the optimizers are described in more detail on their respective 
data sheets. 

418 07 

3.70 

CIRCUfT DEFINITION 
CONSISTENCY CHECK 

VERIFICATION 
OPTIMIZATION 

JJ 
SYNTAX AND CONSISTENCY CHECK: NO ERRORS 
READING RESULTS OF PHASE 1 
READING GATE LIBRARY 

START: 
EXPANSION: 
TRANSFORMATION: 
FANOUT ADJUSTMENT: 

COST 
COST 
COST 
COAT 

447 STAGE LIMIT 
229 STAGES 
256 STAGES 
260 STAGES 

FINAL COST ~ 260, REDUCTION ~ 41%, 
7 STAGES, MAX DELAY~ 98.4 
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PAL-TYPE: PAL16RP6 

ROW ADDRESS 

8 00256 
9 00288 

10 00320 

16 00512 
17 00544 
18 00576 
19 00608 

Realization 

R 

LOG/iC 

CIRCUIT DEFINITION 
CONSISTENCY CHECK 

VERIFICATION 
OPTIMIZATION 
REALIZATION 

JJ 
E S T S 
S TM U MM M 
EN FF TT TT TT EA FF FN 
TCG2AKZLOMRZ112C 

0 0 0 0 0 1 1 1 1 1 2 2 2 2 2 3 
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 0 

--x- ---x x---
x-x-

--x- x--x ---x 
x--- -x-x -x--
x--- ---x --x-
x--- -x-- ---x 
x--- ---x --x- x---

Test Aid 

SMF2 

TK 

418 08 

In the case of a PLO design, LOG/iC fits the optimized data into 
the device structure of a particular device and produces the 
programming and test data for the IC. The structural data are 
taken from the PLO library and the results are transferred to the 
programmer in the form of a JEOEC File. 

LOG/iC is an effective tool for the design of circuits, but it also 
offers many test aids. 

Module package "Gates" produces the net lists of the design in 
various data formats so that it can be transferred to different CAE 
systems. 

If a design is to be realized as a ROM-based controller, the 
designer chooses one of the seven solutions offered by the 
optimizer. The necessary programming and structural data are 
then produced. LOG/iC provides the programming data for 
PROMs in the Intel-Hex format. 

In all module packages, partial designs can be combined in order 
to be realized in one circuit. But at the same time, LOG/iC also 
enables the user to partition a design into various devices. 

For PAL devices, module package 2 automatically generates test 
vectors for a product-term-oriented test on the programmer. 
LOG/iC guarantees 100% product term coverage. Module pack
age 1 supports the input of user-defined test vectors and includes 
them into the JEOEC File. 

Gate array circuits undergo a timing analysis after optimization. 
The results are extensively documented and contain a critical
path analysis. In addition to the microprogam listing, LOG/iC 
generates additional test lists for MARCs. 

CIRCUIT DEFINITION 
CONSISTENCY CHECK 

VERIFICATION 
OPTIMIZATION 
REALIZATION 

TEST SUPPORT 

TEST VECTORS: D 
1: 
1: c R 
1: A E 
1: C QQ QQR 0 G G S v 
1: LXQQ QQR EXN NXEM LRRL MMXC 
1: K112 34YB AN2D D3TO OOUU UM4C 
1: ·------------------------------
1: PNll llNN NNNN PNNN NNNN NNNN 
2: OlHH HHNO lOlN OllH HNNH NLlN 
3: ClHH HHHO lOlN CllN NNNN NNlN 
4: PNOO OlNN NNNN PNNN NNNN NNNN 
5: OOLL LHNl OOON 0011 LHNN HNON 
6: COLL LLHl OOON COlN NNNN NNON 2 418 09 
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Documentation 

ZU_N 
MCOL 
PH11 

KOMBI 
MABL 

SA 

Y_N 
MCOL 
PH11 

KOMBI 
MABL 

SA 

AND 

AND 

LOG/iC 

CIRCUIT DEFINITION 
CONSISTENCY CHECK 

VERIFICATION 
OPTIMIZATION 
REALIZATION 

TEST SUPPORT 
DOCUU"ATION 

G026 

G027 OR 
INV TEO 

Each run of the compiler will be documented in several listings. 
Those listings are laid out according to the selected device family. 
The format of the documents can be determined by the user. 

MARC and gate circuits are documented by Test and Program 
Listings. 

Optimization Reports give information on the number of product 
terms used and the achieved reduction. LOG/iC generates 
Pinouts, Gate Plots and Circuit Block Diagrams. You can, of 
course, get the result in the form of Boolean Equations. 

Fuse Plots (PAL device specific documents) come in the common 
notation; in the case of PROM designs a Hex list is printed out. 

COMPUTER 
OPERATING 

SYSTEM 

VAX VMS (V.4.0) 
ULTRIX (V 1.2) 

MICROVAX MICRO VMS 

APOLLO AEGIS 

HP 9000 HP-UX 

IBM PC/XT" MS-DOS (MIN. 
IBM PC/AT" PC-DOS V. 2.0) 

418 ,, *or compatible 

Computer Hardware 

LOG/iC can be run on a number of computers (16 or 32-bit) with 
different operating systems. 

Porting to other hardware is possible, especially if the operating 
system is already supported. ISDATAwill check the portability on 
request. 

STORAGE 
MEDIUM HARDWARE 

MAGNETIC TAPE VT100 
(1600 BPI) TERMINALS 
CARTRIDGE TK 50 ORCOMPAT. 

5 1/4" DISKETTE 

1/4" TAPE MOD.200 
CARTRIDGE MOD.300 

5 1/4" DISKETTE 
(360 KB) 
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LOG/iC 

Integration into the CAE Environment 

LOG/iC generates the programming data for PLDs in standard 
data formats, such as JEDEC and Intel-Hex. The connection to 
the programmer is supported from the screen by means of a 
special communication module, which emulates various hard
ware and software handshakes. All interlace parameters are 
software selectable, so that LOG/iC can be run together with any 
programmer. 

Function "Help" of the menu gives answers to specific questions. 
Depending on the kind of installation, help is offered in English or 
German. The user can install the software. Explicit instructions 
are given in the handbook and in the installation program. 

Optional interfaces make possible the input of net lists and circuit 
schematics. LOG/iC is therefore compatible with third-party 
systems and can be integrated into an existing environment. This 
is also guaranteed on the output level by the post-processors of 
the module package "Gates". These post-processors outputthe 
gate structure of the design in the form of net lists in various 
common data formats, so that it is possible to transfer the data 
produced by LOG/iC to third-party systems. 

A maintenance contract assures you of prompt updates for the 
program, that also support new devices. In addition, it guarantees 
you immediate help through ISDATAor its representatives in case 
of any application problems. 

Ordering Information 

Each delivery contains the handbook and the storage medium for 
the respective CPU. You can find the order numbers in the 
respective data sheets. 

Example of PAL32VX1 0 Support 
Support of the Designer 

The user of LOG/iC is supported in many ways. With every 
installation comes a handbook that gives extensive information 
on the LOG/iC modules and their operation. The handbooks are 
delivered in English or German. A great variety of examples show 
the range of options offered by the LOG/iC syntax and make it 
easier for the user to get familiar with it. 

The following example demonstrates the ability to use the T-type 
flip-flop in the PAL32VX10 directly though LOG/iC software. 
LOG/iC automatically emulates the T-type flip-flop as needed 
through specific programming of the XOR terms in the 
PAL32VX10. The following file fully describes a modulus-93 
counter. 

*IDENTIFICATION 
BIT STREAM COUNTER FOR 93 BITS (VER.2.l_T-FLIPFLOP) 
GUENTER BIEHL 
ISDATA KARLSRUHE, TEL. 0721 693092 

*DECLARATIONS 
X-VARIABLES 3 
Y-VARIABLES = 1 
Z-VARIABLES = 7 

*X-NAMES 
RESET·= 1, DOWN=2, COUNT=3; 

*Y-NAMES 
CARRY = l; 

*Z-NAMES 
00[6 .• 0] = (7 •• 1]; 

*RUN-CONTROL 
LISTING =·PINOUT, FUSE-PLOT, EQUATIONS; 
PROGFORMAT =JEDEC; 

*Z-VALUES 
S[l •• 93] = [0 •• 92]; 

*FLOW-TABLE 
;COUNTER WITH 93 STATES AND CARRY SIGNAL 
S[l •• 93], Xl--, YO, Fl; RESET CONDITION 
S(l,,93], XOO-, YO, F(l •• 93]; HOLD 
S[l •• 92], XOlO, YO, F[2 •• 93]; COUNT UP 
S93 , XOlO, Yl, Fl; CARRY 
S[2 •• 93], XOll, YO, F[l •• 92]; COUNT.DOWN 
Sl , XOll, Yl, F93; CARRY 

*STATE-ASSIGNMENT 
Z-VALUES; 

*PAL 
TYPE=PAL32VX10; 

*PINS 
RESET=3, COUNT=4, DOWN=S, 
CARRY=22, QO[O •• 6]=(15 .. 21); 

*FLI 
T-FLIPFLOP 

*END 
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LOG/iC 

The product terms are minimized by LOG/iC for inputs to the T
type flip-flops. Compared to a D-type flip-flop implementation, 
only about half as many product terms are required. 

The Boolean equations are generated automatically by LOG/iC 
software. In the equations for the T-type flip-flops, the output 
signals are distinguished by the suffix "T". In addition to the 
equatiqns, LOG/iC generates information on the resulting con' 
figuration of the macrocells and the XOR terms. 

3.74 

BIT STREAM COUNTER FOR 93 BITS (VER.2.l_T-FLIPFLOP) 
GUENTER BIEHL 
ISDATA KARLSRUHE, TEL. 0721 693092 
28-0CT-86 12:29:35 

*************************************************************** 
*** BOOLEAN EQUATIONS *** 
························································~······ 
OOO:T := /001 & /002 & /003 & /004 & /005 & /006 

& /RESET& DOWN & COUNT 
+ 001 & 002 & 003 & 004 & 005 & 006 

& /RESET& DOWN & /COUNT 
+ ooo & RESET 
+ ooo & 002 & 003 & 004 & DOWN & /COUNT 

OOl:T := 002 & 003 & 004 & 005 & 006 & /RESET 
& DOWN & /COUNT 

+ 001 & RESET 
+ 001 & /002 & /003 & /004 '& /005 & /006 

& DOWN & COUNT 
+ ooo & /002 & /Q03 & /004 & /005 & /006 

& /RESET& DOWN & COUNT ; 

002:T := /003 & /004 & /005 & /006 & /RESET& DOWN 
& COUNT 

+ 003 & 004 & 005 & 006 & /RESET& DOWN 
& /COUNT 

+ 002 & RESET 
+ ooo & 002 & 003 & 004 & DOWN & /COUNT 

003:T := /004 & /005 & /006 & /RESET& DOWN & COUNT 
+ 004 & 005 & 006 & /RESET& DOWN & /COUNT 
+ 003 & RESET 
+ ooo & 002 & 003 & 004 & DOWN & /COUNT 

004:T := /005 & /006 & /RESET& DOWN & COUNT 
+ 005 & 006 & /RESET& DOWN & /COUNT 
+ 004 & RESET 
+ 000 & 002 & 003 & 004 & DOWN 

/005:T := /RESET& /DOWN 
+ /Q06 & /RESET& /COUNT 
+ 006 & /RESET& COUNT 
+ /005 & RESET 
+ /000 & /001 & /002 & /003 & /004 & /005 

& COUNT ; 

/006:T := /000 & /001 & /002 & /003 & /004 & /005 
& /006 & COUNT 

+ /RESET& /DOWN 
+ /006 & RESET 
+ 000 & 002 & 003 & 004 & /COUNT ; 

CARRY := /000 & /001 & /002 & /003 & /004 & /OOS 
& /006 & /RESET& DOWN & COUNT 

+ 000 & 002 & 003 & 004 & /RESET& DOWN 
& /COUNT ; 
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ISDATAGmbH 
Haid-und-Neu Strasse 7 
D-7500 Karlsruhe 1 
West Germany 
Tel: 07211693092 

Representatives 

Switzerland 

CAS 
Computer Access Systems AG 
Papiermuehlestr. 145 
CH-3063 lttigen 
Tel.: 031-587844 

Italy 

lnstrumatic 
Via Piave u. 22/A 
1-20016 Pero (Milano) 
Tel.: 02-3538041 

Spain 

lnstrumatic Espanola SA 
Paseo de la Castellana 127-2-A 
E-28046 Madrid 
Tel.: 01-455 8112 

Great Britain 

lnstrumatic U.K. Ltd. 
First Avenue 
Globe Park 
Marlow, Bucks. SL7 1YA 
Tel.: 06284-76741 

Netherlands 

Diode Nederland 
Meidoornkade 22 
NL-3992 AE Houten 
Tel.: 03403-91234 

Scandinavia 

Pronesto AB 
Saab-Scania Combitech Group 
BOX 1358 
S-171 26 Solna 
Sweden 
Tel.: 08-733 93 00 

France 

AK Division Electronique 
54 Avenue Emile-Zola 
F-75015 Paris 
France 
Tel.: 0033-1-45 75 53 53 

LOG/iC 

OEM Partners 

Kontron 
Kontron Metechnik GmbH 
Oskar van Miller Str. 17 
D-8057 Eching 
Tel.: 08165-77-1 

Kontron 
630 Clyde Ave. 
Mountain View, CA 94039-7230 
(415) 965-7020 

Elan Digital Systems, Ltd./U.K. 
16 -20 Kelvin Way 
Crawley, West Sussex 
RH10 2TS 
Tel.: 0293-510448 

DigelecAG 
Doerfli Strasse 14 
CH-8057 Zurich 
Tel.: 01-312 4622 

Digelec 
1602 Lawrence Ave. 
Suite 113 
Ocean, NJ 07712 
(800) 367-8750 

SMS 
Microcomputer-Systeme 
Im Morgental 13 
D-8994 Hergatz 
Tel.: 07522-4460 

Micropross 
Pare d'activite des Pres 
5, rue Denis-Papin 
59650 Villeneuve d'Ascq 
France 
Tel.: 20 47 90 40 

~ NlonollthlaWMemorles ~ 3.75 



Programming 

There are two common situations when a PAL.device user wants 
to program parts: 

1. The user has a master device and wants to program the mas
ter pattern into new unprogrammed parts from the same or 
from a different manufacturer. 

2. The user has a file that is in JEDEC standard Programmable 
Logic Data Transfer Format and wants to send the file to a 
programmer and program parts to that pattern. 

All approved programmers can accomplish either of these tasks. 
You will have to refer to your programmer manual for detailed 
procedures, but here are some general guidelines: 

Programming with the Use of a 
Master Device 

Suppose you have a master device and yciu want to program a 
device of the same type with exactly the same pattern. The 
master device can be an MMI or AMO device or another 
manufacturer's functionally equivalent.device. Follow these 
steps: 

1. Set the programmer to read (or copy) the master device. This 
may require having a hardware adaptor for the master and 
entering a product code unique to the manufacturer and 
device type. 

2. Install the correct adaptor (H required). Enter the appropriate 
product code information or select the device type from the 
menu. Then place the master device in the correct socket and 
read its fuse pattern into the programmer memory. Use 
whatever operating sequence is required by the programmer 
for this operation. 

3. The pattern is now in the programmer memory and will remain 
there until the memory is cleared or the programmer power is 
turned off. Changing an adaptor or product code will not erase 
the memory. Usually at the end of a copy operation a 
checksum will be displayed. Make a note of this number. The 
checksum is a calculated hexadecimal code for the pattern 
loaded into memory. It can be very helpful in diagnosing any 
programming problems. If a part is to be re-used frequently as 
a master device it is a good practice to write the checksum on 
the top of the part. Never proceed with programming without 
checksum agreement after reading a master. 

Error Detection 

As a matter of curiosity take the part out of the socket once and 
read an empty socket. Also read a known blank part (using the 
right adaptor). Checksums from these two situations will be 
h'!lpful in diagnosing two common problems when programming 
from masters: 

Forgetting to lock down the socket lever to make good contact 
after loading a part 

• Loading an unprogrammed part as a master by mistake. 

4. Now prepare the programmer for the device to be pro
grammed with the master pattern loaded into memory. Some 
programmers require different adaptors for different 
manufacturer's parts. If the programmer being used has this 
requirement, be sure to use the proper adaptor for the exact 
part number to be programmed. Using the wrong adaptor can 
cause permanent damage to the parts. Always check for 
adaptor compatibility. 

' 
5. Everything's OK. You have the correct adaptor, the right 

device code (or have selected the device from the menu) and 
you wrote down the checksum that you got after loading the 
master. Now put the programmer in the mode used for 
programming from Its memory and execute the programming 
operation. · 

There is some variation in the sequence of events carried out by 
different programmers during the programming cycle, but all of 
them program and verify the appropriate fuses to match the 
pattern in the programmer memory. Such operations as Blank 
Checks, Illegal Bit Checks, Test Vector Testing, and Security Fuse 
Programming can be apart of the programming seql!ence. Check 
the programmer manufacturer's manual for the availability and 
appropriate use of these features. 

The essential part of the programming cycle is the programming 
and verification of each fuse followed by a verHication of all fuses 
at both low and high Vee. At the very end of the programming 
sequence you wilrsee the checksum for the part you have just 
programmed. This checksum should agree with the n:iaster part 
checksum. You now have a programmed part that is functionally 
identical to the master. 
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Programming 

Programming From a JEDEC File 

A JED EC standard file is the output of design software packages 
used to specify programming pattern information to a program
mer. All approved programmers will accept JEDEC files. A 
JEDEC file is normally generated on a computer by PLO design 
software. The unique aspect of programming from a JEDEC file 
is the transfer of the file to the programmer. After the file has been 
transferred into the programmer, the programming task is identi
cal to programming from a master with one exception. The 
exception is that design software may be used to prepare test 
vectors to be applied to a device immediately following the 
programming cycle. These vectors will be transmitted with the 
JED EC fuse file and they have a JED EC standard format of their 
own. 

General guidelines for transfer of a JEDEC file and programming 
are as follows: 

1. Make sure your file is in the standard JEDEC format. This will 
not be a problem if you are using software for file preparation 
that adheres to this standard. 

2. Connect the JEDEC file source to the programmer with an 
RS232 cable. The programmer manual will describe the con
nection details. 

3. Prepare the programmer for receiving aJEDECfileover a link. 
This will generally involve entering the product code informa
tion and putting the programmer in a ready-to-receive mode. 

4. Transmit the file from the computer source using commer
cially available communications software or operating system 
commands. 

5. After transmission a checksum should appear on the pro
grammer display. Part of the JEDEC standard file is a 
checksum. If the displayed checksum is the same as the 
JEDEC file generated checksum transmission has been 
successful. 

6. Program a PAL device by first installing the correct adaptor 
(ii needed) and then entering the programming mode. Finally 
put a part in the socket and execute the programming 
operation. 

Register Preload 

Register pre load is an aid to functional testing of registered PAL 
devices. Functional testing is usually performed after a device is 
programmed but before it is installed on the circuit board. Func
tional testing exercises the functional logic circuitry of a device 
that is not fully testable prior to programming, providing a higher 
final quality level for programmable products. For a more thor
ough discussion of functional testing and related quality issues 
see the "ProPAL/HAUZHAL" section, page 3-104. 

Using register preload, the registers of a device can be "pre
loaded"to any desired state value. The ability to set the registers 
to any arbitrary value is extremely useful for testing state machine 
designs where the output is fed back into the array as an input. It 
lets the user check for deadlock loops and proper recovery from 

illegal states. It also simplifies testing state transitions of states 
which may be difficult to reach through normal state transitions. 

Consider the example of the 6-state counter illustrated in the state 
machine diagram of Figure 1. 

Figure 1. 419 1 

States 6 and 7 are illegal states, both transitioning to state 4. If 
the registers of the device are not preloadable, it is difficult to 
check for recovery from these states since they cannot be 
reached through normal state transitions. If register preload is 
available, however, it is a simple matter to write a set of vectors 
that sets the device to the illegal state and then clocks it and 
checks proper recovery. 

If the device powers up in state 1 and you want to test the 
transition from state 0--+ 1, the only way to check that transition 
is to write a series of vectors that cycle the device through the 
state sequence starting at state 1, until the desired state, state 0, 
is reached. With register preload, reaching state O is simply a 
matter of writing a vector that sets the device to that state. 

In general, register preload simplifies the task of writing test 
vectors for functional testing, and is especially helpful in testing 
the conditions described in this discussion. However, test vectors 
written utilizing register pre load can provide only a limited amount 
olfunctional coverage. Full coverage can only be achieved when 
the vectors used to test the device simulate actual operating 
conditions, and preload is not a normal operating condition. 

Programmer Support 

Not all programmers support register preload. The programmer 
guide lists the programmers that do support this feature. For 
more specific information regarding your programmer, contact 
the manufacturer. 

Choosing the Right Programmer 

Monolithic Memories has qualified several PAL device program
mers, and choosing among them is not simple. You must 
consider many factors. Does the programmer handle all of the 
devices you will be using? Does It program PAL devices, 
sequencers, PLE devices, and PROMs? Does it program TTL, 
EPROM CMOS, EEPROM CMOS, and ECL technology prod
ucts? How easily is it upgraded for future devices? Does it have 
provisions for test vectors, accepting JED EC files, or a handler 
interface? And what about cost? 
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APPROVED PROGRAMMERS-PRODUCTS & FEATURES-CHART 

PROGRAMMER DATAl/O STAG 
29 M60 US40 PPZ ZL30 

FEATURES 
PRICE M M H M 
TEST VECTORS y y y y 
PRELOAD y y y N 
ACCEPTS JEDEC y y y y 
PIN CONTINUITY y y y y 
FINGERPRINT y y N N 
HANDLER y y y y 
CRT. N N N y 
STANDALONE y y N y 
SECURITY CHECK y y y y 
FAST PROGRAM N y y y 
ASSEMBLER y N N y 
DISASSEMBLER N N N N 
1 PULSE PROG. y y y N 

NOTE: Y=YES N=NO 

Despite these variations in features, today's programmers fall 
into two broad categories, PC-based programmers and standa
lone programmers. PC-based programmers consist of a board 
(that plugs into a PC) and an external box with socket(s) for the 
device being programmed. The plug-in board contains the 
"intelligence" of the programmer, and, as the name implies, 
these programmers require a PC for use. Standalone program
mers can perform all programming operations without a PC. PC
based programmers are usually lower cost and lower perform
ance design and development tools that support a limited number 
of devices and have limited capabilities. Standalone program
mers offer higher performance (e.g., faster programming), and 
are oriented to the production environment. 

The chart above lists programmer features, as well as current 
support for some of the newer part types. This information should 
help you decide on the best programmer for your needs. 

Approved Programmers 

Monolithic Memories and Advanced Micro Devices PAL devices 
are manufactured under strict processing procedures to provide 
our PAL device users with the highest-quality PAL devices avail
able. We take the same approach in our programmer vendor 
approval process, and recommend that you choose an approved 
programmer for your PAL device programming needs. 

The Benefits of Using Approved Programmers 

When you choose an approved programmer you gain all the 
benefits of our thorough vendor evaluation. You can feel confi
dent investing in equipment that will give you consistently reliable 
results and will be able to support current and future generations 
of programmable logic devices. When you select an approved 
program mer you get many benefits: 

L 
y 
N 
y 
y 
N 
y 
N 
y 
N 
y 
N 
N 
N 

DIG- MICRO-
ELEC KONT- STORY SDI VARIX PROSS JMC 
803 RON SYS. 1000 OMNI 5000 

M M L L M M 
y y y y y y 
N N y N y y 
y y y N y y 
N y N y N N 
N N N N N N 
N N N y N N 
y N N N N y 
y y y N N y 
N y N N N N 
N N N N N N 
y N N y N N 
y N N N N y 
N N N N N N 

Your programmed product is backed by our corporate 
warranty. 
New features and algorithm updates are quickly imple
mented. 

P3 

L 
y 
y 
y 
N 
N 
N 
N 
y 
N 
N 
N 
N 
N 

Any new programmer software and hardware releases are 
factory evaluated and approved before release. 
Your equipment will have a long "technical lifetime". 
Through our sales force and Field Applications Engineers 
you have a factory interface with the programmer vendors to 
deal with any issues or concerns that might arise. 

The Approval Process 

The Programmability Group at Monolithic Memories works 
closely with our programmer vendors to ensure that high-quality 
programming and testing support is available to all users of our 
PLDs. 

To gain approval a programmer must pass a rigorous series of 
tests which include: 

Conformity to programming specifications. 
Devices programmed must pass all reliability tests. This 
reliability testing is performed by Monolithic Memories as 
part of the evaluation. 

• Programmer must meet programming yield requirements for 
both array and security fuse programming. 
Programmer must be able to support JEDEC format files 
and communication standards. 

Programmer vendors are encouraged to support structured test 
vector testing and preload capability, pin continuity and pre
programming security fuse checking. 
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New Product Support 

Approved programmers must also provide timely support for new 
products and programming algorlthm updates and revisions. 
This ensures PAL device users that no matter which approved 
programmer they choose, they can feel confident that it will 
support the latest and greatest PLDs we have to offer. 

Additionally, we work closely with our approved vendors in the 
development of their new programmers and our new PLDs. This 
means that their new products will be able to support our future 
PLO offerings. 

A Broad Range of Programmers 

We work with a broad range of programmer vendors, so you can 
find a programmer to suit your engineering needs as well as your 
budget. Approved programmers cover the range from economi
cal engineering/design prototyping tools to high-volume produc
tion units. We have a worldwide programmer vendor base, so 
programming support is available no matter where you use PAL 
devices. Approved programmers are available from American, 
British, French, German and Japanese vendors. 

Our quality and reliability guarantees are made for products 
programmed with approved programmers only. Use of unap
proved programmers voids our corporate warranty and may 
result in poor manufacturing yields and product performance. 
The Approved Programmer section in this handbook is a valuable 
tool. The information it contains can help you obtain consistent, 
reliable high-quality programming results with your PLDs. 
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Adams MacDonald Enterprises, Inc. 
(408) 373-3607 

20 Pin Device Families 

Family Product 

Sequencer AmPAL23S8-20/-25 

Asynchronous PAL16RA8 

PAL16RPSA PAL16PSA 
Programmable PAL16RPSA 
Polarity PAL16RP6A 

PAL16RP4A 

PAL16R8·10 PAL 16L8-10/H-15 
PAL16R8-10/H-15 
PAL16R6-10/H-15 
PAL16R4-10/H-15 

PAL16R8D/B PAL16LSD/B 
PAL16RSD/B 
PAL16R6D/B 
PAL16R4D/B 

AmPAL16R8 Am PAL 16L8/B/AUA/Q/L 
Am PAL 16R8/BIAUA/Q/L 
Am PAL 16R6/BIAUA/Q/L 
Am PAL 16R4/BIAUA/QIL 

PAL 16R8/B-2/B-4/ PAL 16L81B-21B-41A/A-21A-4 
A/A-2/A-4 PAL 16R8/B-2/B-4/A/A-21A-4 

PAL16R6/B-2/B-4/AIA-2/A-4 
PAL16R4/B-21B-41A/A-2/A-4 

PALC16R8Q-25 PALC16LSQ-25 
(CMOS) PALC16RSQ-25 

PALC16R60-25 
PALC16R40-25 

AmPAL16HD8 Am PAL 16HSA/L 
AmPAL 16HDSA/L 
AmPAL16LDBAIL 

Arithmetic PAL16X4 

Combinatorial AmPAL 18P8B/AUA/Q/L 

PAL10H8 PAL 10H8/-2 
Combinatorial PAL10L8/-2 

PAL12H61-2 
PAL12L61-2 
PAL14H4/-2 
PAL14L41-2 
PAL 16H2/-2 
PAL16L2/-2 
PAL16C1/-2 

24 Pin and MegaPAL Device Families 

Family Product 

Macrocell (Async) AmPALC29MA 16-351-45 

Macrocell (Sync) AmPALC29M16-351-45 

Varied with XOR PAL32VX10/A 

Varied Product Terms AmPAL22V101-151A 

Varied Terms (CMOS) PALC22V10H-25/35 

Registered XOR PAL22RX8A 

Software Rev. 

-
3.0 

3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 

3.0 
3.0 
3.0 
3.0 

-
-
-
-
3.0 
3.0 
3.0 

3:0 

3.0 

3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 
3.0 

Software Rev. 

-
-
-
3.0 

-
-
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1.0 PROMAC P3 

S1/S2 

-
1/12 

1/0 
1/1 
1/2 
1/3 

510 
511 
5/2 
513 

510 
511 
5/2 
5/3 

-
-
-
-

0110 
0111 
0112 
0113 

-
-
-
-
-
-
-

0114 

-
0/1 
016 
0/2 
017 
013 
018 
014 
0/9 
0/5 

S1/S2 

-
-
-
-
-
-
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Adam's MacDonald Enterprises, Inc. 

Family Product Software Rev. 
Asynchronous PAL20RA10-20 3.00 

PAL20RA10 3.00 
AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L -

AmPAL20XRP10-20/-30U-30/-40L -
AmPAL20XRP8-20/-30U-30/-40L -
AmPAL20XRP6-20/-30U-30/-40L -
AmPAL20XRP4-20/-30U-30/-4'll -

PAL20RS10 PAL20S10 3.0 
Shared Product PAL20RS10 3.0 
Terms PAL20RS8 3.0 

PAL20RS4 3.0 

PAL20X10A PAL20L10A 3.0 
Excluslve OR PAL20X10A 3.0 

PAL20X8A 3.0 
PAL20X4A 3.0 

PAL20X10 PAL20l10 3.0 
Excluslve OR PAL20X10 3.0 

PAL20X8 3.0 
PAL20X4 3.0 

AmPAL20L10 AmPAL20L 1 OB/-20/AL -
AmPAL20RP10 AmPAL22P1 OB/AU A -

AmPAL20RP1 OB/AU A -
AmPAL20RP8B/AUA -
AmPAL20RP6BIAUA -
AmPAL20RP4BIAUA -

PAL20R8B/B-2/AIA·2 PAL20L8BIB-21AIA·2 3.0 
PAL20R8BIB·21AIA-2 3.0 
PAL20R6BIB-2/AIA-2 3.0 
PAL20R4B/B-21AIA-2 3.0 

PALC20R8Z PALC20L8Z-35/-45 -
Zero Standby Power PALC20R8Z-351-45 -

PALC20R6Z-35/-45 -
PALC20R4Z-35/-45 -

Decoder PAL6L16A 3.0 
PAL8L14A 3.0 

PAL12L10 PAL12L10 3.0 
Comblnatorlal PAL14L8 3.0 

PAL16L6 3.0 
PAL18L4 3.0 
PAL20L2 3.0 
PAL20C1 3.0 

MegaPAL Device PAL32R16 -
PROSE Device PMS14R21/A -
Programmable Logic PLS105-37 -
Sequencer PLS167-33 -

PLS168-33 -
Fuse Programmable Am29PL141 -
Controller 
Programmable Event Am2971 -
Generator 
ECL Registered PAL 1OH/10020EV!EG8 -
ECL Comblnatorlal PAL10H20P8 -
ECLLatched PAL10H20G8 -
Notes: ·-· = Contact programmer manufacturer. 

The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 

S1/S2 
3/4 
3/4 

-
---
-
315 
3/6 
317 
3/8 

217 
2115 
3/0 
311 
217 

2112 
3/13 
3/14 

-
-
-
-
--
2/8 
219 

2110 
2111 

---
-

3/11 
3110 
212 
213 
214 
215 
216 
211 

-
-
--
-
-
-
-
-
-
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Data 1/0 

(800) 247·5700 

20 Pin Device Families 

Family 
Sequencer 
Asynchronous 

PAL16RP8A 
Programmable 
Polarity 

PAL16R8·10 

PAL16R8D/B 

AmPAL16R8 

PAL 16R8/B·21B·41 
AIA·2/A-4 

PALC16R8Q.25 
(CMOS) 

AmPAL16HD8 

Arithmetic 

Combinatorial 
PAL10H8 
Combinatorial 

Programmer Reference Guide 

Product 
AmPAL23S8-20/-25 
PAL16RA8 

PAL16P8A 
PAL16RP8A 
PAL16RP6A 
PAL16RP4A 
PAL16L8-10/H-15 
PAL16R8-10IH-15 
PAL 16R6-10/H-15 
PAL16R4-10/H-15 
PAL 16L8D/B 
PAL16R8D/B 
PAL 16R6D!B 
PAL16R4DIB 
AmPAL 16L8/B/AUA/Q/L 
Am PAL 16R8/BIAUAIQ/L 
AmPAL 16R6/B/AUAIQ/L 
Am PAL 16R4/B/AUAIQ/L 

PAL 16L8/B-2/B-4/AIA-2/A-4 
PAL16R8/B-2/B-4/AIA-2/A-4 
PAL16R6/B-2/B-4/AIA-2/A-4 
PAL 16R4/B-2/B-4/AIA-2/A-4 

PALC16L80-25 
PALC16R80-25 
PALC16R60-25 
PALC16R40-25 

AmPAL16H8A/L 
AmPAL16HD8AIL 
AmPAL16LD8AIL 
PAL16X4 
AmPAL 18P8B/AUAIQ/L 
PAL10H8/-2 
PAL 10L8/-2 
PAL12H6/-2 
PAL 12L6/-2 
PAL14H4/-2 
PAL14L4/-2 
PAL 16H2/-2 
PAL16L21-2 
PAL16C1/-2 

1.1 Logic Pak 303A 
1.1.1 P/T Adapter 303A·002 

1.1.2303A·ECL 
1.1.3 303A·011 A/B 

2.0 System 19, 29A, 298, Unlsite 40 
3.0 System 19, 22, 29A, 298, Unlsite 40 

Generic 
Adapter Adapter Code 

- - 97-84 
303A-002-V08 303A-011AIB-V01 22-30 

303A-002-V08 303A-011AIB-V01 22-30 
303A-002-V08 303A-011AIB-V01 22-31 
303A-002-V08 303A-011AIB-V01 22-31 
303A-002-V08 303A-011AIB-V01 22-31 

- 303A-011AIB-V02 22-17 
- 303A-011AIB-V02 22-67 
- 303A-011A!B-V02 22-67 
- 303A-011AIB-V02 22-67 

303A-002-V08 303A-011A!B-V01 30-17 
303A-002-V08 303A-011AIB-V01 30-24 
303A-002-V08 303A-011AIB-V01 30-24 
303A-002-V08 303A-011AIB-V01 30-24 

- 303A-011AIB-V05 97-81 
- 303A-011A!B-V05 97-80 
- 303A-011AIB-V05 97-82 
- 303A-011AIB-V05 97-17 

303A-002-V08 303-011 AIB-V01 22-17 
303A-002-V08 303-011A/B-V01 22-24 
303A-002-V08 303-011AIB-V01 22-24 
303A-002-V08 303-011 A!B-V01 22-24 

- 303A-011 AIB-V04 DB-17 
- 303A-011 A!B-V04 DB-24 
- 303A-011 A!B-V04 DB-24 
- 303A-011A!B-V04 DB-24 

- 303-011A!B-V05 97-25 
- 303-011AIB-V05 97-25 
- 303-011AIB-V05 97-17 

303A-002-V08 303A-011AIB-V01 22-24 

- 303A-011A!B-V01 97-29 
303A-002-V08 303A-011 A!B-V01 22-18 
303A-002-V08 303A-011AIB-V01 22-13 
303A-002-V08 303A-011A/B-V01 22-19 
303A-002-V08 303A-011AIB-V01 22-14 
303A-002-V08 303A-011 AIB-V01 22-20 
303A-002-V08 303A-011 A!B-V01 22-15 
303A-002-V08 303A-011 A!B-V01 22-22 
303A-002-V08 303A-011AIB-V01 22-16 
303A-002-V08 303A-011AIB-V01 22-21 

24 Pin and M~aPAL Device Families 

Generic 
Faml.!Y_ Product Ad~er Ad~er Code 

Macrocell (Async) AmPALC29MA 16-35/-45 - - -
Macrocell(Sync) AmPALC29M16-35/-45 - - -
Varied with XOR PAL32VX10/A - 303A-011AIB-V01 22-77 

Varied Product Terms AmPAL22V10/-15/A - 303A-011AIB-V01 97-28/83 

Varied Terms (CMOS) PALC22V1 OH-25135 - 303A-011AIB-V02 DB-28 

Registered XOR PAL22RX8A - 303A-011AIB-V01 22-78 
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Data 1/0 
20 Pin Device Famllles 

M60 Unlslte40 
Family Product Rev. Rev. System Pak 
Sequencer AmPAL23S8·201·2S V11 - ALL 303A-V04 
Asynchronous PAL16RAB VOS 1.S4 ALL 303A-V04 

PAL16RP8A PAL16PBA VOS 1.S4 ALL 303A-V04 
Programmable PAL16RPBA VOS 1.S4 ALL 303A-V04 
Polarlty PAL16RP6A VOS 1.S4 ALL 303A-V04 

PAL16RP4A VOS 1.S4 ALL 303A-V04 
PAL16RB·10 PAL16L8·101H-1S VOS 1.S4 ALL 303A·V04 

PAL16RB·10/H-1S VOS 1.S4 ALL 303A·V04 
PAL 16R6·10/H·1S VOS 1.S4 ALL 303A·V04 
PAL16R4-10/H·1S VOS 1.S4 ALL 303A-V04 

PAL16R8D/B PAL16LBDIB V11.1 1.S4 ALL 303A·V04 
PAL16RBDIB V11.1 1.S4 ALL 303A·V04 
PAL16RSDIB V11.1 1.S4 ALL 303A·V04 
PAL16R40/B V11.1 1.S4 ALL 303A·V04 

AmPAL16R8 AmPAL 16L8/BIAUAIOIL V11.1 1.3 ALL 303A·V04 
Am PAL 1 SRB/BIAUAIQIL V11.1 1.3 ALL 303A·V04 
AmPAL 1 SRSIB/AUAIQ/L V11.1 1.3 ALL 303A·V04 
Am PAL 16R4/BIAUAIOIL V11.1 1.3 ALL 303A·V04 

PAL 16R8/B·21B-4/ PAL 16LBIB·21B·4/AIA-2/A-4 VOS 1.S4 ALL 303A·V04 
AIA·2/A·4 PAL 16RBIB·2/B·4/AIA·21A·4 VOS 1.S4 ALL 303A·V04 

PAL 16R6/B·21B·41AIA·2/A·4 VOS 1.S4 ALL 303A·V04 
PAL16R41B·21B·41AIA·21A·4 VOS 1.S4 ALL 303A-V04 

PALC16R8Q-2S PALC16L80·2S - - ALL 303A-V04 
(CMOS) PALC16R80·2S - - ALL 303A·V04 

PALC16R60·2S - - ALL 303A-V04 
PALC16R40·2S - - ALL 303A·V04 

AmPAL16HD8 AmPAL16HBAIL V03 1.3 ALL 303A-V04 
AmPAL 16HDBAIL V03 1.3 ALL 303A·V04 
AmPAL16LDBAIL V03 1.3 ALL 303A·V04 

Arithmetic PAL16X4 VOS 1.S4 ALL 303A·V04 II 
Combinator la I AmPAL 1 BPBBIAUAIQIL VOS 1.3 ALL 303A·V04 
PAL10H8 PAL10H81·2 VOS 1.S4 ALL 303A-V04 
Comblnatorlal PAL10LB/·2 VOS 1.S4 ALL 303A·V04 

PAL12H61·2 VOS 1.S4 ALL 303A-V04 
· PAL12L61·2 VOS 1.S4 ALL 303A-V04 

PAL14H4/-2 VOS 1.S4 ALL 303A-V04 
PAL14L41·2 VOS 1.S4 ALL 303A·V04 
PAL16H21·2 VOS 1.S4 ALL 303A-V04 
PAL16L21·2 VOS 1.S4 ALL 303A-V04 
PAL16C1/-2 VOS 1.S4 ALL 303A-V04 

24 Pin and MegaPAL Device Famllles 

M60 Unlslte40 
Family Product Rev. Rev. ~tem Pak 

Macrocell (Async) AmPALC29MA 16-3S/-4S - - - -
Macrocell (Sync) AmPALC29M16-3S/-4S - - - -
Varied with XOR PAL32VX10/A V10 1.S4 ALL 303A·V04 

Varied Product Terms AmPAL22V10/-1S/A V03 1.3 ALL 303A·V04 

Varied Terms (CMOS) PALC22V1 OH·2S/3S V10 1.S4 ALL 303A·V04 

Registered XOR PAL22RXBA V10 1.S4 ALL 303A-V04 
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Data 1/0 
24 Pin and MegaPAL™ Device Families 

Generic 
Family Product Adapter Adapter 

Asynchronous PAL20RA 10-20 - -
PAL20RA10 303A-002-V08 303A-011A/B-V01 

AmPAL20XRP10 AmPAL22XP10·20/·30U-30/-40L - 303A-011A/B-V02 
AmPAL20XRP10-20/-30U-30/-40L - 303A·011 AIB·V02 
AmPAL20XRP8·20/-30U-30/-40L - 303A·011A/B-V02 
AmPAL20XRP6-20/·30U·30/-40L - 303A·011A/B-V02 
AmPAL20XRP4-20/-30U-30/-40L - 303A·011AIB·V02 

PAL20RS10 PAL20S10 303A-002-V08 303A-011A/B-V01 
Shared Product PAL20RS10 303A-002-V08 303A-011AIB·V01 
Terms PAL20RS8 303A·002·V08 303A-011A/B-V01 

PAL20RS4 303A·002·V08 303A-011A/B-V01 

PAL20X10A PAL20L10A 303A·002·V08 303A-011AIB·V01 
Exclusive OR PAL20X10A 303A·002·V08 303A-011A/B-V01 

PAL20X8A 303A-002·V08 303A-011A/B-V01 
PAL20X4A 303A-002-V08 303A·011AIB·V01 

PAL20X10 PAL20L10 303A-002-V08 303A·011AIB·V01 
Exclusive OR PAL20X10 303A-002·V08 303A-011AIB·V01 

PAL20X8 303A-002·V08 303A-011A/B-V01 
PAL20X4 303A·002·V08 303A-011A/B-V01 

AmPAL20L10 AmPAL20L 108/-20/ AL - 303A-011 A-V02 

AmPAL20RP10 AmPAL22P108/AUA - 303A·011 A·V02 
AmPAL20RP1 OB/ AU A - 303A-011 A·V02 
AmPAL20RP88/AUA - 303A-011A·V02 
AmPAL20RP68/AUA - 303A·011A·V02 
AmPAL20RP48/AUA - 303A-011A·V02 

PAL20R8B/B-2*/AIA·2 PAL20L88/B-2/A/A-2 303A·002·V08 303A·011 AIB·V01 
PAL20RBB/B·2/A/ A-2* 303A·002·VOB 303A·011 AIB· V01 
PAL20R68/B·2/AIA·2* 303A·002·V08 303A·011AIB·V01 
PAL20R48/B·2/A/ A-2* 303A-002-V08 303A·011AIB-V01 

PALC20R8Z PALC20L8Z·35/-45 303A·002-V08 303A-011AIB·V02 
Zero Standby Power PALC20R8Z·35/-45 303A·002·V08 303A-011 AIB-V02 

PALC20R6Z ·35/·45 303A·002·V08 303A·011AIB·V02 
PALC20R4Z·35/-45 303A·002-V08 303A·011 AIB·V02 

Decoder PAL6L16A 303A-002·V08 303A-011AIB·V01 
PAL8L14A 303A·002·V08 303A·011A/B-V01 

PAL12L10 PAL12L 10 303A-002-V08 303A-011 AIB·V01 
Combinatorial PAL14L8 303A·002·V08 303A·011AIB-V01 

PAL16L6 303A·002·V08 303A·011A/B-V01 
PAL18L4 303A-002-V08 303A·011 A/8-V01 
PAL20L2 303A-002-V08 303A-011AIB·V01 
PAL20C1 303A-002-V08 303A·011 A/8-V01 

MegaPAL Device PAL32R16 303A/008-V02 -
PROSE Device PMS14R21/A - 303A·011 A/8-V02 

Programmable Logic PLS105·37 - 303A·011A/B-V03 
Sequencer PLS167·33 - 303A·011 AIB·V03 

PLS168·33 - 303A-011AIB-V03 

Fuse Programmable Am29PL141 - 303A·FPC·V01 
Controller 

Programmable Event Am2971 - 303A-011 A-V03 
Generator 

ECL Registered PAL1OH/10020EV/EG8 303A·ECL -
ECL Combinatorial PAL10H20P8 303A-ECL -
ECL Latched PAL10H20G8 303A·ECL -
Notes: "-" = Contact programmer manufacturer. 

The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 
'PAL 20R8 B-2 family code using preload is 22-68 with Generic Adapter V04. 
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Code 

-
22-45 

97·2C 
97-0E 
97-0D 
97-0C 
97-08 

22-43 
22-44 
22-44 
22·46 

22-06 
22·36 
22-36 
22-36 

22-06 
22-23 
22·23 
22·23 

97·06 

97-28 
97-9F 
97·9E 
97-90 
97-9C 

22-26 
22·27 
22·27 
22·27 

46·26 
46-27 
46-27 
46·27 

22·48 
22-49 

22·01 
22·02 
22·03 
22·04 
22-05 
22-12 

22·47 

22·58 

2A-63 
2A·60 
2A-74 

97.79 

-

-
22-42 
22-42 



Programmer Reference Guide 

Data 1/0 
24 Pin and MegaPAL Device Families 

M60 Unlslte 40 
Family Product Rev. Rev. System 

Asynchronous PAL20RA10-20 VOS 1.S4 
PAL20RA10 VOS 1.S4 

AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L - -
AmPAL20XRP10-20/-30U-30/-40 V10 -
AmPAL20XRP8-20/-30U-30/-40L V10 -
AmPAL20XRP6-20/-30U-30/-40L V10 -
AmPAL20XRP4-20/-30U-30/-40L V10 -

PAL20RS10 PAL20S10 VOS 1.S4 
Shared Product PAL20RS10 VOS 1.S4 
Terms PAL20RS8 VOS 1.S4 

PAL20RS4 VOS 1.S4 

PAL20X10A PAL20L10A VOS 1.S4 
Exclusive OR PAL20X10A VOS 1.S4 

PAL20X8A VOS 1.S4 
PAL20X4A VOS 1.S4 

PAL20X10 PAL20L10 VOS 1.S4 
Exclusive OR PAL20X10 VOS 1.S4 

PAL20X8 VOS 1.S4 
PAL20X4 VOS 1.S4 

AmPAL20L10 AmPAL20L 108/-20/AL - -
AmPAL20RP10 AmPAL22P108/AUA - -

AmPAL20RP108/AUA V10 -
AmPAL20RP88/AUA V10 -
AmPAL20RP68/AUA V10 -
AmPAL20RP48/AUA V10 -

PAL20RSB/B-2*/AIA·2 PAL20L88/8-2/A/A-2 VOS 1.S4 
PAL20R88/8-2/A/ A-2 VOS 1.S4 
PAL20R68/8-2/A/ A-2 VOS 1.S4 
PAL20R48/8-2/A/ A-2 VOS 1.S4 

PALC20R8Z PALC20L8Z-3S/-4S V10 1.S4 
Zero Standby Power PALC20R8Z-3S/-4S V10 1.S4 

PALC20R6Z-3S/-4S V10 1.S4 
PALC20R4Z-3S/-4S V10 1.S4 

Decoder PAL6L16A VOS 1.S4 
PAL8L14A VOS 1.S4 

PAL12L10 PAL12L10 VOS 1.S4 
Combinatorial PAL14L8 VOS 1.S4 

PAL16L6 VOS 1.S4 
PAL18L4 VOS 1.S4 
PAL20L2 VOS 1.S4 
PAL20C1 VOS 1.S4 

MegaPAL Device PAL32R16 - 1.S4 

PROSE Device PMS14R21/A - -
Programmable Logic PLS10S-37 - -
Sequencer PLS167-33 - -

PLS168-33 - -
Fuse Programmable Am29PL141 - -
Controller 

Programmable Event Am2971 - -
Generator 

ECL Registered PAL 1OH/10020EV /EG8 - -
ECL Combinatorial PAL10H20P8 - 1.S4 
ECL Latched PAL10H20G8 - 1.S4 

Notes: ·-· = Contact programmer manufacturer. 
The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 
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(201) 493-2420 

20 Pin Device Families 

Family 

Sequencer 

Asynchronous 

PAL16RP8A 
Programmable 
Polarity 

PAL 16R8·10 

PAL16R8D/B 

AmPAL16R8 

PAL 16R8/B·2/B·4/ 
A/A-2/A-4 

PALC16R8Q-25 
(CMOS) 

AmPAL16HD8 

Arithmetic 

Combinatorial 

PAL10H8 
Combinatorial 

Programmer Reference Guide 

Product 

AmPAL23S8-20/-25 

PAL16RA8 

PAL16P8A 
PAL16RP8A 
PAL16RP6A 
PAL16RP4A 

PAL16L8-10/H-15 
PAL 16R8-1 O/H-15 
PAL16R6-10/H-15 
PAL 16R4-1 O/H-15 

PAL16L8D/B 
PAL16R8D/B 
PAL16R6D/B 
PAL16R4D/B 

AmPAL 16L8/B/AUA/Q/L 
AmPAL 16R8/B/AUA/QIL 
AmPAL 16R6/B/AL/A/Q/L 
AmPAL 16R4/B/AUA/Q/L 

PAL 16L8/8-2/B-4/A/A-2/A-4 
PAL 16R8/B-2/B-4/A/A-2/A-4 
PAL 16R6/B-2/B-4/A/A-2/A-4 
PAL 16R4/B-2/B-4/A/A-2/A-4 

PALC16L8Q-25 
PALC16R8Q-25 
PALC16R6Q-25 
PALC16R4Q-25 

AmPAL16H8A/L 
AmPAL16HD8A/L 
AmPAL16LD8A/L 

PAL16X4 

AmPAL 18P8B/AUA/Q/L 

PAL10H8/-2 
PAL10L8/-2 
PAL12H6/-2 
PAL12L6/-2 
PAL14H4/-2 
PAL14L4/-2 
PAL16H2/-2 
PAL16L2/-2 
PAL16C1/-2 

1.0 System UP803 
1.1 PIT Adapter DA53, DA55,DA60, DA62 

1.2 Logic Center FAM52 
2.0 System 860 

Adapter System 860 
FAM52 Rev. Adapter Rev. 

- - ·- -
5.4 DA53 C-1 A-1.2 

5.4 DA53 A-3 A-1.2 
5.4 DA53 A-3 A-1.2 
5.4 DA53 A-3 A-1.2 
5.4 DA53 A-3 A-1.2 

5.4 DA53 C-1 A-1.2 
5.4 DA53 C-1 A-1.2 
5.4 DA53 C-1 A-1.2 
5.4 DA53 C-1 A-1.2 

5.4 DA53 C-1 A-1.2 
5.4 DA53 C-1. A-1.2 
5.4 DA53 C-1 A-1.2 
5.4 DA53 C-1 A-1.2 

5.5 DA53 A-3 -
5.5 DA53 A-3 -
5.5 DA53 A-3 -
5.5 DA53 A-3 -
5.4 DA53 A-3 A-1.2 
5.4 DA53 A-3 A-1.2 
5.4 DA53 A-3 A-1.2 
5.4 DA53 A-3 A-1.2 

- - - -
- - - -
- - - -
- - - -
5.5 DA53 A-3 -
5.5 DA53 A-3 -
5.5 DA53 A-3 -
5.4 DA53 A-3 A-1.2 

5.4 DA55 B-3 -
5.4 DA53 A-3 A-1 
5.4 DA53 A-3 A-1 
5.4 DA53 A-3 A-1 
5.4 DA53 A-3 A-1 
5.4 DA53 A-3 A-1 
5.4 DA53 A-3 A-1 
5.4 

I 
DA53 A-3 A-1 

5.4 DA53 A-3 A-1 
5.4 DA53 A-3 A-1 

24 Pin and MegaPAL Device Families 
Adapter System 860 

Family Product FAM52 Rev. Adapter Rev. 

Macrocell (Async) AmPALC29MA 16-35/-45 - - - -
Macrocell (Sync) AmPALC29M16-35/-45 - - - -
Varied with XOR PAL32VX10/A 6.54 DA55 C-1 A-1.2 

Varied Product Terms AmPAL22V10/-15/A 5.4 DA55 B-3 -
Varied Terms (CMOS) PALC22V1 OH-25/35 - - - -
Registered XOR PAL22RX8A - - - -

3-88 ~ Nlanollthla W Memories ~ 
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Digelec 
Adapter 

Family Product FAM52 Rev. Adapter 

Asynchronous PAL20RA10-20. 5.4 DA55 
PAL20RA10 5.4 DASS 

AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L - -
AmPAL20XRP10-20/-30U-30/-40L - -
AmPAL20XRP8-20/-30U-30/-40L - -
AmPAL20XRP6-20/-30U-30/-40L - -
AmPAL20XRP4-20/-30U-30/-40L - -

PAL20RS10 PAL20S10 S.4 DASS 
Shared Product PAL20RS10 5.4 DA55 
Terms PAL20RS8 S.4 DASS 

PAL20RS4 S.4 DASS 

PAL20X10A PAL20L10A S.4 DASS 
Exclusive OR PAL20X10A 5.4 DA55 

PAL20X8A S.4 DASS 
PAL20X4A S.4 DA55 

PAL20X10 PAL20L10 S.4 DASS 
Exclusive OR PAL20X10 S.4 DASS 

PAL20X8 S.4 DASS 
PAL20X4 S.4 DA55 

AmPAL20L10 AmPAL20L 1 OB/-20/AL S.4 DASS 

AmPAL20RP10 AmPAL22P1 OB/AU A S.4 DA55 
AmPAL20RP1 OB/AU A S.4 DASS 
AmPAL20RP8B/AUA S.4 DASS 
AmPAL20RP6B/AUA S.4 DA55 
AmPAL20RP4B/AUA S.4 DASS 

PAL20R88/B-2/A/A-2 PAL20L8B/B-2/A/A-2 S.4 DASS 
PAL20R8B/B-2/A/ A-2 S.4 DASS 
PAL20R6B/B-2/A/ A-2 5.4 DA55 
PAL20R4B/B-2/A/ A-2 S.4 DA55 

PALC20RSZ PALC20L8Z-3S/-4S S.4 DASS 
Zero Standby Power PALC20R8Z-3S/-4S S.4 DASS 

PALC20R6Z-35/-45 5.4 DA55 
PALC20R4Z-3S/-4S S.4 DASS 

Decoder PAL6L16A 6.S4 DA62 
PALBL14A 6.54 DA62 

PAL12L10 PAL12L10 S.4 DASS 
Combinatorial PAL14L8 S.4 DASS 

PAL16L6 S.4 DASS 
PAL18L4 S.4 DASS 
PAL20L2 S.4 DASS 
PAL20C1 S.4 DASS 

MegaPAL Device PAL32R16 - -
PROSE Device PMS14R21/A - -
Programmable PLS105-37 - -
Logic Sequencer PLS167-33 - -

PLS168-33 - -
Fuse Programmable Am29PL141 - -
Controller 

Programmable Event Am2971 - -
Generator 

ECL Registered PAL 1OH/10020EV /EGS - -
ECL Combinatorial PAL10H20P8 S.4 DA60 
ECL Latched PAL10H20G8 S.4 DA60 

Notes: "-" = Contact programmer manufacturer. 
The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 
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Kontron 

(415) 965-7020 

20 Pin Device Families 

Family Product Adapter 

Sequencer AmPAL23SS-20/-25 -
Asynchronous PAL16RAS -
PAL16RPSA PAL16PSA -
Programmable PAL16RP -
Polarity PAL16RP6A -

PAL16RP4A -
PAL16R8-10 PAL 16LS-10/H-15 -

PAL16RS-10/H-15 -
PAL16R6-10/H-15 -
PAL16R4-10/H-15 -

PAL16RSD/B PAL16LSD/B -
PAL16RSD/B -
PAL1SR6D/B -
PAL16R4D/B -

AmPAL16RS AmPAL16LS/B/AUA/Q/L -
AmPAL 16RS/B/AUA/Q/L -
AmPAL 16R6/B/AUA/Q/L -
AmPAL 16R4/B/AUA/Q/L -

PAL 16RS/B·2/B-4/ PAL 16LS/B-2/B-4/A/A-2/A-4 SA-27 
AIA·2/A·4 PAL 16RS/B-2/B-4/A/A-2/A·4 SA-27 

PAL 16R6iB-2/B-4/A/A-2/A-4 SA-27 
PAL 16R4/B·2/B-4/A/A-2/A-4 SA-27 

PALC16RSQ.25 PALC16LS0-25 -
(CMOS) PALC16R80·25 -

. PALC16R60-25 -
PALC16R40-25 -

AmPAL16HD8 AmPAL16HSA/L -
AmPAL 16HDSA/L -
AmPAL16LDSA/L -

Arithmetic 
( 

PAL16X4 SA-27 

Combinatorial AmPAL18P88/AUA/O/L -
PAL10HS PAL10H8/-2 SA-27 
Combinatorial PAL10LS/·2 SA-27 

PAL12H6/·2 SA-27 
PAL12L6/-2 SA-27 
PAL14H4/-2 SA-27 
PAL14L4/-2 SA-27 
PAL16H2/-2 SA-27 
PAL16L21·2 SA-27 
PAL16C1/·2 SA-27 

24 Pin and MegaPAL Device Families 

Family Product Adapter 

Macrocell (Async) AmPALC29MA 16-35/-45 -
Macroceil (Sync) AmPALC29M16-35/-45 -
Varied with XOR PAL32VX10/A ·-
Varied Product Terms AmPAL22Vl0/·15/A -
Varied Terms (CMOS) PALC22V1 OH-25135 -
Registered XOR PAL22RXSA -

3·90 ~ 16onolllhla m Memories ~ 

1.0 System MPP-80S 
1.1 Module MOD 21 

1.2 Socket Adapter SA-27 
1.3 Socket Adapter SA-27-1 

2.0 System EPP·80 
2.1 Module UPM-B 

UPM-B 
Rev. 

-
1.47 

1.44 
1.44 
1.44 
1.44 

1.44 
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1.44 
1.44 

1.44 
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-
-
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-
-
-
-
-
-
-

1.44 

-
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1.44 
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1.44 
1.44 
1.44 
1.44 
1.44 

UPM-B 
Rev. 

-
-
2.0 

-
2.0 

2.0 
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Kontron 

Family Product Adapter 

Asynchronous PAL20RA10·20 -
PAL20RA10 -

AmPAL20XRP10 AmPAL22XP10·20/-30U-30/-40L -
AmPAL20XRP10-20/-30U-30/-40L -
AmPAL20XRP8·20/-30U-30/-40L -
AmPAL20XRP6-20/-30U-30/-40L -
AmPAL20XRP4-20/-30U-30/-40L -

PAL20RS10 PAL20S10 -
Shared Product PAL20RS10 -
Terms PAL20RS8 -

PAL20RS4 -
PAL20X10A PAL20L10A SA-27-1 
Exclusive OR PAL20X10A SA-27-1 

PAL20X8A SA-27·1 
PAL20X4A SA-27-1 

PAL20X10 PAL20L10 SA-27-1 
Exclusive OR PAL20X10 SA-27-1 

PAL20X8 SA-27-1 
PAL20X4 SA-27-1 

AmPAL20L10 AmPAL20L 1 OB/-20/AL -
AmPAL20RP10 AmPAL22P10B/AUA -

AmPAL20RP10B/AUA -
AmPAL20RP8B/AUA -
AmPAL20RP6B/AUA -
AmPAL20RP4B/AUA -

PAL20R8B/B-2/A/A·2 PAL20L8B/B-2/A/A-2 SA-27·1 
PAL20R8B/B-2/A/A-2 SA-27-1 
RAL20R6B/B-2/A/A-2 SA-27-1 
PAL20R4B/B-2/A/A-2 SA-27·1 

PALC20R8Z PALC20L8Z-35/-45 -
Zero Standby Power PALC20R8Z-35/-45 -

PALC20R6Z-35/-45 -
PALC20R4Z-35/-45 -

Decoder PAL6L16A -
PAL8L14A -

PAL12L10 PAL12L10 SA-27-1 
Combinatorial PAL14L8 SA-27-1 

PAL16L6 SA-27-1 
PAL18L4 SA-27-1 
PAL20L2 SA-27-1 
PAL20C1 SA-27-1 

MegaPAL Device PAL32R16 -
PROSE Device PMS14R21/A -
Programmable Logic PLS105-37 -
Sequencer PLS167-33 -

PLS168-33 -
Fuse Programmable Am29PL141 -
Controller 

Programmable Event Am2971 -
Generator 

ECL Registered PAL 1OH/10020EV/EG8 -
ECL Combinatorial PAL10H20P8 -
ECL Latched PAL10H20G8 -
Notes: "-" = Contact programmer manufacturer. 

The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 

~ ManallthloWMemarles ~ 
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Logical Devices, Inc. 
1321 E. Northwest 
65th Place 
Fort Lauderdale, FL 33309 

. (800) 331-7766 

20 Pin Device Fam Illes 

Family Product 
Sequencer AmPAL23S8-20/·25 
Asynchronous PAL16RA8 
PAL16RP8A PAL16P8A 
Programmable PAL16RPSA 
Polarity PAL16RP6A 

PAL16RP4A 
PAL16RS-10 PAL16L8·10/H-15 

PAL16R8-10/H·15 
PAL 16R6-10/H-15 
PAL 16R4-10/H·15 

PAL16R8D/B PAL16L8D/B 
PAL16R8D/B 
PAL16R6D/B 
PAL16R4D/B 

AmPAL16R8 AmPAL 16L8/B/AUAIQ/L 
Am PAL 16R8/B/AUA/Q/l 
Am PAL 16R6/B/AUA/Q/l 
Am PAL 16R4/B/AUA/Q/L 

PAL16R8/B-2/B-4/ PAL 16L8/B-2/B-4/A/A-2/A-4 
AIA-2/A-4 PAL 16R8/B-2/B-4/A/A-2/A-4 

PAL 16R6/B·2/B-4/AIA-2/A-4 
PAL 16R4/B-2/B-4/A/A-2/A-4 

PALC16R8Q-25 PALC16L8Q-25 
(CMOS) PALC16R8Q-25 

PALC16R6Q-25 
PALC16R4Q-25 

AmPAL16HD8 AmPAL16H8M 
AmPAL16HD8A/L 
AmPAL 16LDSA/L 

Arithmetic PAL16X4 
Comblnatorlal AmPAL 18P8B/AUA/Q/L 
PAL10H8 PAL 10H8/·2 
Combinator I al PAL10L8/·2 

PAL12H61·2 
PAL 12L6/-2 
PAL14H4/·2 
PAL14L4/·2 
PAL16H2/·2 
PAL 16L2/-2 
PAL16C1/-2 

24 Pin and MegaPAL Device Families 

Fam II}'_ Product 
Macrocell (Async) AmPALC29MA 16-35/-45 

Macrocell (Sync) AmPALC29M16-35/-45 
Varied with XOR PAL32VX10/A 
Varied Product Terms AmPAL22V10/·15/A 
Varied Terms (CMOS) PALC22V10H·25/35 

Registered XOR PAL22RX8A 

3·92 ~ 1111ono111hloW ••marl•• ~ 

1.0 System ALLPRO 

Software 

-
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 

---
-

1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 

-
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 
1.44CR2 

Software 

-
-

1.44CR2 

-
-

1.44CR2 
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Logical Devices, Inc. 

Family Product Software 
Asynchronous PAL20RA10·20 1.44CR2 

PAL20RA10 1.44CR2 
AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L -

AmPAL20XRP10-20/-30U-30/-40L -
AmPAL20XRP8-20/-30U-30/-40L -
AmPAL20XRP6-20/-30U-30/-40L -
AmPAL20XRP4-20/-30U-30/-40L -

PAL20RS10 PAL20S10 1.44CR2 
Shared Product PAL20RS10 1.44CR2 
Terms PAL20RS8 1.44CR2 

PAL20RS4 1.44CR2 
PAL20X10A PAL20L10A 1.44CR2 
Excluslve OR PAL20X10A 1.44CR2 

PAL20X8A 1.44CR2 
PAL20X4A 1.44CR2 

PAL20X10 PAL20L10 1.44CR2 
Excluslve OR PAL20X10 1.44CR2 

PAL20X8 1.44CR2 
PAL20X4 1.44CR2 

AmPAL20L10 AmPAL20L 1 OB/-20/AL -
AmPAL20RP10 AmPAL22P1 OB/AU A -

AmPAL20RP10B/AUA -
AmPAL20RP8B/AUA -
AmPAL20RP6B/AUA -
AmPAL20RP4B/AUA 

PAL20R8B/B·2/AIA·2 PAL20L8B/B-2/A/A·2 1.44CR2 
PAL20RBB/B-2/AIA·2 1.44CR2 
PAL20R6B/B-2/AIA-2 1.44CR2 
PAL20R4B/B-2/AIA·2 1.44CR2 

PALC20R8Z PALC20L8Z-35/-45 1.44CR2 
Zero Standby Power PALC20R8Z-35/-45 1.44CR2 

PALC20R6Z-35/-45 1.44CR2 
PALC20R4Z-35/-45 1.44CR2 

Decoder PAL6L16A 1.44CR2 
PAL8L14A 1.44CR2 

PAL12L10 PAL12L10 1.44CR2 
Combinator la I PAL14L8 1.44CR2 

PAL16L6 1.44CR2 
PAL18L4 1.44CR2 
PAL20L2 1.44CR2 
PAL20C1 1.44CR2 

MegaPAL Device PAL32R16 -
PROSE Device PMS14R21/A -
Programmable Logic PLS105-37 -
Sequencer PLS167·33 -

PLS168-33 -
Fuse Programmable Am29PL141 -
Controller 
Programmable Evant Am2971 -
Generator 
ECL Registered PAL 1OH/10020EV/EG8 -
ECL Comblnatorlal PAL10H20P8 -
ECL Latched PAL10H20G8 -
Notes: ·-· = Contact programmer manufacturer. 

The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 
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204-79040 
France 

20 Pin Device Families 

Family 

Sequencer 
Asynchronous 
PAL16RP8A 
Programmable 
Polarity 

PAL16R8·10 

PAL16R8D/B 

AniPAL16R8 

PAL 16R8/B-2/B-4/ 
A/A-2/A-4 

PALC16R80·25 
(CMOS) 

AmPAL16HD8 

Arithmetic 
Combinatorial 
PAL10H8 
Combinatorial 

Programmer Reference Guide 

Product 
AmPAL23S8-20/-25 
PAL16RA8 
PAL16PBA 
PAL16RPBA 
PAL16RP6A 
PAL16RP4A 
PAL16L8-10/H-15 
PAL16R8-10/H-15 
PAL16R6-10/H-15 
PAL16R4-10/H-15 
PAL16LBD/B 
PAL16RBD/B 
PAL16R6D/B 
PAL16R40/B 

AmPAL 16L8/8/AUA/Q/L 
AmPAL 16R8/B/AUA/Q/L 
AmPAL 16R6/8/AUA/Q/L 
AmPAL 16R4/B/AUA/Q/L 
PAL 16L8/B-2/8-4/A/A-2/A-4 
PAL 16R8/B-2/B-4/A/A-2/A-4 
PAL 16R6/8-2/B-4/A/A-2/A-4 
PAL 16R4/B-2/B-4/A/A-2/A-4 
PALC16L8Q-25 
PALC16R8Q-25 
PALC16R6Q-25 
PALC16R40-25 
AmPAL16HBA/L 
AmPAL16HDBA/L 
AmPAL16LDBA/L 
PAL16X4 
AmPAL18P88/AUA/Q/L 

PAL10H8/-2 
PAL10L8/-2 
PAL12H6/-2 
PAL12L6/-2 
PAL14H4/-2 
PAL14L4/-2 
PAL16H2/-2 
PAL16L2/-2 
PAL16C1/-2 

24 Pin and MegaPAL Device Families 

Family Product 
Macrocell (Async) AmPALC29MA 16-35/-45 

Macrocell (Sync) AmPALC29M16-35/-45 

Varied with XOR PAL32VX1 O/A 
Varied Product Terms AmPAL22V10/-15/A 

Varied Terms (CMOS) PALC22V10H-25/35 
Registered XOR PAL22RXBA 

3.94 

1.0ROM5000 

Software 
Rev. 

-
4.6 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

-
-
-
-
3.5 
3.5 
3.5 
3.5 

--
--
---
3.5 

-
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

Software 
Rev. 

-
-

4.51 

-
4.6 

-
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Micropross 
Software 

Family Product Rev. 

Asynchronous PAL20RA10-20 3.5 
PAL20RA10 3.5 

AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L -
AmPAL20XRP10-20/-30U-30/-40L -
AmPAL20XRPB-20/-30U-30/-40L -
AmPAL20XRP6-20/-30U-30/-40L -
AmPAL20XRP4-20/-30U-30/-40L -

PAL20RS10 PAL20S10 3.5 
Shared Product PAL20RS10 3.5 
Terms PAL20RSB 3.5 

PAL20RS4 3.5 

PAL20X10A PAL20L10A 3.5 
Excluslve OR PAL20X10A 3.5 

PAL20XBA 3.5 
PAL20X4A 3.5 

PAL20X10 PAL20L10 3.5 
Exclusive OR PAL20X10 3.5 

PAL20XB 3.5 
PAL20X4 3.5 

AmPAL20L10 AmPAL20L10B/-20/AL -
AmPAL20RP10 AmPAL22P10B/AUA -

AmPAL20RP1 OBiAUA -
AmPAL20RPBB/AUA -
AmPAL20RP6B/AUA -
AmPAL20RP4B/AUA -

PAL20R8B/B-2/AIA-2 PAL20L8B/B-2/AIA-2 3.5 
PAL20R8B/B-2/AIA-2 3.5 
PAL20R6B/B-2/AIA-2 3.5 
PAL20R4B/B-2/AIA-2 3.5 

PALC20R8Z PALC20L8Z-35/-45 -
Zero Standby Power PALC20R8Z-35/-45 -

PALC20R6Z-35/-45 -
PALC20R4Z-35/-45 -

Decoder PAL6L16A 4.6 
PALBL14A 4.6 

PAL12L10 PAL12L10 3.5 
Comblnatorlal PAL14L8 3.5 

PAL16L6 3.5 
PAL18L4 3.5 
PAL20L2 3.5 
PAL20C1 3.5 

MegaPAL Device PAL32R16 -
PROSE Device PMS14R21/A -
Programmable Logic PLS105-37 -
Sequencer PLS167-33 -

PLS168-33 -
Fuse Programmable Am29PL141 -
Controller 

Programmable Event Am2971 -
Generator 

ECL Registered PAL1OH/10020EV/EG8 -
ECL Comblnatorial PAL10H20P8 4.6 
ECL Latched PAL10H20GB 4.6 

Notes: "-" = Contact programmer manufacturer. 
The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support the~e products. 

~ l/lonalllhlo m 11/lemorles ~ 3.95 
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Stag Microsystems 

(408) 988·1118 

20 Pin Device Families 

Family Product Code 

Sequencer AmPAL23S8-20/-25 -
Asynchronous PAL16RA8 20-19 

PAL16RP8A PAL16P8A 20-38 
Programmable PAL16RP8A 20-11 
Polarity PAL16RP6A 20-12 

PAL16RP4A 20-13 

PAL16R8·10 PAL16L8-1 O/H-15 22-29 
PAL16R8-10/H-15 22-30 
PAL16R6-1 O/H-15 22-31 
PAL16R4-10/H-15 22-32 

PAL16R8D/B PAL16L8D/8 22-29 
PAL16R8Di8 22-30 
PAL16R6D/8 22-31 
PAL16R4D/8 22-32 

AmPAL16R8 AmPAL 16L8/B/AUA/Q/L 90-29 
AmPAL 16R8/8/AUA/Q/L 90-30 
AmPAL 16R6/8/AUA/Q/L 90-31 
AmPAL 16R4/B/AUA/Q/L 90-32 

PAL 16R8/B-2/B·4/ PAL 16L8/8-2/8-4/A/A-2/A-4 20-29 
A/A-2/A-4 PAL 16R8/8-2/B-4/A/A-2/A-4 20-30 

PAL 16R6/B-2/B-4/A/A-2/A-4 20-31 
PAL 16R4/B-2/B-4/A/A-2/A-4 20-32 

PALC16R8Q-25 PALC16L8Q-25 -
(CMOS) PALC16R8Q-25 -

PALC16R6Q-25 -
PALC16R4Q-25 -

AmPAL16HD8 AmPAL16H8A/L 90-35 
AmPAL 16HD8A/L 90-37 
AmPAL 16LD8A/L 90-36 

Arithmetic PAL16X4 20-33 

Combinatorial AmPAL 18P8B/AUA/Q!L 90-10 

PAL10H8 PAL10H8/-2 20-20 
Combinatorial PAL10L8/-2 20-25 

PAL12H6/-2 20-21 
PAL12L6/'2 20-26 
PAL14H4/-2 20.22 
PAL14L4i-2 20-27 
PAL16H2/-2 20-23 
PAL16L2/-2 20-28 
PAL16C1/-2 20-24 

24 Pin and MegaPAL Device Families 

Family Product Code 

Macrocell (Async) AmPALC29MA 16-35/-45 -
Macrocell (Sync) AmPALC29M 16-35/-45 -
Varied with XOR PAL32VX10/A 21-66 

Varied Product Terms AmPAL22V10/-15/A 91-70 

Varied Terms (CMOS) PALC22V1 OH-25/35 -
Registered XOR PAL22RX8A 21-98 

3-96 ~ ManollthlaWMemorles ~ 

1.0 ZL 30 
2.0PPZ 

2.1 Module ZM2200 

ZL30 ZM2200 
Rev. Rev. 

- -
30-37 15 

30-35 15 
30-35 15 
30-35 15 
30-35 15 

30-39 12 
30-39 12 
30-39 12 
30-39 12 

30-39 12 
30-39 12 
30-39 12 
30-39 12 

30-35 14 
30-35 14 
30-35 14 
30-35 14 

30-35 14 
30-35 14 
30-35 14 
30-35 14 

- -- -
- -
- -

30-35 14 
30-35 14 
30-35 14 

30-35 14 

30-38 19 

30-35 14 
30-35 14 
30-35 14 
30-35 14 
30-35 14 
30-35 14 
30-35 14 
30-35 14 
30-35 14 

ZL30 ZM2200 
Rev. Rev. 

- -
- -
- 23 

30-38 10 

- -
- 23 
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Stag Microsystems 
ZL30 

Family Product Code Rev. 

Asynchronous PAL20RA10-20 - -
PAL20RA10 21-77 30-37 

AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L - -
AmPAL20XRP10-20/-30U-30/-40L - -
AmPAL20XRP8-20/-30U-30/-40L - -
AmPAL20XRP6-20/-30U-30/-40L - -
AmPAL20XRP4-20/-30U-30/-40L - -

PAL20RS10 PAL20S10 21-81 30-39 
Shared Product PAL20RS10 21-80 30-39 
Terms PAL20RS8 21-79 30-39 

PAL20RS4 21-78 30-39 

PAL20X10A PAL20L10A 21-60 30-35 
Exclusive OR PAL20X10A 21-61 30-35 

PAL20X8A 21-62 30-35 
PAL20X4A 21-63 30-35 

PAL20X10 PAL20L10 21-60 30-35 
Exclusive OR PAL20X10 21-61 30-35 

PAL20X8 21-62 30-35 
PAL20X4 21-63 30-35 

AmPAL20L10 AmPAL20L108/-20/AL - -
AmPAL20RP10 AmPAL22P108/AUA - -

AmPAL20RP108/AUA - -
AmPAL20RP88/AUA - -
AmPAL20RP68/AUA - -
AmPAL20RP48/AUA - -

PAL20R8B/B-2/A/A-2 PAL20L88/B-2/A/A-2 21-56 30-35 
PAL20R88/B-2/A/A-2 21-57 30-35 
PAL20R6B/B-2/A/A-2 21-58 30-35 
PAL20R4B/B-2/A/A-2 21-59 30-35 

PALC20R8Z PALC20L8Z-35/-45 24-56 -
Zero Standby Power PALC20R8Z-35/-45 24-57 -

PALC20R6Z-35/-45 24-58 -
PALC20R4Z-35/-45 24-59 -

Decoder PAL6L16A - -
PALBL14A - -

PAL12L10 PAL12L10 21-50 30-35 
Combinatorial PAL14L8 21-51 30-35 

PAL16L6 21-52 30-35 
PAL18L4 21-53 30-35 
PAL20L2 21-54 30-35 
PAL20C1 21-55 30-35 

MegaPAL Device PAL32R16 - -
PROSE Device PMS14R21/A - -
Programmable Logic PLS105-37 - -
Sequencer PLS167-33 - -

PLS168-33 - -
Fuse Programmable Ani29PL141 - -
Controller 

Programmable Event Am2971 - -
Generator 

ECL Registered PAL 10H/10020EV/EG8 - -
ECL Combinatorial PAL10H20P8 - -
ECLLatched PAL10H20G8 - -
Notes: ·-· = Contact programmer manufacturer. 

The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 

~ Mlnallthlc Ull Memories ~ 

ZM2200 
Rev. 

-
15 

-
-
-
-
-
15 
15 
15 
15 

12 
12 
12 
12 

12 
12 
12 
12 

-
-
-
---
12 
12 
i2 
12 

23 
23 
23 
23 

-
-
14 
14 
12 
12 
12 
12 

-
-
---
-

-

-
--

3.97 
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(214) 270-4135 

20 Pin Device Families 

Famlly 
Sequencer 

A~nchronous 

PAL16RP8A 
Programml[lble 
Polarity 

PAL16R8-10 

PAL16R8D/B 

AmPAL16R8 

PAL 16R8/B-2/B-4/ 
A/A-2/A-4 

PALC16R8Q-25 
(CMOS) 

AmPAL16HD8 

Arithmetic 

Combinatorial 
PAL10H8 
Combinatorial 

Programmer Reference Guide 

Product 
AmPAL23S8-20/-25 

PAL16RA8 
PAL16P8A 
PAL16RPBA 
PAL16RP6A 
PAL16RP4A 
PAL16L8-10/H-15 
PAL16R8-10/H-15 
PAL16R6-10/H-15 
PAL16R4-10/H-15 

PAL16L8D/B 
PAL16RBD/B 
PAL16R6D/B 
PAL16R4D/B 
Am PAL 16L8/B/AUA/Q/L 
AmPAL 16RB/B/AUA/Q/L 
Am PAL 16R6/B/AUA/Q/L 

.. AmPAL 16R4LB/ALLAIQ/L 
PAL16L8/B-2/B-4/A/A-2/A-4 
PAL16R8/B-2/8-4/A/A-2/A-4 
PAL16R6/B-2/B-4/AIA:2/A-4 
PAL 16R4/B-2/B-4/A/A-2/A-4 

PALC16L8Q-25 
PALC1 SRSQ-25 
PALC1 SRSQ-25 
PALC16R40-25 
AmPAL 16H8A/L 
AmPAL 16HDBA/L 
AmPAL1 SLDBA/L 
PAL16X4 

AmPAL 1 BPBB/AUA/Q/L 
PAL10H8/-2 
PAL10L8/-2 
PAL12H6/-2 
PAL12L6/-2 
PAL14H4/-2 
PAL14L4/-2 
PAL16H2/-2 
PAL16L2/-2 
PAL16C1/-2 

24 Pin and MegaPAL Device Families 

Fam!'¥_ Product 

Macrocell (Async) AmPALC29MA 16-35/-45 

Macrocell (Sync) AmPALC29M16-35/-45 

Varied with XOR PAL32VX10/A 
Varied Product Terms AmPAL22V10/-15/A 

Varied Terms (CMOS) PALC22V1 OH-25/35 

Registered XOR PAL22RX8A 

3.99 

1.0 P240 

Rev. 

-
4.04 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 

-
-
-
-
2.0 
2.0 
2.0 
2.0 

-
-
-
-
-
-
-
2.0 

-
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

Rev. 

-
-
-
-
-
-
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Storey Systems 

Famlly Product Rev. 

Asynchronoue PAL20RA 10-20 -
PAL20RA10 4.04 

AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L -
AmPAL20XRP10·20/-30U-30/-40L -
AmPAL20XRPB-20/-30U-30/-40L -
AmPAL20XRP6-20/-30U-30/-40L -
AmPAL20XRP4-20/-30U-30/-40L -

PAL20RS10 PAL20S10 -
Shared Product PAL20RS10 -
Terms PAL20RSB -

PAL20RS4 -
PAL20X10A PAL20L10A 2.0 
Exclusive OR PAL20X10A 2.0 

PAL20XBA 2.0 
PAL20X4A 2.0 

PAL20X10 PAL20L10 2.0 
Excluslve OR PAL20X10 2.0 

PAL20X8 2.0 
PAL20X4 2.0 

AmPAL20L10 AmPAL20L1 OB/-20/AL -
AmPAL20RP10 AmPAL22P1 OB/AU A -

AmPAL20RP1 OB/AU A -
AmPAL20RP8B/AUA -
AmPAL20RP6B/AUA -
AmPAL20RP4B/AUA -

PAL20R8B/B-2/A/A-2 PAL20L8B/B-2/A/A-2 2.0 
PAL20R8B/B-2/A/A-2 2.0 
PAL20R6B/B-2/AIA·2 2.0 
PAL20R4B/B-2/A/A-2 2.0 

PALC20R8Z PALC20L8Z-35/-45 -
Zero Standby Power PALC20R8Z -35/-45 -

PALC20R6Z-35/-45 -
PALC20R4Z-35/·45 -

Decoder PAL6L16A -
PAL8L14A -

PAL12L10 PAL12L10 2.0 
Combinatorial PAL14LB 2.0 

PAL16L6 2.0 
PAL18L4 2.0 
PAL20L2 2.0 
PAL20C1 2.0 

MegaPAL Device PAL32R16 -
PROSE Device PMS14R21/A -
Programmable Logic PLS105-37 -
Sequencer PLS167-33 -

PLS168-33 -
Fuse Programmable Am29PL141 -
Controller 

Programmable Event Am2971 -
Generator 

ECL Registered PAL 1OH/10020EV/EG8 -
ECL Combinatorial PAL10H20PB -
ECL Latched PAL10H20G8 -
Notes: "-" = Contact programmer manufacturer. 

The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 

~ Manallthla W Memories ~ 3.99 



Programmer Reference Guide 

Structured Design 

(408) 988-0725 

20 Pin Device Famllles 

Famlly Product 

Sequencer AmPAL23S8-20/-25 

Asynchronous PAL16RA8 

PAL16RP8A PAL16P8A 
Programmable PAL16RP8A 
Polarity PAL16RP6A 

PAL16RP4A 

PAL16R8-10 PAL16L8-10/H·15 
P AL1 6R8· 1 O/H-15 
PAL16R6·10/H·15 
PAL16R4·10/H·15 

PAL16R8D/B PAL16L80/B 
PAL16R80/B 
PAL16R60/B 
PAL16R4D/B 

AmPAL16R8 AmPAL16L8/B/AUA/Q/L 
AmPAL16R8/B/AUA/Q/L 
AmPAL 16R6/B/AUA/Q/L 
AmPA_L 16R4/B/AUA/Q/L 

PAL 16R8/B-2/B-4/ PAL16L8/B·2/B-4/AIA·21A·4 
AIA·21A·4 PAL16R8/B-2/B-4/A/A-2/A-4 

PAL16R6/B-2/B-4/A/A-2/A-4 
PAL 16R4/B-2/B-4/A/A-2/A-4 

PALC16R8Q-25 PALC16L8Q-25 
(CMOS) PALC16R80-25 

PALC16R6Q-25 
PALC16R40-25 

AmPAL16HD8 AmPAL16H8A/L 
AmPAL16HD8A/L 
AmPAL 16LD8A/L 

Arithmetic PAL16X4 

Comblnatorlal AmPAL 18P88/AUA/O/L 

PAL10H8 PAL10H8/·2 
Comblnatorlal PAL10L8/·2 

- PAL12H6/·2 
PAL12L6/·2 
PAL14H4/·2 
PAL14L4/·2 
PAL16H2/·2 
PAL16L2/·2 
PAL16C1/·2 

24 Pin and MegaPal Device Famllles 

Fam!!Y_ Product 

Macrocell (Async) AmPALC29MA 16-35/·45 

Macrocell (Sync) AmPALC29M16-35/-45 

Varied with XOR PAL32VX10/A 

Varied Product Terms AmPAL22V10/-15/A 

Varied Terms (CMOS) PALC22V1 OH-25/35 

Registered XOR PAL22RX8A 

3°100 

SD20/24 
Rev. 

-
-
----
----
--
-
-
----
-
1.6 
1.6 
1.6 
1.6 

----
---
1.6 

-
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 

SD20/24 
Rev. 

-
-
-
-
-
-

1.0 SD 20/24 
2.0SD 1000 

SD1000 
Rev. 

-
-
-
-
-
-

1.05 
1.05 
1.05 
1.05 

1.05 
1.05 
1.05 
1.05 

1.05 
1.05 
1.05 
1.05 

1.05 
1.05 
1.05 
1.05 

-
-
-
-

1.05 
1.05 
1.05 

1.05 

1.05 

1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 

SD 1000 
Rev. 

-
-
-

1.05 

-
-
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Structured Design 
SD 20/24 

Family Product Rev. 
Asynchronous PAL20RA10-20 -

PAL20RA10 -
AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L -

AmPAL20XRP10-20/-30U-30/-40L -
AmPAL20XRP8-20/-30U-30/-40L -
AmPAL20XRP6-20/-30U-30/-40L -
AmPAL20XRP4-20/-30U-30/-40L -

PAL20RS10 PAL20S10 -
Shared Product PAL20RS10 -
Terms PAL20RS8 -

PAL20RS4 -
PAL20X10A PAL20l10A 1.6 
Exclusive OR PAL20X10A 1.6 

PAL20X8A 1.6 
PAL20X4A 1.6 

PAL20X10 PAL20l10 1.6 
Exclusive OR PAL20X10 1.6 

PAL20X8 1.6 
PAL20X4 1.6 

AmPAL20L10 AmPAL20L 1 OB/-20/ AL -
AmPAL20RP10 AmPAL22P1 OB/AU A -

AmPAL20RP1 OB/AU A -
AmPAL20RP8B/AUA -
AmPAL20RP6B/AUA -
AmPAL20RP4B/AUA -

PAL20R88/B-2/A/A-2 PAL20L8B/B-2/A/A-2 1.6 
PAL20R8B/B-2/A/ A·2 1.6 
PAL20R6B/B-2/A/ A-2 1.6 
PAL20R4B/B-2/A/ A-2 1.6 

PALC20R8Z PALC20L8Z-35/-45 -
Zero Standby Power PALC20R8Z-35/-45 -

PALC20R6Z-35/-45 -
PALC20R4Z-35/·45 -

Decoder PAL6L16A -
PAL8L14A -

PAL12L10 PAL12L10 1.6 
Combinatorial PAL14L8 1.6 

PAL16L6 1.6 
PAL18L4 1.6 
PAL20L2 1.6 
PAL20C1 1.6 

MegaPAL Device PAL32R16 -
PROSE Device PMS14R21/A -
Programmable Logic PLS105-37 -
Sequencer PLS167-33 -

PLS168-33 -
Fuse Programmable Am29PL141 -
Controller 
Programmable Event Am2971 -
Generator 
ECL Registered PAL 1OH/10020EV/EG8 -
ECL Combinatorial PAL10H20P8 -
ECL Latched PAL10H20G8 -
Notes: •-" = Contact programmer manufacturer. 

The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 

it1 llllonollthla W Memories it1 

SD1000 
Rev. 

-
-
-
-
-
-
-
-
-
-
-

1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
-
-
-
-
-
-

1.05 
1.05 
1.05 
1.05 

-
-
-
-
-
-

1.05 
1.05 
1.05 
1.05 
1.05 
1.05 

-
-
--
-
-

-

-
-
-

3.101 
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Varix 

(214) 437·0777 

20 Pin Device Fammes 

Family Product 

Sequencer AmPAL23S8-20/-25 

Asynchronous PAL16RA8 

PAL16RP8A PAL16P8A 
Programmable PAL16RP8A 
Polarity PAL16RP6A 

PAL16RP4A 

PAL16R8·10 PAL16L8-10/H-15 
PAL16R8-10/H-15 
PAL16R6-10/H-15 
PAL16R4-10/H-15 

PAL16R8D/B PAL16L8D/B 
PAL16R8D/B 
PAL16R6DIB 
PAL16R4D/B 

AmPAL16R8 AmPAL16L8/B/ AUAIQ/L 
Am PAL 16R8/B/AUA/Q/L 
AmPAL16R6/B/AUA/Q/L 
AmPAL 16R4LB/AUA/Q/L 

PAL 16R8/B-2/B-4/ PAL 16L8/B-2/B-4/A/A-2/A-4 
A/A-2/A-4 PAL 16R8/B-2/B-4/A/A-2/A-4 

PAL16R6/B-2/B-4/A/A-2/A-4. 
PAL16R4/B-2/B-4/AIA-2/A-4 

PALC16R8Q-25 PALC16L8Q-25 
(CMOS) PALC16R8Q-25 

PALC16R6Q-25 
PALC16R4Q-25 

AmPAL16HD8 AmPAL16H8A/L 
AmPAL 16HD8A/L 
AmPAL16LD8A/L 

Arithmetic PAL16X4 

Combinatorial AmPAL 18P8B/AUA/Q/L 

PAL10H8 PAL10H8/-2 
Combinatorial PAL10L8/-2 

PAL12H6/-2 
PAL12L6/-2 
PAL14H4/-2 
PAL14L4/-2 
PAL16H2/-2 
PAL16L2/-2 
PAL16C1/-2 

24 Pin and MegaPAL Device Famllles 

Family Product 

Macrocell (Async) AmPALC29MA 16-35/-45 

Macrocell (Sync) AmPALC29M16·35/·45 

Varied with XOR PAL32VX10/A 

Varied Product Terms AmPAL22V10/·15/A 

Varied Terms (CMOS) PALC22V1 OH-25135 

Registered XOR PAL22RX8A 

3·102 ~ Mono/lth/alDJJMemarles ~ 

1.0 Omni Programmer 
1.1 Adapter HVX5A·B01 

1.2 Adapter A01 

Software 
Rev. 

-
-

3.18 
3.18 
3.18 
3.18 

3.18 
3.18 
3.18 
3.18 

3.18 
3.18 
3.18 
3.18 

-
-
-
-

3.18 
3.18 
3.18 
3.18 

-
-
--
-
-
-

3.18 

-
3.18 
3.18 
3.18 
3.18 
3.18 
3.18 
3.18 
3.18 
3.18 

Software 
Rev. 

-
-

5.00A 

-
5.00A 

5.00A 



Programmer Reference Guide 

Varix 
Software 

Family Product Rev. 

Asynchronous PAL20RA10-20 -
PAL20RA10 3.18 

AmPAL20XRP10 AmPAL22XP10-20/-30U-30/-40L -
AmPAL20XRP10-20/-30U-30/-40L -
AmPAL20XRP8-20/-30U-30/-40L -
AmPAL20XRP6-20/-30U-30/-40L -
AmPAL20XRP4-20/-30U-30/-40L -

PAL20RS10 PAL20S10 -
Shared Product PAL20RS10 -
Terms PAL20RS8 -

PAL20RS4 -
PAL20X10A PAL20L10A 3.18 
Exclusive OR PAL20X10A 3.18 

PAL20X8A 3.18 
PAL20X4A 3.18 

PAL20X10 PAL20L10 3.18 
Exclusive OR PAL20X10 3.18 

PAL20X8 3.18 
PAL20X4 3.18 

AmPAL20L10 AmPAL20L 108/-20/AL -
AmPAL20RP10 AmPAL22P108/AUA -

AmPAL20RP108/AUA -
AmPAL20RP88/AUA -
AmPAL20RP68/AUA -
AmPAL20RP48/AUA -

PAL20R8B/B-2/AIA·2 PAL20L88/B-2/A/A-2 3.18 
PAL20R88/B-2/A/A-2 3.18 
PAL20R68/B-2/AIA-2 3.18 
PAL20R48/B-2/AIA-2 3.18 

PALC20R8Z PALC20L8Z-35/-45 5.0 
Zero Standby Power PALC20R8Z-35/-45 5.0 

PALC20R6Z-35/-45 5.0 
PALC20R4Z-35/-45 5.0 

Decoder PAL6L16A 3.18 
PAL8l14A 3.18 

PAL12L10 PAL12L10 3.18 
Combinatorial PAL14L8 3.18 

PAL16L6 3.18 
PAL18L4 3.18 
PAL20L2 3.18 
PAL20C1 3.18 

MegaPAL Device PAL32R16 -
PROSE Device PMS14R21/A 5.00A 

Programmable Logic PLS105-37 -
Sequencer PLS167-33 -

PLS168-33 -
Fuse Programmable Am29PL141 -
Controller 

Programmable Event Am2971 -
Generator 

ECL Registered PAL 1OH/10020EV/EG8 -
ECL Combinatorial PAL10H20P8 -
ECL Latched PAL10H20G8 -
Notes: ·-·=Contact programmer manufacturer. 

The software and hardware revisions listed are the earliest revisions that support these products. 
Later software and hardware revisions can be assumed to support these products. 
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ProPALn; HA~ and ZHAI: 
Devices Program 

ProPAL, HAL and ZHALdevices are programmable logic devices 
that are programmed, marked and functionally tested by Mono
lithic Memories. Our functional testing offers the user board
readyproduct at quality levels as stringent as 50 Parts Per Million 
(PPM), providing significant benefits in both quality and manufac
turing cost savings. The ProPAL, HAL and ZHALdevice program 
provides system manufacturers a risk-free migration path from 
system prototype to full production with extremely high-quality, 
board-ready devices. 

ProPAL Devices 

ProPAL (Programmed PAL) devices are simply PAL devices that 
Monolithic Memories programs and tests for you. You receive a 
fully functional device without having to do any programming and 
testing, and still have the flexibility to handle design changes 
easily. 

HAL Devices 

HAL (Hard Array Logic) devices are to PAL devices as .ROMs are 
to PROMs. Instead of fuses in the logic array, your pattern is 
implemented using metal links that are masked in during wafer 
fabrication. 

ZHAL Devices 

ZHAL devices are Zero-Standby,Power CMOS HAL devices. 
These devices can implement any pattern from our standard and 
combinatorial 20-pin and 24-pin PAL device families with the 
greatly reduced power consumption only CMOS can offer. 

All ZHAL devices are fully HC/HCT compatible, making them 
easy to use in TTL and CMOS environments. 

Should You Use a ProPAL, HAL or 
ZHAL Device? 

PAL devices offer the flexibility and convenience needed for 
prototyping your innovative designs. They provide a means for 

TESTING OPTION 
AUTOVEC™ 

DEVICE TY~ 
ProPAL Devices 500-700 PPM 
HAL Devices NIA 
ZHAL Devices NIA 

designing ari efficient system by integrating functions and saving 
board space. For design, prototyping and low-volume produc
tion, it makes sense to program and test your own PAL devices. 
You always have the option of making last-minute design tweaks 
as you fine-tune your system design. 

Once your production volumes begin to ramp up to higher 
volumes our ProPAL, HAL and ZHAL device offerings provide a 
cost-effective solution. 

At modest initial volumes, ProPALdevices provide the best solu
tion by eliminating programming and testing needs while retain
ing enough flexibility to accommodate design changes. We offer 
three different testing options for ProPAL devices, which are 
described below. A detailed technical description of what these 
testing options involve follows in the functional testing section. 

The AutoVec™ option provides a cost-effective solution for Jow
volume business (as few as 250 devices/pattern) at a typical 
quality level of 500-700 PPM. 

When your volumes reach a moderate volume of a few thousand 
devices per year for each pattern, straight-functional or AC
functional tested ProPAL devices provide the right solution. 
Straight-functional testing provides typical quality levels of 200-
400 PPM, and AC-functional testing provides 50 PPM level 
qualtty. Of coursetheAutoVec option is available for these larger 
volumes, but larger volume business is usually handled with the 
straight-functional or AC-functional testing options. 

When your design has stabilized and your production volume has 
ramped up to several thousand devices per year, HAL or ZHAL 
devices are the most cost-effective way to purchase your pro
grammable logic. All HAL and ZHAL devices are fully AC
functional tested and have final quality levels of better than 50 
PPM. 

The quality levels provided by the various ProPAL, HAL and 
ZHAL device options are summarized in Table 1. 

STRAIGHT AC· 
FUNCTIONAL FUNCTIONAL 

20o-400 PPM 50 PPM 
NIA 50 PPM 
NIA 50PPM 

Table 1. Quality Levels for the Various Testing Alternatives in the Pro PAL, HAL and ZHAL Devices Program. 
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ProPAL, HAL, and ZHAL Devices Program 

Quality and Cost Savings 

The quality and cost savings benefits the Pro PAL, HAL and ZHAL 
device program offers are substantial. The investment the PAL 
device user makes in ProPAL, HAL or ZHAL devices yields a 
significant return in product quality and manufacturing savings. 

The quality is a result of our many years and millions of units of 
experience in the design, manufacture, programming and testing 
of PAL devices. This experience lets us provide PAL device users 
finished quality levels as stringent as 50 PPM. 

The reduced manufacturing costs are derived from the high 
quality provided by the ProPAL, HAL and ZHAL device (quality 
that results in increased manufacturing yield) and reduced com
ponent processing and handling costs. 

The manufacturing yield (the number of working systems pro
duced as a percentage of total number of systems produced) is 
a function of the quality of the components in a system. Increas
ing the quality of the components naturally increases the manu
facturing yield. Table 2 is a tabulation of values demonstrating the 
relationship between component quality and manufacturing 
yield. 

Additional manufacturing cost savings come in reduced process
ing and handling costs. Purchasing pre-programmed and func
tionally tested devices direct from the factory eliminates the need 

. for the user to perform any programming or functional testing. 
This eliminates the need for the user to carry all the associated 
overhead: 

Programming (programmer equipment cost, floor space, main
tenance and calibration, operator costs) 
Labeling/stripping/marking (equipment cost, floorspace, main
tenance, operator costs) 
Vector generation (computer/software costs, engineering 
costs) 
Testing (equipment costs, operator costs) 
Elimination of sockets (which allows for auto-insertion) 

Also, when ProPAL, HAL or ZHALdevices are utilized, handling
related rejects are virtually eliminated. We have found handling 
errors to be one of the largest sources of rejects. Mixed device 
types, mixed bit patterns, mixed reject and good devices, bent 
leads and ESD damaged devices can all result in board-level 

DEVICES/SYSTEM 

~ 
5 

PPM 
10 

failures, failures that can be avoided with ProPAL, HAL or ZHAL 
devices. ProPAL, HAL and ZHAL devices come programmed, 
marked and fully tested, ready to godirectlyfrom the shipping box 
to the production floor. 

A Cost Savings Example 

A systems manufacturer produces 2000 systems per month, 
each having 1 O PAL devices (total 20,000 PAL devices/month). 
This manufacturer's cost of diagnosing and reworking a non
functional system (at system test) is $150. What cost benefits 
does the ProPAL, HAL and ZHAL devices program offer this 
manufacturer? 

Case I 

No functional testing is performed-5000 PPM board-level 
quality. 

Manufacturing yield (from Table 2) = 95.1 % 

4.9% or 98 systems/month require rework. 

At $150/system, total rework costs/month are: 

98 x $150 = $14,700. 

At 20,000 devices/month, rework costs are: 

$14,700/20,000 = $0.73/device. 

Case II. 

AutoVec testing is performed-500 PPM board-level quality. 

Manufacturing yield (from Table 1) = 99.5%. 

0.5% or 1 o systems/month require rework. 

At $150/system, total rework costs/month are: 

10 x $150 = $1500. 

At 20,000 devices/month, rework costs are: 

$1500/20,000 = $0.08/device. 

25 50 100 

50 99.975% 99.95% 99.87% 99.75% 99.5% 
500 99.75% 99.5% 98.8% 97.5% 95% 

5000 97.5% 95.1% 88% 78% 61% 
10,000 95.1% 91.5% 78% 61% 37% 

Table 2. Manufacturing Yield for Various Component Quality Levels 
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Case Ill 

AC-functional testing is performed-50 PPM board-level quality. 

Manufacturing yield (from Table 2) = 99.975%. 

0.025% or< 1 system/month requires rework. 

At $150/system, total rework costs/month are: 

< $150. 

At 20,000 devices/month, rework costs are: 

< $150/20,000 = $0.01/device. 

Cost Savings (utilizing): 

Autovec testing: $0.73 - $0.08 = $0.65/device. 

AC-functional testing: $0.73-$0.01 = $0.72/device. 

This example does not take into account a few things: 

The cost of the manufacturer doing the programming. 
Additional manufacturing cost savings (e.g. elimination of 
sockets allowing auto-insertion). 
The cost adder for ProPAL, HAL and ZHAL device services. 

The cost of doing programming varies from manufacturer to 
manufacturer. Generally, unless a manufacturer does high 
volume programming, this cost can be substantial. 

Additionally, other manufacturing cost benefits are also realized. 
If PAL devices are being socketed, the high quality levels of 
ProPAL, HAL and ZHAL devices allow for elimination of those 
sockets and the utilization of auto-insertion in the manufacturing 
flow. Board-ready devices also lend themselves more readily to 
just-in-time or ship-to-stock purchasing and manufacturing pro
grams. 

The cost of Pro PAL, HAL and ZHAL device services depends on 
a number of factors (device type, volume, device base price). It 
is typically much less than it costs a manufacturer to program and 
test devices, not to mention the savings realized through the 
increased quality. 

The Importance of Functional Testing 

Programming is final manufacturing, and the quality of a pro
grammed device must be verified by thorough testing. After 
programming, a device is "array verified." This verification. checks 
the fuse array to verify that the pattern programmed into the 
device is correct. However, verification does not guarantee 
functionality. Devices can pass array verification but fail in the 
circuit board. These are called post-programming functional 
rejects. Post-programming functional testing simulates the ac
tual operation of the device to verify functionality. This testing 
detects these functional rejects before they get into your system. 
The typical post-programming functional reject rate for PAL 
devices is about 0.5-1.0%, or 5000-10,000 PPM. Our AC
functional testing options for ProPAL, HAL and ZHAL devices 
offer 50 PPM quality levels. 

ProPAL, HAL and ZHAL Device 
Functional Testing 

Thorough functional testing is atthe heart of our Pro PAL, HALand 
ZHAL device program. We offer a range of programming and 
testing options. These are discussed in detail in this section. 

All functional testing of PAL devices starts with test vectors, but 
the similarity ends there, because when it comes to functional 
testing of PAL devices, all vectors are not alike. They range in 
complexity from simple, short pseudo-random testing sequences 
(e.g. Data I/O's Fingerprint™ Test) to sophisticated structured 
vectors generated by expensive software programs used interac
tively by dedicated test engineers. 

We offer a sophisticated brand of signature analysis testing and 
two types of structured vector testing. The signature analysis 
testing is performed on the AutoVec tester. The two structured 
vector testing options are straighi-functional vector testing and 
AC-functional vector testing. Straight-functional testing provides 
full functional and DC threshold testing. AC-functional testing 
includes this straight-functional testing plus functional testing for 
AC conditions. The following is a brief description of these testing 
options and what they yield in final quality. 

AutoVec Testing 

The AutoVec tester is an extremely sophisticated signature 
analysis tester. It generates a sequence of up to 20 million vectors 
via a proprietary hardware-based pseudo-random vector genera
tion algorithm. These vectors provide a typical quality level of 
500-700 PPM for finished product. 

AutoVec testing requires less engineering interaction and setup 
time than straight-functional and AC-functional testing (while still 
providing excellent quality levels), and the business conditions 
for ProPAL devices produced with AutoVec testing are more 
flexible. These more flexible business conditions include lowered 
NREs and reduced minimum volume requirements. 

Straight-Functional Testing 

The straight-functional and AC-functional testing options offer the 
next level of quality in the ProPAL, HAL and ZHAL device 
program. The increase in quality is a result of the increasingly 
sophisticated structured test vectors and test equipment used for 
testing. 

When generating vectors for this level of testing we start with a 
transistor-level schematic of the device under test. With this we 
can model internal gate-level stuck-at-faults. Most other vector 
generation packages use inexact models-such as logic diagram 
representations-as the basis for vector generation. With our 
exact device representation it is possible to cover all possible 
faults of the internal gates (where these faults can occur). 

Monolithic Memories test engineers, using proprietary software, 
then check for three-state faulting. This is in addition to the stuck
at 1 or stuck-at O faulting tested by most commercially available 
test packages and conventional testing methods. 
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Monolithic Memories proprietary software is then used to check 
the design for potential design problems (e.g. race conditions). 
Additional vectors are added as needed to test for these condi
tions and guarantee reproducible test results. 

In the process Monolithic Memories test engineers interactively 
add vectors until 100% of the detectable faults are covered. The 
end result: guaranteed 90% fault coverage on every pattern we 
test, with typical fault coverage >95% and typical system quality 
levels of 200-400 PPM. If 90% fault coverage cannot be 
obtained our Field Application Engineers will work with the 
customer to improve the testability of the design, or we will 
continue processing your product upon receipt of a signed waiver. 

AC-Functional Testing 

The starting point for AC-functional testing is the straight-func
tional DC vector set. The excellent functional testing coverage 
the straight functional vectors provide is now extended to thresh
old condition AC testing. Monolithic Memories test engineers, 
working with additional proprietary in-house "intelligent" soft
ware, use these vectors as the basis for generating their AC test 
vectors. For high-quality AC testing, the design must be consid
ered. Multiple feedback paths must be accounted for in the 
testing sequence. These "intelligent" software packages "learn" 
the design and flag the test engineer when special AC testing 
considerations are found. In this iterative process the engineer 
adds vectors to cover AC testing conditions. Typically, the 
number of DC functional vectors is doubled or tripled for full AC 
testing coverage. The expanded set of vectors is incorporated 
into a test program that performs DC, functional, threshold-func
tional and AC-functional testing, all at the VCC extremes. 

The end result is excellent system level quality of < 50 PPM. 

When you utilize our ProPAL, HAL and ZHAL devices program 
you are getting tremendous quality and manufacturing cost 
benefits-semicustom product without the risks: 

You can prototype your system and start production with 
standard PAL devices. 
The Non-Recurring Engineering (NRE) charges for ProPAL, 
HAL and ZHAL devices devices are far lower than those 
normally required for a semicustom circuit, and can be 
amortized over your first production quantity. 
You save on the cost of programming and testing devices. This 
also shortens your production cycle, since you can plug the 
devices into the socket with no additional processing. 
You save on the costs of generating test programs and func
tionally testing devices. All devices are fully functionally tested 
before they leave the factory. 
We provide you with custom marking. This saves you the ad
ded expense of stripping the mark from standard devices and 
remarking them with your own mark. 
You eliminate handling errors. When you use Pro PAL, HALand 
ZHAL devices, you are receiving board-ready product. No 
need to program, mark or test. And the elimination of these 
extra processing steps means the elimination of many handling 
steps, which can be the number one cause of component 
defects. 

• You eliminate or reduce board and system-level reworking. 
The high quality levels provided by our ProPAL, HAL and ZHAL 
device offerings significantly reduces board reworking costs. 
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Testability 

Introduction 

With digital logic design, it is all too easy to design a circuit which 
merely implements a specified function. When production starts 
it is suddenly found that the circuit cannot be tested, or perhaps 
t~at t~sts cannot be performed economically. Dealing with this 
s1tuat1on can, at the very least, have a negative impact on the in
troduction of the system into the marketplace. 

Potential headache can be avoided by taking test issues into 
c~ns!der~tio~ during the initial design. Instead of just designing a 
c1rcu1t which implements a specified function, which is the bare 
minimum that must be accomplished, that function needs to be 
implemented in a manner which can be tested. 

The purpose of this section is to establish the notion of testability 
and its importance, and then to provide ways of avoiding the most 
~o'."mon untestable cir.cuits. The issues will be discussed primar
ily 1n the cont~xt of logic design in PLD's, although they are also 
relevant for general logic design. 

After testability has been discussed for general circuits, some 
specific testability circuitry on the PROSE device will be dis
cussed. Finally, test vectors will be reviewed. Various kinds of 
vectors are mentioned, and the general tools available for vector 
generation will be summarized. 

Defining Testability - A Qualitative 
Look 

A completely testable design is one in which any and all device 
faults can be systematically detected. 

~irst note thatthe issue is one of devices, not designs. The design 
1tsel~ must work as specified; that is the main job of the design 
engineer. Once the design is implemented in a device, the issue 
is how to test the device to make sure that the design has been 
correctly implemented. Throughout this paper, then, it will be 
assumed that a particular design works as is; we will just be 
addressing its testability. 

The easiest and most effective means of testing a circuit is 
through a systematic series of tests. A random set of tests may 
also do well, but does not yield much information regarding the 
testability of a circuit itself. No number of random (or systematic) 
vectors can test an inherently untestable circuit. 

In order to be able to perform a systematic test sequence, every 
part of the circuit under test must be accessible, so that it can be 
controlled. Only then can each node be forced high or low as 
needed. This is essentially a requirement of complete controlla
bility of the circuit. 

In order to be able to detect faults every part of the circuit must 
also be visible to the outside world, so that the results of each test 
can be observed. In this manner, each node can be inspected to 
determine its logic level. This requires complete obseNability. 

These are, of course, the age-old issues of controllability and 
observability, which are as important for digital logic circuits as 
they are for so many other kinds of systems. If any portion of a 
circuit is uncontrollable or unobservable, then the testability of the 
entire circuit is compromised. 

Figure 1 shows a couple of completely untestable circuits. The 
integrity of the top input in Figure 1 a can never be verified. No 
matter whether it is shorted to ground, to Vee• or whether it is 
functioning correctly, the output will be the same. That is to say, 
any faults on the top input cannot be observed at the output. 

The circuit in Figure 1 a would appear pretty useless as is. It is 
possible, however, that instead of being directly grounded, the 
second input may be driven by some distant signal, possibly on 
a different PC board, which happens to be a a logic low. If you 
cannot bring this line to a logic high, then it might as well be 
grounded. 

The circuit in Figure 1 b essentially has no input. This circuit can 
be thought of as a latch, but there is no way to change its logic 
state. Therefore, it is completely uncontrollable. 

a. Unobservable 

b. Uncontrollable 
550 01 

Figure 1. Untestable Circuits 

Quantifying Testability 

In theory, if we want to quantify the testability of a given circuit, we 
might first attempt to make a list of all possible things that could 
go wrong with a circuit (no matter how unlikely), and then verify 
that all such 'faults" can be tested, in all combinations and 
permutations. But for a circuit of any significance whatsoever, it 
will rapidly become apparent that this is not a practical solution. 

3·108 ~ Mono/Ith/a W llllemarles ~ 



Testability 

What we need instead is a measure which can give an empirically 
reliable indication of the testability of a circuit, or of the quality of 
a given set of tests. There are several different such measures, 
but the most popular of these is the single stuck-at faults model. 

There are several ways of analyzing circuits for single stuck-at 
faults. For very large circuits, various testability analysis schemes 
have been developed. However, for smaller circuits, especially of 
the size that would be put into a PLO, the more common method 
uses simulation. 

Simulating Single Stuck-At Faults 

A given circuit is first simulated. The quality of the simulation is 
important; the more complete the simulation the better. A thor
ough simulation can then serve as a benchmark test sequence 
later. In this way, the fault simulation procedure also allows us to 
measure the quality of a given simulation, or set of tests, in 
addition to the testability of the circuit. 

The results of the simulation are recorded. Next, one node in the 
circuit is modeled with a "stuck-at" fault - either stuck-at-one 
(SA 1) or stuck-at-zero (SAO), as shown in Figure 2. The circuit is 
now resimulated. If the simulation results of the modified circuit 
are different from the simulation results of the good circuit, then 
the fault was detected. If not, then we have a faulty circuit which 
appears to operate correctly. 

STUCK-AT-ONE (SA1) 

550 02 
STUCK-AT-ZERO (SAO) 

Figure 2. Single "Stuck-At" Faults 

This procedure is repeated for each node, one node at a time 
(hence the name "single" stuck-atfaults). The nodes are modeled 
with both SA 1 and SAO faults, so that for N nodes, we will have 
2N simulations. If of those 2N simulations, D of them produced 
simulation results different from those of the original circuit, then 
we say that this simulation tested this circuit with a test coverage 
of D/(2N)*1 OO°lo. Whereas this specifically tests only for single 
faults, experience shows that it is also a good test for multiple 
stuck-at faults. 

Undetected Faults 

Why are some of the faults not detected? For simple combinato
rial logic, there are two basic reasons: either the simulation was 
not complete enough to find the fault; or the circuit itself cannot be 
tested for the fault. So when an undetected fault is located, the 
first step taken is to add vectors to the simulations which will 
exercise the node being tested. By doing this, we gradually 

improve the quality of the simulation, and thus the quality of the 
test sequence that we can use in production. 

It is possible that certain nodes will have undetectable faults for 
which no new vectors can be added. These are the result of an 
untestable design. It is the joint job of the test and design 
engineers to generate a test sequence that is as complete as 
possible. It is the design engineer's responsibility to provide a 
circuit which is testable. If both of these responsibilities are 
carried out, the result will be a testable circuit which can be tested 
with an exhaustive test sequence. This will yield the highest 
quality system. Note, however, that the overall responsibility is 
shared between the design and test engineers. 

Needless to say, this process of analyzing the testability of a 
circuit is not done all by hand; software aids are used. There are 
many different kinds of programs that run on many different kinds 
of systems, ranging from PCs to workstations to mainframes. 
Some of them are standalone programs; others are integrated 
into larger overall environments. Their specific capabilities also 
vary, but in general, they can simulate a given circuit with a given 
set of vectors; analyze the test coverage that the vectors provide 
for the circuit; and generate new tests, either from scratch or by 
improving on the coverage of a few manually generated "seed" 
vectors. Most can also point out potential problems areas of a 
circuit, such as race conditions and logic hazards. 

Finally, one frequently asked question is "So what if there is a fault 
that can never be detected. Who cares?" Theoretically, this 
question is not unreasonable. However, most companies will not 
feel comfortable telling a customer "We only tested half of the 
system, but if anything goes wrong with the other ha~. you'll never 
notice it.• In addition, as will be seen, many untestable circuits .. 
occur as a result of poor design practices. ~ 

Testability issues for sequential circuits have implications far 
beyond the test bed. Indeed, failure to take these issues into 
account can greatly affect the normal performance of a system. 
The key for state machines is controllability. The challenge is to 
make all elements of the circuit controllable, both for testing and 
for general functionality. 

Designing Testable Combinatorial 
Circuits 

All of the previous procedures dealt mostly with the ways in which 
existing circuits are treated. However, if a finished circuit is found 
to be untestable, then it must be redesigned for testability. ·An 
easier approach is to design for testability from the beginning. 
Unfortunately there is no direct recipe for a testable design. There 
are, however, many common ways of making a circuit untestable. 
Most of this section is devoted to pointing out such problems. 

The simplest kind of problem is redundant logic. Figure 3a shows 
one such circuit. It has a purely redundant product term. If the 
output of either of the product terms is stuck low, for any reason, 
then as long as the other product term is good, the fault will never 
be visible at the output. 

This may initially look like a benefit, since we have what we could 
call a "primary" circuit with a "backup.• One can cover up some of 
the failures of the other (but not all failures). If this kind of 
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redundancy is truly desired, this is notthe way to achieve It. When 
you ship out this circuit, you do not know if you really have a 
working primary and backup. The primary may already be mal
functioning; since it was never tested, you will never know. If you 
want useful, reliable redundancy, test circuitry must be added, as 
in Figure 3b, so that each part of the circuit can be independently 
tested. 

550 03a 

550 03b 

:~A'B+A'B=A'B 
a. A Purely Redundant Circuit 

A 

PRIMAR~~ . ........._ 

BACKUP~ 
= A'B'PRIMARY 

+ A'B'BACKUP 

b. Testable Redundant Circuit 

Figure 3. Making Redundancy Testable 

Figure 4 shows another redundant circuit. Although the product 
terms are not identical, the larger AND gate is really redundant. 
Any stuck-low faults at the output of this gate are not detectable. 

550 04 

Figure 4. Circuit with a Redundant 3-lnput AND Gate 

Reconvergent Fanout 

Redundant logic is a special case of what is called reconvsrgsnt 
fanout. This is a term that refers to circuits that have inputs 
splitting up, going through independent logic paths, and then 
reconverging to form a single output, as shown in Figure 5. When 
this happens, it is very easy to introduce untestable nodes. It may 
not be easy to identify where such nodes are. 

550 07a 

550 07b 

a. Controllability: Forcing the Node Low 

A 

B----..........i ..... ~~ 

c = 1 

b. Observability: Sensitizing a Path to the Output 

550 05 

FANS OUT RECONVERGES 

Figure 5. Reconvergent Fanout 

Figure 6 is an example of a reconvergent circuit. The inputs are 
shared between two different product terms, which are eventually 
summed. This circuit appears harmless enough, but it turns out 
that the node indicated by "SA 1" cannot be tested for a stuck-at
one condition. In other words, there is no way that we can 
guarantee that that node is operating correctly. 

550 06 

A 

B---...-1 

c 
= A'B'/C 
+ B'C 

Figure 6. A Reconvergent Circuit with an Untestable Node 

It is worth analyzing this circuit a bit more closely. This will give 
some insight into the kinds of analyses that are necessary when 
evaluating circuits and generating tests, and into the ways in 
which untestable nodes are created. 

H we wish to provethatthe node in question is not stuck high, then 
we must force it low and prove that we were successful in doing 
so. Thus we have two requirements: forcing the node low, and 
seeing the logic low on the output-controlling and observing the 
node. 

First we raise input C high to force the node to a logic low 
condition, as in Figure 7a. This satisfies our controllability require
ment. Next we need to provide a way to propagate this logic low 
to the output (Figure 7b). This is referred to as sensitizing a path 
to the output. The first step is to get the logic low past the AND 
gate. But if either input A or B is low, then the output of the AND 
gate will be low regardless of the node being tested. Thus we must 
force both A and B to a logic high, so that if there is a low on the 
output of the AND gate, we will know for sure that it came from the 
node we are testing. This is shown in Figure 7c. 

550 07c c. Propagating Past the AND Gate 

d. Propagating Past the OR Gate Sets Up an 
Impossible Condition 

550 07d 

Figure 7. Analyzing Testability 
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Next we wish to get the logic low through the OR gate to the 
output. To do this, we must insure that the second OR input is 
always low; if It is high, then the output of the OR gate will be high 
regardless of the node being tested. If we can keep the lower OR 
input low, then H the node we are testing was sucessfully forced 
into a low condition, then the output will be low. Otherwise the 
output will be high. This can be seen in Figure 7d. 

How do we keep the lower OR input low? By making the output 
of the lower AND gate low, which can be done by setting one of 
Its inputs low. However, we have already required that all of the 
inputs be high. Thus we have required a set of conditions that 
cannot be met. One of three things will result: 

1. The lower AND gate has both inputs high, and therefore keeps 
the lower OR input high. In this case, we may have been 
successful in forcing the node under test low, but we cannot 
see It at the output. 

2. We bring input B low, allowing the lower OR input to go low. 
However, now the output of the upper' AND gate will always be 
low. So we will see a low at the output, but we cannot be sure 
exactly where the low came from. 

3. We bring input Clow, allowing the lower OR input to go low. 
However, now we are no longer forcing the node under test 
low. 

So we can either force the node low, but cannot see the low at the 
output; or, we can see a low at the output but cannot be sure of 
its source; or, we cannot force the node itself low. In any case, we 
will never be able to guarantee that the node under test is not 
stuck high. 

Note that the two "independent logic blocks" which generate the 
signals that eventually reconverge are testable by themselves; 
they are just AND gates. It is only when we hook them together via 
the OR gate thatthe overall circuit becomes untestable. Thus the 
testability of individual portions of a circuit does not guarantee that 
the entire circuit will be testable when the testable pieces are all 
connected. 

We can minimize this circuit using the following steps: 

A'B'C + B'C -A'B'C + B'C + A'B'B (by consensus) 
-A'B'C + B'C + A'B 
=A'B+B'C 

Thus the node we were trying to test is really not needed in the 
logic. The resultant circuit is shown in Figure 8, and is completely 
testable. 

= A'B 
+ B'C 

Figure 8. The Minimized Circuit Is Testable 

550 08 

A-----, 

B-+-.-----1 
c 

Figure 9. A Messy Reconvergent Circuit 

550 09 

Not all reconvergentcircuits are so simple. Figure 9 shows a more 
complicated reconvergent circuit. Here some signals have to 
travel through several levels of logic to reach their final destina
tion. This introduces considerable skew into the circuit, and will 
produce glitches on the outputs during certain transitions. In 
addition to this, there is again a stuck-at-one fault that cannot be 
tested. 

Circuits like this can res'ult from the design Iteration process, as 
a designer tries to debug a circuit. By adding this and that, 
eventually the circuit works. But it is a mess, has poor timing 
characteristics, and is untestable. A little analysis of the logic itself 
shows that: 

the bottom output is 
(A+B)·A'B 

thus the middle output is 
(A'B)=A+B 

which makes the top output 

(A'B'C + C'(A + B)) = (A*B*C + A'B*C) 
=(A*B) 
=A+B 

That is, the top two outputs are actually the same, and the third 
output is just the inverse of the top two. As convoluted as the 
original circuit looks, the logic itself is actually trivial. So if three 
outputs are really needed for some reason, we can generatethem 
independently, as in Figure 1 Oa. If only two outputs are needed, 
It is even easier. Figures 1 Ob and 1 Oc show two possibilities. 

These circuits are much easier to understand, their timing char
acteristics are better, and they are completely testable. 
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550 10a 

550 10b 

A--..--,--f' 
B-t-.---"L-~ 

a. A Cleaner 3-0utput Version 

A--..---,--f' 
B-f-.---i......I 

• /(A'B) 

= /(A'B) 

•/(/A +/B) 

= /(A'B) 

= /(/A+/B) 

b. A Clean, Fas1 2-0utput Version 

550 100 

c. A Slower 2-0utput Version. 

Figure 10. Slmpllfylng the Clrcu!t of Figure 9. 

The Importance of Minimization 

The common factor behind all of the untestable circuits we have 
examined is the faci that all of them were not minimal. By 
minimizing the logic, we made the circuits testable. This is true in 
general: UNMINIMIZ,ED LOGIC CANNOT BE FULLY TESTED. 

Very often, especially when designing with PLDs, an attempt is 
made to minimize logic only to the point where it fits into a 
particular PLO. Any further minimization is considered an aca
demic waste oj time. This is a grave misconception. Getting rid of 
all extra product terms, and eliminating all extra literals on the 
remaining product terms has real value. Failing to do so will result 
in untestable nodes in the circuit. 

Minimizing is not always enjoyable, since hand techniques are 
usually too tedious, and Karnaugh maps are essentially useless 
for more than four or five inputs. However, computers have long 
been used to minimize logic. In particular, PALASM® software 
(version 2.22 anq later) has a minimization routine which can 
minimize logic automatically before assembly. 

Logic Hazards 

One occasional side effect of minimization can be the introduction 
of glitches into a circuit. Figure 11ashows such a "glitchy" circuit. 
The waveform in Figure 11b shows that under steaqy-state 
conditions, as long as inputs A and C are high, the output is high 

B 

550 11a 

A 

B 

8 

c 

x 
550 11b 
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a. A Glltchy Circuit 

I 
I 
I 

Li 
b. Waveform for the Glltchy Circuit 

A 
B c 00 01 11 10 

0 0 

X = A'B 

+ IB'.A 

c. "Gap" In the Karnaugh Map Indicates a Logic 
Hazard 

Figure 11. Examining a Glltchy Circuit 

regardless of B. However, as B changes from high to low, causing 
the top product term to shut off and the bottom one to turn on, the 
Inverter adds a bit of delay to the path that will turn on the lower 
product term. Thus the top term may shut off before the bottom 
one gets a chance to turn on. In this case, we have two logic low 
signals going into the OR gate, giving a low on the output. As soon 
as the lower product term turns on, the output goes back high, but 
not before the appearance of the high-low-high glitch. 

Figure 11cshowsthe Karnaugh map for this circuit. It is minimal, 
but there are two product terms which do not overlap; they are 
"adjacent" in one location. These represent the two AND gates in 
the circuit diagram. The arrows indicate the troublesome transi· 
!ion: when A and Care high, and when Bchangesfrom high to low 
:or the reverse. We can intuitively think of this as a "gap" between 
the two adjacent product terms, in which a glitch may occur. 

Note that glitching is not a certainty. It is called a hazard because 
in certain situation, given certain timing situations, there is a 
chance that a glitch will occur. 

Note also that the glitch is not really caused PY the minimization 
proce$s itself, but is caused by these "gaps" in the K.arnaugh map. 
Unminimized logic with such gaps may also be glltchy. 
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A PROM is a good example of such a circuit. PROMs can be used 
to implement any logic function of their inputs. However, regard
less of the function, it is implemented in a completely unminimized 
fashion, using complete minterms. So even a function as simple 
as the one in Figure 12 (which could be implemented using a 
single product term, grouping all 1's into a single cell) is imple
mented with each 1 in Its own cell. Thus there is a gap between 
every cell, meaning that every transition is a potential glitch. 
PROMs are notoriously glitchy, and it is for this reason that the 
output of a PROM is actually undefined until Its access time has 
elapsed. 

x 
z 

w 
y 00 

00 o 

01 o 

11 o 

10 o 

01 11 10 

0 0 o 

0 0 o 

0 0 o 

0 0 o 
550 12 

Figure 12. In a PROM, Every Transition Can Glitch 

If we go back to the Karnaugh map in Figure 11c, we see that we 
can eliminate the gap-and the glitch-by adding aproductterm 
which overlaps both existing product terms and covers the gap. 
This is shown in Figure 13a, with the resultant circuit shown in 
Figure 13b. 

B 

A 

10 

a. A Redundant Product Tenn can 
Eliminate the Glitch 

b. A Glitch-Free, but Untestable Circuit 

X = A'B 
+ /B'C 
+ A'C 

Figure 13. Eliminating Glitches 

550 13a 

650 13b 

This circuit is no longer glltchy. Unfortunately, it is also no longer 
testable, since we have added in a redundant product term which 
cannot be tested (try It yourself). In order to have a circuit which 
is both testable and glitch-free, we must add a test input to the 

circuit which we can use to shut off the outside gates, isolating the 
middle gate for testing (Figure 14a). When the circuit is operating 
normally, the extra input is kept at a logic high condition, where it 
does not interfere with the basic logic function. 

The Karnaugh map for this circuit is shown in Figure 14b. Note 
that all product terms overlap, but now the circuit is minimal. The 
size of the Karnaugh map has doubled, since we added another 
input. But if we isolate just that portion which corresponds to the 
test input being high, which is the normal operating mode (see 
Figure 14c), It looks exactly like the map of Figure 13a. Of course 
we should expect this, since we do not want the addition of a test 
circuit to affect the basic function. 

B 
= A'B'ITEST 
+ IB'C'/TEST 
+ A'C 

a. A Testable, Glitch-Free Circuit 

A 
c 

TE ST B 00 

00 0 

01 0 

11 0 

10 1 

01 11 10 

0 1 0 

0 0 0 

0 v; 0 
0 1 1.Ll 

b. Karnaugh Map 

c. Karnaugh Map Showing Non-Test-Mode Portion 

Figure 14. Making a Glitch-Free Circuit Testable 

550 14a 

550 14b 

550 14c 

Thus, in general, these types of glitches can be eliminated first by 
adding some redundant logic to get rid of the gaps in the 
Karnaugh map, and then by adding a test inputto makethe circuit 
testable. 
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Designing Testable Sequential 
Circuits 

The design of sequential circuits involves considerations above 
and beyond those required for simple combinatorial circuits. 
Latches and oscillators are circuits which appear combinatorial, 
but which use feedback to introduce sequential properties. State 
machines use flip-flops and feedback to generate what can be 
complex sequential circuits. 

Feedback 

Whereas combinatorial circuits depend only on the conditions of 
present inputs, sequential circuits depend on both present condi
tions and past behavior to determine future behavior. This is 
made possible primarily by feedback. Feedback takes an output 
signal and routes it back for use as an input to the same circuit, 
as shown in Figure 15. We now have a situation where an output 
depends on itself; this can introduce new testability problems. 

550 15 

Figure 15. Logic with Feedback 

Most sequential circuits (under varying circumstances also called 
state machines, finite state machines, and sequencers) make 
use of flip-flops as memory elements. These memory elements 
serve to remember a past condition (called a state)sothatafuture 
decision can be made based on it. This state is then fed back as 
in input. With PLDs, the flip-flops and combinatorial logic are 
contained within a single device, as shown in Figure 16. 
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550 16 

Figure 16. Structure of a Sequential PLO 

Of course, the effects of feedback may have to be considered 
even when there are no flip-flops. The circuit in Figure 15 has, 
feedback, but has no flip-flops. Such a circuit will either function 
as a latch or as an oscillator, as will be seen. 

Before we look into the special needs of circuits with feedback, 
bear in mind that all of the testability criteria discussed for 
combinatorial logic still hold. The blocks of combinatorial logic 
shown in Figures 15 and 16 must be testable by themselves. 
What we will discuss here are issues which must be considered 
in addition to the issues involving combinatorial logic. 

Latches 

A combinatorial logic circuit which uses positive feedback is a 
latch. The simplest possible latch is shown in Figure 17a. The 
output is fed back as an input in its TRUE form. This means, of 
course, that the output will stay at its present level; hence the 
name "latch". 

a. Completely Uncontrollable 

b. Cannot Set Output HIGH 

550 17 

c. Cannot Reset Output LOW 

Figure 17. Uncontrollable Latches 

The circuit as shown is clearly not useful, since it will always 
remain in its power-up state. If another input is added, as in Figure 
17b, a HIGH output could be made to go LOW by setting the 
RESET input LOW. However, once the output goes LOW, there 
is no way to make it go HIGH again. Likewise, the circuit could be 
modified as in Figure 17c. Now a LOW output can be made HIGH 
by setting the SET input HIGH. However, once HIGH, the output 
can never be made to go back LOW. 

Controllable latches 

For a latch to be useful, it must be completely controllable. The 
previous latches cannot be completely controlled. In order for a 
latch to be controllable, it must have both SET and RESET 
controls, as shown in Figure 18. 

550 18 

SET~ 

RESET~ 

Figure 18. A Controllable Latch 
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X=A 
+ B'Y 

=A 
+ B'(C + D'X) 

=A 
+ B'C 
+ B'D'X 

LJ 
RESET 

J SET 

a. Latch with SET and RESET 

X = B'Y 
+ B'D'X 
LJ 

RESET 

b. Latch with RESET Only 

X =A+ Y 

=A J SET 
+ B'C 
+ x 

c. Latch with SET Only 

Figure 19. More Complex Latches 

Testability 

550 19a 

550 19b 

550 me 

In PLDs, a latch can be detected by simplifying the logic for each 
function. If an output is a function of itself in TRUE form, then it is 
a latch. To be controllable, 

product terms containing the feedback should have at least one 
other direct input in the product (providing RESET control) 

there should be at least one product term with no feedback 
(providing SET control). 

The circuit in Figure 19a provides an example. At first it is not 
immediately obvious that the circuit is a latch, but when the logic 
is simplified, we see that indeed it is. It is controllable since it has 
both SET and RESET controls. If the logic were shown in Figures 
19b or 19c, the latch would be uncontrollable under some circum
stances. 

Latch hazards 

The circuit of Figure 18 can be generalized to have several inputs 
on both the set and reset controls. Such a circuit is shown in 
Figure 20. In this case, we have two inputs on the set AND 
gate. If the two set inputs A and B change from 0 and 1 to 1 and 
0, respectively, then there will be a glitch or a false latch at the 
output if both inputs were 1 at sometime during the transition 
(Figure 20). For this transition, it is important to make sure that 
the 1-0 transition be made before the 0-1 transition to avoid 
anomalous output behavior. Merely delaying one input will not 
help, since it will delay both rising and falling transitions. 

55020a a 
a. Circuit 

A 

B 

c 
~FALSE LATCH 

x 
+EXPECTED 

b. Glitch and False Latch 550 20b 

Figure 20. A Latch with More Complex SET Logic 

The simplest solution to this problem is the use of an edge
triggered flip-flop to synchronize the signals. This will eliminate 
any such glitches. If a flip-flop cannot be used, it is possible to 
delay reaction to a "11" condition to make sure that such a 
condition is not transitory. A circuit which accomplishes this is 
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shown in Figure 21 a. This is relatively efficient in that only one 
delay circuit is required regardless of the number of inputs used 
on the set control (within the limits of the size of the AND gate). It 
will require an extra output on a PAL device. 

550 21a 

550 21b 

A--Ht-4----L
B -+-<>-----t 

DELAY 
GATE 

SET CONTROL 
AND GATE 

a. Circuit Which Delays "11 ... 1" signals 

b. Testable Delay Circuit 

Figure 21. Delay Circuit 

This delay circuit will delay the effect of a "11" input by an extra 
propagation delay. However, it also provides a window of one 
propagation delay which will screen out any transitory "11" con
ditions that occur within that window. This allows up to one propa
gation delay's worth of skew between inputs during a transition 
from "01" to "1 O". 
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B 
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c 

y 

550 22c 

Because we have introduced redundancy, the circuit must be 
modified to be testable. If the circuit is implemented in a combi
natorial PAL device, then programmable three-state can be used 
to test the circuit, as shown in figure 21 b. By enabling output X, 
the redundant circuit can be observed without regard to Y. Then, 
to test Y, output X is disabled and then the pin is used as an input 
to drive the circuitry for Y directly. This provides a simple means 
of testing the circuit, but it only works if pin X can be measured and 
driven. The complete circuit is shown in figure 22a. 

If node X is not so accessible, then additional circuitry and test 
inputs must be added. In the worst case, if node Xis completely 
inaccessible, the resulting testable circuit is shown in figure 22b. 

550 22a 
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a. Complete Latch Circuit 

b. Circuit if Node X is Completely Inaccessible 
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c. Latch Circuit Behavior 

Figure 22. A Testable Glitch-Free Latch 
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Note that although the three-state capability is not needed, the 
circuit requires two extra gates, and, worst of all, four test inputs. 

Figure 22c shows the behavior of either of the testable glitch-free 
latches. 

Transparent latches 

Many designers like to use PLDs to design standard D-type 
'1ransparent" latches. A D-type latch is a very simple circuit, 
shown in basic form in Figure 23a. As it turns out, however, this 
is a glitchy circuit of the type discussed on page 550-5 above. 
The problem is compounded in this case, since, given the right 
timing, the glitch can actually be latched; the glitching problem is 
no longer transitory. If this type of circuit is desired, it must be 
designed to be both glitch-free and testable; the resultant circuit 
is shown in Figure 23b. 

DATA-----r~ 

GATE 

OUT = GATE.DATA 

+ /GATE·ouT 

a. Glltchy 

OUT= GATE.DATA./TEST 
+ /GATE.OUT •/TEST 

+ DATA"OUT 

b. Glitch-Free and Testable 

OUT 

Figure 23. D-Type Transparent Latches 

Oscillators 

550 23a 

550 23b 

Circuits whose outputs are fed back in TRUE form are latches. If 
the outputs are fed back in COMPLEMENT form, then the circuit 
is an oscillator. A simple oscillator circuit is shown in Figure 24. 

550 24 

Figure 24. A Simple Oscillator 

Latches are very often useful in circuits; oscillators rarely are. 
Crystals and other specialized oscillators are useful when it is 
necessary to generate a clock signal, for example. Trying to build 

an oscillator out of standard logic or PLDs will not yield a very 
predictable, accurate oscillator; where these circuits occur, it is 
usually by accident. 

An oscillatory circuit may not always be obvious. It also may not 
oscillate all of the time. The oscillator shown in Figure 24 is 
uncontrollable; it always oscillates. However, just as we can 
design controllable latches, we can also design controllable 
oscillators (on purpose or by accident). This means that there 
may be an oscillator hidden in the circuit which will sometimes 
oscillate and sometimes be stable. Such a circuit is shown in 
Figure 25a. 

-~==:f=:)1------<,__- X = A"B"Z 
= A"B"D"E 
+ A"B"C"/X 

,_ ____ ,___ Y = C"/X 
--~---1...

a. Complete Circuit 

x = A·s·o·E 
+ A·s·c·1x 

TERM1 
TERM1 

b. The Equation for X 

= /A"C 
+ 1s·c 
+ C"/D"/Y 
+ C"E"IY 

Z = D"E 
+ y 

= D"E 
+ /A"C 
+ /B·c 
+ C"/Z 

Figure 25. A Conditional Oscillator 

Detecting oscillators 

550 25 

The oscillator in the circuit is not obvious. But if we simplify the 
logic completely, we can see that output X depends on IX; output 
Y depends on IY; and output Z depends on IZ. Since the outputs 
are fed back to themselves in COMPLEMENT form, the circuit 
constitutes an oscillator. 

This circuit will sometimes be stable. If we examine the logic 
function determining X, we see that it has two product terms, 
shown in Figure 25b. Term 1 is independent of IX; term 2 is 
dependent on IX. If inputs A, 8, D, and E are all TRUE, then term 
1 becomes TRUE, and the output stays HIGH regardless of the 
status of the rest of the circuit. It is thus stable. However, if signals 
D and/or E are LOW, then term 1 will be FALSE. If, at the same 
time, input C is HIGH, then, as long as the output Xis LOW, term 
2 will be TRUE, making the output HIGH (which makes the 
product term FALSE, which makes the output LOW, etc.). That is, 
the circuit oscillates. 

In this manner, we can identify the conditions under which a 
conditional oscillator will oscillate. The mere presence of an 
oscillator is usually an indication that the circuit needs to be 
changed. It may be that the circuit only oscillates under conditions 
that could never possibly exist. One must be very certain of the 
impossibility of such a condition, however, if a conditional oscilla
tor is to be tolerated. In addition, a thorough test sequence will 
usually expose a circuit to conditions that it may never encounter 
in a real system. Thus oscillators may interfere with the test 
process even if they do not disrupt the system. 
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Designing Testable State Machines 

State machines have their own set of controllability issues. These 
essentially boil down to the concepts of initialization and illegal 
states. 

State machine Initialization 

The nature of a state machine is that there is a well-defined 
sequence of states through which the machine will traverse as It 
operates. This implies the existence of a '1irst" state. Of course, 
these initial states vary from design to design. One obvious 
problem is the fact that many flip-flops - especially older varie
ties - do not power up in a predictable state. 

Power-up lnltlallzatlon 

Flip-flops that truly power up into a random state must be 
initialized explicitly. Lately, however, flip-flops have become 
available which have "power-up reset". This allows the flip-flops 
to power up into a predictable state every time. This is helpful 
when the power-up state also happens to be the initial state. But 
even if it is not the initial state, a predictable initialization sequence 
can bring the state machine into its start-up state. 

Unfortunately, such initialization schemes rely on the ability of the 
device to initialize itseH when being powered up. If the system 
needs to be re-initialized, It will have to be completely turned off 
and then turned on again. Anyone who has had to turn off a 
computer in order to reboot will know that this is not an elegant 
way of re-initializing. By building initialization into the design, a 
means of performing a ''warm boot" is provided. It is for this 
reason that initialization must be considered along with all other 
aspects of the design. 

Some devices, such as the PAL32VX1 O/A, the PAL22RXSA, and 
other PAL devices, have mechanisms specttically designed for 
inltializing a state machine. These are usually in the form of global 
set and reset product terms. By programming the conditions for 
initialization onto such terms, the device can be re-initialized at 
any time. Other devices, like the PMS14R21/A and the PLS 
devices, have pins which can be dedicated as preset pins. 

Including Initialization In a design 

Some of the simpler devices do not have specific provisions for 
initialization. However, the need is still present in these devices; 
here the initialization should be included in the design. This is a 
very simple process; It can be added in after all of the other design 
details have been worked out. Adding initialization will use up one 
input pin and potentially one product term on some outputs; this 
can affect the choice of device for the design. 

To provide inltialization in an otherwise complete design when 
Boolean equations are being used: 

• determine the start-up state 
• assign each bit as being inltialized active or inactive, based on 

the desired start-up state 
if a bit is to be inltialized inactive, add "/IN IT' to every product 
term for that bit. 

• if a bit is to be initialized active, add one product term consisting 
solely of "INIT" 

Here we have assumed that the initialization pin has been called 
"INIT". "Active"would mean HIGH for an active high device; LOW 
for an active low device. "Inactive" is just the reverse. 

The equation in Figure 26a can be initialized inactive as shown 
in Figure 26b, or active as shown in Figure 26c. Initialization is 
accomplished by asserting the INIT pin and clocking once. This 
"cookbook" approach is very reliable. 

00:= 01•02 
+ 02'/03 

a. Uninitializable 

00: = 01'02'/INIT 
+ 02'/03'/INfT 

b. Initialized Inactive 

00:= 01'02 
+ 02'/03 
+ INIT 

c. Initialized Active 

Figure 26. Designing In lnltlallzatlon 

PALASM software also makes It possible to design state ma
chines with a special syntax which essentially allows-the state 
diagram to be transferred directly into a design file. For devices 
which have no dedicated initialization features, the initialization 
branches should be explicltly built into the state diagram. The 
software then performs the remainder of the processing needed. 
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Illegal states 

A state machine is formed by using a set of flip-flops to remember 
states, and assigning a code to each state. Since there are 2" 
different codes that can be assigned to a group of n flip-flops, 
there is a good chance that some codes may not be used. For 
example, if a state machine is to have 6 states, 2 flip-flops will not 
be sufficient; 3 are needed. But 3 flip-flops allow 8 states, which 
will result in 2 unused states (see Figure 27). 

550 27 

Figure 27. Illegal States 

Assuming that the state machine has been designed correctly, 
there is no reason why these extra states should ever be entered; 
therefore they are called "illegal" states. Unfortunately, situations 
do occur, thanks to noise and other unpredictable occurrences, 
which result in the state machine being in an illegal state. When 
this happens, the immediate need is to return to a normal 
sequence of states: there must be a predictable means of getting 
from any illegal states into a legal state. 

Illegal state recovery is a controllability issue which actually 
affects functionality more than it affects testability. But the con
cepts used for functionality and testing are so closely related that 
it is worth treating here. 

Recovering from illegal states 

There are three basic ways of getting out of an illegal state: 

re-initialize 
make sure that one can continue clocking until the machine 
recovers 
design the machine such that the start-up state is reached from 
any illegal state in one clock cycle, independent of any condi
tional inputs 

Of course, re-initializing will take the machine back into its start
up state from any state, legal or illegal (Figure 28). The disadvan
tage here is that outside control is needed to force initialization. 

Very often, a path will exist which eventually takes the state 
machine back into a normal sequence (Figure 29). These paths 
are not usually designed in; they just happen to be there. In fact, 
if D-type flip-flops are used, it is surprisingly difficult to get a 
"closed" set of illegal states (that is, a set such that once one of 
the illegal states is entered, the machine will forever remain in 

550 28 

Figure 28. Using Initialization to Recover 

550 29 

Figure 29. Cycling Back to a Legal State 

illegal states) by accident. In most cases, there will be a path 
which eventually leads back to a legal state. In these cases, .. 
merely clocking enough times will cause the machine to recover. ~ 

The drawback here is that one does not know ahead of time how 
many clock cycles will be needed. This necessitates some built
in way of knowing just when a legal state has been re-entered. 
And once that state has been reached, further cycling may be 
needed to get to a point where operation can resume. 

Designing-in one-step recovery 

The most predictable way of dealing with illegal states is to 
provide a one-step path back to a legal state. Depending on the 
state desired, more or less work may be involved to do this. For 
PAL devices, we can consider three cases: 

all illegal states go to state 00 ... 0 
all illegal states go to one state other than 00 ... 0 
eac,h illegal state goes to some legal state 

The cause of poor illegal state recovery can be illustrated concep
tually with Karnaugh maps (although realistically, Karnaugh 
maps are often not used). When calculating the equations for a 
particular bit, it is tempting to use Don't Care cells from the 
Karnaugh map (Figure 30) to simplify the logic. The success of 
illegal state recovery ,depends on how these Don't Care cells are 
treated. 
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DON'T CARE 
- CELLS CORRESPOND 

TO ILLEGAL STATES 

Figure 30. Illegal Stal!! 

Recovering into state 00 ... 0 

This is the simplest case; it is illustrated in Figure 31. It is 
accomplished by not using any illegal states to generate the logic 
for any of the bits. Since most PAL devices have only D-typeflip
flops, a bit will go HIGH only as a result of legal states. Any illegal 
states will cause all bits to be LOW. 

550 31 

a. State Diagram 

CD x x x 

0 x x x 

IV 18 x x 

0 0 0 CD 

b. Karnaugh Map 
I 

Figure 31. f!ecover[ng to State o ... O 

This procedure does not work when J-K or T-type flip-flops are 
used. In fact, it is deadly. Whereas a D-type flip-flop defaults to 
LOW, J-K and T-type flip-flops hold their present state as a 
default. Thus if illegal states are not considered in the transfer 
functions, an illegal state will cause the state machine to be locked 
up in that state. 

Recovering into one fixed state 

This case is shown in Figure 32a. The procedure can be illus
trated conceptually with a Karnaugh map. It muslfirst be decided 
which legal state will be entered, and the resultant value of each 

a. State Diagram 

1 x x x 

a x x x 

1 1 x x 

0 0 0 1 

b. Kamaugh Map for Bit On 

G) 0 0 0 

0 0 0 0 

1 1 \2 0 

0 0 0 8 
c. Bit On Recovers to O 

1 1 0 1 

0 1 1 1 

1 1 [1 1 

0 0 0 1 

d. Bit On Recovers to 1 

Figure 32. Recovering to a State Other Than 0 ... 0 
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state bit. The Don't Care cells for each bit are then filled with the 
corresponding next state bit value; ii the next state for a bit is to 
be 1, then Don't Care cells are filled with 1 'sforthatbit's Karnaugh 
map; the procedure for a 0-bit is analogous. The equations are 
now taken by including either all Don't Care cells ii filled with 1 's 
or none of them if filled with O's. This procedure is illustrated i~ 
Figures 32b, c, and d. 

When Karnaugh maps are not used, the same result can be 
obtained by explicitly considering all illegal states. When calculat
ing the Boolean equations for: 

a bit that will be 0 after recovery, no illegal states should be 
included. 

a bit that will be 1 after recovery, a// illegal states should be 
included. 

When J-K flip-flops are used, then the transfer function for either 
J or K - but not both - will include all illegal states. 

If a bit is to be HIGH alter recovery, J should account for all 
illegal states; K should account for none. 

If a bit is to be LOW after recovery, K should account for all 
illegal states; J should account for none. 

This must be done explicitly for J-K flip-flops even if state 0 ... 0 is 
the recovery state. 

When T-type flip-flops are used, there is no easy way out; any 
recovery must be explicitly designed-in as part of the original 
function. 

Recovering Into Any Legal State 

The third case allows one to fill in the Don't Care cells of a 
Karnaugh map in such a way that some legal next state is always 
reached in one clock cycle, but such that the 1 'sand O's are placed 
to keep the logic functions simple. This is shown in Figure 33. The 
disadvantage here is that since different illegal states result in a 
different legal state, some additional cycling may be required to 
allow operation to resume. 

When Karnaugh maps are not used, this can be implemented 
more simply by explicitly including the illegal states as part of the 
complete state diagram. This is especially simple if the state 
machine input format for PALASM software is being used. 

Default transitions 

The PMS14R21/A and PLS devices have default branching 
mechanisms. When PALASM state machine input is used, it is 
possible to specify a DEFAULT BRANCH. This means that when 
in any state, if none of the branching conditions are satisfied, 
some user-definable state is automatically reached. This can be 
used as a way of recovering from illegal states. 

a. State Diagram 

1(1 1 1 1 
0 0 0 1 

1(1 1 1 1 
0 0 0 \..!..) 

550 33 

b. Karnaugh Map 

Figure 33. Recovery Such That Logic Functions Are As 
Simple As Possible 

In PLS devices, the complement array can serve as a way of 
recovering from illegal states. In a design, only legal branches are 
defined. When in an illegal state, since no legal branch is active, 
the complement array is activated, allowing for some default state 
to be reached. 

Testing Illegal state recovery 

One of the difficulties of designing illegal state recovery into a 
circuit is the fact that it is difficult to test. Because the state is 
illegal, it is impossible to force the circuit into such a state. The use 
of register preload circumvents this problem. With preload, any 
state - legal or illegal - can be loaded into the register. If an 
illegal state is loaded, then the circ(Jit can be tested to verify that 
correct recovery does indeed occur. 

The use of preload must be considered c:arefully with devices 
having programmable asynchronous set and reset features. If 
these are driven by feedback from an output, then situations can 
occur where preloading one state immediately causes a set or 
resetto the opposite state (Figure 34). There are two alternatives: 
either avoid preloading such states, or include a control input in 
the set and/or reset product terms which can disable the feature 
when testing. 
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Cannot Preload 1 Stable 

s 
D Q 

R R 

Cannot Pre!oad 0 Stable 

Stable Case: Can Preload Any State 
Other Cases: ?reloading Any State Will 

Cause SET or RESET to 
Opposite State. 

Testability 

Providing for bed-of-nails testing 

Most state machine PLDs are equipped with an enable pin for 
disabling the outputs. This is a key feature when the circuit board 
is to be tested in a bed-of-nails tester. When the devices driven by 
by the PLO are tested, it is recommended that the PLO be 
disabled so that there is no output level contention. Since the 
enable pin is usually grounded to keep outputs permanently 
enabled, it can instead be made available for use during testing. 

Note that for combinatorial devices, there is generally no output 
enable pin. The disabling feature is instead implemented through 
a product term. Designing the part such that the outputs can be 
disabled during bed-of-nails testing is also encouraged for these 
combinatorial designs. 

Figure 34. Preloading Registers with SET and RESET 
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Designing for Testability With the 
PROSE™ Device 

Today's more complex circu~s and systems are becoming pro
hibitively expensive to test using standard methods. Diagnostics
On-Chip™, or DOC™, is a test feature provided in several of 
Monolithic Memories' devices as a means of increasing testability 
at the system, board, and chip levels. DOC is especially useful in 
the PROSE™ device (PMS14R21). It is even used by device 
programmers to configure the two programmable arrays inside 
the device (Figure 35). 

10 
11 
12 
13 
14 
15 
16 
17 

PROM 
ARRAY 

(128X21) 

DOC Architecture 

Testability consists of two basic elements: controllabil~y and 
observability. In a sequential (registered) system, these two 
elements are lost when a register is not directly accessible. In 
Figure 36a, the first register is not observable and the last register 
is not controllable. Figure 36b shows that the addition of a scan 
path through each register, as in the DOC method, provides the 
direct access for controllability and observability, which ensures 
complete testability. 

DCLK SDI CLK 

DOC™ 21 
REGISTER 

MODE SDO PIE 
550 35 

Figure 35. PROSE Block Diagram 

550 36a 

550 36b 

a. Standard Sequential Logic 
b. Sequential Logic with a Scan Path 

Figure 36. Testability Can Be Increased by Providing Direct Access to All Registers 
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The heart of the DOC circuitry is the shadow register (see Figure 
37). The shadow register is a serial/parallel register, equivalent in 
length to the pipeline register. It is called a shadow register 
because it is invisible to the device during normal operation. It is 
clocked by its own clock input, DCLK. 

DCLK 
SDI 

AS·AO 

PROM ARRAY 

.---+---...-,f--+ !~RAYS 
..r--'---......... , 

1----l---+-+-- SDO 

S20-SO D20·DO 

MODE-*---- MULTIPLEXER 

PIE 

550 37 

07-00 

Figure 37. DOC Circuitry in the PROSE Device 

DCLK 

MODE= HIGH 

CLK 

550 39 

In normal mode (MODE input is LOW), the shadow register 
operates as a serial shift register (see Figure 38). The Serial Data 
Input is SDI, and the Serial Data Output is SDO. The pipeline 
register can operate at the same time while MODE is LOW. 

SDI 
DCLK 

SHADOW 
REGISTER 

MOOE=LOW 

CLK-----<> 

550 38 

10·17 

07-QO 

Figure 38. The Shadow Register Operates as an 
Independent Shift Register when MODE is LOW 

In diagnostic mode (MODE is HIGH), the shadow register oper
ates as a parallel register (see Figure 39). It can be parallel loaded 
from or to the pipeline register by clocking the receiving register. 
A swap can be performed by clocking both at the same time. 

Note that the PROSE device differs from other DOC family 
members in that the shadow register is loadable only from the 
output register. Other devices also allow loading of the data on the 
output pins, if the device is connected to a bus. This does not 
affect the device-level testability if the outputs do not connect to 
a bus, of if the bus is otherwise observable. 

Figure 39. The Shadow Register Can Parallel Transfer Its Contents to and from the Pipeline Register when MODE is HIGH 
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INPUTS OUTPUTS 
OPERATION 

MODE SDI CLK DCLK 020-00 020-00 SDO 

L x i . On<-- PROM HOLD S20 Load output register from PROM array 
Sn<-- Sn-1 

L x . i HOLD SO<-- SDI S20 Shift shadow register data 

Sn<-- Sn-1 Load output register from PROM array 
L x i i On PROM SO<-- SDI S20 while shifting shadow register data 

H x i . On<-- Sn HOLD SDI Load output register from shadow register 

H L . i HOLD Sn<-- On SDI Load shadow register from output register 

H L i i On<-- Sn Sn<-- On SDI Swap output and shadow registers 

H H . i HOLD HOLD SDI No operationt 

• Clock must be steady or failling. 
t Reserved operaton for 745818 8-Bit Diagnostic Register. 

Figure 40. Diagnostics Function Table 

All of the functions of the DOC circuitry are described in the CLK 

function table (Figure 40). 

DOC allows access to all twenty-one pipeline flip-flops in the 
PROSE device through the serial path, requiring only lour addi
tional pins. These lour pins can be controlled directly, or can be 
connected to other DOC circuits in series. A series connection of 
several DOC circuits allows the same four signals to address an 
unlimited number of flip-flops on a board or system (Figure 41 ). 

A typical test would be performed as follows: 

1. Test vector shifted into shadow register(s) 

2. Test vector parallel transferred to pipeline register(s) 

3. Device/system clocked desired number of times to run test 

4. Test results parallel transferred fo shadow register(s) 

5. Test results shifted out of shadow register(s) 

DIAGNOSTIC CONTROLLER 

TEST VECTOR 
INFORMATION 

PROGRAM 
EPROM 

SDI SDO 

MODE~-++-~~~~-+-+-~~~~-4e-t-~~~~~ 

DCLK~~-+-~~~~~-+-~~~~~-+~~~~~ 

550 41 

Figure 41. Example Architecture for Use of System-Level 
Diagnostics 

Note that while shifting, the system can return to normal opera
tion. In addition, while test results are being shifted out, a new test 
vector can be shifted in. 

The swap function allows the state of the pipeline register(s) to be 
restored once the test is complete. When the test vector is parallel 
transferred to the pipeline register, the pipeline register contents 
are transferred to the shadow register at the same time for 

DIAGNOSABLE SYSTEM 

DIAGNOSTIC 
SLAVE PORT 

. . . 550 42 

Figure 42. Example Architecture for Use of System-Level Diagnostics 
DIAGNOSTIC 
SLAVE PORT 
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storage. Later, when the test results are transferred to the shadow 
register, the original pipeline register information (stored in the 
shadow register) is transferred back to the pipeline register. 

System-Level Testing 

At the system level, DOC provides the ability for a diagnostic 
controller to monitor the interior status of a system. The diagnostic 
controller could control several scan loops, selecting the loops 
required for the test needed (Figure 42). 

However, many key products, such as microprocessors, are not 
available with the DOC function and cannot be part of the scan 
path. This limits the use of DOC for full system-level testing to 
selected manufacturers who can use this additional testability as 
an enhanceement to a larger system-level testability strategy. 

In addition, little support is available for writing the test vectors that 
can be run through the DOC scan path. The software that is 
available is expensive and runs on large computers only. This is 
anotherfactorthat limits the use of DOC on a system level. On the 
board or chip levels, however, test vectors are much easier to 
generate and can even be found by running vectors through a 
known good unit. 

A complete system-level test would require that most of the 
devices in the system shown in Figure 43 incorporate the DOC 

PART NUMBER DESCRIPTION 

PMS14R21/A 128-state sequencer 

Am29PL141 64-state sequencer 

Am27S65/A 4-K Diagnostic PROM 

Am27S75/A 8-K Diagnostic PROM 

Am27S85/A 16-K Diagnostic PROM 

Am9151 4-K Diagnostic Static RAM 

74S818 8-bit register 

Am29818 8-bit register 

Figure 43. DOC Products Family 

OTHER 

circuitry. Other devices in the DOC family are shown in Figure 43. 
Devices with circuitry equivalent to the DOC format are available 
from several other suppliers as well. Also, many gate array and 
standard cell manufacturers offer standard functions similar to 
the DOC scan path and can easily be included in custom designs. 

Board-Level Testing 

DOC in the PROSE device is especially useful at the board, or 
functional, level. The PROSE device will usually form the heart of 
a function, such as a peripheral controller. In addition, it often will 
serve to off-load the main Central Processing Unit (CPU) and be 
partially controlled by the CPU. DOC allows direct control of the 
PROSE device, bypassing a difficult-to-control CPU and taking 
command of whatever function the PROSE device performs 
(Figure 44). Here, on-board diagnostics can be easily done with 
the PROSE device. The alternative is to dedicate edge-connector 
signals to the DOC path. 

The DOC circuitry provides access to the PROSE device's 
pipeline register. This can be used to set the outputs to a given 
state, in order to test the effect on the devices surrounding the 
PROSE device. Or, the pipeline register can be setto a given state 
and then left to run freely, to verify functionality. If combined with 
control of the device inputs, the sequencer can be stepped 
through a number of states, to test the response of the surround
ing logic. This is especially useful for bed-of-nails board-level 
testing; the PROSE device can be tested completely without 
having to be backdriven. 

Device-Level Testing 

On the device level, the DOC circuitry effectively provides a 
Preload function for the register. Instead of loading the register 
from the outputs, as with standard PAL® devices, the register is 
preloaded from the shadow register. A standard type of preload 
is not possible on the PROSE device because thirteen of the flip
flops are buried (Figure 45). Preload is necessary for testing the 
device functionality, since the buried flip-flops must be set to a 
known condition before the device can be tested. 

DOC ACCESS 

PARALLEL·TO
SERIAL CONVERTER i+=='"--1 

550 44 

MEMORY 

Figure 44. DOC Allows Direct Access to Peripheral Elements In a System, Bypassing the CPU 
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PROSE LOGIC 
ARRAYS 

Testability 

PIPELINE 
REGISTERS 

ACCESS THROUGH 
DOC SCAN PATH 

Figure 45. DOC Effectively Adds a Preload Function to Buried Flip-Flops 

550 45 

The DOC circuitry allows more than just a Preload equivalent, 
however. It also allows observation of the pipeline register, which 
contains all of the state information. Thus, an individual state 
transition may be tested by preloading the desired state, setting 

the inputs, clocking the device, and then observing the resulting 
state in the pipeline register. State transitions which do not result 
in a change in outputs are thus easily tested (Figure 46). 

13' 14 
01,02 

D 
01,02 E Oi,02 

550 46 

Figure 46. DOC Allows Transitions that Do Not Result in Changes to the Outputs to Be Verified. In this Case, the Transi
tion from A to B Does Not Change the Outputs (Q1 and Q2), but the Internal Feedback Changes (the Condition Select 

Signals Examine 13 and 14 Instead of 11 and 12). Buried Flip-Flop Observability Is Required to Verify the Transition 
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Using Test Vectors 

Digital systems are generally tested by applying a sequence of 
test vectors. A test vector is a group of signals which are applied 
(forced) and measured (sensed) on a device or a board. The 
vector thus defines all inputs and expected outputs for a given 
test. As we have noted, the sequence of tests performed greatly 
affects the quality of the overall tests, as measured by the fault 
coverage. 

In general, we can talk in terms of three kinds of vectors. 
Simulation (or application) vectors, functional test vectors and 
signature test vectors. 

Simulation vectors are generated during the design process. 
Their main purpose is to help the designer verify that the design 
has been correctly implemented. They representthe way in which 
the circuit was intended to operate. When PALASM software (or 
almost any other PLD design software package) is used, simula
tion may be performed prior to programming a device. The 
software simulates the operation of the circuit, and then gener
ates vectors from the simulation, adding the vectors totheJEDEC 
file. These vectors can then be used for testing by programmers 
that have the capability of performing functional tests. 

While simulation vectors may be adequate for verifying that the 
design is operating as expected, they generally do not provide 
very extensive test coverage. For this reason, we distinguish 
functional test vectors from simulation vectors. 

It is very difficult to generate a complete set of functional test 
vectors by hand; computer programs are generally used instead. 
The simulation vectors are often used as a basis for generating 
a more comprehensive set of functional test vector~; :.; this 
capacity, the simulation vectors serve as seedvectors.There are 
many programs which perform this function although many of the 
programs require larger computers and take a long time to run. 
Monolithic Memories also generates functional test vectors for 
patterns that are used in ProPAL and HAL devices. This is 
discussed more fully on page 3-106. 

More recently, programs which run on the IBM PC-compatible 
computers have been developed to generate vectors for use in 
testing PLDs. Most well-known among these are PLDtest™ from 
Data 110 Corp., and TestPLA™ from Structured Design. These 

TYPE OF VECTOR PURPOSE 

programs use the programming information in the JED EC file to 
generate tests. 

On most patterns, they can generate test sequences of high 
quality. If complex internalfeedback is used ina particular design, 
then some manual test generation may still be needed to improve 
the test coverage. Both of these programs support the use of 
register preload for initializing states; the TestPLA package can 
also generate tests for devices which do not have the preload 
feature. 

While functional vectors provide more extensive tests, they may 
not exercise the circuit in the manner in which it was meant to be 
used. Thus, for example, a conditional oscillator in a circuit (as 
discussed above) may not be a problem during simulation, since 
the conditions causing oscillation are not thought to be possible 
by the designer. However, the functional vectors will take all 
situations (some of which may not be physically possible) into 
account in the tests. Thus more subtle design problems may 
become apparent when functional test vectors are generated. 

Signature vectors are random vectors which are first applied to a 
device which is known to be good in order to generate a "signa
ture''. This same set of vectors is then applied to a device of 
unknown quality; if the same signature results, the device is said 
to be good; if a different signature results, then the device is 
assumed to be faulty. 

Signature vectors can vary greatly in the quality of testing they can 
provide. Since they are generated with no knowledge of the circuit 
being tested, many more vectors must be used to perform a good 
test. The quality of the test depends on the circuit being tested, the 
number of vectors used, the speed with which the tests are 
applied, and the algorithm used to generate the vectors. The 
tester must also be able to apply a preload sequence to devices 
that have registers; otherwise two devices may power up into two 
different states. In that case, both devices will generate different 
signatures even if both are good devices. 

Quality signature testing can be very cost effective, since no 
advance knowledge of a device pattern is needed. This reduces 
the amount of resources that must be dedicated to test vector 
generation. Signature testing options are discussed more fully on 
page 3-106. 

The different types of vectors are summarized in Table 1 below. 

GENERATED BY: 

Simulation Used for verifying whether or not Sequence defined by the design engineer, 
(Application) a design will operate as expected usually by hand. Actual vectors generated 

when implemented. by design software, placed in the JEDEC file. 

Functional Used for verifying that Usually generated by a computer program 
a device is operating such as PLDtest or TestPLA. The simulation 

correctly. vectors can be used as seed vectors 

Signature Used for verifying that a device The tester generates the 
is operating correctly without test sequence during the test. 

functional vectors. 

Table 1. Test vectors 
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Summary 

The time to start considering ways of testing a circuit is before the 
circuit has been designed. The key to testability lies in the way the 
circuit is implemented. 

Basic combinatorial logic can be made completely testable sim
ply by minimizing logic. It is not even necessary to analyze the 
circuit for redundancy or reconvergent fanout; automatically 
minimizing all logic will eliminate any occurrences. 

Where a sequential circuit is generated from simple feedback_ 
paths in the logic, the circuit must be analyzed as a combinatorial 
circuit. All combinatorial logic must be included to determine 
whether the circuit is a latch or an oscillator. If a latch is desired, 
it should be completely controllable. If an oscillator is found, it is 
probably not desired, and will generally indicate a mistake in the 
design. If a conditional oscillator is to be tolerated, one must be 
sure that the oscillation conditions can never occur, and that the 
test procedure will not cause oscillation. 

In general, combinatorial circuits should be analyzed completely 
for the presence of latches and oscillators (wanted or unwanted). 
This can be done by simplifying each com.binatorial logic block to 
see whether any signal ultimately depends on itself. 

When the sequential nature of a circuit is derived through the use 
of flip-flops to generate a state machine, the two key issues are 

initialization and illegal state recovery. A combination of device 
features and careful circuit design will yield circuits that can 
behave predictably even in unexpected situations. 

DOC is a testability feature that is useful in the PROSE™ device; 
it may be used on multiple levels: system, board, and chip. While 
the system-level uses may be restricted by the limited availability 
of support products, the board or functional-level uses are excep
tionally handy when the PROSE device acts as a local controller. 
And on the device level, the DOC circuitry provides a means of 
accessing the buried flip-flops within the device for functional 
testing. 

It is important to analyze the testability of a circuit before commit
ting it too far. Thus any changes can be made early on. In 
particular, tt the test analysis software points out any logic 
hazards in your circuit, you can easily remedy them by modifying 
the design. 

These simple steps, taken early in the design phase, can help 
avoid later redesigns, and ultimately provide a higher quality 
system. 

Finally, the ultimate test quality depends also on the quality of the 
test sequence used for production, functional test vectors and 
high quality signature tests will provide you with the highest 
confidence in the quality of your system. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!i!!!~~ 
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MONOX™3 
Oxide-Isolated Process 

Monolithic Memories' premier programmable logic process, 
MONOX 3, is an evolution of the junction-isolated process used 
in the popular 15 nanosecond PAL family. The 15 ns PAL device 
process is a shallow-junction, ion-implanted, diffused isolation 
technology. 

When the time came to advance PAL device speed through 
improved process technology, the decision was made to evolve 
from and benefit from the proven reliability, simplicity, and manu
facturability of the 15 ns PAL device process. Only fully recessed 
oxide isolation and stepper design rules were to be added forthe 
new technology. The fully recessed oxide isolation technology to 
be used had already been proven in earlier processes. 

MONOX 3 Process Description 

The unique feature of MONOX 3 is the isolation structure (patent 
pending) which combines the best features of fully recessed 
oxide isolation (FULROX) and diffused isolation, while maintain
ing a very dense structure. The advantages of FULROX, low 
capacitance and high density, are well known to the industry. 

Diffused isolation has an important advantage for transistors that 
are driven hard into saturation, as in the case where minimum size 
array transistors are used to program fuses in PAL devices. In this 
case, substantial current is injected into the substrate, and this 
may adversely affect nearby circuitry. While this substrate injec
tion can be reduced in FULROX, it has an adverse effect on ca
pacitance and perhaps density. 

In MONOX 3, the diffused portion of the isolation acts as an ex
cellent substrate contact and as a sink for the injected substrate 
current. This permits the FULROX to be optimized both for 
density and for low capacitance, lower than is typical for industry
standard oxide isolation. The typical density disadvantages of 
diffused isolation are minimized by containing the diffusion within 
the FULROX. This isolation structure results in a die that is 
substantially smaller than some trench-isolated products, and 
that has lower capacitance than other oxide-isolated products. 

-<:::2URIED LAYER 
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MONOX 3 Isolation 

Other features of the MONOX 3 process are: 

Fully ion implanted except for buried layer-This permits 
excellent control of the layers for a consistent product, and 
permits a base width of 2000A which yields a cutoff frequency 
f, of 4.3 gigaHertz. 

High-pressure oxidation-This is used for the recessed isola
tion to minimize process temperature and crystal defects. 

Oxide walling all devices-This eliminates potential leakage 
paths that might cause reliability problems. 

Planarization of the isolation "bird's head" shape-This im
proves lit,hography and metal step coverage. 

N+ and P+ sink diffusions-These lower parasitic resistances. 

Dry (plasma) etch-This improves control and density of most 
layers including metal. 

Platinum silicide Schottky diodes-These prevent saturation of 
the logic transistors for improved speed. 

Titanium Tungsten fuses-These are simple and reliable. 

Double layer metal, with intermetal planarization-The first 
metal pitch is 4.5 microns and the second layer metal pitch is 
6.0 microns. 

Stepper lithography with 1.5 micron minimum design rules 
(1.3 micron fuses)-This not only makes the die more compact, 
but significantly improves the fuse programming (see next 
section). 

CHANNEL STOP 

42202 

Typical Oxide Isolation 
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MONOX 3 Oxide-Isolated Process 

MONOX 3 Fuse Technology 

The fuse technology in MONOX 3 is Titanium Tungsten (liW). 
This fuse technology has been used for years in millions of chips 
that have proven to be the industry's most reliable programmable 
logic parts. 

In MONOX 3 the fuses are further enhanced by using stepper 
lithography to print them 1.3 microns wide. This significantly 
lowers the programming current from 70 milliamps to 35 mil
liamps maximum. A lower programming current means less 
power and heat are needed, leading to increased reliability and a 
denser chip design. 

MONOX 3 Summary 

In conclusion, MONOX 3 was designed to be and is both high
performance and simple. Only thirteen masking layers, two 
diffusion cycles, and four oxidation cycles are used. This yields 
a process that competes with, and 'out-performs, other currently 
available programmable logic technologies. The relatively few 
steps needed to manufacture MONOX 3 devices mean fewer po
tential problems and increased reliability. 

AREA 466.5 ff! 

16.6 
mm 

I 
42203 

MONOX3 

FULROX 42204 

NPN Transistor 
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Product Assurance 

l"troduction 

Product Assurance consists of Quality Control, Reliability Assur
ance, Quality Assurance for Military Products and Quality Assur
ance for Commercial Products. 

Quality Assurance 

Quality Assurance for the Commercial Products includes cus
tomer support and failure analysis, outgoing· inspection and 
factory support, document control and quality information. 

In order to support customers, QA provides actual data generated 
during various monitors and inspections throughout the factory. 
Non-proprietary data is available upon request. If the specific 
data is not immediately available, experiments can be run to 
collect the necessary information subject to resource and time 
limitations. 

Another aspect of customer support is the performance of failure 
analyses. Failure analyses are broken Clown into three levels. 
Level 1 analysis consists of failure verification using an automatic 
tester. The result is only whether or not the device under test is 
good or bad with a datalog pointing out the potential failure mode. 
Level 2 analysis consists of Level 1 plus the verification at a bench 
top setup which results in confirmation of the failure mode with 
detailed specific data. level 3 adds to Level 2 a decap and 
physical analysis to isolate the failure mechanism. Monolithic 
Memories has the capability to perform the total analysis in 
house, but occasionally sends analyses to outside sources 
whenever circumstances deem it necessary. Quality Engineer
ing goals for cycle time are to complete Level 1 analyses within 
seven days, Level 2 within 14 days, and Level 3 within 30 days. 

Not all customers want or need a full Level 3 analysis every time. 
The level can be specified at the time of submission. A failure 
analysis should be requested through the Sales person or Field 
Applications Engineer (FAE). A failure analysis request form will 
be completed at that time and the request form and suspected 
failure(s) will be forwarded to Quality Assurance. 

Upon completion of the analysis, a formal report will be made to 
the requester. The report will summarize the results of the 
analysis and enumerate the steps followed In performing the 
analysis. In most cases, a statement of the corrective action 
taken to prevent future occurrences will be included for valid 
failures. In those cases where no failing condition is found, the 
device(s) and report are forwarded to the requester. 

Quality Assurance supports the factory with periodic auditing of 
the various processes, areas and products. The Discrepant 
Material Reporting system (DMR) provides the factory feedback 
on the level of quality it is producing as well as providing protection 
to our customers via a gating of the product. The Quality 
Inspection group takes a 200 piece sample (.065% AOL for lot 

sizes according to Mil-HDBK-1050) from each production lot for 
visual and mechanical testing and electrical testing. The lot is 
returned to production for rescreening if a defective unit is found 
in the sample. The results of the inspections are summarized and 
reported weekly. Through programs aimed at solving the causes 
of the defects, Monolithic Memories has improved quality levels 
significantly. 

As a customer, you can learn from our experience. Our data 
suggests that handling is the number one cause of defective 
material. Whether it is human handling or not, the product flows 
should be engineered so as to minimize the number of separate 
handling steps. By ordering completed product in even box 
quantities, no handling should be necessary afterthe product has 
been packaged by the factory. Product can be placed into boards 
upon receipt. 

By placing product directly into boards without incoming inspec
tion and handling, ship-to-stock has been accomplished. Ship-to
stock, also known as dock-to-stock or certification, is an electron
ies industry goal. It accomplishes minimum cost objectives of our 
customers. The ship-to-stock decision is a customer decision 
that is based on the confidence one has in their supplier to provide 
consistent, high quality. Monolithic Memories has mechanisms in 
place to support ship-to-stock programs and has a generic recipe 
for the certification process for those who would like to get a head 
start on a such a program. Refer to the outline of Guidelines for 
Product Certification. 

Quality Improvement Programs 

The Product Quality Objective is divided into the following com
ponents: 

• Reliability 
• Electrical Performance 
• Programmability 
• External Visual/Mechanical 
• Internal Die Visual 
• Total Quality Process 
• Quality Partnership Program 

Reliability 

The reliability program consists of new product, package and 
process qualifications, qualifications of product, package and 
process changes, and product, package, and process monitors. 
Most reliability testing is performed on site in Santa Clara. 

Qualification· requirements are generally customer driven. 
Monolithic Memories has developed a procedural specification 
that attempts to cover most of the requirements of our numerous 
customers. Most test methods follow the Mil-Std 883 method if 
applicable. 
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Product Assurance 

The most common stresses are operating life, temperature 
cycling, and temperature and humidity testing. Monolithic 
Memories performs operating life at 125 degrees Celsius, 5.25V 
Vee, and 1000 hours per method 1005, condition D. In some 
instances the time will be extended for information only. Operat
ing life is performed dynamically by applying 1 OOKHztothe inputs 
of the devices under stress. Interim readouts are generally made 
after 168 hours. The junction temperature is kept below 175 
degrees Celsius. Temperature cycling is performed from -65 to 
150 degrees Celsius for 100 cycles per method 1010, 
condition C. 

Temperature and humidity, usually referred to as 85/85 testing, is 
performed with devices biased. Both Vee and ground are held at 
ground potential while the rest of the pins are biased to 5 volts. 
The name 85/85 comes from the temperature and humidity 
settings of 85 degrees Celsius and 85% relative humidity. De
vices are stressed for 1000 hours. 

Many other stress tests are performed including ESD testing. 
Monolithic Memories has a complete ESD control program in all 
post wafer fabrication areas. All necessary facilities are in place 
and training is carried out on a routine basis. Audits are also made 
of the manufacturing areas to ensure adequate control is main
tained at all times. 

The monitor program is intended to continually look at production 
products, packages and processes. Each month a series of 
product, package, and process combinations are selected to be 
monitored. Each quarter one product from each process and 
package is thus checked. Any defects are analyzed in the manner 
previously presented. 

Whenever a major change is made to a product, process, or 
package, a re-qualification test is run. In addition to requalifica
tion, notification is made through the sales organization to those 
customers that have such notification requirements. Monolithic 
Memories generally notifies customers at least 90 days prior to 
implementation of a major change. 

All the data are summarized and published twice per year in the 
Reliability Report. Copies of the report are available upon 
request. 

Electrical and Visual/Mechanical Quality 

The basis of the quality improvement program has been thorough 
analysis of and corrective action for defective units found in four 
main areas. The Discrepant Material Reporting system stems 
from outgoing sampling performed by the QA Inspection group on 
each production lot of devices. QA uses a 0.065% AOL sampling 
plan per Mil Std 1 050 which generally results in a 200' piece 
sample. Any lot with a defect in the sample is returned to 
manufacturing for rescreening. 

The Parts Per Million monitor is a unique effort to emulate the 
results that our customers find by using our products. The signifi
cant feature of the monitor is that the parts utilized are pulled from 
finished goods, the point closest to the customer but still within the 
factory. Devices are tested at room and hot temperature to arrive 
at an electrical PPM and visually inspected to arrive at a visual/ 

mechanical PPM. In addition, samples are sent for programming 
and static burn in. In this way programming yield and infant 
mortality information are generated. 

Defective devices from either of these factory locations are 
analyzed, summarized and have corrective actions generated by 
manufacturing and engineering. Formal reports are made to 
corporate management in the bimonthly Product Quality Review, 
which is a general meeting dedicated to reporting progress 
toward quality goals. 

