Using Programmable Logic Devices

Introduction

This application note covers three areas:
* Where and why do | use
Programmable Logic Devices (PLDs)?

 How do | use PLDs?

» Software and hardware support for
Atmel PLDs.

Where Do | Use PLDs?

Any digital logic design can be done
using PLDs. If you normally begin your
design by:

e Using AND and OR functions

» Thinking of 7400 series components

» Using truth tables, or

« State diagrams

You are already on the path to using
PLDs.

Designing a microprocessor-based sys-
tem, with memory and I/O? How about
all that “glue” logic you use to interface
with the bus, provide chip selects, and
any unusual signals required by special
chips? Most of these functions are cur-
rently done with 7400 series TTL. How
about using a PLD instead?

Designing a stand-alone PC board which
uses a state machine to control multiple
output signals? Using latches to syn-
chronize signals? Using counters to
divide down master clock frequencies?
Converting parallel-to-serial and back
again? All of these functions fit easily in
modern PLDs. Most anything found in
your TTL Databook can be replaced with
your own, PERSONALIZED, program-
mable logic device.

PLD Applications
e Glue Logic

« State Machines
e Synchronization
« Decoders

e Counters

e Bus Interfaces

» Parallel-to-Serial
« Serial-to-Parallel
e Subsystems

e and Many Others

Why PLDs?

Maybe you have already heard all the
wonderful reasons for using PLDs. Well,
they’re true! First, let’'s review some of
the more important ones:

* Increased Integration. You can
reduce the package count of your
designs while simultaneously
increasing the features offered by your
product.

* Lower Power. CMOS and fewer
packages combine to reduce power
consumption.

e Improved Reliability. Lower power
plus fewer interconnections and
packages translate into greatly
improved system reliability.

* Lower Cost. PLDs reduce inventory
costs, too.

» Easier To Usel Yes, believe it or not,
once you get past the initial learning
period, PLDs are easier to use than
discrete logic functions.

« Easier to Change. Oops! Need to
make a change? You won't need “blue
wire” when you use a PLD — all
changes are internal,and can be done
quickly. ECNs are a snap — and
system reliability is maintained!
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Let's Get Started!

Figure 1 describes the PLD design process. After having
read the first part of this application note, you now have the
perfect application for a PLD, right? So here you go!

How do you translate your idea into a working prototype?
First, you need a computer with an editor of some kind. If
you have a workstation with a schematic editor, you may
input your design using familiar logic blocks. Otherwise, a
line or full screen text editor, used in the non-document
mode will do. An example of an ABEL™ text file is on the
next page.

Next, turn the logic compiler loose on your design. First it
will check for typographical errors and any inconsistencies
in your specification. Most compilers then attempt to
reduce your logic using standard logic reduction theory.
Then, a simulator will check the test vectors you input,
comparing your logic description against the predicted
responses. This is an excellent way to verify your design.
Check with the appropriate software manuals for more
information.

At the end of the compilation process, a JEDEC file is out-
put. This file is a standard format accepted by most
programming hardware. Next download this file to your
chosen programmer.

At this point you are ready to “build” your prototype. Make
sure the programmer has the correct information to pro-
gram the device you have chosen (an Atmel PLD, of
course), plug in your device, and go! Most programmers
will even functionally test your prototype for you if you
include test vectors in your JEDEC file.

Take your configured PLD, and plug it into your system. If
you find any errors, just use your editor to make the neces-
sary changes, and repeat the process. It's easy!

Example Design

The following design is a simple example using ABEL™ to
process the logic description file and an AT22V10 as the
target device. The equations are on the next page, and are
a direct reproduction of the actual ABEL input file.

Each of the three allowable input formats are shown. A
truth table is used to describe a simple 2-to-4 decoder, as

is often used to decode chip selects in a microprocessor
system. Next, the state machine format is used to describe
a divide-by-4 counter. And finally, Boolean equations are
used to describe some random logic.

Note the test vectors used to test the device. The “c”
nomenclature means that this pin has a low-to-high-to-low
series of transitions for this vector. Each time this happens,
the counter should increment. Also note that the counter
starts in the reset condition, which is both outputs “1” for an
active low output.

Now you're ready to go - Have fun!

Figure 1. PLD Design Process
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Note: 1. Examples of compilers are ABEL, CUPL™, PLDe-
signer XL™, nd LOG/iC. Each of these products
contains modules which allow simulation of your
design. They also minimize your logic equations,

which gives you flexibility in describing your design.
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Example ABEL Description File

nodul e X3;
title 'Exanpl e using 22V10 - KHG 1/6/88’;
X310 device ' P22V10';

Ca k, Al2, A13 pinl, 2, 3;

CEO, CE1, CE2, CE3 pi n20, 21, 22, 23;

QL, @, Car Qut pi nl7, 18, 14;

CarEn, A B, C D piné6,7,8,9, 10;

Qut 1, Qut2 pi nl5, 16;

X Z,c =. X , .Z , .C;

“Counter States

Statel = "b0o; State2 = "b01;
= A"blil;

State3 = "blo; St at e4

“The following truth table defines the 2 to 4 decoder, which decodes
“ Al13 and Al2 into CEO, CEl1l, CE2, and CE3.
truth_table ([A13, A12] -> [ CEO, CEl, CE2, CE3])

[o O] -> [ O 1, 1, 17;
[Oo 1] - [1 0 1, 17;
[, 0] - [ 1, 1, 0, 117;
[ 1, 11 -> [ 1, 1, 1, O1];

“The follow ng state description defines the divide by 4 counter
state_di agram [ Q2, Q1]

State Statel: GOro0  Statez;

State State2: GOrO St ates3;

State State3: GOTO St at e4;

State State4: GOTO Statel;

“ The follow ng equations are general in nature to illustrate Bool ean input

“ format. The CarQut equation uses state 