Two sources of customer feedback are the Customer Material 
Returns and failure analysis systems. Customer Material Re
turns (CMR) are generally returns by customers who are con
cerned with receiving credit or replacement of defective units they 
have found. These units are verified by a level 1 analysis as 
explained previously and summarized weekly and monthly in 
formal reports to management. 

The fourth area of feedback is through the failure analysis system 
which has already been presented. 

The results of the efforts have been the steady reduction in PPM 
levels to below 250ppm electrical, below 500ppm visual/me
chanical, and below 0.1 % infant mortality failures. 

Programmability 

In addition to improving product quality, we have improved pro
gramming yields to higher levels. Improvement has come 
through algorithm revisions, random defect reduction, redesigns 
of products and programmer qualification. Once we began fo-
cussing on the programmer suppliers, we were able to better 3 understand their programming processes and work much more 
closely with them to develop optimal programming algorithms. 
While this in itself helped to improve yields, we also made some 
design '1weaks" and manufacturing improvements that contrib-
uted further toward reaching levels generally above 99.5%. Post 
programming functionality was also improved. 

Some of the issues that should be considered when considering 
performing your own programming are to maintain adequate cali
bration of programmers including replacing sockets after 10,000 
insertions, inventory handling costs, human handling errors, and 
lack of post programming testing. Monolithic Memories can 
provide programmed product with minimum cost and handling 
that falls below 1 OOppm. This can be a significant reduction in the 
cost of quality and make it easier to move to a just-in-time 
manufacturing system. 

Internal Die Visual 

It is Monolithic Memories' intent to supply die quality that meets 
or exceeds the Mil-Std 883, method 2010, class B. Toward this 
goal, Monolithic Memories has made significant improvements 
through random defect reduction in our manufacturing areas and 
through the use of statistical process control techniques. Signifi
cant defect reduction was gained by automating the assembly 
process to remove human handling. Similarly, automation in the 
wafer fabrication areas has also been effective. One significant 
improvement was made by putting pelicles on all photolithogra-
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Product Assurance 

phic wafer masks. In addition to preserving the plate indefinitely, 
the pelicle causes any particle that should happen to fall onto the 
plate to be out of focus on the wafer. Therefore, a perfect print is 
made every time. 

Die visual quality has improved to over 97% conformance to 
method 2010, class Bin molded packages and to 100% confor
mance in hermetic packages. The oie visual improvement has 
also contributed to the improvement in infant mortality and the 
improvement in programming and post programming 
functionality. 

Total Quality Process 

Up to this point, the discussion has centered around detection 
and inspection to find quality problems and fix them. However, the 
long term trend is toward prevention. Statistical process control 
is a. preventive measure that allows for building in quality by 
quickly heading off problems before they occur. Statistical 
process control (SPC) is the mainstay of a total quality approach. 

Total Quality means the molding of attitudes through continual 
education, training and awareness in all areas, and to establish 
SPC in all manufacturing areas. The vehicles for accomplishing 
total quality are the bimonthly Product Quality Review, Quality 
Improvement Teams, Deming seminars, in house SPC training, 
use of SPC consultants, and an automatic data collection and 
analysis. 

The actual use of SPC in manufacturing can be seen in both the 
U. S. and in the assembly facility in Penang, Malaysia. The 
assembly areas are leading the way with on line monitoring and 
real time charting in most operations. The wafer manufacturing 
areas have attained various levels of penetration. 

The future holds more automation in store for SPC. By the end 
of 1987, we will have implemented a computer integrated system 
of data collection and analysis that will eventually allow for on line 
analysis, automatic data collection and automatic line control. 
We will be pushing ahead with more Taguchi techniques and with 
an SPC program to address non-production areas. And the 
bottom line will be to reduce our cost of quality through reduction 
in inspection and detection costs and to eliminate rework. 

Quality Partnership Program 

Several years ago Monolithic Memories developed the Quality 
Partnership Program in order to facilitate quality improvement 
through enhanced feedback from a few customers that had good 
reporting mechanisms in place. Today, the program is basically 
the same with one very important exception. Monolithic 
Memories has attained quality levels below 250ppm as we 
measure ourselves. Through pareto analysis of your supplier 
base, you may not want to make the commitment necessary to 
sustain a true partnership relationship with a supplier that does 
not rank as one of your problems. But if you should, we are 
always ready to participate toward mutual improvement in quality. 
We have mechanisms in place to provide rapid and thorough 
failure analysis and outgoing inspection data on a regular basis. 
All that is needed is a commitment from our customers to provide 
us with rapid feedback and to be willing to work in tandem toward 
zero defects and minimum costs. The usual result of a successful 
partnership is reaching ship-to-stock and building a working 
relationship based upon trust and mutual understanding. 

The quality programs described have been in existence for 
several years. The results have been dramatic. You will find us 
to be very honest and responsive to your needs. If you should 
need some information, please don't hesitate to contact us. 
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Guidelines for Product Certification 

Characteristic Accountability 

Process Flow 
Product Specification 
Monitors and Controls 
Place of Manufacture 
Establish Correlation 

First Article Inspection 

Electrical Conformance 
Visual/Mechanical Conformance 
Variables Data 

Lot Monitoring Inspection 

Lot Acceptance or Defect Rate Maintenance 
Period of Time or Number of Lots Criteria 

Factory Audit 

• Customer 

Certification 

Certification Maintenance Program 
Disqualification and Recertification Program 
Periodic Reports, Data, and Timely Feedback 
Special Outgoing Inspection and Verification 
Change Notification 

Product Assurance 

Quality Assurance-Military 

Facility Certification 
QPL Qualifications 
JEDEC 13/13.2 (Gov't Liason Committee) 

• 38510 Quality Conformance Inspection 

Product Acceptance 

Electrical Test Gates 
Visual/Mechanical Gates 
Traceability Verification 
Government/Customer Liason 
Final Outgoing Inspection 
Inspection Activity Reporting 
Verifies Conformance With MIL-M-38510 QCI 
Requirements 

Quality Assurance Eng_ 

Self Audits 
Corrective Action 
Calibration Control 
Customer Return Disposition, Reports and Failure Analysis 
Technical Resource 
Major Programs Support 

Division Quality Assessment Program 
Quality Partnership Program 
Configuration Control 

Reliability Assurance Eng. 

Customer/Gov'! Quality Conformance Inspection 
Package, Process and Reliability Studies (New/Revised) 
Division/Reliability Reporting 
CECC Reliability Programs 

Quality Control 

Incoming lnspectionNendor Evaluations, Ratings and 
Corrective Action 
In-Line Procedural Audits (Fab Through Final Seal) 
In-Line Operational Audits (Fab Through Final Seal) 
In-Process Wafer Fab Inspection 
In-Process Wafer Sort Inspection 
In-Process Assembly Inspection 
Offshore Assembly Surveillance 
Offshore/Surveillance Correlation Program 
Analytical Lab Services (Di Water, Chemical Analysis) 
Environmental Audits (Temp., RH, Particle Counts and Flow 
Hood Velocity) 
In-Process CSl/GSI 
Quality Engineering Failure Analysis 
Statistical Control, Product Quality Analysis 

Quality Assurance-Commercial 

Self Auditing 
Customer Material Returns Analysis and Corrective Action a 
Discrepant Material Analysis and Corrective Action 
Technical Support 
Major Program Support 
PPM Monitor Support 
Quality Partnership Program 
Electrical Test Inspection 
Visual/Mechanical Inspection 
Final Outgoing Inspection 
Inspection Activity Reporting 
Commercial Traceability 
Conformance Verification of Special Commercial 
Specifications 
Document Control (Commercial) 

Reliability Assurance 

Device/Design Qual (New/Revised) 
Package Qualification (New/Revised) 
Process Qualification (New/Revised) 
On-Going Device/Package Reliability Monitors 
Extended and Accelerated Life Testing 
Qualification Test Lab Per MIL-STD-883 Method 5005 
38510 Device Qualification and 883 Quality Conformance 
Failure Analysis Lab (SEM/EDAX and Engineering Services) 
Early Failure Mode Detection and Corrective Action 
Reliability Reports (In-House and Field) 
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MPS 40406 

MPS40960 

MPS 9010 

MPS 20255 

MPS 20254 

MPS 9520 

Product Assurance 

STANDARD POST ASSEMBLY PROCESS FLOW 

START 

100% PRODUCTION 
ELECTRICAL TEST 25C 

PRODUCT 
IDENTIFICATION MARK 

100% PRODUCTION 
VISUAUMECHANICAL 

INSPECTION 

PRODUCTION PRODUCT 
PACK 

Q/A VISUAUMECH. 
INSPECTION 

Q/A ELECTRICAL 
INSPECTION 

').N""O'-----~ B 

FINISHED GOODS 

• Internal Manufacturing Process Specification Number 
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MPS8230 

MPS25551 

MIL STD 883C 

METH. 1015 

B 

MPS8230 

MPS 25551 

A 
MPS 40406 

MPS 40960 

MPS9010 

MPS20255 

MPS 20254 
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Product Assurance 

SHRP* POST ASSEMBLY PROCESS FLOW 

START 

100% PRODUCTION 
PRE-BURN-IN 

ELECTRICAL TEST 25C 

BURN-IN 125C 
COND. CT= 40-4BH 

100% PRODUCTION 
ELECTRICAL TEST 25C 

PRODUCT 
IDENTIFICATION MARK 

100% PRODUCTION 
VISUAL/MECHANICAL 

INSPECTION 

PRODUCTION PRODUCT 
PACK 

O/A VISUAL/MECH. 
INSPECTION 

Q/A ELECTRICAL 
INSPECTION 

FINISHED GOODS 

QA PRE.SHIP 
INSPECTION 

SHIP MPS9521 

434 02 

• SHRP is "Super High Reliability Product" which receives a 
nominal 48-hour burn-in for a modest cost adder. Information 
is available in a SHRP brochure which your salesperson or 
FAE can provide. 
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Test and Finish Operations 

Monolithic Memories performs the test and finish operations 
stateside in Santa Clara, Ca. and in Penang, Malaysia. Both 
facilities utilize state of the art electronic testing equipment as well 
as Electro-Static Discharge safeguards in all handling areas. 
Inventory is maintained and controlled via computerized data
base systems assuring one of the best on-time delivery systems 
in the industry. The product quality is monitored continually 
throughout the process to provide feedback necessary to support 
factory corrective actions. 

Electrical Testing/Pre Burn-In 

The electrical test of integrated circuits starts long before a batch 
of parts is dispatched to the test area. Product and process 
characterizations must be performed to understand the para
metric distributions and the test conditions that are necessary to 
provide full compliance to datasheet specification. When the cus
tomer order requires programming, functional test vectors are 
computer generated and evaluated for array coverage. Test 
software is validated for performance margin before being 
handed over to the Test area for use in production. The electrical 
test software is maintained through revision control and sign-off 
procedures. 

Devices are delivered to the Test area for initial electrical testing. 
The product is 100% production tested to guarantee the databook 
requirements and functionality. The parameters specified include 
electrical and switching characteristics. In addition Monolithic 
Memories performs these tests at various ambient temperatures 
in order to eliminate marginal devices. Additionally, test program 
forcing conditions and test limits have been guardbanded to 
reduce the effects of system variability and parameter shift at 
temperature. All test equipment is calibrated to standards trace
able to the National Bureau of Standards. 

For reduced costs and improved quality due to the elimination of 
human handling errors, Monolithic Memories is incorporating 
bulk loading equipment into the Test and Finish areas. These ma
chines can load and unload product from a handler with great 

· speed, efficiency, and accuracy. 

Burn-In 

Semiconductor failures over time are known to manifest them
selves during the earliest stages of useful life. This phenomenon 
is known as 'Infant Mortality'. During burn-in, stresses are applied 

that accelerate failure for those devices which are prone to Infant 
Mortality. The elimination of these failures not only improves the 
reliability, but also results in substantial cost savings for system 
manufacturers by reducing rework and repair loading. 

Typical conditions for burn-in are: 

Static Condition C 
Temperature: 125°C 
Vee: 5.25 V 

The typical infant mortality phase is defined as 168 hours, with 
75% of the defectives found in the first 48 hours. 

Monolithic Memories has reduced mechanical handling defects 
during board load and unload by utilizing robotic handling/loading 
equipment. 

Electrical .Test/Post Burn-In 

The devices which are burned-in are again electrically tested to 
remove any failures that are a result of the Burn-in acceleraied 
stresses. Production and engineering monitors have shown that 
the typical failure rate for this stress is approximately 0.05%. 

Marking 

The devices are marked to provide identification of part number, 
MMI logo, assembly location, and date codes. In addition to 
standard marking, special customer required items are available. 
A photolithographic process is used to produce exceptional 
character clarity. Every lot is tested for marking permanency. 

Traceability of all raw materials, equipment, operators and proc
esses are identified by two unique date code numbers found on 
the top and bottom of the package. Asix-digitcode marked on the 
top-side of the device allows traceability of the test and finish 
operations, and an eight-digit bottom-side code for traceability of 
assembly processing and raw materials back to wafer lot. 

Visual/Mechanical Inspection 

Visual and Mechanical inspection is performed on all production 
units. The inspection includes package outline dimensions, and 
lead and marking quality. With the aid of production monitors and 
statistical process controls, marginal processes are eliminated. 
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Test and Finish Operations 

Pack 

Packaging of devices is no simple matter. One must provide 
mechanical strength, and identification of contents as well as 
electrical protection (from ESD). Monolithic Memories utilizes 
carbon impregnated boxes for the intermediate containers of a 
shipment, which act as faraday cages in dissipating the built-up 
electro-static charges. The box label has printed on it the part 
number, package type, quantity of devices, QA stamp of accep
tance, specttication number, date of pack, and bit pattern (if 
programmed). Many of the above items are also printed in 
machine-readable bar code format to assist in product movement 
and control. 

Quality Assurance Visual/ Mechanical 
and Electrical Inspections 

The Quality Assurance department sample inspects the devices 
to a 0.065%AQL sample plan in accordance to Mil-HDBK-1050. 

The visual/mechanical inspection consists of physical dimension 
checks along with lead, marking, and packaging verification to 
ensure quality. 

Paperwork is also reviewed for accurate and complete process
ing to specification and customer requirement. 

The devices are electrically tested to databook and/or specific 
customer conditions and limits to validate the electrical and 
functional integrity. 

Any non-conformities that are found during QA inspection are 
verified and tracked through the appropriate product/assembly 
engineering group to obtain corrective action. This information 
along with inspection volume and failure rates is reported to 
management, operations and engineering regularly for long-term 
trend visibility and improvement. 
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IMOX™ Product Technology 
and Reliability 

In order to meet the next generation requirements for speed and 
density in PAL devices, an advanced bipolar technology has been 
developed called IMOX-111. Although IMOX-111 represents a major 
breakthrough which will allow further scaling to the sub-micron 
region, the technology also shares many features in common with 
prior generations of technology, IMOX-11 and IMOX-llS. 

The revolutionary breakthrough of IMOX-111 is the use of reactive
ion-etched grooves, called slots, to isolate the transistors. These 
slots are 1.5 microns wide, over 6 microns deep, and are filled with 
dielectric material (Figure 1 ). Because the transistors are not 
isolated by junctions, space for depletion spreading is not neces
sary. Also, since the slots are etched anisotropically, thicker EPI 
layers can be isolated without increasing the isolation widths. Es
sentially, no density penalty is paid to achieve high breakdown 
voltages. Higher breakdown voltages are needed to support the 
programming voltages required to program fuses in bipolar PAL 
devices. 

Smaller device sizes translate into faster circuits through smaller 
die sizes and reduced capacitances of active devices and metal 
interconnect. Another advantage of the slot isolation is reduced 
collector to substrate capacitance, which offers improved per
formance in many circuit configurations. 

Overall, the IMOX-111 process is a major step forward from 
IMOX-llS. In addition to the slot isolation, stepper lithography and 
dry metal and via etching have been implemented, resulting in a 
dramatic reduction in device sizes. The slot isolation allows the 
silicon pitch to be reduced by one-third. The steppers and plasma 
metal etching allow the metal p~ch to be shrunk by one-third also. 
Furthermore, the IMOX-111 process was designed with a 20% 
shrink in mind. This scaling can be accomplished simply by 
shrinking the masks. 

The IMOX-111 process shares many familiar features with its 
predecessor, IMOX-llS. Oxide-walled bases and emitters are 

used to reduce the size and parasitic capacitances of transistors. 
Ion implanted emitters and bases are used to achieve the profile 
control necessary for high performance transistors. The reliability· 
of the transistor structure used in IMOX-111 has been proven over 
millions of hours of high-temperature tests on products that use 
IMOX-11 and IMOX-llS processes. 

Another key feature lam iliar to users of older generation !MOX 
PAL devices is the fuse technology. IMOX-111 uses platinum 
silicide fuses, identical to the fuse technology used on older 
generation !MOX PAL devices. Programming yields are the 
highest possible, and programming times are extremely short 
(about 300 ns). 

The IMOX-111 technology also features two levels of metallization, 
as does IMOX-11 and IMOX-llS. However, with IMOX-111 technol
ogy, both layers are stepper-defined and plasma-etched. 

The IMOX-111 technology is being applied to a family of high
'performance PAL devices. The first of these is a "D-speed" 
20-pin PAL IC, which runs at 1 O ns. The table below shows the 
devices built on the !MOX processes. 

MAXIMUM 
PROPAGATION 

DEVICE PROCESS DELAY 

Am PAL 16R8 Family IMOX-11 25 ns 
AmPAL 16R8B Family IMOX-llS 15 ns 
AmPAL16R8D Family IMOX-111 10 ns 
AmPAL18P8 IMOX-llS 15 ns 
AmPAL22V10 IMOX-llS 25 ns 
AmPAL22V10-15 IMOX-111 15 ns 
AmPAL20XRP1 O IMOX-llS 15 ns 
Family 

AmPAL23S8 IMOX-llS 20 ns 

EXTRINSIC BASE INTRINSIC BASE 

N EPI 

N+ BURIED LAYER 

P SUBSTRATE 

465 01 

Figure 1. Slot Isolation 
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IMOX Product Technology and Reliability 

IMOX-111 technology will enable third and fourth generations of 
PAL devices that will be significantly faster and more complex 
than the current devices. It will also reduce the cost of the new 
devices by significantly reducing die sizes or allowing more 
features to be added without increasing present die sizes. Faster 
and more complex PAL devices will permit system designers to 
build advanced computers, communications systems and instru

mentation systems at a much lower cost. 

IMOX Product Reliability 

IMOX bipolar Programmable Array Logic (PAL) devices are 
based on two key technologies with many years of high volume 
production experience behind them. 

1. I MOX-The basic process technology employed is IMOX, an 
advanced ion-implanted, oxide-isolated structure. IMOX 
provides very high performance devices with predictable 
manufacturing yields. It has accumulated many millions of 
hours of life test history through its application to the Am27S 
series of PROMs and the Am2900 family of bipolar micropro
cessors. 

A comprehensive report on IMOX reliability titled IMOX 
RELIABILITY REPORT (AMO publication #03687A-MPR) is 
available for those interested in a detailed presentation on this 
subject. 

2. Platinum-silicide fuses-This fuse structure was originally 
developed for use on junction-isolated PROMs. It quickly 
established a standard of excellence for high programming 
yields and long-term reliability. Several years ago it was 
applied to a new generation of ultra high performance PROMs 
based on the IMOX process. 

This combination of IMOX and platinum-silicide fuses has an 
outstanding record of reliability which has been verified repeat
edly through in-house life testing and by high-reliability customer 
qualification testing and system use. 

IMOX PAL devices are fabricated with this same combined 
process technology. Not only is the technology for building PAL 
devices and PROMs the same, but also the programming algo
rithm and programming circuitry used to program the platinum
silicide fuses are the same in all characteristics of importance. 
The result is that the conditions seen by an IMOX PAL device fuse 
are the same as those seen by an IMOX PROM fuse. 

Due to the common process technology, fuse design and fuse 
programming circuitry design, reliability and programming yield 
results are expected to be the same for PAL devices and PROMs. 
Data accumulated to date on PAL devices confirms this 
expectation. 

This report describes the characteristics of the platinum-silicide 
fuse and programming conditions for the fuse, along with a 
description of the ongoing reliabiltty monitor program. 

Platinum-Silicide Fuse 

Fusing Technique 

IMOX PALcircutts are designed to use a programming algorithm 
which minimizes the requirements on the programmer yet allows 
the circuit to program the platinum silicide links quickly and · 
reliably. 

The sequence of events to program a fuse are: 

1. VCC power is applied to the chip. 

2. The address of the fuse to be programmed is selected by TTL 
levels on the appropriate address pins. 

3. The outputs are disabled. (Pin 1 serves this purpose on PAL 
devices). 

4. The programming voltage is then applied to one output. 

5. A fuse enable is accomplished by raising an input to a level 
above normal TTL operating voltage. (Pin 11 is used for this 
on PAL devices.) This action gates the current flow through 
the proper fuse, resulting in an open fuse in a few microsec
onds. 

6. The output programming voltage is lowered and then re
moved. 

7. The device is enabled and clocked if required. The output 
state then indicates whether successful programming has ~ 
occurred. If programming has not occurred a sequence of ~ 
much longer pulses is applied until programming occurs. 

8. The sequence of 2 through 7 is repeated for each bit which 
must be programmed. 

There are several advantages to this technique. First, the two 
high current power sources, VCC and the voltage applied to the 
output, do not have critical timing requirements. As the program
ming current is gated through the fuse actively, there is no 
dependence on the rise rate of the programming voltage. A fast 
application of programming current is desirable for optimum 
programming. Since the output programming voltage does not 
have to be applied rapidly, breakdown and latchback problems 
attributed to fast voltage rise times on the output are avoided. 

This programming procedure has a second major advantage. If 
the fuse does not open during the first programming pulse, longer 
programming pulses are used. With the plat!num~silicide fuse, 
long programming pulses may be safely applied with no danger 
of developing a reliability problem. The algorithm can therefore 
be designed to minimize the time required to program by using a 
fast first pulse followed by a longer pulse if needed to program the 
occasional fuse that does not open with the first short pulse. Most 
devices do program satisfactorily with all short pulses. 
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Fuse Characteristics 

When a fast (less than 500 ns rise time) current pulse is applied 
to a fuse, the fuse voltage rises abruptly to a value determined by 
the room temperature resistance. However, it then quickly falls to 
a value of approximately 2 V. This value is nearly independent of 
the applied current. During the period of time the fuse is molten, 
the fuse current drops very abruptly to zero indicating the 
separation of the platinum-silicide into two distinct sections. 
Scanning Electron Microscope photographs of the resulting fuses 

(Figure 2) indicate that the typical case is a sharp clean separation 
in excess of a micron. This separation occurs in the center of the 
fuse because the "bow-tie" structure (Figure 3) concentrates the 
energy density in the center away from the aluminum intercon
nect lines. The energy density in the center of the fuse creates 
temperatures substantially greaterthan those required to melt the 
silicide. Melted material is then "wicked" from the center of the 
fuse to either side due to surface tension. 

Unprogrammed Fuse 

Programmed Fuse 
Figure 2. Scanning Electron Microscope Photo-Unprogrammed and Programmed Fuses 
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Figure 3. Bow-Tie Fuse Design 

Reliability Testing Data 

Data on the reliabiltty of PAL and PROM devices with platinum
silicide fuses is gathered via the Reliability Monitor Program 
(AMP). The AMP is an ongoing program conducted on all device 
types across all product lines, and is designed to ensure that all 
IMOX devices meet acceptable reliability levels. A summary of 
the AMP tests for hermetic and plastic molded packages are 
shown in Tables 1 and 2. 

TYPICAL 
SAMPLE 

TEST CONDITIONS SIZE 

160 hours at 125°C 
Infant ambient. Initial and 300 
Mortality end-point electrical 

tests. 

1000 hrs (1160 total) 
Operating at 125°C ambient. 120 
Life Initial and end-point 

electrical tests. 

1 ooo cycles, (-65°C to 
Temperature 150°C), 30 min/cycle. 
Cycle End-point-hermetictty 50* 

and electrical tests. 

15o•c 1 ooo hours at 150°C 
Operating ambient. 50 
Cycle Initial and end-point 

electrical tests. 

* These untts are hermetically tested prior to commencement of 
test. 

Table 1. Reliability Monitor Program for Devices In 
Hermetic Packages 

Data on IMOX PAL and PROM devices has been gathered over 
millions of device hours and more than 40 billion fuse hours of 
high temperature operating life tests (HTOL). The life test circuits 
used in this work conform to MIL-STD-883 method 1005 condi
tions C and D. This data indicates a projected unit failure rate (at 
60% confidence) of 0.0002%/1 ooo hrs. at 70°C. 

Results of the IMOX AMP are updated periodically and can be 
obtained through inquiry to any of the Sales Offices listed in the 
back of this handbook. 

TYPICAL 
" SAMPLE 

TEST CONDITIONS SIZE 

160 hours at 125°C or 
Infant 85°C ambient (Ti <150°C 
Mortality nominal). Initial and 300 

end-point electrical tests. 

1000 hrs (1160 total) 
Operating @ 125°C or 85°C ambient 
Life (Tj <150°C, nominal). 120 

Initial & end-point 
electrical tests. 

85°C/85% RH/low power 
Temperature bias, 500 hours and 
And 1000 hrs. 50 
Humidtty Initial, interim, and 

end-point electrical tests. 

Temperature 1 ooo cycles: -65°C 
Cycle to 1so•c, 30 minutes/ 50 

cycle. High temperature 
(75°C min) functional 
end-point electrical test. 

Pressure 121•c, 15 psi, 160 
Cooker hours, unbiased, inttial 50 

end-point electrical test. 

Table 2. Rellablllty Monitor Program for Devices In Molded 
Packages 
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IMOX Product Testability 

Thorough testing of programmable logic devices by the manufac
turer is important to both the performance of programmable logic 

, and its cost of use. 

Field programmable logic devices are different from other semi
conductor products in that the user must complete the manufac
turing process by programming and functionally testing the parts. 

Programming is normally accomplished on commercially avail
able programming equipment. Functional testing may be per
formed on a programmer, on automatic test equipment or at the 
board or system level. Figure 4 illustrates where device failure 
detection can occur. Clearly, the, cost implications of failure 
become more serious with each advancing step. 

DESIGN 
SOFlWARE 

PROGRAMMING 
REJECT 

AC.DC, OR 
FUNCTIONAL 

RE:JECT 

PERFORMANCE 
REJECT 

PERFORMANCE 
REJECT 

ON-SITE PERFORMANCE 469 01 
OPERATION REJECT 

Figure 4. 

As a result of assuming the responsibility of programming and 
test, the user gains all the benefits of a custom function with the 
cost and availability advantages of a standard product. However, 
the user must also deal with those parts that do not program suc· 
cessfully or do not function to advertised specifications after 
programming. 

Testing before shipping can make a difference to the user in: 

1. Programming yield 
2. Post-programming functional yield (PPFY) 
3. Uniformity of performance 

This paper describes the techniques used on IMOX process PAL 
devices to allow testing of these three important attributes on 
every device before shipment to the user. 

Programming Yield 

Programming yield is the measure of the success of the program
ming operation. Large volume users of programmable logic keep 
records of the programming yield history of their suppliers' parts. 
Programming yield is considered by these users to be an impor
tant element in judging the overall suitability of different 
suppliers' parts. 

Post-Programming Functional Yield 

Experienced PROM and EPROM users are sometimes puzzled 
by the fact that not all programmable logic devices function 
correctly even though they have successfully completed a pro
gramming operation and fuse verification check. 

With PRO Ms, a one-for-one relationship exists between address 
states and programming elements (which can be fuses, floating 
gate MOS devices, open-base NPN transistors, etc.) That is, the 
state of each output for each address is dependent on the 
condition of only one fuse. Sensing a desired fuse state after 
programming therefore practically guarantees correct functional 
operation (at least at the voltage and temperature conditions of 
the programming operation). 

With programmable logic devices the relationship between pro· 
gramming success and post-programming functionality is not 
one-for-one. Except for the simplest of patterns and devices, the 
relationship is highly complex. Feedback buffers allow the crea
tion of more than one level of logic; latches, counters, shift 
registers, and even oscillators can be created. Special fuse 
functions such as polarity control, output enables, register/com
binatorial path selection and buried registers complicate the 
relationship further. 

This is the power of programmable logic-but the testing chal
lenge that results from this versatility can be substantial. Logic 
states for programmable logic devices can depend on multiple 
fuses. The fu$e verification procedure that examines each fuse 
uniquely is therefore not sufficient, as it is with PROMs, for 
guaranteeing functionality. 

All programmable logic devices contain special on-chip program
ming circuitry and modes to allow programming and verification 
of each individual fuse. The complexity of programming may vary 
significantly, but all have one thing in common-successful 
programming by itself cannot guarantee functionality. 

The user's job does not endthen with the programming operation, 
To be assured of a functional part, a comprehensive set of test 
vectors must be applied to the part. Many device programmers 
accept test vectors along with fuse programming vectors and will 
apply the test vectors to the part following the programming 
operation. The PRELOAD feature greatly simplifies the test 
generation problem for registered parts. 
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Uniformity of Performance 

The buyer of a programmable logic part has the right to expect 
that the performance specifications appearing on the 
manufacturer's data sheet will be met for all legitimate applica
tions of the part. This applies to each and every logic path and 
function. 

A glance at the logic diagram for an unprogrammed part shows 
that, with the array in its unprogrammed state, no amount of 
activity of the inputs can make any output switch. Without any 
programmed fuses, the AND gates see both the true and com pie· 
ment of all inputs. 

If post-programming performance is to be guaranteed with 
absolute confidence, test circuitry must be provided to allow each 
path to be tested to data sheet performance. 

Approach to Designing in Testability in 
IMOX PAL Devices 

The approach to thethe design of IMOX programmable logic was 
strongly influenced by the goal to provide users with the best 
programming yield, post-programming functional yield, and uni· 
formity of performance. 

Designing programmable logic can be viewed as a three-dimen· 
sional task involving high-performance logic design, fuse pro· 
gramming circuit design and test circuit design. 

The first dimension is the design of a high-performance logic 
circuit with SSl/MSI competitive switching speeds and very high 
output drive for bus environments. 

The second dimension of programmable logic design is the 
programming circuit design. The emphasis of this design is to 
provide circuitry that will deliver large programming currents to 
individual fuses. Special decoders, demultiplexers, buffers and 
mode select circuitry are needed. The circuits need not be fast 
since programming occurs at microsecond speeds. Because the 
circuitry is not used after programming, it is desirable that it 
consume power only during programming and not during 
operation. Since large voltages are required to generate pro· 
gramming current, survival under high voltage is also required. All 
of these requirements are quite different from the logic circuit 
requirements but must be achieved within the same part. 

Testability is the third dimension of programmable logic design. 
This overlay of circuitry provides the means to exercise the part 
through all of the possible paths that might be activated by 
programming. Test circuitry is also needed to insure that the 
programming circuitry will function properly. Testability is thus 
important to achieving high programming yields, post-program
ming functionality, and performance to data sheet specifications 
through all possible paths. 

The unique challenge of programmable logic design is to inte· 
grate these three dimensions in the most efficient manner. 

Testability in the Programming 
Circuitry 

Good programming yields are in the high ninety percent range. 
IMOX PAL device programming yields are typically higher than 
98%. 

Three things contribute to the high success rate in programming 
IMOXfuses: 

1. Uniform fuse cross sections. 
2. Pretesting of the current delivery and sink capability of 

column drivers and row drivers through use of wafer sort 
test pads. 

3. Sample fusing of test rows. 

Uniformity of Fuse Cross Sections 

The IMOX process gives consistently uniform platinum-silicide 
fuse cross sections. Uniformity is monitored by measuring fuse 
resistance test patterns on a sample basis in every wafer lot. The 
data is processed for mean and standard deviation and trend 
plots are maintained. Material not meeting fuse width control 
limits is scrapped. 

Testing for Fusing Current Delivery Capability 

On every IMOX PAL device there are two extra pads that are 
probed at wafer sort. These extra pads are used to gain access 
to the fuse array for special testing at wafer sort. The connection 
of these pads to the fuse array is shown in Figure 5. 

The programming process involves selection of individual column .. 
and row drivers to deliver and sink programming current through ~ 
selected fuses. The extra test pads allow easy access for 
individually testing the source and sink capability of each column 
and row driver. Also a reverse leakage check of all of the Schottky 
diodes in the array is possible by applying bias between the pads. 
Without the test pads, all of these tests would be impossible or 
would have to be accomplished in a less direct and less effective 
manner. 

Sample Programming 

To further assure programmability, the IMOX PAL devices include 
an extra test input buffer with fuses connected to each of the array 
columns. 

Programming one test buffer fuse per column accomplishes two 
important things. First, a sample fuse has been programmed 
using each of the column drivers. The sample fuse is exactly the 
same dimension as all of the normal array fuses, and the test 
buffer drivers sinking the programming current are identical to all 
of the normal drivers. Before shipment each IMOX PAL device 
has had a sample of fuses programmed on the test buffer. For 
example, 64 fuses are programmed on the test word of every 
Am PAL 16LB, one per product term. 

The second purpose in programming the sample fuses is to 
create a pattern for AC and functional testing. 
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Figure 5. 

Testability to Guarantee Functionality 
After ·programming 

Atypical PAL device, theAmPAL16R4, is shown in Figure 6. Not 
shown in the logic diagram are the components located at each 
horizontal and vertical line intersection. For IMOX PAL devices, 
a fuse and a Schottky diode reside at each cross point as shown 
in Figure 5. 

The horizontal or "Product Term" line is then the common anode 
connection for a 32-wide diode AND gate. The user's job is to 
figure out which of the 32 inputs shoutd be connected to the AND 
gates. The inputs not needed must be disconnected by program
ming the fuse shown in series with the diode. 

The obvious problem from a manufacturer's test standpoint is: 
How can it be guaranteed through testing that the device will work 
after fuses are programmed? If the only logic in.the device were 
that shown in Figure.?, testing would be nearly impossible, With 
16 LOW levels and 16 HIGH levels presented to each AND gate, 
the LOWs win. All 64 AND outputs are thus always stuck LOW, 
and there is no· way to get the output to toggle for AC or DC 
test purposes. This is the raw state of any device before 
programming. 

Necessary Testability Requirements 

Something more is needed in every PAL device to assure close 
to 100% functional yield after programming. The IMOX PAL 
devices have an overlay of test circuitry that aocomplishes the 
following: ' 

1. Each input and feedback buffer can be checked for 
functionality. 

2. Each of the AND gates can be switched HIGH and LOW 
and uniquely sensed by an output. 
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These two tests are necessary to the guarantee of close to 100% 
post-programming functional yield. 

Under normal operating conditions the test circuitry is inactive 
and consumes very little power. Supervoltages cause it to come 
alive. Supervoltages are levels substantially higher than Vee so 
that under normal operating conditions accidental activation of a 
test mode cannot occur. 

In this paper a double line on the input side of a logic symbol 
indicates that the HIGH level must be a supervoltage to 
activate it. 

Checking the Input and Feedback Buffers 

Functionality of the input and feedback buffers is checked with the 
aid of the extra AND gate dedicated to this function. Figure 7 
illustrates the AND gate and its associated enabling circuitry. 

The non-inverting or true side of each input and feedback buffer 
is conn9cted to the special test AND gate. The AND gate is 
activated by a supervoltage on one of the input pins. The function 
actually takes two activating inputs to implement since the use of 
on·e for activation prevents that pin from being tested for function
ality. Having an alternate pin to activate the function solves this 
problem. 

Only )he non-inverting side of each buffer is hooked up to the AND 
gate because each buffer is constructed from two inverters in_ 
series. The first inverter must work for the second one to work, 
so that checking the second one is sufficient to prove that they 
both work. 

The feedback from the output used for the test cannot be fed to 
the test AND gate; such a connection would make the test output. 
oscillate. For this reason its feedback input is not connected and 
is tested by creating another test AND gate on a different output 
and routing it there. 
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Since the special AND gate used to test all of the buffers is 
identical to those used in the normal operating path, switching 
each input through this path provides the means for testing the 
switching performance of each buffer. 

Testing the AND Gates 

The next important test requirement is to make sure that all of the 
AND gates work and will switch at data sheet speeds. This test 
challenge is little more complex. 

What is needed in this case is: 

1. A means of decoding one AND gate at a time in each 
output. 

2. A way to force all input and feedback buffers to a HIGH 
level on both true and complement outputs. 

3. A special input of identical design to a normal input that can 
be used to switch the decoded AND gates. 

These requirements are met by the circuitry shown in Figure 8. 

The decoder to select one AND gate at a time in each output 
serves a dual purpose. It is the same decoder that provides 
unique selection of product term lines for programming and fuse 
verification. It responds to binary combinations of TTL signals at 
three input pins; only one of the eight outputs will go high at a 
time, thereby isolating each AND gate. 

The special test input that is used in this mode also serves a dual 
purpose. It was mentioned earlier in this paper that a program
ming sample was performed on each part. This special test input 
is the input that carries the test fuses. During the sample 
programming operation the fuses are programmed in a pattern 
that allows switching of all 64 AND gates, one in each output, for 
each of the eight decode states. 

The input to the special buffer for AND gate testing is one of the 
normal input pins, but the buffer is inactive for normal operation 
and must be activated by supervoltage levels applied to two other 
inputs. 

The supervoltage levels also provide the signal to force all of the 
buffer outputs HIGH, which is one of the three necessary require
ments for AND gate testing. 

Since the design of the special buffer is identical to all of the 
normal input buffers, it serves as a surrogate buffer for speed
testing all of the AND gates. In the AND gate test mode, all eight 
outputs are switched at once, since one AND gate is selected in 
each output. For registered outputs the AND gate switching path 
provides a means of testing setup and hold times. 

Summary 

All IMOX programmable logic devices have designed-in testabil
ity and are achieving yields of greater than 98% for programming 
and better than 99.9% functional and AC test yields after pro
gramming. Even higher goals have been set for future products. 
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ECL Technology 

Emitter-Coupled Logic (ECL) delivers high speed, high input 
impedance, and low output impedance. These features are ideal 
for system designers who want to improve system performance. 
ECL achieves high speed by operating the transistor in a non
saturation mode, so that the storage-time delay associated with 
saturating logic is not present. .When high input impedance is 
combined with low output impedance, large fan-in and fan-out 
can be achieved; in addition, low-impedance transmission lines 
can be driven. 

Current Switch 

The differential amplifier (Figure 1) is the basic building block for 
ECL logic; it functions as a current switch. Current 10 is steered 
either through resistor R, or R2 depending on the input voltage 
(VIN). A difference of 150 mV between VIN and VBB will cause 
the current 10 to flow entirely through the transistor with the higher 
base-emitter voltage (VBE), due to the exponential relationship 
between the collector current and VBE. 

When VIN is 150 mV less than the reference voltage (VBB), the 
collector voltage of 0 2 (VC2) will equal VCC-a l0R when R, =R,=R, 
and the collector voltage of 0 2 (VC1) will equal VCC. When VIN 
equals VBB, the two collector currents will be equal and 
VC1=VC2=VCC-a10R/2. When VIN is 150 mV higherthan VBB, 
VC1=VCC-a 10R, and VC2 = VCC. Although the switching thresh
old is 300 mV centered about VBB, the signal swing is made 
larger (approximately 850 mV) to provide noise immunity and to 
provide for differences between input thresholds of one circuit 
and output voltage levels of another. The values of R and the 
current source are chosen to determine the voltage swing and 
ensure the charging and discharging of parasitic capacitances 
at a given switching rate. 

If we consider VCC to be a high logic level, and VCC-a l0R to be 
a low logic level, then VC1 will always be the inverse of VC2. That 
is, they are complementary outputs. 

------+- vcc 

VC1 VC2 

VIN VBB 

i lo 

VEE 
436 01 

Figure 1. The Basic Differential Amplifier 

Emitter-Follower 

To keep the current switch out of saturation, VIN must not be 
greater than VCC-a l0R. For matched switching speed the volt
age swing should be centered around VBB, which must also be 
below VCC-a l0R by at least one half the voltage swing. To meet 
these restrictions, an emitter-follower is added to the current 
switch (Figure 2). This shifts the level of VC1 and VC2 down by 
a diode, and allows the logic gate to have compatible input and 
output levels. The emitter-follower also isolates the collector 
switch nodes from the output load, and provides the low output im
pedance that is beneficial to this logic family. On outputs, the 
emitter-follower can drive a 50 n load to -2.0 V. This allows a 
terminated transmission line, preventing reflections. 

VEE 

Figure 2. Gate with Emitter-Followers 

OR Logic 

436 02 

The buffered switch in Figure 2 functions as a buffer or an inverter. 
By adding a second input transistor to the buffered switch 
(Figure 3a), a wired-AND of the collector impedances is formed 
at VC1. By using DeMorgan's rule, this AND function is inverted 
into the NOR of the two inputs. The inverse of VC1, the OR 
function, is generated at VC2. 

R1 R2 

VC1 
A+B A+B 

ii 
A VBB 

i IL i lo i IL 

VEE 
436 03a 

Figure 3a. OR/NOR Gate 
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ECL Technology 

Additional parallel input transistors can be added to this gate to 
create multiple input gates (Figures 3b and 3c). The limit of the 
number of parallel input transistors is set by the speed of the gate; 
additional input transistors add more capacitance to the collector 
switch node forming the NOR logic. Given enough capacitance 
difference between the two collector switch nodes, a skew in the 
two outputs will occur. 

, .. J_ - J 

Current Source 

The current source used in 1 OKH and 100K ECL circuits is 
illustrated in Figure 4. The source current 10 is set by the reference 
voltage VCS, the emitter resistor R,. and the base-emitter volt
age of O,. VCS is internally generated and is at a fixed volta~e 
with respect to the negative supply VEE. The source current 1s 

(A+ B) •(A+ B)".f::----+-~---, 
.. A:+a 

A 

ii 

436 03b 

VEE 

Figure 3b. 2-lnput XOR/XNOR Gate 

A(B(!)C) + A(B(!)C) A(B(!)C) + A(B(!)C) 

436 03c 

VEE 

Figure 3c. 3-lnput XOR/XNOR Gate 
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ECL Technology 

independent of the VEE supply voltage because of this fixed 
voltage. The output levels are primarily determined by the 
collector voltages of O, and Q2• As discussed earlier, these 
voltages are VCC-ql0R or VCC. This relationship between the 
output leve!s and the source current makes the output IE/vels 
practically insensitive toV!=E variations. Thus these ECL circuits 
are said to be voltage c:Ompensated. The variatiqn of output 
voltages with respect to VEE for the 10KH and 100Ktamilies is 
shown in Table 1 .. 

VIN VBB 

438 04 

AVOH/AVEE mVN 

AVOLI t.VEE mVN 

AVBB/AVEE mVN 

VEE 

Figure 4. 

Tabla 1. Volt11ga $ansitlvity 

Input Threshold Regulation 

10KH 

-20 

20 

10 

100K 

7 

15 

10 

The input threshold region is centered around VBB. VBB is 
internally generated and is at a fixed voltage with respect to the 
positive supply VCC. Variatio11s in VEE have minimal effect in the 
value of VBB. The relationship b11tween VBB and VEE is also 
shown in Table 1. · · 

1 Ol(tt Temper~ture Tracking 

The output levels of 1 OKH circuits vary over temperature. The 
input threshold voltage VB~ also varjes over temperatwe to track 
the output variation. Thetemperalljre trapki11g characteristics of 
the 1 OKH output levels and. input thresbold.s are shown in 
Table2. 

10KH 100K 

AVOH /AT mVl°C 1.3 <0.1 

AVOLI AT mVl°C 0.5 <0.1 
-

AVBB/AT mVl°C 1.0 <0.1 

Tabla ~- Temperature Sensitivity 

1 OOK Temperature Compensation 

The output levels and input thresholds of 1 OOK circuits are 
temperature Compensated. The inpljl threshold is compensated 
in the bias network by referencing it to the extrapolated energy 
band-gap voltage of silicon (VGO • 1.3 V), which is generated in 
an on-chip regulator. The output levels are compensated by a 
cross-connect network in the current switch and a temperature
regulated current-source driver (Figure 5). The cross-connect 
network adds a negative temperature coefficiE/nl to the base of 
0 4 when the true output of the gate is in the VOH .state, which 
compensates for the positive temperature c:pefficient developed 
by th'! base-emitter junction of 0 4• Additionally this same circuit 
adds a positive temperature coefficient to the base of 0 4 when. the 
gate is in the VOL state, thereby compensating for the dominant 
negative coefficient introduced by the gate's current source. The 
temperature dependence of the 100K output levels and input 
thresholds is shown in Table 2 . 

.--------------- VCC1 

~------...... ---..~vcc2 
CROSS-CONNECT 

NETWORK 

COMPLEMENT TRUE 

vcs 03 

436 06 
VEE 

Figure 5. Output Temperature Compensation 

Voltage ~upply Range 

Because the outputs switch high currents very rapidly, they can 
generate a lot of noise on the VCC line. The circuitry operates with 
small voltage swings, so this noise can disrupt the rest of the 
circuit. Forth is reason, multiple VCC lines are used to isolate the 
internal "clean" VCC from the VCC that drives the outputs, 
(Figure 6). H the device has many outputs, several "dirty" VCC 
pins may be used. As a general rule, provide one VCC for each 
group of four outputs. · 

Because of the necessity for a clean VCC supply, it is desirable 
to connect it to the most stable voltage in a system, which is 
normally ground. Thus VEE is normally negative. The normal 
ECL VEE supply ranges are shown in Table 3. 

NOMINAL RANGE 
{V) 

10KH -5.2 ±0.5% 

100K -4.5 ±0.3V 

Table3. 
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Figure 6. 

ECL Technology 

436 07 

Noise Margins 

Noise margins between circuits with different supply voltages do 
not degrade more than 30 mV because of the insensitivity of both 
the output voltage and the threshold voltage to changes in VEE. 
This simplifies the requirements for the system power regulation 
and distribution. The minimum noise margin is defined by the dif
ference between the Min VOH and Min VIH, or VNH, and the 
difference between the Max VOL and Max VIL, or VNL (Figure 7). 

OUTPUT VOLTAGE LIMITS INPUT VOLTAGE LIMITS 

In Table 4 the input and output electrical characteristics are shown 
for the 10KH family. Both VNH and VNLare 150 mVfortwo parts 
at the same temperature. With one part at 0°C driving another 
part at 75°Cthe VNLdrops to 50 mV. This happens because the 
input thresholds and output voltages of 10KH circuits are not tem
perature compensated. The 1 DOK circuits have temperature 
compensation and provide better noise margin for parts operating 
at different temperatures. Table 5 shows this; notice that input 
and output characteristics are specified for difference in power 
supply and not in temperature as is Table 4 for 1 OKH character
istics. The worst-case VNH for 1 DOK parts is 115 mV. This occurs 
when one part has a VEE of -4.8 V and is driving a part whose 
VEE is at -4.2 V. The worst-case VNL for 1 DOK parts is also 
115mV. This occurs when one part has a VEE of-4.2 Vandis 
driving apart whose VEE is at-4.8 V. The system designer must 
also take into account any variations in VCC from one part to the 
other as this will have direct affect on the system performance 
with respect to noise. 

436 06 

Figure 7. Noise Margins 

1 OKH Electrical Characteristics VEE= -5.2 v ± 5%, Outputs Terminated With 50 Q to -2.0 v 
oo 25° 75° 

SYMBOL PARAMETER UNIT 
MIN MAX MIN MAX MIN MAX 

VOH High output voltage -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 V de 

VOL Low output voltage -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

VIH High input voltage -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

VIL Low input voltage -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 V de 

Table 4. 10KH Input and Output Characteristics 
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ECL Technology 

1 OOK Electrical Characteristics 0°c < Tc•s• <85°C, Outputs Terminated With 50 n to -2.0 v 
TEST CONDITIONS 

SYMBOL PARAMETER UNIT 
v •• (V) MIN TYP MAX 

-4.2 -1.020 - -0.870 

VOH High output voltage -4.5 -1.025 -0.995 -0.880 mV 

-4.8 -1.035 - -0.880 

-4.2 -1.810 - -1.605 

VOL Low output voltage -4.5 -1.810 -1.705 -1.620 mV 

-4.8 -1.930 - -1.620 

-4.2 -1.150 - -0.880 

VIH High input voltage -4.5 -1.165 - -0.880 Vdc 

-4.8 -1.150 - -0.880 

-4.2 -1.810 - -1.490 

VIL Low input voltage -4.5 -1.810 - -1.475 Vdc 

-4.8 -1.810 - -1.490 

Table 5. 100K Input and Output Characteristics 
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CMOS HiPAC Technology 

Introduction 

CMOS has recently become one of the most important technolo
gies for VLSI circuits. Monolothic Memories has successfully 
developed different versions of advanced 1.2-micron CMOS 
technology with the capability to manufacture High-performance 
Programmable Array CMOS (HiPAC) products. The HiPACtech
nology advocates many advantages of CMOS circuits, including 
very low power consumption, high noise margin, excellent speed 
performance, high device density, and improved reliability. In 
addition, the HiPAC technology accommodates a double-poly 
structure to fabricate the conventional EPROM cell, which pro
vides the programming capability for programmable CMOS prod
ucts. The EPROM cell is electrically programmable, then eras
able by ultraviolet light, and reprogrammable. Such reprogram
mable characteristics allow a comprehensive test of the parts to 
guarantee 100% programming yield. Any defective parts can also 
be screened out during the manufacturing process. This assures 
the excellent reliability of programmable CMOS products. The 
programmed data are stored in the double-poly structure, and are 
not visible even if the packaged part is opened. Security of the 
programmed data is thus enhanced. CMOS products are also 
well protected from potential destructive damage caused by 
electrostatic discharge and latchup phenomena. 

CMOS HiPAC Technology 

The advanced Hi PAC technology developed is an N-well double
layer poly, single-layer metal process based on a p-type sub
strate. A self-aligned lightly doped drain-source (LDD) has been 
incorporated for the regular n- and p-channel transistors. The 
LDD structure reduces the gate to drain-source overlap capaci
tance for speed improvement. It also increases the field induced 
drain breakdown voltage, increases the punchthrough voltage, 
decreases the impact ionization, and thus minimizes the hot 
electron injection. All these aid to improve the device reliability 
significantly. Figure 1 gives a process cross section of the HiPAC 
process. In addition to enhancement mode n-channel and p
channel transistors, the depletion mode n-channel transistor is 
also available in the technology for flexible circuit design strategy 
to optimize the circuit performance. The double-poly layers in the 
HiPACtechnology establish the foundation to build Erasable PAL 
devices. A detailed description of the programmable cell will be 
given in the next section. 

Traditionally in CMOS technology, a p-channel pullup and an n
channel pulldown are used in the basic CMOS inverter logic gate, 
as depicted in Figure 2. This pullup-pulldown characteristics 
leads to a very high differential gain and hence a fairly ideal 
voltage transfer function. Figure 3 illustrates a typical voltage 
transfer function of a CMOS inverter. Except near the sharp 
transition region, the output voltage is almost equal to zero or 
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CMOS HiPAC Technology 

VDD. These two voltage levels are commonly used to represent 
logic operating values (0 or 1) for a logic circuit. One key feature 
of the CMOS inverter is that at either operating condition of these 
two output logic values, the current flowing through the pullup
pulldown transistor pair is negligible. For this reason, there is 
almost no power dissipation in the CMOS inverter at either static 
logic operating levels (zero or VDD). The sharp transition in the 
voltage transfer function offers another important effect. It makes 
the maximum allowable logic low value (denoted as VIL) and the 
minimum allowable logic high value (denoted as VIH) very close 
to the middle of the voltage swing range (VDD/2). Hence, high 
noise margin is obtained for the CMOS inverter. All these 
beneficial properties make the basic CMOS logic inverter nearly 
an ideal logic element: the output voltage is almost at an ideal 
logic operating level, and Its quiescent power dissipation is also 
almost zero. 

In one version of the advanced HiPAC process, zero-standby 
power dissipation (with leakage current less than 1 o microamps 
typical and 100 microamps maximum) is attained by using full 
CMOS inverter gates without back gate bias. The nature of the 
p-channel pullup and then-channel pulldown gives large current 
driving capability, which is about equal in both directions of pullup 
and pulldown. Therefore, the CMOS inverter features equally fast 
turn-on and turn-off times. The CMOS inverter logic gate has an 
additional advantage that it does not suffer from the body effect. 
This arises from the fact that the body of then-channel transistor 
(p-substrate) must connect to the most negative voltage, while 
the body of the p-channel transistor (N-well) connects to the most 
positive voltage in the circuit. With such arrangement, the body 
and the source of both p- and n-channel transistors are shorted 
together, and the body effect is totally eliminated. 

In another version of the process, a back gate bias technique is 
employed to reduce the parasitic capacitance of the semiconduc
tor junctions, thus enhancing the speed performance of the 
CMOS circuits. Other advantages obtained from the back gate 
bias technique include improved field threshold for better isola
tion as well as better latchup immunity. This second version 
process requires an on-chip charge pump circuit to generate the 
back gate bias voltage, and will thus consume somewhat higher 
power than the first version process. However, it is still only a 
quarter of the power consumption of equivalent bipolar parts. 

The low power dissipation in the CMOS circuits results in lower 
device junction temperature than their NMOS counterparts. This 
improves significantly the reliability of CMOS devices, because 
they will operate with cooler junctions. More devices, and thus 

423 02 

Figure 2. CMOS Inverter 

more logic functionality, can be integrated onto a single chip. 
Benefiting from the high device density, CMOS products can grow 
in complexlty to integrate new circuit architectures, and to expand 
into a new application horizon. 

Programmable Cell Technology and 
Reliability 

HiPAC programmable CMOS devices use the conventional 
EPROM cell to realize the programming mechanism. An EPROM 
cell has a layer of polysilicon, called the floating gate, buried within 
the oxide layers between the regular control gate and the channel 
region of an MOS transistor. Figure 4 sketches the structure of 
an EPROM cell. During the programming operation, or the 
WRITE cycle, a high voltage of 13 to 14 volts is applied to the 

VoH = Voo 

Vol =0 

ON IN PINCH-OFF 

SLOPE=-1 

- ON AND Op 
IN PINCH-OFF 

Figure 3. The Voltage Transfer Characteristic 
of the CMOS Inverter 

Figure 4. EPROM Ultraviolet Eraseable Cell 
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CMOS HiPAC Technology 

control gate and about 12 V to the drain of the floating-gate 
transistor. The floating gate is capacitively coupled to a positive 
voltage under the biasing condition. This allows hot electrons 
conducting in the channel region to be injected into the floating 
gate, where they become trapped by the potential barrier of 
3.1 eV at the polysilicon-oxide interface. The negative electronic 
charges presented in the buried floating gate tend to shield the 
channel from the positive voltage on the top control gate. As a 
consequence, the cell's threshold voltage is raised from Vtu for 
the unprogrammed (or erased) cell to Vtp for the programmed 
cell, as depicted in Figure 5. In the normal logic operation, Vtp 
must be greater than 6 V so that the voltage on the control gate 
is only high enough to turn on an erased cell, but the programmed 
cell will remain off. 

To accomplish the high-speed performance for logic operation, 
HiPAC has used a two-transistor EPROM cell. AREAD transistor 
is used for sensing the programming condition of the cell in 
addition to the programming WRITE transistor. The floating gate 
of the WRITE transistor is shared with the READ transistor. A 
sense amplifier, connected to the drain of the READ transistor, 
reads a cell as in an erased state tt the drain current is above the 
amplifier's trigger current (lrnia in Figure 5) and reads it as in a 
programmed state otherwise. In general, the greater the read 
current, the faster the sense amplifier responds. Practically, it is 
desirable to obtain very high read current without losing the 
programmability. This is realized with a two-transistor cell, 
because both the WRITE and READ transistors can be optimized 
independently to achieve effective programmability as well as 
high read current to speed up the circuit performance. 

Since the logic is programmed as charges stored in the floating 
gate, the logic pattern is invisible even if a packaged part is 
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ERASED 
CELL 

PROGRAMMED 
CELL 

CONTROL GATE VOLTAGE 

Figure 5. Programming of a Cell 

opened. This provides security for the users to protect their logic 
design. 

The state of the floating gate, charged or uncharged, is perma
nent. This is because the floating gate is buried in an extremely 
high quality oxide, and is electrically isolated with no ground or 
discharge path. However, with exposure to ultraviolet light of 
energy greater than 3.1 e V, the trapped charges may be removed 
and discharge the floating gate. This process is repeatible, and 
therefore we can take advantage of this feature to conduct 
functional testing. All cells can be programmed during the 
manufacturing process and then erased prior to packaging and 
subsequent shipment. While these cells are programmed, the 
performance of each individual cell in the programmable array 
can be fully tested according to the specification. This allows the 
shipment to the users of parts that have been tested comprehen
sively to give 100% programming and functional yields. 

The storage time of the trapped charges in the cell can be 
characterized by monitoring the change in the threshold voltage 
of the programmed cell. It has been evaluated through acceler
ated temperature stress. Figure 6 shows the decrease in read 
threshold voltage as a function of the total bake time at an 
elevated temperature of 250° C. The charge retention time is 
extrapolated to be much greaterthan 10 years at 125° C. Such 
impressive charge retention is due to the large potential barrier 
trapping the stored charges. Contamination and oxide defects 
may greatly reduce the potential barrier and thereby greatly 
degrade the charge retention time. With the 100% programming 
testability, screening of any defective parts is also possible in the 
manufacturing process. This ensures users the excellent reliabil
ity of the parts they will receive. 
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Figure 6. Change in Read Threshold vs. 
Total Bake Time at 250°C 
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Electrostatic Discharge (ESD) 

The gate input of an MOS transistor is equivalent to a small, low
leakage capacitor in parallel with a very high resistance, typically 
1012 ohms. Electrostatic charges can readily build up at the gate 
of the MOS transistor because of this extremely high input 
impedance. Therefore, all MOS devices are susceptible to 
electrostatic discharge (ESD) damage if they are not well pro
tected. 

To protect the gate oxide against any devastating damage by high 
levels of ESD, protective circuits are implemented on all CMOS 
devices. Monolithic Memories has devoted substantial efforts to 
investigate ESD input protection circuitry. Special attention is 
paid to design details and layout techniques to give an optimized 
input protection circuit adapted to each individual CMOS technol
ogy. Indeed, every input pin of the CMOS products has been well 
protected from ESD damage by an appropriate protection circuit. 

Figure 7 gives an example of an ESD input protection circuit used 
in CMOS zero-power ZPAL products. It consists of a thick field 
oxide transistor (T1 ), a large-area diode (01 ), a distributed diode
resistor (DR) in substrate, and a thin gate oxide transistor (gate
grounded T2) with a low breakdown of approximately 12 V. Large 
positive input voltages cause T1 to turn on, which will conduct the 
ESD current to ground. When the voltage between the drain and 

-the source of T2 exceeds 12 V, T2 will break down to further 
discharge the ESD current. The distributed resistor acts as a 
current limiter to protect T2 from destruction by too high a current 

INPUT 
PIN 

during its breakdown. For large negative input voltages, the diode 
01 turns on to dissipate the ESD current. 

With this ESD protective circuit, any potential destructive dis
. charging current will be dissipated to the ground and thus will not 
flow into the internal circuitry. Measurements have confirmed that 
this input protection circuit gives an ESD protection in excess of 
2000V. 

For information on latchup, see page 3-160. 

Conclusion 

The advanced CMOS HiPAC technology developed at Monolithic 
Memories has been presented. A family of high performance pro
grammable CMOS devices have been fabricated using this 
HiPACtechnology. Theyfeaturefastspeed, low power consump
tion, high density of functionality per unit silicon area, erasable 
and reprogrammable capability, security of programmed logic 
pattern, and high reliability. Excellent ESD input protection as 
well as latchup immunity have been achieved with innovative 
design techniques and careful layout details. 

Thanks to the broad capability of the HiPAC technology, Mono
lithic Memories is able to offer programmable CMOS products 
with zero-standby-power consumption and high speed perform
ance. A system designer can now select devices without sacri
ficing power consumption for speed performance. 

423 07 

Figure 7. ESD Input Protection Circuit 
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CMOS EE Technology 

In addition to the commonly used bipolar TIL, ECL, and UV
erasable CMOS technologies, programmable logic devices are 
also manufactured using an advanced CMOS EEPROM-based 
technology. This technology offers several significant advan
tages. CMOS allows lower power parts of high complexity. PAL 
devices based on EE technology can also be reprogrammed 
electrically, allowing them to be used as a prototyping vehicle. In 
addition, since the EE-cells can be reprogrammed, these devices 
can be 100% tested at the factory before being shipped 
to the customer. CMOS EE-based PAL devices include the 
AmPALC29M16 and AmPALC29MA16. 

This production-tested CMOS process employs state-of-the-art 
design rules. It uses stepper lithography ori all critical levels with 
a minimum feature size of 1.5 microns. The transistor gate oxide 
thickness is approximately 300 A. This advanced process per
mits volume production of EE-based PAL devices with state-of
the-art speed-power performance. In addition, continued tech
nology enhancements are in development that will result in 
significantly reduced dimensions and increased packing densi
ties, allowing production of even faster circuits at lower cost. 

The EE-cell, which can be electrically erased and reprogrammed, 
contains a floating gate transistor structure (two layers of polysili
con) with an oxide region of less than 100 A through which 
electrons can "tunnel" to either charge or discharge the cell 
(Figure 1 ). An additional enhancementtransistor has been added 
in series with the storage cell to prevent leakage in the non
selected discharged cells (as they have a negative threshold) 
during a charge sensing cycle. This transistor also protects non
selected EE-cells on the same product term during the charge 
cycle. The tunnel oxide process allows easy manufacturing of 
ultra-high quality, thermally-grown thin oxide capable of with
standing the high fields associated with the tunneling 
mechanism. 

DIFFUSED 
DRAIN 

467 01 

The EE-based process has a proven history of reliability, since it 
has been used to manufacture EEPROM devices for several 
years. These devices have been in the field for a long period and 
have gone through extensive testing at the factory. 

Users of devices that are based on EE-cell technology have two 
concerns about the technology: endurance (number of program 
or write cycles) and data retention (charge storage from the last 
time the cell was updated). The endurance issue is of little 
significance to EE-based PAL device users, as opposed to 
EEPROM users, since the PAL devices are typically reprogram
med only a few times whereas EEPROMs may be written up to 
10,000 times. AMD's process is capable of supporting much 
higher endurance levels than are specified for PAL devices (100 
cycles). 

The second concern arises over the leakage of charge from the 
EE cell over a period of time, thus potentially degrading the 
device's performance. This issue is resolved by designing the 
PAL circuits so that performance is guaranteed to the factory 
specifications under worst case conditions for a minimum of 1 O 
years. If the device is reprogrammed with the same or a different 
pattern during this period, functionality is assured for another 1 O 
years from that time. 

One of the major benefits of EEPROM technology is 100% 3 testability. The EE-based PAL devices can be fully and more 
easily tested since they are electrically erasable. 

With PAL devices available in TIL, ECLand CMOS technologies, 
the right devices can be supplied for any customer application. 
Where blazing speed is needed, bipolar is the technology of 
choice; for low-power high-complexity devices CMOS technol
ogy is appropriate. Over the next several years, enhancements 
will be made to both these technologies allowing production of 
even faster, lower power and more complex PAL devices. The 
flexibility to choose technology permits better service to our PLO 
customers. 

POL YSIUCON CONTROL 
GATE 

DIFFUSED 
SOURCE 

Figure 1. EE Cell 
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Latchup In CMOS 
Integrated Circuits 

Latchup Circuit 

Latch up is caused by an SCR (Silicon Controlled Rectifier) circuit. 
Fabrication of CMOS integrated circuits with bulk silicon process
ing creates a parasitic SCR structure. The behavior of this SCR 
is similar in principle to a true SCR. These structures result from 
the multiple diffusions needed for the formation of complemen
tary MOS transistors in CMOS processing. The SCR structure 
consists of a four layer deviceformed by diffused PNPN regions. 
These four layers create parasitic bipolar transistors illustrated in 
Figure 1. 
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Figure 1 

Figure 2a shows a typical CMOS inverter layout with the sche
matic of the parasitic bipolar SCR structure. Figure 2b is a cross 
sectional representation of the CMOS inverter, again wtth the 
schematic of the bipolar SCR structure. 
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Latchup In CMOS Integrated Circuits 

Any CMOS diffusion can become part of the parasitic SCR 
structure, since all of these parts are interconnected through the 
bulk silicon substrate resistance. Other parasitic resistors shown 
result from doped regions of the semiconductor. The magnitude 
to which the resistors resist current flow depends upon geometric 
size and doping level. 

As illustrated in Figure 1, the complementary PNP and NPN 
transistors are cross-coupled, having common base-collector 
regions. The vertical PNP device, M1, has its base composed of 
the N-well diffusion while the emitter and collector are formed 
from P-type source-drain and substrate regions, respectively. 
The lateral bipolar transistor, M2, base is the P substrate with 
emitter and collector junctions formed from N-type source-drain 
and N-well diffusions, respectively. 

Latch-Up Conditions 

Under normal bias conditions the SCR conducts only leakage 
current and the SCR structure is in the blocking state. However, 
as current flows across any of the parasitic resistors, a voltage 
drop is developed, turning on the parasitic bipolar base-emitter 
junction. The forward bias condition of this junction allows 
collector current to flow in the bipolar transistor. This collector 
current flows across the base-emitter resistor of the complemen
tary bipolar transistor, creating a voltage sufficient to turn on the 
transistor. 

A regenerative loop is now created between the complementary 
bipolar transistors such that current conduction becomes self
sustaining. Even after removal of the stimulus that triggered this 
action, the current conduction can continue. This region of 
operation is a high-current, low-resistance condition characteris
tic of a four layer PNPN structure. This is referred to as latch up. 
Once initiated, the excessive latchup current can permanently 
damage an integrated circuit by fusing metal lines or destroying 
junctions. 
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Figure 3 

Causes Of Latchup 

Latchup may be initiated in numerous ways. Just the critical 
causes frequently encountered in a system environment will be 
discussed. These include power up, supply overvoltage, and 
overshoot/undershoot at device pins. 

Power-Up 

Caution must be exercised when powering up CMOS iCs to avoid 
driving device pins before the supply voltage has been applied to 
the circuit. Placing a device or board in a "hot socket" will create 
this situation. When subjected to hot socket insertion, voltage 
conditions at the device pins are uncertain such that the input 
diodes may be forward biased. Forward biasing the input diodes 
with a delayed or uncontrolled application of VCC could cause the 
device to latch up. Monolithic Memories' CMOS circuits have 
substantial immunity to hot-socket power up, but since this con
dition is uncertain, and difficult to characterize, test, and guaran
tee, it should be avoided. 

Supply Overvoltage 

Supply levels exceeding the absolute maximum rating can cause 
a CMOS circuit to latch up. Elevated supply voltage may cause 
int~rnal junctions to break down, producing substrate current 
capable of triggering latchup. Latchup is just one of the reasons 
overvoltage should be avoided; other undesirable effects may 
result from this. 

Overshoot/Undershoot 

Generally the 1/0 pins experience the noisiest electrical environ- 3 ment. Fast switching signals with a large capacitive load may 
overshoot, creating a transient forward bias condition at the 1/0 
junction. These junction diodes are illustrated in Figures 3 and 4. 
Typically th is is where latch up is most likely to be induced. Proper 
design of the input and output buffers is essential to minimize the 
risk of latchup due to overshoot. 
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Reducing Latchup Susceptibility 

Numerous methods have been proposed to reduce the suscep
tibility of CMOS circuits to latchup. Some of these include gold 
doping, conductive substrates with epitaxy, substrate bias gen
erators, guard rings, and geometric spacing. Many of the above 
methods may compromise the performance of the active circuit 
components while limiting the parasitic SCR. The extreme 
immunity some of the approaches provide may be in excess of 
what is needed for a reasonable system environment. It would 
then be difficult to justny the complexity and added cost to 
produce unnecessary immunity to latchup. 

Special attention is placed in the design and layout of the input 
and output buffers to reduce the susceptibility to latch up induced 
by overshoot. Diffused guard rings connected to VCC and ground 
are placed around 1/0 diffusions to collect injected charge. The 
charge is passed directly to the power supply ratherthan to active 
regions of the parasitic bipolar transistor. These guard rings, as 
shown in Figure 5, also reduce substrate current as well as 
effective substrate resistance, making bipolar turn-on more diffi
cult. As an added precaution, diffusion space at the 1/0 is relaxed 
to reduce bipolar transistor gain. 

Latchup Prevention in Low-Power 
CMOS PAL Devices 

Latchup in CMOS ICs is triggered by developing a forward bias 
condition across the base-emitter junctions of the parasitic NPNP 
SCR structure. As discussed earlier, this is most likely to occur at 
inputs and 110 pins as a result of system overshoot during 
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switching transitions. To increase the undershoot latchup noise 
margin available at inputs and I/Os, a technique to bias the 
substrate voltage to a negative level is employed. 

Incorporated into the design is a substrate pump, or bias genera
tor. The bias generator capacitively couples the substrate to a 
negative potential (VBB), providing an additional 3 V undershoot 
margin prior to forward biasing the N+tpsub diode (Figure 6). No 
additional supply voltages are necessary to hold the substrate 
negative; the on-chip substrate pump accomplishes this with the 
standard +5 volt supply. Impedance of the bias generator is 
determined by several design parameters. 

Operation of the substrate bias generator continuously draws 
several milliamps supply current. The power is dissipated by a 
free running oscillator to charge and discharge the substrate 
pump capacitors. This level of power dissipation is within an 
acceptable range for use in quarter and half power high speed 
CMOS PAL devices. For this family of devices the array power 
dissipation is many times greater than the power consumed by 
the substrate bias generator and can therefore be tolerated. 

Output drivers in Monolithic Memories high-speed CMOS PAL 
devices are exclusively N channel as shown in Figure 7. Removal 
of the P+ region eliminates the overshoot latch up sensitivity found 
in traditional CMOS outputs. The result is a CMOS circuittolerant 
to overshoot. Proper design of the NMOS pull up configuration 
allows adequate VOH level for TTL compatibility. 

When used in conjunction with a pumped (-3 V) substrate, 
latchup cannot be initiated with realistic system overshoot or 
undershoot. These design techniques have made the CMOS 
PAL devices essentially latchup free, even up to 200 n1A sink/ 
source current at inputs and I/Os. 
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Latchup Prevention in Zero-Power 
CMOS PAL Devices 

Another strategy must be taken for zero power ZPAL logic 
devices since these products must consume no power when in 
the quiescent standby operating mode. This restriction elimi
nates the possibility of an on-chip bias generator. Additionally, 
ZPAL devices require CMOS VOH levels, placing further con
straint on output buffer design. 

Common to many CMOS output buffer circuits is a complemen
tary PMOS and NMOS output driver. A P-channel pull-up 
transistor allows the VOH level to reach VCC; however, place
ment of the P-channel transistor at the output also creates a large 
P+ diffusion region atthe 110. This diffusion acts as an injector for 
carriers during positive overshoot at the 1/0 pin. Under worst
case overshoot conditions, the injected charge may be large, 
sufficient to turn-on (VCC +0.6) the P+/N-well diode to the extent 
that the four layer SCR structure will latch up. Once latchup is 
initiated the device will most likely be permanently destroyed. 

Proper placement of guard rings and dummy collectors around 
the P+ diffusion atthe l/Owill only increase the amount of current 
necessary to trigger latchup; ultimately the SCR can be turned on 
even with these layout precautions. Avoiding placing the P 
channel device at the l/O increases the circuit's immuntty to 
latchup when compared to a traditional full CMOS output utilizing 
extensive layout safeguards. 

Testing For Latchup 

Monolithic Memories characterizes the latchup sensitivity of its 
devices before they are released to the market. Testing is done 
in such a way as to completely cover every possible latchup 
condition, including VCC overvoltage, pin overcurrent, and pin 
overvoltage. 

VCC Overvoltage Test 

The VCC overvoltagetest is applied to all power (VCC) pins. The 
test is performed at the highest guaranteed operating tempera
ture of the device. All inputs and I/Os acting as inputs are tied to 
ground or VCC depending on the device logic, and outputs and 
I/Os acting as outputs are floating (open). 

VCC max is applied to the VCC pin. A positive high voltage pulse 
is then applied to the VCC pin and returned to VCC max. The 
occurence of latch up is detected if the voltage across the device 
is less than VCC max, and the current through the device is 
greater than the normal DC operating current. 

Pin Overcurrent Test 

The pin overcurrenttest is performed on every output, 1/0 pin, and 
non-current-limited input pin. Non-current-limited inputs are 
inputs which present a diode-like (or otherwise "infinite") current 
characteristic for input voltages in the range (GN D - 5 V) < Vin < 
(VCC+5 V). 

The pin overcurrent test is performed at the highest guaranteed 
operating temperature of the device. Input pins and 1/0 pins 
acting as inputs (which are not under test) are tied to ground or 
VCC depending on the device logic, and outputs and I/Os acting 
as outputs should be floating (open). VCC max is applied to the 
VCCpin. 

One pin is tested at a time. A three-state output under test should 
be disabled. A non-three-state output type under test should be 
a logic High when applying a positive current and a logic Low 
when applying a negative current. An 1/0 pin should be placed 
into the input mode. 

A high current pulse is then applied to the pin under test. The 
magnitude of the pulse is stepped until latch up is induced. Both 
positive and negative currents are tested. Latch up is observed as 
described previously. The sensitivity of the device is the worst 
case sensitivity found on any pin of the device. 

Pin Overvoltage Test 

The pin overvoltage test is performed on current-limited inputs. 
Current-limited inputs are inputs which present a resistor-like (or 
otherwise "limited") current characteristic for input voltages in the 
range (GND - 5 V) <Vin < (VCC + ? V). 

The pin overvoltage test is performed at the highest guaranteed 
operating temperature of the device. Input pins and 110 pins 
acting as inputs (which are not under test) are tied to ground or 
VCC depending on the device logic, and outputs and I/Os acting 
as outputs are floating (open). VCC max is applied to the VCC pin. 

One pin is tested at a time. Both positive and negative voltage 
pulses are applied to the pin under test. Latch up is observed as 
described previously. The sensitivity of the device is the worst
case sensitivity found on any pin of the device. 
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Metastability 
A Study of the Anomalous Behavior 
of Synchronizer Circuits 

INTRODUCTION 
This article Will summarize the results of the studies periormed on 

synchronizer circuits. The information presented may be used by system 
designers to gain insight into the anomalous behavior of edge
triggered flip-flops. Understanding tlip-llop behavior and applying 
some simple design practices can result in an increased reliability of 
any system. 

METASTABIUTY 
In the digital world a bit represent; the fundamental unit of measure. 

The output state of any digital device is either "HIGH" (a voltage level 
above VIH) or "LOW" (a voltage level below VIL) as shown in figure 2. 
Under the proper operating.conditions the register in 1igure I outputs a 
HIGH or a LOW on the rising edge of the clock within a nominal delay 
called the "clock to out" delay It the setup and hold times are violated 
the register has a small probability of entering a third region of 
operation called the "metastable" state. Metastable is a Greek word 
meaning "in between" and ii is a state between HIGH and LOW Even 
though most Synchronizers snap out of metastability in a shori period of 
time. theoretically this state can persist indefinitely Some of the registers 
built from older technologies had metastable states which lasted as 
long as a few microseconds. When Ille output of a device goes into 
metastability the clock lo out delay will be grossly affected. This may 
alter the system's worst case propagation delay and potentially lead 
to a system crash t 
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SYNCHRONIZERS 
The design of a synchronous digital system is based on the assumption 
that the maximum propagation delay of a flip-flop and any other gates 
are known. A digital system is free of hazardous race conditions and 
timing anomalies iJ the maximum propagation delay in the system 
does not exceed the clock's period. In systems where an asynchronous 
input is intertaced with a clocked device such as a flip-flop, the 
maximum specified propagation delay of this device may no longer 
be valid ii certain electrical parameters are violated. Computer 
peripherals, an operator's keyboord, or two independently clocked 
subsystems are instances where there is a possibility of intertacing an 
asynchronous input which will violate the synchronizer's eledrical 
parameters. 

A popular device typically used in synchronized systems is the 
edge-triggered register shown in figure I. The edge-triggered register 
will properly synchronize the incoming data to the system's clock as 
long as its operating conditions are satisfied. Table 1 summarizes these 
speciJications for Monolithic Memories Inc'.s (MM!) 74LS374 register. It is 
difficult to guarantee setup and hold time requirements when the data 
is asynchronously intertaced to a register. The violation of setup or hold 
lime in a register has a probability of initiating a misbehavior termed 
"Metaslaqility'.' 
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The diagrams in figure 3 mustrate scme examples of waveforms in 
the metastable condition. From the wavelorms it'ts evident that the 
outputs are distorted under metasiable conditions. Figure 3d shows the 
output of a typical 74LS374 register manuta.ctured by Monolithic 
Memories. Monolithic Memories family of bipolar devices exhibit 
superior metasiable hardened pertormance due to their high speed 
bipolar technology and adiiance Schottky TTL cireuit design techniques. 
Most al these devices typically snap out of metastability in a flashing 15 
nanoseconds. 

WHY THE SYNCHRONIZER FAILS 
Before attempting to explain how the synchronizer's internal circuity 

fails Jet's take a look at an interesting problem. 
PROBLEM: In the SR type latch shown in figure 4 what happens if the 

set (S) and the reset (R) inputs are simultaneousiy raised from a LOW 
voltage level to a HIGH level? 



Metastability 

ANSWER: The outputs will be in a stable state of HIGH prior to the RS 
transition and will quickly oscillate to a final steady state of either HIGH 
or LOW (see figure 3a). To demonstrate·this result the reader is 
encouraged to do this excercise either mentally or to actually build the 
circuit and view the output on the oscilloscope. 
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Clock driven master-slave tlip-tlops contain the same type of cross 
tied RS latch within their internal circuitry The NAND gate equivalent of 
the master-slave D type flip-tlop lS shown in figure 5. The gates circled in 
this tigure can potentially behave similar to the above problem It the 
clock and data are triggered within a specitic window ot one another 
the output may have an oscillatory behavior before settling down 

Figure4 

Cross tied RS latch structure is seen in the master-slave 
edge triggered flip-flop 

Figures 

METASTABLE DETECTOR 
This section will show how to characterize the behavior ot an edge 

triggered flip- tlop with an asynchronous data interiace. It the setup and 
hold times of the flip-tlop are satisfied the output behaves properly 
(figure 6a). One ot the four possible events below can take place it the 
tlip-tlop goes metastable: 

l) The output starts to make a transition but snaps back to its original 
state (figure 6b ). 

2) The output makes a complete transition but the maximum propaga
tion delay of the device is exceeded (figure 6c) 

3) The output starts oscillating and retains its present state (figure 6d). 

4) The output oscillates to a new state (figure 6e ). 

CLOCK 
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Figure6 

The circuit shown in figure 7 is used to obtain experimental results of a 
metastable device. The circuit can detect and count the number ot 
events ot metastability The device under test (DUT) is forced into 
metastability by repeatedly sweeping the edges of the data past the 
rismg edges of the clock. The modulation of the data is possible by using 
a comparator device (Ul) along with an external sawtooth wavetorm. 
Thousands of transitions are created within the setup and hold time 
window of the DUT. Sweeping the data edges past the low to high clock 
transitions simulates an asynchonous mput and increases th~ probabil
ity of gettmg a metastable failure on the output (Q) of the DUT. 
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Q) JITTER BAND SIMULATES AN ASYNCHRONOUS BEHAVIOR 

(D METASTABLE OUTPUT 
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Figure 7 

If the output of the device goes into metastability it will be detected by 
the comparator pair (U2) and (U3 ). The comparators will have comple
mentary outputs if the output ( Q) of DUT is anywhere between VIH and 
VIL. The outputs of the comparators are latched by a delayed version of 
the clock (6Clock). The EXCLUSNE-NOR gate followed by the register 
signal the event of metastability to an external counter 

The variable delay (6) between the two clocks will sample the output 
at various locations on the time axis. k this delay is varied the event of 
metastability is sampled and counted at these locations by our circuit. 
Therefore the output of our circuit measures the rate of metastability 
versus time delay The real behavior of a metastable output can thus be 
effectively characterized with !his scheme, that is, we can determine the 
length of time a metastable condition will persist and the density 
distribution of the metastable event. 

Three 74374 devices and four PAL devices are used in this experiment 
The plots of metastable failure versus time are shown in figures 8a.b. The 
next section will discuss in detail the charactenstics of these plots 

EXPERIMENTAL RESULTS 
Various graphs of metastability failure rate versus delay time are 

illustrated in figure 8. We can conclude from these graphs that the rate 
of metastability failure decreases as the sample clock (6CLOCK) 
moves farther and farther away from the DUT clock. The pictures shown 
in figure 9 have captured repeated events of metastability on the 
oscilloscope. 

Let's take q closer look at one of the graphs to examine the behavior 
of the device. The PAL16R4A-4 device exhibits one count per second if the 
delay (LI.) Is 60 nanoseconds. As the delay (LI.) Is decreased, the rate 
increases exponentially until the delay equals 32 ns at which point the 
rate llaliens out and remains Jixed. The 32 ns.tonns the knee of our 
groph and will be referred to as Ll.o. The rate will remain constant il the 
delay (LI.) Is decreased past the knee ot our groph. Further reduction in 
the delay will place the sampling clock's rising edge prtor to data 
transitions and·thus the eITOr rate vanishes to zero. The time at which the 
rate goes to zero is marked with an (X) on the graphs. By using this time 
(X), and another location on the graph such as the lime where only one 
error per second occws, we can associate an approximate range of 
metastability tor ditterent devices. This range ot metastability Is referred 
to as the "mean lime lo snap out of metastability". From the groph it Is 
evident that the mean time to snap out of metastability tor the PAL16R4A-
4 logic circuit Is the ditterence between 60 ns and 25 ns which Is 35 ns. 
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All of the graphs illustrated can be quantified by an equation o! the 
form: 

log FAILURE= log MAX -b(6-6o) 

Since a natural logarithm is a constant multiple o! base 10 logarithm we 
can remite the above equation as: 

a· lnFAJLURE =a· lnMAX-b(6-6o) 

In the above equation the MAX value is representative o1 the 
maximum metastabiHty failure rate in our device. This Iv1AX value 
is closely related to the frequency at which a metastable condition 
may occur in our device. The frequency at which metastability occurs 
is simply a constant multiple of the product of CLOCK and DATA 
frequency: 

MAX= Kl · fcLOCK • fnATA 

Substituting this in our original equation we get: 

a. lnFAJLURE =a• ln(Kl. fcLOCK •foATA)- b(6- 60) 

lnFAJLURE = ln(Kl. fcLOCK. foATA)- b/a(6 -60) 

FAILURE= (Kl• fcwcK • loATA) e-k2 ("- MJ 
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PAL16R4A 
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Figure 9 (2v/DIV, Sns/DIV) 

Table 2 gives the three important parameters which can be used by 
system designers to !ully characterize the metastable behavior of the 
mentioned devices. These parameters can be obtained for different 
devices by duplicating this experiment. An example is given below to 
show how the information on table 2 may help the designer in the 
design of asynchronous systems. 

MANUFACTURER DEVICE K1 (Sec) K• (ns-2) 60(ns) 

PAL16R4 l x 10- 1 4.3 37 

PAL16R4A 1x10-1 4.3 34.5 

MM! PAL16R4A-2 l x 10-1 .64 25 

PAL16R4A-4 1x10-1 .5 31 

7415374 2x 10- 1 1.8 27.5 

AMD 7415374 2x 10- 1 2.0 34.5 

FAIRCHILD 74F374 2x 10- 1 11.5 17.5 

Table2 

EXAMPLE 
For the hardware implementation in figure lO determine the maxi

mum clock frequency lo give a typical error rate of one failure per year. 
We must choose the minimum period lo give an error rate of less than 

ASYNCHRONOUS 
DATA 

(9.6KHz) 

PAL16R4 

-CLK-OUT= 15ns 

FigurelO 

-Tcc=50ns 

PAL16R4 

-setup=25ns 

one failure per year. From this result we can determine the maximum 
clock frequency The time 6 in the equation below will determine the 
distance between clock edges. We must determine A from the equation 
by numerical extrapolation. The system clock's period can be repre
sented as (A + Tee + setup), or plugging in the numbers ii is A+ 75. 

FAILURE= (Kl. fcLOCK" foATA) e-K2(~- l>O) 

and plugging in the appropriate values we have: 

3.2EE - 8 =[(!EE- 7) (1/(6+75ns)) (9600)Je-l(43)(l>-37)J 

Solving for 6, we see that ii is approximately 43 nanoseconds. The 
sysJem period is thus seen to be the sum of 43ns and 75ns or I 18ns. The 
maximum clock frequency is the inverse of the period or approximately 
BMHz. 

CONCLUSION 
Synchronization of two independent pulse trains is possible through 

the use of edge triggered registers. The electrical characteristics of the 
flip-flop are affected when the setup and hold times of the device are 
violated. This misbehavior is termed "metastability" and its probability 
of occurrence can be derived for a given system. The factors which 
affect this probability and the length of lime which a metastable 
condition persists are influenced by the technology of the device as well 
as by the circuit design techniques. 

An imporiant fact which needs to be stressed is that even if a register's 
output goes metastable, the system may not necessarily fail il the 
register snaps out in lime to satisfy the system's worst case liming 
requirement. The following design practices are suggested when using 
synchronizers: 

Try to minimize the number of locations where asynchronous signals 
enter your system. 

Clocking the asynchronous inputs through two pipelined registers can 
greatly reduce the error rate. · 

Use a single clock within your local system environment. For multiple 
system clocks, derive all the clock signals from a single source to assure 
synchronization between different devices within the system. 

When analyzing the worst case liming of your system, add the time to 
snap out of metastability to any register in an asynchronous data path. 

A single PAL• with registers can be your best choice for slate. machine 
analysis of asynchronous events. As the registers have virtually identical 
setup times, the simultaneous obseNation of a metastable event by 
different register states are likely to be the same. Contrasted to a 
distributed system of observing register states with different setup limes, 
the PAL system of register stales with identical setup times is a superior 
synchronizer. 

Avoid edge sensitive devices on the output paths of the registers 
which have asynchronous inputs. The glitch created when the synchro
nizer goes metastable is enough lo trigger the edge sensitive device. 
The use of level sensitive devices is generally a better design practice. 

PAL devices can be effective synchronizers where various registering 
schemes are easily implemented. 
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PAL 16R8-1 O Series Metastability 

Metastability Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
COMMERCIAL 

UNIT 
MIN TYP MAX 

p Poisson process rate 0.85 1.05 ns-1 

k MTBF constant 0.8 1.0 µs-1 

Minimum recovery time in MTBF = 10 years 
1MET asynchronous mode fd = (1/3)1 d=3 

20 30 ns 

Maximum frequency in MTBF = 10 years 
fMET asynchronous mode fd = (1/3)1 d=3 

21 26 MHz 

Metastability 
Metastability is a condition which can occur in any latch or 
flip-flop if the minimum setup or hold times are violated. In most 
cases, the flip-flop will either react to the input or remain in its 
current state, both of which are stable results. The flip-flop can 
also reach an "in-between" condition called the metastable state, 
which is stable only if there is no noise in the system and the 
flip-flop is perfectly balanced. This metastable condition lasts 
until the flip-flop falls into one of its two stable states, which can 
take longer than the normal response time. 

The PAL 16R8• 1 O Series exhibits better metastability character
istics than most other registered devices. It is Jess likely to enter 
the metastable state and recovers faster to a stable state. As a 
result, the PAL16R8-10 Series can make an excellent synch
ronizer circuit, and the metastability characteristics have been 
specified for designs in which the setup and hold times may not 
always be met. 

Definition of Variables 
MTBF (Mean Time Between Failures): the average time between 
metastable occurrences that cause a violation of tt)e device 
specifications. Metastability characteristics are calculated at an 
arbitrary MTBF of 10 years for the convenience of the user. 

p (Poisson process rate): experimentally calculated factor 
which determines the slope of the curve of probability of failure. 

k (MTBF constant): experimentally calculated factor which 
, determines the magnitude of the curve of probability of failure. 

tsu (setup time): the specified minimum time interval allowed 
between the application of a data signal at a specified device 
input pin (pin 9 on the device under test) and a subsequent clock 
transition. For the PAL 16R8-10 Series, tsu is 10 nanoseconds. 

ICLK (clock to output lime): the specified maximum time 
interval between a clock transition and the availability of valid 
signals at an output pin. For the PAL 16R8-10 Series, tCLK is 
8 nanoseconds. 

IMAX (maximum frequency): specified maximum frequency for 
the device under test. Calculated as 1/(tsu + tCLK). For the 
PAL 16R8-10 Series, th is calculates to 55.5 Megahertz. 

I (clock frequency): actual clock frequency for the device under 
test. 

Id (data frequency): actual data frequency for a specified input 
to the device under test. 

d (data ratio): the ratio of the clock frequency to the data 
frequency (f/fd). 

t (time delay): the additional time allowed per period beyond 
that required by the specifications. t is the actual time between 
clock transitions beyond the required period of (tsu +tCLK). 

t MET. (metastability recovery time): minimum t required to 
guarantee recovery from metastability, with specified test 
conditions. 

f MET (metastability frequency): maximum f clock frequency to 
limit metastability failures, with specified test conditions. 

Metastability vs. Clock Frequency 

10 YEARS 
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100 
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10-6 

10-8 
1/100 

TYPICAL 
vcc = 4.75 v 

TA= 75"C 

1/50 1/40 1/30 

1/f-MHz-1 

1/20 

• Normalized to d = 3; multiply by 3/d for other data frequencies. 
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PAL 16R8·1 O Series Metastability 

Metastability Equations 
MTBF = k (d/3} (11f)2 e(p/f) 

f MAX= 1/(tsu + tCLK) 

f = 1/(tsu + tCLK + t) 

f = d (fd) 

Metastability Waveforms 

INPUT
(fd) 

CLOCK 
(I) 

REGISTERED 
OUTPUT 

Metastability Test Pattern File 

CHIP Metastability_Test PAL16R4 

Metastability Test Circuit 

CLOCK RESET SYNC MODE NC NC NC NC NC /D GND 
/OE NC NC /ERROR-/B /A /Q NC NC VCC 

EQUATIONS 

Q := /Q* SYNC_MODE ;TOGGLE SYNCHRONOUS INPUT (TESTS f MAX) 
+ 

A := 
+ 
+ 

B := 
+ 

ERROR := 
+ 
+ 

D*/SYNC_MODE ;TOGGLE ASYNCHRONOUS INPUT (TESTS META.) 

A*/Q ;HOLD A (IF NOT ERROR) 
/A* Q ;TOGGLE A (IF NOT ERROR) 

ERROR ;SET A IF ERROR 

B*/Q*/ERROR ;HOLD B IF NOT ERROR, OR RESET 
/B* Q*/ERROR ;TOGGLE B IF NOT ERROR, OR RESET 

/A*/B ;COMPARE A AND B, 
A* B ; ERROR GOES HIGH IF A EQUALS B 
RESET ;INITIALIZE A AND B TO OPPOSITE 

Note: 

Metastability characteristics were experimentally determined using the method 
shown, and are not guaranteed. 
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Surface Mount .Technology 

Monolithic Memories 
Monolithic Memories, Inc. (MMI) has 
long been a leader in integrated circuit 
packaging technology. MMI was one 
of the first to offer integrated circuits in 
24-pin, 300-mil wide SKINNYDIP® 
packages, and pioneered the use of 
Pin Grid Arrays. 

Now Monolithic Memories again proves 
its commitment to packaging innovation 
by introducing commercial products 
not only in the surface mount Plastic 
Leaded Chip Carrier (PLCC) package, 
but also in the Small Outline (SO) 
Gull-wing package. 

Surface Mount Technology (SMT) is 
creating exciting changes in the design 
and construction of Printed Circuit 
Boards (PCBs). Surface mount boards 
have significantly higher density, lower 
cost, and higher reliability than boards 
manufactured using DIP packages. 

3-170 

What is Surface Mount 
-.Chnology? 
Surface mount circuit boards are 
assembled with components bonded 
to metal pads on the board surface, 
instead of being inserted into through
holes like conventional DIP packages. 
Surface mount comppnents can be 
mounted on both sides of a circuit 
board, DOUBLING the functional den
sity. In addition to packages for 
integrated circuits, surface mount ver
sions have been developed for discrete 
devices, such as resistors and capaci
tors, and also for single transistors. 

c z 
< 

Development of SMT 
Surface mount technology was first 
developed and employed in the hybrid 
industry over twenty years ago. Since 
then surface mount packages have 
gained increasing acceptance. Bene
fits of switching to SMT include 
manufacturing cost reduction, an over
all reduction in the size and weight of 
device packages, and improvements in 
circuit performance. It is estimated 
that by 1990 40% of components 
shipped will be in surface mount 
packages. 

100 

:; 50 
w 

THROUGH·HOLE 
DIP PACKAGE 

c 

84 

SURFACE MOUNT 
PLCC 

87 

YEAR 

90 

so 

PLCC 

Cutaway View Comparison of Surface Mount and Through-hole components 
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Advantages of Surface 
Mounting 
Surface mount technology offers 
increased performance, reliability and 
workability at lower cost. 

Cost 

•Automated surface mount assembly 
dramatically increases board through
put and lowers the cost per board: 
•Less time per board 
• Less labor per board 
• Less potential for error in board 

fabrication 
• More reproducible process 
• Higher quality control 

• Surface mount reduces the number 
or size of boards required, due to the 
reduced size ofthe components. 

• Boards are less expensive because 
fewer through holes are needed 

• Higher board yields can be achieved 
with SMT through improved compo
nent reliability 

• Expensive, special substrates are not 
needed for surface mount packages 

Surface Mount Technology 

Reliability 
• Monolithic Memories' surface mount 

packages are manufactured using 
the same dependable materials and 
process as the standard molded 
DIP package 

• PLCCs and SOs have been shown to 
be equal or superior in terms of reli
ability to DIP packages 

•Solder joint reliability is improved 
through the use of vapor phase reflow 
soldering. Where conventional DIP 
boards need to pass over a heated 
coil or a molten solder wave, vapor 
phase reflow soldering can control 
more tightly the high temperatures 
required to melt the solder 

• PLCCs have superior stress and 
vibration performance 

• Surface mount packages are rugged 
and durable 

~ Monolithic ml] Memories ~ 3-171 



Performance 

• PLCCs and SOs are smaller than DIP 
packages up to 75% which increases 
the boar<! functional density by as 
muchas4:1. 

• PLCCs and SOs are lighter than DIP 
packages up tci 90% which reduces 
overall board weight. 

• PLCCs and SOs can be mounted on 
two-sided PCBs which increases the 
board density even further. 

• PLCCs have improved electrical per
formance due to shorter lead lengths. 

• PLCCs have decreased susceptibility 
to noise. 

•The PLCC's "J-Hook" leads absorb 
thermal and mechanical stress. 
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Surface Mount Technology 
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Board Testing and Repair 
As surface mount components increase 
the density and performance of PCBs 
they also make board testing and repair 
more complex. New techniques are 
required not only for product design 
and assembly, but also for testing and 
repair functions. 

Testing 

Testing begins long before a product 
has been fully assembled. Bare PCBs 
are often tested for continuity and 
isolation before components are sol
dered on them. Spring-loaded (pogo) 
pins are plugged into a tester head to 
make contact with the footprint pads. 

Test for continuity is made by measur
ing typical current through the PCB 
conductor paths. Resistance measure
ments are used to indicated isolation 
and path resistances. 

Another testing function which is per
formed before the actual assembly 
process is solderability testing. Both 
the PCB and surface mount compo
nents should be tested for solderability 
before they are assembled. This is a 

PINS 

Ea DIP 

~PLCC 

D so GULL-WING 

very important step since it is prac
tically impossible to inspect the 
connections after they are soldered. 
Some automatic solderability testers 
are already available on the market. 

Post assembly functional testing of the 
PCB will probably remain unchanged 
regardless of the current method used. 
The method used for DIP boards should 
be adequate for surface-mount boards. 
Depending on the testing equipment 
used some special care will have to 
betaken. · 

If automatic test equipment is used, 
some adjustment will have to be made 
to account for faster .switching cycle, 
or processing time. These times may 
be faster because of the greater den
sity and shorter circuit paths provided 
by surface mount assembly. 

If using a bed-of-nails tester, it will be 
necessary to design the bed-of-nails 
to coincide with the new PCB design 
for the surface-mount components. 
Also some effort should be made to 
reduce the number of contact points 
and the nai I contact size so that a 
smaller pad can be used on the PCB. 

~ ll/lanollthic m Memories ~ 



Workability 

•Most of Monolithic Memories' 
products are currently available in 
PLCCs and SOs 

•MM l's PLCC and SO packages 
conform to JEDEC standards for sur
face mount devices. 

• More efficient layouts are possible 
since metal interconnects do not 
have to work around holes in PCBs. 

• A wide range of discrete and active 
devices are already available in sur
face mount packages and the number 
is rapidly increasing 

• An infrastructure of surface mount 
vendors and services is currently 
available to assist in production or 
conversion to surface mount 

Surface Mount Technology 

Repair Techniques 

When a faulty device has been identi
fied, it is necessary to remove this 
component and replace it with a new 
one. One approach would be to reflow 
the whole board, remove the faulty 
component and insert a new one while 
the solder is still liquid. This procedure 
is not recommended because it endan
gers the reliability of the other solder 
joints. Techniques which affect only 
the faulty component are more reliable. 

One way to solder or unsolder only 
one surface mount component is to 
use a heated collet. A component is 
inserted in the col let which comes in 
contact with the PCB. Heat is applied 
until the solder reflows, at which time 
the faulty device can be removed and 
a new one inserted. 

Heated probes are another alternative 
for PLCCs. The tool consists of two 
probes attached in a scissor fashion 
and sized to fit the four sides of a chip 
carrier. The probes are heated like a 
conventional iron and can be used 
both to remove and install single 
surface mount components. Some sac
rifice in board density may have to be 
made if the designer anticipates to use 
probes for repair, in order to allow 

sufficient space between the compo
nents to insert the probe without 
melting the pads of two devices. 

One technique that works well for 
closed-spaced components is the use 
of a hot air stream on the connections. 
Once the solder reflows, the compo
nent is removed with tweezers. In the 
same category is the use of super
heated gases, such as nitrogen, 
nitrogen plus hydrogen, or argon to 
reflow the solder. The advantage of hot 
gas is the prevention of contamination 
and oxidation which may occur when 
hot air is used. 

Another method for reflowi ng surface 
mount connections of closely spaced 
components is the use of heat from an 
infrared light which is focused on the 
component. 

As the usage of surface mount compo
nents increases, manufacturers of repair 
tools and equipment are responding 
with a greater number of options from 
which the potential user may choose. 
The same methods can be used for 
PLCCs or SO packages. The SO pack
ages are somewhat easier because the 
leads are more accessible and on two 
sides only. 
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111e Plastic 
Leaded Chip 
Carrier 
The Plastic Leaded Chip Carrier (PLCC) 
is the square, JED EC-standard plastic 
package. Pins are located on all. four 
sides of the package and spaced at 50 
mils, significantly reducing the compo
nent size over the 100-mil spaced DIP. 
Leads are bent down and under the 
molded body, forming a "J-Hook" 
shape. This protects them from dam
age and entanglement during handling 
and shipment, making them excellent 
for use in automated assembly. Parts 
are currently available in 20-, 28-, 44-, 
68-, and 84-pin packages. PLCCs are 
manufactured with the same process 
and materials as the conventional DIP 
for high reliability and low cost. All 
MM l's newly released 28-pin devices 
have adopted the JED EC approved 
pinout with center no-connect pins 
where applicable. 

PLCCvs.DIP 

Surface Mount Technology 

Advantages 
• Most suitable package for automated 

assembly 

• Easy to handle 

• High copper content leadframe for 
better heat dissipation 

•Highest space efficiency 

• High reliability 

• J-Hook leads absorb thermal and 
mechanical stress 

•Low cost 

• JEDEC standard package 

•Improved electrical performance 
over DIPs 

• Mountable on both sides of circuit 
board 

• Solder-coated leads for easy, 
reliable soldering 

PACKAGE DIMENSIONS AREA 
NUMBER L x W (inches) (square inches) AREA RATIO 
OF PINS (PLCC/DIP) 

PLCC DIP PLCC DIP 

20 0.35x0.35 1.0 x 0.25 0.12 0.26 0.46 

24 (SKINNYDIP®) - 1.2x0.25 - 0.30 0.66 

24(Wide) - 1.2x0.55 - 0.66 0.30 

28 0.45x0.45 1.5 x0.55 0.20 0.83 0.24 

40 - 2.1 x0.55 - 1.16 -

44 0.65x0.65 - 0,42 - 0.36 
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Thermal 
Characteristics 
The thermal characteristics of PLCCs 
resemble those of corresponding DIP 
packages. Monolithic Memories' plastic 
leaded chip carriers employ a high
copper content leadframe to aid in heat 
removal. 

Thermal Impedance 
Calculation 

Oja = Bjc +Bea. 
where 

Oja = Thermal impedance from 
junction to ambient, °C/W 

Bjc = Thermal impedance from 
junction to case, °C/W 

Bea = Thermal impedance from case 
to ambient, °C/W. 

Tj = Ta + (P x Oja) 

Tj = Junction temperature, °C 
Ta= Ambient temperature, °C 
P = Power dissipation, Watts. 

P= iccxVcc 

Ice = Device current, Amps 
Vee = Device supply voltage, Volts. 

Sample Calculation 
28NL package 
Air Flowrate = 0 ft/s 

Ta= 75°C 
Vee= 5.ov 
ice= 1somA 

From figure, Oja= 61.0°C/W 
Calculate P = 5.0 x 0.180 = 0.9W 

Tj = 75 + (0.9 x61.0) 
=129.9°C 

Thermal Expansion 
The PLCC package body is made of 
moisture-resistant, thermally
conductive epoxy resin. Its thermal 
coefficient of expansion (TCE) matches 
that of most epoxy board materials. 
PLCCs can also be used on substrates 
with a different TCE, because the J
Hook leads absorb mismatch stress. 

Surface Mount Technology 
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44NL 

68NL 

84NL 

100 200 300 400 500 800 700 800 900 1000 
AIR FLOW (IVmln) 

PACKAGE DIE SIZE (mils)2 R~JC (°C/WATT) 

20NL 11,250 14 

28NL/FN 22,500 13 

44NL 22,500 11 

68NL 50,625 8 

84NL 50,625 6 

*These are typical values for the given die size. 
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111e Small Outline 
Gull-wing 
Package (50) 
The Small Outline package has dual 
in·line leads spaced 50 mils on center, 
compared to 100 mils on the DIP This 
gives the SO package the appearance 
of the DIP with the compactness of the 
PLCC. The leads of the SO Gull-wing 
package start out like the DI P's but are 
bent out to rest flat on a board. Although 
it increases the width of the overall 
package, it makes soldering easier and 
provides a reliable solder joint. Parts 
are currently available in 16-, 20-, 24-, 
and 28-pin packages. The SO Gull
wing package follows proposed JEDEC 
standards for surface mount packages. 

SO vs DIP 

Surface Mount Technology 

Advantages 
• Suitable for automated assembly 

• Easy to handle 

• Increased board density 

• Reduced inventory storage floor 
space 

• Reduced manufacturing time 

• Easily inspectable gull-wing leads 
can be probed by test leads 

• Flexible leads can absorb thermal 
expansion mismatches between the 
package and the board 

•Low cost 

• Mountable on both sides of circuit 
board 

PACKAGE DIMENSIONS AREA 
NUMBER LxW(inchesJ (square inches) AREA RATIO 
OF PINS (SO/DIP) 

so DIP so DIP 

16 0.40x0.30 0.75x0.25 0.12 0.19 0.63 

20 0.50x0.30 1.00x0.25 0.15 0.26 0.58 

1.20x0.25 
(SKINNYDIP) 0.30 0.59 

24 0.60x0.30 0.18 
1.20x0.55 

0.66 0.27 
(Wide) 

28 0.70x0.30 1.50x0.55 0.21 0.83 0.25 

Table 1. SO ys. DIP Package Dimensions 
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Thermal 
Characteristics 
Thermal characteristics of surface 
mount devices were calculated by 
mounting devices in direct contact with 
a double-sided fiberglass-epoxy com
posite PBC. 

For measurement cit Roja all packages 
were immersed in a constant tempera
ture fluorinert bath. 

Thermal Impedance 
Calculation 

Oja = Ojc +Oca. 
where 

Oja = Thermal impedance from 
junction to ambient, °CfW 

Ojc =Thermal impedance from 
junction to case, °CfW 

Oca = Thermal impedance from case 
to ambient, °C/W. 

Tj = Ta + (P x Oja) 

Tj = Junction temperature, °C 
Ta = Ambient temperature, °C 
P = Power dissipation, Watts. 

P= rccxVcc 

rec = Device current, Amps 
Vee = Device supply voltage, Volts. 

Sample Calculation 
24SG package 
Air Flowrate = 0 ft/s 

Ta =75°C 
vcc=5.ov 
ice= 1aomA 

From figure; Oja = 73.0°C/W 
Calculate P = 5.0 x 0.180 = 0.9 W 

Tj = 75 + (0.9 x 73.0) 
=140.7°C 

Surface Mount Technology 
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PACKAGE DIE SIZE (mlls)2 R~JC (°C/WATT) 

20SG 5,625 16 

24SG(1) 11,250 13 

24SG(2) 22,500 10 

*These are typical values for the given die size. 
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Surface Mount Packing 
Monolithic Memories' surface mount 
packages are available in standard 
tubes with varying parts counts for 
different size packages. 

PLCC and SO devices are also avail
able in tape-and-reel format. 
Components are encapsulated in a 
plastic ribbon with sprocket holes, sim
ilar to a movie film. Tape-and-reel 
packaging offers the best control over 
the component feeding process. It also 
greatly increases the time between 
reloading as compared to tube feed. 
Reels contain therefore many more 
devices and don't need to be reloaded 
as often as tubes. 

These advantages of tape-and-reel 
packing will become even more impor
tant as board assembly moves toward 
complete automation. 

Monolithic Memories' commitment to 
component quality, through our Prod
uct Assurance Program, eliminates the 
need for incoming component screen
ing. Therefore customers can take 
advantage of tape-and-reel packing 
without sacrificing confidence in prod
uct quality. 
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Tube Format 
PACKAGE SIZE PLCC PARTS PER TUBE 

16SG 

20 SG/NL 50 

24SG 

28SG/NL/FN 40 

44NL 35 

68NL 20 

84NL 15 

'Tape-and-Reel Format 

PACKAGE SIZE NUMBER OF PARTS PER REEL 

16SG 1,400 

20SG 1,400 

20NL 1,200 

24SG 1,400 

28SG 1,400 

28NL/FN 950 

44NL 640 

• 
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PAL Device Package Outlines 

Package Drawing 

LEAD FRAME 

LEAD FRAME 

Copper Alloy 194. 
Copper Alloy Tamac 5. 

LEAD FINISH 

Solder Dip. 

Molded DIP 

DIE PAD 

DIE (DEVICE) 

BONDING WIRE 

BONDING WIRE 

1.0 Mil Gold Wire. 
1.25 Mil Gold Wire. 
1.30 Mil Gold Wire. 

DIE PAD 

Spot Silver Plating 
(150 Micro-Inches) 
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PACKAGE BODY 

PACKAGE BODY 

Thermoset Plastic. 

DIE BOND 

Silver Filled Epoxy. 

10257A 
JANUARY 1988 
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Package Drawings 
20N Molded DIP 

(1/4"x1") 

3-180 

.O&O DIA 
1.524 

PIN N0.1 
IDENTIFIER 

t 
.280 ± .010 
7.112 ±.254 

.040 -
1.016 

PAL Device Package Outlines 

----~ .457 ±.102 

UNLESS OTHERWISE SPECIFIED: 

.035- -

.889 

DETAIL A 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 
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PAL Device Package Outlines 

Package Drawing 

24NS Molded SKINNYDIP 
(1/4"x1 3/16") 

I 1.196 ± .015 I 
30.378 ± .381 

-.,-----

~ - .040 
2.540 1.016 

.018 ± .004 ,._ __. .... . 060 ± .004 

.457 ± .102 1.524 ±.102 

r- .306 ± .010 

I 7.7i2±.'i54 
~~ &~!~·~1:5 

--1~11 ~O' TYP 

~f--Fi .... 
. 011 ± .002 -111~ - ~-REF.(2) 
.279 ±.051 

.360 ± .025 
9. 144 i .635 

UNLESS OTHERWISE SPECIFll!D: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 

Notes: 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both version 1 and version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on version 1 are optional. 
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Package Drawing 

40N Molded DIP 
(9/16"x2-1/16") 

.08& REF(2)~ 
2.184 

PIN #1 IDENTIFY 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.·MAX. IN INCHES 
ALL DIMENSIONS MiN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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PAL Device Package Outlines 

VERSION1 

0 
PIN#1 
IDENTIFY 

-~ 1.524 

VERSION2 

-1:~~o;:j 
a~~o L 1-,::~9\~~~\ ~ c . ~11100TYP 

fr---· ~ ~.;;;; 
~-1r=_- -11.......-·279 ± ·051 .660 + .025 -

16.764 ±.635 
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Package Drawing 
48N Molded DIP 
(9/16"x2 13/32") 

PIN #1 IDENTIFY 

PAL Device Package Outlines 

VERSION 1 

61.163 ±.381 I 2.408 ± .015 I 
.140 ± .010 

;~~ rWWffi~~~ . ~~ ffltW~ ~·~'™ 
~ I I ~ .040 .018±.004 _ .oso±.004 
3.937 ~ 2.540 1.016 .457 ± .102 1.270 '.102 

PIN#1 
IDENTIFY 

1.524 --1 -~ 

40 -110 
REF.(2) J ~(~DIA 3.048 :~~!!::~ -ljl- .660±.025 '-...... y 

16.764 ±.635 
--,J 

Notes: 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

1. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

2. Both version 1 and version 2 configurations are manufactured interchangeably. 

3. Ejector pin marks on version 1 are optional. 
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PAL Device Package Outlines 

Package Drawing 

Ceramic DIP 

CAVITY BONDING WIRE 

c;:AP 

GLASS 

BASE 
LEAD FRAME 

3·184 

DIE (DEVICES) 

LEAD FRAME 

Alloy 42 

GLASS 

Vitreous 
Solder Glass 

BONDING WIRE 

1.25 Mil Aluminum 

CAVITY 

Gold Over Alumina 
For Eutectic Die Attach 
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CAPANO BASE 

Pressed Alumina 

LEAD FINISHES 

Solder DIP Over 
Matte Tin Plate 



PAL Device Package Outlines 

Package Drawing 

20J Ceramic DIP 

Mil-M-38510, 
Appendix C, D-8 

i~~::~~~ 
.381 

.325 ! .025 

8.255 f .635 t t 
~MIN] 
4.064 

-11- .018 ± .004 .457 ± .102 

t: : : : ~ : : : :1 
i°::4 ~·01°:2 -11- -11- :~~; MIN 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

~·~ t;~l =·= mi;:- -~~,:~l ~ '=·~· 

=i .145±.020 I~ ~~ 2" -13" _J_Q!!_ BSC - .038 ± .065 3.683 ± .508 .011 ± .003 - - - REF. (2) 
2.540 .965 ± 1.651 .279 ± .076 

075 .375 ± .025 
- 1.905 MAX 9.525 ± .635 
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Package Drawing 

24JS Ceramic SKINNYDIP 

Mil-M-38510, 
· Appendix C, D-9 

PAL Device Package OutHnes 

- ~ 11
·- .018 ± .004 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

- · 1_ .020 MIN 
.508 

j~4 MAXl I 1.258 ~ -g~~ I 
. 200 4.1.05813+±.o.~ l I ' .015 MIN 31.953 ± .635 I ioso -

.381 MAX 

.325 ! .025 ~MMMR;;;;:;:;;:;;~;;;:;;;;;;:;:;;:; t ·~ ____,~ 

.293 ± .012 
7.442 ±.305 

B.25S_L__I_C =~ W- 3 .145 ± .020 

.J.!!!L MIN J - ..J1!!. ~ BSC - _.. .038 ± .065 3.683 ± .508 
4.064 2.489 2.540 .965 ± 1.651 

MAX 

Notes: 

.011 ± .003 -1~-- - ~ 2° - 13° 

.279 ± .076 

.375±.025_. 
9.525 ± .635 

3·186 

1. Specified body dimensions allow for differences between MSI and LSI packages. 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 
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Package Drawing 

40J Ceramic DIP 
Mil-M-38510, 

Appendix C, D-5 

PAL Device Package Outlines 

~ ~ .018 ±.004 
.457±.102 

.._.020 MIN 
.508 

.336 ± .025 
8.534 ± .635 

2.058 + .025 
52.237 ± .635 ~MAXi 

.MSMIN -+-~~~~~~~~~~~~~~~~~~~~~~~~~~~,---r-

.381 

;':. .,. 1= 1-::.- -- .038 ± .065 
.965±1.651 

~.ll!!!..esc 
2.540 

.145 ± .il20 
3.683 ±.508 

Notes: 

:,....._...:!!L_ 
15.519 

14.072±1.118 1-- .554 ± .044 -1 

•Y>m• F/ 1 j\ 4.013±.406 

20 ,,0 :~~:::-11- RE-; (2) ~ 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 

..,____ .670 ± .040 ----+ 
17.018 ± 1.016 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

1. Specified body dimensions allow for differences between MSI and 
LSI packages. 

2. Lead material tolerances are for tin plate finish only. Solder dip finish adds 
2-10 mils thickness to all lead tip dimensions. 

~ Monolithic l1JJI Memories ~ 

~MAX 
5.715 
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PAL Device Package Outlines 

Package Drawing 
200 Window CERDIP 

j~::4 MAX 

~MIN 
.381 

.018 ± .004 Ir- F .483 ± .013 I .457±.102 - 12.268±.330-- .145 ±.010 LI 3.683 ± .254 

l:;4~AA~A~l ! 

~ DIA :1fi"711~ .O:± : 4 V-=1 1 
.005 MIN 

4.318 1.524±.102 1-- .127 

I 

.962±.025 I ,.,,= j-;'lf.-
1 24.435 ± .635 7.239 ± .559 , , 

~i -1-~i------~~MAX ! Fl 
.325 ± .025 --- 5.080. 

8025l 635 ! -t- 1---t- 4~:://;;6] ~ 2°-13° REF 

~MIN] I '-~BSC [1 :~~~!:~~!-I/I- ~ 11~ 
. 4.064 ~ 2.540 .... 375 ± .025 

- c040 1.0.97055 MAX - -+- .145 ± .020 9.525 ± .635 _.. 

3·188 

1.016 3.683 ± .508 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawing 
24QS Window CERDIP 

(5/16" x 1 1/4"} 

.018 ± .004 -11 

.457±.102 
1

-

PAL Device Package Outlines 

5.951 ± .305 .147 ± .010 
- .628+.012 -1 
A A A A A A [ 30683

±
0254 

~24 ~~,~~~130L.!-l ---+-t 

.~ ··-~ :.: v "-=1 JI- ·.050820 MIN 

~MAX 
1.524 

.015 MIN 

.381 

4.138 -I 1-1.422±.102 

7.899 -~-, 
I ;:::~ 1_:~,:·;:.LI· ·1 ''="'~ 

.3251.025-~~- I :§ 
8.255±.635 ! I = __ + --f I~ 

l___L!__ ~ I =i .011 ± .003 -11' - I\ 2°-13° REF ~~- . ..:.!.!!!!.. BSC .098 MAX- - .279±.076 I . \.._ ~ 
4.064 .254 2.489 ...... 375 ± .025 -

- - .040 .145±.020 9.525±.635 
1.016 3.683 ± .508 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.·MAX. IN INCHES 
ALL DIMENSIONS MIN.·MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 
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PAL Device Package Outlines 

Package Drawing 

Plastic Leaded Chip Carrier 

DIE (DEVICE) 

BONDING WIRE 

LEAD FRAME 

DIE PAD 

PACKAGE BODY 

LEAD FRAME BONDING WIRE PACKAGE BODY 

Copper Alloy 195. 1.25 Mil Gold Wire Thermoset Plastic. 
Copper Alloy Tamac 5. 

LEAD FINISH DIE PAD DIE BOND 

Tin Plating. Spot Silver Plating Silver Filled Epoxy. 
Solder Dip. (150 Microinches). 
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Package Drawing 
20NL Plastic Leaded Chip Carrier 

(.351" x .351") 

-i 

PAL Device Package Outlines 

.353 ± .003 
8.966 ±.076 

SQ 

SQ 

.OSO BSC TYP J 
1.270 

j 9:S~-~7 
~.,--,---,-----/- l 

.029 ± .003 

.737± .0761 
TYP 

-t-

I. ~REFSQ I 
ls.080 I 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

it1 IWanollthla l1JJI Memories it1 

.G10 ± .002 

.254 ± .051 

'-1 
..:lli.. 

I '-'j 

Efr.; .100 ' .005 

_,!.!!.. . 2.540 :!. .127 

4.369 
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Package Drawing 
28NL/FN Plastic Leaded Chip Carrier 

(.451" x .451") 

PAL Device Package Outlines 

.030 PIN NO. 1 

_t'---~-r _-:_' _.._ -_;, -_;, _-_~ _ ..... -~-~ft~"" '1 

.028 ± .003 TYP 

.711±.076 L 

3·192 

.453 ± .003 
11.506 ± .076 

SQ 

.490 ± .005 
12.446 ± .127 

SQ 

1 

.018 ± .003 TYP 

__ r_ .457 ± .076 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

~ Nlonolithla l1JJI Memories ~ 
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Package Drawing 

44NL Plastic Leaded Chip Carrier 
(.650" x .650") 

~BSCTYP 
1.270 l_ 

-t 

PAL Device Package Outlines 

16.586 ± .076 

7.526 ± .127 
SQ 

~ 450-1 1.143 x 

Ul SQ .690 ± .005 

I - ~!-~"'""""'"· - -· - REF SQ - 2.362 
12.700 

.026 ± .003 

.660±.076L 

-t 

UNLESS OTHERWISE SPECIFIEO: 
ALL DIMENSIONS MIN.·MAX. IN INCHES 
ALL DIMENSIONS MIN.·MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

~Monolith/a WMemorles ~ 

-1 
~ 
15.494 

. 762 -~- .030 . 

- .100±.005 
- ~j~;~B 

2.540 + .127 

.172 
--4.369 
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Package Drawing 
68NL Molded Chip Carrier 

(.950"x.950") 

PAL Device Package Outlines 

.954 ± .001 
24.232 ± .025 

SQ .990 ± .003 
25. 146 ± .076 

SQ 

----~~~O REF SQ----

.018 ± .002 

.457 ± .051 l_ 
T 

.028 ± .002 

.711 ±.051 l_ 
-t 

3·194 

(~'~,~~ ... 
~ 3.048±.127 

~ 
O ~ 

~ 
\_ .005 .R MIN 

.127 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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PAL Device Package Outlines 

Package Drawing 
84NL Plastic Leaded Chip Carrier 

(1.154" x 1.154") 

PINN0.1 
IOENTIFIER 

I 1.000 REFSQ-----~ 
1-25.400 

ma '.002 
.457 + .051 ]_ 

T 

.028 ± .002 

.711 _-+: .051 ]_ 

-t 

1.154 + .004 
29.312 ± .102 

Jl§__ x 45° -1 1.143 

SQ 1. 190 ± .005 
30.226 ± '127 

SQ 

1.120 
28.448 

1---

--~ .020MIN 
.508 
.080 

2.032 

-

UNLESS OTHERWISE SPECIFIED: 

.100 ± .005 
2.540±'127 

~ 
4.318 

ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 
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Package Drawing 
20SG Small Outline Package 

11 20 

3°196 

PAL Device Package Outlines 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

~ Mano/Ith/a IF!lJMemorles ~ 

.013 x 450 

.330 

.032 

.813 
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Package Drawing 
24SG Small Outline Package 

PAL Device Package Outlines 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

it1 llllonolltblc W llllemorles it1 

.013 x 450 

.330 

_+ 
--l.010 

.032 

.813 

.254 
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Package Drawing 

3·198 

PACKAGE BODY 

Alumina 
(Standard Dark) 

BONDING WIRE 

1.25 Mil Aluminum 

PAL Device Package Outlines 

Pin Grid Array 

LID 

Gold Plated Kovar With 
Nickel Underplating 

CAVITY/SEAL RING 

Gold Over Tungsten 

I I 

nuurruurru~urrun 

.. ~ 

PIN MATERIAL 

Gold Plated Kovar 
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PAL Device Package Outlines 

Package Drawing 

68P Ceramic Pin Grid Array 

.080 ± .008 

PINN0.1 

~-ID-E-NT-IF-IE-R~~~~, 
\/ 

LOCATOR PIN 

11 10 9 8 7 6 5 4 3 2 1 

®·®®®®®G!®® A 

®@J®®®®®G o c~®e 
®® @®®c 
®® 0)0)D 
0)0) 0)0)E 
0)0) (o)@)F 

_+_1®® @)@)G 

-J ®® 0)@)H 

.100 TYP li® ® ® ® J 
~ ®@J®®A®®®A@J®K 

@)@)@)@)@)@)@)@)@) L 

[2.032±.203 
-,-----'+-~11~~============~11~~----.t 

.05!±.005 r~-~ li li li li ~ li li ~-~-i T 
1.270 ±.127 

-- ..._ .050 ± .005 DIA 
1.270 ±.127 

L .130 ±.005 
3.302 ± .127 

:~~~~::~DIA-- -+-

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 
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Package Drawings 

84P Ceramic Pin Grid Array 

.080 ± .008 r 2.032 ±.203 

3-200 

PIN N0.1 
/IDENTIFIER 

PAL Device Package Outlines 

LOCATOR PIN 

11 10 9 8 6 5 

l 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX, IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

~ /lllonollthla IREJ /lllemorles ~ 

1.100±.020 sa-----' 
27.940 ± .508 



Package Drawing 

PACKAGE BODY 

Alumina 
(Standard Dark) 

BONDING WIRE 

1.25 Mil Aluminum 

PAL Device Package Outlines 

Leadless Chip Carrier 

TERMINALS 

LID 

Gold Plated Kovar With 
Nickel Underplating 

CAVITY/SEAL RING 

Gold Over Nickel 
Over Tungsten 

~ Monolithic WMemorles ~ 

TERMINALS 

Gold Plating Over Tungsten 
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PAL Device Package Outlines 

Package Drawing 

20L Leadless Chip carrier 
Mll·M-38510, . 

Appendix C::, C-2 

.015 

~~-~-·-·--~__[:ooi 
-.--~:::::====-:::::"'IIT 

.330 
8.38 

T 

3·202 . 

-I 1.016 

~ 
6.350 
REF 

+ 

I ~~x45°(3) 
REF 

_ .350± .DDS sa-
8.890 ± .203 

TOP VIEW 

"CONTACT FACTORY 
FOR THIN PROFILE PKG. 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 

BOTTOM VIEW 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE ± .007 INCHES 

~ lllonollthlo mEJ Memories ~ 



Package Drawing 

28L Leadless Chip Carrier 
Mil-M-38510, 

Appendix C, C-4 

.020 x 450 r.508 
REF 

PAL Device Package Outlines 

.015 r .003 

t 
.'.'.S:~~~~~ ~ -v: 

t 

1 
.330 
8.38 
MAX 

l 

> 
> 

~ 

~ 

- .450±.008 
11.430 ± .2 03 

TOP VIEW 

( 

( 

( 

< 

=r 
sa-

-j~l~ X45°(3) 

REF 

.060 I .006 -It .072 I .008 
I 1.524 I .152 1.829 I .203 J 

i=1 '1 i ii i i i i i. I' I t 
·caNTACT FACTORY 

FOR THIN PROFILE PKG. 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.·MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

~ ll/lonollthlo m ll/lemorles ~ 

BOTTOM VIEW 

Notes: 

014 ± .008 
__[ 356 ± .203 

.127 ±.051 

1. Solder fillets on lid edges not shown. 
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Package Drawing 

44L Leadless Chip Carrier 
Mil-M-38510, 

Appendix C, C-5 

PAL Device Package Outlines 

.015 
f.003 

~ 
~~~~~ -=----

t 

> 

> 

"' / 

1 
.560 

14.22 4 
x MA 

1 

j':;1;>6 x 45° (3) 1-
REF 

- .650 ± .010 SQ 
16.510 ± .254 

TOP VIEW 

.060 ± .006 .072 ± .008 

11.524 ± .152 [ 1.829 ± .203 

L~I I -,-Fi =i i;:;:::;i:;::;:i=i=i =i =i =i i=I =;-I --t-i 
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UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

~ ll/lonollthlc W Memories ~ 

.020 x 450 f .508 

~J 
2.159±.203 

BOTTOM VIEW 



PAL Device Package Outlines 

Package Drawing 

68L Leadless Chip Carrier 
MIL-M-38510 

Appendix C, C-7 

-t-

PINN0.1 
/IDENTIFIER 

~==i 

;~~o±~~~~so II 

-·-L~, 
.040 x45°j 
1.016 

__ .590 so-
14.986 

I Ii i i i i i i i i i i i i i i i i I 1--1= 
. 080 ±.008 J 
2.032 ±.203 

1 
~REF 

21.5~1,_ 

J- -- .400 esc-.I 
.050 ± .005 10.160 
1.270 ±.127 

• t .092 ±.009 
2.337 ±.229 

-~REF 
1.905 

-2:.~0esc-

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INC!-!ES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 

~ NlanollthlcWMemorles ~ 

l~BSC 
1.270 

- .009±.006 
.127±.051 
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PAL Device Package Outlines 

Package Drawing 
20W Cerpack 
Mil-M-38510, 

Appendix C, F-9 

3-206 

] 
t l_ 

±.002J ,Q1L__ 
.432 ± .051 

PIN# 1 
IDENTIFY 
~~-

1 20 r---- - -

·:::i 

f----------, 

1.143 f~ MAX 

t 
1 

.513 +. 017 
018 
.432 
.457 13.030 ~ 

-·--~----- j - -~_J_ 
10 11 

.050BSCJ~ ~ 
1·270 .305 ± .015 

7.747 ± .381 

t .005 MIN 
.127 

.005 ~ ."002 6.883 ± .229 .076 ± .016 
001 .271 ± .0091 -----"---------f 1.930 ± .406 127+.025 l .• ,- I -

. -.051 ======~-----~=-==== 
[.03_3_±-.00-7-----IL _JI 

.838 ± .178 I- /:2~ MAX -1 
(GLASS FLOW) 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 
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PAL Device Package Outlines 

Package Drawing 

24WCerpack 
Mil-M-38510, 

Appendix C, F-6 

+ 003 .012 -.004 
[ 305 +.076 

. -.102 

1 
j_ 

±.002 j .017 
~ ±.051 

j_ 

PIN #1 
/IDENTIFY 

_L, 
1 

12 

~BSCJ~ ~ 1·270 .265 ± .015 
6.731 ±.381 

24 

13 

D45 AX 
Ii.143 M 

-, 

.613 + 

15.570 ~ 

.017 
018 
.432 
.457 

==IJ. _j_ 

.127 

.005 ~ .-:~ 1 1:.!!s\Jl:i I .075 ± .015 

.121~::% t - --~------- ·----------------tf-1.905 ±.381 ~+~L~~-~~~!o--.-.-...,.j.~~~ 

[.033±.007 I I 
&38±.178 I-- 1;~~6 MAX--1 

(GLASS FLOW) 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
ALL TOLERANCES ARE± .007 INCHES 
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PAL Device Package 
Thermal Characteristics 

Introduction 
Thermal resistance for a packaged integrated circuit determines 
the operating tempe.rature and hence the performance and life
time of the semiconductor device. Forth is reason, it is of interest 
to know the thermal resistance of the package configurations 
commonly in use and the effect of external factors such as air 
circulation and board-mounting conditions on the device 
temperature. To accomplish this end, measurement techniques 
and standards have been established providing certain conven
tions for data acquisition. Monolithic Memories has chosen to 
conform to these conventions in measurement and provides . 
standard data for thermal resistance in the form of Ro Jc (resist
ance from junction to case) and ROJA (resistance from junction 
to ambient) as a function of air movement over the package/
board combination. 

Use of Monolithic Memories Data 
In this publication, data is presented for a variety of packages 
and ambient conditions. In order to simplify the data presenta
tion, graphs of ROJA vs. airflow are provided for packages in 

10261A 
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common use. These include socket-mounted pin grid arrays, 
dual-in-line p-dip, cerdip and side-brazed packages, board 
mounted cerpacks, flatpacks, leadless-chip carriers and plastic 
leaded chip carriers. 

Resistance from junction to ambient (ROJA) is a package 
geometry and die size related function. The user need only look 
up the package type and die size forthe air-flow used. Since the 
RoJc is largely dependent on the package type and die size, a 
table has been constructed for easy use. 

Notes on the Tabulated Data 
1. All side-brazed, cerdip-sealed, molded dual-in-line and pin 

grid array packages were mounted in zero insertion force 
sockets with 40 mils air gap and transverse to the airstream. 

2. All cerpacks, flatpacks, LCC, PLCC and SOIC packages were 
board mounted in direct contact with a double-sided fiber
glass-epoxy composite printed circuit board. 

3. For measurement of Ro Jc• all packages were immersed in a 
constant temperature fluorinert bath. The thermocouple was 
mounted directly to the bottom of the package. 
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·PAL Device Package Thermal Characteristics 

Thermal Resistance Measurement Procedure 

Definition 
Thermal resistance of a semiconductor device is a measure of 
the ability of its mechanical structure (package) to provide for 
heat removal from the semiconductor element. It is defined as 
the rise in the junction temperature against some reference 
point per unit power of dissipation or it may be described by the 
formula: 

R19JR = Thermal resistance, junc
tion to reference point, in 
°C/watt 

T J =Junction temperature in ° C 
TR =Reference pointtempera

ture in °C 
P = Power dissipation 

Thermal Measurement Technique 
Thermal resistance is measured using the temperature sensitive 
parameter (TSP) method. This method takes advantage of the 
linear relation between temperature and voltage drop across a 
p-n junction to measure the average die temperature. Thermal 
resistance measurement can be done either using an actual 
device or with thermal test chips. For the purpose of this study, 
thermal test chips are used. 

Each test chip consists of sensing elements and a heating ele
ment. Sensing elements are two sets of diode pairs. One diode 
pair is located at the center of each die and one pair is near a 
corner. The heating element is a polysilicon resistor which cov
ers 95 percent of the die surface area. The resistor extends 
underneath the bond pads but not the sensing elements. 

Initially, diodes are forward biased to a low level current source 
(50 µA) and the voltage drop is calibrated with respect to 
temperature. Then, the resistor is powered and the diode voltage 
drop is monitored until thermal equilibrium is reached. Steady 

state junction temperature is calculated from the calibration 
data. 

For the R19JA measurementthe device is put in a wind tunnel. The 
airspeed is adjustable from Oto 1000feet/min. The use of a wind 
tunnel allows us to graph the R19JA vs. air flow velocity. Average 
junction to case thermal resistance (R8Jcl Is measured by 
immersing the package in a constant temperature fluorinert bath 
and sensing steady state junction temperature with case 
temperature being measured at the bottom of the package. 

Summary 
The thermal resistance measurement can be summarized as 
follows: 

1. Calibration of the voltage drop across the sensing element 
with respect to temperature. This is done by measuring the 
voltage drop at several different temperatures with the heat
ing power off. 

2. Measurement of voltage drop across the sensing element 
under operating conditions, under various air flow rates 
(from Oto 1000 linear ft/min.), while measuring °C ambient 
and power input for calculation of R19JA· 

3. Measurement of voltage drop across the sensing element 
under operating conditions, package immersed in constant 
temperature fluorinert bath, while measuring the case temper- ... . 
ature at the bottom of the package and power input for ~ 
calculation of R19JC· Tre readings are recorded when the 
package has reached. thermal equilibrium. 

4. Calculation of thermal resistance 

TJ-TC 

p 
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PAL Device Package Thermal Characteristics 

20 Lead Molded DIP (20N) Packages 

100 

90 

80 

20 

10 

0 0 100 200 300 400 500 800 700 800 900 1000 
AIR FLOW (It/min) 

PACKAGE DIE SIZE (mlls)2 R~JC (°C/WATT) 

20N(1) 5,625 22 

20N(2) 11,250 15 

*These are typical values for the given die size. 

3·210 ~ Nlonollthla m Memories ~ 



PAL Device Package Thermal Characteristics 

24, 28 Lead Molded DIP (24N, · 28N) Packages 

100 

90 

80 

20 

10 

0o 100 200 300 400 .500 600 700 800 900 1000 
AIR FLOW (It/min) 

PACKAGE DIE SIZE (mlls)2 R~JC (°C/WATT) 

24NS(1) 5,625 20 

24NS(2) 11,250 15 

24N 50,625 10 

28N 22,500 13 

*These are typical values for the given die size. 
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PAL Device Package Thermal Characteristics 

40, 48 Lead Molded DIP (40N, 48N) Packages 

100 

90 

80 

w 70 

~~ 48N 

~:.... 50 

i"'~ 40N 
..,- 40 
w 
~ 

30 

20 

10 

0 0 100 200 300 400 500 800 700 800 900 1000 
AIR FLOW (II/min) 

PACKAGE DIE SIZE (mlls)2 R~JC (°C/WATT) 

40N 22,500 16 

48N 5,625 23 

*These: are typlcal values for the given die size. 
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PAL Device Package Thermal Characteristics 

Plastic Leaded Chip Carrier (NL) Packages 

100 

80 

80 

20 

10 

0o 100 200 300 400 500 800 700 800 800 1000 
AIR FLOW (II/min) 

100 

80 

80 

w 70 
CJ 

h 80 

; ~-c 50 
44NL ia:~ 

..,- 40 68NL 
w 
j!: 

30 

20 84NL 

10 

0 0 100 200 300 400 500 800 700 800 800 1000 
AIR FLOW (II/min) 

PACKAGE DIE SIZE (mlls)2 RiJC (°C/WATT) 

20NL 11,250 14 

28NL 22,500 13 

44NL 22,500 11 

68NL 50,625 8 

84NL 50,625 6 

*These are typical values for the given die size. 
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PAL Device Package Thermal Characteristics 

Small Outline (20SG, 24SG) Packages 

120 

110 

100 

w 90 
(J 
z 
h 80 

ffi~ 
0: ~<C 70 
~ ~.., 
:1!!5. 60 0: 20SG 

"' i!: 
50 

24SG(1l 

40 

30 

20 0 100 200 300 400 500 600 700 800 900 1000 
AIR FLOW (ti/min) 

PACKAGE DIE SIZE (mlls)2 RiJC (°C/WATT) 

20SG 5,625 16 

24SG(1) 11,250 13 

24SG(2) 22,500 10 

*These are typical values fo_r the given die size. 
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20 Lead Cerdip (20J) Packages 
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AIR FLOW (ti/min) 

PACKAGE DIE SIZE (mlls)2 R~JC (°C/WATT) 

20J(1) 5,625 14 

20J(2) 22,500 6 

*These are typical values for the given die size. 
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24 Lead Cerdip (24J, 24JS) Packages 
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24JS(1) 5,625 16 

24JS(2) 11,250 8 

24J 50,625 3 

*These are typical values for the given die size. 
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40 Lead Cerdip (40J) Packages 
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40J(1) 22,500 4 

4QJ(2) 50,625 2 

*These are typical values for the given die size. 
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20 Leadless Chip Carrier (20L) Packages 
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20L(1) 5,625 16 

20L(2) 22,500 4 

*These are typical values for the given die size. 
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28 Leadless Chip Carrier (28L) Packages 
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2au1J 5,625 20 

2au2J 11,250 10 

28L(3) 50,625 3 

*These are typical values for the given die size. 
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Leadless Chip Carrier (44L, 52L) Packages 
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44L 22,500 4 

52L(1) 22,500 2 

52L(2) 50,625 1.5 

*These are typical values for the given die size. 
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Leadless Chip Carrier (68L, 84L) Packages 
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68L 22,500 2 

84L 50,625 1 

*These are typical values for the given die size. 
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Pin Grid Array (&SP, 84P) Packages 
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PACKAGE DIE SIZE (mlls)2 R~JC (°C/WATT) 

68P 22,500 5 

84P 90,000 2 

*These are typical values for the given die size. 
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Cerpack (W) Packages 
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PACKAGE DIE SIZE (mlls)2 RiJc (°C/WATT) 

16W 5,625 21 

18W 5,625 17 

20W 5,625 15 

24W(1) 11,500 7 

24W(2) 22,500 3 

*These are typical values for the given die size. 
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Plastic Dual-In-Line Packages (PD) 

PD 020 

t[:::::::~k~ 
.140 ~ .290 
.200 1.040 I .oo5 I,.: . 320 ~ 

I WWMWfl1~11· -h~ ~ ::Gi I I . +~Hy 
--I r-- .014 1--~ --I f- .090 

.023 .06S . UO PIO t:t 07552A 

PD3024 

L___ 1.240 ___J 
l - 1.2ao I 

e::::::::::11 
~ 1-- .005 MIN. 

SEATING 

:: ~PLANE t . .oio 

.125J==~ w -.015 

-- i~ - oo ' .008 

.100 .090 I I U f I .045 II. .014 --l!'.-·290 --\ 
.110---J I -j I- .065 -ii-- .023 I ·320 

PIO # 070898 

~ llllonolithla m Memories ~ 



24 

AmPAL Device Package Outlines 

Ceramic Hermetic Dual-In-Line Packages (CD) 
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Ceramic Hermetic Dual·ln·Llne Packages (CD) (Cont'd.) 
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Plastic Leaded Chip Carriers (PL) 
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Ceramic Leadless Chip Carriers (CL & CLR) 
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Ceramic Leadless Chip Carriers (CL & CLR) (Cont'd.) 
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Abstract 
Determination of the Thermal Resistance of Packaged De
vices is of concern to the designer of new devices and to AMO 
customers. The Advanced Package and Material Develop
ment group has undertaken the task of characterizing current 
AM D products and quantifying package-related influences on 
Thermal Resistance. This report describes some of these 
effects and the technique used to measure Thermal Resis
tance. 

Definition of Thermal Resistance 
The reliability of an integrated circuit is largely dependent on 
the maximum temperature which the device will attain dunng 
operation. Because the stability of a semiconductor junction 
declines with increasing temperature, knowledge of the ther
mal properties of the packaged device becomes an important 
factor during device design. In order to increase the operating 
lifetime of a given device, the junction temperatures must be 
minimized. This demands knowledge of the thermal resistance 
of the completed assembly and specification of the conditions 
in which the device will function properly. As devices become 
both smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 

Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit 
of measure is typically °C/watt. The relationship between 
junction temperature and thermal resistance is given by: 

TJ=Tx+PollJx 

where: TJ =junction temperature 
T x = reference temperature 
P 0 = power dissipation 
II Jx = thermal resistance 
X = some defined test condition 

(1) 

In general, one of three conditions is defined for measurement 
of thermal resistance: 

OJA 
(still air) 

OJA 
(moving air) 

- thermal resistance measured 
with reference to the tempera
ture at some specified point on 
the package surtace. 

- thermal resistance measured 
with respect to the temperature 
of a specified volume of still air. 

- thermal resistance measured 
with respect to the temperature 
of air moving at a specified ve
locity. 

The relationship between II Jc and II JA is 

OJA = llJc + llcA 

where llcA is a measure of the heat dissipation due to natural 
convection (still air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. OJc is 
dependent solely on material properties and package geome
try; OJA includes the influence of the surtace area of the 
package and environmental conditions. Each of these defini
tions of thermal resistance is an attempt to simulate some 
manner in which the package device may be used. 

The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component mate
rials and the geometry of the heat flow paths. Like other 
material properties, thermal conductivity is usually tempera
ture dependent. For alumina and silicon, two common pack
age materials, this dependence can amount to a 30% 
variation in thermal conductivity over the operating tempera
ture range of the device. The thermal resistance of a compo
nent is given by 

L 
11=-- (2) 

K(T)A 

where: L = length of the heat flow path 
A 
K(T) 

= cross sectional area of the heat flow path 
= thermal conductivity as a function of tem-

perature 

and the overall thermal resistance of the assembly (discount
ing convective effects) will be: 

Ln 
11= :uJ.=~ -

KnAn 
but since the heat flow path through a component is influ
enced by the materials surrounding it, determination of L and 
A is not always straightforward. 

A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 

1 1 
Pd=-(T,-Tx) =-(T,- Tx) 

l)JX ~l)N 
(3) 

the relationship between Pd and T; can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, TJ must increase and, since the individual 110 will 
also increase with temperature, the increase in TJ will not be a 
linear function of increasing power levels. 

A third factor of concern is the quality of the material 
intertaces. In terms of package construction, this relates 
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specifically to the die attach bond, 'and for those packages 
having a heatsink, the heatslnk attach bond. The quality of the 
die attach bond will most severely influ!lnce the package 
thermal resistance as this is the area which first impedes the 
transfer cif heat out of the silicon die. Indeed, it seems likely 
that the initial thermal response of a powered device can be 
directly related to the quality of the die attach bond. 

Experimental Method 
The technique for measurement of thermal resistance involves 
the identification of a temperature-sensitive parameter on the 
device and monitoring this parameter while the device is 
powered. For bipolar integrated circuits the forward voltage of 
the substrate Isolation diode provides a convenient parameter 
to measure and has the advantage of a linear dependence on 
temperature. MOS deviceswhich do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially designed 
thermal test die. Choice of the parameter to be measured 
must be made with some care to ensure that the results of the 
measurement are truly representative of the thermal state of 
the device being investigated. Thus measurement of the 
substrate isolation diode which Is generally diffused across the 
area of the die yields a weighted average of ,the condition of 
the individual junctions across the die surface. Measurement 
of a more locel source would yield a less generalized result. 

For MOS devices, simulation is accomllshed using the thermal 
test die. The basis for ihls test die is a 25 niil square cell 
containing ari isolated diode and a 1 KSl resistor. The resistors 
are interconnected from cell to cell on the wafer before it is cut 
Into mi.llitple arrays of the basic unit cell. In use the device is 
powered via the resistors witti voltage or current adjusted for 
the proper level and the voltage drop of the individual diodes is 
monitored as in the case of actual devices. 

Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1 . mA current level at two 
different temperatures. The diOde calibration factor is, then: 

T2-T1 AT 
K,•--•-

V2-V1 AV 
(4) 

in units of 0 0/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 
measurement points are sufficient to determine the celibration. 

The actual thermal resistance measurement has two alternat
ing phases: measurement and power on. The device under 
test is pulse powered with an ON duty cycle of 99% and a 
repetition rate of < 100 Hz. During the brief OFF states the 
device is reverse-biased with a 1 mA current and the voltage 
drop is measured. The series of voltage readings are averaged 
over short periods and compared to the voltage reading 
obtained before the device was first powered ON. The thermal 
resistance is then computed as: , 

KF(VF - V,) l<tAV 
tlix= = --

VHIH Po 

where: KF .. calibration factor 
v, = initial forward voltage value 
VF • current forward VOitage value 
VH =heating voltage 
IH •heating current 

(5) 

The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. 

When the end result desired is tlJA (still air), the device and the 
test fixture (typically a standard burn-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For ti.JC 
measurements the device is attached to a large metal 
heatsink. This ensures that the reference point on the device 
surface is maintained at a constant temperature. The require
ments for measurement of tlJA (moving air) are rather more 
ccimple x and involve the use of a: small wind tunnel with' 
capability for monitoring air pressure, temperature and velocity 
in the area immediately surrounding the device tested. Stan
dardization of this last test requires much careful attention. 

WAVEFORMS FOR PULSED THERMAL RESISTANCE TEST 

VH 

VOLTAGE 

Vi WF009091 

CURRENT 

WF009080 
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Experimental Results 

The thermal resistance data included in the attached table was extrapolated from data collected using the procedure outlined in the 
preceding section. This data has resulted from an ongoing program undertaken by members of the Material Technology 
Development group. 

Updated data will replace the data in this table as each device is measured or revised data becomes available. 

Thermal Resistance of AMD Products 
(Notes 1, 2 and 3) 

PIN PACKAGE TYPE 
COUNT (Note 4) 

Ceramic DIP 
Plastic DIP 

20 Ceramic Flatpack 
Ceramic LCC 
Plastic LCC' 

Ceramic DIP 
24 Plastic DIP 

Ceramic Flatpack 

28 Ceramic LCC 
Plastic LCC' 

Notes: 

OJA fiJC 

60 11 
61 30 
56 CR 
61 CR 
CR CR 

57 15 
60 CR 
85 9 

CR CR 
58 CR 

1. Representative values for each package type - for information only. 

2. Any gi,ven device may differ from these values. Consult local AMD sales 
office for specific-device information. 

3. CR =Consult local AMO Representative. 

4. DIP =Dual-In-Line Package 
LCC = Leadless Chip Carrier 
LCC* = Leaded Chip Carrier 

Table 1. 

~Monolithic W Memories ~ 3-233 



Notes 

3·234 



PAL Device Handbook 

PAL Device Data Book 

4-i 



Table of Contents· 

Introduction .......................................................................................................................................................................................... 4-1 

Install PALASM 2 Software ...................................................................................................................................................... 4-15 

Run the Software ............................................................................................................................................................................ 4-29 

Build a Boolean Equation Design ....................................................................................................................................... 4·61 

Build a State Machine Design ............................................................................................................................................... 4-95 

Build Simulation ........................................................................................................................................................................... 4-137 

Program the Device ....................................................... : ............................................................................................................ 4-169 

PALASM 2 Software Glossary ............................................................................................................................................ 4-183 

PALASM 2 Software Index ......................................... : ............................................................................. , ............................. 4-189 

(Detailed Table of Contents on page 4-v) 

4-ii ~ Manallthla WMemarles ~ 



Preface 

Audience 

The intended audience for this manual is design engineers who run PALASM® 2 software 
on an IBM-PC/XT/AT computer to program Monolithic Memories programmable logic 
devices (PLOs). Users of this manual should be familiar with PLO technology and with 
PLO programming concepts. If you are a new user, refer to the introductory chapters of 
this handbook for background information and tutorials, including the Beginner's Guide. 

!:=:r;g This Manual 

This chapter of the handbook is a self-contained manual that describes step-by-step 
instructions for installing PALASM 2 software and programming a Monolithic Memories 
programmable logic device. As a self-contained PALASM manual, the information is 
organized into chapters (numbered 1 to 7) that include sections and subsections. The 
handbook chapter designator, 4-, precedes all page, figure, and table numbers, which are 
numbered consecutively throughout the handbook. 

Throughout this manual, note these conventions: 

Italic typeface indicates references to other sections or chapters. 

Courier typeface represents information displayed on a computer screen. 

Left and right arrows < > indicate keys on the computer keyboard. For example, 
<F1 >, <Y>, or <eSC>. 

<return> represents the carriage return key. Some keyboards label this key as Ret, 
enter, or an arrow pointing left. 

Figure 4-1 shows the structure of PALASM 2 Software User Documentation. 
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Preface 

Other Documents 

Make sure you have available the user manuals for your specific computer and PLO 
programmer. You will refer to these manuals when installing the PALASM 2 software and 
programming a device. 

For more information about programmable logic and PAL devices, refer to the first three 
chapters of ttiis handbook. 

Documentation on PLPL, AMD's programmable logic software, can also be found in this 
handbook. PLPL software is included in the PALASM 2 software package. 

Where To Get Help 

Monolithic Memories maintains an applications hotline to help you solve engineering-related 
problems. If you have trouble installing or running PALASM 2 software, call the hotline at 
800-222-9323. 
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1. Introduction 

About This Chapter 

Read this chapter before you use PALASM 2 software to get an oveNiew of the features, 
functions, and software processing sequence. 

For a description of. .. 

Supported programmable logic devices and 
computer environments 

Programs, supplementary programs, input and 
output files that make up PALASM 2 software 
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1.1 

Introducing PALASM 2 Software 

1.1.1 

PALASM 2 software uses the PLO design you create as an input file and converts it into a 
JEOEC file that can be used to program programmable logic devices (PLOs) on a 
programmer. The design you create specifies the fuses to be programmed on a device. 
PALASM 2 software accepts designs in Boolean or state equations. Your design can also 
include simulation guidelines that allow you to test your design without actually 
programming a device. PALASM 2 software accepts the design as input and performs a 
number of functions under your control. You can: 

Check the syntax of the input file 

Assemble the file 

Generate PLO fuse patterns in JEOEC format 

Report errors in syntax and assembly 

Simulate the PLO design 

Supported Programmable Logic Devices 

4-2 

With the exception of the PAL 16A4 and the PAL 16X4 parts, PALASM 2 software supports 
all Monolithic Memories programmable logic devices, including new PAL products such as 
RA (Registered Asynchronous), RS (Registered Synchronous), MegaPAL, ZHAL™, the 
PROSE device, PMS14R21, and the new PLS family of devices. 

Table 4-1 lists the PLOs supported by PALASM 2 software. 
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20-Pin PAL 
Devices 

PAL 10H8 

PAL 10L8 

PAL 12H6 

PAL 12L6 

PAL14H4 

PAL 14L4 

PAL 16H2 

PAL 16L2 

PAL16L8 

PAL16P8 

PAL16C1 

PAL 16R4 

PAL16R6 

PAL 16R8 

PAL16RA8 

PAL16RP4 

PAL 16RP6 

PAL16RP8 

PAL18P8 

ZHAL20 

Introduction 

Table 4-1 

PLDs Supported by PALASM 2 Software 

24-Pin PAL 
Devices 

PAL6L16 

PAL8L14 

PAL12L10 

PAL14L8 

PAL 16L6 

PAL18L4 

PAL20L2 

PAL20C1 

PAL20L8 

PAL20L10 

PAL20X4 

PAL20X8 

PAL20X10 

PAL20R4 

PAL20R6 

PAL20R8 

PAL20RA10 

PAL20S10 

PAL20RS4 

PAL20RS8 

PAL20RS10 

PAL22V10 

PAL10H20P8 

PAL10H20G8 

PAL32VX10 

PAL22RX8 

ZHAL24 

MegaPAL 
Devices 

PAL32R16 

PAL64R32 

PROSE 
Devices 

PMS14R21 
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PLS 
Devices 

PLS105 

PLS167 

PLS168 
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1.1.2 

Supported Computers 

4.4 

PALASM 2 software operates with no user modification in the following computer 
environments. Monolithic Memories provides PALASM 2 software as an executable 
program, ready to run on any of these systems: 

Minicomputers: 

Microcomputers: 

Workstations: 

VAX™ under VMS™ 
VAX™ under UNIX™ (Berkeley 4.2) 

IBM-PC™, -XT™, cAT™ 
under MS-DOS™ (384K RAM) 

DAISY™ under DNIX™ 5.1 

This manual documents the installation and operation procedures for an IBM 
microcomputer environment. If your system is not an IBM-PC/X/AT, your PALASM 2 
software package includes the installation and operation procedures for your particular 
system. The other information in this manual (Chapters 1, 4-7) applies to all environ
ments. 

Note: You should equip floppy-based systems with two disk drives. 

Note: Refer to the PALASM 2 software ordering procedure .included in this handbook for 
the correct part number of the software for your computer environment. 

Your system must have a serial port (RS-232) if you need to communicate with the PLD 
programmer. Program the Device, Chapter 7, describes how to connect your computer to 
the programmer to download the JED EC file. Figure 4-2 shows a typical computer 
configuration. 

~ ll/lonollthlo m ll/lemorles ·~ 



1.2 

Introduction 

PLO 
PROGRAMMER 

Figure4-2 

Typical Computer Configuration 

PLD 

D 

Program and File Summary 

This section lists the current PALASM 2 software programs, followed by a brief description 
of each program. Input, intermediate, and output files are listed after the program 
summaries. Finally, the supplementary programs distributed with the software are briefly 
described. Figure 4-3 illustrates the sequence in which the software processing occurs. 
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Introduction 

Design Input: 

FILENAME.PDS • PARSE 

XPLOT 

FILENAME.XPT FILENAME.JED FILENAME.HST FILENAME.JDC 

FILENAME.TRF 

Note: Filename.JDC is generated only if XPLOT is run before SIM. 

Figure 4-3 

PALASM 2 Software Flow for PAL Devices 

Note: On a PROSE device, the software substitutes XPLOT with PROASM and SIM with 
PROSIM. On a PLS device, the software substitutes XPLOT with PLSASM. 
PALASM 2 software currently includes the programs listed in Table 4-2. 

PALASM 2 Software Programs 

4·6 

Each program in the PALASM 2 software package is described in the following sections. 
Figure 4-3 shows the PALASM 2 software processing sequence for PAL devices along 
with the input and output files. Section. 1.2.2 describes these files. 
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PALASM 

Program 

PALASM 

PARSE 

EXPAND 

MINIMIZE 

XPLOT 

SIM 

PROASM-PROSIM 

PLSASM 

JEDMAN 

TREPL2 

Introduction 

Table4-2 

PALASM 2 Software Programs 

Function 

PALASM 2 software menu program 

Checks the syntax of the input file 

Expands input equations and converts state machine 
syntax to Boolean equations 

Minimizes equations 

Assembles PAL device designs 

Simulates PAL device designs 

Assembles and simulates PROSE device designs 

Assembles PLS device designs 

Disassembles JEDEC files to Boolean equation input files 

Disassembles intermediate files created by PARSE, 

EXPAND and MINIMIZE. 

For a detailed description of each program, proceed to PALASM 2 Software Programs, 
Section 1.2.1. For a description of the supplementary programs, proceed to PALASM 2 
Supplementary Programs, Section 1.2.2. 

PALASM is the interactive menu program that simplifies user interface to the software. 
You can install PALASM on an IBM-PC/XT/AT, with either a twin floppy system or a hard 
disk drive. The user-friendly menu screens display all your options on one screen, enable 
the use of function keys to run all the programs, and allow you to view the output. Help 
screens and message windows facilitate easy interaction with the software. 
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PARSE 

1.2.1.3 

EXPAND 

1.2.1.4 

MINIMIZE 

4-8 

Introduction 

PARSE checks the syntax of the input file that contains the PLO design you created. If 
the program detects an error, it indicates where the error occurred. The error messages 
are sent to a file which you can retrieve. To correct as many errors as possible with each 

. run, the program attempts to recover after each error. When the file is error-free, PARSE 
generates an intermediate file. 

EXPAND uses the intermediate file created by PARSE and performs the following 
functions: 

Expands the input equations 

Converts state machine syntax to Boolean equations 

The software can only assemble Boolean equation fuse specifications. Therefore, if your 
input file contains a state machine design, EXPAND translates the design to Boolean 
equations. 

The program expands XOR expressions to AND and OR expressions when the device 
does not contain an XOR gate. The XOR expressions will no longer be evident after 
running this program. (Also see the explanation and note on XORs in Section 1..2.1.4.) 

EXPAND creates another intermediate file that contains expanded Boolean equations. 

Note: You don't need to run EXPAND on a PROSE device. 

MINIMIZE uses the intermediate file created by PARSE or EXPAND to perform automatic 
logic reduction. This function enables you to use the space on your device more 
efficiently. 

MINIMIZE looks for redundancy and minimizes AND and OR expressions. The program 
creates an intermediate file that is used by subsequent programs. 

Note: When MINIMIZE detects an XOR gate on the device, the equations on either side of 
the XOR expression are minimized independently leaving the XOR intact. (See the note 
on XORs in Section 1.2.1.3. 
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XPLOT 

1.2.1.6 

SIM 

1.2.1.7 

Introduction 

Note: You don't need to run MINIMIZE on a PROSE device. 

XPLOT validates the architectural design of an input PAL design and produces fuse maps 
and JEDEC data. The program uses the intermediate file containing Boolean e<ill!ations 
created by PARSE, EXPAND or MINIMIZE as input. XPLOT checks the equations for 
consistency and correctness for the specified device. When an error is detected, XPLOT 
attempts immediate recovery. In this way, XPLOT detects as many errors as possible on 
each run. Only if no errors are detected will the output fuse maps and JEDEC data be 
generated. XPLOT reads the architectural information for each device from files stored in 
the software containing profile descriptions for each device. 

Note: XPLOT checks only valid Monolithic Memories PAL devices listed in Table 4-1. 

SIM checks the functionality of a PAL device design. You can run this program after 
XPLOT, or, if the design is architecturally correct, you can run SIM directly after checking 
the syntax with PARSE. SIM simulates the operation of the device you specify, 
calculating the output values based on input signals through the Boolean equations and 
any feedback. 

SIM generates three output files: a history file, a trace file and a JEDEC test vector file. 
The history file shows the values of every pin through a simulation sequence. The trace 
file, which is a subset of the history file, shows only the pins you specify in the input file. 
If XPLOT has been run and a JEDEC fuseplot has been created, SIM adds test vectors to 
the JEDEC file that duplicate the simulation sequence when the device is tested on a 
programmer. All JEDEC checksums are recalculated. 

Note: SIM tests only valid Monolithic Memories PAL devices listed in Table 4-1. 

PROASM-PROSIM 

PROASM and PROSIM do for a PROSE PMS14R21 device what XPLOT and SIM do for 
PAL devices. The programs assemble and simulate PROSE device designs. PROASM 
accepts only state machine designs. Like XPLOT, the program generates a fus~ap and 
a JED EC file that can be downloaded to the programmer to program the PROSE ~vice. 
Similarly, PROSIM generates history and trace files as well as JEDEC test data. 
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PLSASM 

1.2.1.9 

JED MAN 

1.2.1.10 

TREPL2 
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Introduction 

PLSASM is the assembler for PLS devices and performs the same functions that XPLOT 
and PROASM do oh PAL and PROSE devices. 

Note: Currently, PALASM 2 software does not simulate PLS device designs. 

JEDMAN disassembles JEDEC files and generates Boolean equations. The program 
allows you to read a fuse map directly from a programmed device. 

TREPL2 is a useful error detection tool that allows you to disassemble an intermediate 
TRE file and convert it tO a Boolean equation input file. PALASM 2 software creates 
intermediate files after syntax checking, equation expansion, and minimization. TREPL2 
can be used to disassemble any of these intermediate files. This means you can examine 
a Boolean equation input file: 

after the equations have been expanded 

alter the equations have been minimized 

alter the input state equations have been converted to Boolean equations 
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1.2.2 

Input, Output, And Intermediate Files 

Table 4-3 lists the input, output, and intermediate files (files that the software creates but 
are not immediately visible to the user) required or generated by PALASM 2 software. 
Notice the extensions on each filename. It is important to use these extensions 
consistently since the software looks for them when retrieving files. 

Filename 

FILENAME.PDS 

PALASM2.TRE 

FILENAME.PDF 

FILENAME.LOG 

FILENAME.XPT 

FILENAME.JED 

FILENAME.HST 

FILENAME.TRF 

FILENAME.JDC 

FILENAME.PL2 

FILENAME.JDM 

Table4-3 

Input, Output, and Intermediate Files 

Description 

User defined PLD design input file 

PLD intermediate design description 

PLO architecture description data 

Intermediate message file generated by PARSE, 

MINIMIZE, EXPAND, and PLSASM 

PLO fuse map data 

PLO fuse JEDEC data 

Simulation history data 

Simulation trace data 

PLO fuse JEDEC data and JEDEC test vectors 

PDS file reconstructed from JEDEC output 

JEDEC file that has been altered using JED MAN as a 
supplementary program 
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1.2.3 

PALASM 2 Supplementary Programs 

1.2.3.1 

PC2 

4-12 

The PALASM 2 software package currently includes several useful supplementary 
.programs that are not supported by Monolithic Memories. An asterisk next to the program 
name in Table 4-4 indicates that the procedure to use it is described in the following 
chapters. 

Program 

PDSCNVT 

*PC2 

*SCRSIM 

VT RACE 

BIN HEX 

TIMING 

PINOUT 

DECODE 

Table4-4 

PALASM 2 Software Supplementary Programs 

Description 

Conversion of previous PALASM version input file to 
PALASM 2 software syntax 

Programmer communications program 

Simulation waveform generation program 

SIM output files to timing diagrams conversion 

Binary to hexadecimal conversion 

Timing diagram entry program 

Pinout program 

Address decoder program · 

PC2 enables communication between PLO programmers and IBM-PC/XT/AT computers. 
PC2 is a menu-driven, multiple~choice program that guides you through various options for 
programming and checking PLDs. 

' 
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SCRSIM 

Introduction 

SCRSIM takes the simulation output files, history and trace, and creates waveforms that 
can be viewed on the screen or sent to a printer. 

Proceed to Install PALASM 2 Software, Chapter 2. 
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2. Install PALASM 2 Software 

About This Chapter 

This chapter describes how to install the PALASM 2 software main menu and 
supplementary programs on IBM-PC/XT/ATs with either two floppy disk drives or a hard 
disk drive. It also describes how to add additional supplementary programs to the menu 

installation file. 

The menu and supplementary programs are not available for VAX or UNIX systems. 
Monolithic Memories ships separate installation and operation instructions with the 

software for these systems. 

To ... 

Install the PALASM 2 software on a hard drive 
or with two floppy disk drives 

Specify the editor and communications program 

Add supplementary programs to the main menu 
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2.1 

Installation Procedures 

2.1.1 

You can install the PALASM 2 software interactive menu and supplementary programs on 
IBM personal computers with either two floppy disk drives or with a hard disk drive. Before 
you start, make sure you have all the required equipment. Then read the section that 
describes your IBM configuration. 

Note: The installation procedures update the AUTOEXEC.BAT and CONFIG.SYS files. 
Refer to Modifications to AUTOEXEC.BAT and CONFIG.SYS Files, Section 2.4, for more 
information. 

What You Require 

2.1.2 

To install PALASM 2 software, you require: 

An IBM-PC/XT/AT with either two floppy disk drives or a hard disk drive 

MS-DOS 2.1, or later versions 

Minimum memory of 384K bytes RAM and 2 megabytes on a hard disk 

PALASM 2 software on regular density disks for two floppy disk drives or high 
density disks for an IBM-AT 

Blank, formatted disks for making backup copies of the PALASM 2 software disk set 

If your system uses ... Proceed to ... 

Two floppy drives Section 2.1.2 

A hard disk drive Section 2.1.3 

Install PALASM 2 Software With Two Floppy Disk Drives 

4-16 

Before you load PALASM 2 software on an IBM-PC/XT/AT with two floppy disk drives, you 
should make a backup copy of the PALASM 2 software master disks. Refer to the IBM 
Disk Operating System reference manual for instructions. If any of the disks fail to load, 
contact your local Monolithic Memories representative. 

If your system uses a hard disk drive, skip to Install PALASM 2 Software On A Hard Disk 
Drive, Section 2.1.3. 
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Install PALASM 2 Software 

Follow these steps to load PALASM 2 software. 

1. Insert the MS-DOS disk in drive B. 

2. Insert the PALASM 2 software disk-1 in drive A. 

3. To copy the MS-DOS system files to the PALASM disk, enter: 

B: <return> 

SYS A: <return> 

Copy B: COMMAND.COM A:<return> 

4. Remove the MS-DOS disk from drive B. 

5. Re-boot the system by simultaneously pressing <Ctrl> <alt> <del>. 

6. Place the PALASM 2 software disk in drive B. 

7. To start the PALASM 2 software program, enter: 

A:PALASM <return>. 

The screen displays the product and company name. 

8. To display the main menu, enter <return> again. Figure 4-4 shows the main menu. 

9. Proceed to Software Setup, Section 2.2, to define the editor and the 
communications program used to communicate with your programmer. 
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Install PALASM 2 Software 

j Directory 

Device Fl Display Dir F2 

F3 Edit PDS F4 Program Device 

FS PALASM2 F6 Software Setup 

F7 View Data FS Supplementary 

F9 Databook FlO Help 

Key Movements ... next field <del> 
f' previous field <esc> return <ins> .. previous position <esc><esc> exit <home> .. next position <esc><ret> refresh <end> 

STATUS: All OK 

Figure 4-4 

PALASM 2 Software Main Menu 

2.1.3 

Enter DOS 

Menu 

Window 

delete 
insert 
first field 
last field 

Install PALASM 2 Software On A Hard Disk Drive 

4·18 

When using an IBM-PC/XT /AT with a hard disk drive, install the main menu onto the 
specified drive. Then install the supplementary programs on the same drive. This section 
explains both installation procedures. 

Before you install PALASM 2 software, you should make a backup copy of the PALASM 2 
software master disks. If any of the disks fail to load, contact your local Monolithic 
Memories representative. 
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Install PALASM 2 Software 

2.1.3.1 

Install The Menu 

Follow these steps to install the main menu software on your IBM-PC/XT/AT hard disk. 

1. At the system prompt, insert the PALASM 2 software master disk-1 in drive A. 

2. To install the PALASM 2 software, enter: 

A:PAL21NST <return> 

The screen displays: 

PALA$M 2 Hard Disk Install Program 
(c) CopyRight Monolithic Memories Inc. 1987 

System Booted from Drive C 

Which Drive to Install on? (default = C) 

3. Enter the name of the drive and press <return>. To select the default drive (C>), 
press <return>. The screen displays: 

PALASM 2 Hard Disk Install Program 
(c) CopyRight Monolithic Memories Inc. 1987 

System Booted from Drive C 

Which Drive to Install on? (default = C) 
... Installing to Drive= C OK? (Y/N) 

Note: The system boots from the logical drive you selected and the screen displays 
the letter designator for that drive. 

If you enter ... 

<Y><retum> 

Making directory 
Making directory 
Making directory 
Making directory 
Making directory 

Then ... 

Repeat step 3. 

The screen displays: 

C:\palasm2 
C:\palasm2\pal2 
C:\palasm2\supl 
C:\palasm2\pdf 
C:\palasm2\msg 
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Note: If yoµ are updating your PALASM 2 software, these files may already exist. If 
so, the screen will display a message that the software is making directories and 
that some of these directories already exist. When the screen prompt asks if you 
want to make directories with the same name, enter <Y> <return>. 

The system updates the AUTOEXEC.BAT and CONFIG.SYS files and copies the 
files from drive A to the install hard drive. For a description of the changes to these 
files, refer to Modifications To AUTOEXEC.BAT And CONFJG.SYS Files, Section 
2.4. When complete, the screen displays the input install request menu, as shown in 
Figure 4-5. 

PALASM 2 Hard Disk Install Program 
(c) CopyRight Monolithic Memories Inc. 1987 

Input Install request 

0 ... Exit Install Procedure 
1 ... Install ALL PALASM 2 Software 
2 ... Install Software for PAL devices only 
3 ... Install Software for PROSE devices only 
4 ... Install Software for PLS devices only 
5 ... Install Supplementary Software only 

? : 

Figure4-5 

PALASM Input Install Request Menu 
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4. You can now exit the install program by entering <0> <return>. To install the 
programs appropriate for your devices, proceed to Load The Software, Section 
2.1.3.2. 

Load The Software 

From the input install request menu, Figure 4-5, select the software installation option that 
applies to your application. 

If you want to ... 

Install all the software programs at once, 
including the supplementary programs 

Load selected software programs individually 

Then .. 

• Select option 1. 

• When installation is complete, exit 
the install program by selecting 
option 0. 

• Proceed to Verify The Installation, 
Section 2.1.3.3. 

Select options 2 to 5. The example 
below uses option 2 to install software 
for PAL devices only. 

Follow the steps in this example to install the software for PAL devices. To use this 
example for PROSE or PLS devices, make selections appropriate to the software you 
want to install. 

1. Enter <2> <return>. The screen displays: 

Insert PARSE.EXE in Drive A ... Press any key to start 

2. Remove the PALASM 2 software master disk from drive A. 

3. Insert the disk that contains the PARSE.EXE file into drive A. Each disk label lists 

the programs included on that disk. 
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4. Press any key. As the program copies each file from drive A to the install hard drive, 
the screen displays the name of that file. For example: 

Copying A:PARSE.EXE to C:\palasm2\pal2\*.* 
Copying A:PARSE.MSG to C:\palasm2\msg\*.* ... 

After copying all the files on this disk, the screen prompts you to load a new disk 
which contains another file. 

5. Repeat steps 3 and 4, as necessary, using the disks that contain the requested 
files. When the entire installation procedure is complete, the screen displays the 
input install request menu, as shown in Figure 4-5. 

6. Now you can either install another program or exit the installation procedure: 

To install another software program, repeat steps 1 through 5, making selections 
appropriate to the software you want to install. 

The installation software for the individual devices share some common 
programs. When you install a second program, you delete the common files from 
the hard disk and copy them again from the disk in drive A. You can avoid this 
duplication by selecting option 1, Install ALL PALASM 2 Software. 

To exit the installation procedure, enter <0> <return>. The screen displays: 

*** PALASM installation to hard disk completed *** 

Now Remove Diskette from Drive A. 

*********************************************** 
Re-Boot Machine then enter C:>PALASM 
*********************************************** 

C> 

Proceed to Verify The Installation, Section 2.1.3.3. 
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2.1.3.3 

Verify The Installation 

2.2 

After you have completed the installation procedure, follow these steps to run a test. 

1 . Remove the disk from drive A . 

2. Re-boot your system (simultaneously press <ctrb <alt> <deb). 

3. At the system prompt, start PALASM 2 software by entering: 

C: PALASM <return> 

The screen displays the product and company name. 

4. To display the main menu, enter <return> again. The screen displays the main menu 
as shown in Figure 4-4. 

5. Proceed to Software Setup, Section 2.2, to define the editor and the 
communications program used to communicate with your programmer. 

Software Setup 

After you have installed the PALASM 2 software, you must tell the system the name of 
your text editor and programmer communications program. To do this, use the main menu 
option F6, Software Setup. 

1. From the main menu, press <F6>. The screen displays the installation menu, as 
shown in Figure 4-6. 

2. Use the arrow keys to move the cursor to the Editor field. 

Note: P2EDIT is a fictitious name, intended to show the format for entering the name 
of your text editor. 

3. Enter the name of your editor. Press the spacebar to delete all extra characters 
from the field. 

CAUTION 

The editor you use must generate clean ASCII text. Check your editor installation 
program to make sure the editor does not automatically load in a mode that embeds 
formatting control characters in your design files. For example, if you use Wordstar, 
make sure it automatically loads in non-document mode. 
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4. Move the cursor to the Programmer field. 

Note: pc2comm.com is a fictitious name, intended to show the format for entering 
the name of your programmer communication program 

5. Enter the name of your programmer communication program. You can use a 
commercial communications program or use the PC2 program, which is included on 
the Supplementary disk. 

1.i/ 6. To return to the main menu, press <eSC>. 

7. If you want to add supplementary programs to the menu, proceed to Add 
Supplementary Programs To The Menu, Section 2.3. If not, skip to Modifications to 
AUTOEXEC.BAT And CONFIG.SYS Files, Section 2.4. 
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PALASM2 INSTALLATION MENU 

Logged Drive Name 191 
Programs Executed from hard disk? 

PALASM2 Programs Loaded From name only] 

SUPPLEMENTARY Programs Loaded From I p\\p~f~~ij@\~~P/.\ ) f I [Path name only] 

PAL Definition Files Loaded From I si8il~~~~ffi~Ni?4~>? ) I [Path name only] 

Message Files Loaded From 

Editor 

Programmer 

Figure 4-6 

PALASM 2 Software Installation Menu 

2.3 

Add Supplementary Programs To The Menu 

After installing the supplementary programs on your hard disk, you can add these 
programs to the installation procedure stored in the MENU.SYS file. Then you can call a 
supplementary program from the main menu by selecting option F8. 

Table 4-5 lists the supplementary programs you can add to the MENU.SYS system file. 
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Table4-5 

Additional Supplementary Programs 

Program 

SCRSIM.COM 

VTRACE.COM 

BINHEX.COM 

TIMING.COM 

PINOUT.COM 

DECODE.COM 

Function 

Simulation waveform generation program that is called 
automatically when you use option F7, View Data 

A utility program to print simulation output files as 
timing diagrams 

A binary-to-hexadecimal conversion program 

Timing diagram entry program 

Generates a list of the pin names from the .TRE file 
(created by the PALASM 2 software assembler) 

Address decoder program that generates PALASM 2 
software Boolean equations 

To add a program to the MENU.SYS file, follow these steps. 

1. Enter MS-DOS from the PALASM 2 software main menu by pressing <F2>. 

2. Enter the text editor. Refer to the text editor operation manual for instructions. 

3. Open the MENU.SYS file. 

4. To the end of the file, add the filename of the supplementary program in the following 
format. Any change you make to the file must occur after the Input file name (see 
Figure 4-7). 

$<FILENAME> 

For example, to add the program PINOUT.COM, enter: 

$PINOUT.COM 

5. Save the file. 
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6. To return to the PALASM menu, press <eSC>. The screen displays the main menu. 

7. To view a list of the supplementary programs, press <F8>. Make sure the programs 
you added are included in the list. 

Refer to Figure 4-7 for the MENU.SYS file format. 

2.23 
c 
NOT DEMO 

C:\PALASM2 
c 
\palasm2\pal2\ -
c 
\palasm2\supl\ 
c 
\palasm2 \pdf\ 
c 
\palasm2\msg\ _ 

~ws\ws]~~~~~~~~~~~~~ 
com 

~palasm2\supl\pc2]~~~~~~~~ 
exe 

filenameJ~~~~~~~~~~~~
pds 
c> 

Figure4-7 

MENU.SYS 
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Last directory used 

Installed drive 

Program path data 

Editor data 

Programmer data 

Input file name 
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2.4 

Modifications To The AUTOEXEC.BAT And 
CONFIG.SVS Files 

4·28 

The installation process modifies your AUTOEXEC.BAT and CONFIG.SYS files. If you did 
not have these files, they are created during the installation. The following lines are added 
to the AUTOEXEC.BAT file: 

REM C PALASM 2 path statement 
PATH C:\;C:\palasm2\supl;%path% 
ECHO Palasm 2 Software Installed - (c) Copyright MMI 1987 
All Rights Reserved 

The following line is added to your CONFIG.SYS file 

Files=20 

If you already have a CON FIG.SYS file with a Files = attribute greater than 20 (for 
example, Files= 30), then the CON FIG.SYS will not be modified. 

Proceed to Run the Software, Chapter 3. 
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About This Chapter 

This chapter demonstrates how to run the software with an example input file -
SUPER.PDS. This input file contains a Boolean equation design for the PAL 16R6. 

The procedure steps you through PALASM 2 software by selecting options from the menu. 
When the software processes are complete, you view the output files on your screen. 

For a description of ... Refer to Section ... 

Running the software through the menu 3.1 

Autorun assembly and simulation 3.5 

Processing an input file 3.6 

Viewing the assembly output files 3.6.5 

Simulating an input file 3.7 

Viewing the simulation output 3.7.2 

Interpreting the assembly output files 3.10 

If you want to run the software from DOS instead of using the PALASM 2 software menu, 
skip to Run The Software From DOS, Section 3.11. 
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3.1 

Overview Of The Procedure 

4.30 

The flowchart in Figure 4-8 shows the procedure to run PALASM 2 software. Figure 4-9 
shows the basic processing options in a flowchart. The steps are as follows. 

1. Check the syntax of the input file. 

2. Expand the input equations. 

3. Minimize the input equations. 

4. Assemble the file and generate JEDEC output. 

5. Simulate the design. 

Check The Expand The 

Syntax Of The ~ Input Equations 

Input File Section 3.6.2 
Section 3.6.1 1 

Minimize The 
Input Equations 

Section 3.6.3 

1 
Assemble Simulate 
The File ... The File 

r 

Section 3.6.4 Section 3.7 

Figure4-8 

PALASM 2 Software Processing Sequence 
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START 

BUILD THE DESIGN 

NO 

GOTO 
ADD SIMULATION 

ASSEMBLE 

YES 

PROGRAM THE 
DEVICE 

Figure4-9 

NO 

YES 

Basic Design Options 

ADD SIMULATION 

SIMULATE 

NO 

YES 

Before you run the programs to accomplish these steps, you must open the PALASM 
menu and become familiar with its operation, as explained in the next section. 
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3.2 

Prepare To Use The Menu 

3.2.1 

The following list shows what tasks you should complete before using the menu. 

1 . Install the menu on your computer following the procedure 'in Install The Menu, 
Section 2.1 .3.1. 

2. Install the text editor of your choice on the default drive. Use option F6, Software 
Setup, on the main menu. Refer to Software Setup, Section 2.2, for the procedure. 

'3. Install the programmer communication software on your default drive. This too is 
done on the software setup menu. Refer to Software Setup, section 2.2 for the 
procedure. 

Note: If you are using a twin floppy system, keep all the PALASM 2 software disks by 
your computer. The PA!-ASM menu prompts you to insert disks in drive B when. it needs a 
particular program.· The disks are identified by the program name on the label. 

Now you are ready to use the PALASM menu. 

Call The PALASM Menu 

To call the PALASM menu, type 

PALASM 

The first screen that yo1.1 see displays the product and company name. Press <return> to 
display the main menu as shown in Figure 4-10. 

The main menu contains four features that you should identify. 

1. Fields 

You enter data in these fields. 

2. Function keys 

You use these keys to open sub-menus or activate a program. 
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3. Key movements 

The key movements, displayed at the bottom of your screen, allow you to: 

Move the cursor between the fields by using the arrow keys or <home> and 
<end> on your keyboard 

Return to the main menu from another menu, by pressing <eSC> on your 
keyboard 

Refresh the screen by pressing <esc> <return> on your keyboard. 

Exit the program by pressing <eSC> <esc> on your keyboard. 

4. Status line 

This is a reserved area at the bottom of every menu screen. Read the messages 
displayed on the status line whenever they change. 

Identify the four features on your screen with the help of Figure 4-10. As you step through 
the procedure for running the software, you will see how to use these features. 
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FIELDS 

Device Fl Display Dir F2 

F3 Edit PDS F4 

F5 PALASM2 F6 

F7 View Data F8 

Databook 

... 
• previous field 
• previous position 
* next position <end> 

Enter DOS 

Menu 

Window 

delete 
insert 
first field 
last field 

rW5··;A:;u"8'~'";:1•1WWW0K'•'W•'W""'""m'-'"•"•'W•-W•m ""W.-.-m-W mW•W •W•Y-'-"·~-VN·•~··-.W·W·~·--·-wh•"'W'•~•hW·"W••W•-"·•·V~, 

~ ............................................................................................................................................... , .................................................................................................................... . 

STATUS 
LINE 

Figure 4-10 

The Main Menu 

FUNCTION 
KEYS 
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3.2.2 

Specify The Directory And Input File 

The following fields appear at the top of the menu. 

Input PDS File 

Directory 

Note: You cannot enter the device name on the menu. It appears automatically when 
the software indentifies the input file. 

Notice that Figure 4-10 displays the default drive, C, in the directory field. Also, the 
dummy filename appears in the input PDS file field. The example file you need is 
SUPER.PDS. The PALASM menu looks for the input PDS file in the default directory 
displayed on the menu. To make sure that the input file SUPER.PDS is on the default 
drive, follow these steps. 

Note: If you have a twin floppy system, your default drive should be drive 8. Insert the 
Design Examples disk in drive B and follow steps 1 to 5. 

1. To display the files on the default directory, press <F1>. 

F1 Display Dir 

The menu screen displays the files on the default directory. Make sure that 
SUPER.PDS is in the directory. If not, go to step 2. If SUPER.PDS is in the 
directory, press any key to return to the main menu and go to step 5. 

2. To change the default directory, press <F2>. 

F2 Enter DOS 

You are now in DOS. List your directories and find the file SUPER.PDS. Make a note 
of the directory it is in. 

3. Press any key to return to the main menu. 

4. On the main menu, enter the correct directory name in the directory field. 

5. Next, enter SUPER.PDS in the input PDS file field. 

Input PDS file SUPER.PDS 
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3.3 

Open The Sample Input File 

3.4 

The file SUPER.PDS is now displayed in the data entry field at the top left of your screen. 

To open the file in your editor, press <F3>. 
F3 Edit PDS 

The editor you specified on the software setup menu (see Software Setup, Section 2.2) 
now displays SUPER.PDS. 

Note: While you are in the editor, your editor commands apply. When you exit the editor 
using the editor command, you automatically return to the PALASM main menu. 

Study The Sample Input File 

3.5 

If you are not familiar with PALASM input files, take a moment to study the sample file. 
Otherwise exit the editor and, go to Autorun Assembly And Simulation, Section 3.5. 

Scroll through the editor and glance at the various segments in the PDS file. Each 
segment begins with a header, such as EQUATIONS, or SIMULATION. Chapters 4 and 5 
of this manual describe how to create an input file. Chapter 6 of this manual describes 
how to create the simulation segment. When you create an input file, you use the editor 
specified in the software setup menu. For now, the sample input file will demonstrate the 
menu operation. 

CAUTION 

Do not make any changes to the sample file SUPER.PDS since it is error-free and ready 
for processing. 

To return to the main menu, exit the editor. 

Autorun Assembly And Simulation 

4·36 

The PALASM menu program offers a time-saving autorun feature that allows you to run the 
assembly and simulation programs with one keystroke. Autorun is fast and easy, but to 
become familiar with individual processes you should run each process separately. Also, 
if your input file contains errors, it is easier to find out exactly where the error is if you run 
the processes individually. 

For now, you may either use autorun or run each of the programs individually. 
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Proceed to the next section to find out about running the programs individually. The 
procedure to use the autorun feature follows. 

1. Select the PALASM2 option by pressing <F5>. 

F5 PALASM2 

The menu window displays the PALASM 2 sub-menu. 

2. Select the Autorun 1-5 option by pressing <6>. 

6 Autorun 1-5 

The lower window opens and processing begins. 

3. Watch the status line carefully as the following operations are completed. 

syntax check 

expansion 

minimization 

assembly 

simulation 

4. When you see the message 

SIM File Processed Successfully 

press <SSC>. 

The assembly and simulation processes generate output files which you can view. One of 
these files is the JED EC file which is required by the device programmer. 

If you want to ... 

Run each assembly and simulation 
step separately 

View the assembly output 

View the simulation output 

Refer to ... 

Section 3.6 

Section 3.6.5 

Section 3.7.2 
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The options on the PALASM2 sub-menu allow you to run steps 1-6 on the main menu 
individually. The procedure that enables running each program individually follows. 

Process The Input File 

3.6.1 

This section describes the procedure to process the input file by running each assembly 
and simulation step separately. After completing this procedure, you will have a JEDEC 
file that enables you to program a device. The steps involved in processing the input file 
are listed below and explained in detail in the following pages. 

1 . Check the syntax of the design file 

2. Expand the input equations 

3. Minimize the input equations 

4. Assemble the file 

A description of these steps follows. 

Check The Syntax Of The Input File 

4.39 

PALASM 2 software checks the syntax of the input PDS file. The software displays 
messages that identify errors. These messages are put into a file that you can either view 
on your screen or send to a printer. 

Since you are now using a sample input file which contains no errors, the syntax check 
operation should be successful. The procedure to check the syntax of the input file 
follows. · 

1. Make sure to specify the correct input file and directory. Refer to Specify The 
Directory And Input File, Section 3.2.2, for instructions. 

2. Press <F5> to access the PALASM2 sub-menu. 

F5 PALASM2 

The menu window displays a sub-menu as shown in Figure 4-11. 
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.S. next field 
• previous field 
• previous position 
~ next position 

~TATUS: All OK 

Run the Software 

Key Moyeroents 

<esc> 
<esc><esc> 
<esc><ret> 

return 
exit 
refresh 

Figure 4-11 

<del> 
<ins> 
<home> 
<end> 

Page One of the PALASM2 Sub-menu 

delete 
insert 
first field 
last field 

3. The sub-menu has six options on page one and two options on page two. Use 
<PgUp> or <PgDn> to view the two additional options. To check the syntax of the 
input file SUPER.PDS, select the syntax check option on page one by pressing <1 >. 

Syntax Check 

The lower window opens in the lower part of the main menu. You can view the syntax 
check operation, or look at the message on the status line at the bottom of your 
screen. When the syntax check operation is complete, the screen displays the 
message shown in Figure 4-12. 
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""'' 1~~1~~ 
ir PDS FILE •·:SUPEl~i;•PD.S····· l Directory ( 9t&" ~·~:~· 

(\ .... ·······················•····· ·•········ ·······•················ ········•···•············ 

•·•••·•••·•·•·• ·············· .··•···· ! l Device Fl Display Dir ~ F2 Enter DOS 
............ l 

Edit PDS F4 Program Device 

' ~ F5 PALASM2 F6 Software Setup 

F7 View Data F8 Supplementary 

F9 Databook FlO Help 

~e:t: ~Q:ll:emeot;;; ... next field <del> = delete 
... previous field <esc> = return <ins> = insert 

previous position <esc><esc> = exit <home> = first field .. ... next position <esc::>...:ret> = refresh <end> = last field 

TUS: All OK ·1 

Figure 4·12 

The Syntax Check Operation 

3.6.2 

Expand The Input Equations 

4.40 

PALASM 2 software expands the input Boolean equations before minimizing them. If your 
input file is in state machine syntax, the equations are converted to Boolean equations at 

this stage. 
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Note: Skip this step if you are using the PMS14R21 PROSE device. Expansion is 
performed automatically on a PMS14R21 input file. 

The procedure to expand the input equations follows. 

1. Select the Expand option on the PALASM2 sub-menu by pressing <2>. 

2 Expand 

The lower window now displays the expansion process. 

2. When the process is complete, the status line displays the following message 

Expand Process Successful. 

Proceed to Minimize The Input Equations, Section 3.6.3. 

Minimize The Input Equations 

After expanding the input equations, the next step is to minimize the equations. This step 
minimizes Boolean equations. Minimization also ensures that the space on the device is 
used efficiently. 

Note: Skip this step if you are using the PMS14R21 PROSE device. Minimization is 
performed automatically on a PMS14R21 input file. 

The procedure for minimizing input equations follows. 

1. Select option <3> on the PALASM2 sub-menu. 

3 Minimize 

The lower window now displays the minimization operation and the status line 
displays messages. 

2. As soon as minimization is e<;>mplete, the lower window displays the following 
message 

Minimize Program Successful 

Proceed to Assemble The Input File, Section 3.6.4. 
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3.6.4 

Assemble The Input File 

3.6.5 

The assembly program generates the JEDEC file which is required to program the device. 
The procedure to run the assembly program follows. 

1. Select option <4> on the PALASM2 sub-menu. 

4 Assemble 

The lower window now displays the assembly process and the status line displays 
messages. 

2. As soon as the input file has been assembled, the lower window displays the 
following message 

The fuseplot is stored in SUPER.XPT. 
The JEDEC is stored in SUPER.JED. 

Note the names of the output files. 

3. Press <SSC> to exit the sub-menu. 

The output file SUPER.JED is the JED EC file required by the programmer to program the 
device. Program The Device, Chapter 7, describes the programming procedure. Proceed 
either to Chapter 7 or proceed to View The Assembly Output Files, Section 3.6.5. 

View The Assembly Output Files 

4-42 

You can view the output files that the PALASM 2 software assembler generates or 
proceed to Simulate The Sample Design, Section 3.7. 

Figure 4-13 shows the output files that the assembler and simulator generate. 
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Check The Expand The 

Syntax Of The i---. Input Equations 

Input File Section 3.6.2 

Section 3.6.1 I 
Minimize The 
Input Equations 

Section 3.6.3 

+ 
Assemble 
The File .. .. 
Section 3.6.4 

Fuse Map 
1-- FILENAME.XPT 

L-- JEDEC Fuse Data 
FILENAME.JED 

Figure 4-13 

Assembly and Simulation Output Files 

Simulate 
The File 

Section 3.7 

History File 
1-- FILENAME.HST 

Trace File 
1-- FILENAME.TRF 

..._ JEDEC Test Da ta 
FILENAME.JDC 

The PALASM 2 software assembler generates two output files. They are: 

The fuse map 

The JEDEC fuse data 

SUPER.XPT 

SUPER.JED This file is required by the programmer to 
program the device. 
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The procedure to view these files on your screen follows. 

1 . Select the View Data option on the main menu by pressing <F7>. 

F7 View Data 

The menu window now displays page one of the View Data sub-menu. 

2. Notice the message at the bottom of the View Data sub-menu. To display page two 
of the View Data sub-menu, press <PgDn> on your keyboard. 

The menu window displays page two of the View Data sub-menu as shown in Figure 
4-14. 

2. Select the Fuse Map option by pressing <1>. 

Fuse Map 

The entire screen now displays the fuse map. 

3. To return to the main menu, press <SSC>. 

4. Select the JEDEC Fuse Data option by pressing <2>. 

2 JEDEC Fuse Data 

The entire screen now displays the JEDEC fuse data. Press any key to scroll down 
and <SSC> to return to the main menu. 

5. Press <SSC> on your keyboard to close the sub-menu. 

To read the output files, refer to Interpret The Assembly Output Files, Section 3.10. 

This completes the assembly procedure. To simulate the sample input file, proceed to the 
next section. To create your own design, proceed to Create A Boolean Equation Design, 
Chapter 4, or Create A State Machine Design, Chapter 5. 
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Directory 

Fl Display Dir F2 

F3 Edit PDS F4 Program Device 

FS PALASM2 F6 Software Setup 

F7 View Data F8 Supplementary 

F9 Databook FlO Help 

Key Movements 
next field <del> 
previous field <esc> return <ins> 
previous position <esc><esc> exit <home> 
next position <esc><ret> refresh <end> 

STATUS: All OK 

Figure 4-14 

Page Two of the View Data Sub-menu 

~ llllanollthlc W Memories ~ 

Enter DOS 

delete 
insert 
first field 
last field 

4.45 



Run the Software 

3.7 

Simulate The Sample Design 

3.7.1 

Simulation allows you to test your design without actually programming a device. The 
sample input file SUPER.PDS contains a simulation segment. You cannot simulate your 
design without including this segment in your input file. Build Simulation, Chapter 6, 
describes how to set up the simulation segment in the input file. 

This section describes how to run the simulation program and view the output on your 
screen. 

Run The Simulation Program 

4-46 

1. If the PALASM2 sub-menu is not displayed in the menu window, press <F5>. 

F5 PALASM2 

The sub-menu now displays page one of the PALASM2 sub-menu as shown in Figure 
4-11. 

2. To select the Simulate option, press <5>. 

5 Simulate 

The lower window now displays the simulation operation and the status line displays 
messages. 

3. Once simulation is complete, the lower window displays the following message 

Sim File Processed Successfully 

4. Press <eSc> to return to the main menu. 

To check whether the design performed as planned, you must look at the simulation 
output. 
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3~7.2 

View The Simulation Output Files 

The four ways in which to view the simulation output are: 

History File 

History Waveforms 

Trace File 

Trace Waveforms 

The simulation process generates history and trace files from which the waveform 
program takes its information. 

If you simulate your design after assembling it, the simulation program creates a JEDEC 
test data file which can be used for functional testing on the device programmer. The test 
vectors are added to the JEDEC fuse map that the assembler creates. 

The simulation output is best viewed as waveform on your screen. To view the simulation 
output files, select the View Data option by pressing <F7>. 

F7 View Data 

The menu window displays page one of the View Data sub-menu as shown in Figure 4-15. 
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F3 Edit PDS 

PALASM2 

view Data 

F9 Databook 

• next field 
• previous field 
+ previous position 
~ next position 

! STATUS:. All OK 

Run the Software 

Fl Display Dir 

F4 Program Device 

F6 Software Setup 

F8 Supplementary 

FlO Help 

Key Movements 

.<esc> 
<esc><esc> 
<esc><ret> 

return 
exit 
refresh 

Figure 4·15 

F2 

<del> 
<ins> 
<home> 
<end> 

Page One of the View Data Sub-menu 

Enter DOS 

delete 
insert 
first field 
last field 

To display the history or trace waveforms or the history and trace files follow these steps. 

1 . While the screen displays the View Data sub-menu, select the appropriate number 
on your keyboard. 

4 
6 
3 
5 

History Waveform 
Trace Waveform · 
Simulation History 
Simulation Trace 
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The screen displays the output file. Figure 4-16 displays history waveforms. 

2. Use the vertical bar cursor to track the values by selecting <B>. 

3. Press <esc> to return to the main menu. 

g cg cccccccccccccccccc 

T1_CKB 

RSTB 

FRMIB 
~ 

SUNK L-..-
SOF 

GND 

OEB 

03 

02 

i--___ _, 
~-----, 

01 

Starting vector is number 53 Step size= 1 
Use arrow keys, HOME, END, <STEP> size, <B>ar, <Z>print, <ESC> quit 

Figure4-16 

History Waveforms 
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3.7.3 

View The JEDEC Test Data 

3.8 

The simulation program creates a new JEDEC file by adding test data to the fuse map 
created by the assembler. This occurs only if simulation follows assembly . The JED EC 
file created by the simulator contains test vectors and can be used to test and verify the 
device on the programmer. 

To view the JED EC test data file, follow these steps. 

1 . Select the View Data option on the main menu by pressing <F7>. 

F7 View Data 

The menu window displays page one of the View Data sub-menu. 

2. Scroll down to page two by pressing <PgDn>. The screen displays page two as 
shown in Figure 4-14. 

3. Select the JEDEC Test Data option by pressing <3>. 

3 JEDEC Test Data 

The entire screen displays the JEDEC test data file. You can scroll up and down by 
using <PgUp>, <PgDn>, and the arrow keys. Notice that the file contains both fuse 
and test data. 

4. Press <esc> to return to the main menu. 

For information on how to interpret the simulation output files, turn to Review A Sample 
Input File And Interpret The Output Files, Section 6-3. 

Disassemble A JEDEC File 

4.50 

The PALASM menu program offers an additional processing option that you do not always 
require. If you want information on the basic processing procedure alone, you may skip 
this section. 

This process allows you to disassemble an existing JED EC file and convert it to a Boolean 
equation input file. 

The procedure to run the JEDEC disassembly program follows. 
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Run the Software 

1. Select the PALASM2 option on the main menu by pressing <F5>. 

F5 PALASM2 

Page one appears in the menu window. 

2. Scroll to page two by pressing <PgDn>. Page two appears in the menu window as 
shown in Figure 4-17. 

Device Fl Display Dir 

Edit PDS F4 Program Device 

PALASM2 F6 Software Setup 

F7 View Data FS Supplementary 

F9 Databook FlO Help 

K~:t: MQv~m~nt;;i 
next field <del> delete 
previous field <esc> return <ins> insert 
previous position <esc><esc> exit <home> first field 
next position <esc><ret> refresh <end> last field 

Figure 4-17 

Page Two of the PALASM2 Sub-menu 
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Run the Software 

3. Select Disassemble JEDEC by pressing <1 >. 

Disassemble JEDEC 

4. The JED EC file produced by the assembler is now disassembled. The lower window 
displays the process. The status line displays the message 

Disassembling JEDEC file <SUPER.JED> 

5. When the disassembly process is complete, the lower window displays the message 

%%JEDMAN%% Program successfully completed. Check output 
files. 

The status line displays the message 

All OK. 

6. Press <eSC> to close the menu windows. 

To view the disassembled JEDEC file, select the View Data sub-menu. Scroll to page two 
as shown in Figure 4-14 by pressing <PgDn> or <PgUp>. Select the Disassembled JEDEC 
option by pressing <4> on your keyboard. 

Identify Errors In The Input File 

PALASM 2 software creates the following files that are useful error detection tools: 

Run-time Log 

Intermediate TRE files 

You can identify the design errors in your input file by viewing these files. 
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3.9.1 

View The Run-Time Log 

The run-time log contains any errors that the processes discover. The messages are sent 
to a file which you can either view on screen or print. 

It is important to remember that the run-time log after each process is overwritten by the 
log of the succeeding process. This means that the log created after the syntax check 
process is overwritten by the log created after the expansion process. Also, the log files 
are deleted when you exit the menu. If you want to maintain each log, you can print them 
at the end of each process. The log files are all called MENU.LOG. (Also see the note on 
saving the file at the end of this section.) 

Note: If you use the autorun feature, the log file records messages from all the 
processes. 

To view the run-time log, follow these steps. 

1 . Select the View Data option on the main menu by pressing <F7>. 

F7 View Data 

The menu window displays the View Data sub-menu. 

2. Select the Run-time Log option by pressing <1 >. 

Run-time Log 

The entire screen now displays the run-time log for the last process you ran. You 
can scroll down by pressing any key. 

3. To print the log, press <P>. 

4. To return to the main menu, press <SSC>. 

Note: To save the file, select the DOS option on the main menu and change the filename 
of the file MENU.LOG. 
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3.9.2 

Disassemble The TRE File 

4.54 

PALASM 2 software creates an intermediate TRE file at the end of each of the following 

processes: 

syntax checking 

expansion of input equations 

minimization of input equations 

Figure 4-18 shows when you can disassemble the TRE file. 

DISASSEMBLE .TRE FILE 

Check The iir .. Expand The 

Syntax OfThe Input Equations 

Input File Section 3.6.2 

Section 3.6.1 
A DISASSEMBLE .TRE FILE ..... 

Minimize The 
Input Equations 

Section 3.6.3 

... DISASSEMBLE .TRE FILE ,, .... 
Assemble Simulate 

The File ... The File .... 
Section 3.6.4 Section 3.7 

Figure4-18 

Disassemble The TRE File 
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The software uses the TRE file to perform processing functions. However, you are given 
the option of converting the TRE file to a Boolean equation input file. This is particularly 
useful in the following instances: 

When your input file was originally in state equations, TRE file disassembly performed 
after expansion gives you a Boolean equation input file. 

After minimization, TRE file disassembly gives you an input file with the equations 
minimized. 

To disassemble the TRE file follow these steps after the relevant process. 

1. Select the PALASM2 option on the main menu by pressing <F5>. 

F5 PALASM2 

The menu window displays page one of the PALASM2 sub-menu. 

2. Scroll down to page two by pressing <PgDn>. The menu window displays page two. 

3. Select Disassemble TRE by pressing <2>. 

2 Disassemble TRE 

4. The lower window displays the TRE disassembly process. The status line displays 
the message 

Disassembling file - PALASM2.TRE 

When the process is complete the status line message reads 

All OK 

5. Press <esc> to return to the main menu. 

The TRE file is stored as run-time log. The procedure to view the TRE file follows. 

1 . Select the View Data option by pressing <F7>. 

F7 View Data 

The menu window displays the View Data sub-menu. 

2. Select Run-time Log by pressing <1>. 

Run-time Log 
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Run the Software 

The entire screen displays the disassembled TRE file. 

3. To scroll down press any key. 

4. You can print the file by pressing <P>. 

5. To return to the main menu, press <eSC>. 

Note: When you exit the menu, the file will be deleted. To save the TRE file, select the 
DOS option on the main menu and change the filename of the file MENU.LOG. 

Interpret The Assembly Output Files 

3.10.1 

The assembler creates the following output files: 

the fuse map 
theJEDEC 

SUPER.XPT 
SUPER.JED 

The files always have the extension .XPT or .JED as shown above. 

The fuse map displays the programmed and unprogrammed fuses that the input file 
specifies. If you plan to simulate your design, you need not examine this file. The JED EC 
is read by the device programmer and contains information required to program the 
device. 

Interpret The Fuseplot 

4-56 

Figure 4-19 displays a sample fuseplot. Notice the use of the following symbols. 

Unprogrammed fuse 
Programmed fuse 

It you want to ... 

View the JEDEC file 

x 

Run PALASM 2 software from DOS, 
instead of the menu 

Build a Boolean equation design 

Build a state machine design 

Then ... 

Proceed to Section 3.10.2 

Skip to Section 3.11 

Skip to Chapter 4 

Skip to Chapter 5 
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PAL16R6 
SUPER FRAME 

11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 67'89 0123 4567 8901 

0 xxxx xx xx xxxx xx xx xxxx xx xx xx xx xx xx 
1 xx xx xx xx xx xx xx xx xxxx xx xx xx xx xxxx 
2 xx xx xxxx xx xx xx xx xxxx xx xx xx xx xxxx 
3 xx xx xx xx xxxx xx xx xxxx xx xx xx xx xxxx 
4 xxxx xxxx xxxx xx xx xxxx xx xx xxxx xx xx 
5 xxxx xxxx xx xx xx xx xxxx xxxx xxxx xx xx 
6 xxxx xx xx xx xx xx xx xx xx xx xx xx xx xxxx 
7 xxxx xx xx xxxx xx xx xxxx xx xx xxxx xx xx 

8 ---x 
9 --x-

10 --x-
11 ---x 
12 xxxx xx xx xx xx xx xx xxxx xx xx 
13 xxxx xx xx xxxx xx xx xx xx xx xx 
14 xxxx xx xx 

\ 
xx xx xx xx xx xx 

15 xxxx xx xx x x xx xx xxxx xx xx 

UNPROGRAMMED 
FUSE 

PRODUCT PROGRAMMED 
TERM FUSE 

Figure 4-19 

The SUPER.XPT Fuse Map 

3.10.2 

View The JEDEC File 

The JEDEC file is programmer-readable and should be downloaded to the device 
programmer. Refer to Program The Device, Chapter 7, for more information. Figure 4-20 
shows a sample JEDEC file. 
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PAL16R6 
SUPER FRAME* 

Run the Software 

QP 2 0 * «<&-"··~---··" .. "'w.•w·•'•""·""'""-'-•W-'•W ···••.•.w.•.•·•·•~···-•w.w.owoo»w.• TOTAL PINS 

QF204 8 * "*·"., ... 
G 0 * F 0 * . "~·~ ............... "%""····· 

L 0 2 5 6 ll l ll ll l ll l ll ll lll'J'.Ttl·l·lJ,J) 111111 * 
L0288 llllllllllllllllllllllOlll°l°tr-N·Lt~ . 
L0320 11111111111111011111111111111111* ........ ..,. TOTAL FUSES 

ON THE DEVICE L0352 11111111111111111111111111101111* 
L0512 11111111111111111101111111111111* 
L0544 11111111111111111111111011111111* 
L0576 11111111111111011111111111111111* 
L0608 11111111111111111111111111011111* 
L0768 10111111111111111111111111111111* 
L0800 11111011011101111111111111111111* 
L0832 11111111111111011111111111111111* 
L1024 11111111111111011101111111111111* 
L1056 11111111111111101110111111111111* 
L1088 11111011011101111111111111111111* 
L1120 10111111111111111111111111111111* 
L1280 11111111111111111111111011011111* 
L1312 11111011011101111111111111111111* 
L1344 11111111111111111110111011111111* 
L1376 llllllllllli11011101110111111111* 
L1408 11111111111111101111111011111111* 
L1440 10111111111111111111111111111111* 
L1536 11111011011101111111111111111111* 
L1568 11111111111111111110111111101111* 
L1600 11111111111111011101111011111111* 
L1632 
L1664 
C607C* 
0325 

11111111111111101111111111101111* 
1011111111111111111 

··'ii~;t.~"'·"'········ .. 
~~ ~~,... 

» .• 

UNPROGRAMMED 
FUSE 

Figure4-20 

PROGRAMMED 
FUSE 

TheJEDEC Fuse Data from SUPER.JED 
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3.11 

Run The Software From DOS 

PALASM 2 software can be run directly from DOS. Call the programs from DOS by 
entering the program names instead of using the PALASM menu. The following procedure 
briefly describes how the programs are invoked directly. 

Create The Input File 

Create the input file using any text editor. Remember to include the extension . PDS in the 
input filename. Refer to Build The Boolean Equation Design, Chapter 4, or Build The State 
Machine Design, Chapter 5 for detail on how to create the design that becomes your input 
file. 

Check The Syntax 

The following procedure describes how to run the syntax check program. 

1. Insert the disk containing the executable files in drive B. Insert the disk containing 
your PDS file in drive A. 

Make sure that the operating system is looking at both drives for command files. The 
MS-DOS command 

PATH A:\;B:\; 

takes care of this requirement. (If you are using a hard disk, specify drive C instead 
of B.) 

2. Enter PARSE FILENAME. PDS<return>. 

The software checks the syntax of the design file and creates an intermediate file, 
PALASM2.TRE, on the default drive. It also creates a PARSE.LIS file that contains the 
input file error messages. 

Expand The Input Equations 

Enter EXPAND <return>. 
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Run the Software 

Minimize The Input Equations 

Enter MINIMIZE <return>. 

Assemble the Input File 

Enter XPLOT <return>. 

Build Simulation 

Enter s IM <return>. 

Additional Processing Options 

Enter the following program names to perform additional processing. 

JED MAN 
TREPL2 

JEDEC disassembly 
TRE file disassembly 

You are now ready to build your own design. 

To ... 

Build a Boolean equation design 

Build a state machine design 

Proceed to ... 

Chapter4 

Chapter 5 
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4. Build a Boolean Equation Design 

About This Chapter 

This chapter guides you through building a Boolean design for PALASM 2 software. 

To ... 

Build a Boolean equation design 

Determine the polarity of an output 

Tailor the design for specific devices 

Verify your design with a checklist of guidelines 

~ Monolithic m llllemorles ~ 
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4.1 

4.2 

4.3 

4.4 
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4 .1 

Build A Boolean Equation Design 

4·62 

A Boolean equation design specifies logic functions for programming a device to perform 
specified tasks and give specified outputs. The design is constructed using a text editor 
and must contain only ASCII characters. Store the file using the filename format of 
FILENAME.PDS. PALASM 2 software interprets the design and translates it into a JEDEC 
file for downloading to a device programmer. 

Figure 4-21 shows the structure of the design. 

DECLARATION 

EQUATIONS 

Figure 4-21 

Structure of the Boolean Equation Design 

Table 4-6 describes each segment of the design. 

Table 4-6 

Description of Boolean Equation Design Segments 

Segment 

DECLARATION 

EQUATIONS 

Description 

Design identification, device and pin data, string 
substitutions 

Boolean functions that define outputs in terms 
of inputs and feedback, and equations that define 
programmable functions 
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Build a Boolean Equation Design 

"Equations" is a reserved word. The software reserves certain words to identify design 
segments and information, device codes, commands, functions, and pin defaults. Do not 
use the reserved words for any other purpose. Some reserved words are keywords that 
identify the block of information that follows. All reserved words are listed in General 
Syntax, Section 4.1.1 , item 5. 

The general syntax rules discussed in the following section must be observed to build a 
Boolean design. 

General Syntax 

The following general syntax rules apply to building the Boolean input file. 

1 . Maximum line length is 128 characters or columns. Data beyond the limit must be 
placed on the next line. 

2. Characters are upper or lower case alphanumeric, spaces, tabs, and underscores. 
Tabs are translated as spaces. Unless otherwise stated, never use' - ! @ # $ % 
/\ & - {} a " ? < or > 

3. Table 4-7 lists characters that perform special functions. Do not use these 
characters for any other purpose. 

Character(s) 

Table 4-7 

Special Characters and Functions 

Function 

(Single quote or apostrophe) Delimits string characters to be 
substituted 

Pin list separator 

Enclose pins in logic expressions 

Precedes comments (text the software does not see). Exten
sive commenting is a good habit. Comments may start 
anywhere on the line and must be preceded by a semi-colon ( ; ). 
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Build a Boolean Equation Design 

Table 4-7 (Continued) 

Special Characters and Functions 

Character(s) Function 

I NOT or active-low value 

• AND 

+ OR 

:+: XOR 

= Combinatorial output equation operator 

. 
= Latched output equation operator 

.= Registered output equation operator 

Operator precedence: I * + :+: 

4. For a programmable polarity part, a pin with the same polarity in the pin list and in the 
equation has an active-high output. A pin with different values in the pin list and the 
equations has an active-low output. For more information, refer to Polarity, Section 
4.2. 

5. PALASM 2 software reserves the following words to identify design segments and 
information, device codes, commands, functions, and pin defaults: 

AUTHOR 
BEGIN 
CHECK 
CHIP 
CLKF 
Ql.OCKF 
CME!F 
COMPANY 
CONDITIONS 
DATE 

DEFAULT _BRANCH 
DEFAULT _OUTPUT 
DO 
ELSE 
END 
EQUATIONS 
FOR 
GND 
HOLD_STATE 
IF 

~ Manol1thlc UD1111emarles ~ 



4.1 .2 

Build a Boolean Equation Design 

5. Reserved words (continued): 

MASTER_RESET 
MEALY_MACHINE 
MOORE_MACHINE 
NC 
NEXT_STATE 
OR 
OUTPUT _ENABLE 
OUTPUT_HOLD 
PATIERN 
POWER_UP 
PRLDF 
R 
REVISION 

RSTF 
s 
SETF 
SIMULATION 
STATE 
STRING 
THEN 
TITLE 
TRACE_OFF 
TRACE_ON 
TRST 
vcc 
WHILE 

Build The Declaration Segment 

Information in the Declaration segment helps document the design before processing. It 
also defines pin names and string substitutions. This segment appears first in the design 
as shown previously in Figure 4-21. Figure 4-22 shows the keywords and information 
structure of the segment. 
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CHIP Syntax 

4-66 

Build a Boolean Equation Design 

KEYWORDS DESIGN HEADER 

TITLE / What the design is; name of design 

PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

CHIP 

STRING 

File name or pattern number or other ID 
Version or other ID 
Designer or department or other ID 
Company or division or other ID 
Build date or current date or other DEFINITIONS 

Description or file name or other Device name 

Signal names and their polarity assigned to pins 

Name of string ' Characters to substitute ' 

Figure4-22 

Structure of the Declaration Segment 

The design header helps document and identify the design. The software inserts the 
header into the output files to help identify them also. You may omit any part of the 
Declaration segment except the CHIP keyword and definition; PALASM 2 software 
requires them to process the design. When any part of the design header is omitted, the 
software issues a warning message during assembly and continues processing. 

Information for the design header contains up to 24 significant characters after the 
keyword and extra blank spaces. Characters beyond 24 are truncated during processing. 
Definitions for CHIP and STRING have the special syntax described below. 

The CHIP definition is required to process the design. It provides information about the 
device and pins. CHIP syntax requires three entries: 
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Build a Boolean Equation Design 

Syntax 

CHIP Description or file name or other Device name 

Signal names and values assigned to pins (pin list) 

Figure 4-23 lists each entry, describes its specific syntax and shows an example. 

Description or filename or other 2 Device name 

1 letter followed by up to 13 alphanumeric 
characters 

\ 
Any device supported by the software (Chapter 
1 contains the complete list of devices) 

~ 
CHIP NOT REAL 1 PAL16R8 

;PINS 1 2 3 4 5 6 7 8 9 10 
CLOCK DC LOCK SENl SEN2 I2 /I3 /14 IS /I6 GND 

;PINS 11 12 13 14 15 16 17 18 19 20 
SDI NC RESET SDO TOPl BOTl TOP2 BOT2 MID vcc 

Signal names and polarity assigned to pins (pin list) 

Sequential list of signal names and their polarities for the pins of the device. Begin a name 
with a letter and follow it with up to 13 alphanumeric characters. Place a slash ( I ) before the 
name to indicate active-low; otherwise, the signal is active-high. Separate names by commas, 
blank spaces, or carriage returns. Label unused pins NC (no connect). GND and VCC 
are reserved words and must be placed on ground and power pins. 

Figure4-23 

CHIP Syntax and Pin list 

Notice the commented lines of pin numbers in Figure 4-23. Commenting the pin numbers 
helps identify signal names and pin numbers for writing equations. Using mnemonic 
phrases or names for pins (e.g., CLOCK for the clock pin) also makes writing equations 
easier and helps document the design. 
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4.1.2.2 

STRING Substitution Syntax 

4-68 

Substituting a frequently used string of characters with an identifier is optional. You may 
know from the design's purpose, the device logic diagram, and the CHIP definition which 
combinations of pins will be used frequently before writing any equations. You can add 
string definitions to the Declaration segment as the design progresses. If you use 
strings, two entries must follow the STRING keyword: 

Syntax 

STRING String name ' Characters or previously defined string names 
to substitute ' 

The single quotes ( ' ... ' ) are delimiters that identify the characters for substitution. 
Figure 4-24 lists each entry and its specific syntax and shows two examples. 

1 String name 

Unlimited number of alphanumeric 
characters DELIMITER 

Number of strings limited by computer / memory ......;"::i....~ 

STRINGj INPUT!' Al+ /A2 + A3 ' 
STRING INPUT_ALL!' (Al+ /A2 + A3) ' 

~ 
2 Characters or previously defined 

string names to substitute 

Must be delimited with single quotes 

Figure4-24 

STRING Information and Syntax 
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In Figure 4-24, notice that parentheses were added to the INPUT string to form the string 
entitled INPUT_ALL. The difference between how /INPUT and /INPUT_ALL are compiled is 
shown in Table 4-8. 

Table4-8 

Compilation of String Definitions in Figure 4-24 

String Tenn 

/INPUT 

/INPUT_ALL 

Software Compilation 

/Al + /A2 + A3 

/(Al+ /A2 + A3) 
=/Al * A2 * /A3 

Figure 4-25 shows a sample Declaration segment. 

TITLE NOT REAL 6 
AUTHOR J. ENGINEER 
CHIP NOT REAL 6 PAL16R4 

;PINS 1 2 3 4 5 6 7 8 9 
CLOCK DC LOCK SENl SEN2 Al /A2 A3 GND NC 

;PINS 9 10 11 12 13 14 15 16 17 18 19 
SDI NC RST SDO TO Pl BOTl MID NC NC NC NC 

STRING INPUT I Al + /A2 + A3 I 

STRING INPUT ALL I (Al + /A2 + A3) I 

Figure4-25 

Sample Declaration Segment 

10 
GND 

20 
vcc 
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4.1.3 

Build The Equations Segment 

4.1.3.1 

The Equations segment contains Boolean functions and equations for programmable 
functions that define outputs in terms of inputs and feedback. The equations determine 
which fuses are programmed. 

The keyword 

EQUATIONS 

i~ required to identify this segment of the design. 

The syntax of an equation depends on the function it performs. The following sections 
discuss the purpose and syntax of combinatorial, registered, latched, and functional 
equations. 

Combinatorial Equations 

4.70 

Combinatorial equations combine signals for immediate output: 

Syntax 

Output_Pin = Signal • Signal • .. . 
+ Signal • Signal • .. . 
+ 

The combination of signals on the right of the = define the output signal on the left. This 
output signal can be active-high (Output_Pin) or active-low (/Output_Pin). (Polarity, 
Section 4.2, contains more details about polarity.). Figure 4-26 shows a sample CHIP 
entry (not part of the Equations segment) and combinatorial equations. 
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r--

• R5ITI "'''''''''/''''' 

I 111~1~1~~ ············~······················ t 
< rt 1 ''r ) 
'.:Z 

EQUATIONS 

y = A * B 
+ IC * D 

/Z = E * F 
+ /F * /E 

/W = E 
v = /F 

Figure4-26 

Sample CHIP Entry and Combinatorial Equation 

On devices with programmable polarity, the polarity fuse is programmed or left intact 
according to the polarities given on the left side of the equation and those defined in CHIP. 
When these two polarities are the same, the fuse is programmed, giving an active-high 
output. When the two polarities differ, the fuse is leit intact, leaving the output active-low. 
Polarity, Section 4.2, contains more discussion. 

In Figure 4-26, equations for outputs Y and Z have the same polarity as in the pin list, 
indicating an active-high output. On the programmable-polarity PAL 16P8, the outputs will 
be programmed as active-high. On the active-low PAL 16L8, these equations would 
cause an error because an active-high output is not allowed. Specifying active-low 
outputs for the active-high PAL 1 OHS would also cause an error. 
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4.1.3.2 

Registered Equations 

4.72 

Registered equations generate logic functions for devices with registered outputs. For 
example, each output of the PAL 16R8 device is a registered output: 

Syntax 

Output_Pin ·- Signal • Signal • .. . 
+ Signal • Signal • .. . 
+ 

The combination of signals on the right of == defines the next value of the output signal on 
the left. This output signal can be active-high (Output_Pin) or active-low (/OiJtput_Pin). 
(Polarity, Section 4.2, contains more details about polarity.) Figure 4-27 shows a sample 
CHIP entry (not part of the Equations segment) and registered equations. 
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EQUATIONS 

Y := A * B 
+ IC * D 

/Z ·= E * F 
+ /F * /E 

/W .- E 
v ·= /F 

Figure4-27 

Sample CHIP Entry and Registered Equation 

In most cases, the clock to the register is a dedicated clock pin. For example, on the 
PAL 16R8, pin 1 is the clock pin. On the PAL20RA 10, a special product term generates 
the clock. (Refer to PAL 16RA8 And PAL20RA 10 Special Considerations, Section 4.3.5, 
for more information.) 

The transition at the output of the register takes place on the rising edge of the clock. 
This output signal can be active-high (output) or active low (/output). 

Latched Equations 

Latched equations generate logic functions for devices with latched outputs. For 
example, each output of the PAL 1 OH20G8 device may be used as a latched output: 

~ Mono/lthlo WMemorles ~ 4.73 



4.1.3.4 

Build a Boolean Equation Design 

Syntax 

Output_Pin *= Signal • Signal • .. . 
+ Signal • Signal • .. . 

+ 

The signals on the right of *= define the output pin on the left. This output signal can be 
active-high (Output_Pin) or active-low (/Output_Pin). (Polarity, Section 4.2, contains 
more information.) 

Functional Equations 

4.74 

Functional equations define these special programmable functions: 

Clock (PAL16RA8 and PAL20RA10 only; refer to PAL16RAB And PAL20RA10 Special 
Considerations, Section 4.3.5.) 

Set 

Reset 

Three-state 

Registered/Combinatorial output selection (PAL32VX10 only; refer to PAL32VX10 
Special Considerations, Section 4.3.7) 

Some devices offer individually programmable output functions. Individually 
programmable functions can be defined for each output. The PAL 16RA8 and PAL20RA 10, 
for example, are individually programmable output devices. 

Refer to Tailor the Design for Specific Devices, Section 4.3, for more details about 
devices with programmable outputs. The following sections discuss globally 
programmable set and reset equations, and individually programmable three-state 
equations. 

The Programmable Set And Reset Functions 

The set function creates a logic 1 at a register; the reset creates a logic 0. 

When set and reset are globally programmable, a fictional 25th pin must be named after 

VCC in the pin list: 
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Example 

;PINS 18 19 20 21 22 23 24 
OUT! OUT2 OUT3 OUT4 OUTS OUT6 VCC 

25 
GLOBAL 

The options for specifying global set and reset in the Equations segment are: 

Syntax 

Options for set: 

25th_Pin.SETF = GND 
25th_Pin.SETF = VCC 
25th_Pin.SETF = One_Product_ Term 

When the product term is true, the registers are set. 

Options for reset: 

25th_Pin.RSTF = GND 
25th_Pin.RSTF = VCC 
25th_Pin.RSTF = One_Product_Term 

When the product term is true, the registers are reset: 

Example 

GLOBAL.SETF 
GLOBAL.RSTF 

A * /B 
/A * B 

(Default: always disabled) 
(Always set) 

(Default: always disabled) 
(Always reset) 

Individually programmable set and reset for the PAL 16RA8 and PAL20RA 10 are 
discussed in PAL 16RAB And PAL20RA10 Special Considerations, Section 4.3.5. 

The Programmable Three-State Function 

When the device has individually programmable three-state, any outputs may be put in a 
logic off (high impedance) state: 

Syntax 

Output_Enable_Pin.TRST = VCC 
Output_Enable_Pin.TRST = GND 

Output_Enable.TRST = One_Product_Term 

(Always enabled) 
(Default unless an equation is 
defined for that pin) 
(User-defined) 
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Enabled means visible output (three-state buffer is high); disabled means no output 
(three-state buffer is low). This syntax applies whether the outputs are registered or 
combinatorial: 

Example 

014 := A * /B 
014.TRST C * /I4 

The output is enabled when the three-state equation product term is true. 

Some devices have fixed active-high or active-low outputs. Some devices have 
programmable output polarity. To achieve the desired polarity on an output, the signals in 
your design must be defined correctly. The factors that determine the polarity of an 
output are: 

Whether the device has fixed or programmable output polarity 

Whether the polarity of the output pin name in the pin list and on the left side of an 
equation operator is the same or opposite 

Programmable Polarity 

4-76 

Note: To define polarity for the PAL32VX10, refer to PAL32VX1 O Special Considerations, 
Section 4.3.7. 

The relationship between the signal in the pin list and the signal in the Boolean equation 
has a direct bearing on the polarity of the output pin. To achieve the desired program
mable output polarity, you must define the signals in the pin list and Boolean equation 
appropriately. 

When the polarities of a signal in the pin list and in the equation are the same, the output 
polarity is active-high. When the polarities of a signal in the pin list and in the equation are 
different, the output polarity is active-low. As an example of programmable polarity, 
Figure 4-28 shows that for pin 12, while the signal in the pin list is active-low (/01), the 
signal in the equation is active-high (01 ). This programs the output polarity for pin 12 as 
active-low (/01) because the two signals have different polarities. 

~ MonollthloWMemorles ~ 



SIGNAL AS 
USER
DEANED 
PIN NAME 

SIGNAL IN 
BOOLEAN 
EQUATION 

Build a Boolean Equation Design 

I1 * I2 
+ /I3 * I4 

IS * I6 
+ /I6 * /IS 

/03 IS 
04 /I6 

Figure4-28 

Comparison of Polarity in Pin List and Equations 

Table 4-9 summarizes the polarity of signals for active-low output. 
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Output Polarity 

Active-low 
/01 

Table4-9 

Summary of Signals for Active-Low Output 

Pin List 

Active-low 
/01 

Active-high 
01 

OR 

Boolean Equation 

Active-high 
01 

Active-low 
/01 

Table 4-10 lists the output polarity for the four possible combinations of signals in the pin 
list and the equations. 

Table4-10 

Table for Determining Output Polarity 

Signal in 
Pin List 

s 
IS 

Signal in Boolean Equation 

S IS 

Using Table 4-1 O makes defining equations simple. If we want the output polarity to be 
active-high, one possible combination is to use /S in the pin list and IS in the Boolean 
equation. 
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Figure 4-29 summarizes all possible pin list and equation polarity combinations for a partial 
pin list. 

ACTIVE-LOW 
OUTPUT 

I !9)m!@lM\m&'ii'~@m ! L_ ______ ""_, _________ , ______ J 

EQUATIONS 
.---

/01 := A * /B 

03:= A * /B 

!....-

..--
02:= A * /B 

,,, ,, 

;01 is high in the 
;pin list, low in 
;the equation 

;03 is low in the 
;pin list, high in 
;the equation 

;02 is high in the 

ACTIVE-HIGH ;pin list, high in 
equation OUTPUT 

/04:= A* /B 

Figure4-29 

;the 

;04 is low in the 
;pin list, low in 
;the equation 

Summary of Output Polarity for Programmable Polarity Parts 

Note: It is important to remember that on some progratnmable polarity parts, the polarity 
fuse is located before the register. It does not affect the set or reset function of the 
output. If no equation is defined for an output, the polarity fuse is left intact. 
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4.2.2 

Fixed Polarity 

4.3 

While any combination in Figure 4-29, works on a programmable polarity device, fixed 
polarity active-low devices, such as PAL 16L8, do not accept the same polarity in both the 
pin list and the Boolean equation. The combinations these devices accept are IS in the pin 
list and S in the equation or vice versa for a fixed active-low output. 

For a fixed active-high output device, the polarities in the pin list and in the equation must 
be the same (S ... S or IS ... IS). If active-high output is specified for an active-low 
output device, or if active-low output is specified for an active-high output device, errors 

occur. 

Tailor The Design For Specific Devices 

4-80 

This section provides general considerations for designing with PLS and PAL devices, 
and specific considerations for designing with the following devices: 

PAL10H20G8 

PAL 16RA8 and PAL20RA10 

PAL22V10 

PAL32R16 

PAL32VX10 

Only the special functions and features not discussed previously are included in this 

section. 
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4.3.1 

PLS Device General Considerations 

When designing with any PLS device, consider the following items. 

1 . PLS devices have S-R flip-flops instead of D flip-flops. Each output equation 
requires two equations, one for S and one for R: 

Syntax 

Output_Pin.S := Product_Terms 
Output_Pin.R := Product_Terms 

The total supply of product terms for the device determines the number of product 
terms for each equation because the device allows product term steering. The 
polarity of the output pin in the equations must be the same as declared in the pin 
list. 

2. PLS devices have buried register nodes. A buried register can be used for feeding 
back a signal into the array; it cannot send its output to an output pin. Assign a 
name to each node after VCC in the pin list beginning with the earliest node: 

Example 

CHIP INPUT OUTPUT PLSlOS 

CLK I2 I3 I4 IS I6 I7 I8 I9 010 011 NC NC GND 
013 014 OlS 016 OE I18 I19 I20 I21 I22 I23 NC NC VCC 
PO Pl P2 P3 P4 PS 

Write equations for the buried nodes using the same syntax as for output pins. 

3. PLS devices have a complement array for inverting signals, which can be used to 
save product terms. Assign a name for the complement array after the buried 
nodes: 

Example 

CHIP INPUT OUTPUT PLSlOS 

CLK I2 I3 I4 IS I6 I7 I8 I9 010 011 NC NC GND 
013 014 015 016 OE I18 I19 I20 I21 I22 I23 NC NC VCC 
PO Pl P2 P3 P4 PS COMP 

If you want to use the complement array, define it once in the Equations segment: 
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Example 

/COMP !2 * I3 
+ I4 */IS 

Notice that the polarity of the complement array on the.left side of the equation must 
be the opposite of the polarity defined in the pin list. You may use it as a term in the 

equations as often as needed: 

Example 

011.S :=COMP * I6 * !7 
+ !9 */IlO 

Notice that when you use the array as a term of an expression, it has the same 
polarity as in the pih list. 

4. PLS devices have a dedicated programmable pin for preset or output enable 
(PR/OE). It controli; either the asynchronous preset of all registers to high or 
controls the three-state output buffers of the output registers. By programming the 
PR/OE pin to control the three-state output buffers, the preset function is 
permanently disabled. Otherwise, the default is that preset is programmed. 

To program the pin as preset, define a SETF functional equation for any or all buried 
nodes and oµtputs: 

Synt(JX 

Any_Output_Pin.SETF = Name_of_PR/OE_Pin 
Any_Buried_Node.SETF = Name_of_PR/OE_Pin 

Example 

015.SETF = OE 
Pl.SETF = OE 

The PR/OE pin must be asserted high to activate the preset. The output pin or 
buried node cannot have a slash, I , in front of it. 

To program the pin as output enable, define a three-state functional equation for any 

or all outputs: 
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Syntax 

Any_Output_Pin.TRST = Name_of_PR/OE_Pin 

Example 

011. TRST = /OE 

The PR/OE pin must be asserted low to enable outputs. The output pin or buried 

node cannot have a slash, I , in front of it. 

Note: Define .SETF or .TRST; not both. 

PAL Device General Considerations 

4.3.3 

The following general considerations apply to PAL devices. 

1 . The number of product terms is fixed for each output. Therefore, the fixed number of 
terms allotted to that output determines the number of product terms allowed for the 

equation for that output. 

If the device has product term steering, then the number of product terms for an 
equation is limited by the number of terms allotted to each pair of outputs. For 
example, if a pair of outputs has eight product terms, you can use five for one output 

and three for the other. 

2. Run the EXPAND program to translate XOR gates into AND and OR gates or to 

expand nested parentheses. 

PAL 1 OH20G8 Special Considerations 

1 . The PAL 1 OH20G8 lias programmable latched or combinatorial outputs. 

2. To use a PAL 10H20G8 1/0 pin as an input, refer to Controlling Output Enable With 
SETF in Section 6.2.1.2. 

Remember that the symbol *= is the latched equation operator. 

3. On the PAL 10H20G8, pins 1 and 13 may be used as a latch enable or as regular 

inputs. 
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4.3.4 

PAL22V10 Special Considerations 

4-84 

When designing with the PAL22V10 device, consider the following items. 

1 . The three-state function can be controlled using an individually programmable three
state function for each output (refer to Functional Equations, Section 4.1.3.4 for the 
syntax). -

The default for a combinatorial equation with no .TRST function is VCC. 

2. You can program combinatorial or registered equations by using the= or:= 
operators to define the outputs. 

3. To use an 1/0 pin permanently as an input, do not use the pin as an output on the left 
side of the equation. Use the pin only as an input on the right side of the equation 
operator to define other outputs. 

4. Pin 1 may be used as a clock and as an input for combinatorial or registered output in 
the same design. 

5. The synchronous global preset sets all registers to high. Define a fictional 25th pin 
after VCC in the pin list to serve as the global preset. Define this function once in the 
design: 

Syntax 

25th_Pin.SETF = One_Product_Term 

Refer to Controlling Output Enable With SETF in Section 6.2.1.2 for how to control 
this function in simulation. 
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6. The asynchronous global reset sets all registers to low. Define a fictional 25th pin 
after VCC in the pin list to serve as the global reset. Define this function once in the 
design: 

Syntax 

25th_Pin.RSTF = One_Product_Term 

Refer to Controlling Output Enable With SETF in Section 6.2.1.2 for how to control 

this function in simulation. 

PAL16RA8 And PAL20RA10 Special Considerations 

In addition to the programmable set, reset, and three-state functions, the PAL 16RA8 and 
PAL20RA10 offer a programmable clock. The programmable clock function allows you to 
clock individual output signals. The software indicates an error if a clock function is 
defined for a combinatorial output because combinatorial output has no clock. If no clock 
function is defined for a registered output, the software issues an error. 

Table 4-11 shows the syntax for PAL 16RA8 and PAL20RA10 functional equations. 
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Table4-11 

Syntax for PAL 16RA8 and PAL.20RA10 Functional Equations 

Syntax Example 

Output_Pin.SETF = VCC (Bypass register with 
reset also high) 

Output_Pin.SETF = GND (Default) 
Output_Pin.SETF = One_Product_Term OUT.SETF A * /B 

Output_Pin.RSTF = VCC (Bypass register with 
set also high) 

Output_Pin.RSTF = GND (Default) 
Output_Pin.RSTF = One_Product_Term OUT.RSTF /A * B 

Output_Pin.CLKF = GND (Default: no clock) 
Output_Pin . .CLKF = Name_of_Pin_UsecCas_Clock OUT.CLKF CLK 
Output_Pin.CLKF = lnput_Product_ Term OUT.CLKF A * B * IC 

Output_Pin.TRST = VCC (Default: output enabled) 
Output_Pin.TRST = GND (Default unless an 

equation is defined) 
Output_Pin.TRST = One_Product_Term OUT.TRST c * /I4 

You can bypass the register by asserting both set and reset high in two different ways. 
One way is to be explicit for each registered output: 

Example 

OUT := A + /B + D * E 
OUT.SETF VCC 
OUT.RSTF VCC 
OUT.CLKF GND 

;Output defined as registered 
;SETF always true 
;Reset always true 

The other way is to be implicit by writing a combinatorial equation for the output: 

OUT = A + /B + D * E ;Output defined as 
;combinatorial - no clock 

In the implicit case, the software automatically assigns the set and reset functions to VCC 
and the clock function to GND. 
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In some cases, you might want to use the register without the set and reset functions: 

Example 

Being explicit: 

OUT := A + /B 
OUT.SETF GND 
OUT.RSTF GND 
OUT.CLKF CLK 

Being implicit: 

OUT :=A + /B 
OUT.CLKF CLK 

The software assigns the set and reset functions to GND by default. 

Note: If you define output as combinatorial (=),the default value for both set and reset is 
VCC. If you define output as registered ( := ), the default value for both set and reset is 
GND. 

PAL32R16 And PAL64R32 Special Considerations 

4.3.7 

You can program the outputs of the PAL32R16 as registered or combinatorial, in banks of 
eight. The equation operator determines the function. If you use := , the output is 
registered; if you use = , the output is combinatorial. All outputs within a bank must be 
configured the same way. 

PAL32VX10 Special Considerations 

In addition to global set and reset functions, the PAL32VX1 O has associated with it the 
following architectural features unique in the PAL device family: 

Each register can be buried so that its contents cannot be observed directly on the 
output pin. 

Each output has an internal exclusive-OR gate which can either be used as such or 
as a polarity inverter, depending on the application. The XOR gate also allows the 
user to create D, T, J-K, or S-R flip-flop types. In addition, you can set outputs as 
registered or combinatorial (and set the register type) dynamically, specifying the 
option you want with a product term. 
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To use these special features, observe the following special rules. 

1. The pin list for a PAL32VX1 O includes the expected pin names, with VCC followed by 
a fictional pin name used to specify global set and reset functions. This is followed 
by ten names that specify the nodes located at the /Q outputs of the internal 
registers at pins 14 through 23: 

Example 

CHIP INPUT OUTPUT PAL32VX10 

CLK I2 I3 I4 IS I6 I7 I8 I9 IlO Ill GND 
Il3 014 015 016 017 018 019 020 021 022 023 VCC 
GLOBAL Rl4 Rl5 Rl6 Rl7 Rl8 Rl9 R20 R21 R22 R23 

The relationship between the internal registered node names and output names in 
the pin list above is that R14 corresponds to 014. 

2. When you want the output to be a registered function of product terms, you must 
define it this way at the buried registered node. You must then define the output pin 
as the internal register. If you want the register to be used only for feedback, do not 
define the output pin as the internal register: 

Syntax 

or 

lnternal_Register := Sum_of_Product_Terms 
Output_Pin := lnternal_Register _ 

/lnternal_Register := Sum_of_Product_Terms 
Output_Pin := /lnternal_Register 

depending on your polarity preference. Notice that the internal register always has 
the same polarity in both equations. 

Example 

Rl4 := I2 * I3 
OUT14 := Rl4 

Note: If you want the output from the buried register to be visible, the output pin 
must be defined as a function of the buried register. 

3. When you want the output to be a combinatorial function of product terms, define the 
output node with the= operator. In this case, the buried registered node must not be 
defined. Use the regular combinatorial equation ( =) notation. 
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4. Because there is only one AND/OR array for each output, you can define either the 
internal node or the output node as a sum of products, but not both. Follow rules 2 
and 3 above for defining registered or combinatorial outputs to meet this 
requirement. 

5. The PAL32VX10 has only one exclusive-OR gate per output. Each output equation 
can therefore contain at most one exclusive-OR function (of two terms). If you use 
the exclusive-OR gate in your equation, then you must not also use it as a polarity 
inverter. Thus, if you define an internal node or output node with an exclusive-OR, 
its polarity must be opposite of that given in the pin list: 

Example 

/R14 := I2 :+: I6 * IS + I7 * /IS 

if R14 is the name used in the pin list. 

6. Defining output polarity for the PAL32VX10 is currently different from other devices. 
Observing the following guidelines will provide upward compatibility with Mure 
PALASM 2 software. 

The polarities of the output/output feedback path and the register feedback path are 
determined as a pair. The polarity of one path depends on the polarity of the other 
path. Figure 4-29A shows the PAL32VX10 macrocell with the signal and path names 
that this discussion uses. 
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Qt--+--1 

0 

1 
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FEEDBACK 
ONLY 

1 

OUTPUT FEEDBACK 

Figure 4-29A 

The PAL32VX10 Macrocell 

THREE-STATE 
CONTROLLED 

BV.TRST 

OUiPUT 

Table 4-12 lists the four polarity pairs of the outpuVoutput feedback and the register 
feedback paths for signal S2. · 

Tab~4-12 

Polarity Pairs of Output/Output Feedback and Register Feedback Paths 
for Signal S2 

Output/Output Feedback 
(FB2) 

S2 

S2 

/$2 

/$2 

Register Feedback 
(FB1) 

S2 

/S2 

/S2 

S2 
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You have only one option for selecting each pair of paths (for example, 82,82). The 
option comprises two factors: 

how the output pin is defined in the pin list and in the equaton 

how the register is defined in the pin list and the equation 

Table 4-13 lists the four options for path polarities for signal 82 and the corresponding pin 
list/equation polarity option for output signal 0 and register signal R. Please use only 
these combinations to program the paths. 

Table4-13 

Options for Path Polarities and Specifying Output Pin Polarity for Signal 0 and Register Polarity for Signal R 

Option 

1 

2 

3 

4 

Output/ 
EB2 eg11cilll FBl f?gliCilll 

FB2 FB1 Pin List Equation Pin List Equation 

82 82 0 0 /R /R 

82 /82 10 10 R /R 

/82 /82 0 10 /R R 

/82 82 10 0 R R 

For example, if you want the output/output feedback and register feedback polarity 
paths to be high, the output pin in the pin list and the equation must be high and the 
register in the pin list and the equation must be low. 

No other options are currently available. For example, defining botti the pin and the 
register in the pin list and the equations as high is invalid. 

7. After defining an output node either as a function of a buried registered node or as a 
function of product terms, you can use the special function .CMBF to override the 
definition. CMBF allows dynamic selection of registered or combinatorial output: 
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Syntax 

Output_Pin.CMBF = VCC 

specifies a fixed combinatorial output. 

Output_Pin.CMBF = GND 

specifies a fixed registered output. 

Output_Pin.CMBF = One_Product_Term 

specifies a dynamically selected registered output if the result is low; or specifies a 
dynamically selected combinatorial output if the result is high: 

Example 

014 := Rl4 
Rl4 := Il * I2 * /I3 
014.CMBF = I4 

This is a registered output, but will be combinatorial if 14 is asserted high. You need 
not use the .CMBF if you do not want dynamic selection. 

Note: You can use only one product term for this function. 

Note: The Examples disk contains a complete PAL32VX10 design specification 

example. 

Checklist For Verifying Boolean Equation Designs 

4.92 

The following checklist helps you verify that your design meets PALASM 2 software's 
syntax requirements for Boolean designs. 

1. Is the input file free of control characters such as form feeds, and was it created as 

a clean ASCII file? 

2. Does the keyword CHIP appear before the design name, device type, and list of pin 

names? 

3. Does the keyword EQUATIONS preface all Boolean equations used? 

4. Have you defined all strings to be used as logic replacements for terms in the 

Boolean equations? 
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5. On 20-pin devices, is GND specified as pin 10 and VCC as pin 20? On 24-pin 
devices, is GND specified as pin 12 and VCC as pin 24? On 28-pin devices, is GND 
specified as Pin 14 and VCC as pin 28? 

6. If you are specifying an active-low output on a programmable polarity device, is the 
signal name on the left side of the equation the logical opposite of the signal name 
specified in the pin list? Are the signal names the same for active-high parts? 

7. Are you within the maximum number of product terms for any output? 

8. Are you specifying .TRST equations for individually programmable three-state 
outputs with three-state buffers only? 

9. Are you specifying .CLKF equations for PAL 16RA8 and PAL20RA10 designs only? 

1 o. Are all comments preceded by a semicolon ( ; )? 

11. Does the last line in your input file terminate with a hard carriage return? (Omitting 
this carriage return will cause the program to crash.) 

After verifying your design, proceed to Build Simulation, Chapter 6. 
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5. Build a State Machine Design 

About this Chapter 

This chapter guides you through creating a state diagram and building a state machine 
design file for PALASM 2 software. It describes state diagrams for Mealy and Moore 
machines, the structure and syntax of the state machine design file, and design 
considerations for PAL, PLS, and PROSE devices. It also reviews a simple design using 
a state diagram and design file. 

To ... 

Create a state diagram 

Build a state machine design 

Tailor the design for a PLS, PROSE, or 
PAL device state machine 
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5.1 

Create A Sta~e Diagram 

5.1.1 

A state diaQram illustrates the behavior of a_ state machine. The design is easy to build 
from a state diagram that includes: 

All states named (with or without assigned values) and connected to their next states 

The input values that cause state transitions when a clock pulse occurs 

The output values expected because of state transitions 

The following sections discuss the definitions and diagrams for the two types of 
machines, Mealy and Moore. 

Create A Mealy State Diagram 

INPUTS 

4·96 

A Mealy machine determines its outputs from the inputs and the present state. Figure 
4~30 illustrates how combinatorial and registered Mealy output is achieved. 

COMBINATORIAL 
.. 'LOGIC 

PRESENT STATE 
REGISTERS 

COMBINATORIAL 
LOGIC 

@l\Jlii"Wll\Jl'ii' 
fRl~@D®'ii'~fRl® 

Figure4-30 

Mealy Output 
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In Figure 4-30, inputs from pins are combined with present state registers to determine the 
next state (which becomes the present state on the clock). Inputs are also combined with 
present state registers to determine the outputs to the pins. When outputs are 
combinatorial functions of inputs and the present state, the outputs are valid when the 
new state is reached. Registers may be added to synchronize the outputs. When outputs 
are registered functions, the outputs are valid one clock cycle after the new state is 
reached. 

The state diagram for a Mealy machine reflects the independence of the states, the 
inputs, and the outputs. Figure 4-31 shows a functional diagram for a Mealy machine with 
four states. 

Inputs 
Outputs 

TRANSITION 
LINES 

Inputs 
Outputs 

Inputs, Inputs, Inputs 
Outputs 

Figure4-31 

Mealy Functional State Diagram 

Inputs 
Outputs 

Inputs 
Outputs 

In Figure 4-31, one or more sets of inputs arid outputs are located near each transition 
line. You specify the input values that initiate a transition and output values that result. A 
set of inputs is also called a condition. Later, you will assign a name for the condition. 
Each transition has a unique condition; the outputs may be unique or the same. Notice 
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that a transition tnay have more than one input/output set and notice that a transition may 
have more than one condition (inputs) with only one set of outputs. More than one 
condition means that the outputs are a function of any of the true conditions. 

Figure 4-32 shows sample conditions and outputs for a Mealy machine with two input and 
output values. 

11, 10 

00 

01 

00 ' 10 

11 

11 

00,10,11 

10 

Figure4-32 

Inputs and Outputs for Figure 4-31 

10 
00,10,11 

11 

In Figure 4-32, when the machine is in state N1, three next states are possible: 

If the conditions are 00 or 01, the next state is N2; the outputs are 00 

If the condition is 10, the next state is N3; the outputs are 11 

If the condition is 11, the machine remains in N1; the outputs are 11 

Transitions occur with the clock, after which outputs are valid. Notice in Figure 4-32 that 
one transition line between N2 and N4 suffices for the two lines shown in Figure 4-31. Two 
sets of conditions and outputs are shown because the outputs are unique. 
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Figure 4-32 may be simplified. One way to simplify it is to omit conditions that do not 
affect the transition to a new state. Outputs that do not change can also be omitted. For 
example, state N3 has a hold transition (N3 to N3). The hold conditions 00, 1 o, and 11 
may be omitted from the line because they do not affect a transition to a new state. 
Outputs 11 may be omitted because they have not changed since the transition from N1 
to N3. The hold transition at state N2 may be omitted for the same reasons. 

Figure 4-33 shows the results of simplifying Figure 4-32. 

10 

_o 

Figure4{J3 

Minimum Inputs and Outputs to Build a Mealy Design 

You can use other ways of simplifying state diagrams, depending on the design. For 
example, if outputs are high, unless otherwise specified, only conditions and low outputs 
need to be shown. Or, if the transition from any state is either to a next state or to an 
initial state, only the next states with their conditions and outputs need to be shown. The 
initial state can be defined separately. 

The design for a Mealy machine may now be built from the information in Figure 4-33. 
Proceed to Build A State Machine Design, Section 5.2. 
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5.1.2 

Create A Moore State Diagram 

4·100 

A Moore machine determines its outputs from the present state only. Figure 4-34 
illustrates how Moore output is achieved. 

INPUTS 

COMBINATORIAL 
LOGIC 

PRESENT STATE 
REGISTERS 

COM~~~AllOIUll,l ! '*'' l 0 G ~ C r,_, __ ,~»»'@lfill'' 
W-V.""°'~~'""""'~W.V-'V."'""'.J 

Figure4-34 

Moore Output 

OUTPUTS 

In Figure 4-34, [nputs from pins are combined with the present state registers to determine 
the next state (which becomes the present state on the clock). Only the present state 
determines the outputs. For a Moore machine, combinatorial and registered outputs are 
valid when the new state is reached. 

The state diagram for a Moore machine reflects the dependence of the outputs on the 
states. Figure 4-35 shows a functional diagram-for a Moore machine with four states. 
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TRANSITION 
LINES Inputs 

lnputs,lnputs,lnputs 

Figure4-35 

Moore Functional State Diagram 

In Figure 4-35, one or more inputs are located near each transition line. You specify the 
input values that initiate a transition. A set of inputs is also called a condition. Later, you 
will assign a name for the condition. You place the outputs from each state with the state 
name. Notice that a transition may be caused by more than one condition. Each 
transition has a unique condition. 

Figure 4-36 shows sample conditions and outputs for a Moore machine with two inputs and 
outputs. 
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11 

00,01, 11 

01 

10,00, 11 

Figure4-36 

Inputs and Outputs in Moore Diagram 

In Figure 4-36, when the machine is in state N1, three next states are possible: 

If the conditions are 00 or 01, the next state is N2 and the outputs are 01 

If the condition is 10, the next state is N3 and the outputs are 1 o 

If the condition is 11, the machine remains in N1 and the outputs are 11 

Notice that one transition line between N2 and N4 suffices for the two lines shown in Figure 
4c35. 

Figure 4-36 may be simplified. One way to simplify it is to omit conditions that do not 
affect the transition to a new state. For example, N4 has a hold transition (N4 to N4). The 
hold conditions 10, 00, and 11 may be omitted from the line because they do not affect a 
transition to a new state. The hold conditions at states N1, N2, and N3 may be omitted for 
the same reason. 

Figure 4-37 shows the results of simplifying Figure 4-36. 
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Flgure4-37 

Minimum Inputs and OUtputs to Build a Moore Design 

As with Mealy diagrams, alternative ways of simplifying state diagrams are used 
depending on the design. If outputs are high, unless otherwise specified, only low outputs 
need to be shown. If all states have hold transitions, only the new state transitions with 
their conditions need to be shown. 

The design for a Moore machine may now be built from the information in Figure 4-37. 

Build A State Machine Design 

The PALASM 2 software design is easy to build from a state diagram. The design contains 
information for programming a device to cycle through defined states and give specified 
outputs. The design is constructed using a text editor and must contain only ASCII 
characters. PALASM 2 software interprets the data and translates it into a JEDEC file for 
downloading to a device programmer. 

Figure 4-38 shows the structure of the design. 
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DECLARATION 

STATE 

COND:i:TIONS 

Figure4-38 

Structure of the Design 

Table 4-14 describes the three segments of the design. 

Table4-14 

Desc;ription of State Machine Design Segments 

Segment 

DECLARATION 

STATE 

CONDITIONS 

Description 

Design identification, device and pin data, string 
substitutions 

Defaults; pin assignments to states; equations for 
state transitions and outputs 

Input values that determine the state transitions 

"State" and "Conditions" are reserved words. The software reserves certain words to 
identify design Segments and information, device codes, commands, functions, and pin 
defaults. Do not use the reserved words for any other purpose. Some reserved words are 
keywords that identify the block of information that follows. All reserved words are listed 
in General Syntax, Section 5.2.1, item 5. 

The general syntax rules discussed in the following section must be observed to build the 
design. 
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5.2.1' 

General Syntax 

The following general syntax rules apply to building the state machine design. 

1 . Maximum line length is 128 characters or columns. Data beyond the limit must be 
placed on the next line. 

2. Characters are upper or lower case alphanumerics, spaces, tabs, and underscores. 
Tabs are translated as spaces. Unless otherwise stated, never use • - ! @ # $ 11. & [ 
]{}"?or< 

3. Table 4-15 lists characters that perform special functions. Do not Lise these 
characters for any other purpose. 

Character(s) 

% 

Table4-15 

Special Characters and Functions 

Function 

(Single quote or apostrophe) Delimits string 
characters to be substituted 

Pin list separator 

Enclose pins in expressions 

Precedes comments (text and characters the 
software does not see). Extensive com· 
mentlng is a good habit. Comments can 
start anywhere on the line and must be 
preceded by a semi-colon ( ; ). 

NOT or active-low polarity 

Don't care value for global defaults 
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Table 4-15 (Continued) 

Special Characters and Functions 

Character(s) 

+ 

:+: 

+-> 

= 

Function 

AND 

OR; "Or for input condition ... " 

XOR (used only in condition equations) 

State transition: "Go to state ... " 

Local default state transition: "Otherwise, go 
to state ... " 

State transition and registered output 
equation operator 

Condition, state assignment, and combina
torial output equation operator 

4. PALASM 2 software reserves the following words to identify design segments and 
information, device codes, commands, functions, and pin defaults: 

AUTHOR 
BEGIN 
CHECK 
CHIP 
CLKF 
CLOCKF 
CMBF 
COMPANY 
CONDITIONS 
DATE 
DEFAULT _BRANCH 
DEFAULT _OUTPUT 

DO 
ELSE 
END 
EQUATIONS 
FOR 
GND 
HOLD_STATE 
IF 
MASTER_ RESET 
MEALY_MACHINE 
MOORE_MACHINE 
NC 
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4. Reserved words (continued): 

NEXT_STATE 
OR 
OUTPUT _ENABLE 
OUTPUT _HOLD 
PATTERN 
POWER_ UP 
PRLDF 
R 
REVISION 
RSTF 
s 

SETF 
SIMULATION 
STATE 
STRING 
THEN 
TITLE 
TRACE_OFF 
TRACE_ ON 
TRST 
vcc 
WHILE 

Build The Declaration Segment 

Information in the Declaration segment helps document the design before processing. It 
also defines pin names and string substitutions. This segment appears first in the design 
as shown previously in Figure 4-38. Figure 4-39 shows the keywords and information 
structure of the segment. 

~ ManollthlaW Memories ~ 4·107 



4-108 

Build a State Machine Design 

KEYWORDS DESIGN HEADER 

TITLE / 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

CHIP 

STRING 

What the design is; name of design 

File name or pattern number or other ID 
Version or other ID 
Designer or department or other ID 
Company or division or other ID 
Build date or current date or other DEFINITIONS 

Description or file name or other Device name 

Signal names and their polarity assigned to pins 

Name of string ' Characters to substitute ' 

Figure4-39 

Structure of the Declaration Segment 

The design header helps document and identify the design. The software copies the 
header into the output files to help identify them also. You may omit any part of the 
Declaration segment except the CHIP keyword and definition; PALASM 2 software 
requires the CHIP definition to process the file. When any other part of the design header 
is omitted, the software issues a warning message during assembly and continues 
processing. 

Information in the design header can contain up to 24 significant characters after the 
keyword and extra blank spaces. Characters beyond 24 are truncated during processing. 

Definitions for CHIP and STRING have the special syntax described below. 
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5.2.2.1 

CHIP Syntax 

The CHIP definition is required to process the design. Filling in the CHIP information early 
makes design entry easier later. With the purpose of the design in mind and the device 
logic diagram in hand, fill in the three required entries for the CHIP definition: 

Syntax 

CHIP Description or file name or other Device name 

Signal names and their polarity assigned to pins (pin list) 

Figure 4-40 lists each entry, describes its specific syntax and shows an example. 

Description or filename or other 2 Device name 

1 letter followed by up to 13 alphanumeric 
characters 

\ 
Any device supported by the software (Chapter 
1 contains the complete list of devices) 

CHIP NOT REAL 1 

;PINS 1 
CLOCK 

;PINS 11 12 

2 3 
DCLOCK SENl 

13 14 

4 
SEN2 

15 

~ 
PAL16R8 

5 
I2 

16 

6 
/!3 

17 

7 
/14 

18 

8 
I5 

19 

9 
/I6 

20 

10 
GND 

SDI NC RESET SDO TOPl BOTl TOP2 BOT2 MID VCC 

3 Signal names and polarity assigned to pins (pin list) 

Sequential list of signal names and their polarities for the pins of the device. Begin a name 
with a letter and follow it with up to 13 alphanumeric characters. Place a slash (I) before the 
name to indicate active-low; otherwise, the signal is active-high. Separate names by commas, 
blank spaces, or carriage returns. Label unused pins NC (no connect). GND and VCC 
are reserved words and must be placed on ground and power pins. 

Figure4-40 

CHIP Syntax and Pin List 
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Notice the commented lines of pin numbers in Figure 4-40. Commenting the pin numbers 
helps identify signal names and pin numbers for writing state equations. Using mnemonic 
phrases or names for pins also makes writing equations and documenting the design 
easier. 

STRING Substitution Syntax 

4·110 

Substituting a frequently used string of characters with a short name is optional. You may 
know from the design's purpose, the device logic diagram, and the CHIP information which 
combinations of signals will be used frequently before writing equations. Otherwise, you 
may wish to add a string definition as the design progresses. If you use strings, two 
entries must follow the STRING keyword: 

Syntax 

STRING String name ' Characters or previously defined string names to 
substitute ' 

Figure 4-41 lists each entry and its specific syntax and shows two examples. 

String name 

Unlimited number of alphanumeric 
characters DELIMITER 

Number of strings limited by computer 
memory ~ / 

STRING! NPUT I , Al + /A2 + A3 I 

STRING INPUT_ALL!' (Al+ /A2 + A3) ' 

'::::: 
2 Characters or previously defined 

string names to substitute 

Must be delimited with single quotes 

Figure4-41 

STRING Information and Syntax 

~ Monolithic U] Memories ~ 



Build a State Machine Design 

The single quotes (' ... ')in item two of Figure 4-41 are delimiters that identify the 
characters for substitution. 

Notice that parentheses added to the INPUT string form the string entitled INPUT_ALL. 
The difference between how /INPUT and /INPUT _ALL are compiled is shown in Table 4-16. 

Table4-16 

Compilation of String Definitions in Figure 4-41 

String Tenn 

/INPUT 

/INPUT ALL 

Software Compilation 

/Al + /A2 + A3 

I (Al + I A2 + A3) 

= I Al * A2 * I A3 

Figure 4-42 shows a sample Declaration segment. 
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TITLE NOT~REAL_6 

AUTHOR J. ENGINEER 
CHIP NOT REAL 6 PAL16R4 

;PINS 1 2 3 4 5 6 7 8 9 10 
CLOCK DC LOCK SENl SEN2 Al /A2 A3 GND NC GND 

;PINS 11 12 13 14 15 16 17 18 19 20 
RST SDO TOPl BOTl MID NC NC NC NC vcc 

STRING INPUT I Al + /A2 + A3 I 

STRING INPUT ALL 1 (Al + /A2 + A3) I 

Figure4-42 

Sample Declaration Segment 

5.2.3 

Build The State Segment 

4·112 

The State segment contains information about the design and equations that describe 
how the machine functions. The information comes from the state diagram and CHIP 
definition. The keyword 

STATE 

is required to identify this segment of the design. Figure 4-43 shows the information 
contained in this segment. 
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STATE 

Global Defaults I 
State Assignments I 
State Transitions and Outputs I 

Figure4-43 

Structure of the State Segment 

Table 4-17 describes the information in each box in Figure 4-43. 

Information 

Global Defaults 

State Assignments 

State Transitions and 
Outputs 

Table4-17 

Descriptions of State Information 

Description 

Statements that specify the kind of machine, the outputs, 
and transitions when unspecified in the equations 

Equations that assign pins as a bit code for each state 

Equations that specify the transitions between states 
and the polarity of the output signals 
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The following sections discuss the purpose and specific syntax for each kind of 
information. 

5.2.3.1 

Global Defaults 

4·114 

You can use defaults to speed design entry. For example, if outputs do not change on 
transitions, one global default option maintains the present output and you can write 
shorter equations. If a transition cannot be deterriined from the equations, another global 
default causes a transition to a known state. 

You can default outputs to maintain the present values or to have specific values on 
transitions. You can default state transitions tq go to the state specified, stay in the 
present state, or go to the next state listed in the pesign. Table 4-18 describes the default 
options. 

Default Options and Syntax 

MEALY MACHINE (Default) 
or 

MOORE MACHINE 

OUTPUT HOLD Output_Pins 

Table4-18 

Descriptions of Default Options 

Description 

Specifies which kind of machine the design 
implements. Refer to Create A State Diagram, 
Section 5.1 for definitions and state diagrams. 

List of output pins that maintain their present 
output values when next state output values cannot 
be determined from PLS or PROSE device designs. 
Use spaces, commas, qr carriage returns to separate 
pin names. 

(Output equations are required when using 
OUTPUT _HOLD. Refer to State And Output 
Equations , Section 5.2.3.3.) 
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Table 4-18 (Continued) 

Descriptions of Default Options 

Default Options and Syntax 

DEFAULT OUTPUT Output_Pins 

DEFAULT BRANCH State_Name 
or 

DEFAULT BRANCH HOLD STATE 
or 

DEFAULT BRANCH NEXT STATE 

Description 

List of output pins that default to specified 
values when next values cannot be determined 
from the design. A value is specified by placing 
the following special symbol before the pin name: 

Value Symbol 

Logic 1 None 

Logic 0 

Don1 Care % 

(Output equations are required when using 
this default. Refer to State And Output Equations, 
Section 5.2.3.3.) 

Pin names are separated with spaces, commas, 
or carriage returns. 

Defines the next state when a next state cannot 
be determined from the design. 

Holds the machine in the present state when a next 
state cannot be determined from the design. 

Moves the machine to the state of the following 
equation when a next state cannot be determined 
from the design. The last state and output equations 
must define all possible transitions. 

All the default options in Table 4-18 are reserved words or keywords. Mealy machine 
designs that do not use defaults do not need any of the options in Table 4-18. Figure 4-44 
shows sample defaults. 
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MOORE MACHINE 

DEFAULT OUTPUT OUT1,/0UT2,%0UT3 

DEFAULT BRANCH INIT 

Figure4-44 

Sample Defaults 

In Figure 4-44, when the outputs cannot be determined from the design, the DEFAULT_ 
OUTPUT definition means OUT1 .will go high and OUT2 will go low; OUT3 has a don't care 
value. When the next state cannot be determined from the transitions, the DEFAULT_ 
BRANCH definition means the machine will go to state INIT. 

State Assignments 

4·116 

A state assignment is an equation that defines a state as a unique combination of 
outputs. The phrases "state bit assignment" and "bit assignment" also describe state 
assignments. State assignment is strongly recommended but not required. If not 
assigned manually, running the Expand program automatically assigns state bits for 
registered outputs defined as NC in CHIP. You must be careful to place NC on those. 
outputs to be used as state bits. If you allow Expand to make assignments, however, 
understanding the simulation results may be difficult. 

Syntax 

State_Name = Output_Pin1 . . Output_Pinn 



5.2.3.3 

Build a State Machine Design 

Information for state assignments comes from the purpose of the design, the names of 
the states in the diagram, and the names and polarity of the output pins in the pin list. 
Figure 4-45 shows sample assignments. 

IDLE 

so 
Sl 
82 

Figure4-45 

/Ql * /QO 
Ql * /QO 
Ql * QO 

/Ql * QO 

sample State Assignments 

;0-0 
;1-0 
;1-1 
;0-1 

In Figure 4-45, the machine is in state IDLE when outputs 01 and 00 are low. When 
outputs 01 and 00 are high, the machine is in state S1. 

State And Output Equations 

State equations define the machine's sequencing in terms of conditions and next states. 

Output equations define the machine's output in terms of conditions and outputs. 
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The state diagram and CHIP definition contain the state names and outputs for these 
equations. 

State Equations 

A state transition equation defines states in terms of conditions that determine transitions 
to other states. State transitions are necessary for both Mealy and Moore designs: 

Syntax 

State_Name ·- Condition1 -> Next_State 

+ Conditionn ·> Next_State 

+-> Local_Default_State 

The state name corresponds to a named state in a state diagram. It must be unique and 
can have up to 14 alphanumeric characters. The condition is a label for the combination of 
input signals that determine a transition. Build The Conditions Segment, Section 5.2.4, 
discusses how to define conditions. The local default state signified by +·> overrides the 
global defaults. If no local default exists, global defaults apply to unspecified transitions. 

Note: An unconditional state transition must use VCC as a condition. The unconditional 
transition has the syntax 

State_Name := VCC -> Next_State 

Figure 4-46 contains simple state diagrams for Mealy and Moore machines and gives the 
state transitions that they both illustrate. 
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MOORE DIAGRAM: 

STATE EQUATIONS: 

Build a State Machine Design 

COND1 

NO := CONDl -> Nl 
+ COND2 -> Nl 
+ COND3 -> N2 
+-> NO 

N2 := VCC -> N3 

Figure4-46 

N3 

State Equation for Mealy or Moore Machine 

COND4 
/P1 ,/P2 

COND4 

COND3 
P1,P2 

Notice that in Figure 4-46 pin names (P1 ,P2) have replaced actual output values (0, 1). 
Condition names (COND1 ,COND2,COND3) have also replaced actual input values (0, 1 ). 
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The state equations for NO and N2 are shown at the bottom of the figure. If the global 
default 

DEFAULT_BRANCH HOLD_STATE 

were specified in the Defaults segment, the local default 

+-> NO 

would be unnecessary. 

Output Equations 

If you use OUTPUT_HOLD or DEFAULT_OUTPUT, you must have an output equation for 
each state eqµation. While a state equation specifies the conditions that cause 
transitions between states, an output equation specifies the conditions and the outputs 
from the present state. 

Note: OUTPUT_HOLD is valid only in PLS and PROSE designs. 

Note: If the output pins are the same as the state bits, do not use output equations and 
do not use OUTPUT_HOLD or DEFAULT_OUTPUT. If the output bits are different from the 
state bits, you must use output equations; using OUTPUT_HOLD and DEFAULT_OUTPUT 
is optional. Output pins not defined in the output equations or by DEFAULT _OUTPUT 
have the don't care value. 

The syntax for output equations is different for Mealy and Moore machines. The syntax 
also depends on whether the outputs are registered or combinatorial: 

Syntax 

For registered Mealy output: 

State_Name.OUTF ·- Condition1 ·> Outputs 

+ Conditionn -> Outputs 
+-> Local_Default_Outputs 

Notice the registered equation operator :=. 

~ ll/lanallthla IHEJ llllemarles ~ 



Build a State Machine Design 

Syntax 

For combinatorial output: 

State_Name.OUTF = Condition1 ·> Outputs 

+ Conditionn -> Outputs 

+-> Local_Default_Outputs 

Notice the combinatorial equation operator =· The state name comes from the state 
diagram. It must be unique and may have up to 14 alphanumeric characters. The 
condition is a name for the combination of input signals along the transition line in the 
diagram. Build The Conditions Segment, Section 5.2.4, discusses how to define 
conditions. The outputs are pin names with the appropriate polarity to create the logic 
values found in the state diagram. The local default output signified by +-> overrides the 
global defaults. 

Moore output equations have the same registered and combinatorial operators but have 
no conditions and no local default outputs. Conditions and local defaults are not valid in 
Moore machine output equations because the output is determined by the state only: 

Syntax 

For registered Moore output: 

State_Name.OUTF ·- Outputs 

Synrax ~ 
For combinatorial Moore output: 

State_Name.OUTF = Outputs 

Note: Registered Mealy machine outputs are valid one clock cycle after the new state is 
reached. Mealy combinatorial outputs are valid when the new state is reached. Moore 
registered and combinatorial outputs are valid when the new state is reached. 

Figure 4-47 contains the Mealy state diagram from Figure 4-46 with its transition and 

output equations. 
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STATE EQUATIONS: 

OUTPUT EQUATIONS: 

NO 

N2 

N3 

·= 

COND4 
/P1 ,/P2 

CONDl 
+ COND2 
+ COND3 

+-> NO 

-> 
-> 
-> 

:= VCC -> N3 

Nl 
Nl 
N2 

NO.OUTF ·= CONDl -> 
-> COND2 -> 
-> COND3 -> 

+-> /Pl * 

/Pl 
Pl 
Pl 

/P2 
N2.0UTF := VCC -> Pl * 

Figure4-47 

Transition and Output Equations for Mealy Machine 

In Figure 4-47, if the global default 

OUTPUT HOLD /Pl /P2 

were specified in the Defaults segment, the local default 

+-> /Pl * /P2 
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in the output equation would be unnecessary. 

Transition and output equations may be grouped together or alternated in the design. 
Figure 4-48 shows sample state and output equations. 

!ID!fil©~&m& 11m©Ri 

so ·= C3 -> Sl + co -> Sl 
+ Cl -> S2 
+-> so 

Sl ·= vcc -> S2 
S2 ·= vcc -> S3 
S3 .- vcc -> S4 
S4 ·= Cl -> S7 

+ C3 -> SS 
+ co -> SS 
+ C2 -> S6 
+-> S4 

SS .- vcc -> S6 
S6 := vcc -> S7 
S7 ·= vcc -> so 

SO.OUTF := C3 -> GRNl * RED2 
+ co -> /GRNl * RED2 
+ Cl -> GRNl * /RED2 
+-> /GRNl * /RED2 

Sl.OUTF ·= vcc -> /GRNl * /RED2 
S2.0UTF := vcc -> /GRNl * /RED2 
S3.0UTF ·= VCC -> YELl * RED2 
S4.0UTF .- Cl -> REDl * GRN2 

+ C3 -> /REDl * GRN2 
+ co -> /REDl * /GRN2 
+ C2 -> REDl * /GRN2 
+-> /GRNl * /RED2 

SS.OUTF ·= vcc -> /REDl * /GRN2 
S6 .OUTF vcc -> /REDl * /GRN2 
S7.0UTF ·= vcc -> REDl * /YEL2 

Figure4-48 

Sample Transition and Output Equations 
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Recall that the local default outputs for SO.OUTF and S4.0UTF, 

+-> /GRNl * /RED2 

can be put in a DEFAUL T_OUTPUT statement and omitted from the equations if no other 
global output default exi.sts. 

Figure 4-49 shows a sample State segment. 

r@i@li,-i:~--------·-------""' ____ ,, ____ . __ 'j 

L"·""· .• .., •• - ..•• " STATE 

;DEFAULTS 

MOORE MACHINE 
DEFAULT BRANCH HOLD STATE 

;ASSIGNMENTS 

so 
Sl 
S2 
S3 

/Ql * /QO 
Ql * /QO 
Ql * QO 

/Ql * QO 

;0-0 
;1-0 
;l-1 

;0-1 

;STATE TRANSITIONS AND OUTPUTS 

SO ·= CO -> Sl 
+ Cl -> Sl 
+ C2 -> S2 

Sl ·= vcc -> S2 
S2 ·= vcc -> S3 
S3 ·= co -> Sl 

+ Cl -> Sl 
+ C2 -> S2 

Figure4-49 

Sample State Segment 

The Conditions segment follows the State segment in the design. 
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5.2.4 

Build The Conditions Segment 

The Conditions segment contains equations that give names to unique sets of inputs. The 
equations identify the branching conditions used in the State segment to determine 
transitions and outputs. 

The keyword 

CONDITIONS 

is required to identify this segment of the design, as shown in Figure 4-50. 

CONDITIONS 

Figure4·50 

Location of Conditions Segment 

The structure of a condition equation is: 

Syntax 

Condition_Name = lnput1 * lnputx 

+ lnputy * lnputn 

The condition name must be unique and may have up to 14 alphanumerics; the number of 
conditions depends on the design. The inputs are the pins named in the pin list and must 
be unique combinatorial expressions. If a condition is only one input, a condition equation 
is unnecessary; use the pin name in the state and output equations. You can enclose the 
inputs with parentheses for DeMorgan expansion. 
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Illegal, conflicting conditions occur when two or more conditions may be true at the same 
time and are used in the same transition equation. For example, the two conditions 

GOOD CONDl = Il * I2 * I3 
BAD COND2 = Il * I4 

used in the state transition 

NO := GOOD CONDl -> Nl 
+ BAD COND2 -> N2 
+-> NO 

conflict. The state diagram in Figure 4-51 illustrates conflicting conditions. 

GOOD CONDl 

Figure 4-51 

State Diagram of Conflicting Conditions 

Il * I4 

In Figure 4-51, if 11, 12, 13, and 14 are all true, the transition from NO is random. The next 
state could be N1; it could be N2. PALASM 2 software issues an error message that 
conflicting conditions exist. 

Figure 4-52 shows a sample Conditions segment with no conflicting conditions. 
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CONDITIONS 

CO /SENl * /SEN2 
Cl /SENl * SEN2 
C2 SENl * SEN2 
C3 SENl * /SEN2 

Figure4-52 

Sample Conditions Segment 

Although the preceeding discussion guides you in building a PALASM 2 software state 
machine design, a few devices have special features that need further discussion. 

Tailor The Design For PLS, PROSE, Or PAL Device 
State Machines 

5.3.1 

The structure and content of the design also depends on the device you use. The 
following sections discuss special considerations not covered in the previous sections for 
building PAL, PLS, and PROSE state machine designs. 

PLS And PROSE Considerations 

This section describes only the syntax and considerations that allow you to take 
advantage of special features on PLS and PROSE devices. A discussion of the syntax 
and structure for building a state machine design begins in Build A State Machine Design, 

Section 5.2. 

Table 4-19 lists the syntax and considerations for PLS and PROSE devices. 

~ MonallthlcWMemories ~ 4-127 



4-128 

Build a State Machine Design 

Table4-19 

Considerations for Tailoring State Machine Design Files. for PLS and PROSE Devices 

Device 

PLS 

Special Considerations 

1 . The complement array is assigned as a fictional pin 
after the buried register nodes are defined in the pin list. 
Refer to PLS Device General Considerations, Section 
4.3.1. 

2. The complement array implements all state transition and 
output equation local defaults (specified by+->). The 
complement array is non-functional if all possible transi
tions are specified in the state transition equation. To use 
the array for other purposes, you must add the Equations 
segment (refer to Build A Boolean Equation Design, 
Chapter 4) and use Boolean equations. 

3. The PLS devices have a pin you can configure as an 
output enable or preset pin. Configure the pin in the 
Defaults segment. 

To configure the 
pin as ... 

Output Enable 

Preset 

Specify ... 

OUTPUT ENABLE 

MASTER RESET 
(Default) 

You can use MASTER_RESET to put the state machine 
into a known initial state. If OUTPUT _ENABLE is 
specified, your design must have an initial state. 
Without an initial state, the machine may not 
function as designed. Include an initial state in the 
state diagram so that you will remember to write 
the necessary state transition and output equations. 

4. The polarity of a pin in the pin list and in the State segment 
must be the same, either both active-high or both active
low. 
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Table 4-19 (Continued) 

Considerations for Tailoring State Machine Design Files for PLS and PROSE Devices 

Device 

PLS (Continued) 

PROSE 

Special Considerations 

5. If you allow the software to automatically assign state 
bits, remember to assign NC to buried nodes or dual 
output/state bits. 

1. The PMS14R21 device has a pin that is configured as an 
output enable or preset pin. Configure the pin in the 
Defaults segment. 

To configure the 
pin as ... 

Output Enable 

Preset 

Specify ... 

OUTPUT ENABLE 

MASTER RESET 
(Default) 

MASTER_RESET may be used to put the state machine 
into a known initial state. If OUTPUT_ENABLE is 
specified, initialization may be built into the design. 
Without an initial state, the machine may not 
function as designed. Include an initial state in the 
state diagram so that you will remember to write 
the necessary state transition and output equations. 

2. The software automatically assigns state bits. 

3. The first state transition and output equations have a 
special syntax to place the machine in an initial state 
after power-up and the first clock: 
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Table 4-19 (Continued) 

Considerations tor Tailoring State Machine Design Files tor PLS and PROSE Devices 

Device 

PROSE (Continued) 

Special Considerations 

Example 

Mealy: 

POWER_UP := VCC -> Starting_State_Name 
POWER UP. OUTF • = vcc -> Starting_Outputs 

Example 

Moore: 

POWER_ UP : = VCC -> Starting_State_Name 
POWER_ UP. OUTF : = Starting_ Outputs 

VCC is required for both Mealy and Moore machines. 

4. The maximum number of transitions from a state is four. 
This limit includes the local or global default branch. 

5. Parentheses, ( ), are not allowed in the Conditions 
segment. 

PAL Device General Considerations 

This section describes only the syntax and considerations that allow you to take 
advantage of special features on PAL devices. A discussion of the syntax and structure 
for building a state machine design begins in Build A State Machine Design, Section 5.2. 

The following general considerations apply to designing state machines for PAL devices. 

1. Do not use the default option OUTPUT_HOLD. 

2. Use both EXPAND and MINIMIZE to process the design. 
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PAL22RX8, 
PAL22V10 

PAL32VX10 

Build a State Machine Design 

3. Explicitly build initialization into the design. Without initialization, the machine may 
not function as designed. Include initialization transitions in the state diagram so 
that you will remember to include the necessary state and output equations. 
Alternatively, if the device features set and reset functions, these functions may be 
used for initialization. 

4. PAL 16RA8, PAL20RA10, and PAL devices without registers do not support state 
machine designs. 

Some PAL devices have programmable features that require adding an Equations 
segment and using Boolean equations after the State segment. Functional Equations, 
Section 4.1.3.4, discusses the structure and syntax for the set, reset, and three-state 
functions. 

Table 4-20 lists the features and syntax considerations for specific PAL devices. 

Table4-20 

Special Features and Considerations for Specific PAL Devices 

Features Considerations 

Set, Reset, and Three- Require Boolean equations* 
state 

Set and Reset Require Boolean equations.• 

Internal Nodes 1. The ten buried nodes must be assigned after 
VCC and the fictional 25th pin in the pin list. After 
the usual pin names are defined, you assign a 
name for each buried node beginning with node 
14. The syntax for the buried nodes is the same 
as for the other pins. 

2. State assignments are defined using the node 
names. For automatic state bit assignment, 
label the nodes to be assigned as NC. 

*The structure and syntax for Boolean equations is discussed in Build A Boolean Equation Design, 
Chapter 4. Also refer to Tailor the Design For specific Devices, Section 4.3. 
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Table 4-20 (Continued) 

Special Features and Considerations for Specific PAL Devices 

Device Features Considerations 

PAL32VX10 (Continued) 3. Output equations are defined using the node 
names listed after VCC and the fictional pin. 
Assigning nodes to output pins is done with 
Boolean equations.* 

*The structure and syntax for Boolean equations is discussed in Build A Boolean Equation Design, 
Chapter 4. Also refer to Tailor the Design For specific Devices, Section 4.3. 

After your design is specified, you can proceed to Build Simulation, Chapter 6. 

5.4 

Review A Simple Design 

4·132 

The state diagram and design in this section comprise a simple, complete design. 

Figure 4-53 shows the state diagram for the 2-bit up/down counter from which the design in 
Figure 4-54 was built. 
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INIT 

Figure 4-53 

Simple State Diagram 
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TITLE UP/DOWN COUNTER 
PATTERN xoooo 
REVISION 0 
AUTHOR BRYON MOYER 
COMPANY MONOLITHIC MEMORIES 
DATE 9/23/87 

CHIP 2 BIT CTR PAL16R4 

;PINS 1 2 3 4 5 6 7 8 9 10 
CLK UP INIT NC NC NC NC NC NC GND 

;PINS 11 12 13 14 15 16 17 18 19 20 
/OE NC NC RO Rl NC NC NC NC vcc, 

;THIS IS A SIMPLE TWO-BIT UP/DOWN COUNTER EXAMPLE. NOTE THAT 
;INITIALIZATION HAS BEEN DESIGNED IN WITH DEFAULT BRANCH. 
;THE STATE MACHINE RETURNS TO STATE SO IF CLOCKED WHEN PIN 
;INIT IS HI. COUNTING IS ONLY POSSIBLE IF INIT IS LO. IF 
;PIN UP IS HI, COUNTER COUNTS UP. IF PIN UP IS LO, COUNTER 
;COUNTS DOWN. 

STATE 

MOORE MACHINE 
DEFAULT BRANCH SO 

;START THE STATE MACHINE SECTION 

;FOR INITIALIZATION 

;IN THIS EXAMPLE, THE OUTPUTS ARE TAKEN DIRECTLY FROM THE 
;STATE BITS. THEREFORE, AN OUTPUT DEFAULT IS NOT USED. 

Figure 4-54 (One of Two) 

Design for Figure 4-53 
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;STATE ASSIGNMENTS 
;STATES ARE THE SAME AS THE OUTPUTS 

so /Rl * /RO ;COUNT 0 
Sl /Rl * RO ;COUNT 1 
S2 Rl * /RO ;COUNT 2 
S3 Rl * RO ;COUNT 3 

;STATE AND TRANSITION DEFINITIONS 
;BECAUSE THE OUTPUTS ARE TAKEN DIRECTLY FROM THE STATE BITS, 
;NO OUTPUT EQUATIONS ARE USED. 

so .- COUNT UP -> Sl ;COUNT 0 TO 1 

+ COUNT DOWN -> S3 ;COUNT 0 TO 3 

Sl ·= COUNT UP -> S2 ;COUNT 1 TO 2 
+ COUNT DOWN -> so ;COUNT 1 TO 0 

S2 .- COUNT UP -> S3 ;COUNT 2 TO 3 
+ COUNT DOWN -> Sl ;COUNT 2 TO 1 

S3 ·= COUNT UP -> so ;COUNT 3 TO 0 
+ COUNT DOWN -> S2 ;COUNT 3 TO 2 

;DEFINE THE BRANCH CONDITIONS. THE BRANCH CONDITIONS ARE 
;ESSENTIALLY THE CONDITIONS FOR COUNTING UP OR DOWN. THE 
;COUNTER CAN ONLY COUNT IF PIN INIT IS LO. IF PIN INIT IS 
;HI, THEN NEITHER OF THE CONDITIONS IS TRUE, AND THE DEFAULT 
;BRANCH IS USED TO INITIALIZE THE COUNTER TO COUNT 0. 

CONDITIONS 

COUNT UP = 

COUNT DOWN 
UP*/INIT 

/UP*/INIT 

Figure 4-54 (Two of Two) 

Design for Figure 4-53 

~ MonollthlaWMemorles ~ 

Im 

4-135 



Notes 

4·136 ~ l#llonollthla W l#llemorles ~ 



6. Build Simulation 

About This Chapter 

This chapter describes the additional commands and control structures that allow you to 
simulate your design. Though simulating is optional, verifying a design before 
programming a device saves time. Simulating the design helps verify that the equations 
do implement the required function. 

About PALASM 2 Software And Simulation 

Simulating the design means specifying a trial set of input values for your design and 
checking that the resulting outputs are correct. 

PALASM 2 software has an event-driven simulator supporting all PAL device 
architectures, both asynchronous and synchronous. The program realistically simulates 
events generated by asynchronous or synchronous feedback and external events you 
generate. The simulator detects and reports oscillatory conditions and conflicts in the 
expected and the actual values of any signal. 

To ... Refer to Section ... 

Review the special syntax rules 6.1 

Build the Simulation segment 6.2 

Review a sample design and interpret the output files 6.3 
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6 .1 

Special Syntax 

6.2 

The general syntax rules for Boolean and state machine designs apply to building the 
Simulation segment except for the characters in Table 4-21. 

Table 4-21 

Exceptions to General Syntax 

Character(s) 

< 

> 

= 

<= 

>= 

Function 

Less than operator 

Greater than operator 

Equality operator 

Less than or equal to ... 

Greater than or equal 
to ... 

Build The Simulation Segment 

4·138 

Information in the Simulation segment defines atrial set of inputs and tells the software 
what to do with them. This segment is the last part of the design as shown in Figure 4-55. 
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or 

!COllD I 'r I OlH 
!......---~-----~~-

! ....................................................... ! I l!llgl!llA!'IC>lH 

SIMULATION 

Figure4-55 

Location of the Simulation Segment 

The keyword 

SIMULATION 

is required to identify this segment of the design. 

6.2.1 

The Simulation Language 

The simulation language has English-like words, making it easy to read and understand. It 
offers iterative looping, conditional branching, setting of signals, verification of signal 
values, and selective observation of signals. Table 4-22 briefly describes each directive 

in the simulation language. 
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Table4-22 

Description of Simulation Commands 

Command 

PRLDF 

SETF 

CLOCKF 

CHECK 

TRACE_ON 

TRACE_OFF 

FOR ... TO . , . DO loop 

WHILE ... DO loop 

IF ... THEN ... ELSE 

Description 

Initializes register outputs on preloadable 
devices 

Specifies new input values 

Generates a clock signal on the dedicated clock pin 

Verifies that the expected values and the 
simulated values are the same 

Defines specific signals to record in a special output 
file 

Turns off the TRACE_ ON command. 

Iterates a set of commands a fixed number of times 

Iterates a set of commands until a condition is 
satisfied 

Conditional branching 

After running simulation with assembling first, the software stores results in two output 
files: a history file (FILENAME.HST) and a trace file (FILENAME.TRF). The history file 
contains the values of all signals from the start of simulation to the end. The trace file 
contains the values of the signals mentioned between TRACE_ONand TRACE_ OFF 
commands. 

The organization of directives and the size of the segment depend on how thoroughly you 
simulate the design. You may need to use all the directives discussed below, or use only 
a few. 

If your design uses feedback from output registers and the device has a preload pin, you 
can preload register outputs to initialize the registers before initializing inputs (refer to 
PRLDF, Section 6.2.1.1 ). However, preloading registers after initializing the clock and all 
inputs is a better approach (refer to SETF, Section 6.2.1.2). 
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The PRLDF command assigns logical values to, or initializes, register outputs on 
preloadable PAL devices: 

Syntax 

PRLDF List of registered output pins 

Example 

PRLDF 01 /02 /03 

The elements of PRLDF are registered output pin names. Uncomplemented names cause 
a high logic value to be assigned to the registered output pins; names preceded by I 
assign a low logic value. 

This command affects the flow of simulation differently according to the way each 
registered device has its preload configured: 

For devices that have a dedicated preload pin, PRLDF successively disables the 
outputs, enables preload, loads the registers with the required logic values, disables 
preload, and finally enables the outputs. 

For devices that have their registers preloaded with supervoltages, PRLDF places a P 
in the clock field of the JEDEC vector. Simulation continues with the new value. 

For registered devices that cannot be preloaded, PRLDF provides a convenient way 
of initializing registers to desired values. 

Remember the following guidelines fOr using PRLDF. 

1. PRLDF the PAL32R16 and PAL64R32 in banks of eight. 

2. Only registered output pin names are valid arguments to the PRLDF command. 

3. The registers are preloaded, not the output pins. The output pins carry the results. 

4. When PRLDF is used on a state machine, both the state and its outputs must be 
preloaded, unless the state bits and the output bits are the same: 
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Example 

PRLDF STATEO /OUTl OUT2 OUT3 /OUT4 

5. On certain PAL devices, such as the PAL20X4, the A version of the part preloads 
with supervoltages, while the standard version does not. In these cases, the 
software preloads the device and issues a warning message to you. 

With your registers preloaded, you can initialize the clock and inputs as described next. 

SETF specifies new input values for the software to simulate. SETF is usually the first 
command after PRLDF when simulating registered output devices: 

Syntax 

SETF List of input pins 

Example 

SETF A /OE B /RESET /DO Dl D2 

At the start of simulation, all signals are undefined and show an X in the simulation output. 
A signal should only be set if you want to change it from the previous value. The signals in 
SETF are set high (H in the output) if not preceded by I ; otherwise, they are set low (L in 
the output). In the above example A, B, D1, and D2 are all set to H; OE, RESET, and DO 
are all set to L. Other input signals are undefined (X) or remain at a previously defined 
level. 

When a SETF command affects outputs, a vector is generated and all the equations that 
are affected are evaluated. Internally generated events are also detected and evaluated. 
With some activities, many more vectors can be generated by a single SETF command 
than with others because of feedback and asynchronous events. Although you do not 
see it, the simulator continues generating vectors and evaluating equations until the 
system stabilizes; that is, until there are no more changes in 'the output signals or no more 
events are generated. If the system fails to stabilize after ten iterations, then an 
oscillatory condition is assumed, and the simulation halts. 

After initializing the registers, the clock, and the inputs, you may want to verify the 
circuit's operation after a clock pulse for registered output designs. 
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Controlling Output Enable With SETF 

1. You have two options for using SETF to control the three-state function in 
simulation: 

Option 1: 

Table 4-23 helps you determine how to use SETF and what consequences to expect 
from a device with a dedicated output enable pin (OE). Enabled means visible output 
(three-state buffer is high); disabled means no output (three-state buffer is low). 

Table4-23 

Table for Using SETF to Control a Dedicated Output Enable 

Signal in Pin List 

OE 

OE 

SETF 
/OE 

In Table 4-23, 

If the pin is defined as ... And you want the outputs ... Enter ... 

OE Disabled SETFOE 

OE Enabled SETF/OE 

/OE Disabled SETF/OE 

/OE Enabled SETFOE 
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OptiOh2: 

If a local product term controls the three-state (such as for PAL22V10 and 
PAL20RA10), where 

then 

Output_Pin.TRST = Enable_Condition 

SETF ENABLE CONDITION (Enable_Condition is a logic 1; three-state is 
enabled) 

SETF /ENABLE_CONDITION (/Enable_Condition is logic O; three-state is 
disabled) 

2. to use a PAL 1OH20G81/0 pin as an input, set the sum of product terms and the 
output pin to low in the Simulation segment: 

Example 

EQUATIONS 

OUTl = A * C + B * D 

SIMULATION 

SETF /A /B 
SETF OUTl ;use as an input 

CLOCKF generates a clock signal on the dedicated clock pin(s): 

Syntax 

CLOCKF list of clock signal(s) 

·Example 

CLOCKF CLKl 

CLOCKF specifies the clock signals (dedicated clock pins) to which the software applies a 
clock pulse. Only the clock pin(s) of the device can be used in the CLOCKF command; 
any other pin is an illegal signal for this command. 
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Using SETF, initialize the clock pin to low in the first line of the Simulation segment before 
using CLOCKF: 

Example 

SETF /CLK 
PRLDF OUTl 
CLOCKF CLK 

if the pin was defined as CLK in the pin list. If the clock pin has a high value at the first 
CLOCKF command, an error occurs. Notice that you can control the clock pin using 
SETF: 

Each CLOCKF command corresponds to a pulse going from low to high to low. Thus, two 
or three vectors are generated. During the positive edge transition, the new value of the 
registers being clocked is transferred to the output. No action takes place for the 
registers that are not clocked. 

At every CLOCKF command, internally generated events and asynchronous events are 
detected. More vectors are generated until the circuit stabilizes. The operation of 
CLOCKF is similar to the SETF command, except that CLOCKF generates a pulse (return
to-zero) rather than maintaining a level (non-return-to-zero). 

Note: On the PAL 1 OH20GR8, do not CLOCKF pin 3 if pin 3 serves as an input for 
combinatorial equations and as clock/latch enable for registered/latched equations. Use 
two SETF lines to imitate the low-high action of CLOCKF. 

Example 

SETF /CLK 
SETF CLK 

CHECK can be used at important points in your simulation for debugging and verifying 
your design. CHECK verifies that the the signals you expect actually occur. If the signals 
you expect differ from the simulated signals, the software reports an error. Hovv you 
specify the signals to check depends on the polarity of the signal in the pin list. 

Table 4-24 summarizes how to CHECK signals. 

~ Monolithic W Memories ~ 4•145 



4·146 

Build Simulation 

Table4-24 

Table for Checking Signals 

Signal in Pin List 

PINl /PINl 

For high 

Checking 

For low 

In Table 4-24, 

If the pin is defined as ... And you are checking for a ... Enter ... 

PIN1 High CHECKPIN1 

PIN1 Low CHECK/PIN1 

/PIN1 High CHECK/PIN1 

/PIN1 Low CHECKPIN1 

Syntax 

CHECK List of signals you expect 

Example 

CHECK QO /Ql /Q2 

Only outputs can be arguments to the CHECK statement. Whenever a CHECK is 
executed, the simulator compares the actual value and the expected value of a particular 
signal. If they are equal, no action is taken. If they are not equal, the simulator reports a 
warning and continues processing using the actual value. CHECK reports the warning by 

~ Monolithic IHllJ Memories ~ 



6.2.1.5 

TRACE_ON 

6.2.1.6 

TRACE_OFF 

Build Simulation 

placing a ? in the vector where the error occurred as well as a vector number. The 
simulation output files contain the ? at this particular location. 

TRACE_ON defines specific signal values to record in the simulation trace file 
(FILENAME.TRF). By specifying only the signals significant to you, you can more easily 
read the simulation trace results: 

Syntax 

TRACE_ ON list of input and/or output signals 

Example 

TRACE_ON /OE SET RESET DO Dl D2 D3 /QO /Ql /Q2 

This command contains the signals that you want listed in the trace file. The signal names 
will be listed in the same order and with the same polarity as present in the TRACE_ ON 
command. This list of signals will be active until the next TRACE_ OFF command or until 
the end of the simulation specification. New signals can be traced on after the 
TRACE_ OFF command. This command helps you group the signals more naturally for 
debugging purposes. For example, all control signals can be grouped together, then all 
data signals can be grouped together, and then all output signals can be grouped 
together. This makes observing the results in the trace file very easy. 

TRACE_ OFF turns off the TRACE_ ON command. The signals you were tracing will no 
longer be recorded in the trace file. After this command, no more results are added to the 
trace file until the next TRACE_ON command is given. 

Remember that the history file (FILENAME.HST) contains all the information generated 
from the start of simulation to the end. The signals are in the same order and of the same 
polarity as in the pin list. The trace options break your results into time frames, which is 
critical for debugging. You can make the signals appear in any order with any polarity in 
the trace file. 
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6.2.1.7 

FOR ... TO ..• DO 

6.2.1.8 

The FOR loop allows repetitive execution of statements: 

Syntax 

FOR index var := lower limit TO. upper limit DO 
BEGIN 

statements 
END 

Example 

FOR J := 3 TO 8 DO 
BEGIN 

SETF A /B 
CLOCKF CLK 

Many statements can be embedded in a FOR loop, including another FOR construct with a 
different indexing variable. You can generate many vectors just by increasing the limits of 
this loop. The lower limit should be less than or equal to the upper limit. All the limit values 
should be greater than or equal to zero. You cannot use negative values for the limits. 
The loop is not executed if the conditions expressed in the limits are equal. 

WHILE ... DO 

4·148 

The WHILE loop allows a repetitive execution of statements that may be controlled by 
evaluation of logic conditions present within the device: 

Syntax 

WHILE condition DO 
BEGIN 

statements 
END 

Many statements can be embedded in a WHILE loop, including other looping constructs. 
The WHILE loop is used to iterate a set of commands until the condition is false. 

Condition expressions cannot contain nested parentheses. The condition can be any 
Boolean expression of logic signals or mathematical equality ( =. >, <, >=, <=, <> ): 
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Example 

WHILE (I<2) DO 

Here, the simulator checks if the condition I < 2 is true. The condition can also be any 
Boolean expression: 

Example 

WHILE (DRDY * /CLR) DO 

Here, the simulator evaluates (DROY* /CLR). If it is true, then the condition is true. 

IF ... THEN ... ELSE 

Use this construct for conditional branching: 

Syntax 

IF condition THEN 
BEGIN 

statements 
END 

ELSE 
BEGIN 

statements 
END 

Example 

IF J = 5 THEN 
BEGIN 

CHECK QO 
END 

ELSE 
BEGIN 

CHEC:K /QO 
END 

or IF condition THEN 
BEGIN 

statements 
END 

The two ways to use this construct are: with an ELSE clause or without. If the construct 
has an ELSE clause and the condition is true, the THEN clause is executed; otherwise, 
the ELSE clause is executed. If there is no ELSE clause and the condition is not true, 
then the simulation executes the next command or construct after the IF ... THEN 

construct. 
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As with the WHILE ... DO construct, condition expressrons cannot contain nested 
parentheses. The condition can be any Boolean expression of logic signals or mathe
matical equality ( =, >, <, >=, <=, <> ). 

Review Simulation Guidelines 

4-150 

1 . All signals are assumed to be don't care at the start. 

2. Initialize all your control signals (such as three-state, preload and clock) to their 
default values. If they are not initialized, the simulation may give erroneous results 
and may generate warnings for pins not initialized. 

3. If the three-state or preload pin is /OE, for example, then SETF OE will enable the 
outputs and SETF /OE will disable the outputs. 

4. For the PAL20RA10: 

If A, B, CLK, RESET, and SET are defined in the pin list and 

QO := A * B 
QO.CLKF CLK 
QO.RSTF RESET 
QO.SETF SET 

appear in the Equations segment, then the following simulation commands will have 
the given results: 

SETF SET /RESET ;The register QO is set to H, 
;so the output pin will go L. 

SETF RESET /SET ;The register QO is set to L, 
;so the output pin will go H. 

The data path of this devic.3 is treated in the normal way because the polarity fuse is 
in front of the register. The simulator takes care of any difference in the polarity 
between the signal in the pin list and the left side of the equation. 
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6.2.3 

Rules For State Machine Simulation Syntax 

6.3 

1. In a Boolean equation design, you use the PRLDF, CHECK, TRACE_ON, WHILE and 
IF constructs to reference the value of an output. In a state machine design, 
however, you use these constructs to reference states and outputs unless state 
bits and output bits are the same: 

Example 

PRLDF STATE_ONE 01 /02 /03 

2. The two history output files from simulation are FILENAME.TRF (if TRACE_ON is 
used) and FILENAME.HST. In addition to the H, L, X, and Z (high-impedance) values 
for signals, output files for the PMS14R21 contain the state of the machine at each 
point in the simulation. 

Review A Sample Design And Interpret The Output 
Files 

The following sections discuss interpreting the simulation output files for SUPER.PDS in 
Figure 4-56. Run The Software, Chapter 3, discusses processing SUPER.PDS. Along 
with the previous discussions on simulation commands, the following discussions help 
you understand how to simulate a design and interpret the results in waveform and output 
file formats. 
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TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

Build Simulation 

SUPER FRAME PAL 
SUPER FRAME PAL FOR Tl INTERFACE 
Pl.02 
STEVE PATTERSON AND THERESA SHAFER 
MONOLITHIC MEMORIES 
1/16/87 

; DESCRIPTION 

;This PAL counts the Tl Frames and controls the Signal 
;Bits extraction process, including Fly Wheeling. It 
;also provides various other signals which indicate 
;the frames with signal bits. The counter is reset 
;with either RSTB or when frame detection is SUNK and 
;frame 1 occurs from two different sources (FRMl & SOJ'). 

CHIP SUPER FRAME PAL16R6 

;PINS 
;l 2 3 4 5 6 7 8 9 10 
Tl CKB RSTB FRMlB SUNK SOF NC NC NC NC GND 

; 11 12 13 14 15 16 17 18 19 20 
OEB NC Q3 Q2 Ql QO FRM 6 FRM 12 NC VCC 

Figure 4-56 (One ofThree) 

SUPER.TRF Input File 
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;INPUTS:Tl_CKB ACTIVE LOW EXTERNAL Tl CLOCK 
;RSTB ACTIVE LOW MASTER RESET 
;SOF LAST KNOWN START OF FRAME 
;SUNK ACTIVE HIGH SIGNAL INDICATING "IN FRAME SYNC" 
;OEB ACTIVE LOW OUTPUT ENABLE INPUT 

EQUATIONS 

/Q3 := /Q2 * Ql * QO 
+ /Q3 * /Q2 
+ /Q3 * /Ql 
+ /Q3 * /QO 
+ /FRMlB * SOF * SUNK 
+ /RSTB 

/Q2 ·= Q2 * Ql * QO 
+ /Q2 * Q3 
+ /Q2 * /Ql 
+ /Q2 * /QO 
+ /FRMlB * SOF * SUNK 
+ /RSTB 

/Ql ·= Ql * QO 
+ /Ql * /QO 
+ /FRMlB * SOF * SUNK 
+ /RSTB 

/QO ·= QO 
+ /FRMlB * SOF * SUNK 
+ /RSTB 

/FRM_6 ·= Q3 
+ /Q2 
+ Ql 
+ QO 

/FRM_12 ·= /Q3 
+ Q2 
+ /Ql 
+ QO 

Figure 4-56 (Two of Three) 

SUPER.PDS Input File 
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;OUTPUTS:Q(3-0) STATE VARIABLES 
;FRM_6 CLOCK SIGNAL WHICH INDICATES SIGNAL BIT A 
;FRM_l2 CLOCK SIGNAL WHICH INDICATES SIGNAL BIT B 

SIMULATION 

TRACE ON Tl CKB RSTB FRMlB SOF SUNK 
Q3 Q2 Ql QO FRM_6 FRM_l2 

SETF /OEB ENABLE OUTPUT 
/RSTB RESET REGISTERS 
/Tl_CKB INITIALIZE CLOCK 

CLOCKF Tl CKB 
SETF RSTB /SOF FRMlB SUNK 
CLOCKF Tl CKB 

FOR I:=l TO 24 DO 
BEGIN 
CLOCKF Tl CKB 
END 

SETF /SUNK SOF /FRMlB 
CLOCKF Tl CKB 
SETF /SUNK /SOF /FRMlB 
CLOCKF Tl CKB 
SETF /SUNK SOF FRMlB 
CLOCKF Tl CKB 
SETF /SUNK /SOF FRMJ~ 
CLOCKF Tl CKB 
SETF SUNK SOF /FRMlB 
CLOCKF Tl CKB 
SETF SUNK /SOF /FRMlB 
CLOCKF Tl CKB 
SETF SUNK /SOF FRMlB 
CLOCKF Tl CKB 
SETF SUNK SOF FRMlB 
CLOCKF Tl CKB 
TRACE OFF 

Figure 4-56 (Three of Three) 

SUPER.PDS Input File 
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After processing, the simulation results are stored in the following output files: 

History file (FILENAME.HST) 

Trace file (if TRACE_ ON used, FILENAME.TRF) 

Note: The simulation program also creates a JEDEC fuse and test data file 
(FILENAME.JDC) if assembly was done first. This file can be downloaded to the 
programmer to program and verify the device. For more information about this file, refer to 
Interpret the JEDEC Test Data, Section 6.3.6, and to Program The Device, Chapter 7. 

You may view the files as waveforms on your screen or on a printout as discussed in View 
The Simulation Output Files, Section 3.7.2. 

Figure 4-57 shows the format of the waveform displays and output files. In addition to the 
previous discussions of the simulation commands, the following sections help you 
interpret the codes in simulation waveforms and output files. 

~·""""'"'""''"''" ... ~'"'·''""": 
i ! 
i I 
i ! 
: ~ 

~ ~ 

PIN -+I I 
NAMES ! ! 

i ~ 
i i 

'""""""'"""""'J 

~-. I 
! 

~ 
VALUES OR WAVEFORMS 

Figure4-57 

Wavefonn Display and Output File Format 
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Table 4-25 shows the characters and their corresponding simulation commands. 

Table4-25 

Simulation Output Characters 

Ch.aracter 

g (son a PROSE device) 
c 
p 

Input File Command 

SETF 
CLOCKF 
PRLDF 

In addition to the previous discussions on simulation commands and constructs, the 
following discussions help you simulate your design and interpret the results. 

The g Character 

The character g (son a PROSE device) indicates the SETF command. In the Simulation 
segment, you specify the pins that are set to high or low values with this command. When 

. the value on a pin does not change, the result is not recorded in the history file. For 
example, if a pin that has a high value already, is set high again, the second high value 
causes no change and generates no extra vectors. The values under the g character can 
take up more than one column. When this happens, only the last column indicates the 
stable values. The first two columns are caused by intermediate conditions such as 
feedbacks. 

Note: A column of SETF values can also be caused by a PRLDF command in the input file. 
When this occurs, the g column will immediately follow the p column. 

The c Character 

The c character indicates the CLOCKF command. Notice in Figure 4-58 that each column 
with a c character is preceded by two more columns of values. This is because the 
clocking procedure consists of three steps: 

1 . Raise the clock pin. The clock pin goes from low to high. 

2. While the clock pin is high, the new output pin values are recorded. 
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3. Lower the clock pin. The results are shown in the last column. 

The p Character 

The character p appears in the history output when a PRLDF or preload command is 
specified in the Simulation segment. This command causes a three-step procedure on a 
registered device: 

1 . The output enable pin is set high. 

2. A value is loaded in the register. 

3. The output enable pin is set low. 

The history file records the entire preload procedure. The column headed by the p 
character records the values. However, there are two exceptions: 

The outputs may be stored in the next column which is headed by a g or s. This 
occurs when the value in the register changes. 

If the PRLDF command is followed by a CLOCKF in the input file, the first CLOCKF 
column records the stable values of the preload. 

Interpret The History Waveforms 

History waveforms are based on the information in the history file. The waveforms are not 
stored in a separate file; they graphically represent the FILENAME.HST file. Figure 4-58 
shows SUPER.HST as history waveforms. 
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RSTB 

FRMIB 

SUNK 

SOF 

OEB 

03 

02 

01 

PIN NAMES 
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~ c c c c c c c c c c c c c c c c c c 

Starting vector ·s number 53 Step size = 
Use arrow keys, HOME, END, <STEP> size, 

UNDEFINED 

Figure4-58 

SUPER.HST Waveforms 

LOW 
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You read waveforms in columns. Use the vertical bar cursor to track the events in each 
column. 

The SETF and CLOCKF commands used in the Simulation segment of the input file are 
coded in the horizontal row above the waveforms. By moving the bar across the screen 
you can track the results caused by the SETF and CLOCKF commands on each pin. 
Notice that the p character does not appear. This is because this example does not 
contain a PRLDF command. 

The pins for which simulation events were defined appear vertically at the left of the 
waveforms. 

Note: The history waveforms list the pins exactly as they are defined in the pin list of the 
input file. Therefore, they are in the same sequence and have the same polarity as the pin 
list. NC or no-connect pins are not included. The signals in the history waveform can also 
be observed on the pins of the device. 

Interpret The Trace Waveforms 

The trace waveforms are based on the information in the trace file. The waveforms are not 
stored in a separate file; they graphically represent the FILENAME.TRF file. Figure 4-59 
shows SUPER.TRF as trace waveforms. 

The events recorded by trace waveforms are determined by the TRACE_ ON and 
TRACE_OFF commands in the Simulation segment. These commands allow you to trace a 
group of signals in the order and polarity you specify. 
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RSTB 

FRMIB 

SOF 

SUNK 

03 

02 

01 

00 

FRM6 

PIN NAMES 
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g cg cccccccccccccc 

(""'v'''-"~'w''>.~ 

·~o;X.~ ... ~~~-;.;.,..::-;.-:. .............. ,d 

UNDEFINED LOW HIGH 

Figure4-59 

SUPER.TRF Waveforms 
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Track the events in columns using the vertical bar cursor just as you tracked the history 
waveforms. 

The trace waveforms differ from the history waveforms in the following ways: 

The signal names in the history waveforms are taken from the pin list; the signal 
names in the trace waveforms are taken from the TRACE_ ON command. Therefore 
their polarity may be inverted. 

The signal in the trace file may be in any order. 

Some signals or events may not be displayed. The trace waveforms show only those 
signals between the TRACE_ON and TRACE_ OFF commands; the history waveforms 
are more complete. 

Interpreting the history and trace files is discussed next. 

Interpret The History File 

The history file contains simulation results in columns. If you prefer viewing the simulation 
results in waveforms, you may not need to look at the sample history file in Figure 4-60. 
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SETF CLOCKF 

~:=;~~/ _/ 
jgl cg . c. c c c i c ! c c c 

Tl CKB ixiiHLLHHLtrn LHHLHHLlaHL ~HLHHLHHLH 
RSTB ·L~LLHHHHHH HHHHHHH~HH ~HHHHHHHHH 
FRMlB X*XXHHHHHH HHHHHHHf~HH f-:IHHHHHHHHH 
SUNK X*XXHHHHHH HHHHHHH$HH ~HHHHHHHHH 
SOF x¥xxLLLLLL LLLLLLL~LL ~LLLLLLLLL 
GND Lf.LLLLLLLL LLLLLLL~LL ~LLLLLLLLL 

PIN ~ OEB LtLLLLLLLL LLLLLLLiLL tLLLLLLLLL 
Q3 ~fLLLLLLLL LLLLLLL~LL ~LL.LLLLHHH 

c c c 
HLHHLHHLHH 
HHHHHHHHHH 
HHHHHHHHHH 
HHHHHHHHHH 
LLLLLLLLLL 
LLLLLLLLLL 
LLLLLLLLLL 
HHHHHHHHHL 
LLLLLLLLLL 
LLLHHHHHHL 
HHHLLLHHHL 
LLLLLLLLLL 
LLLLLLHHHL 

NAMES 
Q2 XLLLLLLLL LLLLLHH$HH BHHHHHHLLL 
Ql !X¥LLLLLLLH HHHHHLLf:,LL ~HHHHHHLLL 
QO lx*LLLLHHHL LLHHHLL~.HH ffLLLHHHLLL 
FRM_6 ~*XXXXLLLL LLLLLLL~HH ~LLLLLLLLL 
FRM_12 1x.·*xx~~LLL LLLLLLL~LL ~L~LLLLLL 
vcc ~JIHH \HHHH HHHHHHH~H".J"" I HHHHHH 

UNDEFINED LOW 

Figure4-60 

SUPER.HST File 

HHHHHf HHH 

HIGH 

Notice that you read the file in columns. On the left side of the page, the pins are listed in 
order beginning with pin 1. The characters for the simulation commands are displayed in 
the first horizontal row on each page of the file. For example, the values in the outlined 
columns in Figure 4-60 are a result of SETF (g) and CLOCKF (c) commands. Refer to Table 
4-26 for definitions of the command characters. 

Each column contains the values on each pin that result from simulation commands. 
Table 4-26 lists the values that appear in a history file. 
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Character 

H 

L 

z 

x 

? 

Table 4-26 

Value Characters in the History File 

Value 

High 

Low 

High impedance state 

Undefined or don't care value 

CHECK command discrepancy: 
simulated value does not match the 
expected value 

Note: The example in Figure 4-60 does not contain p, ? or z characters. This is because 
the input file does not contain PRLDF statements, CHECK statements, or high impedance 
states. 

Note: The history file lists the pins exactly as they are defined in the pin list. Refer to the 
note in Interpret The History Waveforms, Section 6.3.1. 

Interpret A PROSE History File 

The state machine history file for a PROSE device differs from a standard history file in 
one respect. It shows the state the machine is in at the bottom of the file. Figure 4-61 
displays the state information at the bottom of a PMS14R21 history file. Notice how the 
values of the states can be tracked vertically against each pin. 
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CLOCK 
DCLK 
SENl 
SEN2 
I2 
I7 
SDI 
GND 
RESET 

PIN _.. SDO 
NAMES REDl 

4·164 

YELl 
GRNl 
RED2 
YEL2 
GRN2 
01 
00 
MODE 
vcc ,__ 

STATE 

Build Simulation 

s c s c r-c-'~c c 
LHHLLLHHLH!HLH~LHHLHH 
xxxxxxxxxx!xxx 1xxxxxx 
XXXXLLLLLLjLLLfLLLLLL 
XXXXLLLLLLILLL~LLLLLL 
xxxxxxxxxx!xxx~xxxxxx 
xxxxxxxxxxixxx.fxxxxxx 
xxxxxxxxxx1xxx xxxxxx 
LLLLLLLLLL LLL LLLLLL 
HHHHHHHHHH,HHH~HHHHHH 
xxxxxxxxxx xxx¥xxxxxx 
HHLLLLLLLLiLLL}LLHHHH 
HHLLLLLLLLjLLLHHHLLLL 
HHHHHHHHHHlHHHtLLLLLL 
HHHHHHHHHHl!HHHWHHLLLL 
HHLLLLLLLL~LLLtLLLLLL 
HHLLLLLLLLlLLLfLLHHHH 
xxxxxxxxxx!xxxfxxxxxx 
xxxxxxxxxxlxxxtxxxxxx 
xxxxxxxxxxlxxx~xxxxxx 
HHHHHHHHHH!HHHFHHHHHH 

c c c c s c c 
LHHLHHLHHL LLHHLHHLHH 
xxxxxxxxxx xxxxxxxxxx 
LLLLLLLLLL LLLLLLLLLL 
LLLLLLLLLL HHHHHHHHHH 
xxxxxxxxxx xxxxxxxxxx 
xxxxxxxxxx xxxxxxxxxx 
xxxxxxxxxx xxxxxxxxxx 
LLLLLLLLLL LLLLLLLLLL 
HHHHHHHHHH HHHHHHHHHH 
xxxxxxxxxx xxxxxxxxxx 
HHHHHHHHLL LLLLLLLLLH 
LLLLLLLLLL LLLLLLHHHL 
LLLLLLLLHH HHHHHHLLLL 
LLLLLLLLHH HHHHHHHHHL 
LLLLLHHHLL LLLLLLLLLL 
HHHHHLLLLL LLLLLLLLLH 
xxxxxxxxxx xxxxxxxxxx 
xxxxxxxxxx xxxxxxxxxx 
xxxxxxxxxx xxxxxxxxxx 
HHHHHHHHHH HHHHHHHHHH 

ll ~ ........, 

~~~~~~~~~~ l~,~]~~~~~~ 
EE ~ 
RR 

uu 
pp 

VERTICAL 
TRACKING 

Figure4-61 

ssssssssss ssssssssss 
5566677700 0002223334 

Sample PMS14R21 History File 
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6.3.5 

Interpret The Trace File 

The trace file is a result of the TRACE_ ON command in the input file and is read in the 
same way as the history file. As mentioned earlier in the discussion on waveforms, the 
trace file differs from the history file in the following ways. 

The pin names in the trace file are taken from the TRACE_ ON command, not from the 
pin list. Therefore, their polarity may be inverted. 

The pins in the trace file may be in a different order. 

Some pins or events may not be displayed. The trace file traces only those pins you 
define in the TRACE_ ON command; the history file is more complete. 

Figure 4-62 shows a sample trace file. Notice that the GND, VCC, and OEB pins shown in 
Figure 4-61 are not listed. 

SETF CLOCKF 

!~:::;;T~ / 
,......... l g i cg c c c ci c l c c c c c c 

Tl CKBl X~HLLHHLHH LHHLHHLBHL ~HLHHLHHLH HLHHLHHLHH 
RSTB ! d;LLHHHHHH HHHHHHH~HH ~HHHHHHHHH HHHHHHHHHH 
FRMlB l xixxHHHHHH HHHHHHH~HH ~HHHHHHHHH HHHHHHHHHH 
SOF l XtXXLLLLLL LLLLLLLLLL ~LLLLLLLLL LLLLLLLLLL 
SUNK I xixxHHHHHH HHHHHHH~HH 0HHHHHHHHH HHHHHHHHHH 

:MES ~ Q3 j X*LLLLLLLL LLLLLLL~LL ~LLLLLLHHH HHHHHHHHHL 
Q2 l XtLLLLLLLL LLLLLHH~HH ~HHHHHHLLL LLLLLLLLLL 
Ql 1; XXLLLLLLLH HHHHHLLtLL tHHHHHHLLL LLLHHHHHHL 
QO l xtLLLLHHHL LLHHHLLLHH BLLLHHHLLL HHHLLLHHHL 
FRM 6 l XXXXXXLLLL LLLLLLLLHH BLLLLLLLLL LLLLLLLLLL 

._ERM:: 12~fxxx~ LLLLLLL~LLLrLLLL 

UNDEFINED LOW 

Figure4-62 

Sample Trace File 
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6.3.6 

Interpret The JEDEC Test Data 

4-166 

The simulation program also generates a JEDEC test data file that has the extension .JDC 
if you assembled the design first. This file contains the fuse data with test vectors at the 
bottom. The device programmer can use this file for programming and verifying the 
device. Refer to Program The Device, Chapter 7, for more information. 

Figure 4-63 displays the test vectors from the SUPER.JDC output file. Notice that the 
figure does not include the fuse map that appears above the test vectors. 
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VOOOl COXXXXXXXNOXLLLLXXXN* 
V0002 ClllOXXXXNOXLLLHLLXN* 
V0003 ClllOXXXXNOXLLHLLLXN* 
V0004 ClllOXXXXNOXLLHHLLXN* 
~~-~~,~~-~~-~~~,~--·----~ 

Y.QQJL~~~l l,1,_DXX,~.~JlQ.~IAfkkk!!)lli:.:l .............. TEST 
V0006 ClllOXXXXNOXLHLHHLXN* VECTOR 
V0007 ClllOXXXXNOXLHHLLLXN* 
V0008 ClllOXXXXNOXLHHHLLXN* 
V0009 ClllOXXXXNOXHLLLLLXN* 
V0010 ClllOXXXXNOXHLLHLLXN* 
VOOll ClllOXXXXNOXHLHLLLXN* 
V0012 ClllOXXXXNOXHLHHLHXN* 
V0013 ClllOXXXXNOXLLLLLLXN* 
V0014 ClllOXXXXNOXLLLHLLXN* 
V0015 ClllOXXXXNOXLLHLLLXN* 
V0016 ClllOXXXXNOXLLHHLLXN* 
VO 01 7 Cl ft..B****N{}RLtHJfd:rI:i*N* ... ~·--·-· ... ·~- CLOCK 
V0018 ClllOXXXXNOXLHLHHLXN* 
V0019 ClllOXXXXNOXLHHLLLXN* 
V0020 ClllOXXXXNOXLHHHLLXN* 
V0021 ClllOXXXXNOXHLLLLLXN*'-tl--~,~ NOT 
V0022 ClllOXXXXNOXHLLHLLXN* 
V0023 ClllOXXXXNOXHLHLLLXN* 
V0024 ClllOXXXXNOXHLHHLHXN* 
V0025 ClllOXXXXNOXLLLLLLXN* 
V0026 ClllOXXXXNOXLLLHLLXN* 
V0027 ClOOlXXXXNOXLLHLLLXN* 
V0028 ClOOOXXXXNOXLLHHLLXN* 
V0029 CllOlXXXXNOXLHLLLLXN* 
V0030 CllOOXXXXNOXLHLHHLXN* 
V0031 ClOllXXXXNOXLLLLLLXN* 
V0032 ClOlOXXXXNOXLLLHLLXN* 
V0033 ClllOXXXXNOXLLHLLLXN* 
V0034 CllllXXXXNOXLLHHLLXN* 

TESTED 

C6 07C* 4 ...... ~.~~~-~·-~~---~--.~~ FUSE 
CSEE CHECKSUM 

Figure4-63 

TRANSMISSION 
CHECKSUM 

Test Vectors from SUPER.JDC 
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7. Program the Device 

About This Chapter 

This chapter outlines two methods to program a device: 

To ... 

Use a computer to send JEDEC files to your 
programmer 

Read this Section ... 

7.1 

Use PC2 communications software 7.2 

Copy files from a programmed master device 7 .3 

Download the JEDEC file 7.4 

For detailed instructions, specific to your programmer, refer to your programmer manual. 
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7.1 

Send JEDEC Files To The Programmer 

7.1.1 

To program a device from a JEDEC file, complete the following tasks. 

1 . Set up the communications link between the programmer and your computer using 
either MS-DOS commands or the PC2 communications program. 

2. Connect the programmer to your computer. 

3. Send a JEDEC file to the programmer. 

4. Program the device. 

The sections that follow give detailed descriptions of each step. 

Connect the Programmer 

To connect the programmer to the computer serial port, follow these steps. 

1 . Make sure the computer has a serial port. Most programmers require a serial 
connection to the computer. 

2. Verify the device name of the serial port, COM1: or COM2: (You will need to know 
this when you establish the communications link). 

3. Connect the programmer to a serial port on the computer. Use the cable specified in 
the programmer manual. Figure 4-64 shows a typical programmer-to-computer 
connection. 
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PLO 
PROGRAMMER 

Figure4-64 

Connect the Programmer to a Computer 
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7.1.2 

Set Up The Communications Link 

4·172 

To set up the programmer transmission parameters, follow these steps. 

1 . Set the transmission parameters for the programmer. Refer to the programmer 
manual for instructions. If these parameters are fixed in your programmer, note the 
settings so that you can configure the computer to match. 

2. Set the transmission parameters for the computer. You can use: 

MS-DOS commands 

PC2, a software communications program supplied on the supplemental disk 

• Any commercially available communications software 

To use ... 

MS-DOS commands 

PC2 software program 

Commercial communi
cations software 

You will ... 

Type MODE followed by the device name, baud rate, 
parity, number data bits, number stop bits. For 
example, 

MODE COM1:4800,N,7,1 

To ensure a reliable transfer, use 4800 baud or lower. 

Proceed to Transmit The JEDEC File Using MS-DOS, 
Section 7.1.3 

Skip to PC2 Communications Software, Section 7.2 

Refer to that communications software manual for 
instructions. 
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7.1.3 

Transmit The JEDEC File Using MS-DOS 

7.2 

The PALASM 2 software generates different JEDEC files, depending on which programs 
you run. If you run the XPLOT program, the software generates fuse maps in a file with 
the extension .JED. The programmer uses the .JED file to program the device. 

If you run the SIM program after XPLOT, the software adds test vectors to the .JED file 
and generates a file with the extension .JDC. Many programmers can use the test vectors 
in the .JDC file to perform a functional test after programming and verification. 

Note: On PROSE and PLS devices the PROASM and PLSASM respectively are the 
assembly programs that create the .JED file. 

To prepare the programmer to receive a .JDC or JED file, follow these steps. 

1. Set up the programmer to receive the JEDEC files. Refer to your programmer manual 
for instructions. 

2. Use the MS-DOS command, COPY, to send the JEDEC file to the serial port: 

COPY filename COM1: 

The programmer should indicate that it is receiving the file. 

3. Make sure the programmer successfully received the file. The programmer should 
indicate that the transmission is complete. 

4. Proceed to Download The JEDEC File, Section 7.4. 

PC2 Communications Software 

With PC2 software, a bidirectional communications program, you can set up and verify the 
communications link between the programmer and the IBM-PC/XT/AT. You can also set 
up computer transmission parameters and send a JED EC file to the programmer. 
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7.2.1 

Load PC2 

7.2.1.1 

Program the Device 

You can load the PC2 software program from a hard disk drive or from floppy disks. This 
section describes both methods. 

Load PC2 From A Hard Disk Drive 

4-174 

1. Make sure PC2 is installed on your hard disk drive. 

If you ... 

Already installed PC2 

Did not install PC2 

Then ... 

Proceed to step 2. 

Follow the instructions in Install The Menu, Section 
2.1.3.1. When the screen displays the input install 
request menu, select option 5, Install Supplementary 
Software only. 

After you install the supplementary programs and exit 
the input install request menu, the screen displays 
the system prompt. 

2. From the system prompt, start the PALASM 2 software main menu by entering 

PALASM <return> 

and press <return> again. 

3. Use the PALASM 2 software main menu to start PC2. From the main menu, press 
<F4> Program Device. 

F4 Program Device 

The screen displays the function key menu, as shown in Figure 4-65. For a 
description of the function keys, proceed to PC2 Function Keys Defined, Section 
7.2.1.3. 
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Program the Device 

Proceed ... 

FUNCTION KEYS: 
Fl-Send File F2-SETUP F3-View F4-Capt F9-New Filename FlO-Exit 

Figure4-65 

PC2 Function Key Menu Screen 

7.2.1.2 

Load PC2 From A Two Floppy System 

To load PC2 on a two floppy disk drive system, follow these steps. 

1 . Insert the backup copy of the Supplementary disk in drive A. 

2. Insert the data disk containing your JEDEC file in drive B. 
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7.2.1.3 

Program the Device 

3. Type PC2 and press <return>. The screen displays the function key menu, as 
shown in Figure 4-65. 

4. For a description of the function keys, proceed to PC2 Function Keys Defined, 
Section 7.2.1.3. · 

PC2 Function Keys 

Table 4-27 describes the use of each function key. 

Table4-27 

PC2 Function Keys 

Function Key Function 

Send a file 

Configure the communications port 

View the JEDEC file as it is sent to the programmer 

Save the transmitted data to a disk file 

Name a new file 

Exit the PC2 program 

7.2.2 

Set Up Computer Transmission Parameters 

To set up transmission parameters for your computer, follow these steps. 

1. To display the setup menu, press <F2>. 

2. To view all the options for a selected paramaer, press the spacebar. A circle (bullet) 
indica,tes the selected parameter .. 

3. When the correct option displays, press <return> to advance to the next parameter. 



Program the Device 

4. Repeat steps 2 and 3 for each parameter. 

5. Alter you select an option for the last parameter (Stop bits) and press <return>, the 
screen displays the transmission parameters. Figure 4-66 shows a sample setup. 

ll 
SETUP PROGRAM FOR PALASM COMMUNICATION ... 

<CR> Next Field, <SPACE> Modify 

o Com port ..... '. : COMl: 
Baud rate . . . . . : 2400 
Parity ....... : E 
Data bits 7 
Stop bits . . . . . . 1 

New values ok (Y/N) ? 

(C)Copyright 1983,1984 Monolithic Memories 
All Rights Reserved 

'--

FUNCTION KEYS: 

JI 

Fl-Send File F2-SETUP F3-View F4-Capt F9-New Filename FlO-Exit 
!;;,,, 

Figure4-66 

Computer Transmission Parameters Screen 
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7.2.3 

Program the Device 

7. Decide whether you want to use the new parameter values by selecting Y or N: 

If you type ... Then ... 

<N> <return> You can change any parameter setting. Repeat steps 2 and 3. 

The screen displays: 

Make these changes permanent (Y/N) ? 

Proceed to step 7. 

7. Decide whether you want to save the changes to disk by selecting Y or N: 

If you type ... Then ... 

You can change any parameter. Repeat steps 1 through 6. 

The program saves these changes to the file, PC2.DAT, on the 
Supplementary diskette in drive A. The function key menu 
displays across the bottom of the screen (as in Figure 4-65). 

Transmit The JEDEC File 

To send a JEDEC file to your programmer, follow these steps. 

1 . To transmit one file, or the first of a series of files, to your programmer, press <F1 >. 
Figure 4-1?7 shows the screen display. 

2. To select another file to transmit to the programmer, press <F9>. Figure 4-67 shows 
the screen display. 
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Program the Device 

ll 
PALASM COMMUNICATION PROGRAM v2.0 ... 

File to Transmit to Programmer? 

'= 

(C)Copyright 1983,1984 Monolithic Memories 
All Rights Reserved 

FUNCTION KEYS: 

JI 

-

-

Fl-Send File F2-SETUP F3-View F4-Capt F9-New Filename FlO-Exit 

Figure4-67 

PC2 Name Transmit File Screen 

2. Enter the drive name followed by the name of your JEDEC file and press <return>. 
The program verifies that the filename exists. When complete, the menu bar 
displays across the bottom of the screen. 

3. Set up the programmer to receive the JEDEC file. Refer to your programmer manual 
for instructions. 
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7.3 

Program the Device 

4. To send the JEDEC file, press <F1>. Watch for this activity: 

• The screen displays: Transmitting ... 

• The programmer indicates that it is receiving the file. 

• When complete, the screen displays: End Transmission ... 

5. II the transmission is not successful, check that the transmission parameters for 
the computer and the programmer match. Also, refer to your programmer manual for 
more troubleshooting information. 

6. To exit the PC2 program, press <F10>. Figure 4-68 shows the screen display. 

7. Proceed to Download The JEDEC File, Section 7.4. 

Copy From A Master Device 

II you have a master device and you want to program a device of the same type with 
exactly the same pattern, follow these steps. 

1. Set the programmer to read (or copy) the master device. You may also need to know 
the product code and device type specific to the manufacturer. 

2. Install the correct adapter, if required. 

3. Enter the appropriate product code or select the product from the menu. Refer to the 
programmer manual for instructions. 

4. Install the programmed master device in the correct socket and read its fuse pattern 
into the programmer memory. 

The pattern is now in the programmer memory and will remain there unless the 
memory is cleared or the programmer power is turned off. 

5. Verify that the checksum displayed at the end of the copy operation matches the 
checksum of the master device. 

6. II the checksums match, you are now ready to program the device. Proceed to 
Download The JEDEC File, Section 7.4. 
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Program the Device 

ll 
PALASM COMMUNICATION PROGRAM v2.0 ... 

Thank you for using MM! products 

.... 

(C)Copyright 1983,1984 Monolithic Memories 
All Rights Reserved 

FUNCTION KEYS: 

JI 

Fl-Send File F2-SETOP F3-View F4-Capt F9-New Filename FlO-Exit 

Figure4-68 

PC2 Exit Screen 

4-181 



Program the Device 

7.4 

Program The Device 

4-182 

To program the device, follow these steps. 

1 . Follow the manufacturer's instructions to install a device into the programmer. For 
some programmers, you must know the device code and the correct adapter or 
software version. 

2. Program the device by sending the file (now resident in the programmer) to the 

device. 

With most programmers, you can specify the programmer to verify that the device was 
programmed correctly. If you run the SIM program, the software includes JEDEC test 
vectors in your file. The programmer uses these test vectors to perform a functional test. 
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PALASM 2 Software Glossary 

Autorun: A feature of the PALASM main menu that allows you to run the assembly and 
simulation programs with one keystroke. 

BINHEX supplementary program: A binary to hexadecimal conversion program. 

Boolean equation design: Specifies Boolean logic functions for programming a 
device to perform specified tasks and give specified outputs. 

CHECK command: Compares the expected values and the simulated values of 
signals during simulation. 

CLOCKF command: Generates a clock signal on the dedicated clock pin(s). 

Combinatorial equations: Component of the Equations segment. Equations that 
combine signals for immediate output. 

Commands: See individual command name. 

Condition: A set of inputs in a state diagram. 

Conditions segment: A segment of the state machine design that defines the input 
values that determine state transitions. The condition equations assign names to unique 
sets of inputs. 

Declaration segment: Describes design identification, device anrJ pin data, and 
sfring substitutions. 

DECODE supplementary program: Address decoder program that generates 
PALASM 2 software Boolean equations. 

Editor: Also called a word processor. A computer program that permits selective 
revision of computer-stored data. 

Equations segment: A segment of the input file. Contains equations for Boolean and 
programmable functions that define outputs in terms of inputs and feedback. 

EXPAND program: Expands input equations and converts state machine syntax to 
Boolean equations. 
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PALASM 2 Software Glossary 

Fields: Areas on the PALASM 2 main menu where you enter data--specifically, the input 
PDS file name and the directory where that file is located. 

Files: See individual filename. 

FOR ... TO ... DO loop command: Optional construct in the Simulation segment 
syntax. Iterates a set of commands a fixed number of times. 

Functional equation: Components of the Equations segment of a Boolean design. 
Defines these programmable functions: clock, set, reset, three-state, dynamic 
registered/compinatorial output selection. 

Fuse map: An output file generated by the program XPLOT. Displays the programmed 
and unprogrammed fuses specified by the input file. 

Fuseplot: See fuse n:iap. 

History file: An output file generated by the SIM program that shows the values of 
every pin through a simulation sequence . 

. HST file: Simulation history data file. 

IF ... THEN ... ELSE command: Conditional branching construct for simulation. 

Intermediate files: Files created by the software but not immediately visible to the 
user. 

.JDC file: JEDEC fuse data and JEDEC test vectors file . 

. JED fi.le: JEDEC fuse data file. 

JEDEC file: Created by XPLOT and used by the device programmer to program a 
device. 

JEDMAN program: Disassembles JEDEC files and generates Boolean equation input 
files. JEDMAN allows you to read a fuseplot directly from a programmed device. 

Keyword: A word used by the software to identify the block of information that follows 
it. 

Latched equation: Component of the Equations segment of a Boolean design. 
Defines logic functions for devices with latched outputs. 

Mealy state machine: Determines its outputs from the inputs and the present state. 
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PALASM 2 Software Glossary 

MINIMIZE program: Uses the intermediate file created by PARSE or EXPAND to 
perform automatic logic reduction. 

Moore state machine: Determines its outputs from the present state only. 

Output equation: Defines the state machine's operation in terms of conditions and 
outputs from the present state. The syntax for output equations is different for Mealy and 
Moore machines. 

PALASM2: PALASM 2 software interactive menu program that simplifies user interface 
to the software. 

PARSE program: Checks the syntax of the input file. 

PC2 supplementary program: A menu-driven, multiple choice program that enables 
communication between PLO programmers and IBM-PC/XT/AT computers . 

. PDF file: PLO architecture description data file . 

. PDS file: User-defined PLO design input file. 

PDSCNVT supplementary program: Converts previous PALASM version input 
files to PALASM 2 software syntax. 

PINOUT supplementary program: Generates a list of the pin names from the .TRE 
file (created by the PALASM 2 software assembler) . 

. PL2 file: PDS file reconstructed from JEDEC output file. 

PLSASM program: Assembles PLS device designs. 

PRLDF command: Assigns logical values to, or initializes, register outputs in 
Simulation for preloadable PAL devices. 

PROASM·PROSIM: Assembles and simulates PROSE device designs. PROASM 
accepts only state machine designs and generates a fusemap and a JEDEC file. PROSIM 
generates history and trace files as well as JEDEC test data. 

Programmed fuse: Equivalent to a "1" in a JEDEC file. Sometimes refered to as a 
"blown." fuse. See also Unprogrammed fuse. 

Programs: See individual program name. 

Registered equation: Component of the equations segment of a Boolean design. 
Defines logic functions for devices with registered outputs. 
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PALASM 2 Software Glossary 

Reserved word: A word used by the software to identify design segments and 
information, device codes, commands, functions, and pin defaults. Some reserved words 
are keywords that identify the block of information that follows. 

Run-time log: Contains the messages or intermediate files generated after running 
each program in the early stages of processing. 

SCRSIM supplementary program: Generates simulation waveforms from history 
and trace output files. These waveforms can be viewed on the screen or sent to a printer. 

SETF command: Specifies new input values for the software to simulate. Also used to 
control the three-state function in simulation. 

SIM program: Checks the functionality of a PLO device. SIM simulates the operation 
of your design, calculating the output values based on input signals defined in the 
Simulation segment. After running PARSE, EXPAND, and MINIMIZE, SIM generates two 
output files: a history file and a trace file. 

Simulation segment: A segment of the design. Defines a trial set of inputs for a 
design and tells the software what to do with them. 

State assignment: An equation that defines a state as a unique combination of 
outputs. Also called "state bit assignment" and "bit assignment." 

State diagram: Illustrates the behavior of a state machine. Includes: all named 
states, the input values that cause state transitions when a clock pulse occurs, and the 
output values expected because of state transitions. 

State equation: Defines the states in terms of conditions that determine transitions to 
other states. State equations are necessary for both Mealy and Moore designs. 

State segment: A segment of the state machine design. Contains information about 
the design and equations that describe how the machine functions. Describes defaults, 
pin assignments to states, and equations for state transitions and outputs. 

State machine design: An input file that contains information for programming a 
device to cycle through defined states and give specified outputs. 

Supplementary programs: Programs included with the PALASM 2 software package 
but not supported by Monolithic Memories. See also individual supplementary program 
name. 

TIMING supplementary program: Timing diagram entry program. 

Trace file: A subset of the history file that shows only the pins you specify between 
TRACE_ON and TRACE_OFF simulation commands. See also History file. 

~ MonollthlcmLJJI Memories ~ 



PALASM 2 Software Glossary 

TRACE_OFF command: Turns off the TRACE_ON command. After this command, no 
more results are added to the trace file until the next TRACE_ ON command appears. 

TRACE_ON command: Defines specific signals whose values will be recorded in the 
simulation trace file. 

TREPL2 program: Disassembles intermediate files created by PARSE, EXPAND, and 
MINIMIZE, and converts them to Boolean equation input files . 

. TRF file: Simulation trace data file. 

Unprogrammed fuse: Equivalent to a "O" in a JEDEC file. Sometimes refered to as 
"intact." See also Programmed fuse. 

VTRACE supplementary program: A utility program to convert simulation output 
files to timing diagrams. 

WHILE ... DO loop command: Optional construct of the simulation syntax that 
iterates a set of commands until a condition is satisfied. 

XPLOT program: After PARSE, EXPAND, and MINIMIZE, assembles PAL device 
designs. Validates the architectural design of an input PLO design containing Boolean 
equations (created by EXPAND or MINIMIZE) and produces fusemaps and JEDEC data . 

. XPT file: PLO fuse map data file. 

~ Manollthlo LU.II 111/emorles ~ 4·187 



Notes 

4·188 ~ ltllonolllh/a UJI Memories ~ 



PALASM 2 Software Index 

A,B 

Assemble 
autorun feature 4-36 
input file, procedure 4-30, 38 

Autorun assembly 
how to use 4-36 

BINHEX 4·12, 26 
Boolean equations 

c 

convert from state machine syntax 4-40, 41 
declaration segment 4-65 
design file structure 4·62 
equations 4-70 
how to expand 4·40 
how to minimize 4-41 
syntax rules 4-63, 138 

CHECK command 
defined 4-140 
syntax 4-146 
when to use 4-145 

CHIP 
information for state and output equations 4-118 
keyword defined 4·109 
syntax 4-67, 109 

CLOCKF command 
clocking procedure 4·156 
defined 4-140 
syntax 4·144 
the c character 4·156 

Combinatorial equations 
polarity 4-71 
syntax 4·70 

Computers supported 4-4 
Conditions segment 

keyword 4·125 
syntax 4·125 
when conditions conflict 4-126 
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PALASM 2 Software Index 

D,E 

Data entry fields 
defined 4·32 
directory 4·35 
input PDS file 4-35 

Declaration segment 
Boolean 4·65 
CHIP syntax 4-67, 109 
design header 4-66, 108 
in a Boolean equation design 4·62 
in a state machine design 4-104 
keywords 4-66, 108 
STRING syntax 4·68, 11 O 

DECODE 4·12, 26 
DeMorgan's theorem 

when to use 4-125 
Devices supported 4·2 
DOS 

commands to transmit JEDEC file 4-173 
how to enter from menu 4-35 
to run PALASM 2 software 4-59 

EQUATIONS 4-70 
Equations segment 

combinatorial equations syntax 4·70 
functional equations 

programmable set and reset 4-74 
programmable three-state 4·75 

functional equations 4-74 
in a Boolean equation 4-62, 70 
'keywords 4-70 
registered equations syntax 4·72 

Error detection 
view run-time log 4·53 

EXPAND 
input equations, procedure 4-30, 40 
program for PAL devices 4·130 
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F 

FOR. .. T0 ... 00 loop 
defined 4-140 
syntax 4-148 

Function keys 
defined 4-32 
display directory (F1) 4-35 
edit PDS input file (F3) 4-36 
enter DOS (F2) 4-35 
for PC2 4-176 
PALASM2 option (FS) 4-37, 38, 46 
program device (F4) 4-174 
view data (F7) 4-44, 47, 50 

Functional equations 
defined 4-74 
global set and reset syntax 4-75 
programmable set and reset syntax 4-75 
programmable three-state syntax 4-75 
syntax for PAL 16RA8 and PAL20RA 10 4-85 

Fuse map 
how to interpret 4-56 
stored in .XPT file 4-42 
view .XPT output file 4-43 

H, I 

History file 
.HST filename 4-140, 147 
for a PROSE device 4-163 
simulation segment output file 4-140 
TRACE_OFF command to create time frames 4-147 

History waveform 
defined 4-157 
how to view 4-48 

IF ... THEN ... ELSE command 
defined 4-140 
syntax 4-149 

Input file 
assemble 4-38, 42 
check syntax 4-38 
expand equations 4-40 
minimize equations 4-41 

Install PALASM 2 Software 4-15 
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PALASM 2 Software Index J 

J, K 

JED file 
created by assembler 4-56 
fuse maps in 4-173 
test vectors in 4-173 
output file generated 4-42 
view JEDEC fuse data 4-43 

JEDECfile 
convert to Boolean equation input file 4-50 
disassembly program 4-50 
how to generate1 as output 4-30 
how to interpret 4-56 
how to interpret test data 4-166 
program a device from 4-170 
required to program device, how to generate 4-42 
test data, how to view 4-50 
view fuse data 4-43 

JEDMAN 
defined 4-10 
program to disassemble JEDEC file 4-52 

Keywords 

M 

as reserved words in a boolean design 4~63 
as reserved words in a state machine design 4-104 
CH!P4-108 
CONDITIONS 4-125 
EQUATIONS 4-70 
global default options 4·115 
in sample input file 4-36 
SIMULATION 4·139 
STATE4-112 
STRING 4-68, 110 

Mealy state machine 
combinatorial output equation syntax 4-121 
conditions defined 4-97 
functional state diagram 4-97 
global default options 4·115 
how output is determined 4-96 
registered output equation syntax 4-120 
simplify a state diagram 4-99 
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M (Continued) 

Menu 
data entry fields defined 4-32 
function keys defined 4-32 
P ALASM main, how to start 4-32 
status line defined 4-33 

Minimize 
input equations, procedure 4-30, 41 

MINIMIZE 
program for PAL devices 4-130 

Moore state machine 
combinatorial output syntax 4-121 
conditions defined 4-101 
functional state diagram 4-100 
how output is determined 4-100 
registered output syntax 4-121 
simplify a state diagram 4-102 

O,P 

Output equations 
combinatorial Mealy output syntax 4-121 
defined 4-120 
in a state segment 4-117 
registered Mealy output syntax 4-120 

PAL device 
.CMBF syntax 4-91 
buried registers 4-87 
designs with XOR gates 4-83 
event-driven simulator 4-137 
global preset syntax 4-84 
global reset syntax 4-85 
internal XOR gates 4-87 
product terms 4-83, 88 
programmable polarity, 4-71 
state machine design considerations 4-130 
syntax for PAL 16RA8 and PAL20RA 1 O functional equations 4-85 
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PALASM 2 Software Index 

P (Continued) 

PALASM 2 Software 
add supplementary programs 4-25 
event-driven simulator 4-137 
input files 4-11 
install 4-15 
intermediate files 4-11 
output files 4-11 
programs 

JEDMAN 4·10 
PALASM4-7 
PARSE 4-8 
PLSASM4-10 
PROASM-PROSIM 4-9 
SIM4·9 
XPLOT 4-9 

reserved words in a Boolean design 4-64 
reserved words in a state machine design 4-106 
run the software 

from DOS 4-59 
procedure to 4-30 

setup 4-23 
supported computers 4-4 
supported devices 4-2 
TRE files 4-54 

PALASM2 menu option 
assemble input file 4-42 
autorun assembly 4-36 

PC2 

check design file syntax 4-38 
disassemble TRE file 4-55 
expand input equations 4- 40 
minimize input equations 4- 41 

how to exit 4-180 
how to load 4-174 
supplementary program 4-12 
use to set transmission parameters 4-172 
using 4-173 

PINOUT 4-12, 26 
PLS device 

complement array 4-81 
output equation syntax 4-81 
pin preset syntax 4-82 
state machine design considerations 4-128 
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P (Contined) 

Polarity 
factors determining output 4-76 
how to determine output 4-78 
in combinatorial equations 4-71 
output defined 4-76 
programmable 4-71 
summary for active-low outputs 4-78 

PRLDF command 
defined 4-140 
guidelines 4-141 
syntax 4-141 
the p character 4· 157 

PROASM-PROSIM 4-9 
Program the device (See PC2) 
PROSE device 

history file 4-163 
state machine design considerations 4-129 

R 

Registered equations 
syntax 4-72 

Reserved words 
equations in a Boolean design 4-62 
global default options 4-115 
in a state machine design 4-104 
list, for a Boolean design 4-64 
list, for a state machine design 4-106 

RSTF command 4-74 
Run-time log 

print 4-53 
view for error detection 4-53 
view TRE file 4-55 
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s 
SCRSIM 4·13, 26 
SETF command 

defined 4-140 
syntax 4-142 
the g character 4·156 

SIM4·9 
Simulate 

output files 4-140 
procedure 4-46 
view output files 4-47 

Simulation 
commands 

CHECK4-140 
FOR ... TO ... DO loop 4-140 
IF ... THEN ... ELSE4-140 
PRLDF 4-140 
SETF 4-140 
TRACE_OFF4-140 
TRACE_ON 4-140 
WHILE ... DO loop 4-140 

constructs 
FOR loop 4·148 
IF ... THEN ... ELSE loop 4-149 
WIHLE ... DO loop 4-148 

syntax 
CHECK4-146 
CLOCKF 4-144 
FOR ... DO loop 4-148 
IF ... THEN ... ELSE loop 4-149 
PRLDF4-141 
SETF 4-142 
TRACE_ON 4-147 
WHILE DO loop 4·148 
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S (Continued) 

Simulation segment 
CHECK command defined 4-145 
CLOCKF syntax 4-144 
commands 4-140 
defined 4-138 
FOR TO DO loop defined 4-148 
IF THEN ELSE command defined 4-149 
keyword 4-139 
language directives 4-139 
output files 4-140 
PRLDF command syntax 4-141 
SETF syntax 4-142 
TRACE_OFF command defined 4-147 
TRACE_ON command defined 4-147 
WHILE DO loop defined 4-148 

State assignment defined 4-116 
State machine 

design structure 4-103 
design syntax rules 4-105, 138 
diagram requirements to build a design 4-96 
equations 

in a state segment 4-117 
transition syntax 4-118 

Mealy output 4-96 
Moore output 4-100 
state and output equations 4-117 
syntax to convert to Boolean equations 4-41 

State segment 
in a state machine design 4-112 
keywords 4-112 
state assignments syntax 4-116 

STRING 
keyword defined in a Boolean design 4-68 
keyword defined in a state machine design 4-110 
syntax 4-68, 110 

SUPER.PDS 
example input file demonstration 4·29 
how to open 4-36 
verify file location 4-35 
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S (Continued) 

Supplementary Programs 
BINHEX 4·12, 26 
DECODE 4·12, 26 
PC2 4-12 

T 

PDSCNVT 4-12 
PINOUT 4-12, 26 
SCRSIM 4-13, 26 
TIMING 4-12, 26 
VTRACE 4·12, 26 

TIMING 4-12, 26 
Trace file 

.TRFfilename 4-140, 147 
how different from history file 4-165 
simulation segment output file 4-140 
TRACE_ON command to define signal values 4-147 

Trace waveform 
defined 4-159 
how different from history waveforms 4-161 
how to view 4·48 
TRACE_OFF command 4-140, 147 

TRACE_ON command 
defined 4-140 
syntax 4- 147 
to record trace waveforms 4-159 

TREfile 
convert to a Boolean equation 4-55 
how to disassemble 4·55 
view run-time log 4·55 
when PALASM 2 software creates 4-S4 

v, w,x 

VTRACE 4-12, 26 
WHILE DO loop 

defined 4·140 
syntax 4-148 

XPLOT4-8 
XPT file 

created by assembler 4-56 
to store fuseplot 4-42 
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AmPAL20RP6AL 5-306 PAL20L8B 5-125 PMS14R21 5-315 
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AmPAL20XRP4·20 5-286 PAL20R6B 5-125 
AmPAL20XRP4·30L 5-286 PAL16C1 5-56 PAL20R6B·2 5-126 
AmPAL20XRP4-30 5-286 PAL16H2 5-56 PAL20R8A 5-128 
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PAL/PLD Device Menu 

STANDBY 
PRODUCT SPEED Ice DATA SHEET 

DEVICE NAME INPUTS OUTPUTS TERMS/OUTPUT (t,0 In ns) (mA) PAGE NO. 

PAL8L14A 8 14 1 25 90 5-141 
PAL6L16A 6 16 1 25 90 5-141 

PAL10H8 10 8 2 35 90 5-56 
PAL12H6 12 6 2,4 35 90 5-56 
PAL14H4 14 4 4 35 90 5-56 
PAL16H2 16 2 8 35 90 5-56 
PAL10L8 10 8 2 35 90 5-56 
PAL12L6 12 6 2,4 35 90 5-56 
PAL14L4 14 4 4 35 90 5-56 
PAL16L2 16 2 8 35 90 5-56 
PAL16C1 16 2 16 40 90 5-56 

PAL16L8D 16* 8 7 10 180 5-29 
AmPAL16L8D 10 180 5-183 

PAL16L8B 15 180 5-31 
AmPAL16L8B 15 180 5-197 

PALC16L8Z-25 25 0.1 5-50 
PALC16LBQ-25 25 45 5-33 
PAL16L8B-2 25 90 5-35 

AmPAL16L8AL 25 90 5-197 
PAL16L8A 25 180 5-37 

AmPAL16L8A 25 155 5-197 
PAL16L88-4 35 55 5-39 

AmPAL16L8Q 35 45 5-197 
PAL16L8A-2 35 90 5-41 

AmPAL16L8L 35 80 5-197 
AmPAL16L8 35 155 5-197 

PAL16L8A-4 55 50 5-43 

PAL16P8A 16* 8 7 25130'* 180 5-17 

AmPAL18P8B 18* 8 8 15 180 5-202 
AmPAL18P8AL 25 90 5-202 
AmPAL18P8A 25 180 5-202 
AmPAL18P8Q 35 55 5-202 
AmPAL18P8L 35 90 5-202 

PAL12L10 12 10 2 40 100 5-147 
PAL14L8 14 8 2,4 40 100 5-147 
PAL16L6 16 6 2,4 40 100 5-147 
PAL18L4 18 4 4,6 40 100 5-147 
PAL20L2 20 2 8 40 100 5-147 
PAL20C1 20 2 16 40 100 5-147 

PAL20L8B 20' 8 7 15 210 5-125 
PAL20L8B-2 25 105 5-126 
PAL20L8A 25 210 5-128 
PALC20L8Z-35 35 0.1 5-133 
PAL20L8A-2 35 105 5-130 
PALC20L8Z-45 45 0.1 5-133 

Table 1. Simple Combinatorial PAL Devices 
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DEVICE NAME 

AmPAL20L10B 
Am PAL20L 10-20 
AmPAL20L10AL 

PAL20L10A 

PAL20S10 

Ari1PAL22P10B 
AmPAL22P10AL 
AmPAL22P10A 

AmPAL22XP10-20 
AmPAL22XP10·30L 
AmPAL22XP10-30 
AmPAL22XP10-40L 

• Includes feedback 
•• Depending on polarity 

DEVICE NAME 

PAL16R8D 
AmPAL16R8D 

PAL16R8B 
AmPAL16R8B 

PALC1SR8Z-25 
PALC16R8Q-25 
PAL16R8B-2 

AmPAL 16R8AL 
PAL16R8A 

AmPAL16R8A 
PAL16R8B-4 

AmPAL16R8Q 
PAL16R8A-2 

AmPAL16R8L 
AmPAL16R8 

PAL16R8A-4 

PAL16R6D 
ArhPAL 16R6D 

PAL16R6B 
AmPAL16R6B 

PALC16R6Z-25 
PALC16R6Q-:!5 
PAL16R6B-2 

AmPAL 16R6AL 
PAL16R6A 

5.4 

INPUTS 

20* 

20• 

22* 

22* 

INPUTS 

1&* 

16* 

' 

PAL/PLD Device Menu 

PRODUCT 
OUTPUTS TERMS/OUTPUT 

10 3 

10 0-16tt 

10 8 

10 2/6t 

t Has an exclusive-OR gate 
tt Product term steering 

SPEED 
(t.0 Inns) 

15 
20 
25 
30 

35 

15 
25 
25 

20 
30 
30 
40 

Table 1. Simple Combinatorial PAL Devices (Cont'd.) 

STANDBY 
ICC DATA SHEET 

(mA) PAGE NO. 

210 5-306 
165 5·306 
105 5-306 
165 5-113 

240 5-103 

210 5-306 
105. 5-306 
210 5-306 

210 5-286 
105 5·286 
180 5-286 
105 5-286 

STANDBY 
PRODUCT SPEED lei DATA SHEET 

OUTPUTS FLIP· FLOPS TERMS/OUTPUT (IMAX in MHz) (ril ) PAGE NO. 

8 8 8 55 180 5-29 
55 180 5-183 
37 180 5-31 
40 180 5-197 

28.5 0.1 5-50 
28.5 45 5-33 
25 90 5-35 

28.5 90 5-197 
25 180 5-37 

28.5 155 5-197 
16 55 5-39 
18 45 5-197 
16 90 5-41 
18 80 5-197 
18 155 5-197 
11 50 5-43 

8 6 8 55 180 5-29 
55 180 5-183 
37 180 5-31 
40 180 5-197 

28.5 0.1 5-50 
28.5 45 5-33 
25 9Q 5-35 

28.5 90 5-197 
25 180 5-37 

Table 2. Simple Registered PAL Devices 
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PAL/PLD Device Menu 

SPEED STANDBY 
PRODUCT (fMAX ICC DATA SHEET 

DEVICE NAME INPUTS OUTPUTS FLIP-FLOPS TERMS/OUTPUT In MHz) (mA) PAGE NO. 

AmPAL16R6A 28.5 180 5-197 
PAL16R68-4 16 55 5-39 

AmPAL16R6Q 18 45 5-197 
PAL16R6A-2 16 90 5-41 

AmPAL16R6L 18 90 5-197 
AmPAL16R6 18 180 5-197 

PAL16R6A-4 11 50 5-43 

PAL16R4D 16' 8 4 8 55 180 5-29 
AmPAL16R4D 55 180 5-183 

PAL16R48 37 180 5-31 
AmPAL16R48 40 180 5-197 

PALC16R4Z-25 28.5 0.1 5-50 
PALC16R4Q-25 28.5 45 5-33 
PAL16R48-2 25 90 5-35 

Am PAL 15R4AL 28.5 90 5-197 
PAL16R4A 25 180 5.37 

AmPAL16R4A 28.5 180 5-197 
PAL16R48-4 16 55 5-39 

AmPAL16R4Q 18 45 5-197 
PAL16R4A·2 16 90 5-41 

AmPAL16R4L 18 90 5-197 
AmPAL16R4 18 180 5-197 

PAL16R4A-4 11 50 5-43 

PAL16X4 16' 8 4 8t 14 225 5-51 

PAL16RP8A 16' 8 8 8 25" 180 5-17 
PAL16RP6A 16' 8 6 8 25" 180 5-17 
PAL16RP4A 16' 8 4 8 25" 180 5-17 

PAL20R88 20' 8 8 8 37 210 5-125 
PAL20R88-2 25 105 5-126 
PAL20R8A 25 210 5•128 
PALC20R8Z-35 20 0.1 5-133 
PAL20R8A-2 16 105 5-130 
PALC20R8Z-45 15.3 0.1 5-133 

PAL20R68 20' 8 6 8 37 210 5-125 
PAL20R6B-2 25 105 5-126 
PAL20R6A 25 210 5-128 
PALC20R6Z-35 20 0.1 5-133 
PAL20R6A-2 16 105 5-130 
PALC20R6Z-45 15.3 0.1 5-133 

PAL20R48 20' 8 4 8 37 210 5-125 
PAL20R48-2 25 105 5-126 
PAL20R4A 25 210 5-128 
PALC20R4Z-35 20 0.1 5·133 
PAL20R4A-2 16 105 5-130 
PALC20R4Z-45 15.3 0.1 5-133 

Table 2. Simple Registered PAL Devices (Cont'd.) 
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PAUPLD Device l\llenu 

SPEED STANDBY 
PRODUCT (fMAX ICC DATA SHEET 

DEVICE NAME INPUTS OUTPUTS FLIP-FLOPS TERMS/OUTPUT in MHz) (mA) PAGE NO. 

PAL20RS10 20* 10 10 0-16tt 20 240 5-103 
PAL2QRS8 20* 10 8 0-16tt 20 240 5-103 
PAL20RS4 20* 10 4 0-16tt 20 240 5-103 

AmPAL22V10-15 22* 10 0-10§ 8-16§§ 40 180 5-249 
PALC22V1 oH-25 33.3 90 5-79 

AmPAL22V10A 28.5 180 5-260 
PALC22V1 OH-35 20 90 5-79 

AmPAL22V10 18 180 5-260 

AmPAL20RP1 OB 22* 10 10 8 37 210 5-306 
AmPAL20RP 1 OAL 25 105 5-306 
AmPAL20RP10A 25 210 5-306 

AmPAL20RP8B 22* 10 8 8 37 210 5-306 
AmPAL20RP8AL 25 105 5-306 
AmPAL~ORP8A 25 210 5-306 

AmPAL20RP68 22* 10 6 8 37 210 5-306 
AmPAL20RPGAL 25 105 5·306 
AmPAL20RP6A 25 210 5-306 

AmPAL20RP48 22* 10 4 8 37 210 5-306 
AmPAL20F\P4AL 25 105 5-306 
ArilPAL20RP4A 25 210 5·306 

PAL32R16 32* 16 16§ 0-16tt 16 280 5-158 

• Includes feedback tt Product term steering 
•• With polarity fuse intact § Flip-flops can be bypassed 
t Has an exclusive-OR gate §§ Has varied product term distribution 

Table 2. Simple flegistered PAL Devices (Cont'd.) 
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PAUPLD Device Menu 

SPEED 
FLIP-FLOP PRODUCT (fMAX 

DEVICE NAME INPUTS OUTPUTS FLIP-FLOPS TYPES TERMS/OUTPUT In MHz) 

PAL20X10A 20* 10 10 D,T,JK,SR 212t 22.2 
PAL20X8A 20* 10 s D,T,JK,SR 212t 22.2 
PAL20X4A 20* 10 4 D,T,JK,SR 212t 22.2 

AmPAL20XRP10-20 22* 10 10 D,T,JK,SR 216t 30.3 
AmPAL20XRP10-30L 22.2 
AmPAL20XRP10-30 22.2 
AmPAL20XRP10-40L 14.3 

AmPAL20XRPS-20 22* 10 s D,T,JK,SR 216, St 30.3 
AmPAL20XRPS-30L 22.2 
AmPAL20XRPS-30 22.2 
AmPAL20XRPS-40L 14.3 

AmPAL20XRP6-20 22* 10 6 D,T,JK,SR 2/6, St 30.3 
AmPAL20XRP6-30L 22.2 
AmPAL20XRP6-30 22.2 
AmPAL20XRP6-40L 14.3 

AmPAL20XRP4·20 22* 10 4 D,T.JK,SR 216, St 30.3 
AmPAL20XRP4-30L 22.2 
AmPAL20XRP4-30 22.2 
AmPAL20XRP4-40L 14.3 

PAL22RX8A 22* s 8§ D,T,JK,SR 1/St 2S.5 

AmPAL23SS-20 23' s 14§ D,80 6-12§§ 33 
AmPAL23SS-25 2S.5 

AmPALC29M16-35 29' 16 16§ D,B,LO 8-16§§ 20 
AmPALC29M16-45 15 

PAL32VX10A 32* 10 10§ D,T.JK,SR, 1/8-16t 25 
PAL32VX10 BO 22.2 

• Includes feedback §§ Has varied product term distribution 
t Has an exclusive-OR gate 0 Bzflip-flops are or can be buried; L=latched outputs possible 
§ Some flip-flops can be bypassed 

DEVICE NAME INPUTS 

PAL16RAS 

PAL20RA 10·20 
PAL20RA10 

AmPALC29MA16·35 
AmPALC29MA 16-45 

• Includes feedback 
•• With polarity fuse intact 
tt Has product term steering 

16' 

20' 

29' 

Table 3. State Machine PAL Devices 

PRODUCT SPEED STANDBY 
OUTPUTS TERMS/OUTPUT (t,0 In ns) 100 (mA) 

s 4 30** 170 

10 4 20·· 200 
30" 200 

16 4-12tt 35 120 
45 120 

Table 4. Asynchronous PAL Devices 

~ llllanollthlo W -.morles ~ 

STAND 
BY 
Ice DATASHEET 

(mA) PAGE NO. 

180 5-113 
180 5-113 
180 5-113 

210 5-286 
105 5-286 
180 5-286 
105 5-286 

210 5-2S6 
105 5-2S6 
180 5-2S6 
105 5-2S6 

210 5-2S6 
105 5-2S6 
180 5-2S6 
105 5-286 

210 5-286 
105 5-286 
180 5-286 
105 5-286 

210 5-87 

200 5-169 
200 5-169 

120 5-231 
120 5-231 

180 5-70 
180 5-70 

DATA SHEET 
PAGE NO. 

5-11 

5-95 
5-97 

5-209 
5-209 
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PAL/PLD Device Menu 

PRODUCT SPEED DATA SHEET 
DEVICE NAME INPUTS OUTPUTS FLIP-FLOPS TERMS/OUTPUT (t,0 or fMAX) I•• (mA) PAGE NO. 

PAL10H20P8 20· 8 0 0-8tt 6 ns 210 5-386 
PAL10H20G8 20• 8 8§ O-Stt 6 ns 225 5-382 
PAL 1 OH20EV/EG8 20· 8 8§ 8-12§§ 125 MHz 220 5-381 

• Includes feedback § Flip-flops can be bypassed 
tt Has product term steering §§ Has varied product term distribution 

Table 5. 10KH-Compatible PAL Devices 

PRODUCT SPEED DATA SHEET 
DEVICE NAME INPUTS OUTPUTS FLIP-FLOPS TERMS/OUTPUT (t,0 or fMAX) 1 •• (mA) PAGE NO. 

PAL 10020EV/EG8 20• 8 8§ 8-12§§ 125 MHz 220 5-381 

• Includes feedback § Flip-flops can be bypassed 
§§ Has varied product term distribution 

Table 6. 100K-Compatible PAL Devices 

STATES BRANCHES SPEED ICC DATA SHEET 
DEVICE NAME INPUTS OUTPUTS (MAX) PER STATE (fMAX in MHz) (mA) PAGE NO. 

PMS14R21A 8 8 128 4 30 210 5-315 
PMS14R21 25 210 5-315 

PLS105-37 16 8 <64* . 37 200 5-331 
PLS167-33 14 6 <128' . 33 200 5-331 
PLS168-33 12 8 <1028* . 33 200 5-331 

Am29PL141 6 16 64 2 20 450 5-339 

Am2971 6 14 NIA NIA 85 310 5-365 

• Depends highly on state diagram topology. May be limited by number of product terms or number of flip-flops. 

Table 7. Programmable Sequencers 

SPEED STANDBY DATA SHEET 
DEVICE NAME 1/0 PINS CLBs (INTERNAL TOGGLE lcc(mA) PAGE NO. 

fMAX In MHz) 

M2064-70 58 64 70 5 5-483 
M2064-50 50 5 5-483 
M2064-33 33 5 5-483 

M2018-50 74 100 50 5 5-483 
M2018-33 33 5 5-483 

Table 8. LCA Devices 
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Data Sheets 

I TTUCMOS PAL Devices I 
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Asynchronous 
PAL16RA8 

Features/ Benefits 
• Programmable clock for asynchronous operation 

• Programmable asynchronous set and reset 

• Programmable polarity 

• Programmable fllp-flop bypass 

• Local and global output enable control 

• TTL level register preload 

• Power-up reset 

• Complements 24-pln PAL20RA10 

• High speed, at 30 ns tpo 

• Security fuse 

Description 
The PAL 16RA8 is a 20-pin registered version of the original 
asynchronous PAL device, the PAL20RA 10. This versatile 
device features programmable clock, enable, set, and reset, all of 
which can operate asynchronously to other flip-flops in the 
same device. It also has individual flip-flop bypass, allowing this 
one device to provide any combination of registered and 
combinatorial outputs. 

Programmable Clock 
The clock input to each flip-flop comes from the programmable 
array, allowing the flip-flops to be clocked independently if 
desired. 

Programmable Set and Reset 
Each flip-flop has a product line for asynchronous set and one 
product for asynchronous reset. If the chosen product line is 
high, the flip-flop will set (become a logic high) or reset (become 
a logic low). The sense of the output pin is inverted since the 
output is active low. 

Programmable Polarity 
Each flip-flop has individually programmable polarity. The 
unprogrammed state is active low. 

Ordering Information 

PAL 16RA8 C N STD 

""M••~"-=rJJ 1 L""""" ARRAY LOGIC STD = Standard 
XXXX =Other 

NUMBER OF 
ARRAY INPUTS PACKAGE 

N :::: Plastic DIP 
REGISTERED J =Ceramic DIP 
ASYNCHRONOUS NL = Plastic Leaded 

NUMBER OF OUTPUTS---~ 
Chip Carrier 

SG = Small-Outline 
Gull-wing 

~---OPERATING 

CONDITIONS 
C = Commercial 

Programmable Flip-Flop Bypass 
If both the set and reset product lines are high, the flip-flop is 
bypassed, and the output becomes combinatorial. Thus each 
output can be configured to be registered or combinatorial. 

Programmable and Hard-Wired Three· 
State Outputs 
The PAL 16RA8 provides a product term dedicated to output 
control. There is also an output control pin (pin 11 ). The output 
is enabled if both the output control pin is low and the output 
control product term is high. If the output control pin is high, all 
outputs will be disabled. If an output control product term is low, ~ 
then that output will be disabled. &;.-

Register Preload l!na Power-Up Reset 
Each device also offers register preload for device testability. 
The registers can be preloaded from the Outputs by using TTL 
level signals in order to simplify functional testing. This series 
also offers Power-Up Reset, whereby the registers power up to a 
logic low, setting the active-low outputs to a logic high. 

Packages 
The PAL 16RA8 is available in the plastic DIP (N), ceramic DIP 
(J), plastic leaded chip carrier (NL), and small outline (SG) 
packages. 

10232A 
JANUARY 1988 
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DIP /SO Pinout 

16RA8 

Package Drawings 

Asynchronous 
PAL16RA8 

PLCCPinout 

(refer to PAL Device Package Outlines, page 3-179) 
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Absolute Maximum Ratings 

Asynchronous 
PAL16RA8 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 v to 7.0 v .......... -0.5 v to 12.0 v 
Input voltage ................................................................ -1.5 V to 5.5 V .......... -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature ................................................................................. -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 

tw Width of clock 20 13 ns 

t~ Preload pulse width 35 15 ns 

tsu Set up time from input or feedback to clock 20 10 ns 

tsl!E_ Preload set up time 25 5 ns 

} Polarity fuse intact 10 -2 
th Hold time ns 

Polarity fuse programmed 0 -6 

ti}£_ Preload hold time 25 5 ns 

TA Operating free-air temperature 0 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L3 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5V 100 µA 

Vol Low-level output voltage Vee= MIN loL = 8mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 
lozL3 Vo = 0.4V ~100 

Off-state output current Vee= MAX µA 
lozH3 Vo = 2.4 v 100 

los4 Output short-circuit current Vee= 5 v Vo = OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 135 170 mA 

1. The PAL 16RA8 Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

3. 1/0 pin leakage is the worst case of i1L and lozL (or IJH and JozHl· 

4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

~ llllanollthlc IRlijJ Memories ~ 5-13 



Asynchronous 
PAL16RA8 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

MIN TYP 
CONDITIONS 

tpo Input or feedback to output 

tcLK Clock to output or feedback 

ts Input to asynchronous set 

IR Input to asynchronous reset 

tpzx Pin 11 to output enable 

tpxz Pin 11 to output disable 

tEA lnpµt to output enable 

'ER Input to output disable 

fMAX Maximum frequency 

Switching Test Load 
(refer to page 5-164) 

1 Polarity fuse intact 20 

J Polarity fuse pr<>grammed 25 

10 17 

22· 

R1 = 5600 27 
R2=1.1KO 10 

10 

18 

~ 15 

1 External 20 35 

[ No feedback 25 38 

Power-Up Reset Waveform 
(refer to page 5-164) 

MAX 

30 

35 

30 

35 

40 

20 

20 

30 

30 

Prograrnrners/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 
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Asynchronous 
PAL16RA8 

Switching Waveforms 

INPUT OR 
FEEDBACK 

CLOCK 

Combinatorial Output 

~~~~~~~~--+-1CLK -VT----~ 
REGISTERED 

OUTPUT 

Registered Output 

CLOCK 

-1w1-

Clock Width Notes: 
1. VT= 1.5V 

ASYNCHRONOUS 
RESET /PRESET 

OUTPUTS 

CLOCK 

INPUT 

OUTPUTS 

ENABLE 

OUTPUT 

Asynchronous Reset/Preset 

Input Output Disable/Enable 

Pin 11 to Output Disable/Enable 

2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and tall times 2-5 ns typical 

Key to Timing Diagrams Register Preload 

WAVEFORM INPUTS 

~ DON'T CARE; 
CHANGE PERMITTED 

~ NOT 
APPLICABLE 

MUST BE STEADY 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 

Register preload allows any arbitrary state to be loaded into the 
PAL device output registers. This allows complete logic verifi
cation, including states that are impossible or impractical to 
reach. To use the preload feature, first disable the ·outputs by 
bringing OE high, and present thedata atthe output pins. A low 
level on the preload pin (PL) will then load the data into the 
registers. 
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Logic Diagram 

Asynchronous 

PAL16RA8 

PAL16RA8 

V It 3 • T I 11 12 111 18 19 20 23 24 V 23 31 
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PAL 16RP8A Series 

Features/Benefits 
• Programmable polarity 

• High speed at 25 ns !PD 

• Register preload 

• Power-up reset 

• Security fuse 

Description 
The PAL 16RP8A Series is equivalent to the PAL 16R8A Series, 
with the addition of programmable polarity. With programmable 
polarity unused, these devices are equivalent to the PAL 16R8A 
Series. 

Variable Input/Output Pin Ratio 
The registered devices have eight dedicated input lines, and 
each combinatorial output is an 1/0 pin. The combinatorial 
device has ten dedicated input lines, and only six of the eight 
combinatorial outputs are 1/0 pins. Buffers for device inputs 
have complementary outputs to provide user-programmable 
input signal polarity. Unused input pins should be tied directly to 
VCCorGND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with programmable 
three-state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a function 
of any combination of device inputs or output feedback. The 
output provides a bidirectional 1/0 pin in the combinatorial 
configuration, and may be configured as a dedicated input if the 
buffer is always disabled. 

Registers with Feedback 
Registered outputs are provided for data storage and synchron
ization. Registers are composed of D-type flip-flops which are 
loaded on the low-to-high transition of the clock input. 

PAL 16RP8A Series 

ARRAY 

16P8A,16RP8A 
16RP6A,16RP4A 

Ordering Information 

PAL16RP8A C N STD 

PROGRAMMA~~E-::::r-ARRAY LOGIC 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
RP = Registered with 

Programmable 
Polarity 

P == Combinatorial with 
Programmable 
Polarity 

NUMBER OF OUTPUTS 

Polarity 

1 L~'~'~ STD = Standard 
XXXX =Other 

PACKAGE 
N = Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded 

Chip Carrier 
SG = Small-Outline 

Gull-wing 

~---OPERATING 

CONDITIONS 
C = Commercial 

~----HIGH SPEED 

Each of these devices offers programmable polarity on each 
output. If the polarity fuse is unused, the output is active low. If 
the polarity fuse is programmed, the output is inverted to active 
high. 

Preload and Power-Up Reset 
Each device also offers register preload for device testability. 
The registers can be preloaded from the outputs by using 
supervoltages in order to simplify functional testing. This series 
also offers Power-Up Reset, whereby the registers power up to a 
logic LOW, setting the active-low outputs to a logic HIGH. 

Performance a 
Performance varies according to the use of the programmable 
polarity. Active low outputs have a tPD of 25 ns, while active high 
outputs have a tPD of 30 ns due to the extra inversion. All devices 
consume 180 mA maximum ICC. 

Packages 
The commercial PAL 16RP8A Series is available in the plastic 
DIP (N), ceramic DIP (J), plastic leaded chip carrier (NL), and 
small outline (SG) packages. 

OUTPUTS 
tpD* •cc 

INPUTS COMBINATORIAL REGISTERED (ns) (mA) 

PAL16P8A 16 8 0 

PAL16RP8A 16 0 8 

PAL16RP6A 16 6 2 

PAL16RP4A 16 4 4 

* 25 ns active low, 30 ns active high 

~ Monolithial!IR1J Memories~ 

25/30 

25/30 

25/30 

25/30 

180 

180 

180 

180 

10236A 
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DIP /SO Pinouts 

16P8 

PLCC Pinouts 

Package Drawings 

PAL 16RP8A Series 
16P8A,16RP8A,16RP6A,16RP4A 

16RP8 16RP6 

16RP8 

16RP6 16RP4 

(refer to PAL Device Package Outlines, page 3-179) 
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PAL 16RP8A Series 
16PSA,16RPSA,16RP6A,16RP4A 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1.5 V to 5.5 V . . . . . . . . . . -1.0 V to 22.0 V 
Off-state output voltage ............................................................... 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° C to +150° C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 20 14 

tw Width of clock ns 
High 10 6 

Set up time from input 16RP8A 1 Polarity fuse intact 25 15 
1su 16RP6A ns 

or feedback to clock 16RP4A J Polarity fuse programmed 30 20 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 75 oc 

Electrical Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L3 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 
lozL3 Vo = 0.4 v -100 µA 

lozH3. 
Off-state output current Vee= MAX 

Vo = 2.4V 100 µA 

los4 Output short-circuit current Vee= 5V Vo = OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 120 180 mA 

1. The PAL f6RP8A Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

3. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL 16RP8A Series 
18PBA, 18RPBA, 18RP8A, 18RP4A 

~witching Characteristics Over Operating conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

Input or feedback ·to output Polarity fuse intact 
tpo 

16P8A, 16RP6A, 16RP4A Polarity fuse programmed 

tcLK Clock to output 

tcF Clock to feedback 

tpzx Pin 11 to 01:Jtput enable except 16P8A 

tpxz Pin 11 to output disable except 16P8A R1 = 2000 
R2 = 390 KO 

tEA Input to output enable 16P8A, 16RP6A, 16RP4A 

!ER Input to output disable 16P8A, 16RP6A, 16RP4A 

· External 
Polarity fuse intact 

Polarity fuse programmed 

fMAX Maximum frequency Polarity fuse intact 
Internal 

16RP8A, 16RP6A, Polarity fuse programmed 
16RP4A 

No feedback 

MIN TYP 

15 

20 

10 

8 

10 

11 

10 

13 

25 40 

22 33 

28.5 43 

25 35 

33 50 

Switching Test Load 
(refer to page 5-164) 

Power-Up Reset Waveform 
(refer to page 5-164) 

ft'!AX 

25 

30 

15 

10 

20 

20 

25 

25 

Programmers/Development Systems 
(refer to Programmer Reference Gulde, page 3-81) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

Register Preload Waveform 
(refer to page 5-164) 
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ns 
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ns 

ns 

ns 

ns 
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PAL 16RP8A Series 
16P8A,16RP8A,16RP6A,16RP4A 

Switching Waveforms 

INPUT OR F 
FEEDBACK __ .,~-~ ...-VT--

COMBINATORIAL 
OUTPUT 

INPUT OR 
FEEDBACK 

Comblnatorlal OUlput 

- _-.... {:-
CLOCK - ·1 

~----~---~LK .~Vr--
REGISTERED 

OUTPUT 

Registered Output 

~-=----S+:: ~ 
OUTPUT ~ 

Clock to Feedb8c:k to Combinatorial OUlput (see path below) 

CLK 

Notes: 
1. VT·1.5V 
2. Input pulse amplitude o V ta 3.0 V 
3. Input rise and fall times 2·5 ns typical 

ENABLE 

REGISTERED 
OUTPUT 

Pin 11 to Output Disable/Enable 

INPUT 

COMBINATORIAL 
OUTPUT 

Input to Output Disable/Enable 

CLOCK 

Clock Width 

Key to Timing Diagrams 

WAVEFORM INPUTS 

"tllllllt/llll DON'T CARE; 
CHANGE PERMITTED 

NOT 
APPLICABLE 

MUST BE STEADY 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER UNE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 
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PAL 16RP8A Series 
16PSA,16RPSA,16RP6A,16RP4A 

Logic Diagram 16P8A 
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PAL 16RP8A Series 
16P8A,16RP8A,16RP6A,16RP4A 

Logic Diagram 16RP8A 

I ...... 
282113031 v 0123 4567 8111011 12131415 16171819 2021222324252627 

il~liil~~l~l~I~~:)~~~~ 
~ =< 
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Logic Diagram 

PAL 16RP8A Series 
16PSA,16RPSA,16RP6A,16RP4A 
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Logic Diagram 

PAL 16RP8A Series 
16PBA,16RPBA,16RP6A,16RP4A 
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PAL 16R8 Family 

Features/Benefits 
• Standard 20-pln architectures 

• TTL and CMOS versions 

• High speed, as fast as 10 ns tPD for PAL 16R8D Series 

• Low power, as low as zero standby for PALC16R8Z 
Series 

• Security fuse/cell on all devices 

Description 
The PAL16R8 Series offers the four most popular PAL device 
architectures. It also provides the fastest PAL devices in the 
industry. 

The PAL 16R8 Series consists of four devices, each with sixteen 
array inputs and eight outputs. The devices haveeitherO, 4, 6,or 
8 registered outputs, with the remaining being combinatorial. 

The PAL device transfer function is the familiar Boolean sum of 
products. The PAL device consists of a programmable AND 
array driving a fixed OR array. Product terms with all bits 
programmed (disconnected) assume the logical high state, and 
product terms with both true and complement of any signal 
connected assume the logical low state. 

Variable Input/Output Pin Ratio 
The registered devices in the series have eight dedicated input 
lines, and each combinatorial output is an 1/0 pin. The combina
torial device has ten dedicated input lines, and only six of the 
eight combinatorial outputs are 110 pins. Buffers for device 
inputs have complementary outputs to provide user-program
mable input signal polarity. Unused input pins should be tied 
'directly to VCC or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with programmable 
three-state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a function 
of any combination of device inputs or output feedback. The 
output provides a bidirectional 1/0 pin in the combinatorial 
configuration, and may be configured as a dedicated input if the 
buffer is always disabled. 

Registers with Feedback 
Registered outputs are provided for data storage and synchron
ization. Registers are composed of D-type flip-flops which are 
loaded on the low-to-high transition of the clock input. 

10240A 
JANUARY 1988 

16L8, 16R8 
16R6, 16R4 

Ordering Information - Newer Products 

PALC16R8Q-25 C Q STD 

mo~~·~] J 1 Lmo='~ 
ARRAY LOGIC STD = Standard 

XXXX =Other 
TECHNOLOGY 

None = Bipolar PACKAGE 
C = CMOS N = Plastic DIP 

NUMBER OF----~ 
ARRAY INPUTS 

OUTPUT TYPE ----~ 
R = Registered 
L =Active Low 

Combinatorial 

NUMBER OF OUTPUTS 

POWER 
None = Standard 
H = Half Power 
Q = Quarter Power 
z = Zero Standby 

Power 

J = Ceramic DIP 
Q =Windowed DIP 

(CMOS Only) 
NL = Plastic Leaded 

Chip Carrier 
SG = Small-Outline 

Gull-wing 

'-----OPERATING 
CONDITIONS 

C = Commercial 
I = Industrial 

(PALC16R8Z 
Series Only) 

'-----SPEED (tPD) 

Ordering Information - Older Products 

PAL 16R8B-4 C N STD 

MOO-~~TJ ARRAY LOGIC 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
R = Registered 
L = Active Low 

Combinatorial 

NUMBER OF OUTPUTS 

SPEED--------~ 

None = Standard 
A = High Speed 
B = Very High Speed 
D = Ultra High Spead 

Packages 

1 L,.oc'~'" STD = Standard 
XXXX =Other 

PACKAGE 
N =Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded 

Chip Carrier 
SG = Small-Outline 

Gull-wing 

~---OPERATING 

CONDITIONS 
C = Commercial 

~----POWER 

None = Standard 
-2 = Half Power 
-4 = Quarter Power 

The commercial PAL 16R8 Series is available in the plastic DIP 
(N), ceramic DIP (J), plastic leaded chip carrier (NL), and small 
outline (SG) packages. The CMOS versions are also available in 
windowed (Q) packages. 

5·26 ~ MonolithiaW Memories ~ 



PAL 16R8 Series 
16LS,16RB,16R6,16R4 

Polarity 
All outputs are active low. 

Performance 
Several speed/power versions are available (see table). The 
D Series offers the fastest TTL programmable logic devices in 
the industry at 1 O ns tPD. 

DEDICATED OUTPUTS 

INPUTS COMBINATORIAL REGISTERED 

PAL16L8 10 8 (61/0) 0 

PAL16R8 8 0 8 

PAL16R6 8 21/0 6 

PAL16R4 8 41/0 4 

Preload 
The CMOS Series offers register preload for device testability. 
The register can be preloaded from outputs by using super
voltages in order to simplify functional testing. 

SUFFIX 'PD •cc 
(ns) (mA) 

A 25 180 

A-2 35 90 

A-4 55 50 

B 15 180 

B-2 25 90 

B-4 35 55 

(C)Q-25 25 45 

D 10 180 
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DIP /SO Pinouts 

16L8 

PLCC Pinouts 

Package Drawings 

PAL1 &RB Series 
16LB,16RB,16R6,16R4 

t6R8 16f:l6 

16L8 

16R6 16R4 

(refer to PAL Device Package Outlines, page 3-179) 
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Absolute Maximum Ratings 

PAL 16R8D Series 
16LBD,16RBD,16R6D,16R4D 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
lnputvoltage ................................................................ -1.5Vto5.5V .......... -1.0Vto22.0V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° C to +150° C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 

1 Low 8 6 
tw Width of clock ns l High 8 5 

16R8, 16R6, 16R4 
tsu Set up time from input or feedback to clock 10 8 ns 

th Hold time 0 -6 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 

V1H2 High-level input voltage 2 v 

Vic Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 

l1L3 Low-level in put current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 

VoH High-level output voltage Vee= MIN loH = -3.2mA 2.4 3.4 v 

1ozL3 
Off-state output current 

Vo = 0.4 V -100 µA 

lozH3 
Vee= MAX 

Vo = 2.4 v 100 µA 

los4 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

Ice Supply current Vee= MAX 120 180 mA 

C1N Input capacitance VIN= 2.0 Vat f = 1 MHz 2 pF 

CouT Output capacitance VouT = 2.0 vat f = 1 MHz 4 pF 

CcLK,EN Clock/enable capacitance VcLK,EN = 2.0 vat f = 1 MHz 9 pF 

1. The PAL 16RSD Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

3. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL 16R8D Series · 
16LSD,16RSD,16R6D,16R4D 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 16L8, 16R6, 16R4 

1CLK Clock to output or feedback except 16L8 

1CF Clock to feedback 

1Pzx Pin 11 to output enable except 16L8 

tpxz Pin 11 to output disable except 16L8 

Input to output enable 16L8, 16R6, 16R4 
R1=200!l 

IEA R2 = 390n 

tER Input to output disable 16L8, 16R6, 16R4 

External 

IMAX Maximum frequency Internal 16R8, 16R6, 16R4 

No feedback 
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MIN TYP MAX UNIT 

3 8 10 ns 

2 6 7 ns 

2 5 6.5 ns 

3 8 10 ns 

3 8 10 ns 

1 8 10 ns 

1 8 10 ns 

58.8 71 

60 76 MHz 

62.5 90 



Absolute Maximum Ratings 

PAL 16R8B Serles 
18L8B,18R8B,18R8B,18R4B 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
lnputvoltage ................................................................ -1.5Vto5.5V .......... -1.0Vto22.0V 
Off-state output voltage • • . . .. . .. . .. . . . .. . . . . . . . .. .. . . . . . . .. .. . . .. . .. . .. .. . .. .. . .. .. .. . 5.5 V . .. .. .. . . . . . . . . . . . 12.0 V 
Storage temperature ................................................................................. -65°Cto+150°C 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 10 6 

tw Width of clock ns 
High 10 5 

tsu Set up time from input or feedback to clock 16R8B,16R6B,16R4B 15 10 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 •c 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2 v 
Vic Input clamp voltage Vee= MIN 11 = -18mA -0.8 -1.5 v 
l1L3 Low-level input current Vee= MAX Vi = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX Vi = 2.4V 100 µA 

11 Maximum input current Vee= MAX Vi = 5.5V 1 mA 

Vol Low-level output voltage Vee= MIN loL = 24mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -3.2mA 2.4 2.8 v 
lozL3 Vo = 0.4 V -100 µA 

lozH3 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los4 Output short-circuit current Vee= 5V Vo =OV -30 -70 -130 mA 

Ice Supply current Vee= MAX 120 180 mA 

1. The PAL 16R88 Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and lnclude all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

3. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH)· 

4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL 16R8B Series 
16L8B,16R8B,16R6B,16R4B 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

' CONDITIONS 

tpo Input or feedback to output 16L8B, 16R6B, 16R4B 

tcLK Clock to output or feedback except 16L8B 

tpzx Pin 11 to output enable except 16L8B 

tpxz Pin 11 to output disable except 16L8B 
Commercial 
R1 = 200 !1 

tEA Input to output enable 16L8B, 16R6B, 16R4B R2 = 390!1 

tER Input to output disable 16L8B, 16R6B, 16R4B 

1 External 
IMAX Maximum frequency l 16R8B, 16R6B, 16R4B 

No feedback 
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MIN TYP MAX UNIT 

12 15 ns 

8 12 ns 

10 15 ns 

10 15 ns 

12 22 ns 

12 15 ns 

37 45 
MHz 

50 55 



CMOS PALC16R8Q·25 Series 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee ......................................................... -0.5 Vto 7.0 V ........... -0.5 V to 5.25 V 
Input voltage ................................................................ -3.0Vto7.0V ........... -1.0Vto14.0V 
Off-state output voltage ...................................................... -0.5 V to 7.0 V ............ -0.5 V to 7.0 V 
Output current into outputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 mA 
Storage temperature ................................................................................. -65° e to +150° e 
Ambient temperature with power applied . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -55° e to +125° e 
UV light exposure .................................................................................... 7258 W-sec/cm2 
Static discharge voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . >2001 V 
Latchup current (TA= 0°e to 75°e) .......................................................................... >100 mA 

Operating Conditions 

' COMMERCIAL 1 
SYMBOL PARAMETER MIN TYP MAX UNIT 

Vee Supply voltage 4.5 5 5.5 v 
tw1 ] Low 15 10 ns 

Width of clock 
twh High 15 10 ns 

16R8, 16R6, 16R4 
tsu Setup time from input or feedback to clock 20 15 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 oe 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2.0 v 
l1L3 Low-level input current Vee =MAX V1 = 0.4 v -10 µA 

l1H3 High-level input current Vee =MAX V1 = 2.4 v 10 µA 

113 Maximum input current Vee =MAX V1 = 5.5V 10 µA 

VOL Low-level output voltage Vee = MIN loL = 8 mA 0.35 0.4 v 
VoH High-level output voltage Vee = MIN loH = -3.2 mA 2.4 3.4 v 
lozL3 

Off-state output current } Vo = 0.4 v -100 µA 
Vee =MAX 

lozH3 Vo = 2.4 v 100 µA 

los4 Output short-circuit current Vee =MAX Vo =OV -300 mA 

Ice Supply current Vee = MAX, V1 = GND. Outputs open 30 45 mA 

C1N In put capacitance5 VIN =O V at f = 1 MHz 5 7 pF 

CouT Output capacitance5 VouT=OVatf= 1 MHz 5 7 pF 

1. The PALC16RBQ-25 Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute values with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

3. 110 pin leakage is the worst case of l1L and lozL (or l1H and lozHl· For pin 1 l1H = 25 µA max, 11=1 mA max. 

4. No more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second. 

5. Sampled but not 100% tested. 
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CMOS PALC16R8Q·25 Series 
I 

Switching Characteristics Over Operating Conditions 

TEST COMMERCIAL 
UNIT SYMBOL PARAMETER 

CONDITIONS MIN TYP MAX 

tpo Input or feedback to output 16L8, 16R6, 16R4 20 25 ns 

tcLK CLK to output 10 15 ns 

tcF CLK to feedback 
16R8, 

9 13 ns 
16R6, 

tpzx Pin 11 to output enable 16R4 15 20 ns 

tpxz Pin 11 to output disable R1 =560 fl 15 20 ns 

tEA Input to output enable i 
R2=1.1KO 

20 25 ns 
16L8, 16R6, 16R4 

tER Input to output disable 20 25 ns 

28.5 40 External feedback (1/tsu + tcLKl 
Maximum 

16R8, 
IMAX Internal feedback (1/tsu + tcFl 

frequency 
No feedback (1/twh + lw1l 

Output Register Preload 
The preload function allows the register to be loaded from the 
output pins. This feature aids functional testing of sequential 
designs by allowing direct loading of output states. The 
procedure is: 

1. Raise VCC to 5.0 V ± 0.5 V. 

2. Disable output registers by setting pin 11 to VIH. 

3. Apply VIUVIH as desired to all registered output pins. 
Leave combinatorial outputs floating. 

4. Pulse pin 5 from VIL to 13.5 V to VIL. 

5. Remove VIUVIH from all registered output pins. 

6. Enable output registers. 

7. Verify for VOUVOH at all registered output pins. 

16R6, 30 40 MHz 

16R4 33.3 50 

Programming and Erasing 
The PALC16R8Q-25 Series can be programmed on standard 
logic programmers. The PALC16R8Q-25 Series may be erased 
by ultraviolet light when contained in the windowed package. 

For erasure, the recommended ultraviolet light wavelength is 
2537 Angstroms. The minimum dose required is 25,oOO mW
sec/cm2 (UV intensity x exposure time). For an ultraviolet lamp 
with a 12 mW/cm2 power rating, the minimum exposure time 
would be 25,000/12 seconds= 35 minutes. The device needs to 
be within one inch of the lamp during erasure. 

Permanent damage may result if the device is exposed to high
intensity UV light for an extended period of time. The recom
mended maximum dosage is 7258 W-sec/cm2. 

wavelengths of light less than 4000 Angstroms can partially 
erase the device in the windowed package. For this reason, an 
opaque label should be placed over the window, especially if the 
device will be exposed to sunlight or fluorescent lighting for 
extended periods of time. 
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PAL 16R8B·2 Series 
16LSB·2, 16RSB·2, 16R6B·2, 16R4B·2 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
lnputvoltage ................................................................ -1.5Vto5.5V .......... -1.0Vto22.0V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature ................................................................................. -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 15 10 

tw Width of clock ns 
High 15 10 

tsu Set up time from input or feedback to clock 16R8B-2, 16R6B-2, 16R4B-2 25 15 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TES't CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
v1H2 High-level input voltage 2 v 
Vic Input clamp voltage Vee= MIN 1, = -18 mA -0.8 -1.5 v 
l1L3 Low-level input current Vee= MAX v, = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX v, = 2.4 v 25 µA 

,, Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN 10 L = 24 mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -3.2mA 2.4 2.8 v 
lozL3 Vo =0.4V -100 µA 

lozH3 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

1os4 Output short-circuit current Vee= 5 v Vo =OV -30 -100 -250 mA 

'cc Supply current Vee= MAX 60 90 mA 

1. The PAL 16R8B-2 Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

3. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL 16R8B·2 Series 
16L8B·2, 16R8B·2, 16R6B·2, 16R4B·2 

Switching Characteristics Over Operating conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 16L8B-2, 16R6B-2, 16R4B-2 

tcLK Clock to output or feedback except 16L8B-2 

tcF Clock to feedback except 16L8B-2 

tpzx Pin 11 to output enable except 16LBB-2 
Commercial 

tpxz Pin 11 to output disable except 16L8B-2 R1 = 200 !l 

tEA Input to output enable 16L8B-2, 16R6B-2, 16R4B-2 R2 = 390 !l 

tER Input to output disable 16L8B-2, 16R6B-2, 16R4B-2 

External 

IMAX Maximum frequency Internal 16R8B-2, 16R6B-2, 16R4B-2 

No feedback 

5-36 ~ Nlonollthla WMemarles ~ 

MIN TYP MAX UNIT 

17 25 ns 

10 15 ns 

8 10 ns 

10 20 ns 

11 20 ns 

10 25 ns 

13 25 ns 

25 40 

28.5 43 MHz 

33 50 



Absolute Maximum Ratings 

PAL 16R8A Series 
16L8A,16R8A,16R6A,16R4A 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 V to 7.0 v .......... -0.5 v to 12.0 v 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1.5 V to 5.5 V . . . . . . . . . . -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 15 10 

tw Width of clock ns 
High 15 10 

tsu Set up time from input or feedback to clock 16R8, 16R6, 16R4 25 15 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 
V1H1 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L2 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 
lozL2 Vo =0.4V -100 µA 

lozH2 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los3 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

~c Supply current Vee= MAX 120 180 mA 

1. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

2. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH)· 

3. No more than one output should be shorted at a time, and duration of the short curcuit should not exceed one second. 
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PAL 16R8A Series 
16LSA,16RSA,16R6A,16R4A 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 16R6A, 16R4A, 16L8A 

tcLK Clock to output or feedback 

tcF Clock to feedback 

tpzx Pin 11 to output enable except 16L8A 
R1 = 200 !1 

1Pxz Pin 11 to output disable except 16L8A R2 = 390 !1 

1EA Input to output enable 16R6A, 16R4A, 16L8A 

IER Input to output disable 16R6A, 16R4A, 16L8A 

External 

IMAX Maximum frequency Internal 16R8A, 16R6A, 16R4A 

No feedback 

5.39 ~ Mono/ithiaW Memories ~ 

MIN TYP MAX UNIT 

15 25 ns 

10 15 ns 

8 10 ns 

10 20 ns 

11 20 ns 

10 25 ns 

13 25 ns 

25 40 

28.5 40 MHz 

33 50 



PAL 16R8B·4 Series 
16L8B·4, 16R8B-4, 16R6B·4, 16R4B·4 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage . .. . . .. . .. . .. . .. . .. . . .. . . .. . .. .. . .. . .. . .. . .. . .. . . . . .. .. . .. .. • . .. -1.5 V to 5.5 V . . .. . .. .. . -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°e 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 25 10 

tw Width of clock ns 
High 25 10 

tsu Set up time from input or feedback to clock 16R8B-4, 16R68-4, 16R4B-4 35 25 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 
V1H1 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L2 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 8 mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -1 mA 2.4 2.8 v 
lozL2 Vo = 0.4 V -100 µA 

lozH2 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los3 Output short-circuit current Vee= 5 v Vo =OV -30 -100 -250 mA 

1cc Supply current Vee= MAX 30 55 mA 

1. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

2. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

3. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL 16R8B·4 Series 
16LSB·4, 16RSB·4, 16R6B·4, 16R4B·4 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 16L8B-4, 16R6B-4, 16R4B-4 

1CLK Clock to output or feedback 

tpzx Pin 11 to output enable except 16L88-4 

1Pxz Pin 11 to output disable except 16L8B-4 R1 = 800 f1 
R2 = 1.56 KO 

!EA Input to output enable 16L8B-4, 16R6B-4, 16R4B-4 

1ER Input to output disable 16L8B-4, 16R6B-4, 16R4B-4 

T External 
IMAX Maximum frequency J 16R8B-4, 16R6B-4, 16R4B-4 

No feedback 

5.40 Monolithic WMemories 

MIN TYP MAX UNIT 

25 35 ns 

15 25 ns 

15 25 ns 

15 25 ns 

25 35 ns 

25 35 ns 

16 25 
MHz 

25 50 



PAL 16R8A·2 Series 
16LBA·2, 16RBA·2, 16R6A·2, 16R4A·2 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1.5 V to 5.5 V . . . . . . . . . . -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature ................................................................................. -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 25 10 

tw Width of clock ns 
High 25 10 

tsu Set up time from input or feedback to clock 16R8A-2, 16R6A-2, 16R4A-2 35 25 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics over Operating conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 

V1H1 High-level input voltage 2 v 

V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 

l1L2 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 

VoH High-level output voltage Vee= MIN loH = -1 mA 2.4 2.8 v 

lozL2 Vo = 0.4 V -100 µA 

lozH2 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los3 Output short-circuit current Vee= 5 v Vo =OV -30 -100 -250 mA 

Ice Supply current Vee= MAX •. 60\ 90 mA 

1. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

2. 1/0 pin leakage is the worst case of l1L and 'OZL (or l1H and lozHI· 
3. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL 16R8A·2 Series 
16LBA·2, 16RBA·2, 16R6A·2, 16R4A·2 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 16L8A-2, 16R6A-2, 16R4A-2 

tcLK Clock to output or feedback 

tpzx Pin 11 to output enable except 16L8A-2 

1Pxz Pin 11 to output disable except 16L8A-2 R1=20011 
R2 = 39011 

!EA Input to output enable 16L8A-2, 16R6A-2, 16R4A-2 

!ER Input to output disable 16L8A-2, 16R6A-2, 16R4A-2 

l External 
fMAX Maximum frequency J 16R8A-2, 16R6A-2, 16R4A-2 

No feedback 

5.42 ~ llllonollthla W Memories ~ 

MIN TYP MAX UNIT 

25 35 ns 

15 25 ns 

15 25 ns 

15 25 ns 

25 35 ns 

25 35 ns 

16 25 
MHz 

20 50 



PAL 16R8A·4 Series 
16LBA·4, 16RBA·4, 16R6A·41 16R4A·4 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage ................................................................ -1.5 V to 5.5 V .......... -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . .. . . . .. . . . . . .. . . . .. . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . .. -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 30 20 

tw Width of clock ns 
High 30 20 

tsu ' 
Set up time from input or feedback to clock 16R8A-4, 16R6A-4, 16R4A-4 60 45 ns 

th Hold time 0 -15 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

v1L1 Low-level input voltage 0.8 v 
V1H1 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L2 Low-level input current Vee= MAX v, = 0.4 v -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 8mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -1 mA 2.4 2.8 v 
lozL2 Vo = 0.4 V -100 µA 

loZH2 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

1os3 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 30 50 mA 

1. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without Suitable equipment. 

2. 1/0 pin leakage is the worst case of I 1L and lozL (or l1H and lozH)· 

3. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL 16R8A·4 Series 
16LBA·4, 16RBA4, 16R6A·4, 16R4A·4 

Switching Characteristips Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 16L8A-4, 16R6A-4, 16R4A-4 

tcLK Clock to output or feedback 

tpzx Pin 11 to output enable except 16L8A-4 

tpxz Pin 11 to output disable except 16L8A-4 R1 = 8000 

!EA Input to output enable 16L8A-4, 16R6A-4, 16R4A-4 
R2 = 1.56 Kn 

!ER Input to output disable 16LBA-4, 16R6A-4, 16R4A-4 

1 External 
IMAX Maximum frequency J 16RBA-4, 16R6A-4, 16R4A-4 

No feedback 

5-44 ~ lfllonallthla W Memories ~ 

MIN TYP MAX UNIT 

35 55 ns 

20 35 ns 

15 30 ns 

15 30 ns 

30 50 ns 

30 50 ns 

11 18 
MHz 

16 25 



PAL 16R8 Series 
16L8,16R8,16R6,16R4 

Switching Waveforms 

INPUT OR 
FEEDBACK 

CLOCK 

REGISTERED 
OUTPUT 

ENABLE 

REGISTERED 
OUTPUT 

Comblnatorlal Output 

~~~~~~~--~tcLK _v_T __ _ 

Registered Output 

Pin 11 to Output Disable/Enable 

CLOCK 

~"~:: ___ ._&+::1 ~ 
OUTPUT ~ 

Clock to Feedback to Comblnatorlal Output (See Path Below) 

CLK 

r---------
1 ~---~ 
I 
I 
I 
I 

LOGIC tpD 

I tCF I L ______________ J 

Notes: 
1. VT= 1.SV 
2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2-5 ns typical 

INPUT 

COMBINATORIAL 
OUTPUT 

Input to. Output Disable/Enable 

Clock Width 

Key to Timing Diagrams 
Switching Test Load 
(refer to page 5-164) WAVEFORM INPUTS 

DON'T CARE; 
CHANGE PERMITIED 

NOT 
APPLICABLE 

MUST BE STEADY 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 
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PAL16R8 Series 
16L8 Logic Diagram 

Logic Diagram 16L8 
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PAL 16R8 Series 
16R8 Logic Diagram 

Logic Diagram 16R8 
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Logic Diagram 

I 
...... 01 23 

0 
I 
2 
3 
4 
5 
6 
7 

~ 
6 
9 

10 
11 
12 
13 
14 
15 

3 ho 

~ 
16 
17 
18 
19 
20 
21 
22 
23 

4 ho 

~ 
24 
25 
26 
27 
28 
29 
30 
31 

~~ 
32 
33 
34 
35 
36 
37 
38 
39 

6 ..... 
~ 

40 
41 
42 
43 
44 
45 
46 
47 

7~ 
~ .... 

48 
49 
50 
51 
52 
53 
54 
55 

B~ .... ~ 
56 
57 
58 
59 
60 
61 
62 
63 . 

g~ .... 

4567 

PAL 16R8 Series 
16R6 Logic Diagram 

16R6 
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Logic Diagram 
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PAL 16R8 Series 
16R4 Logic Diagram 

16R4 
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Zero Standby Power 
CMOS ZPAL™ Family 

Features/Benefits 

• CMOS technology provides zero standby power: 
100 µA max 
Low CMOS operating power 
28.5 MHz max frequency and 25-ns propagation delay 
match bipolar speeds 

• UV-erasable cell technology provides highest program
ming and functional yields 

• Register preload eases device testing 
Programmable replacement for CMOS/TTL logic 
Instant prototyping and easier board layout 

• Reduces chip count by greater than four to one 
• Erasable windowed 20-pin package 

Cost effective OTP Plastic DIP package and 20-pin 
Plastic Leaded Chip Carrier 
Programmed on standard PAL® device programmers 

• Security bit prevents duplication by competitors 

Description 

The CMOS PALC16RBZ Series is a CMOS version of the bipolar 
20-pin PAL 16R8 Series. Monolithic Memories' advanced CMOS 
technology provides high speed and very low power. Standby 
power consumption is typically less than 1 O µA. Active power 

Ordering Information 

631 01 

~it~? "1' c r I . 
CMOS 

NUMBER OF 
ARRAY INPUTS 
OUTPUT TYPE 
L = ACTIVE LOW COMB. 
R = REGISTERED 

NUMBER OF OUTPUTS 

ZERO STANDBY POWER 

SPEED 
25 = 25nsmaxtpo 

PALC16RBZ·25 Series 

ADVANCE INFORMATION 

Logic Array Description 

LOGIC ARRAY 
PART PKG 

NUMBER ARRAY OUTPUTS 
INPUTS 

COMB REG 

PALC16LBZ 16 8 -

PALC16R8Z 16 - 8 
0,N 

PALC16R6Z J, NL 16 2 6 

PALC16R4Z 16 4 4 

rises at less than 3 mA per MHz of operating frequency. The 
PAL 16R8 Series is completely pin compatible with the 16L8, 
16R8, 16R6, and 16R4 architectures. The PAL 16RBZ Series can 
thus be used in existing 20-pin PAL device sockets. 

z -25 c 
PROCESSING 
STD =STANDARD 
XXXX =OTHER 

PACKAGE 
N = PLASTIC DIP 
J = CERAMIC DIP 
Q = WINDOWED DIP 
NL = PLASTIC LEADED 

CHIP CARRIER 

'----- OPERATING CONDITIONS 
C = O"C TO +75"C 
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Arithmetic Series 
PAL16X4 

Features/ Benefits 
• Bit-pair decoding 

• Easy generation of arithmetic operations 

• Security fuse 

Description 
The PAL 16X4 has arithmetic gated feedback. This is a special
ized device for arithmetic applications. 

The PAL device transfer function is the familiar Boolean sum of 
products. The PAL device consists of a programmable AND 
array driving a fixed OR array. Product terms with all bits 
programmed (disconnected) assume the logical high state, and 
product terms with both true and complement of any signal 
connected assume the logical low state. 

Variable Input/Output Pin Ratio 
The PAL 16X4 has eight dedicated input lines, and each combin
atorial output is an 1/0 pin. Buffers for device inputs have 
complementary outputs to provide user-programmable input 
signal polarity. Unused input pins should be tied directly to VCC 
orGND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with programmable 
three-state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a function 
of any combination of device inputs or output feedback. The 
output provides a bidirectional 1/0 pin in the combinatorial 
configuration, and may be configured as a dedicated input if the 
buffer is always disabled. 

PAL Arithmetic Series 

ARRAY INPUTS 

Ordering Information 

PAL16X4 C N STD 

PROGRAMMA::JL~~ ARRAY LOGIC 

NUMBER OF 
ARRAY INPUTS 

OUTPUTS TYPE 
X = XOR-gated 

Arithmetic 
Registered Feedbacl< 

E PROCESSING 
STD = Standard 
XXXX =Other 

PACKAGE 
N = Plastic DIP 
J = Ceramic DIP 

OPERATING CONDITIONS 
c = Commercial 

NUMBER OF OUTPUTS 

Registers with Feedback 
Registered outputs are provided for data storage and synchron
ization. Registers are composed of D-type flip-flops which are 
loaded on the low-to-high transition of the clock input. 

Arithmetic Gated Feedback 
The arithmetic functions (add, subtract, greater than, and less 
than) are implemented by addition of gated feedback to the 
features of the XOR PAL device. The XOR at the input of the 
D-type flip-flop allows carrys from previous operations to be 
XORed with two variable sums generated by the PAL device 
array. The flip-flop Q output is fed back to be gated with input 
terms A (Figure 1 ). This gated feedback provides any one of the 
sixteen possible Boolean combinations which are mapped in the 
Karnaugh map (Figure 2). Figure 3 shows how the PAL device 
array can be programmed to perform these sixteen operations. 
These features provide for versatile operations on two variables 
and facilitate the parallel generation of carrys necessary for fast 
arithmetic operations. 

OUTPUTS 
PRODUCT TERMS 

COMBINATORIAL l REGISTERED 

PAL16X4 16 4 l 4 

INPUTS, FEEDBACK AND 1/0 

Figure 1. 

~ Nlanallthla m Memories ~ 

64 

CLOCK 0c 

10280A 
JANUARY 1988 

5-51 



Arithmetic Series 
PAL16X4 

A.~--....----.---+-----, 

B---<-.---1--t----+..---. 

A+ii A A+B 

-x A+B A:+:B A•B B 

xx A A•B 

x- A+B A•ii A:•:B 

Figure 2. 

Packages 
The commercial PAL 16X4 is available in the DIP (N) and ceramic 
DIP (J) packages. 

DIP Pinout 

16X4 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

A+B 
(AB) 

A+B 
(AB) 
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Absolute Maximum Ratings 

Arithmetic Series 
PAL16X4 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
lnputvoltage ................................................................ -1.5Vto5.5V .......... -1.0Vto22.0V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature ................................................................................. -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 

} Low 25 10 
tw Width of clock ns 

High 25 10 

tsu Set up time from input or feedback to clock 45 30 ns 

th Hold time 0 -15 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 
V1H1 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L2 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 
lozL2 Vo = 0.4 v -100 µA 

lozH2 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los3 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 160 225 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

MIN TYP MAX UNIT 
CONDITIONS 

tpo Input or feedback to output 30 40 ns 

1CLK Clock to output or feedback 15 25 ns 

1Pzx Pin 11 to output enable 15 25 ns 

tpxz Pin 11 to output disable R1=200!1 15 25 ns 
R2 = 390 n 

tEA Input to output enable 30 40 ns 

1ER Input to output disable 30 40 ns 

1 External 14 22 
IMAX Maximum frequency MHz l No feedback 20 50 

1. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

2. 1/0 pin leakage is the worst case of l1L and lozL (or ltH and lozH)· 

3. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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Arithmeti~ Series 
PAL16X4 

Switching waveforms 

INPUT OR 
FEEDBACK 

CLOCK 

Combinatorial Output 

~~~~~~~---1CL~ -1/-r~~~ 
REGISTERED 

OUTPUT 

Registered Output 

'-1w1-

Clock Width 

Key to Timing Diagrams 
WAVEFORM INPUTS 

ENABLE 

REGISTERED 
OUTPUT 

Pin 11 to Output Disable/Enable 

INPUT 

COMBINATORIAL 
OUTPUT 

Notes: 
1. VT=1.5V 

Input to Output Disable/Enable 

2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical 

OUTPUTS 

DON'T CARE; 
CHANGE PERMITTED 

CHANGING; 
STATE UNKNOWN 

Switching Test Load 
(refer to page 5-164) 

NOT 
APPLICABLE 

MUST BE STEADY 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 
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Arithmetic Series 
PAL18X4 

Logic Diagram 16X4 
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Combinatorial 
PAL 1 OHS Series 

Features/ Benefits 
• Combinatorial architectures 

• Active high or active low options 

• Security fuse 

INPUTS 

PAL10H8 10 

PAL12H6 12 

PAL14H4 14 

PAL16H2 16 

PAL16C1 16 

PAL10L8 10 

PAL12L6 12 

PAL14L4 14 

PAL16L2 16 

Description 

OUTPUTS 

8 

6 

4 

2 

2 

8 

6 

4 

2 

The PAL 1 OH8 Series is made up of nine combinatorial 20-pin 
PAL devices. They implement simple combinatorial logic, with 
no feedback. Each has sixteen product terms total, divided 
among the outputs, with two to sixteen product terms per 
output. 

Polarity 
Both active high and active low versions are available for each 
architecture. The 16C1 offers both polarities of its single output. 

10285A 
JANUARY 1988 

10H8,12H6,14H4,16H2 
16C1 
1 OLS, 12L6, 14L4, 16L2 

Ordering Information 
PAL 10H8 C N STD 

PR.OGRAMMA::=J~E-=r-ARRAY LOGIC 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
H = Active High 

Combinatorial 
L =Active Low 

Combinatorial 
C = Complementary 

Combinatorial 

NUMBER OF OUTPUTS 

POLARITY 

HIGH 

HIGH 

HIGH 

HIGH 

BOTH 

LOW 

LOW 

LOW 

LOW 

Performance 

T L~"~"" STD = Standard 
XXXX =Other 

PACKAGE 
N = Plastic DIP 
J = Ceramic DIP 
NL = Plastic Leaded 

Chip Carrier 
SG = Small-Outline 

Gull-wing 

~--- OPERATING CONDITIONS 
C = Commercial 

tpo 'cc 
(ns) (mA) 

35 90 

35 90 

35 90 

35 90 

40 90 

35 90 

35 90 

35 90 

35 90 

The standard series has a propagation delay (tpd) of 35 nanose
conds (ns), except for the 16C1 at 40 ns. Standard supply current 
is 90 milliamps (mA). 

Packages 
The commercial PAL 10H8 Series is available in the plastic DIP 
(N), ceramic DIP (J), plastic leaded chip carrier (NL), and small 
outline (SG) packages. 
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Combinatorial PAL 1 OHS Series 
10HS,12H6,14H4,16H2,16C1,10LB,12L6,14L4,16L2 

DIP/SO Pinouts 

10H8 12H6 

16H2 16C1 

12L6 14L4 

~ Nlonolithic IHl!J Memories ~ 

14H4 

10L8 

16L2 
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PLCC Pinouts 

10H8 

10L8 

16H2 

Combinatorial PAL 1 OHS Series 
10H8,12H6,14H4,16H2,16C1,10L8,12L6,14L4,16L2 

12H6 

12L6 

16L2 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 
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Combinatorial PAL 1 OHS Series 
10H8,12H6,14H4,16H2,16C1,10L8,12L6,14L4,16L2 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 v to 12.0 v 
lnputvoltage ................................................................ -1.5Vto5.5V .......... -1.0Vto22.0V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 v . . . . . . . . . . . . . . . . . . 12.0 v 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Vee Supply voltage 4.75 5 5.25 v 
TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 
V1H1 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
11L Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

11H High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 8 mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN 10 H = -3.2 mA 2.4 2.8 v 
los2 Output short-circuit current Vee= 5 v Vo = OV -30 -70 -130 mA 

Ice Supply current Vee= MAX 55 90 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

MIN TYP MAX UNIT 
CONDITIONS 

J Except 16C1 R1=5600 25 35 
tpo Input or feedback to output ns 

16C1 R2 = 1.1 k!l 25 40 

1. These are absolute values with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do notattemptto test these 
values without suitable equipment. 

2. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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Combinatorial PAL 1 OHS Series 
10HS,12H6,14H4,16H2,16C1,10L8,12L6,14L4,16L2 

Switching Waveforms 

Combinatorial Outpl.it 

Switching Test Load 
(refer to page 5-164) 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

Notes: 

1.VT=1.5V. 

2. Input pulse amplitude O V to 3.0 V. 

3. Input rise and fall times 2-5 ns typical. 
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Logic Diagram 
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Logic Diagram 
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Combinatorial PAL 1 OHS Series 
10HS,12H6,14H4,16H2,16C1,10LS,12L6,14L4,16L2 
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Logic Diagram 
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Logic Diagram 
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Combinatorial PAL 1 OHS Series 
10H8,12H6,14H4,16H2,16C1,10L8,12L6,14L4,16L2 
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10H8,12H6,14H4,16H2,16C1,10L8,12L6,14L4,16L2 

16C1 

0 1 2 3 4 5 II 7 8 91011 ll 131415 161718 19 20 212223 24 2526 27 28 2113031 

14 
15 ..... 16 

~ " 

~ " ... 

~ 17 

'"""' 

17 ...... fl 16 ...... 19 
30 I-' 
31 

~ 
- IS 31 

33 
34 ..... 
" 36 ..... 
37 

...... 
3B >-----> 39 

3::4 14 

-3t' 13 ... 

.A 
~ 

11 

~ \I ... 
0 I 2 3 4 5 6 7 8 91011 12131415 16171819 20212223 24252627 2B293031 

~ MonolithiaW Memories ~ 5-65 



Combinatorial PAL 1 OHS Series 
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2 

Logic Diagram 10L8 
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Combinatorial PAL 1 OHS Series 
10H8,12H6,14H4,16H2,16C1,10L8,12L6,14L4,16L2 
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Combinatorial PAL 1 OHS Series 
10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2 

Legic Diagram 14L4 
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Combinatorial PAL 1 OHS Series 
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High Speed 
Programmable 
Array ·Logic 

Features/Benefits 
• Dual independent feedback paths allow buried state 

registers or input registers 

• Programmable llip·llops allow J·K, S·R, Tor D types for the 
most efficient use of product terms 

• 10 input/output macrocells for flexibility 

• Programmable registered or combinatorial outputs 

• Programmable output polarity 

• Global register asynchronous preset/synchronous 
reset or synchronous preset/asynchronous reset 

• Automatic register preset on power up 

• Preloadable output registers for testability 

• Varied product term distribution 
-Up to 16 product terms per output 

• High speed 
-25 ns "A" version 
-30 ns standard version 

• Space-saving 24-pin 300-mil SKINNYDIP® package or 
28-pin chip carrier 

• Pin-compatible functional superset of 22V10 

Pin Configurations 

12 11 10/CLK NC VCC l/01 1102 

19 110 GND NC 111 1/010 1/09 

SKINNYDIP Package Plastic Leaded Chip Carrier 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

10290A 
JANUARY 1988 

PAL32VX10 
PAL32VX10A 

Ordering Information 

PROGRAMMA::=J~~m32VX10A c LNS. ~ACCESSING. 
ARRAY LOGIC STD 0 Standard 

XXXX 0 Other 
NUMBER OF 
ARRAY INPUTS PACKAGE 

NS= Plastic 
OUTPUT TYPE SKINNYDIP 

VX = Varied terms with XOR JS = Ceramic 
SKINNYDIP 

NUMBER OF OUTPUTS FN ° Plastic Leaded 

SPEED--------~ 

Blank = Standard 
A 0 High Speed 

General Description 

Chip Carrier 

~----TEMPERATURE 
RANGE 

C 0 O'C to 75°C 

The PAL32VX1 O is a high-density Programmable Array Logic 
(PAL®) device which implements a sum-of-products transfer 
function via a user-programmable AND logic array and a fixed 
OR logic array. Featured are ten highly flexible input/output 
macrocells which are user-configurable for combinatorial or 
registered operation. Each flip-flop can be programmed to be 
either a J-K, S-R, T, or D-type for optimal design of state 
machines and other synchronous logic. In addition, a unique 
dual feedback architecture allows 110 capability for each 
macrocell in both combinatorial and registered configurations. 
This can be achieved even when register feedback is present, . 
and allows implementation of buried flip-flops while preserving 
the external macrocell input. Supplied in space-saving 300-mil
wide dual in-line packagesor28-pin chip carriers, the PAL32VX10 
offers a powerful, space saving alternative to SSl/MSI logic 
devices, while providing the advantage of instant prototyping. 
Security fuses defeat readout after programming and make 
proprietary designs difficult to copy. 

The PAL32VX1 O is fabricated using Monolithic Memories' 
advanced oxide-isolated bipolar process for high speed and low 
power. TiW fuse links provide high reliability and programming 
yields. Special on-chip test circuits allow full AC, DC, and 
functional testing before programming. Preloadable output 
registers facilitate functional testing. 

The PAL32VX10 can be programmed on standard PAL device 
programmers, fitted with appropriate programming modules 
and configuration software. Design development is supported 
by Monolithic Memories' PALASM® 2 software as well as by 
other programmable logic CAD tools available from third party 
vendors. 
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PAL32VX10 PAL32VX10A 

Block Diagram Description of Architecture 

Note: PLCC pin numbers are indicated in parentheses. 
PLCC pins 1, 8, 15, and 22 are not connected. 

The PAL32VX10 has twelve dedicated input lines and ten 
programmable 110 macrocells. Pin 1 serves either as an array 
input or as a clock forpll flip-flops. Buffers for device inputs have 
complementary outputs to provide user-programmable input 
signal polarity. The fuse matrix implements a programmable 
AND logic array, which drives a fixed OR logic array. 

The high level of flexibility built into each macrocell, shown in 
Figure 1, allows the PAL32VX10 to implement over thirty 
different architecture options. Each macrocell can be .individ
ually programmed to implement a variety of combinatorial or 
registered logic functions. 

Dual Output Feedback 
Dual feedback paths associated with each macrocell provide 
independent feedback paths directly into the array from both the 
flip-flop output and the output pin. Unlike other devices which 
have a single feedback path, the PAL32VX10 allows each output 
to have full 110 capability when configured as either a combina
torial output or a registered output, even if register feedback to 
the array is used. Thus registers can be loaded from their outputs. 

If a macrocell is configured as a dedicated input, by disabling the 
three-state output buffer, the dual feedback architecture 
allows use of the associated register as an input register or as a 
"buried" state register, avoiding waste of the flip-flop, as shown 
in Figure 2. 

SRCK 

Pn 
n = 8, 10, 12, 14, 16 

AP 

Figure 1. PAL32VX10 Macrocell 

Figure 2. Burled Flip-Flops with Dedicated Inputs 
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Programmable Flip-Flops 
Each output macrocell contains a unique programmable flip
flop consisting of a basic D-type flip-flop driven by an XOR gate. 
This allows the user to choose the optimal flip-flop for the design, 
since either J-K, S-R, or T-type flip-flops can be synthesized 
from such a structure without wasting product terms. 

As indicated in the macrocell logic diagram, one input of the 
XOR gate is connected to a single product term, while the 
second input is connected to the output of the OR logic array. The 
XOR gate output feeds the input of the D flip-flop. The way in 
which the XOR gate is used to synthesize the different flip-flop 
types is described in detail below. 

D Flip-Flop. The D flip-flop option is implemented directly. In this 
configuration, the XOR gate on the input of the flip-flop can be 
used to program the logic polarity of the transfer function. 

J-K Flip-Flop. The J-K flip-flop option can be easily synthesized 
with a more sophisticated manipulation of the XOR gate inputs 
and the D flip-flop output. 

The transfer function of a J-K flip-flop can be mapped in the 
Karnaugh Map of Figure 3, where Q+ represents the next state of 
the flip-flop: 

~. 
(HOLD) 

0 1 (RESET) 
Q+ 

11 (TOGGLE) 

1 0 (SET) 

Figure 3. J-K Flip-Flop Transfer Function 

Dropping the(+) for simplicity, the equivalent Boolean expres
sion for Q+ is: 

a:= "K·a+J·a 

I ngeneral, J and K can be sum-of-product expressions which are 
provided in the PAL architecture only in active-high form. Thus, 
a direct implementation of K expressions must invoke a DeMor
gan transformation, which can use excessive product terms. 
This can be avoided by rewriting the equation for Q without 
inversions on the J or K inputs. 

The XOR gate can be used to construct a logically equivalent 
expression without any inversions on the J or K inputs. The 
rewritten Boolean expression is: 

a := a :+: (J·a + K·a) 

To check that these expressions are logically equivalent, change 
the XOR to its equivalent sum of products form (remember A:+: 
B =A'S+ A:•B) and reduce (using DeMorgan's theorem): 

Q := a•(J_:Q +,K • .Q) _ + o•(J•a + K•Q) 
Q := a•((J + Q).(K + Q)) + Q"•J'O + Ci•K•Q 
a:= a·(J'i< + J .. a + a·"K + a·a) +fa 
a:= J·i<·a + i<·a + J·a 

which simplifies to a := K-a + J•a. 

PAL32VX10A 

Since Jand Kare, in general, sums of products, J and Kin either 
expression can be substituted with (J1 + J2 + ... + Jm) and (K1 + 
K2 + ... + Kn-m), where n is the total number of product terms 
associated with a given output macrocell. Thus, the total n
product term resource is shared between the J and K control 
inputs (Figure 4). Note that all J terms will contain Q and all K 
terms will contain Q. 

n "8, 10, 12, 14, 16 

Figure 4. J-K Flip-Flop Logic Equivalent; 
J and K Can Also be Active-Low 

The above discussions have assumed that it was most conve
nient to "group ones" in the Karnaugh Map. Sometimes it takes 
fewer product terms to "group zeros", i.e., implement the inver
sion of the desired function. The equations shown in Table 1 are 
equivalent and can be interchanged to optimize product term 
utilization. This can be readily proved through logic reductions 
similar to that above. 

J and K active high a:= a:+: (J·a + K·a) 

J active high, K active low a:= J•a + K·a 

J active low, K active high a:= J•a + K·a 

J and K active low a:= a:+: (J·a + K·a) 

Note: 

' 
J =sum of products J1 + J2 + ... + Jm 
K = sum of products K 1 + K2 + ... + Kn-m 
n =total number of available product terms for a given macrocell 

(Bto 16) 

Table 1. J-K Flip-Flop Transfer Functions 

S-R Flip-Flop. The S-R flip-flop has a truth table identical to that 
of the J-K flip-flop, with the exception that the J=K=1 (toggle) 
condition is not allowed. The S-R flip-flop implementation is 
identical to that of the J-K flip-flop, with J-K replaced by S-R, and 
the S=R=1 condition avoided. 

T Flip-Flop. AT (toggle) flip-flop either holds its state or toggles, 
depending on the logic state of the T input. The T flip-flop is a 
subset of the J-K flip-flop and can be considered equivalent to a 
J-K type with J=K. The general transfer function and its active
low T equivalent are both given in Table 2. 

a:= a:+: T 

a:= a :+:T 

Note: T =sum of products T1 + T2 + T3 + ... + Tn 

Table 2. T Flip-Flop Transfer Functions 

Summary 
The PAL32VX10 can synthesize J-K, S-R, T, and D flip-flops, 
whichever is most convenient for the application, without sacri
ficing product terms. Additionally, the synthesized equations 
can use the active-high or active-low forms of the inputs, allow
ing the designer to minimize product term requirements. 
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Flip·Flop Bypass 
Any output in the PAL32VX10 can be configured to be combina
torial by bypassing the output flip-flop. This is done by setting 
the output multiplexer to the appropriate state. The multiplexer 
is controlled by a product term which can be set unconditionally 
tor a permanent combinatorial (all fuses opened, product term 
high) or registered (all fuses intact, product term low) output 
configuration, or can be programmed to bypass the output 
flip-flop "on the fly," allowing signals to be routed directly to 
output pins under user-specified conditions. 

Varied Product Term Distribution 
An increased number of product terms has been provided in the 
PAL32VX10 over previous generation PAL devices. These terms 
are distributed among the ten macrocells in a varied manner, 
ranging from eight to sixteen terms per output. The five output 
pairs have 8, 10, 12, 14, or 16 product terms available tor the OR 
gate within each macrocell. In addition, each macrocell has one 
XOR product term and two architecture control product terms. 

Programmable 1/0 
Each macrocell has a three-state output butter with program
mable three-state control. Control is implemented by a single 
product term, allowing specification of enable/disable functions 
controlled by any device input or output. Each macrocell can be 
configured as a dedicated input by disabling the buffer drive 
capability. When this is done, the associated register can still be 
used as an input register or buried state register, due to the 
independent register feedback path. 

Programmable Preset and Reset 
The ten macrocell flip-flops share common programmable 
preset and reset control for easy system initialization. The Q 
outputs of the register will go to the logic low state following a 
low-to-high transition on pin 1 (10/CLK) when the synchronous 
reset (SR) product term is asserted. The register will be forced to 
the logic high state independent of the clock when the asynchro
nous preset (AP) product term is asserted. 

Programmable Polarity 
The polarity of each macrocell output can be set active high or 
active low. 

Combinatorial Outputs. The XOR gate provides polarity control 
tor combinatorial outputs, with the single product term to the 
XOR gate controlling the invert/not invert function. With all fuses 
intact, there is no inversion through the XOR gate, creating an 
active low output. Opening all fuses forces the product term 
high, inverting data and creating an active high output. 

PAL32VX10A 

Registered Outputs. Output polarity tor registered outputs can 
be determined in. two ways. For D-type registered outputs, 
polarity can be set by the XOR gate, as is the case with 
combinatorial outputs. Using this method to set polarity, preset 
and reset will not be affected. 

Polarity, as observed from the output pin, can also be deter
mined by the flip-flop output multiplexer. Note that this does not 
affect the polarity of the register teed back signal, but does affect 
preset and reset. By changing the flip-flop output multiplexer, 
the preset and reset functions are exchanged, relative to the 
controlling product terms. 

With the multiplexer fuse intact, the Q output is routed to the 
output pin, configuring an active low output. With the multi
plexer fuse opened, Q is routed to the output pin, and synchro
nous reset becomes synchronous preset. Similarly, asyn
chronous reset becomes asynchronous preset. 

Polarity options for J-K, S-R, and T flip-flops have been 
discussed in the section on programmable flip-flops. 

Power-Up Preset 
All flip-flops power up to a logic high tor predictable system 
initialization. Outputs of the PAL32VX10 will be high or low 
depending on the state of the register output multiplexers. See 
waveform at end of TIUCMOS PAL Devices section. 

Register Preload 
The register on the PAL32VX10 can be preloaded to facilitate 
functional testing of complex state machine designs. This 
feature allows direct loading of arbitrary states, thereby 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 in illegal states and observing proper 
recovery. 

Security Fuse 
After programming and verification, a PAL32VX10 qesign can be 
secured by programming the security fuses. Once programmed, 
these fuses defeat readback of the internal fuse pattern by a 
device programmer, making proprietary designs very difficult to 
copy. 

Quality and Testability 
The PAL32VX10 offers a very high level of built-in quality. 
Special on-chip test circuitry provides a means of verifying 
performance of all AC and DC parameters prior to program
ming. In addition, these built-in test paths verify complete 
functionality of each device to provide the highest post
programming functional yields in the industry. 
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Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee ............................................................ -0.5 V to 7 V ........... -0.5 v to 12 v 
Input voltage . , .............................................................. -1.5 V to 5.5 V ............ -1.0 V to 12 V 
Off-state output voltage ............................................................... 5.5 V .................... 12 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 

Operating Conditions 

COMMERCIAL 1 

SYMBOL PARAMETER STD A UNIT 

MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 4.75 5 5.25 v 

Low 20 10 18 10 
tw Width of clock ns 

High 20 10 18 10 

Setup time from input Product terms P1-Pn. SR 30 20 25 20 
1su or feedback to clock 

ns 
Product term XOR 35 25 30 25 

th Hold time 0 -10 0 -10 ns 

law Asynchronous preset width 30 20 25 20 ns 

1ar Asynchronous preset recovery time 30 20 25 20 ns 

tsr Synchronous reset recovery time 30 20 25 20 ns 

TA Operating free-air temperature 0 25 75 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

v1L2 Low-level input voltage 0.8 v 

V1H2 High-level input voltage 2 v 

V1c Input clamp voltage Vee= MIN '1 = -18 mA -0.8 -1.5 v 

'1L3 Low-level input current Vee= MAX v, = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX v, = 2.4 v 25 µA 

1, Maximum input current Vee= MAX v, = 5.5 v 100 µA 

VoL Low-level output voltage Vee= MIN loL = 16mA 0.35 0.5 v 

VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 3.4 v 

'ozL3 l Vo = 0.4 v -100 µA 
Off-state output current Vee= MAX 

lozH3 l Vo = 2.4 v 100 µA 

1os4 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 140 180 mA 

C1N Input capacitance v 1N = 2.0 vat f = 1 MHz 6 
pF 

Cour Output capacitance Vour= 2.0 Vat f = 1 MHz 11 

1. The PAL32vX10/A ls designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

3. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

tpo Input or feedback to output 
!_Product terms P1-Pn 

lProduct term XOR 

tcLK Clock to output or feedback 

tEA Input to output enable 

tER Input to output disable 

tAP Asynchronous preset to output 

1CR 
Input or feedback to registered output from 
combinatorial configuration (Product term MUX 1-0) 

tRc 
Input or feedback to combinatorial output from 
registered configuration (Product term MUX 0-1) 

External 1Productterms P1-Pn 

IMAX 
Maximum lProduct term XOR 
frequency 

No feedback 

Use of XOR Product Term 
The speed of the PAL32VX10 is specified according to the use of 
the Exclusive-OR XOR) product term in the macrocell. Note 
that the macrocell data input is a function of the two-input XOR 
gate, whose inputs are the OR of the product terms P1-Pn and 
the single additional XOR product term (Figure 1 ). 

The specification for the path through the single XOR product 
term is 5 ns slower than through the P-1-Pn product terms and 
the OR gate. As a result, if the single XOR product term is 
changing, the macrocell data input will not be available until 5 ns 
later than if only the P1-Pn product terms were changing. 

This difference between paths affects tPD, tsu, and IMAX (feed
back). As a result, these three parameters are spedified both for 
only the P1-Pn product terms changing ("Productterms P1-Pn") 
and with the single XOR product term changing ("Product term 
XOR") (Figure 2). 

TEST 
CONDITION MIN 

R1 = 200 n 
R2 = 390 n 

22.5 

20 

25 

PRODUCT 
TERMS 
FROM 
ARRAY 

STD 

TYP MAX MIN 

15 30 

25 35 

10 15 

20 30 

20 30 

20 30 

75 90 

75 90 

35 25 

30 22.2 

40 27.7 

n" 8, 10, 12, 14, 16 

Figm:i1. 

SPECIFICATION I EXPLANATION 

A 
UNIT 

TYP MAX 

10 25 
ns 

20 30 

10 15 ns 

20 25 ns 

20 25 ns 

20 25 ns 

75 90 ns 

75 9o ns 

35 

30 MHz 

40 

1 
l Product terms P1-Pn 111 only the P1-Pn product terms are changing (XOR term is not changing) 

tpo. tsu· IMAX (feedback)lr----------1-<--~ , 
Product term XOR If XOR term is changing · 

Figure 2. 

~Monolithic m Memories~ 5.75 



PAL32VX10,PAL32VX10A 

Switching W&veforms 

INPUT OR *V; 
FEEDBACK--------~'·i.;::··· ~IPD. _V_y ______ _ 

COMBll\IATORIAL 
OUTPUT 

INPUT OR 
FEEDBACK 

CLOCK 

' ASYNCHRONOUS 
PRESET 

REGISTERED 
OUTPUTS 

CLOCK 

5·76 

Combinatorial Output 

CLOCK 

As~nchronous Preset 

INPUT 

OUTPUTS 

------------------'CLK . _Vy ____ __ 
REGISTERED 

OUTPUT 

Registered Output 

-1w1-

Clock Width 

SYNCHRONOUS -{Vy l 
RESET 

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

tsu•~th ..---tsr 

Notes: 

1.VT=1.5V. 

CLOCK 

REGISTERED 
OUTPUTS· 

2. Input pulse amplitude 0 V to 3.0 V. 

3. Input rise and fall times 2-5 ns typical. 

Input to Output Disable/Enable 

Vy 

~-Vy----------~ 
Synchronous Reset 
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Output Register Preload 
The preload function allows the register to be loaded from the 
output pins. This feature aids functional testing of sequential 
designs by allowing direct setting of output states. The pro
cedure is: 

1. Raise Vee to 4.5 v. 
2. Disable output registers by setting pin 2 to V1HH(12 V). 

3. Apply V1LNIH to all registered output pins. 
Leave combinatorial outputs floating. 

4. Pulse pin 10 to V1HH· then back to O V. 

5. Remove V1LNIH from all output registers. 

6. Remove high voltage from pin 2. 

7. Enable registered outputs per programmed pattern. 

8. Verify for VoLIVoH at all registered output pins. 

Note: V1HH = 11.0 (MIN), 11.5 (TYP) and 12.0 (MAX). 

Key to Timing Diagrams 

WAVEFORM INPUTS 

PIN2 

V1L/V1H 

REGISTERED VIH 

OUTPUTS VIL 

PIN 10 

OUTPUTS 

DON'T CARE; 
CHANGE PERMITTED 

CHANGING; 
STATE UNKNOWN 

Switching Test Load 
(refer to page 5-164) 

NOT 
APPLICABLE 

MUST BE STEADY 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 
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Logic Diagram DIP (PLCC) Pinouts 
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CMOS 
Programmable 
Array Logic 

Features/Benefits 
• CMOS technology cuts power In half (90 mA) while matching 

bipolar 22V1 O speed 

• 1 O Input/output macrocells for architectural flexlblllty 

• Varied product term distribution 

- Up to 16 product terms per output 

• Outputs programmable as registered or combinatorial 

• Programmable output polarity 

• Global register asynchronous reset and synchronous preset 

• Preloadable output registers for testablllty 

• Automatic register reset on power-up 

• Erasable in windowed 24-pin SKINNYDIP® package 

• Cost-effective OTP 24-pin SKINNYDIP packages and 28-pin 
Plastic Leaded Chip carriers 

• High-speed CMOS technology 

- 25 ns tpo for "·25" version 

- 35 ns tpo for "-35" version 

Pin Configurations 

SKINNYDIP Package 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

PAL®, PALASM® and SKINNYDIP® are registered trademarks of Monolithic Memories. 

PALC22V1 OH·25 
PALC22V1 OH·35 

Description 
The PALC22V1 O is an advanced PAL® device built with low
power CMOS technology. The device can be programmed to 
implement complex logic functions with up to twen~-two inputs 
and ten outputs.· Design tools such as PALASM 2 software 
from Monolithic Memories allow automatic creation of a pro
gramming file based on the design description. 

The PALC22V10 uses the familiar AND/OR logic array struc
ture, which directly implements sum-of-products equations. 
The equations are programmed into the device through UV
erasable floating-gate cells in the AND logic array. The fixed 
OR logic array offers a varied number of product terms per out
put, with sixteen maximum. The sum of these products feeds 
the output macrocell. The macrocell can be programmed as 
registered or combinatorial, and active high or active low. 

Ordering Information 

PALC22V10H-25 CNS STD 

PROGRAMMAB~LTJ LPROCESSING ARRAY LOGIC STD :Standard 
XXXX :Other 

CMOS TECHNOLOGY 
PACKAGE 

NUMBER OF NS = ptastic 
ARRAY INPUTS SKINNYDIP 

JS :Ceramic 
OUTPUT TYPE SKINNYDIP 
V : Varied Product Terms OS =Windowed 

SKINNYDIP 
NUMBER OF OUTPUTS FN =Plastic Leaded 

POWER-------~ 
H:Half Power 

SPEED--------~ 

·25 = 25 ns tPO 
·35 = 35 ns tPO 

Chip Carrier 

----OPERATING 
CONDITIONS 

c =Commercial 
(O"C to 75° C) 

I l/CLK NC VCC 1/0 1/0 

I GND NC 1/0 1/0 

Plastic Leaded Chip carrier 

10293A 
JANUARY 1988 
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B~ock Diagram 
l/CLK 

ASYNC 
RESET 

PROGRAMMABLE 
AND ARRAY 

(132x44) 

1/0 

Architecture 
1/0 1/0 1/0 1/0 

The PALC22V10 has twelve dedicated input lines and ten pro
grammable 1/0 macrocells. The macrocell is shown in Figure 1. 
Pin 1 serves either as an array input or as a clock for all flip
flops. Buffers for device inputs have complementary outputs 
to provide user-programmable input signal polarity. The pro
gramming matrix implements a programmable AND logic array, 
which drives a fixed OR logic array. 

Macrocell 

n = 8, 10, 12, 14, 16 

Figure 1. 

The programmable functions in the PALC22V1 O are automati
cally configured from the user's design specification, which 
can be in a number of formats. The design specification is pro
cessed by development software to verify the design and 
create a programming file. This file, once downloaded to a pro
grammer, configures the device according to the user's de
sired function. 

Configuration Options 
The output macrocell in the PALC22V1 O allows four basic output 
configurations, as shown on the next page. The outputs can be 
either registered or combinatorial, and active high or active low, 
to match the needs of the design. Two programmable bits in 
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1/0 1/0 1/0 1/0 1/0 

each macrocell control a 4:1 output multiplexer and a 2:1 feed
back multiplexer, selecting one of the four possible configura
tions for each output. 

Registered or Combinatorial Outputs 
Each output of the PALC22V10 includes a D-type flip-flop for 
data storage and synchronization. Any output can be config
ured to be combinatorial by selecting a path that bypasses the 
output flip-flop. Bypass is controlled by one of' two programma
bl., hit,:; nn th<> output multiplexer, and is automatically selected 
if requested in the design specification. The unprogrammed 
state is a registered output configuration. The registered con
figuration includes register feedback, while the combinatorial 
configuration includes 1/0 feedback. 

Programmable 1/0 
Each macrocell has a three-state output buffer with program
mable three-state control. A product term controls the buffer, 
allowing enable and disable to be a function of any combination 
of device inputs or output feedback. The macrocell provides a 
bidirectional 1/0 pin in the combinatorial configuration, and may 
be configured as a dedicated input if the buffer is always dis
abled. 

Programmable Polarity 
The polarity QI each macrocell output can be active high or 
active low, either to match output signal needs or to reduce 
product terms. Selection is controlled by the second of two 
programmable bits in the output macrocell, and affects both 
registered and combinatorial outputs. The unprogrammed 
configuration is active low. Selection is automatically 
performed according to the design specification and pin 
definitions. 

Note that preset and reset control the flip-flop, not the output. 
Thus, if active low polarity· is selected, the effects of preset 
and reset on the output will be exchanged. 
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Configuration Options 
Registered Outputs 

ACTIVE LOW ACTIVE HIGH 

Combinatorial 1/0 

ACTIVE LOW 

Varied Product Term Distribution 
An increased number of product terms has been provided in 
the PALC22V10 over previous generation PAL devices, in
creasing the logic capabilities of the device. These product 
terms are distributed among the ten macrocells in a varied 
manner, ranging from eight to sixteen terms per output. The 
varied distribution allows optimum use of device resources. 
The outputs have 8, 10, 12, 14, or 16 product terms available 
for the OR gate within each macrocell. 

Programmable Preset and Reset 
The ten macrocell flip-flops share common programmable pre
set and reset control for easy system initialization. The Q out
puts of the register will go to the logic high state following a low
to-high transition of pin 1 (l/CLK) when the synchronous preset 
(SP) product term is asserted. The register will be forced to the 
logic low stale independent of the clock when the asynchron
ous reset (AR) product term is asserted. Product term control 
allows preset and reset to be functions of any combination of 
device inputs and output feedback. The outputs will be high or 
low depending upon the polarity option chosen. 

Power-Up Reset 
All flip-flops power up to a logic low for predictable system 
initialization. Outputs of the PALC22V1 O will be high or low 
depending on whether the output is active low or active high, 

ACTIVE HIGH 

respectively. The VCC rise must be monotonic, and the reset 
delay time is 1 µs maximum. 

Register Preload 
The register on the PALC22V10 can be preloaded from the out
put pins to facilitate functional testing of complex state ma
chine designs. This feature allows direct loading of arbitrary 
states, thereby making it unnecessary to cycle through long 
test vector sequences to reach a desired state. In addition, 
transitions from illegal states can be verified by loading illegal 
states and observing proper recovery. 

Security Bit 
After programming and verification, a PALC22V10 design can 
be secured. by programming the security bit. Once pro
grammed, this bii defeats readback of the internal programmed 
pattern by a device programmer, securing proprietary designs. 

Quality and Testability 
The PALC22V10 offers a very high level of built-in quality. Ex
tra programmable bits and the erasability of the device provide 
a means of verifying performance of all AC and DC parameters. 
In addition, this verifies complete programmability and func
tionality of the device to provide the highest programming 
yields and post-programming functional yields in the industry. 
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Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......•.•.•....•..••..•...•..•....•.•.......•....•.•..... -0.5 V to 7.0 V .. ., ........ -0.5 V to 5.25 V 
Input voltage ................................................................. -3.0 V to 7.0 V .......•... -1.0 V to 14.0 V 
Off-state output voltage ....•.•..•.....•..............•..•..........•...•..••. -0.5 V to 7.0 V .•...••..... -0.5 V to 7.0 V 
DC Output current into outputs ....•..•..•........•......•.......•.........••..•.•...•.••..•..••................ 16 mA 
Storage temperature ...........•..............••..•..•....•..•.......•......••..•.................... -65°C to +150°C 
Ambient temperature with power applied •...•....•..........•..............•....•.•........•.......•.. -55°C to +125°C 
UV light exposure .....•..••......•...............•..•............•.••.......•........................ 7258 W-sec/cm2 
Static discharge voltage . . . . . • . . • . . . . . . . . • • . . • . . • . . . . • . • • . . . • . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . . . >2001 V 
Latchup current (TA= 0°C to 75°C) •.•...•...•............... ; ..•....•..•.••...................•............. >100 mA 

Operating Conditions 

COMMERCIAL 1 

SYMBOL PARAMETER -35 -25 UNIT 

MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 v 
tw1 l Low 17 14 13 9 

Width of clock ns 
twh l High 17 14 13 9 

tsu Setup time from input, feedback, or SP to clock 25 20 15 11 ns 

th Hold time 0 -10 0 -10 ns 

taw Asynchronous reset width 35 30 25 20 ns 

tar Asynchronous reset recovery time 35 30 25 20 ns 

tsr Synchronous reset recovery time 35 30 25 20 ns 

TA Operating free-air temperature 0 25 75 0 25 75 oc 

Electrical Characteristics over Operating conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2.0 v 
l1L3 Low-level input current Vee= MAX VI = 0.4 v -10 µA 

l1H3 High-level input current Vee= MAX V1 =2.4V 10 µA 

11 Maximum input current Vee= MAX V1 =5.5V 10 µA 

VOL Low-level output voltage Vee= MIN IOL = 16 mA 0.35 0.4 v 
VoH High_-level output voltage Vcc=MIN IOH = -3.2mA 2.4 3.4 v 
lozL3 l Vo = 0.4 V -40 µA 

iozH3 
Off-state output current Vee= MAX l Vo =2.4V 40 µA 

los4 Output short-circuit current Vee= MAX Vo '=0.5V -30 -70 -90 in A 

ice Supply current Vee = MAX, V1 = GND, Outputs open 60 90 mA 

C1N Input capacitances V1N = 2.0 Vat f = 1 MHz 5 pF 

couT Output capacitance5 VouT = 2.0V atf = 1 MHz 8 pF 

1. The PALC22V10 Is designed to operate over.the full military operating conditions. For availability and specifications. contact Monolithic Memories. 

2. These are absolute values with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values Without suitable equipment. 

3. 1/0 pin leakage is the worst case of l1L and lozL (or itH and lozHl· 

4. No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

5. SamP,ied but not 100% tested. 
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Switching Characteristics Over Operating Conditions 

COMMERCIAL 

SYMBOL PARAMETER 
TEST 

-35 -25 UNIT 
CONDITIONS 

MIN TYP MAX MIN TYP MAX 

tpo Input or feedback to output 25 35 20 25 ns 

tcLK CLK to output 20 25 13 15 ns 

tcF1 CLK to feedback 12 18 9 13 ns 

tEA Input to output enable 30 35 20 25 ns 

IER Input to output disable 
R1=300 ll 

30 35 20 25 R2 = 390 ll ns 

1ARO Asynchronous reset to output 25 35 20 25 ns 

External feedback (1/lsu + ICLK) 20 25 33.3 41 

fMAX 
Maximum 

Internal feedback (1/tsu + ICF) 23 30 35 50 MHz 
frequency 

No feedback (1/ttwh + tw1l 29 35 38 55 

1. Calculated from measured clock to feedback to combinatorial output minus tpo. 

Switching Waveforms 

cLK--....~~;; '<>-I-- vy 

COMBINATORIAL 
OUTPUT 

INPUT OR 
FEEDBACK 

CLK 

Combinatorial OUtput 

-~~~~~~----1CLK Vy REGISTERED 
OUTPUT ----

Registered Output 

Clock to Feedback to Combinatorial Output<- path below) 

CLK 

CLK 

Clock Width 
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ASYNCHRONOUS 
RESET 

REGISTERED 

PALC22V1 OH·25/35 

SYNCH.RONOUS -{VT l PRESET _....._ ______ ~ 

tsu• ...... th--'---tsr 

CLK 

OUTPUTS ___ .l:J.'f/jr:f:l.~.._--1------

CLK 
REGISTERED 

OUTPUTS ~~v_T _____ _ 

Asynchronous Reset Synchronous Preset 

INPUT. 

OUTPUTS 

Input to Output Disable/Enable 

Notes: 
1.VT=1.5V. 
2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 

Key to Timing Diagrams Switching Test Load 

WAVEFORM INPUTS 

~ DON'TCARE; 
CHANGE PERMITTED 

5.94 

NOT 
APPLICABLE 

MUST BE STEADY 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LJNE IS . 
HIGH IMPEDANCE STATE 

WILL BE STEADY 

SPECIFICATION SWITCHS1 

1PD· tcLK· tcF closed 

!EA 
Z->H: open 
Z->L: closed 

!ER 
H->Z:open 
L->Z: closed 

R1 

OUTPUT o-_.----~•i\ TEST POINT 

R2 CL 

CL 
MEASURED 

OUTPUT VALUE 

50 pF 1.5 v 

50pF 1.5V 

5pF H->Z: Vow0.5 v 
L->Z: Vol +0.5 V 
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Output Register Preload 
The preload function allows the register to be loaded from the 
output pins. This feature aids functional testing of sequential 
designs by allowing direct loading of output states. The proce
dure is: 
1. Raise VCC to 5.0 V ± 0.5 V. 
2. Disable output registers by setting pin 8 (DIP) to 13:5 V 

± 0.5 v. 
3. Apply VIUVIH as desired to all registered output pins. Leave 

combinatorial outputs floating. 
4. Clock output registers. 
5. Remove VIUVIH from all registered outpu\ pins. 
6. Remove high voltage from pin 8. 
7. Enable output registers per programmed pattern. 
8. Verify for VOUVOH at all registered output pins, according 

to programmed polarity. 

Power-Up Reset 
All flip-flops power up to a logic low for predictable system ini
tialization. The power-up reset time, tR, is 1µs maximum. The 
required setup and clock widths are listed in the specifications. 
The outputs will be high or low, depending on the polarity option 
chosen. 

Programming and Erasing 
The PALC22V1 O can be programmed on standard logic pro
grammers. Programmers approved by Monolithic Memories are 
listed on the following page. The PALC22V10 may be erased by 
ultraviolet light when contained in the windowed package. 

For erasure, the recommended ultraviolet light wavelength is 
2537 Angstroms. The minimum dose required is 72000 mW
sec/cm2 (UV intensity x exposure time). For an ultraviolet lamp 
with a 20 mW/cm2 power rating, the minimum exposure time 
would be 72000/20 seconds, or 60 minutes. The device needs 

Programmers/Development Systems 
(refer to Programmer Reierence Guide, page 3-81) 

PIN 8 

REGISTERED 
OUTPUTS 

CLK 

13.5 Vr--------...,. 

V1H------. 

V1L----

VIL ______ _, 

, .. , ... :::---E&it~ -------
OUTPUTS __ 

'" t:1 
to be within 1 inch of the lamp during erasure. 

Permanent damage may result if the device is exposed to high 
intensity UV light for an extended period of time. The recom
mended maximum dosage is 7258 W-sec/cm2. 

Wavelengths of iight less than 4000 Angstroms can partially m 
erase the device in the windowed package. For this reason, an 
opaque label should be placed over the window, especially if 
the device will be exposed to sunlight or fluorescent lighting for 
extended periods of time. 

~ llllanallthlo 1Flll 1111emarles ~ 5-85 



PALC22V1 OH-25/35 

Logic Diagram DIP (PLCC) Pinouts 
(2) -t> 0 3 4 7 ' 11 12 15 16 " 20 23 24 27 " 31 3.2 35 36 39 40 43 

o-+++-1-+-+++-+'H+--+i-++-++-++--++++--++++--++>+-++-1~++++-H++--<>-~'""--' 

9 >-+-1 • : ..... (27) 
1 ll••••••ra~~!A~':t~::;:J.:>o-.--~23 

~~~~~--I~ 

21 
(25) 

20 
(24) 

65 

5 
(6) .. 

" 
6 

(7) 
83 

97 

7 .. 
(9) 

" 16 
(19) 

110 

8 (10) ~-b=tttt:titt=tttt:tttt:ttl:t:tttt:tttl:ilttittt::tttt:t~-4+1~~ 
111 

121 

9 

-----~~~ 
15 

(18) 

(11) 
122 

130 ~i·A 
14 

(17) 

10 (12) 
SP 

131 11 13 (13) ... (16) 

0 3 4 7 8 1112 1516 1920 2324 2728 3132 3536 3940 43 
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High Speed 
Programmable 
Array Logic 

Features/Benefits 
• Programmable fllp-flopa allow J-K, S-R, Tor D-typea for the 

moat efficient use of product terms 

• 8 Input/output macrocells for flexlblllty 

• Programmable registered or combinatorial outputs 

• Programmable output polarity 

• Global register asynchronous preset/asynchronous reset 

• Automatic register reset on power up 

• Preloadable output registers for testablllty 

• High speed at 25 ns tpo. 28.5 MHz IMAX 

• Space-saving 24-pln 300-mll SKINNYDIP® package or 
28-pln chip carrier 

General Description 
The PAL22RX8A is a high-density Programmable Array Logic 
(PAL®) device which implements a sum-of-products transfer 
function via a user-programmable AND logic array and a fixed 
OR logic array. Featured are eight highly flexible input/output 
macrocells which are user-configurable for combinatorial or 
registered operation. Each flip-flop can be programmed to be 
either a J-K, S-R, T, or D-type for optimal design of state 
machines and other synchronous logic. The PAL22RX8A is a 
functional superset of, and pin-compatible with, the PAL24A 
Series, but can implement many new functions due to its added 
features. Supplied in space-saving 300-mil-wide dual in-line 
packages or 28-pin chip carriers, the PAL22RX8A offers a 

Pin Configurations 

SKINNYDIP Package 

PAL22RX8A 

Ordering Information 

PROGRAMMA::J~~~22RXSA c CNS ~PROCESSING 
ARRAY LOGIC STD = Standard 

XXXX =Other 
NUMBER OF 
ARRAY INPUTS PACKAGE 

NS= Plastic 
OUTPUT TYPE SKINNYDIP 

RX = Registered XOR JS = ~~;~~~DIP 
NUMBER OF OUTPUTS FN = Plastic Leaded 

SPEED--------
A = High Speed 

Chip Carrier 

~---- TEMPERATURE 
RANGE 

C = O'C to 75°C 

powerful, space-saving alternative to SSl/MSI logic devices, 
while providing the advantage of instant prototyping. Security 
fuses defeat readout after programming and make proprietary 
designs difficult to copy. 

The PAL22RX8A is fabricated using Monolithic Memories' 
advanced bipolar process for high speed and.low power. TiW 
fuse links provide high reliability and programming yields. 
Special on-chip test circuits allow full AC, DC, and functional 
testing before programming. Preloadable output registers facili
tate functional testing. 

The PAL22RX8A can be programmed on standard PAL device 
programmers, fitted with appropriate programming modules 
and configuration software. Design development is supported 
by Monolithic Memories' PALASM®. 2 software as well as by 
other programmable logic CAD tools available from third party 
vendors. 

12 113 1/01 

14 

NC 

1/05 

1/06 

18 

19 110 GND NC 111 112 I/OB 

Plastic Leaded Chip Carrier 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

10295A 
JANUARY 1988 
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Block Diagram Description of Architecture 

1 
10/CLK 

(2) 

2 
11 

(3) 

3 
12 

(4) 

4 
13 

(5) 

5 
14 

(6) 

6 
15 

(7) 

7 
16 
(9) 

8 
17 

(10) 

9 
18 

(11) 

10 
19 

(12) 

11 
110 

(13) 

13 
111 

(16) 

.5.99 

CLK 

AND 
LOGIC 
ARRAY 

Note: . 

23 
113 
(27) 

22 

.--r-......-. :~~l 

20 
L__l/' ..... 1/03 

.(24) 

19 
L___'I/''" 1/04 

(23) 

18 
L__j/" ..... 1/05 

(21) 

17 
1/06 
(20) 

16 
1107 
(19) 

15 
,---1'-,-1 I/OB 

(18) 

14 
112 
(17) 

PLCC pin numbers are indicated in parentheses. 
PLCC pins 1, 8, 15 and 22 are not connected. 

The PAL22RX8A has fourteen dedicated inputs and eight pro
grammable 1/0 macrocells. Pin 1 serves either as an array input 
or as a clock for all flip-flops. Buffers for device inputs have 
complementary outputs to provide user-programmable input 
signal polarity. The fuse matrix implements a programmable 
AND logic array, which drives a fixed OR logic array. 

The high level of flexibility built into each macrocell, shown in 
Figure 1, allows the PAL22RX8A to implement several different 
architecture options. Each macrocell can be individually pro
grammed to implement a variety of combinatorial or registered 
logic functions. 

CK AR 

Figure 1. PAL22RXBA Macrocell 

Programmable Flip-Flops 
l;:ach output macrocell contains a unique programmable flip
flop consisting of a basic D-type flip-flop driven by an XOR gate. 
This allows the user to choose the optimal flip-flop forthe design, 
since either J-K, S-R, or T-type flip-flops can be synthesized 
from such a structure without wasting product terms. 

As indicated in the macrocell logic diagram, one input of the 
XOR gate is connected to a single product term, while the 
second input is connected to the output of the OR logic array. The 
XOR gate output feeds the input of the D flip-flop. The way in 
which the XOR gate is used to synthesize the different flip-flop 
types is described in detail below. 

D Flip-Flop. The D flip-flop option is implemented directly. In this 
configuration, the XOR gate on the input of the flip-flop can be 
used to program the logic polarity of the transfer function. 

J-K Flip-Flop. The J-K flip-flop option can be easily synthesized 
with a more sophisticated manipulation of the XOR gate inputs 
and the D flip-flop output. 

The transfer function of a J-K flip-flop can be mapped in the 
Kamaugh Map of Figure 2, where Q+ represents the next state of 
the flip-flop: 

Q 

(HOLD) 

(RESET) 

(TOGGLE) 

(SET) 

Figure 2. J-K Flip-Flop Transfer Function 
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Dropping the (+) for simplicity, the equivalent Boolean expres
sion for O+ is: 

o := K"·o + J'O 

In general, J and K can be sum-of-product expressions which are 
provided in the PAL architecture only in active-high form. Thus, 
a direct implementation ofK expressions must invoke a DeMor
gan transformation, which can use excessive product terms. 
This can be avoided by rewriting the equation for O without 
inversions on the J or K inputs. 

The XOR gate can be used to construct a logically equivalent 
expression without any inversions on the J or K inputs. The 
rewritten Boolean expression is: 

o := o :+: (J'O + K'Ol 

To check that these expressions are logically equivalent, change 
the XOR to its equivalent sum of products form (remember 
A:+: B = A'B + A'B) and reduce (using DeMorgan's theorem): 

o := O'(J.:o + K'.9l _ + O'(J'O + K'Ol 
0 := O'(kl _: 0l'!J5 + 0)1_ _ + Q~'Q + Q'K'O 
0 := O'(J'K + J'O + O'K + O'O) + J'O 
o := J·i<·o + i<·o + J'a 

which simplifies to o := i<·o + J'O. 

Since J and Kare, in general, sums of products, J and Kin either 
expression can be substituted with (J1 + J2 + ... + Jm) and (K1 + 
K2 + ... + KB-m), where 8 is the total number of product terms 
associated with a given output macrocell. Thus, the total 8 
product term resource is shared between the J and K control 
inputs (Figure 3). Note that all J terms will contain Q and all K 
terms will contain 0. 

Figure 3. J-K Flip-Flop Logic Equivalent; 
J and K Can Also be Active-Low 

The above discussions have assumed that it was most conve
nient to "group ories" in the Karnaugh Map. Sometimes it takes 
fewer product terms to "group zeros", i.e., implement the inver
sion of the desired function. The equations shOwn in Table 1 are 
e5luivalent and can be interchanged to optimize product term 
utilization. This can be readily proved through logic reductions 
similar to that above. 

J and K active high o := o :+: (J'o + K'Ol 

J active high, K active low 0 := J'O+ K'O 

J active low, K active high o :=J·o+ K'O 

J and K active low o := o :+: (J'O + K'Ol 

Note: J =sum of products J1 + J2 + ... + Jm 
K =sum.of products K1 + K2 + ... + KB-m 
B =total number of available product terms for a given macrocell 

Table 1. J-K Flip-Flop Transfer Functions 

S-R Flip-Flop. The S-R flip-flop has a truth table identical to that 
of the J-K flip-flop, with the exception that the J=K=1 (toggle) 
condition is not allowed. The S-R flip-flop implementation is 
identical to that of the J-K flip-flop, with J-K replaced by S-R, and 
the S=R=1 condition avoided. 

T Flip-Flop. AT (toggle) flip-flop either holds its state or toggles, 
depending on the logic state of the T input. The T flip-flop is a 
subset of the J-K flip-flop and can be considered equivalentto a 
J-K type with J=K. The general transfer function and its active
low T equivalent are both given in Table 2. 

O:=O:+:T 

O:= O:+:T 

Note: T =sum of products T1 + T2 + T3 + ... + TB. 

Table 2. T Flip-Flop Transfer Functions 

Summary 
The PAL22RXBA can synthesize J-K, S-R, T, and D flip-flops, 
whichever is most convenient for the application, without sacri
ficing product terms. Additionally, the synthesized equations 
can use the active-high or active-low forms of the inputs, allow
ing the designer to minimize product term requirements. 
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Flip·Flop Bypass 
Any output in the PAL22RX8A can be configured as combina
torial by bypassing the output flip-flop. This is done by setting 
the output multiplexer to the appropriate state. The multiplexer 
is controlled by a single architecture fuse which, when intact, 
selects a registered output with register feedback and, when 
opened, selects a combinatorial output with feedback from the 
output pin. 

Combinatorial 1/0 

Registered Output 

CK AR 

Programmable 1/0 
Each macrocell has a three-state output buffer with program
mable three-state control. Control is implemented by a single 
product term, allowing specification of enable/disable functions 
controlled by any device input or output. Each macrocell can be 
configured as a dedicated input by selecting the combin~torial 
output configuration and disabling the buffer drive capability. 

Programmable Polarity 
The polarity of each macrocell output can be set active high or 
active low. 

Combinatorial Outputs. The XOR gate provides polarity control 
for combinatorial outputs, with the single product term to the 
XOR gate controlling the invert/not invert function. With all fuses 
intact, there is no inversion through the XOR gate, creating an 
active high output. 

Registered Outputs. For D-type registered outputs, polarity can 
be set by the XOR gate, as is the c:aSe with combinatorial 
outputs. Using this method to set polarity, preset and reset will 
not be affected. 

Polarity options for J-K, S-R, and T flip-flops have been 
discussed in the section on programmable flip-flops. 

Programmable Preset and Reset 
The eight macrocell flip-flops share common programmable 
preset and reset control for easy system initialization._ The Q 
outputs of the register will go to the logic low state independent 
of the clock when the asynchronous reset (AR) product term is 
asserted. The register will be forced to the logic high state 
independent of the clock when the asynchronous preset (AP) 
product term is asserted. 

Power-Up Reset 
All flip-flops power up to a logic low for predictable system 
initialization. The power-up state of the flip-flop is not affected 
by the output polarity option chosen. Due to the output inverter, 
the outputs will power up tci a logic high. See waveform at end of 
TTUCMOS PAL Devices section. 

Register Preload 
The register on the PAL22RX8A can be preloaded by use of 
supervoltages to facilitate functional testing of complex state 
machine designs. This feature allows direct loading of arbitrary 
states, thereby making it unnecessary to cycle through long test 
vector sequences to reach a desired state. In addition, transi
tions from illegal states can be verified by preloading illegal 
states and observing proper recovery. 

Security Fuses 
After programming and verification, a PAL22RX8A design can 
be secured by programming the security fuses. Once pro
grammed, these fuses defeat readback of the internal fuse 
pattern by a device programmer, making proprietary designs 
very difficult to copy. 

Quality and Testability 
The PAL22RX8A offers a very high level of built-in quality. 
Special on-chip test circuitry provides a means of verifying 
performance of all ~C and DC parameters prior to program
ming. In addition, these built-in test paths verify complete 
functionality of each device to provide the highest post• 
programming functional yields in the industry. 
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Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee ............................................................ -0.5 v to 7 v . . . . . . . . . . . -0.5 v to 12 v 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1.5 V to 5.5 V ............ -1.0 V to 12 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . . . 12 v 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°e to +150°e 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 

J 
Low 10 7 

tw Width of clock ns 
High 10 7 

'su Setup time from input or feedback to clock 20 16 ns 

th Hold time 0 -10 ns 

1aw Asynchronous preset/reset width 15 10 ns 

tar Asynchronous preset/reset recovery time 30 25 ns 

TA Operating free-air temperature 0 25 75 oe 

Electrical Characteristics Over Operating Conditions 

'SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2.0 v 

V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 

l1L3 Low-level input current Vee= MAX V1 = 0.4 v -0.1 -0.25 mA 

L 11H3 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

I 11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

I voL Low-level output voltage Vee= MIN loL = 24 mA 0.35 0.5 v 

VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 3.4 v 

1ozL3 l Vo = 0.4 v -100 µA 

lozH3 
Off-state output current Vee= MAX l Vo = 2.4 v 100 µA 

los4 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 180 210 mA 

l DIP pins 1, 13 15 
I C1N Input capacitance VIN = 2.0 V at f = 1 MHz 
I l All other inputs 12 pF 

CouT Output capacitance VouT = 2.0 vat t = 1 MHz 12 

Notes The PAL22RX8A is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories 

These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment 

3. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH). 

4. No more than one output should be shorted at a time and-duration of the short circuit should not exceed one second 
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PAL22AX8A 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

tf>o Input or feedback to output 

tcLK Clock to output or feel;lback 

tEA . Input to output enable 

!ER Input to output disable 

tAP Asynchronous preset/reset to output 

fMAX Maximum frequency 

Switching Test Load 
(refer to page 5-164) 

Power-Up Reset Waveform 
(refer to page 5-164) 

l External feedback 

J No feedback 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

5.92 

TEST COMMERCIAL 
UNIT 

CONDITIONS MIN TYP MAX 

20 25 ns 

12 15 ns 

R1 =200 O 20 25 ns 

R2=3900 18 25 ns 

25 35 ns 

28.5 40 
MHz 

50 55 



PAi.22RX8A 

Switching Waveforms 

CLOCK 

ASYNCHRONOUS 
RESET /PRESET 

REGISTERED 
OUTPIHS 

CLOCK 

Comblnatorlal Output 

Clock Width 

Asynchronous Reset/Preset 

Output Register Preload 
The preload function allows the register to be loaded from the 
output pins. This feature aids functional testing of sequential 
designs by allowing direct setting of output states. The pro
cedure is: 

1. Raise V cc to 5.0 v: 
2. Set pin 1 (CLK) to VIL· 

3. Disable output registers by setting pin 5 to VpL 
(18.0 V ± 0.5 V). 

4. Apply the desired level (V1L N1Hl to all registered output pins. 
Leave combinatorial outputs floating. 

5. Pulse pin 11 to VPL• then back to O V. 

6. Remove V1LNIH from all output registers. 

7. Lower pin 5 to VIL· 

8. Enable output registers per programmed pattern. 

9. Verify for VoLNOH at all registered output pins. 

Key to Timing Diagrams WAVEFORM 

INPUT OR 
FEEDBACK 

CLOCK 

~~~~~~~----tCLK ~V,-~~~ 
REGISTERED 

OUTPUT 

Registered Output 

INPUT 

OUTPUTS 

Input to Output Disable/Enable 

Notes: 
1. VT=1.5V 
2. Input pulse amplitude 0 V to 3.0 V 
3. Input rise and fall times 2-5 ns typical 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

PIN5 

VIL 

REGISTERED VIH 

OUTPUTS VIL 

PIN 11 

INPUTS 

DON'T CARE; 
CHANGE PERMITTED 

NOT 
APPLICABLE 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

MUST BE STEADY WILL BE STEADY 
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PAL22RX8A 

Logic Diagram DIP (PLCC) Pinouts 

PAL22RX8A 
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ltllono/lthla m ltllemorles 
Programmable Array Logic 

PAL20RA 10·20 

I I I I I I I /////////////ll/////////////////////llADVANCE INFORMATION 

Features/Benefits 
• High-speed 24-pin PAL® device with asynchronous 

flip-flop control 

• 20 ns propagation delay (active low) 

• Programmable clock allows independent clocking of 
each flip-flop 

• Programmable asynchronous set and reset for each 
flip-flop 

• Programmable output polarity 

• Programmable flip-flop bypass allows any output to be 
combinatorial 

• Three-state outputs controlled by both product term and 
dedicated pin for flexibility 

• Power-up reset for automatic initialization 

• TTL-level register preload simplifies functional testing 

• Easy design with PALASM®2 software 

Pin Configurations 

PAL20RA10-20 

DIP 

Description 
The PAL20RA10 is an improved-speed version of the Regis
tered Asynchronous PAL device. This device offers independent 
asynchronous controls for each inpuVoutput macrocell. The 24-
pin PAL20RA10 has ten inputs and ten 1/0 macrocells. The 
macrocell is described in detail on the next page. 

The high-speed oxide-isolated bipolar technology provides very 
high performance. Maximum propagation delay is 20 ns for 
active low outputs (polarity fuse unprogrammed), and 25 ns for 
active high outputs {polarity fuse programmed). 

Design is accomplished using PALASM 2 software from Mono
lithic Memories, or third-party development programs. Boolean 
equations are automatically converted into a programming pat
tern. The pattern, once downloaded to any PLD programmer, 
can instantly provide a custom device. The programmed pattern 
can be protected from copying by programming the security 
fuse. 

PAL20RA 10-20CFN 

Plastic Leaded Chip Carrier 

10298A 
JANUARY 1988 
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PAL20RA 10·20 

Macrocell 
The macrocell offers programmable clock, enable, set, and 
reset for each flip-flop, each of which can operate 
asynchronously with respect to other flip-flops in the same 
device. These features effectively provide independent 7474-
type flip-flops preceded by the PAL logic functions. Each 
macrocell also provides independent flip-flop bypass, allowing 
any combination of combinatorial and registered outputs in a 
single device. 

Programmable Clock 
The clock input to each flip-flop comes from the programmable 
array, allowing any flip-flop to be clocked independently if 
desired. 

Programmable Set and Reset 
Each flip-flop has a product line for asynchronous set and.one 
product for asynchronous reset. If the chosen product line is 
HIGH, the flip-flop will set (become a logic HIGH), or reset 
(become a logic LOW). The sense of the output pin is inverted. 

Programmable Flip-Flop Bypass 
If both the set and reset product lines are HIGH, the flip-flop is 
bypassed and the output becomes combinatorial. Thus each 
output can be configured to be combinatorial or registered. 

Register Preload 
Both devices offer register preload for device testability. The 
registers can be preloaded from the outputs by using TIL-level 
signals, in order to simplify functional testing. 

Power-Up Reset 
The devices also offer power-up reset. On the application of 
power to the VCC pin, the flip-flops will reset to a logic LOW. 
Because of the output inverter, the output pins will be a logic 
HIGH on power-up. 

Programmable Polarity 
Each flip-flop input has individually programmable polarity. The 
unprogrammed state is active LOW. 

REGISTEREO/ACTIVE LOW 

REGISTERED/ACTIVE HIGH 

COMBINATORIAL/ 
ACTIVE LOW 

COMBINATORIAL/ 
ACTIVE HIGH 

Three-State Outputs 
The devices provide a product term dedicated to local output 
control. There is also a global output control pin. The output is 
enabled if both the global output control pin is LOW and the 
local output control product term is HIGH. If the global output 
control pin is HIGH, all outputs will be disabled. If a local output 
control product term is LOW, then that output will be disabled. 

OUTPUT 
ALWAYS ENABLED 

HARD-WIRED 
(GLOBAL) 

PROGRAMMABLE (LOCAL) 

COMBINATION OF 
PROGRAMMABLE AND HARD-WIRED 
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Asynchronous 
PAL20RA10 

Features/Benefits 
• Programmable clock for asynchronous operation 

• Programmable asynchronous set and reset 

• Programmable polarity 

• Programmable flip-flop bypass 

• Local and global output enable control 

• TTL level register preload 

• Power-up reset 

• Complements 20-pin PAL 16RA8 

, • High speed, as fast as 20 ns !PD for PAL20RA10-20 Series 

• Security fuse on all devices 

Description 
The PAL20RA10 is a 24-pin registered asynchronous PAL 
device, This versatile device features programmable clock, 
enable, set, and reset, all of which can operate asynchronously 
to other flip-flops in the same device, It also has individual 
flip-flip bypass, allowing this one device to provide any combina
tion of registered and combinatorial outputs, 

Programmable Clock 
The clock input to each flip-flop comes from the programmable 
array, allowing the flip-flops to be clocked independently if 
desired, 

Programmable Set and Reset 
Each flip-flop has a product line for asynchronous set and one 
product for asynchronous reset If the chosen product line is 
high, the flip-flop will set (become a logic HIGH), or reset 
(become a logic LOW), The sense of the output pin is inverted if 
the output is active low, 

Programmable Polarity 
Each flip-flop has individually programmable polarity, The 
unprogrammed state is active low, 

Ordering Information 

PAL20RA10-20 C NS STD 

PROGRAMMA21BLETm LPROCESSING 
ARRAY LOGIC STD = Standard 

XXXX =Other 
NUMBER OF 
ARRAY INPUTS PACKAGE 

NS= Plastic 
REGISTERED SKINNYDIP 
ASYNCHRONOUS JS = Ceramic 

NUMBER OF OUTPUTS NL = ~~~~~r~~:ed 
SPEED-----------' 

None= Standard (30 ns) 
-20 = 20 ns 

OPERATING----------' 
CONDITIONS 

C = Commercial 

Chip Carrier 
FN = Plastic Leaded 

Chip Carrier 
(Center 
No-connects) 

SG = Small-Outline 
Gull-wing 

Programmable Output Polarity 

REGISTERED/ACTIVE LOW 

REGISTERED/ACTIVE HIGH 

COMBINATORIAL/ 
ACTIVE LOW 

COMBINATORIAL/ 
ACTIVE HIGH 

10299A 
JANUARY 1988 
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Asynchronous 
PAL20RA10 

Programmable Flip-Flop Bypass 
If both the set and reset product lines are high, the flip-flop is 
bypassed and the output becomes combinatorial. Thus each 
output can be configured to be registered or combinatorial. 

Programmable and Hard-Wired Three· 
State Outputs 
The PAL20RA10 provides a product term dedicated to output 
control. There is also an output control pin (pin 13). The output 
is enabled if both the output control pin is low and the output 
control product term is high. If the output control pin is high, all 
outputs will be disabled. If an output control product term is low, 
then that output will be disabled. 

Output Control Alternatives 

OUTPUT 
ALWAYS ENABLED 

Register Preload and Power-Up Reset 
Each device also offers register preload for device testability. 
The registers can be preloaded from the outputs by using TTL 
level signals in order to simplify functional testing. This series 
also offers Power-Up Reset, whereby the registers power up to a 
logic LOW, setting the active-low outputs to a logic HIGH. 

Packages 
The commercial PAL20RA10 Series is available in the plastic 
SKINNYDI P (NS), ceramic SKINNYDIP (JS), plastic leaded chip 
carrier (NL), and small outline (SG) packages. 

PROGRAMMABLE 

HARD-WIRED 
COMBINATION OF 

PROGRAMMABLE AND HARD-WIRED 

E 

_j_ 

DIP/SO Pinouts 

20RA10 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

PLCC Pinout 

20RA10 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT 
CELLS 
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Absolute Maximum Ratings 

Asynchronous 
PAL20RA10 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 v to 12.0 V 
Input voltage . . . .. . . . .. . .. .. . .. . . .. .. . . . . . .. . . . . .. .. .. . . . . .. .. .. . .. .. .. . .. . . . -1.5 V to 5.5 V . . . .. . . .. . -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° e to +150° e 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 

J Low 20 13 
lw Width of clock ns 

High 20 13 

lwj>_ Preload pulse width 35 15 ns 

1su Set up time from input or feedback to clock 20 10 ns 

!SI£ Preload set up time 25 5 ns 

l Polarity fuse intact 10 -2 
th Hold time ns 

Polarity fuse programmed 0 -6 

tl]:l_ Preload hold time 25 5 ns 

TA Operating free-air temperature 0 25 75 oe 

Electrical Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 
V1H1 High-level input voltage 2 v 
Vic Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L2 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 8mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = 3.2 mA 2.4 2.8 v 
lozL2 Vo = 0.4 V -100 µA 

lozH2 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los3 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 155 200 mA 

1. These are absolUte voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment 

2. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozH) 

3 No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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Asynchronous 
PAL20RA10 

Switching Characteristics over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 
l Polarity fuse intact 

J Polarity fuse programmed 

1CLK Clock to output or feedback 

ts Input to asynchronous set 

tR Input to asynchronous reset 

tpzx Pin 13 to output enable R1 = 560 n 
R2 = 1.1 Kn 

1Pxz Pin 13 to output disable 

tEA Input to output enable 

!ER Input to output disable 

IMAX Maximum frequency 
l External 

l No feedback 

5-100 ~ MonollthlommlJ Memories~ 

MIN TYP MAX UNIT 

20 30 
ns 

25 35 

10 17 30 ns 

22 35 ns 

27 40 ns 

10 20 ns 

10 20 ns 

18 30 ns 

15 30 ns 

20 35 
MHz 

25 38 



Asynchronous 
PAL20RA10 

Switching Waveforms 

Comblnatorlal Output 

INPUT OR 
FEEDBACK 

CLOCK 

~~~~~~~---+-tel~ -.,-T~~-
REGISTERED Y' 

OUTPUT 

Registered Output 

CLOCK 

Clock Width 

Key to Timing Diagrams 

WAVEFORM INPUTS 

~ DON'T CARE; 
CHANGE PERMITTED 

~ NOT 
APPLICABLE 

MUST BE STEADY 

Switching Test Load 
(refer to page 5-164) 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Power-Up Reset Waveform 
(refer to page 5-164) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

ASYNCHRONOUS 
RESET/PRESET 

REGISTERED 
OUTPUTS 

CLOCK 

INPUT 

OUTPUTS 

ENABLE 

OUTPUT 

Asynchronous Reset/Preset 

Input to Output Disable/Enable 

Pin 13 to Output Disable/Enable 

Notes: 
1, VT=1.5V 
2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical 

Register Preload 
Register preload allows any arbitrary state to be loaded into the 
PAL device output registers. This allows complete logic verifi
cation, including states that are impossible or impractical to 
reach. To use the preload feature, first disable the outputs by 
bringing OE high, and present the data at the output pins. A low 
level on the preload pin (PL) will then load the data into the 
registers. 

0 IV\/\l\N)--{I I 

l:H~--thp_-'---1 -
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Logic Diagram DIP (PLCC) Pinouts 

PAL20RA10 

(6)5' ~ 

" 
(7) ~ ... .. .. 

., 
(9) ~ ... 

.. 

.. 
(10) 8 

~ .. 

" 
(11) 9 --r-.. .. 

" 
(12) 10 

~ 

: '~ J 15(18) 

~ ~-1~ ·41 
n 
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PAL20RS10 Series 

Features/ Benefits 
• Product term steering allows up to 16 product terms 

per output 

• Programmable polarlty 

• Register preload 

• Power-up reset 

• Security fuse 

PAL20RS10 Series 

ARRAY 

20S10,20RS10 
20RS8,20RS4 

Ordering Information 

PAL20RS10 C NS STD 

PROGRAMMA=1~E::::r-ARRAYLOGIC 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
RS = Registered with 

Product Term 
Steering 

S = Combinatorial with 
Product Term 
Steering 

NUMBER OF OUTPUTS---~ 

OUTPUTS 

L PROCESSING 
STD = Standard 
XXXX =Other 

PACKAGE 
NS= Plastic 

SKINNYDIP 
JS =Ceramic 

SKINNYDIP 
NL = Plastic Leaded 

Chip Carrier 
SG = Small-Outline 

Gull-wing 

~---OPERATING 
CONDITIONS 

C = Commercial 

tpo* Ice 
INPUTS COMBINATORIAL REGISTERED (ns) (mA) 

PAL20S10 20 10 

PAL20RS10 20 

PAL20RS8 20 

PAL20RS4 20 

* 35 ns active tow, 40 ns active high 

Description 
The PAL20RS10 Series offers product term steering, which 
allows up to sixteen product terms to be used at a single output. 

The PAL device transfer function is the familiar Boolean sum of 
products. The PAL device consists of a programmable AND 
array driving a fixed OR array. Product terms with all bits 
programmed (disconnected) assume the logical high state, and 
product terms with both true and complement of any signal 
connected assume the logical low state. 

Variable Input/Output Pin Ratio 
The registered devices havetendedicated input lines, and each 
combinatorial output is an 1/0 pin. The combinatorial device has 
twelve dedicated input lines, and only eight of the ten com
binatorial outputs are 1/0 pins. Buffers for device inputs have 
complementary outputs to provide user-programmable input 
signal polarity. Unused input pins should be tied directly to VCC 
orGND. 

0 

2 

6 

0 35/40 240 

10 35 240 

8 35/40 240 

4 35/40 240 

Programmable Three-State Outputs 
Each output has a three-state output buffer with programmable 
three-state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a function 
of any combination of device inputs or output feedback. The 
output provides a bidirectional 1/0 pin in the combinatorial 
configuration, and may be configured as a dedicated input if the 
buffer is always disabled. 

Registers with Feedback 
Registered outputs are provided for data storage and synchron
ization. Registers are composed of D-type flip-flops which are 
loaded on the low-to-high transition of the clock input. 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

10301A 
JANUARY 1988 
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PAL20RS10 Series 
20510,20RS10,20RSS,20RS4 

Programmable Polarity 
Each flip-flop has individually programmable polarity. The 
unprogrammed state is active low. 

Product Term Steering 
Product term steering allows each pair of outputs to share its 
productterms with one output or the other (not both). Each pair 
has a total of sixteen product terms; thus, one output can use 
zero to sixteen terms while the other has sixteen to zero. Product 
terms can only be shared mutually exclusively. If both outputs 
need the same term, it must be created twice, once for each 
output. 

Preload and Power-Up Reset 
The 20RS10 Series offers register preload for device testability. 
The registers can be preloaded from the outputs by using super
voltages in order to simplify functional testing. The 20RS10 
Series also offers Power-Up Reset. whereby the registers power 
up to a logic LOW, setting the active-low outputs to a logic HIGH. 

Packages 
The commercial PAL20RS10 Series is available in the plastic 
SKINNYDIP (NS), ceramic SKINNYDIP (JS), plastic leaded chip 
carrier (NL), and small outline (SG) packages. 
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DIP/SO Pinouts 

20510 

PLCC Pinouts 

PAL20RS10 Series 
20510,20RS10,20RS8,20RS4 

20RS10 20RS8 

20510 20RS10 

INPUT 
AND OUTPUT 
OR CELLS 

LOGIC 
ARRAY 

20RS8 20RS4 
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PAL20RS1 O Series 
205101 20RS10,20RS8,20RS4 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage ................................................................ -1.5 V to 5.5 V .......... -1.0 V to 22.0 V 
Off-state output voltage ............................................................... 5.5 V .................. 12.0 V 
Storage temperature ........•........................................................ , . . . . . . . . . . . . . . . -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 15 10 

tw Width of clock ns 
High 15 10 

tsu Set up time from input or feedback to clock 20RS10,20RS8,20RS4 35 25 ns 

th Hold time 0 -10 ns 

~ Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 

V1H1 High-level input voltage 2 v 

Vic Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 

l1L2 Low-levei input current Vee= MAX Vi = 0.4 v -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX Vi = 2.4 v 25 µA 

11 Maximum input current Vee= MAX Vi = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 

VoH High-level output voltage Vee= MIN loH = -3.2mA 2.4 2.8 v 

lozL2 Vo = 0.4V -100 µA 

'ozH2 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los3 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

Ice Supply current Vee= MAX 175 240 mA 

1. These are absolute voltages with respect to the ground pin on the deviceandi nc1ude all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

2. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozHI· 

3. No more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

5•106 ~ Monollthlo!R!!I Memories~ 



PAL20RS10 Series 
20510,20RS10,20RSS,20RS4 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

Input or feedback to output Polarity fuse intact 
tpo 

20810,20R88,20R84 Polarity fuse programmed 

tcLK Clock to output or feedback 

1CF Clock to feedback 

tpzx Pin 13 to output enable except 20810 

tpxz Pin 13 to output disable except 20810 R1=200!l 
R2 = 390 K!l 

tEA Input to output enable 20810, 20R88, 20R84 

1ER Input to output disable 20810, 20R88, 20R84 

External 

1MAX Maximum frequency Internal 20R810, 20R88, 20R84 

No feedback 

~Monolithic W Memories ~ 

MIN TYP MAX UNIT 

25 35 
ns 

30 40 

12 17 ns 

10 15 ns 

10 20 ns 

11 20 ns 

25 35 ns 

13 25 ns 

19 27 

20 28 MHz 

33 50 
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PAL20RS10 Series 
20510, 20RS10, 20RS8, 20RS4 

Switching Waveforms 

INPUT OR 
FEEDBACK 

CLOCK 

Combinatorial Output 

-----------tcL~ -v-T--~ 
REGISTERED 

OUTPUT 

Reg lstered Output 

~·"' ~ 
COMBINATORIAL----~-;;-

OUTPUT ~ 
Clock to Feedback to Combinatorial Output (See Path Below) 

CLK 

1--------- ---1 
I ....-......... -... I 
I I 
I LOGIC tpD I 
I 
I 
I 1CF I L ______________ J 

Notes: 
1. VT=1.5V 
2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical 

Switching Test Load 
(refer to page 5-164) 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Register Preload Waveform 
(refer to page 5-164) 

ENABLE 

REGISTERED 
OUTPUT 

INPUT 

COMBINATORIAL 
OUTPUT 

CLOCK 

Pin 13 to Output Disable/Enable 

Input to Output Disable/Enable 

Clock Width 

Key to Timing Diagrams 

WAVEFORM INPUTS 

~ DON'T CARE; 
CHANGE PERMITTED 

NOT 
APPLICABLE 

MUST BE STEADY 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 

Power-Up Reset Wavt;!form 
(refer to page 5-164) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 
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PAL20RS10 Series 
20S10,20RS10,20RS8,20RS4 
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PAL20RS10 Series 
20S10,20RS10,20RS8,20RS4 
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PAL20X1 OA Series 

Features/ Benefits 
• XOR gates on registered outputs 

• Efficient Implementation of counters 

• Register preload 

• Power-up reset 

• Security fuse 

PAL20X1 OA Series 

ARRAY 

20L10A, 20X10A 
20X8A,20X4A 

Ordering Information 

PAL20X10A CNS STD 

PROGRAMM~B~LEE-::::r--::::r---r 
ARRAYLOGI~ 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
X = XOR Registered 
L = Combinatorial 

Active Low 

NUMBER OF OUTPUTS 

HIGH SPEED-----~ 

OUTPUTS 

T L.~~'~ STD = Standard 
XXXX =Other 

PACKAGE 
NS= Plastic 

SKINNYDIP 
JS =Ceramic 

SKINNYDIP 
NL = Plastic Leaded 

Chip Carrier 
SG = Small-Outline 

Gull-wing 

~---OPERATING 
CONDITIONS 

C = Commercial 

tpo* ice 
INPUTS COMBINATORIAL REGISTERED (ns) (mA) 

PAL20L10A 20 10 

PAL20X10A 20 0 

PAL20X8A 20 2 

PAL20X4A 20 6 

Description 
The PAL20X10A Series offers Exclusive-OR (XOR) gates pre
ceding each register. The XOR gate has as its inputs two sums, 
each of two product terms. The XOR gate is very efficient for 
counting applications. 

The PAL device transfer function is the familiar Boolean sum of 
products. The PAL device consists of a programmable AND 
array driving a fixed OR array. Product terms with all bits 
programmed (disconnected) assume the logical high state, and 
product terms with both true and complement of any signal 
connected assume the logical low state. 

Variable Input/Output Pin Ratio 
The register devices have ten dedicated input lines, and each 
combinatorial output is an 1/0 pin. The combinatorial device has 
twelve dedicated input lines, and only eight of the ten com
binatorial outputs are 1/0 pins. Buffers for device inputs have 
complementary outputs to provide user-programmable input 
signal polarity. Unused input pins should be tied directly to VCC 
orGND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with programmable 
three-state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a function 

0 30 165 

10 30 180 

8 30 180 

4 30 180 

of any combination of device inputs or output feedback. The 
output provides a bidirectional 1/0 pin in the combinatorial 
configuration, and may be configured as a dedicated input if the .. 
buffer is always disabled. ... 

Registers with Feedback 
Registered outputs are provided for data storage and synchron
ization. Registers are composed of 0-type flip-flops which are 
loaded on the low-to-high transition of the clock input. 

Polarity 
All outputs are active low. 

Preload and Power-Up Reset 
The 20X10A Series offers register preload for device testability. 
The registers can be preloaded from the outputs by using super
voltages in order to simplify functional testing. The 20X10A 
Series also offers Power-Up Reset, whereby the registers power 
up to a logic LOW, setting the active-low outputs to a logic HIGH. 

Packages 
The commercial PAL20X10A Series is available in the plastic 
SKINNYDIP (NS), ceramic SKINNYDIP (JS), plastic leaded chip 
carrier (NL), and small outline (SG) packages. 

10303A 
JANUARY 1988 
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PAL20X1 OA Series 
20L10A,20X10A,20XBA,20X4A 

DIP/SO Pinouts 

20L10A 

PL.CC Pinouts 

5·114 

20X10A 

20L10A 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT 110 
CELLS 

20X8A 

20X8A 

20X10A 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

20X4A 

OUTPUT REG 
CELLS 

l1 MonollthlolRlFJI Memories ~ 
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Absolute Maximum Ratings 

PAL20X1 OA Series 
20L10A,20X10A,20X8A,20X4A 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage ................................................................ -1.5 V to 5.5. V .......... -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 25 15 

tw Width of clock ns 
High 15 7 

tsu Set up time from input or feedback to clock 20X10A,20X8A,20X4A 30 20 ns 

th Hold time 0 -15 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L3 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 
t-----------1 

VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 
lozL3 Vo = 0.4 v -100 µA 

lozH3 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los4 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

20X10A,20X8A,20X4A 140 180 
Ice Supply current Vee= MAX mA 

20L 10A 115 165 

1. The PAL20X10A Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

3. 1/0 pin leakage is the worst case of l1L and tozL (or ltH and tozH). 

4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL20X1 OA Series . 
20L10A,20X10A,20X8A,20X4A 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 20L10A,20XBA,20X4A 

1CLK Clock to output or feedback 

1Pzx Pin 13 to output enable except 20L 10A 

tpxz Pin 13 to output disable except 20L 1 OA R1 = 200 fl 

1EA Input to output enable 20L10A,20XBA,20X4A 
R2 = 390 fl 

1ER Input to output disable 20L10A,20XBA,20X4A l External 
IMAX Maximum frequency 20L10A,20XBA,20X4A 

No feedback 

5·116 ~ Nlonollthlc W Memories ~ 

MIN TYP MAX UNIT 

23 30 ns 

10 15 ns 

11 20 ns 

10 20 ns 

19 30 ns 

15 30 ns 

22.2 32 
MHz 

25 45 



PAL20X10A Series 
20L10A,20X10A,20XBA,20X4A 

Switching Waveforms 

INPUT OR 
FEEDBACK 

Combinatorial Output 

CLK __ -_~;-:-
~~~~~~--'1~------1cLK -VT~~-

REGISTERED 
OUTPUT 

Registered Output 

CLK 

ENABLE 

REGISTERED 
OUTPUT 

INPUT 

COMBINATORIAL 
OUTPUT 

-1w1-

Pin 13 to Output Disable/Enable 

Input to Output Disable/Enable 

Clock Width 

Key to Timing Diagrams 

WAVEFORM INPUTS OUTPUTS 

~ DON'TCARE; 
CHANGE PERMITTED 

CHANGING; 
STATE UNKNOWN 

NOT 
APPLICABLE 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

MUST BE STEADY WILL BE STEADY 

Switching Test Load 
(refer to page 5-164) 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Register Pre.load Waveform 
(refer to page 5-164) 

Power-Up Reset Waveform 
(refer to page 5-164) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

~ llllanol/thla m llllemorles ~ 5·117 



PAL20X1 OA Series 
20L10A,20X10A,20X8A,20X4A 
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PAL20R8 Family 

Features/ Benefits 
• Standard 24-pin architectures 

• TTL and CMOS versions 

• High speed, as fast as 15 ns !PD for PAL20R88 Series 

• Low power, as low as zero standby for PALC20R8Z Series 

• Security fuse/cell on all devices 

Description 
The PAL20R8 Series consists of four devices, each with twenty 
array inputs and eight outputs. The devices have either 0, 4, 6, or 
8 registered outputs, with the remaining being combinatorial. 

The PAL device transfer function is the familiar Boolean sum of 
products. The PAL device consists of a programmable AND 
array driving a fixed OR array. Product terms with all bits 
programmed (disconnected) assume the logical high state, and 
product terms with both true and complement of any signal 
connected assume the logical low state. 

Variable Input/Output Pin Ratio 
The registered devices have twelve dedicated input lines, and 
each combinatorial output is an 110 pin. The combinatorial device 
has fourteen dedicated input lines, and only six of the eight com
binatorial outputs are 110 pins. Buffers for device inputs have 
complementary outputs to provide user-programmable input 
signal polarity. Unused input pins should be tied directly to VCC 
orGND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with programmable 
three-state control. On combinatorial outputs, a product term 
controls the buffer, allowing enable and disable to be a function 
of any combination of device inputs or output feedback. The 
output provides a bidirectional 1/0 pin in the combinatorial 
configuration, and may be configured as a dedicated input if the 
buffer is always disabled. 

Registers with Feedback 
Registered outputs are provided for data storage and synchron
ization. Registers are composed of D-type flip-flops which are 
loaded on the low-to-high transition of the clock input. 

Polarity 
All outputs are active low. 

10294A 
JANUARY 1988 

20L8, 20R8 
20R6, 20R4 

Performance 
Several speed/power versions are available. 

SUFFIX tpD 1cc 
(ns) (mA) 

B 15 210 

B-2 25 105 

A 25 210 

A-2 35 105 

Z-35 35 0.1 

Z-45 45 0.1 

Preload and Power-Up Reset 
The B-2 and CMOS Series offer register preload for device 
testability. The registers can be preloaded from the outputs by 
using super-voltages (see waveforms at end of section) in order 
to simplify functional testing. The B-2 Series also offers Power
Up Reset, whereby the registers power up to a logic LOW, setting 
the active-low outputs to a logic HIGH. 

Packages 
The commercial PAL2DR8 Series is available in the· plastic 
SKINNYDIP (NS) and ceramic SKINNYDIP (JS) packages. The 
PAL20R8B/A/A-2 Series is available in the plastic leaded chip 
carrier with no-connects on 4, 8, 11, and 19 (NL), while the 
PAL20R8B-2/Z-35/Z-45 Series is available in the plastic leaded 
chip carrier with no-connects on 1, 8, 15, and 22 (FN). The 
PALC20R8Z-35/45 Series is also available in the ceramic win
dowed SKINNYDIP (OS) package. 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

PAL20R8 Series 

DEDICATED 
OUTPUTS 

DEVICE 
INPUTS COMBINATORIAL REGISTERED 

PAL20L8 12 8 (61/0) 0 

PAL20R8 10 0 8 

PAL20R6 10 21/0 6 

PAL20R4 10 41/0 4 
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DIP Pinouts 

PAL20R8 Series 
20L8,20R8,20R6,20R4 

20L8A/ A-2/B/B-2/Z-35/Z-45 20R8A/ A-2/B/B-2/Z-35/Z-45 20R6A/ A-2/B/B-2/Z-35/Z-45 20R4A/ A-2/B/B-2/Z-35/Z-45 

PLCC Pinouts (NL) 

20L8A/A-2/B 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT 110 
CELLS 

20R6A/A-2/B 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT REG 
CELLS 

~ MonollthlolRJRll Memories ~ 

20R8A/A-2/B 

20R4A/ A-2/B 
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PAL20R8 Series 
20L8,20R8,20R8,20R4 

PLCC Pinouts (FN) 

PAL20L8B-21Z-35/Z-45 

PAL20R6B-2/Z-35/Z-45 

Ordering Information - Newer Products 
PALC20R8Z-35 C QS STD 

PROGRAMMABLE :J r 1 L PROCESSING 
ARRAY LOGIC STD = Standard 

XXXX =Other 
TECHNOLOGY 

Nana = Bipolar PACKAGE 
C = CMOS NS = PlalUc 

NUMBER OF-----' 
ARRAY INPUTS 

OUTPUT TYPE---~ 
R =Reglltared 
L =AcHveLaw 

Comblnatartel 

NUMBER OF OUTPUTS 

POWER------~ 
None = Standard 
Z = zara .Standby Power 

SPEED (IPD)-------

SKINNYDIP 
JS =Ceramic 

SKINNYDIP 
QS=Wlndawed 

SKINNYDIP 
(CMOS Only) 

FN = Pl11tlc Laadad 
ChlpClrrlar 

SG = Smal~OuHlne 
Gull·wlng 

~---OPERATING 
CONDITIONS 
c = Commerclll 
I = Industrial 

(CMOS Only) 

PAL20R8B-2/Z-35/Z-45 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT 
CELLS 

PAL20R4B-2/Z-35/Z-45 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

REG 

OUTPUT 
CELLS 

Ordering Information - Older Products 

PAL20R8B-2 C NS STD 

'""'"""""'"'~J ARRAY LOGIC . 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
R = Ragl1terad 
L = Active Low 

Camblnatorlal 

NUMBER OF OUTPUTS 

SPEED------~ 

A = High Spead 
Ei = Vary High Spead 

POWER-------~ 

None = Standard 
·2 = Hall Powsr 

1 [~·-'~ STD = Standard 
XXXX=Othar 

PACKAGE 
NS = Plaatlc DIP 
JS = Ceramic DIP 
NL = Plaatlc Laaded 

Chip Carrier 
FN = PlaaUc Laaded 

Chip Carrier · 
(wHh Cantor 
Na..,.nnacta) 
(PAL20R8B·2 
Serfea,Only) 

SG = Small·OuUlne 
Gull-wing 

~---OPERATING 

CONDITIONS 
C = Commercial 
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PAL20R8B Series 
20L8B, 20RBB, 20R6B, 20R4B 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
lnputvoltage ................................................................ -1.5Vto5.5V .......... -1.0Vto22.0V 
Off-state output voltage ·........................................ .. . . .. .. .. .. .. . .. .. . .. . 5.5 V ................... 12.0 V 
Storage temperature ...................................................................... "......... -65°C to +150"C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 10 6 

tw Width of clock ns 
High 12 8 

tsu Set up time from input or feedback to clock 20R8B,20R6B,20R4B .15 10 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2 v 
Vic Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
l1L3 ·Low-level input current Vee= MAX Vi = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX Vi = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5V 100 µA 

Vol Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 
lozL3 Vo = 0.4 v -100 µA 

lozH3 
Off-state output current Vee= MAX 

Vo=2.4V 100 µA 

los4 Output short-circuit current Vee= 5 v Vo = OV -30 -70 -130 mA 

IQ.Q_ Supply current ~c=MAX 140 210 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

MIN TYP MAX UNIT 
CONDITIONS 

tpo Input or feedback to output 20L8B,20R6B,20R4B 12 15 ns 

tcLK Clock to output or feedback except 20L8B 8 12 ns 

tpzx Pin 13 to output enable except 20L8B 10 15 · ns 

tpxz Pin 13 to output disable except 20L8B R1 =20on 8 12 ns 

teA Input to output enable 20L8B,20R6B,20R4B 
R2 = 390{} 

12 18 ns 

tER Input to output disable 20L8B,20R6B,20R4B 12 15 ns 

1 External 37 40 
IMAX Maximum frequency _L 20R8B,20R6B,20R4B MHz 

No feedback 45 50 

1. The PAL20RBB Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do notatternpt to test these 
values without suitable equipment. 

3. 1/0 pin leakage isthe worst case of l1L and lozL (or l1H and lozH)· 

4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

10302A 
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PAL20R8B·2 Series 
20L8B·2, 20R8B·2, 20R6B·2, 20R4B·2 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage ................................................................ -1.5 V to 5.5 V .......... -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65°C to +150°C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 

l Low 15 10 
tw Width of clock ns 

l High 15 10 

Setup time from input 20R8B-2, 20R6B-2, 20R4B-2 
tsu or feedback to clock 

25 15 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 

V1H2 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 1, = -18 mA -0.8 -1.5 v 

l1L3 Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

VOL Low-level output voltage Vee= MIN loL = 24 mA 0.3 0.5 v 

VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 3.4 v 

lozL3 } Vo = 0.4 V -100 µA 

iozH3 
Off-state output c~rrent Vee= MAX 

Vo = 2.4V 100 µA 

ios4 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

ice Supply current Vee= MAX 80 105 mA 

C1N Input capacitance V1N = 2.0 Vat f = 1 MHz 6 pF 

couT Output capacitance VouT = 2.0 vat t = 1 MHz 9 pF 

Notes: 1. The PAL20R8B-2 Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

3. 110 pin leakage is the worst case of l1L and lozL (or l1H and lozHl· 
4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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PAL20R8B·2 Series 
20LSB·2, 20RSB·2, 20R6B·2, 20R4B·2 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS MIN 

tpo 
Input or feedback to output 
20L8B-2, 20R6B-2, 20R4B-2 

tcLK Clock to output or feedback 

tpzx Pin 13 to output enable 
20R8B-2, 20R6B-2, 

20R4B-2 
tpxz Pin 13 to output disable R1 = 200 ll 

tEA Input to output enable 20L8B-2, 20R6B-2, R2 = 390 !l 

tER Input to output disable 20R4B-2 --External 25 

fMAX 
Maximum frequency 

Internal 28.5 
20R8B-2, 20R6B-2, 20R4B-2 

No feedback 33.3 

~ ll/lonollthla W llllemorles ~ 

COMMERCIAL 1 
UNIT 

TYP MAX 

15 25 ns 

10 15 ns 

10 20 ns 

11 20 ns 

10 25 ns 
-

13 25 ns 

30 

35 MHz 

40 
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Absolute Maximum Ratings 

PAL20R8A Series 
20L8A,20R8A,20A6A,20R4A 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1.5 V to 5.5 V . . . . . . . . . . -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . -65° C to +150° C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 15 7 

tw Width of clock ns 
High 15 7 

tsu Set up time from input or feedback to c)ock 20R8A,20R6A,20R4A 25 15 ns 

th Hold time 0 -10 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 
V1H1 High-level input voltage 2 v 

V1c Input clamp voltage Vee= MIN ,, = -18 mA -0.8 -1.5 v 
11L2 Low-level input current Vee= MAX v, = 0.4 v -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX v, = 2.4 v 25 µA 

,, Maximum input current Vee= MAX v, = 5.5 i; 100 µA 

Vol Low-level output voltage Vee= MIN 'oL = 24mA 0.3 0.5 v 

VoH High-level output voltage Vee= MIN 'oH = -3.2 mA 2.4 2.8 v 

'ozL2 Vo = 0.4 V -100 µA 

'ozH2 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

'os3 Output short-circuit current Vee= s v Vo =OV -30 -90 -130 mA 

1cc Supply current Vee= MAX 160 210 mA 

1. These are absolute voltages with respect to the ground pin on the device and include afJ overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

2. 1/0 pin leakage is the worst case of l1L and lozL (or l1H and lozHl· 
3. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 

5·128 ~ MonolithicW Memories~ 10309A 
JANUARY 1988 



PAL20R8A Series 
20LSA,20RSA,20R6A,20R4A 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 20L8A,20R6A,20R4A 

tcLK Clock to output or feedback 

tcF Clock to feedback 

tpzx Pin 13 to output enable except 20L8A 

tpxz Pin 13 to output disable except 20L8A R1 = 200 n 

tEA Input to output enable 20L8A,20R6A,20R4A 
R2 = 390 fl 

tER Input to output disable 20L8A,20R6A,20R4A 

External 

IMAX Maximum frequency Internal 20R8A,20R6A,20R4A 

No feedback 

~ Nlonolithia IHllJ Memories ~ 

MIN TVP MAX UNIT 

15 25 ns 

10 15 ns 

8 10 ns 

10 20 ns 

11 20 ns 

10 25 ns 

13 25 ns 

25 40 

28.5 43 MHz 

33 71 
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PAL20RBA·2 Series 
20L8A·2, 20R8A·2, 20R6A·2, 20R4A·2 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage . .. .. .. . . .. . .. . .. .. .. .. . .. . . . .. .. .. . .. . . . . . .. . .. . . . . . .. . . . .. . . . . -1.5 V to 5.5 V . . . . . .. .. . -1.0 V to 22.0 V 
Off-state output voltage ............................ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° e to +150° e 

Operating Condition$ 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
Low 25 10 

tw Width of clock ns 
High 25 10 

tsu Set up time from input or feedback to clock 20R8A-2, 20R6A-2, 20R4A-2 35 25 ns 

th Hold time 0 -15 ns 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2 v 
Vic Input clamp voltage Vee= MIN ,, = -18 mA -0.8 -1.5 v 
l1L3 Low-level input current Vee= MAX v, = 0.4 v -0.02 -0.25 mA 

l1H3 High-level input current Vee= MAX v, = 2.4 v 25 µA 

1, Maximum input current Vee= MAX v, = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN 'oL = 24 mA 0.3 0.5 v 
VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 

'ozL3 Vo = 0.4 v -100 µA 

lozH3 
Off-state output current Vee= MAX 

Vo = 2.4 v 100 µA 

los4 Output short-circuit current Vee= 5 v . Vo =OV -30 -70 -130 mA 

'cc Supply current Vee= MAX 80 105 mA 

1. The PAL2DR8A-2 Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment.. 

3. 110 pin leakage is the worst case of l1L and lozL (or l1H and lozHl· 
4. No more than one output should be shorted at a time, and duration of the short circuit should not exceed-One second. 
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PAL20R8A-2 Series 
20LBA·2, 20RBA·2, 20R6A·2, 20R4A·2 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

CONDITIONS 

tpo Input or feedback to output 20L8A-2, 20R6A-2, 20R4A-2 

1CLK Clock to output or feedback except 20L8A-2 

tpzx Pin 13 to output enable except 20L8A-2 Commercial 

tpxz Pin 13 to output disable except 20L8A-2 R1 =200!l 

1EA Input to output enable 20L8A-2, 20R6A-2, 20R4A-2 
R2 = 390 !l 

tER Input to output disable 20L8A-2, 20R6A-2, 20R4A-2 

l External 
IMAX Maximum frequency J 20R8A-2, 20R6A-2, 20R4A-2 

No feedback 

~ Monolith/om Memories ~ 

MIN TVP MAX UNIT 

25 35 ns 

15 25 ns 

15 25 ns 

15 25 ns 

25 35 ns 

25 35 ns 

16 25 
MHz 

20 50 
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PAL20R8 Series 
20L8,20R8,20R6,20R4 

Switching Waveforms 

Combinatorial Output 

INPUT OR 
FEEDBACK 

CLOCK 

REGISTERED 
----~----._tCLK _v_T __ _ 

OUTPUT 

Registered Output 

,,,,, ~ 

COMBINATORIAL----~~ 
OUTPUT ~ 

Clock to Feedback to Combinatorial Output (See Path Below) 

CLK 

1--------- ---1 
I .------. I 
I I 
I LOGIC tpD I 
I 
I 
I 1CF I L ______________ J 

Notes: 
1. VT= 1.5V 
2. Input pulse amplitude O V to 3.0 V 
3. Input rise and fall times 2-5 ns typical 

Switching Test Load 
(refer to page 5-164) 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Register Preload Waveform 
(refer to page 5-164) 

ENABLE 

REGISTERED 
OUTPUT 

Pin 13 to Output Disable/Enable 

INPUT 

COMBINATORIAL 
OUTPUT 

Input to Output Disable/Enable 

CLOCK 

-1w1-

Clock Width 

Key to Timing Diagrams 

WAVEFORM INPUTS 

~ DON'TCARE; = CHANGE PERMITTED 

NOT 
APPLICABLE 

MUST BE STEADY 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 

Power-Up Reset Waveform 
(refer to page 5-164) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 
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CMOS PALC20R8Z·35/ 45 Series 

Absolute Maximum Ratings 
Supply voltage Vee ..................................................................................... -0.5 V to 7.0 V 
DC input voltage, V1 ............................................................................... -0.5 V to Vee +0.5 V 
DC output voltage, Vo ............................................................................ -0.5 V to Vee +0.5 V 
DC output source/sink current per output pin, lo ................................................................. ±35 mA 
DC Vee or ground current, tee or IGND ....................................................................... ±100 mA 
Input diode current, IK 

V1<0 ................................................................................................. -20 mA 
Vt>Vcc ............................................................................................. +20 mA 

Output diode current, loK: 
Vo<O ................................................................................................ -20 mA 
Vo>Vcc ............................................................................................ +20 mA 

Storage temperature ................................................................................... -65°C to 150°C 
Static discharge voltage ....................................................................................... >2001 V 
Latchup current ............................................................................................. >100 mA 

Operating Conditions 
INDUSTRIAL 1 COMMERCIAL 

SYMBOL PARAMETER -50 -40 -45 -35 
MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 4.75 5 

tw Width of clock 15 10 15 10 15 10 

Setup time from input 20R8 
tsu 20R6 45 30 35 25 40 30 or feedback to clock 

20R4 
th Hold time 0 -15 0 -15 0 -15 

TA Operating free-air temperature -40 25 85 -40 25 85 0 25 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

V1L2 Low-level input voltage 

V1H2 High-level input voltage 

l1L Low-level input current Vee= MAX v, = GND 

l1H High-level input current Vee= MAX v, =Vee 

Vee= MIN 'oL = 8mA 
Vol Low-level output voltage 

Vee= 5 v loL = 1 µA 

Vee= MIN 'oH = -6 mA3 
VoH High-level output voltage 

Vee= 5 v loH = -1 µA 

'ozL Vo = GND 

loZH 
Off-state output current Vee= MAX 

Vo =Vee 

Standby supply current4 'o = OmA, V1 = GNDorVcc 
Ice 

Operating supply currents f = 1 MHz 10 = OmA, v1 = GNDorVcc 

C1N 

CouT 

10318A 
JANUARY 1988 

Input capacitances 

Output capacitances 

V1N = 2.0 Vat f = 1 MHz 

VouT = 2.0 V.at f = 1 MHz 

~Monolithic W Memories ~ 

5.25 4.75 5 5.25 

15 10 

30 25 

0 -15 

75 0 25 75 

MIN TYP MAX 

0 0.8 

2 Vee 
-1 

1 

0.25 0.45 

0.05 

3.76 4.1 

4.95 

0 -10 

0 10 

0 100 

7 10 

6 

9 

UNIT 

v 
ns 

ns 

ns 

oc 

UNIT 

v 
v 

µA 

µA 

v 

v 

µA 

µA 

µA 

mA 

pf 

pf 
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CMOS PALC20R8Z·3!$/ 4!$ Series 

Switching Characteristics over Operating Conditions 

INDUSTRIAL COMMERCIAL 
SYMBOL PARAMETER7 -50 -40 -45 '-35 UNIT 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

tpD 
Input or feedback to output 45 50 35 40 40 45 30 35 ns 20L8, 20R6, 20R4 

20R8 
tcLK Clock to output or feedback 20R6 20 25 15 20 20 25 15 20 ns 

20R4 

tpzx Pin 13 (DIP) to output enable 20L8 
20 20 25 15 20 20R6 20 25 15 ns 

tpxz Pin 13 (DIP) to output disable 20R4 

tEA6 Input to output enable 20R8 
20~6 45 50 35 40 40 45 30 35 ns 

tER6 Input to output disable 20R4 

IMAX 
MaximumJ frequency External feedback (1/lsu+tcLK) 14.2 20 18.1 25 15.3 20 20 25 MHz 

1 The PALC20ABZ Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 
2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 

Do not attempt to test these values without suitable equipment. 
3. JEDEC standard no. 7 for high-speed CMOS devices. 6. Equivalent function to tpzxltpxz but using product term control. 
4. Disabled output pins= Vee or GND. 7. Test conditions (see Test Load) R1 = 440 !l, R2 = 190 !l. 
5 Frequency of any input or clock. See graph page 5. 8. Sampled but not 100% tested. 
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Switching Test Load 
-PALC20R8Z Series 

R1 

CMOS PALC20R8Z-35/ 45 Series 

SPECIFICATION SWITCH S1 

tpo. tcLK Closed 

tpzx. tEA 
Z->H: closed 
Z->L: closed 

H->Z: closed 
OUTPUT o--~--....---<..••J TEST POINT tpxz· tER L->Z: closed 

R2 CL 

•cc vs. Frequency-PALC20R8Z Series 

Typical: Vee= 5 v, TA= 2s0 e 

40~-------------, 

30 

<@ 

I 20 
(J 

9 

10 

10 

INPUT FREQUENCY - MHz 

~ ManallthlaW Memories~ 

CL 
MEASURED 

OUTPUT VALUE 

50pF 1.5 v 

50pF 2.0V 
o.sv 

5pF H->Z: Vow0.5 v 
L->Z: Vol +0.5 V 
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CMOS PALC20R8Z-35/ 45 Series 

Output Register PRELOAD 
-PALC20R8Z Series 
The PRELOAD function allows the register to be loaded from 
data placed on the output pins. This feature aids functional 
testing of state sequencer designs by allowing direct setting of 
output states for improved test coverage. The PRELOAD 
procedure (using DIP pin numbers) is as follows: 

1. Raise Vee to 5 v. 
2. Disable output registers by setting pin 13 to V1H

Set pin 1 to O V. 

: 3. Apply V1LIVIH (as desired) to all registered outputs. 

4. Pulse pin 6 to Vp (12 V), then back to 0 V. 

5. Remove V1LIVIH from all registered outputs. 

6. Lower pin 13 to V1L to enable the registered outputs. 

7. Verify for VoLIVOH at all registered outputs. 

Key to Timing Diagrams 

WAVEFORM INPUTS 

DON'T CARE; 

PIN1 OV------------------

PIN13 

REGISTERED VIH 

OUTPUTS VIL 

V1Hr------------"°"' 

PIN6 

V1L_T\_ 

OUTPUTS 

CHANGING; ~ CHANGE PERMITTED STATE UNKNOWN 

~ 

Programming and Erasing 
-PALC20R8Z Series 

NOT 
APPLICABLE 

MUST BE STEADY 

The PALe20R8Z Series can be programmed on standard logic 
programmers. The PALe20R8Z Series may be erased by ultra
violet light when contained in the windowed package. 

For erasure, the recommended ultraviolet light wavelength is 
2537 Angstroms. The minimum dose required is 72,000 mW
sec/cm2 (UV intensity x exposure time). For an ultraviolet lamp 
with a 20 mW/cm2 power rating, the minimum exposure time 
would be 72,000/20 seconds= 60 minutes. The device needs to 
be within one inch of the lamp during erasure. 

Permanent damage may result if the device is exposed to high
intensity UV light for an extended period of time. The recom
mended maximum dosage is 7258 W-sec/cm2. 

V\evelengths of I ight less than 4000 Angstroms can partially 
erase the device in the windowed package. For this reason, an 
opaque label should be placed over the window, especially if the 
device will be exposed to sunlight or fluorescent lighting for 
extended periods of time. 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 
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PAL20R8 Series 
20LS,20RS,20R61 20R4 

Logic Diagram 
20L8 

DIP (FN, NL) Pinouts 
I 
(2,1) 0 I 'J 

!3~ 
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PAL20R8 Series 
20L8,20R8,20R61 20R4 

Logic Diagram DIP (FN, NL) Pinouts 20R8 

4 Ii I 1 11'1011 12131415 11111111 Z0tl22Z3 242521127 212113031 32333435 38378131 
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PAL20R8 Series 
20LB,20RB,20R6,20R4 

Logic Diagram DIP (FN, NL) Pinouts 20R6 
I 
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PAL20R8 Series 
20L8, 20R8, 20R6, 20R4 

Logic Diagram DIP (FN, NL) Pinouts 20R4 
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Decoder Series 

Features/ Benefits 
• 14 to 16 outputs 

• Efficient lmplementetlon of decoders 

• Security fuse 

PAL6L 16A, BL 14A 

DEVICE INPUTS 

PAL6L16A 6 

PAL8L14A 8 

Description 
The Decoder Series provides a wide number of outputs, 
especially useful in decoding applications. These two parts 
implement simple combinatorial logic. 

Performance 
These devices offer 25-ns speed at only 90 mA supply current. 

Ordering Information 

6L16A 
8L14A 

PAL6L 16A CNS STD 

---·~ ~ T L~,-~ ARRAY LOGIC STD = Standard 
XXXX= Other 

NUMBER OF 
ARRAY INPUTS PACKAGE 

NS= Plastic 
OUTPUT TYPE SKINNVDIP 

L = Combinatorial Active Low JS = Clramlc 

NUMBER OF OUTPUTS 

HIGH SPEED-----~ 

OPERATING CONDITIONS 
C = Ccmmarclal 

OUTPUTS 

16 

14 

Packages 

tpo 
(ns) 

25 

25 

SKINNVDIP 
NL = Plaatlc Leaded 

Chip Carrier 
SG = Small·Outllna 

Gull-wing 

•cc 
(mA) 

90 

90 

The commercial PAL12L10 Series is available in the plastic 
SKINNYDIP (NS), ceramic SKINNYDIP (JS), plastic leaded chip 
carrier (NL), and small outline (SG) packages. 

Package Drawings 
(refer to PAL Device Package Outlines, page 3·179) 

10324A 
JANUARY 1988 
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DIP /SO Pinouts 

6L16A 

PLCC Pinouts 

6L16A 

INPUT 
AND OUTPUT 

LOGIC CELLS 
ARRAY 

5·142 

Decoder Series 
6L16A, 8L14A 
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Absolute Maximum Ratings 

Decoder Series 
6L16A, 8L14A 

Operating Programming 
Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 V 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -1.5 V to 5.5 V . . . . . . . . . . -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° C to +150° C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 1 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 

TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL 2 Low-level input voltage 0.8 v 
V1H2 High-level input voltage 2 v 

V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 

Ill Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H High-level input current Vee= MAX V1 = 2.4 v 25 µ.A 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µ.A 

Vol Low-level output voltage Vee= MIN loL = 8 mA 0.3 0.5 v 

VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 

los3 Output short-circuit current Vee= 5 v Vo =OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 60 90 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpo Input to output propagation delay R1 = 560 n, R2 = 1. 1 Kn 15 25 ns 

1 The Decoder Series is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment 

3. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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Decoder Series 
6L16A,8L14A 

Switching Waveforms Key to Timing Diagrams 

Combinatorial Output 

Notes: 

1. VT= 1.5V. 

2. Input pulse amplitude 0 V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 

Switching Test Load 
(refer to page 5-164) 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

WAVEFORM INPUTS 

"fflJIJif!JI/j DON'T CARE; 
CHANGE PERMITTED 

~ NOT 
APPLICABLE 

MUST BE STEADY 
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OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 
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LOgic Diagram 
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Combinatorial 
PAL 1 2L 10 Series 

Features/Benefits 
• Combinatorial architecture 

• Security fuse 

PAL 1 2L 10 Series 

DEVICE INPUTS OUTPUTS 

PAL12L10 12 10 

PAL14L8 14 8 

PAL16L6 16 6 

PAL18L4 18 4 

PAL20L2 20 2 

PAL20C1 20 2 

Description 
The PAL 12L 10 Series is made up of six combinatorial 24-pin PAL 
devices. They implement simple combinatorial logic, with no 
feedback. 

Performance 
. The standard series has a propagation delay (tPD) of 40 
nanoseconds (ns). Standard supply current is 100 milliamps 
(mA). 

12L10, 14L8, 16L6 
18L4, 20L2, 20C1 

Ordering Information 

PAL 12L 10 CNS STD 

PROGRAMM~B~LEE~~T 
ARRAYLOGI~ 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE 
L = Active Low 

Combinatorial 
C = Complementary 

Combinatorial 

NUMBER OF OUTPUTS 

OPERATING CONDITIONS 
C = Commercial 

POLARITY 

LOW 

LOW 

LOW 

LOW 

LOW 

BOTH 

Packages 

L PROCESSING 
STD = Standard 
XXXX =Other 

PACKAGE 

tpo 
(ns) 

40 

40 

40 

40 

40 

40 

NS= Plastic 
SKINNYDIP 

JS =Ceramic 
SKINNYDIP 

NL =Plastic Leaded 
Chip Carrier 

SG = Small-Outline 
Gull-wing 

'cc 
(mA) 

100 

100 

100 

100 

100 

100 

The commercial PAL 12L 10 Series is available in the plastic 
SKlNNYDIP (NS), ceramicSKINNYDIP (JS), plastic leaded chip 
carrier (NL), and small outline (SG) packages. 

Package Drawings 
(refer to PAL Device Package Outlines, page 3-179) 

10326A 
JANUARY 1988 
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DIP/SO Pinouts 

12L10 

18L4 

5·148 

Combinatorial PAL 12L 1 O Series 
12L10,14L8,16L6,18L4,20L2,20C1 

14L8 

20L2 

~ MonallthlaW Memories~ 

16L6 

20C1 



PLCC Pinouts 

12L10 

16L6 

20L2 

Combinatorial PAL 12L 10 Series 
12L10,14L81 16L6,18L4,20L2120C1 

~ MonollthlaW Memories~ 
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18L4 
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Combinatorial PAL 12L 1 O Series 
12L10, 14L8, 16L6, 18L4, 20L2, 20C1 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 V .......... -0.5 V to 12.0 v 
Input voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . .. . . . . . . . . . . . . . . . . . . . -1.5 V to 5.5 V . . . . . . . . . . -1.0 V to 22.0 V 
Off-state output voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V . . . . . . . . . . . . . . . . . . 12.0 V 
Storage temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° C to +1500 C 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 
TA Operating free-air temperature 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

v1L1 Low-level input voltage 0.8 v 
v1H1 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 
Ill Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

l1H High-level input current Vee= MAX Vi = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 100 µA 

Vol Low-level output voltage Vee= MIN 10 L = 8 mA 0.3 0.5 v 

VoH High-level output voltage Vee= MIN loH = -3.2 mA 2.4 2.8 v 
los2 Output short-circuit current Vee= 5 v Vo = OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 60 100 mA 

Switching Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tpo Input or feedback to output R1=560!1, R2= 1.1 Kn 25 40 ns 

1. These are absolute values with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test these 
values without suitable equipment. 

2. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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Combinatorial PAL 12L 1 O Series 
12L10,14L8,16L6,18L4,20L2,20C1 

Switching Waveforms Key to Timing Diagrams 

~" 
INPUT OR 
FEEDBACK 

COMBINATORIAL 
OUTPUT 

ComblnatoriBI OUtput 

Notes; 

1.VT=1.5V. 

WAVEFORM 

~ 

2»-\K 

2. Input pulse amplitude O V to 3.0 V. 

Switching Test Load 
(refer to page 5-164) 

3. Input rise and fall times 2-5 ns typical. 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 

INPUTS 

DON'T CARE; 
CHANGE PERMITTED 

NOT 
APPLICABLE 

MUST BE STEADY 

~ ManallthlaWMemarles ~ 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 
HIGH IMPEDANCE STATE 

WILL BE STEAOY 
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Combinatorial PAL 12L 1 o Series 
1iL10,14L8,18L8,18L4,20L2,20C1 

Logic Diagram DIP (PLCC) Pinouts 12L10 
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Combinatorial PAL 1 2L 1 O Series 
12L10,14L8,18L8,18L4,20L2,20C1 

Logic Diagram DIP (PLCC) Pinouts 14L8 
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Combinatorial PAL 12L 10 Series 
12L10,14L8,16L6,18L4,20L2,20C1 

Logic Diagram DIP (PLCC) Pinouts 16L6 · 
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Combinatorial PAL 12L 1 O Series 
12L10,14L8,16L6,18L4,20L2,20C1 

Logic Diagram DIP (PLCC) Pinouts 18L4 
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Comblnatorlal PAL 12L 1 O Series 
12L10,14L8,16L6,18L4,20L2,20C1 

Logic Diagram DIP (PLCC) Pinouts 20L2 
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Combinatorial PAL 12L 1 O Series 
12L10,14L8,18L8,18L4,20L2,20C1 

Logic Diagram DIP (PLCC) Pinouts 20C1 
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MegaPAL Device 
PAL32R16 

Features/Benefits 
• High-density 40-pin architecture 

• Product tenn steering allows up to 16 product terms 
per output 

• Programmable polarity 

• Register bypass In banks of 8 

• TTL level register preload 

• Power-up reset 

• Security fuse 

Meg&1PAL Device 

ARRAY INPUTS 

PAL32R16 32 

Description 
The MegaPAL Device offers very high density programmable 
logic. 

The PAL device transfer function is the familiar Boolean sum of 
products. The PAL device consists of a programmable AND 
array driving a fixed OR array. Product terms with all bits 
programmed (disconnected) assume the logical high state, and 
product terms.with both true and complement of any signal 
connected assume the logical low. state. 

Variable Input/Output Pin Ratio 
Each combinatorial output is an 1/0 pin. Buffers for device 
inputs have complementary outputs to provide user-program
mable input signal polarity. Unused input pins should be tied 
directly to VCC or GND. 

Programmable Three-State Outputs 
Each output has a three-state output buffer with programmable 
three-state control. The output provides a bidirectional 1/0 pin in 
the combinatorial configuration, and may be configured as a 
dedicated input if the buffer is always disabled. 

Registers with Feedback 
Registered outputs are provided for data storage and synchron~ 
ization. Registers are composed of D-type flip-flops which are 
loaded on the low-to-high transition of the clock input. 

Package Drawings 
(refer to PAL Device Package Ouilines; page 3-179) 

10329A 
JANUARY 1988 

Ordering Information 

PAL32R16 C N STD 

PROGRAMM~BLET;rrT 
ARRAYLOGI~ 

NUMBER OF 
ARRAY INPUTS 

L PROCESSING 
STD = Slandard 
XXXX= Olher 

PACKAGE 

REGISTERED OUTPUT 

NUMBER OF OUTPUTS 

OPERATING CONDITIONS 
c =Commercial 

REGISTERED INPUTS 

16 

Programmable Polarity 

tpD 
(ns) 

40 

N = PlasHcDIP 
J = Ceramic DIP 
NL = Plasllc Leaded 

Chip Carrier 

Ice 
(mA) 

280 

Each flip-flop has individually programmable polarity. The 
unprogrammed state is active low. 

Product Term Steering 
Product term steering allows each pair of outputs to share its 
product terms with one output or the other (not both). Each pair 
has a totai' of sixteen product terms; thus, one output can use 
zero to sixteen terms while the other has sixteen to zero. Product 
terms can only be shared mutually exclusively. If both output 
need the same term, it must be created twice, once for each 
output. 

Register Bypass 
Registers can be bypassed in banks of eight, creating a set of 
combinatorial outputs. 

Preload and Power-Up Reset 
The device also offers register preload for device testability. The 
registers can be preloaded from the outputs by using TTL level 
signals in order to simplify functional testing. This series also 
offers Power-Up Reset, whereby the registers power up to a 
logic LOW, setting the active-low outputs to a logic HIGH. 

Packages 
The commerical PAL32R16 is available in the plastic and ceramic 
DIP (N,J) and 44-pin plastic leaded chip carrier (NL) packages. 
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MegaPAL Device PAL32R16 

32R16 

DIP 

32R16 

Plastic Chip Carrier 
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MegaPAL Device .PAL32R16 

· Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee . . . . . . . . . • • . • • • • • • . . . . . • . • . . . • . • . • . • • . . • • . • • . • . • . . . . . • . . . • -0.5 v to 7.0 v .......... -0.5 v to 12.0 v 
Input voltage . . . . . . • . • • . • • • . . • . • . . . . . • . • . . . • . • . • • • • . . • . • . . . • . • . . . . . . . • • . • • • • • -1,5 V to 5.5 V . . . . • • • • . . -1.0 V to 22.0 V 
Off-state output voltage ...•.•.•••••••..•.....•...•. ·. . . . . . • . . . . . . . . . . . . . . . . • • . • • . . . . • . • 5.5 V . . . • . • . . . • • . . . . • . . 12.0 v 
Storage temperature ......•.•....•.•............••...••.•...•.•...........•..••••.••••••.•••...•..... -ss•c to +150"C 

Operating Conditions 

SYMBOL PARAMETER COMMERCl~L UNIT 
MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 v 

Width of clock l Low 20 
lw ns 

High 20 

tvm,_ Preload pulse width 35 ns 

1su Set up time for input to clock l Polarity fuse intact 40 
ns 

Polarity fuse program med 40 

Isl£_ Preload set up time 25 ns 

th Hold time 0 -10 ns 

ltiQ._ Preload hold time 5 ns 

TA Operating free-air temperature 0 25 75 •c 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0.8 v 
V1H1 High-level input voltage 2 v 
V1c Input clamp voltage Vee= MIN 1, = -18 mA -0.8 -,1.5 v 
11L2 Low-level Input current Vee= MAX V1 = 0.4V -0.02 -0.25 mA 

l1H2 High-level input current Vee= MAX v, = 2.4 v 25 µA 

11 Maximum input current Vee= MAX v, = 5.5V 100 µA 

VoL Low-level output voltage Vee= MIN loL = 8mA 0.3 0.5 v 
Vo1-;1 High-level output voltage Vee= MIN loH = 3.2mA 2.4 2.8 v 
'ozL2 Vo = 0.4V -100 µA 

lozH2 
Off-state output current Vee= MAX 

Vo = 2.4V 100 µA 

10s3 Output short-circuit current Vee= MAX Vo =OV -30 -70 -130 mA 

1cc Supply current Vee= MAX 200 280 mA 

1. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

2. 1/0 pin leakage is. the worst case of l1L and lozL (or l1H and lozH)· 

3. No more than one output should be shorted at a time, and duration of the short circuit should not exceed one second. 
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MegaPAL Device PAL32R16 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST 

MIN TYP MAX UNIT 
CONDITIONS 

Input to l Polarity fuse intact 40 
tpo ns 

output Polarity fuse programmed 45 

tcLK Clock to output or feedback R1 = 560 !1 25 ns 

tpzx Output enable R2 = 1.1 K!1 20 ns 

tpxz Output disable 20 ns 

l External 16 
IMAX Maximum frequency MHz J No feedback 25 
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MegaPAL Device PAL32R16 

Switching Waveforms 

INPUT OR 
FEEDBACK 

CLK 

REGISTERED 
OUTPUT 

Combinatorial OUtput 

----------------+-ICLK _V_T ____ _ 

Registered Output 

Register Preload 
Register preload allows any arbitrary state to be loaded into the 
PAL device output registers. This allows complete logic verifi
cation, including states that are impossible or impractical to 
reach. To use the preload feature, first disable the outputs by 
bringing OE high, and presentthe data at the output pins. A low 
level on the preload pin (PL) will then load the data into the 
registers. 

0 ANlllAI>---< 

_..._____,I .------'--! -

L~-·~ 
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ENABLE 

OUTPUT 

Pin to Output Disable/Enable 

CLK 

-1w1-

Clock Width 

Notes: 

1.VT=1.5V. 

2. Input pulse amplitude O V to 3.0 V. 
3. Input rise and fall times 2-5 ns typical. 

Key to Timing Diagrams 

WAVEFORM INPUTS 

~ DON'TCARE; 
CHANGE PERMITTED 

~NOT 
~ APPLICABLE 

MUST BE STEADY 

Switching Test Load 
(refer to page 5-164) 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LJNE IS 
HIGH IMPEDANCE STATE 

WILL BE STEADY 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

Power-Up Reset Waveform 
(refer to page 5-164) 

Schematic of Inputs and Outputs 
(refer to page 5-164) 
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General Information for 
TTL/CMOS PAL Devices 

Switching Teat LOacl Schematic of Inputs and Outputs (TTL) 

5·164 

EQUIVALENT INPUT 

vcc BKnNOM 

)81 
R1 

OUTPUT o--+----f••1 TEST POINT 

R2 CL 

SPECIFICATION SWITCHS1 CL 
M.EASURED 

OUTPUT VALUE 

tpo. tcLK· tcF Closed 50 pF 1.5 v 

tpzx. 'EA 
Z->H:.open 

SOpF 1.5V 
Z->L: closed 

tpxz. 'ER 
H->Z: open 5 pF H->Z: Vow0.5 v 
L->Z: closed L->Z: Vol +0.5 V 

Key to Timing Diagrams 

WAVEFORM INPUTS 

DON'T CARE; 
CHANGE PERMITTED 

OUTPUTS 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 

TYPICAL OUTPUT 
~------...--ovcc 

40flNOM 

~NOT 
~ APPLICABLE HIGH IMPEDANCE STATE 

MUST BE STEADY WILL BE STEADY 

~ 1111ono11th10W Memories ~ 



General Information for TTL/CMOS PAL Devices 

Output Register PRELOAD 
(16RP8A Series) 
The PRELOAD function allows the register to be loaded from 
the output pins. This feature aids functional testing of sequential 
designs by allowing direct setting of output states. The pro
cedure is as follows: 

1. Raise Vee to 4.5 v. 
2. Disable output registers by setting pin 11 to VIH· 

3. Apply the desired value (V1LIVIH) to all registered output 
pins. Leave combinatorial outputs floating. 

4. Pulse pin 8 to Vp (20 V). then back to 0 V. 

5. Remove V1LIVIH from all registered output pins. 

6. Lower pin 11 to V1L to enable the output registers. 

7. Verify for VoLIVOH at all registered output pins. Note that 
because of the output inverter, a preloaded HIGH will set the 
register HIGH, providing a LOW at the output. 

Output Register PRELOAD 
(20R8B·2 Series, 20X1 OA Series, 
20RS10 Series) 
The PRELOAD function allows the register to be loaded from 
the output pins. This feature aids functional testing of sequential 
designs by allowing direct setting of output states. The pro
cedure is as follows: 

1. Raise V cc to 4.5 V. 

2. Disable output registers by setting pin 13 to VIH· 

3. Apply the desired value (V1LIVIH) to all registered output 
pins. Leave combinatorial outputs floating. 

4. Pulse pin 10 to Vp (20 V), then back to 0 V. 

5. Remove V1LIVIH from all registered output pins. 

6. Lower pin 13 to V1L to enable the output registers. 

7. Verify for VoLIVOH at all registered output pins. Note that 
because of the output inverter, a preloaded HIGH will set the 
register HIGH, providing a LOW at the output. 

Power-Up Reset 
The power-up reset function forces the register to the logic LOW 
state on the application of voltage to the VCC pin. Active-LOW 
outputs will be HIGH because of the output inverter. This feature 
allows the device to always power-up to a known state, for 
predictable system initialization. The power-up reset time, tR, is 
1 µs maximum. Following reset, minimum setup times and clock 
widths must be met. 

PIN 11 
V1L 

REGISTERED Vitt 

OUTPUTS VIL 

PINS 

V1tt~----------~ 

V1ttr---------------. 
PIN13 _J. \_ 

V1L 

REGISTERED Vitt 

OUTPUTS VIL 

PIN 10 

vcc 

CLK 

4V 
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General Information for TTUCMOS PAL Devices 

fMAX Parameters 
The parameter IMAX is the maximum clock rate at which the 
device is guaranteed to operate. Because flexibility inherent in 
programmable logic devices offers a choice of clocked flip-flop 
designs, IMAX is specified for three types of synchronous 
designs. 

The first type of design is a state machine with feedback 
signals sent off-chip. This external feedback could go back to 
the device inputs, or to a second device in a multi-chip state 
machine. The slowest path defining the period is the sum of the 
clock-to-output time and the input setup time for the external 
signals (tsu + tCLK). The reciprocal, IMAX, is the maximum 
frequency with external feedback or in conjunction with an 
equivalent speed device. This IMAX is designated "IMAX 
external." 

CLK 

REGISTER I 
I 
I 

I I 
L--------------~ 

1---•su l-•ctK-f-i.u-j 

'MAX EXTERNAL; 1/(fsu+lcLKl 

The second type of design is a $ingle-chip state machine with 
internal feedback only. In this case, flip-flop inputs are defined 
by the device inputs and flip-flop outputs. Under these 
conditions, the period is limited by the internal delay from the 
flip-flop outputs through the internal feedback and logic to the 
flip-flop inputs (tsu + tCF). This IMAX is designated "IMAX 
internal." 

The third type of design is a simple data path application. In 
this case, input data is presented to the flip-flop and clocked 
through; no feedb~ck is employed! Under these conditions, the 
period is limited by the sum of the data setup time and the data 
hold time (tsu +th). However, a lower limit for the period of each 
IMAX type is the minimum clock period (twh + twl). Usually, this 
minimum clock period determines the period for the third IMAX, 
designated "IMAX no feedback." · 

CLK 

,---------- ----~ 

I REGISTER 

I 
I I 
I I 
L-----------~---~ 
l~t.., ~1• tcF-1 

'MAX INTERNAL; 1/(fsu+lcFl 

CLK, 

IMAX NO FEEDBACK; 1/(15u+th) or 1/(lwh+IWll 
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AmPAL23S8 
20-Pin IMOX'" PAL Device-Based Sequencer 

Distinctive Characteristics 
e 14 Registers 

- 4 Output Logic Macrocells (OLMs) 
- 4 Output Registers 
- 6 Buried State Registers (BSRs) 

e 23 possible array inputs and 6 outputs in a 20-pin 
package 

e 33-MHz external/40-MHz internal cycle time 
e Variable product term (PT) distribution for increased 

design flexibility 
e Asynchronous and synchronous outputs supported for 

both Mealy· and Moore-type state-machine implementa
tions 

General Description 

The AmPAL23S6 is the first programmable array logic 
(PAL)-based sequencer device. It utilizes the familiar sum
of-products (AND-OR) logic structure, allowing users to 
customize logic functions by programming the device for 
specific applications. The AmPAL23S6 combines the ease 
of use of the familiar 20-pin PAL devices with the advanced 
"macrocell" concept introduced in the AmPAL22V10, as 
well as six Buried State Registers (BSRs). 

The AmPAL23S8 provides up to twenty-three array inputs 
and eight outputs. Four of the outputs are Output Logic 
Macrocells (OLMs) capable of being individually programmed 
as "combinatorial" or "registered," with active-HIGH or 
active-LOW polarity on each output. The other four are 
"registered" outputs, also capable of being programmed for 
active- HIGH or LOW polarity. All the flexibility on the outputs 
result in the simplification of logic design. The need to 
perform "DeMorgan's Law" on equations to have them fit 
into a PAL device is now a thing of the past. Each of the eight 
output registers can also be used dynamically as an input or 
output for greater design flexibility. 

Block Diagram 
Input• 

II 

e Individually user-programmable Output Enable (OE) PTs 
with polarity control 

e PTs for observing the BSRs on 6 of the output pins 
e Separate PTs for common Synchronous PRESET and 

common Asynchronous RESET of all registers 
e PRELOAD available on all registers for added test 

capability 
e 99.9% post programming functional yield (PPFY) Is due to the 

testablllty of this and ail other AMO PAL devloes. 

e Platinum-Silicide fuse technology produces the most 
reliable bipolar programmable devices available today 

The AmPAL23S8 also offers designers increased flexibility 
and control over Output Enable (OE) functions. Each output 
is logically controlled by an OE product term (PT), with 
programmable OE polarity control. This allows the designer 
to use more complex control than previously availal:11e. 

The six BSRs provide designers with enhanced logic power 
for sequencer applications. These registers are not only 
available to the system designer for use in sequencer 
applications (without the expense of a valuable 110 pin), but 
they may also be observed on the output pins during test. 
The observability of these registers on a programmable
logic sequencer adds to the list of features which make this 
device unique, simple to design with, and simple to debug. 

System operation has been enhanced by the addition of 
Synchronous PRESET and Asynchronous RESET PTs. The 
AmPAL23S8 also incorporates the unique capability of 
PRELOADing the eight output registers and the BSRs to 
any desired state during testing. This is essential to permit 
full logical verification during test. 

Programmable AND Array 

Burled Reglatera Output Logic 
Macrocell• 

Output Registers 

~ 111ona11th1alUD 111emor1es ~ 
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AmPAL23S8 

Connection Diagram 

Top View 

• CLOCK 1 20 Vee 

•o 2 19 V01 Pin Description 

11 3 18 I/Os & B5 
Vee =Supply Voltage 

GND= Ground 
lz 4 17 1/05. B4 

CLOCK = Clock Pin 
13 5 16 1/04. B3 lo - Is = Dedicated Input Pins (9) 

14 6 15 1/03 & Bz l/Oo-1/07 =Bidirectional 1/0 Pins (8) 

15 7 14 VOz & B1 Bo - 85 = Observability Pins for BSRs (6) 

is 8 13 V01 & Bo 

17 9 12 l/Oo 

GND 10 11 19 

CD009870 
Note: Pin 1 is marked for orientation. 

Ordering Information 

Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

5-170 

B. Speed Option (if applicable) 
c. Package Type 
D. Temperature Range 
E. Optional Processing 

AMPAL23S8 t T 
~---- E. OPTIONAL PROCESSING 

Blank = Standard processing 
8 =Burn-in 

'-----------D. TEMPERATURE RANGE 
C = Commercial (O to + 70°C) 
E = Extended Commercial (- 55 to + 125°C) 

'-------------C. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 

'-----------------B. SPEED OPTION 
-20=20 ns 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL23S8 
20-Pin IMOX PAL-Based Sequencer 

-25=25 ns 
-27 = 27 ns• 
-30 = 30 ns• 

•Extended Commercial range only. 

Valld Combinations 
Valld Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 

AMPAL23S8-20 PC, DC, DCB 

AMPAL23S8-25 PC, DC, DCB, 
DE, DEB 

AMPAL23S8-27 
DE, DEB 

AMPAL23S8-30 

~ Monolithic IFJll Memories ~ 



· AmPAL23S8 

Ordering Information (Cont'd.) 

APL Products 

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid 
Combination) is formed by a combination of: 

AMPA 388 -27 

A. Device Number 
B. Speed Option (if applicable) 
C. Device Class 
D. Package Type 
E. Lead Finish 

/B t ~------E. LEAD FINISH 
A = Hot Solder DIP 

'----------D. PACKAGE TYPE (per 
R • 20-Pln Ceramic DIP (CD 020) 

'-------------C. DEVICE CLASS 
/B =Class B 

'-----------------&.SPEED OPTION 
-27•27 ns 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL23S8 
20-Pin IMOX PAL-Based Sequen.cer 

-30=30 ns 

Valid Combinations 

Valid Combinations 

AMPAL23S8-27 1 /BRA 
AMPAL23S8-30 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Tests 

Group A Tests consist of Subgroups: 1, 2, 3, 7, 8, 9, 10, 11 
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AmPAL23S8 

Functional Description 
The AmPAL23S8 is an advanced bipolar programmable array 
logic (PAL)·based sequencer. It contains a programmable 
array organized in the familiar sum-of-products structure. The 
structure of this device makes it particularly ideal for state 
machine applications. Any design which employs the use 
of complex state functions is a prime candidate for the 
AmPAL23S8. 

The block diagram on the front page shows the basic archi· 
lecture of this device; a maximum of 23 array inputs and 8 
outputs are available. The inputs are connected to a program· 
mable AND array. containing 135 product terms (PTs), of 
which 124 are logical PTs and 11 are control PTs. Before 
programming, the AND gates are connected to both the true 
and complement of every input. By selectively programming 
fuses, the AND gates may be connected to only the true input, 
the complement input, or to neither type of input, establishing 
a logical "don't care". When both the true and complement 
fuses are left intact, a logical FALSE results on the output of 
the AND gate. An AND gate with all fuses blown will assume 
the logical TRUE state. The outputs of the AND gates are 
connected to OR gates. 

Variable Product Term (PT) Distribution 

The number of AND gates assigned to each OR gate varies in 
a fixed manner for each output as shown in the logic diagram 
(Figure 5). The OR· gate outputs feed dedicated registers and 
macrocells. Each OR gate averages approximately ten PTs for 
output registers and macrocells. This gives the capability of 
using from eight to twelve logical PTs on one output in a single 
clock cycle (no feedback necessary). Buried state registers 
(BSRs) have an average of eight PTs per OR gate, providing 
the capability of using from six to ten logical PTs in one BSR in 
a single clock cycle. 

Variable Output Architecture: Output Logic 
Macrocells (OLMs) 

An innovation in logic design is the implementation on the 
AmPAL23S8 of variable output architecture on four of the 
outputs. These Output Logic Macrocells (OLMs) are user 
programmable for a great deal of design flexibility. Each of the 
four OLMs can be independently programmed for eight 
distinct configurations. The outputs can be either "registered'' 
or "combinatorial;" they can also be individually programmed 
for active-HIGH or active-LOW polarity. Finally, the feedback 
paths which feed through the multiplexer back to the AND 
array can be programmed so that they originate either from 
the register or from the 1/0 pin. From the feedback multiplexer 
both the true and complement of the output going back to the 
array are available. All possible configurations of the OLMs are 
illustrated in Figures 4·1 through 4·8. For maximum flexibility, 
selection of output polarity and feedback path are kept 
independent of each other. 

Output Registers 

In addition to the four OLMs on the AmPAL23S8, there are 
also four output registers. The data on the output registers 
may be fed back to the array. When the output is disabled, the 
pin may be used as an external input. Since each of the eight 
outputs can obtain feedback from the pins associated with 
them, all eight of them provide the advantage of being usable 
dynamically as either Inputs or outputs, significantly increasing 
design flexibility and possibilities. 

Burled State Registers (BSRs) 

The six observable Buried State Registers are one of the key 
features of the AmPAL23S8. All BSR outputs are fed back to 
the AND array, but they do not use up an output pin. The state 
of each BSR is, however, observable on an associated output 
pin by activating the user-programmable Observability 
product term as well as the appropriate Output Enable 
product term. 

The extensive user-programmable flexibility enhances the 
usefuiness of this device for different types pf state machine 
implementations. The possibility exists to create both the 
Mealy and Moore type of design in the same device. 

Programmable Output Polarity 

Each output has a user-programmable output polarity fuse 
which, when blown, indicates that the output will be active 
HIGH, and when intact, active LOW. The obvious benefit of 
this enhancement is the increased· flexibility of design. With 
the choice of output polarity, there is no need to DeMorganize 
equations to fit the device, allowing for more efficient designs 
both in terms of the amount of time spent in design as well as 
effective utilization of the device, 

For further enhancement of the increased logic power of the 
AmPAL23S8, each output has a PT to control Output Enable 
(OE) with programmable polarity. 

PRESET/RESET 

To improve functionality at the system level, the AmPAL23S8 
has additional RES.ET and PRESET PTs. One PT controls 
Output Register and BSR PRESET, and one PT controls the 
RESET for these registers. When the Synchronous PRESET 
PT is asserted (HIGH), all registers are loaded with a HIGH on 
the next LOW-to-HIGH clock transition. When the Asynchro· 
nous RESET PT is asserted, all registers are immediately 
loaded with a LOW, independent of the clock. These functions 
are particularly useful for applications such as system power
up and RESET. 

PRELOAD 

In order to simplify testing, the AmPAL23S8 is designed with 
PRELOAD circuitry that provides an easy method for testing 
logical functionality. PRELOAD allows any arbitrary "present 
state" values to be loaded into the OLMs, BSRs and Output 
Registers of this device. OLM Registers a.nd BSRs are 
PRELOADed in separate cycles, allowing them to be PRE· 
LOADed with different values. Logic verification sequences 
can be significantly shortened, and all possible state se· 
quences tested, reducing test time and development costs, 
and guaranteeing proper functionality in system. 

A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. To verify 
these transitions requires the ability to set the state registers 
to an arbitrary "present state" value and to set the device 
inputs to any arbitrary "present input" value. Once this is 
done, the state machine is then clocked into a new state, or 
"next state," which can be checked to validate the transition 
from the "present state." In this way, any state transition can 
be checked. 

It is obvious that to attempt the debugging of a design using 
BSRs without the benefit of PRELOAD capability would be 
quite difficult. The combination of this feature and the BSRs 
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AmPAL23S8 

being observable is virtually indispensible for efficient and 
trouble-free state machine design. 

cess permits an increase in density and a decrease in internal 
capacitance resulting in the fastest possible programmable 
logic devices. 

Observablllty 

This extra ease of debugging the design comes from the use 
of the Observability (OBS) PT. When the OBS PT is selected, 
it disables six of the Output Registers and Macrocell buffers, 
and enables the BSA buffers onto the output pins associated 
with them, pins 13 through 18. When the OBS PT is not 
selected, the Output Registers and Macrocell buffers are 
enabled and the BSA buffers are disabled. When all the fuses 
for this PT are intact, (i.e., OBS is not selected), the data from 
the BSRs will not be visible on the output pins, and the Output 
Registers and OLMs will be enabled. 

The AmPAL23S8 is fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide fuse technology. Utilizing an 
easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. Extra 
test words are preprogrammed during manufacturing to en
sure extremely high field programming yields ( > 98%), and 
provide extra test paths to achieve excellent parametric 
correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large, noncon
ductive gaps that ensure very stable, long term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers high reliability for fusible link pro
grammable logic. 

Processing and Fuse Technology 

The AmPAL23SB is manufactured using Advanced Micro 
Devices' IMOX oxide isolation process. This advanced pro-
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SP COMMON SlNCH PRtSET 
oes COMMON 08SERVASIUTY 

L------------------------~ 

so OUTPUT ENABLE POLARITY 

0 ENABLED HIGH 

1 ENABLED LOW 

51 52 53 OUTPUT CONFIGURATION 

0 0 0 ACTIVE LOW/REG/REG FEEDBACK 

0 0 1 ACTIVE LOW/REG/10 FEEDBACK 

0 1 0 ACTIVE LOW/COMB/REG FEEDBACK 

0 1 1 ACTIVE LOW/COMB/10 FEEDBACK 

1 0 0 ACTIVE HIGH/REG/REG FEEDBACK 

1 0 1 ACTIVE HIGH/REG/10 FEEDBACK 

1 1 0 ACTIVE HIGH/COMB/REG FEEDBACK 

1 1 1 ACTIVE HIGH/COMB/10 FEEDBACK 

0 = UNBLOWN FUSE 
1 = BLOWN FUSE 

Figure 1. Output Logic Macrocell (OLM) 
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Figure 2. Output Register With Polarity 
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Figure 4. Possible Configurations of the Output Logic Macrocells (OLMs) 

OE OE 

so so 

~ 
.. 
~ 

.,. 

. . 
~ OBS ~ DIS 

CU< C1J( 

SP SP 

LD000200 LD000210 

OUTPUT OUTPUT 
ACTIVE LOW S1 =0 ACTIVE LOW S1=0 
REGISTERED S2 =O REGISTERED S2 =O 

FEEDBACK FEEDBACK 
REGISTERED S3 = 0 1/0 PIN 83=1 

Figure 4-1. Figure 4-2. 

OE 
OE 

so so 

~ 
. • 
~ DIS ~ DIS 

CU< 

SP 

LD000220 LD000230 

OUTPUT OUTPUT 
ACTIVE LOW S1 =O ACTIVE LOW S1 =O 
COMBINATORIAL S2 = 1 COMBINATORIAL S2=1 

FEEDBACK FEEDBACK 
REGISTERED S3 =O 1/0 PIN S3=1 

Figure 4-3. Figure 4-4. 
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AmPAL23S8 

Figure 4. Possible Configurations of the Output Logic Macrocells (OLMs) (Cont'd.) 

SD 

... 

QJ( 

SP 

OUTPUT 
ACTIVE HIGH S1 •1 

·REGISTERED S2=0 
FEEDBACK 

REGISTERED 53=0 

Figure 4-5. 

SD 

QJ( 

SP 

OUTPUT 
ACTIVE HIGH S1 = 1 
COMBINATORIAL S2 • 1 

FEEDBACK 
REGISTERED S3 • 0 

Figure 4-7. 
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--Q--, 

so 

... 

DIS 
QJ( 

... 

OUTPUT 
ACTIVE HIGH S1 • 1 
REGISTERED S2 • 0 

FEEDBACK 
110 PIN 53•1 

Figure 4-6. 

.. 

DIS 

OUTPUT 
ACTIVE HIGH S1 • 1 
COMBINATORIAL S2 = 1 

FEEDBACK 
110 PIN S3•1 

Figure 4-8. 
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L0000282 

Figure 4. Logic Diagram - AmPAL23S8 
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AmPAL23S8 

Absolute Maximum Ratings 
Storage Temperature ............................ -65 to + 150°C 

Operating Ranges 
Commercial (C) Devices 

Ambient Temperature with Temperature (TA) Operating Free Air ........ O to + 75°C 
Power Applied ............................................ + 125°C Supply Voltage (Vee) .................... +4.75 to +5.25 V 

Supply Voltage to Ground Potential Extended Commercial (E) Devices 
Continuous (Pin 20 to Pin 10) ............. -0.5 to + 7.0 V 

DC Voltage Applied to Outputs 
Temperature (TA) ................................... -55°C Min. 

(except during programming) ........... -0.5 to +Vee Max. 
Temperature (Tc) Operating Case .......... + 125°C Max. 

DC Voltage Applied to Outputs 
Supply Voltage (Vee) .................... +4.50 to +5.50 V 

During Programming ........................................ 16 V Military (M) Devices 
Output Current into Outputs Temperature (TA) ................................... -55°C Min. 

During Programming Temperature (Tc) ................................ +125°C Max. 
(Maximum duration of 1 second) .................... 200 mA Supply Voltage (Vee) .................... +4.50 to +5.50 V 

DC Input Voltage ................................. -0.5 to + 5.5 V 
DC Input Current ............................ , ... -30 to +5.0 mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

DC Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3 tests 
unless otherwise noted 

Parameter Parameter Typ. 
Symbol Description Test Conditions Min. (Note 1) Max. 

loH =-3.2 mA C Devices 
VoH Output HIGH Voltage 

loH=-2 mA E/M Devices 2.4 3.5 
Vee= Min., 
V1N = V1H or V1L loL = 16 mA C Devices 

VoL Output LOW Voltage 
loL= 12 mA E/M Devices 0.50 

V1H Input HIGH level Guaranteed Input Logical HIGH Voltage for All Inputs 2.0 (Note 2) 

V1L Input LOW level Guaranteed Input Logical LOW Voltage for All Inputs 0.6 (Note 2) 

l1L Input LOW Current Vee= Max., V1N = 0.40 v -10 ·250 

l1H Input HIGH Current Vee= Max., V1N = 2.7 v 25 

11 Input HIGH Current Vee= Max., V1N = 5.5 v 1.0 

lse Output Short-Circuit Current Vee= Max., Vour = 0.5 v (Note 3) -30 -45 -90 

ICC Power Supply Current All inputs - GNLJ, vcc - Max. 210 

l COMM MIL 215 

V1 Input Clamp Voltage Vee= Min., llN = -16 mA -0.9 -1.2 

IOZH Output Leakage Current 
Vee= Max., V1N •VIL or V1H 

J vo • 2.1 v r~ 
IOZL (Note 4) Vo =0.4V 

Notes: 1. Typical limits are at Vee= 5.0 V and TA= 25°e. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a lime. Duration of the short circuit should not be more than one second. 

Vour = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
4. 1/0 pin leakage is the worst case of lozx or l1x (where X = H or L). 

Capacitance 

Parameter Parameter 
Symbol Description Test Conditions Typ. 

C1N 
1Pins1, 11 10 

Input Capacitance V1N = 2.0 V @ f = 1 MHz J Other Pins 6 

Gour Output Capacitance Vour = 2.0 v @ f = 1 MHz 9 

Note: These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design ls modified where 
capacitance may be affected. 

Units 

Volts 

Volts 

Volts 

Volts 

µA 

µA 

mA 

mA 
mA 
mA 

Volts 

µA 

Units 

pF 

it1 ll/lonollthla m ll/lemorles it1 5-179 



AmPAL23S8 

Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WJLLBE 
STEADY STEADY 

\m\\_ MAY CHANGE WILL BE 

FROMHTOL CHANGING 
FROM H TO L 

JJJJJJ MAY CHANGE WILL BE 
CHANGING FROML TOH FROML TOH 

JJJJf1 
OON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

]HK 
CENTER 

DOES NOT LINE IS HIGH 
APPLY fMPEDANCE 

"OFF" STATE 

KS000010 

Switching Test Circuit 

AC TEST LOAD 

5V~ 
S1 

OUTPUT o----...... ----

Ty001190 

TEST OUTPUT LOADS 

C Devices E/M Devices 

R1 1 R2 R1 l R2 

300 l 390 390 l 750 

Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 7, 
8, 9, 10, 11 tests unless otherwise noted 

C Devices E/M Devices 

-20 -25 -27 -30 
Parameter Parameter Test Typ 

No. Symbol Description Conditions (Note 1) Min. Max. Min. Max. Min. Max. Min. Max. Units 

1 tpo 
Input or Feedback to 20 25 27 30 ns 
Non-Registered Output 

2 teA Input to Output Enable 25 28 30 33 ns 

3 teR Input to Output Disable 25 28 30 33 ns 

4 tc01 Clock to Output 13 15 18 20 ns 

Reg. Feedback through Array 
5 tco2 to Combinatorial Output, 28 35 40 45 ns 

Relative to External Clock 

Input or Feedback Setup C Devices 
6 ts Rt= 300 17 20 22 25 ns 

Time R2 = 390 

7 tH Hold Time 0 0 0 0 ns 

8 tp1 Clock Period (ts+ tco1) 30 35 40 45 ns 

Minimum Setup Time (Reg. 
9 lp2 Feedback to Reg. Input 25 30 35 40 ns 

Internal Path) 

10 tw Clock Width 12 15 17 20 ns 

11 f1MAX 
Maximum Frequency 33 28.5 25 22.5 MHz 
(1/lp1) 

12 f2MAX 
Maximum Frequency 40 33 28.5 25 MHz 
(1/tp2) 

13 IAW Asynchronous Reset Width E/M Devices 20 25 27 30 ns 

14 !AR 
Asynchronous Reset Ri = 390 20 25 27 30 ns 
Recovery Time R2 • 750 

15 IAP 
Asynchronous Reset to 25 30 32 35 ns 
Registered Output Reset 

Notes: 1. Typical limits are at Vee - 5.0 v and TA• 25'C. 

5·180 

2. !pc is tested with switch S1 closed and CL• 50 pF. 
3. For three-state outputs, output enable times are tested with CL• 50 pF to the 1.5 V level; St is open for high-impedance to HIGH tests and 

closed for high-Impedance to LOW tests. Output disable times are tested with CL - 5 pF. HIGH to high-impedance tests are made to an 
output voltage of VoH -0.5 V with S1 open; LOW to high-impedance tests are made to the VoL + 0.5 V level with S1 closed. 
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Switching Waveform 

CLOCK 

ASYNCHRONOUS 
RESET 

REGISTERED ---""'lt:m'!:m:Jlll1-------+------.ir-------------+i"T"n 
OUTPUT ~ ..... ._..& ........ &.I 

"N----4~~~1~-----+---.l.llll~~"'-------------....j.1""'"""'.IJ 

COMBINATORIAL 
OUTPUT 

"N----+----.,.----..l.""'"~llfl\.----------------....1~~.LJ 
REOISTERED •co•;;! 1-- '•R j r, .. · ..... -1..,;.. __ 

c:::!T~A~~---......:.--Yl!fll/Jli,.;;.;;; ~----------------------......:.)P•)•) ... ))) (""(~("'-'( __ _ 
OUTPUT PIN 

PRELOAD of Output/Macrocell 
Registers or Buried State Registers 
All AmPAL23S8 registers are provided with circuitry to allow 
loading each register synchronously with a HIGH or LOW. 
Output/macrocell registers and buried state registers are 

i---to 

PIN 6 
~ 

.... ViLP 

PIN 1 Y1t.P 

v"" 
REGISTERED 

OUTPUT Y0t. 

CHOOSE TO PAELOAD 
BURED REGISTERS 

OR OUTPUT /MACAO 
REGISTERS 

Par. Min. Max. 

VHH 10 12 

V1LP 0 0.5 

VIHP 2.4 5.5 

v 
.Ji 

PRELOAD 
ENABLED 
OUTPUTS 
DISABLED 

to 

OUTPUTS 
FORCED 
TOVIHP 
ORY1t.p 

Register 
Selection 

Buried 

Output/Macro 

to 

l 

PRE LOAD 
DATA 

CLOCKED 
IN 

Pin 5 

VHH 

<V1HP 

WF022285 

PRELOADed in separate cycles allowing output/macrocell 
registers and buried state registers to be PRELOADed with 
different values. PRELOAD will simplify testing since any state 
can be loaded into the registers to control testing sequences. 
The pin levels and timing necessary to perform the PRE LOAD 
function are detailed below. 

to 

VHH 

V1HP 

V1L.P 

VHH 

V1HP 

VIHP 

Vo .. P 

"\J 
~ 

to 

OUTPUT 
FORCtNG 
VOLTAGE 
REMOVED 

Level Forced on Register 
Output Pin During 
PRELOAD Cycle 

V1HP 

V1LP 

•o-

1 

PAELOAD 
DISABLED 

Vlt.P 

V1LP 

VoH 

VoL 

WF022292 

Register State 
After Cycle 

HIGH 

LOW 
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Power-Up Reset 
The registered devices in the AMO PAL Family have been 
designed with the capability to reset during system power-up. 
Following power-up, all registers will be reset to LOW. The 
output state will depend on the polarity of the output butter. 
This feature provides an extra flexibility to the designer and is 
especially valuable in simplifying state-machine initialization. A 
timing diagram and parameter table follow. Due to the 

asynchronous operation of the power-up reset ana me w1ae 
range of ways V cc can rise to its steady state, two conditions 
are required to ensure a valid power-up reset. These condi
tions are: 

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. 

1~w-~--------~~--~~----~--~--- Vee 

POWER----------4 VI ii-•• -------'PR---------i 

REGISTERED 
OUTPUT 

CLOCK 

Parameter 
Symbol 

tpR 

ts 

tw 

Parameter 
Description 

Power-Up 
Reset Time 

Input or Feedback 
Setup Time 

Clock Width 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 

\\t 

Min. Typ. Max. Units 

600 1000 ns 

See Switching Characteristics 
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AmPAL 16R8D Series 

ADVANCE INFORMATION 
20-Pin !MOX'" Ultra High-Speed Programmable Array Logic (PAL) Elements 

Distinctive Characteristics 
• Superior IMOX technology 

- Guarantees tpD = 10 ns Max .. " D" version 
• Very high-speed, half-power ("BL") and high-speed, 

quarter-power (" AQ") versions 
• Platinum-silicide fuses and added test words ensure 

programming yields > 98% 
• Post Programming Functional Yields (PPFY) of 99.9% 

General Description 
AMO PAL devices are high-speed, electrically programma
ble array logic elements. They utilize the familiar sum-of
products (AND-OR) structure allowing users to program 
custom logic functions to fit most applications precisely. 
Typically they are a replacement for low-power Schottky 
SSl/MSI logic circuits, reducing chip count by more than 5 
to 1 and greatly simplifying prototyping and board layout. 

• PRELOAD feature permits full logical verification 
• Reliability assured through more than 70 billion fuse 

hours of life testing with no failures 
• AC and DC parametric testing at the factory through 

on-board testing circuitry 
• Industry-leading quality guarantees 

Four different devices are available, including both regis
tered and combinatorial devices. This new speed option 
extends the current AmPAL 16R8 Family, allowing the de
signer to precisely match system requirements. 

Please see the "Am PAL 16R8 Family" data sheet (Publi
cation No. 033230) for Block Diagrams. 

Product Selector Guide 

AMO PAL Speed/Power Families 

ts(1) tpo loL 
Family ns (Min.) ns (Max.) mA(Min.) 

Ultra High-Speed 10 10 24 ( " D " ) Versions 
(1) Sequential functions 

AMO PAL Functions 

Part Array Output 
Number Inputs Logic Enable 

16R8 Eight Dedicated. Eight 8-Wide AND-OR Dedicated Eight Feedback 

Eight Dedicated, Six 8-Wide AND-OR Dedicated 
16R6 Six· Feedback, 

Two Bidirectional Two 7-Wide AND-OR-INVERT Programmable 

Eight Dedicated, Four 8-wide AND-OR Dedicated 
16R4 Four Feedback, 

Four Bidirectional Four 7-Wide AND-OR-INVERT Programmable 

16L8 Ten Dedicated, Eight 7-Wide AND-OR-INVERT Programmable 
Six Bidirectional 

~Monolithic m Memories~ 

tco 
ns (Max.) 

8 

Outputs 

Registered Inverting 

Registered Inverting 

Bidirectional 

Registered Inverting 

Bidirectional 

Six Bidirectional 
Two DAdicated 

Ice 
mA(Max.) 

180 

Package 
Pins 

20 

20 

20 

20 

08486C/O 
JANUARY 1988 
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AmPAL 16R8 Family 
20-Pin IMOX'" Programmable Array Logic (PAL) Elements 

Distinctive Characteristics 

• AMD's superior IMOX technology 
- Guarantees !po= 15 ns Max. "B" Versions 

• High-Speed, Half-Power ("AL") and Quarter-Power 
("Q") versions 

• Platinum-silicide fuses and added test words ensure 
programming yields> 98% 

• Post Programming Functional Yields (PPFY) of 99.9% 

General Description 
AMO PAL devices are high-speed, electrically programma
ble array logic elements. They utilize the familiar sum-of
products (AND-OR) structure allowing users to program 
custom logic functions to fit most applications precisely. 
Typically they are a replacement for low-power Schottky 
SSl/MSI logic circuits, reducing chip count by more than 5 
to 1 and greatly simplifying prototyping and board layout. 

Seven different devices are available, including both regis
tered and combinatorial devices, in six different speed and 

Product Selector Guide 

AMO PAL Speed/Power Families 
tpol2l ts (1) 

ns (Max.) ns (Min.) 

• PRELOAD feature permits full logical verification 
• Reliability assured through more than 70 billion fuse 

hours of life testing with no failures 
• AC and DC parametric testing at the factory through 

on-board testing circuitry 
• AMD's industry-leading quality guarantees 

power versions. The very High-Speed "B" versions 
(tpo = 15 ns) run approximately 40% faster than the High
Speed "A" versions (tpo = 25 ns). High-Speed, Half-Power 
"AL" versions (tpo = 25 ns, Ice= 90 mA) are available, as 
well as Standard-Speed, Half-Power "L" versions (tpo 
= 35 ns, Ice'= 80 mA). Quarter-Power "Q" versions (tpo 
= 35 ns, Ice = 45 mA) are also available. 

Please see the following pages for Block Diagrams. 

'Combinatorial functions 

tco <1> Ice loL 
ns (Max.) mA (Max.) mA (Min.) 

Family C Devices M Devices C Devices M Devices C Devices M Devices C/M Devices C Devices M Devices 
Very High-Speed 15 (''8") Versions 

~!i~)sv:~~ons 25 

High-Speed, 
Half-Power 25 
("Al") Versions 
Standard Versions 35 
Half-Power 35 ("l") Versions 
Quarter-Power 35 ("Q") Versions 
( 1) Sequential functions 
(2) Combinatorial functions 

Part 
Number 

16R8 

16R6 

16R4 

16l8 

03323F/O 
JANUARY 1988 

5-184 

Array 
Inputs 

Eight Dedicated, 
Eight Feedback 
Eight Dedicated, 
Six Feedback, 
Two Bidirectional 

Eight Dedicated, 
Four Feedback, 
Four Bidirectional 

Ten Dedicated, 
Six Bidirectional 

20 13 18 12 15 180 24 12 

30 20 25 15 20 100111155121 24 12 

30 20 25 15 20 90 24 12 

40 30 35 25 25 10011/155121 24 12 

40 30 35 25 25 OCJ'li 0021 24 12 

40 30 35 25 25 45 12 8 

AMO PAL FUNCTIONS 

Output Packag11 
Logic Enable Outputs Pins 

Eight 8-Wide AND-OR Dedicated Registered Inverting 20 

Six 8-Wide AND-OR Dedicated Registered Inverting 
Two 7-Wide AND-OR-INVERT Programmable Bidirectional 

20 

Four 8-wide AND-OR Dedicated Registered Inverting 
20 

Four 7-Wide AND-OR-INVERT Programmable Bidirectional 

Eight 7-Wide AND-OR-INVERT Programmable Six Bidirectional 20 Two Dedicated 

~ MonolithiolFJll Memories ~ 
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AmPAL 16R8 Family 

Connection Diagrams 

Top View 
DIPs* 

(NOTE 1) Vee 

(NOTE 10) 

(NOTE 9) 

(NOTE 8) 

(NOTE 7) 

(NOTE 6) 

(NOTE 5) 

(NOTE 4) 

I (NOTE 3) 

GND (NOTE 2) 

CD010020 

Note: Pin 1 is marked for orientation. 

16L8 16R8 16R6 16R4 

Notes: 1 I CLK CLK CLK 

2 I OE OE OE 

3 0 0 1/0 1/0 

4 1/0 0 0 1/0 

5 1/0 0 0 0 

6 1/0 0 0 0 

7 1/0 0 0 0 

8 1/0 0 0 0 

9 1/0 0 0 1/0 

10 0 0 1/0 1/0 

*Also available in 20-Pin Ceramic Flatpack. Pinouts identical to DIPs. 
**Also available in 20-Pin Plastic Leaded Chip Carrier. Pinouts identical to LCC. 

Pin Designations 

I= Input 
I/ 0 = Input/ Output 

0 =Output 
Vee= Supply Voltage 

GND =Ground 
CLK =Clock 
OE = Output Enable · 

~Monolithic WMemorles ~ 

LCC** 

~ 52" 
w w 
I- u I-
0 u 0 
~ > ~ 

(NOTE 9) 

(NOTE 8) 

(NOTE 7) 

(NOTE 6) 

(NOTE 5) 

Cl "' "' ;;:-z 
Cl w w w 

I- I- I-
0 ~ 0 
~ ~ 
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AmPAL 16R8 Family 

Ordering Information 

Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: .A. Device Number 

5·188 

B. Speed Option (if applicable) 
C. Package Type 
D. Temperature Range 
E. Optlonal Proceaalng 

T.__ __ ~-E. OPTIONAL PROCESSING 
Blank ..; Standard processing 

B •Burn In 

'----------D. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 
E •Extended Commercial (-55 to + 125°C) 

~-----------C. PACKAGE TYPE 
P • 20-Pin Plastic DIP (PD 020) 
0 = 20-Pin Ceramic DIP (CD 020) 
J • 20-Pin Plastic Leaded Chip Carrier 

(PL 020) 
L • 20-Pln Ceramic Leadless Chip Carrier 

(CL 020) 

'----------------~&.SPEED/POWER 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL16AB Famlly 
20-Pin IMOX Programmable Array Logic 

vauci Combinations 

AMPAL 16R8/B/ A/ AL/L/Q 
AMPAL 16R6/B/ A/ AL/L/Q PC, DC, DCB, OE, 
AMPAL 16R4/B/ A/ AL/L/Q JC, LC, LE 

AMPAL 16L8/B/A/AL/L/Q 

See Product Selector Guide 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMO's standard military grade 
products. 
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AmPAL 16R8 Family 

Ordering Information (Cont'd.) 

APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number 

B. Speed Option (if applicable) 
C. Device Class 
D. Package Type 
E. Lead Finish 

AMPA 1 R B /B 

t'-------E. LEAD FINISH 
A • Hot Solder DIP 

'----------D. PACKAGE TYPE 
R = 20-Pin Ceramic DIP (CD 020) 
2 • 20-Pin Ceramic Leadless Chip 

Carrier (CL 020) 
S • 20-Pin Ceramic Flatpack (CF 020) 

'--------------C. DEVICE CLASS 
/B - Class B 

'------------------&. SPEED OPTION 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL16R8 Family 
20-Pin IMOX Programmable Array Logic 

Valid Combinations 

AM PAL 16R8/B/ A/ AL/L/Q 

AM PAL 16R6/B/ A/ AL/LIQ /BRA. /B2A, 
AMPAL 16R4/B/ A/ AL/L/Q /BSA 

AM PAL 16L8/B/A/AL/L/Q 

See Product Selector Guide 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Tests 

Group A tests consist of Subgroups 1, 2, 3, 4, 9, 10, 11. 
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AmPAL 16R8 Family 

DESC Certified PAL Devices 

Generic AMO Part Number DESC Numbers 

AmPAL16L8A/BRA 8103607RX 

AmPAL 16L8A/B2A 81036072X 

AmPAL16L8A/BSA 8103607SX 

16L8 AmPAL16L8UBRA 8103611RX 

AmPAL16LSUB2A 81036112X 
AmPAL16L8UBSA 8103611SX 

AmPAL16L8/BRA 8103601RX 
AmPAL 16L8/B2A JU.036012X 

AmPAL16R8A/BRA 8103608RX 

AmPAL16R8AIB2A 81036082X 

AmPAL16R8A/BSA 8103608SX 

Am PAL 16R8UBRA 8103612RX · 
16R8 

Am PAL 16R8UB2A 81036122X 

AmPAL16R8UBSA 8103612SX 

AmPAL16R8/BRA 8103602RX 

..Amf>AL16R8182A ~ 
AmPAL16R6A/BRA 8103609RX 

AmPAL 16R6AIB2A 81036092X 

AmPAL 16R6A/BSA 8103609SX 

16R6 AmPAL 16R6UBRA 8103613RX 

AmPAL 16R6UB2A 81036132X 

Am PAL 16R6UBSA 8103613SX 

AmPAL 16RsiBRA 8103603RX 

A_mPAL t6R6/R2A JU.036032X 

AmPAL16R4A/BRA 8103610RX 

Am PAL 16R4AIB2A 81036102X 

Am PAL 16R4A/BSA 8103610SX 

16R4 
AmPAL 16R4UB.RA 8103614RX 

Am PAL 16R4UB2A s1036142X 

AmPAL16R4UBSA 8103614SX 

AmPAL16R41BRA 8103604RX 

AmPAU6R4/R2A 81036042X 
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AmPAL 16R8 Family 

Functional Description 

AMO PAL Family Characteristics 

All members of the AMD PAL Family have common electrical 
characteristics and programming procedures. All parts are 
produced with a fusible link at each input to the AND-gate 
array, and connections may be selectively removed by apply
ing appropriate voltages to the circuit. 

Initially the AND gates are connected, via fuses, to both the 
TRUE and complement of each input. By selective program
ming of fuses the AND gates may be "connected" to only the 
TRUE input (by blowing the complement fuse), to only the 
complement input (by blowing the TRUE fuse), or to neither 
type of input (by blowing both fuses) establishing a logical 
"don't care." When both the TRUE and complement fuses 
are left intact a logical FALSE results on the output of the AND 
gate, while all fuses blown results in a logical-TRUE state. The 
outputs of the AND gates are connected to fixed-OR gates. 
The only limitations imposed are the number of inputs to the 
AND gates (up to 16) and the number of AND gates per OR 
(up to 8). 

All parts are fabricated with AMD's fast programming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an easily 
implemented programming algorithm, these products can be 
rapidly programmed to any customized pattern. Extra test 
words are pre-programmed during manufacturing to ensure 
extremely high field programming yields ( > 98%), and provide 
extra test paths to achieve excellent parametric correlation. 

Power-Up RESET 

The registered devices in the AMD PAL family have been 
designed to reset during system power-up. Following power
up, all registers will be initialized to zero, setting all the outputs 
to a logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state ma
chine initialization. 

PRELOAD 

AMD PAL devices are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 
devices for logical functionality. PRELOAD allows any arbitrary 
state value to be loaded into the registered output of an AMD 
PAL device. 

A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. This 
requires the ability to set the state registers into an arbitrary 
"present state" value and to set the device inputs to any 
arbitrary "present input" value. Once this is done, the state 
machine is clocked into a new state or "next state." The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 

Security !!:use 

An additional fuse is provided on each AMD PAL circuit to 
prevent unauthorized copying of AMD PAL device fuse pat
terns when design security is desired. Blowing the security 

. fuse blocks entry to the fuse pattern verify mode. 
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AmPAL 16R8 Family 

INPUTS (0-31) 
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Figure 1. AmPAL16~8 Logic Diagram 
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AmPAL 16R8 Family 

INPUTS (0-31) 
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Figure 2. AmPAL 16R6 Logic Diagram 
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AmPAL 16R8 Family 

INPUTS (0-31) 
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Figure 3. AmPAL16R4 Logic Diagram 
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AmPAL 16R8 Family 

1 
INPUTS (0-31) 
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Figure 4. AmPAL 16L8 Logic Diagram 
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AmPAL 16R8 Family 

Applications 
PRELOAD of Registered Outputs 

or LOW state. This feature simplifies testing since any initial 
state for the registers can be set to optimize test sequencing. 

AMD PAL registered outputs are designed with extra circuitry 
to allow loading each register asynchronously to either a HIGH 

The pin levels and timing necessary to perform the PRE LOAD 
function are detailed below: 

PIN11 

PIN2 

REGISTERED 
OUTPU1 

Par. Min. Mex. 

VHH 10 12 

VILP 0 0.5 

VIHP 2.4 5.5 

VccH 5.4 6.0 

Power-Up Reset 

,--------1---------:.._ ____ !...-~~vHH 
H 

PF001141 

Level forced on registered output State of the output 
pin during PRELOAD cycle pin after cycle 

VHH HIGH 

0 v to VccH or OPEN LOW 

required to ensure a valid power-up reset. These conditions 
are: 

The registered devices in the AMO PAL Family have been 
designed to reset during system power-up. Due to the asyn
chronous operation of the power-up reset and the wide range 
of ways Vee can rise to its steady state, two conditions are 

1. The V cc rise must be monotonic. 

2. Following reset, the clock input must not be driven from low 
to high until ail applicable input and feedback setup times 
are met. 

.~~---------------------------Vee 
POWER ----------4_.V/ ~f.o-· -------tPR---------1 

REGISTERED 
OUTPUT 

CLOCK 

5·196 

~ 
WF022300 

Parameters Description Min. Typ. Max. Units 

IPR 
Power-Up 

600 1000 ns 
Reset Time 

ts 
Input or Feedback 

See Switching 
Setup Time 

Characteristics 

tw Clock Width 
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AmPAL 16R8 Family 

Absolute Maximum Ratings Operating Ranges 

Storage Temperature .. . .. . .. . . . . .. .. . . . . . . . .... -65 to + 150'C 
Supply Voltage to Ground Potential 

(Pin 20 to Pin 10) Continuous ...... -0.5 to + 7.0 V 
DC Voltage Applied to Outputs 

Commercial (C) Devices 
Temperature (TA) ............... . 
Supply Voltage (Vee) ....... . 

Extended Commercial (E) Devices 

. .... 0 to + 75'C 
+4.75 to +5.25 V 

(Except During Programming) ....... -0.5 V to +Vee Max. Temperature (TA) ................................. -55'C Min. 
DC Voltage Applied to Outputs Temperature (Tc).. . + 125°C Max. 

During Programming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 21 V Supply Voltage (Vee) . . . + 4.50 to + 5.50 V 
Output Current Into Outputs During 

Programming (Max Duration of 1 sec) ............ 200 mA 
DC Input Voltage ................................. -0.5 to + 5.5 V 
DC Input Current .................................. -30 to +5 mA 

Military (M) Devices' 
Temperature (TA) .... . 
Temperature (Tc) ...... . 
Supply Voltage (Vee) 

. .. -55°C Min. 
+ 125'C Max. 

.+4.50 to +5.50 V 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

'Military product 100% tested at Tc= +25'C, + 125'C, 
and -55'C. 

DC Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3, 4 tests 
unless otherwise noted 

Parameter Parameter Typ. 
Symbol Description Test Conditions Min. (Note 1) Max. 

"Q" loH = -2 mA COM'L 

VoH Output HIGH Voltage 
Vee= Min., 

loH = -3.2 mA COM'L 2.4 3.5 V1N = V1H 
or V1L All others loH=-2 mA MIL 

"B," "A," "Std." loL = 24 mA COM'L 

Vee= Min., "AL," & "L" loL= 12 mA MIL 
Vol Output LOW Voltage V1N = V1H loL= 12 mA COM'L 0.5 

or V1L "Q" 
loL = 8 mA MIL 

V1H Input HIGH Level Guaranteed Input Logical HIGH 2.0 5.5 (Note 2) Voltage for All Inputs 

V1L Input LOW Level Guaranteed Input Logical LOW 0.8 (Note 2) Voltage for All Inputs 

Vee= Max., "B," "AL," & "Q" -20 -100 
l1L Input LOW Current l1N = 0.40 V "A," "L," & "Std." -20 -250 

l1H Input HIGH Current Vee= Max., V1N = 2.7 V 25 

11 Input HIGH Current Vee= Max .. V1N = 5.5 v 1.0 

lsc Output Short-Circuit Current Vee =Max., VouT = 0.5 v (Note 3) -30 -60 -90 

16L8A, 
16L8, 110 155 

16LBL, 55 80 

All Inputs= GND, 16R88, 16R6B, 16R4B, 
Ice Power Supply Current 16L8B, 16R8A, 16R6A, 180 Vee= Max. 16R4A, 16R8, 16R6, 16R4 

16R8L, 16R6L, 16R4L, 
16L8AL, 16R8AL, 16R6AL, 60 90 
16R4AL 

16L8Q, 16R8Q, 16R6Q, 45 16R4Q 

V1 Input Clamp Voltage Vee= Min., l1N = -18 mA -0.9 -1.2 

loZH Output Leakage Current Vee• Max., V1N •VIL or V1H 
Vo=2.7 V 100 

lozL (Note 4) Vo= 0.4 V -100 

C1N Input Capacitance V1N = 2.0 V @) f = 1 MHz (Note 5) 6 

CouT Output Capacitance VouT = 2.0 v @l f = 1 MHz (Note 5) 9 

Notes: 1. Typical limits are at Vee= 5.0 v and TA= 25'C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short ·cirC:uit should not be more than o·ne second. 

VouT = 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
4. 1/0 pin leakage is the worst case of lozx or l1x (where X = H or L). 
5. These parameters are not 100% tested, but are periodically sampled. 

03323G/O 
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AmPAL 16R8 Family 

Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 9, 
10, 11 tests unless otherwise noted 

Commercial Range 

"A" & "AL" "Std," "L" & "Q" 
"B" Version Version Versions 

Parameter Parameter Typ. Typ. Typ. 
No. Symbol Description Min. (Note 1) Max. Min. (Note 1) Max. Min. (Note 1) Max. Units 

Input or Feedback to Non-Registered 
11 tpo Output 16L8, 16R6, 16R4, 12 15 17 25 23 35 ns 

2 tEA 
Input to Output Enable 16L8, 16R6, 12 15 17 25 23 35 ns 
16R4, 16H8 

3 trn 
Input to Output Disable 16L8, 16R6, 12 15 17 25 23 35 ns 16R4, 16H8 

4 tPZx 
Pin 11 to Output Enable 16R8, 16R6, 8 15 12 20 17 25 ns 16R4 

5 tpxz 
Pin 11 to Output Disable 16RB, 16R6, 8 15 12 20 17 25 ns 16R4 

6 teo Clock to Output 16R8, 16R6, 16R4 8 12 12 15 17 25 ns 

7 ts 
Input or Feedback Setup Time 16R8, 13 10 20 15 30 20 ns 
16R6, 16R4 

8 tH Hold Time 16R8, 16R6, 16R4 0 -8 0 -10 0 -10 ns 

9 tp Clock Period (ts + teo) 25 35 55 ns 

10 tw Clock Width 10 15 25 ns 

11 IMAX. Maximum Frequency 40 28.5 18 MHz 

Notes: 1. Typical limits are at Vee = 5.0 v and TA = 25°C. 
2. tpo is tested with switch S1 closed and CL = 50 pF. 
3. For three-state outputs, output enable times are tested with CL= 50 pF to the 1.5 V level; S1 is open for high impedance to HIGH 

tests and closed for high impedance to LOW tests. Output disable times are tested with Cl= 5 pF. HIGH to high impedance tests 
are made to an output voltage of VoH -0.5 V with 81 open; LOW to high impedance tests are made to the Vol+ 0.5 V level 
with S1 closed. 

Military Range 

"A" & "AL" "Std," "L" & "Q" 
"B" Version Version Versions 

Parameter Parameter Typ. Typ. Typ. 
No. Symbol Description Min. (Note 1) Max. Min. (Note 1) Max. Min. (Note 1) Max. 

Input or Feedback to Non-Registered 
1 tpo Output 16L8, 16R6, 16R4, 12 20 17 30 23 40 

2 tEA 
Input to Output Enable 16L8, 16R6, 12 20 17 30 23 40 16R4, 16H8 

3 trn 
Input to Output Disable 16L8, 16R6, 12 20 17 30 23 40 16R4, 16H8 

Pin 11 to Output Enable 16R8, 16R6, STOL 
~ 4 tpzx 8 20 12 25 17 

16R4 0 30 

5 
Pin 11 to Output Disable 16R8, 16R6, 

8 20 12 25 
STOL 

17 
25 

tpxz 16R4 0 t"-JO' 
6 teo Clock to Output 16R8, 16R6, 16R4 8 15 12 20 17 25 

7 ts 
Input or Feedback Setup Time 16R8, 18 10 25 15 35 20 16R6, 16R4 

8 tH Hold Time 16R8, 16R6, 16R4 0 -8 0 -10 0 -10 

9 tp Clock Period (ts + tco) 33 45 60 

10 tw Clock Width 12 20 25 

11 IMAX. Maximum Frequency 30 22 16.5 

Notes: 1. Typical limits are at Vee - 5.0 V and TA - 25°C. 
2. tpo is tested with switch 51 closed and CL - 50 pF. 
3. For three-state outputs, output enable times are tested with CL - 50 pF to the 1.5 V level; S1 is open for high impedance to 

HIGH tests and closE1d for high impedance to LOW tests. Output disable times are tested with CL= 5 pF. HIGH to high 
impedance tests are made to an output voltage of VoH -0.5 V with S1 open; LOW to high impedance tests are made to ·the 
Vol+ 0.5 V level with S1 closed. 
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AmPAL 16R8 Family 

Switching Test Circuit 

Vee 

~----. 
20 

• • 
• • R2 cl 

INPUTS • OUT • 
• • 
• • 

10 OUTPUTS -=- C:: 

TC003050 

Note: C1 and C2 are to bypass Vee to ground. 

TEST OUTPUT LOADS 

"Std," "B," "A," "AL" & "L" "Q" 

Name Commercial Military Commercial Military 

R1 200 n 390 n 390 n soo n 
R2 390 n 750 n 750 n 1200 n 
C1 1 µF 1 µF 1 µF 1 µF 

C2 0.1 µF 0.1 µF 0.1 µF 0.1 µF 

CL 50 pF 50. pF 50 pF 50 pF 
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Switching Waveforms 

CP 

REGISTERED 
OUTPUTS: 

PftOGR.Ut/VERtFY 
CllOCUITIIY 

Input Circuitry 
Yee 

AmPAL 16R8 Family 

Key to Timing Diagram 

WAVEFORM INPUTS 

MUST BE 
STEADY 

-- MAY CHANGE 
FROM H TO L 

JJJff1 MAY CHANGE 
FROMLTOH 

JJ!Jll DON'T CARE; 
ANY CHANGE 
PERMITTED 

]HR DOES NOT 
APPLY 

IC000720 

OUTPUTS 

WILL BE 
STEADY 

Will BE 
CHANGING 
FROM H TOL 

WILL BE 
CHANGING 
FROM L TOH 

CHANGING; 
STATE 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
.. OFF" STATE 

KS000010 

OUTPUT 
DtSABLE 

WF002571 

Output Circuitry 

INPUT ON PAOGAMMING 
1/0 PINS CURRENT PAnt 

PREl.OAD 
CllOCUITIIY 

IC000730 
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AmPAL 16R8 Family 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 
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AmPAL18P8 
20-Pin IMOX'" Programmable Array Logic 

Distinctive Characteristics 

• Individually programmable output polarity on each 
output 

• Pin compatible superset of most combinatorial 20-pin 
PAL devices 

• Eight logical product· terms per output for increased 
logic power 

• Increased input/output flexibility 
- 18 possible array inputs 
- Eight bidirectional I/Os with individually controllable 

output enable 

• Ultra high-speed version !po = 15 ns maximum 
• Sucerior oualitv. 

- AC and DC parametric testing performed on 
every part 

- Extensive on-chip test circuitry ensures post-program
ming functional yield (PPFY) of 99.9% 

• Platinum-Silicide fuses ensure high programming 
yield > 98 % , fast programming and unsurpassed reli
ability 

• Replaces 13 combinatorial 20-Pin PAL devices 
~~~~~~~~~~~~~-~~~~~~~~~~~~~~~-

General Description 

The Am PAL 1 BPB is an ultra high-performance, functionally 
enhanced 20-pin Programmable Array Logic element. It 
utilizes the familiar sum-of-products (AND-OR) structure 
allowing users to program custom logic functions to pre
cisely fit their application. 

The Am PAL 1 BPS offers significantly enhanced functional 
capabilities when compared to other combinatorial 20-pin 
PAL devices. These include two additional bidirectional 1/0 
pins as well as additional product terms (bringing each 
output to eight logical and one three-state control product 

Block Diagram 

.. 

05799E/O 
JANUARY 1988 

80005942 

term) for extra logic power. The device also features 
individually user programmable output polarity, giving the 
designer the capability to handle both active HIGH and 
active LOW outputs on the same device. 

A wide variety of speed/power selections is available, 
allowing precise matching to system requirements. The 
ultra high-speed version offers 15 ns maximum input to 
output propagation delay, opening up many new applica
tions for the use of programmable logic. 

PRODUCT SELECTOR GUIDE 

Family AmPAL18P8 
Part No. 

Power Quarter Half Full 
Grade Power Power Power 

Ordering 
18P8Q 18PBL 18P8AL 18P8A 18PBB 

Part No. 

Speed Standard High 
Ultra 
High 

Grade Speed Speed Speed 

Max. STDJ:APL STDjAPL STDJ"-PL STDj.APL STDj APL 
Access 

35140 35 J 40 25 I 30 25 I 30 15 I 20 Time (ns) 

Max. 
Operating 5.5 90 180 
Current 
(mA) 

STD - AMD '"Standard'· products 
APL - AMO '"Approved Products List'· products 
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GND 

AmPAL18P8 

Connection Diagrams 

Vee 

vo 
1/0 

vo 
1/0 

VO 

VO 

1/0 

VO 

CD009210 

Top View 
~ g LCC* 

1/0 

110 

110 

110 

1/0 

CD009220 

Note: Pin 1 is marked for orientation. *Same Pinouts apply for PLCC. 

Ordering Information 

Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid 
Combination) is. formed by a combination of: A. Device Number 

AMPAL18PB 

B. Speed/Power Option 
C. Package Type 
D. Temperature Range 
E. Optional Processing 

I;_. ~-----E. OPTIONAL PROCESSING 
Blank = Standard processing 

~--------D. TEMPERATURE RANGE 
C = Commercial (0 to + 70°C) 
E = Extended Commercial (-55 to + 125°C) 

~-------------C. PACKAGE TYPE 
p = 20-Pin Plastic ')IP (PD 020) 
D = 20-Pin C&ramic DIP (CD 020) 
J = 20-Pin Plastic Leaded Chip Carrier 

(PL 020) 
L = 20-Pin Ceramic Leadless Chip Carrier 

(CL 020) 

~----------------B. SPEED/POWER OPTION 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL18PB 
20-Pin fMOX Programmable 
Array Logic 

B = Ultra High Speed/Standard Power 
A = High Speed/Standard Power 

AL = High Speed/Half Power 
L = Standard Speed/Half Power 
Q = Standard Speed/Quarter Power 

Valid Combinations 
Valid Combinations 

AMPAL16P6B 

AMPAL16P6A 

AMPAL 16P6AL 

AMPAL16P6L 

AMPAL16P6Q 

PC, DC, DE. 
JC. LC, LE 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMO' s standard military grade 
products. 
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AmPAL18P8 

Ordering Information (Cont'd.) 

APL Products 

AMD products for Aereospace and Defense applications are available in several packages and operating ranges. 
APL (Approved Products List) products are fully compliant with MIL-STD-833C requirements. The order number 
(Valid Combination) for APL products is formed by a combination of: 

A P 18PB 

A. Device Number 
B. Speed/Power Option 
C. Device Class 
D. Package Type 
E. Lead Fin.lsh 

B. 

'----- E. LEAD FINISH 
A - Hot Solder DIP 

'----------D. PACKAGE TYPE 
R = 20-Pin Ceramic DIP 

(CD 020) 
2 = 20,Pin Ceramic Leadless Chip Carrier 

(CL 020) 

'-------------C. DEVICE CLASS 
/B - Class B 

'-----------------8. SPEED/POWER OPTION 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL18PB 
20·Pin IMOX Programmable 
Array Logic 

B = Ultra High Speed/Standard Power 
A = High Speed/Standard Power 

AL = High Speed/Half Power 
L = Standard Speed/ Half Power 
Q = Standard Speed/Quarter Power 

Valid Combinations Valid Combinations 
AMPAL18PBB 
AMPAL18PBA 
AMPAL 1 BPBAL 
AMPAL18PBL 
AMPAL1.8PBQ 

/BRA,IB2A 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Teats 
Group A tests consist of Subgroups 

1, 2, 3, 7' 8, 9, 10, 11 

The AmPAL 18P8 can be used as a functional and pin-for-pin replacement for each of the following 20-pin devices: 

5·204 

PAL10H8 
PAL12H6 
PAL14H4 
PAL16H2 
PAL10L8 
PAL 12L6 

PAL14L4 
PAL 16L2 
PAL16P8 
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Eighteen Array Inputs 
1 o dedicated 
8 bidirectional 1/0 

Eight 8·Wlde AND·OR Structures 
Combinatorial outputs 
Programmable output enable for each output 
Programmable polarity on each output 
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AmPAL18P8 

Functional Description 
The AmPAL 18P8 is a functionally enhanced Programmable 
Array Logic (PAL) device. The Block Diagram on page ?? 
shows the basic architecture of the AmPAL 18P8. There are up 
to eighteen inputs and eight outputs available. The inputs are 
connected to a programmable AND array which contains 72 
logical product terms. Initially the AND gates are connected, 
via fuses, to Q<)th the true and complement of every input. By 
selective programming of fuses, the AND gates may be 
"connected" to only the true input (by blowing the comple
ment fuse) to only the complement input (by blowing the true 
fuse), or to neither type of input (by blowing both fuses). 
establishing a logical "don't care." When both the true and 
complement fuses are left intact, a logical false results on the 
output of the AND gate. An AND gate with all fuses blown will 
assume the logical true state. 

The Am PAL 18P8 has a possible maximum of 18 input pins, 
two more than previous 20-pin PAL devices. The extra inputs 
extend the functional capabilities of the device, which reduces 
design limitations, making it easier to design with and more 
flexible. 

The AmPAL18P8 can be programmed with more complex 
logic equations due to the eight product terms and :>ne control 
term for each output. The control terms also allow for each of 
the eight bi-directional I/Os to be three-stated, greatly expand
ing the realm of design possibilities. 

The eight bi-directional 1/0 pins enhance the usefulness of the 
AmPAL 1 BPB by allowing for greater complexity of logic 
equations and hence more logic power. 

The .AmPAL 1 BPB also has programmable output polarity, 

giving the designer the choice of either active HIGH or active 
LOW on each of the eight outputs. This simplifies the task of 
programming the AmPAL18P8 and allows more freedom in 
optimizing the logic functions. The high-speed version of the 
AmPAL 1 BPB boasts 15 ns maximum input-to-output propaga
tion delay, and creates new possibilities for the use of pro
grammable logic devices in a wide variety of applications. 

The AmPAL18P8 is manufactured using Advanced Micro 
Devices' IMOX oxide isolation process. This advanced pro
cess permits an increase jn density and a decrease in internal 
capacitance, resulting in the fastest possible programmable 
logic devices. The AmPAL 1 SPB is fabricated with AMD's fast
programming, highly reliable Platinum-Silicide Fuse technolo
gy. Utilizing an easily implemented programming algorithm, 
these products can be rapidly programmed to any customized 
pattern. 

Platinum-Silicide was selected as the fuse-link material to 
achieve a well-controlled melt rate, resulting in large non
conductive gaps that ensure very stable, long-term reliability. 
Extensive operating testing has proven that this low-field, 
large gap technology offers high reliability. 

The Am PAL 1 BPB has been designed with extensive internal 
test. circuitry that allows the programming and operating 
circuitry in the part to be thoroughly tested at the factory 
before programming. This assures excellent programming 
yield and functional performance to data sheet parameters 
after programming. The Post-Programming Functional Yield 
(PPFY) for this device is consistently better than 99.9%. 

Programmer/Development Systems 
Refer to Programmer Reference Guide 

Input/Output Diagrams 

INPUT 

PROGRAM/VERIFY 
CIRCUITRY 
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AmPAL18P8 

Absolute Maximum Ratings 
Storage Temperature ............................ -65 to + 150°C 

Operating Ranges 
Commercial (C) Devices 

Supply Voltage Temperature (T Al .................................. O to + 75°C 
with Respect to Ground ..................... -0.5 to + 7.0 V Supply Voltage (Vee) .................... +4.75 to +5.25 V 

DC Voltage Applied to Outputs Extended Commercial (E) Devices 
(except during programming) ........... -0.5 to +Vee Max. 

DC Voltage Applied to 
Temperature (TA) ................................... -55°C Min. 

Outputs During Programming ............................. 16 V 
Temperature (T cl ................................ + 125°C Max. 

Output Current Into Outputs 
Supply Voltage (Vee) .................... +4.50 to +5.50 V 

During Programming Military (M) Devices 
(Maximum duration of 1 second) .................... 200 mA Temperature (TA) ................................... -55°C Min. 

DC Input Voltage ................................. -0.5 to + 5.5 V Temperature (T cl ................................ + 125°C Max. 
DC Input Current.. .............................. -30 to + 5.0 mA Supply Voltage (Vee) .................... +4.50 to + 5.50 V 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

DC Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3 tests 
unless otherwise noted 

Parameter Parameter Test Conditions Min. 
Typ. 

Max. 
Symbol Description (Note 1) 

18P8A, 18P88 
loH = -3.2 mA 18P8L, 18P8AL COM'L 2.4 3.5 

VoH Output HIGH Voltage loH=-2 mA 18P8Q 

loH=-2 mA (all versions) MIL 
Vee= Min., 18P8A, 18P8B 
V1N = 
V1H or loL = 24 mA 18P8L, 18P8AL COM'L 

Vol Output LOW Voltage V1L loL = 12 mA 18P8Q 0.50 

loL = 12 mA A, 8, AL, L 

loL=8mA 18P8Q MIL 

V1H Input HIGH level Guaranteed Input Logical HIGH Voltage for All Inputs 2.0 (Note 2) 

V1L Input LOW level Guaranteed Input Logical LOW Voltage for All inputs 0.8 (Note 2) 

l1L Input LOW Current Vee= Max., V1N = 0.40 V -20 -100 

l1H Input HIGH Current Vee= Max., v 1N = 2.7 v 25 

11 Input HIGH Current Vee= Max., V1N = 5.5 v 1.0 

lsc Output Short Circuit Current Vee= Max., VouT = 0.5 v (Note 3) -30 -60 -90 

T 18P8A, 18P88 180 

Ice Power Supply Current Vee= Max. f 18P8L, 18P8AL 90 

j18P8Q 55 

V1 Input Clamp Voltage Vee= Min., l1N = -18 mA -0.9 -1.2 

lozH Tvo=2.7 v 100 

lozL 
Output Leakage Current Vee• Max., VIN= VIL or VIH j 

Vo= 0.4 V -250 

Notes: 1. Typical limits are at Vee= 5.0 V and TA - 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 

VouT = 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 

Capacitance 

Parameter Parameter 
Test Conditions Typ. 

Symbol Description 

C1N Input Capacitance V1N = 2.0 V @ f = 1 MHz 6 

CouT Output Capacitance VouT = 2.0 v @ I= 1 MHz 9 

Note: 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. 

Units 

Volts 

Volts 

Volts 

Volts 

µA 

µA 

mA 

mA 

mA 

Volts 

µA 

Units 

pf 
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Key to Switching Waveforms Switching Test Circuit 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

-- MAY CHANGE WILL BE 
CHANGING FROM H TO L FROM H TOL 

JJJJJJ MAY CHANGE 
W1LLBE 
CHANGING FROMLTOH FROM L TOH 

J//J!1 OON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED 1 UNKNOWN 

ltt-fK 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 

KS000010 

Vee 

c,yc, 
20 

R2 
INPUTS OUT 

10 OUTPUTS 

Note: C1 and C2 are to bypass Vee to 
ground during testing. 

TEST OUTPUT LOADS 

Power R1 (fl) R2 (fl) CL (pF) C1 (µF) 

Grade STD APL STD APL STD/APL STD/APL 

18PBB 
A 200 390 390 750 50 0.1 AL 
L 

18P8Q 390 600 750 1200 50 0.1 

STD = AMD "Standard" products 
APL = AMD "Approved Products List" products 

R1 

c, 

TC003050 

C2 (µF) 

STD/APL 

0.01 

0.01 

Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup g, 
10, 11 tests unless otherwise noted 

Commercial Military/Extended 

18P8B 18P8A/AL 18P8L/Q 18P8B 18P8A/AL 18P8L/Q 

Parameter Description Typ. Max. Typ. Max. Typ. Max. Typ. Max. Typ. Max. Typ. Max. Units 

tpo Input to Output Delay 12 15 15 25 25 35 12 20 15 30 25 40 ns 

tEA Input to Output Enable 12 15 15 25 25 35 12 20 15 30 25 40 ns 

tER Input to Output Disable 12 15 15 25 25 35 12 20 15 30 25 40 ns 

Notes: 1. Typical limits are at Vee= 5.0 V and TA= 25°C. 

5·208 

2. tpo is tested with switch S1 closed and CL = 50 pF. 
3. For three-state output, output enable times are tested with CL= 50 pF to the 1.5 V level; St is open for high-impedance to HIGH 

tests and closed for high-impedance to LOW tests. Output disable times are tested with CL= 5 pF. HIGH to high-impedance tests 
are made to an output voltage of VoH - 0.5 V with S1 open; LOW to high-impedance tests are made .to the VoL + 0.5 V level 
with S1 closed. 

Switching Waveform 

WF021820 
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AmPALC29MA 16 
24-Pin E2-Based CMOS Programmable Array Logic 

ADVANCE INFORMATION 

Distinctive Characteristics 

• High-performance semi-custom logic replacement; 
Electrically Erasable (E2) technology allows repro
grammability 

• 16 bidirectional user-programmable 1/0 logic macro
cells for Combinatorial/Registered/Latched operation 

• Output Enable controlled by a pin or product terms 
• Variable product term distribution for increased design 

flexibility 
• Programmable clock selection with common pin clock/ 

latch enable (LE) or individual product term clock/LE 
with LOW/HIGH clock/LE polarity 

General Description 

The AmPALC29MA16 is a high-speed, E2-based CMOS 
Programmable Array Logic device designed for general 
logic replacement in TTL or CMOS digital systems. It of
fers high-speed, low-power consumption, high program
ming yield, fast programming and excellent reliability. 
Programmable logic devices (PLDs) combine the flexibility 
of custom logic with the off-the-shelf availability of stan
dard products, providing major advantages over other 
semicustom solutions such as gate arrays and standard 
cells, including reduced development time and low up
front development cost. 

The AmPALC29MA16 uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific applica
tions. It provides up to twenty-nine array inputs and sixteen 
outputs. It incorporates AMD's unique input/output logic 
macrocell which provides flexible inpuVoutput structure 
and polarity, flexible feedback selection, multiple Output 
Enable choices, and a programmable clocking scheme. 
The macrocells can be individually programmed as 
"Combinatorial" , " Registered", or "Latched" with 
active-HIGH or active-LOW polarity. The flexibility of the 

• Register/Latch PRELOAD permits full logical verifica
tion 

• Available in high-speed (tpo = 35 ns, IMAX= 20 MHz) 
and standard-speed (tpo = 45 ns, IMAX = 15.0 MHz) 
versions 

• 100% post-programming functional yield (PPFY), fast 
programming and excellent reliability assured through 
proven E2PROM technology 

• Full-function AC and DC testing at the factory 
• 24-pin 300-mil DIP and 28-pin chip carrier packages 

logic macrocells permits the system designer to tailor the 
device to particular application requirements. 

Increased logic power has been built into the 
AmPALC29MA 16 by providing a variable number of logical 
product terms per output. Eight outputs have four product 
terms each, four outputs have eight product terms each, 
and the other four outputs have twelve product terms 
each. This variable product-term distribution allows com
plex functions to be implemented in a single PAL device. 
Each output can be dynamically controlled by a common 
Output Enable pin or an individual Output Enable product 
terms. Each output can also be permanently enabled or 
disabled. 

System operation has been enhanced by the addition 
of common asynchronous-PRESET and RESET prod
uct terms and a power-up RESET feature. The 
AmPALC29MA16 also incorporates PRELOAD and Ob
servability functions which permit full logical verification of 
the design. 

The AmPALC29MA16 is offered in the space-saving 300-
Mil DIP package as well as chip carrier surface-mount 
packages. 

088118/0 
JANUARY 1988 
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Block Diagram 
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AmPALC29MA 16 

Connection Diagrams 

Top View 
OIPs 

eLK/LE Vee 

lo 13 

l/OFo l/OF7 

l/OF1 l/OF5 

1100 1107 

1101 1/05 

1/02 1/05 

1/03 1104 

l/OF2 l/OF5 

l/OF3 l/OF4 

I/OE 12 

GND 11 

eD010272 

LCC* 

UJ 
0 <::! ,._ 

u. "' ~ 
(} u. 

~ E --' (} 

-"' ~ (} > 

l/OF1 l/OF5 

l/Oo 1107 

1101 1/05 

N.e. N.e. 

1/02 21 1/05 

1/03 1104 

l/OF2 l/OF5 
12 13 14 15 16 17 

"' I~ S! cj ..r ~ ... u. z u. 
~ :::, Cl ~ 

eoo102s1 

*Also available in PLCC. Pinouts identical to LCC. 

Note: Pin 1 is marked for orientation. 
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AmPALC29MA16 

Pin Description 

The following describes the functionality of all the pins on the 
24-pin DIP. The 28-pin chip carrier has the same functionality 
with NO CONNECTS on pins 1,8, 15,22. 

CLK/LE (PIN 1): 
Used as dedicated clock/latch enable pin for all registers/ 
latches on the device if so selected. (See 110 Logic 
Macrocell Configurations.) This pin is a clock pin for 
macrocells configured as registers and a latch enable pin for 
macrocells configured as latches. 

l/aE PIN (PIN 11): 
Used as a dedicated input pin to the AND array or as the 
Output Enable control pin (Active LOW) .for all macrocells 
with pin-controlled Output Enable selected. 

lo·l3 (PINS 2, 13, 14,23): 
Dedicated input pins. 

Ordering Information 

l/Ofo·llOF7 (PINS 3,4,9, 10, 15, 16,21,22): 
Eight bidirectional 110 pins with two independent feedback 
paths to the AND array. The first feedback path is a 
dedicated 1/0 pin feedback to the AND array for 
combinatorial input. The second feedback path consists of 
direct register/latch feedback to the array (see Figure 1). 

l/Oo-1107 (PINS 5,6,7,8, 17, 18, 19,20): 
Eight bidirectional 110 pins with user-programmable 
register /latch or 110 pin feedback to the AND array (see 
Figure 1). 

Vee (PIN 24): 
Supply Voltage 

GND (PIN 12): 
Circuit Ground 

Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

5.212 

B. Speed Option (if applicable) 
c. Package Type 
·D. Temperature Range 
E. Optional Processing 

AMPALC29MA16 p c 

T~-----E. OPTIONAL PROCESSING 
Blank = Standard processing 

B •Burn-in 

~-------D. TEMPERATURE RANGE 
C • Commercial (O to + 70°C) 

~-----------C. PACKAGE TYPE 
P = 24-Pin Slim Plastic DIP (PD3024) 
D • 24-Pin Slim Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip Carrier 

(PL 028). . 
L • 28-Pin Ceramic Leadless Chip Carrier 

(CL 028) 

~--------------&.SPEED OPTION 
-35=35 ns 

A. DEVICE NUMBER/DESCRIPTION 

Valid Combinations 

AmPALC29MA16-35. -45 l PC •. DC, DCB, 
JC. LC, LCB 

-45=45 ns 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grad11 
products. 
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AmPALC29MA16 

Functional Description 
Inputs 

The AmPALC29MA 16 has 29 inputs to drive each product 
term (up to 58 inputs with both TRUE and complement ver
sions available to the AND array) as shown in the block dia
gram below. Of these 29 inputs, 4 are dedicated inputs, 16 
are from 8 1/0 logic macrocells with 2 feedbacks, 8 are from 
other 1/0 logic macrocells with single feedback and 1 is tor 
I/OE input. 

Block Diagram cLKiLE 

80006860 

Product Terms 
The degree of programmability and complexity of a PAL 
device is determined by the number of connections that form 
the programmable-AND and OR gates. Each programmable
AND gate is called a product term. The AmPALC29MA 16 has 
178 p~~duct terms. 112 of these product terms provide logic 
capability and others are architectural productterms. Among 
the control product terms, 1 is for Observability, and 1 is tor 
PRELOAD. The Output Enable of each macrocell can be 
programmed to be controlled by a common Output Enable 
pin or an individual product term. It may be also permanently 
enabled or permanently disabled. In addition, independent 
product terms for each marcocell control PRESET, RESET 
and CLKJLE. 

Each product term on the AmPALC29MA16 consists of a 
58-input AND gate. The outputs of these AND gates are con
nected to a fixed-OR plane. Product terms are allocated to 
OR gates in a variable distribution across the device ranging 
from 4-to-12 wide, with an average of 7 logical product terms 
per output. Increased number of product terms per output 
allows m~re complex functions to be implemented in a single 
PAL device. This flexibility aids in implementing functions 
such ~s counters, ~xclusive-OR functions, or complex state 
machines, where different states require different numbers of 
product terms. 

Individual asynchronous-PRESET and RESET product terms 

Initially the AND-array gates are disconnected from all the 
inputs. This condition represents a logical TRUE to the AND 
array. By selectively programming the E2cells, the AND array 
may be connected to either the TRUE input or the comple
ment input. When both the TRUE and complement inputs are 
connected, a logical FALSE results at the output of the AND 
gate. 

are connected to all Registered/Latched inputs/outputs. 

When the asynchronous-PRESET product term is asserted 
(HIGH) all the registers/latches will immediately be loaded 
with a HIGH, independent of the clock. When the asynchro
nous-RESET product term is asserted (HIGH) all the regis
ters/latches will be immediately loaded with a LOW, indepen
dent of the clock. The actual output state will depend on the 
macrocell polarity selection. The latches must be in latched 
mode (not transparent mode) for the RESET/PRESET, PRE· 
LOAD, and power-up RESET modes to be meaningful. 

Input/Output Logic Macrocells 

The 1/0 logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an 
individual basis. It also provides the capability of using the 
associated pin either as an input or an output. 

The AmPALC29MA16 has 16 macrocells, one for each 1/0 
pin. Each 1/0 macrocell can be programmed for combinatori
al, registered or latched operation (see Figure 1 ). Com
binatorial output is desired when the PAL device is used to 
replace combinatorial glue logic. Registers are used in syn
chronous logic applications while latches are used in asyn
chronous applications where speed is critical. The output 
polarity for each macrocell in each of the three modes of 
operation is user-selectable, allowing complete flexibility of 
the macrocell configuration. 
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AmPALC29MA 16 

Eight of the macrocells (l/OF0-l/OF7) have two independent 
feedback paths to the AND array (see Figure 1). The first is a 
dedicated 1/0 pin feedback to the AND array for combinatorial 
input. The second path consists of a direct register /latch 
feedback to the array. If the pin is used as a dedicated input 
using the first feedback path, the register /latch feedback path 
is still available to the AND array. This path provides the 
capability of using the register/latch as a buried state register/ 
latch. The other eight macrocells have a single feedback path 
to the AND array. This feedback is user-selectable as either an 
1/0 pin or a register/latch feedback. 

Each macrocell can provide true input/ output capability. The 
user can select each macrocell register/latch to be driven by 
either the output generated by the AND-OR array or the 1/0 
pin. When the 1/0 pin is selected as the input, the feedback 
path provides the register/ latch input to the array. When used 

Common 

as an input, each macrocell is also user-programmable for 
registered, latched, or combinatorial input. 

The AmPALC29MA16 has one dedicated CLK/LE pin and an 
individual CLK/LE product term. All macrocells have a pro
grammable select to choose between these two as the clock 
or the latch enable signal. These signals are clock signals for 
macrocells configured as registers and latch enable signal for 
macrocells configured as latches. The polarity of these 
CLK/LE signals is also individually programmable. Thus dif
ferent registers can be driven by multiple clocks and clock 
phases. 

The Output-Enable mode of each of the macrocells can be 
selected by the user. The 1/0 pin can be configured as an 
output pin (permanently enabled) or as an input pin (perma
nently disabled). It can also be configured as a dynamic 1/0 
controlled by the Output Enable pin or by product term. 

Vee 
I/OE (Pin)-------------:-------~ 

Individual OE 

Individual 
Async. 

PRESET 

PO 

P3, P7 or P11 
Common 

CLK/LE (Pin) ______ ..,. 

Individual 
CLK/LE 

1/0 Pins 

51 

8 to MUX 

To AND;---A-~------=--,7,e.-/ ---'--~) 
Array ~ 8 Dedicated Feedback 

80006870 

Figure 1. AmPALC29MA16 110 Macrocell 

1/0 Logic Macrocell Configuration 

AMD's unique 1/0 macrocell offers major benefits through its 
versatile, programmable input/ output cell structure, multiple 
clock choices, flexible Output Enable and feedback selection. 
Eight 1/0 macrocells with single feedback contain nine 
Elrcells, while the other eight macrocells contain eight E2cells 
for programming the input/output functions (see Table 1, 
Figure 2). 

E2cell S 1 controls whether the macrocell will be combinatorial 
or registered/latched. SO controls the output polarity (active
HIGH or active-LOW). S2 determines whether the input/output 
is a register or a latch. S3 allows -the use of the macrocell as 
an input register/latch or as an output register/latch. It selects 
the direction of the data path through the register /latch. If 

connected to the usual AND-OR array output, the register/ 
latch is an output connected to the 1/0 pin. If connected to the 
1/0 pin, the register/latch becomes an input register/latch to 
the AND array using the feedback data path. 

Programmable E2cells S4 and 85 allow the user to select one 
of the four CLK/LE signals for each macrocell. S6 and S7 are 
used to control Output Enable as pin controlled, product term 
controlled, permanently enabled or permanently disabled. SB 
is a feedback multiplexer for the macrocells with a single 
feedback path only. 

In the virgin erased state (charged, disconnected), an archi
tectural cell is said to have a value of" 1" ; In the programmed 
state (discharged, connected), an architectural cell is said to 
have a value of "O". 
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Table 1. AmPALC29MA 16 1/0 Logic Macrocell Architecture Selections 

S4 

1 

1 

0 

0 

S3 1/0 Cell S2 Storage Element 

1 Output Cell 1 Register 

0 Input Cell 0 Latch 

S1 Output Type so Output Polarlty 

1 Combinatorial 1 Active LOW 

0 Register/Latch 0 Active HIGH 

S8 Feedback* 

1 Register/Latch 

0 110 

•Applies to macrocells with single feedback only. 
TC003961 

Table 1. AmPALC29MA16 1/0 Logic Macrocell Clock Polarity 
& Output Enable Selections 

(Cont'd.) 

SS Clock Edge/Latch Enable Level S6 67 Output Buffer Control 

1 CLK/LE pin positive-going edge, active-HIGH LE 1 1 Pin -Controlled 3-State Enable 

0 CLK/LE pin negative-going edge, active-LOW LE 1 0 PT· Controlled 3-State Enable 

1 CLK/LE PT positive-going edge, active -HIGH LE 0 1 Permanently Enabled (Output only) 

0 CLK/LE PT negative-going edge, active-LOW LE 0 0 Permanently Disabled (Input only) 

TC003972 

1 = Erased State (Charged or disconnected) 
O = Programmed State (Discharged or connected) 
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Some Possible Configurations of the Input/Output Logic Macrocell 

OUTPUT REGISTERED/ ACTIVE LOW 

OUTPUT REGISTERED/ ACTIVE HIGH 

So• 1 
S1 • 0 
S3. 1 
S2 = 1 

LD000961 

LD000971 

OUTPUT COMBINATORIAL/ACTIVE LOW 

OUTPUT COMBINATORIAL/ACTIVE HIGH 

Figure 2a. Dual Feedback Macrocells 

LD000951 

LD000981 

OUTPUT REGISTERED/ACTIVE LOW, 1/0 FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, 110 FEEDBACK 
So• 1 
S1 = 0 
S3 • 1 
Ss • O 
S2 = 1 

LD000991 
LD001000 

OUTPUT LATCHED/ACTIVE HIGH, 1/0 FEEDBACK OUTPUT COMBINATORIAL/ACTIVE HIGH, 1/0 FEEDBACK 

5·216 

So• O 
s, = 0 
S3 = 1 
Sp 0 
SpO 

LD001011 

Figure 2b. Single Feedback Macrocells 
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OUTPUT REGISTERED/ ACTIVE LOW, REG. FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, REG. FEEDBACK 

So= 1 
s, • 0 
S3 • 1 
Sa• 1 
S2. 1 

LD001031 
LD001041 

OUTPUT LATCHED/ACTIVE LOW, LATCHED FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, LATCH FEEDBACK 

LD001051 

Figure 2b. Single Feedback Macrocells (Cont'd.) 

INPUT REGISTERED/LATCHED 

So. x s,. 0 
$3. 0 
Sa • 1 (for single feedback only) 
S2 • 1 Register 

• o Latch 

Programmable-AND Array 
LD001071 

Figure 2c. All Macrocells 
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So• O 
s, • 1 
S3 • 1 
Sa= I 
S2 • O 

LD001061 
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= 
= 

~ 
IND C<~ 

L 

_,_ 22 INPUT/a OUTPUT 
MACRO 
rr-

• =-~,._, ~ --~:~rF' l 11 INPUT/ F." .r- ~ OUTPUT 

'-

MACRO 
,-,--

lt"T----tttttttHtt!-!+!H+l-~ 

LD001320 

Figure 3. AmPALC29MA16 Logic Diagram 
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I 
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LD001310 

Figure 3. AmPALC29MA16 Logic Diagram (Cont'd.) 
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Designed in Testability and Debugging 
PRELOAD 

To simplify testing, the AmPALC2gMA16 is designed with 
PRELOAD circuitry that provides an easy method for testing 
logical functionality. Both product-term controlled and 
supervoltage-enabled PRELOAD modes are available. This 
offers even more test capability than previously implemented 
in AMD's PAL devices. The TIL-level PRELOAD product term 
can be useful during debugging, where supervoltages may 
not be available. · 

PRELOAD allows any arbitrary state value to be loaded into 
the registers/latches of the device. A typical functional-test 
sequence would be to verify all possible state transitions for 
the device being tested. This requires the ability to set the 
state registers into an arbitrary "present state" value and to 
set the devices inputs into any arbitrary "present input" value. 
Once this is done, the state machine is clocked into a new 
state, or "next state", which can be checked to validate the 
transition from the "present state". In this way any transition 
can be checked. 

Since PRELOAD can provide the capability to go directly to 
any desired arbitrary state, test sequences may be greatly 
shortened. Also, all possible states can be tested, thus greatly 
reducing test time and development costs and guaranteeing 
proper in-system operation. 

Observability 

The output register /latch observability product term, when 
asserted, suppresses the combinatorial output data from 
appearing on the 1/0 pin and allows the observation of the 
contents of the register/latch on the output pin for each of the 
logic macrocells. This unique feature allows for easy debug
ging and tracing of the buried state machines. In addition, a 
capability of supervoltage observability is also provided. 

Power-Up Reset 

All the device registers/latches have been designed to reset 
during device power-up. Following the power-up, all 
registers/latches will be cleared (Q = 0), setting the outputs ~o 
a state determined by the output select multiplexer. This 
feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. 

Security Cell 

A security cell is provided on each device to prevent unautho
rized copying of the user's proprietary logic design. Once 
programmed, the security cell disables the programming, 
verification, PRELOAD, and the observability modes. The only 
way to erase the protection cell is by charging the entire array 
and architecture cells, in which case no proprietary design can 
be copied. (This cell should be programmed only after the rest 
of the device has been completely programmed and verified.) 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 
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Absolute Maximum Ratings 
Storage Temperature ............................ -65 to + 150°C 

Operating Ranges 
Commercial (C) Devices 

Ambient Temperature under bias ............. -55 to + 125°C Temperature (TA) ...•..........•..•...•.....•.•. 0°C to + 70°C 
Supply Voltage with Supply Voltage (Vee) .................... + 4.50 to + 5.50 V 

Respect to Ground ......................... -0.5 V to +7.0 V 
DC Output Voltage ...................... -0.5 V to Vee+ 0.5 V 

Military (M) Devices• 

DC Input Voltage 
(Except Pin I/ill:) .................... -0.5 V to Vee+ 0.5 V 

DC Input Voltage (Pin I/OE) ................ -0.6 V to + 17 V 
DC Input Current .............................. -1 mA to + 1 mA 

Stresses above those listed uncler ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

•consult Factory for Military Specifications 

DC Characteristics over operating range unless otherwise specified 

HCT Devices** 

Parameter Parameter 
Symbol Description Test Conditions 

Vee= Min. 
VoH Output HIGH Voltage V1N = V1H or V1L 

IOH = -2 mA 

loL = 6 mA 

VoL Output LOW Voltage Vee= Min. 
loL = 4 mA 

V1N = V1H or V1L 
loL = 20 µA 

V1H Input HIGH Voltage Guaranteed Logic HIGH for all Inputs 

V1L Input LOW Voltage Guaranteed Logic LOW for all Inputs 

11 Input Leakage Current V1N = o to 5.5 V, Vee= Max. 

lo Output Leakage Current V1N = 0 to 5.5 V, Vee= Max. 

leeoP Operating Current Supply f = IMAX· Outputs Open (lo = 0) 

lse Output Short Circuit Current Vee= Max., Vo= o v 

Capacitance 

Parameter Parameter 
Symbol Description Test Conditions 

C1N Input Capacitance Vee= 5.oo v., TA= 25°c 

CouT Output Capacitance V1N = 0 V @ f = 1 MHz 

Min. 

2.4 

2.0 

-30 

Max. Units 

v 

0.5 

0.33 v 
0.1 

v 
0.8 v 
10 µA 

10 µA 

120 mA 

-90 mA 

Typ. Units 

5 

8 
pF 

Note: 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. 

•• Consult Factory for DC specifications for HC Devices. 
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Switching Characteristics over operating range unless otherwise specified; all values are determined under 
the loading of one TTL gate and a capacitance of 50 pF 

-35 -45 
Parameter Parameter Parameter 

Number Symbol Description Min. Max. Min. Max. Units 

REGISTERED OPERATION (Numbers 1 through 20) 

1 tpo 
Input or 110 Pin to 35 45 ns 
Combinatorial Output 

Output Register.- Pin Clock 

2 tsoR 
Input or 1/0 Pin to 27 34 ns 
Output Register Setup 

3 tcoR 
Output Register Clock 23 32 ns 
to Output 

4 tHOR 
Data Hold Time for 0 0 ns 
Output Register 

Output Register - Product Term Clock 

5 tsoRP 
1/0 Pin or Input to Output 20 24 ns 
Register Setup 

6 tcoRP 
Output Register Clock 45 56 ns 
to Output 

7 tHORP 
Data Hold Time for 
Output Register 

15 20 ns 

Input Register - Pin Clock 

6 ts1R 
1/0 Pin to Input Register 6 6 ns 
Setup 

9 tc1R 
Register Feedback Clock to 45 56 ns 
Combinatorial Output 

10 tHIR 
Data Hold Time for 
Input Register 

3 4 ns 

Clock and Frequency 

Register Feedback (Pin 

11 tc1s 
Driven Clock) to Output 

35 45 ns 
Register/Latch (Pin Driven) 
Setup 

Register Feedback (PT 

12 tc1SPP 
Driven Clock) to Output 45 60 ns Register/Latch (PT Driven) 
Setup 

13 IMAX 
Maximum Frequency (Pin 

20 15 MHz 
Driven) 1 /(tsoR + tcoR) 

14 fMAXI 
Maximum Internal Frequency 26.5 22.5 MHz 
(Pin Driven) 1 ltc1s 

15 fMAXP 
Maximum Frequency (PT 15.5 12.5 MHz 
Driven) 1 /(tsORP + tcoRP) 

16 fMAXIPP 
Maximum Internal Frequency 22.5 16.5 MHz 
(PT Driven) 1 ltc1SPP 

17 tcwH Pin Clock Width HIGH 12 15 ns 

18 tcwL Pin Clock Width LOW 12 15 ns 

19 lcWHP PT Clock Width HIGH 15 20 ns 

20 tcwLP PT Clock Width LOW 15 20 ns 
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-35 -45 
Parameter Parameter Parameter 

Number Symbol Description Min. Max. Min. Max. Units 

LATCHED OPERATION (Numbers 21 through 39) 

21 tpo 
Input or 1/0 Pin to 

35 45 ns 
Combinatorial Output 

22 tprn 
Input or 1/0 Pin to Output 45 55 ns 
via Transparent Latch 

Output Latch - Pin LE 

23 tsoL 
Input or 1/0 Pin to Output 27 34 ns 
Latch Setup 

24 tGOL 
Latch Enable to Transparent 23 32 ns 
Mode Output 

25 tHOL 
Data Hold Time for 0 0 ns 
Output Latch 

Input or !/O Pin to Output 
26 ts TL Latch Setup via Transparent 35 45 ns 

Input Latch 

Output Latch - PT LE 

27 tsoLP 
Input or 1/0 Pin to Output 20 24 ns 
Latch Setup 

28 tGOLP 
Latch Enable to Transparent 45 56 ns 
Mode Output 

29 tHQLP 
Data Hold Time for 
Output Latch 

15 20 ns 

Input or 1/0 Pin to Output 
30 tsTLP Latch Setup via Transparent 30 35 ns 

Input Latch 

Input Latch - Pin LE 

31 ts1L 1/0 Pin to Input Latch Setup 6 8 ns 

Latch Feedback, Latch 
32 tGIL Enable Transparent Mode to 45 58 ns 

Combinatorial Output 

33 tHIL 
Data Hold Time for Input 3 4 ns 
Latch 

Latch Enable 

Latch Feedback (Pin Driven) 
34 tGIS to Output Register/Latch (Pin 35 45 ns 

Driven) Setup 

Latch Feedback (PT Driven) 
35 tGISPP to Output Register/Latch (PT 45 60 ns 

Driven) Setup 

36 tGWH Pin Enable Width HIGH 12 15 ns 

37 tGWL Pin Enable Width LOW 12 15 ns 

38 tGWHP PT Enable Width HIGH 15 20 ns 

39 tGWLP PT Enable Width LOW 15 20 ns 
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-35 -45 
Parameter Parameter Parameter 
~umber Symbol Description Min. Max. ' Min. Max. Units 

RESET /PRESET & OUTPUT ENABLE (Numbers 40 through 49) 

Input or 1/0 Pin to Output 
40 tAPO Register/Latch RESET I 40 55 ns 

PRESET 

41 tAw 
Async. RESET/PRESET 35 45 ns 
Pulse Width 

Async. RESET/PRESET to 
42 tARO Output Register/Latch 30 40 ns 

Recovery 

Async. RESET/PRESET to 
43 tARI Input Register/Latch 20 30 

Recovery 

Async. RESET/PRESET to 
44 tARPO Output Register/Latch 20 25 ns 

Recovery PT Clock/LE 

Async. RESET/PRESET to 
45 tARPI Input Register/Latch 15 20 ns 

Recovery PT Clock/LE 

46 tpzx llC5E Pin to Output Enable 30 40 ns 

47 tpxz* l/C5E Pin to Output Disable 30 40 ns 

48 tEA 
Input or 1/0 to Output 35 45 ns Enable via PT 

49 tER* 
Input or 1/0 to Output 35 45 ns 
Disable via PT 

*Output disable times do not include test load RC time constants. 
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LE 

INPUT 
REGISTER 

AmPALC29MA 16 

AND-OR ARRAY OUTPUT 
REGISTER 

110 

tsoR ···---------------------------------------- '------ tc1R 
tpo --------if--------+------_. tpo 

80006831 

Input/Output Register Specs (Pin CLK Reference) 

INPUT 
LATCH 

110 

AND-OR ARRAY OUTPUT 
LATCH 

tGIS tGIS 

::::: :::::::::::::::::::: ::: •• ------ ------- tGTL 
1---- tG.OL 

--1---+----. tprn 

110 

t --- ' t SOL ....................................... - '------ GIL 
tprn ........_ ____ _. tpro 

tpo -------t======::t------- tpo 
80006821 

Input/Output Latch Specs (Pin LE. Reference) 
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CLK e>----------, 
Input 

INPUT 
REGISTER 

1/0 

1/0 

tsoRP 

AND-OR ARRAY 

1/0 

t PD --------li---------+------.-1PD 

Input/Output Register Specs (PT CLK Reference) 

LE 
Input 

INPUT 
LATCH 

AND-OR ARRAY 

60006840 

1snP----11---+----11--------1-- i---- 1GOLP 
.r--t---t---,.... t PTO 

tprn ia:==t==1~..J 

1/0 1/0 

tsoLP ....................................... --· 

IPTD-------' 1PTD 
tpo -------l=======::::t------- tpo 

60006850 

Input/Output Latch Specs (PT LE Reference) 
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CLOCK 
INV POL 

CLOCK 
TRUE POL 

COMBINATORIAL 
INPUT & 110 
FEEDBACK 

REGISTERED 
INPUTS 

REGISTERED 
OUTPUTS 

COM BINA TO RIAL 
OUTPUTS 

ASYN AST 
& PRESET 
INPUTS 

PIN DRIVEN 
OUTPUT ENB 

PT DRIVEN 
CLOCK INPUTS 

COMBINATORIAL 
INPUT & 1/0 
FEEDBACK 

REGISTERED 
OUTPUTS 

COMBINATORIAL 
OUTPUTS 

ASYN AST 
& PRESET 
INPUTS 

PIN DRIVEN 
OUTPUT ENB 

AmPALC29MA 16 

Switching Waveforms 

WF023270 

Register (Pin CLK Reference) 

WF023280 

Register (PT CLK Reference) 
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LATCH ENS 
INV POL 

LATCH ENB 
TRUE POL 

COMBINATORIAL 
INPUTS & 1/0 
FEEDBACK 

LATCHED 
INPUTS 

LATCHED 
OUTPUTS 

AmPALC29MA 16 

Switching Waveforms (Con~'d.) 

TRANSPARENT 

COM BINA TO RIAL ___ _::p!o~nl!r-----'TJ[~µm~r.:::;;::_"T'1jrt----;, 
OUTPUTS 

ASYN RST 
& PRESET 
INPUTS 

PIN DRIVEN 
OUTPUT ENB 

PT DRIVEN 
LATCH ENB 
INPUTS 

COMBINATORIAL 
INPUTS & 1/0 
FEEDBACK 

LATCHED 
INPUTS 

LATCHED 
OUTPUTS 

Latch (Pin LE Reference) 

TRANSPARENT TRANSPARENT 

COMBINATORIAL ----t---------t--'-nnllr...;::;.-"T'1 r+---h 
OUTPUTS 

ASYN RST 
& PRESET 
INPUTS 

PIN DRIVEN 
OUTPUT ENB 

Latch (PT LE Reference) 
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Switching Test Circuit 

TO OUTPUTS 
OF DEVICE 

5 v 

R1 :6200 

CLOAD 

50 pF 

TC003951 

Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

-- MAY CHANGE 
WlLLBE 
CHANGING 

FROM H TO L FROM H TOL 

JJJJJJ MAY CHANGE 
WJLLBE 
CHANGING FAOML TOH FROML TOH 

~ 
DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

~ 
CENTER 

DOES NOT LINE ISHIGH 
APPLY IMPEDANCE 

"OFF" STATE 

KS000010 
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AmPALC29M16 
24-Pin E2-Based CMOS Programmable Array Logic 

ADVANCE INFORMATION 

Distinctive Characteristics 

• High-performance semi-custom logic replacement; 
Electrically Erasable (E2) technology allows repro
grammability 

• 16 bidirectional user-programmable 1/0 logic macro
cells for Combinatorial/Registered/Latched operation 

• Output Enable controlled by a pin or product terms 
• Variable product term distribution for increased design 

flexibility 
• Programmable clock selection with two clocks/latch 

enables (LEs) and LOW/HIGH clock/LE polarity 

General Description 

The AmPALC29M16 is a high-speed E2-based CMOS 
Programmable Array Logic device designed for general 
logic replacement in TTL or CMOS digital systems. It of
fers high-speed, low power consumption, high program
ming yield, fast programming and excellent reliability. 
Programmable logic devices (PLDs) combine the flexibility 
of custom logic with the off-the-shelf availability of stan
dard products, providing major advantages over other 
semicustom solutions such as gate arrays and standard 
cells, including reduced development time and low up
front development cost. 

The AmPALC29M16 uses the familiar sum-of-products 
(AND-OR) structure, allowing users to customize logic 
functions by programming the device for specific applica
tions. It provides up to twenty-nine array inputs and sixteen 
outputs. It incorporates AMD's unique input/output logic 
macrocell which provides flexible input/output structure 
and polarity, flexible feedback selection, multiple Output 
Enable choices, and a programmable clocking scheme. 
The macrocells can be individually programmed as 
"Combinatorial" , " Registered" , or "Latched" with 
active-HIGH or active-LOW polarity. The flexibility of the 

• Register/Latch PRELOAD permits full logical verifica
tion 

• Available in high-speed (tpo = 35 ns, IMAX= 20 MHz) 
and standard-speed (tpo = 45 ns, IMAX = 15.0 MHz) 
versions 

• 100% post-programming functional yield (PPFY), fast 
programming and excellent reliability assured through 
proven E2PROM technology 

• Full-function AC and DC testing at the factory 
• 24-pin 300-mil DIP and 28-pin chip carrier packages 

logic macrocells permits the system designer to tailor the 
device to particular application requirements. 

Increased logic power has been built into the 
AmPAL29M16 by providing a variable number of logical 
product terms per oulput. Eight outputs have eight product 
terms each, four outputs have twelve product terms each, 
and the other four outputs have sixteen product terms 
each. This variable product-term distribution allows com
plex functions to be implemented in a single PAL device. 
Each output can be dynamically controlled by an Output 
Enable pin or Output Enable product terms. Each output 
can also be permanently enabled or diasabled. 

System operation has been enhanced by the addition of 
common asynchronous-PRESE't' and RESET product 
terms and a power-up RESET feature. The AmPAL29M16 
also incorporates PRELOAD and Observability functions 
which permit full logical verification of the design .. 

The AmPALC29M16 is offered in the space-saving 300-Mil 
DIP package as well as chip carrier surface-mount 
packages. 

087408/0 
JANUARY 1988 
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Block Diagram 

CLK/LE 
1/0 1/0 1/0 1/0 1/0 1/0 1/0 1/0 

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

80006811 
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Connection Diagrams 

Top View 
DIPs 

eLK/LE Vee 

lo 12 

l/OFo l/OF7 

l/OF1 l/OFs 

l/Oo 1/07 

1101 I/Os 

1102 1/05 

1/03 1104 

l/OF2 l/OF5 

l/OF3 l/OF4 

I/~ 11 

GNO l/eLK/LE 

eD010271 

LCC* 

0 ~ .... u. 
~ ti ~ 

u. 
~ .!? z ~ ~ 

l/OF1 l/OFs 

l/Oo 1/07 

1101 I/Os 

N.e. N.e. 

1102 21 1/05 

1/03 1104 

l/OF2 19 l/OF5 
12 13 14 15 16 17 18 

"' I~ 5!1 ti 

~ 
: ,:{ u. z ~ ::. Cl ~ 

eD010280 

*Also available in PLCC. Pinouts identical to LCC. 

Note: Pin 1 is marked for orientation. 
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Pin Description 

The following describes the functionality of all the pins on the 
24-pin DIP. The 28-pin chip carrier has the same functionality 
with NO CONNECTS on pins 1,8,15,22. 

CLK/LE (PIN 1): 
Used as dedicated clock/latch enable pin for all registers/ 
latches on the device if so selected. (See 1/0 Logic 
Macrocell Configurations.) This pin is a clock pin for 
macrocells configured as registers and a latch enable pin tor 
macrocells configured as latches. 

l/CLK/LE PIN (PIN 13): 
Used as dedicated input or as an alternate clock/latch 
enable pin for all the registers/latches if so selected. (See 
1/0 Logic Macrocell Configurations.) This pin is a clock pin 
for macrocells configured as registers and a latch enable pin 
for macrocells configured as latches. 

I/OE PIN (PIN 11): 
Used as a dedicated input pin to the AND array or as the 
Output Enable .control pin (Active LOW) for all macrocells 
with pin-controlled Output Enable selected. 

lo·l2 (PINS 2, 14,23): 
Dedicated input pins. 

l/OF0·1/0F7 (PINS 3,4,9, 10, 15, 16,21,22): 
Eight bidirectional 1/0 pins with two independent feedback 
paths to the AND array. The first feedback path is a 
dedicated 1/0 pin feedback to the AND array for 
combinatorial input. The second feedback path consists of 
direct register/latch feedback to the array (see Figure 1). 

l/Oo·l/07 (PINS 5,6,7,8, 17, 18, 19,20): 
Eight bidirectional 1/0 pins with user-programmable 
register/latch or 1/0 pin feedback to the AND array (see 
Figure 1). 

Vee (PIN 24): 
Supply Voltage 

GND (PIN 12): 
Circuit Ground 

Ordering Information 

Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

5·234 

B. Speed Option (if applicable) 
C. Package Type 
D. Temperature Range 
E. Optional Processing 

AMPALC29M16 

T f fl T _____ E. OPTIONAL PROCESSING 

~--------. ::::~: :~·~ 
C = Commercial (0 to + 70°C) 

~----------- C. PACKAGE TYPE 
P = 24-Pin Slim Plastic DIP (PD3024) 
D = 24-Pin Slim Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip Carrier 

(PL 028) 
L = 28-Pin Ceramic Leadless Chip Carrier 

(CL 028) 

~--------------- B. SPEED OPTION 
-35=35 ns 
-45 = 45 ns 

A. DEVICE NUMBER/DESCRIPTION 

Valid Combinations 

AmPALC29M16-35, -45 l PC, DC, DCB, 
JC, LC, LCB 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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Functional Description 

Inputs 

The AmPAL29CM16 has 29 inputs to drive each product term 
(up to 58 inputs with both TRUE and complement versions 
available to the AND array) as shown in the block diagram 
below. Of these 29 inputs, 3 are dedicated inputs, 16 are from 
8 1/0 logic macrocells with 2 feedbacks, 8 are from other 1/0 

CLK/LE 
1/0 1/0 1/0 

1/0 1/0 1/0 

Product Terms 

The degree of programmability and complexity of a PAL 
device is determined by the number of connections that form 
the programmable-AND and OR gates. Each programmable
AND gate is called a product term. The AmPALC29M16 has 
188 product terms. 176 of these product terms provide logic 
capability and 12 are architectural or control product terms. 
Among the 12 control product terms, 2 are for common 
Asynchronous-PRESET and RESET, 1 is for Observability, 
and 1 is for PRELOAD. The other 8 are common Output 
Enable product terms. The Output Enable of each bank of 4 
macrocells can be programmed to be controlled by a com
mon Output Enable pin or 2 AND/XOR product terms. It may 
be also permanently enabled or permanently disabled. 

Each product term on the AmPALC29M16 consists of a 58-
input AND gate. The outputs of these AND gates are con
nected to a fixed-OR plane. Product terms are allocated to 
OR gates in a variable distribution across the device ranging 
from 8-to-16 wide, with an average of 11 logical product 
terms per output. Increased number of product terms per 
output allows more complex functions to be implemented in a 
single PAL device. This flexibility aids in implementing func
tions such as counters, exclusive-OR functions, or complex 
state machines, where different states require different num
bers of product terms. 

1/0 

1/0 

logic macrocells with single feedback, 1 is for I/CLOCK/LE 
and 1 is for I/OE input. 

Initially the AND-array gates are disconnected from all the 
inputs. This condition represents a logical TRUE to the AND 
array. By selectively programming the E2cells, the AND array 
may be connected to either the TRUE input or the comple
ment input. When both the TRUE and complement inputs are 
connected, a logical FALSE results at the output of the AND 
gate. 

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

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

Common asynchronous-PRESET and RESET product terms 
are connected to all Registered/latched inputs/outputs. 
When the asynchronous-PRESET product term is asserted 
(HIGH) all the registers/latches will immediately be loaded 
with a HIGH, independent of !he clock. When the asynchro
nous-RESET product term is asserted (HIGH) all the regis
ters/latches will be immediately loaded with a LOW, indepen
dent of the clock. The actual output state will depend on the 
macrocell polarity selection. The latches must be in latched 
mode (not transparent mode) for the RESET/PRESET, PRE
LOAD, and power-up RESET modes to be meaningful. 

Input/Output Logic Macrocells 

The 110 logic macrocell allows the user the flexibility of 
defining the architecture of each input or output on an 
individual basis. It also provides the capability of using the 
associated pin either as an input or an output. 

The AmPALC29M16 has 16 macrocells, one for each 1/0 pin. 
Each 1/0 macrocell can be programmed for combinatorial, 
registered or latched operation (see Figure 1). Combinatorial 
output is desired when the PAL device is used to replace 
combinatorial glue logic. Registers are used in synchronous 
logic applications while latches are used in asynchronous 
applications where speed is critical. The output polarity for 
each macrocell in each of the three modes of operation is 
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user-selectable, allowing complete flexibility of the macrocell 
configuration. 

Eight of the macrocells (l/OF0-llOF7) have two independent 
feedback paths to the AND array (see Figure 1). The first is a 
dedicated 1/0 pin feedback to the AND array for combinatorial 
input. The second path consists of a direct register /latch 
feedback to the array. If the pin is used as a dedicated input 
using the first feedback path, the register/latch feedback path 
is still available to the AND array. This path provides the 
capability of using the register /latch as a buried state register I 
latch. The other eight macrocells have a single feedback path 
to the AND array. This feedback is user-selectable as either an 
1/0 pin or a register/latch feedback. 

Each macrocell can provide true input/output capability. The 
user can select each macrocell register /latch to be driven by 
either the output generated by the AND-OR array or the 1/0 
pin. When the 1/0 pin is selected as the input, the feedback 
path provides the register/latch input to the array. When used 

Common 

as an input, each macrocell is also user-programmable for 
registered, latched, or combinatorial input. 

The AmPAL.C29M16 has one dedicated CLK/LE pin and one 
I/CL.KILE pin. All macrocells have a programmable select to 
choose between these two pins as the clock or the latch 
enable signal. These pins are clock pins for macrocells con· 
figured as registers and latch enable pins for macrocells con· 
figured as latches. The polarity of these CLK/LE signals is 
also individually programmable. Thus different registers can 
be driven by multiple clocks and clock phases. 

The Output-Enable mode of each of the macrocells can be 
selected by the user. The 1/0 pin can be configured as an 
output pin (permanently enabled) or as an input pin (perma
nently disabled). It can also be configured as a dynamic 1/0 
controlled by the Output Enable pin or by two AND-XOR 
product terms which are available for each bank of four 1/0 
logic macrocells. 

I/OE Pin---------------. 

~~~:solo~{~ 
Vee 

Macrocells ~ " 

Common Async. 
PRESET 

PO 

P7, P11 orP15 

CLK/LE 

l/CLK/LE 

1/0 Pins 

Sto MUX 

ToAND·:----...., ..... 1-------=---,,,,c..<-----) 
Array 0-.I 8 Dedicated Feedback 

DF006181 

Figure 1. AmPALC29M16 l/O Macrocell 

1/0 Logic Macrocell Configuration 

AMD's unique 1/0 macrocell offers major benefits through its 
versatile, programmable input/ output cell structure, multiple 
clock choices, flexible Output Enable and feedback selection. 
Eight 1/0 macrocells with single feedback contain nine 
E2'cells, while the other eight macrocells contain eight E2cells 
for programming the input/output functions (see Table 1, 
Figure 2). 

E2cell S1 controls whether the macrocell will be combinatorial 
or registered/latched. SO controls the output polarity (active
HIGH or active-LOW). S2 determines whether the output is a 
register or a latch. S3 allows the use of the macrocell as an 
input register/latch or as an output register/latch. It selects 
the direction of the data path through the register /latch. If 

connected to the usual AND-OR array output, the register/ 
latch is an output connected to the 1/0 pin. If connected to the 
1/0 pin, the register/latch becomes an input register/latch to 
the AND array using the feedback data path. 

Programmable E2cells S4 and S5 allow the user to select one 
of the four CL.KILE signals for each macrocell. S6 and S7 are 
used to control Output Enable as pin controlled, two product 
term controlled, permanently enabled or permanently dis
abled. SS is a feedback multiplexer for the macrocells with a 
single feedback path only. 

In the virgin erased state (charged, disconnected), an archi
tectural cell is said to have a value of '' 1 '' ; In the programmed 
state (discharged, connected), an architectural cell is said to 
have a value of "O". 
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Table 1. AmPALC29M16 1/0 Logic Macrocell Architecture Selections 

S4 

1 

1 

0 

0 

S3 110 Cell S2 Storage Element 

1 Output Cell 1 Register 

0 Input Cell 0 Latch 

S1 Output Type so Output Polarity 

1 Combinatorial 1 Active LOW 

0 Register/Latch 0 Active HIGH 

SS Feedback* 

1 Register/Latch 

0 110 

'Applies to macrocells with single feedback only. 
TC003961 

Table 1. AmPALC29M16 1/0 Logic Macrocell Clock Polarity 
& Output Enable Selections 

(Cont'd.) 

85 Clock Edge/Latch Enable Level S6 87 Output Buffer Control 

1 CLK/LE pin positive-going edge, active-HIGH LE 1 1 Pin - Controlled 3-State Enable 

0 CLK/LE pin negative-going edge, active-LOW LE 1 0 XOR PT -Controlled 3-State Enable 

1 l/CLK/LE pin positive-going edge, active-HIGH LE 0 1 Permanently Enabled (Output only) 

0 l/CLK/LE pin negative-going edge, active-LOW LE 0 0 Permanently Disabled (Input only) 

TC003971 

1 = Erased State (Charged or disconnected) 
o = Programmed State (Discharged or connected) 
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Some Possible Configurations of the Input/Output Logic Macrocell 

OUTPUT REGISTERED/ ACTIVE LOW 

OUTPUT REGISTERED/ ACTIVE HIGH 

So. 1 
S1 = 0 
S3 • 1 
Sp 1 

LD000961 

So .o 
S1 = 0 
S3. 1 
Sp 1 

LD000971 

OUTPUT COMBINATORIAL/ACTIVE LOW 

OUTPUT COMBINATORIAL/ACTIVE HIGH 

Figure 2a. Dual Feedback Macrocells 

LD000951 

LD000961 

OUTPUT REGISTERED/ACTIVE LOW, 110 FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, 1/0 FEEDBACK 
So= 1 
S1 = 0 
S3 = 1 
Ss = o 
S2 = 1 

LD000991 
LD001000 

OUTPUT LATCHED/ACTIVE HIGH, 1/0 FEEDBACK OUTPUT COMBINATORIAL/ACTIVE HIGH, 1/0 FEEDBACK 

5·238 

So• 0 
S1 = O 
S3 = 1 
Ss= 0 
S2 = 0 

LD001011 

Figure 2b. Single Feedback Macrocells 
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OUTPUT REGISTERED/ACTIVE LOW, REG. FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, REG. FEEDBACK 

So= 1 
s, • 0 
S3 • 1 
Sp 1 
S2. 1 

LD001031 
LD001041 

OUTPUT LATCHED/ACTIVE LOW, LATCHED FEEDBACK OUTPUT COMBINATORIAL/ACTIVE LOW, LATCH FEEDBACK 

LD001051 

Figure 2b. Single Feedback Macrocells (Cont'd.) 

INPUT REGISTERED/LATCHED 

So• X 
s,. 0 
S3 • O 
Se • 1 (for single feedback only) 
S2 • 1 Register 

• 0 Latch 

Programmable-AND Array 
LD001071 

Figure 2c. All Macrocells 
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S3 • 1 
Sa= 1 
52. 0 

LD001061 
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AmPALC29M16 

·---~~~~ ~ llill!!!§~5l~:::;-i=....:l=I INPUT/ a 2
1 n OUTPUT L MACAO 

.-"I. INPUTI 1[~11111111 
OUTPUT 
MACAO 

16 ,...... -

Figure 3. AmPALC29M16 Logic Diagram 
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'- II I 

.---<f.. 16 

~ - E ~INPUT/ OUTPUT 
MACRO 

16-r:>--, 

- 1wm1_FJ-1" 
OUTPUT 
MACRO 

t-a- 12 

~INPUT/ ill OUTPUT 
MACRO 

12-D-lli INPUT/ 
17 

OUTPUT ' 
MACRO 

~ • Ef' 

·a INPUTI J Etl 
OUTPUT .f-
MACRO 

J 
:8=i-8 

-D-

~···A" :J::l 
-<>--' 

n OUTPUT 

l MACAO 
i::: ,.-, 

·~,~ 
~ 
,...,, -· ....., 

OUTPUT 
MA.CRµ-

J] ,_CICllCT TU• f:I. B ,...... 

~D-l ~ 
] 1HPUT1§' '1 OUTPUT "'--1 MACRO -l l ----, ..... ' 

1 

1 

LD001340 

Figure 3. AmPALC29M16 Logic Diagram (Cont'd.) 
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Designed in Testability and Debugging 
PRELOAD 

To simplify testing, the AmPALC29M16 is designed with PRE
LOAD circuitry that provides an easy method for testing 
logical functionality. Both product-term controlled and 
supervoltage-enabled PRELOAD modes are available. This 
offers even more test capabiMty than previously implemented 
in AMD's PAL devices. The TIL-level PRELOAD product term 
can be useful during debugging, where .supervoltages may 
not be available. 

PRELOAD allows any arbitrary state value to be loaded into 
the registers/latches of the device. A typical functional-test 
sequence would be to verify all possible state transitions for 
the device being tested. This requires the ability to set the 
state registers into an arbitrary "present state" value and to 
set the devices inputs into any arbitrary "present input" value. 
Once this is done, the state machine is clocked into a new 
state, or "next state", which can be checked to validate the 
transition from the "present state". In this way any transition 
can be checked. 

Since PRELOAD can provide the capability to go directly to 
any desired arbitrary state, test sequences may be greatly 
shortened. Also, all possible states can be tested, thus greatly 
reducing test time and development costs and guaranteeing 
proper in-system operation. 

Observability 

The output register /latch observability product term, when 
asserted, suppresses the combinatorial output data from 
appearing on the 1/0 pin and allows the observation of the 
contents of the register /latch on the output pin for each of the 
logic macrocells. This unique feature allows for easy debug
ging and tracing of the buried state machines. In addition, a 
capability of supervoltage observability is also provided. 

Power-Up Reset 

All the device registers/latches have been designed to reset 
during device power-up. Following the power-up, all 
registers/latches will be cleared (Q = 0), setting the outputs to 
a state determined by the output select multiplexer. This 
feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. 

Security Cell 

A security cell is provided on each device to prevent unautho
rized copying of the user's proprietary logic design. Once 
programmed, the security cell disables the programming, 
verification, PRELOAD, and the observability modes. The only 
way to erase the protection cell is by charging the entire array 
and architecture cells, in which case no proprietary design can 
be copied. (This cell should be programmed only after the rest 
of the device has been completely programmed and verified.) 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 
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Absolute Maximum Ratings 
Storage Temperature ............................ -65 to + 150°C 

Operating Ranges 
Commercial (C) Devices 

Ambient Temperature under bias ............. -55 to + 125°C Temperature (TA) ............................... 0°C to + 70°C 
Supply Voltage with Supply Voltage (Vee) .................... + 4.50 to + 5.50 V 

Respect to Ground ......................... -0.5 V to + 7 .0 V 
DC Output Voltage ...................... -0.5 V to Vee+ 0.5 V 

Military (M) Devices• 

DC Input Voltage 
(Except Pin I/OE) .................... -0.5 V to Vee+ 0.5 V 

DC Input Voltage (Pin I/OE) ................ -0.6 V to + 17 V 
DC Input Current.. ............................ -1 mA to +1 mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

•Consult Factory for Military Specifications 

DC Characteristics over operating range unless otherwise specified 

HCT Devices* 

Parameter Parameter 
Symbol Description Test Conditions 

Vee= Min. 
VoH Output HIGH Voltage V1N = V1H or V1L 

loH=-2 mA 

loL=6 mA 

VoL Output LOW Voltage Vee= Min. 
loL =4 mA 

V1N = V1H or V1L 
loL =20 µA 

V1H Input HIGH Voltage Guaranteed Logic HIGH for all Inputs 

V1L Input LOW Voltage Guaranteed Logic LOW for all Inputs 

11 Input Leakage Current V1N = 0 to 5.5 V, Vee= Max. 

lo Output Leakage Current V1N = 0 to 5.5 V, Vee= Max. 

leeoP Operating Current Supply f = IMAX· Outputs Open (lo = 0) 

lse Output Short Circuit Current Vee = Max., Vo= o v 

Capacitance 

Parameter Parameter 
Symbol Description Test Conditions 

C1N Input Capacitance Vee = s.oo v., TA= 25°C 

Gour Output Capacitance V1N = 0 V @ f = 1 MHz 

Min. 

2.4 

2.0 

-30 

Max. Units 

v 

0.5 

0.33 v 
0.1 

v 
0.8 v 
10 µA 

10 µA 

120 mA 

-90 mA 

Typ. Units 

5 

8 
pF 

Note: 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. 

• Consult factory for DC specification on HC Devices. 
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Switching Characteristics over operating range unless otherwise specified; all values are determined under 
the loading of one TTL gate and a capacitance of 50 pF 

Parameter Parameter 
Number Symbol 

tpo 

Output Register 

2 tsoR 

3 tcOR 

4 tHOR 

Input Register 

5 ts1R 

6 tc1R 

7 tHIR 

Clocking and Frequency 

8 tc1s 

9 IMAX 

10 fMAXI 

11 tcwH 

12 tcwL 

13 tpo 

14 tpTD 

Output Latch 

15 tsoL 

16 tGOL 

17 tHOL 

18 tsrL 

5-244 

-35 
Parameter 

I Description Min. Max. 

REGISTERED OPERATION (Numbers 1 through 12) 

Input or 1/0 Pin to 
Combinatorial Output 

Input or 1/0 Pin to 
Output Register Setup 

Output Register Clock 
to Output 

Data Hold Time for 
Output Register 

110 Pin to Input 
Register Setup 

Register Feedback Clock to 
Combinatorial Output 

Data Hold Time for 
Input Register 

Register Feedback to Output 
Register/Latch Setup 

Maximum Frequency 
1 I (tsoR + tcoR) 

Max Internal Frequency 
11tc1s 

Clock Width HIGH 

Clock Width LOW 

35 

27 

23 

0 

6 

45 

3 

35 

20 

28.5 

12 

12 

LATCH OPERATION (Numbers 13 through 24) 

Input or 1/0 Pin to 35 
Combinatorial Output 

Input or 1/0 Pin to Output 45 
via One Transparent Latch 

Input or 110 Pin to Output 
27 

Latch Setup 

Latch Enable to Transparent 
23 

Mode Output 

Data Hold Time for 
0 

Output Latch 

Input or 1/0 Pin to Output 
Latch Setup via Transparent 35 
Input Latch 
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Min. I Max. Units 

45 ns 

34 ns 

32 ns 

0 ns 

8 ns 

58 ns 

4 ns 

45 ns 

15 MHz 

22.5 MHz 

15 

15 

45 ns 

55 ns 

34 ns 

32 ns 

0 ns 

45 ns 
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-35 -45 
Parameter Parameter Parameter 

Number Symbol Description Min. Max. Min. Max. Units 

Input Latch 

19 ts1L 110 Pin to Input Latch Setup 6 8 ns 

Latch Feedback, Latch 
20 tGIL Enable Transparent Mode to 45 58 ns 

Combinatorial Output 

21 tHIL 
Data Hold Time for 
Input Latch 

3 4 ns 

Latch Enable 

Latch Feedback Transparent 
22 tGIS Mode to Output Register I 35 45 ns 

Latch Setup 

23 tGWH Latch Enable Width HIGH 12 15 ns 

24 tGWL Latch Enable Width LOW 12 15 ns 

RESET/PRESET & OUTPUT ENABLE OPERATION (Numbers 25 through 32) 

Input or 110 Pin to Output 
25 tAPO Register/Latch RESET/ 40 55 ns 

PRESET 

26 tAw 
Async. RESET/PRESET 35 45 ns 
Pulse Width 

Async. RESET /PRESET to 
27 tARO Input Register/Latch 30 40 ns 

Recovery 

Async. RESET/PRESET to 
28 tARI Input Register/Latch 20 30 

Recovery 

29 tpzx I/OE: Pin to Output Enable 30 40 ns 

30 tpxz * I/OE Pin to Output Disable 30 40 ns 

31 tEA 
Input or 110 to Output 35 45 ns 
Enable via PT 

32 IER* 
Input or 1/0 to Output 35 45 ns 
Disable via PT 

* Output disable times do not include test load RC time constants. 
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LE 

INPUT 
LATCH 

1/0 

AmPALC29M16 

AND-OR ARRAY 

tGIS tGIS 

OUTPUT 
LATCH 

::::: :::::::::::::::::::: ·::: .. ------ -------+ tGTL 
1---- tcoL 

1/0 

1/0 

' tsoL ---·---------------- '------ tGIL 
tPTo '------- tpro 
tpo -------t=========:::!------ tpo 

80006821 

Input/Output Specs (Pin LE Reference) 

INPUT 
REGISTER 

1/0 

1/0 

tc1s 

AND-OR ARRAY 

,, 
' ----' --_><, 

------- ', 
.----- ' 

OUTPUT 
REGISTER 

1/0 

t --- ' . t SOR·---·-·--·---··-··-·_,. '------ CIR 
tpo -------1-------1--------+ tpo 

80006831 

Input/Output Register Specs (Pin CLK Reference) 
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CLOCK 
INV POL 

CLOCK 
TRUE POL 

COMBINATORIAL 
INPUT & 110 
FEEDBACK 

REGISTERED 
INPUTS 

REGISTERED 
OUTPUTS 

COMBINATORIAL 
OUTPUTS 

ASYNC. RESET 
& PRESET 
INPUTS 

PIN DRIVEN 
OUTPUT ENB 

LATCH ENB 
INV POL 

LATCH ENB 
TRUE POL 

COMBINATORIAL 
INPUTS & 1/0 
FEEDBACK 

LATCHED 
INPUTS 

LATCHED 
OUTPUTS 

AmPALC29M16 

Switching Waveforms 

Register 

COMBINATORIAL ---..:::F"":::t1n!J---~r&[,.+.!;_;;;j;~~-"j,.j.__.::~ 
OUTPUTS 

ASYNC. RESET 
& PRESET 
INPUTS 

PIN DRIVEN 
OUTPUT ENB 

Latch 
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Switching Test Circuit 

TO OUTPUTS 
OF DEVICE 

SV 

TC003951 

Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

-- MAY CHANGE WILL BE 

FROM H TO L CHANGING 
FAOMH TOL 

JJIUJ MAY CHANGE WILL BE 
CHANGING FROML TOH FROML TOH 

~ 
DON'T CARE; CHANGING; 
ANY CHANGE STAT£ 
PERMITTED UNKNOWN 

]HK 
CENTER 

DOES NOT LINE ISHIGH 
APPLY IMPEDANCE 

"OFFNSTATE 

KSOOOOtO 
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AmPAL22V10·15 
24-Pin IMOX Ill™ Programmable Array Logic 

PRELIMINARY 

Distinctive Characteristics 
• 15-ns performance 
• Increased logic power - up to 22 inputs and 10 outputs 
• Increased product terms - average 12 per output 
• Variable product-term distribution improves ease of use 
• Each output user-programmable for registered or combi

natorial operation 
• Individually user-programmable output polarity 
• Extra terms provide logical synchronous-PRESET and 

asynchronous-RESET capability 

General Description 
The AmPAL22V10 is a second-generation Programmable 
Array Logic (PAL) device. It utilizes the familiar sum-of
products (AND-OR) logic structure, allowing users to 
program custom logic functions. The AmPAL22V10 per
mits the development of custom LSI functions of 500 to 
800 equivalent gate complexity. 

The AmPAL22V10 contains up to 22 inputs and 10 outputs. 
It incorporates the unique capability of defining and pro
gramming the architecture of each output on an individual 
basis. Each output is user-programmable for either regis
tered or combinatorial operation. This allows the designer 
to optimize the device design by having only as many 
registers as needed. In addition, each output has user
programmable output polarity, further simplifying design 
and contributing to the precise application requirements. 

Increased logic power has been built into the AmPAL22V10 

Block Diagram 

• TTL-level PRELOAD for improved testability 
• Packaged in 24-pin Slim DIP and 28-pin chip-carrier 

packages 
• Platinum-Silicide fuses ensure high programming yield, 

fast programming, and high reliability 
• AC and DC testing done at the factory utilizing special 

designed-in test features 
• 3000-V Input ESD Protection on all pins 

by increasing the number of product terms from 8-per
output to an average of 12-per-output. Further innovation 
can be seen in the introduction of variable product-term 
distribution. This technique allocates from 8 to 16 logical 
product terms to each output (please refer to the Block 
Diagram for distribution details). This variable allocation of 
terms allows far more complex functions to be imple
mented than in previous devices. 

System operation has been enhanced by the addition of a 
synchronous-PRESET and an asynchronous-RESET prod
uct term. These terms are common to all output registers. 

The AmPAL22V10 also incorporates power-up RESET 
and the capability to PRELOAD the output registers to any 
desired state during testing. PRELOAD is essential to 
permit full logical verification during test. 

PROGRAMMABLE 
ANO ARRAY 

(132J44) 
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Connection Diagram 
Top View 

!:' .: 

'• 
'• 
'• 

NC 

'• 
17 

'• 
2 0 

LCC* DIPs** 

0 

~ 

~ 

~ 
.. .. 

ii g g 

1107 

1/09 

1105 

NC 

1104 

1/03 

1102 

ii 0 a - g ~ 

eD010001 

•Also available in PLCC. Pinouts identical to LCC . 
.. Also available in Flatpack. Pinouts identical to DIPs. 

Vee 

1/09 

1/05 

1107 

1105 

1105 

1104 

1/03 

1102 

1/01 

l/Oo 

111 

CD010011 

Pin Designations: I = Input 
1/0 =Input/Output 
Vee = Supply Voltage 
GND =Ground 
CK =Clock 
NC = No Connection 

Ordering Information 

Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

AMPAL22V10 

b. SpeedtPower Option (if applicable) 
c. Package Type 
d. Temperature Range 
e. Optional Processing 

~----- e. OPTIONAL PROCESSING 
Blank = Standard processing 

8 = BurnMin 

---------d. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 
E = Extended Commercial (-55 to + 125°C) 

~------------- c. PACKAGE TYPE 
P = 24-Pin Slim Plastic DIP (PD3024) 
D = 24-Pin Slim Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 
L = 28-Pin Ceramic Leadless Chip Carrier (CL 028) 

~----------------b. SPEED/POWER OPTION 

a. DEVICE NUMBER/DESCRIPTION 
AmPAL22V10-15 
24-Pin IMOX Ill Programmable Array Logic 

-15=15 ns (Full Power) 

Valid Combinations Valid Combinations 

AMPAL22V10-15 PC, DC, DCB,' DE, 
JC, LC, LE 

Valid Combinations list configurations planned to be supported in 
volume for this device. Consult the local AMO sales office to confirm 
availability of specific valid combinations, to check on newly released 
combinations, and to obtain additional data on AMD's standard military 
grade products. · · 
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Military Ordering Information 
APL Products 

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) 
is formed by a combination of: a. Device Number 

AMPAL22V10 

b. Speed/Power Option (if applicable) 
c. Device Class 
d. Package Type 
e. Lead Finish 

l A 

e. LEAD FINISH 
A = Hot Solder Dip 

d. PACKAGE TYPE 
L = 24-Pin Slim Ceramic DIP (CD3024) 
K = 24-Pin Ceramic Flatpack (CFL024) 
3 = 28-Pin Ceramic Leadless Chip Carrier 

(CL 028) 

~-------------c. DEVICE CLASS 
/B =Class B 

~-----------------b. SPEED/POWER OPTION 
-20 = 20 ns (Full Power) 

a. DEVICE NUMBER/DESCRIPTION 
AmPAL22V10-20 
24-Pin IMOX Programmable Array Logic 

Valid Combinations 
Valid Combinations 

AMPAL22V10-20 /BLA/B3A/BKA 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, and 11. 
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AmPAL22V10-15 

Functional Description 
The AmPAL22V10 is a second-generation Programmable 
Array Logic device. It contains a programmable fuse array 
organized in the familiar sum-of-products (AND-OR) structure. 

The block diagram below shows the basic archite.cture of the 
AmPAL22V10. There are up to 22 inputs and 10 outputs 
available. The inputs are connected to a programmable-AND 
array which contains 120 logical product terms. Initially the 
AND gates are connected, via fuses, to both the TRUE and 
COMPLEMENT of every input. By selective programming of 
fuses, the AND gates may be "connected" to only the TRUE 
input (by programming the COMPLEMENTfuse), to only the 
COMPLEMENT input (by programming the TRUE fuse), or 
to neither type of input (by programming both fuses), estab
lishing a logical "don't care." When both the TRUE and 
COMPLEMENT fuses are left intact, a logical FALSE results 
on the output of the AND gate. An AND gate with all fuses 
programmed will assume the logical-TRUE state. The out
puts of the AND gates are connected to fixed-OR gates. 
There is an average of 12 product terms per OR gate (output), 
and as the Block Diagram shows, variable product term dis
tribution has been implemented. This technique allocates 
different quantities of logical product terms to different out
puts, allowing more complex logical functions to be per
formed than were previously possible. Up to 16 logical terms 
can be evaluated in one output in a single clock cycle (no 
feedback necessary). 

Output Logic Macrocells (OLMs) 

A dramatic innovation in logic design is the implementation on 
the AmPAL22V1 O of variable output architecture. This allows 
the user to program, on an output-by-output basis, the function 
of the outputs. As shown in the Output Logic Macrocell (OLM) 
diagram below, each output cell contains two additional fuses, 
So and S1. S1 controls whether the output will be registered or 
combinatorial. So controls the output polarity (active HIGH or 
active LOW). Depending on the states of these two fuses, an 
individual output will operate in one of four modes (see the 
logic diagrams on the next page): Registered/ Active LOW, 
Registered/ Active HIGH, Combinatorial/ Active LOW, and 
Combinatorial/ Active HIGH (note that the feedback path also 
changes with output mode). This innovation gives the designer 
more flexibility and enables optimization of the device for 
precise application requirements. It also allows for .. better 
device utilization - programming only as many registers as 
are needed. 

PRESET /RESET 

To improve in-system functionality, the AmPAL22V10 has 
additional PRESET and RESET product terms. These terms 
are connected to all registered outputs. When the synchro
nous-PRESET 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 product term 
is asserted (HIGH), the output registers will be immediately 
loaded with a LOW (independent of the clock). These func
tions are particularly useful for applications such as system 
power-on and reset. 

PROGRAMMABLE 
ANO ARRAY 

i 
I 

I 
I 

_J 

1/0 1/0 

Figure 1. Block Diagram 

LD000411 

S1 So 

0 0 

0 1 

1 0 

1 1 

0 ~ Unblown Fuse 
1 ~ Blown Fuse 

Figure· 2. Output Logic Macrocell Diagram 
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Output Configuration 

Registered/ Active LOW 

Registered/ Active HIGH 

Combinatorial/ Active LOW 

Combinatorial/ Active HIGH 



AmPAL22V10°15 

PRELOAD 

To simplify testing, the AmPAL22V10 is designed with PRE
LOAD circuitry that provides an easy method of testing regis
tered devices for logical functionality. PRELOAD allows any 
arbitrary state value to be loaded into the output registers. 

A typical functional test sequence. would be to verify all 
possible state transitions for the device being tested. To verify 
these transitions requires the ability to set the state registers 
into an arbitrary "present state" value, and to set the device 
inputs to any arbitrary "present input" value. Once this is 
done, the state machine is then clocked into a new state, or 
"next state." The next state is then checked to validate the 
transition from the present state. In this way any state 
transition can be checked. 

Fabrication 

The AmPAL22V10-15 is manufactured using Advanced Micro 
Devices' IMOX Ill slot-isolation process. This advanced pro
cess is an extension of the IMOX II process. It uses slot 
isolation between transistors to permit an increase in density 
and a decrease in internal capacitance, resulting in the fastest 
possible programmable-logic devices. 

These devices are fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide Fuse technology. Utilizing an 

S0 = 0 

S1 = 0 

AR 

0 Q 

a 
SP 

LD000420 

Figure 3-1. Registered/ Active LOW 

So= 1 

S1 = O 

AR 

D Q 

a 
SP 

LD000440 

Figure 3-2. Registered/ Active HIGH 

easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. Extra 
test words are preprogrammed during manufacturing to en
sure extremely high field programming yields ( > 98.5%), and 
to provide extra test paths to achieve excellent parametric 
correlation. 

Platinum Silicide was selected as the fuse-link material to 
achieve a well-controlled melt rate resulting in large noncon
ductive gaps that ensure very stable, long-term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers high reliability for fusible-link 
programmable logic. 

Security Fuse Programming 

A single fuse is provided on each AmPAL22V10 part to pre
vent unauthorized copying of PAL fuse patterns. Once pro
grammed, the circuitry enabling fuse verification and regis
tered output PRELOAD is permanently disabled. 

Programming of the security fuse is the same as an array 
fuse. Verification of a programmed security fuse is accom
plished by verifying the whole fuse array as if every fuse were 
programmed. 

LD000430 

Figure 3-3. Combinatorial/ Active LOW 

LD000450 

Figure 3-4 Combinatorial/ Active HIGH 
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INPUT LINES 
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OE 
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I .,. 

i 5 
OE 

0 

LD000483 

Figure 4. Logic Diagram 
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AmPAL22V10·15 

Absolute Maximum Ratings 
Storage Temperature ............................ -65 to + 150'C 

Operating Ranges 
Commercial (C) Devices 

Supply Voltage to Ground Potential Temperature (TA) Operating Free Air ..... O'C to +75'C 
(Pin 24 to Pin 12) Continuous ................ -0.5 to +7 V Supply Voltage (Vee) .................... +4.75 to +5.25 V 

DC Voltage Applied to Outputs Extended Commercial (E) Devices 
(Except During Programming) ....... -0.5 V to +Vee Max. 

DC Voltage Applied to Outputs 
Temperature (TA) ................................... -55'C Min. 

During Programming ........................................ 16 V 
Temperature (Tc) ................................ + 125'C Max. 

Output Current into Outputs During Programming 
Supply Voltage (Vee) .................... +4.50 to +5.50 V 

(Max. Duration of 1 sec) .............................. 200 mA Military (M) Devices* 
DC Input Voltage ................................. -0.5 to +5.5 V Temperature (TA) ................................... -55'C Min. 
DC Input Current .................................. -30 to +5 mA Temperature (Tc) Operating Case .......... + 125'C Max. 
Ambient Temperature with Power Applied ........... + 125'C Supply Voltage (Vee) .................... +4.50 to +5.50 V 

Stresses above those fisted under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

*Military Product 100% tested at Tc= + 25'C, + 125'C, 
and -55'C. 

DC CHARACTERISTICS over operating range unless otherwise specified (for APL Products, Group A, 
Subgroups 1, 2, 3 are tested unless otherwise noted) 

Parameter Parameter Typ. 
Symbol Description Test Conditions Min. (Note 1) Max. 

MIL & 
COM'L E-COM'L 

VoH Output HIGH Voltage Vee - Min., loH - -3.2 mA loH - -2 mA 2.4 3.5 
V1N - V1H or V1L 

VoL Output LOW Voltage Vee - Min., loL-16 mA loL-12 mA 0.50 
V1N - V1H or V1L 

V1H Input HIGH Level Guaranteed Input Logical HIGH Voltage for all Inputs 2.0 (Note 2) 

V1L Input LOW Level Guaranteed Input Logical LOW Voltage for all Inputs 0.8 (Note 2) 

l1L Input LOW Current Vee - Max., V1N - 0.40 v -20 -100 

l1H Input HIGH Current Vee - Max., V1N - 2.7 V 25 

11 Input HIGH Current Vee - Max., V1N - 5.5 v 1.0 

lsc Output Short-Circuit Current Vee - Max., VouT - 0.5 V (Note 3) -30 -50 -90 

1s 150 180 

Ice Power Supply Current Vee - Max. [AL 75 90 

Jo 40 55 

V1 Input Clamp Voltage Vee - Min., l1N - -18 mA -0.9 -1.2 

lozH Output Leakage Current Vee - Max., V1N - V1L Vo-2.7 V 100 

lozL (Note 4) or V1H Vo - 0.4 V -100 

Notes: 1. Typical limits are at Vee - 5.0 V and TA - 25°C. 
2. These are absolute values with respect to device ground, and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. 

VouT - 0.5 V has been chosen to avoid test problems caused by tester ground degradation. 
4. 1/0 pin leakage is the worst case of lozx or l1x (where X - H or L). 
5. Pinout for DIPs only. 

CAPACITANCE 

Parameter Parameter Typ. 
Symbol Description Test Conditions Min. (Note !) Max. 

L Pins 1, 13 9 
C1N t Input Capacitance V1N - 2.0 V @ f - 1 MHz (Note 5) J Others· 6 

CouT t Output Capacitance VouT - 2.0 v @f - 1 MHz 9 

t Not included in Group A tests. 

Unit 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

v 

µA 

Unit 

pF 
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AmPAL22V10·15 

Switching Characteristics Over Commercial Operating Range (Note 1) 

22V10·15 
Parameter Parameter 

No. Symbol Description Min. Max. Min. Max. 

1 tpo Input or Feedback to Non-Registered Output 15 

2 tEA Input to Output Enable 15 

3 tER Input to Output Disable 15 

4 tco1 Clock to Output 12 

Register Feedback through Array to 
5 tco2 Combinatorial Output, Relative to External 22 

Clock 

6 ts Input or Feedback Setup Time 13 

7 tH Hold Time 0 

8 tp Clock Period (ts + tco1) 25 

9 twH Clock Width - HIGH Level 10 

10 twL Clock Width - LOW Level 10 

11 fMAX Maximum Frequency 40 

12 tAw Asynchronous- RESET Width 15 

13 tAR Asynchronous - RESET Recovery Time 15 

14 tAP Asynchronous - RESET to Registered Output 20 

Switching Characteristics Over Military and Extended-Commercial Operating Ranges 
(for APL Products, Group A, Subgroups 7, 8, 9, 10, 11 are tested unless otherwise noted) (Note 2) 

22V10-20 
Parameter Parameter 

No. Symbol Description Min. Max. Min. Max. 

1 tpo Input or Feedback to Non-Registered Output 20 

2 lEA Input to Output Enable 20 

3 tER Input to Output Disable 20 

4 tc01 Clock to Output 15 

Register Feedback through Array to 
5 1co2 Combinatorial Output, Relative to External 30 

Clock 

6 ts Input or Feedback Setup Time 17 

7 tH Hold Time 0 

8 tp Clock Period (ts + tco1) 32 

9 twH Clock Width - HIGH Level 15 

10 twL Clock Width - LOW Level 15 

11 fMAX Maximum Frequency 31 

12 tAw Asynchronous - RESET Width 20 

13 tAR Asynchronous - RESET Recovery Time 20 

14 tAP Asynchronous - RESET to Registered Output 25 

Notes: 1. Commercial Test Conditions: Rt= 300, R2 = 390. 
2. Military/Extended-Commercial Test Conditions: Rt = 390, R2 = 750. 
3. tpo is tested with switch S1 closed and CL = 50 pF. 

Min. Max. Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Min. Max. Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

4. For three-state outputs, output enable times are tested with CL= 50 pF to the 1.5 V level; S1 is open for high-impedance to HIGH tests 
and closed for high-impedance to LOW tests. Output disable times are tested with CL= 5 pF. HIGH to high-impedance tests are made 
to an output voltage of VoH - 0.5 V with S1 open; LOW to high-impedance tests are made to the Vol+ 0.5 V level with S1 closed. 
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Switching Test Circuit 

Switching Waveforms 

KEY TO SWITCHING WAVEFORMS 

WAVEFORM INf'UTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

-- MAY CHANGE 
WILL BE 

FROM H TO L 
CHANGING 
FROM H TO L 

JJJJI1 MAY CHANGE 
Will BE 
CHANGING FROM L TOH FROML TOH 

~ 
DON'T CARE, CHANGING. 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

FJ-fil 
CENTER 

DOES NOT LINE !S HIGH 
APPLY IMPEDANCE 

"OFF" STATE 

KS000010 
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Switching Waveforms (Continued) 

INPUTSl/O, 
REGISTERED 

FEEDBACK 
SYNCHRONOUS 

PRESET 

CLOCK 

ASYNCHRONOUS 
RESET 

REGISTERED 
OUTPUTS: 

COMBINATORIAL 
OUTPUTS: 

AmPAL22V10·15 

~---1--1=-~-,--~~~l~~~~~~~~-!-LLLLI. 

Fio::!.~KERV~ ~~~-'--'!fl#!J/Jl..C"l'TmT~r~~~~~~~~~~~~~~~~~~~~~~~-;,..,....+r~T~~H,H-~+~+~~~~~~
ARRAY TO 

COMBINATORIAL 
OUTPUT PIN 

Input/Output Circuit Diagram 

PROGRAM/VERIFY 
CIRCUITRY 

IC000893 

Input Circuitry 

FROM 
OUTPUT 

LOGIC 
MACROCELL 

Vee 

OUTPUT~ 
DISABLE _ 1 

INPUT ON 
l/OPINS 

WF022287 

OUTPUT 

PROGAMMING 
CURRENT PATH 

PRELOAD 
CIRCUITRY 

IC000900 

Output Circuitry 
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PRELOAD of Registered Outputs 

The AmPAL22V1 o registered outputs are provided with circuit
ry to allow loading each register synchronously with either a 

PINS ... Vu 

PIN 1 Y1LP 

v"" 
REG tsTEAED 

OUTPUT VOL 

1---•o 

v 
_} 

PRELOAD 
ENABLED 
OUTPUTS 
DISABLED 

OUTPUT 
FORCED 
TOV1HP 
ORVILP 

•o 

V1HP 

Y1LP 

v 
_) 

PRELOAD 
DATA 

CLOCKED 
IN 

•o 

VHH 

HIGH or LOW. This feature will simplify testing since any state 
can be loaded into the registers to control test sequencing. 

The pin levels and timing necessary to perform the PRELOAD 
function are detailed below. 

to ..,_ 
x VILP 

.... 
\ 

OUTPUT 
FORCING 
VOLTAGE 
REMOVED 

PRE LOAD 
mSABLED 

V1LP 

VDH 

VOL 

WF022293 

Par. Min. Max. Level forced Register Q 
VHH 10 12 on registered output state 

output pin during after cycle 
VILP 0 0.5 PRELOAD cycle 

VIHP 2.4 5.5 V1HP 

V1LP 

Power-Up RESET 

The registered devices in the AMD PAL Family have been 
designed with the capability to reset during system power-up. 
Following power-up, all registers will be reset to LOW. The 
output state will depend on the polarity of the output buffer. 
This feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. Due to 

HIGH 

LOW 

the asynchronous operation of the power-up reset, and the 
wide range of ways Vee can rise to its steady state, two 
conditions are required to ensure a valid power-up reset. 
These conditions are: 

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. 

,~~-------------------------Yee 

POWER _________ •_.Vf ~f--------'PR--------1 
REGISTERED ACTIVE 

LOW OUTPUT 

CLOCK 

'= •w 

Parameter Parameter 
Symbol Description Min. Typ_ Max. Unit 

tpR 
Power-Up 600 1000 ns 
Reset Time 

ts 
Input or Feedback 
Setup Time See Switching Characteristics 

tw Clock Width 
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AmPAL22V10 
24-Pin IMOX'" Programmable Array Logic (PAL) 

· Distinctive Characteristics 

• Second-generation PAL device architecture 

• Increased logic po\ver - up to 22 inputs and 10 outputs 
• Increased product terms - average 12 per output 
• Variable product term distribution improves ease of use 
• Each output user programmable for registered or combi

natorial operation 
• Individually user programmable output polarity 
• Extra terms provide logical synchronous PRESET and 

asynchronous RESET capability 

General Description 
The AmPAL22V10 is a second-generation Programmable 
Array Logic (PAL) device. It utilizes the familiar sum-of
products (AND-OR) logic structure, allowing users to pro
gram custom logic functions. The AmPAL22V10 is an 
extension of the PAL device concept. The AmPAL22V10 
permits the development of custom LSI functions of 500 to 
800 equivalent gate complexity. 

The AmPAL22V10 contains up to 22 inputs and 10 out
puts. It incorporates the capability of defining and program
ming the architecture of each output on an individual basis. 
Each output is user programmable for either registered or 
combinatorial operation. This allows the designer to 
optimize the device design, by having only as many regis
ters as needed. In addition each output has user
programmable output polarity, further simplifying design 
and contributing to the precise application requirements. 

Block Diagram 

• Comes in standard and high-speed versions - 18 ns 
typical propagation delay 

• PRELOAD for improved testability 
• Packaged in 24-pin Slim DIP and 28-pin chip carrier 

packages 
• Platinum-Silicide fuses ensure high programming 

yield, fast programming and high reliability 
• AC and DC testing done at the factory utilizing 

special designed-in test features 

Increased logic power has been built into the AmPAL22V10 
by increasing the number of product terms from 8-per
output to an average of 12-per-output. Further innovation 
can be seen in the introduction of variable product term 
distribution. This technique allocates from 8 to 16 logical 
product terms to each output (please refer to block diagram 
for distribution details). This variable allocation of terms 
allows far more complex functions to be implemented than 
in previous devices . 

System operation has been enhanced by the addition of a 
synchronous-PRESET and an asynchronous-RESET prod
uct term. These terms are common to all output registers. 

The AmPAL22V10 also incorporates power-up RESET 
and the capability to PRELOAD the output registers to any 
desired state during testing. PRELOAD is essential to per
mit full logical verification during test. 

PROGRAMMABLE 
AND ARRAY 

(132x44i 

0/0 0/0 0/0 0/0 vo 0/0 0/0 
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AmPAL22V10 

Connection Diagram 

Top View 
CK/I 

11 8 g g > LCC* 

110 

110 

110 

NC 

110 

110 

110 

11 - g g 

CD010000 
GND 

•Also available in PLCC. Pinouts identical to LCC. 
"Also available in Flatpack. Pinouts identical to DIPs. 

Ordering Information 

Standard Products 

Vee 

1/0 DIPs** 
1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

l/O 

1/0 

CD010010 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: A. Device Number 

AMPAL22V10 

B. Speed Option (if applicable) 
C. Package Type 
D. Temperature Range 
E. Optional Processing 

.Q_ -

E. OPTIONAL PROCESSING 
Blank = Standard processing 

B = Burn·in 

D. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 
E = Extended Commercial (- 55 to + 125°C) 

~------------ C. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD3024) 
D = 24-Pin Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip Carrier (Pl 028) 
L = 28-Pin Ceramic Leadless Chip Carrier (Cl 0281 

~----------------8. SPEED OPTION 
Blank= 35 ns 

A= 25 ns 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL22V10 
24-Pin IMOX Programmable Array Logic 

Valid Combinations 

Valid Combinations 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to. check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 

t---A_M_P_A_L2_2_V_1_0 __ _,J PC, DC, DCB, DE, 
AMPAL22V10A j JC, LC, LE 
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AmPAL22V10 

Ordering Information 

APL Products 

AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid 
Combination) is formed by a combination of: 

5-262 

AMPAL22V10 

A. Device Number 
B. Speed Option (if applicable) 
C. Device Class 
D. Package Type 
E. Lead Finish 

~----- E. LEAD FINISH 
A= Hot Solder DIP 

~-------- D. PACKAGE TYPE (per 09-000) 
L = 24-Pin Ceramic DIP (CD3024) 
K = 24-Pin Ceramic Flatpack (CFL024) 
3 = 28-Pin Ceramic Leadless Chip Carrier 

(CL 028) 

~------------C. DEVICE CLASS 
/B =Class B 

~----------------B. SPEED OPTION 
Blank= 40 ns 

A= 30 ns 

A. DEVICE NUMBER/DESCRIPTION 
AmPAL22V10 
24-Pin IMOX Programmable Array Logic 

Valid Combinations 
Valid Combinations Valid Combinations list configurations planned to be 

supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

AMPAL22V10 
AMPAL22V10A /BLA/B3A/BKA 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, and 11. 

DESC Certified PAL Devices 

Generic AMO Part Number DESC Numbers 

AmPAL22V1 OA/BLA 5962-8605301 LX 

22V10 AmPAL22V1 OA/B3A 5962-86053013X 

AmPAL22V1 OA/BKA 5962-8605301 KX 
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AmPAL22V10 

Functional Description 

The AmPAL22V10 is a second-generation Programmable 
Array Logic device. It contains a programmable fuse array 
organized in the familiar sum-of-products (AND-OR) structure. 

The block diagram below shows the basic architecture of the 
AmPAL22V10. There up to 22 inputs and 1 O outputs available. 
The inputs are connected to a programmable-AND array 
which contains 120 logical product terms. Initially the AND 
gates are connected, via fuses, to both the TRUE and 
complement of every input. By selective programming of fuses 
the AND gates may be "connected" to only the TRUE input 
(by blowing the complement fuse), to only the complement 
input (by blowing the TRUE fuse), or to neither type of input 
(by blowing both fuses) establishing a logical "don't care." 
When both the TRUE and complement fuses are left intact, a 
logical FALSE results on the output of the AND gate. An AND 
gate with all fuses blown will assume the logical-TRUE state. 
The outputs of the AND gates are connected to fixed-OR 
gates. There is an average of 12 product terms per OR gate 
(output), and as the block diagram shows, variable product 
term distribution has been implemented. This technique allo
cates different quantities of logical product terms to different 
outputs, allowing more complex logical functions to be per
formed than were previously possible. Up to 16 logical terms 
can be evaluated in one output in a single clock cycle (no 
feedback necessary). 

CK/> 

Output Logic Macrocells {OLMs) 

A dramatic innovation in logic design is the implementation on 
the AmPAL22V1 O of variable output architecture. This allows 
the user to program on an output-by-output basis the function 
of the outputs. As shown in the Output Logic Macrocell (OLM) 
diagram below, each output cell contains two additional fuses 
(So and S1 ). S1 controls whether the output will be registered 
or combinatorial. So controls the output polarity (active HIGH 
or active LOW). Depending on the states of these 2 fuses, an 
individual output will operate in one of four modes (see logic 
diagrams on next page). Registered/ Active LOW; Registered/ 
Active HIGH; Combinatorial/ Active LOW; Combinatorial/ Ac
tive HIGH. (Note that the feedback path also changes with 
output mode.) This innovation gives the designer more flexibili
ty and enables him to optimize the device for precise 
application requirements. It also allows for better device 
utilization - you only prpgram as many registers as are 
needed. 

PRESET/RESET 
To improve in,system functionality, the AmPAL22V10 has 
additional PRESET and RESET product terms. These terms 
are connected to all registered outputs. When the synchro
nous-PRESET 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 product term 
is asserted (HIGH), the output registers will be immediately 
loaded with a LOW (independent of the clock). These func
tions are particularly useful for applications such as system 
power-on and reset. 

PROGRAMMABLE 
AND ARRAY 
(132x44) 

,,. ,,. ,,. ,,. ,,. ,,. ,,. 
Figure 1. Block Diagram 

51 So 
0 0 

0 1 

1 0 

1 1 

0 = Unblown Fuse 
1 = Blown Fuse 

Figure 2. Output Logic Macrocell Diagram 
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Output Configuration 

Registered/ Active LOW 

Registered/ Active HIGH 

Combinatorial/ Active LOW 

Combinatorial/ Active HIGH 
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PRE LOAD 

To simplify testing, the AmPAL22V1 O is designed with 
PRELOAD circuitry that provides an easy method of testing 
registered devices for logical functionality. PRELOAD allows 
any arbitrary state value to be loaded into the output 
registers. 

A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. To verify 
these transitions requires the ability to set the state registers 
into an arbitrary "present state" value and to set the device 
inputs to any arbitrary "present input" value. Once this is 
done, the state machine is then clocked into a new state, or 
"next state." The next state is then checked to validate the 
transition from the present state. In this way any state 
transition can be checked. 

Fabrication 

The AmPAL22V10 is manufactured using Advanced Micro 
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AR 

Q 

So= 0 

S1 =0 

LD000420 

Figure 3·1. Registered/Active LOW 

AR 

. So= 1 

S1=0 

LD000440 

Figure 3·2. Registered/Active HIGH 

Devi.ces' IMOX oxide isolation process. This advanced pro
cess permits an increase in density and a decrease in internal 
capacitance resulting in the fastest possible programmable 
logic devices. 

The AmPAL22V10 is fabricated with AMD's fast programming, 
highly reliable Platinum-Silicide Fuse technology. Utilizing an 
easily implemented programming algorithm, these products 
can be rapidly programmed to any customized pattern. Extra 
test words are preprogrammed during manufacturing to en
sure extremely high field·programming yields ( > 98.5%), and 
provide extra test paths to achieve excellent parametric 
correlation. 

Platinum Silicide was selected as the fuse-link material to 
achieve a well-controlled melt rate resulting in large noncon
ductive gaps that ensure very stable, long-term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers high reliability for fusible link pro
grammable logic. · 

• 
• 
• 

L[l000430 

Figure 3-3. Combinatorial/Active LOW 

So= 1 

s, = 1 

LD000450 

Figure 3-4. Combinatorial/Active HIGH 



AmPAL22V10 

INPUT LINES 

-t> . . 
AR 
OE . 

~ . 
. 

2 
OE I . 
" 3 .. 

OE 
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" 4 .. 

OE . 

I " t; 5 g OE 
f . 

l ~ 
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r-- ~ 

I l ~ ...1 r---1> 

•Pinout for DIPs only. Figure 4. AmPAL22V10* Logic Diagram LD000480 
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AmPAL22V10 

Absolute Maximum Ratings 
Storage Temperature ............................ -65 to + 15o•c 
Supply Voltage to Ground ·Potential 

(Pin 24 to Pin 12) Continuous ................ -0.5 to +7 V 
DC Voltage Applied to Outputs 

(Except During Programming) ....... -0.5 V to +Vee Max. 
DC Voltage Applied to Outputs · 

During Programming ........................................ 16 V 
Output Current into Outputs During Programming 

(Max. Duration of 1 sec) .............................. 200 mA 
DC Input Voltage ............................ , .... -0.5 to + 5.5 V 
DC Input Current .................................. -30 to + 5 mA 
Ambient Temperature with Power Applied ........... +125°C 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended .periods may affect device 
reliability. 

Operating Ranges 
Commercial (C) Devices 

Temperature (T Al Operating Free Air ..... 0°C to + 75°C 
Supply Voltage (Vee) .................... +4.75 to +5.25 V 

Extended Commercial (E) Devices 
Temperature (TA) ................................... -55°C Min. 
Temperature (T cl ................................ + 125°C Max. 
Supply Voltage (Vccl .................... +4.50 to +5.50 V 

Military (M) Devices• 
Temperature (TA), .................................. -55°C Min. 
Temperature (Tc) Operating Case .......... + 125°C Max. 
Supply Voltage (Vee) .................... +4.50 to +5.50 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

•Military Product 100% tested at Tc= +25°C, + 125•c, 
and -55°C. 

DC Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3 tests 
unless otherwise noted 

Parameter Parameter Typ. 
Symbol Description Test Conditions Min. (Note 1) Max. Units 

loH •-3.2 mA C Devices 
VOH Output HIGH Voltage Vee• Min., 

E/M 2.4 3.5 Volts V1N = V1H or V1L loH•-2 mA Devices 

loL=16 mA C Devices 
VoL Output LOW Voltage Vee• Min., 

E/M 0.50 Volts VtN • VtH or VtL loL=12 mA Devices 

VtH Input HIGH Level Guilranteed Input Logical HIGH Voltage for all Inputs 2.0 Volts (Note 2) 

VtL Input LOW Level Guaranteed Input Logical LOW Voltage for all Inputs 0.8 Volts (Note 2) 

ltL Input LOW Current Vee - Max., V1N - 0.40 v -20 -100 µA 

l1H Input HIGH Current Vee - Max., V1N - 2.7 v 25 µA 

11 Input HIGH CU11"ent Vee - Max., V1N - 5.5 v 1.0 mA 

lse Output Short-Circuit Current Vee • Max., VouT • 0.5 v (Nota 3) -30 -50 -90 mA 

Ice Power Supply Current Vee• Max. 150 180 mA 

V1 Input Clamp Voltage Vcc•Min., ltN•-18 mA -0.9 -1.2 Volts 

lozH Output Leakage Current Vee-Max., V1N • V1LorVIH 
Vo•2.7 V 100 

lozL (Note 4) Vo=0.4 V -100 
µA 

L Pins 1, 13 11 
CtN t Input C&pacltance VtN • 2.0 V, @ f • 1 MHz (Note 5) 1 Others 6 

CoUT t Output Capacitance VouT- 2.0 v @I - 1 MHz (Note 5) ' 9 pF 

Notas: 1. Typical limits are at Vee• 5.0 v and TA • 25'C. 
2. These are absoluta values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 

VouT • 0.5 V has been chosen to avoid test problems caused by taster ground degradation. 
4. 110 pin leakage is the worst case of lozx or l1x (where X • H or L). 
5. Plnout for DIPs only. 

t Not included In Group A tests. 
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AmPAL22V10 

Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 7, 
8, 9, 10, 11 tests unless otherwise noted 

c Devices E/M Devices 

"A" "Std" "A" "Std" 
Parameter Parameter Test Typ. 

Symbol Description Conditions (Note 1) Min. Max. Min. Max. Min. Max. Min. Max. 

tpo 
Input or Feedback to 18 25 35 30 40 Non-Registered Output 

tEA Input to Output Enable 
C Devices 18 25 35 30 40 -

trn Input to Output Disable Rt - 300 18 25 35 30 40 

tco Clock to Output R2 - 390 10 15 25 20 25 

ts 
Input or Feedback Setup 

13 20 30 25 35 Time 

tH Hold Time -10 0 0 0 0 

tp Clock Period (ts + tco) 35 55 45 60 

tw Clock Width 15 25 20 30 

IMAX Maximum Frequency 28.5 18 22 16.5 

tAw Asynchronous Reset Width E/M Devices 
25 35 30 40 

Rt - 390 

tAR 
Asynchronous Reset R2 - 750 25 35 30 40 
Recovery Time 

tAP 
Asynchronous Reset to 

30 40 35 45 Registered Output Reset 

Notes: 1. Typical limits are at Vee - 5.0 V and TA - 25'C. 
2. tpo is tested with switch S1 closed and CL= 50 pF. 
3. For three-state outputs, output enable times are tested with CL= 50 pF to the 1.5 V level; S1 is open for high-impedance to 

HIGH tests and closed for high-impedance to LOW tests. Output disable times are tested with CL - 5 pF. HIGH to high
impedance tests are made to an output voltage of VoH - 0.5 V with St open; LOW to high-impedance tests are made to the 
VOL+ 0.5 V level with St closed. 

Switching Test Circuit Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

-u_ MAY CHANGE 
WILL BE 
CHANGING FROM H TOL 
FROM H TO L 

JJJJff MAY CHANGE WILL BE 
CHANGING 

FROM L TOH 
FROM L TOH 

OUTPUT 0-----+-----. 

Cc I 
TC001190 

~ 
DON'T CARE; CHANGING 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

m-m CENTfR 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 

KS000010 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 
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CP 

ASYNCHRONOUS 
RESET 

REGISTERED 
OUTPUTS: 

INPUT 

PROGRAM/VERIFY 
CIRCUITRY 

ICOOOB92 

AmPAL22V10 

Switching Waveforms 

Input/Output Current Diagram 

FROM 
OUTPUT 

LOGIC 
MACROCELL 

OUTPUT 
DtSABLE 

INPUT ON 
1/0PINS 

OUTPUT 

PROGAMM!NG 
CURRENT PATH 

PRELOAD 
CIRCUITRY 

WF022280 

IC000900 

Input Circuitry Output Circuitry 
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AmPAL22V10 

PRELOAD of Registered Outputs 

The AmPAL22V10 registered outputs are provided with circuit· 
ry to allow loading each register synchronously with either a 

1--- '• '• 
PINS 2,3 V11.P _l 

'• 
VHH 

HIGH or LOW. This feature will simplify testing since any state 
can be loaded into the registers to control test sequencing. 

The pin levels and timing necessary to perform the PRELOAD 
function are detailed below. Parameters are listed in the 
Programming Parameters table (page 12) . 

'• .. ___, 
l V1LP 

V1HP 

PIN 1 

REG I STE RED 
OUTPUT 

V1LP 

VOH 

Vol 

PRELOAD 
ENABLED 
OUTPUTS 
CMSABLED 

OUTPllT 
FORCED 
TOV1HP 
OAV1LP 

VtHP 

VILP 

_l 

PAELOAO 
DATA 

CLOCKED 
IN 

k 

OUTPUT 
FORCING 
VOLTAGE 
REMOVED 

PRELOAD 
DISABLED 

Vn.P 

VoH 

Vol 

WF022293 

Par. Min. Max. Level forced 
Register Q 

VHH 10 12 
on registered output state output pin during after cycle 

VILP 0 0.5 PRELOAD cycle 

VIHP 2.4 5.5 
V1HP 

V1LP 

Power-up RESET 

The registered devices in the AMO PAL Family have been 
designed with the capability to reset during system power-up. 
Following power-up, all registers will be reset to LOW. The 
output state will depend on the polarity of the output buffer. 
This feature provides extra flexibility to the designer and is 
especially valuable in simplifying state machine initialization. A 
timing diagram and parameter table are shown below. Due to 

POWER 

REOtSTEREO ACTIVE 
LOW OUTPUT 

CLOCK 

Parameter 
Symbol 

lpR 

ts 

tw 

4V 

Parameter 
Description 

Power-Up 
Reset Time 

Input or Feedback 
Setup Time 

Clock Width 

HIGH 

LOW 

the asynchronous operation of the power-up reset and the 
wide range of ways Vee can rise to its steady state, two 
conditions are required to insure a valid power-up reset. These 
conditions are: 

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. 

WF022301 

Min. Typ. Max. Units 

600 1000 ns 

See Switching Characteristics 
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AmPAL22V10 

Security Fuse Programming 

A single fuse is provided on each AmPAL22V10 part to 
prevent unauthorized copying of PAL fuse patterns. Once 
blown, the circuitry enabling fuse verification and registered 
output PRELOAD is permanently disabled. 

Programming of the security fuse is the same as an array 
fuse. Verification of a blown security fuse is accomplished by 
verifying the whole fuse array as if every fuse is blown. 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 
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24-Pin XOR AmPAL20XRP10 Family 
24-Pin IMOX'" Programmable Array Logic (PAL) Elements 

Distinctive Characteristics 

• AND-OR-XOR logic structure 
• AMD's superior IMOX technology 

- Guarantees tpo = 20 ns max 
• Individually programmable output polarity on each out

put 
• Eight logical product terms per output 
• Programming yields > 98% are realized via platinum

silicide fuse technology and the use of added test words 

General Description 

AMD 24-pin XOR PAL devices are high-speed, electrically 
programmable array logic elements. They utilize the familiar 
sum-of-products (AND-OR-XOR) structure allowing users 
to program custom logic functions to fit most applications 
precisely. Typically they are a replacement for low-power 
Schottky SSl/MSI logic circuits that require an exclusive
OR function, reducing chip count by more than 5 to 1 and 
greatly simplifying prototyping and board layout. 

Product Selector Guide 
AMO PAL Speed/Power Famllles 

tpo ts 
ns (Max.) ns (Min.) 

• Post Programming Functional Yield (PPFY) of 99.9% 
• PRELOAD feature permits full logical verification 
• Reliability assured through more than 70 billion fuse 

hours of life testing with no failures 
• AC and DC parametric testing at the factory through 

on-board testing circuitry 
• > 3000V ESD protection per pin 
• JEDEC-Standard LCC and PLCC pinout 

Five different devices are available, including both regis
tered and combinatorial devices. All devices have user
programmable output polarity on all outputs. A variety of 
speed options allow the designer maximum flexibility in 
matching precise system requirements. The Product Selec
tor Guide below shows the available speed options. The 
second table gives details about the functionality of the five 
available devices. 

Please see the following pages for Block Diagrams. 

tco Ice loL 
ns (Max.) mA (Max.) mA (Min.) 

Family C Devices M Devices C Devices M Devices C Devices M Devices C/M Devices C Devices M Devices 
Very High-Speed 20 (-20 & ·25) Versions 
High-Speed 30 (-30 & -35) Versions 
High-Speed, 
Half-Power 30 (-30L & ·35L) 
Versions 

Half-Power 
(-40L & -45L) 40 
Versions 

Part Array 
Number Inputs 

22XP10 12 Dedicated, 
1 O Bidirectional 

1 O Dedicated, 
20XRP4 4 Feedback, 

6 Bidirectional 
1 O Dedicated, 

20XRP6 6 Feedback, 
4 Bidirectional 

1 O Dedicated, 
20XRP8 8 Feedback, 

2 Bidirectional 

20XRP10 1 O Dedicated, 
10 Feedback 

25 20 25 13 15 210 

35 30 35 15 25 180 

35 30 35 15 25 105 

45 40 45 30 35 105 

Logic Output Outputs/Polarity Enable 

Ten (2·6)·Wide AND-OR-XOR Programmable Bidirectional/Programmable 

Four (2·6)-Wide AND-OR-XOR Dedicated Registered/Programmable 

Six 8-Wide AND-OR Programmable Bidirectional/Programmable 

Six (2-6)-Wide AND-OR-XOR Dedicated Registered/Programmable 

Four 8-Wide AND-OR Programmable Bidirectional/Programmable 

Eight (2-6)'Wide AND-OR·XOR Dedicated Registered/Programmable 

Two 8·Wide AND·OR Programmable· Bidirectional/Programmable 

Ten (2-6)-Wide AND-OR-XOR Dedicated Registered/Programmable 

~ Nlonolith/a m Wiemar/es ~ 

24 

24 

24 

24 

12 

12 

12 

12 

Package 
Pins 

24 

24 

24 

24 

24 

08655C/O 
JANUARY 1988 
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24·Pin XOR AmPAL20XRP10 Family 
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Block Diagrams 

AmPAL22XP10 

PROGRAMMABLE 
AND ARRAY 

(44 x 90) 

AmPAL20XRP4 

;t1 l/lonollthlo m Memorle• ;t1 

LD0009QO 

LD000940 



24-Pin XOR AmPAL20XRP10 Family 

Block Diagrams (Cont'd.) 

AmPAL20XRP6 

OE 

INPUT/ 
OUTPUT 

!Nf'UTI 
INPUTS OUTPUT 

PROGRAMMABLE· 
AND ARRAY 

(40 x 84) OUTPUT 

OUTPUT 

OUTPUT 

OUTJ>UT 

OUTPUT 

OUTPUT 

INPUT/ 
OUTPUT 

INPUT/ 
OUTPUT 

" LD000920 

AmPAL20XRP8 

OE 

INPUT/ 
OUTPUT 

OUTPUT 
INPUTS 

PROGRAMMABLE· 
AND ARRAY 

(40 x 82) OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

OUTPUT 

INPUT/ 
OUTPUT 

LD000930 
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24-Pin XOR AmPAL20XRP10 Family 

Block Diagrams (Cont'd.) 

AmPAL20XRP10 
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22XP10 20XRP4 20XRP6 

Notes: 1 I eLK eLK 

2 I OE OE 

3 1/0 1/0 1/0 

4 1/0 1/0 1/0 

5 1/0 1/0 0 

6 1/0 0 0 

7 1/0 0 0 

8 1/0 0 0 

9 1/0 0 0 

10 1/0 1/0 0 

11 1/0 1/0 1/0 

12 1/0 1/0 1/0 

•Also available in 24-Pin Ceramic Flatpack. Pinouts identical to DIPs. 
••Also available in 28-Pin Plastic Leaded Chip Carrier. Pinouts identical to LCC. 

Pin Designations 

I= Input 
1/0 = Input/Output 

0 =Output 
Vee= Supply Voltage 

GND= Ground 
CLK= Clock 
OE = Output Enable 
NC = No Connect 

20XRP8 

eLK 

OE 

1/0 

0 

0 

0 

0 

0 

0 

0 

0 

1/0 
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20XRP10 

eLK 

OE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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24-Pin XOR AmPAL20XRP10 Family 

Ordering Information 

Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number . 

B. Sp8ed Option (if applicable) 
c. Package Type 
D. Temperature Range 
E. Optional Processing 

p c 

-'-' -----E. OPTIONAL PROCESSING 
Blank • Standard processing 

B=Bum In 

'---------D~ TEMPERATURE RANGE 
C = Commercial (0 to + 75"C) 
E • Extended Commercial (- 55 to + 125°C) 

'-----------~C. PACKAGE TYPE 
P • 24-Pin Plastic DIP (PD3024) 
0 • 24-Pln Ceramic DIP (CD3024) 
J • 28-Pln Plastic Leaded Chip Carrier 

(PL 028) 
L • 28-Pln Ceramic Leadless Chip Carrier 

(CL P2B) 

i-----------------~B. SPEED/POWER 

A. DEVICE NUMBER/DESCRIPTION 
AMO 24-Pin XOR PAL Family 
24-Pin IMOX Programmable Array Logic 

Valld Combinations 

AMPAL22XP10~20/-30/-30L/-40L 

AMPAL20XRP4-20/-30/-30L/-40L 

AMPAL20XRP6-20/-30/ -30L/ -40L 
PC, DC, 
DCB, DE, 

AMPAL20XRP8-20/-30/-30L/-40L JC, LC, LE 

AMPAL20XRP10-20/-30/-30L/ -40L 

See Product Selector Guide 

Valld Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMO's standard military grade 
products. 

5-276 ~ lllonolHhla m lllemarles ~ 



24-Pin XOR AmPAL20XRP10 Family 

Ordering Information (Cont'd.) 

APL Products 

AMD products for Aereospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid 
Combination) for APL products is formed by a combination of: 

AMPAL22XP10 

A. Device Number 
B. Speed Option (ii applicable) 
C. Device Class 
D. Package Type 
E. Lead Finish 

~----E. LEAD FINISH 
A = Hot Solder DIP 
C =Gold 

~--------D. PACKAGE TYPE 
Ls 24-Pin Ceramic DIP (CD3024) 
3. 28-Pin Ceramic Leadless Chip 

Carrier (CL 028) 
K. 24-Pin Ceramic Flatpack (CFL024) 

~-----------C. DEVICE CLASS 
/8 =Class B 

~--------------~B. SPEED/POWER 

A. DEVICE NUMBER/DESCRIPTION 
AMO 24-Pin XOR PAL Family 
24-Pin IMOX Programmable Array Logic 

See Product Selector Guide 

Valid Combinations Valid Combinations 

AMPAL22XP10-25/ -35/ -35L/-45L 
AMPAL20XAP4-25/-35/-35l/-45l 
AMPAL20XRP6-25/-35/ -35l/ -45L 
AMPAL20XRP8-25/-35/-35L/-45l 
AMPAL20XRP10-25/-35/-35l/-45L 

/BLA, 
/83A, 
/BKA 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, & 11 
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24-Pin XOR AmPAL20XRP10 Family 

Functional Description 

AMO 24-PIN XOR PAL20XRP10 
Family Characteristics 
All members of the AMD 24-Pin XOR PAL Family have 
common electrical characteristics and programming proce
dures. All parts are produced with a fusible link at each input to 
the AND gate array, and connections may be selectively 
removed by applying appropriate voltages to the circuit. 

Initially the AND gates are c<innected, via fuses, to both the 
true and complement of each input. By se.lective programming 
of fuses the AND gates may be "connected" to only the true 
input (by blowing the complement fuse), to only the comple
ment input (by blowing the true fuse), or to neither type of Input 
(by blowing both fuses) establishing a logical "don't care." 
Wtien both the true and complement fuses are left intact a 
logical false results on the output of the AND gate, while all 
fuses blown results in a logical true state. On the 
AmPAL22XP10 device, the AND gates are connected to fixed 
(2-6) OR-XOR structures whose outputs become device 
outputs. The remaining four (registered) device.s function as 
follows: for combinatorial outputs, the AND gates are connect
ed to fixed-OR gates whose outputs become device outputs. 
For registered outputs,. the AND gates are connected to fixed 
(2-6) OR-XOR structures whose outputs become output regis
ter inputs. 

All parts are fabricated with AMD's fast programming, highly 
reliable Platinum-Silicide Fuse tec;:hnology. Utilizing an easily 
implemented programming algorithm, these products can be 

rapidly programmed to any customized pattern. Extra test 
words are pre-programmed during manufacturing to insure 
extremely high field programming yields ( > 98%), and provide 
extra test paths to achieve excellent parametric correlation. 

Power-Up Reset 

The registered devices in the AMO PAL family have been 
designed to reset during system power-up. Following power
up, all registers will be initialized to zero, setting all the outputs 
to a. logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state ma
chine initialization. 

PRE LOAD 

AMO PAL devices are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 
devices for logical functionality. PRELOAD allows any arbitrary 
state value to be loaded into the registered output of an AMD 
PAL device. 

A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. This 
requires the ability to set the state registers into an arbitrary 
"present state" value and to set the device inputs to any 
arbitrary "present input" value. Once this is done, the state 
machine is clocke.d into a new state or "next state." The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 
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24-Pin XOR AmPAL20XRP10 Family 

Inputs (0-43) 
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Figure 1. AmPAL22XP10 Logic Diagram 
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24·Pin XOR AmPAL20XRP10 Family 
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Figure 2. AmPAL20XRP4 Logic Diagram 
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24·Pin XOR AmPAL20XRP10 Family 
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24-Pin XOR AmPAL20XRP10 Family 
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24·Pin XOR AmPAL20XRP10 Family 

PRELOAD of Registered Outptlts 

The AMO 24-pin XOR PAL devices incorporate circuitr}t to 
allow loading each register synchronously to either a HIGH or 

PINS 2 \\u> 

PIN I ,,._, 

Yott 

REGISTERED 
OUTPU1' Voi. 

Par. 

1---to 

v 
.I 

PAELOAD 
ENAlllAD 
OUTPUTS 
DISABLED 

Min. Max. 

OUTPUT 
FORCED 
TOVIHP 
ORVILI' 

... 

v.., 

,,._, 

v 
_J 

PRELOAD 
DATA 

CLOCKED 
IN 

... 
~ 

YtttP 

LOW state. This feature simplifies testing since any initial state 
for the registers can be set to optimize test sequencing. 

The pin levels and timing necessary to perform the PRELOAD 
function are detailed below: · 

' \. 

to 

OUTPU1' 
FORCING 
VOLTAGE 
REMOVED 

to-I 

I 

·~ 

~ 

PRELOAD 
DISABLED 

Y1LP 

,,._, 

YOH 

Voi. 

WF022294 

VHH 10 12 
Level forced on registered output Register Q output state after 

pin during PRELOAD cycle cycle 

VILP 0 0.5 V1HP 

V1HP 2.4 5.5 V1LP 

Powe ... up Reset 
The registered devices in the AMO 24-Pin XOR PAL Family 
have been designed with the capability to reset during system 
powe~-up. Following power-up, all registers will be reset to 
LOW. The output state will be HIGH. This feature provides 
flexibility to the designer and is especially valuable in simplify
ing state-machine initialization. A timing diagram and parame
ter table are shown below. Due to the asynchronous operation 

HIGH 

LOW 

of the power-up RESET and the wide range of ways Vee can 
rise to its steady state, two conditions are required to ensure a 
valid power-up RESET. These conditions are: 

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. 

,~~__,__,__,__,__,__, _ __, ____ __,__,__,__, _ __,__,__,__,__,__,__,~vcc 

POWER -------.----.4-VI ~i-.-------'PR--------<""i 

- i OUTPUT--21-ls 
CLOCK 

tw 

WF022300 

Parameters Description Min. Typ. Max. Unite 

IPR 
Power-Up 600 1000 ns 

Reset Time 

ts 
Input or Feedback 

See Switching 
Setup Time 

Characteristics 

tw Clock Width 
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24·Pin XOR AmPAL20XRP10 Family 

Absolute Maximum Ratings Operating Ranges 
Commercial (C) Devices 

Storage Temperature ............................ -65 to + 150°C 
Supply Voltage to Ground Potential 

Temperature (TA) .................................. o to + 75°C . 

(Pin 24 to Pin 12) Continuous ............. -0.5 to + 7.0 V 
Supply Voltage (Vee) .................... +4.75 to +5.25 V 

Extended Commercial (E) Devices DC Voltage Applied to Outputs 
(Except During Programming) ....... -0.5 V to +Vee Max. Temperature <TA) ..•.•.........••.•....•......•...•. -55°C Min. 

DC Voltage Applied to Outputs Temperature (Tc) ................................ +125°C Max. 

During Programming ........................................ 16 V Supply Voltage (Vee) .................... +4.50 to +5.50 V 
Output Current Into Outputs During Military (M) Devices• 

Programming (Max Duration of 1 sec) ............. 200 mA 
, DC Input Voltage ................................. -0.5 to + 5.5 V 

Temperature (TA) ................................... -55°C Min. 

DC Input Current .................................. -30 to +5 mA 
Temperature (T cl ................................ + 125°C Max. 
Supply Voltage (Vee) .................... +4.50 to +5.50 V 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is rrot implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits between .which the 
functionality of the device is guaranteed. 

*Military product 100% tested at Tc= +25°C, + 125°C, 
and -55°C. 

DC Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3 tests 
unless otherwise noted 

Parameter Parameter Typ. 
Symbol Description Test Conditions Min. (Note 1) Max. Units 

Vcc•Min., IQH =-3.2 mA COM'L 
YOH Output HIGH Voltage 2.4 3.5 v 

V1N • V1H or V1L loH•-2 mA MIL 

YQL Output LOW Voltage Vcc=Min., loL •24 mA COM'L 
0.5 v 

V1N = V1H or V1L loL=12 mA MIL 

V1H Input HIGH Level Guaranteed Input Logical HIGH 2.0 5.5 v (Note 2) Voltage for All Inputs 

V1L Input LOW Level Guaranteed Input Logical LOW 0.8 v (Note 2) Voltage for All Inputs 

llL Input LOW Current Vee - Max., V1N • OAO v -20 -100 µA 

l1H Input HIGH Current Vee - Max., V1N - 2.7 v 25 µA 

11 Input HIGH Current Vee = Max., V1N - 5.5 v 1.0 mA 

lsc Output Short-Circuit Current Vee = Max., VoUT = 0.5 v (Note 3) -30 -60 -90 mA 

COM'L MIL. 

-20 -25 210 
Ice Power Supply Current Vee= Max. -30, -35, 180 mA 

-30L, -40L -35L, -45L 105 

V1 Input Clamp Voltage Vcc=Min., l1N•-18 mA -0.9 -1.2 v 
lozH Output Leakage Current Vee • Max •• YIN • YIH Vo•2.7 V 100 

lozL (Note 4) orV1L Vo•0.4 V -100 
µA 

Notes: 1. Typical limits are at Vee = 5.0 v and TA = 25°C. 
2. Theae are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than On'!! output should be tested at a time. Duration of the short circuit should not be more than one second. 

Vour • 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
4. 110 pin leakage is the worst caae of lozx or l1x (where X = H or L). 

Capacitance* 

Parameter Parameter 
Symbol Description Test Conditions Typ. Units 

V1N = 2.0 V l Pins 1, 13 11 
C1N Input Capacitance @f=1 MHz Others 6 pF 

Gour Output Capacitance Vour = 2.0 v @ f = 1 MHz 9 

*Theae parameters are not 100% tested, but are evaluated at inltial characterization and at any time the design is modified where capacitance 
may be affected. 
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24-Pin XOR AmPAL20XRP10 Family 

Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 9, 
10, 11 tests unless otherwise noted 

Commercial Range 

-30 & -30L -40L 
-20 Version Version Version 

Parameter Parameter Typ. Typ. Typ. 
No. Symbol Description Min. (Note 1) Max. Min. (Note 1) Max. Min. (Note 1) Max. Units 

Input or Feedback to Non-Registered 
1 tpo Output 22XP10, 20XRP4, 20XRP6, 20 30 40 ns 

20XRP8 

2 IEA 
Input to Output Enable 22XP10, 20XRP4, 20 30 40 ns 20XRP6, 20XRP8 

3 IER 
Input to Output Disable 22XP10, 20XRP4, 20 30 40 ns 20XRP6, 20XRP8 

4 tpzx 
Pin 13 to Output Enable 20XRP4, 15 20 35 ns 20XRP6, 20XRP8, 20XRP10 

5 tpxz 
Pin 13 to Output Disable 20XRP4, 15 20 35 ns 20XRP6, 20XRP8, 20XRP10 

6 tco 
Clock to Output 20XRP4, 20XRP6, 13 15 30 ns 20XRP8, 20XRP10 

7 ts 
Input or Feedback Setup Time 20XRP4, 20 30 40 ns 20XRP6, 20XRP8, 20XRP10 

8 IH 
Hold Time 20XRP4, 20XRP6, 20XRP8, 0 0 0 ns 20XRP10 

9 Ip Clock Period (ts + tco) 33 45 70 ns 

10 tw Clock Width 10 15 25 ns 

11 IMAX. Maximum .Frequency 30.3 22.2 14.3 MHz 

Notes: 1. Typical limits are at Vee = 5.o v and TA = 25°C. 
2. lpo is tested with switch 81 closed and CL = 50 pF. 
3. For three-state outputs, output enable times are tested with CL = 50 pF to the 1.5 V level; 81 is open for high impedance to HIGH 

tests and closed for high impedance to LOW tests. Output disable limes are tested with CL = 5 pF. HIGH to high impedance tests 
are made to an output voltage of VoH - 0.5 V with S1 open; LOW to high impedance tests are made to the VoL + 0.5 V level 
with 81 closed. · 

Military Range 

-35 II. -35L -45l 
-25 Version Version Version 

Parameter Parameter Typ. Typ. Typ. 
No. Symbol Description Min. (Note 1) Max. Min. (Note 1) Max. Min. (Note 1) Max. Units 

Input or Feedback to Non-Registered 
1 tpo Output 22XP10, 20XRP4, 20XRP6, 25 35 45 ns 

20XRP8 

2 tEA 
Input to Output Enable 22XP10, 20XRP4, 25 35 45 ns 20XRP6, 20XRP8 

3 tER 
Input to Output Disable 22XP10, 20XRP4, 25 35 45 ns 20XRP6, 20XRP8 

4 tpzx 
Pin 13 to Output Enable 20XRP4, 20 25 40 ns 20XRP6, 20XRP8, 20XRP10 ---I---

5 tpxz 
Pin 13 to Output Disable 20XRP4, 20 25 40 ns 20XRP6, 20XRP8, 20XRP1 O 

t----
6 tco 

Clock to Output 20XRP4, 20XRP6, 15 25 35 ns 20XRP8, 20XRP10 

7 ts 
Input or Feedback Setup Time 20XRP4, 25 35 45 ns 20XRP6, 20XRP8, 20XRP10 

8 IH 
Hold Time 20XRP4, 20XRP6, 20XRP8, 0 0 0 ns 20XRP10 

9 Ip Clock Period (ts + tco) 40 60 80 ns 

10 tw Clock Width 12 20 30 ns 

11 IMAX. Maximum Frequency 25 16.7 12.5 MHz 

Notes: 1. Typical limits are at Vee= 5.0 V and TA= 25°C. 

5-286 

2. tpo is tested with switch 81 closed and CL= 50 pF. 
3. For three-state outputs, output enable times are tested with CL = 50 pF to the 1.5 V level; S1 is open for high impedance to 

HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with CL= 5 pF. HIGH to high 
impedance tests are made to an output voltage of VoH - 0.5 V with S1 open; LOW to high impedance tests are made to the 
VoL + 0.5 V level with s1 closed. 
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24·Pin XOR AmPAL20XRP10 Family 

Switching Test Circuit 

Vee 

24 

• 
• 

INPUTS • OUT 

• 
• 

12 

L_> __ ...., 

• 
• 
• 
• 
• 

':'" 
OUTPUTS 

Note: C1 and C2 are to bypass Vee to ground. 

TEST OUTPUT LOADS 

Pin Name Commercial Mllltary 

R1 200 n 390 n 
R2 300 n 150 n 
C1 1 µF 1 µF 

C2 0.1 µF 0.1 µF 

CL 50 pF 50 pF 
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RIGISTEAID 
OUTPUTS' 

24·Pin XOR AmPAL20XRP10 Family 

Switching Waveforms 

Key to Timing Diagram Input Circuitry 

WAVEFORM INPUTS 

MUST BE 
STEADY 

~ MAY CHANGE 
FROMH TOL 

JJJiff MAY CHANGE 
FROML TOH 

'li/lN{ ~~·~~t~~ 
....tJf:Nff:.. PERMITTED 

]1--{[ DOES NOT 
APPLY 
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OUTPUTS 

WILL BE 
STEADY 

WILL BE 
CHANGING 
FROM H TO L 

WILL BE 
CHANGING 
FROM L TOH 

CHANGING; 
.iliAiC 
UNKNOWN 

CENTER 
LINE IS HIGH 
IMPEDANCE 
"OFF" STATE 

KS000010 

Output Circuitry 

•• 

"""' .. _ 
AMP 
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24·Pin XOR AmPAL20XRP10 Family 

Security Fuse Programming 

A single fuse is provided on each device to prevent unautho
rized copying of PAL fuse patterns. Once blown, the circuitry 
enabling fuse verification and registered output PRELOAD is 
permanently disabled. 

Programming of the security fuse is the same as an array fuse. 
Verification of a blown security fuse is accomplished by 
verifying the whole fuse array as if every fuse is blown. 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 
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24-Pin Enhanced AmPAL20RP1 O Family 
24-Pin IMOX'" Programmable Array Logic (PAL) Elements 

Distinctive Characteristics 

• AMD's superior IMOX technology 
- Guarantees tpD = 15 ns max 

• Individually programmable output polarity on each out
put 

• Eight logical product terms per output 
• Programming yields> 98% are realized via platinum

silicide fuse technology and the use of added test words 
• Post Programming Functional Yield (PPFY) of 99.9% 

General Description 

AMO Enhanced 24-pin PAL devices are high-speed, electri
cally programmable array logic elements. They utilize the 
familiar sum-of-products (AND-OR) structure allowing users 
to program custom logic functions to fit most applications 
precisely. Typically they are a replacement for low-power 
Schottky SSl/MSI logic circuits, reducing chip count by 
more than 5 to 1 and greatly simplifying prototyping and 
board layout. Additional product terms, two additional 
outputs, and programmable output polarity are enhance
ments over industry-standard 24-pin PAL devices. 

Product Selector Guide 
AMO PAL Speed/Power Families 

tpo ts 
ns (Max.) ns (Min:) 

• PRELOAD feature permits full. logical verification 
• Reliability assured through more than 70 billion fuse 

hours of life testing with no failures 
• AC and DC parametric testing at the factory through 

on-board testing circuitry 
• > 3000V ESD protection per pin 
• JEDEC-Standard LCC and PLCC pinout 

Five different devices are available, including both regis
tered and combinatorial devices. All devices have user
programmable output polarity on all outputs. A variety of 
speed options allow the designer maximum flexibility in 
matching precise system requirements. The Product Selec
tor Guide below shows the available speed options. The 
second table gives details about the functionality of the five 
available devices. 

Please see the following pages for Block Diagrams. 

tco Ice loL 
ns (Max.) mA (Max.) mA (Min.) 

Family C Devices M Devices C Devices M Devices C Devices M Devices C/M Devices C Devices M Devices 
Very High-Speed 15 ("B") Versions 
High-Speed 25 ("A") Versions 
High-Speed, 
Half-Power 25 
("AL") Versions 
-20 & ·25 Versions 20 (AmPAL20L 10 only) 

Part Array 
Number Inputs 

22P10 12 Dedicated, 
10 Bidirectional 
10 Dedicated, 

20RP4 4 Feedback, 
6 Bidirectional 

1 O Dedicated, 
20RP6 6 Feedback, 

4 Bidirectional 
1 0 Dedicated, 

20RP8 8 Feedback, 
2 Bidirectional 

20RP10 10 Dedicated, 
10 Feedback 

20L10 12 Dedicated, 
8 Bidirectional 

20 15 20 12 15 210 

30 25 30 15 20 210 

30 25 30 15 20 105 

25 NIA NIA NIA NIA 165 

Logic Output Outputs/Polarity Enable 

Ten (8)-Wide AND-OR Programmable Bidirectional/Programmable 

Four (8)-Wide AND-OR Dedicated Registered/Programmable 

Six 8-Wide AND·OR Programmable Bidirectional/Progra!'"mable 

Six (8)-Wide AND-OR Dedicated Registered/Programmable 

Four 8-Wide AND-OR Programmable Bidirectional/Programmable 

Eight (8)-Wide AND-OR Dedicated Registered/Programmable 

Two 8-Wide AND-OR Programmable Bidirectional/Programmable 

Ten (8)-Wide AND-OR Dedicated Registered/Programmable 

Ten (3)-Wide AND-OR Programmable 8 Bidirectional 
2 Dedicated 

~ MonolithiaW Memories ~ 

24 

24 

24 

24 

12 

12 

12 

12 

Package 
Pins 

24 

24 

24 

24 

24 

24 

08191C/O 
JANUARY 1988 

5·291 



5·292 

24-Pin Enhanced AmPAL20RP10 Family 

12 

OE 

Block Diagrams 

AmPAL22P10 

PROGRAMMABLE 
ANO ARRAY 

(44 x 90) 

AmPAL20RP4 

*PAL iS a registered trademark of and is used under license from Monolithic Memories, Inc. 
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24-Pin Enhanced AmPAL20RP10 Family 

I 0 

Block Diagrams (Cont'd.) 

AmPAL20RP6 

AmPAL20RP8 

PRO~~t~~tf;E- ~================:1:f~~==-~ 

INPUT/ 
OUTPUT 

(40 X 82) f---1:)0---£:> OUTPUT 
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24-Pin Enhanced Am.,AL20RP10 Family 

Block Piagrams (Cont'd.) 

AmPAL20RP10 

.PRO~:t~~tfjE· i:=================2J--!'F~ 

OUTPUT 

(40 X 80) 1---{>o--C:> OUTPUT 

AmPAL20L10 

PRO~N'lf~~tfvLE· 1-7~---1 r--J~-'----C!I 
(40 x 40) 
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(NOTE 1) 

GND 

24·Pin Enhanced AmPAL20RP10 Family 

Connection Diagrams 

Top View 
DIPs* LCC** 

Vee 
(NOTE 12) 

(NOTE 11) 

(NOTE 10) 

(NOTE 9) 

(NOTE 8) 
NC 

(NOTE 7) 

(NOTE 6) 

(NOTE 5) 

(NOTE 4) 

(NOTE 3) 
12 13 14 15 16 

(NOTE 2) 

~ 21 01 

I!! CD010250 
~ 

Note: Pin 1 is marked for orientation. 

17 

" I!! 
~ 

22P10 20RP4 20RP6 20RP8 20RP10 

Notes: 1 I CLK CLK CLK 

2 I OE OE OE 

3 1/0 1/0 110 110 

4 1/0 1/0 1/0 0 

5 1/0 1/0 0 0 

6 1/0 0 0 0 

7 1/0 0 0 0 

8 1/0 0 0 0 

9 1/0 0 0 0 

10 1/0 1/0 0 0 

11 1/0 1/0 1/0 0 

12 1/0 1/0 1/0 1/0 

*Also available in 24-Pin Ceramic Flatpack. Pinouts identical to DIPs. 
**Also available in 28-Pin Plastic Leaded Chip Carrier. Pinouts identical to LCC. 

Pin Designations 

I= Input 
1/0 =Input/Output 
0= Output 

Vee= Supply Voltage 
GND =Ground 
CLK =Clock 
OE = Output Enable 
NC = No Connect 

~ MonallthlcWMemarles ~ 
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24-Pin Enhanced AmPAL20RP1 O Family 

Ordering Information 

Standard Products 

AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

B. Speed Option (if applicable) 
C. Package Type ' 
D. Temperature Range 
E. Optional Processing 

AMPAL22P10 

~---- E. OPTIONAL PROCESSING 
Blank = Standard processing 

B =Burn In 

'----------0. TEMPERATURE RANGE 
C = Commercial (0 to + 75°C) 
E • Extended Commercial (-55 to + 125'C) 

'-------------~C. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD3024) 
D = 24-Pin Ceramic DIP (CD3024) 
J = 28-Pin Plastic Leaded Chip Carrier 

(PL 028) 
L = 28-Pin Ceramic Leadless Chip Carrier 

(CL 028) 

'------------------&. SPEED/POWER 
See Product Selector Guide 

A. DEVICE NUMBER/DESCRIPTION 
AMO Enhanced 24-Pin PAL Family 
24-Pin IMOX Programmable Array Logic 

Valid Combinations Valid Combinations 

AMPAL22P1 OB/ Al AL 

AMPAL20RP4B/ Al AL 

AMPAL20RP6B/ Al AL 

AMPAL20RP8B/ Al AL 

AMPAL20RP10B/A/AL 

AMPAL20L 10B/-20/ AL 

5·296 

PC, DC, 
DCB, DE, 
JC, LC, LE 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD' s standard military grade 
products. 
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24-Pin Enhanced AmPAL20RP10 Family 

Ordering Information (Cont'd.) 

APL Products 

AMO products for Aereospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid 
Combination) for APL products is formed by a combination of: 

PA 22P1 B 

A. Device Number 
B. Speed Option (if applicable) 
C. Device Class 
D. Package Type 
E. Lead Finish 

t~----- E. LEAD FINISH 
A = Hot Solder DIP 

~--------D. PACKAGE TYPE 
L • 24-Pln Ceramic DIP (CD3024) 
3 • 28-Pin Ceramic Leadless Chip 

Carrier (CL 028) 
K • 24-Pln Ceramic Flatpack (CFL024) 

~-----------C. DEVICE CLASS 
/B =Class B 

~--------------~B. SPEED/POWER 

A. DEVICE NUMBER/DESCRIPTION 
AMO Enhanced 24-Pin PAL Family 
24-Pin IMOX Programmable Array Logic 

See Product Selector Guide 

Valid Combinations Valid Combinations 
AMPAL22P1 OB/ Al AL 

AMPAL20RP4B/ Al AL 

AMPAL20RP6B/ Al AL 

AMPAL20RP8B/ Al AL 

AMPAL20RP1 OB/ A/ AL 

AMPAL20L 1 OB/-25/ AL 

IBLA, 
IB3A, 
/BKA 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Tests 

Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, & 11 
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24-Pin Enhanced AmPAL20RP10 Family 

Functional Description 

AMO Enhanced 24·Pln PAL Family 
Characteristics 

All members of the AMO Enhanced 24-Pin PAL Family have 
common electrical characteristics and programming proce
dures. All parts are produced with a fusible link at each input to 
the AND gate array, and connections may be selectively 
removed by applying appropriate voltages to the circuit. 

Initially the AND gates are connected, via fuses, to both the 
true and complement of each input. By selective programming 
of fuses the AND gates may be "connected" to only the true 
input (by blowing the complement fuse), to only the comple
ment input (by blowing the true fuse), or to neither type of input 
(by blowing both fuses) establishing a logical "don't care." 
When both the true and complement fuses are left intact a 
logical false results on the output of the AND gate, while all 
fuses blown results in a logical true state. For combinatorial 
outputs, the AND gates are connected to fixed-OR gates 
whose outputs become device outputs. For registered outputs, 
the AND gates are connected to fixed-OR gates whose 
outputs become output register inputs. 

All parts are fabricated with AMD's fast programming, highly 
reliable Platinum-Silicide Fuse technology. Utilizing an easily 
implemented programming algorithm, these products can be 
rapidly programmed to any customized pattern. Extra test 

words are pre-programmed during manufacturing to insure 
extremely high field programming yields ( > 98%), and provide 
extra test paths to achieve excellent parametric correlation. 

Power-Up Reset 

The registered devices in the AMO PAL family have been 
designed to reset during system power-up. Following power
up, all registers will be initialized to zero, setting all the outputs 
to a logic 1. This feature provides extra flexibility to the 
designer and is especially valuable in simplifying state ma
chine initialization. 

PRELOAD 

AMO PAL devices are designed with unique PRELOAD 
circuitry that provides an easy method of testing registered 
devices for logical functionality. PRELOAD allows any arbitrary 
state value to be loaded into the registered output of an AMO 
PAL device. 

A typical functional test sequence would be to verify all 
possible state transitions for the device being tested. This 
requires the ability to set the state registers into an arbitrary 
"present state" value and to set the device inputs to any 
arbitrary "present input" value. Once this is done, the state 
machine is clocked into a new state or "next state." The next 
state is then checked to validate the transition from the 
present state. In this way any state transition can be checked. 

5-298 ~ Monollthla OO!lJ Memories ~ 



24-Pin Enhanced AmPAL20RP10 Family 

Inputs (0-43) 
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Figure 1. AmPAL22P10 Logic Diagram 
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24-Pin Enhanced AmPAL20RP10 Family 

Inputs (0-39) 
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Figure 2. AmPAL20RP4 Logic Diagram 
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24-Pin Enhanced AmPAL20RP10 Family 

Inputs (0-39) 
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Figure 3. AmPAL20RP6 Logic Diagram 
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24-Pin Enhanced AmPAL20XRP10 Family 
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24·Pin Enhanced AmPAL20XRP10 Family 
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24-Pin Enhanced AmPAL20XRP10 Family 
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24-Pin Enhanced AmPAL20RP10 Family 

PRELOAD of Registered Outputs 

The AMD Enhanced 24-pin PAL devices incorporate circuitry 
to allow loading each register synchronously to either a HIGH 

PINS 2 V1LP 

PIN 1 V1LP 

V0tt 

REG 18TERED 
OUTPUT Vol 

Par. 

i---•o 

I 

PRELOAO 
ENABLED 
OUTPUTS 
DISABLED 

Min. Max. 

OUTPUT 
FORCED 
TOVIHP 
ORVILP 

•o 

YtHP 

VoLP 

I 

PAILOAD 
DATA 

CLOCKED 
IN 

•o 

VHH 

YtHP 

or LOW state. This feature simplifies testing since any initial 
state for the registers can be set to optimize test sequencing. 

The pin levels and timing necessary to perform the PRELOAD 
function are detailed below: 

to 

\ 

OUTPUT 
FORCING 
VOLTAGE 
REMOVED 

to-

\I\. 

PAE LOAD 
DISABLED 

VILP 

VoLP 

VoH 

VOL 

WF022294 

VHH 10 12 
Level forced on registered output Register Q output state after 

pin during PRELOAD cycle cycle 

V1LP 0 0.5 V1HP 

VIHP 2.4 5.5 V1LP 

Power-Up Reset 

The registered devices in the AMD Enhanced 24-Pin PAL 
Family have been designed with the capability to reset during 
system power-up. Following power-up, all registers will be 
reset to LOW. The output state will be HIGH. This feature 
provides flexibility to the designer and is especially valuable in 
simplifying state-machine initialization. A timing diagram and 
parameter table are shown below. Due to the asynchronous 

Parameters Description 

IPR 
Power-Up 

Reset Time 

ts 
Input or Feedback 

Setup Time 

tw Clock Width 

HIGH 

LOW 

operation of the power-up RESET and the wide range of ways 
Vee can rise to its steady state, two conditions are required to 
ensure a valid power-up RESET. These conditions are: 

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. 

WF022300 

Min. Typ. Max. Units 

600 1000 ns 

See Switching 
Characteristics 
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24-Pin Enhanced AmPAL20RP1 O Family 

Absolute Maximum Ratings Operating Ranges 
Commercial (C) Devices 

Storage Temperature ............................ -65 to + 150°C 
Supply Voltage to Ground Potential 

Temperature (TA) .................................. O to + 75°C 

(Pin 24 to Pin 12) Continuous ............. -0.5 to + 7.0 V 
Supply Voltage (Vee) .................... +4.75 to +5.25 V 

Extended Commercial (E) Devices DC Voltage Applied to Outputs 
(Except During Programming) ....... -0.5 V to +Vee Max. Temperature (TA) ................................... -55°C Min. 

DC Voltage Applied to Outputs Temperature (Tc) ................................ +125°C Max. 
During Programming ................. : .. .................... 16 V Supply Voltage (Vee) .................... +4.50 to +5.50 V 

Output Current Into Outputs During Military (M) Devices• 
Programming (Max Duration of 1 sec) ............. 200 mA 

DC Input Voltage ................................. -0.5 to + 5.5 V 
Temperature (TA) ................................... -55°C Min. 

DC Input Current .................................. -30 to +5 mA 
Temperature (Tc) ................................ + 125°C Max. 
Supply Voltage (Vee) .................... +4.50 to +5.50 V 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

*Military product 100% tested at Te=+25°C, +125°C, 
and -55°C. 

DC Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3 tests 
unless otherwise noted 

Parameter Parameter Typ. 
Symbol Description Test Conditions Min. (Note 1) Max. Units 

Output HIGH Voltage Vee= Min., loH =-3.2 mA COM'L 
VoH 2.4 3.5 v 

V1N = V1H or V1L loH=-2 mA MIL 

Vee= Min., loL = 24 mA COM'L 
VoL Output LOW Voltage 0.5 v 

V1N = V1H or V1L loL= 12 mA MIL 

V1H Input HIGH Level Guaranteed Input Logical HIGH 2.0 5.5 v (Note 2) Voltage for All Inputs 

V1L Input LOW Level Guaranteed Input Logical LOW 0.8 v (Note 2) Voltage for All Inputs 

l1L Input LOW Current Vee= Max., V1N • 0.40 V -20 -100 µA 

l1H Input HIGH Current Vee= Max., V1N = 2.7 v 25 µA 

11 Input HIGH Current' Vee= Max., V1N = 5.5 v 1.0 mA 

lsc Output Short-Circuit Current Vee= Max., Vour = 0.5 v (Note 3) -30 -60 -90 mA 

COM'L MIL 

B B 210 
20L10 

-20 -25 165 

AL AL 105 
Ice Power Supply Current Vee= Max. B B 210 mA 

22P10, 20RPB, 
20RP4, 20RP10 A A 210 
20RP6, 

AL AL 105 

V1 Input Clamp Voltage Vee= Min., l1N=-18 mA -0.9 -1.2 v 
lozH Output Leakage Current Vee. Max., V1N - V1H Vo=2.7 V 100 

lozL (Note 4) orV1L Vo=0.4 V -100 
µA 

Notes: 1. Typical limits are at Vee= 5.0 V and TA= 25'C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 

Vour = 0.5V has been chosen to avoid test problems caused by tester ground degradation. 
4. 1/0 pin leakage is the worst case of lozx or l1x (where X = H or L). 

Capacitance• 

Parameter Parameter 
Symbol Description Test Conditions Typ. Units 

C1N 
V1N = 2.0 V l Pins 1, 13 11 

Input Capacitance @ f= 1 MHz Others 6 

Gour Output Capacitance Vour = 2.0 v @ f = 1 MHz 9 pF 

'These parameters are not 100% tested, but are evaluated at initial characterization and at any lime the design is modified where capacitance 
may be affected. 
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24-Pin Enhanced AmPAL20RP10 Family 

Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 9, 
10, 11 tests unless otherwise noted 

Commercial Range 

"B" Version "A" & "AL" Versions 

Parameter Parameter Typ. Typ. 
No. Symbol Description Min. (Note 1) Max. Min. (Note 1) Max. Units 

1 tpo 
Input or Feedback to Non-Registered Output 15 25 ns 
22P10, 20RP4, 20RP6, 20RP6 

2 teA 
Input to Output Enable 22P10, 20RP4, 20RP6, 16 25 ns 
20RP6 

3 IER 
Input to Output Disable 22P10, 20RP4, 20RP6, 15 25 ns 
20RP6 

4 tpzx 
Pin 13 to Output Enable 20RP4, 20RP6, 20RP6, 15 20 ns 20RP10 

5 tpxz 
Pin 13 to Output Disable 20RP4, 20RP6, 20RP6, 12 20 ns 
20RP10 

6 teo Clock to Output 20RP4, 20RP6, 20RP6, 20RP10 12 15 ns 

7 ts 
Input or Feedback Setup Time 20RP4, 20RP6, 15 25 ns 
20RP6, 20RP10 

6 tH Hold Time 20RP4, 20RP6, 20RP6, 20RP10 0 0 ns 

9 Ip Clock Period (ts + tco) 27 40 ns 

10 twLltwH Clock Width 10/12 15/15 ns 

11 IMAX. Maximum Frequency 37.0 25.0 MHz 

Notes: 1. Typical limits are at Vee= 5.0 V and TA= 25°C. 
2. IPD is tested with switch S1 closed and CL = 50 pF. 
3. For three-state outputs, output enable times are tested with CL = 50 pF to the 1.5 V level; S1 is open for high impedance to HIGH 

tests and closed for high impedance to LOW tests. Output disable times are tested with CL= 5 pF. HIGH to high impedance tests 
are made to an output voltage of VoH - 0.5 V with S1 open; LOW to high impedance tests are made to the VoL + 0.5 V level 
with S1 closed. 

Military Range 

"B" Version "A" & "AL" Versions 

Parameter Parameter Typ. Typ. 
No. Symbol Description Min. (Note 1) Max. Min. (Note 1) Max. Units 

1 tpo Input or Feedback to Non-Registered Output 20 30 ns 22P10, 20RP4, 20RP6, 20RP6 

2 tEA 
Input to Output Enable 22P10, 20RP4, 20RP6, 25 30 ns 
20RP6 

3 IER 
Input to Output Disable 22P10, 20RP4, 20RP6, 20 30 ns 20RP6 

4 tpzx 
Pin 13 to Output Enable 20RP4, 20RP6, 20RP6, 20 25 ns 20RP10 

5 tpxz 
Pin 13 to Output Disable 20RP4, 20RP6, 20RP6, 20 25 ns 20RP10 

6 teo Clock to Output 20RP4, 20RP6, 20RP6, 20RP10 15 20 ns 

7 ts 
Input or Feedback Setup Time 20RP4, 20RP6, 20 30 ns 20RP6, 20RP10 

6 tH Hold Time 20RP4, 20RP6, 20RP6, 20RP10 0 0 ns 

9 Ip Clock Period (ts + teo) 35 50 ns 

10 twLltwH Clock Width 12/12 20/20 ns 

11 IMAX. Maximum Frequency 26.6 20.0 MHz 

Notes: 1. Typical limits are at Vee= 5.0 V and TA= 25°C. 
2. tpo is tested with switch S1 closed and CL = 50 pF. 
3. For three-state outputs, output enable times are tested with CL = 50 pF to the 1.5 V level; S1 is open for high impedance to 

HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with CL= 5 pF. HIGH to high 
impedance tests are made to an output voltage of VoH - 0.5 V with 81 open; LOW to high impedance tests are made to the 
Vol+ 0.5 V level with S1 closed. 
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24-Pin Enhanced AmPAL20RP1 O Family 

Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 9, 
10, 11 tests unless otherwise noted 

Commercial Range 

- 25 Versions 
B Versions (Note 4) AL Versions 

Parameter Parameter Typ. Typ. Typ. 
No. Symbol Deicrlptlon Min. (Note 1) Max. Min. (Note 1) Max. Min. (Note 1) Max. Units 

1 tpo 
Input or Feedback to Non-Registered 

15 20 25 ns 
Output 20L 1 o 

2 tcA Input to Output Enable 20L 1 o 18 20 25 ns 

3 tER Input to Output Disable 20L 1 o 15 20 25 ns 

Notes: 1. Typical limits are at Vee • 5.0 V and TA • 25'C. 
2. tpo Is tested with switch S1 closed and CL• 50 pF. 
3. For three-state outputs, output enable times are tested with CL • 50 pF to the 1.5 V level; S1 is open for high impedance to HIGH 

tests and closed for high impedance to LOW tests. Output disable times are tested with CL• 5 pF. HIGH to high impedance tests 
are made to an output voltage of VoH - 0.5 V with 51 open; LOW to high impedance tests are made to the VoL + 0.5 V level 
with S1 closed. 

4. AmPAL20L 10 only. 

Military Range 

- 25 Versions 
B Versions (Note 4) AL Versions 

Parameter Parameter Typ. Typ. Typ. 
No. Symbol Description Min. (Note 1) Max. Min. (Note 1) Max. Min. (Note 1) Max. 

1 tpo 
Input or Feedback to Non-Registered 

20 25 30 
Output 20L10 

2 IEA Input to Output Enable 20L 1 o 25 25 30 

3 IER Input to Output Disable 20L 1 O 20 25 30 

Notes: 1. Typical limits are at Vee • 5.0 V and TA • 25'C. 
2. tpo is tested with switch 51 closed and CL= 50 pF. 
3. For three-state outputs, o~tput enable times are tested with CL • 50 pF to the 1.5 V level; 51 is open for high impedance to 

HIGH tests and closed for high impedance to LOW tests. Output disable times are tested with CL= 5 pF. HIGH to high 
impedance tests are made to an output voltage of VoH -0.5 V with 51 open; LOW to high impedance tests are made to the 
VoL + 0.5 V level with S1 closed. 

4. AmPAL20L 10 only. 
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24-Pin Enhanced AmPAL20RP1 O Family 

Switching Test Circuit 

Vee L__> __ ...., 
24 

• 

c, ye, 
• 
• • 

INPUTS • OUT • 

• • 
• • 

12 OUTPUTS ":'" 

Te003051 

Note: C1 and C2 are to bypass Vee to ground. 

TEST OUTPUT LOADS 

Name Commerclal Mllltary 

R1 200 n 390 n 
R2 390 n 150 n 
C1 1 µ.F 1 µ.F 

C2 0.1 µ.F 0.1 µ.F 

CL 50 pF 50 pF 
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24-Pin Enhanced AmPAL20RP10 Family 

Switching Waveforms 

Key to Timing Diagram Input Circuitry 
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24-Pin Enhanced AmPAL20RP1 O Family 

Security Fuse Programming 

A single fuse is provided on each device to prevent unautho
rized copying of PAL device fuse patterns. Once blown, the 
circuitry enabling fuse verification and registered output 
PRELOAD is premanently disabled. 

Programming of the security fuse is the same as an array 
fuse. Verification of a blown security fuse is accomplished by 
verifying the whole fuse array as if every fuse is blown. 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 
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PROSE™ PMS14R21/A 
Programmable Sequencer 

Features/ Benefits 
• User-programmable synchronous state machine 

• 30 MHz maximum internal frequency, 25 MHz external 

• Allows up to 128 states for complex designs 

• 8 inputs and 8 outputs with 13 buried feedback signals 

• PAL® array optimizes input decoding 

• Four-way branching in one cycle 

• User-selectable asynchronous preset or enable saves pins 

• Power-up preset for start-up in known state 

• Diagnostics-On-Chip'" shadow register eases chip and 
board testing by allowing preload and observation of 
output register 

• Supported by PALASM®2 software and other development 
tools 

• Programmable on standard logic programmers 

• Security fuse prevents pattern duplication 

• Space-saving 24-pin SKINNYDIP® and 28-pin PLCC 
packages 

Pin Configurations 
PMS14R21/A 

SKINNYDIP Package 

Package Drawings 
(refer to PAL Device Package Outlines) 

Ordering Information 

PROGRAMM:=JA~~14R21 Ac LNS ~PROCESSING 
MEMORY-BASED STD = Standard 
SEQUENCER XXXX = Other 

NUMBER OF PACKAGE 
ARRAY INPUTS NS = Plastic 

SKINNYDIP 
OUTPUT TYPE JS = Ceramic 

R = Registered SKINNYDIP 
FN = Plastic Leaded 

NUM6ER OF REGISTERS Chip Carrier 

PERFORMANCE-----~ 

None = Standard 
'-----OPERATING 

CONDITIONS 
A =Enhanced 

NC 

PMS14R21/A 
10 DCLK CLK NC VCCMODE 00 

17 SDI GND NC P/E SDO 07 

Plastic Leaded Chip Carrier 

Description 

C = 0°C lo 75°C 

01 

02 

03 

NC 

04 

05 

06 

The PMS14R21 combines the basic elements of a sequencer
the conditional input logic and state memory - into one pro
grammable device. A 14H2 PAL array provides programmable 
input condition decoding while a 128-word by 21-bit PROM 
array stores the state information and outputs. The combina
tion of both PAL and PROM arrays on a single chip provides very 
high performance. 

10334A 
JANUARY 1988 
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Logic Diagram 
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The device has a balanced architecture, with eight inputs for 
sequencer control and eight outputs for system control. Thir
teen internal signals feed back from the state registers to control 
next state selection. The next state is selected by the five primary 
address signals and the two branch address signals, allowing up to 
four-way branching in one cycle. 

Two branch control signals are generated by the PAL array as a 
function of the eight device inputs and six feedback signals. The 
feedback signals allow programmable condition select decod
ing on the inputs. The programmable decoding provides effi
ciency and speed even in complex designs. Exclusive-OR (XOR) 
gates on the PAL outputs, controlled by two additional feedback 
lines, help save device resources by allowing merging of states. 

A 21-bit output register is paralleled by a 21-bit shadow register. 
The shadow register is a parallel/serial register that implements 
Diagnostics-On-Chip. In normal mode, the shadow register 
does not affect the operation of the state machine. In diagnostic 
mode, the shadow register allows control and observation of 
the output register. 

The user can select either asynchronous preset or asyn
chronous output enable, whichever is required for the ap
plication. Preset is automatically performed on power up. A 
security fuse, once programmed, prevents a competitor from 
reading the PAL array pattern. 

Block Diagram 

13 PAL 

14-
ARRAY 
(14H2) 

15 PROM 
16- ARRAY 

17 
(128 x 21) 

CSO·CS5 

6 

Definition of signals 
Pin Signals: 
10-17 Inputs to PAL array 
Q0-07 Registered outputs from PROM 
PIE 

CLK 
DCLK 
MODE 
SDI 
SDO 

Programmable asynchronous function pin: default 
is active low Preset (output register goes high), 
programmed is active low output enable 
Output register clock 
Diagnostic register clock 
Diagnostic mode selection 
Serial Data Input to diagnostic register 
Serial Data Output from diagnostic register 

Internal Signals: 
CSO-CSS Condition Select feedback from output register to 

PAL array 
XO-X1 PAL array outputs; inputs to XOR gates 
XFO-XF1 XOR gate control feedback from output register 
A5-A6 XOR gate outputs providing two highest order 

address bits to PROM array 

AO-A4 Feedback from output register providing five low
est order address bits to PROM array 

00-020 Output register contents 
SO-S20 Shadow diagnostic register contents 

DCLK SDI CLK 

00 

01 

DOC 
02 

03 

04 

21 21 05 

06 

07 

MODE SOD PIE 
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Architecture Description 
Detailed knowledge of the PMS14R21 architecture is not neces
sary for use of the device; a design is entered into a software 
development system which automatically optimizes the design 
and creates a programming file. The user only needs to create a 
design description for the software to use. The following archi
tecture description is provided for better knowledge of the 
device, but the software automatically handles the features 
described. 

The following sections of the PROSE architecture are described 
in detail: 

•PAL array 

• Exclusive-OR (XOR) gates 

•PROM array 

• Output register 

• Feedback to PAL array (CSO-CS5) 

• Feedback to XOR gates (XFO-XF1) 

• Feedback to PROM array (AO-A4) 

• Programmable asynchronous Preset or Enable (P/E) 

• Power-up preset 

• Security fuse 

PAL Array 

10 

11 

12 

13 X1 
14 

IS 

16 AND 
LOGIC 

17 ARRAY 

cso 
CS1 

CS2 XO 

CS3 

CS4 

css 

The PA:L array implements the equivalent of a 14H2 circuit with 
fourteen inputs, two active high outputs, and eight product 
terms per output. Eight inputs come from pins (10-17) while the 
other six feed back from the output register (CSO-CS5).The 
outputs (XO-X1) feed two XOR gates. 

The PAL array provides conditional input decoding, using the 
current inputs and state feedback to help control the two 
highest-order address bits to the PROM. The feedback signals 
enable the desired function of the inputs to force a branch to a 
given state. Default branches are handled easily because no 
product term will be on, providing 00 for XO-X1. Unconditional 
branches can be handled the same way, with no product terms 
on. 

Exclusive-OR Gates 

x~~ ==:)D- A8 

x~~ ==::)D- A5 

X0/1 XF0/1 A5/6 

0 0 0 
0 1 1 
1 0 1 
1 1 0 

The two PAL array outputs (XO-X1) feed two ExclusivP.-OR 
(XOR) gates, with the other inputs (XFO-XF1) feeding back from 
the output register. The XOR gate outputs are the two highest
order address bits to the PROM. The XOR gates allow both the 
PAL array and the state to control the two address bits to the 
PROM, which provides four-way branching. This combination 
role allows the optimum use of device resources. 

PROMArr•r 

ADDRESS 
DECODE 

128x 21 
PROM 
ARRAY 

AO-A4 

OO-D7 

CSO-CSS 

XFO-XF1 

The PROM array is organized 128x21, or 128 words of 21 bits 
each, for_a total of 2688 bits. The address lines are AO-A6, 
including AO-A4 from the output register and A5-A6 from the 
XOR gates. The PROM outputs (00-020) feed the 21-bit output 
register. 

The PROM stores the state infonmation just as a discrete PROM 
would in a discrete sequencer design. The 128 locations pro
vide up to 128 possible states in an optimum design. The PROM 
outputs include eight fed to output pins for system control. The 
architecture directly implements a Moore machine, although a 
Mealy machine can be created by delaying the outputs from the 
state by one cycle. Thirteen PROM outputs feed back for exten
sive next-state control. 
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Output Register 

-+-+-_.D Q AO 

A1 

XF1 

The output register consists of twenty-one 0-type flip-flops 
which are loaded from the PROM on the rising edge of the clock 
signal, CLK. Eight of the outputs lead to device output pins 
(Q0-07) while the other thirteen are fed back internally (AO-A4, 
XFO-XF1, CSO-CS5). 

The thirteen buried flip-flops help control the sequencer, while 
the eight dedicated registered outputs provide system control 
resulting from the sequencer operation. 

Feedback to PAL Array (CSO-CS5) 

CS5 

CS4 

CS3 

CS2 

CS1 

cso 

OUTPUT 
REGISTER 

Six bits of the output register feed back to the PAL array. They 
are used as regular PAL array inputs. 

These six Condition Select bits define the function to be per
formed on the eight external condition inputs. Any Boolean 
function may be performed, up to the limits of the PAL array 
architecture. The feedback signals generally select given com
binations of inputs (product terms) necessary for branching to 
next states. For unconditional branches or default branches, 
they will not select a product term. 

Feedback to XOR Gates (XFO·XF1) 

XFO 

XF1 

OUTPUT 
REGISTER 

Two bits of the output register (XFO-XF1) feed back to the XOR 
gates. 

These two feedback signals allow either output of the PAL array 
to be inverted. This helps software optimization of resources by 
allowing the same product terms or PAL outputs to be used for 
different branches. 

Feedback to PROM Array (AO-A4) 

A4 

A3 

A2 

A1 

AO 

OUTPUT 
REGISTER 

Five bits of the output register feed back to the PROM array. 
These signals become address lines AO-A4 for the PROM. 

The register feedback to the PROM provides primary next state 
selection based only upon the current state. Address lines AO-A4 
define four of the 128 specific locations within the PROM. The 
actual branch to one of these locations is selected by A5-A6 
based on the current inputs. 
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Programmable Asynchronous Preset 
or Enable, 

A programmable function pin allows the user to select either 
asynchronous preset or asynchronous output enable. The 
choice is programmed into the device when the arrays are pro
grammed. The unprogrammed state is preset. 

The programmable function allows the user to choose the func
tion required for the design, saving precious pins. If preset is 
selected, a low signal on the pin will preset all twenty-one output 
flip-flops to the high state asynchronously. This is equivalent to 
the power-up state, and adds the capability of presetting without 
powering down. The outputs will always be enabled, and act as 
two-state outputs. 

If enable is selected (i.e., the select fuse is programmed). a low 
signal on the pin will enable the eight output signals (Q0-07) 
from the output register. When the pin is high, the outputs are 
disabled, and the output pins are in the high-impedance state. 

Power-Up Preset 

The twenty-one output flip-flops will power up to the high state. 
This allows easy initialization, since the starting state is always 
known. The power-up preset time, tpR. is 1 µS maximum. Tl'le 
required setup time and clock widths are listed in the specifi
cations. 

Security Fuse 
After programming and verification, a PMS14R21 design can be 
secured by programming the security fuse. Once programmed, 
this fuse defeats readback of the PAL array fuse pattern by a 
device programmer, making proprietary designs very difficult to 
copy. 
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Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee .......................................................... -0.5 V to 7.0 v ........... -0.5 V to 12.0 V 
Input voltage ................................................................. -1.5 V to 5.5 V ........... -1.0 V to 12.0 V 
Off-state output voltage ................................................................ 5.5 V .................... 12.0 V 
Storage temperature ................................................................................... -65° C to +150° C 

Sequencer Operating Conditions 

COMMERCIAL 1 

SYMBOL PARAMETER STD A UNIT 

MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.75 5 5.25 4.75 5 5.25 v 

1 Low 25 15 20 15 
tw Width of CLK ns 

High 10 5 10 5 

tsu Setup time from 17-10 to CLK 35 25 28 22 ns 

lh Hold time for 17-10 to CLK 0 -5 0 -5 ns 

law Asynchronous preset width 10 5 10 5 ns 

tar Asynchronous preset recovery 20 10 20 10 ns 

TA Operating free-air temperature 0 25 75 0 25 75 oc 

Electrical Characteristics over Operating conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0.8 v 

V1H2 High-level input voltage 2.0 v 

V1c Input clamp voltage Vee= MIN 11 = -18 mA -0.8 -1.5 v 

llL Low-level input current Vee= MAX V1 = 0.4 v -0.02 -0.25 mA 

llH High-level input current Vee= MAX V1 = 2.4 v 25 µA 

11 Maximum input current Vee= MAX V1 = 5.5 v 200 µA 

VOL Low-level output voltage Vee= MIN IOL =8mA 0.3 0.45 v 

VoH High-level output voltage Vee= MIN IOH = -3.2 mA 2.4 3.2 v 

IOZL 
Off~state output current T Vo = 0.4 V -100 µA 

iozH 
Vee= MAX r Vo = 2.4 v 100 µA 

1053 Output short-circuit current Vee= 5 v Vo =OV -20 -50 -90 mA 

ice Supply current Vee= MAX 170 210 mA 

C1N Input capacitance V1N = 2.0 V at f = 1 MHz 8 pF 

couT Output capacitance VouT=2.0Vatf= 1 MHz 11 pF 

CCLK Clock capacitance VcLK = 2.0 vat f = 1 MHZ 13 pF 

Notes: 
1. The PMS14R21/A is designed to operate over the full military operating conditions. For availability and specifications, contact Monolithic Memories 
2. These Bre absolute values with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 

Do not attempt to test these values without suitable equipment. 
3. No more than one output should be shorted at a time and duration of the short~circuifshould not exceed one second. 

~ Manollthlo WMemarles ~ 5.321 



PMS14R21/A 

Sequencer Switching Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITIONS STD 

tcLK CLK to output 

tpzx E to output enable 

tpxz E to output disable 

tAP Asynchronous preset to output 

Maximum frequency, external 
IMAX (1/(tsu + tCLK)) 

Maximum frequency, internal 

Sequencer Switching Waveforms 

CLK 

Notes: 
1. VT= 1.5V 

2. Input pulse amplitude 0 V to 3.0 V 

3. Input rise and fall times 2-5 ns typical 

Key to Timing Diagram 

WAVEFORM 

MIN 

R1=5600 
R2 = 1.1 KO 

18 

25 

ASYNCHRONOUS 
PRESET 

OUTPUTS 

ASYNCHRONOUS 
ENABLE 

OUTPUTS 

TYP 

10 

10 

10 

14 

25 

30 

INPUTS OUTPUTS 

t./1111111#1/J DON'T CARE; 
CHANGE PERMITTED 

CHANGING; 
STATE UNKNOWN 

CENTER LINE IS 

COMMERCIAL 

MAX MIN 

20 

20 

20 

25 

25 

30 

NOT 
APPLICABLE HIGH IMPEDANCE STATE 

MUST BE STEADY WILL BE STEADY 
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Switching Test Load 

R1 

OUTPUT --r----.-<••J TEST POINT 

R2 CL 

Notes: 
1. Propagation delays are tested with switch 81 closed. CL = 30 pF and 

measured at 1.5 V output level. 

2. tpzx is measured at the 1.5 V output level with CL= 30 pF. 51 is open for 
high impedance to "1" test, and closed for high impedance to "O" test. 

3. tpxz is tested with CL= 5 pF. $1 is open for "1" to high impedance test, · 
measured at VoH-0.5 Voutput level: 81 is closed for"O" to high impedance 
test measured at Vol +0.5 V output level. 

fMAX Parameters 
The parameter IMAX is the maximum clock rate at which the 
device is guaranteed to operate. Because flexibility inherent in 
programmable logic devices offers a choice of clocked flip-flop 
designs, IMAX is specified for two types of synchronous 
designs. 

The first type of design is a state machine with feedback signals 
sent off-chip. This externa.1 feedback could go back to the device 
inputs, or to a second device in a multi-chip state machine. The 
slowest path defining the period is the sum of the clock-to-

CLK 

I'--........ (SECOND CHIP) 

l--1•u--J-1cLK-l-'su-1 

'MAX EXTERNAL; 1/(tcLK +tsul 

Schematic of Inputs and Outputs 

EQUIVALENT INPUT TYPICAL OUTPUT 

18KUNOM 

output time and the input setup time for the external signals. The 
reciprocal, IMAX, is the maximum frequency with external 
feedback or in conjunction with an equivalent speed device. This 
IMAX is designated "IMAX external." · 

The second type of design is a single-chip state machine with 
internal feedback only. In this case, flip-flop inputs are defined 
by the device inputs and flip-flop outputs. Under these condi
tions, the period is limited by the internal delay from the flip-flop 
outputs through the internal feedback and logic to the flip-flop ~ 
inputs. This IMAX is designated "IMAX internal." ... 

CLK 

,---------- ----, 
I LOGIC REGISTER 
I 
I 
I I 
L---------------~ I "' iNTERNAL I 

IMAX INTERNAL; 1/(tp INTERNAL) 
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Diagnostics Function Table 
INPUTS OUTPUTS' 

IMODE SDI CLK DCLK 020-00 S2o·So 

L x ! * On - PROM HOLD 

L x * I HOLD Sn - Sn-1 
So- SDI 

! ! On -PROM Sn - Sn-1 I L x 
So- SDI 

H x ! * On- Sn HOLD 

H L * ! HOLD Sn- On 

H L ! ! On - Sn Sn - On 

H H 
. ! HOLD HOLD I 

* Clock must be steady or falling. 

t Reserved operation tor 54/745818 8·Bit Diagnostic Register. 

Diagnostics-On-Chip 
Diagnostics-On-Chip, or DOC", is a test method that allows 
complete controllability and observability of a device, which 
results in complete testability. The DOC circuitry includes the 
serial diagnostic register and parallel connections to and from 
the output register. 

The diagnostic (or shadow) register is a 21-bit serial/parallel 

Diagnostics Block Diagram 

OPERATION 
SDO 

S20 Load output register from PROM array 

S20 Shift shadow register data 

S20 
Load output register from PROM array 
while shifting shadow register data 

SDI Load output register from shadow register 

SDI Load shadow register from output register 

SDI Swap output and shadow registers 

SDI No operationt 

register. It has its own clock, called DCLK. It can shift serially, or 
parallel transfer its contents to or from the output register. The 
MODE input selects serial or parallel mode (low or high, respec
tively). The serial shift input is SDI and the output is SDO. SDI 
doubles as a control input if not in serial mode (MODE is high), 
and is then transferred directly to SDO. See the function table 
above for details. 

A6·AO 

PROM ARRAY 

020·00 

CLK ----~-:::O;";UT:;:;P;;;-U;:;T:--( 
REGISTER 

13 

'P1'E 

07·00 
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Diagnostic Test Sequence 

A typical diagnostic test sequence would proceed as follows. 
First, a test vector would be serially shifted into the diagnostic 
register. This is done as shown in the waveforms under Shifting 
Diagnostic Register, with MODE set low and clocking DCLK. 
During shifting, the sequencer operates completely inde
pendently. 

The test vector is then transferred to the output register by 
switching MODE to high and clocking the output register. This is 
shown in the waveforms under Loading Output Register from 
Diagnostic Register. This function makes the output register 
controllable. MODE goes back low and the system is cycled with 
the test vector as during normal operation. 

Test results in the output register are observed by again setting 
MODE high and clocking the diagnostic clock. This loads the 
diagnostic register from the output register. This process is 
shown in the waveforms under Loading Diagnostic Register 
from Output Register. The results can then be shifted out by 
switching MODE low and clocking the diagnostic clock. These 
functions provide complete observability of the test results in the 
output register. Note that while the test results are being shifted 
out, a new test vector may be shifted into the diagnostic register. 

When a test vector is loaded into the output register, the current 
state of the output register may be required for test analysis or 

Diagnostics Switching Waveforms 

SDI 

DCLK 

SDO 

Note: Sequencer operates independently when MODE 1s low 

Shifting Diagnostic Register 

for system restart at the same state. In either case, the output 
register contents must be transferred to the diagnostic register 
for saving. Diagnostics-On-Chip allows the registers to swap 
their contents for this purpose. The CLK and DCLK signals can 
be separated by no more than !skew. as shown in the waveforms 
under Swap Registers. 

A readback function is reserved fortht:S-bit Diagnostic Register 
device. The required signals create a No Operation condition in 
the PMS14R21 device. This is shown in the waveforms under No 
Operation. 

Using Diagnostics-On-Chip In a System 

In a system environment, Diagnostics-On-Chip allows complete 
controllability and observability of registers buried within devi
ces orwithiri blocks of logic on the printed circuit board. Access 
is permitted through a scan path, requiring only one input to 
access a number of internal nodes. The scan path within each 
DOC chip can be connected to any other DOC chip by connect
ing SDO to SDI in series, and applying DCLK and MODE signals 
in parallel to all DOC chips. This allows a single scan path to be 
routed throughout a board, increasing the testability of the 
board and system. 

MODE 

SDI 

SDO 

CLK 

Q 

DCLK 

Load Output Register from Diagnostic Register 
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MODE MODE 

'sud-

SDI 
SDO 

SDO 

DCLK 

CLK 

Load Dia9nostic Register from Output Register Swap Registers 

MODE 

SDI 

SDO 

DCLK 

No Operation 

Notes: 
1. VT= 1.5V 

2. Input pulse amplitude 0 V to 3.0 V 

3. Input rise and fall times 2-5 ns typical 
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Diagnostics Operating Conditions 

COMMERCIAL 

SYMBOL PARAMETER STD A UNIT 

MIN TYP MAX MIN TYP MAX 

Low 30 15 30 15 
lwd Width of DCLK ns 

High 30 15 30 15 

!sue Setup time from MODE to CLK 30 15 30 15 ns 

!sud Setup time from MODE or SDI to DCLK 30 15 30 15 ns 

th Hold time for MODE to CLK 15 10 15 10 ns 

lhd Hold time for MODE or SDI to DCLK 15 10 15 10 ns 

Ide 
DCLK to CLK separation 

MODE=H 50 30 50 30 ns 
if not simultaneous 

led 
CLK to DCLK separation 

MODE=H 40 20 40 20 ns 
if not simultaneous 

lskew 
CLK to DCLK (DCLK to CLK) 

MODE= H 10 5 10 5 ns 
separation in swap mode 

Diagnostics Switching Characteristics over Operating conditions 

COMMERCIAL 

SYMBOL PARAMETER TEST CONDITIONS STD A UNIT 

MIN TYP MAX MIN TYP MAX 

tDs DCLK to SDO J MODE = L 20 35 20 35 ns 

tss SDI toSDO l MODE= H 10 25 10 25 ns 

IMS MODEtoSDO 
R1=560 0 

10 25 10 25 ns 
R2= 1.1 KO 

fMAXd 
Maximum diagnostic shift 

16.6 33 16.6 33 MHz 
frequency (1/{lwdh + lwdl)) 
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Design Example 
As an introduction to designing with the PMS14R21, an example 
application will be used to demonstrate the state machine 
design file required for PALASM 2 software. PALASM 2 software 
can verify the design and then create a file for programming the 
device. 

The example is a traffic signal controller for an intersection of 
two one-way streets. The inputs are active-high sensors for each 
direction and a clock, and the outputs drive the six active-high 
lights for the two signals. 

The state diagram for this application is shown below. Each 
bubble represents a single state, with the state name on the left 
and the state outputs on the right. Each arrow represents a 
potential transition between states, with the conditions required 
for that transition (if any) next to the arrow. 

Translation of this design to a PALASM 2 software file is straight
forward. The following sections will be discussed in detail: 

• Declaration and pin definitions (equivalent to other PALASM 2 
software files) 

• Other definitions required for state machines and the 
PMS14R21 

• Transitions and their conditions 

• State outputs 

• Definitions of conditions 

• Optional simulation section. 

The complete design file is shown on the next page. 

POWER-UP 

S7 

S6 

SS 

Traffic Controller State Diagram 

DECLARATION Section 
This section documents the design. The CHIP statement con
sists of the design name, the part number (PMS14R21), and the 
pin list for pins 1-24 of the device. 

STATE Section 
The STATE section begins with the keyword STATE and has 
three parts: a block of general definitions in the design, the 
transition equations, and the state outputs. 

General Definitions 
The first general definition specifies one of two types of state 
machine. Either MOORE-MACHINE or MEALY_MACHINE 
may be entered, according to the design. The difference 
between the two types is shown below. In this case, the outputs 
are a function of only the state, so MOORE-MACHINE is 
specified. 

The next general definition specifies the programmable function 
pin. Preset or Enable are selected by specifying MASTER... 
RESET or OUTPUT_ENABLE. MASTER-RESET is used, 
although neither is functionally required in this design. 

The next general definitions describe defaults for outputs not 
otherwise defined for a transition. First is an optional OUTPUT_ 
HOLD statement that lists all outputs that are to hold value as a 
default. It is not used in this design. 

Second is the optional DEFAU LLOUTPUT statement that I ists 
default output values. High, Low, and Don't Care are selected 
with <pin name>, /<pin name>, and %<pin name>, respectively. 
In the example, the signal lights default to off, or Low. 

Next, the optional DEFAULLBRANCH statement specifies the 
next state when not otherwise specified. The state may be a state 
name, or can be HOLD_STATE or NEXLSTATE to hold or go to 
the next state in the design file. It is not needed in this design. 

13 

STATE 
REGISTER 

Moore Machine 

OUTPUT 
REGISTER 

STATE 
REGISTER 

OUTPUTS= 
STATE BITS 

OUTPUTS= 
FUNCTION 

(STATE BITS, INPUTS) 

5•328 ~ Manallthlo WMemarles ~ 



PMS14R21/A 

TITLE 
PATTERN 
REVISION 
AUTHOR 
COMPANY 
DATE 

Traffic Controller 
State Machine 

;Description Section 

1 
Jane Engineer 
Monolithic Memories 
January JO, 1987 

CHIP S MACHINE PMS14R21 
CLK DCLK SENl SEN2 I2 I3 I4 IS I6 I7 SDI GND 
PRESET SDO REDl YELl GRNl RED2 YEL2 GRN2 01 00 HOOE VCC 

;This example demonstrates the conversion of a state diagram to a 
;PALASM 2 input file, or PDS file. The example is a traffic signal 
;controller for an intersection of two one-way streets. The inputs 
;are active high sensors for each direction and a clock, and the 
;outputs drive the six active-high lights for the two signals. 

STATE 

;General Definitions 
. MOORE MACHINE 

MASTER RESET 

;Specifies state machine format 

;Outputs f~nction of state only 
;Programmable pin selects preset 

DEFAULT OUTPUT /REDl /YELl /GRNl /RED2 /YEL2 /GRN2 
;Outputs default to Low, or off 

;Transition Equations 
POWER UP:= VCC -> SO 
SO:= CJ -> Sl 

+ CO -> Sl 
+ Cl -> S2 

+-> so 
Sl:=VCC -> S2 
S2:=VCC -> SJ 
SJ:=VCC -> S4 
S4:= CJ -> SS 

+ CO -> SS 
+ C2 -> S6 

+-> S4 
SS:=VCC -> S6 
S6:=VCC -> S7 
S7:=VCC -> SO 

;Output Equations 
SO.OUTF := GRNl*RED2 
Sl.OUTF := GRNl*RED2 
52.0UTF := GRNl*RED2 
SJ.OUTF := YELl*RED2 
54.0UTF := REDl*GRN2 
SS.OUTF := REDl*GRN2 
S6.0UTF := REDl*GRN2 
S7.0UTF := REDl*YEL2 

CONDITIONS 
CO /SEN1*/SEN2 
Cl /SENl* SEN2 
C2 SEN1*/SEN2 
CJ SEN!* SEN2 

;Goto StateO after power~up (or preset) 
;From StateO: if C3 true, goto State! 

or if CO true, goto State! 
or if Cl true, goto State2 

Otherwise goto StateO (hold) 
; From Sta tel: g.oto State2 unconditionally 
;From State2: goto State3 unconditionally 
;From State3: goto State4 unconditionally 
;From State4: if C3 true, goto States 

or if CO true, goto States 
or if C2 true, goto State6 

Otherwise goto State4 (hold) 
;From States: goto State6 unconditionally 
;From State6: goto State? unconditionally 
;From State?: goto StateO unconditionally 

;In StateO outputs GRNl and RED2 are High 
;In State! outputs GRNl and RED2 are High 
;In State2 outputs GRNl and RED2 are High 
;In State3 outputs YELl and RED2 are High 
;In State4 outputs RED! and GRN2 are High 
;In States outputs REDl and GRN2 are High 
;In State6 outputs REDl and GRN2 are High 
;In State? outputs REDl and YEL2 are High 

;CO is true when SENl and SEN2 Low 
;Cl is true when SEN! Low and SEN2 High 
;C2 is true when SENl High and SEN2 Low 
;C3 is true when SENl and SEN2 High 

;(SIMULATION is optional - not shown here) 
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Transition Equations 
The next section of the file is the transition equations. These are 
directly equivalent to the arrows in the state diagram, using the 
state names and the conditions defined later in the file. For 
example, the second state equation defines the four transition 
arrows from state SO: 

SO:= C3-> S1 
+CO-> S1 
+ C1 -> S2 

+->SO 

which means: when in state SO, if condition C3 is true go to state 
S1, or if condition CO is true go to state S1, or if condition C1 is 
true go to state S2, otherwise go to state SO (hold). The last I ine 
has no condition, so that if none of the preceding conditions is 
true, this transition will occur by default. Note that conditions 
and states cannot be grouped by parentheses. 

The first transition equation in the example specifies the transi
tion from the power-up state. The condition is VCC because the 
transition always occurs on the clock signal. If a Mealy machine 
were being designed, the power-up state would also require 
definition of the outputs for transition to the next state. Note that 
the power-up state is also entered when the preset pin is 
asserted. 

Output Equations 
The next section of the design file lists the output equations, 
which specify the output values for each state. The first output 

equation, SO.OUTF := GRN1 •RED2, means that in state SO, 
GRN1 and RED2will beHigh (lights GRN1 and RED2will be on) 

while the other outputs assume their default values (Low, or off). 
Note that for a Mealy machine, equations specify the outputs on 
transitions to next states, and can include conditions. 

CONDITIONS Section 
The next section of the design file defines the conditions used in 
the STATE section. In this case, CO= /SEN1 •1sEN2 means that 
condition CO is true when the inputs SEN1 and SEN2 are Low 
(sensors are not activated). Conditions equal a sum of products 
of the device inputs. 

SIMULATION Section 
The SIMULATION section provides a means of verifying the 
design. State machine simulation is similar to Boolean equation 
simulation, with a few added features. This section is optional. 

Other Design Considerations 
PALASM 2 software automatically assigns states to PROM 
addresses, and automatically arranges the product terms and 
XOR feedback signals. The automatic assignment optimizes the 
use of both the PAL and PROM arrays for the most efficient use 
of resources. 

Transition equations are limited to four-way branches, but up to 
sixteen-way branching can be performed in two clock cycles. 
This requires the addition of a temporary state after the first 
four-way branch. 

Programmers/Development Systems 
(refer to Programmer Reference Guide, page 3-81) 
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Monolithic m Memories 
Programmable Logic Sequencer 
PLS105·37 PLS167·33 PLS168·33 

I I I I I I I I I I I /////////I l////////////////////l/IADVANCE INFORMATION 

Features/Benefits 
• Field-programmable replacement for sequential control logic 

• Advanced Mealy state machine/sequencer architecture 

• Programmable AND/programmable OR array for flexibility 

• Fabricated with high periormance oxide-isolated proce...:: 

- IMAX of 37 MHz at 180 mA max for PLS105 

- IMAX of 33 MHz at 180 mA max for PLS167, PLS168 

• Full drive: 24 mA IOL, three-state outputs 

• Six buried state registers 

• Dedicated hardware features to enhance testability 

- Diagnostic mode access to buried state register 

- Register preload and power-up preset of all flip-flops 

- On-chip test array for 100"/o AC testing 

• User-programmable multifunction pin for asynchronous 
flip-flop preset/output enable 

• Automatic "Hold" state via positive edge-triggered clocked 
S-R flip-flops 

Security fuse hides proprietary designs from competitors 

Integrated software and hardware development system, 
supported by current PALASM® 2 software and standard 
PAL® device programmers 

• Available in 24- and 28-pin SKINNYDIP® (plastic or ceramic) 
and 28-pin PLCC packages 

Generic Sequencer Structure 

INPUTS 
PROGRAMMABLE 

AND 
ARRAY 

PROGRAMMABLE 
OR 

ARRAY 

PLA 

Q OUTPUT 
t---+--+-- BITS 

..,_ _ _._ __ CLOCK 

PART NO. PINS INPUTS FLIP-FLOPS 

PLS105-37 28 16 14 

PLS167-33 24 14 12 

PLS168-33 24 12 14 

Application Areas 
• Microcoded numeric processors 

• Graphics and image processors 

Data storage peripherals - disk and magtape 

Bus arbitration and handshake generation 

Protocol conversion and interface 

• Address generation for memory access 

• General control functions including: 

- Counters 

- Shift registers 

- Timing waveform generators 

- Mealy state machines 

Description 

OUTPUTS 

8 

6 

8 

The PLS family is a field-programmable replacement for 
sequential logic. It functions as a Mealy state machine with a 
registered output. The PLS farni:y utilizes the familiar AND/OR 
PLA logic structure to implement sum-of-product equations. 
Both arrays are user-programmable to implement transition 
terms causing changes in the internal state register or output 
register. 

The device is fabricated in Monolithic Memories' high-speed, 
oxide-isolated bipolar process; it offers significant speed 
improvement (IMAX of 37 MHz) over competing parts while 
preserving their low-power operation. 

The PLS family is fully supported by industry standard CAD 
tools, including PALASM 2 software and ABEL™ software from 
Data 1/0 and CUPL™ software from Personal CAD Systems. 
Device programming is accomplished by using standard PAL 
device programmers . 

PAL®, PALASM® and SKINNYDIP® are registered trademarks of Monolithic Memories Inc. 

ABE"" is a trademark of Data 1/0 Corp. 

CUP"" is a trademark of Personal CAD Systems. 

~ Monolithic m Memories ~ 
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Feature Description 
State machines contain conditional input logic, state memory 
and output generation logic. The PLS family is built around a 
programmable AND/OR logic array which serves as both 
conditional input and output generation logic. Forty-eight 
product or transition terms are found in the AND array. It is 
driven from several sources: sixteen external inputs, ten 
internal feedbacks from the state register, and the complement 
term. 

The internal variable (C) is known as the complement array, 
and directly implements the "else'' logic clause at any state. All 
transition terms can include True, False, or Don't Care states 
of the controlling variables. The OR array merges one or more 
product terms to generate the desired user logic functions for 
the output and next-state registers. 

The state and output registers are both implemented with 
edge-triggered, clocked S-R flip-flops. If neither input is active, 
the flip-flop will retain its contents when clocked. This free 
"hold" state saves product terms. The registers may change 
only on the low-to-high transition of the clock pulse. 

Starting the state machine in a known state is facilitated by 
circuitry which unconditionally loads a "1" into each flip-flop 
during power-up or by using the asynchronous Preset function. 
The Preset input can be converted to a three-state Output 
Enable function, as an additional user-programmable function. 

Testing of the PLS family is enhanced by the dedicated 
hardware features of Diagnostic Mode, register preload and a 
test array. The Diagnostic Mode provides visibility of the 
internal state register when strobed by a super-voltage control 
signal. Register preload allows use of an arbitrary test vector 
set to fully exercise all state transitions and guard against 
unreachable states and deadlock loops. The internal test array 
is used to fully guarantee all AC specifications and timing 
margins. 

A security fuse in the PLS family is used to hide proprietary 
designs from examination by competitors. This last fuse, when 
programmed, blocks external access and reading of the fuse 
array and internal device configuration. 

Definition of Signals 
lo.1s Inputs to AND array 

Oo.7 Output register outputs 

a.JC Output/state register clock 

P/E Programmable asynchronous function pin; default is 
active high Preset (all registers go high), programmed 
is active low Output Enable 

So.5 Internal state register bits used with feedback to AND 
array 

Po.3 Multiple-use pins-user selectable as either state 
register (used with feedback) or output register 
functions-present on PLS167 and PLS168 only 

Logic Function 
TYPICAL STATE TRANSITION: 

,s2s1s0 

~ 
00 

STATE REGISTER 

SET sO 

PRESENT 
STATE 

so= 92's1•so + ... 
RO:O 

S1=0 
R1=i2's190+ ... 

RESET s1 S2 = o 
HOLD s2 R2=0 

Typical Operation 
The details of device operation may be illustrated by the simple 
state transition indicated. The state register initially contains 
010 and will become 001 after the next clock. In order for this 
to occur, state bit O must be set, state bit 1 must be reset and 
state bit 2 must hold its value. The transition term fragment 
listed produces this result. The SO and R1 product terms 
detect the bit pattern for the current state (010) and produce a 
logic one. All other terms evaluate to a zero, producing the 
transition to state 001. 
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Logic Diagram PLS105·37 
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1. All AND gate inputs with a programmed link float to a logic "1." 
2. All OR gate inputs with a programmed link float to a logic "O." 
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Logic Diagram PLS167·33 DIP (PLCC) Pinout 

Product Terms 
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1. All AND gate inputs with a programmed link float to a logic "1." 

2. All OR gate inputs with a programmed link float to a logic "O." 
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Logic Diagram PLS168-33 DIP (PLCC) Pinout 

Product Terms 
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Noles: 

1. All AND gate Inputs with a programmed link floal to a logic "1." 
2. All OR gale inputs with a programmed link floal to a logic "O." 
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Pin Configurations 
PLS105·37 

Q4 

GND 

14 

NC 

QO 

5·336 

28 Pin DIP 

PLS167-33 
28 PinPLCC 

15 16 ax NC VCC 

1 

Q1 Q2 GND NC P3 

PLS105·37 PLS167·33 PLS168·33. 

P1 

10 

Q7 

NC 

112 

113 

PIE 

Q1 

Q2 

GND 

PLS167-33 
24Pin DIP 

PLS105·37 
28Pin PLCC 

18 

110 
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113 

PIE 

P1 

PO 
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Q5 Q4 GND Q3 Q2 Q1 QO 
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PLS168-33 
24 Pin DIP 

PLS168·33 
28Pin PLCC 
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Am29PL141 
Fuse Programmable Controller (FPC) 

Distinctive Characteristics 
• Implements complex fuse programmable state ma-

chines 
• 7 conditional inputs, 16 outputs 
• 64 words of 32-bit-wide microprogram memory 
• Serial Shadow Register (SSA ™l diagnostics on chip 

(programmable option) 

General Description 

The Am29PL 141 is a single-chip Fuse Programmable 
Controller (FPC) which allows implementation of complex 
state machines and controllers by programming the appro
priate sequence of microinstructions. A repertoire of jumps, 
loops, and subroutine calls, which can be conditionally 
executed based on the test inputs, provides the designer 
with powerful control flow primitives. 

The Am29PL 141 FPC also allows distribution of intelligent 
control throughout the system. It off-loads the central 
controller by distributing FPCs as the control for various 

Block Diagram 

Related Products 

• 29 high-level microinstructions 
- Conditional branching 
- Conditional looping 
- Conditional subroutine call 
- Multiway branch 

• 20 MHz clock rate, 28-pin DIP 

self-contained functional units, such as register file/ ALU, 
1/0, interrupt, diagnostic, and bus control units. 

A microprogram address sequencer is the heart of the 'FPC. 
It provides the microprogram address to an internal 64-
word by 32-bit PROM. The fuse programming algorithm is 
almost identical to that used for AMO' s Programmable 
Array Logic family. 

As an option, the Am29PL 141 may be programmed to have 
on chip SSA diagnostics capability. Microinstructions can 
be serially shifted in, executed, and the results shifted out 
to facilitate system diagnostics. 

SERIAL SHADOWAECMSTEA 
----, 

r-::;n 
i=MODI! 

J-oa.• 
CU( 

BDR02340 

Part No. Description 

Am2914 Vectored Priority Interrupt Cbntroller 

Am29100 Controller Family Products 

SSA t~ a trademar)( of Advanced Micro Devices, Inc 

~ MonollthlclREJ Memories ~ 
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Am29PL141 

Connection Diagrams 

Top View 

•cc ~ ~ CU< ~ f: ~ :ll ~ 
CC/SDI 

T[D) Pl1l T[D] 

•!•I T[1] 

•[•) T[2] 
P(4] T(1] 

•[•] r[•J P(I] T[2] 

llOOO/P[B] T(4) MODl!JP(I] T[2] 

DCl.K/P[7) T(I] 

•[•) 
DQ.K/P(7] l!•l 

lllllT 

•[•] P(15) 
P(I] l!OJ 

•[10) •!••) P(I] 111!11!1' 
•[11) P(13) .... •[12) 

~ f ~ ~ ~ ~ 
CDR04480 00009110 

Note: Pin 1 is marked for orientation. 

Logic Symbols 

T[O) P[O] T[O) P[O) 
T[1) P[1) T[1) P[1) 
T[2) P[2) T[2) P[2) 
T[3) P[3) T[3) P[3) 
T[4) P[4) T[4) P[4) 
T[5] - P[5) T[5) P[S) 
cc P[6] CC/SDI 

P[7] 
p [6) p [6) 

RESET P[9] IITTET p [9) P[10] p [10] P[11) 
CLK P[12] P[11) 

P[13] CLK P[12] 
P[14) p [13) u p [14] 

p [15] 

DCLK 
MODE 

SDO 

LS002131 LS002140 

Normal Configuration SSA TM Diagnostics Configuration 
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Ordering Information 

Standard Products 
AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: A. Device Number 

AM29PL141 

B. Speed Option (if applicable) 
c. Package Type 
D. Temperature Range 
E. Optional Processing 

D 

f'------E. OPTIONAL PROCESSING 
Blank = Standard processing 

B =Burn-in 

~--------D. TEMPERATURE RANGE 
C = Commercial (O to + 70°C) 

~------------C. PACKAGE TYPE 
D = 28-Pin Ceramic DIP (CD 028) 
L = 28-Pin Ceramic Leadless Chip Carrier (CL 028) 
X =Dice 

~----------------B. SPEED OPTION 
Not applicable 

A. DEVICE NUMBER/DESCRIPTION 
Am29PL141 
Fuse Programmable Controller (FPC) 

Valid Combinations 

Valid Combinations Valid Combinations list cnfigurations planned to be supported 
in volume for this device. Consult the local AMD sales office 
to confirm availability of specific valid combinations, to check 
on newly released valid combinations, and to obtain additional 
data on AMD' s standard military grade products. 

AM29PL141 DC, DCB, 
LC, XC 
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Ordering Information 

APL and CPL Products 
AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) 
products are processed in accordance with MIL-STD-BB3C, but are inherently non-compliant because of package, 
solderability, or surface treatment exceptions to those specifications. The order number (Valid Combination) is formed 
by a combination of: 

5.342 

APL Products: A. Device Number CPL Products: A.Device Number 
B. Speed Option (if applicable) 
C. Device Class 
D. Package Type 
E. Lead Finish 

APL Products 

B. Speed Option (if applicable) 
c. Package Type 
D. Temperature ·Range 
E. CPL Status 

M29P 141 X A 

I E. LEAD FINISH 
A = Hot Solder DIP 

D. PACKAGE TYPE (per 09·000) 
X = 28·Pin (Ceramic DIP (CD 028) 

'-------------C. DEVICE CLASS 
/B •Class B 

'-----------------B. SPEED OPTION 
Not applicable 

A. DEVICE NUMBER/DESCRIPTION (Include revision letter) 
Am29PL141 
Fuse Programmable Controller (FPC) 

CPL Products 

AM2 PL141 ..M. c 

APL 

CPL 

T E. CPL STATUS 
C = CPL Certified 

D. TEMPERATURE RANGE 
M =Military (-55 to + 125'C) 

'-------------C. PACKAGE TYPE(per Prod. Nomenclature/16·038) 
I L = 28-Pin Ceramic Leadless Chip Carrier (CL 028) 

'-----------------B. SPEED OPTION 
Not applicable 

A. DEVICE NUMBER/DESCRIPTION (Include revision letter) 
Am29PL141 
Fuse programmable Controller (FPC) 

Valid Combinations 

J Am29PL14i I /BXA 

l Am29PL141 j /LMC 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 

Group A Tests 

Group A tests consists of Subgroups: 
1, 2, 3, 7' 8, 9, 10, 11 
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CC[SDI] Condition Code ((TEST) Input) 

Pin Description 

RHE'f 
When the TEST (P[24:22]) field of the executing 
microinstruction is set to 6 (binary 11 O), CC is selected to be 
the conditional input. (Note: In SSA diagnostic configuration, 
CC is also the Serial Data Input SDI.) 

CLK Clock (Input) 
The rising edge clocks the microprogram counter, count 
register, subroutine register, pipeline register, and EQ flag. 

P[15:8] (Outputs) 
Upper eight, general-purpose microprogram control outputs. 
They are enabled by the OE signal from the microprogram 
pipeline register. When OE is HIGH, P[15:8] are enabled, 
and when LOW, P[15:8] are three-stated. 

P[7:0] [DLCK, MODE] (Outputs) 
Lower 

Lower eight, general-purpose microprogram control outputs. 
They are permanently enabled. (Note: in the SSA diagnostic 
configuration, P[7] becomes the diagnostic clock input 
DCLK and P[6] becomes the diagnostic control input 
MODE.) 

Synchronous reset input. When it is low, the output of the 
PC MUX is forced to the uppermost microprogram address 
(63). On the next rising clock edge, this address (63) is 
loaded into the microprogram counter, the microinstruction 
at location 63 is loaded into the pipeline register and the EO 
flag is cleared. The CAEG and SAEG values are 
indeterminate on reset. 

T[5:0] 
Test inputs. In conditional microinstructions, the inputs can 
be used as individual condition codes selected by the TEST 
field in the pipeline register. The T[5:0] inputs can also be 
used as a branch address when performing a microprogram 
branch, or as a count value. 

ZEl'iO [SDO] 
Zero output. A Low state indicates that the CAEG value is 
zero. (Note: In the SSA diagnostic configuration, ~ 
becomes the Serial Data output SDO. This change is only 
on the output pin; internally, the zero detect functions is 
unchanged.) 

it1 Monollthla W llllemorles it1 5.343 



Am~9PL141 

Functional Description 
Figure 1, the block diagram of the Am29PL 141 FPC, shows 
logic blocks and interconnecting buses. These allow parallel 
performance of different operations in a single microinstruc
tion. The FPC consists of four main logic blocks: the micropro
gram memory, microaddress control logic, condition code 
selection logic, and microinstruction decode. A fifth optional 
block is the Serial Shadow Register (SSR). 

The microprogram memory contains the user-defined instruc
tion flow and output sequence. The microaddress control logic 
addresses the microprogram memory. This control logic 
supports high-level microinstruction functions including condi
tional branches, subroutine calls and returns, loops, and 
multiway branches. The condition code selection logic selects 
the condition code input to be tested when a conditional 
microinstruction is executed. The polarity of the selected 
condition code input is controlled by the POL bit in the 
microword. The microinstruction decode generates the control 
signals necessary to perform the microinstruction specified by 

the microinstruction part (P[31 : 16]) of the microword. The 
SSR enables in-system testing that allows isolation of prob
lems down to the IC level. 

Microprogram Memory 
The FPC microprogram memory is a 64-word by 32-bit PROM 
with a 32-bit pipeline register at its output. The upper 16 bits 
(P[31 : 16]) of the pipeline register stay internal to the FPC and 
form the microinstruction Jo control address sequencing. The 
format for microinstructions is: a one-bit synchronous Output 
Enable OE, a five-bit OPCODE, a one-bit test polarity select 
POL, a three-bit TEST condition select field, and a six-bit 
immediate DAT A field. The DAT A field is used to provide 
branch addresses, test input masks, and counter values. 

The lower 16 bits (P[15 : 0)) of the pipeline register are brought 
out as user-defined, general purpose control outputs. The 
upper eight control outputs (P[15 : 8)) are three-stated when 
OE is programmed as a LOW. The lower eight control bits (P[7 
: 0)) are always enabled. 

,---------------------------, 

cc-· 

I_ I 
1-"""" I 
I I 
I I 
I I 
I I 
I I 
I I 

I L ______ _ 
PCllUX 

I 
I 
I 
i 
I 
I 
I 
I 
I 

-------- -------~ r-------- -------, 
1 

..--++~~~~~---.! 

I 
I 
I 

I 

'-· ~.;;,.---n--7----~ 
""~~ I 

----r-~~--,r----.-~-.----~ --
Figure 1. Am29PL141 Block Diagram 

*Note: These pins available only in SSR mode. 
BDR02330 

**Note: These pins available only in normal mode. 
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Microaddress Control Logic 
The microaddress control logic consists of five smaller logic 
blocks. These are: 

PC MUX - The microprogram counter multiplexer 

P CNTR - Microprogram counter (PC) and incrementer 
(PC+ 1) 

SUBREG - Subroutine register (SREG) with subroutine 
mux (S MUX) 

CNTR 

GOTO 

-Count register (CREG) with counter mux 
(C MUX), decrementer (COUNTER-1) and zero 
detect 

- Specialized branch control logic 

The PC MUX is a six-bit, four-to-one multiplexer. It selects 
either the PC, PC+ 1, SREG, or GOTO output as the next 
microaddress input to the microprogram memory and to the 
PC. The PC thus always contains the address of the microin
struction in the pipeline register. During a Reset, the PC MUX 
output is forced to all ones, selecting location 63 of the 
microprogram memory. 

The P CNTR block consists of a six-bit register (PC) driving a 
six-bit combinatorial incrementer (PC+ 1 ). Either the present or 
the incremented values of PC can address the microprogram 
PROM. The incremented value of PC can be saved as a 
subroutine return address. The present PC value can address 
the microprogram PROM when waiting for a condition to 
become valid. PC+ 1 addresses the microprogram PROM for 
sequential microprogram flow, for unconditional microinstruc
tions, and as a default for conditional microinstructions. 

The SUBREG block consists of a six-bit, three-to-one multi
plexer (S MUX) driving a six-bit register (SREG). The three 
possible SREG inputs are PC+ 1, CREG, and SREG. SREG 
normally operates as a one-deep stack to save subroutine 
return addresses. PC+ 1 is the input source when performing 
subroutine calls and PC MUX is the output destination when 
performing return from subroutine. 

The CNTR block consists of a six-bit, four-to-one multiplexer 
(C MUX); driving a six-bit register (CREG); a six-bit, combinato
rial decrementer (COUNTER-1); and a zero detection circuit. 
The CNTR logic block is typically used for timing functions and 
iterative loop counting. 

The SUBREG and CNTR can be considered as one logic 
block because of their unique interaction. To explain this 
interaction, notice that both have an additional input source 
and output destination not used in typical operation-each 
other. This allows the CREG to be an additional stack location 
when not used for counting, and the SREG to be a nested 
count location when not used as a stack location. Thus, the 
SREG and CREG can operate in three different modes: 

1. As a separate one-deep stack and counter. 
2. As a two-deep stack. 
3. As a two-deep nested counter. 

The GOTO logic block serves three functions: 

1. It provides a six-bit count value from the DAT A Field in the 
pipeline register (P[21 : 16]) or from the TEST inputs (T[5 : 
OJ) masked by the DATA Field (P[21 : 16]). 
(This is represented by T*M.) 

2. It provides a branch address from the DAT A Field in the 
pipeline register (P[21 : 16]) or from the TEST inputs 
(T[5 : OJ) masked by the DATA Field (P[21 : 16]). 
(This is represented by T*M.) 

3. It compares the TEST inputs 
(T[5 : OJ) masked by the DAT A Field (P[21 : 16]), called 
T*M, to the CONSTANT Field from the pipeline register 
(P[27 : 22]). If a match occurs, the EQ Flip-flop is set. EQ 
remains unchanged if there is no match. Constant field bits 
that correspond to marked test bits must be ZERO. 

The EQ flag can be tested by the condition code selection 
logic. Multiple tests of any group of T inputs in a manner 
analogous to Sum-of-Products can be performed since a no 
match comparison does not reset the EQ flag. Any conditional 
branch on EQ will reset the EQ flag. Conditional returns on EQ 
will not change the EQ flag. ~ input LOW will reset the 
EQ flag. 

NOTE: A zero in the DATA Field blocks the corresponding bit 
in the TEST Field; a one activates the corresponding 
bit. 

The constant field bits that correspond to masked test field 
bits must be zero. A zero is substituted for masked test field 
bits. The 'POL' bit is a "don't care" when using test inputs to 
load registers. 

Condition Code Selection Logic 
The condition code selection logic consists of an eight-to-one 
multiplexer. The eight test conditon inputs are the device 
inputs (CC and T[5 : OJ) and the EQ flag. The TEST field 
P[24 : 22] selects one of the eight conditions to test. 

The polarity bit POL in the microinstructions allows the user to 
test for either a true or false conditon. Refer to Table 2 for 
details. 

Microinstruction Decode 
The microinstruction decoder is a PLA that generates the 
control for 29 different microinstructions. The decoder's inputs 
include the OPCODE Field (P[30 : 26]), the zero detection 
output from the CNTR, and the selected test condition code 
from the conditional code selection logic. 

Am29PL 141 SSR Diagnostics Option 
As a programmable option, the Am29PL 141 FPC may be 
configured to contain Serial Shadow Register (SSA) diagnos
tics capability. SSA diagnostics is a simple, straightforward 
method of in-system testing that allows isolation of problems 
down to the IC level. 

The SSA diagnostics configuration activates a 32-bit-wide, D
type register, called a "shadow" register, on the pipeline 
register inputs. The shadow register can be serially loaded 
from the SDI pin, parallel loaded from the pipeline register, or 
held. The pipeline register can be loaded from the micropro
gram memory in normal operation or from the shadow register 
during diagnostics, A redefinition of four device pins is required 
to control the different diagnostics functions. CC also func
tions as the Serial Data Input (SDI), ZERO becomes the Serial 
Data Output (SDO), P[7] becomes the diagnostic clock 
(DCLK), and P[6] becomes the diagnostic mode control 
(MODE). The various diagnostic and normal modes are shown 
in Table 1. 
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Serially loading a test microinstruction into the shadow register 
and parallel loading the shadow register contents into the 
pipeline register forces execution of the test microinstruction. 
The result of the test microinstruction can then be clocked into 
the pipeline register, as in normal operation mode, parallel 
loaded into the shadow register, and serially shifted out for 
system diagnostics. 

The general microinstruction format is show.n below:· 

Am29PL 141 General Microinstruction Format 

31 30 26 25 24 22 21 16 

[OE J [ OPCODE J [ POL J [ TEST J [ DATA J 
DFR00730 

WHERE: 

OE = Synchronous Output Enable for P[15:8]. 

OPCODE = A five-bit opcode field for selecting one of the twenty-eight single data field microinstructions. 

POL !" A one-bit test condition polarity select. 
O • Test for true (HIGH) condition. 
1 =Test for false (LOW) condition. 

TEST A three-bit test condition select. 

TEST[2:0] 

000 
001 
010 
011 
100 
101 
110 
111 

UNDER TEST 

T[O] 
T[1] 
T[2] 
T[3] 
T[4] 
T[5] 
cc 
EQ 

DATA A six-bit conditional branch microaddress, test input mask, or counter value field designated as 
Pl in microinstruction mnemonics. · 

The special . two data field comparison microinstruction format is shown below: 

Am29PL 141 Comparison Microinstruction Format 

31 30 28 27 22 21 16 

[ OE J [ OPCODE J [ CONSTANT J [ DATA J 
DFR00740 

WHERE: 

OE - Synchronous Output Enable for P[15:8]. 

OPCODE - Compare microinstruction (binary 100). 

CONSTANT - A six-bit constant for equal to comparison with T*M. 
DATA - A six-bit mask field for masking the incoming T[5:0] inputs. 
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Table 1 • 

. Inputs OUtputa 

SDI MODE DCLK CLK SDO 
Shadow Plpellne Operation 
Reg later Aeglater 

D L t H,L,t So 
S1-1-S1 Hold Serial Right Shift Register 
S31-D 

x L H,L,1 I So Hold P1-PROM1 
Normal Load Pipeline Register from 
PROM 

L H I H,L,1 L S1-P1 Hold 
Load Shadow Register from Pipeline* 
Register 

x H H,L,1 I SDI Hold P1-S1 
Load Pipeline Register from Shadow 
Register 

H H I H,L,1 H Hold Hold Hold Shadow Register 

*S7, SS are undefined. S1s-Se load from the source driving pins P[15]-P[B]. If P[31] in the microword is a ONE, 
S15-Se are loaded from the pipeline register. If P[31] in the microword is a ZERO, S1s-Se are loaded from an external 
source. 

Function Table Definitions 
Inputs 
H=HIGH 
L•LOW 

X - Don't Care 
I - LOW-to-HIGH transition 
1 = High-to-Low transition 

Input 
Condition 

Being Teated 

0 

0 

1 

1 

Table 2. 

POL Condition 

0 Fail 

1 Pass 

0 Pass 

1 Fail 
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Am29PL 141 Microinstruction Set Definition 

e = Other instruction P =Test Pass 
F =Test Fail 0 = Instruction being described 

E = Register in part M,N are arbitrary values in the CREG or SREG 

Opcode Mnemonics Description 

19 

OB 

OF 

18 

GOTOPL If (cond) Then Go To Pipeline 
Conditional branch to the address 
in the PL (DATA field). The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. 

GOTOPLZ If (CREG = 0) Then Go To 
Pipeline 
Conditional branch, when the 
CREG is equal to zero, to the 
address in the PL (DATA field). 
This instruction does not depend 
on the pass/fail condition. The EQ 
flag will be reset if the test field 
selects it and the CREG is equal 
to zero. 

GOTOTM If (cond) Then Go To TM 
Conditional branch to the address 
defined by the PM (T[5:0] under 
bitwise mask from the DATA field). 
This microinstruction is intended 
for multiway branches. The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. 

FORK If (cond) Then _Go To Pipeline 
Else Go To (SREG) 
Conditional branch to the address 
in the PL (DA TA field) or the 
SREG. A branch to PL is taken if 
the condition is true and a branch 
to SREG if false. The EQ flag will 
be reset if the test field selects it 
and the condition passes. 

Execution Example 

p 40 

41 

PF001420 

30 

CREG = 0 
31 • 

PL(DATA) 40 
CREG i< 0 

32 41 

33 l 42 l 
PF001430 

40. 21 l 32 

41 

PF001440 

30 

50 

PL 40 51 
(DATA) 

41 

PF001451 
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Register Transfer Description 

If ( cond = true ) Then 
PC PL( data) 

Else 
PC= PC+1 

If ( GREG = 0 ) Then 
PC PL( data) 

Else 
PC= PC+1 

If ( cond = true ) Then 
PC PM 

Else 
PC= PC+1 

If ( cond = true ) Then 
PC PL( data) 

Else 
PC = SREG 



Opcode Mnemonics Description 

1C CALPL II (cond) Then Call Plpellne 
Conditional jump to subroutine at 
the address in the PL (DAT A 
field). The PC + 1 is pushed into 
the SREG as the return address. 
The EQ flag will be reset if the 
test field selects it and the 
condition passes. 

10 CALPLN II (cond) Then Call Plpellne, 
Nested 

Am29PL141 

32 

33 

30 

Execution Example 

SREG .. o-::- PC+ 1 
,,," 32 

_,'PL(DATA) 

p 40 

SREG 

_,..0--;;- PC + 1 

PF001461 

..... 
31----

CREG SREG 

Register Transfer Description 

If ( cond - true ) Then 
SREG - PC+ 1 
PC PL( data) 

Else 
PC PC+1 

If ( cond = true ) Then 
CREG • SREG 
SREG = PC+ 1 
PC = PL(data) 

Else 
PC =PC+1 

Conditional jump to subroutine at 
the address in the PL (DATA field) 
nested. The SREG and CREG are 
treated as a two-deep stack, the 
PC + 1 is pushed into the SREG 
as the return address and the 
previous SREG value is transferred 
into the CREG .as a nested return 
address. The EQ flag will be reset 
if the test field selects it and the 
condition passes. ...... .. .()-32()43 PC + 1 

1E 

1F 

CAL TM If (cond) Then Call TM 
Conditional jump to subroutine at 
the address specified by the T'M 
(T[5:0] under bitwise mask from 
the DATA field). The PC+ 1 is 
pushed into the SREG as the 
return address. The EQ flag will 
be reset if the test field selects it 
and the condition passes. 

CALTMN If (cond) Then Call TM, Nested 
Conditional jump tp subroutine at 
the address specified by the T'M 
(T[5:0] under bitwise mask from 
the DATA field) nested. The 
PC + 1 is pushed into the SREG 
as the return address and the 
previous SREG value is transferred 
into the CREG as a nested return 
address. The EQ flag will be reset 
if the test field selects it and the 
condition passes. 

30 

31 

32 

33 

_...- PL(DATA) 

20 

44 22 

PF001470 

• 
F SREG 

-~PC+1 
• ,.. .. 'FM 

p 40 

I 
41 

42 

PF001480 
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If ( cond - true ) Then 
SREG PC+ 1 
PC T'M 

Else 
PC = PC+1 

If ( cond = true ) Then 
CREG • SREG 
SREG PC+ 1 
PC • T'M 

Else 
PC PC+1 
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Opcode Mnemonics Description 

04 LDPL If (cond) Then Load Pipeline 
Conditional Load the CREG from 
the PL (DATA field). 

05 LDPLN If (cond) Then Load Pipeline, 
Nested 
Conditional load the CREG from 
the PL (DA TA field) nested. The 
CREG and SREG are treated as a 
two-deep nested count register, 
the previous CREG value is 
pushed into the SREG as a 
nested count, and the CREG is 
loaded from PL. 

08 LDTM If (cond) Then Load TM 
Conditional load the CREG from 
the T'M (T[5:0] inputs under 
bitwise mask from the DATA field). 

07 LDTMN If (cond) Then Load TM, Nested 
Conditional load the CREG from 
the T'M (T[5:0] inputs under 
bitwise mask from the DATA field) 
nested. The SREG and CREG are 
treated as a two-deep nested 
count register, the previous CREG 
value is transferred into the SREG 
and the CREG is loaded from 
T'M. 

Am29PL141 

Execution Example 

30 

F CREG 
~PL(DATA) 

,,,,"' N 
32 

33 

Pf001510 

30 

F 
SREG CREG 
-0-::{)--::- PL (DATA) 

.,,."" M N 

p 

33 

PF001500 

30 

31 CREG 

32 

33 

PF001520 

30 

SREG CREG 
,,Q--:-0---::- T•M 

,, M N 
32 

p 

33 

PF001530 
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Register Transfer Description 

If ( cond = true ) Then 
CREG PL(data) 
PC • PC+1 

Else 
PC • PC+1 

If ( cond • true ) Then 
SREG = CREG 
CREG - PL(data) 
PC PC+ 1 

Else 
PC • PC+1 

If ( cond = true ) Then 
CREG = T'M 
PC = PC+1 

Else 
PC = PC+1 

If ( cond = true ) Then 
SREG CREG 
CREG = T'M 
PC = PC+ 1 

Else 
PC = PC+ 1 



Opcode Mnemonics 

15 PSH 

17 PSHN 

14 PSHPL 

16 PSHTM 

Description 

II (cond) Then Push 
Conditional push the PC + 1 into 
the SREG. 

II (cond) Then Push, Nested 
Conditional push the PC + 1 into 
the SREG nested. This 
microinstruction treats the SREG 
and CREG as a two-deep stack, 
PC + 1 is pushed into SREG and 
the previous value in SREG is 
transferred into the CREG. 

If (cond) Then Push, Load 
Pipeline 
Conditional push the PC + 1 into 
the SREG and load the CREG 
from the PL (DATA field). 

II (cond) Then Push, Load TM 
Conditional push the PC + 1 into 
the SREG and load the CREG 
from the T'M (T[S:O) under bitwise 
mask from the DATA field). 

Am29PL141 

Execution Example 

SREG 

31 • ---0- PC+ 1 
p 32 

32 

PF0001540 

CREG SREG 
31 • ---~PC+1 

p N 32 

32 

PF001550 

SREG 

0-::- PC+ 1 
/ 32 

/' CREG 
31 • ---0--:.- PL(DATA) 

p N 

32 

PF001560 

SREG 

F 0-::- PC+ 1 
" 32 

.-""CREG 
31 e ---0- T'M 

p N 

32 

PF001570 
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Register Transfer Description 

If ( cond • true ) Then 
SREG • PC+ 1 
PC • PC+1 

Else 
PC • PC+1 

If ( cond - true ) Then 
CREG = SREG 
SREG - PC+ 1 
PC = PC+1 

Else 
PC = PC+1 

If ( cond = true ) Then 
CREG PL( data) 
SREG PC+ 1 
PC =PC+1 

Else 
PC PC+1 

If ( cond = true ) Then 
GREG T'M 
SREG PC+ 1 
PC PC+1 

Else 
PC PC+1 
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Opcode Mnemonics 

02 RET 

03 RETN 

00 RETPL 

01 RETPLN 

5.352 

Description 

If (cond) Then Return , 
Conditional return from subroutine. 
The SREG provides the return 
from subroutine address. 

If (cond) Then Return Nested 
Conditional return from nested 
subroutine. This microinstruction 
treats the SREG and GREG as a 
two-deep stack providing the 
SREG value as a return address 
and the GREG value as a nested 
return address that is transferred 
into the SREG. 

If (cond) Then Return, Load 
Pipeline 
Conditional return from subroutine 
and load the GREG from the PL 
(DATA field). The SREG provides 
the return from subroutine address. 

If (cond) Then Return Nested, 
Load Pipeline 
Conditional return from nested 
subroutine and load the GREG 
from the PL (DATA field). This 
microinstruction treats the SREG 
and GREG as a two-deep stack 
providing the SREG value as a 
return address and the GREG 
value as a nested return address 
that is transferred into the SREG. 

Am29PL141 

Execution Example 

30 
SREG 

_,,...()-;;- PC + 1 

30 

31 

32 

33 

30 

31 

32 

33 

31 ---------
F 

PF001580 

SREO 

---~PC+1 
------- CREG SREG 

__ ..Q-::0--:::- PC + 1 

------ 32 42 

PF001590 

30 

31 

32 

33 

SREG 

.......... QuPC+1 --.... .,.,,,,_..... CREG SREG 

-~PC+1 
,.,.,, 32 42 --
50 

SREG CREG 

• -·0-0- PL (DATA) 
52 P 32 N 

PF001610 
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Register Transfer Description 

If ( cond - true ) Then 
PC SREG 

Else 
PC = PC+1 

If ( cond = true ) Then 
PC = SREG 
SREG = GREG 

Else 
PC PC+1 

If ( cond - true ) Then 
GREG = PL(data) 
PC = SREG 

Else 
PC PC+1 

If ( cond = true ) Then 
PC SREG 
SREG = GREG 
GREG - PL(data) 

Else 
PC PC+ 1 



Opcode Mnemonics Description 

09 DEC II (cond) Then Decrement 
Conditional decrement of the 
GREG. 

oc DEC PL 

OE DECTM 

While (CREG * 0) Walt Else 
Load Plpeilne 
Conditional Hold until the counter 
is equal to zero, then load CREG 
from the PL (DATA field). This 
microinstruction is intended for 
timing waveform generation. If the 
CREG is not equal to zero, the 
same microinstruction ls refetched 
while CREG is decremented. 
Timing is complete when the 
CREG is equal to zero, causing 
the next microinstruction to be 
fetched and the CREG to be 
reloaded from PL. This instruction 
does not depend on the pass/fail 
condition. 

While (CREG * 0) Walt Else 
Load TM 

Am29PL141 

Execution Example 

30 

CREG DECREMENTER 

32 ·p---~ 

33 

30 

N 

PF001620 

CREG DECREMENTER 

,.,0-;::;D 
CREG",io ~ 

CREG N 
CREG = 0----0--::- PL (DATA) 

N 

PF001630 

CREG DECREMENTER Conditional Hold until the counter 
is equal to zero, then load CREG 
from the T'M (T[5:0] under bitwise 30 ...... .o~ 

/ ~ 

1B 

mask from the DATA field). This 
microinstruction is intended for 
timing waveform generation. If the 31 
CREG is not equal to zero, the 
same microinstruction is refletched 

CREG;i!O N 

CREG 

while the CREG is decremented. 
Timing is complete when the 32 

CREG = 0 --()--::- T'M 
N 

GREG is equal to zero, causing 
the next microinstruction to be 
fetched and the GREG to be 
reloaded from T*M. This instruction 
does not depend on the pass/fail 
condition. 

DECGOPL II (cond) Then Go To Plpeilne 
Else While (CREG * 0) Walt 
Conditional Hold/Count. The 
current microinstruction will be 
refetched and the CREG 
decremented until the condition 
under test becomes true or the 
counter is equal to zero. If the 
condition becomes true, a branch 
to the address in the PL (DATA 
field) is executed. If the counter 
becomes zero without the 
condition becoming true, a 
CONTINUE is executed. The EQ 
flag will be reset if the test field 
selects it and the condition 
passes. 

30 

FAND 
CREG = 0 

32 

PF001640 

CREG DECREMENTER 

;9d 
I N 

F AND CREG ;I 0 

PL(DATA) 
40 

41 

PF0016SO 
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Register Transfer Description 

If ( cond • true ) Then 
GREG - GREG - 1 
PC = PC+1 

Else 
PC = PC+1 

While ( CREG < > 0) 
CREG = CREG - 1 
PC = PC 
End While 

CREG PL( data) 
PC = PC+1 

While ( CREG < > 0 ) 
CREG = CREG - 1 
PC =PC 
End While 

CREG T'M 
PC = PC+1 

While ( cond = false ) 
If ( CREG < > 0) 

GREG = CREG - 1 
PC = PC 

Else 
PC= PC+1 

End While 
PC = PL(data) 
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Opcode Mnemonics Description 

1A WAIT If (cond) Then Go To Pipeline 
Else Walt 

08 LPPL 

OA LPPLN 

Conditional Hold. The current 
microinstruction will be refetched 
and executed until the condition 
under test becomes true. When 
true, a branch to the address in 
the PL (DATA field) is executed. 
The EQ flag will be reset if the 
test field selects it and the 
condition passes. 

While (CREG * 0) Loop to 
Pipeline 
Conditional loop to the address in 
the PL (DATA field). This 
microinstruction is intended to be 
placed at the bottom of an 
iterative loop. If the CREG is not 
equal to zero, it is decremented 
(signifying completion of an 
iteration). and a branch to the PL 
address (top of the loop) is 
executed. If the CREG is equal to 
zero, looping is complete and the 
next sequential microinstruction is 
executed. This instruction does not 
depend on the pass/fail condition. 
The EQ flag will be reset if the 
test field selects it and CREG is 
not equal to zero. 

While (CREG * 0) Loop to 
Pipeline Else Nest 
Conditional loop to the address in 
the PL (DATA field) nested. The 
SREG and CREG are treated as a 
two-deep nested count register, 
and the microinstruction is 
intended to be placed at the 
bottom of an "inner-nested" 
iterative loop. If the CREG is not 
equal to zero, the CREG is 
decremented (signifying completion 
of an iteration), and a branch to 
the PL address (top of the loop) 
is executed. If the CREG is equal 
to zero, the inner loop is 
complete, and the count value for 
the outer loop is transferred from 
the SREG into the CREG. This 
Instruction does not depend on the 
pass/fail condition. The EQ flag 
will be reset if the test field 
selects it and CREG is not equal 
to zero. 

Am29PL141 

Execution Example 

41 

PF001660 

30 

31 

PF001670 

30 

31 

32 

Regill1er Transfer Description 

If ( cond = true ) Then 
PC = PL(data) 

Else 
PC=PC 

While ( CREG < > O) 
CREG = CREG - 1 
PC = PL (data) 
End While 

PC = PC+1 

While ( CREG < > 0) 
CREG = CREG - 1 
PC = PL(data) 
End While 

CREG = SREG 
PC = PC+1 

CREG ¢ O CREG DECREMENTER 

PL (DATA) - -0-;;:;-0 
CREG=O, '? 

'',RREG SREG 

o-;-o 

PF001580 
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Opcode Mnemonics Description 

OD CONT Continue The next sequential 
microinstruction is fetched 
unconditionally. 

10-13 
(100XX 
binary) 

CMP Compare TM to Pipeline (DATA) 
This microinstruction performs 
bitwise exclusive-or of T•M (T[5:0] 
under bitwise mask from the DAT A 
field) with CONSTANT (P[27:22]). 
If PM equals CONSTANT, the EO 
flag is set to one which may be 
branched on in a following 
microinstruction. If not equal, the 
EQ flag is unaffected. This allows 
sequences of compares, in a 
manner analogous to sum-of
products, to be performed which 
can be ,followed by a single 
conditional branch if one or more 
of the comparisons were true. 
Note: The EQ flag is set to zero 
on reset or when EO is selected 
as the condition in a branch. 
Conditional returns on EQ leave 
the flag unchanged. Constant 
field bits that correspond to 
masked teat field bits must be 
zero. This instruction does not 
depend on the pass/fail condition. 

Am29PL141 

Execution Example 

·t 
31 f 
32~ 

PF001690 

30 

T"M "/<CONST 

Register Transfer Description 

PC• PC+1 

Compare PM and PL(data) 
EQ = ((T [5:0] .AND. DATA). 

XNOR. CONSTANT) .. OR. EQ 

,.() SET EQ FLAG .,...,.,-
T*M =CONST 

33 

PF001701 
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Microinstruetian Set Table 

Code Mnemonics Definition CREG 
Content PC 

Ml)X 
00 RETPL Return: Load Pipeline x SREG 

01 RETPLN Re14rn Nested: Load Pipeline x SREG 

02 RET Return x SREG 

03 RETN Return Nested x SREG 

04 LDPL Load Pipeline x PC+1 

05 LDPLN Load Pipeline Nested x PC+1 

06 LDTM Load T"M x PC+ 1 

07 LDTMN Load T•M Nested x PC+ 1 

*O Data 
08 LPPL Loop Pipeline 

=O PC+ 1 

09 DEC Decrement x PC+1 

*O Data 
OA LPPLN Loop Pipeline Nested 

=O PC+ 1 

*O PC+ 1 
OB GOTOPLZ Go to Pipeline Zero 

=O Data 

Count/ Load Pipeline *O PC oc DECPL 
=O PC+1 

OD CONT Continue x PC+ 1 

*O PC 
OE DECTM Count/Load T"M 

=0 PC+ 1 

OF GOTOTM Go to T"M x T"M 

10-13 
(100XX CMP Compare• x PC+ 1 
Binary) 

14 PSHPL Push: Load Pipeline x PC+ 1 

15 PSH Push x PC+1 

16 PSHTM Push: Load T'M x PC+ 1 

17 PSHN Push Nested x PC+ 1 

16 FORK Fork x Data 

19 GOTO PL Go to Pipeline x Data 

1A WAIT Hold Pipeline x Data - *O Data 
1B DECGOPL Count: Hold Pipeline 

=O Data 

1C CA LPL Call Pipeline x Data 

1D CALPLN Call Pipeline Nested x Data 

1E CAL TM Call T'M x T'M 

1F CALTMN Call T' M Nested x T•M 

EQ = ((T[5:0]. AND. DATA). XNOR. CONSTANT).OR. EQ 
CONSTANT field bits that correspond to masked test field bits must be zero. 
NC = No Change 

Notes: 
1. (/)Signifies two different operations may occur, depending on the condition. 
2. (:) Signifies two parallel operations on the same condition. 

Pass 

SREG CREG 

Hold Data 

GREG Data 

Hold Hold 

GREG Hold 

Hold Data 

GREG Data 

Hold T•M 

GREG T"M 

Hold DCRMT 

Hold Hold 

Hold DCRMT 

Hold DCRMT 

Hold SREG 

Hold Hold 

Hold Hold 

Hold DCRMT 

Hold Data 

Hold Hold 

Hold DCRMT 

Hold T"M 

Hold Hold 

Hold Hold 

PC+ 1 Data 

PC+ 1 Hold 

PC+ 1 T'M 

PC+ 1 SREG 

Hold Hold 

Hold Hold 

Hold Hold 

Hold Hold 

Hold Hold 

PC+ 1 Hold 

PC+ 1 SREG 

PC+ 1 Hold 

PC+ 1 SREG 

EQ 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

Reset 

NC 

NC 

Reset 

NC 

NC 

Reset 

NC 

NC 

NC 

NC 

NC 

Reset 

Set 

NC 

NC 

NC 

NC 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

Reset 

3. The EQ flag will be affected only ii the test field selects it, with the exception of instructions 1 O - 13. 
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Fail 

PC SREG CREG EQ MIJX 
PC+ 1 Hold Hold NC 

PC+1 Hold Hold NC 

PC+1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

SREG Hold Hold NC 

PC+ 1 Hold Hold NC 

PC Hold Hold NC 

PC Hold DCRMT NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+1 Hold Hold NC 

PC+ 1 Hold Hold NC 

PC+ 1 Hold Hold NC 
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PROGRAMMING YIELD 

AMO programmable logic devices have been designed to 
insure extremely high programming yields ( > 98 % ). 

AMO programmable logic devices contain many internal test 
features, including circuitry and extra fuses which allow AMO 
to test the ability of each part to perform programming before 
shipping, to assure high programming yields, and correct 

logical operation for a correctly pro9rammed part. Program
ming yield losses are most likely due to poor programming 
socket contact, programming equipment that is out of calibra
tion, or improper usage of said equipment. 

Programmers/Develepment Systems 
(refer to Programmer Reference Guide, page 3-81) 
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Absolute Maximum Ratings 
Storage Temperature ............................ -65 to + 150°C 

Operating Ranges 
Commercial (C) Devices 

(Ambient) Temperature Under Bias .......... -55 to + 125°C Temperature ........................................ o to + 70°C 
Supply Voltage to Ground Potential Supply Voltage ......................... + 4.75 V to + 5.25 V 

(Pin 21l to Pin 14) Continuous .......... -0.5 V to + 7.0 V Military (M) Devices 
DC Voltage Applied to Outputs 

(Except During Programming) ....... -0.5 V to +Vee Max. 
Temperature ................................... -55 to + 125°C 

DC Voltage Applied to Outputs 
Supply Voltage ............................ + 4.5 V to + 5.5 V 

During Programming ........................................ 21 V 
DC Output Current, Into Outputs During 

Programming (Max Duration of 1 sec) ............. 200 mA 

Operating ranges define those limits over which the function
ality of the device is guaranteed. 

DC Input Voltage .............................. -0.5 V to + 5.5 V 
DC Input Current .......................... -30 mA to + 5.0 mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may c;;iuse permanent device failure. Functionality 
at or above these limits is not implied. Exposure to tJbsolute 
maximum ratings for extended periods may affect device 
reliability. 

DC Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 1, 2, 3 tests 
unless otherwise noted 

Parameters Description Test Conditions Min Max Units 

Vee = Min., V1N = V1H or loH =-3.0 mA COM'L 
VoH Output HIGH Voltage 2.4 Volts 

V1L loH = -1.0 mA MIL 

Vee = Min., V1N = V1H or loL=16 mA COM'L 
VoL Output LOW Voltage 0.50 Volts 

V1L loL=12 mA MIL 

V1H Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs 2.0 Volts (Note 1) 

V1L Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs 0.8 Volts (Note 1) 

Vee= Max. CLK -1.5 
l1L Input LOW Current P[15:6] -0.55 mA V1N = 0.5 V All other Inputs -0.50 

Vee= Max. CLK 150 
l1H input HIGH Current p [15:6] 100 µA 

V1N = 2.4 V All other Inputs 25 

11 Input HIGH Current Vee = Max., V1N = 5.5 v 1.0 mA 

lsc Output Short Circuit Current Vee = Max., Your= 0.5 v (Note 2) -20 -80 mA 

COM'L 
TA=O to 70'C 450 

TA= 70'C 400 
tee Power Supply Current Vee= Max. mA 

Tc= -55 to 125'C 490 
MIL 

Tc=125'C 420 

Vt Input Clamp Voltage Vee= Min, l1N=-18 mA -1.2 Volts 

lozH Output Leakage Current Vee= MAX, VtL = 0.8 v Vo= 2.4 V 100 

lozL (Note 3) V1H = 2.0 V Vo=0.5 V -550 
µA 

Notes: 
1. These are absolut1> values with respect to device ground and all overshoots due to system or tester noise are included. 
2. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Your= 0.5 V has 

been chosen to avoid test problems caused by tester ground degradation. 
3. 110 pin leakage is the worst case of lozx or l1x (where X = H or L). 
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Switching Characteristics over operating range unless otherwise specified; included in Group A, Subgroup 9, 
10, 11 tests unless otherwise noted (APL and CPL products only) 

COMMERCIAL MILITARY 
Parameters Description Test Conditions Units 

Min. Max. Min. Max. 

1 CLK to P[15:0] 15 20 ns 

2 CLK!o~ 20 25 ns 

IPD 3 DCLK to SDO 30 35 ns 

4 Mode to SDO 30 35 ns 

5 SDI to SDO 30 35 ns 

6 T[5:0] to CLK (Note 1) 40 45 t ns 

7 CC to CLK (Note 1) 40 45 t ns 

8 RESET to CLK 30 35 ns 

ts 9 Mode to CLK 30 35 ns 

10 Mode to DCLK 30 35 ns 

11 SDI to DCLK 30 35 ns 

12 P[15:8] to DCLK 30 35 ns 

13 T[5:0] to CLK See Test 3 3 ns 

14 CC to CLK Output Load 3 3 ns Conditions 
15 RESET to CLK 3 3 ns 

IH 16 Mode to CLK 3 3 ns 

17 Mode to DCLK 3 3 ns 

18 SDI to DCLK 3 3 ns 

19 P[15:8] to DCLK 3 3 ns 

tpzx 20 CLK to P[15:8] Enable 30 35 ns 

tpxz 21 CLK to P[15:8] Disable 30 35 ns 

22 CLK Pulse Width (HIGH and LOW) 20 25 ns 
tpw 

23 DCLK Pulse Width (HIGH and LOW) 30 35 ns 

Ip 24 CLK and DCLK Period (Note 1) 45 50 t ns 

Notes: 
1. These parameters cannot be measured directly on unprogrammed devices. They are determined as follows: 

a. Measure delay from input (CC, T[5:0], or CLK) to PROM address out in test mode. This will measure the delay through the sequence 
logic. 

b. Measure setup time from T[5:0] input through PROM test columns to pipeline register in verify test column mode. This will measure the 
delay through the PROM and register satup. 

c. Measure delay from T[5:0] input to PROM address out in verify test column mode. This will measure the delay through the logic and 
P[15:0] outputs. 

To calculate the desired parameter measurement the following formula is used: 
Measurement (a) + Measurement (b) - Measurement (c) 

CLK PERIOD: 
CLK (a) + (b) - (c) = CLK PERIOD 

CC to CLK Set-up time: 
CC (a) + (b) - (c) = CC to CLK Set-up time 

T[5:0] to CLK Set-up time: 
T[5:0] (a) + (b) - (c) = T[5:0] to CLK Set-up time 

t • Not included in Group A tests 
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cc 

P[15:0J 
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Switching Waveforms 

l--·~®--+--11®~---~-;z8,.._---i 
-----. 

L.::¥.~~~~'-'11'---+--'ll'-"'-"--""-"'-><-""'--''-"-"""'-'"-"-"-..,....-"-...... ~~ 

Normal Configuration 

~ r ~ l'"'!.:-'""I~ 

SSR TM Configuration 

~ Nlona/lthla m Memories ~ 

WF020852 

WF023120 



Am29PL141 

Test Philosophy and Methods 

The following points give the general philosophy that we apply 
to tests that must be properly engineered if they are to be 
implemented in an automatic testing environment. The specifics 
of what philosophies are applied to which test are shown in the 
data sheet and the data-sheet reconciliation that follow. 

Capacitive Loading for AC Testing 

Automatic testers and their associated hardware have stray 
capacitance that varies from one type of tester to another, but 
is generally around 50 pF. This, of course, makes it impossible 
to make direct measurements of parameters that call for 
smaller capacitive load than the associated stray capacitance. 
Typical examples of this are the so-called "float delays" that 
measure the propagation delays in to and out of the high
impedance state and are usually specified at a load capaci
tance of 5.0 pF. In these cases, the test is performed at the 
higher load capacitance (typically 50 pF) and engineering 
correlations based on data taken with a bench setup are used 
to determine the result at the lower capacitance. 

Similarly, a product may be specified at more than one capacitive 
load. Since the typical automatic tester is not capable of 
switching loads in mid-test, it is impractical to make measure
ments at both capacitances even though they may both be 
greater than the stray capacitance. In these cases, a measure
ment is made at one of the two capacitances. The result at the 
other capacitance is determined from engineering correlations 
based on data taken with a bench setup and the knowledge that 
certain DC tests are performed in order to facilitate this correla
tion. 

AC loads specified in the data sheet are used for bench 
testing. Automatic tester loads, which simulate the data-sheet 
loads, may be used during production testing. 

Threshold Testing 

The noise associated with automatic testing, the long inductive 
cables, and the high gain of bipolar devices frequently give rise to 
oscillations when testing high-speed circuits. These oscillations 
are not indicative of a reject device, but instead, of an overtaxed 
system. To minimize this problem, thresholds are tested at least 
once for ~ input pin. Thereafter, "hard" high and low levels 
are used for other tests. Generally this means that function and 
AC testing are performed at "hard" input levels. 

AC Testing 

AC parameters are specified that cannot be measured accu
rately on automatic testers because of tester limitations. Data
input hold times fall into this category. In these cases, the 
parameter in question is tested by correlating the tester to 
bench data or oscilloscope measurements made on the tester 
by engineering (supporting data on file). 

Certain AC tests are redundant since they can be shown to be 
predicted by other tests that have already been performed. In 
these cases, the redundant tests are not performed. 

Output Short-Circuit Current Testing 

When performing los tests on devices containing RAM or 
registers, great care must be taken that undershoot caused by 
grounding the high-state output does not trigger parasitic 
elements which in turn cause the device to change state. In 
order to avoid this effect, it is common to make the measure
ment at a voltage (V output> that is slightly above ground. The 
Vee is raised by the same amount so that the result (as 
confirmed by Ohm's law and precise bench testing) is identical 
to the VouT ":' O, Vee= Max. case. 
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Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

~ MAY CHANGE WILL BE 
FROM HTOL CHANGING 

FROM H TO L 

1!III! MAY CHANGE WILL BE 

FROML TOH CHANGING 
FROM L TOH 

J/fJ!1 OON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

]1--fil 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 

KS000010 

Switching Test Circuits 

s, Vee 

s, 
•our c>---<Y"(o-...--.--10--.+ 

s, 
Your ~:>---.--Kt---+ 

r 
TCR01340 

TCR01330 

A. Three State Outputs B. Normal Outputs 

Notes: 1 . CL = 50 pF includes scope probe, wiring and stray capacitances without device in test 
fixture. 

2. 51, 52, and 53 are closed during function tests and all AC tests except output enable 
tests. 

3. 51 and 53 are closed while 52 is open for tpzH test. 
4. CL = 5.0 pF for output disable tests. 
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Switching Test Waveforms 

DATA 
INPUT - •:·:v 

~'·1:: .. -l 
TIMING -------f ------- 3 V 
INPUT - -------- 1.5 V 

av 

WFR02971 

Set-up, Hold, and Release Times 

Notes: 1. Diagram shown for HIGH data only. 
Output transition may be opposite 
sense. 

2. Cross hatched area is don't care 
condition. 

Pulse Width 

LOWHIGH·LOW_. __if_ ~-
PULSE ~ ~--- 1.5V 

~'PN-4'---
HIGH·LOW HIGH_ \i_ .. __ i 

PULSE ~ ;i----- 1.5 V 

WFR02791 

SAME PHASE -f. '\,J_ 3 
V 

INPUT TRANSITION.::· L -----
1
----1-.-,-..... -L :•vv 

'I --VOH 
OUTPUT ----- -1.6V 

~LH? i:±'PHL VOL 
OPPOSIT_E_P-HAS-E -~ JL 3 

V 

INPUT TRANSITION- f\.------~--- :·5vv 

WFR02980 

Propagation Delay 

Enable and Dlsable Times 

Teat Vx 

All tpoB 5.0V :: -----'* 1.sv 

1PHZ o.ov 

tpLz s.ov 

tpzH o.ov 

tpzL 5.0V 

YOH----~ 0.5V 

Voe 
0.5V __J_~ 

l 

~
YOH 

v 
o.ov 

OV~---•· '~ 
Vo.. 

WFR02680 

Notes: 1. Diagram shown for input Control Enable-LOW 
and input Control Disable-HIGH. 

2. S1, S2. and S3 of Load Circuit are closed 
except where shown. 

NOTE: Pulse generator for all "pulses: Rate .;;; 1.0 MHz; Zo = 50 S1: tr .;;; 2.5 ns. 
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Input/Output Current Interface Conditions 

DRIVEN INPUT 

THREE-STATE 
OUTPUT 

[ 

f l •o 

R 

·ALL 
INPUTS 

R= 16KO 

Co~5.0 pF, all inputs 

Co~5.0 pF, all outputs 

ICR00533 

-----

NOTE: Actual current flow direction shown. 
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Am2971 
Programmable Event Generator (PEG) 

PRELIMINARY 

Distinctive Characteristics 
• Twelve programmable, registered output waveforms 
• Programmable event intervals down to 10 ns 
• Multiplying phase-locked-loop (PLL) oscillator for im

proved timing accuracy 
• Programmable clock output for system reference at 1 /5 

or 1 /1 o of internal phase:locked loop frequency 

General Description 

The Am2971 is a very versatile timing device. It can be 
used as a digital substitute for analog delay lines or as a 
general purpose user-programmable timing/waveform gen
erator. 

The Programmable Event Generator (PEG) has twelve 
independent, programmable, timing output waveforms. The 
resolution of the output waveforms is programmable down 
to 10 ns and the sequence start address is real-time user
definable. One out of eight start addresses may be selected 
to begin the timing sequence. The PEG can be clocked 
either by its 1 O - 100 MHz on-chip PLL crystal oscillator 

TRIG TRIGGER 

FLTR 

POLARITY 
2 FUSES 

LATCH 

CONTROL 
LOGIC 

START 
DECODE ADDRESS 

START/iffiiii 

GENERATOR 
(40 FUSES) 

• Programmable control of timing sequence start and stop 
functions 

• Can be clocked from either an external source or an on
board crystal oscillator 

(with a clock output of 1 /5 or 1/10 the PLL frequency) or by 
the existing system clock. The chip can be clocked up to 
100 MHz if the PLL is bypassed. 

The frequency of the internal clock (le) can be programmed 
to equal 1x, 5x, 10x, 5/2x, 5/4x, 10/2x or 10/4x the PEG's 
input clock frequency (11). Programming the PEG is done in 
the same way as a PROM. 

The Am2971 complements the Am2960 Dynamic Memory 
Support Family by allowing the user to optimize his system 
design for highest performance (see Figure 3). 

Block Diagram 

MUX 

DECODE 

NEXT ADDRESS/EVENT 
GENERATOR 
(571 FUSES) 

REGISTER 

CLKJX, (f1) INTERNAL CLOCK (le) 

x, 

CLKOUT (fo) 

CLOCK 
CONTROL 
(5 FUSES) 

Part No. 
Am2960A 
Am2968A 
Am2969 
Am2970 

Related Products 
DescrlptlOn 

Error Detection and Correction Unit 
Dynamic Memory Controller 
Memory Timing Controller with EDC Control 
Memory Timing Controller 
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PLL GND 

FLTR 

x. 
CLK/X, 

A2 

A, 

Ao 
To 

T, 

T2 

r. 
TTL GND 

r. 

Am2971 

Connection Diagram 

Top View 

X2 

CLK/X1 

A2 

Al 

Ao 

To 

T, 

T2 

Ts 

TTL Yee 

CD005852 ~ 

Note: Pin 1 is marked for orientation. 

Logic Symbol 

TRIG 

CLKIX1 

CLKOUT 
X2 

FLTR 
To-T11 

Ao-A2 

~ ~ 
i: i: .... .... 

LS002711 
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T11 

Tio 

Tg 

Te 

T1 

Te 

Ts 

Jl u !ii ...... 
0 
> 
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Ordering Information 

Standard Products 

AMO standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: A. Device Number 

B. Speed Option (if applicable) 
C. Package Type 
D. Temperature Range 
E. Optional Processing 

i ~. ----- E. OPTIONAL PROCESSING 
Blank = Standard processing 

B =Burn-in 

'--------- D. TEMPERATURE RANGE 
C = Commercial (0 to + 70'C) 
E = Extended Commercial (-55 to + 125'C) 

~------------C. PACKAGE TYPE 

A. DEVICE NUMBER/DESCRIPTION 
Am2971 
Programmable Event Generator 

Valid Combinations 

l PC, PCB, DC. 
AM2971 DCB, DE, DEB, 

LC, XC 

P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 
L = 32-Pin Rectangular Ceramic Leadless 

Chip Carrier (CLR032) 
X =Dice 

B. SPEED OPTION 
Not Applicable 

Valid Combinations 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMO's standard military grade 
products. 
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Ordering Information 

APL Products 

AMO products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. CPL (Controlled Products List) products are 
processed in accordance with MIL-STD-883C, but are inherently non-compliant because of package, solderability, or surface 
treatment exceptions to those specifications. The order number (Valid Combination) for APL products is formed by a 
combination of: A. Device Number 

5·368 

B. Speed Option (if applicable) 
C. Device Class 
D. Package Type 
E. Lead Finish 

A 71 

~-----E. LEAD FINISH 
A - Hot Solder DIP 
C=Gold 

~--------D. PACKAGE TYPE 
J • 24-Pin Ceramic DIP (CD 024) 
U = 32-Pin Rectangular Ceramic Leadless Chip 

Carrier (CLR032) 

'-------------C. DEVICE CLASS 
/B =Class B 

~----------------B. SPEED OPTION 
Not Applicable 

A. DEVICE NUMBER/DESCRIPTION 
Am2971 
Programmable Event Generator 

Valid Combinations 

Valid Combinations 

AM2971 /BJA, /BUC 

Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMO 
sales office to confirm availability of specific valid 
combinations or to check for newly released valid 
combinations. 
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Pin Description 
TRIG Trigger (Input) 

The timing cycle of the PEG can be started on either the 
positive or negative edge of the start (TRIG) pulse. The 
polarity is defined by the user as a fuse option (fuse 621) in 
the TRIGGER POLARITY block. The trailing edge of the 
start (TRIG) pulse may be used to stop the timing sequence. 
The STOP TRIG fuse (fuse 622) must not be blown if this 
option is desired. If the fuse is blown, the trailing edge of the 
start (TRIG) pulse will be disabled as a means of stopping 
the timing sequence. Instead, the PEG will search for a 
blown Stop Bit fuse in the Next Address/Event Generator. 
In the Program Mode, a high voltage level (Vop) is applied 
to the TRIG input (see Figure 5). 

Ao - A2 Addresses (Inputs (3)) 
These three bits define eight locations in the Start Address 
Generator. The Start Address Generator contains the user
programmed start locations. One of eight addresses can be 
selected for each cycle initiation. In the Program Mode, 
these inputs are unused and may be allowed to float. 

CLK/X1 and X2 Clock/Crystal (Input/Output) 
These two pins serve as crystal inputs f1 (see Figure 1 ). It is 
recommended that an AT Cut Parallel Resonant Crystal be 
used. An external clock may also be applied to the CLK/X1 
input with the X2 output left floating. Fuses 612 through 619 
in the CLOCK CONTROL logic block enable the user to set 
the internal clock frequency as a function of the crystal or 
input clock frequency. 

Function;tl Description 

The Programmable Event Generator (PEG) block diagram may 
be divided into four blocks: Clock Control, Start Address 
Generator, Next Address/Event Generator and Control Logic. 

Internal to the CLOCK CONTROL logic are five user-program
mable fuses. One of these (fuse number 620) is used to 
generate the desired output frequency (fo) on the CLKOUT 
option. The remaining four fuses (numbers 616 through 619) 
are used to generate the desired internal reference clock 
frequency (fc). As shown in Figure 2, there are a variety of 
internal reference frequency and external CLKOUT frequency 
options available as a function of input frequency (f1). The 
input frequency may be supplied either by an external source 
or by the internal PLL oscillator (with a crystal connected as 
shown in Figure 3). The reader is directed to Tables 6 and 7 
for an explanation of the possible internal frequency and 
output frequency options in regards to user programming. 

A timing sequence is initiated by a transition at the TRIG input. 
Two user-programmable fuses are located in the TRIGGER 
POLARITY block. One of the two fuses (fuse number 621) is 
used to define the polarity of the TRIG input. When the fuse is 
left unprogrammed, a timing sequence is initiated during a 
negative transition of the TRIG input. The second fuse in this 
block (fuse number 622) is used to define the end of a timing 
sequence. If this fuse is left unprogrammed, the timing 
sequence is stopped on the trailing edge of the TRIG pulse. If 
the fuse is programmed, the end of the timing sequence is 

FLTR Fiiter 
This pin is used to connect a 0.47-µF filter capacitor 
between the phase-locked-loop and ground. 

CLKOUT Output Clock (Output) 
CLKOUT, fo, is a clock output pin which may be used for 
system reference. The output frequency for CLKOUT is 
either 1/5 or 1/10 the PLL clock frequency. It is fuse
programmable with the fuse located in the CLOCK 
CONTROL logic block. In the Program Mode, a high voltage 
level (V1HH) is applied to CLKOUT for a period of time (tpF). 
Applying a steady-state V1HH voltage to this pin for a period 
in excess of 400 µs is not recommended. 

To-T11 Timing Outputs (Outputs, Active HIGH) 
These are twelve timing outputs from the Next Address/ 
Event Generator. These outputs follow a user-programmed 
timing pattern. Next Address/Event Generator outputs are 
registered allowing for glitch-free operation. 

Power, Ground TTL/PLL Power Pair 
Two power and two ground pins are required by the PEG 
chip. One power pair is used by the PLL (phase-locked-loop) 
and the internal EGL circuitry. The other power pair is used 
by the remainder of the chip (TTL). 

defined by the Stop Bits as programmed into the Next 
Address/Event Generator functional block. 

A proper transition at the TRIG input initiates a timing 
sequence by latching the START ADDRESS GENERATOR 
inputs, Ao - A2. These latched inputs are used to select one of 
eight different start addresses. The user defines ·these 5-bit 
start addresses by programming fuses 576- 615 as required. 
Each 5-bit start address defines a starting point for the timing 
sequence from thirty-two possible selections in the user
defined Next Address/Event Generator block. 

After the start address, subsequent addresses are generated 
from the information programmed into the NEXT ADDRESS/ 
EVENT GENERATOR. As defined in Tables 3 and 8, each of 
the thirty-two user-defined 18-bit data strings contain three 
pieces of information. The first 5 bits (fuses) are used to define 
the next address of the desired timing sequence (out of 32 
possible addresses within the Next Address/Event Genera
tor). The next 12 bits (fuses) are used to generate output 
waveforms to the twelve Timing Outputs (To - T 11 ). These 12 
bits define the current logic level at each of the twelve timing 
ouputs. As the timing sequence progresses from address to 
address, these Timing Outputs will produce 12 independent 
waveforms, as defined by the user. Since both the address 
sequences and waveform logic levels are user-programmable, 
a wide variety of output patterns may be generated. One last 
bit (fuse). the Stop Bit, is used to define the end of a timing 
sequence. 
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When the Trigger Polarity Stop fuse (fuse number 622) has 
been·programmed, the timing sequence will no longer stop on 
the trailing edge of the TRIG pulse. The end of a timing 
sequence is instead defined by the Stop Bit in. each of the 
thirty-two Next Address/Event Generator data strings. Each 
Stop Bit is activated by programming. When a Timing Se
quence addresses one of the thirty-two 18-bit data strings with 
a "1" programmed into the Stop Bit, the sequence is halted. 
Whenever a sequence is halted, the Timing Outputs (To - T 11) 
will remain at the last value, as defined by the data string 
containing the active Stop Bit. 

Each of the twelve timing waveform outputs (To - T 11 ) from 
the Next Address/Event Generator has a minimum usable 
cycle of 40 ns (or 20 ns per change). When the PEG is 
operating at its maximum internal clock frequency (100 MHz), 
the outputs must be programmed to remain unchanged for at 
least two clock periods for each change of logic level. That is, 
although an output can only change every 20 ns minimum, the 
timing resolution between events may be as low as 1 O ns. 
When the PEG's internal reference clock frequency (fe) is 
programmed to operate at 4Q MHz or slower, the timing 
waveform can be programmed to change on every clock. 

Oscillator 

The Am2971 contains an inverting, linear amplifier which is 
intended to form the basis of a crystal oscillator. In designing 
this oscillator it is necessary to consider several factors 
related to the application. 

The first consideration is the desired frequency accuracy. This 
may be subdivided into several areas. An oscillator is consid
ered stable if it is insensitive to variations in temperature and 
supply voltage, and if it is unaffected by individual component 
changes and aging. The design of the Am2971 is such that the 
degree to which these goals are met is determined primarily by 
the choice of external components. Various types of crystals 
are available and the manufacturers' literature should be 
consulted to determine the appropriate type. For good temper
ature stability, zero temperature coefficient capacitors should 
be used (Type NPO). For extreme temperature stability, an 
oven must be used or some other form of temperature 
compensation applied. 

Absolute frequency accuracy must also be considered. The 
resonant frequency varies with load capacitance. It is there
fore important to match the load specified by the crystal 
manufacturer for a standard crystal (usually 32 pF), or to 
specify the load when ordering a special crystal. It should then 
be possible to determine from the crystal characteristics the 
load tolerance to maintain a given accuracy. If the "set-on" 
error due to load tolerance is unacceptable, a trimmer 
capacitor should be incorporated for fine adjustment. 

The mechanism by which a crystal resonates is electrome
chanical. This resonance occurs at a fundamental frequency 
(1st harmonic) and at all odd harmonics of this frequency 
(even harmonic resonance is not mechanically possible). 
Unless otherwise constrained crystal oscillators operate at 
their fundamental frequency. However, crystals are not gener
ally available with fundamental frequencies above 20-25 MHz. 
At higher frequencies, an overtone oscillator must be used. In 
this case, the crystal is designed to oscillate efficiently at one 
of its odd harmonic frequencies and additional components 
are included in the oscillator circuit to prevent it oscillating at 
lower harmonics. 

Where a high degree of accuracy or stability is not required, 

the amplifier may be configured as an L-C oscillator. It may 
also be driven from an external clock source if operation is 
required in synchronous with that source. 

1st Harmonic (Fundamental) Oscillator 

The circuit of a typical 1st harmonic oscillator is shown in 
Figure 3. The crystal load is comprised of the two 68 pF 
capacitors in series. This 34 pF approximates the standard 32 
pF crystal load. If a closer match is required then one of the 
capacitors Should be replaced with a parallel combination of a 
fixed capacitor and a trimmer. The nominal value of the 
combination should be 60 pF to provide proper crystal loading. 

A typical crystal specification for use in this circuit is: 

Frequency Range: 2 - 20 MHz 
Resonance: At Parallel Mode 
Load: 32 pF 
Stability: 0.1 % or to match systems requirements 
Case: H-17 - for smaller size 
Temp Range: -30 to + 70°C 

Note: Frequency will change over temperature. 

It is a good practice to ground the case of the crystal to 
eliminate stray pick-up and keep all connections as short as 
possible. 

Note: At fundamental frequencies below 6 MHz it is possible 
for the oscillator to operate at the 3rd harmonic. To prevent 
this a resistor should be added in series with the X2 pin as 
shown in the circuit diagram. 

The resistor value should match the impedance of C: 
1 

R=Xe=27TfC 

Design Considerations (reference Figure 1) 

1. Oscillator external connections should be less than 1" 
long - wirewrap is not recommended. 

2. Vee and GND connections should be less than ; 12" long to 
power plane. 

3. Supply decoupling includes both high frequency and bulk 
storage elements. 

4. The same considerations apply for 3rd overtone configura
tions. 

...... ... PF001071 

Figure 1. Typical External Connections 
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Figure 2. Clock Options 

Applications 

Rog 

AF003871 

The Am2971 Programmable Event Generator (PEG) is a 
universal, programmable digital delay line and timing/wave
form generator which provides the designer an alternative to 
the expensive and difficult to use analog delay line. Because 
of the device's programmability and large number of outputs, it 
can replace several different delay lines at one time. The user 
is no longer restricted to the fixed, single event delay line. As 
one suggested application, this device can easily be used to 

CPU 

c 

i Am2989 
EDC/MTC TIMING 

CONTROLLER 

CLKIX, 

1 
R - Xe - -- for 2-6 MHz 

27T 11 c 
R • o for 6-20 MHz 

x, 

R 

D 

TC002531 

Figure 3. Fundamental Oscillator 

generate timing for the Am2968 Dynamic Memory Controller 
and the Am2969 Memory 'Timing Controller. 

AMD's Dynamic RAM Memory Support system solution is 
shown in Figure 4. Typically, the Timing Controller generates 
the Row Address Strobe Input (RASI) signal whenever a 
refresh or a memory cycle is requested. This signal provides a 
leading edge to the TRIG input of the PEG chip, thus initiating 
the user-defined timing sequence. Custom-tailored waveforms 
are generated at the Timing Outputs (To- T 11), providing 
proper and precise sequencing between the Am2968 and 
Am2!169 for optimum system performance. 

DYNAMIC MEMORY 
ARRAY 

USING 1M, 2&8K, 14K, or 11K 

DRAMo 

SYSTEM DATA BUS AF003633 

Figure 4. 16-Bit High-Performance Computer Memory System Application 

Programmer/Development Systems 
Refer to Programmer Reference Guide. 
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Absolute Maximum Ratings 

Storage Temperature ......................... -65°C to + 150°C 
Ambient Temperature with 

Power Applied ............................... -55°C to + 125•c 
Supply Voltage to Ground Potential 

Continuous (TTL Vee and PLL Vee) ...... o V to + 7.0 V 
DC Voltage Applied to Outputs For 

High Output State ......................... o V to +Vee max. 
DC Input Voltage .............................. -0.5 V to + 5.5 V 
DC Input Current.. ........................ -18 mA to + 5.0 mA 

Stresses above those listed under ABSOLUTE MAXIMUM 
RA TINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 

Operating Ranges 
Commercial (C) Devices 

Temperature (TA) .................................. o to + 70°C 
TTL Vee and PLL Vee ......................... 5.0 v ±10% 

Min ........................................................ 4.50 V 
Max ....................................................... 5.50 V 

Extended Commercial (E) or Military• (M) Devices 
Temperature (Tc) ............................. -55 to + 125°C 
TTL Vee and PLL Vee ......................... 5.0 v ±10% 

Min ........................................................ 4.50 V 
Max ....................................................... 5.50 V 

Operating ranges define those limits between which the 
functionality of the device is guaranteed. 

*Military Product 100% tested at Tc= +25°C, + 125°C, 
and -55°C. 

DC Characteristics over operating range unless otherwise specified 

Parameter Parameter Test Conditions Min. Max. Units Symbol Description 

Vee= Min., 1 COM'L. 2.7 
VoH Output HIGH Voltage 

V1N • VJH or V1L loH=-1 mA j MIL. 2.5 v 

VoL Output LOW Voltage Vee= Min., loL-6 mA 0.4 v 
VJN • VJH or V1L 

VJH Input HIGH Voltage Guaranteed Input HIGH Voltage for All Inputs 2.0 v (Note 1) 

VJL Input LOW Voltage Guaranteed Input LOW Voltage fo• . ,,, Inputs 0.6 v (Note 1) 

VJHC 
Input HIGH Voltage Guaranteed Input HIGH Voltage for All Inputs 3.0 v to CLK/X1 

V1LC 
Input LOW Voltage Guaranteed Input LOW Voltage for All Inputs 0.8 v to CLK/X1 

v, Input Clamp Vee= Min. l1N•-16 mA -1.2 v (Note 1) 

Vee= Min., CLK/X1, X2 700 
VJN = 3.0 V 

IJH Input HIGH Current Vee= Max., µA 

VJN = 2.7 V A-0 - A2 and TRIG 20 

Vee= Max., CLK/X1, X2 -500 VJN = 0.5 V 
IJL Input LOW Current Vee= Max., µA 

V1N = 0.5 V Ao-A2 and TRIG -250 

Vee= Min., CLK/X1, X2 1 mA 
V1N = 4.0 V 

11 Input Current Vee= Max., Ao-A2 100 
V1N = 5.5 V 

Vee= Max., µA 

V1N =Vee - 0.5 TRIG 100 

lsc Output Short Circuit Current Vee= Max., Vo= 0 V -15 -100 mA (Note 2) VJN = 0 V 

Ice T = -55°C, O'C, + 25°C 310 
Power Supply Current Vee= Max. mA (Note 3) T = + 70'C, + 125'C 240 

Notes: 1. Does not apply to CLK/X 1 and X2. 
2. No more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
3. Ice varies with temperature and oscillation frequency. 
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Switching Characteristics over operating range unless otherwise specified 

Parameter Parameter 
No. Symbol Description Test Conditions Min. Max. Units 

a) PLL Frequency Multiplication Mode (TIL Input 10 70 @ CLK/X1) 

b) PLL Frequency Multiplication Mode (Crystal @ 

CLK/X1 Input CLK/X1, X2) 
FREQ IN 1 @ CLK/X1 Clock Frequency c) Flow-through Mode MHz 

(Note 2) (PLL bypassed) (TIL 0 85 
Input @ CLK/X1) 

d) Flow-through Mode (PLL bypassed) (Crystal @ 
CLK/X1, X2) 

2 IRISE@ CLKOUT Rise Time 14 ns CLKOUT (Note 2) 

3 IFALL @ CLKOUT Fall Time 10 ns CLKOUT (Note 2) 

4 IRISE@ To- T11 Rise Time 10 ns 
To-T11 (Note 2) 

5 tFALL @ To-T11 Fall Time 9 ns 
To-T11 (Note 2) 

tsKEW@ 
Skews between the 

6 To - T 11 Outputs (LOW-to- CL=50 pF 3.5 ns 
To-T11 HIGH Transition) 

tsKEW@ 
Skews between the 

7 To- T 11 Outputs (HIGH-to- CL=50 pF 5.0 ns 
To-T11 LOW Transition) 

tsKEW@ 
Skews between the 

8 To - T 11 Outputs (Mixed CL=50 pF 8.5 ns 
To-T11 Transition) 

ISET TRIG TRIG__/ to CLK/X1 a) PLL Frequency Multiplication Mode (Note 2) 11 ns 
9 to CLK/X1 .../"Setup Time b) Flow-through Mc.de (PLL bypassed) 11 ns 

tsET TRIG TRIG"""- to CLK/X1 a) PLL Frequency Multiplication Mode (Note 2) 6 ns 
10 to CLK/X1 _/Setup Time b) Flow-through Mode (PLL bypassed) 4 ns 

tpo CLK/X1 to Propagation Delay from a) PLL Frequency Multiplication Mode (Note 2) 25 ns 
11 CLK/X1 .../"to the 

To-T11 To-T11 Outputs b) Flow-through Mode (PLL bypassed) 23 ns 

tpo CLK/X1 to Propagation Delay from 
12 CLKOUT CLK/X1 to the CLKOUT PLL Frequency Multiplication Mode (Note 2) 17.5 ns 

Outputs 

13 ISET Ao-A2 Ao - A2 Inputs to TRIG PLL Frequency Multiplication Mode/Flow-through 1.0 ns to TRIG ..../""(Note 3) Mode (PLL bypassed) 

14 IHOLO Ao-A2 Ao - A2 Inputs to TRIG PLL Frequency Multiplication Mode/Flow-through 11.0 ns to TRIG _r Hold Time (Note 3) Mode (PLL bypassed) 

Calculated Switching Characteristics 

IPERIOO Timing Resolution between 15 Resolution @ the To-T11 Outputs 1/11 (1a or 1c) 
To-T11 

16 lpwH@ TRIG TRIG Input Pulse Width a) PLL Frequency Multiplication Mode ISET (9a) + 1/fc + 5 
(Calculated) (HIGH State) (Note 1) b) Flow-through Mode (PLL bypassed) ISET (9b) + 1 /11 + 5 

17 IPWL@ TRIG TRIG Input Pulse Width a) PLL Frequency Multiplication Mode 1/tc 
(Calculated) (LOW State) (Note 1) b) Flow-through Mode (PLL bypassed) ISET (10b) 

tpo Delay from TRIG ../ to a) PLL Frequency Multiplication Mode tsET (9a) + 1/tc + tpo (11a) 
18 TRIG To-T11 To-T11 Active (Calculated) b) Flow-through Mode (PLL bypassed) ISET (9b) + 1 /11 + !po (11 b) 

tpo Delay from TRIG '-to a) PLL Frequency Multiplication Mode ISET (1 Oa) + 1 /le + !po (11 a) 
19 TRIG To-T11 

(Calculated) To - T 11 Inactive b) Flow-through Mode (PLL bypassed) ISET (1 Ob) + 1 /11 + !po (11 b) 

Notes: 1. Not Tested; calculated using other parameters. 
2. Not Tested; correlated. 
3. Only A2 is tested. 
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Switching Test Circuit 

TC003132 

A. Outputs 

Notes: 1. CL= 50 pF, the load capacitance includes scope probe, wiring, and stray capacitance without the 
device in the test fixture. 

2. 81 and 82 are open during all DC and functional testing 
3. During AC testing, switches are set as follows: 

1) For Vour > 1.5 V, 81 is closed and 82 open 
2) For Vour < 1.5 V, 81 is open and 82 closed 

Switching Test Waveform 

Input 

Output 

5.374 ~ Monolithic m llllemorles ~ 

4.0 v 

---0.0 v 

i-----VoH 

VoL 
WF021341 



Am2971 

Key to Switching Waveforms 

WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE 
STEADY STEADY 

\fil\\_ MAY CHANGE WILL BE 

FROM H TO L CHANGING 
FROM H TOL 

1lliff MAY CHANGE 
WILL BE 

FROML TOH CHANGING 
FROML TOH 

1JJ/f1 DON'T CARE; CHANGING; 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

]}--{[ 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFFHSTATE 

KS000010 

Switching Waveforms 

CLK/X1 

CLKOUT 

To-T11 ,,__......._ ................ ~ ..... __,...._ ...... ,,__,....._ ........... ""'--'""---"""'--"''-....... .__..., 
WF022521 

WF022530 

Rise Time/Fall Time/Skews 
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Typical Performance Curve 

1.0 

0.8 Tc= -WC 

~ = 25"C lif" 
0.8 

0.4 Tc= 1 25•c 

0.2 

J 0 
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Tc= 25;;; 

-0.2 
Tc- -WC 

sl ~F ~:!: Sk 
-0.4 

-0.8 

-0.8 
-1.0 0 1.0 2.0 3.0 4.0 5.0 

V1N - VOLTS 

PF001081 

CLK/X1 Crystal Input Characteristics 
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Input/Output Circuit Diagrams 

Driven Input 
Vee 

q----.-Kt---+--i 

Driving OUtput 
Vee 

IC000910 

Output Configuration for CLKOUT 
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L 
r 

IC000881 
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ECL PAL® Devices 

Features/Benefits 

20 logic inputs: 12 external, 8 feedback 
8 outputs programmable as registered, latched, or 
comblnatorlal 
ECL technology provides 6 ns propagation delay 
64 product terms 
10KH and 100K compatlble versions 
Space saving 24-pln SKINNVDIP® package 
Programmable using standard TTL programmers with 
adapter ' 
Security fuse prevents unauthorized copying 

Description 

The PAL 1OH/10020EV/EG8 is a high density universal ECL PAL 
device. Outputs can be specified as registered or combinatorial 
for the 20EV8, and latched or combinatorial for the 20EG8, on an 
individual basis. In addition, varied product term distribution 
allows up to twelve product terms per output. These features 
allow complex designs at the high speed of ECL technology. 

Other features include asynchronous preset and reset, and 
individual output enables. Programmable polarity allows either 
active-HIGH or active-LOW outputs. 

Mac roe ell 

AR APCLK 

pn 

n = 8 OR 12 

630 02 

PAL 1 OH20EV/EG8 
PAL 10020EV/EG8 

ADVANCE INFORMATION 

Ordering Information 

~ ~;;""'!' j j I . 10H = 10KH 
100 = 100K 

NUMBER OF ARRAY 
INPUTS 

LATCHED/REGISTERED 
OUTPUTS 

NUMBER OF OUTPUTS 

-6 C JS STD 

SPEED (I PD ) ----------' 

OPERATING CONDITIONS 
C =COMMERCIAL -------~ 

PACKAGE 
NS = PLASTIC SKINNYDIP --------~ 
JS = CERAMIC SKINNYDIP 
FN = PLCC 

PROCESSING 
STD = STANDARD 

630 01 

PAL10H/10020EV8 Macrocell 

10338A 
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Programmable 
Array Logic 
ECL PAL® Device 

Features/ Benefits 
• 20 logic inputs: 12 external, 8 feedback 

• 8 latched outputs 

• Programmable latch bypass 

• ECL technology provides 4.5 ns tsu• 6 ns tpo 

• 32 product terms with term sharing 

• 10KH ECL compatible 

• 50-!l termination drive 

• Input pull-down resistors 

• Voltage compensated 

• Space-saving 24-pin SKINNYDIP® and 28-pin PLCC 
packages 

• Programmable using standard TTL programmers with 
adapter 

• Greater than 99% programming yield 

• Security fuse prevents unauthorized copying 

Description 
The PAL 10H20G8 is a 10KH family compatible EeL PAL device 
having twelve dedicated inputs and eight latched outputs with 
feedback. A programmable AND array and a fixed OR array 
make possible the implementation of a wide variety of logic 
functions with far fewer packages than with SSI devices. The 
logic is implemented by opening metal fuse connections within 
the AND array. Designs can be specified by using any of a 
variety of software packages which accept the design and 
assemble a file that can be downloaded into a device pro
grammer. The device can be programmed using any of the 
qualified PAL device programmers (refer to the Programmer 
Reference Guide). 
The output latches will hold data when the gate (G) pin is high, 
and will be transparent when the gate is low. The outputs can 
drive a 50 f1 termination to Vee - 2.0 V. 

·The input pins have 50 kn internal pu.11-down resistors, which 
allow unused inputs to be left open. Open inputs will assume a 
logic low state. 

Latch Cell 

FROM 
ARRAY 

TO 

ARRAY "--+----------
GATE 

TO 
OUTPUT 

PAL10H20G8 

Features 
Each output latch has a bypass fuse, for creating a combinatorial 
output. There are two gate pins, each of which drives a bank of 
four output latches. If all of the outputs in a bank are pro
grammed to have their latches bypassed, the gate pin for that 
bank can be used as an input to the array. 

The programmable AND array contains a total of thirty-two 
product terms. Product terms are arranged in groups of eight. 
The terms in each group can be shared mutually exclusively 
between two adjacent output cells. If a particular product term is 
needed for two outputs, then two identical product terms are 
generated: one for each output. 

A security fuse is provided to help protect the fuse pattern from 
unauthorized copying. Once the security fuse has been 
programmed, it is no longer possible to verify the contents of the 
fuse array electrically. The security fuse has no effect on 
functionality. 

Note that if all latches within a bank have not been bypassed, an 
attempt to use the gate pin as an array input can cause input 
setup time violations, and may be flagged as an error when 
assembling the equations. 

Ordering Information 
PAL10H20G8 NS STD 

PROGRAMMABL~TTll L PROCESSING 
ARRAY LOGIC STD= Standard 
FAMILY XXXX = Special Processing 

ECL COMPATIBILITY~ LPACKAGE 
10H = 10KH · NS= Plastic SKINNYDIP 

JS = Ceramic SKINNYDIP 
NUMBER OF ARRAY FN = PLCC 
INPUTS 

NUMBER OF OUTPUTS 
OUTPUT TYPE-----~ 

G =Latched 

Pin Configurations 

10340A 
JANUARY 1988 
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PAL10H20G8 

Absolute Maximum Ratings 
These ratings specify the conditions above which the device may be permanently damaged. AC and DC specifications are not 
necessarily guaranteed over this range. 

Supply voltage VEE (Vcc1 = Vcc2 = Vcc3 = o Volts) .......................................................... -8 v too v 
Input voltage V1 (Vcc1 = Vcc2 = Vcc3 = o Volts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o v to VEE 
Output current, IOUT 

Continuous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 mA 
Surge .................................................................................................... 100 mA 

Storage temperature range, T stg ......................................................................... -65° C to 150° C 
Maximum burn-in temperature 

Ceramic package .......................................................................................... 125°C 
Plastic package . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75° c 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN NOM MAX 

VEE Supply voltage (Vee= o V) -5.46 -5.2 -4.94 v 
TA Operating free-air temperature 0 75 oc 

tsu Latch input setup time 4.5 ns 

th Latch input hold time 0 ns 

tw Gate signal pulse width 2.0 ns 

Electrical Characteristics VEE= -5.2 v ±5% (See note 1) 

TEST 
oo 25° 75° 

SYMBOL PARAMETER CONDITIONS l MIN 
UNIT 

MAX MIN MAX MIN MAX 

IEE Power supply current Inputs V1N = V1H Max - 225 - 225 - 225 mA 

linH Input current high V1H Min< Vin< V1H Max - 425 - 265 - 265 µA 

linL Input current low V1L Min< Vin< V1L Max 0.5 - 0.5 - 0.3 - µA 

VoH High output voltage (See Note 2) -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL Low output voltage (See Note 2) -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

V1H High input voltage (See Note 2) -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 V de 

V1L Low input voltage (See Note 2) -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 V de 

Switching Characteristics VEE= -5.2 v ±5% (See note 1) 

oo 25° 75° 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

tpo Propagation delay 2.0 6.0 2.0 6.0 2.0 6.0 ns 

tR Rise time (20%-80%) 0.8 2.2 0.7 2.0 0.8 2.2 ns 

IF Fall time (80%-20%) 0.8 2.2 0.7 2.0 0.8 2.2 ns 

tG Gate to output delay 1.0 2.5 1.0 2.5 1.0 2.5 ns 

Note 1 Each EGL 10KH series circuit has been designed to meet the specifications shown in test table, after thermal equilibrium has been established. 

The circuit 1s in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is maintained. 

2. Outputs are terminated through a 50-n resistor to Vee -2.0 V 

3 If pin 14 (PLCC pin 17) is not used, it should be left open or terminated to VTT (=Vee - 2.0 V). It should not be terminated to VEE· 

General Information 
(refer to page 5-389) 
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PAL10H20G8 

Logic Diagram 

0 I 2 3 4 5 6 7 8 Q 1011 1213!415 !6171819 W212223 2H52627 28293ll31 32333435 36373839 
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3~ 
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'° " -
" " ,. 
15 

11 ~ 
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131~ 

116) 

... 

14 ~ JC'.1-
(17) ~ .:: VCC2 1 l~) 
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(27) 

12~ VEE 
114) ... 

Note: Numbers in parentheses refer to the PLCC pin number. 
PLCC pins 1, 8, 15, and 22 are not connected. 
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PAL10H20G8 

Using the PAL 1 OH20G8 Device 
as a State Machine 
Latches can be used in the implementation of state machines, 
but care must be taken in their use. They cannot be treated as if 
they were registers, which are more common in the TTL PAL 
devices. Since a latch is a level-sensitive storage device, it is 
more difficult to control the sequencing of states. In theory, 
when the gate pin is lowered, the latch can assume a new state. 
After waiting for the state to stabilize and for the feedback signal 
to propagate, the new state can be latched. Latching the state 
delays any further state changes until the next time the gate 
signal G goes low. 

Latches Are Not Register's 
The danger in treating a latch just like a register is that a feedback 
race condition will be explicitly built into the circuit. Enough 
setup time must be allowed for latching new data, yet if too much 
delay is allowed, the transparent latch may actually change state 
twice before being latched. For example, a divide-by-two counter 
(Figure 1a) may oscillate until the gate pin is raised if too much 
setup time is provided. The final state will depend on how fast the 
output was oscillating (Figure 1b), and will be unpredictable. 

Use a Dual-Phase Clock 
The usual method of dealing with this problem is to use a dual
phase clock, with two sets of latches. The logic must be 
partitioned such that all latches that are enabled on one phase of 
the clock feed only latches that are enabled on the opposite 
phase. This allows operation in a master-slave mode. The 
implementation can be made by providing one latch merely as a 
holding element, which can pass the data unchanged to another 
latch; this is essentially a master-slave register. In such a 
situation, two latches are needed for each state bit. The 
divide-by-two counter using a master and a slave is shown in 
Figure 1c. · 

If the entire state machine can be partitioned into two groups of 
state bits such that group 1 states only feed group 2 states and 
vice versa, then it becomes possible to place logic between the 
master latch and the slave latch. At that point the terms "master" 
and "slave" lose significance; each latch may implement a state 
bit by itself. The minimum timing is illustrated in Figure 2. 

Greater System Speed And Efficiency 
This kind of arrangement can sometimes be used to obtain a 
greater overall system speed than would be possible using 

G 

0 

RISKY 

a. 

"WINDOW" 

Window Is too large - output oscillates, 
final state Is unpredictable 

b. 

c. 
Figure 1 

registers instead of latches. Since a register is essentially made 
up of two latches, it can also provide for a more efficient 
design with latches. 

The PAL 1 OH20G8 Has Two Gate Pins 
The PAL 10H20G8 device is equipped with two external gate 
lines, each of which controls a bank of four latches. This makes it 
possible to split a clock signal and feed opposite phases to 
these clock lines. The gate pins have a tsu delay in order to 
guarantee that an output will change after a time tG from whe.n 
the gate pin is lowered. Referring then to Figure 2, we have: 

1 
fMAx= 

2tsu + 2tG 

Note that the gate pins should not be used as array inputs if they 
are also being used to enable the latches, since there is a great 
risk (or even certainty) of violating the necessary input setup 
times. 

----1 PERIOD-----

GATE A 

OUTPUT A 

OUTPUTB 

GATEB 

INPUTS 

Figure 2 
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Combinatorial 
ECL PAL Device 

Features/Benefits 
• 20 logic Inputs: 12 external, 8 feedback 

• 8 outputs with programmable polarity 

• ECL technology for ultra-high speed-max tpo = 6 ns 

• 32 product terms with term sharing 

• 10 KH ECL compatible 

• Fully AC tested 

• Input pull-down resistors 

• Voltage compensated 

• Space-saving 24-pin SKINNYDIP® and 28-pln PLCC 
packages 

• Programmable using standard TTL programmers with 
adapter 

• Greater than 99% programming yield 

• Security fuse prevents unauthorized copying 

Description 
The PAL 1 OH20P8 is a 1 OKH family compatible ECL PAL device 
having twelve dedicated inputs and eight outputs with 
feedback. A programmable AND array and a fixed OR array 
make possible the implementation of a wide variety of logic 
functions with far fewer packages than with SS! devices. The 
logic is implemented by opening metal fuse connections within 
the AND array. Designs can be specified by using any of a 
variety of software packages which accept the design and 
assemble a file that can be downloaded into a device pro
grammer. The device can be programmed using any of the 
qualified PAL device programmers (refer to the Programmer 
Reference Guide). 

The outputs are equipped with programmable polarity. They 
can drive a 50-n termination (to Vcc-2.0 V). Product term 
sharing is provided to allow greater flexibility in assigning 
product terms to outputs. 

The input pins have 50-k!1 internal pull-down resistors, which 
allow unused inputs to be left open. Open inputs will assume a 
logic low state. 

10346A 
JANUARY 1988 

PAL10H20P8 

Ordering Information 

PAL 10H20P8 NS STD 

PROGRAMMA~LE.:::J""""T ARRAY LOGIC 

ECL10KH 
TECHNOLOGY 

NUMBER OF 
ARRAY INPUTS 

OUTPUT TYPE------~ 

P = Combinatorial 
with Programmable 
Polarity 

Features 

L PROCESSING 
STD = Standard 
XXXX =Other 

PACKAGE 
NS= Plastic 

SKINNYDIP 
JS =Ceramic 

SKJNNYDIP 
FN = Plastic Leaded 

Chip Carrier 
SG = Small-Outline 

Gull-wing 

~----NUMBER OF 
OUTPUTS 

'Each output has a programmable polarity fuse, allowing for 
more efficient representation of many logic functions. Each 
output is active high with polarity fuse intact, and active low with 
the polarity fuse blown. 

The programmable AND array contains a total of thirty-two 
product terms. Product terms are arranged in groups of eight. 
The terms in each group can be shared mutually exclusively 
between two adjacent output cells. If a particular product term is 
needed for two outputs, then two identical product terms are 
generated: one for each output. 

A security fuse is provided to help protect the fuse pattern from 
unauthorized copying. Once the security fuse has been pro
grammed, it is no longer possible to verify the contents of the 
fuse array electrically. The security fuse has no effect on 
functionality. 

Packages 
The PAL 10H20P8 is available in the plastic SKINNYDIP (NS), 
ceramic SKINNYDIP (JS), and plastic leaded chip carrier (FN) 
packages. For drawings, refer to PAL Device Package Outlines. 
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PAL10H20P8 

Absolute Maximum Ratings 
These ratings specify the conditions above which the device may be permanently damaged. AC and DC specifications are not 
necessarily guaranteed over this range. 

Supply voltage VEE (Vcc1 = Vcc2 = Vcc3 = o V) ............................................................ -8.0 v too v 
Input voltage V1 (Vcc1 = Vcc2 = Vcc3 = o V) .................................................................. o v to VEE 
Output current, IOUT 

Continuous ............................................................................................. 35 mA 
Surge ................................................................................................. 100 mA 

Storage temperature range, T stg ......................................................................... -65° C to 150° C 

Operating Conditions 

SYMBOL PARAMETER COMMERCIAL 
UNIT MIN TYP MAX 

VEE Supply voltage (Vee= 0 V) -5.46 -5.2 -4.94 v 
TA Operating free-air temperature 0 75 oc 

Electrical Characteristics VEE= -5.2 v ±5% (See note 1) 

SYMBOL PARAMETER TEST 0°C 25°C 75°C UNIT CONDITIONS MIN MAX MIN MAX MIN MAX 

IEE Power supply current Inputs V1N = V1H MAX - 210 - 210 - 210 mA 

linH Input current high V1H MIN< Vin< V1H MAX - 425 - 265 - 265 µA 

linL Input current low V1L MIN< Vin< V1L MAX 0.5 - 0.5 - 0.3 - µA 

VoH High output voltage (See note 2) -1.02 -0.84 -0.98 -0.81 -0.92 -0.735 Vdc 

VOL Low output voltage (See note 2) -1.95 -1.63 -1.95 -1.63 -1.95 -1.60 Vdc 

V1H High input voltage (See note 2) -1.17 -0.84 -1.13 -0.81 -1.07 -0.735 Vdc 

V1L Low input voltage (See note 2) -1.95 -1.48 -1.95 -1.48 -1.95 -1.45 Vdc 

Switching Characteristics VEE = -5.2 v ±5% (See note 2) 

SYMBOL PARAMETER 0°C 25°C 75°C UNIT 
MIN MAX MIN MAX MIN MAX 

tpo Propagation delay 2.0 6.0 2.0 6.0 2.0 6.0 ns 

lR Rise time (20%-80%) 0.7 2.2 0.7 2.0 0.7 2.2 ns 

IF Fall time (80%-20%) 0.7 2.2 0.7 2.0 0.7 2.2 ns 

Notes: 

1. Each EGL 10KH series circuit has been designed to meet the specifications shown in test table after thermal equilibrium has been established. 
The circuit is in test socket or mounted on a printed board and transverse air flow greater than 500 linear fpm is maintained. 

2. Outputs are terminated through a 50 n resistor to Vee -2.0 V. Discrete carbon resistors shOuld be used for terminations. Multiple-resistor packs and metal 
film discrete resistors are inductive and should be avoided. The single-ended nature of the outputs demands strict adherence to ground and termination 
plane design techniques. 

3. If pin 13 (PLCC pin 16) is not used, it should be left open or terminated to Vrr (=Vee -2.0 V). It should not be terminated to VEE· 
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Logic Diagralft 

I 
121 

01t3 

2 
131 
3 

141 

~ 
--b-

~ 

9 
(II 

10 
(12 

II 
(13 

I ~ 

I ~ 

I~ 

0 

' ' 3 . 
5 

' ' 

8 

' '°' " 
" " " " 

13 
(16 '~ I ~ 

14 
(17 '~ I 
15 

(18 ,-b: I 

.... 
1-µt. 

16 
119 

22 
(26 '~ I 
23 

(271 

" " " " 
10 

" " 23 

24 
~ 

" " 
" • • 
" 

0 l 2 3 

12 
(l4I+ VEE 

5·388 

45 6 7 

4 5 5 7 

891011 !2131415 

a g1011 12131415 

PALtOH20P8 

16171819 20212223 24252621 28293031 32333435 36373339 

:R 
:J-( 

~ 
:.i-; 

:R 
~ 

:R 
:::K 
-tS-
..n. 
:::K 
~ 

:R 
~ 

:R 
~ 

_,,, 

:R 
~ 
:.i-; 

::P 
~ 

16171819 20212223 242526?7 2829lll31 32333435 31!373839 

Note: Numbers in parentheses refer to the PLCC pin number. 

PLCC pins 1, 8, 15, and 22 are not connected. 
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PALfOH20G8/PALf OH20P8 

Definitions of Switching Parameters 

tpo: Signal propagation delay from an input or an 1/0 pin 
through the array to a combinatorial output or a 
latched output while G is low. 

Time that input data must be valid before G goes 
high in order to latch data 
Timethat input data must be valid after G goes high 
in order to latch data 
The minimum gate low pulse width needed to latch 
new data 
Delay between lowering G and data appearing at 
the output. 

Note: In order for a signal to appear at the output at 
a time tG after lowering G, the signal must be 

1,110 

G 

setup a time tsu before G is lowered. If this o 
amount of time is not allowed, then the output ----i--
will change at a time tpo afterthe inputs were 
changed. The tsu needed is illustrated in the 
waveforms. 

Time taken for an output signal voltage to swing 
from 20% to 80% of the full logic swing 
Time taken for an output signal voltage to swing 
from 80% to 20% Of the full logic swing 
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PAL10H20GS/PAL10H20P8 

Setup for Testing Switching 
Characteristic~ 

25µf i 
OSCILLOSCOPE 

COAX 10 

COAX 111 

1/00 

PULSE 
GENERATOR 

1/07 

25 µf 

VCC1 

i 

Each oscilloscope channel input should have a 50 0. termination 
to ground. Oscilloscope bandwidth should be at least 1 GHz. 

The pulse generator should be capable of providing 1.5 ns rise 
and fall times (20% to 80%). 

All input and output cables should be equal lengths of matched 
500 coaxial cable. Wire lengths between input (or 1/0) pins and 
TPin or between output pins and TPout should be less than 1/4 in. 
long. Stubs should be avoided if possible; unavoidable stubs 
should be less than 2 in. long. 

Input and Output Equivalent 
Schematics 

VCC3 

VEE VEE 

INPUT 

+2.0V 

i 0.47 µF 

OSCILLOSCOPE 

VCC2 VCC3 

j-1/00 

TPout 

1/07 

VEE 

-3.2 v 
i 0.47 µF 

Used inputs that are not switching should be forced to V1L or 

V1H· 

Outputs that are switching but not sensed should be terminated 
through 500. to ground. 

Unused inputs and outputs may be left open. If unused pins are 
to be terminated, pin 14 (PLCC pin 17) should be terminated to 
VTT (=Vee -2.0 V) and not to VEE· 

Note that all voltages are shifted by +2.0 V with respect to normal 
ECL operating conditions in order to take advantage of the input 
terminations of the oscilloscope. 

Timing thresholds in this configuration are taken to be +0.7 V. 

VCC3 VCC3 VCC1,2 

50 Kll VBB 

VEE VEE 

FEEDBACK INPUT VEE 

OUTPUT 
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Data Sheets 

HAL/ZHAL Devices 
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HAL/ZHAL Devices 

ProPAL, HALand ZHALdevices are programmable logic devices 
that are programmed, marked and functionally tested by Mono
lithic Memories. Our functional testing offers the user board
ready product at quality levels as stringent as 50 Parts Per Million 
(PPM), providing signfficantbenefits in both quality and manufac
turing cost savings. The ProPAL, HAL and ZHALdevice program 
provides system manufacturers a risk-free migration path from 
system prototype to full production with extremely high-quality, 
board-ready devices. 

ProPAL Devices 

ProPAL (Programmed PAL) devices are simply PAL devices that 
Monolithic Memories programs and tests for you. You receive a 
fully functional device without having to do any program ming and 
testing, and still have the flexibility to handle design changes 
easily. 

HAL Devices 

HAL (Hard Array Logic) devices are to PAL devices as ROMs are 
to PROMs. Instead of fuses in the logic array, your pattern is 
implemented using metal links that are masked in during wafer 
fabrication. 

ZHAL. Devices 

ZHAL devices are Zero-Standby-Power CMOS HAL devices. 
These devices can implement any pattern from our standard and 
combinatorial 20-pin and 24-pin PAL device families with the 
greatly reduced power consumption only CMOS can offer. 

All ZHAL devices are fully HC/HCT compatible, making them 
easy to use in TIL and CMOS environments. 

For a complete discussion of the benefits of ProPAL, HAL, and 
ZHAL devices, see page 3-104. 

Device Avallablllty 

The HAL device option is available for most products, including 
·the following: 

ZHAL 16RPSA Series (CMOS ZHAL20A Series) 

HAL 16RSD Series 
HAL 16RSB Series 
HAL 16RSB-2 Series 
HAL 16RSA Series 
HAL 16RSB-4 Series 
HAL 16RSA-2 Series 
HAL 16RSA-4 Series 
ZHAL 16RSA Series (CMOS ZHAL20A Series) 

HAL 1 OHSA Series 
ZHAL 1 OHSA Series (CMOS ZHAL20A Series) 

HAL32VX10/A 

ZHAL20RS10A Series (CMOS ZHAL24A Series) 

HAL20X10A Series 
ZHAL20X10A Series (CMOS ZHAL24A Series) 

HAL20RSB Series 
HAL20RSA Series 
HAL20RSA-2 Series 
ZHAL20RSA Series (CMOS ZHAL24A Series) 

HAL12L 1 OA Series 
ZHAL12L1pA Series (CMOS ZHAL24A Series) 

HAL32R16 

All HAL device specifications are equivalentto the corresponding 
PAL device specffications. Two exceptions are the HAL 1 OHSA 
and HAL 12L 1 OA combinatorial series at 25 ns, which have no 
equivalent PAL device option. The CMOS ZHAL device specifi
cations follow. 

To convert a PAL device design to a ProPAL, HAL, or ZHAL 
device, contact your local sales office. 
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Zero Power 
CMOS Hard Array Logic 
ZHAl:M 20A Series 

Features/Benefits 
• Zero standby power 

• 25-ns maximum propagation delay 

• HC and HCT compatible 

• Space saving PLCC available 

• Low power alternative for Small and Medium 20-pln PAL® 
devices, Including 16L8/16R8/16R6/16R4 

Description 
The Zero Power Hard Array Logic (ZHAL) devices are ideal in 
low-power applications that require high-speed operation. 
These attributes are achieved through the use of Monolithic 
Memories' advanced high-speed CMOS process. Now system 
designers have the option of using a ZHAL device that matches 
fast PAL device speeds, but with the added advantage of zero 
standby power. These features are ideal for power-critical areas 
such as portable digital equipment or lap-top computers. 

This family of ZHAL devices utilizes a unique architecture that is 
designed for a high degree of flexibility in implementing most 
patterns of the listed 20-pin PAUHAL® devices. Prototyping can 
be done using standard PAL devices before converting to Z.HAL 
circuits for production. ZHAL devices are fabricated by Mono
lithic Memories with custom metallization masks defined by a 
user-supplied HAL Design Specification. 

PAL®, HAL!, and PALASM® are registered trademarks of Monolithic Memories. 

ZHAL™ and ProPAL'111 are trademarks of Monolithic Memories. 

Ordering Information 

ARRAY OUTPUTS 
PART NUMBER PACKAGE 

COMB REG 

ZHAL10H8A 10 8 -
ZHAL12H6A 12 6 -
ZHAL14H4A 14 4 -
ZHAL16H2A 16 2 -
ZHAL16C1A N,NL 16 2 -
ZHAL10L8A 10 8 -
ZHAL12L6A 12 6 -
ZHAL14L4A 14 4 ~ 

ZHAL16L2A 16 2 -

ZHAL16LBA 16 8 -
ZHAL16R8A 

N,NL 
16 - 8 

ZHAL16R6A 16 2 6 
ZHAL16R4A 16 4 4 

ZHAL16PBA 16 8 -
ZHAL16RPBA 

N,NL 
16 - 8 

ZHAL16RP6A 16 2 6 
ZHAL16RP4A 16 4 4 

ZERO~Jl~16l8A I ~N SLTD H01~4PATTERN 
POWER NUMBER 
HARD ARRAY 
LOGIC PROCESSING 

STD = Standard 
NUMBER OF 
ARRAY INPUTS PACKAGE 

N = Plastic DIP 
OUTPUT TYPE NL = Plastic Leaded 

L = Active Low Chip Carrier 
H = Active High 
P = Programmable 

• Polarity 
C = Complementary 
R = Reglstared 
RP = Registered 

Programmable 
Polarity 

~------TEMPERATURE RANGE 
c = o•cto +75'c 
1 = -<10°c to +as•c 

~-------SPEED 

A = High Speed 

~------~NUMBER OF 
OUTPUTS 

10237A 
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ZHAL10H8A 

ZHAL10H8A 

Plastic Chip Carrier 

ZHAL10L8A 

ZHAL10L8A 

Plastic Chip Carrier 

ZHAL20A Serles 

ZHAL12H6A ZHAL14H4A ZHAL16H2A 

ZHAL12H6A ZHAL14H4A ZHAL16H2A 

0 1 

Plastic Chip Carrier 

ZHAL12L6A 

Plastic Chip Carrier Plastic Chip Carrier 

ZHAL12L6A 

Plastic Chip Carrier 

ZHAL14L4A 

ZHAL14L4A 

2 3 

Plastic Chip Carrier 
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ZHAL18C1A 

ZHAL16C1A 

Plastic Chip Carrier 

ZHAL16L2A 

ZHAL16L2A 

Plastic Chip Carrier 
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ZHAL16L8A 

ZHAL16L8A 

Plastlc Chip Carrier 

ZHAL16P8A 

ZHAL16P8A 

Plastlc Chip carrier 

5·396 

ZHAL20A Serles 

ZHAL16R8A 

ZHAL16R8A 

Plastic Chip Carrier 

ZHAL16RP8A 

ZHAL16RP8A 

Pla1tlc Chip Carrier 

ZHAL16R6A 

ZHAL16R6A 

Plastlc Chip Carrier 

ZHAL16RP6A 

ZHAL16RP6A 

t 

Pl11tlc Chip Carrier 
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ZHAL16R4A 

Pla1tlc Chip Carrier 

ZHAL16RP4A 

ZHAL16RP4A 

Pla1tlc Chip Csrrler 



ZHAL20A Series 

Operating Conditions 

SYMBOL PARAMETER INDUSTRIAL COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 v 
tw Width of clock 15 10 15 10 ns 

lsu 
Setup time from 16R4A,16R6A, 16R8A, 

20 13 20 13 ns input or feedback to clock 16RP4A, 16RP6A, 16RP8A 

th Hold time 0 -10 0 -10 ns 

TA Operating free-air temperature -40 25 85 0 25 75 •c 

Electrical Characteristics over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0 0.8 v 
V1H1 High-level input voltage 2 Vee v 
Ill Low-level input current Vee= MAX Vi =GND -1 µA 

l1H 
High-level 1 Pin 82 

Vee= MAX V1 =Vee 
1 10 µA 

input current J All other pins 1 µA 

Vol Low-level output voltage 
Vee= MIN loL = 8mA 0.1 0.4 v 
Vee= 5V loL = 1 µA 0.05 

VoH High-level output voltage 
Vee= MIN loH= -6mA 3.763 4.1 v 
Vee= 5V loH= -1 µA 4.95 

lozL3 Vo = GND 0 -10 µA 

lozH3 
Off-state output current Vee= MAX 

Vo =Vee 0 10 µA 

ice 
Standby supply current4 10 = o mA, v1 = GND or Vee 0 100 µA 

Operating supply current t = 1 MHz, 10 = o mA, v1 = GND or Vee 2 55 mA 

Switching Characteristics Over Operating Conditions 

TEST INDUSTRIAL COMMERCIAL SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 
(See Test Load) 

Input or feedback to output 
10H8A, 12H6A, 14H4A, 16H2A, 

tpo 16C1A, 10L8A, 12L6A, 14L4A 15 25 15 25 ns 
16L2A, 16L8A, 16R6A, 16R4A, 
16P8A, 16RP6A, 16RP8A 

Clock to output or feedback 
tcLK 16R4A, 16R6A, 16R8A, 10 15 10 15 ns 

16RP4A, 16RP6A, 16RP8A 
RL = 1 KO 

tpzx 
Input to 16L8A, 16R4A, CL= 50 pF '12 25 12 25 ns output enable 

16R6A, 16P8A, 

tpxzs 
Input to 16RP4A, 16RP6A 

14 25 14 25 ns output disable 

tpxz6 
Pin 11 
to output 16R4A, 16R6A, 12 15 12 15 ns 

tpzx disable/enable 16R8A, 16RP4A, 

Maximum 16RP6A, 16RP8A 
IMAX frequency 28.5 40 28.5 40 MHz 

Notes: Apply to electrical and switching characteristics. 
1. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to test 

these' values without suitable equipment. 
2. Pin 8 (PRELOAD pin). Applies to all devices whether registered or non-registered. 3. JEDEC standard no. 7 for high-speed CMOS devices. 
4. Disable output pins= Vee or GND. 5. Add 3 mA per addilional 1.0 MHz of operation over 1 MHz. 6. CL= 5 pf. 
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ZHAL20A Series 

Absolute Maximum Ratings 
Supply voltage, Vee ...................................................................................... -0.5 v to 7 v 
DC input voltage, V1 ............................................................................... -0.5 v to Vee +0.5 v 
DC output voltage, Vo .......... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 v to Vee +0.5 v 
DC output source/sink current per output pin. lo .................................. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 35 mA 
DC Vee or ground current, ICC or IGND ....................................................................... ± 100 mA 
Input diode current. IK 

V1<0 ..................................................................................................... -20 mA 
V1>Vcc .................................................................................................. +20 mA 

Output diode current, loK: 
Vo<O .................................................................................................... -20 mA 
Vo>Vcc · ................................................................................................ +20 mA 

Storage temperature .............................. , .................................................... -65° C to 150° C 

Switching Test Load 

vcc 
TEµ,SPOINT 

FROM OUTPUT RL Sl 
UNDER TEST (SEE NOTE 2) 

CL l (SEE NOTE 1) I 
-= ":"' 

Notes: 1. CL includes probe and jig capacitance. 

2. When measuring tpLz and tpzL· S1 is tied to Vee· 
When measuring tpHzand tpzH, 81 is tied to ground. 
tpzx is measured with CL= 50 pF. tpxz is measured with CL= 5 pF. 
When measuring propagation delay times of 3-state outputs, S1 is 
open, i.e., not connected to Vee or ground. 

3. Waveform 1 is for an output with internal conditions such that the 
output is Low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the 
output is High except when disabled by the output control. 

Output Register PRELOADt 
The PRELOAD function allows the register to be loaded from 
data placed on the output pins. This feature aids functional 
testing of state sequencer designs by allowing direct setting of 
output states for improved test coverage. The procedure for 
PRELOAD is as follows: 

1. Raise Vee to 4.5 v. 
2. Disable output registers by setting pin 11 to VIH· 

Set pin 1 to O V. 

3. Apply V1LIVIH to all registered output pins. 

4. Pulse pin 8 to Vp (12 V), then back to O V. 

5. Remove V1LIVIH from all registered output pins. 

6. Lower pin 11 to V1L to enable the output registers. 

7. Verify for VoLIVOH at all registered output pins. 

t Note: Only applies to parts with output registers. 
Typical !sup = 50 ns 

twp = 100 ns 
!tip =sons 
IJH = 30 µA (Pin 8) 

Enable/Disable Delay 

OUTPUT 
CONTROL 
(Low~level 

enabling) 

WAVEFORM 1 
(See Note3) 

WAVEFORM2 
(See Note 3) 

------V1H 

Schematic of Inputs and Outputs 

ov------------------
V1H-------------

PIN 11 

OUTPUT VIH 

REGISTERS VIL 

PINS 

VIL-------' 
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ZHAL20A Evaluation #3 

Features/Benefits 
• Demonstrates all features of ZHAL20A product 

• 4-blt up/down counter with reset 

• 3-blt sh I ft er 

• 25-ns maximum propagation delay 

• Zero standby power 

Description 
The ZHAL20A Evaluation Pattern is provided as an example of 
the features and characteristics of the ZHAL20A Series products. 

This design consists of two functionally independent patterns: a 
4-bit up/down counter and a 3-bit shifter. The 4-bit counter can 
count up or count down and has reset capability. These features 
are controlled by two control signals: UP and CNTRSET (Count 
Reset). When UP is high, the counter counts up. When UP is low, 
the counter counts down. CNTRSET overrides the count 
function and resets the counter to all ones, synchronous with the 
clock. 

The 3-bit shifter shifts data bits by 0, 1 or 2 positions. The three 
bits of the shifter are enabled when EN (enable) is high, and are 
disabled (high-Z) when EN is low. 

The PALASM®2 software file and simulation results are shown 
on the next page. Below are the function tables that summarize 
the functions of the counter and the shifter. 

Logic Symbol 

ZHAL16R4A 

Counter Function Table Shifter Function Table 

OE UP CNTRSET CLK Q3-QO OPERATION EN 11 10 Y2 Y1 

H x x x z High-Z L x x z z 
L H L I Q plus 1 Increment H L L D2 i51 

L L L I Q minus 1 Decrement H L H DO D2 

L x H t High Reset H H L D1 DO 

H = HIGH voltage level 
L = LOW voltage level 
X = Don't care 
Z = High impedance (off) state 

= LOW-to-HIGH clock transition 

~ Mono/Ith/a IFJJI llllemorles ~ 

YO OPERATION 

z High-Z 

DO No operation 

D1 Shift by one 

D2 Shift by two 

5.399 



ZHAL20A Evaluatlon #3 

PALASM Design Specification 

TITLE PCS CONVERSION FILE 
PATTERN EXAMPLE 
REVISION l. 00 
AUTHOR JOHN COE 
COMPANY MONOLITHIC MEMORIES, INC 
DATE 9/23/S!S 

CHIP zzz PAL16RP4 CLK IO Il DO Cl 02 EN UP CNTRSET GND 
/CE Y2' NC Ql Q2 Q3 QO Yl YO VCC 

EQTJATIONS 

YO • /Il•/IO*/DO 
+ /Il* IO*/Dl 
+ Il*/I0*/02 

YO,TRST • EN 

Yl • /Il*/IOW/01 
+ /Il* · I0•/02 
+ Il*/IO*/DO 

Yl,TRST • EN 

Y2 • /Il*/I0*/02 
+ /Il* I0•/00 
+ Il*/IO*/Dl 

Y2,TRST • EN 

QO :•/QO 
+ CNTRSET 

Ql :•/Ql* QO• UP 
+ Ql* QC*/UP 
+· Ql*/QC* UP 
+/Ql*/QC*/UP 
+ CNTRSET 

Q2 : • CNTRSET 
+/Q2*/Ql*/QO•/UP 
+ Q2*/Ql* UP 
+ Q2* Ql*/QO 
+/Q2* Ql* QC• UP 
+ Q2* C!O"'/UP 

Q3 : • CNTRSET 
+ QJ* QC•/UP 
+/QJ */Q2 */Ql */QC•/UP 
+/QJ• Q2* Ql* QC* UP 
+ QJ• Q2*/Ql 
+ QJ• /Ql* UP 
+ Q3*/Q2* Ql 
+ Q3* Ql•/QC 

Simulation Results 

PALASM SIMULATION HISTORY LISTING 

zzz 
Pai;e l 

g q cq cq cq cgcgcg cgcgcgcqcg cgcgcgcqc 
CLK LLLLHLLHLL HLLHLHLHLH LHLHLHLHLH LHIJILHLHL 
IO XXLLLLLLLH HHLLLLLLLL LLLLLLLLLL LLLLLLLLL 
I l XXLLLLLLLL LLHHHHHHHH HHHHHHHHHH HHHHHHHHH 
DO XXLLLLLLLH HHLLLLLLLL LLLLLLLLLL LLLLLLLLL 
Dl XXLLLLLLLL LLHHHHHHHH HHHHHHHHHH HHHHHHHHH 
02 XXLLLLLLLH HHLLLLLLLL LLLLLLLLLL LLLLLLLLL 
EN LLHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 
UP XXXXXXHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 
CNTRSET XXHHHHLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL 
GNC LLLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL 

/OE HHLLLLLLLL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL 
'i2 XZHHHHHHHL LLLLLLLLLL LLLLLLLLLL LLLLLLLLL 
Ql ZZXXXHHHLL LLLLHHHHLL LLHHHHLLLL HHHHLLLLH 
Q2 ZZXXXHHHLL LLLLLLLLHH HHHHHHLLLL LLLLHHHHH 
QJ ZZXXXHHHLL LLLLLLLLLL LLLLLLHHHH HHHHHHHHH 
QO ZZXXXHHHLL LHHHLLHHLL HHLLHHLLHH LLHHLLHHL 
'il XZHHHHHHHL LLHHHHHHHH HHHHHHHHHH HHHHHHHHH 
'iO XZHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 
VCC HHHHHHHHHH HHHHHHHHHH HHHHHHHHHH HHHHHHHHH 

Slmulatlon Fiie 

SIMULATION 

TRACE_ON CLK IO Il CO 01 02 EN UP CNTRSET /OE Y2 Ql Q2 Q3 QO Yl YO 

SETF /CLK /OE /EN 

SETF OE EN /Il /IO /02 /Dl /DO Y2 Yl YO CNTRSET 
CLOCKF CLK 

CHECK Q3 Q2 Ql QO 

SETF /Il /IO /02 /01 /DO Y2 Yl YO /CNTRSET UP 
CLOClCF CLK 

CHECK /Q3 /Q2 /Ql /QO 

SETF /Il IO D2 /Dl DO /Y2 /Yl YO 
CLOCKF CLJ< 

CHECK /Q3 /Q2 /Ql QO 

SETF I1 /IO /D2 Dl /DO /Y2 Y1 YO 
CLOCKF CLlC 

CHECK /Q3 /Q2 Ql /QO 

SETF OE /CNTRSET UP 
CLOCICF CLJ< 

CHECK /Q3 /Q2 Ql QO 

SETF CE /CNTRSET UP 
CLCCKF CLK 

CHECK /Ql Q2 /Ql /QO 

SETF OE /CNTRSET UP 
CLOCKF CLIC 

CHECK /Ql Q2 /Ql QO 

SETF OE /CNTRSET tJP 
CLCCKF CLJ< 

CHECK /Q3 Q2 Ql /QO 

SETF OE /CNTRSET UP 
CLCCKF CLJ< 

CHECK /Q3 Q2 Ql QC 

SETF OE /CNTRSET UP 
CLCCKF CLIC 

CHECK Q3 /Q2 /Ql /QO 

SETF OE /CNTRSET tJP 
CLOCKF CLK 

CHECK QJ /Q2 /Ql QO 

SETF OE /CNTRSET UP 
CLOCl<F CLK 

CHECl< QJ · /Q2 Ql /QO 

SETF OE /CNTRSET UP 
CLOCKF CLK 

CHECK QJ /Q2 Ql QO 

SETF OE /CNTRSET UP 
CLCCKF CLK 

CHECK QJ Q2 /Ql /QO 

SETF OE /CNTRSET UP 
CLOCKF CLJ< 

CHECK QJ Q2 /Ql QO 

SETF OE /CNTRSET UP 
CLCCl<F CLK 

CHECK QJ Q2 Ql /QC 

TRACE_ OFF 
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Zero Power 
CMOS Hard Array Logic 
ZHAL™24A Series 

Features/Benefits 
• Zero standby power 

• Low power operation 

• High-speed CMOS technology 

• HC and HCT compatible 

• 24-pln SKINNYDIP® and 28-pln PLCC packagea save space 

• Low power alternatlve for most 24-pln PAL® devlcea, 
lncludlng 20L8/ 20R8/ 20R8/ 20R4 

Description 
This family of Zero Power Hard Array Logic (ZHAL) devices 
utilizes a unique architecture that is designed for a high degree 
of flexibility in implementing most patterns of the listed 24-pin 
PAL/HAL® devices. Prototyping should be done using standard 
PAL devices before converting to ZHAL circuits for production. 
ZHAL devices are fabricated by Monolithic Memories with 
custom metallization masks defined by a user-supplied HAL 
Design Specification. 

The ZHAL devices are ideal in low-power applications that 
require high-speed operation. These attributes are achieved 
through the use of Monolithic Memories' advanced high-speed 
CMOS process. Now system designers have the option of using 
a ZHAL device that matches fast PAL device speeds, but with the 
added feature of zero standby power. These features are needed 
in power-critical areas such as portable digital equipment or 
lap-top computers. 

Ordering Information 

ARRAY OUTPUTS 
PART NUMBER PACKAGE 

INPUTS COMB REG 

ZHAL12L10A NS,NL 12 10 -
ZHAL14LSA NS, NL 14 8 -
ZHAL16L6A NS,NL 16 6 -
ZHAL18L4A NS.NL 18 4 -
ZHAL20L2A NS,NL 20 2 -
ZHAL20C1A NS,NL 20 2 -
ZHAL20LSA NS,NL 20 8 -

ZHAL20RSA NS,NL 20 - 8 

ZHAL20R6A NS, NL 20 2 6 

ZHAL20R4A NS, NL 20 4 4 

ZHAL20L10A NS, NL 20 10 -
ZHAL20X10A NS, NL 20 - 10 

ZHAL20XSA NS, NL 20 2 8 

ZHAL20X4A NS, NL 20 6 4 

ZHAL20S10A NS.NL 20 10 -
ZHAL20RS10A NS,NL 20 - 10 

ZHAL20RS8A NS,NL 20 2 8 

ZHAL20RS4A NS,NL 20 6 4 

ZERO~Jl20l10A C ~NS ~STD ~RN 
POWER NUMBER 
HARD 
ARRAY PROCESSING 
LOGIC STD = Standard 

XXXX =Other 
NUMBER OF ' 
ARRAY INPUTS .. PACKAGE 

OUTPUT TYPE 
L =Active Low 
C = Complementary 
R = Registered 
X = XOR Registered 
S = Shared Terms 
RS = Registered, 

Shared Terms 

NUMBER OF 
OUTPUTS 

NS = Plasllc SKINNYDIP 
NL = Plaallc Leaded 

Chip Carrier 

------TEMPERATURE RANGE 
C = 0°C to +75'C 
I = -40°C to +85°C 

-------SPEED 
A = High Speed 

PAL®, HAL®, SKINNYDIP® and PALASM® are registered trademarks of Monolithic Memories. 

ZHAL'• and ProPAL'11 are trademarks of Monolithic Memories. 

10242A 
JANUARY 1988 
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ZHAL24A Series 

Pin Configurations - DIP and PLCC 

ZHAL12L10A ZHAL14L8A ZHAL16L6A ZHAL18L4A 

ZHAL12L10A ZHAL14L8A 

ZHAL16L6A ZHAL18L4A 
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ZHAL24A Serles 

Pin Configurations - DIP and PLCC 

ZHAL20L2A ZHAL20C1A 

ZHAL20L2A ZHAL20C1A 
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ZHAL24A Series 

Pin Configurations - DIP and PLCC 

ZHAL20L8A ZHAL20R8A ZHAL20R6A ZHAL20R4A 

5-404 

ZHAL20L8A 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT 110 
CELLS 

ZHAL20R6A 

~ Monolithic W Memories ~ 

ZHAL20R8A 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT REG 
CELLS 

ZHAL20R4A 



ZHAL24A Series 

Pin Configurations - DIP and PLCC 

ZHAL20L10A ZHAL20X10A 

ZHAL20L10A 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

OUTPUT 110 
CELLS 

ZHAL20X8A 

ZHAL20X8A 

~ ll/lonollthlc W llllemarles ~ 

ZHAL20X4A 

ZHAL20X10A 

ZHAL20X4A 
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ZHAL24A Series 

Pin Configurations - DIP and PLCC 

ZHAL20S10A ZHAL20RS10A ZHAL20RSBA ZHAL20RS4A 

ZHAL20S10A ZHAL20RS10A 

INPUT 
AND OUTPUT 
OR CELLS 

LOGIC 
ARRAY 

ZHAL20RS8A ZHAL20RS4A 
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ZHAL24A Series 12L 1 OA, 14L8A, 18USA, 18L4A, 20L2A, 20C1 A 

Operating Conditions 
SYMBOL PARAMETER INDUSTRIAL COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 v 
TA Operating free-air temperature -40 25 85 0 25 75 •c 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

V1L1 Low-level input voltage 0 0.8 v 
V1H1 High-level input voltage 2 Vee v 
l1L Low-level input current Vee= MAXV1 =GND -1 µA 

l1H High-level input current Vee= MAXV1 =Vee 1 µA 

Vee= MIN 'oL =8mA 0.1 0.4 
VoL Low-level output voltage 

Vee= 5V loL=1µA 0.05 
v 

Vee= MIN 'oH=-6mA 3.762 4.1 
VoH High-level output voltage 

Vcc=5V loH=-1µA 4.95 
v 

•ozL3 Vo =GND 0 -10 µA 

'ozH3 
Off-state output current Vee= MAX 

Vo =Vee 0 10 µA 

Standby supply current4 10 = OmA, v1= GNDorVcc 0 100 µA 
•cc Operating supply current f= 1 MHz, lo= OmA, V1= GNDorVcc 2 55 mA 

Switching Characteristics Over Operating Conditions 

TEST INDUSTRIAL COMMERCIAL SYMBOL PARAMETER _30NDITION~ UNIT 
See191Load MIN TYP MAX MIN TYP MAX 

tpo Input to output AL= 1 Kn 13 256 13 256 ns 
C_.1. = 50pF 

Notes: 1. These are absolute voltages with respect to the ground pin on the device and Include all overshoots due to system and/or tester noise. 
Do not attempt to test theie values without suitable equipment. 

2. JEDEC standard no. 7 for high-speed CMOS devices. 

3. Applies to pins 14-23 for DIP (pins 17. 18. 20-27 for PLCC). 

4. Disable output pins= Vee or GND. 

5. Add 3 mA per additional 1.0 MHz of operation over 1 MHz. 

6. For outputs with more than 12 inputs in a product term, tpD = 30 ns. 
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ZHAL24A Serles 20L8A, 20R8A, 20R6A, 20R4A 

. Operating Conditions 
SYMBOL PARAMETER INDUSTRIAL COMMERCIAL UNIT MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 v 
tw Width of clock 15 4 15 4 ns 

Setup time from 
20RBA, 

tsu 20R6A, 201 11 201 11 ns 
input or feedback to clock 

20R4A 
th Hold time 0 -10 0 -10 ns 

TA Operating free-air temperature -40 25 85 0 25 75 •c 

Electrical Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

V1L2 Low-level input voltage 0 0.8 v 
V1H2 High-level input voltage 2 Vee v 
l1L Low-level input current Vee= MAX V1 = GND -1 µ.A 

High-level l Pin 103 8 30 µ.A 
l1H 

input current l All other pins 
Vee= MAX V1 =Vee 

1 µ.A 

Vee= MIN loL = BmA 0.1 0.4 
Vol Low-level output voltage 

Vee= 5V loL = 1 µ.A 0.05 
v 

Vee= MIN loH= -6mA 3.764 4.1 
VoH High-level output voltage 

Vee= 5 v loH = -1 µ.A 4.95 
v 

lozL5 Vo = GND 0 -10 µ.A 

lozH5 
Off-state output current Vee= MAX 

Vo =Vee 0 10 µ.A 

Standby supply current6 10 = o mA, v1 = GND or Vee 0 100 µ.A 
1cc Operating supply current f = 1 MHz, !Q_= 0 mA, Vi= GND or Vee_ 2 57 mA 

Switching Characteristics Over Operating Conditions 
TEST INDUSTRIAL COMMERCIAL SYMBOL PARAMETER .ffONDITIONS UNIT 

See Test Loac9_ MIN TYP MAX MIN TYP MAX 

tpo 
Input or feedback to output 

13 251 13 251 ns 20L8A, 20R6A, 20R4A 

tcLK 
Clock to output or feedback 

8 15 8 15 ns 20RBA,20R6A,20R4A 

tpzx 
Input to 

20LBA, 12 25 12 25 ns 
output enable 
Input to 

20R6A, RL = 1 KO 
tpxzs output disable 

20R4A Ct:= 50pF 12 25 12 25 ns 

tpxzs Pin 13 (DIP) 

tpzx 
to output 20RBA, 10 20 10 20 ns 
disable/enable 20R6A, 

IMAX 
Maximum 20R4A 

28.5 40 28.5 40 MHz 
frequency 

Notes: 1. For outputs with more than 12 inputs in a product 1erm, tsu = 25 ns and tpD = 30 ns. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
Do not •!tempt to test these values without suitable equipment. 

3. Pin 10 DIP, pin 13 PLCC (PRELOAD pin). Applies to registered devices only. 6. Disable output pins= Vee or GND. 

4. JEDEC standard no. 7 for high-speed CMOS devices. 7. Add 3 mA per additional 1.0 MHz of operation over 1 MHz. 

5. Applies to pins 14-23 for DIP (pins 17, 18, 20-27 for PLCC). 8. CL= 5 pf. 
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ZHAL24A Serles 20L10A, 20X10A, 20X8A, 20X4A 

Operating Conditions 
SYMBOL PARAMETER INDUSTRIAL COMMERCIAL UNIT MIN TVP MAX MIN TVP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 v 
tw Width of clock 15 5 15 5 ns 

Setup time from 
20X10A, 

tsu input or feedback to clock 
20X8A, 251 15 251 15 ns 
20X4A 

th Hold time 0 -10 0 -10 ns 

TA Operating free-air temperature -40 25 85 0 25 75 oc 

Electrical Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITION MIN TVP MAX UNIT 

v1L2 Low-level input voltage 0 0.8 v 
V_ilf High-level input voltage 2 Vee v 
Ill Low-level input current Vee= MAX Vi = GND -1 µ.A 

High-level l Pin 103 8 30 µ.A 
l1H input current J All other pins 

Vee= MAX Vi =Vee 
1 µ.A 

Vee= MIN loL = amA 0.1 0.4 
Vol Low-level output voltage 

Vee= 5 v loL = 1 µ.A 0.05 
v 

Vee= MIN loH= -6mA 3.764 4.1 
VoH High-level output voltage 

Vee= 5 v loH = -1 µ.A 4.95 
v 

lozL5 Vo = GND 0 -10 µ.A 

lozH5 
Off-state output current Vee= MAX 

Vo =Vee 0 10 µ.A 

Standby supply current6 10 = OmA, v1= GNDorVcc 0 100 µ.A 
Ice Operating supply current 1=1 MHz,~=OmA,V1=GNDorVcc 2 57 mA 

Switching Characteristics Over Operating Conditions 

TEST INDUSTRIAL COMMERCIAL SYMBOL PARAMETER CONDITIONS UNIT 
(See Test Loa«& MIN TVP MAX MIN TVP MAX 

tpo 
Input or feedback to output 

13 251 13 251 ns 
20L10A,20X8A,20X4A 

tcLK 
Clock to output or feedback 

10 15 10 15 ns 20X10A,20X8A 20X4A 

tpzx 
Input to 

20L10A, 12 25 12 25 ns 
ou.!E._ut enable 
Input to 

20X8A, RL = 1 KO 
tpxzs output disable 

20X4A CL= 50 pF 12 25 12 25 ns 

tpxza Pin 13 (DIP) 

tpzx 
to output 20X10A, 15 20 15 20 ns 
disable/enable 20X8A, 

IMAX 
Maximum 20X4A 

22.2 32 22.2 32 MHz 
frequency 

Notes: 1. For outputs with more than 12 inputs in a product term, tsu = 30 ns and tpo = 30 ns. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
Do not'attempt to test these values without suitable equipment. 

3. Pin 10 DIP, pin 13 PLCC (PRELOAD pin). Applies to registered devices only. 6. Disable output pins= Vee or GND. 

4. JEDEC standard no. 7 for high-speed CMOS devices. 7. Add 3 mA per additional 1.0 MHz of operation over 1 MHz. 

5. Applies to pins 14-23 for DIP (pins 17, 18, 20-27 for PLCC). 8. CL= 5 pF. 
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ZHAL24A Series 20S1 OA, 20RS1 OA, 20RS8A, 20RS4A 

Operating Conditions 
SYMBOL PARAMETER INDUSTRIAL COMMERCIAL UNIT MIN TVP MAX MIN TVP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 v 

tw Width of clock 15 4 15 4 ns 

Setup time for 
20RS10A, 

tsu 20RS8A, 201 11 201 11 ns 
input to clock 

20RS4A 
th Hold time 0 -10 0 -10 ns 

TA Operating free-air temperature -40 25 85 0 25 75 oc 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITION MIN TVP MAX UNIT 

V1L2 Low-level input voltage 0 0.8 v 

V1H2 High-level input voltage 2 Vee v 

l1L Low-level input current Vee= MAX V1 =GND -1 µA 

High-level 1 Pin 1CJ3 8 30 µA 
l1H input current J All other pins 

Vee= MAX V1 =Vee 
1 µA 

Vee= MIN loL =8mA 0.1 0.4 
Vol Low-level output voltage 

Vee= 5 v loL = 1 µA 0.05 
v 

Vee= MIN loH =-6mA 3.764 4.1 

I VoH High-level output voltage 
vcc=5V loH = -1 µA 4.95 

v 
' 

lozL5 Vo = GND 0 -10 µA 

lozH5 
Off-state output current Vee= MAX 

Vo =Vee 0 10 µA 

Standby supply current6 lo= 0 mA, V1 = GND or Vee 0 100 µA 
Ice Operating supply current f = 1 MHz, lo= 0 mA, Vi = GND or ':Q.c 2 57 mA 

Switching Characteristics Over Operating Conditions 

TEST INDUSTRIAL COMMERCIAL SYMBOL PARAMETER CONDITIONS UNIT 
(See Test Load) MIN TVP MAX MIN TVP MAX 

tpo 
Input or feedback to output 

13 251 13 251 ns 
20S10A, 20RS8A, 20RS4A 

teLK 
Clock to output or feedback 

8 15 8 15 ns 
20RS10A, 20RS8A, 20RS4A 

tpzx 
Input to 

20S10A, 12 25 12 25 ns 
output enable 
Input to 

20RS8A, RL = 1 KO 
tpxz8 output disable 

20RS4A CL= 50 pF 12 25 12 25 ns 

tpxz8 Pin 13 (DIP) 

1Pzx 
to output 20RS10A, 10 20 10 20 ns 
disable/enable 20RS8A, 

IMAX 
Maximum 20RS4A 

28.5 40 28.5 40 MHz 
frequency 

Notes: 1. For outputs with more than 12 inputs in a product term, tsu = 25 ns and tpo = 30 ns. 

2. These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment. 

3. Pin 10 DIP, pin 13 PLCC (PRELOAD pin). Applies to registered devices only. 6. Disable output pins= Vee or GND. 

4. JEDEC standard no. 7 for high-speed CMOS devices. 7. Add 3 mA per additional 1.0 MHz of operation over 1 MHz. 

5. Applies to pins 14-23 for DIP (pins 17, 18, 20-27 for PLCC). 8. CL= 5 pf. 
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ZHAL24A Series 

Absolute Maximum Ratings 
Supply voltage, Vee ................................................................. , .................... -0.5 v to 7 v. 
DC input voltage, v1 . . . . . . . . . • . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . • • . • • -0.5 v to-Vee +0.5 v 
DC output voltage, v0 ............................................................................ -0.5 v to Vee +0.5 v 
DC output source/sink current per output pin, lo . .. . .. .. . .. . . . . . .. . .. . .. . .. . . .. . . .. . .. . . . . . . . .. . . .. . .. . . . .. . . . .. . ±35 mA 
DC Vee or ground current, Ice or IGND ....................................................................... ±100 mA 
Input diode current, l1K: 

V1<0 .................................................................................................. -20mA 
V1>Vcc ..............................................................................•.•.............. +20 mA 

Output diode current, loK: 
Vci<O ................................................................................................. -20 mA 
Vo>Vcc .............................................................................................. +20 mA 

Storage temperature ................................................................................. -65°C to +150°C 

Switching Test Load 

vcc 
TEST POINT 

RL S1 
F~~~E~~:s~T~,__./W.._--d (SEE NOTE 2) 

CL l 
(SEE NOTE 1) 1 .,,. 

Schematic of Inputs and Outputs 

~···~Vee 

'"~-Ctf ··· :cf~ 
Output Register PRELOADt 
The PRELOAD function allows the register to be loaded from 
data placed on the output pins. This feature aids functional 
testing of state sequencer designs by allowing direct setting of 
output states for improved test coverage. The procedure for 
PRELOAD using DIP pin numbers, is as follows: 

1. Raise V cc to 4.5 V. 

2. Disable output registers by setting pin 13 to v1H-
Set pin 1 to O V. 

3. Apply V1LNIH to all registered outputs. 

4. Pulse pin 10 to Vp (12 V), then back to O V. 

5. Remove V1LNIH from all registered outputs. 

6. Lower pin 13 to V1L to enable the output registers. 

7. Verify for Vo~ OH at all registered outputs. 

t Note: Only applies to parts with output registers. 
Typioal lsup = 50 ns 

lwp = 100ns 
thp = 50 ns 
l1H = 30µA (Pin 10) 

Enable/'Dlsable Delay 

OUTPUT 
CONTROL 
(Low-level 
enabling) 

WAVEFORM1 
(See Note 3) 

WAVEFORM2 
(See Note 3) 

Notes: 1. CL includes probe and jig capacitance. 

,.------Y1H 

2. When measuring tpLZ and IPZL· $1 is tied to Vee· 
When measuring tpHz and tpzH· $1 is tied to ground. 

PIN1 

PIN13 

tpzx is measured with CL= 50 pf. tpx'z is measured with CL= 5 pF. 
When measuring propagation delay limes of thrae-state outputs, 
$1 is open, i.e., not connected to Vee or ground. 

3. Waveform 1 is for an output with Internal conditions such that 
the output is LOW except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that 
the output is HIGH exoapt when disabled by the output control. 

ov 

V1H 

V1L 

Output 
Y1H 

ReglltelsylL 

PIN10 
V1L------_, 
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Zero Power 
CMOS Hard Array Logic 
ZHAL™24A Series 

ZHAL24A Evaluation #4 

Features/Benefits 
• Demonstration pattern for ZHAL24A Series (ZHAL20X8A) 

• 8-bit counter 

• Three-state output 

• Expandable in 8-bit increments 

• Equivalent to 74ACT461 

Description 
The ZHAL24A Evaluation #4 pattern is provided as an example 
of the features and characteristics of the ZHAL24A Series 
products. The design consists of an 8-bit synchronous counter 
with parallel load, clear, and hold capability. Two function select 
inputs (10, 11) provide one of four operations which occur 
synchronously on the rising edge of the clock (CK). 

The LOAD operation loads the inputs (D7-DO) into the output 
register (Q7-QO). The CLEAR operation resets the output 
register to all LOWs. The HOLD operation holds the previous 
value regardless of clock transitions. The INCREMENT opera
tion adds one to the output register when the carry-in input is 
TRUE (Cl = LOW), otherwise the operation is a HOLD. The 
carry-out (CO) is TRUE (CO= LOW) when the output register 
(Q7-QO) is all HIGHs, otherwise FALSE (CO= HIGH). 

The data output pins are enabled when OE is LOW. and disabled 
(Hl-Z) when OE is HIGH. 

Two or more 8-bit counters may be cascaded to provide larger 
counters. The operation codes were chosen such that when 11 is 
HIGH, 10 may be used to select between LOAD and INCREMENT 
as in a program counter (JUMP/INCREMENT). 

Function Table 

OE CK 11 10 Cl 07-00 Q7-QO OPERATION 

H . . . . . z Hl-Z' 
L t L L x x L CLEAR 
L t L H x x a HOLD 
L t H L x D D LOAD 
L t H H H x a HOLD 
L t H H. L x Qplus 1 INCREMENT 

*When OE is HIGH, the three-state outputs are disabled to the high-impedance 
states; however, sequential operation of the counter is not affected. 

H = HIGH voltage level 
L · = LOW voltage level 
X ::: Don't care 
Z = High impedance (off) state 
I = LOW-to-HIGH clock transition 

ZHAL'• is a trademark of Monolithic Memories. 

Logic Symbol 

DATA 
IN 

GND 
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ZHAL20X8A 

Ci CARRY IN 

00 

01 

02 

OJ DATA 
OUT 

07 

CO CARRYOUT 



ZHAL24A Evaluation #4 

Logic Diagram 

ZHAL20X8A 
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ZHAL24A Evaluation #4 

Title 
Pattern 
Revision 
Author 
Company 
Date 

ZHAL24A Evaluation 4 (74ACT461) 
P702J 
B 
Birkner/Kazmi/Blasco 
Monolithic Memories, Inc. 
1986 

CHIP ZHAL24A_Evaluation_4 PAL20X8 

CK IO DO Dl D2 DJ D4 D5 D6 D7 Il GND 
/OE /CO Q7 Q6 Q5 Q4 QJ Q2 Ql QO /CI VCC 

EQUATIONS 

/QO := /Il*/IO 
+ IO*/QO 

:+: Il*/IO*/DO 
+ Il* IO* CI 

/Ql := /Il*/IO 
+ IO*/Ql 

:+: Il*/IO*/Dl 
+ Il* IO* CI*QO 

/Q2 : = /Il*/IO 
+ IO*/Q2 

:+: Il*/IO*/D2 
+ Il* IO* CI*QO*Ql 

/QJ := /Il*/IO 
+ IO*/QJ 

:+: Il*/IO*/DJ 
+ Il* IO* CI*QO*Ql*Q2 

/Q4 := /Il*/IO 
+ IO*/Q4 

:+: Il*/IO*/D4 
+ Il* IO* CI*QO*Ql*Q2*QJ 

/Q5 := /Il*/IO 
+ IO*/Q5 

:+: Il*/IO*/D5 
+ Il* IO* CI*QO*Ql*Q2*QJ*Q4 

/Q6 := /Il*/IO 
+ IO*/Q6 

:+: Il*/IO*/D6 
+ Il* IO* CI*QO*Ql*Q2*QJ*Q4*Q5 

/Q7 := /Il*/IO 
+ IO*/Q7 

:+: Il*/IO*/D7 
+ Il* IO* CI*QO*Ql*Q2*QJ*Q4*Q5*Q6 

IF (VCC) CO = CI*QO*Ql*Q2*QJ*Q4*Q5*Q6*Q7 

~ MonollthlaWMemorles ~ 
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;CLEAR LSB 
;COUNT/HOLD 
;LOAD DO (LSB) 
;COUNT 

;CLEAR 
;COUNT/HOLD 
;LOAD Dl 
;COUNT 

;CLEAR 
;COUNT/HOLD 
;LOAD D2 
;COUNT 

;CLEAR 
;COUNT/HOLD 
;LOAD DJ 
;COUNT 

;CLEAR 
;COUNT/HOLD 
;LOAD D4 
;COUNT 

;CLEAR 
;COUNT/HOLD 
;LOAD D5 
;COUNT 

;CLEAR 
;COUNT/HOLD 
;LOAD D6 
;COUNT 

;CLEAR MSB 
;COUNT/HOLD 
;LOAD D7 (MSB) 
;COUNT 

;CARRY OUT 
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Military PAL Devices 

Monolithic Memories' Military Programmable Array Logic (PAL) 
devices provide state machine and combinatorial logic solutions 
processed to military criteria. We offer the largest number of JAN 
38510 and Standard Military Drawing PAL products in the 
industry. 

It has been stated that some level of radiation tolerance will be 
required in up to 50% of all military applications by 1990. The 
Military Products Division has started a Radiation Hardness 
Program. All of MM l's Bipolar processes passed neutron fluence 
testing up to 1x1013 neutrons per square centimeter. The junction 
isolated Bipolar processes also recovered in 50 to 70 microsec
onds from a 1 microsecond pulse of 2x1010RADs (Si) per second. 

Applications for our configurable PAL architectures include 
counters, shift registers, accumulators, control sequence gen-

PAL20L10 
PAL20X10 
PAL20X8 

PAL16L8 PAL20X4 
PAL16R8 
PAL16R6 20 Inputs 
PAL16R4 10 Outputs 

4 PT/Output 
16 Inputs XOR 
a Outputs Pre load 
a Product Terms Three-State 
per Output Security Fuse 

erators, decoders, multiplexers, adders, memory mapped 110 
and much more. These designs go into radar systems, missile 
guidance, avionics, airport graphic terminals, parallel proces
sors, military computer hardware, and product obsolescence 
solutions, just to name a few. 

Military PAL devices go where you need: 

High Speed 

Power Savings 

PAL20L8 
PAL20R8 
PAL20R6 
PAL20R4 

20 Inputs 
B Outputs 
a PT/Output 
Three-State 
Security Fuse 

A Serles 
30 nsec 

Half Power 
90 mA 

B Serles 
20 nsec 

D Serles 
15 nsec 

Quarter Power 
50mA 

Three-State Power-up Reset 
Security Fuse 

FUNCTIONALITY 

PAL32VX10 

32 Inputs 
10 Outputs 
B-16 PT/Output 

PAL20S10 
Async. Reset/Sync. 

Preset 
PAL20RS10 Sync. Reset/Async. 
PAL20RS8 Preset 

PAL20RA10 PAL20RS4 Dual Feedback 
Registered Inputs 

20 Inputs 20 Inputs Register Bypass 
10 Outputs 10 Outputs J·K. S·R. D OrT 
4 PT/Output 1-16 PT/Ouput Flip Flops 
Async. Clock PT Sharing XOR 
Async. Set/Reset Polarity Polarity 
Register Bypass Pre load Pre load 
Polarity Three-State Three-state 
Preload Security Fuse Security Fuse 
Three-State Power-up Reset Power-up Reset 
Security Fuse 
Power-up Reset 

503101 
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Military PAL/PLD Device Menu 

STANDBY 
PRODUCT SPEED Ice DATA SHEET 

DEVICE NAME INPUTS OUTPUTS TERMS/OUTPUT (t.0 In ns) (mA) PAGE NO. 

PAL8L14A 8 14 1 30 100 5-451 

PAL10H8 10 8 2 45 90 5-426 
PAL12H6 12 6 2,4 45 90 5-426 
PAL14H4 14 4 4 45 90 5-426 
PAL16H2 16 2 8 45 90 5-426 
PAL10L8 10 8 2 45 90 5-426 
PAL12L6 12 6 2,4 45 90 5-426 
PAL14L4 14 4 4 45 90 5-426 
PAL16L2 16 2 8 45 90 5-426 
PAL16C1 16 2 16 45 90 5-426 

PAL16L8D 16' 8 7 15 180 5-428 
PAL16LBB 20 180 5-428 
PAL16L8B-2 30 90 5-430 
PAL16L8A 30 180 5-428 
PAL 16L8B-4 50 55 5-432 
PAL16L8A-2 50 90 5-430 
PAL16L8A-4 75 50 5-432 

AmPAL18P8B 18'' 8 8 20 180 5-202 
Am PAL 18P8AL 30 90 5-202 
AmPAL18P8A 30 180 5-202 
AmPAL18P8Q 40 55 5-202 
AmPAL18P8L 40 90 5-202 

PAL12L10 12 10 2 45 100 5-450 
PAL 14L8 14 8 2,4 45 100 5-450 
PAL16L6 16 6 2,4 45 100 5-450 
PAL1BL4 18 4 4,6 45 100 5-450 
PAL20L2 20 2 8 45 100 5-450 
PAL20C1 20 2 16 45 100 5-450 

PAL20L8B 20' 8 7 20 210 5-452 
PAL20L8A 30 210 5-452 
PAL20L8A-2 50 105 5-454 

PAL20L10A 20' 10 3 35 165 5-456 

PAL20S10 20' 10 0-16t 40 240 5-458 

• Includes feedback t Product term steering 

Table 1. Simple Combinatorial PAL Devices 
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Military PALJPLD Device Menu 

STANDBY 
PRODUCT SPEED 'Ci DATA SHEET 

DEVICE NAME INPUTS OUTPUTS FLIP-FLOPS TERMS/OUTPUT (fMAX in MHz) (m ) PAGE NO. 

PAL16R8D 16' 8 8 8 37 180 5-428 
PAL16R8B 28.5 180 5-428 
PAL16R8B-2 20 90 5-430 
PAL16R8A 20 180 5-428 
PAL16R8B-4 13.3 55 5-432 
PAL16R8A-2 13.3 90 5-430 
PAL16R8A-4 7.4 50 5-432 

PAL16R6D 16' 8 6 8 37 180 5-428 
PAL16R6B 28.5 180 5-428 
PAL16R6B-2 20 90 5-430 
PAL16R6A 20 180 5-428 
PAL16R6B-4 13.3 55 5-432 
PAL16R6A-2 13.3 90 5-430 
PAL16R6A-4 7.4 50 5-432 

PAL16R4D 16' 8 4 8 37 180 5-428 
PAL16R4B 28.5 180 5-428 
PAL16R4B-2 20 90 5-430 
PAL16R4A 20 180 5-428 
PAL16R4B-4 13.3 55 5-432 
PAL16R4A-2 13.3 90 5-430 
PAL16R4A-4 7.4 50 5-432 

PAL16X4 16' 8 4 St 12 225 5-434 

PAL20R8B 20' 8 8 8 28.5 210 5-452 
PAL20R8A 20 210 5-452 
PAL20R8A-2 13.3 105 5-454 

PAL20R6B 20· 8 6 8 28.5 210 5-452 
PAL20R6A 20 210 5-452 
PAL20R6A-2 13.3 105 5-454 

PAL20R4B 20' 8 4 8 28.5 210 5-452 
PAL20R4A 20 210 5-452 
PAL20R4A-2 13.3 105 5-454 

PAL20RS10 20· 10 10 0-16tt 16.7 240 5-458 
PAL20RS8 20· 10 8 0-16tt 16.7 240 5-458 
PAL20RS4 20' 10 4 0-16tt 16.7 240 5-458 

AmPAL22V10A 22' 10 0-10§ 8-16§§ 22 180 1 5-260 
AmPAL22V10 16.5 180 5-260 

• Includes feedback t Has an exclusive-OR gate 
§ Flip-flops can be bypassed tt .Product term steering 

§§ Has varied product term distribution 

Table 2. Simple Registered PAL Devices 
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Military PAL/PLD Device Menu 

FLIP-FLOP PRODUCT 
DEVICE NAME INPUTS OUTPUTS FLIP-FLOPS TYPES TERMS/OUTPUT 

PAL20X10A 20· 
PAL20X8A 20' 
PAL20X4A 20' 

AmPAL23S8-27 23' 
AmPAL23S8-30 

PAL32VX10A 32' 
PAL32VX10 

• Includes feedback 
t Has an exclusive-OR gate 
§ Some flip-flops can be bypassed 

10 10 D,T,JK,SR 
10 8 D,T,JK,SR 
10 4 D,T,JK,SR 

8 14§ D,80 

10 10§ D,T,JK,SR, 
BO 

§§ Has varied product term distribution 
0 B=flip-flops are or can be buried 

212t 
212t 
212t 

6-12§§ 

1/8-16t 

Table 3. State Machine PAL Devices 

STAND 
SPEED BY 

(fMAX Ice OATASHEET 
in MHz) (mA) PAGE NO. 

15.4 180 5-456 
15.4 180 5-456 
15.4 180 5-456 

25 215 5-169 
22.5 215 5-169 

20 180 5-462 
18 180 5-462 

PRODUCT SPEED STANDBY DATA SHEET 
DEVICE NAME INPUTS OUTPUTS TERMS/OUTPUT (t.0 Inns) •cc(mA) PAGE NO. 

PAL20RA10 20' 10 4 35•• 200 5-460 

• Includes feedback 
" With polarity fuse intact 

Table 4. Asynchronous PAL Device 

SPEED STANDBY DATA SHEET 
DEVICE NAME l/OPINS CLBs (INTERNAL TOGGLE Ice (mA) PAGE NO. 

fMAX In MHz) 

M2064-50 58 64 50 5 5-518 
M2064-33 33 5 5-518 
M2064-20 20 5 5-518 

M2018-50 100 50 5 5-518 
M2018-33 74 33 5 5-518 
M2018-20 20 5 5-518 

Table 5. LCA Devices 
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Military 20-Pin PAL Devices 

Features 

Register and combinatorial outputs 
Variety of speed/power options 
Registers with feedback 
Programmable three-state outputs 
Security fuse prevents duplication of logic 
Through-hole or surface mount device packaging 
Neutron fluence (permanent damage): 1x101• N/cm• 
Dose rate (transient upset) junction Isolated Bipolar 
processes: 2x101• RADs (Si) per sec recovered in 50 to 
70 µs from a 1 µs pulse 

Benefits 

Instant prototyping/zero NAE charge 
Low-cost programmable replacement for TTL logic 

• Reduces inventory by reducing chip count 
• Programmable on standard PROM/PAL device program

mers 
Several software programs available to assist In creat
ing bit pattern design 

10348A 
JANUARY 1988 

Applications 

• High speed graphic controllers 
High speed computers 

• High frequency state machines 
• High frequency counters 
• Microprocessor clock generation and interface logic 

20-Pln PAL Device Speed vs Power 
100 .--..--..--..--.,...--.,...--...--...----, 

z., s ;: 60 1---+-,.._+-....,.+--+--+--+--+---l 
<3~ 
if 5 40 l--+--+-~'f.c:-+:'-.!:::--+--+---1 1f w 
Q.C 20A 

20 l--+--+--+--+--+--==t--:ic:20B 
200 

0 50 100 150 
SUPPL y CURRENT, lcc-mA 

200 

503 102 
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Military 20-Pin PAL Devices 

Military 20-Pin PAL Device Pinouts 
10H8/·2 10H8/·2 12H6/·2 12H6/·2 

1 20 19 1 20 19 
vcc vcc vcc vcc 
0 18 4 18 

0 INPUT 17 0 INPUT ACTIVE 17 
AND ACTIVE AND HIGH 
OR HIGH 16 0 OR OUTPUT 16 

LOGIC OUTPUT LOGIC CELLS 
0 ARRAY CELLS 15 0 ARRAY 15 

14 
0 14 

GND 

9 10 11 12 13 
0 

9 10 11 12 13 
0 

LEADLESS CHIP CARRIER 0 
LEADLESS CHIP CARRIER 

0 

GND GND 

CERDIP CERPACK CERDIP CERPACK 

14H4/·2 14H4/·2 16H2/·2 16H2/·2 
1 20 19 1 20 19 

vcc vcc VCC 

18 18 

INPUT 17 INPUT 17 
AND ACTIVE AND 

0 OR HIGH 16 OR 16 
LOGIC OUTPUT LOGIC 
ARRAY CELLS 15 

0 ARRAY 15 

0 14 14 
0 

GND GND 
0 

9 10 11 12 13 9, 10 11 12 13 

LEADLESS CHIP CARRIER LEADLESS CHIP CARRIER 

GND GND 

CERDIP CERPACK CERDIP CERPACK 

16C1/·2 16C1/·2 10L8/·2 10L8/·2 
1 20 19 1 20 19 

VCC vcc VCC 
vcc 

18 0 18 

17 0 INPUT 17 
AND ACTIVE 

COMP LE- 16 0 OR LOW 16 MENTARY 
LOGIC OUTPUT 

OUTPUT 15 ARRAY CELLS 15 0 CELLS 

0 14 0 14 
GND GND 

9 10 11 12 13 9 10 11 12 13 

LEADLESS CHIP CARRIER LEADLESS CHIP CARRIER 
0 

GND GND 

CERDIP CERPACK CERDIP CERPACK 

503103 
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Military 20-Pin PAL Devices 

Military 20·Pin PAL Device Pinouts 

GND 

12L6/·2 

CERDIP CERPACK 

16L2/·2 

CERDIP CERPACK 

16R8D/B/B.2fB·4 
AIA·21A·4 

CERDIP CERPACK 

VCC 

0 

12L6/-2 
3' 2 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

GND 

20 19 

vcc 

ACTIVE 
LON 

OUTPUT 
CELLS 

9 10 11 12 13 

LEADLESS CHIP CARRIER 

16L2/·2 

1 20 19 

vcc 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

GNO 

9 10 11 12 13 

LEADLESS CHIP CARRIER 

16R8D/B/B-2/B·4 
A/A·21A·4 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

1 20 19 

vcc 

CLK 
REG 

REG 

OUTPUT 
CELLS REG 

REG 

18 

17 

16 

15 

14 

18 

17 

16 

15 

14 

18 

17 

16 

15 

OE REG RE~EG 14 

GND 

9 10 11 12 13 

LEADLESS CH IP CARRIER 

GND 

14L4/·2 

CERDIP CERPACK 

16L8D/B/B-2/B-4 
AIA·2/A·4 

CERDIP CERPACK 

16R6D/B/B-2/B-4 
AIA·21A·4 

CERDIP CERPACK 

~ MonollthloWMemorles ~ 

vcc 

0 

110 

110 

110 

1/0 

110 

1/0 

0 

14L4/·2 
1 20 19 

18 

17 

16 

15 

L.-~~-.!=:::;:::::;:::::;:::1114 

9 10 11 12 13 

LEADLESS CHIP CARRIER 

16L8D/B/B·2/B-4 
A/A·2/A·4 

3 2 1 20 19 

vcc 
o,o 

INPUT VO 
AND 

o~~[~T vo OR 
LOGIC 
ARRAY VO 

110 
0 VO 

9 10 11 12 13 

LEADLESS CHIP CARRIER 

16/R6D/B/B·2/B·4 
AJA.2fA·4 

3 2 1 20 19 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

vcc 

CLK 

OUTPUT 

1/0 
REG 

REG 

CELLS REG 

REG 

REG 

18 

17 

16 

15 

14 

18 

17 

16 

15 

OE llO REG 14 

GND 

9 10 11 12 13 

LEADLESS CHIP CARRIER 

503115 
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Military 20-Pin PAL Devices 

Military 20-Pin PAL Device Pinouts 
16R4D/B/B·2/B·4 

A/A·2/A·4 

CERDIP CERPACK 

503127 

5-424 

16R4D/B/B·2/B·4 
A/A·2/A·4 

3 2 1 20 19 

vcc 
,0 

1/0 CLK 

REG 

OUTPUT 
CELLS REG 

REG 

REG 

18 

17 

16 

15 

OE VO VO 14 

9 10 11 12 13 

LEADLESS CHIP CARRIER 

C/I 

C/I 

C/I 

GND 

16X4 

CERDIP CERPACK 

~ Monollthla IRiDMemor/es ~ 

vcc 

1/0 

1/0 

0 

0 

1/0 

1/0 

16X4 

3 2 

INPUT 
AND 
OR 

XOR 
LOGIC 
ARRAY 

1 20 19 

vcc 
CLK 

,0 
'° REG 

O~JE~T REG 

REG 

REG 

18 

17 

16 

15 

OE 110 VO 14 

GND 

9 10 11 12 13 

LEADLESS CHIP CARRIER 



Military 20-Pin PAL Devices 

Military 20-Pin PAL Devices 
Absolute Maximum Ratings 

Operating 
Supply voltage, VCC ......................................................................................................................................................... -0.5 V to 7 V 
Input voltage range ......................................................................................................................................................... -1.5 V to 5.5 V 
Off-state output voltage ................•....•..........................•..........................................•............•......................................................... 5.5 V 
Storage temperature ...................................•......................•...........•............................................................................ -65°0 to +150°C 
Maximum junction temperature (T1) .............................................................................................................................................. 175°0 
Lead temperature (soldering, 1 O sec max) ................................................................................................................................... 300°0 
Maximum current density 5x1 o-a A/cm• per Mil-M-38510 ................................................................................................ < 5x1 o-a A/cm• 

Maximum a.JO. 28°CNlfor cerdips per Mil-M-38510 ............................................................................................................. < 28°C/W 
Maximum a.JO• 22°CNI for flatpacks per Mil-M-38510 ........................................................................................................... < 22°CNI 
Maximum a JO. 20°CNI for lead less chip carrier per Mil-M-3851 o ......................................................................................... < 20°C/W 
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Military 20-Pin PAL Devices 

Military Standard 20-Pin PAL Series 
PAL10H8,12H6,14H4, 16H2,16C1,10L8,12L6,14L4,16L2 
Can be purchased to standard military drawings S1035, latest revision in effect. 

Military 20-Pin Half-Power PAL Series 
PAL 1 OH8·2, 12H6·2, 14H4·2, 16H2·2, 16C1 ·2, 1 OL8·2, 12L6·2, 
14L4·2, 16L2·2 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

T. Operating free-air temperature 

Tc Operating case temperature 

V1L* Low-level input voltage 

v,H* High-level input voltage 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MIN MAX UNIT 

4.5 5.5 v 

-55 •c 

125 •c 

$0.S v 

~.o v 

• These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage V00 =MIN l,=-1SmA -1.5 v 

llL Low-level input current V00 =MAX V,= 0.4 V -0.25 mA 

''" 
High-level input current V00 =MAX v, =2.4 v 25 µA 

I, Maximum input current V00 =MAX V,= 5.5 V 1 mA 

Vc.c =MIN 10HS, 12H6, 14H4, 16H2,16C1, 
10LS, 12L6, 14L4, 16L2 

VOL Low-level output voltage 0.5 v 
l0 c = 4 mA 10HS-2, 12H6-2, 14H4-2, 16H2-2, 
10 " =-2 mA 16C1-2, 10LS-2, 12L6-2, 14L4-2, 16L2-2 

V00 =MIN 1 OHS, 12H6, 14H4, 16H2, 16C1, 
10LS, 12L6, 14L4, 16L2 

VOH High-level output voltage 2.4 v 
10 "=..,,1 mA lOHS-2, 12H6-2, 14H4-2, 16H2-2, 
10 " =-2 mA 16C1-2, 10LS-2, 12L6-2, 14L4-2, 16L2-2 

IOSR Output short-circuit Vee= 5V V0 =0.5V -30 -130 mA 
current 

ICC Supply current 1 OHS, 12H6, 14H4, 16H2, 90 
16C1, 10LS, 12L6,14L4, 16L2 

V00 =MAX mA 
10HS-2, 12H6-2, 14H4-2, 16H2-2, 45 
16C1-2, 10LS-2, 12L6-2, 14L4-2, 16L2-2 

• Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military 20-Pin PAL Devices 

Military Standard 20-Pin PAL Series 
PAL10HB,12H6,14H4,16H2,16C1,10L8,12L6,14L4,16L2 

Military 20-Pin Half-Power PAL Series 
PAL 1 OHB-2, 12H6·2, 14H4·2, 16H2-2, 16C1 -2, 1 OLB-2, 12L6-2, 
14L4·2, 16L2·2 

Switching Characteristics Over Operating Conditions 

TEST 
SYMBOL PARAMETER CONDITIONS 

10H8, 12H6, 14H4, 16H2, 16C1, 10L8, 12L6, 14L4, 16L2 R, .5son 
Input or R2 •1.1 Kn 

!PD feedback 
to output 10H8-2, 12H6-2, 14H4-2, 16H2-2, 16C1-2, 10L8-2, 12L6-2, R, = 1.12Kn 

14L4-2, 16L2-2 R2 =2.2 Kn 

MIN 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 10, and 11. 

MAX UNIT 

45 ns 

80 ns 

5-427 



Military 20-Pin PAL Devices 

Military Ultra High Speed 20-Pin PAL Series 
PAL16L8D,16R8D,16R6D,16R4D 
Can be purchased to standard milttary drawing 5962-85155, latest revision in effect. 

Military Very High Speed 20-Pin PAL Series 
PAL16L8B,16R8B,16R6B,16R4B 
Can be purchased to standard military drawing 5962-85155, latest revision in effect. 

Military High Speed 20-Pin PAL Series 
PAL16L8A,16R8A,16R6A,16R4A 
Can be purchased to standard military drawing 81036, latest revision in effect. 

Operating Conditions 
20 D 20 B 

SYMBOL PARAMETER 
MIN MAX MIN MAX 

Vee Supply voltage 4.5 5.5 4.5 5.5 

T, Operating free-air temperature -55 -55 

Tc Operating case temperature 125 125 

Width of clock (except 16L8) l Low 12 12 
t/ 

High 8 12 

t,/ Set up time from input or 
feedback to clock (except 16L8) 

15 20 

tt h Hold time 0 0 

v1L* Low-level input voltage ~0.8 ~0.8 

VIH* High-level input voltage ~.O ~2.0 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MIN 

4.5 

-55 

20 

20 

30 

0 

~2.0 

20A 
UNIT 

MAX 

5.5 v 
•c 

125 •c 

ns 

ns 

ns 

~0.8 v 
v 

*These are absolute volt<1ges with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

VIC Input clamp voltage V00 = MIN I, =-18 mA -1.5 v 
l1L* Low-level input current Vee= MAX v, = 0.4 v -0.25 mA 

llH* High-level input current V00 =MAX v, = 2.4 v 25 µA 

I, Maximum input current V00 =MAX v, = 5.5 v 1 mA 

VOL Low,-level output voltage V00 = MIN l0 L = 12 mA 0.5 v 
VOH High-level output voltage V00 = MIN 10 " =-2 mA 2.4 v 
IOZL* 

J 
V0 =0.4V -100 µA 

IOZH * 
Off-state output current V00 =MAX 

V0 = 2.4 V 100 µA 

los ** Output short-circuit current V00 = 5 V V0 = 0.5 V -30 -130 mA 

ICC Supply current V00 =MAX 180 mA 

* 1/0 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
••Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military 20-Pin PAL Devices 

Military Ultra High Speed 20-Pin PAL Series 
PAL16L8D,16R8D,16R6D,16R4D 

Military Very High Speed 20-Pin PAL Series 
PAL16L8B,16R8B,16R6B,16R4B 

Military High Speed 20-Pin PAL Series 
PAL16L8A,16R8A,16R6A,16R4A 

Switching Characteristics Over Operating Conditions 

20 D 20 B 
SYMBOL PARAMETER TEST 

CONDITIONS MIN 

t PD Input or feedback 
to output (except 16R8) 

tCLK Clock to output or feedback 
(except 16L8) 

tPZX Pin 11 to output enable 
(except 16L8) 

tPXZ Pin 11 to output disable 
(except 16L8) 

fPZX Input to output enable 
(except 16R8) 

R, = 390 n 
R2 = 750 Q 

fPXZ Input to ou~ut disable 
(except 16 8) 

State machine maximum 
operating frequency 
(except 16L8) 

JMAX* 
Data path register 
maximum operating 
frequency (except 16L8) 

'!MAX is calculated and measured on initial qualifications only. 
fMAX (state machine)= 1/[t,u + tcLK] 

37 

50 

JMAX (data path register)= 11(1,,L +!,,"]or 1/t,u+th, whichever is smaller. 

MAX MIN MAX 

15J 20 

12 15 

12 20 

10 20 

17 25 

13 20 

28.5 

41.6 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1,2,3,7,8,9, 1 O and 11. 
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MIN 

20 

25 

20A 
UNIT 

MAX 

30 ns 

20 ns 

25 ns 

25 ns 

30 ns 

30 ns 

MHz 
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Military 20-Pin PAL Devices 

Military Half-Power 208-Pin Series 
PAL 16L8B·2, 16R8B·2, 16R6B·2, 16R4B·2 
Can be purchased to standard military drawing 5962-85155, latest revision in effect. 

Military Half-Power 20A·Pin Series 
PAL 16L8A-2, 16R8A·2, 16R6A·2, 16R4A·2 
Can be purchased to standard military drawing 81036, latest revision in effect. 

Operating Conditions 

SYMBOL PARAMETER 
MIN 

Vee Supply voltage 4.5 

T. Operating free-air temperature -55 

Tc Operating case temperature 

Width of clock (except 16L8) J Low 20 
twt 

High 20 

t,/ Set up time from input or 30 
feedback to clock (except 16L8) 

tt h Hold time 0 

VIL* Low-level input voltage 

VIH. High-level input voltage 2:2.0 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

20 B-2 

MAX 

5.5 

125 

$0.8 

20A-2 
UNIT 

MIN MAX 

4.5 5.5 v 

-55 125 oc 
oc 

25 
ns 

25 

50 ns 

0 ns 

so.a v 

2:2.0 v 

* These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v.,, Input clamp voltage Vee= MIN I, =-18 mA -1.5 v 

l1L* Low-level input current Vee= MAX V,= 0.4 V -0.25 mA 

11/ High-level input current V00 = MAX v, = 2.4 v 25 µA 

I, Maximum input current Vee= MAX v, = 5.5 v 1 mA 

VOL Low-level output voltage V00 = MIN l0 L = 12 mA 0.5 v 

VOH High-level output voltage Vee= MIN 10 " = -2 mA 2.4 v 

IOZL* V0 =0.4V -100 µA 
Off-state output current V00 =MAX 

V0 = 2.4 V 100 µA IOZH* 

vcc=5 v 16LBB-2, 16R8B-2, 16R6B-2, 16R4B-2 -250 
los 

.. Output short-circuit current mA 
V0 = 0.5 V 16LBA-2, 16RBA-2, 16R6A-2, 16R4A-2 -30 -130 

ICC Supply current V00 = MAX 90 mA 

* 1/0 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military 20-Pin PAL Devices 

Military Half-Power 208-Pin Series 
PAL 16L8B·2, 16R8B·2, 16R6B·2, 16R4B·2 
Can be purchased to standard military drawing 5962-85155, latest revision in effect. 

Military Half-Power 20A·Pin Series 
PAL 16L8A·2, 16R8A·2, 16R6A·2, 16R4A·2 
Can be purchased to standard military drawing 81036, latest revision in effect. 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST 
CONDITIONS MIN 

!PD Input or feedback to output (except 16L8) 

!CU< Clock· to output or feedback (except 16L8) 

!PZX Pin 11 to output enable (except 16L8) 

!PXZ Pin 11 to output disable (except 16L8) 

!Pzx Input to output enable (except 16R8) 

!PXZ Input to output disable (except 16R8) 

State machine maximum operating 

/MAX** 
frequency (except 16L8) 

Data path register maximum 
operating frequency (except 16L8) 

*/MAX is calculated and measured on initial qualifications only. 
/MAX (state machine) = 1 /(t1u + tct•l 

R, =3900 

R,-7500 

/MAX (data path register)= 1/[t,._ +!,."]or 1/t6u+th, whichever is smaller. 

20 

25 

20 B-2 

MAX 

30 

20 

25 

25 

30 

30 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1,2,3,7,8,9, 1 O and 11. 

20A-2 
UNIT 

MIN MAX 

50 ns 

25 ns 

25 ns 

25 ns 

45 ns 

45 ns 

13.3 

MHz 

20 
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Military 20-Pin PAL Devices 

Military Quarter-Power 208-Pin Series 
PAL 16L8B·4, 16R8B·4, 16R6B·4, 16R48·4 
Can be purchased to standard military drawing 5962-88515 latest revision in effect. 

Military Quarter-Power 20A·Pin Series 
PAL 16L8A·4, 16R8A·4, 16R6A·4, 16R4A·4 
Can be purchased to standard military drawing 85065 latest revision in effect. 

Operating Conditions 

20 B-4 
SYMBOL PARAMETER 

MIN MAX 

Vee Supply voltage 4.5 5.5 

TA Operating free-air temperature -55 

Tc Operating case temperature 125 

Width of clock (except 16L8) J Low 25 
t,.t 

High 25 

1,. Set up time from input or feedback to clock (except 16L8) 50 

jt 
h Hold time 0 

VIL* Low-level input voltage ~0.8 

v,H* High-level input voltage ~2.0 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

20A-4 
UNIT 

MIN MAX 

4.5 5.5 v 
--55 125 •c 

•c 
40 

ns 
40 

90 ns 

0 ns 

~0.8 v 
~2.0 v 

• These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

· Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage V00 = MIN l,=-18mA -1.5 v 
llL"' Low-level input current V00 = MAX V,= 0.4 V -0.25 mA 

(IH * High-level input current V00 = MAX v, = 2.4 v 25 µA 

I, Maximum input current V00 =MAX V,= 5.5 V 1 mA 

Vo, Low-level output voltage V00 = MIN l0 ,=4mA 0.5 v 
VOH High-level output voltage V00 =MIN 10 " =-1 mA 2.4 v 
IOZL* V0 = 0.4 V -100 µA . Off-state output current V00 = MAX 

V0 = 2.4 V µA IOZH 100 

V00 = 5 V 16L8B-4, 16R8B-4, 16R6 B-4, 16R4B-4 -250 
los 

.. Output short-circuit current mA 
V0 =0.5V 16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4 -30 -130 

16L8A-4, 16R8A-4, 16R6A-4, 16R4A-4 50 
ICC Supply current V00 = MAX mA 

16L8B-4, 16R8B-4, 16R6B-4, 16R4B-4 55 

* 1/0 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
** Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military 20-Pin PAL Devices 

Military Quarter-Power 20B·Pin Series 
PAL 16L8B-4, 16R8B-4, 16R6B-4, 16R4B-4 

Military Quarter-Power 20A-Pin Series 
PAL 16L8A-4, 16RBA·4, 16R6A-4, 16R4A·4 

Switching Characteristics Over Operating Conditions 

20 B-4 
SYMBOL PARAMETER 

tPD Input or feedback to output (except 16R8) 

tCLK Clock to output or feedback (except 16L8) 

tPXZ Pin 11 to output enable(except 16L8) 

tPxz Pin 11 to output disable (except 16L8) 

tPZX Input to output enable (except 16R8) 

tPXZ Input to output disable (except 16R8) 

State machine maximum 

JMAX* 
operating frequency (except 16L8) 

Data path register maximum 
operating frequency (except 16L8) 

*/MAX is calculated and measured on initial qualifications only. 
fMAX (state machine)= 1/[t •• + tcL<) 

TEST 
CONDITIONS 

R,-0oon 

R2 =1.56Kn 

/MAX (data path register)= 11[1,.L + t,.") or 1110.+th, whichever is smaller. 

MIN MAX 

50 

25 

25 

25 

45 

45 

13.3 

20 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1,2,3,7,8,9, 1 O and 11. 
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20A-4 
UNIT 

MIN MAX 

75 ns 

45 ns 

40 ns 

40 ns 

65 ns 

65 ns 

7.4 

MHz 
12.5 
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Military 20-Pin PAL Devices 

Military Arithmetic 20-Pin PAL Series 
PAL16X4 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

T, Operating free-air temperature 

Tc Operating case temperature 

J 
Low 

twt Width of clock 
High 

t,} Set up time from input or 
feedback to clock 

tt h 
Hold time 

VIL* Low-level input voltage 

VIH* High-level input voltage 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MIN MAX UNIT 

4.5 5.5 v 

-55 oc 
125 oc 

25 
ns 

25 

55 ns 

0 ns 

:<>0.8 v 

<-:2.0 v 

• These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage V00 =MIN l,=-18mA -1.5 v 

llL* Low-level input current V00 =MAX v, = 0.4 v -0.25 mA 

11/ High-level input current V00 =MAX v, = 2.4 v 25 µA 

I, Maximum input current V00 =MAX v, = 5.5 v 1 mA 

VOL Low-level output voltage V00 =MIN l0 c = 12 mA 0.5 v 

VOH High-level output voltage V00 =MIN 10 " = -2 mA 2.4 v 

IOZL 
. V0 = 0.4 V -100 µA 

Off-state output currant V00 =MAX t--
IOZH 
. V0 = 2.4 V 100 µA 

los 
.. Output short-circuit currant V00 = 5 V V0 =0.5V -30 -130 mA 

ICC Supply current V00 =MAX 16X4 225 mA 

• 1/0 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
•• Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military 20·Pin PAL Devices 

Military Arithmetic 20-Pin PAL Devices 
PAL16X4 

Switching Characteristics Over Operating Conditions 

TEST 
SYMBOL PARAMETER CONDITIONS 

t PO In put or feedback to output 

tCLK Clock to output or feedback 

tPZX Pin 11 to output enable R, =200n 

tPXZ Pin 11 to output disable R2 =390n 

tPZX Input to output enable 

tpxz Input to output disable 

/MAX Maximum frequency 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1,2,3,7,8,9,10 and 11. 

MIN MAX UNIT 

45 ns 

25 ns 

25 ns 

25 ns 

45 ns 

45 ns 

12.5 MHz 

5.435 



Military 20-Pin PAL Devices 

Military 20-Pin PAL Devices 
Switching Waveforms 

503133 

INPUTS, ltO, 
REGISTERED 

FEEDBACK 

CK 

REGISTERED 
OUTPUTS 

COMBINATORIAL 
OUTPUTS 

Notes: 1. 1.0 is tested with switch S, closed. CL = 50 pF and measured at 1.5 V output level. 
2. t•zx is measured at the 1.5 V level with CL= 50 pF. S, is open for high impedance to "1" test, and closed for high imped

ance to "o" test. 
3. t•xz is tested with CL= 5 pF. S, is open for "1" to high impedance test, measured V oH -0.5 V 

output level. S, is closed for "O" to high impedance test measured to V oL +0.5 V output level. 
4. Equivalent test loads may be used on automatic test equipment. 

Test Load 

R1 

OUTPUT o---+----.---{ooJ TEST POINT 

R2 

503194 
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Military 20-Pin PAL Devices 

Military 20-Pin PAL Devices 

Life Test/Burn-In Circuits 
Complies with Mil-Std-883, Method 1005/1015, Condition D. 

Circuit Configurations 

Waveforms 

AO 

A1 

A2 

A3 to Ax Follow in order 

PAL 1 OH8/H8·2 
PAL10L8/L8·2 

vcc 

20 

2 19 

3 18 
4 17 
5 16 
6 15 

7 14 

8 

9 
10 11 

"1" 100 KHz 

"0" 

"1" 

"O" 50 KHz 

"1" 

"O" 25 KHz 

503 134 

1. All Burn-In will be accomplished at 125° C +5/-0°C 
2. V cc = 5.25 Volts± 0.25 V 
3. All clocks (AO to Ax) are square wave signals, 50±15% 

Duty Cycle, with: 
a. "O" = -0.5 V to +0.7 V 
b. "1" = +2.4 Vto V00 

c. Rise Time (+O. 7 V to +2.4 V) < 1 µsec 
d. Fall Time (+2.4 V to +0.7 V) < 1 µsec 

4. Resistor Value 
330 n or 470 n ±5% 

5. All Board Components to be compatible with 150°C 
Ambient (Min). 

PAL 12H6/H6·2 PAL 14H4/H4·2 
PAL 12L6/L6-2 PAL 14L4/L4-2 

vcc vcc 

20 20 
19 19 

3 18 vcc 18 
4 17 17 VCC 

16 16 
6 15 15 

7 14 7 14 
8 13 8 13 

9 12 12 
10 11 10 11 

503135 D 
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Military 20-Pin PAL Devices 

Military 20-Pin PAL Devices 

Life Test/Burn-In Circuits 
Complies with Mil-Std-883, Method 1005/1015, Condition D. 

Circuit Configurations 

PAL 16H2/H2·2 
PAL 16L2/L2·2 
PAL 16C1/C1·2 

503 138 

5-438 

vcc 

PAL 16R6A/B/D 
PAL 16R6A·2/B·2 
PAL 16R6A·4/B·4 

2 

3 
4 

5 
6 

7 

a 
9 
10 

vcc 

vcc 

PAL 16LBA/B/D 
PAL 16LBA·2/B·2 
PAL 16LBA·4/B·4 

VCC 

PAL 16R4A/B/D 
PAL 16R4A·2/B·2 
PAL 16R4A-4/B·4 

VCC 

~Monolithic WMemorles ~ 

PAL 16R8A/B/D 
PAL 16R8A·2/B·2 
PAL 16R8A·4/B·4 

vcc 

PAL16A4 
PAL16X4 

vcc 

20 

19 

18 

17 

16 

15 

7 14 

a 13 

12 

10 11 



Military 24-Pin PAL Devices 

Features 

Registers with feedback 
Programmable three-state outputs 
Security fuse prevents duplication of logic 
Variety of speed/power options available In same archi
tecture 
Register preload to aid In device testing 
Power-up reset to logical high 
Programmable output polarity 
Product term sharing 
Programmable register or combinatorial outputs 
Dual feedback allows burled state registers or Input 
registers (PAL32VX1 O) 
Programmable flip-flops allow J-K, S-R, Tor D types 
(PAL32VX10) 
Asynchronous preset/synchronous reset, synchronous 
preset/asynchronous reset (PAL32VX10) 
Through-hole or surface mount device packaging 
Neutron fluence (permanent damage): 1x1013 N/cm' 
Dose rate (transient upset) junction Isolated Bipolar 
processes: 2x101• RADs (Si) per sec recovered in 50 to 
70 µs from a 1µs pulse 

24-Pin PAL Device Speed vs. Power 
100 

0 50 100 150 
SUPPL y CURRENT, lcc-mA 

200 

Benefits 

• Instant prototyping/zero NRE charge 
Low-cost programmable replacement for TIL logic 
Reduces Inventory by reducing chip count 
Programmed on standard PROM/PAL device program
mers 
Several software programs available to assist in creat
ing bit pattern designs 

Applications 

High speed graphic controllers 
High speed computers 
High frequency state machines 
High frequency counters 
Microprocessor clock generation and interface logic 

• OMA controllers 
Asynchronous bus Interface 
CRT controllers 
Peripheral/handshaking Interface 
Interrupt controllers 
Memory mapped 110(PALSL14A) 
Microprocessor decoder (PALSL 14A) 

10350A 
JANUARY 1988 ~ Monolithic WMemorles ~ 5.439 



Military 24-Pin PAL Devices 

Register Preload 

Register preload is an aid to functional testing, which is usually 
performed afterthe device is programmed but before it is installed 
on the circuit board. Using register preload, the register of a de
vice can be "preloaded" to any desired state value. This is 
particularly useful in applications where the output is fed back into 
the array as an input, since it may take many state transitions to 
reach a desired state in the output register. Register preload also 
allows the user to set the device to an "illegal" state which cannot 
be reached through normal state transitions, in order to test for 
proper recovery. 

Power-Up Reset 

Another added testability feature found on these Series is power
up reset. Power-up reset makes system initialization simple; 
registers are reset to logic Oat power-up, thus all outputs are set 
to logic 1. 

The table below is a brief summary of our current devices that do 
have register preload and/or power-up reset. 

Devices with Register Preload and Power-Up Reset 

DEVICE FAMILY REGISTER PRELOAD POWER-UP RESET 

Exclusive OR 24XA YES YES 

Shared Product terms 24RS YES YES 

Asynchronous 24RA YES YES 

Varied Product terms 24VX* YES YES 

* The PAL32VX10/1 OA has power-up preset; registers are set to logical 1 on power up. 
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Military 24-Pin PAL Devices 

Military 24-Pin PAL Device Pinouts 

12L10 12L10 14L8 14L8 

4 3 1 28 27 26 4 3 1 28 27 26 

vcc vcc 
25 25 

0 24 24 

0 INPUT 23 0 INPUT 
ACTIVE 

23 
AND ACTIVE AND 
OR LOW 22 OR LOW 22 

0 
LOGIC OUTPUT 21 0 LOGIC OUTPUT 21 
ARRAY CELLS 

20 ARRAY CELLS 
20 0 

10 19 10 19 
0 11 0 11 GND 
0 

12 13 14 15 16 17 18 
0 

12 13 14 15 16 17 18 
0 0 

LEADLESS CHP CARRIER LEADLESS CHIP CARRIER 
0 0 

0 0 

0 

GND GND 

CERDIP CERPACK CERDIP CERPACK 

16L6 16L6 18L4 18L4 

4 3 1 28 27 26 4 3 2 1 28 27 28 

vcc 
25 

vcc 
25 

24 24 

23 INPUT 23 

22 AND 22 OR 0 21 8 LOGIC 21 

0 20 0 9 ARRAY 20 

10 19 10 19 
0 

11 0 11 GND 
0 

12 13 14 15 16 17 18 0 12 13 14 15 16 17 18 
0 

LEADLESS CHIP CARRIER 
0 

LEADLESS CHIP CARRIER 
0 

GND GND 
13 

CERDIP CERPACK CERDIP CERPACK 

20L2 20L2 20Ct 20C1 

4 3 1 28 27 26 4 3 1 28 27 26 

vcc 25 vcc 
25 

5 24 24 
6 23 INPUT 23 

22 AND 22 
21 OR 

21 LOGIC· 
20 ARRAY 20 

10 19 10 19 
0 11 0 11 GND 
0 12 13 14 15 16 17 18 

O· 
12 13 14 15 16. 17 18 

LEADLESS CHIP CARRIER LEADLESS CHIP CARRIER 

CERDIP CERPACK CERDIP CERPACK 503 145 
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Military 24-Pin PAL Devices 

Military 24-Pin PAL Device Pinouts 

8L14A 

0 

CEROIP CERPACK 

20R8B/A/A-2 

CEROIP CERPACK 

20R4B/A/A-2 

CEROIP CERPACK 
503 157 

5-442 

vcc 

0 

10 
11 

10 
11 

10 
11 

8L14A 
4 3 1 28 27 26 

0 

12 13 14 15 16 17 18 

LEADLESS CHIP CARRIER 

20R8B/A/A-2 
4 3 2 1 28 2726 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

REG 

OUTPUlJIEG 
CELLS REG 

REG 
REG 

OE REG 

GNO 

12 13 14 15 16 17 18 

LEAOLESS CHIP CARRIER 

20R4B/A/A-2 
4 3 2 1 28 2728 

12 13 14 15 16 17 18 

LEADLESS CHIP CARRIER 

25 

24 
23 

22 
21 

20 

19 

25 

24 
23 

22 
21 

20 

19 

25 

24 
23 

22 
21 

20 

19 

20L8B/A/A·2 

CERDIP CERPACK 

20R6B/A/A-2 

CEROIP CERPACK 

20L10A 

CEROIP CERPACK 
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vcc 

0 

VO 

VO 

1/0 

VO 

VO 

1/0 

0 

1/0 

VO 

1/0 

1/0 

VO 

1/0 

1/0 

VO 

10 
11 

10 
11 

10 
11 

20L8B/A/A·2 
4 3 2 1 28 27 26 

INPUT "' AND OUTPUTVO 
OR 

CELLS '° LOGIC 
ARRAY VO 

"o 
0 

GNO 

12 13 14 15 16 17 18 

LEADLESS CHIP CARRIER 

20R6B/A/A-2 
4 3 2 1 28 2726 

12 13 14 15 16 17 18 

LEADLESS CHIP CARRIER 

20L10A 
4 3 2 1 28 2726 

vcc 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

0 ,0 

"' VO 

OUTPUT '° 
CELLS '° 

"' 

12 13 14 15 16 17 18 

LEAOLESS CHIP CARRIER 

25 

24 
23 

22 
21 

20 

19 

25 

24 
23 

22 
21 

20 

19 

25 

24 
23 

22 
21 

20 

19 



Military 24-Pin PAL Devices 

Military 24-Pin PAL Device Pin outs 

20X10A 20X10A 20X8A 20X8A 
4 3 2 1 28 Zl 26 4 3 2 1 28 27 26 

CLK vcc vcc 25 
CLK vcc 

25 
0 24 1/0 24 

INPUT REG 23 23 0 
AND OUTPUT REG 22 22 

0 OR CELLS 0 LOGIC REG 21 21 

0 ARRAY REG 20 0 20 
10 REG 

19 10 19 
0 11 0 11 

0 
12 13 14 15 16 17 18 12 13 14 15 16 17 18 

0 
LEADLESS CHIP CARRIER 

0 
LEAOLESS CHIP CARRIER 

0 0 

0 0 

0 110 

GND OE GND OE 

CERDIP CERPACK CERDIP CERPACK 

20X4A 20X4A 20S10 20S10 
(see Fig. 1) (see Fig.1) 

4 3 2 1 28 27 28 4 3 2 1 28 27 26 

CLK vcc vcc vcc 
25 25 

1/0 CLK ~o ''° VO 24 0 24 

1/0 INPUT REG 23 110 23 
AND OUTPUT REG 22 22 

1/0 OR CELLS REG 110 21 LOGIC 21 

0 9 ARRAY 20 110 20 

10 19 10 19 
11 1/0 11 

1/0 
12 13 14 15 16 17 18 12 13 14 15 16 17 18 

0 
LEADLESS CHIP CAl<RIER 

1/0 
LEADLESS CHIP CARRIER 

1/0 1/0 

110 1/0 

1/0 0 D GND OE GND 

CERDIP CERPACK CERDIP CERPACK 

20RS10 20RS10 20RS8 20RS8 
(see Fig. 1) (see Flg.1) (see Fig 1) (see Fig.1) 

4 3 2 1 28 27 26 4 3 2 1 28 27 26 

CLK vcc vcc 25 
CLK vcc 

25 
0 CLK REG REG 

REG 24 110 Cl.K 24 

0 INPUT REG 23 0 INPUT REG 23 
AND OUTPUTFIEG 22 ANO OUTPUlREG 22 

0 OR CELLS REG 0 OR CELLS FIEG 
LOGIC 21 LOGIC 21 

0 ARRAY REG 20 ARRAY 20 

10 19 10 19 
0 11 0 11 

0 
12 13 14 15 16 17 18 

0 
12 13 14 15 16 17 18 

0 
LEAOLESS CHIP CARRIER 

0 
LEADLESS CHIP CARRIER 

0 110 

GND OE GND OE 

CERDIP CERPACK CERDIP CERPACK 
503 169 
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Military 24-Pin PAL Device Pinouts 

503181 

20RS4 
(see Flg.1) 

CERDIP CERPACK 

32VX10/A 
(see Fig. 3) 

CERDIP CERPACK 

5.444 

vcc 

VO 

VO 

VO 

0 

0 

0 

0 

VO 

VO 

VO 

OE 

vcc 

1/0 

VO 

1/0 

110 

1/0 

110 

110 

VO 

VO 

110 

10 
11 

7 
8 

20RS4 
(see Fig. 1) 

4 3 2 1 28 2728 

vcc 
CU( ""o 

"' REG INPUT 
AND 
OR 

LOGIC 
ARRAY 

GND 

OUTPUT REG 
CELLS REG 

REG 

"' OE l/0110 

12 13 14 15 16 17 18 

LEADLESS CHIP CARRIER 

32VX10/A 
(see Fig 3) 
3 2 1 

AND 
LOGIC 
ARRAY 

vx 
CELLS 

25 

24 

23 

22 
21 

20 
19 

25 

24 
23 
22 
21 

10 20 

11r-•,--;--i:!::=::-,-,-'J19 

12 13 14 15 16 17 18 

LEADLESS CHIP CA~RIER 

20RA10 
(see Fig.2) 

CERDIP CERPACK 
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vcc 

VO 

VO 

VO 

1/0 

VO 

VO 

VO 

VO 

1/0 

VO 

OE 

10 
11 

20RA10 
(see Fig. 2) 

4 3 2 1 28 2726 

INPUT 
AND 
OR 

LOGIC 
ARRAY 

vcc 
A. VOllO 

•O 
•O 

OUTPUT 110 
CELLS vo 

VO 

12 13 14 15 16 17 18 

LEADLESS CHIP CARRIER 

25 

24 

23 

22 
21 

20 
19 



Military 24-Pin PAL Devices 

Military PAL20S1 O, 20RS1 O, 20RS8, 20RS4 Series 

I 
I 

I 
I 

I 
vcc 

ao 

01 

06 

07 

\ 
\ 
\ 
\ 
\ 

I 

I 
I 

I 
I I 

RS-Cell 
Registered Synchronous Macrocell 

CLK 

5-Cell 
Comblnatorlal Macrocell 

\ 
\ 
\ 
\' 
\ 
\ 

Figure 1. 
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Military PAL20RA10 Device 
COMBINATORIAL 

///~ 

5-446 

' ' ' ' ' 

I 
PL OE I 

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

------------------------------{ 
THE PAL20RA10 RA CELL CAN BE 
PROGRAMMED TO PERFORM ANY 
OF THESE FUNCTIONS 

Figure 2. 
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Military 24-Pin PAL Devices 

Military PAL32VX10 Device 

Flgure3. 

I 
23 I 
1101 / 

I 

22 I 
1102 / 

I 
I 

I 

21 
1103 

20 
1104 

' ' ' ' ' 19 ' 

I 

1105 ' 

18 
1106 

17 
1107 

16 
1108 

15 
1109 

14 
11010 

I 

I 
I 

' ', 
' ' 
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ARRAY SYNCHRONOUS 

RESET 

VARIED 
PRODUCT TERMS: 
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REGISTER 
BYPASS CONTROL 

Military 24-Pin PAL Devices 
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AP 
ASYNCHRONOUS 

PRESET 

PAL32VX10 MACROCELL 
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CAN BE PROGRAMMED 
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Military 24-Pin PAL Devices 

Military 24-Pin PAL Devices 

Absolute Maximum Ratings 
Operating 

Supply voltage Vee ............................................................................................................................................................. -0.5 V to 7 V 
Input voltage ................................................................................................................................................................... -1.5 V to 5.5 V 
Off-state output voltage .................................................................................................................................................................. 5.5 V 
Storage temperature ................................................................................................................................................... -65°C to + 150°C 

~ea:~~~;j~~~~~; ;:;~:~~~r~ d~~~ ·;;,·~~j·::::::::::::::::: ::::: :::::::::::::: ::::::: ::::::: ::::: :: :: ::: :: ::::: ::::::::: :::::::::::::: ::: :: :: ::: :::: ::: :: :::::::::::::: :::::: ~~~:g 
Maximum current density 5x1 o-5 A/cm• per Mil-M-38510 ................................................................................................ < 5x1 o-5 A/cm 2 

Maximum e JC= 28°C/W for cerdips per Mil-M-3851 o ............................................................................................................. < 28°C/W 
Maximum e JC= 22°C/W for flatpacks per Mil-M-3851 o ........................................................................................................... < 22°C/W 
Maximum eJC = 20°C/W for lead less chip carriers per Mil-M-3851 o ....................................................................................... < 20°C/W 
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Military 24-Pin PAL Devices 

Military Standard 24-Pin PAL Series 
PAL12L10,14L8,16L6,18L4,20L2, 20C1 
Can be purchased to military drawing 5962-86804, latest revision in effect. 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

T. Operating free-air temperature 

Tc Operating case temperature 

Vtl* Low-level input voltage 

v,H* High-level input voltage 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MIN MAX UNIT 

4.5 5.5 v 
-55 oc 

125 oc 
:<:;0.8 v 

~2.0 v 

• These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage V00 = MIN I,= -18 mA -1.5 v 
llL Low-level input current Vee= MAX V,= 0.4 V -0.25 mA 

llH High-level input current Vee= MAX v, =2.4 v 25 µA 

I, Maximum input current V00 =MAX V,= 5.5 V 1 mA 

VOL Low-level output voltage V00 =MIN l0 L = 8 mA 0.5 v 
VOH High-level output voltage Vee= MIN J0 H = -2 mA 2.4 v 
I * 
OS 

Output short-circuit current V00 = 5 V V0 = 0.5 V -30 -130 mA 

ICC Supply current V00 =MAX 100 mA 

'Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

Switching Characteristics Over Operating Conditions 

TEST 
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

\PO Input or feedback to output R, = 560 n 45 ns 
R,=1.1KQ 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 10 and 11. 
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Military Decoder 24-Pin PAL Device 
PAL8L14A 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

T, Operating free-air temperature 

Tc Operating case temperature 

VIL* Low-level input voltage 

VIH* High-level input voltage 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MIN MAX UNIT 

4.5 5.5 v 
-55 oc 

125 oc 
'50.8 v 

~2.0 v 

* These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage V00 = MIN l,=-1BmA -1.5 v 
Ill Low-level input current V00 =MAX V,= 0.4 V -0.25 mA 

llH High-level input current V00 =MAX v, = 2.4 v 25 µA 

I, Maximum input current V00 = MAX V,= 5.5 V 1 mA 

VOL Low-level output voltage V00 =MIN l0 c = 8mA 0.5 v 
VOH High-level output voltage V00 =MIN 10 " =-2mA 2.4 v 
los 
. Output short-circuit current V00 = 5 V V0 = 0.5 V -30 -130 mA 

ICC Supply current V00 = MAX 100 mA 

*Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

Switching Characteristics Over Operating Conditions 

TEST 
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

jPO Input to output propagation delay R1 =560Q 30 ns 
R,= 1.1 Kn 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 10 and 11. 
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Military 24-Pin PAL Devices 

Military Very High Speed 24-Pin PAL Series 
PAL20L8B,20R8B,20R6B,20R4B 
Can be purchased to standard military drawing 5962-87671, latest revision in effect. 

Military High Speed 24-Pin PAL Series 
PAL20L8A,20R8A,20R6A,20R4A 
Can be purchased to standard military drawing 84129, latest revision in effect. 

Operating Conditions 

24 B 
SYMBOL PARAMETER 

MIN 

Vee Supply voltage 4.5 

T. Operating free-air temperature -55 

Tc Operating case temperature 

Width of clock (except 20L8) } 
Low,t,. 12 

twt 
High, t.., 12 

1.,t Set up time from input or feedback to clock (except 20L8) 20 

i_t Hold time 0 

v1L* Low-level input voltage 

vlH* High-level input voltage ~2.0 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MAX MIN 

5.5 4.5 

-55 

125 

20 

20 

30 

0 

:!>0.8 

~2.0 

24A 
UNIT 

MAX 

5.5 v 

oc 
125 oc 

ns 

ns 

ns 

ns 

S0.8 v 

v 

• These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage V00 =4.5V l,=-18mA -1.5 v 

l1L* Low-level input current V00 = 5.5 V v, = 0.4 v -0.25 mA 

I,/ High-level input current V00 =5.5V v, = 2.4 v 25 µA 

I, Maximum input current Vcc=5.5V v, = 5.5 v 1.0 mA 

VOL Low-level output voltage V00 = 4.5 V 10 L = 12 mA 0.5 v 

VOH High-level output voltage V00 =4.5 V 10 " =-2 mA 2.4 v 

IOZL 
. 1 V0 =0.4V -100 

Offstate output current V00 =5.5V µA 
loH/ V0 = 2.4 V 100 

I •• OS Output short-circuit current V00 =5.5 V V0 =0.5V -30 -130 mA 

ICC Supply current V00 =5.5V 210 mA 

• 110 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
" Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military Very High Speed 24-Pin PAL Series 
PAL20L8B,20R8B,20R6B,20R4B 

Military High Speed 24-Pin PAL Series 
PAL20L8A,20R8A,20R6A,20R4A 

Switching Characteristics Over operating conditions 

248 
SYMBOL PARAMETER TEST 

CONDITIONS MIN MAX MIN 

t PD Input or feedback to output (except 20R8) 

jCLK Clock to output or feedback (except 20L8) 

tPZX Pin 13 to output enable (except 20L8) 

tPXZ Pin 13 to output disable (except 20L8) 

tPZX Input to output enable (except 20R8) 

tPXZ Input to output disable (except 20R8) 

State machine maximum . operating frequency (except 20L8) 
!MAX 

Data path register maximum 
operating frequency (except 20L8) 

'/MAX is calculated and measured on initial qualifications only. 
/MAX (state machine)= 1/[tsu + tcLK] 

R, = 390 n 

R2 = 750 n 

/MAX (data path register)= 1/[1wi_ + 1wttl or 1/t6u+th, whichever is smaller. 

20 

15 

20 

20 

25 

20 

28.5 20 

41.6 25 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 1 O and 11. 
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24A 
UNIT 

MAX 

30 ns 

20 ns 

25 ns 

25 ns 

30 ns 

30 ns 

MHz 
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Military 24-Pin PAL Devices 

Military Half-Power 24A·Pin Series 
PAL20L8A-2, 20R8A-2, 20R6A-2, 20R4A·2 
Can be purchased to standard military drawing 84129, latest revision in effect. 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

T. Operating free-air temperature 

Width of clock (except 20L8) } 
Low 

twt 
High 

toot Setup time from input or feedback to clock (except 20L8) 

tt h Hold time 

VIL* Low-level input voltage 

VIH* High-level input voltage 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MIN MAX UNIT 

4.5 5.5 v 

-55 125 oc 
25 ns 

25 ns 

50 ns 

0 ns 

~0.8 v 

~2.0 v 

• These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage V00 =MIN l,=-18mA -1.5 v 

l1L* Low-level input current Vee= MAX V,= 0.4 V -0.25 mA 

11/' High-level input current V00 =MAX v, = 2.4 v 25 µA 

I, Maximum input current V00 =MAX v, = 5.5 v 1 mA 

VOL Low-level output voltage Vee= MIN l0 L=12mA 0.5 v 

VOH High-level output voltage Vee= MIN 10 " =-2 mA 2.4 v 

IOZL* } V0 = 0.4 V -100 µA . Offstate output current V00 =MAX 
IOZH V0 = 2.4 V 100 µA 

los 
.. Output short-circuit current V00 = 5 V V0 = 0.5 V -30 -130 mA 

Ice Supply Current V00 =MAX 105 mA 

• 110 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
•• Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military 24-Pin PAL Devices 

Military Half-Power 24A·Pin Series 
PAL20LBA·2, 20RBA·2, 20R6A·2, 20R4A·2 

Switching Characteristics over Operating Conditions 

SYMBOL PARAMETER 

IPD Input or feedback to output (except 20R8) 

ICU< Clock to output or feedback (except 20L8) 

tPZX Pin 13 to output e.nable (except 20L8) 

tPXZ Pin 13 to output disable (except 20L8) 

IPZX Input to output enable (except 20R8) 

IPXZ Input to output disable (except 20R8) 

/MAX* 
State machine maximum operating frequency (except 20L8) 

Data path register maximum operating frequency (except 20L8) 

*/MAX is calculated and measured on initial qualifications only. 
/MAX (state machine)= 1/(t •• + t0L.l 
/MAX (data path register)= 11(1,.L + tWH) or 111 •• +th, whichever is smaller. 

TEST 
CONDITIONS 

R,·3900 

R2 .15on 

MIN 

13.3 

20 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 10 and 11. 

MAX UNIT 

50 ns 

25 ns 

25 ns 

25 ns 

45 ns 

45 ns 

MHz 
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Military 24-Pin PAL Devices 

Military High Speed 24XA·Pin Series 
PAL20L10A,20X10A,20XSA,20X4A 
Can be purchased to standard miltary print 84129, latest revision in effect. 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

T. Operating free-air temperature 

Tc Operating case temperature 

Width of clock (except 20L 10) I Low 
twt 

High 

t,; Setup time from input or feedback to clock (except 20L 10) 

tt h Hold time 

VJL* Low-level input voltage 

V,H* High-level input voltage 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MIN MAX UNIT 

4.5 5.5 v 

-55 oc 
125 oc 

35 
ns 

20 

40 ns 

0 ns 

~0.8 v 

<?2.0 v 

• These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage Vee= MIN 1,--18 mA -1.5 v 

llL* Low-level input current Vee= MAX V,= 0.4 V -0.25 mA 

11/ High-level input current V00 = MAX v, = 2.4 v 25 µA 

1, Maximum input current Vee= MAX V,=5.5 V 1 mA 

VOL Low-level output voltage V00 =MIN 10 , = 12 mA 0.5 v 

VOH High-level output voltage V00 =MIN J0 H =-2 mA 2.4 v 

IOZL* l V0 =0.4V -100 . Off-state output current V00 =MAX µA 
IOZH V0 = 2.4 V 100 

los 
.. Output short-circuit current V00 = 5 V V0 = 0.5 V -30 -130 mA 

J 
20X10A,20X8A,20X4A 180 

ICC Supply current Vee= MAX mA 
20L10A 165 

• 1/0 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
"Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

5-456 ~ Monolithic W Memories ~ 



Military 24-Pin PAL Devices 

Military High Speed 24XA-Pin Series 
PAL20L10A,20X10A,20XSA,20X4A 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

20L10A,20X8A,20X4A 
I PD Input or feedback to output (except 20X10) 

ICU< Clock to output or feedback (except 20L 10) 

tpzx Pin 13 to output enable (except 20L 10) 

jPXZ Pin 13 to output disable (except 20L 10) 

tPZX Input to output enable (except 20X10) 

'•xz Input to output disable (except 20X10) 

/MAX' 
State machine maximum operating frequency (except 20L 10) 

Data path register maximum operating frequency (except 20L 10) 

•/MAX is calculated and measured on initial qualifications only. 
/MAX (state machine)= 1/[t,u + t0LK] 
/MAX (data path register) = 1 /(twL + fw"] or 1 lt8u+th, whichever is smaller. 

TEST 
CONDITIONS 

R, -390 Q 

R2 -750 Q 

MIN 

15.4 

18.2 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 10 and 11. 
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MAX UNIT 

35 ns 

25 ns 

25 ns 

25 ns 

35 ns 

35 ns 

MHz 
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Military 24-Pin PAL Devices 

Military 24RS-Pin Series 
PAL20S10,20RS10,20RSS,20RS4 
Standard military 5962-87530 is in the process of being generated-Contact the factory. 

Operating Conditions 
SYMBOL PARAMETER 

Ve-0 Supply voltage 

T. Operating free-air temperature 

Tc Operating case temperature 

Low 
twt Width of clock (except 20S10) 

High 

t t 
'" 

Setup time from input or feedback to clock (except 20S10) 

tt h Hold time 

v,L* Low-level input voltage 

VIH* High-level input voltage 

Note: Virgin array verily of unprogrammed PAL device is performed at 25°C only. 

MIN MAX UNIT 

4.5 5.5 v 

-55 •c 
125 •c 

20 
ns 

20 

40 ns 

0 ns 

S0.8 v 

~2.0 v 

' These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,c Input clamp voltage Vco=MIN l,=-18mA -1.5 v 

llL* Low-level input current Vee= MAX V,= 0.4 V --0.25 mA 

11/ High-level input current V00 =MAX v, = 2.4 v 25 µA 

I, Maximum input current V00 =MAX v, = 5.5 v 1 mA 

VOL Low-level output voltage V00 = MIN l0 L= 12 mA 0.5 v 

VOH High-level output voltage V00 = MIN 10 " =-2 mA 2.4 v 

IOZL 
. 

l V0 =0.4V -100 
Off-state output current V00 =MAX µA 

loz/ V0 = 2.4 V 100 

I" 
OS 

Output short-circuit current V00 = 5 V V0 =0.5 V -30 -130 mA 

Ice Supply current V00 = MAX 240 mA 

• 1/0 pin leakage is worst case of llX or IOZX; I.e., Ill and IOZH. 
"Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military 24-Pin PAL Devices 

Military 24RS·Pin Series 
PAL20S10,20RS10,20RS8,20RS4 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

lPolarity fuse intact 
t PO Input or feedback to output (except 20RS10) J Polarity fuse Blown 

tCLK Clock to output or feedback (except 20S10) 

tPZX Pin 13 to output enable (except 20S10) 

tPXZ Pin 13 to output disable (except 20S10) 

tPZX Input to output enable (except 20RS1 O) 

tPXZ Input to output disable (except 20RS10) 

/MAX* 
State machine maximum operating frequency (except 20S10) 

Data path register maximum frequency (except 20S10) 

'/MAX is calculated and measured on in~ial qualifications only. 
/MAX (state machine)= 1/(t6u + tcLK) 
/MAX (data path register)= 1/(1,,L + tw"l or 111 •• +th' whichever is smaller. 

TEST 
CONDITIONS 

R, = 390 n 
R2 =750Q 

MIN 

16.7 

25 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 1 O and 11. 
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MAX UNIT 

40 
ns 

45 

20 ns 

25 ns 

25 ns 

35 ns 

30 ns 

MHz 

5.459 



Military 24·Pin PAL Devices 

Military 24RA·Pin Device 
PAL20RA10 
Standard military 5962-86803 is in the process of being generated-Contact the factory. 

Operating Conditions 
SYMBOL PARAMETER 

Vee Supply voltage 

T. Operating free-air temperature 

Tc Operating case temperature 

l Low 
i_.t Width of clock 

l High 

t t ... Preload pulse width 

taut Setup time from input or feedback to clock 

t t Preload setup time oup 

l Polarity fuse intact 
jf Hold time h 

Polarity fuse blown 

t t 
hp 

Preload hold time 

v,L* Low-level input voltage 

VIH* High-level input voltage 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 

MIN MAX UNIT 

4.5 5 5.5 v 

-55 oc 
125 oc 

25 
ns 

25 

45 ns 

25 ns 

30 ns 

10 
ns 

0 

30 ns 

so.a v 

~2.0 v 

• These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester 
noise. 

t These are device set-up conditions, which are measured during initial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

v., Input clamp voltage V00 = MIN l,=-18mA -1.5 v 

Ill* Low-level input current V00 =MAX V,= 0.4 V -0.25 mA 

11/ High-level input current V00 =MAX V,=2.4 V 25 µA 

I, Maximum input current V00 =MAX v, = 5.5 v 1 mA 

VOL Low-level output voltage Vee= MIN l0 L=8mA 0.5 v 

VOH High-level output voltage Vee= MIN 10 "=-2 mA 2.4 v 

IOZL* 

1 
V0 =0.4V -100 

Off-state output current Vee= MAX µA 
IOZH 
. V0 = 2.4 V 100 

I •• OS Output short-circuit current Vee=5 V V0 = 0.5 V -30 -130 mA 

ICC Supply current V00 =MAX 200 mA 

* 1/0 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
••Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 
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Military 24-Pin PAL Devices 

Military 24RA-Pin Device 
PAL20RA10 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

Polarity fuse intact 
t PD Input or feedback to output 

Polarity fuse Blown 

tCLK Clock to output or feedback 

ts Input to asynchronous set 

tR Input to asychronous reset 

tPZX Pin 13 to output enable 

IPXZ Pin 13 to output disable 

tPZX Input to output enable 

IPXZ Input to output disable 

JMAX* 
State machine maximum operating frequency 

Data path register maximum frequency 

*/MAX is calculated and measured on initial qualifications only. 
/MAX (state machine)= 1/[tsu + t0,K] 
/MAX (data path register)= 1/(t.,, + t.,"] or 1/tsu +th, whichever is smaller. 

TEST 
CONDITIONS 

R, =560!1 

R2 = 1.1 Kn 

MIN 

16.7 

20 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 10 and 11. 
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MAX UNIT 

35 
ns 

40 

35 ns 

40 ns 

45 ns 

25 ns 

25 ns 

35 ns 

35 ns 

MHz 
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Military 24VX-Pin Device PAL32VX10/1 OA 

ADVANCE INFORMATION 
Operating Conditions 

STD A 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX 

Vee Supply voltage 4.5 5.5 4.5 5.5 v 

TA Operating free-air temperature -55 125 -55 125 oc 
Low 25 23 

twt Width of clock ns 
High 25 23 

Setup time from input Product terms P1-P,, SR 35 30 
t~t or feedback to clock ns 

Product term XOR 40 35 

tt 
h 

Hold time 0 0 ns 

tawt Asynchronous preset width 35 30 ns 

tMt Asynchronous preset recovery time 35 30 ns 

t&/ Synchronous reset recovery time 35 30 ns 

VIL* Low-level input voltage :50.8 :50.8 v 

VIH* High-level input voltage ~.o :e:2.0 v 

Note: Virgin array verify of unprogrammed PAL device is performed at 25°C only. 
* These voltages apply with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. 
t These are device set-up conditions, which are measured during jnitial qualification, and are not directly tested. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

v,e Input clamp voltage V00 =MIN l,=-18 mA -1.5 v 

llL• Low-level input current V00 = MAX V,= 0.4 V -0.25 mA 

11/ High-level input current V00 =MAX v, = 2.4 v 25 µA 

1, Maximum input current V00 =MAX v, = 5.5 v 200 µA 

VOL Low-level output voltage V00 =MIN l0 L = 12 mA 0.5 v 

VOH High-level output voltage V00 =MIN 10 " =-2 mA 2.4 v 

IOZL* l V0 =0.4V -100 µA 

* 
Off-state output current V00 =MAX 

IOZH V0 = 2.4 V 100 µA 

108 ** Output short-circuit current Vee= 5 V V0 = 0.5 V -30 -130 mA 

1cc Supply current V00 =MAX 180 mA 

* 1/0 pin leakage is worst case of llX or IOZX; i.e., Ill and IOZH. 
••Not more than one output should be shorted at a time and durat,ion of the short circuit should not exceed one second. 
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Military 24VX-Pin Device PAL32VX10/1 OA 

ADVANCE INFORMATION 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

(PD Input or feedback to output 
Product terms P,-P, 

Product term XOR 

(CLK Clock to output or feedback 

!PZX Input to output enable 

tPXZ Input to output disable 

(AP Asynchronous preset to output 

(CR Input or feedback to re~istered output 
from combinatorial con iguration 

!RC Input or feedback to combinatorial output 
from registered configuration 

Feedback Product terms P,-P, 
/MAX* Maximum (1/tp,) 

frequency Product term XOR 

No feedback** 

•/MAX is calculated and measured on initial qualifications only. 
/MAX (NO feedback) = 1 /['v,L + twHJ 

TEST 
CONDITIONS 

R, = 390 n 
R2 = 750 n 

STD 

MIN MAX MIN 

35 

40 

20 

35 

35 

35 

95 

95 

18 20 

16.7 18 

20 21.7 

Programmed devices conform to Mil-Std-883, Method 5005, Group A, Subgroups 1, 2, 3, 7, 8, 9, 1 O and 11. 
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A 
UNIT 

MAX 

30 
ns 

35 

20 ns 

30 ns 

30 ns 

30 ns 

95 ns 

95 ns 

MHz 
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Military 24-Pin PAL Qevices 

Military 24-Pin PAL Devices 

Switching Waveforms 

INPUTS, 1/0, 
REGISTERED 

FEEDBACK 

CK 

ASYNCHRONOUS 
PRES El' 

REGISTERED 
OUTPUTS. 

COMBINATORIAL 
OUTPUTS 

503193 

3V 

OV 

Notes: 1. t.0 is tested with switch s, closed. CL • 50 pF and measured at 1.5 V output level. 
2. tPZ• is measured at the 1.5 V output level with CL• 50 pF. s, is open for high impedance to "1" test and closed for high 

impedance "O" test. 
3. t••z is tested with CL. 5 pF. s, is open for "1" to high Impedance test measured at V 0" -0.5 V output level. s, is closed for 

"O" to high impedance test measured at V oL +0.5 V output level. 
4. Equivalent test loads may be used on automatic test equipment. 

Switching Test Load 

R1 

OUTPUT a---+------lOlo TEST POINT 

503194 
R2 
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Military 24-Pin PAL Devices 

Output Register Preload PAL24XA Series, PAL24RS Series and PAL20RA 10 
Device 

1. Raise Vee to 4.5 V. 
2. Disable output registers by setting pin 13 to V,". 
3. Apply V,LN'" to all registered output pins. 
4. Pulse pin 10 to Vp then back to 0 V. 
5. Remove V,LN'" from all output registers. 
6. Lower pin 13 to V,L to enable the output registers. 
7. Verify for V0 LN0 " at all registered output pins. 

Output Register Preload PAL32VX10 
Deviee 

The preload function allows the register to be loaded from the 
output pins. This feature aids the functional testing of sequential 
designs by allowing direct setting of output states. The procedure 
is: 

1. Raise V cc to 4.5 V. 
2. Disable output registers by setting pin 2 to V,""(12 V). 

REGISTERED ViH 
OUTPUTS VIL 

503 195 

3. Apply V,LN'" to all registered output pins. Leave combina-
torial outputs floating. 

4. Pulse pin 10 to V'""' then back to 0 V. 
5. Remove V,LN'" from all output registers. 
6. Remove high voltage from pin 2. 
7. Enable registered outputs per programmed pattern. 
8. Verify for V oLN oH at all registered output pins. 

,. ",. -..,..----v. ... T\.__ ___ _ 
Key to Timing Diagrams 

xxxxxxx 
J»--€[ 

INPUTS ~ 

DON'T CARE: CHANGING: 
CHANGE PERMITIED STATE UNKNOWN 

NOT CENTER LINE IS 
APPLICABLE HIGH IMPEDANCE STATE 

MUST BE STEADY WILL BE STEADY 

503197 

~ Manallthlo IFJRI!Memarles ~ 
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Military 24-Pin PAL Devices 

Military 24-Pin PAL Devices 

Life Test/Burn-In Circuits 
Complies with Mil-Std-883, Method 1005/1015, Condition D. 

Circuit Configurations 

Waveforms 

AO 

A1 

A2 

A3 to Ax Follow in order 

PAL12L10 
vcc 

24 

23 
3 22 
4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

5·466 

"1" 100 KHz 

"0" 

"1" 

"O'' 50 KHz 

"1" 

"0" 25 KHz 

503134 

PAL14L8 

1 24 

2 23 

3 22 
4 21 

5 20 

6 19 

7 18 

17 

9 16 

10 15 

11 14 

12 13 

1. All Burn-In will be accomplished at 125°C +5/-0°C 
2. Vee= 5.25 volts± 0.25 V 
3. All Clocks (AO to Ax) are square wave signals 50±15% 

Duty Cycle, with: 
a. "O" = --0.5 V to +0.7 V 
b. "1" = +2.4 Vto Vee 
c. Rise Time (+O. 7 V to+ 2.4 V) < 1 µsec 
d. Fall Time (+2.4 V to +0.7 V) < 1 µsec 

4. Resistor Value 
330 n or 470 n ±5% 

5. All Board Components to be compatible with 150°C 
Ambient (Min). 

PAL16L6 

vcc 

~ Monallthlo LJJJI Memories ~ 

503 199 



Military 24-Pin PAL Devices 

Military 24-Pin PAL Devices 

Life Test/Burn-In Circuits 
Complies with Mil-Std-883, Method 1005/1015, Condition D. 

Circuit Configurations 

PAL18L4 

PALSL14A 

PAL20R6A/B 
PAL20R6A·2 

24 
2 23 
3 22 
4 21 
5 20 

6 19 
7 18 
8 17 
9 16 
10 15 
11 14 
12 13 

vcc 

vcc 

PAL20L2 

24 
2 23 
3 22 
4 21 
5 20 
6 19 
7 18 
8 17 
9 16 
10 15 
11 14 
12 13 

PAL20LSA/B 
PAL20LSA·2 

PAL20R4A/B 
PAL20R4A·2 

vcc 

~ MonollthlaWMemarles l' 

PAL20C1 

PAL20RSA/B 
PAL20RSA·2 

PAL20L10A 
vcc 

503202 
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Military 24-Pin PAL Devices 

Military 24-Pin PAL Devices 

Life Test/Burn-In Circuits 
Complies with Mil-Std-883, Method 1005/1015, Condition D. 

Circuit Configurations 

PAL20X10A PAL20X8A PAL20X4A 
vcc vcc vcc 

24 24 

2 23 2 23 
3 22 3 22 

4 21 4 21 

5 20 5 20 
6 19 6 19 

7 18 7 18 

8 17 8 17 

9 16 9 16 
10 15 10 15 
11 14 11 14 

12 13 12 13 

PAL20S10 PAL20RS10 PAL20RS8 

vcc vcc vcc 
24 

2 
3 22 
4 21 

5 20 
6 19 

7 18 
8 17 
9 16 
10 15 

11 14 
12 13 

PAL20RS4 PAL32VX10/10A 

vcc vcc 
24 

2 23 
3 22 
4 21 

5 20 

6 19 

7 18 
8 17 
9 16 
10 15 

11 14 

12 13 

503211 
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Military PAL Devices 

Programming Inputs for ProPAL and 
HAL Devices 

1. Mag Tape' and one master 
Floppy Disk' and one master 
2 masters and equation printout or truthtable 
2 masters alone (requires customer approval) 
Stand alone equations (requires customer approval) 

'2. The- following is a list describing the different types of Mag 
Tapes and Floppy Disks that Software Support currently can 
accept: 

Standard 8 Inch Floppy Disks formatted RX01/IBMO 
(Single-Sided, Single Density) or RX02/IBM2 (Single
Sided, Double Density) or RX03/IBM3 (Double-Sided, 
Double Density). 
IBM 51/4 Inch Floppy Disks formatted Single-Sided, 
Double Density or Double'-Sided, Double Density 
Magnetic Tape (Created on VAXNMS System): Mag 
Tapes must be in IBM compatible (800 or 1600 BPI) nine 
track in blocked, unlabeled (card image) format of Files-
11 or VAX/VMS Backup format. 

or 
Magnetic Tape (Created on UNIX system for reading on 
VAXNMS system, 800 or 1600 BPI): Write using 'dd' with 
block size 150. MMI will, provide a UNIX shell program 
upon request for writing multiple files to a tape with the 
correct parameters. 

or (last resort) 
Magnetic Tape (Created on UNIX system for reading on 
UNIX system, 1600 or 3200 BPI): Write using 'tar-cv' or 
similar command. 
In all cases, the Tapes or Disks must contain a label indi
cating all data such as the density, the format, the oper
ating system, the command used to write the files and/or 
to remove the data from the Tape or Disk, and a listing of 
the filenames. 

3. For programmed PAL devices, the customer must provide a 
design package including Boolean Equations, "Seed" func
tion test sequence, package stipulation and AC test vectors, 
when required. Delivery quotes for this type of product begin 
after receipt of this data from the customer. 

4. To give you an idea of the delivery differences for the options 
discussed in DC/AC Parametric Testing, general lead times 
are as follows: 

Unprogrammed: 
Cerdip, 4-6 weeks 
Cerpack/Flatpack, 8-12 weeks 
Leadless Chip Carriers 6-12 weeks 
(Option 1) Unprogrammed product using our standard 
pattern to verify AC at room temperature on sample 
basis. Add 2 weeks to standard delivery. 
(Option 2) Programmed product using customer patterns. 
Contact factory for delivery. Delivery quoted will be after 
receipt of customer design package. 

DC/AC Parametric Testing 

1. VILNIH Parametric Information 

VIUVIH parameters are, in effect, input conditions of DC tests 
and are not directly tested. Functional tests are performed at VIL 
• 0.4 V and VIH = 2.4 V. VIL is specified at~ 0.8 V, and VIH is 
specified at ;:: 2.0 V. 

2. AC Testing/Programming 

Although Monolithic Memories offers a large selection of pro
grammable products, it must be pointed out that AC Testing can
not be performed on many of our products types without their 
being programmed. For those devices which must be pro
grammed prior to AC Tests and are ordered unprogrammed, 
Monolithic Memories must "guarantee" their AC Performance. 

Since the guaranteeing of parameters can be a serious concern 
for the Military user, we have outlined several approaches to 
address the AC screening issue. 

Option 1. Monolithic Memories can pull a Sample from a lot 
using our own Standard patterns (designed to blow in 
excess of 50 percent of the fuses) and perform AC 
testing at 25°C. 
• PAL products processed to Military drawings in

clude programmability samples and AC testing at 
25°C. 

Option 2. Monolithic Memories can program PROMs using cus
tom patterns submitted by the customer. AC testing 
can then be done with the following options: 
• Sample AC at 25°C 
• Sample AC at 25°C, -55°C, 125°C 

100% AC at 25°C 
100% AC at 25°C, -55°C and 125°C 

Note: For PAL devices contact the factory. 

On PAL products where custom programming is performed and 
AC testing is required, additional vector generation and fault 
coverage analysis is required, as well as AC program generation 
and checkout. 
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Military PAL· Devices 

JAN 38510 and Standard Military 
Drawing Program 

Advanced Micro Devices and Monollthic Memories are active 
participants in the JAN 38510 and Standard Milltary Drawing 
(SMD) Program. The idea behind the SMD Program is to stan
dardize MIL-STD-883, Class B microcircuits where fully qualified 
JAN produc;t is not available. The advantage to the user is that 
SMDs are a cost effective alternative to source control drawings 
and are offered as off-the-shelf stocking Items by IC manufactur
ers participating in the program. 

SMDs for all products which we are approved to supply. AMO/ 
MMI then dual marks these devices with both the SMD number 
and the Generic Part Number. DESC approved products can . 
then be procured to either part number as standard product 
through both OEM and Distributor channels. 

Standard Military Drawings should aiways be considered to 
improve availabillty over source control drawings. It is standard 
practice at AMD/MMI to convert our 883, Class B processing to 

The following cross reference will allow you to determine the 
appropriate SMD and JAN Drawing for each PAL device. AMO/ 
MMI will .continue to work closely with DESC, generating new 
drawings, which will provide a steady flow of advanced technol
ogy products to standardized specifications. 

MIL·M·38510 Slash Sheet Cross Reference for AMD I MMI Generic Part Number 

M38510 01 02 03 04 05 06 07 08 09 10 

503 10H8 12H6 14H4 10L8 12L6 14L4 · 

504 16L8A 16R8A 16R6A 16R4A 16L8A-2 16R8A-2 16R4A-2 16R4A-2 

505 20L8A 20R8A 20R6A 20R4A 

Standard Military Drawing Generic Part Type Cross Reference 

STANDARD MILITARY DRAWING GENERIC PART NUMBER JAN REPLACEMENT PART 
PART NUMBER NUMBER 

8103501RA PAL 1 OH8MJ/883B M38510/50301 BRA 
81035012A PAL 1 OH8MUS83B -
8103501SA PAL 1 OH8MW/883B -
8103502RA PAL 12H6MJ/883B M38510/50302BRA 
81035022A PAL 12H6MU883B -
8103502SA PAL 12H6MW/883B -
8103503RA PAL 14H4MJ/883B M38510/50303BRA 
81035032A PAL 14H4MU883B -
8103503SA PAL 14H4MW/883B -
8103504RA PAL 16H2MJ/883B -
81035042A PAL 16H2MU883B -
8103504SA PAL 16H2MW/883B -
8103505RA PAL 16C1 MJ/8836 -
81035052A PAL16C1MU883B -
8103505SA PAL 16C1 MW/8836 -
8103506RA PAL 1 OL8MJ/883B M38510/50306BRA 
81035062A PAL 1 OL8MU883B -
8103506SA PAL 1 OL8MW/883B -
8103507RA PAL 12L6MJ/883B M38510/50307BRA 
81035072A PAL 12L6ML/883B -
8103507SA PAL 12L6MW/883B -
8103508RA PAL 14L4MJ/883B M38510/50308BRA 
81035082A PAL 14L4ML/8838 -
8103508SA PAL 14L4MW/883B -
8103509RA PAL 16L2MJ/883B -
81035092A PAL 16L2MU883B -
8103509SA PAL 16L2MW/883B -
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Military PAL Devices 

Standard Military Drawing Generic Part Type Cross Reference (Cont'd.) 

STANDARD MILITARY DRAWING GENERIC PART NUMBER JAN REPLACEMENT PART 
PART NUMBER NUMBER 

8103607RA PAL 16LBAMJ/883B M38510/50401 BRA 
81036072A PAL 16LBAMU883B -
8103607SA PAL 16LBAMW/883B -
8103608RA PAL 16RBAMJ/883B M38510/50402BRA 
81036082A PAL 16RBAMU883B -
8103608SA PAL 16RBAMW/883B -
8103609RA PAL 16R6AMJ/883B M38510/50403BRA 
81036092A PAL 16R6AMU883B -
8103609SA PAL16R6AMW/883B -
8103610RA PAL 16R4AMJ/883B M38510/50404BRA 
81036102A PAL 16R4AMU883B -
8103610SA PAL 16R4AMW/883B -
8103611RA PAL 16LBA-2MJ/883B M38510/50407BRA 
81036112A PAL 16LBA-2MU883B M38510/50407B2A 
8103611SA PAL 16L8A-2MW/883B -
8103612RA PAL 16RBA-2MJ/883B M38510/50408BRA 
81036122A PAL 16RBA-2MU883B M38510/50408B2A 
8103612SA PAL 16RBA-2MW/883B -
8103613RA PAL 16R6A-2MJ/883B M38510/50409BRA 
81036132A PAL 16R6A-2MU8838 M38510/5040982A 
8103613SA PAL 16R6A-2MW/883B -
8103614RA PAL 16R4A-2MJ/8838 M38510/5041 OBRA 
81036142A PAL 16R4A-2MU8838 M38510/5041082A 
8103614SA PAL 16R4A-2MW/883B -
8412901LA PAL20L8AMJS/8838 M38510/505018LA 
84129013A PAL20L8AMU8838 M38510/5050183A 
8412901KA PAL20L8AMW/883B -
8412902LA PAL20R8AMJS/8838 M38510/505028LA 
84129023A PAL20R8AMU8838 M38510/5050283A 
8412902KA PAL20R8AMW/883B -
8412903LA PAL20R6AMJS/8838 M38510/505038LA 
84129033A PAL20R6AMU883B M38510/5050383A 
8412903KA PAL20R6AMW/883B -
8412904LA PAL20R4AMJS/8838 M38510/50504BLA 
84129043A PAL20R4AMU8838 M38510/5050483A 
8412904KA PAL20R4AMW/8838 -
8412905LA PAL20L 1 OAMJS/8839 -
84129053A PAL20L 1 OAMU8838 -
8412905KA PAL20L 1 OAMW/8838 -
8412906LA PAL20X8AMJS/8838 -
84129063A PAL20X8AML/8838 -
8412906KA PAL20X8AMW/883B -
8412907LA PAL20X1 OAMJS/8839 -
84129073A PAL20X1 OAML/8838 -
8412907KA PAL20X1 OAMW/8838 -
8412908LA PAL20X4AMJS/8838 -
84129083A PAL20X4AML/8838 -
8412908KA PAL20X4AMW /8838 -
8412909LA PAL20LBA-2MJS/8838 -
84129093A PAL20L8A-2MU883B -
8412909KA PAL20L8A-2MW/8838 -
8412910LA PAL20RBA-2MJS/8838 -
84129103A PAL20R8A-2ML/8838 -
8412910KA PAL20R8A-2MW/8838 -
8412911LA PAL20R6A-2MJS/8838 -
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Standard Military Drawing Generic Part Type Cross Reference (Cont'd.) 

STANDARD MILITARY DRAWING GENERIC PART NUMBER JAN REPLACEMENT PART 
PART NUMBER NUMBER 

84129113A PAL20R6A-2MU883B -
8412911KA PAL20R6A-2MW/883B -
8412912LA PAL20R4A-2MJS/883B -
84129123A PAL20R4A-2MU883B -
8412912KA PAL20R4A-2MW/883B -
8506501RA PAL 16L8A-4MJ/883B -
85065012A PAL 16L8A-4MU883B -
8506501SA PAL 16L8A-4MW/883B -
8506502RA PAL 16R8A-4MJ/883B -
85065022A PAL 16R8A-4MU883B -
8506502SA PAL 16R8A-4MW/883B -
8506503RA PAL 16R6A-4MJ/883B 
85065032A PAL 16R6A-4MU883B -
8506503SA PAL 16R6A-4MW/883B 
8506504RA PAL 16R4A-4MJ/883B -
85065042A PAL 16R4A-4MU883B -
8506504SA PAL 16R4A-4MW/883B 

5962-8515501 RA PAL16L8BMJ/883B -
5962-85155012A PAL16L8BMU883B -
5962-8515501 SA PAL 16L8BMW/883B -
5962-8515502RA PAL16R8BMJ/883B -
5962-85155022A PAL 16R8BMU883B -
5962-8515502SA PAL16R8BMW/883B -
5962-8515503RA PAL 16R6BMJ/883B -
5962-85155032A PAL 16R6BMU883B -
5962-8515503SA PAL16R6BMW/883B -
5962-8515504RA PAL 16R4BMJ/883B -
5962-85155042A PAL 16R4BMU883B -
5962-8515504SA PAL16R4BMW/883B -
5962-8515505RA PAL 16L8B-2MJ/883B 
5962-85155052A PAL 16L8B-2MU883B 
5962-8515505SA PAL 16L8B-2MW/883B -
5962-8515506RA PAL 16R8B-2MJ/883B -
5962-85155062A PAL 16R8B-2MU883B -
5962-8515506SA PAL 16R8B-2MW/883B -
5962-8515507RA PAL 16R6B-2MJ/883B -
5962-85155072A PAL 16R6B-2MU883B -
5962-8515507SA PAL 16R6B-2MW/883B 
5962-8515508RA PAL 16R4B-2MJ/883B 
5962-85155082A PAL 16R4B-2MU883B 
5962-8515508SA PAL 16R4B-2MW/883B -
5962-8515509RA PAL 16L8DMJ/883B -
5962,85155092A PAL 16L8DMU883B -
5962-8515509SA PAL 16L8DMW/883B -
5962-851551 ORA PAL 16R8DMJ/883B 
5962-85155102A PAL 16R8DMU883B -
5962-8515510SA PAL 16R8DMW/883B -
5962-8515511 RA PAL 16R6DMJ/883B -
5962-85155112A PAL 16R6DMU883B -
5962-8515511SA PAL 16R6DMW/883B -
5962-8515512RA PAL 16R4DMJ/883B -
5962-85155122A PAL 16R4DMU883B 
5962-8515512SA PAL 16R4DMW/883B 
5962-8680301 LA PAL20RA 1 OMJS/8838 -
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Standard Military Drawing Generic Part Type Cross Reference (Cont'd.) 

STANDARD MILITARY DRAWING GENERIC PART NUMBER JAN REPLACEMENT PART 
PART NUMBER NUMBER 

5962-8680301 KA PAL20RA 1 OMW/8838 
5962-86803013A PAL20RA 1 OMU883B 
5962-8752801RA AmPAL18P8AIBRA 
5962-87528012A Am PAL 18P8AIB2A 
5962-8752801 SA Am PAL 18P8AIBSA 
5962-8752802RA Am PAL 18P8B/BRA 
5962-87528022A Am PAL 18P8B/B2A 
5962-8752802SA Am PAL 18P8BNSA 
5962-8752803RA Am PAL 18P8AUBRA 
5962-87528032A AmPAL 18P8AUB2A 
5962-8752803SA Am PAL 18P8AUBSA 
5962-8752804RA Am PAL 18P8UBRA 
5962-87528042A Am PAL 18P8UB2A 
5962-8752804SA Am PAL 18P8UBSA 
5962-8605301 LA AmPAL22V1 OA/BLA 
5962-86053013A AmPAL22V1 OAIB3A 
5962-9605301 KA AmPAL22V1 OAIBKA 
5962-8605302LA AmPAL22V1 O/BLA 
5962-86053023A AmPAL22V1 O/B3A 
5962-8605302KA AmPAL22V1 O/BKA 
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MMI 
PACKAGE 

DESIGNATOR 

J/JS w 
L 

PACKAGE TYPE 

CERAMIC DIP 
CERAMIC FLATPACK 
CERAMIC LEADLESS CHIP CARRIER 

Product Introduction Procedures 

All new products released by the Military Products Division must 
successfully pass Mil-Std-883 Class B processing prior to new 
product announcement. This practice allows us to do checkout 
of bonding diagrams, electrical test tapes and burn circuits in a 
manufacturing environment. Programmability is checked when 
applicable. Our Military Engineering Department reviews electri
cal data to insure performance and yields to military data sheet 
limits are acceptable, prior to new product release. This proce
dure allows MPD to keep manufacturing start-up problems to a 
minimum on new product orders. 

Standard Processing Flows 

Monolithic Memories Processing and Screening flows are organ
ized to provide a broad selection of processing options, structured 
around the most commonly requested customer flows. 

Standard processing flows for the Military Products Division 
include: 

Monolithic Memories Inc. Modified Level S 
JAN 3851 o Class B 
Military Drawing Program 
Mil-Std-883 Class B 
Monolithic Memories Inc. Mil-Temp Product 

In addition, these flows are expanded to provide for factory 
programming on PAL circuits, when required by our customers. 

Major benefits can be realized by ordering product to standard 
flows whenever possible: 

Minimize need for source control drawings. 
Cost savings on unit cost-no price adders for custom process
ing. 

• Improved lead time-no spec review or negotiation time, plus 
the ability to pull product from various work-in-process stages 
or purchase product from finished goods inventory. 

For your reference, we have included our Modified Level S flow, 
our Mil-Std-883 Class Bflow and our Mil-Temp Product flow. For 
your planning purposes, we have calculated typical throughput 
times for each operation, as product proceeds through the 
processing flow. 

It is the policy of Monolithic Memories, to always operate to the 
most current revision of Mil-M-38510 and Mil-Std-883. 

STANDARD 
LEAD 
FINISH 

SOLDER DIP 
SOLDER DIP 
SOLDER DIP 

MIL-SPEC 
LEAD FINISH 
DESIGNATOR 

A 
A 
A 

Manufacturing and Screening 
Locations 

JAN Products, Monolithic Memories Modified Level "S", and 
customer orders which call for U.S.A. assembly, are manufac
tured in our DESC certified line in Sunnyvale, California. 

MIL-STD-883 Class B products, and orders to source control 
drawings, where stateside build is not required, are assembled at 
our Penang, Malaysia facility. This facility is qualified by Mono
lithic Memories Quality Department, as well as by many of our 
customers, to manufacture MIL-STD-883 Class B product. 
Conformance to MIL-STD-883 requirements is routinely moni
tored through audits at the Penang facility as well as incoming 
inspections in Sunnyvale. Manufacturing capabilities for each 
Monolithic Memories facility are highlighted on the chart below. 

To identify the assembly location of each military device, the 
Country of origin is marked on all products prior to shipment. 
Products assembled in our stateside facility in Sunnyvale, Califor
nia, will have "USA" marked on the topside of the device. The 
exception to this is JAN 38510 product, which is marked to the 
MIL-M-3851 o requirements only. 

Offshore built product, which is manufactured in Penang, Malay
sia, will have "Malaysia" or "Malay" marked on the bottom side of 
the device. 

Manufacturing Capabilities 

SUNNYVALE PENA NG 

Assembly x x 
Precap Inspection x x 
Environmental Testing x x 
Electrical Pre-Test x x 
Burn-In x x 
Post Burn-In Electricals x x 
Group A Testing x x 
Mark x x 
Factory Programming x 
Qualification and Quality x 

Conformance Testing 
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Standard Military Flow Chart 

SCREENING MODIFIED LEVELS REQUIREMENT CLASS B REQUIREMENT 

MIL-STD-883 MIL-STD-883 
METHOD 5004 METHOD5004 

S.E.M. 2018 Sample 

Assembly USAAssembly Typically offshore assembly 

Non-destruct 2023(Sample) LTPD = 5 
bond pull REJ =0 

SS = 2 all wires 

Die shear/ 2019 (sample) SS=2 
Destruct bond pull REJ =0 

Internal visual 201 O cond. A (modified) 100% 2010 cond. B 100% 

Stabilization bake 1008 100% 1008 100% 

Temperature cycling 1010 100% 1010 100% 

Constant acceleration 2001 test cond. D or E 100% 2001 test cond. D or E 100% 
Y1 orientation only Y1 orientation only 

Seal A) Fine 1014 cond. A or B 100% 
B) Gross cond. C 

Particle impact noise 2020 cond. A only 100% 
detection (PINO) 

Interim electrical Per aftplication device 100% 
parameters speci ication 

TA= 25°C only 

Serialization 100% 

X-Ray 201 O two views 100% 
X and Y axis only 

Interim electrical (1) Per applicable device 100% Per applicable device (1) 100% 
parameter ~ecification ~ecification 

A= 25°C only A= 25°C only 

Post electrical Per applicable device 100% Per applicable device 100% 
parameters ~ecification ~ecification 

A= 25°C only A= 25°C only 
(delta's when required) 

Delta calculations Per aftpli<:able device 
(when applicable) spec1 1cat1on 

Percent defect allowable DC Parameters DC Parameters 
PDA = 5% or 1 device PDA = 5% or 1 device 
whichever is greater 
Functional Parameters 

whichever is greater 

PDA = 3% or 1 device 
whichever is greater 

(1) Programming and verification are performed at 25°C only. 
(2) Unprogrammable PAL Devices-AC parameters are tested on programmed sample. 
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Standard Military Flow Chart (Cont'd.) 

SCREENING MODIFIED LEVELS REQUIREMENT CLASS B REQUIREMENT 

MIL·STD-883 MIL-STD-883 
METHOD5004 METHOD5004 

Final electrical Per ~H,pli<:able device 100% Per applicable device 100% 
parameters (hot and spec1 1cat1on specification 
cold extremes) 

Sal A) Fine 1014cond,Aor B 100% 
B) Gross cond C 

Group A lot 5005 Level S. (2) Per applicable 
device specification 

5005 Class B (2) Sample 
every lot 

Group B inspection lot 50051evelS As required 5005 Class B Every 6 weeks 
Groupe not applicable 5005 Class B Every 13 weeks 
Group D 5005levelS As required 5005 Class B Every 26 weeks 
Exrternal visual 2009 100% 2009 100% 

Generic data available 
in lieu of lot quality 
conformance inspection 

(1) Programming and verification are performed at 25°C only. 
(2) Unprogrammable PAL Devices-AC parameters are tested on programmed sample. 
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Quality Programs 

The Military Product Division quality system conforms to the 
following Mil-Standards: 

Mil-M-38510, Appendix A, "Product Assurance Program" 
Mil-Q-9858, "Quality Program Requirements" 
Mil-1-45208, "Inspection System Requirements" 

Monolithic Memories facilities in Sunnyvale are certified by the 
Defense Electronics Supply Center (DESC), to manufacture and 
qualify Schottky Bipolar PROMs and PAL circuits in accordance 
with Mil-M-38510 Class B. This certification was a result of a 
successful audit of our production and quality systems to the 
stringent requirements of Mil-M-38510. Monolithic Memories has 
also demonstrated compliance to the strict requirements of both 
controlled and captive lines connected with special Military pro
grams. 

Quality Assurance 

Following 100% screening, the Military Products Division 
samples all products processed in conformance to Mil-Std-883 
Class B, to the following LTPD levels: 

Test LTPD 

DC 25°c 2 
DC+125°c 3 
DC-55° 5 
Functional at 25°C 2 
Functional at Temperature Extremes 5 
AC 25°c 2 
AC +125°C 3 
AC-55° 5 

The Military Products Division ensures outgoing product quality 
and integrity by performing inspection Lot Group A's and B's per 
Mil-Std-883 Method 5005, conducting self audits in all areas 
involved in screening tests per Method 5004 of MIL-STD-883, 
gating all shipments to our customers, and maintaining a calibra
tion control system in accordance with Mil-Std-45662. 

For products requiring programming prior to AC tests, testing is 
performed utilizing MIL-M-3851 O slash sheet sample plans. 

Product Qualification/Quality 
Conformance Inspection (QCI) 

The Military Products Division has a quality conformance testing 
program in accordance with MIL-STD-883, Method 5005. Quality 
Conformance Testing provides necessary feedback and moni
tors several areas: 

Reliability of Product/Processes 
Vendor Qualification for Raw Materials 

• Customer Quality Requirements 
• Maintain Product Qualification 

Engineering Monitor on Products/Pro.cesses 

Standard procedures for new product release specify that Mono
lithic Memories' Reliability Department, as a minimum, conduct 
qualification testing per Mil-Std-883, Method 5005. Once quali
fied, each package type (from each assembly line) and device (by 
technology group as delineated in Mil-M-38510) are incorporated 
into Monolithic Memories Quality Conformance Inspection pro
gram which utilizes the requirements of MIL-M-3851 O. 

When military programs do not require that QCI data be run on the 
specific lot shipped Monolithic Memories Quality Conformance 
program allows customers to obtain generic data on all product 
families manufactured by the Military Products Division. Generic 
Qualification Data enables customers to eliminate costly qualifi
cation and destruct unit charges, and also improves delivery time 
by a factor of eight to ten weeks. The following product data is 
available: 

Group B • Package Related Tests 

QCI is performed every 6 weeks of manufacture on each 
package type. 

• Any device type in the same package type may oe used 
regardless of the specific part number. 

• Purpose: To monitor assembly and device package integrity. 

Group C • Product/Process Related Tests 

QCI is performed every 13 weeks of manufacture, on 
representative devices from the same microcircuit group. 

• Lile test data may be used to qualify similar technologies. 
• Purpose: To monitor the reliability of the process and the 

parametric performance for each product technology. 

Group D • In-Depth Package Related Tests 

• QCI is conducted every 26 weeks using devices which 
represent the same package construction and lead finish. 
Any device type in the same package type may be used 
regardless of the specific part number. 

• Purpose: To monitor the reliability and integrity of various 
package materials and assembly processes. 

Generic Data 

Monolithic Memories' Generic Data Program is based on MIL-M-
38510, which allows for shipments based on 26 weeks of cover
age for Group C Testing and 36 weeks of coverage for Group D 
Testing. 

Should circumstances arise where generic coverage to MIL-M-
38510 is not possible, MMI reserves the right fo ship product 
based on 52 weeks of generic Group C and/or D coverage per 
MIL-Std-883. 

Process Audits 

Process Audits are performed in accordance with Mil-M-3851 o, 
Appendix A, (self audits) by the Quality Assurance Department. 
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Customer Material Returns 

In order to better service our military customers who must return 
product to the factory, the Military Products Division has estab
lished its own customer material returns department. Our goals 
and policies are outlined below so you may know what to expect 
when returning product to M.P.D. 

Goals 

1 O day turn-around to respond to a return. 

Notification to the customer of any discrepancy relating to 
the return. 
For returns which cannot be validated, a written notice of 
M.P.D.'s intent to return product will be sent to our customer. 
Product returned to our customer will be accompanied by an 
explanation and/or parametric test data and serialized 
devices. 

Standard Policies 

Product which is returned specifically as electrical failures 
and is not accompanied by test data, will be tested at all 
three temperatures ( -55°C, 25°C, + 125°C) 
If no failures found, the product will be returned to the 
customer. 
A device count is done upon arrival of a return at Monolithic 
Memories. Credit will be given only for the number of 
devices received by the factory. 
Product returned by the Franchised Distributor for rescreen 
or stock rotation will be accepted only if proper traceability 
paperwork accompanies each lot of product 
All returns must be send to 1135 East Arques, Sunnyvale, 
Ca 94086. ATIN: "MPD CMR DEPARTMENT" 

Information Checklist 

The following accompanying a material return will assist us in 
responding to your return in the shortest possible time. 

1. Double check accuracy of device counts. 
2. Identify rejects from good devices, when returned together. 
3. Supply as much detail as you can about the description of the 

electrical failure mode (i.e.: AC Fail, DC Fail, FCT Fail, or 
description of any test numbers used). 

4. Whenever possible, identify dissimilar failures or keep sepa" 
rate devices which fail different parameters by serializing 
failures. 

5. Enclose a copy of any data which you may have taken on the 
failed devices (i.e.: Forcing conditions, temperature tested, 
parameter and value, an address that failed). List what was 
expected vs. what was received. 

6. For programmability failures, please send programming 
masters or a truth table. Also please indicate whether single 
or multiple pulse programming was used and the equipment 
device was programmed on. 

7. What environmental testing was performed. 
8. Failure rates. · 

Although our intent is that our customers will never have to use 
these guidelines, if a problem should arise, the Military Products 
Division will strive to disposition and respond to your material 
return as thoroughly and promptly as possible. 

Electrostatic Discharge Control 
Procedures 

The Military Products Division of Monolithic Memories fully 
employs static control procedures throughout its facilities in 
Penang, Malaysia and Sunnyvale, California. 

All manufacturing areas where product is processed or handled, 
including our Reliability Labs, Engineering Labs, etc., have full 
static control such as wrist straps, antistatic smocks, grounded 
stainless steel tables, conductive mats and ion generators wher
ever necessary. 

All product is moved throughout our facilities and shipped to 
customers in static shielded containers. 

In addition, MPDdistributors must demonstratethatthey meetthe 
same stringent standards regarding ESD handling and control 
procedures as the factory. Individual distributor locations are 
audited and approved annually by MPD's Quality Assurance 
Department. 

An ESD identifier is marked on all products in front of the date 
code, and all shipping containers are labeled with an ESD 
Caution Message. ESD procedures are continually reviewed, to 
ensure that our customers receive only the highest quality prod
uct from the Military Products Division. 

Radiation Hardness Program 

1. Radiation Effects 

It has been stated that some level of radiation tolerance will be 
required in up to 50% of all military applications by 1990. Due to 
this increased concern over radiation effects on integrated cir
cuits, the Military Products Division has embarked on a program 
to determine what radiation dose rates our circuits will withstand. 

2. Neutron Irradiation 

We have successfully completed neutron radiation testing on our 
Bipolar processes in accordance with Mil-Std-883, Method 
1017.2. Eleven different device types, which currently represent 
all dur Bipolar processes, were parametrically and functionally 
tested at 25°C before and after exposure to fluence levels of 
2x1012 N/cm', 1x1013 N/cm', 4x1013 N/cm'and 1x1014 N/cm'. Input 
low current (Ill) is the primary measurement of permanent circuit 
degradation. The parametric failures (Ill > 250mA) seen oc
curred at relatively high jluence levels. Also, no major changes 
in ICC were noted for any circuit. 
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The following is a list of the device types tested: 

5351681 
53RA1681A 
5353281 
57401A 
PAL16R4A 
PAL16R48 

PAL16R4D 

PAL20R4A 
PAL20RA10 

(2048x8 PROM) 
(2048x8 Registered PROM) 
(4096x8 PROM) 
(64x4 FIFO) 
(High Speed Programmable Array Logic) 
(Very High Speed Programmable Array 
Logic) 
(Oxide Isolated Ultra High Speed 
Programmable Array Logic) 
(High Speed Programmable Array Logic) 
(Asynchronous Programmable Array 
Logic) 

All devices passed test limits at 1x10'3 N/cm2 level, with the 
53RA1681A, 53S3281, and 57401A also passing the 4x1013 N/ 
cm 2 fluence level. In addition, the 57401A passed test limits at 
1x1014 N/cm2 level. 

3. Dose Rate Effects 

Dose rate data has been obtained on our junction isolated Bipolar 
processes. All recovered in 50 to 70 microseconds from a 1 
microsecond pulse of 2x1010 rads (Si) per second. 

The products tested were: 

PAL14L8 
PAL16L6 
PAL20L10 
PAL20X10 
PAL20X8 
PAL12H6 
PAL14H4 

PAL10L8 
PAL12L6 
PAL16L8 
PAL16R8 
PAL16R6 
PAL16R4 

4. Future Radiation Testing 

Our future test plans include: 

Total Dose 
• Single Event Upset 
• Latch-up and Burn-out 

Monolithic Memories' new Bipolar and CMOS processes will be 
radiation tested after production release. 

Detailed neutron and dose rate radiation data is available from the 
Military Products Division. 
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JAN 38510 and STANDARD MILITARY DRAWING PROGRAM 

STANDARD MILITARY DRAWING NUMBERING SYSTEM 

DRAWING NUMBER FOR--------r-'

1035 01 

PRODUCT FAMILY 

L A 

81035 =Small 20 Pin PAL Devices 
81036 =Med. 20 Pin A, A-2 PAL Devices 
84129 = 24 Pin A, XA, A-2 PAL Devices 
85065 =Medium 20 Pin A-4 PAL Devices 
5962-85155 =Medium 20 Pin, B, B-2 and D PAL Devices 

••• 5962-86803 = 24 RA Pin PAL Devices 
••• 5962-86804 = Small 24 Pin PAL Devices 
••• 5962-87671 = 24 Pin B PAL Devices 

DEVICE TYPES---------------' 

... SMDs Being Generated 

LEAD FINISH 
A = Hot Solder Dip 
X =Any Lead Finish 

PACKAGE TYPES 
K = 24 Lead 3/8' x 5/8" Cerpack 
L = 24 Lead 1/4" x 1 1/4" SKINNYDIP 
R = 20 Lead 1/4" x 1 1/16" DIP 
S = 20 Lead 1/4" x 1/2" Cerpack 
2 = 20 Terminal .350 x .350 LCC 
3 = 28 Terminal .450 x .450 LCC 

JAN PART NUMBERING SYSTEM 

JANDESIGNATOR--------~r'°' = °' 'lt "~'""" 
Part cannot be marked with a A = Hot Solder Dip 
"J" unless qualified and approved X =Any Lead Finish 
for listing on QPL. 

PACKAGE TYPES 
GENERAL PROCUREMENT---------' 

REFERS TO DETAILED SPEC----------' 
503 =Programmable Array Logic 
504 = Programmable Array Logic 
505 = Programmable Array Logic 

DEFINES DEVICE TYPES-------------' 

R = 20-Lead 
1/4" x 11/16" DIP 

L = 24-Lead 
1/4" x 1 1/4" SKINNYDIP 

2 = 20-Terminal 
0.35 x 0.35 LCC 

3 = 28-Terminal 
0.450 x 0.450 LCC 

'------PROCESSING LEVEL 
Class B 

PART NUMBER INTERPRETATION: 
When ordering to JAN 3851 O and Military Drawing numbers, the lead finish designator (last letter in part number) is commonly called 
out as "X". This is a way of stating that the customer will accept the standard manufacturer's lead finish for the package orders. "X" is 
not a lead finish designator in itself, therefore, when product is shipped, the actual lead finish designator will be marked on the devices. 
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Logic Cell™ Array 
M2064/M2018 

Features/Benefits 
• CMOS programmable Logic Cell Array (LCA) for replacement 

of standard logic 

• Completely reconfigurable by the user in the final system 

• High performance equivalent to TTL SSl/MSI 

- 33 MHz flip-flop toggle rate ( -33 speed grade) 

- 50 MHz flip-flop toggle rate (-50 speed grade) 

- 70 MHz flip-flop toggle rate (-70 speed grade) 

• User configurable logic functions, interconnect and 1/0 for 
maximum flexibility 

• 64/100 user-Configurable Logic Blocks (CLBs) providing 
usable gate equivalency of up to 1200/1800 gates 

• 58174 individually-configurable 1/0 pins allowing any mix of 
inputs, outputs or bidirectional signals (68/84-pin package) 

• User -selectable TTL or HCMOS input threshold levels 

• Multiple configuration modes for greatest flexibility and 
ease-of-use 

• Verification feature allows user to check configuration data 

• User-selectable security feature prevents read-back of 
configuration data 

• Read-back of internal register states for system debug 

• On-<:hip clock oscillator and clock buffer circuits provide 
flexible internal and external clocking functions 

• Master reset of all internal register elements in addition to 
user-configurable Reset and/or Set control of individual CLB 
storage elements 

• Complete development system support 

General Description 
The Logic Cell Array (LCA) is a high-density CMOS-integrated 
circuit available from Monolithic Memories. Its user
programmable array architecture is made up of three types of 
configurable elements: Input/Output Blocks, Logic Blocks and 
Interconnect. The designer can define individual 1/0 blocks for 
interface to external circuitry, define logic blocks to implement 
logic functions and define interconnection network to compose 
larger scale logic functions. The XACT™ Development system 
provides interactive graphic design capture and automatic 
routing. Both logic simulation and in-circuit emulation are 
available for design verification. 

The Logic Cell Array is available in a variety of logic capacities, 
package styles, temperature ranges and speed grades. 

LOGIC CONFIG· CON FIG· 
PART CAPACITY UR ABLE USER URATION 

NUMBER (USABLE LOGIC I/Os PROGRAM 
GATES) BLOCKS (BITS) 

M2064 1200 64 58 12040 

M2018 1800 100 74 17880 

The Logic Cell Array's logic functions and interconnections are 
determined by data stored in internal static memory cells. On
chip logic provides for automatic loading of configuration data 
at power-up. The program data can reside in an EEPROM, 
EPROM or ROM on the circuit board or on a floppy disk or hard 
disk. The program can be loaded in a number of modes to 
accommodate various system requirements. 

Package Availability 

48-PIN 
68-PIN 68-PIN 

PART PLASTIC 
PLCC PGA 

NUMBER DIP 
NL68 P68 

N48 

M2064 x x x 
M2018 x x 

Ordering Information 

M2018-70 C NL 84 

84-PIN 84-PIN 
PLCC PGA 
NL84 P84 

x x 

PART NUMBER ==r-
2064 (1200 Gates, 58 IOB) 
2018 (1800 Gates, 74 IOB) 

SPEED GRADE---~ 
-33 (33 MHz Toggle Rate) 

LNUMBER OF PINS 
48 (48 Pins) 
68 (68 Pins) 
84 (84 Pins) 

PACKAGE TYPE 
-50 (50 MHz Toggle Rate) 
-70 (70 MHz Toggle Rate) 

NL = Pin Molded Chip 
Carrier 

P = Pin Grid Array 
N = Pin Molded DIP 

~---TEMPERATURE RANGE 
C = Commercial 
M = Military 

XILINXTM, XACT1M, XACTOR™, Logic Cell™ Array and Logic Processor™ are 
trademarks of XILINX Inc. 

IBM® is a registered trademark of International Business Machines Corporation. 

PCrM, PC-A PM and PC-XT™ are trademarks of International Business Machines 
Corporation. 

P-SILOS™ is a trademark of SimuCad Corporation. 

MS-DOS™ is a trademark of Microsoft Corporation. 

Portions of this Data Sheet reproduced with the permission of XILINX Inc. 

10352A 
JANUARY 1988 
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Pin Description 
PWRDWN 
An active low power-down input stops all internal activity to 
minimize VCC power and puts all output buffers in a high
impedance state. Configuration is retained, however, internal 
storage elements are Reset. When the PWRDWN pin returns 
HIGH, the device returns to operation with the same sequence 
of reset, buffer enable and DONE, PROGRAM as at the 
completion of configuration. 

MO,RTRIG 
As Mode 0, this input and M1, M2 are sampled before the start 
of configuration to establish the configuration mode to be 
used. 

As a read trigger, an input transition to a HIGH, after 
configuration is complete, will initiate a readback of 
configuration and storage element data. This operation may be 
limited to a single request, or be inhibited altogether, by 
selecting the appropriate readback option when generating the 
bit stream. 

M1, FffiAi'A 
As Mode 1, this input and MO, M2 are sampled before the start 
of configuration to establish the configuration mode to be 
used. 

As an active-low read data; after configuration is complete, 
this pin is the output of the readback data. 

M2 
As Mode 2, this input and MO, M1 are sampled before the start 
of configuration to establish the configuration, mode to be 
used. After configuration, this pin becomes a user-pro
grammable 1/0. 

HOC 
High during configuration is held at a HIGH level by the LCA 
until after configuration. It is intended to be available as a 
control indication that configuration is ncit complete. After 
configuration, this pin is a user 1/0. 

LDC 
Low during configuration is held at a LOW level by the LCA until 
after configuration. It is intended to be available as a control . 
indication that configuration is not completed. It is particularly 
useful in master mode as a LOW enable for an EPROM. After 
configuration, this pin is a user 1/0. If used as a LOW EPROM 
enable, it should be programmed as a HIGH after 
configuration. 

RESET 
This is an active-low input which has three functions. Prior to 
the start of configuration, a LOW input will delay the start of the 
configuration process. An internal circuit senses the 
application of power and begins a minimal time-out cycle on the 
order of 100 ms. When the time-out and RESET are complete, 
the levels of the "M" mode lines are sampled and configuration 
begins. If RESET is asserted during a configuration, the LCA is 
reinitialized and will restart the configuration at the termination 
of RESET. If RESET is asserted after configuration is 
complete, it will provide an asynchronous reset of all IOB and 
CLB storage elements of the LCA. 

DONE,PRoG 
The DONE open drain output is configurable with or without a 
pull-up resistor of about 3 Kn. At the completion of con
figuration, the circuitry of the LCA becomes active in a 
synchronous order and one configuration clock cycle later 
DONE is asserted. Once configuration is done, a HIGH-to
LOW transition of this program pin will cause an initialization of 
the LCA and start a reconfiguration if that mode is selected in 
the current configuration. 

XTL1 
This user 1/0 pin may be configured to operate as the output of 
an amplifier usable with an external crystal and bias circuitry to 
form an oscillator. 

XTL2 
This user 1/0 pin may be configured to operate as the input of 
an amplifier usable with an external crystal and bias circuitry to 
form an oscillator. 

CCLK 
During configuration, configuration clock is an output of an 
LCA in either master or peripheral mode. LCAs in slave mode 
use it as a clock input. During a readback operation, it is an 
input clock for the configuration data being output. 

DOUT 
This user 1/0 pin is used during configuration to output serial 
configuration data out for daisy-chained slaves' data in. 

DIN 
This user 1/0 pin is used as serial data in during slave or 
peripheral configuration. This pin is DO in master configuration 
mode. 

CSO, CS1, CS2, WRT 
These four inputs represent a set of signals, three active low 
and one active high, which are used in the peripheral mode to 
control configuration data entry. The assertion of all tour 
generates a LOW CCLK and shifts DOUT data. The removal of 
any assertion clocks in the DIN data present and causes a 
HIGH CCLK. In master mode, these pins become part of the 
parallel configuration byte (D4, D3, D2, D1 ). After configuration 
is complete, they are user-programmed 1/0. 

RCi:K 
During master mode configuration, this pin represents a read 
clock of an external memory device. After configuration is 
complete, this pin becomes a user-programmed 1/0. 

00-07 
This set of eight pins represents the parallel configuration data 
byte for the master mode. After configuration is complete, they 
are user-programmed 1/0. 

AO·A15 
This set of sixteen pins presents an address output for an 
external configuration memory during master mode. After 
configuration is complete, they are user-programmed 1/0. A 12 
through A 15 are not available in packages with less than sixty
eight pins. 

1/0 
A pin which may be programmed by the user to be input and/or 
output following configuration. Some of these pins present a 
high-impedance pull-up or perform other functions before 
configuration is complete. 
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Functional Description 
The general structure of a Logic Cell Array is shown in Figure 1 . 
The elements of the array include three categories of user
programmable elements: 1/0 Blocks, Configurable Logic 
Blocks and Programmable Interconnections. The 1/0 Blocks 
provide an interface between the logic array and the device 
package pins. The Configurable Logic Blocks perform user
specified logic functions, and the interconnect resources are 

D 
CONFIGURABLE 

programmed to form networks that carry logic signals among 
blocks. 

Configuration of the Logic Cell Array is established through a 
distributed array of memory cells. The XACT development 
system generates the program used to configure the Logic Cell 
Array. The Logic Cell Array includes logic to implement 
automatic configuration. 

LOGIC BLOCK~ 

0 0 -[} 0 0 
-[} 0 010 0 -[} 

INTERCONNECT AREA 

-[} 0 OlO 0 -[} 
-[} 0 0 0 0 -[} 

Figure 1. Logic Cell Array Structure 

Configuration Memory 

The configuration of the Monolithic Memories' Logic Cell Array 
is established by programming memory cells which determine 
the logic functions and interconnections. The memory loading 
process is independent of the user logic functions. 

The static memory cell used for the configuration memory in 
the Logic Cell Array has been designed specifically for high 
reliability and noise immunity. Based on this design, integrity of 
the LCA configuration memory is assured even under adverse 
conditions. Compared with other programming alternatives, 
static memory provides the best combination of high density, 
high performance, high reliability and comprehensive 
testability. As shown in Figure 2, the basic memory cell 
consists of two CMOS inverters plus a pass transistor used for 
writing data to the cell. The cell is only written during 

configuration and only read during readback. During normal 
operation the pass transistor is "off" and does not affect the 
stability of the cell. This is quite different from the normal 
operation of conventional memory devices, in which the cells 
are continuously read and written. 

The outputs Q and Q control pass-transistor gates directly. 
The absence of sense amplifiers and the output capacitive 
load provide additional stability to the cell. Due to the structure 
of the configuration memory cells, they are not affected by 
extreme power supply excursions or very high levels of alpha 
particle radiation. In reliability testing no soft errors have been 
observed, even in the presence of very high doses of alpha 
radiation. 
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.----------lt"-P Q 

READ or WRITE 

DATA 

i----.--~-a 

CONFIGURATION 
CONTROL 

Figure 2. Configuration Memory Cell 

Input/Output Block 

Each user-configurable 1/0 block (IOB) provides an interface 
between the external package pin of the device and the 
internal logic. Each 1/0 block includes a programmable input 
path and a programmable output buffer. It also provides input 
clamping diodes to provide protection from electrostatic 
damage, and circuits to protect the LCA from latch-up due to 
input currents. Figure 3 shows the general structure of the 1/0 
block. 

· The input buffer portion of each 1/0 block provides threshold 
detection to translate external signals applied to the package 
pin to internal logic levels. The input buffer threshold of the 1/0 
blocks can be programmed to be compatible with either TTL 
(1.4 V) or CMOS (2.2 V) levels. The buffered input signal drives 
both the data input of an edge-triggered D-type flip-flop and 
one input of a two-input multiplexer. The output of the flip-flop 

provides the other input to the multiplexer. The user can select 
either the direct input path or the registered input, based on the 
content of the memory cell controlling the multiplexer. The 1/0 
blocks along each edge of the die share commo.n clocks. The 
flip-flops are reset during configuration as well as by the 
active-low chip RESET input. 

Output buffers in the 1/0 blocks provide 4-mA drive for high 
fan-out CMOS or TTL-compatible signal levels. The output data 
(driving 1/0 block pin 0) is the data source for the 1/0 block 
output buffer. Each 1/0 block output buffer is controlled by the 
contents of two configuration memory cells which turn the 
buffer ON or OFF or select logical three-state buffer control. 
The user may also select the output buffer three-state control 
(110 block pin TS), When this 1/0 block output control signal is 
HIGH (a logic "1") the buffer is disabled and the package pin is 
high-impedance. 

''''"->>X·,->X•X•'•'->>O->"•'<-'·X<•"''''''''"°''->X00<0'•'*''"''''"'"°'"°'"'°''""'''"'»>0->>>0->X·'·'·'·Xm<•'•X•,•x<·>X·,·>O<•X•'•''i 

~ 
~ TS (OUTPUT ENABLE) 

OUT 

IN 

D 

liOCLOCK 
PROGRAM-CONTROLLED 

• MULTIPLEXER 

Figure 3. 110 Block 
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Configurable Logic Block 
An array of Configurable Logic Blocks (CLBs) provides the 
functional elements from which the user's logic is constructed. 
The logic blocks are arranged in a matrix in the center of the 
device. The M2064 has sixty-four such blocks arranged in an 
eight-row by eight-column matrix. The M2018 has one hundred 
logic blocks arranged in a ten by ten matrix. Each logic block 
has a combinatorial logic section, a storage element, and an 

A 

INPUTS 
B 
c --I~-----<~ 
D 

COMB. 
LOGIC 

internal routing and control section. Each CLB has four 
general-purpose inputs; A, B, C and D; and a special clock 
input (K), which may be driven from the interconnect adjacent 
to the block. Each CLB also has two outputs, X and Y, which 
may drive interconnect networks. Figure 4 shows the 
resources of a Configurable Logic Block. 

x 

OUTPUTS 

y 

K 
CLOCK 

Figure 4. Configurable Logic Block 

generated. Each block can perform any function of four 
variables or any two functions of three variables each. The 
variables may be selected from among the four inputs and the 

The logic block combinatorial logic uses a table look-up 
memory to implement Boolean functions. This technique can 
generate any logic function of up to four variables with a high
speed sixteen-bit memory. The propagation delay through the 
combinatorial network is independent of the function 

block's storage element output "Q". Figure 5 shows various ~ 
options which may be specified for the combinatorial logic. ... 

A 

B 

c 
D 

ANY 
FUNCTION 

OF4 
VARIABLES 

OPTION1 

1 FUNCTION OF 4 
VARIABLES 

F 

G 

A 

B 

c 

D 

A 

B 

c 

0 

ANY 
FUNCTION 

OF3 
VARIABLES 

ANY 
FUNCTION 

OF3 
VARIABLES 

OPTION2 

2 FUNCTIONS OF 3 
VARIABLES 

G 

A-.•----1 

B _.,._ __ -l 

c-:·~---< 

0 

B -:•;-----! 

c -:•;-----; 
0 

ANY 
FUNCTION 

OF3 
VARIABLES 

ANY 
FUNCTION 

OF3 
VARIABLES 

OPTIONS 

DYNAMIC SELECTION OF 
2 FUNCTIONS OF 3 

VARIABLES 

Figure 5. CLB Combinatorial Logic Options 

~ MonollthloW Memories~ 

G 

5.497 



M2064/M2018 

If the single four-variable configuration is selected (Option 1 ), 
the F and G outputs are identical. If the two-function 
alternative is selected (Option 2), logic functions F and G may 
be independent functions of three variables each. The three 
variables can be selected from among the four logic block 
inputs and its storage element output Q. A third form of the 
combinatorial logic (Option 3) is a special case of the two
function form in which the B input dynamically selects between 
the two function tables providing a single merged logic function 
output. This dynamic selection allows some five-variable 
functions to be generated from the four block inputs and 
storage element Q. Combinatorial functions are restricted in 
that one may not use both its storage element output Q and the 
input variable of the logic block pin D in the same function. 

If used, the storage element in each Configurable Logic Block 
(Figure 6) can be programmed to be either an edge-sensitive 
D-type flip-flop or a level-sensitive D latch. The clock or enable 
for each storage element can be selected from: 

• The special-purpose clock input K 

•The general-purpose input C 

• The combinatorial function G 

SET 
F ----------1 D Q 

K -..:::-----1 
C--'''----' 

RES 

Figure 6. CLB Storage Element 

The user may also select the clock active sense within each 
logic block. This programmable inversion eliminates the need 
to route both phases of a clock signal throughout the device. 

The storage element data input is supplied from the function F 
output of the combinatorial logic. Asynchronous SET and 
RESET controls are provided for each storage element. The 
user may enable these controls independently and select their 
source. They are active-high inputs and the asynchronous 
reset is dominant. The storage elements are reset by the 
active-low chip RESET pin as well as by the initialization phase 
preceding configuration. If the storage element is not used, it 
is disabled. 

The two block outputs, X and Y, can be driven by either the 
combinatorial functions, F or G, or the storage element output 
Q (Figure 4). Selection of the outputs is completely 
interchangeable and may be made to optimize routing 
efficiencies of the networks interconnecting the logic blocks 
and 1/0 blocks. 

Programmable lntercannect 

Programmable interconection resources in the Logic Cell Array 
provide routing paths to connect inputs and outputs of the 1/0 
and logic blocks into desired networks. All interconnections 
are composed of metal segments, with programmable 
switching points provided to implement the necessary routing. 
Three types of resources accommodate different types of 
networks: 

• General purpose interconnect 

•Long lines 

• Direct connection 

General-Purpose Interconnect 

General-purpose interconnect, as shown in Figure 7a, is 
composed of four horizontal metal segments between the rows 
and five vertical metal segments between the columns of logic 
and 1/0 blocks. Each segment is only the "height" or "width" of 
a logic block. Where these segments would cross at the 
intersections of rows and columns, switching matrices are 
provided to allow interconnections of metal segments from the 
adjoining rows and columns. Switches in the switch matrices 
and on block outputs are specially designed transistors, eaci'l 
controlled by a configuration bit. 

B 
c 
K 

$ __ 
' 

A 

Figure 7a. General-Purpose Interconnect 
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Logic block output switches provide contacts to adjacent 
general interconnect segments and therefore to the switching 
matrix at each end of those segments. A switch matrix can 
connect an interconnect segment to other segments to form a 
network. Figure ?a shows the general interconnect used to 
route a signal from one logic block to three other logic blocks. 
As shown, combinatibns of closed switches in a switch matrix 
allow multiple branches for each network. The inputs of the 
logic or 1/0 blocks are multiplexers that can be programmed 
with configuration bits to select an input network from the 
adjacent interconnect segments. Since the switch 
connections to block inputs are undirectional (as are block 
outputs) they are usable only for input connections. The 
development system software provides automatic routing of 
these interconnections. Interactive routing is also available for 
design optimization. This is accomplished by selecting a 
network and then toggling the states of the interconnect points 
by selecting them with the "mouse". In this mode, the 
connections through the switch matrix may be established by 

selecting pairs of matrix pins. The switching matrix 
combinations are indicated in Figure 7b. 

Special buffers within the interconnect area provide periodic 
signal isolation and restoration for higher general interconnect 
fan-out and better performance. The repowering buffers are 
bidirectional, since signals must be able to propagate in either 
direction on a general interconnect segment. Direction controls 
are automatically established by the Logic Cell Array 
development system software. Repowering buffers are 
provided only for the general-purpose interconnect since the 
direct and long-line resources do not exhibit the same R-C 
delay accumulation. The Logic Cell Array is divided into nine 
sections with buffers automatically provided for general 
interconnect at the boundaries of these sections. These 
boundaries can be viewed with the development system. For 
routing within a section, no buffers are used. The delay 
calculator of the XACT development system automatically 
calculates and displays the block, interconnect and buffer 
delays for any selected paths. 

5-VERTICAL GENERAL INTERCONNECT 

8 

7 

6 

2 

5 

3 

4 

2 

8 3 

7 4 

6 5 

3 

4 

TO 1 

2 

3 

4 

3 

4 

2 

FROM 
2 3 4 

1 = VALID CONNECTION 
0 = INVALID CONNECTION 

Figure 7b. Interconnection Switching Matrix 
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LongUnes 

Long lines, shown in Figure Sa, run both vertically and 
horizontally the height or width of the interconnect area. Each 
vertical interconnection column has two long lines; each 
horizontal row has one, with an additional long line adjacent to 
each set of 1/0 blocks. The long lines bypass the switch 
matrices and are intended primarily for signals that must travel 
a long distance or must have minimum skew among multiple 
destinations. 

A global buffer in the Logic Cell Array is available to drive a 
single signal to all B and K inputs of logic blocks. Using the 
global buffer for a clock provides a very low skew, high fan-out 
synchronized clock for use at any or all of the logic blocks. At 
each block, a configuration bit for the K input to the block can 
select this global line as the storage element clock signal. 
Alternatively, other clock sources can be used. 

$,.............. 
~~~~~~§J SWITCH l~lt~~~~~ I= MATRIX I= 

l J 

~e 
......... ~~..., 

~~~~~~§J SWITCH ll=Ji~~~~§ I= MATRIX I= 
- _;;::,;;;;;;;_ _______ ~l;i:i:i:i:;:J~M---------- HORIZONTAL 

LONG LINE 

TWO VERTICAL G.LOBAL 
LONG LINES --...~r-- LONG LINE 

Figure Ba. Long Line Interconnect 

A second buffer below the bottom row of the array drives a 
horizontal long line which, in turn, can drive a vertical long line 
in each interconnection column. This alternate buffer also has 
low skew and high fan-out capability. The network formed by 
this alternate buffer's long lines can be selected to drive the B, 

C or K inputs of the logic blocks. Alternatively, these long lines 
can be driven by a logic or 1/0 block on a column-by-column 
basis. This capability provides a common, low-skew clock or 
control line within each column of logic blocks. Interconnec
tions of these long lines are shown in Figure Sb. 
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Direct Interconnect 

Direct interconnect, shown in Figure 9, provides the most 
efficient implementation of networks between adjacent logic or 
1/0 blocks. Signals rout.ed from block to block by means of 
direct interconnect exhibit minimum interconnect propagation 
and use minimum interconnect resources. For each CLB, the X 
output may be connected directly to the C or D inputs of the 
CLB above and to the A or B inputs of the CLB below it. The Y 

output can use direct interconnect to drive the B input of the 
block immediately to its right. Where logic blocks are adjacent 
to 1/0 blocks, direct connect is provided to the 1/0 block input 
(I) on the left edge of the die, the output (0) on the right edge, 
or both on 1/0 blocks at the top and bottom of the die. Direct 
interconnections of 1/0 blocks with CLBs are shown in Figure 
8b. 

Figure 9. Direct Interconnect 

Crystal Oscillator 

An internal high-speed inverting amplifier is available to 
implement an on-chip crystal oscillator. It is associated with 
the auxiliary clock buffer in the lower right corner of the die. 
When configured to drive the auxiliary clock buffer, two special 
adjacent user 1/0 blocks are also configured to connect the 
oscillator amplifier with external crystal oscillator components, 
as shown in Figure 10. This circuit becomes active before 
configuration is complete in order to allow the oscillator to 
stabilize. Actual internal connection is delayed until completion 
of configuration. The feedback resistor R1 between output and 
input, biases the amplifier at threshold. It should be as large a 
value as practical to minimize loading of the crystal. The 
inversion of the amplifier, together with the R-C networks and 
crystal, produces the 360-degree phase shift of the Pierce 
oscillator. 

A series resistor R2 may be included to add to the amplifier 
output impedance when needed for phase-shift control or 
crystal resistance matching or to limit the amplifier input swing 
to control clipping at large amplitudes. Excess feedback 
voltage may be adjusted by the ratio of C2/C1. The amplifier is 
designed to be used over the range from 1 MHz up to one-half 
the specified CLB toggle frequency. Use at frequencies below 
1 MHz may require individual characterization with respect to a 
series resistance. Operation at frequencies above 20 MHz 
generally requires a crystal to operate in a third overtone 
mode, in which the fundamental frequency must be 
suppressed by the R-C networks. When the amplifier does not 
drive the auxiliary buffer, these 1/0 blocks and their package 
pins are available for general user 1/0. 
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ON-CHIP 

D 
D 

(may oe required for low frequency, phase 
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Figure 1 o. Crystal Oscillator 

Power 
Power Distribution 

EXTERNAL 

XTAL1 XTAL2 

48DIP 33 30 

68 PLCC 46 43 

68PGA J10 L10 

84 PLCC 56 53 

84PGA K11 L11 

Power for the LCA is distributed through a grid to achieve high 
noise immunity and isolation l;>etween logic and 1/0. For 
packages having more than fourty-eight pins, two VCC pins 
and two ground pins are provided (see Figure 11 ). Inside the 
LCA, a dedicated VCC and ground ring surrounding the logic 
array provides power to the 110 drivers. An independent matrix 
of VCC and ground lines supplies the interior logic of the 
device. This power distribution grid provides a stable supply 
and ground for all internal logic, providing the external package 
power pins are appropriately decoupled. Typically a 0.1-µF 

capacitor connected between the VCC and ground pins near 
the package will provide adequate decoupling. 

Vee 

Output buffers capable of driving the specified 4-mA loads 
under worst-case conditions may be capable of driving 25 to 30 
times that current in a best case. Noise can be reduced by 
minimizing external load capacitance and reducing 
simultaneous output transitions in the same direction. It may 
also be beneficial to locate heavily-loaded output buffers near 
the ground pads. Multiple VCC and ground pin connections are 
required for package types which provide them. 

GND 
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Figure 11. LCA Power Distribution 
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Power Dissipation 

The Logic Cell Array exhibits the low power consumption 
characteristic of CMOS !Cs. Only quiescent power is required 
for the LCA configured for CMOS input levels. The TTL input 
level configuration option requires additional power for level 
shifting. The power required by the static memory cells which 
hold the configuration data is very low and may be maintained 
in a power-down mode. 

Typically most of power dissipation is produced by capacitive 
loads on the output buffers, since the power per output is 25 
µW/pF/MHz. Another component of 110 power is the DC loading 
on each output pin. For any given system, the user can 
calculate the power requirement based on the resistive loading 
of the devices driven by the Logic Cell Array . 

Internal ·power supply dissipation is a function of clock 
frequency and the number of nodes changing on each clock. In 
an LCA the fraction of nodes changing on a given clock is 
typically low (10-20%). For example, in a 16-bit binary counter, 
the average clock produces a change in slightly less than two 
of the sixteen bits. In a 4-input AND gate there will be two 
transitions in sixteen states. Typical global clock buffer power 
is about 3 mW/MHz for the M2064 and 4 mW/MHz for the 
M2018. With a "typical" load of three general interconnect 
segments, each CLB output requires about 0.4 mW/MHz of its 
output frequency. Graphs of power versus operating fre
quency are shown in Table 1. 
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Programming 
Configuration data to define the function and interconnection 
within a Logic Cell Array are loaded automatically at power-up 
or upon command. Several methods of automatically loading 
the required data are designed into the Logic Cell Array and are 
determined by logic levels applied to mode selection pins at 
configuration time. The form of the data may be either serial or 
parallel, depending on the configuration mode. The pro
gramming data are independent of the configuration mode 

selected. The state diagram of Figure 12 illustrates the 
configuration process. 

POWER APPLIED 

POWER-ON-RESET 
TIME DELAY 

Input thresholds for user 1/0 pins can be selected to be either 
TTL-compatible or CMOS-compatible and remain in that state 
until the LCA begins operation. If the user has selected CMOS 
compatibility, the input thresholds are changed to CMOS levels 
during configuration. 

DONEtPROG LOW 
TRANSITION 
(RE PROGRAMMABILITY 
OPTION DISABLED) 

DONEIPROG LOW TRANSITION 
(RE PROGRAMMABILITY OPTION ENABLED) 

Figure 12. Configuration State Diagram 

Figure 13 shows the specific data arrangement for the M2064 
device. Future products will use the same data format to 
maintain compatibility between different devices of the 
Monolithic Memories' product line, but they will have different 
sizes and numbers of data frames. For the M2064 

configuration requires 12,038 bits for each device. For the ~ 
M2018, the configuration of each device requires 17,878 bits. ... 
The M2064 uses 160 configuration data frames and the M2018 

1111 
0010 
< 24-BIT LENGTH COUNT> 
1111 

0 <DATAFRAME#001 > 111 
0 <DATAFRAME#002> 111 
0 <DATAFRAME#003> 111 

0 <DATAFRAME#159> 111 
0 <DATAFRAME#160> 111 

1111 

) 

uses 197. 

DUMMY BITS (4 BITS MINIMUM) 
PREAMBLE CODE 
CONFIGURATION PROGRAM LENGTH 
DUMMY BITS (4 BITS MINIMUM) 

M2064: 160 CONFIGURATION DATA FRAMES 
M2018: 196 CONFIGURATION DATA FRAMES 

(EACH FRAME CONSISTS OF: 
A START BIT (0) 
AN 87-BIT DAIA FIELD 
2 OR MORE DUMMY BITS 

POSTAMBLE CODE (4 BITS MINIMUM) 

Figure 13. M2064 Configuration Data Arrangement 
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The configuration bit stream begins with preamble bits, a 
preamble code and a length count. The length count is loaded 
into the control logic of the Logic Cell Array and is used to 
determine the completion of the configuration process. When 
configuration is initiated, a 24-bit length counter is set to O and 
begins to count the total number of configuration clock cycles 
applied to the device. When the current length count equals 
the loaded length count, the configuration process is 
complete. Two clocks before completion, the internal logic 
becomes active and is reset. On the next clock, the inputs and 
outputs become active as configured and consideration should 
be given to avoid configuration signal contention. (Attention 
must be paid to avoid contention on pins which are used as 
inputs during configuration and become outputs in operation.) 
On the last configuration clock, the completion of configuration 
is signalled by the release of the DONE, PROG pin of the 
device as the device begins operation. This open-drain output 
can be AND-tied with multiple Logic Cell Arrays and used as an 
active-high READY or active-low, RESET, to other portions of 
the system. Hi~uring configuration (HDC) and low during 
configuration (LDC), are released one CCLK cycle before 
DONE is asserted. In master mode. configurations, it is 
convenient to use I5C as an active-low EPROM chip enable. 

As each data bit is supplied to the LCA, it is internally 
assembled into a data word. As each data word is completely 
assembled, it is loaded in parallel into one word of the internal 
configuration memory array. The last word must be loaded 
before the current length count compare is true. If the 
configuration data are in error, e.g., PROM address lines 
swapped, the LCA will not be ready at the length count and the 
counter will cycle through an additonal complete count prior to 
configuration being "done". 

Figure 14 shows the selection of the configuration mode.based 
on the state of the mode pins MO and M1. These package pins 
are sampled prior to the start of the configuration process to 
determine the mode to be used. Once configuration is DONE 
and subsequent operation has begun, the mode pins may be 
used to perform data readback, as discussed later. An 
additional mode pin, M2, must be defined at the start of 
configuration. This package pin is a user-configurable 1/0 after 
configuration is complete. 

MODE PIN 
MODE SELECTED 

MO M1 M2 

0 0 0 Master serial 

0 0 1 Master LOW mode 

0 1 1 Master HIGH mode 

1 0 1 Peripheral mode 

1 1 1 Slave mode 

Master LOW addresses begin at 0000 and Increment. 
Master HIGH addresses begin at FFFF and decrement. 

Figure 14. Configuration Mode Selection 

lnitlalization Phase 

When power is applied, an internal power-on-reset circuit is 
triggered. When VCC reaches the voltage at which the LCA 
begins to operate (2.5 to 3 Volts), the chip is initialized, 
outputs are made high-impedance and a time-out is initiated to 
allow time for power to stabilize. This time-out (15 to 35 ms) is 
determined by a counter driven by a self-generated, internal 
sampling clock that drives the configuration clock (CCLK) in 
master configuration mode. This internal sampling clock will 
vary with process, temperature and power supply over the 
range of 0.5 to 1.5 MHz. LCAs with mode lines set for master 
mode will time-out of their initialization using a longer counter 
(60 to 140 ms) to assure that all devices, which it may be 
driving in a daisy chain, will be ready. Configuration using 
peripheral or slave modes must be delayed long enough for this 
initialization to be completed. 

The initialization phase may be extended by asserting the 
active-low external RESET. If a configuration has begun, an 
assertion of RESET will initiate an abort, including an orderly 
clearing of partially loaded configuration memory bits. After 
about three clock cycles for synchronization, initialization will 
require about 160 additional cycles of the internal sampling 
clock (197 for the M2018) to clear the internal memory before 
another configuration may begin. The same is true of a 
configured part in which the reconfigurable c~it is set. 
When a HIGH-to-LOW transition on the DONE, PROG package 
pin is detected, thereby initiating a reprogram, the 
configuration memory is cleared. This insures an orderly 
configuration in which no internal signal conflicts are generated 
during the loading process. 

Master Mode 

In master mode, the Logic Cell Array automatically loads the 
configuration program from an external memory device. Figure 
15a shows an example of the master mode connections 
required. The Logic Cell Arr~vides sixteen address 
outputs and the control signals RCLK (read clock), HDC (high 
during configuration) and D5C (low during configuration) to 
execute read cycles from the external memory. Parallel eight
bit data words are read and internally serialized. As each data 
word is read, the least significant bit of each byte, normally DO, 
is the next bit in the serial stream. 

Addresses supplied by the Logic Cell Array can be selected by 
the mode lines to begin at address O and incremented to read 
the memory (master low mode), or they can begin at address 
FFFF Hex and be decremented (master high mode). This 
capability is provided to allow the Logic Cell Array to share 
external memory with another device; such as a 
microprocessor. For example, if the processor begins its 
execution from low memory, the Logic Cell Array can load itself 
from high memory and enable the processor to begin execution 
once configuration is completed. The DONE, PROG output pin 
can be used to hold the processor in a Reset state until the 
Logic Cell Array has completed the configuration process. 

The master serial mode uses serial configuration data, 
synchronized by the rising edge of RCLK, as in Figure 15b. 
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Figure 158. Master Low Address Configuration 

Peripheral Mode 

Peripheral mode provides a simplified interface through which 
the device may be loaded as a processor peripheral. Figure 16 
shows the peripheral mode connections. Processor write 
cycles are decod..!!!!..!!om the common assertion of the active
low write strobe~RT), and two active-low and one active-high 
chip selects (CSO, CS1, CS2). If all these signals are not 
available, the unused inputs should be driven ·to their 
respective active levels. The Logic Cell Array will accept one 
bit of the configuration program on the data input (DIN) pin for 
each processor write cycle. Data is supplied in the serial 
sequence described earlier. 

Since only a single bit from the processor data bus is loaded 

Vee 

l 
GENERAL· 
PURPOSE 
USER VO 

PNS 

RCLK 

(OUTP~: 

]
ALL 
OTHER 
PINS 

LCA 
RESET 

DIN DATA 

RCLK CLK 

CE 

OE 

SERIAL 
MEMORY 

DOUT--""""',----,r----v~--

(OUTPUT) --+"'----1 ~---~ 

CCLK 
(OUTPUT) 

Figure 15b. Master Serial Mode Configuration 

per cycle, the loading process involves the processor reading 
a byte or word of data, writing a bit of the data to the Logic Cell 
Array, shifting the word and writing a bit until all bits of the word 
are written, then continuing in the same fashion with the next 
word, etc. After the configuration program has been loaded, an 
additional three clocks (a total of three more than the length 
count) must be supplied in order to complete the configuration 
process. When more than one device is being used in the 
system, each device can be assigned a different bit in the 
processor data bus, and multiple devices can be loaded on 
each processor write cycle. This "broadside" loading method 
provides a very easy and time-efficient method of loading 
several devices. 
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ADDRESS DATA 
BUS WR BUS 

+5V +5V +5V 

MO M1 PWR 
OWN 

WRT 
DIN CCLK cso 
WRT CSI 

LCA DOUT 

M2 CS2 
ADDRESS cso HOC 
DECODE 

LOGIC LDC GENERAL- CCLK 
PURPOSE (OUTPUT) 
USER 110 

'"! DIN OTHER 
CS1 PINS 

CS2 DOUT 

DIP 
(OUTPUT) 

RESET 

Figure 16. Peripheral Mode Configuration 

Slave Mode 

Slave mode, Figure 17, provides the simplest interface for 
loading the Logic Cell Array configuration. Data is supplied in 
conjunction with a synchronizing clock. For each LOW-to
HIGH input transition of configuration clock (CCLK), the data 
present on the data input {DIN) pin is loaded into the internal 
shift register. Data may be supplied by a processor or by other 
special circuits. Slave mode is used for downstream devices in 

a daisy-chain configuration. The data for each slave LCA are 
supplied by the preceding LCA in the chain, and the clock is 
supplied by the lead device, which is configured in master or 
peripheral mode. After the configuration program has been 
loaded, an additional three clocks (a total of three more than 
the length count) must be supplied in order to complete the 
configuration process. 

+5V 

MO M1 PWRDWN 

MICRO LCA 
COMPUTER 

STAB CCLK DOUT 

DO DIN M2 

01 HOC 

110 02 LDC GENERAL-PORT 
PURPOSE 

03 USER 1/0 

04 ~'1 OTHER 
05 PINS 

06 

07 DIP 

RESET RESET 

DIN=x BITN 

~ 
BIT N +1 

I· ~ CCLK \---.. I m DOUT BITN-1 BITN (OUTPUT) 

Figure 17. Slave Mode Configuration 
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Daisy Chain 

The daisy-chain programming mode is supported by Logic Cell 
Array in all programming modes. In master mode and peripheral 
mode, the LCA can act as a source of data and control for 
slave devices. For example, Figure 18 shows a single device in 
master mode, with two devices in slave mode. The master 
mode device reads the external memory and begins the 
configuration loading process for all of the devices. 

The data begin with a preamble and a length count which is 
supplied to all devices at the beginning of the configuration. 
The length count represents the total number of cycles 
required to load all of the devices in the daisy chain. After 

+5V 

MO M1 PWRDWN 

loading the length count, the lead device will load its 
configuration data while providing a HIGH DOUT to downstream 
devices. When the lead device has been loaded and the 
current length count has not reached the full value, memory 
access continues. Data bytes are read and serialized by the 
lead device. The data are passed through the lead device and 
appear on the data out (DOUT) pin in serial form. The lead 
device also generates the configuration clock (CCLK) to 
synchronize the serial output data. A master mode device 
generates an internal CCLK of eight times the EPROM address 
rate, while a peripheral mode device produces CCLK from the 
chip select and write strobe timing. 
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~j OTHER 
PINS 

DIP 
RESET 

Figure 18. Master Mode with Daisy Chain 

Operation 

When all of the devices have been loaded and the length count 
is complete, a synchronous start-up of operation is performed. 
On the clock cycle following the end of loading, the internal 
logic begins functioning in the reset state. On the next CCLK, 
the configured output buffers become active to allow signals to 

stabilize. The next CCLK cycle produces the DONE condition. 
The length count control of operation allows a system of 
multiple Logic Cell Arrays to begin operation in a synchronized 
fashiqn. If the crystal oscillator is used, it will begin operation 
before configuration is complete to allow time for stabilization 
before it is connected to the internal circuitry. 
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Special Features 
In addition to the normal user logic functions and interconnect, 
the configuration data include control for several special 
functions: 

• Input thresholds 

• Readback enable 

• Reprogram enable 

• DONE pull-up resistor 

Each of these functions is controlled by a portion of the 
configuration program generated by the XACT Development 
System. 

Input Thresholds 

During configuration, all input thresholds are TTL level. During 
configuration input thresholds are established as specified, 
either TTL or CMOS. The PWRDN input threshold is an 
exception; it is always a CMOS level input. The TTL threshold 
option requires additional power for threshold shifting. 

Read back 

After a Logic Cell Array has been programmed, the con
figuration program may be read back from the device. 
Readback may be used for verification of configuration and as 
a method of determining the state of internal logic nodes during 
debugging. In applications in which the verification is not used, 
it may be desirable to limit access to the configuration data. 
Three readback options are provided: 'on command', 'only 
once', and 'never'. If 'on-command readback' is selected, the 
device will respond to all readback requests. If 'readback once' 
is selected, the device will respond only to the first readback 
request after programming is complete. Subsequent readback 
requests will be ignored. If 'readback never' is selected, the 
device will not respond to a readback command. 

Readback is accomplished without the use of any of the user 1/0 
pins; only MO, M1, and CCLK pins are used. An initiation of 
readback is produced by a LOW-to-HIGH transition of the MO, 
RTRIG (read trigger) pin. Once the readback command has 
been given, CCLK is cycled to read back each data bit in a 
format similar to loading. After two dummy bits, the first data 
frame is shifted out, in inverted sense, on the M1, RDATA (read 
data) pin. All data frames must be read back to complete the 
process and return the mode select and CCLK pins to their 
normal functions. 

In addition to the configuration program, the readback includes 
the current state of each of the internal logic block storage 
elements, and the state of the input (I) connection pin on each 
1/0 block. This state information is used by the Logic Cell Array 
development system In-Circuit Emulator to provide visibility 
into the internal operation of the logic while the system is 
operating. To readback a uniform time sample of all storage 
elements it may be necessary to inhibit the system clock. 

Reprogram 

The configuration memory of the Logic Cell Array may be 
rewritten while the device is in the user's system, if that option 
is selected when the LCA is configured. If another 
programmin~ is to be initiated, the dual function package 
pin DONE, PROG must be given a HIGH-to-LOW transition. 
Sensitivity to noise is reduced, by confirming the HIGH-to
LOW transition over two to three cycles using the LCA's 

internal sampling oscillator. When a reprogram command is 
recognized, all internal logic and connectivity definitions are 
erased and the 1/0 package pins are forced to a high 
impedance condition. The device returns to the initialization 
state. Reprogram control is often implemented with an external 
open collector driver which pulls DONE, PROG LOW. Once it 
recognizes a stable request, the Logic Cell Array will hold a 
LOW until the new configuration has been completed. Whether 
or not the reprogram request is maintained, the Logic Cell Array 
will begin operation upon completion of configuration. 

DONE Pull-up 

The DONE, PROG pin is an open drain 1/0 that indicates 
programming status. As an input, it initiates a reprogram 
operation. An optional internal pull-up resistor may be enabled. 

Battery Backup 

Because the control store of the Logic Cell Array is a CMOS 
static memory, its cells require only a very low standby current 
for data retention. In some systems, this low data retention 
current characteristic facilitates preserving configurations in 
the event of a primary power loss. The Logic Cell Array has 
built in power-down logic which, when activated, will disable 
normal operation of the device and retain only the configuration 
data. All internal operation is suspended and output buffers are 
placed in their high-impedance state. 

Power-down data retention is possible with a simple battery
backup circuit because the power requirement is extremely 
low. For retention at 2.0 V, the required current is typically on 
the order of 0.5 mA. Screening of this parameter is available. 
To force the Logic Cell Array into the power-down state, the 
user must pull the PWRDWN pin low and continue to supply a 
retention voltage to the VCC pins of the package. When normal 
power is restored, VCC is elevated to its normal operating 
voltage and PWRDWN is returned to a HIGH. The Logic Cell 
Array resumes operation with the same internal sequence that 
occurs at the conclusion of configuration. Internal 1/0 and 
logic block storage elements will be reset, the outputs will 
become enabled and then the DONE, PROG pin will be 
released. No configuration programming is involved. 

Performance 
The high performance of the Logic Cell Array results from its 
patented architectural features and from the use of an advan
ced high-speed CMOS manufacturing process. Performance 
may be measured in terms of minimum propagation times for 
logic elements. 

Flip-flop loop delays for the 1/0 block and logic block flip-flops 
are about 3 ns. This short delay provides very good 
performance under asynchronous clock and data conditions. 
Short loop delays minimize the probability· of a metastable 
condition which can result from assertion of the clock during 
data transitions. Because of the short loop delay 
characteristic in the Logic Cell Array, the 1/0 block flip-flops 
can be used very effectively to synchronize external signals 
applied to the device. Once synchronized in the 110 block, the 
signals can be used internally without further consideration of 
their clock relative timing, except as it applies to the internal 
logic and routing path delays. 
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Device Performance 

The single parameter which most accurately describes the 
overall performance of the Logic Cell Array is the maximum 
toggle rate for a logic block storage element configured as a 
toggle flip-flop. The configuration for determining the toggle 
performance of the Logic Cell Array is shown in Figure 19. The 
clock for the storage element is provided by the global clock 
buffer and the flip-flop output Q is fed back through the 
combinatorial logic to form the data input for the next clock 
edge. Using this arrangement, flip-flops in the Logic Cell Array 
can be toggled at clock rates from 33-70 MHz, depending on 
the speed grade used. 

Actual Logic Cell Array performance is determined by the 
critical path speed, including both the speed of the logic and 
storage elements in that path, and the speed of the particular 
network routing. Figure 20 shows a typical system logic 
configuration of two flip-flops with an extra combinatorial level 
between them. Depending on speed grade, system clock rates 
to 35 MHz are practical for this logic. To allow the user to make 
the best use of the capabilities of the device, the delay 

SOURCECLB 

INPUTS F D 

calculator in the XACT Development System determines worst
case path delays using actual impedance and loading 
information. 

K 

......, F=O rLo Q _. 

!> 

Figure 19. Logic Block Configuration for Toggle Rate 
Measurement 
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DESTINATION CLB 

F 

X,Y 

INTERCONNECT 
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Figure 20. Typical Logic Path 

~ N'lonolithio W Memories ~ 5-501 



M2064/M2018 

Logic Block Performance 

Logic Block propagation times are measured from the 
interconnect point at the input of the combinatorial logic to the 
output of the block in the interconnect area. Combinatorial 
performance is independent of logic function because of the 
table look-up based implementation. Timing is different when 
the combinatorial logic is used in conjunction with the storage 
element. For the combinatorial logic function driving the data 
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Figure 21. Delay vs. Temperature 

lnterconhect Performance 

Interconnect performance depends on the routing resource 
used to implement the signal path. As discussed earlier, direct 
interconnect from block to block provides a minimum delay 
path for a signal. 

The single metal segment used for long lines exhibits low 
resistance from end to end, but relatively high capacitance. 
Signals driven through a programmable switch will have the 
additional impedance of the switch added to their normal drive 
impedance. 

General-purpose interconnect performance depends on the 
number of switches and segments used, the presence of the 
bidirectional repowering buffers and the overall loading on the 
signal path at all points along the path. In calculating the worst
case delay for a general interconnect path, the delay 
calculator portion of the XACT development system accounts 

input of the storage element, the critical timing is data set-up 
relative to the clock edge provided to the storage element. The 
delay from the clock source to the output of the logic block is 
critical in the timing of signals produced by storage elements. 
The loading on a logic block output is limited only by the 
additional propagation delay of the interconnect network. 
Performance of the logic block is a function of supply voltage 
and temperature, as shown in Figures 21 and 22. 
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Figure 22. Delay vs. Power Supply 

for all of these elements. As an approximation, interconnect 
delay is proportional to the summation of totals of local metal 
segments beyond each programmable switch. In effect, the 
delay is a sum of R-C delays each approximated by an R times 
the total C it drives. The R of the switch and the C of the 
interconnect are functions of the particular device 
performance grade. For a string of three local interconnects, 
the approximate delay at the first segment, after the first 
switch resistance, would be three units; an additonal two delay 
units after the next switch plus an additional delay after the 
last switch in the chain. The interconnect R-C chain terminates 
at each repowering buffer. Nearly all of the capacitance is in 
the interconnect metal and switches; the capacitance of the 
block inputs is not significant. Figure 23 shows an estimation 
of this delay. 
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CLB 

DELAY: 
INCREMENTAL 

IF R1=R2=R3 =R AND C1=C2=C3 =C 
THEN CUMULATIVE DELAY 3RC 5RC 

r--, 
>----1,___t-~~~~ 1--

REPOWERING 
BUFFER 

6RC 

L _ ...J 

6RC+ BUFFER 

Figure 23. Interconnection Delay Example 

Development System 
To support designers using the Logic Cell Array , Monolithic 
Memories provides a basic development system with several 
options for additional productivity. The XACT system provides 
the following: 

• Graphic-driven design entry 

• Schematic entry 

• Interactive timing delay calculations 

• Macrocell library support, both for standard Monolithic 
Memories supplied functions and user-defined functions 

• Design entry checking for consistency and completeness 

• Automatic design documentation generation 

• Automatic placement and routing 

• Simulation interface support, including automatic netlist 
(circuit description) and timing extraction 

• In-circuit emulation for multiple devices 

The host system on which the XACT system operates is an 
IBM™ PC-XT™ or PC-AT™ or compatible system with MS
DOS™ 2.1 or higher. Color graphics is required as well as 640 K 
bytes of internal RAM (an Expanded Memory Specification 
(EMS) card with 256 K bytes of memory is required for the 
M2018). A complete system requires one parallel 1/0 port and 
two serial ports and a mouse. 

For more detailed information of the XACT Development 
System, please refer to Logic Cell Array Development System 
Datasheet. 
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48-PIN 
DIP 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

5-504 

68-PIN 
PLCC 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

68-PIN 
PGA 

86 

A6 

85 

A5 

84 

A4 

83 

A3 

A2 

82 

81 

12 C2 

13 C1 

14 02 

15 01 

16 E2 

17 E1 

18 F2 

19 F1 

20 G2 

21 G1 

22 H2 

23 H1 

24 J2 

25 J1 

26 K1 

27 K2 

28 L2 

29 K3 

30 L3 

31 K4 

32 L4 

33 K5 

34 L5 

SLAVE 
<1:1:1> 

M2064/M2018 

CONFIGURATION MODE: <{M2: M1: MO~ 

l PERIPHERAL MASTER-HIGH l MASTER-LOW 
<1 :0:1 > <1 :1 :O> <1 :O:O> 

GND 

A13 (0) 

A6 (0) 

A12(0) 

<{HIGH~ 
A7 (0) 

A11 (0) 

AB (0) 

A10 (0) 

A9 (0) 

PWRDWN (I) 

<{HIGH~ 

vcc 

<{HIGH~ 

M1 (HIGH) M1 (LOW) M1 (HIGH) J M1 (LOW) 

MO (HIGH) MO (HIGH) MO(LOW) l MO(LOW) 

M2 (HIGH) 

HOC (HIGH) 

<{HIGH~ 

LDC(LOW) 

<{HIGH~ 

"{HIGH~ is high impedance with a 20 to 50-KO internal pull-up resistor during configuration 

Table 2a. M2064 Pin Assignments 

(continued on next page) 

~Monolithic W Memories ~ 

USER 
OPERATION 

1/0 

1/0 

1/0 

RDATA(O) 

RTRIG (I) 

1/0 



M2064/M2018 

CONFIGURATION MODE: «M2: M1: MO;i> 
48-PIN 68-PIN 68-PIN USER 

DIP PLCC PGA SLAVE · l PERIPHERAL MASTER-HIGH I MASTER-LOW OPERATION 
<1:1:1> <1:0:1> <1:1:0> <1:0:0> 

24 35 K6 GND 

36 L6 

25 37 K7 

3B L7 «HIGH;!> 

26 39 KB 1/0 

27 40 LB 

2B 41 K9 D7 (I) 

29 42 L9 D6 (I) 

30 43 L10 XTL2 or 1/0 

31 44 K10 RESET (I) 

32 45 K11 DONE (0) PROG (I) 

33 46 J10 XTL1or1/0 

47 J11 
«HIGH;!> 

34 4B H10 D5 (I) 

49 H11 1/0 

35 50 G10 l CSO (I) D4(1) 

36 51 G11 l CS1 (I) D3 (I) 

52 F10 vcc 
53 F11 

37 54 E10 I CS2 (I) I D2 (I) 

55 E11 «HIGH;!> 

3B 56 D10 [ WRT(I) D1 (I) 1/0 

39 57 D11 RCLK 

40 5B C10 DIN(I) DO (I) 

41 59 C11 DOUT (0) 

42 60 811 CCLK (I) I CCLK (0) CCLK (I) 

43 61 810 AO (0) 

44 62 A10 A1 (0) 

45 63 89 A2 (0) 

46 64 A9 «HIGH;!> A3 (0) 
1/0 

65 BB A15 (0) 

47 66 AB A4 (0) 

67 87 A14 (0) 

4B 6B A7 A5 (0) 

<{HIGH~ is high impedance with a 20 to 50-K!l internal pull-up resistor during configuration 

Table 2a. M2064 Pin Assignments (continued) 
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68-PIN 68-PIN 84-PIN 
PLCC PGA PLCC 

1 86 1 

2 A6 2 

3 

4 

3 8S s 
4 AS 6 

s 84 7 

6 A4 8 

7 83 9 

8 A3 10 

9 A2 11 

10 82 12 

11 81 13 

12 C2 14 

13 C1 1S 

14 02 16 

1S 01 17 

18 

16 E2 19 

20 

17 E1 21 

18 F2 22 

19 F1 23 

24 

20 G2 2S 

26 

21 G1 27 

22 H2 28 

23 H1 29 

24 J2 30 

2S J1 31 

26 K1 32 

27 K2 33 

28 L2 34 

29 K3 3S 

30 L3 36 

31 K4 37 

32 L4 38 

39 

33 KS 40 

34 LS 41 

42 

5-506 

M2064/M2018 

84-PIN 
CONFIGURATION MODE: <C:M2: M1: MO> 

J MASTER-HIGH] MASTER-LOW PGA SLAVE PERIPHERAL 
<1:1:1> <1:0:1> <1 :1 :O> <1 :0:0> 

C6 GNO 

A6 A13(0) 

A5 

8S 

cs A6 (0) 

A4 <HIGH> A12(0) 

B4 A7 (0) 

A3 A11 (0) 

A2 AB (0) 

83 A10(0) 

A1 A9 (0) 

82 PWROWN (I) 

C2 

81 

C1 

02 

01 <HIGH> 

E3 

E2 

E1 

F2 

F3 vcc 
G3 

G1 

G2 

F1 <HIGH> 
H1 

H2 

J1 

K1 

J2 M1 (HIGH) 1 M1 (LOW) M1 (HIGH) 1 M1 (LOW) 

L1 MO (HIGH) I MO (HIGH) MO(LOW) MO(LOW) 

K2 M2 (HIGH) 

K3 HOC (HIGH) 

L2 <HIGH> 

L3 LOC(LOW) 

K4 

L4 

JS <HIGH> 

KS 

LS 

K6 

<t:.HIGH> js hiQh impedance with a 20 to 50-K!l internal pull-up resistor 'during configuration 

Table 2b. M2018 Pin Assignments (continued on next page) 
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USER 
OPERATION 

1/0 

1/0 

110 

ROATA(O) 

RTRIG(I) 

1/0 



M2064/M2018 

68-PIN 68-PIN 84-PIN 84-PIN 
CONFIGURATION MODE: 4:M2: M1: MO> 

USER 
PLCC PGA PLCC PGA SLAVE I PERIPHERAL MASTER-HIGH I MASTER-LOW OPERATION 

<1:1:1> <1:0:1> <1:1:0> <1:0:0> 

35 K6 43 J6 GND 

44 J7 

36 L6 45 L7 

37 K7 46 K7 

3S L7 47 L6 ¢HIGH> 

4S LS 1/0 

39 KS 49 KS 

40 LS 50 L9 

41 K9 51 L10 D7 (I) 

42 L9 52 K9 D6 (I) 

43 L10 53 L11 XT2 or 1/0 

44 K10 54 K10 RESET (I) 

45 K11 55 J10 DONE (0) PROG (1) 

46 J10 56 K11 XTL 1 or 1/0 

47 J11 57 J11 

4S H10 5S H10 4:HIGH> D5 (I) 

59 H11 

49 H11 60 F10 1/0 

61 G10 

50 G10 62 G11 l CSO (I) D4 (I) 

51 G11 63 G9 l CS1 (I) D3 (I) 

52 F10 64 F9 vcc 
53 F11 65 F11 

54 E10 66 E11 l CS2 (I) D2 (I) 

67 E10 

55 E11 6S E9 4:HIGH> 

69 D11 1/0 

56 D10 70 D10 [ WRT(I) D1 (I) 

57 D11 71 C11 RCLK 

5S C10 72 B11 DIN (I) DO (I) 

59 C11 73 C10 DOUT (0) 

60 B11 74 A11 CCLK (I) I CCLK (0) CCLK (I) 

61 B10 75 B10 AO (0) 

62 A10 76 B9 A1 (0) 

63 B9 77 A10 A2 (0) 

64 A9 7S A9 A3 (0) 

65 BS 79 BS 
4:HIGH> 

A15 (0) 1/0 
66 AS so AS A4 (0) 

67 B7 S1 B6 A14 (0) 

S2 B7 

S3 A7 

6S A7 S4 C7 A5 (0) 

<tHIGH}> is high impedance with a 20 to 50-Kn internal pull-up resistor during configuration 

Table 2b. M2018 Pin Assignments (continued) 
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Absolute Maximum Ratings* 
Supply voltage Vee ....................................................................................... -0.5 v to 7 v 
Power down Vee ............................................................................................. 2 V to 7 V 
Input voltage ........................................................................................ -0.5 V to Vee 0.5 V 
Voltage applied to three-state output ................................................................... -0.5 V to Vee 0.5 V 
Storage temperature range ............................................................................. -65°C to +150°C 
Lead temperature (soldering, 10 seconds) .......................................................................... 260°C 
* Stresses beyond those liste9 under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and functional 

operation of the device at these or any other conditions beyond those listed under "Recommended Operating Conditions" is not implied. Exposure to "Absolute 
Maximum Ratings" conditions for extended periods of time may affect device reliability. 

Operating Conditions 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Vee Supply voltage relative to GND 4.75 5.25 v 
VIHT High level input voltage-TTL configuration 2.0 Vee v 

VIHC High level input voltage-CMOS configuration o.7Vcc Vee v 
VILT Low level input voltage-TTL configuration 0 0.8 v 
VILC Low level input voltage-CMOS configuration 0 o.2vcc v 
l1T Input leakage current-TTL configuration ±10 µA 

lie Input leakage current-CMOS configuration ±10 µA 

loz Three-state output off current (Vee= 5.5 V) ±10 µA 

top Operating free-air temperature 0 70 oc 

Electrical Characteristics Over Operating conditions 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

VoH High level output voltage Vee= 4.75 v loH = -4.0 mA 3.86 v 
Vol Low level output voltage Vee= 4.75 v loL = 4.0mA 0.32 v 

lcco 
Quiescent operating T CMOS inputs Vee= 5.o v 5 mA 

power supply current I TTL inputs Vee= 5.ov 10 mA 

lccPo Power down supply current Vee= 5.ov 0.5 mA 

Power On Timing 
The LCAs contain on-chip reset timing logic for power-up oper
ation. To insure proper master mode system operation, VCC 
must rise from 2.0 V to minimum specification level in 10 ms or 

less. For other modes, initiation of configuration must be 
delayed for 60 ms after VCC reaches the minimum specified 
level. 

·5·508 ~ MonolithioUlJ Memories~ 
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Switching Characteristics -General 

-33 -50 -70 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX MIN MAX 

tvMR0 Vee setup (2.0 V) 150 150 150 

tMR0 
RESET (2) 

M2, M1, MO setup 60 60 60 

tRM0 M2, M1, MO hold 60 60 60 

tMRW© Width (LOW) 150 150 150 

tPGW® DONE/ Program width (LOW) 6 6 6 

tpG1© PROG Initialization 7 7 7 

tcLH0 Clock (HIGH) 12 8 7 
CLOCK 

tcLL© Clock (LOW) 12 8 7 

tps® Setup to Vee 0 0 0 

tpH@J PWR DWN Hold from Vee 0 0 0 

VpD Power Down 2.0 2.0 2.0 

Notes: 1. Vee must rise from 2.0 Volts to Vee minimum in lest than 10 ms f?r master mode. 

2. R"ESET timing relative to power-on and valid mode lines (MO, M1, M2) is relevant only when RESET is used to delay configuration. 

3. Minimum CLOCK widths for the auxilliary buffer are 1.25 times the tcLH· tell· 

Vee (VALID) 

MO/M1/M2 

DONEiPROG (OUTPUT) 

USERl/O 

CLOCK 

~®TPGW=1 

~~. 
__ U_S_E_R-ST_A_T_E-~xxxxxxx~IN=l-T-l=A_L_l_"ZA ___ T=IO=N=S=T=A-T-E================== 

_r=0TcLH ~ @rCLL=1--

~ Monolithic !Rill Memories~ 

'-----1~ VpD 

UNIT 

ns 

ns 

ns 

ns 

µS 

µS 

ns 

ns 

ns 

ns 

v 

@TPH 

5·509 
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Switching Characteristics - CLB 

-33 -50 -70 
SYMBOL DESCRIPTION UNIT 

MIN MAX MIN MAX MIN MAX 

t1LO (j) Combinatorial 20 15 10 ns 

tno® Logic input Transparent latch 25 20 14 ns 
to output 

Additional for Q 
to LO through F or G to out 

13 8 6 ns 

tcKo® To output 20 15 10 ns 

t1cK® K Clock Logic-input setup 12 8 7 ns 

tcK1© Logic-input hold 0 0 0 ns 

tcco@ To output 25 19 13 ns 

t1cc® C Clock Logic-input setup 12 9 6 ns 

tcc1© Logic-input hold 6 0 0 ns 

tc10® To output 37 27 20 ns 

t1c1 0 
Logic input 

l.,ogic-input setup 6 4 3 ns toG Clock 

tc11® Logic-input hold 9 5 4 ns 

tR10@ Input A or D to out 25 22 16 ns 

tRLO@ Through For G to out 37 28 21 ns 

tMRQ Set/reset direct Master Reset pin to out 35 25 20 ns 

tRs Separation of set/reset 17 9 7 ns 

tRPW Set/reset pulse-width 12 9 7 ns 

FcLK Flip-flop toggle rate Q through F to flip-flop 33 50 70 MHz 

tcH@ 
Clock 

Clock HIGH 12 8 7 ns 

tcL@ Clock LOW 12 8 7 ns 

Note: All switching characteristics apply to all valid combinations of process, temperature and supply. 

Cross Reference Guide 

XILINX MMI 
Vee FMAX 

MIN MAX MIN 

XC2064-1 4.5V 5.5V 20MHz 

M2064-20 4.75V 5.25 v 20 MHz 

XC2064-2 4.5V 5.5V 33 MHz 

XC2064-33 M2064-33 4.75 v 5.25 v 33MHz 

XC2064-50 M2064-50 4.75 v 5.25 v 50MHz 

XC2064-70 M2064-70 4.75 v 5.25 v 70MHz 

XC2018-33 M2018-33 4.75V 5.25V 33MHz 

XC2018-50 M2018-50 4.75V 5.25 v 50MHz 

XC2018-70 M2018-70 4.75 v 5.25V 70MHz 

5-510 ~Monolithic lftiD Memories ~ 
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Switching Characteristics CLB 

INPLJT (A,B,C,D) ~ ) x 
OUTPUT (X,Y) 

(COMBINATORIAL) 

OLJTPUT (X,Y) 
(TRANSPARENT LATCH) 

© T1cK 

CLOCK(K) 

©Tice 

CLOCK(C) 

0 T1c1 

CLOCK(G) 

@Tcco 

@Tc10 

OUTPUT (VIA FF) 

SET/RESET DIRECT (A,D) 

@TRIO 

SET/RESET DIRECT (F,G) 

@ TRLO 

CLOCK (ANY SOURCE) 

p@TcH ~ @rcL } 

~ Nlono/ithia m Memories ~ 5-511 
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Switching Characteristics - IOB 

-33 
SYMBOL DESCRIPTION 

MIN MAX MIN 

tp10 CD Pad (package pin) to input (direct) 12 

tu CD 1/0 Clock to input (storage) 20 

lpL0 1/0 Clock to pad-input setup 12 8 

tLp0 1/0 Clock to pad-input hold 0 0 

1/0 Clock pulse width 12 9 
1Lw© 

1/0 Clock frequency 33 50 

top© Output to pad (output enabled) 15 

1THz© Three-state to pad begin hi-Z 25 

troN@ Three-state to pad end hi-Z 25 

1RI © RESET to input (storage) 40 

tRc0 RESET to input clock 35 

Note: Timing is measured at 0.5 Vee levels with 50 pF output load. 

PAD 
(PACKAGE PIN) 

OUTPUT SIGNAL 

INPUT 
(DIRECT) 

L 
(l/OCLOCK) 

INPUT 
(REGISTERED) 

5-512 

•----(IN) ~(OUT) 
~ 

it1 Nlonolithia IHi1J Memories it1 

-50 -70 
UNIT 

MAX MIN MAX 

8 6 ns 

15 11 ns 

6 ns 

0 ns 

7 ns 

70 MHz 

12 9 ns 

20 15 ns 

20 15 ns 

30 25 ns 

25 20 ns 

VOH-0.SV 

VOL+0.5 V 

10 
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Switching Characteristics - Programming - Master Mode 

-33 -50 -70 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX MIN 

tARCCD From address invalid 0 0 

tRAC0 To address valid 200 200 

toRc0 To data setup 60 60 60 
RCLK 

tRco© To data hold 0 0 0 

tRcH® RCLK HIGH 600 600 600 

tRcL© RCLK LOW 4.0 4.0 4.0 

Notes: 1. CCLK and DOUT timing are the same as for slave mode. 

2. At power up, Vee must rise from 2.0 V to Vee minimum in Jess than 10 ms. 

AO-A15 xxxxxxx °VWWWW 
(OUTPUT) \-------------_,MJ\MMM _____ _ 

· 0 TARC------ © TRAC 

00-07 

RCLK 
(OUTPUT) 

CCLK 
(OUTPUT) 

DOUT 
(OUTPUT) DB 07 

BYTE rH 

~ Monolithic (.ijijJ Memories ~ 

UNIT 
MAX 

0 ns 

200 ns 

ns 

ns 

ns 

µS 
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Switching Characteristics - Programming - Slave Mode 

-33 -50 -70 
SYMBOL DESCRIPTION UNIT 

MIN MAX MIN MAX MIN MAX 

teeo0 eeLKto DOUT 65 65 65 ns 

tDee0 eeLK DIN setup 0 0 0 ns 

teeD0 eeLK DIN hold 40 40 40 ns 

1eeH© eeLK HIGH time 0.25 0.25 0.25 µS 

teeL® eeLK LOW time 0.25 5.0 0.25 5.0 0.25 5.0 µS 

Fee eeLK frequency 2 2 2 MHz 

Note: Configuration must be delayed at least 40 ms after Vee minimum. 

DIN ~ BITN xxx BIT N +1 

~@Toce @Tcco~ @TccL 

CCLK 

@TccH @Tcco 

DOUT BITN-1 xxx BIT N (OUTPUT) 

5·514 ~ MonollthioW Memories~ 
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Switching Characteristics- Programming - Peripheral Mode 

-33 -50 -70 
SYMBOL DESCRIPTION UNIT 

MIN MAX MIN MAX MIN MAX 

tcACD 
Active (last active input 

0.25 5.0 0.25 5.0 0.25 5.0 µS 
to first inactive) 

tc1CD Controls1 Inactive (first inactive input 
0.25 0.25 0.25 µS 

(CSO, CS1, 
to last active) 

tcccCD CS2, WRT CCLK2 75 75 75 ns 

toe© DIN setup 35 35 35 ns 

tco® DIN hold 5 5 5 ns 

Notes: 1. Peripheral mode timing determined from last control signal of the logical AND of (CSO, CS1, CS2, WRT) to transition to active or inactive state. 

2. CCLK and OOUT timing are the same as for slave mode. 

3. Configuration must be delayed at least 40 ms after Vee minimum. 

CS2 

CCLK (2) 
(OUTPUT) 

DOUT(2) _____ _...,.__~,~----------~ 

(OUTPUT) ________ , '------------.-J 

Switching Characteristics - Program Readback 

-33 -50 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX 

toRTCD 
RTRIG 

PROG setup 300 300 

tRTH0 RTRIG HIGH 250 250 

tRTccCD 
CCLK 

RTRIG setup 100 100 

tccRo0 RDATAdelay 100 

Notes: 1. CCLK and OOUT timing are the same as for slave mode. 

2. DONE/PROG output/input must be HIGH (device programmed) prior to a positive transition of RTRIG (MO). 

DONE/PROO 
(OUTPUT) 

RTRIG 

CCLK(1) 

RDATA 
(OUTPUT) 

® TRTcc 

8 TccRD 

VALID 

~ MonolithicW Memories ~ 

100 

-70 
UNIT 

MIN MAX 

300 ns 

250 ns 

100 ns 

100 ns 
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Switching Test Load 

FROM OUTPUT RL S1 

vcc 
TES~POINT 

UNDER TEST . (SEE NOTE 2) 

(SEE NOT~1~ I · 1 
-=- -=-

Note: CL includes probe and jig capacitance. 

Design Aids 

CL=SOpF 
RL=1K 

Designing with the Logic Cell Array is similar to using 
conventional MSI elements or gate array macrocells. The first 
step is to partition the desired logic design into Logic Blocks 
and 1/0 blocks, usually based on shared input variables or 
efficient use of flip-flop and combinatorial logic. Following a 
plan for 19lacement of the blocks, the design information. may 

Recommended Sockets 

be entered using the interactive Graphic ·Design Editor. The 
design information includes both the functional specifications 
for each block and a definition of the interconnection networks. 
A macrocell library provides a simplified entry of commonly
used logic functions. As an alternative to interactive block 
placement and configuration, a schematic may be created 
using elements from the macrocell library. Automatic place
ment and routing is available for either method of design entry. 
After routing the interconnections, various checking stages 
and processing of that data are performed to ensure that the 
design is correct. Design changes may be implemented in 
minutes. The design file is used to generate the programming 
data which can be downloaded directly into an LCA in the target 
system and operated. The program information may be used to 
program PROM, EPROM or ROM devices, or stored in some 
other media as needed by the final system. 

Design verification may be accomplished by using the XLINX 
XACTOR™ In-Circuit Emulation System directly in the target 
system and/or the P-Silos™ logic simulator. 

The following sockets, with matching hole patterns, are available for PLCC devices. 

DESCRIPTION VENDOR PART NUMBER 

PCB solder taii, tin plate AMP 821574-1 

Surface mount, tin plate AMP 821542-1 

PCB solder tail, tin plate Burndy* QILE68P-410T 
68-pin 

* PCB solder tail, tin plate Midland-Ross 709-2000-068-4-1-1 

PCB solder tail, tin plate Methode* 213-068-001 

Surface mount, tin plate Methode* 213-068-002 

PCB solder !~ii, tin plate AMP 821573-1 

Surface mount, tin plate AMP 821546-1 

PCB solder tail, tin plate Burndy* QILE84P-410T 
84-pin 

* PCB solder tail, tin plate Midland-Ross 709-2000-084-4-1-1 

PCB solder tail, tin plate Methode* 213-084-001 

Surface mount, tin plate Methode* 213-084-002 

* Sockets will plug into pin-grid array (PGA) wire-wrap sockets for breadboard use. 

1-61& ~ Nlono/ithia W Memories ·~ 
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M2064/18 PLCC SOCKET PIN ASSIGNMENT 
WIRING REFERENCE. BOTIOM VIEW. 

A1 NJ A2. A15 A14 GND M A7 AB AS 

~@®@®1Hv©0© 
CCU<®®@®@©0©©@@PWiiiiWN 

DO/DIN ~ ~ A3 A4 AS A13 A12 A11 
~~DOUT 

A10@@ 

D1@®iiffi( ®@ 
@@ D2@@ 

vcc@@ 

68PIN 
PLCC 

SOCKET 
BOTTOM 

VIEW 

@@vcc 
D4®® D3 

Ds@@ 

®@ 
@@ 

XTAL1 ® ® D6 R~~1@@ 
RESET @®@@®@@@®@@)RTMO 

/@@®@@@@@®""' 
DIP XTAL2 D7 GND M2 HDC 

FOR EASE OF WIRING, AND PIN IDENTIFICATION, THE 
BOTIOM VIEW OF THE PLCC IS SHOWN ALONG WITH 
KEY PIN ASSIGNMENTS, SUCH AS ADDRESS, DATA, 
MODE, POWER AND CRYSTAL OSCILLATIOR INPUTS. 

M2018 PLCC SOCKET PIN ASSIGNMENT 
WIRING REFERENCE. BOTTOM VIEW. 

A1 NJ A2. A15 A14 GND M A7 AB AS 

~@@@@@•©©0©@ 
CCLK@@®@®®©0©©@@@PWRDN 

t:;;\ ~ A3 A4 AS A13 A12 A11 A10 r.;;., ~ 
DO/DIN ~ ~ DOUT \!V \!V 

D1@@RcU< ®® 
®@ ®@ 84PIN 

D2@)@) PLCC @@) 
SOCKET 

vcc@@ 

®® 
®@ 

Ds@@ 

BOTTOM @@ vcc 
VIEW @@ 

@@) 
®@ 

XTAL1 @@ D6 ~:1@ ® 
REffi@@®®®®@®®®®@@RT/MO 
7@@@®®®@®@®@~ 

DiP XTAL2 D7 GND M2 HDC 

FOR EASE OF WIRING, AND PIN IDENTIFICATION, THE 
BOTIOM YEWOFlliE PLCC IS SHOWN ALONG WITH 
KEV PIN ASSIGNMENTS, SUCH AS ADDRESS, DATA, 
MODE, POWER AND CRYSTAL OSCILLAllOR INPUTS. 
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Military CMOS Programmable Gate Array 
Logic Cell™ Array M2064/M2018 
Conforms to MIL-STD-883, Class B* 

Features 
CMOS 
• Low power 
• TTL or CMOS Input 

threshold levels 
PROGRAMABLE 
• Programmable Logic 

functions 
• Programmable 1/0 blocks 
• Programmable 

Interconnects 
STATIC RAM BASED 
• Reprogrammable 
• Reconfigurable 

SECURITY 
• User selectable Security 

Mode 
• Verification feature 

Description 

Benefits 

• Reduced power supply 
• Higher board densities 

• Complete user control of 
design 

• Instant prototyping 
• Replaces SSI and MSI 

devices 

• Easy design modification 
• Selectable configuration 

modes 
• 100% testable 

• Protects proprietary 
designs 

• Eases design debug 

The Military CMOS Logic Cell Array bridges the gap between 
Programmable Logic Devices (PLDs) and gate arrays. This 
high-density, low-power Logic Cell Array device provides de
signers with both the density benefits of gate arrays and the 
programmability benefits of user-configurable devices. 

The flexible architecture of the LCA is similar to that of a gate 
array, with an interior matrix of programmable logic blocks 
called Configurable Logic Blocks (CLBs), a surrounding ring of 
programmable 1/0 blocks (IOBs) and programmable intercon
nects used to define the overall device structure. Unlike gate 
arrays, LCA functionality is user defined by loading the internal 

Silicon Menu 

Ordering Information 

M2018 - 50 M P 84/883, B 

~~-~~ l1 Lmo"~'" M2064 (1200 Gates, 883,B = MIL-STD-883, 
58 l/OBs) Class B 

M2018 (1800 Gates, 
74 l/OBs) NUMBER OF PINS 

68 (68 Pins) 
SPEED GRADE 84 (84 Pins) 

-20 (20 MHz Toggle Rate) 
-33 (33 MHz Toggle Rate) PACKAGING 
-50 (50 MHz Toggle .Rate) P = Pin Grid Array 

L = Leadless Chip Carrier 
TEMPERATURE RANGE (68 pin only) 

M = -55°C to +125°C 

writable storage cells with the configuration data. The repro
grammability of the SRAM-based LCA allows instant design 
modification on the bench and on the board. Due to the SRAM
based architecture of the LCA, the radiation tolerance data for 
the M2064 is similar to industry SRAMs which display Total Dose 
levels from 104 to 106 rads (Si). 

Applications for the LCA cover a wide spectrum of uses. With its 
high gate density and low-power CMOS technology, the LCA is 
an ideal low-cost gate array good for prototyping as well as 
production. The LCA's SRAM-based architecture allows it to be 
used in applications that take advantage of its reconfigurability. 
Ground systems (radar) can use the LCA as reconfigurable 
hardware replacing several devices and saving board space. The 
SRAM-based logic of the LCA allows for pattern security of 
sensitive designs when the device is removed from its board. 
When a different mode backup device is needed the LCA pro
vides excellent redundancy. In short, the LCA offers the total 
ASIC solution. 

MMI ORGAN- EQUIVA- CONFIGU- USER CONFIGU- MAX MAX PACKAGES MAX 
PART IZATION LENT RABLE I/Os RATION STANDBY 

GATE LOGIC PROGRAM CURRENT 
COUNT BLOCKS BITS (CMOS 

INPUTS) 

M2064-20 8x8 1200 64 58 12040 5mA 

M2064-33 8x8 1200 64 58 12040 5mA 

M2064-50 8x8 1200 64 58 12040 5mA 

* Latest revision. 

5·518 ~Monolithic m Memories ~ 

STANDBY 
CURRENT 

(TTL 
INPUTS) 

10mA 
68LCC, 
68PGA 

10mA 
68LCC, 
68PGA 

10mA 
68LCC, 
68PGA 

TOGGLE 
RATE 

BETWEEN 
CLBs 

20 MHz 

33MHz 

50 MHz 

10331A 
JANUARY 1988 



Military M2064/M2018 

Software/Hardware Menu 
MMI PARTS 

MMI PARTS 
LCA-MDS28 LCA Universal Pod 

LCA-MDS21 LCA Development System 
LCA-MDS27XX LCA Package Specific Pod Headers 

LCA-MSC21 
LCA Development System 
Annual Support Agreement 

LCA-MDS31 LCA Futurenet® Interface 

LCA-MDS22 LCA Simulator (P-SILOS'") 
LCA-MDS33 LCA Daisy Interface 

LCA-MDS23 
LCA Automatic Placement and 
Routing Program 

LCA-MDS34 LCA Mentor Interface 

LCA-MDSXX LCA/OrCAD'" Package 

LCA-MDS24 LCA In-Circuit Emulator LCA-MEK01 LCA Evaluation Kit 

Absolute Maximum Ratings 
Supply voltage, Vee .................................................................................... -0.5 V to 7.0 V 
Power down, Vee ....................................................................................... 2.0 V to 7.0 V 
Input voltage range ..................................................................................... -1.5 V to 5.5 V 
Voltage applied to three-state output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.5 V to 5.5 V 
Storage temperature ................................................................................. -65°C to +150°C 
Terminal temperature, Leadless Chip Carrier package (Soldering, 10 seconds) ........................................ 240°C 
Thermal resistance, junction to case, Ojcmax. and junction to ambient, Ojamax 

Package Ojcmax 
(L) Leadless Chip Carrier 1.5°C/W 
(P) Pin Grid Array 3°C/W 

Ojamax (Still air) 
32°C/W 
45°C/W 

Maximum power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . See Table 2 
Maximum junction temperature .................................................................................. 175°C 
Maximum current density ............................................................................... Contact factory 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage relative to GND 

VIHT High level input voltage-TTL configuration 

VIHC High level input voltage-CMOS configuration 

VILT Low level input voltage-TTL configuration 

VILC Low level input voltage-CMOS configuration 

l1T Input leakage current-TTL configuration 

lie Input leakage current-CMOS configuration 

loz Three-state output off current (Vee= 5.5 V) 

!QI> Operating free-air temperature 

Electrical Characteristics over Operating Conditions 

MIN TYP MAX UNIT 

4.5 5.5 v 

2.0 Vee v 

0.1 Vee Vee v 

0 0.8 v 

0 o.2vcc v 

±1 µA 

±1 µA 

±10 µA 

-55 +125 •c 

Conforms to MIL·STD·883 Group A 
Subgroups 1, 2 and 3 

SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 

VoH High level output voltage Vee= MIN loH= -4.0 mA 3.7 v 

Vol Low level output voltage Vee= MIN loL = 4.0mA 0.4 v 

Quiescent operating l CMOS inputs Vcc=5.ov 5 mA 
1cco power supply currentj TTL inputs Vcc=5.ov 10 mA 

1GCPD Power down supply current Vcc=2.ov 0.5 mA 

l' /lllanollthla LVJI Memarles l' 5.519 
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Power On Timing delayed for 60 ms alter VCC reaches the minimum specified 
level. 

Test Conditions The LCAs contain on-chip reset timing logic for power-up oper
ation. To insure proper master mode system operation, VCC 
must rise from 2.0 V to minimum specification level in 10 ms or 
less. For other modes, initiation of configuration must be 

Outputs loaded with rated DC current and 50-pF capacitance to 
GND. 

Switching Characteristics - General 
Conforms to MIL-STD-883 Group A 
Subgroups 9, 10 and 11 • 

-20 -33 -so 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX MIN MAX 

tvMR CD Vee setup (2.0 V) 250 150 150 

tMRCD 
RESET2 

M2, M1, MO setup 100 60 60 

tRM0 M2, M1, MO hold 100 60 60 

1MRW© Width (LOW) 250 150 150 

tpGw0 DONE/ Program width (LOW) 6 6 6 

1PGI© 
PROG Initialization 7 7 7 

tcLH0 Clock (HIGH) 20 12 8 
CLOCK 

tcLL© Clock (LOW) 20 12 8 

tps© Setup to Vee 0 0 0 

tpH@ PWRDWN Hold from V cc 0 0 0 

Vpo Power Down 2.0 2.0 2.0 

Notes: 1. Vee must rise from 2.0 Volts to Vee minimum in lest than 10 ms for master mode. 

2. RES'Er timing relative to power-on and valid mode lines (MO, M1, M2) is relevant only when RESET is used to delay configuration. 

3. Minimum CLOCK widths for the auxiliary buffer are 1.25 times the tcLH· tcLL· 

* Contact factory for test macros. 

Vee (VALID) 

MO/M1/M2 

DONE/PROG 
(OUTPUT) 

USERl/O 

CLOCK 

5-520 

~@TPGW=1 

~~. 
--U-S-ER_S_T_A_T_E_...,™~1-N_l_T-l~A_L_l_ZA---T~IO~N~S~T~AT~E~~~~~~~~~~~~~~~~~= 

_;=0TcLH ~ @rCLL=1 

~ llllonollthla W 11/lemorles ~ 

\..----1-. Vpo 

UNIT 

ns 

ns 

ns 

ns 

µs 

µS 

ns 

ns 

ns 

ns 

v 
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Switching Characteristics - CLB 

-20 -33 -50 
SYMBOL DESCRIPTION UNIT 

MIN MAX MIN MAX MIN MAX 

t1LO CD Combinatorial 35 20 15 ns 

t1TO CD Logic input Transparent latch 45 25 20 ns 
to output 

Additional for Q 
1mo through For G to out 

30 13 8 ns 

tcKO (9) To output 35 20 15 ns 

t1cK CD K Clock Logic-input setup 22 12 8 ns 

1CKI© Logic-input hold 0 0 0 ns 

1cco@ To output 45 25 19 ns 

t1cc CD C Clock Logic-input setup 18 12 9 ns 

'cc1© Logic-input hold 10 6 0 ns 

'c10@ To output 65 37 27 ns 

'1c10 
Logic input 

Logic-input setup 10 6 4 ns 
to G Clock 

1c11© Logic-input hold 15 9 5 ns 

tR10@ Input A or D to out 45 25 22 ns 

tRLO@ Through For G to out 65 37 28 ns 

1MRQ SeVreset direct Master Reset pin to out 60 35 25 ns 

tRs Separation of seVreset 30 17 9 ns 

tRPW SeVreset pulse-width 20 12 9 ns 

FcLK Flip-flop toggle rate Q through F to flip-flop 20 33 50 MHz 

tcH@ Clock HIGH 20 12 8 ns 
Clock 

tcL® Clock LOW 20 12 8 ns 

Note: All switching characteristics apply to all valid combinations of process, ·temperature and supply. 

Military Case Outlines* 

PACKAGE OUTLINE CONFORMS TO 
LETTER MIL-M-38510 

APPENDIX C CASE 

L C-7 

p P-BC 

, * Refer to MIL-M-38510, Appendix C for the appropriate package drawings. 
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Switching Characteristics CLB 

5·522 

INPUT (A,8,C,D) 

OUTPUT (X,Y) 
(COMBINATORIAL) 

OUTPUT (X,Y) 
(TRANSPARENT LATCH) 

CLOCK (K) 

CLOCK(C) 

CLOCK(G) 

OUTPUT (VIA FF) 

SET/RESET DIRECT (A,D) 

SET/RESET DIRECT (F,G) 

CLOCK (ANY SOURCE) 

@Tcco 

----@Tc10 

14----@ TR10-----

~ Monollthlo W Memories~ 
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Switching Characteristics - IOB 

SYMBOL DESCRIPTION 

tp10CD Pad (package pin) to input (direct) 

tu CD 110 Clock to input (storage) 

tpL0 10 Clock to pad-input setup 

1Lp0 1/0 Clock to pad-input hold 

1/0 Clock pulse width 
tLw© 

110 Clock frequency 

top© Output to pad (output enabled) 

ITHz0 Three-state to pad begin hi-Z 

'TON@ Three-state to pad end hi-Z 

tR1© RESET to input (storage) 

1RC (J) RESET to input clock 

Note: Timing 1s measured at 0.5 Vee levels with 50-pF output load. 

PAD 
(PACKAGE PIN) 

OUTPUT SIGNAL 

INPUT 
(DIRECT) 

L 
(VO CLOCK) 

INPUT 
(REGISTERED) 

(IN) 

·20 

MIN MAX MIN 

20 

30 

20 12 

0 0 

20 12 

20 

25 

35 

40 

50 

35 

~(OUT) 
~ 

~ llllonollthla Lijij] Memories ~ 

-33 -50 
UNIT 

MAX MIN MAX 

12 8 ns 

20 15 ns 

8 ns 

0 ns 

9 nsp 

33 50 MHz 

15 12 ns 

25 20 ns 

25 20 ns 

40 30 ns 

35 25 ns 

VOH -0.5 V 

VOL+0.5 V 

10 

5.523 
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Switching Characteristics - Programming - Master Mode 

-20 -33 -50 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX MIN 

1ARC (i) From address invalid 0 0 

tRAC0 To address valid 300 200 

toRc0 To data setup 100 60 60 
RCLK 

tRco© To data hold 0 0 0 

tRcH© RCLK HIGH 600 600 600 

tRcL© RCLK LOW 4.0 4.0 4:0 

Notes: 1. CCLK and DOUT timing are the same as for slave mode. 

2. At power up, Vee must rise from 2.0 V to Vee minimum in less than 10 ms. 

AO-A15 WVWW VVVVVVVVV 
(OUTPUT) ~--------------'AMMM/\A'------

. CD TAAC 14------0 TRAC 

D0-07 

RCLK 
(OUTPUT) 

CCLK 
(OUTPUT) 

DOUT 
(OUTPUT) 

5.524 

BYTE n-1 

it1 ll/lonallthla W Memories it1 

UNIT 
MAX 

0 ns 

200 ns 

ns 

ns 

ns 

µs 
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Switching Characteristics - Programming - Slave Mode 

-20 -33 -50 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX MIN 

teeoCD eeLK to DOUT 100 65 

tDeeCD eeLK DIN setup 50 25 0 

teeDCD eeLK DIN hold 75 40 

teeH© eeLK HIGH time 0.50 0.30 0.25 

teeL© CeLK LOW time 0.30 10.0 0.25 5.0 0.25 

Fee eeLK frequency 1 2 

Note: Configuration must be delayed at least 40 ms after Vee minimum. 

DIN ZX¥ BITN XXX.._.._._ __ B_1T_N_+_1 __________ _ 

~ Q Toce @ Tcco~ 
CCLK 

DOUT 
(OUTPUT) 

---@ TccH---1>1+-

BIT N-1 BIT N 

~ ftllonollthlo m Memories ~ 

UNIT 
MAX 

65 ns 

ns 

40 ns 

µS 

5.0 µs 

2 MHz 

5.525 
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Switching Characteristics - Programming - Peripheral Mode 

-20 -33 -50 
SYMBOL DESCRIPTION UNIT 

MIN MAX MIN MAX MIN MAX 

tcACD 
Active (last active input 

0.30 10.0 0.25 5.0 0.25 5.0 µS 
to first inactive) 

tc1CD Controls1 
Inactive (first inactive input 

0.25 0.25 0.25 µS 
(CSO, CS1, 

to last active) 

tcccCD CS2, WRT) CCLK2 100 75 75 ns 

tDc© DIN setup 50 35 35 ns 

1cD® DIN hold 10 5 5 ns 

Notes: 1. Peripheral mode timing determined from last control signal of the logical AND of (CSO, CS1, CS2, WAT) to transition to active or inactive state. 

2. CCLK and DOUT tirnirig are the same as for slave mode. 

3. Configuration must be delayed at least 40 ms after Vee minimum. 

CCLK (2) 
(OUTPUT) 

DOUT (2) 
(OUTPUT)~~~~~~~~J'~~~~~~~~~~~~~ 

Switching Characteristics - Program Readback 

-20 -33 
SYMBOL DESCRIPTION 

MIN MAX MIN MAX 

tDRTCD PROG setup 300 300 
RTRIG 

tRTH0 RTRIG HIGH 250 250 

tRTcc0 RTRIG setup 100 100 
CCLK 

1ccRD© RDATAdelay 100 100 

Notes: 1. CCLK and DOUT timing are the same as for slave mode. 

2. OONE/PROG output/input must be HIGH (device programmed) prior to a positive transition of RTRlG (MO). 

5·526 

DONEIPROG 
(OUTPUT) 

RTRIG 

CCLK(1) 

RDATA 
(OUTPUT) 

(2) ToRT 

G TccRo 

~ MonollthlalRlRlJ Memories ~ 

-50 
UNIT 

MIN MAX 

300 ns 

250 ns 

100 ns 

100 ns 
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Device Pinouts* 

DONE-PG RESET 

KTALHIO 

05-110 

03-CE'O-l!O 04-W-110 

02-CS-110 

RCLK·llO Dt-Ws-110 

DOUT·l/O DO·DIN-110 

CCLK A0-1/0 

M2064 
Logic Cell Array 

68 Pin Grid Array 
Top View 

I~ 
®®®®®@®®@ 

@®®@@@@@@)@@ MO-RT 

@@ @@ M1-Ro 

@® @@ uo 

@® @@ 
@@ (9)@ 

@® CD© 
@® CD© 
®@ 00© 
®®@®®@®@®CDCD i>WRDNuo 

®®®®@@@®@ 
0 1· 

~ 

Burn-In Circuitry* 

,,f 
L 

Condition C 
Static Burn-In 

g 
~ g 
s B g 

M2064 
Logic Cell Array 

68 Pin 
Leadless Chip Carrier 

g g g ~ g g g g g 

Condition D 
Dynamic Burn-In 
Contact factory 

~ /lllonollthlc IR!1J /lllemories ~ 
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Configuration Pin Assignments* 

68-PIN 
LCC 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

1'7 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

5·528 

68-PIN 
CONFIGURATION MODE: <CM2: M1: MO>· 

PGA SLAVE l PERIPHERAL MASTER-HIGH ] MASTER-LOW 
<1:1:1> <1:0:1> <1:1:0> <1:0:0> 

86 GND 

A6 A13 (0) 

85 A6 (0) 

A5 A12(0) 

84 
~HIGH~ 

A7 (0) 

A4 A11 (0) 

83 A8 (0) 

A3 A10 (0) 

A2 A9 (0) 

82 PWRDWN (I) 

81 

C2 

C1 

02 ~HIGH~ 

D1 

E2 

E1 

F2 vcc 
F1 

G2 

G1 
~HIGH~ 

H2 

H1 

J2 

J1 M1 (HIGH) T M1 (LOW) M1 (HIGH) T M1 (LOW) 

K1 MO(HIGH) I MO(HIGH) MO(LOW) T MO(LOW) 

K2 M2 (HIGH) 

L2 HDC(HIGH) 

K3 ~HIGH~ 

L3 LDC(LOW) 

K4 

L4 
~HIGH~ 

K5 

L5 

<HIGH> is high impedance with a 20 to 50-Kll internal pull-up resistor during configuration 

Table 1. M2064 Pin Assignments 
(continued on next page) 

USER 
OPERATION 

1/0 

1/0 

1/0 

RDATA(O) 

RTRIG(I) 

1/0 
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Configuration Pin Assignments* 

68-PIN 68-PIN 
CONFIGURATION MODE:<CM2: M1: MO> 

USER 
LCC PGA SLAVE I PERIPHERAL MASTE,R-HIGH l MASTER-LOW OPERATION 

<1:1:1> <1:0:1> <1:1:0> <1:0:0> 

35 K6 GND 

36 L6 

37 K7 

3B L7 ¢HIGH~ 

39 KB 1/0 

40 LB 

41 K9 07 (I) 

42 L9 06(1) 

43 L10 XTL2or 1/0 

44 K10 RESET (I) 

45 K11 DONE (0) PROG (I) 

46 J10 XTL1or1/0 

47 J11 <l:HIGH~ 

4B H10 I 05 (I) 

49 H11 1/0 

50 G10 l CSO (I) 04(1) 

51 G11 CS1 (I) 03 (I) 

52 F10 vcc 
53 F11 

54 E10 I CS2 (I) I 02 (I) 

55 E11 ¢HIGH~ 

56 010 [ WRT(I) 01 (I) 1/0 

57 011 RCLK 

SB C10 DIN(I) 00(1) 

59 C11 DOUT(O) 

60 811 CCLK (I) I CCLK (0) CCLK(I) 

61 810 AO (0) 

62 A10 A1 (0) 

63 89 A2 (0) 

64 A9 
¢HIGH~ 

A3 (0) 1/0 
65 B8 A15(0) 

66 AB A4 (0) 

67 87 A14(0) 

68 A7 AS (0) 

<€'HIGH)> is high impedance with a 20 to 50-Kn internal pull-up resistor during configuration 

Table 1. M2064 Pin Assignments 

* Contact factory for M2018 pinout, burn in circuitry and pin assignments. 
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Pin Description 
PWRDWN 
An active low power-down input stops all internal activity to 
minimize VCC power and puts all output buffers in a high
impedance state. Configuration is retained, however, internal 
storage elements are Reset. When the PWRDWN pin returns 
HIGH, the device.returns to operation with the same sequence 
of reset, buffer enable and DONE, PROGRAM as at the 
completion of configuration. 

MO,RTRIG 
As Mode 0, this input and M1, M2 are sampled before the start 
of configuration to establish the configuration mode to be 
used. 

As a read trigger, an input transition to a HIGH, after 
configuration is complete, will initiate a readback of 
configuration and storage element data. This operation may be 
limited to a single request, or be inhibited altogether, by 
selecting the appropriate readback option when generating the 
bit stream. 

M1,fii5ATA 
As Mode 1, this input and MO, M2 are sampled before the start 
of configuration to establish the configuration mode to be 
used. 

As an active-low read data; alter configuration is complete, 
this pin is the output of the readback data. 

M2 
As Mode 2, this input and MO, M1 are sampled before the start 
of configuration to establish the configuration, mode to be 
used. After configuration, this pin becomes a user-pro
grammable 1/0. 

HOC 
High during configuration is held at a HIGH level by the LCA 
until after configuration. It is intended to be available as a 
control indication that configuration is not complete. Alter 
configuration, this pin is a user 1/0. · 

LDC 
Low during configuration is held at a LOW level by the LCA until 
alter configuration. It is intended to be available as a control 
indication that configuration is not completed. It is particularly 
useful in master mode as a LOW enable for an EPROM. Alter 
configuration, this pin is a user 1/0. If used as a LOW EPROM 
enable, it should be programmed as a HIGH after 
configuration. 

RESET 
This is an active-low input which has three functions. Prior to 
the start of configuration, a LOW input will delay the start of the 
configuration process. An internal circuit senses the 
application of power and begins a minimal time-out cycle on the 
order of 100 ms. When the time-out and RESET are complete, 
the levels of the "M" mode lines are sampled and configuration 
begins. If RESET is asserted during a configuration, the LCA is 
reinitialized and will restart the configuration at the termination 
of RESET. If RESET is asserted after configuration is 
complete, it will provide an asynchronous reset of all JOB and 
CLB storage elements of the LCA. 

DONE,PROG 
The DONE open drain output is ~onfigurable with or without a 
pull-up resistor of about 3 Kn. At the completion of con
figuration, the circuitry of the LCA becomes active in a 
synchronous order and one configuration clock cycle later 
DONE is asserted. Once configuration is done, a HIGH-to
LOW transition of this program pin will cause an initialization of 
the LCA and start a reconfiguration if that mode is selected in 
the current configuration. 

XTL1 
This user 1/0 pin may be configured to operate as the output of 
an amplifier usable with an external crystal and bias circuitry to 
form an oscillator. 

XTl2 
This user 1/0 pin may be configured to operate as the input of 
an amplifier usable with an external crystal and bias circuitry to 
form an oscillator. 

CCLK 
During configuration, configuration clock is an output of an 
LCA in either master or peripheral mode. LCAs in slave mode 
use it as a clock input. During a readback operation, it is an 
input clock for the configuration data being output. 

DOUT 
This user 1/0 pin is used during configuration to output serial 
configuration data out for daisy-chained slaves' data in. 

DIN 
This user 1/0 pin is used as serial data in during slave or 
peripheral configuration. This pin is DO in master configuration 
mode. 

CSO, CS1, CS2, WRT 
These four inputs represent a set of signals, three active low 
and one active high, which are used in the peripheral mode to 
control configuration data entry. The assertion of all four 
generates a LOW CCLK and shifts DOUT data. The removal of 
any assertion clocks in the DIN data present and causes a 
HIGH CCLK. In master mode, these pins become part of the 
parallel configuration byte (D4, D3, D2, D1 ). Alter configuration 
is complete, they are user-programmed 1/0. 

RCLK 
During master mode configuration, this pin represents a read 
clock of an external memory device. Alter configuration is 
complete, this pin becomes a user-programmed 1/0. 

00-07 
This set of eight pins represents the parallel configuration data 
byte for the master mode. After configuration is complete, they 
are user-programmed 1/0. 

AO-A15 
This set of sixteen pins presents an address output for an 
external configuration memory during master mode. After 
configuration is complete, they are user-programmed 1/0. A12 
through A 15 are not available in packages with less than sixty
eight pins. 

1/0 
A pin which may be programmed by the user to be input and/or 
output following configuration. Some of these pins present a 
high-impedance pull-up or perform other functions before 
configuration is complete. 

5.530 ~ Mono1lth1aW Memories ~ 
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Electrical Characteristic Definitions· 

MMI AMO PARAMETER NAME PARAMETER DEFINITION 

TIMING 

1ar 1ARO Asynchronous Preset Recovery Time The minimum time after the asynchronous preset 
becomes inactive to the next input clock triggering edge. 

1aw 1AW Asynchronous Preset Width The minimum pulse width required for the asynchronous 
preset signal. 

th IH Hold lime The minimum time a valid data level is held after clock 
triggering edge. 

!hp NIA Hold lime for Preload The minimum delay time for data to remain stable after the 
preload signal becomes inactive. This only applies to TTL-
level preload. 

1., 1Ro Synchronous Reset Recovery lime The minimum time between the synchronous reset going 
inactive and the next input clock triggering edge. 

1su 's Setup lime, Input or Feedback to The minimum time a valid data level of input or feedback 
Clock is stable before the next clock triggering edge. 

t NIA Data Setput lime for Preload The minimum time for input data to be stable prior to the sup 
preload signal becoming inactive.This only applies to TTL-
level preload. 

1wh tCWH,tWH Clock Width High The minimum width of the clock high from rising edge to 
the next falling edge. In some cases, simultaneous 
minimum clock widths (both high and low) will exceed the 
minimum period of the device. 

twl tCWL,tWL Clock Width Low The minimum width of the clock low from falling edge to 
the next rising edge. In some cases, simultaneous mini-
mum clock widths (both high and low) will exceed the 
minimum period of the device. 

I NIA Preload Pulse Width The minimum pulse width required to preload the regis-wp 
ters. This only applies to TTL-level preload. 

1AP 1AP Asynchronous Preset to Output The maximum time required to preset the register output 
after the preset signal is asserted. 

1ARO 1APO Asynchronous Reset to Output The maximum time required to reset the register output 
after the reset signal is asserted. 

1cF NIA Clock to Feedback The maximum delay between the time the clock triggering 
edge is asserted and the signal appears on the feedback. 

1cLK 1co1•1co Clock to Register Output or Feedback The maximum time it takes to obtain a valid data level on 
the output pin after an input clock triggering edge is 
applied. 

tCR NIA Input or Feedback to Registered Out- The minimum time from input or feedback to registered 
put from Combinatorial Configuration; output as output mux selection changes from combinato-
Output Mux Select 1 to O rial to registered output (1 to 0). 

1EA 1EA Output Enable Time, Clock to Output The minimum delay between when an input is asserted 
and the output switches from a high-impedance state to 
HIGH or LOW logic state. 
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MMI AMO PARAMETER NAME PARAMETER DEFINITION 

tER !ER Output Disable Time, Input to Output The minimum delay between when an input is asserted 
and the output switches from a HIGH or LOW logic state 
to a high-impedance state. 

tF NIA Fall Time The minimum time for a signal to fall from 80% to 20% of 
Its stabilized high value. 

tpo 1PD Propagation Delay, Input or Feedback The time for a signal to propagate from input or feedback 
to Non-Reg. Output to output. 

tPRH tPRH Preset to Output The minimum time for an output signal to be preset after 
the input preset is applied. 

tpxz tpxz Output Disable Time, OE to Output The minimum delay between when a dedicated enable 
signal is asserted and the output switches from a HIGH or 
LOW logic state to a high-impedance state. 

tPZX tPZX Output Enable Time, OE to Output The minimum delay between when a dedicated enable 
signal is asserted and the output switches from a high-
impedance state to a HIGH or LOW logic state. 

tR NIA Rise Time The minimum time for a signal to rise from 20% to 80% of 
its stabilized high value. 

1RC NIA Input or Feedback to Combinatorial The minimum time from input or feedback to combinatorial 
Output from Registered Configura- output as output mux selection changes from registered to 
tion; Output Mux Select 0 to 1 combinatorial output (O to 1) 

NIA 1co2 Clock to Register Feedback through The minimum delay between the clock triggering edge, 
Array to Combinatorial Output signal appearing on the feedback, passing through the 

array and the data appearing on the combinatorial output. 

NIA lp,tp1 Clock Period, External, tsu + tCLK The minimum clock period when registered outputs are a 
function of both internal and external signals. It is 
specified from a rising (or falling) edge to the adjacent 
rising (or falling) edge. 

NIA tP2 Clock Period, Internal, t8u + tCF The minimum internal delay irom the register feedback, 
passing through the combinatorial logic, to register output. 

VOLTAGE 

Vee Vee Supply Voltage, Positive Potential The voltage required across supply and ground terminals 
of a TIL or CMOS integrated circuit. 

VEE VEE Supply Voltage, Negative Potential The voltage required across supply and ground terminals 
of an ECL integrated circuit. 

VIC v1 Input Clamp Voltage The maximum input clamp voltage limit on every input pin. 

VIH VIH High-Level Input Voltage The minimum high-level input voltage that is guaranteed to 
represent a high logic level. 

VIL VIL Low-Level Input Voltage The maximum low-level input voltage that is guaranteed to 
represent a low logic level. 

VOH VOH High-Level Output Voltage The minimum high logic level guaranteed for all outputs. 

VOL VOL Low-Level Output Voltage The maximum low logic level guaranteed for all outputs. 
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CURRENT 

Electrical Characteristic Definitions 

PARAMETER NAME 

Supply Current, Corresponding to 

Vee 

Supply Current, Corresponding to 

VEE 

Input Current with Maximum Input 
Voltage 

High-Level Input Current 

Low-Level Input Current 

PARAMETER DEFINTION 

The maximum current into the V cc terminal of a TTL or 
CMOS integrated circuit. 

The maximum current into the VEE terminal of an ECL 
integrated circuit. 

The maximum current into an input pin when the input 
voltage is applied to the input pin. 

The maximum current into an input pin when a logic-high 
level is applied to the input pin. 

The maximum current into an input pin when a logic-low 
level is applied to the input pin. 

~-- -------+---------- ---- -- ----------------1---------------------.j 

10H 10H High-Level Output Current The maximum current into an output pin to guarantee an 
output logic-high level. 

MISCELLANEOUS 

CIN CIN 

COUT COUT 

TA TA 

Tc Tc 

IMAX, 1iMAX 
External 

IMAX, f2MAX 
Internal 

IMAX, without NIA 

Feedback 

Low-Level Output Current 

Output Short-Circuit Current 

High-Level Leakage Current 

Low-Level Leakage Current 

Input Capacitance 

Output Capacitance 

Operating Free Air Temperature 

Operating Case Temperature 

Maximum External Frequency, 1/tp, 

Maximum Internal Frequency, 1 !tp2 

Maximum Frequency without Feed-
back 

The maximum current into an output pin to guarantee an 
output logic-low level. 

The current into an output when that output is short
circuited to ground. 

The maximum current into a high-impedance state output 
pin when a high logic level is applied to the output pin. 

The maximum current into a high-impedance state output 
pin when a low logic level is applied to the output pin. 

The input pin capacitance at a specified voltage and 
frequency. 

The output or 1/0 pin capacitance at a specified voltage 
and frequency. 

The ambient homogeneous temperature of the environ-
ment during operation. 

The maximum chassis temperature during operation. 

The f MAX, External is the maximum clocking frequency with 
an external teedback. It is the reciprocal of the clock 

period tp, or (tsu + tcuJ 

The f MAX. Internal is the maximum clocking frequency with an 
internal feedback. It is the reciprocal of the clock period tp2 
or (tsu + t0 ,). 

The f MAX. without Feedback is the maximum clocking frequency 
with no teedbacK. It 1s the reciprocal of the sum of the data 
setup time (t5 u) and the data hold time (th). 
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Logic Reference 

Introduction 

Throughout this handbook we have assumed that you have a 
good working knowledge of logic. Unfortunately, there always 
comes a time when you are called on to remember something 
which can only be found in that logic textbook which you threw 
away two years ago. 

This section is intended to provide a quick review and reference 
of the basic principles of digttal logic. We will cover three general 
areas: 

Basic logic elements 
Basic storage elements 

• Binary numbers 

Throughout the text, we will use the notation which you would use 
when implementing a design with PALASM software. If you are 
unfamiliar wtth the syntax, you will probably find tt easy to under
stand as you read; if you wish for a more detailed explanation of 
the symbols, please refer to the software documentation in this 
handbook. 

As this is a logic reference only, wecannottake on lengthy discus
sions, nor can we train you in the basic principles of digital logic 
ff you have not previously been trained. In such a case we must 
refer you to your favortte logic textbook. 

Basic Logic Elements 

In this section, we will discuss the concepts surrounding combi
natorial logic functions. 

The Three Basic Gates 

There are three basic logic gates from which all other combina
torial logic functions can be generated. These functions are NOT, 
AND, and OR. A truth table indicating these functions is shown 
in Table 1. Since they can be used to generate any function, they 
are said to be functionally complete. 

A B /A A*B A+B 

0 0 1 0 0 
0 1 1 0 1 
1 0 0 0 1 
1 1 0 1 1 

Table 1. Truth Table for the NOT, AND, and OR Functions 

The standard schematic symbols used to represent these gates 
are shown in Figure 1. 

429 01 

---{>o- NOT 

=D- AND 

=D---- OR 

Figure 1. Schematics Symbols for the Three 
Fundamental Gates 

The AND and NOT functions can be combined into the NANO 
function. This is equivalent to an AND gate followed by an 
inverter, as shown in Figure ,2a. Likewise, the OR and NOT gates 
can be combined into the NOR function, as shown in Figure 2b. 
Each of these gates is functionally complete; any logic function 
can be expressed solely as a function of NANO or NOR gates. 

a. The NANO Function 

b. The NOR Function 
429 02 

Figure 2. The NANO and NOR Functions 

Precedence of Operators 

Logic functions may be created with any combination of the three 
basic functions. How those functions are expressed affects the 
evaluation of the function. The normal order of evaluation is: 

NOT, AND, OR 

Evaluation proceeds in order from left to right. 

This order may be altered by inserting parentheses in the func
tion. The contents of the parentheses will always be evaluated 
before the rest of the expression, from left to right. 

Some example functions are evaluated in Table 2. 

A B 

0 0 
0 1 
1 0 
1 1 

c D A*B+/A* A*B+/A* A'(B+/A)* A*(B+/A)* 
C+D (C+D) C+D (C+D) 

0 0 0 0 0 0 
1 0 1 1 0 0 
0 1 1 0 1 0 
1 1 1 1 1 1 

Table 2. Using Parentheses to Change the 
.Order of Evaluation 
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Commutative, Associative, Distributive Laws 

The AND and OR functions are commutative and associative. 
This means that the operands can appear in any order without 
affecting the evaluation of the function. This is illustrated in Tables 
3 and 4. 

A B A*B B*A A+B B+A 

0 0 0 0 0 0 
0 1 0 0 1 1 
1 0 0 0 1 1 
1 1 1 1 1 1 

Table 3. Commutativity 

A B c (A*B)*C A*(B*C) (A+B)+C A+(B+C) 

0 0 0 0 0 0 0 
0 1 1 0 0 1 1 
1 0 1 0 0 1 1 
1 1 1 1 1 1 1 

Table 4. Associativity 

There are actually two distributive laws; one of them resembles 
standard algebra more than the other. These two laws state that: 

A*(B + C) = (A*B) + (A*C) 

A+ (B*C) = (A+ B)*(A + C) 

Duality 

The two distributive laws give an example of the concept of 
duality. This principle states that: 

Any identity will also be true if the following substitutions are 
made: 

*for+ 
+for* 
1 for O 
O for 1 

Thus it is only necessary to prove the first of the distributive laws; 
the second one will then be true by duality. Note that duality is not 
required to prove the second law; it can also be proven by truth 
table or by logic manipulation. 

Manipulating Logic 
Logic functions may be manipulated by the use of Boolean 
algebra. The logic functions may be expressed in one of the two 
canonical forms, or by using a simplified expression. 

Canonical Forms 
There are two fundamental canonical forms: sum-of-minterms 
and product-of-maxterms. The former is by far the most wide
spread. These are special cases of what are more generally 
referred to as sum-of-products and product-of-sums forms. Min
terms and maxterms are products and sums of the variables 
involved in a function. Each particular combination of non
inverted and inverted variables in a product or sum is given a 
minterm or maxterm number, as shown in Table 5. Within each 
minterm or maxterm, the individual variables are referred to as 
literals. 

MINTERM NAME 

lx*ly*lz mo 
lx*ly* z m1 
Ix* y*lz m2 
Ix* y' z m3 
x*ly'lz m4 
x*ly' z m5 
x* y'lz m6 
x* y* z m7 

a. Table of Minterms for Three 
Variables 

MAXTERM NAME 

x + y + z MO 
x+ y+lz M1 
x+ly+ z M2 
x+ly+lz M3 

IX+ y+ Z M4 
lx+y+lz M5 
lx+ly+ z M6 
lx+ly+lz M7 

b. Table of Maxterms for Three 
Variables 

Table 5. Mlnterms and Maxterms 

For the case of sum-of-minterms form, the expression for a 
function may be found by ORing the minterms which correspond 
to the 1's in the function's truth table. Likewise, the product-of
maxterms expression may be found by ANDing the maxterms 
which correspond to the O's in the truth table. This is illustrated 
in Figure 3. 

Conversion Between Canonical Forms 
It is a simple matter to convert between canonical forms. Given 
a truth table for a function F, there are four different representa
tions that can be used: 

Sum-of-minterms form of F 
Product-of-maxterms form of f' 
Sum-of-minterms form of IF 
Product-of-maxterms form of IF 

One can convert back and forth between these representations 
by using the rules shown in Table 6. 
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A 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 

1 

X = m0+m2+m3+m5+m7+m8+m9 
= Lm(0,2,3,5, 7,8,9) 

= /A*/B*/C*/D ;mo 
+ /A*/B* C*/D ;m2 
+ /A*/B* C* D ;m3 
+ /A* B*/C* D ;mS 
+ /A* B* C* D ;m7 
+ A*/B*/C*/.D ;m8 
+ A*/B*/C* D ;m9· 

B 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 

1 

Y = mO+ml+m2+m3+m4+m7+m8+m9 
= Lm(0,1,2,3,4,7,8,9) 

= /A*/B*/C*/D ;mo 
+ /A*/B*/C* D ;ml 
+ /A*/B* C*/D ;m2 
+ /A*/B* C* D ;m3 
+ /A* B*/C*/D ;m4 
+ /A* B* C* D ;m7 
+ A*/B*/C*/D ;me 
+ A*/B*/C* D ;m9 

b. The Sum-01-Minterms Expression 

Logic Reference 

c D x y 

0 0 1 1 
0 1 0 1 
1 0 1 1 
1 1 1 1 
0 0 0 1 
0 1 1 0 
1 0 0 0 
1 1 1 1 
0 0 1 1 
0 1 1 1 
1 0 0 0 

1 1 0 0 

a. A Truth Table 

MINTER Ml 
MAXTERM 
NUMBER 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

15 

X = Ml*M4*M6*Ml0*Mll*Ml2*Ml3*Ml4*Ml5 
= IlM(l,4,6,10,11,12,13,14,15) 

(A+ B+ C+/D) 
* ( A+/B+ C+ D) 
* ( A+/B+/C+ D) 
* (/A+ B+/C+ D) 
* (/A+ B+/C+/D) 
* (/A+/B+ C+ D) 
* (/A+/B+ C+/D) 
* (/A+/B+/C+ D) 
* (/A+/B+/C+/D) 

;Ml 
;M4 
;M6 
;MlO 
;M11 
;Ml2 
;Ml3 
;Ml4 
;Ml5 

Y = M5*M6*Ml0*Mll*Ml2*Ml3*Ml4*Ml5 
= IlM(5, 6, 10, 11, 12, 13, 14, 15) 

( A+/B+ C+/D) 
* ( A+/B+/C+ D) 
* (/A+ B+/C+ D) 
* (/A+ B+/C+/D) 
* (/A+/B+ C+ D) 
* (/A+/B+ C+/D) 
* (/A+/B+/C+ D) 
* (/A+/B+/C+/D) 

;MS 
;M6 
;MlO 
;M11 
;Ml2 
;Ml3 
;Ml4 
;Ml5 

c. The Product-of-Maxterms Expression 

Figure 3. Finding the Canonical Form From the Truth Table 

DESIRED FORM 

GIVEN FORM MINTERM EXPANSION MAXTERM EXPANSION INVERTED MINTERM INVERTED MAXTERM 
OFF OFF EXPANSION OF F EXPANSION OF F 

Minterm - Maxterm numbers List Minterms not Maxterm numbers 
expansion are those numbers present in F are the same as 
ofF not in the Minterm Minterm numbers 

list of F of F 
Maxterm Minterm numbers - Minterm numbers 
expansion are those numbers are the same as List Maxterms not 
ofF not on the Maxterm numbers present in F 

Maxterm list of F of F 

Table 6. Conversion of Forms Table 
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Simplifying Logic 

Canonical forms are convenient in that it is easy to derive and 
convert them. However, the representation is bulky, since all 
variables must appear in each sum or product. These expres
sions can be simplified by applying the basic laws and theorems 
of Boolean algebra. 

There are four basic postulates, two of which arethe commutative 
and distributive laws which were discussed above. From these 
postulates, it is possible to derive nine basic theorems. The 
postulates and theorems are listed in Table 7. 

Postulate 1 
(A) X + FALSE = x 
(B) X*TRUE = X 

Postulate 2 
(A) X + /X = TRUE 
(B} X*/X = FALSE 

Postulate 3 
(A) x + y = y + x 
(B) X*Y = Y*X 

Postulate 4 
(A) X* (Y + Z) = (X*Y) + (X*Z) 
(B) x + (Y*Z) = (X + Y) * (X + Z} 

Theorem 1 
(A} x + x = x 
(B} X*X = x 

Theorem 2 (A) X + TRUE = TRUE 
(B) X*FALSE = FALSE 

Theorem 3 I (/X} = x 

Theorem 4 
(A) x + (Y + Z) = (X + Y) + z 
(B} X*(Y*Z} = (X*Y) *Z 

Theorem 5 
(A) /(X + Y) = /X*/Y 
(B) /(X*Y) = /X + /Y 

Theorem 6 
(A} x + (X*Y) = x 
(B) X* (X + Y) = x 

Theorem 7 
(A) (X*Y} + (X*/Y) = x 
(B} (X + Y} * (X + /Y} = x 

Theorem 8 
(A) x + (/X*Y) = x + y 

(B) X* (/X + Y) = X*Y 

(A) (X*Y} + (/X*Z) + (Y*Z} = 

Theorem 9 
(X*Y) + (/X*Z} 

(B) (X + Y) * (/X+ Z) * (Y+ Z) = 
(X + Y} * (/X + Z} 

Table 7. Postulates and Theorems of Boolean Algebra 

Notice that each theorem and postulate (with the exception of 
theorem 3) has two forms. This is, a result of the duality principle; 
once one form of a theorem is established, the dual representa
tion follows immediately. Theorem 3 has no dual because it does 
not involve any of the elements that have duals (+, •, 1, or 0). 

As the logic expression is simplified, it no longer contains min
terms (or maxterms), since some of the minterms and literals are 

being eliminated. What was a sum-of-minterms (product of 
maxterms) representation is now simplified to a sum of products 
(product of sums). 

DeMorgan's Theorem 

Once an expression has been simplified, it is no longer possible 
to invert the function by using Table 6. fnverting simplified logic 
requires DeMorgan's theorem: 

I (X*Y) = /X + /Y 
I (X + Y} = IX* /Y 

This is theorem 5 in Table 7. 

There is one shortcut which can be used. The effect of inversion 
can be accomplished by inverting all literals and then using the 
dual representation. For example, given the expression 

I (A* /B + A*C + /A*B*D) 

we can invert to obtain: 

/A*B + /A*/C + A*/B*/D ;step one, 
invert 
literals 

(/A+ B}*(/A + /C}*(A + /B + /D} ;step two, 
take dual 

This expression must still be simplified to obtain a sum-of
products representation, but this shortcut eliminates some of the 
early steps. 

Karnaugh Maps: Minimizing Logic 

Simplifying by hand by using algebraic manipulation can be a 
tedious and error-prone procedure. When only a few variables 
are used (generally less than 5 or 6), Karnaugh maps (also called 
K-maps) provide a simpler graphical means of simplifying logic. 
K-maps not only allow for logic simplification, but for logic minimi
zation, where an expression has a minimal number of product 
terms (or sum terms) and literals. 

A Karnaugh map consists of a box which has one cell for each 
minterm. These cells are arranged so that only one literal is 
inverted when moving from one cell to an adjacent cell. The 
headings placed by each row and column indicate the polarities 
of the literals forthat row or column. The literals themselves are 
indicated in the top left corner of the map. An example of a 
Karnaugh map for three variables is· shown in Figure 4. 

A idddi 
c B 00 01 11 10 

VALUES OF C 

VALUES OF A 
VALUES OF B 

MOVING TO AN 
ADJACENT CELL 
CHANGES THE 
VALUE OF ONE 
VARIABLE ONLY 

Figure 4. A Karnaugh Map for Three Variables 
429 03 
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The truth table for a function is then transferred to the K-map by 
placing the 1 's and O's in the appropriate cells. 

Since each cell differs from its neighbor only in the polarity of one 
of the literals, 1 's in adjacent cells can be combined by theorem 
7a, which says that 

x*y + x*/y = x 

In this manner, two product terms are combined into one. This 
procedure can conceptually be repeated to allow groupings of 
two, four, eight, or any group of adjacent cells whose size is a 
power of two. A cell may appear in more than one group. Just 
enough groups are found to include all of the 1 's. The groups 
should be as large as possible. 

This process provides a minimal sum of products. The product
of-sums form can be obtained by grouping O's instead of 1 's and 
inverting the header for each cell. 

x 

X =/A •ts •10 

+ A"1c·10 

+ s·1c·o 
+ !Nc•to 

c 

The two functions from Figure 3 have been placed into K-maps in 
Figure 5. The groups are then used as individual product terms. 
When reading the product terms from the map, the only literals 
which will appear in the product term are the ones whose values 
are constant for each cell in the group. If that value is 1, then the 
non-inverted form of the literal is used. If the value is 0, then the 
inverted form of the literal is used. 

For active-LOW functions, the same procedure is used, except 
that the O's are grouped instead of the 1 's. The active-LOW 
version of the functions from Figure 3 are derived in Figure 6. 

Hand simplification and minimization is not needed as frequently 
today as in the past, since software is now available for handling 
these logic manipulations. PALASM software can perform logic 
simplification and minimization automatically. 

y 

Y = IA"ID 
+ 1c·10 

+ 1A·1s·1c 

+ NB•tc 

429 04 Figure 5. Using a K-map to Minimize the Functions In Figure 3 

10 

429 05 

x 

tx = c·o 
+ IB·o 
+ A•c 
+ 1Ns·1c·10 

NC 

A tA•s·o 
C B 

D 00 01 10 

00 

10 0 

y 

!Y = c·o 
+ND 
+ /A"B•o 

+ A•/B•D 

0 

Figure 6. Finding Inverse Functions 
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Comparison and Equivalence: the XOR and XNOR 
Gates 

The Exclusive-OR (XOR) and Exclusive-NOR (XNOR) gates are 
two special gates which are relatively common. These gates 
have schematic symbols as shown in Figure 7a. They are actually 
compound gates, and can be generated by AND, OR, and NOT 
gates using the functions: 

x :+: y = x*/y + /x*y ;XOR gate 

x :*: y = x*y + /x*/y ;XNOR gate 

The XOR and XNOR functions are actually inverses of each 
other; that is, 

x :+: y = /(x :*: y) 

Note that the XNOR operation is not explicitly supported by 
PALASM software. However, since it is the inverse of the XOR 
function, it is still possible to perform the equivalent logic. 

The truth tables for these gates are shown in Figure 7b. Note that 
the XOR function is true if and only if the operands are different. 
Forth is reason, it is useful as a comparator. The XNOR function 
is true if and only if its operands are the same; therefore it is used 
as an equivalence indicator. 

XOR 

x :+: 0 = x 
x :+: 1 = Ix 

x :+: x = 0 
x :+: /x = 1 

x :+: y = y :+: x 
x :+: y :+: z = (x :+: y) :+: z 

= x :+: (y :+: z) 

x :+: y = /x :+: /y 

/(x :+: y) = /x :+: y 
= x :+: /y 
= x :*: y 

x :+: y = x*/y + /x*y 

x :+: x*y = x*/y 
x :+: /x*y =x+ y 

x*(y :+: z) = (x*y) :+: (x*z) 
/x*(y :+: z) = (x + y) :+: (x + z) 

XOR 

=:)D>- XNOR 

429 06 
a. Schematic Symbols 

A B A:+:B A:*:B 

0 0 0 1 
0 1 1 0 
1 0 1 0 
1 1 0 1 

b. XOR and XNOR Truth Tables 

Figure 7. The Exclusive-OR and Exclusive-NOR Functions 

Some basic properties of the XOR and XNOR functions are listed 
in Table 8. 

XNOR 

x :*: 0 = /x 
x : *: 1 = x 

x : *: x = 0 
x : *: /x = 1 

x : *: y = y :*: x 
x :*: y : *: z = (x :*: y) : *: z 

= x :*: (y : *: z) 

x :*: y = Ix :*: /y 

/(x :*: y) = /x : *: y 
=x :*: /y 
= x :+: y 

x :*: y = x*y + /x*/y 

x :*: x*y = /x + y 
x :*: /x*y = /x*/y 

x+ (y :*: z) = (x + y) :*: (x + z) 
/x + (y :*: z) = (x*y) :*: (x*z) 

Table 8. Properties of the XOR and XNOR Functions 
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When deriving equations from a Karnaugh map, XOR and XNOR 
functions can usually be identified by their characteristic pattern. 
Exactly what the operands are may or may not be obvious for 
more complicated functions. Some examples are shown in 
Figure 8. 

A• X :+: Y 

can be interpreted as: 

"A will have the same value as X UNLESS Y is true." 

The XOR gate can be used as an "UNLESS" operator. In other 
words, the function 

This can be helpful when trying to derive a logic equation for a 
function which can be described in words. 

429 a7 

10 0 

J • /P'/Q'/R 

+ P'Q'/R 

+ /P'O'R 

+ P'IO'R 

10 

• ((/P'IO) + (P'O))'/R 
+ ((/P'Q) + (P'/Q))'R 

• (P :•: 0)'/R 

+ (P :+: Q)'R 

• /(P :+: 0)'/R 

+ (P :+:O)'R 

I • (P :+: 0) :•: RI 

p 

R 0 
s 

00 

01 

11 

10 

K • /P'/Q'S 
+ p•a·s 
+ P'/Q'/S 

• ((/P'/Q) + (P'Q))'S 

+ P'/0'/S 

• (P :•: O)'S 

+ P'/Q'/S 

Figure 8. Finding XOR and XNOR Functions In Karnaugh Maps 
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Basic Storage Elements 

Storage elements provide circuits with the capability of remem
bering past conditions or events. The prototypical storage 
element is just a pair of cross-coupled NANO gates, as shown in 
Figure 9. These elements are normally called flip-flops. 

429 08 

Figure 9. Basic Storage Element 

In general, there are two primary classes of flip-flops: 

• Unclocked flip-flops, or latches 
• Clocked flip-flops 

Clocked flip-flops are sometimes referred to as registers, al
though technically speaking, a register is a bank of several flip
flops with a common clock signal. 

Flip-flops can also be characterized by their control scheme. 
There are four types of flip-flops, each of which can be unclocked 
or clocked: 

• S-R 
J-K 

• D 
T 

The discussion below will be divided between unclocked and 
clocked flip-flops. Each of the four flip-flop types will be treated 
for each section. 

unclocked Flip-flops-Latches 

S-R Latches 

An S·R latch can be built out of NOR gates as shown in Figure 10, 
and behaves according to the truth table in Table 9. 'S' stands for 
'set' and 'R' stands for 'reset', as suggested by the truth table. 

s R Q+ 

0 0 Q 
0 1 0 
1 0 1 
1 1 Not allowed 

Table 9. S-R Latch Truth Table 

Note that the latch actually has two outputs, which are comple· 
mentary. These are referred to as Q and 0. If both Sand R are 
raised atthe same time, then both QandQwillbe HIGH; although 
this is physically possible, it does not make sense if Q and Ci are 
to be complementary signals. Thus this condition is not allowed. 

r------., 
R~IQ 

I I 
I I 

5 I I 0 
... ______ ... 

-A
~ 

Figure 10. An S-R Latch 
429 09 

The transferfunction forth is latch can be derived with a Karnaugh 
map, as shown in Figure 11. By choosing either 1 's or O's, we can 
obtain two representations: 

Q+ = s 
+ /R*Q 

s 0 
R 

00 

01 

11 

10 

O+ 

a.Q+ =S+/R"Q 

/Q+ = R 
+ /S*/Q 

s 0 
R 

00 

01 

11 

10 

IQ+ 

b./O+ = R+/S"/Q 

Figure 11. Karnaugh Maps for an S-R Latch 
429 10 

Waveforms illustrating the operation of the S-R latch are shown 
in Figure 12. 

s 

R 

a 

429 11 

Figure 12. S-R Latch Behavior 

There are some applications where it is desirable for the input 
data to be effective only when another signal-usually called a 
control signal-is active. The circuit of Figure 1 o can be modified 
to give an S-R latch with a control input, as shown in Figure 13. 
The operation of this circuit is summarized in Table 1 O and 
Figure 14. 

The S·R latch is somewhat restrictive, since both inputs cannot be 
HI at the same time. The other latch types are based on the S
R latch, but have additional logic which removes the input 
restrictions. 

6-8 ·~ MonollthlaWMemorles ~ 
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s 

c 

R 

429 12 

,...----------., 
I I 
I I 

L..----------..1 

Q -n
~ 

Figure 13. Adding a Control Input to an S-R Latch 

s 

R 

c 

Q 

429 13 

s R c Q+ 

x x 0 Q 

0 0 1 Q 

0 1 1 0 
1 0 1 1 
1 1 1 Not allowed 

Table 10. Truth Table for an S-R Latch with a 
Control Input 

Figure 14. Behavior of an S·R Latch with a Control Input 

D-type Latches (Transparent Latches) 

A single-input latch can be formed by adding some logic to the 
controlled S-R latch in Figure 13; this gives rise to the D-type latch 
in Figure 15. This latch is often called a transparent latch, since 
data on the input passes right through to the output as long as the 
control input is HIGH. If the control input is set LOW, then the latch 
holds whatever data was present when the control went LOW. 
With this type of latch, the control is usually called a gate. 

G 

429 14 

r-----------, 
I I 
I I 

Q 

I 
I a 
I 
I I L..----------..1 

ft
-LJ---

Figure 15. AD-type (Transparent) Latch 

The behavior of the D-type latch is shown in Table 11 and 
Figure 16. 

D G Q+ 

x 0 a 
0 1 0 
1 1 1 

Table 11. Truth Table for a D-type Latch 

D 

Q 

429 15 
Figure 16. D-type (Transparent) Latch Behavior 
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The basic transfer function for a D-type latch can be derived from 
the Karnaugh map in Figure 17: 

D 
Q 

G 

00 

01 

11 

10 

Q+ = D*G 
+ Q*/G 

0 

O+ 

a. O+ = o•G 

+ 0•1a 

/Q+ = /D*G 
+ /Q*/G 

D 
Q 

G 
0 

00 

01 

11 

10 

b. 10+ 

!O+ 

=ID'G 
+10·1a 

Figure 17. Karnaugh Maps for a D-type Latch 
429 16 

If realized exactly as the transfer function indicates, the result is 
actually a glitchy circuit. This is discussed in more detail on page 
3-108 of the testability section. There a more practical transfer 
function is derived. 

J-K Latches 

Another two-input latch can be derived from the S-R latch as 
shown in Figure 18. This is called a J-K latch, and operates in the 

K 
I 
I .... __________ .... 

a --r:i-
a -h_j-

429 17 

Figure 18. A J-K Latch 

same manner as an S-R latch, except that the condition where 
both inputs are HIGH is now allowed. The truth table is shown in 
Table 12; the waveforms are shown in Figure 19. 

K 

Q 

J K Q+ 

0 0 Q 

0 1 0 
1 0 1 
1 1 Q 

Table 12. Truth Table for a J-K Latch 

There are still some potential problems here for the case where 
J and Kare both H1GH. If J and Kare left HIGH for too long, the 
output may change more than one time; if left HIGH forever, the 
output will oscillate. Thus J and K should not be asserted for a 
time longerthanthepropagationdelayofthe latch. There are also 
potential race conditions if J and Kare not asserted and removed 
at exactly the same time. If one of the inputs is raised slightly 
ahead of the other, it may give the output time to react, giving the 
wrong output once the second input is raised. The same problem 
can occur if one input is lowered slightly before the other. This is 
illustrated in Figure 20. 

There are several ways to derive transfer functions for J-K 
latches. Two can be derived directly from Karnaugh maps, as 
shown in Figure 21; the others are not as obvious, and make use 
of the XOR gate described above. The basic transfer functions 
are listed in Table 13. 

Q+ = J*/Q IQ+ = /J*/Q 
+ /K*Q + K*Q 

Q+ = Q /Q+ = /Q 
:+: (J*/Q :+: (J*/Q 
+ K*Q) + K*Q) 

Q+ = /Q /Q+ = Q 
:+: (/J*/Q :+: (/J*/Q 
+ /K*Q) + /K*Q) 

Table 13. Transfer Functions for a J-K Latch 

429 18 
Figure 19. Behavior of a J-K Latch 
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Logic Reference 

a. Falling Edge Race Conditions. 

- - - -L==-:: EXPECTED LEVELS 

b. Rising Edge Race Conditions. 

c. Possible Oscillation. 

Figure 20. Hazards Inherent in a J-K Latch 

Q a 
K 0 K 

00 0 

01 0 0 

11 0 

O+ O+ 

a. a+ =J"/O 

+/K"Q 

b. /O+ = /J"/Q 

+K"Q 

Figure 21. Karnaugh Maps for a J-K Latch 

~ flllonollthla W Memories ~ 
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T-type Latches 

T-type latches are formed by connecting the J and K inputs of a 
J-K latch together to form a single input, as shown in Figure 22. 
This latch has two possible functions: hold the present state or 
invert the output, as summarized in Table 14. 'T' stands for 
'trigger' or 'toggle', depending on who you talk to. That is, when 
Tis HIGH, a change atthe output is triggered; or, put another way, 
raising T causes the output to toggle. 

a 

T 

EDI a Figure 22. A T-type Latch 

Table 14. The Truth Table for a T-type Latch 

,~···[__ 
Q . • • • xxxxxxxx 

1---1 

Figure 23. Behavior of a T-type Latch 

This latch also has the problem that if Tis left HIGH for too long, 
the output will oscillate. Since there is only one input, however, 
the race condition problems of the J-K latch have been elimi
nated. Unfortunately, this comes at the cost of inltialization. 
There is now no way to get the output into a fixed state without 
knowing what the previous state was. Thus this device is not very 
useful without some kind of initialization circuit. 

T 
a 

0 

0 

0 0 
0 0 

O+ 

a.a+ =T'/O 
The general waveforms for a T-type latch are shown in Figure 23. +/T'Q 

a 
T 0 

0 0 
0 

IQ+ 

b.10+ = T' Q 

+ /T'/Q 

From the Karnaugh map in Figure 24, we can generate the 
following transfer functions: Figure 24. Karnaugh Maps for a T-type Latch 

6-12 

Q+ = T*IQ 
+ IT*Q 

Q+ = Q:+:T 

Q+ =IQ:+:IT 

IQ+ = T*Q 
+ IT*IQ 

IQ+ = IQ :+: T 

IQ+ = Q :+: IT 

~ Motlollthla WMemorles ~ 
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Clocked Flip-flops 

Latches can be modified by adding a clock input. The purpose of 
the clock is to delay any output changes until the clock signal 
changes. Whereas latch control inputs (such as the gate) are 
level-sensitive, clock inputs are generally edge-sensitive (or 
edge-triggered), meaning that output transitions can occur only 
when a clock transition is detected. A device is classified as 
positive edge-triggered or negative edge-triggered, depending 
on whether it responds to the rising or falling edge of the clock 
signal, respectively. The behavior of a clocked S-R flip-flop is 
illustrated in Figure 25. 

The clock provides two basic advantages. It removes the hazards 
inherent in the J-K and Tflip-flops, since all inputs will have settled 
by the time the clock edge arrives, and only one transition is 
possible for each clock edge. The clock also allows the design of 
synchronous systems, where all signals are coordinated with 
other signals. The entire system is then regulated by the clock. 

The basic behavior of the four flip-flops types does not change 
with the addition of a clock; the output changes are merely made 
to wait for the clock edge. Thus the basic transfer equations for 
most of the flip-flops are the same. In the context of PALASM 
software, we can indicate the clocked nature of the flip-flops by 
using the "registered" assignment ':=' instead of '='. 

s 

R 

CLOCK 

o, _______ ... 
429 24 

D-type Flip-flops 

This is the only flip-flop type whose basic transfer characteristic 
changes, because the clock input replaces the gate input. Thus 
the transfer equations become 

Q+ := D /Q+ := /D 

That is, whatever data appears on the input will be transferred to 
the output after the next clock edge. The input is not changed in 
any way. 

The simplicity of this flip-flop makes it the most widely used flip
flop. However, functions are sometimes more conveniently 
expressed using J-K flip-flops, or using T-type flip-flops. If we 
replace the D signal with the transfer function for one of the other 
flip-flop types, we can then emulate that flip-flop type in the D-type 
flip-flop. This is equivalent to taking a latch and placing a clocked 
D-type flip-flop after the latch output for synchronization. Figure 
26 illustrates how each flip-flop can be emulated in a D-type flip
flop. The standard schematic symbols for the flip-flop types are 
also shown. 

Table 15 summarizes the transfer functions for all of the flip-flop 
types. These functions can directly be used to emulate a 
particular flip-flop type in. a D-type flip-flop. This can be particu
larly useful since D-typeflip-flops are available in most registered 
PLDs. 

Figure 25. Behavior of a Clocked S-R Flip-flop for Positive (Qp) and Negative 
(Qn) Edge-triggered S·R Flip-flops 

~ MonollthloFIJI Memories ~ 6·13 
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-n-
CLOCK-LJ-

a. Clocked D-Type Flip-Flop 

~---------------~ 
b. Clocked J--K Fli"°'"Flop 

~---------------~ 
I I 

: 0 I 0 

T I 
T 

CLOCK -+-----~ 

c. Clocked T-Type Fli"°'"Flop 

R 0 
I 

CLOCK I 
L---------------~ 

d. Clocked S-R Flip-Flop 

Tl
=l_A-

=R
=l_A-

Figure 26. Clocked Flip-flops. All can be Emulated with a D-type Flip-flop. 

D-type Q+ := D IQ+ := ID 

Q+ :• J*IQ IQ+ := IJ*IQ 
+ IK*Q + K*Q 

Q+ := Q IQ+ :=IQ 
J-K-type· :+:(J*IQ :+: (J*IQ 

+ K*Q) + K*Q) 

Q+ :=IQ IQ+ := Q 
:+: (/J*IQ :+: (/J*IQ 
+ IK*Q) + IK*Q) 

Q+ := T*IQ IQ+ := T*Q 
+ IT*Q + IT*IQ 

T-type 
Q+ := Q :+: T IQ+ :=IQ :+: T 

Q+ := IQ :+: IT IQ+ := Q :+: IT 

S-R-type Q+ := s IQ+ := R 
+ IR*Q + IS*IQ 

Table 15. Clocked Flip-flop Transfer Functions 

~ ll/lonolHhlo Wflllemorles ~ 
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Binary Numbers 

The concept of a number is taken for granted by most people. 
And most people equate numbers in general with the decimal 
system, with which we are most familiar. However, there is 
nothing particularly special about the decimal system; the choice 
of system is actually rather arbitrary. History has chosen the 
decimal system for most humans. 

For electronic systems, the binary system is more appropriate. It 
makes possible arithmetic and logical calculations that would be 
much more difficult-likely impractical-W implemented directly in 
a decimal system. Closely related to the binary system are the 
octal and hexadecimal systems, which will also be discussed 
here. Arithmetic is normally performed using binary numbers in 
a computer. Octal and hexadecimal representations are gener
ally used as a way to "abbreviate" what might otherwise be 
lengthy binary numbers. This will be seen in when conversion is 
discussed below. 

There are several terms which must be defined before proceed
ing further. A number is an abstract entity which is used to 
describe quantity. There are many ways of representing a 
number. Normally, the representation is designed around a base. 
The number is expressed as a sum of multiples of the powers of 
the base. The decirrial system is a base-1 O system, meaning that 
10 is used as the base. The binary system is base-2; the octal 
system is base-8; and the hexadecimal system is base-16. The 
binary, octal, and hexadecimal systems are closely related be
cause 8 and 16 are both powers of 2. When different bases are 
being used, a number will often be followed by its base in 
subscript, to indicate exactly what the base is. For example, the 
decimal number 25 would be written 2510 if its base were in doubt. 

A number can thus be expressed in terms of some base x as 
follows: · 

a,.x" + a,...,x•-1 + ... + a,x' + a.x• + a_,x-1 + ... + a .... x-m (1) 

The numbers a, ... a .... are called digits. The value of each digit can 
rangefrom Oto x-1. Each digit is represented by a symbol, called 
a numeral. x numerals are required to represent a number in base 
x. The mostfamiliar numerals arethe symbols 'O', '1 ', .. .'9'. There 
are ten of them, since they are used for the decimal system. For 
binary numbers, only 'O' and '1' are used; for octal numbers, the 
numerals 'O' through '7' are used. Hexadecimal numbers are 
more difficult, since sixteen numerals are required. Therefore the 
numerals 'O' through '9' are used to represent the quantities 010 

through 910; the letters A through F are used to represent the 
quantities 1010 through 1510• 

The number expressed by equation 1 is normally represented as 
a string of digits: 

a,a,._, ... a1a0.a_1 ••• a .... 

The digits representing negative powers of the base are sepa
rated from those representing non-negative powers by a point. In 
the decimal system, this is referred to as a decimal point, in the 
binary system, it is referred to as a binary point. 

There are two basic classes of manipulation which will be dis
cussed: conversions between bases and arithmetic within a 
base. 

Converting Between Bases 

Base-2 <-> Base-1 O 

Converting abinary number to a decimal number is accomplished 
by using equation 1 directly. 

Example: 

Converting 1101 OO.o11 2 to decimal: 

y = 110100.011 
= 1 •25 + 1 •24 + 0•23 + 1 •22 + 0•21 + 0•2° + 0•2""1 + 1 •2""2 + 1 •2"" 
= 32 + 16 + 4 + .25 + .125 
=52.375 

When converting whole numbers from decimal to binary, the 
decimal number is repeatedly divided by 2. Integer division is 
used, so the quotients are "rounded down" to the next integer. 
The remainders form the digits of the number. The least signifi
cant digit is the first one calculated. 

Example: 

Converting 61,. to binary: 

6112=30 
30/2 - 15 
15/2 = 7 
712 =3 
3/2=1 
1/2 = 0 

61,. = 111101. 

remainder = 1 
remainder - 0 
remainder - 1 
remainder = 1 
remainder = 1 
remainder = 1 

LSB 

MSB 

When converting a decimal fraction into a binary fraction, the 
decimal number is multiplied by 2. This results in a whole number 
and a fraction. The whole number is a digit; the procedure is ~ 
repeated on the new fraction. This procedure is repeated until the ... 
fractional portion is zero. H the procedure does not terminate, 
then the result is a repeating fraction. The first digit calculated is 
the most significant digit. 

Example: 

Converting .162510 to binary: 

0.1625•2 = 0.3250 
0.3250•2 - 0.65 
0.65•2= 1.3 
0.3•2 =0.6 
0.6•2 = 1.2 
0.2•2 = 0.4 
0.4•2 = 0.8 
0.8•2=1.6 
0.6•2=1.2 

whole portion = O 
whole portion - O 
whole portion = 1 
whole portion - O 
whole portion = 1 
whole portion = O 
whole portion - 0 
whole portion = 1 
whole portion - 1 

MSB 
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Here we see that the fraction will repeat, since we have already 
multiplied 0.6 earlier. Thus 

0.1625,.- 0.00101001100110011 .... 

For mixed numbers, it is necessary to calculate the whole and 
fractional portions separately. Thus, for example, we know that 

61.1625,. - 111101.0010100110011.... 

These are actually general procedures which can be used to 
convert a decimal number into any base, and vice versa. 

Examples: 

1. Converting 321.548 to decimal: 

y = 3•82 + 2•81 + 1 •8° + 5.9-• + 4•8""' 
= 192 + 16 + 1 + .625 + .0625 
=209.6875 

321.548 = 209.6875,. 

2. Converting 106.1037510 to octal: 

106/8-13 
13/8 = 1 
1/8 = 0 

remainder = 2 
remainder = 5 
remainder = 1 

Thus the whole portion is 1518. 

0.10375•8 a 0.83 
0.83•8 .. 6.64 
0.64•8 • 5.12 
0.12•8 • 0.96 
0.96•8 ' = 7.68 
0.68•8 = 5.44 

whole portion = O 
whole portion = 6 
whole portion = 5 
whole portion • O 
whole portion = 7 
whole portion = 5 

LSB 

MSB 

MSB 

At this point we have enough significant digits. We could continue 
either until the procedure terminated, or until the pattern started 
repeating. However, those laSt digits are not likely to be signifi
cant. Thus we can approximate by saying that... 

106.10375,. = 152.0650758 

3. Converting 31 F.A2,8 to decimal: 

y = 31F.A2,. 
= 3•162 +, 1 •161 + 15•16°+ 10•11!-' + 2•16""' 
= 768 + 16 + 15 + 0.625 + 0.0078125 
= 799.6328125 

31 F.A211 = 799.632812510 

4. Converting 7689.10085410 to hexadecimal: 

7689/16 = 480 
480/16 =30 
30/16 = 1 
1/16 = 0 

6·16 

remainder = 9 
remainder • O 
remainder • E 
remainder • 1 

LSB 

MSB 

Thus the whole portion is 1 E0916• 

0.100854•16=1.613664 
0.613664•16 - 9.818624 
0.818624•16 = 13.097984 
0.097984•16 = 1.567744 
0.567744•16 - 9.083904 
0.083904•16=1.342464 

whole portion • 1 MSB 
whole portion = 9 
whole portion • D 
whole portion • 1 
whole portion = 9 
whole portion = 1 

Again, we likely have enough digits at this point. The exact 
fraction could be either very long or a long repeating pattern. For 
our purposes, we can approximate the overall result as: 

7689.10085410 = 1E09.19D191 16 

Binary <--? Octal, Hexadecimal 

Converting between the binary-related systems is very easy. The 
procedure consists of dividing the binary digits into groups, and 
replacing each group with an appropriate digit. For this reason, 
octal and hexadecimal numbers are often used to shorten long 
binary numbers. 

To convert from binary to octal, group the digits by three, starting 
on each side of the binary point, and then convert each group of 
three digits into its corresponding octal digit. Leading and trailing 
zeroes may have to be added to the left of the whole portion and 
the right of the fractional portion, respectively, to make complete 
groups of three binary digits. 

Example: 

Converting 11011010110101.001001101 2 to octal: 

Divide into groups of three digits: 

011 011 010110101. 001 001101 
33265.115 

Thus 11011010110101.001001101 2 = 33265.1158 

To convert from binary to hexadecimal, the digits are divided into 
groups of four digits, and then given their corresponding hexa
decimal digits. Again, leading and/or trailing zeroes may be 
needed. 

Example: 

Converting 100101011101100.110110001 2 to hexadecimal: 

Divide into groups of four digits: 

010010101110 1100.110110001000 
4 A E C.D 8 8 

Thus 100101011101100.110110001 2 • 4AEC.Dss,. 

To convert from octal or hexadecimal to binary, merely expand 
each digit into its corresponding binary representation. 
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Examples: 

1. Convert 7324.348 to binary: 

7324.34 
111 011 010 100. 011 100 

Thus 7324.348 = 111011010100.0111 2 

2. Convert 1 A2.3F516 to binary: 

1 A2.3F5 
00011010 0010. 0011 1111 0101 

Thus 1 A2.3F516 = 110100010.001111110101 2 

Binary Arithmetic 

Positive binary arithmetic is very simple, and completely analo
gous to decimal arithmetic. However, tt we are restricted to 
positive numbers, then we are also restricted to addition. We 
need a means of representing negative numbers. Using a dash 
('-') is unacceptable for representation in a computer. There are 
two general schemes which can be used. In binary systems, they 
are referred to as 1 's complement and 2's complement represen
tation, although they can be generalized for any base system as 
diminished-radix complement and radix complement 
representation. 

1 's Complement Representation 

The one's complement of a binary number can be calculated by 
inverting all of the bits of the number. Fractions are handled 
exactly the same way, although this is convenient only for fixed
point arithmetic. Floating-point arithmetic requires other 
methods, which will not be discussed here. 

Example: 

Finding the one's complement of 110111.0101: 

110111.0101 
001000.1010 (Inverting each bit) 

Thus the one's complement of 110111.0101 is 001000.101 o. 

The sign of a number is determined by the most significant bit. If 
the MSB is o the number is positive; if the MSB is 1, then the 
number is negative. Zero is represented by all bits being zero. 
However, one normally thinks of zero as being its own comple
ment. But if we take the one's complement of zero, 

0000 
1111 

we see that 1111 is another representation of zero. Thus, in an 
eight-bit representation, positive numbers range from 00000001 
to 01111111; negative numbers range from 1 0000000 to 
11111110. Note that there are just as many negative numbers as 
positive numbers. This eight-bit code allows us to represent the 
numbers from -127to+127. 

When performing addition with one's complement numbers, it is 
important to watch for overflow results. Whenever an overflow 
occurs, a correction must be made by adding 1 to the result. 

In some cases, the results of an operation will not be meaningful, 
since the intended result cannot be represented. For instance, in 
the eight-bit system above, adding 127 to 127 will give a mean
ingless result, since 254 cannot be represented in this system. 
Thus the operation must be evaluated to ensure that the result is 
meaningful. 

Examples: 

All examples will use 4-bit systems. Thus the range of repre
sentable numbers is from -7 to +7. 

3 
±..2 

Add 3 + 2: 
0011 

±..QQ.1Q 
0101 5 result meaningful 

Add 7 + 7 (14 cannot be represented): 

7 
±.2 

0111 
±.Jll.11 

1110 -1 result meaningless 

Subtract 3 from 7: 

0111 7 
±....11.QQ ~ 
10011 

-±.1 
0100 4 

Subtract 5 from 2: 

2 
~ 

overflow-add 1, discard overflow bit 

0010 
±...1.Q1Q 

1100 -3 result meaningful 

Subtract 6 from -5 (-11 cannot be represented): 

-5 
±..=2 

overflow-add 1, discard overflow bit 

1010 
±..1.QQ1 
10011 
~ 

0100 4 result meaningless 

Subtract 5.25 from 3.5 (fixed point; requires 6 bits): 

0011.10 3.5 
+101010 ~ 

1110.00 -1.75 result meaningful 

Subtract 7 from 7: 

0111 7 
:L1QQQ ±.=1. 

1111 0 one of the representations of O 
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Logic Reference 

The advantage of one's complement code is the fact that it is easy 
to compute the complement. However, the fact thatthere are two 
representations for zero is a problem. In addition, the results of 
subtraction frequently have to be adjusted for overflow by 
adding 1. 

2's Complement Representation 

The two's complement of a binary number is more difficult to 
calculate. It is generated by taking the one's complement, and 
then adding 1. Any overflow is discarded. Fractions are again 
handled in the same way, although 1 is added to the least 
significant b~. 

Example: 

Finding the two's complement of 110111.0101: 

110111.0101 
001000.1010 

001000.1011 

(take one's complement) 

Thus the one's complement of 110111.0101is001000.1011. 

The sign of a number is again determined by the most significant 
bit. If the MSB is o the number is positive; if the MSB is 1, then 
the number is negative. Zero is represented by all bits being zero. 
In this case, tt we take the two's complement of zero, we get: 

0000 
1111 

....±...1 
0000 (overflow is discarded) 

giving only one representation for zero. 

Thus, in an eight-bit representation, positive numbers range from 
00000001 to 01111111; negative numbers range from 10000000 
to 11111111. This means that there is one more negative number 
than there are positive numbers. So this eight-bit code allows us 
to represent the numbers from -128 to +127. 

Addition is handled in the same fashion as with one's complement 
code, except that when an overflow occurs, the overflow bit is 
disregarded. No correction must be made to the results. 

After any operation, one must still make sure that the results are 
meaningful. 

Examples: 

Add 3+2: 

0011 
±..QQ1Q 

0101 

3 
±2 

5 result meaningful 

Add 7 + 7 (14 cannot be represented): 

0111 
±.fil11 

1110 

7 
±J.. 
-2 

Subtract 3 from 7: 

0111 7 
±..1.1.Q.1 .±.=a 
10100 4 

Subtract 5 from 2: 

0010 
±.1Qll 

1101 

2 
±.::5. 

-3 

result meaningless 

overflow-{jiscard overflow bit 

result meaningful 

Subtract 6 from -5 (-11 cannot be represented): 

1011 
±...1.Q1Q. 
10101 

-5 
±.=6. 

5 overflow-{jiscard overflow bit 
result meaningless 

Subtract 5.25 from 3.5 (fixed point; requires 6 bits): 

0011.10 
+1010.11 

1110.01 

3.5 
+-5.25 

-1.75 

Subtract 7 from 7: 

0111 7 
±..1illU ±.=1.. 
10000 0 

result meaningful 

overflow-{jisregard overflow bit 

The benefits of two's complement lie in the fact that there is only 
one representation for zero, and the fact that the results of 
operations never need adjusting due to overflow. The disadvan
tage is the fact that it is harder to generate the two's complement 
of a number. 
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Signal Polarity 

The polarity of signals, simple as it seems, turns out to be a 
potentially confusing issue. With such phrases as positive and 
negative logic, active HIGH and active LOW and with one person 
saying "asserted", another saying "active" , and another saying 
"enabled", all of which may or may not be well defined, it is very 
difficult to explain the relationships between signals. This can 
also make the generation of the design file more difficult. 

In an attempt to sidestep the ambiguities in the language, this 
discussion contains tables instead of vague descriptions. The 
tables list the various possibilities, and explicitly state how 
PALASM software expects to see the equations. If you know what 
you want, you should be able to find how to specify your equations 
from the tables. The issues of input signal polarity, output signal 
polarity, and feedback signal polarity are treated separately. 

Input Pin Polarity 

Table 1 shows the relationships between the input pin names and 
the use of the input in a Boolean equation. As an example of how 
this table can be used, if you have a signal called IA on your 
schematic, and you wish for the output to go HIGH when both IA 
and Bare HIGH, then from the second row of Table 1, declare the 
pins as IA and B in the pin list of the design file, and use the 
equation 

X = /A*B 

The basic function A 'B has been used throughout for the purpose 
of illustration. The same procedure holds regardless of the 
waveforms being used or generated. 

Output Pin Polarity 

The issue of output polarity is slightly more complicated because 
of the issue of active-HIGH and active-LOW outputs. The possi
bilities are shown in Table 2. As an example, if a signal Xis to go 
LOW only when inputs A and Bare HIGH, and this function is to 
be implemented in an active-HIGH device, then from the third row 
of Table 2, declare the output pin as X in the pin list, and use 
the equation 

X = /(A*B) 

Feedback Polarity 

Using feedback combines some of the polarity issues of inputs 
with some of the polarity issues of outputs. It is more difficult to 
use a simple example for this type of circuit. In Table 3, an output 
is assumed to be fed back to itself. The basic principles can be 
extended to any output feeding back to any other output. The 
waveform shows the output level that is considered to be "TRUE", 
or "active". 

As an example, if the equation for a pin IX has to contain the 
inverse of the output, the output signal is to be active when HIGH, 
and an active-LOW device is to be used, then from the sixth row 
of Table 3, declare the output pin as IX in the pin list, and specify 
the Boolean expression as: 

/X := f(A, X) 

meaning that the Boolean equation uses X as an input term. 
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Signal Polarity 

CIRCUIT PALASM SOFTWARE 

Input pin 
Desired Definition in Boolean 

Schematic Waveform Pin List Equation 

A_n_n_ 

:8-· s____ll_ A, B X=A'B 

x__n_ 

x_n_n_ 

8· s____ll_ IA, B X = IA'B 

x__fL 

A_n_n_ 

:8-· s____ll_ A,B X = IA'B 

x__fl___ 

x_Il___Jl_ 

B· s__Jl_ IA, B X=A'B 

x__fl_ 

Table 1. Input Pin Polarity 
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Signal Polarity 

CIRCUIT PALASM SOFTWARE DEVICE 

Output pin 
Desired Definition in Boolean Device 

Schematic Waveform Pin List Equation Restriction 

A___fl_fL 

:8-' s_____Jl_ x X=A'B Active-HIGH devices 
x IX= l(A'B) Active-LOW devices 

x___n_ 

A___n_rr_ 

=B· s___JL_ IX IX= A'B Active-HIGH devices 
IX X = l(A'B) Active-LOW devices 

x-__Il_ 
--

:8-, A___fl_fL 
x X = l(A'B) Active-HIGH devices 

s_____Jl_ x IX =A'B Active-LOW devices 

x-----i__j 

:8· 
A___n_rr_ 

s___JL_ IX IX= l{A'B) Active-HIGH devices 
IX X=A'B Active-LOW devices 

x----i__J 

Table 2. Output Pin Polarity 
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CIRCUIT 

Schematic 

A 

A 

A 

A 

6·22 

Signal Polarity 

PALASM SOFTWARE DEVICE 

Desired 
Waveform 

x_JL 

xl__J 

Output pin 
Definition in 

Pin List 

x 
x 

x 
x 

x 
x 

x 
x 

Table 3. Feedback Signal Polarity 

~ Monollthla W Memories ~ 

Boolean 
Equation 

Device 
Restriction 

X = f(A,X) Active-HIGH devices 
IX= lf(A,X) Active-LOW devices 

X = f(A,/X) Active-HIGH devices 
IX= lf(A,/X) Active-LOW devices 

X = lf(A,X) Active-HIGH devices 
IX = f(A,X) Active-LOW devices 

X = /f(A,/X) Active-HIGH devices 
IX = f(A,/X) Active-LOW devices 



CIRCUIT 

Schematic 

A 

A 

A 

A 

Signal Polarity 

PALASM SOFTWARE DEVICE 

Desired 
Waveform 

x_fl_ 

Output pin 
Definition in 

Pin List 

IX 
IX 

IX 
IX 

IX 
IX 

IX 
IX 

Table 3. Feedback Signal Polarity (Cont'd.) 
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Boolean 
Equation 

Device 
Restriction 

IX= f(A,/X) Active-HIGH devices 
X - /f(A,/X) Active-LOW devices 

IX= f(A,X) Active-HIGH devices 
X = /f(A,X) Active-LOW devices 

IX= /f(A,/X) Active-HIGH devices 
X = l(A,/X) Active-LOW devices 

IX= /f(A,X) Active-HIGH devices 
X = l(A,X) Active-LOW devices 
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Glossary 

10KH (adj.) A family of ECL devices: Circuits are temperature 
compensated. See also: ECL, 1 OOK, temperature compensa
tion. 

100K (adj.) A family of ECLdevices. Circuits are both tempera
ture and voltage compensated. They have lower power dissipa
tion and higher speed than their 1 OKH counterparts. See also: 
ECL, temperature compensation, voltage compensation, power 
dissipation, 10KH. 

A 

active high (adj.) See polarity. 

active low (adj.) See polarity. 

ALS (adj.) Advanced Low-power Schottky TTL family. Charac
terized as a lower power version of the AS family, and actually 
faster and lower power than the LS family. See also: AS, LS, 
TIL, Schottky TTL. 

AND 1. (adj.) One of the three elementary logic functions. Re
sult of the AND operation is true if and only if all operands are 
true. 2. (v.t.) To perform the AND operation. 

AS (adj.) Advanced Schottky TTL family. High-speed versions of 
the standard Schottky TTL family. Generally use oxide isolated 
technology for very high speed. See also: Schottky TTL, TTL, 
oxide isolation. 

assertive high (adj.) Same as "active high". See polarity. 

assertive low (adj.) Same as "active low". See polarity. 

astable (adj.) Describes a system which has no stable state. 
Such a system will oscillate. Astable circuits can be used to 
generate timing and synchronizing clock signals. See also: 
bistable, monostable. 

asynchronous 1. (adj.) Describes a sequential logic system 
wherein operations are not synchronized to a common clock. 2. 
(adj.) Describes signals whose behavior and timing are com
pletely unrelated to a particular clock. Such signals can either be 
random or based on another clock which has a different fre
quency. 3. (adj.) Describes a communication protocol whereby 
the timing of various operations is not determined by a system 
clock, but rather by events whose relationships are known, but 
whose exact timing cannot be precisely predicted. See also: 
sequential, clock, synchronous. 

B 

binary (adj.) Having only two possible states, which can be 
variously called on/off, 1/0, true/false, high/low, etc. 

bipolar (adj.) One of the two basic types of transistor. In logic 
design, used for TTL, ECL, and 12L families. See also: TTL, ECL, 
12L, MOS. 

bistable (adj.) Describes a system which has 2 stable states. 
Any other state is unstable, and will eventually change to one of 
the stable states. A flip-flop is the most common electronic bi
stable circuit. See also: flip-flop, astable, monostable. 

bit 1. (n.) Binary Digit. One unit of binary information. 2. (n.) A 
measure of the storage capacity of a memory chip. See also: 
binary. 

blank (adj.) Describes the state of a programmable cell after 
manufacturing, and before any programming, or, in the case of 
an erasable device, after erasure. Opposite of "programmed''. 
See also: programmable cell, programmed, program, erase. 

buffer (n.)A logic gate which performs the logic identity function; 
i.e., the input is passed through unchanged. Used to isolate 
various parts of a system, or to provide voltage or current 
amplification. 

c 
chip (n.) A single piece of semiconductor material which con
tains an integrated circuit. Sometimes called a die if not in a 
package. See also: integrated circuit, die, package. 

clock 1. (adj.) A signal used to synchronize the operation of a 
system. 2. (adj.) An input to a docked flip-flop. The flip-flop will 
not change state until an appropriate pulse appears at the clock 
input. 3. (n.) A circuit which generates a clock signal. 4. (v.t.) 
To pulse the clock signal or the clock input of a clocked flip-flop. 
See also: flip-flop, clocked flip-flop. 

clocked flip-flop (n.) A flip-flop that does not change state until 
a clock signal is received. See also: flip-flop, unclocked flip-flop, 
clock. 

CMOS (n., adj.) Complementary MOS. A type of circuit which 
makes use of both N-channel and P-channel MOS transistors. 
Many CMOS logic circuits consume no power when not actually 
switching. See also: MOS, NMOS, PMOS, standby power. 
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Glossary 

combinational (adj.) See combinatorial. 

combinatorial (adj.) Refers to a logic circuit which implements 
logic functions of present input signals only. Also called combi
national. See also: sequential. 

complement 1. (adj). Refers to a signal which is identical to 
some reference signal, except that it is of opposite polarity. 
Opposite of "true". 2. (v.t.) To invert. See also: true, polarity, 
invert. 

complementary (adj.) Refers to logic device outputs which 
implement identical logic functions, but with opposite polarities. 
Used on some PLDs and ECL devices. See also: polarity, PLD, 
ECL. 

D 

die (n.; plural: dice) Same as a chip, particularly before being 
placed in a package. See also: chip, package. 

DIP (n.) Dual In-line Package. The most common integrated 
circuit package. It is rectangular in shape, with widths ranging 
from .300 inch to .900 inch, and has vertical leads along the 
length. Available for up to 64 pins. See also: integrated circuit, 
package. 

disable 1. (v.t.) To turn off a three-state output. 2. (v.t.) To inhibit 
another function, such as "disabling the clock". See also: three
state, enable. 

download 1. (v.t.) To pass data from one machine to a less 
complex machine. 2. (n.) The act of downloading data. See 
also: upload. 

E 

ECL (n., adj.) Emitter Coupled Logic family. An extremely high 
speed family of bipolar logic and memory devices. See also: 
bipolar. 

EE cell (E2 cell) (n.) A floating gate cell which can be both 
programmed and erased with electrical signals. 

EEPROM (n.) Electrically Erasable Programmable Read-Only 
Memory. A nonvolatile read-only memory device which can be 
erased and reprogrammed, both with special electrical signals. 
See also: program, erase, EPROM, PROM, ROM, RAM, non-
volatile. · 

enable 1. (v.t.) To turn on a three-state output. 2. (adj.) By itself, 
usually refers to a pin which is used to enable a three-state 
output. Also called "output enable". 3. (adj.) Used with other 
function names, indicates a qualifier or inhibitor of the function. 
For example, "clock enable" is a function which qualifies the 
clock function. 4. (v.t.) To allow a signal which has been disabled 
to function; for example, "enabling the clock" removes any 
restraint which may disable the clock signal. See also: three
state, disable. 

EPROM (n.) Erasable Programmable Read-Only Memory. A 
non-volatile read-only memory device which can be erased and 
reprogrammed. Erasure is accomplished by exposing the die to 
ultraviolet light for a period of time. Die must be packaged in a 
windowed package to allow erasure. See also: program, erase, 
EEPROM, PROM, ROM, RAM, non-volatile, windowed 
package. 

erase 1. (v.t.) To return a programmed device to its blank state. 
Opposite of "program". 2. (v.t.) To return an individual program
mable cell to its blank state. See also: blank, programmable cell, 
program. 

F 

finite state machine (FSM) (n.) A machine which can be in 
one of a finite number of states. Often used for logic circuits 
which sequence through various states. Such a circuit is referred 
to as sequential. See also: sequential. 

flip-flop (n.) A bistable digital circuit. The simplest variety is 
called an S-R flip-flop. Other types are J-K, T, and D-type. May 
be unclocked or clocked. See also: bistable, unclocked flip-flop, 
clocked flip-flop. 

floating gate (n.) A gate on an MOS transistor which is not 
connected to anything. Used to store charge; forms the basis of 
UV cells and EE cells. See also: MOS, gate, UV cell, EE cell. 

FPGA (n.) Field Programmable Gate Array. An array of logic 
gates whose configuration can be programmed by the customer. 
The gates are often NAND gates, but can also be NOR gates. 
See also: gate, program, NAND, NOR. 

FPLA (n.) Field Programmable Logic Array. See PLA. 

FPLS (n.) Field Programmable Logic Sequencer. A program
mable logic device which is intended for sequencing or state 
machine applications. See also: finite state machine. 

functionally complete (adj.) Refers to a logic operation or ~ 
group of operations from which any complex logic function can ~ 
be built. The NAND and NOR operators are functionally com-
plete. See also: NAND, NOR. 

fuse (n.) As used in programmable logic, usually refers to a 
lateral metal link fuse. See also: lateral fuse. 

fuse map (n.)Agraphic representation of the contents of a PLD. 
The state of each connection (fuse or other programmable cell) 
is represented, usually with "X" indicating an intact connection, 
and"-" indicating an open connection. See also: PLD, program
mable cell. 
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G 

gate 1. (n.) A fundamental logic element. The elementary gates 
provide NOT, AND, and OR logic functions. 2. (n.) The control 
terminal of a gated D-type latch. See also: latch, gated latch. 

gate array (n.)A logic device which consists of an array of logic 
gates (usually NANO) which can be interconnected during 
fabrication. A custom metallization pattern is iised to configure 
the desired functions. See also: gate, NANO, metallization. 

gate equivalency (n.) A rough measure of the complexity of a 
digital logic integrated circuit. Indicates the approximate num
ber of discrete logic gates that would be needed to implement 
the same function. See also: gate. 

gated latch (n.) Generally refers to an unclocked D-type flip
flop which has a control signal called a gate. When the gate is 
"open", the flip-flop output follows the data input. When the gate 
is "closed'', the output holds its current state. Also called a 
transparent latch. See also: flip-flop, unclocked flip-flop, gate, 
latch. 

HAL® device (n.) Hard Array Logic device. A version of a PAL 
device which is configured during fabrication with a custom 
metallization pattern. HAL is a registered trademark of Mono
lithic Memories. See also: PAL device, metallization. 

12L (Ill) (n., adj.) Integrated Injection Logic. A less common 
bipolar logic design technique which, when used, is found 
primarily in portions of LSI and VLSI circuits. See also: bipolar, 
LSI, VLSI. 

integrated circuit (n.) An electronic device which has many 
transistors and other semiconductor components integrated 
onto one piece of silicon. Often abbreviated IC. 

Invert (v.t.) To perform the logical NOT function on a digital 
signal. To reverse the polarity of a digital signal. See also: 
polarity, NOT. 

inverter (n.) A logic gate which performs logical inversion, or the 
NOT operation. See also: gate, NOT. 

1/0 (Input/Output) 1. (n.) The methods and equipment used to 
pass information into and/or out of a system or device. 2. (adj.) 
On a programmable logic device, a pin which can function as an 
input and/or an output. 

J 

JEDEC 1. (n.) Joint Electronic Device Engineering Council. A 
council which creates, approves, arbitrates, and/or oversees 
industry standards for electronic devices. 2. (adj.) In program
mable logic, refers to a computer file containing information 
about the programming of a device. The file format is aJEDEC
approved standard. Used for downloading to programmers. 
See also: program, programmer, download. 

junction Isolation (n.) A bipolar integrated circuit fabrication 
technique which uses P-N functions to isolate transistors. This 
is the original integrated circuit technology, and is being sup
planted by oxide isolation in places where speed is critical. See 
also: oxide isolation, bipolar. 

K 

Karnaugh map (K·map) (n.) A graphic tool for minimizing 
sum-of-products or product-of-sums logic functions. Useful for 
up to six logic variables. See also: sum-of-products, product-of
sums. 

L 

latch 1. (n.) A type off lip-flop. Means differentthings to different 
people. In general, an unclocked flip-flop. Sometimes used to 
refer specifically to a gated D-type flip-flop. 2. (v.t.) To capture 
a signal in a latch. See also: flip-flop, unclocked flip-flop, gate, 
gated latch. 

latch up (v.t.) To enter the latch-up condition. See also: latch
up. 

latch-up (n.) A condition in which a circuit draws uncontrolled 
amounts of current, and certain voltages are forced, or "latched
up" to some level. Used especially in reference to CMOS 
devices, which can latch up if the operating conditions are 
violated. See also: CMOS, latch up. 

lateral fuse (n.) A thin metal link which is disconnected when 
programmed. Connected in the blank state, disconnected in the 
programmed state. Usually just called a ''fuse''. See also: pro
gram, programmed, blank. 

LCC (n.) Leadless Chip Carrier. A ceramic integrated circuit 
package having no leads. Connection is made to metal contacts 
which are flush with the package. See also: integrated circuit, 
lead, package. 

lead (n.) [led] A metal conductor which provides a connection 
from the inside of an integrated circuit package to the outside 
world for soldering or other mounting techniques. See also: 
integrated circuit. 

logic array (n.) Generally an array of programmable cells which 
attach inputs to logic gates of a specified type. See also: 
program, gate, programmable cell. 
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logic simulation (n.) A means whereby a logic design can be 
evaluated on a computer before actually being built. The 
computer simulates the behavior of the components to predict 
the behavior of the overall circuit. 

LS (adj.) Low-power Schottky TTL family. Lower power version 
of the standard Schottky TTL family. See also: TTL, 
Schottky TTL. 

LSI (adj.) Large-Scale Integration. A rough measure of the 
complexity of a digital circuit. Characterized as having 
100-5000 gate equivalents for logic chips, or 1 K-16K bits for 
memory chips. See also: gate equivalent, bit, VLSI, SSI, MSI. 

M 

maxterm (n.) A sum in the canonical product-of-sums form. 
Each maxterm contains every input variable, in either true or 
complemented form. See also: product-of-sums, true, 
complement. 

metallization (n.) The process of connecting the various 
elements of an integrated circuit or printed circuit board by 
placing a layer of metal overthe entire wafer or board, and then 
selectively etching away unwanted metal. A photolithographic 
mask defines the pattern of connections. See also: integrated 
circuit, wafer, printed circuit board. 

minterm (n.) A product in the canonical sum-of-products form. 
Each minterm contains every input variable, either in true or 
complemented form. See also: sum-of-products, true, 
complement. 

monolithic (adn In the electronics industry, refers to a circuit 
which has been integrated onto one semiconductor chip. 
Integrated circuits are monolithic by definition. See also: 
integrated circuit. 

monostable (adj.) Describes a system which has 1 stable 
state. Any other state is unstable, and will eventually change to 
the stable state. The most common monostable circuit is a "one
shot". See also: bistable, astable. 

MOS (n., adj.) Metal-Oxide-Semiconductor transistor. One of 
the two basic types of transistor. In logic design, used for NMOS, 
PMOS, and CMOS families. See also: NMOS, PMOS, CMOS, 
bipolar. 

MSI (adj.) Medium-Scale Integration. A rough measure of the 
complexity of a digital logic circuit. Characterized as having 
10-100 gate equivalents. See also: gate equivalent, SSI, LSI, 
VLSI. 

N 

NANO (adj.) Not AND. A commonly used logic gate which is 
equivalent to an AND gate followed by an inverter. The NAND 
logic operation is functionally complete. See also: gate, inverter, 
functionally complete, AND. 

negative logic (n.)A physical implementation of logic wherein 
a low voltage level represents a logic 1, or '1rue", and a high 
voltage level represents a logic 0, or "false". See also: positive 
logic, polarity. 

NMOS (n., adj.) N-channel MOS. A type of circuit which makes 
exclusive use of N-channel MOS transistors. See also: MOS, 
PMOS,CMOS. 

non-volatile (adj.) Refers to memory devices which do not lose 
their contents when power is removed. See also: volatile. 

NOR (adj.) Not OR. A logic gate which is equivalent to an OR gate 
followed by an inverter. The NOR logic operation is functionally 
complete. See also: gate, inverter, functionally complete, OR. 

NOT (adj.) One of the three elementary logic functions. Unary 
operation whose result is true if and only if the operand is false. 

0 

OR 1. (adj.) One of the three elementary logic functions. Result 
of the OR operation is false if and only if all operands are false. 
2. (v.t.) To perform the OR operation. 

OTP (adj.) One-Time Programmable. Refers to programmable 
devices which are UV-erasable, but which are not packaged in 
windowed packages. As a result, there is no way to erase the 
device, making it programmable only once. See also: program, 
erase, UV-erasable, windowed package. 

oxide isolation (n.) A bipolar integrated circuit fabrication 
technique which uses silicon dioxide to isolate transistors. This 
results in higher speed and density. See also: junction isolation, 
bipolar. 

p 

package(n.)Theencasementwhichprotectsadieandprovides Pim 
convenient electrical contact to the die. Materials used are ... 
generally ceramic or plastic compounds. There is a variety of 
shapes and sizes. See also: die. 

PAL® device (n.) Programmable Array Logic device. A PLD 
which implements logic via a programmable AND logic array 
driving a fixed OR logic array. PAL is a registered trademark of 
Monolithic Memories. See also: program, logic array, sum-of
products, PLD, AND, OR. 

PLA (n.) Programmable Logic Array. A programmable logic 
device which implements sum-of-products logic via a program
mable AND logic array driving a programmable OR logic array. 
See also: program, logic array, sum-of-products, AND, OR. 

PLCC (n.) Plastic Leaded Chip Carrier. A molded plastic inte
grated circuit package with leads shaped like a "J" (J-leads). 
Intended for surface mounting. See also: integrated circuit, lead, 
surface mounting, package. 
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Glossary 

PLO (n.) Programmable Logic Device. Generic term for a logic 
device whose function can be configured by the customer after 
purchase. See also: program. 

PMOS (n., adj.) P-channel MOS. A type of circuit which makes 
exclusive use of P-channel MOS transistors. See also: MOS, 
NMOS,CMOS. 

polarity (n.) Specifies the sense of "active" and "inactive", or 
'1rue" and "false" in a digital signal. "Active high" represents 
'1rue" as a high signal; "active low" represents "true" as a low 
signal. 

positive logic (n.) A physical implementation of logic wherein 
a high voltage level represents a logic 1, or '1rue", and a low 
voltage level represents a logic 0, or ''false". See also: negative 
logic, polarity. 

power dissipation (n.) The amount of electrical power used by 
a device. Calculated as the product of the operating voltage and 
current. Measured in watts (W) or milliwatts (mW), as appropri
ate. Sometimes incorrectly used to refer to the operating 
current only. 

printed circuit board (PC board, PCB) (n.) A board for 
assembling electrical components. Component connections 
are made by metal traces which have been fabricated through 
a metallization process. See also: trace, metallization. 

product-of-sums (POS) (adj.) A representation of a logic 
function where the input signals are individually inverted (if 
necessary), then ORed together to form sums which areANDed 
together. Any combinatorial logic function can be represented in 
product-of-sums form. See also: sum-of-products, combi
natorial, AND, OR. 

product term (pterm, p-term) (n.) An AND gate in a PLD 
which implements sum-of-products logic. See also: sum-of
products, PLD, AND, gate. 

product term sharing (n.) See product term steering. 

product term steering (n.) A means whereby product terms 
in a PAL device can be routed to one of two device outputs, 
instead of being dedicated only to one output. Sometimes called 
"product term sharing". See also: product term, PAL device. 

program 1. (v.t.) As used in programmable logic, to configure 
a blank device so that it can perform some desired function. 
Applies to memory and logic devices. Opposite of "erase". 2. 
(v.t.) To change an individual programmable cell from a blank 
state to a programmed state. See also: blank, programmable 
cell, programmed, erase: 

programmable cell (n.) Any of a variety of cells which can be 
altered by applying certain electrical signals. Various types are 
lateral and vertical fuses, UV cells, E' cells, and even RAM cells. 
All but RAM cells are non-volatile. See also: lateral fuse, vertical 
fuse, UV cell, E2 cell, RAM cell, non-volatile, volatile. 

programmed (adj.) Describes the state of a programmable cell 
or device after programming. Opposite of "blank". 

programmer (n.) A device or machine used for configuring, or 
"programming", PLDs or PROMs. See also: program, PLD, 
PROM. 

PROM (n.) Programmable Read-Only Memory. A nonvolatile 
memory device whose contents are programmed by the cus
tomer. Once programmed, it cannot be erased. Also functions 
as a PLD with a fixed AND logic array which drives a program
mable OR logic array. See also: program, erase, EEPROM, 
EPROM, ROM, RAM, non-volatile, AND, OR, logic array. 

R 

RAM (n.) Random-Access Memory. Sometimes called read/ 
write memory. A type of memory device which can be written to 
and read at any time. Such memory is volatile. Actually a mis
nomer, since most types of memories can be accessed ran
domly. The distinguishing feature is the fact that RAM is 
designed specifically to be written to in normal usage. See also: 
ROM, volatile. 

RAM cell (n.) A cell which is used make one bit of volatile 
memory in a RAM. Can also form the basis of a programmable 
logic connectivity array. See also: RAM, volatile. 

ROM (n.) Read-Only Memory. A nonvolatile memory device 
which has its contents defined when manufactured. No changes 
can be made to the memory contents. See also: PROM, 
EPROM, EEPROM, RAM, non-volatile. 

s 
Schottky TTL (adj.) Family of TTL devices which make use of 
Schottky diodes for higher speed. See also: TTL. 

security fuse (n.)A PLD feature which allows a user to "secure" 
the PLD after programming. This prevents subsequent copying 
of the contents of the PLD. See also: PLD, program. 

semlcustom (adj.) Refers to a circuit which has been partially 
designed by the device vendor, and partially designed, or 
configured, by the customer. Primary types are PLDs, gate 
arrays, and standard cell circuits. See also: PLD, gate array, 
standard cell. 

sequential (adj.) Refers to a logic circuit whose operation 
depends both on present input signals and previous operations, 
or states. Requires some kind of memory (usually flip-flops) for 
remembering past states. See also: flip-flop, combinatorial. 

SSI (adj.) Small Scale Integration. A rough measure of the 
complexity of a digital logic circuit. Characterized as having less 
than 1 O gate equivalents. See also: gate equivalent, MSI, LSI, 
VLSI. 
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standard cell (n.) A method of designing semicustom or full 
custom circuits whereby predefined cells are broughttogetherto 
provide the specified function. Unlike gate arrays, all fabrication 
steps are customized, instead of just the metallization step. See 
also: semicustom, gate array, metallization. 

standby power (n.) The power consumed by a device when 
none of the device inputs are switching. Usually used in refer
ence to CMOS devices, many of which consume practically no 
standby power. See also: CMOS. 

sum·Of·produCts (SOP) (adj.) A representation of a logic 
function where the input signals are individually inverted (if 
necessary), then ANDed together to form products which are 
ORed together. Any combinatorial logic function can be repre
sented in sum-of-products form. See also: product-of-sums, 
combinatorial, AND, OR. 

surface mounting (n.) A printed circuit board assembly tech
nique whereby the integrated circuit packages are placed on the 
board with no leads protruding through to the other side. Pack
ages can thus be mounted on both sides of the board. See also: 
printed circuit board, lead, through-hole mounting. 

synchronous 1. (adj.) Describes a sequential logic system 
wherein all operations are synchronized to a common clock. 2. 
(adj.) Describes signals whose behavior andtiming are synchro
nized to a clock. 3. (adj.) Describes a communication protocol 
whereby the timing of various operations is determined by a 
system clock. See also: sequential, clock, asynchronous. 

T 

temperature compensation (n.) A circuit feature which al
lows some electrical characteristics to remain relatively con
stant with some variation in operating temperature. 

three-state (adj.) A type of logic device output which can be in 
one of three-states: HIGH, LOW, and OFF, or High-Z (high 
impedance). When enabled (on), performs as a normal binary 
output. When disabled (off), acts as an open pin. See also: 
enable, disable, binary. 

through·hole mounting (n.) A printed circuit board assembly 
technique whereby the leads of the various components extend 
through holes in the board. These leads are then soldered from 
the opposite side of the board. See also: printed circuit board, 
lead, surface mounting. 

trace 1. (n.) During logic simulation, the behavior of a signal or 
group of signals. Theresultscan sometimes be stored in a"trace 
file" on disk for later analysis. 2. (n.) A thin layer of metal on a 
printed circuit board which provides connections between 
components. Performs the function of a wire. See also: logic 
simulation, printed circuit board. 

transparent latch (n.) See gated latch. 

TRl·STATE® (adj.) See three-state. TRI-STATE is a registered 
trademark of National Semiconductor Corp. 

true (adj.) Refers to a signal which is identical to some reference 
signal, with the same polarity. Opposite of "complement". See 
also: complement, polarity. 

TTL (adj.) Transistor-Transistor Logic family. The most widely 
used family of bipolar logic devices. The name refers to the 
particular circuit design technique used. See also: bipolar. 

u 

unclocked fllp·flop (n.) A flip-flop that changes state as soon 
as the appropriate control signals are applied. See also: flip-flop, 
clocked flip-flop. 

upload 1. (v.t.) To pass data from one machine to a more 
complex machine. 2. (n.) The act of uploading data. See also: 
download. 

UV cell (n.) A floating gate cell which can be erased by exposure 
to ultraviolet (UV) light See also: floating gate, erase. 

UV-erasable (adj.) Refers to devices or programmable cells 
which can be erased when exposed to ultraviolet (UV) light for 
a period of time. See also: programmable cell, erase. 

v 
vertlcal fuse (n.) A transistor arranged such that the emitter 
and base are shorted together. when programmed. Discon
nected in the blank state, connected in the programmed state. 
See also: program, programmed, blank. 

VLSI (adj.) Very Large Scale Integration. A rough measure of the 
complexity of a digital circuit. Characterized as having 5000 or 
more gate equivalents for logic chips, or 16K or more bits for 
memory chips. See also: gate equivalent, bit, SSI, MSI, LSI. 

volatile (adj.) Refers to memory devices which lose their 
contents when power is removed. See also: non-volatile. 

voltage compensation (n.) A circuit feature which allows 
some electrical characteristics to remain relatively constant with 
some variation in the supply voltage. 

w 

wafer (n.) A round slice of very pure silicon which is used in the 
fabrication of integrated circuits. Several circuits can be built on 
one wafer. See also: integrated circuit. 

windowed package (n.) A package which has a quartz 
window In the lid directly over the die. This makes it possible to 
expose the die to ultraviolet lightfor erasing the device. See also: 
erase, die, package. 
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Competitive Cross-Reference 

Altera 
Altera AMD/MMI 

COMMENTS 
Part Number Speed/Power Part Number Speed/Power 

EP310 50/40 PALC16L80-25 25/45 
PALC16R80-25 25/45 
PALC16R60-25 25/45 
PALC16R40·25 25/45 

EP310·2 35/40 PALC16L80-25 25145 
PALC16R80·25 25145 
PALC16R60-25 25/45 
PALC16R40-25 25145 

PAL16RA8 301170 Offers asynchronous clocking 

EP320 45/10* ZHAL20A**· 
PALC16L8Z-35 35110 Available 1088 
PALC16R8Z·35 35110 Available 1088 
PALC16R6Z-35 35/10 Available 1088 
PALC16R4Z-35 35110 Available 1088 

Standby supply current• 1 oo.µA for all device types. 

EP320·2 35/10* ZHAL20A** 2515 
PALC16L8Z-35 35110 Available 1088 
PALC16R8Z-35 35/10 Available 1088 
PALC16R6Z·35 35110 Available 1088 
PALC16R4Z-35 35/10 Available 1088 

Standby supply current - 100 µA for all device types. 

EP320·1 25/10* ZHAL20A** 2515 
PALC16L8Z·25 25110 Available 1088 
PALC16R8Z·25 25110 Available 1088 
PALC16R6Z-25 25/10 Available 1088 
PALC16R4Z-25 25/10 Available 1088 

Standby supply current • 100 µA for all device types. 

EP600 55110* AmPALC29M16-45 45/120 
AmPALC29MA 16-45 451120 

EP600-3 45/10* PALC20L8Z-45 45/10 
PALC20R8Z-45 45110 
PALC20R6Z-45 45/10 
PALC20R4Z·45 45/10 

EP600·2 35/10* AmPALC29M16-35 35/120 
AmPALC29MA 16·35 35/120 
PALC20L8Z-35 35110 
PALC20R8Z-35 35110 
PALC20R6Z-35 35110 
PALC20R4Z-35 35110 

PAL20RA10 301200 Offers asynchronous clocking. 
PAL20RA 10-20 201200 Available 4087 

PAL32VX10 351180 Offers programmable flip-flops. 
PAL32VX10A 25/180 
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Competitive Cross-Reference 

Altera (Cont'd.) 

Altera AMD/MMI 
COMMENTS 

Part Number Speed/Power Part Number Speed/Power 

EP900 60/15 LCA M2064 70 MHz/5 Note: EP900 has only 8 Prs per output. 
EP900-3 50/15 
EP900-2 45/15 
EP900-1 35/15 

EP1210 90/65 LCA M2064 70 MHz/5 Note: EP1200 does not have zero stand-by supply 
EP1210-2 65/65 current when in turbo mode. 
EP1210-1 50/65 

EP1800-3 18.5 MHz/30 LCA M2018 50 MHz/5 Note: EP1800 does not have zero stand-by supply 
EP1800-2 20.8 MHz/30 current when in turbo mode 
EP1800-1 25 MHz/30 

Note: All power values given are for f = 1 MHz with no output load unless otherwise noted. 

**ZHAL20A series includes: 

16L8A 
16R8A 
16R6A 
16R4A 

16P8A 
16RP8A 
16RP6A 
16RP4A 

10H8A 
12H6A 
14H4A 
16H2A 

10L8A 
12L6A 
14L4A 
16L2A 

16C1A 
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Competitive Cross-Reference 

Cypress 
Cypress AMD/MMI 

COMMENTS 
Part Number Spead/Power Part Number Spead/Power 

PALC16LBL-25 25/45 PALC16L80-25 25/45 MMI has reduced ground bounce sensitivity by scaling 
PALC16RBL-25 25/45 PALC16R80-25 25/45 down output drive to 8 mA. 
PALC16R6L-25 25/45 PALC16R60-25 25/45 
PALC16R4L-25 25/45 PALC16R40-25 25/45 

PALC16L8-25 25f70 PALC16L80-25 25/45 
PALC16R8-25 25f70 PALC16R80-25 25/45 
PALC16R6-25 25f70 PALC16R60-25 25/45 
PALC16R4·25 25f70 PALC16R40·25 25/45 

PALC16L8L-35 35/45 PALC16L80-25 25/45 
PALC16R8L-35 35/45 PALC16R80-25 25/45 
PALC16R6L·35 35/45 PALC16R60·25 25/45 
PALC16R4L-35 35/45 PALC16R40-25 25/45 

PALC16L8·35 35f70 PALC16L80-25 25/45 
PALC16R8·35 35f70 PALC16R80·25 25/45 
PALC16R6-35 35f70 PALC16R6Q-25 25/45 
PALC16R4·35 35f70 PALC16R40-25 25/45 

PLDC20G 10·25 25/55 PAL22RXBA 25/210 Superset of Standard and Combinatorial 24 pin devices, 
PLDC20G 10·35 35155 except RS family. Includes programmable flip-flops. 

PALC22V10-25 25/90 PALC22V1 OH·25 25/90 
PALC22V10-35 35/90 PALC22V1 OH-35 35/90 
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Competitive Cross-Reference 

Fairchild 

Fairchild AMD/MMI 
COMMENTS 

Part Number Speed/Power Part Number Speed Power 

PAL16L8A 25/180 Am/PAL 16L8A 25/180 AmPAL 16L8A at 155 mA 
PAL16R8A 251180 Am/PAL 16R8A 25/180 
PAL16R6A 25/180 Am/PAL 16R6A 25/180 
PAL16R4A 25/180 Am/PAL 16R4A 25/180 

PAL16P8A 25/180 AmPAL18P8A 251180 
PAL16P8A 25/30*/180 *Polarity fuse programmed high 

PAL16RP8A 25/180 PAL16RP8A 25/30*/180 *Polarny fuse programmed high 
PAL16RP6A 25/180 PAL16RP6A 25/30*/180 *Polarny fuse programmed high 
PAL16RP4A 25/180 PAL16RP4A 25/30*/180 *Polarny fuse programmed high 

PAL16L8B 15/180 Am/PAL 16L8B 15/180 
PAL16R8B 15/180 Am/PAL 16R8B 15/180 
PAL16R6B 15/180 Am/PAL16R6B 15/180 
PAL16R4B 15/180 Am/PAL 16R4B 15/180 

PAL16P8B 15/180 AmPAL18P8B 15/180 
PAL16RP8B 15/180 Am!PAL16R8B 151180 Fairchild part has programmable polarity 
PAL16RP6B 15/180 Am/PAL 16R6B 15/180 Fairchild part has programmable polarity 
PAL16RP4B 151180 Am/PAL 16R4B 15/180 Fairchild part has programmable polarity 

AmPAL23S8-20 201200 

PAL 16L8D 10/180 Am/PAL 16L8D 10/180 
PAL16R8D 10/180 Am/PAL 16R8D 10/180 
PAL16R6D 10/180 Am/PAL 16R6D 10/180 
PAL16R4D 10/180 Am/PAL 16R4D 10/180 
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Competitive Cross-Reference 

Intel 

Intel AMD/MMI 
COMMENTS 

Part Number Speed/Power Part Number Speed/Power 

5C031 50/40* PALC16L80-25 25/45 
40/40* PALC16R80-25 25/45 

PALC16R60-25 25/45 
PALC16R40-25 25/45 

5C032 35/5* PALC16L80-25 25/45 
30/5* PALC16R80-25 25/45 

PALC16R60-25 25/45 
PALC16R40-25 25/45 
PALC16L8Z-25 25/10* Available 1088 
PALC16R8Z-25 25/10* Available 1088 
PALC16R6Z-25 25/10* Available 1088 
PALC16R4Z-25 2511 o• Available 1088 
PALC16L8Z-35 35/10* Available 1088 
PALC16R8Z-35 35/10* Available 1088 
PALC16R6Z-35 35/1 o• Available 1088 
PALC16R4Z-35 ss11 o• Available 1088 

5C060 5511 o• AmPALC2QMA 16-35 35/120 
4511 o• PALC20L8Z-35 35/10' 

PALC20R8Z-35 35/1 o• 
PALC20R6Z-35 3511 o• 
PALC20R4Z-35 3511 o• 
PALC20L8Z-45 4511 o• 
PALC20R8Z-45 4511 o• 
PALC20R6Z-45 45/1 o· 
PALC20R4Z-45 4511 o• 

'I= 1 MHz 
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Competitive Cross-Reference 

Lattice 

Lattice AMD/MMI 
COMMENTS 

Part Number Speed/Power Part Number Speed/Power 

GAL16V8-25 25/45 PALC16L80-25 25/45 GAL 16V8 is a universal 20 pin PAL device architecture. 
PALC16R80-25 25/45 
PALC16R60-25 25/45 
PALC16R40-25 25/45 

GAL16V8-25 25/90 Am/PAL 16L8B-2/AL 25/90 
Am/PAL 16R8B-2/AL 25/90 
Am/PAL 16R6B-2/ AL 25/90 
Am/PAL 16R4B-2/AL 25/90 

GAL16V8-35 35/45 PALC 16L80-25 25/45 
PALC16R80-25 25/45 
PALC16R60-25 25/45 
PALC16R40-25 25/45 

GAL16V8-35 35/90 Am/PAL 16L8A-2/L 35/90 Am PAL 16L8L at 80 mA 
Am/PAL 16R8A-2/L 35/90 
Am/PAL 16R6A-21L 35/90 
Am/PAL 16R4A-2/L 35/90 

GAL16V8-15 15/90 PAL 16L8H-15 15/90 MMl-Available 4087 
PAL 16R8H-15 15/90 MMl-Available 4087 
PAL16R6H-15 15/90 MMl-Available 4087 
PAL16R4H-15 15/90 MMl-Available 4087 

GAL20V8-35 35145 PALC20L8Z-35 35/1 o· GAL20V8 is a universal 24 pin PAL device. MMI ZPAL 
PALC20R8Z-35 35/10' devices offer advantage of 100 µA standby current 
PALC20R6Z-35 35/10' 'I= 1 MHz 
PALC20R4Z-35 35/10' 

GAL20V8-35 35/90 PAL20L8A-2 35/105 
PAL20R8A-2 35/105 
PAL20R6A-2 35/105 
PAL20R4A-2 35/105 

GAL20V8-25 25145 PAL22RX8A 25/210 
PALC22V1 OH-25 25/90 

GAL20V8-25 25/90 PAL20L8B-2 25/105 
PAL20R8B-2 25/105 
PAL20R6B-2 25/105 
PAL20R4B-2 25/105 
PALC22V1 OH-25 25/90 

GAL39V18 30/120 PAL32VX10A 25/180 Advanced architecture PAL devices 
PAL22RX8A 25/210 
AmPALC29M16-35 35/120 
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Competitive Cross-Reference 

National Semiconductor Corporation 

NSC AMD/MMI 
COMMENTS 

Part Number Speed/Power Part Number Speed/Power 

PAL10H8 35/90 PAL10H8 35/90 
PAL12H6 35/90 PAL12H6 35/90 
PAL14H4 35/90 PAL14H4 35/90 
PAL16H2 35/90 PAL16H2 35/90 
PAL16C1 40/90 PAL16C1 40/90 
PAL10L8 35/90 PAL10L8 35/90 
PAL12L6 35/90 PAL12L6 35/90 
PAL14L4 35/90 PAL14L4 35/90 
PAL16L2 35/90 PAL16L2 35/90 

AmPAL18P8L 35/90 

PAL10H8A 25/90 ZHAL20A 25/5* No direct equivalent. Can be 
PAL12H6A 25/90 Am PAL 18P8AL 25/90 replaced by ZHAL20A series. 
PAL14H4A 25/90 
PAL16C1A 25/90 Features; 
PAL10L8A 25/90 • tPD = 25 ns 
PAL12L6A 25/90 • Zaro standby power = 100 µA 
PAL14L4A 25/90 • Operating supply currant = 5 mA + 3 mAIMHz 
PAL16L2A 25/90 •'1=1 MHz 

PAL10H8A2 35/45 PAL10H8 35/90 Can be replaced by ZHAL20A series. 
PAL10H8-2 60/45 
AmPAL18P80 35/55 

Features: 
PAL12H6A2 35/45 PAL12H6 35/90 • tPD = 25 ns 

PAL12H6-2 60/45 • Standby supply current = 100µA 
AmPAL18P8Q 35/55 • Operating supply currant = 5 mA + 3 mAIMHz 

PAL14H4A2 35/45 PAL14H4 35/90 Can be replaced by Am PAL 18P80. 
PAL14H4-2 60/45 
AmPAL18P8Q 35/55 

PAL16C1A2 40/45 PAL16C1 40/90 
PAL16C1-2 60/45 

PAL10L8A2 35/45 PAL10L8 35/90 
PAL10L8-2 60/45 
AmPAL18P8Q 35/55 

PAL12L6A2 35/45 PAL12L6 35/90 
PAL12L6-2 60/45 
AmPAL18P8Q 35/55 

PAL14L4A2 35/45 PAL14L4 35/90 
PAL14L4-2 60/45 
AmPAL1BP8Q 35/55 

PAL16L2A2 35/45 PAL16L2 35/90 
PAL16L2-2 60/45 
AmPAL18P8Q 35/55 

PAL16L8 35/180 AmPAL16L8 35/155 
PAL16R8 35/180 AmPAL16R8 35/180 
PAL16R6 35/180 AmPAL16R6 35/180 
PAL16R4 351180 AmPAL16R4 35/180 

PAL16L8A 25/180 Am/PAL 16L8A 25/180 AmPAL16L8Aat 155 mA 
PAL16R8A 251180 Am/PAL 16R8A 25/180 
PAL16R6A ~5/180 Am/PAL 16R6A 25/180 
PAL16R4A 25/180 Am/PAL 16R4A 25/180 
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Competitive Cross-Reference 

Natonal Semiconductor Corporation (Cont'd.) 

NSC AMD/MMI 
COMMENTS 

Part Number Speed/Power Part Number Speed/Power 

PAL16L8A2 35/90 Am/PAL 16L8A-2/L 35/90 AmPAL16L8L at 80 mA 
PAL16R8A2 35/90 Am/PAL 16R8A-2/L 35/90 
PAL16R6A2 35190 Am/PAL 16R6A-2/L 35190 
PAL16R4A2 35/90 Am/PAL 16R4A-2/L 35/90 

PAL16L8B 15/180 Am/PAL 16L8B 15/180 
PAL16R8B 151180 Am/PAL 16R88 151180 
PAL16R68 15/180 Am/PAL 16R6B 15/180 
PAL16R48 151180 Am/PAL 16R48 15/180 

PAL16L8B2 25/90 Am/PAL 16L88-2/AL 25/90 
PAL16R8B2 25/90 Am/PAL 16R88-2/AL 25/90 
PAL16R682 25/90 Am/PAL 16R6B-2/AL 25/90 
PAL16R482 25/90 Am/PAL 16R48-2/AL 25190 

PAL16P8A 25/180 PAL16P8A 25/30*/180 *Polarity fuse programmed high 
PAL16RP8A 25/180 PAL16RP8A 25/30*/180 *Polarity fuse programmed high 
PAL16RP6A 25/180 PAL16RP6A 25/30*/180 *Polarity fuse programmed high 
PAL16RP4A 25/180 PAL16RP4A 25/30*/180 *Polarity fuse programmed high 

PAL12L10 40/100 PAL12L10 40/100 All except 20C1 can be replaced by AmPAL22P1 O 
PAL14L8 40/100 PAL14L8 401100 
PAL16L6 40/100 PAL16L6 40/100 
PAL18L4 40/100 PAL18L4 40/100 
PAL20L2 40/100 PAL20L2 401100 
PAL20C1 40/100 PAL20C1 40/100 

PAL20L8A 251210 PAL20L8A 25/210 
PAL20R8A 251210 PAL20R8A 25/210 
PAL20R6A 25/210 PAL20R6A 251210 
PAL20R4A 251210 PAL20R4A 25/210 

PAL20L10 501165 PAL20L10A 30/165 
PAL20X10 501180 PAL20X10A 30/180 
PAL20X8 501180 PAL20X8A 30/180 
PAL20X4 50/180 PAL20X4A 30/180 

PAL1016P8 61240 PAL10H20P8 6/210 NSC has 8 PTs/output. MMI has 4 (up to 8 PTs) 
plus 4 extra array inputs. MMI is much less 
expensive. 

PAL10016P8 61240 PAL10020GR8-6 61220 100K ECL PAL IC; available 1088 
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Competitive Cross-Reference 

Signetics 

Slgnetics AMD/MMI 
COMMENTS 

Part Number Speed/Power Part Number Speed/Power 

PLS153 40/155 PAL10H8 35/90 Signetics' parts are functional three-state output supersets 
PLS153A 30/155 PAL10L8 35/90 of the 20 pin devices listed. Signetics' parts have 42 PT's 

PAL12H6 35/90 vs. 16 PT's (64 for the 16P8A/18P8) 
PAL12L6 35/90 Signetics' part has PLA architecture, AMD/MMI part has 
PAL14H4 35/90 PAL device architecture. 
PAL14L4 35/90 
PAL16H2 35/90 
PAL16L2 35/90 
PAL16C1 35/90 
PAL16P8A 25/30*/180 *Polarity fused programmed high. 
Am PAL 18P8AL 25/90 

PLS155 50/190 AmPAL23S8-20 20/200 The registered Signetics' parts are not direct functional 
AmPAL16R4 35/180 supersets of PAL devices listed. There are important 
Am/PAL 16R4A 25/180 architectural differences. The Signetics' parts may not be 
PAL16RP4A 25/180 able to implement the equivalent logic that can be 
PALC16R4Q-25 25/45 implemented with a PAL device. 

PLS157 50/190 AmPAL23S8-20 20/200 
AmPAL16R6 35/180 
Am/PAL 16R6A 25/180 
PAL16RP6A 25/180 
PALC16R6Q-25 25/45 

PLS159 50/190 AmPAL23S8-20 20/200 
PLS159A 35/190 Am/PAL16R8 35/180 

Am/PAL 16R8A 25/180 
PAL16RP8A 25/180 
PALC16R8Q-25 25/45 

PLS173 30/170 AmPAL22P1 OAL 25/90 
PAL12L10 40/100 
PAL14L8 40/100 
PAL16L6 40/100 
PAL18L4 40/100 
PAL20L2 40/100 
PAL20C1 40/100 
PAL20L10A 30/165 

PLS179 35/210 PAL20R8A 25/210 MMI devices have 64 PTs vs. 42. MMl's are fixed, 
PAL20RS10 35/40'/240 except on 20RS10 family, where they are "steerable". 
PALC20R8Z-35 35/10** Signetics' part has PLA architecture, AMD/MMI part has 

PAL device architecture. . Polarity fuse programmed high .. f = 1MHz 

PLHS18P8A 20/155 AmPAL18P8B 15/180 
Am PAL 18P8AL 25/90 

PLS105A 20MHz/180 PLS105-37 37MHz/180 Has 16 inputs, 48 states, 8 registers. 28 pin pkg. 
600 mil wide 

PLS167A 20MHz/180 PLS167-33 33MHz/180 Has 14 inputs, 48 states, 6 registers. 24 pin pkg. 
300 mil wide 

PLS168A 20MHzi180 PLS168-33 33MHz/180 Has 12 inputs, 48 states, 8 registers. 24 pin pkg. 
300 mil wide 

Note that MMI programmable sequencers are 13 MHz 
faster than Signetics' and will be available 4087. 
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Competitive Cross-Reference 

Texas Instruments 

Texas Instruments AMD/MMI 
COMMENTS 

Part Number Speed/Power Part Number Speed/Power 

TIBPAL16L8-1 O 10/180 Am/PAL 16L8D 10/180 
TIBPAL16R8-10 10/180 Am/PAL 16R8D 10/180 
TIBPAL 16R6-1 O 10/180 Am/PAL 16R6D 10/180 
TIBPAL 16R4-10 10/180 Am/PAL 16R4D 10/180 

TIBPAL 16L8-15 15/180 Am/PAL 16L8B 15/180 
TIBPAL16R8-15 15/180 Am/PAL 16R8B 15/180 
TIBPAL 16R6-15 15/180 Am/PAL 16R6B 15/180 
TIBPAL 16R4-15 15/180 Am/PAL 16R4B 15/180 

TIBPAL 16L8-25 25/100 AmPAL16L8AL 25/90 
TIBPAL 16R8-25 25/100 Am PAL 16R8AL 25/90 
TIBPAL 16R6-25 25/100 Am PAL 16R6AL 25/90 
TIBPAL 16R4-25 25/100 Am PAL 16R4AL 25/90 

PAL16L8A 25/180 Am/PAL 16L8A 25/180 AmPAL16L8A at 155 mA 
PAL16R8A 25/180 Am/PAL 16R8A 25/180 
PAL16R6A 25/180 Am/PAL 16R6A 25/180 
PAL16R4A 25/180 Am/PAL 16R4A 25/180 

PAL16L8A-2 35/90 Am/PAL 16L8A-2/L 35/90 Am PAL 16L8L at 80 mA 
PAL16R8A-2 35/90 Am/PAL 16R8A-2/L 35/90 
PAL16R6A-2 35/90 Am/PAL 16R6A-2/L 35/90 
PAL16R4A-2 35/90 Am PAL 16R4A-2/L 35/90 

PAL16L8 35/180 AmPAL16L8 35/155 
PAL16R8 35/180 AmPAL16R8 35/180 
PAL16R6 35/180 AmPAL16R6 35/180 
PAL16R4 35/180 AmPAL16R4 35/180 

TIBPAL20L8-15 15/180 PAL20L8B 15/210 
TIBPAL20R8-15 15/180 PAL20R8B 15/210 
TIBPAL20R6-15 15/180 PAL20R6B 15/210 
TIBPAL20R4-15 15/180 PAL20R4B 15/210 

TIBPAL20L 10-20 20/165 AmPAL20L 10-20 20/165 Can be replaced by ZHAL24A Series. 
TIBPAL20X 10-20 20/180 AmPAL20XRP10-20 20/210 Features: 
TIBPAL20X8-20 20/180 AmPAL20XRP8-20 20/210 • tPD = 25 ns 
TIBPAL20X4-20 20/180 AmPAL20XRP4-20 20/210 • Standby supply current = 100 µA 

• Operating supply current = 5 mA + 3 mA/MHz 

PAL22V10A 20/180 PALC22V1 OH-25 25/90 
AmPAL22V10-15 15/180 

TIBPALR19L8-25 25/210 AmPALC29M16-35 35/120 Input register device 
TIBPALR19R8-25 25/210 
TIBPALR19R6-25 25/210 
TIBPALR19R4-25 25/210 

TIBPALT19L8-25 25/210 AmPALC29M16-35 35/120 Input latch device 
TIBPALT19R8-25 25/210 
TIBPAL T19R6-25 25/210 
TIBPAL T19R4-25 25/210 

TIBPAL16L8-12 12/200 Am/PAL 16L8D 10/180 
TIBPAL 16R8-12 12/200 Am/PAL 16R8D 10/180 
TIBPAL 16R6-12 12/200 Am/PAL 16R6D 10/180 
TIBPAL 16R4-12 12/200 Am/PAL16R4D 10/180 
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Worldwide Application Support 

The Worldwide Application Support Group is dedicated to making 
sure that the customer's need for technical support is met. 

It is the job of Applications Engineering to ensure that the 
customer engineer is familiar with our product line, that they have 
the information and tools necessary to get the appropriate part 
designed in, and that they have access to technical support 
throughout the lifetime of their product. 

Support is provided by two groups: 

Field Applications Engineers-With Applications Engineers 
located in ourfield sales offices throughoutthe world, our custom
ers always have access to an engineer when they have problems 
or questions. Working with Sales, our engineers teach seminars 
showing customers how to use our new parts, assist them during 
their design when technical questions come up, and provide 
troubleshooting support to help eliminate problems which might 

occur when the design reaches production. Call your local Sales 
Office (page 6-41) for an FAE in your area. 

Factory Applications Support-This group, located within the 
factory, is responsible for centralized technical support of all 
AMD's products. Their duties include developing seminars for 
training of FAEs and customers, and hosting the twice yearly 
Applications Conference. They are responsible for the coordina
tion of customer training and giving the factory an insight into the 
customer's point of view. 

Additionally, the Factory Applications Support Group provides 
customer support for technical questions via a toll-free number: 
(800) 222-9323 (listed on the back of all databooks). This depart
ment is manned from 7:00 A.M. to 5:30 P.M. (Pacific time) 
Monday to Friday. Currently 80% of the questions are answered 
on the first call, 20% within 24 hours. 
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20-pin Combinatorial TTlJCMOS PAL Devices 

PRODUCT PINS TECHNOLOGY l tp0 (ns) lcc<mA) DESCRIPTION PAGE 
l=-~ 

AmPAL18P8 20 TTL I 15, 25 55,90, 180 20-pin superset 5-202 
PAL16P8 20 TTL 

I 
25 180 Programmable polarity 5-17 

Am/PAL 16L8 20 TTL, E CMOS 10, 15,25,35,55 0.1, 45, 90, 180 Standard 5-26, 5-184 
PAL10H8 20 TTL 35 90 Simple combinatorial 5-56 
PAL10L8 20 TTL 35 90 Simple combinatorial 5-56 
PAL12H6 20 TTL 35 90 Simple combinatorial 5-56 
PAL12L6 20 TTL 35 

I 
90 Simple combinatorial 5-56 

PAL14H4 20 TTL 35 90 Simple combinatorial 5-56 
PAL14L4 20 TTL 35 90 Simple combinatorial 5-56 
PAL16H2 20 TTL 35 90 Simple combinatorial 5-56 
PAL16L2 20 TTL 35 90 Simple combinatorial 5-56 
PAL 16C1 20 TTL 40 0 Simple combinatorial 5-56 

20-pin Registered TTlJCMOS PAL Devices 

PRODUCT J PINS TECHNOLOGY ' fMAX(MHz) 'cc<mA) DESCRIPTION 
I 

PAGE I 
AmPAL23S8 20 I TTL 33, 28.5 

I 
200 Buried registers 5-169 I 

PAL16RA8 20 TTL 20 170 Asynchronous 5-11 
I PAL16RP8 20 TTL I 25 I 180 Programmable polarity 5-17 

PAL16RP6 20 TTL 25 I 180 Programmable polarity 5-17 I 
PAL16RP4 20 TTL 25 I 180 Programmable polarity 

5-17 I 
Am/PAL16R8 20 TTL, E CMOS 58, 40, 28.5, 18, 11 0.1, 45, 90, 180 Standard 5-26, 5-184 
Am/PAL16R6 20 TTL, ECMOS 58, 40, 28.5, 18, 11 0.1, 45, 90, 180 Standard 5-26 5-184 
Am/PAL16R4 20 TTL, E CMOS 58, 40, 28.5, 18, 11 0.1. 45, 90, 180 Standard 5-26: 5-184J 
PAL16X4 20 TTL 14 225 Arithmetic 5-51 

Sequencers 

PRODUCT PINS TECHNOLOGY t fMAX(MHz) lcc<mA) DESCRIPTION PAGE 

PMS14R21 24 T TTL 30,25 210 PROSE Sequencer 5-315 
PLS167 24 TTL 

I 
33 200 Programmable Logic Seq. 5-331 

PLS168 24 TTL I 33 200 Programmable Logic Seq. 5-331 
PLS105 24 TTL I 37 200 Programmable Logic Seq. 5-331 
Am29PL141 

I 
28 TTL 20 450 Fuse Prag. Controller 5-339 

l I 
Am2971 24 TTL l 85 310 Prag. Event Generator 5-365 

ECL PAL Devices 

PRODUCT PINS TECHNOLOGY fMAX/tPD lcc<mA) l DESCRIPTION I PAGE 

PAL 1 OH20EV/EG8 24 ECL10KH 125 MHz 220 1 Registered/latched ~81 
PAL 10020EV/EG8 24 EGL 100K 125 MHz 220 Registered/latched I 5-381 
PAL10H20G8 

l 
24 ECL10KH 6 ns 225 I Latched 15-382 

PAL 10H20P8 24 ECL10KH 6 ns 210 I Combinatorial 15-386 

Logic Cell Array 

PRODUCT PINS TECHNOLOGY fMAX(MHz) 'cc(mA) DESCRIPTION PAGE J 
.. 

5-483 1 M2064 48,68 RAM CMOS 70,50,33 5 Logic Cell Array 

M2018 68,84 RAM CMOS 
I 

50,33 5 Logic Cell Array I 5-483 j 
(Continued on front cover) 




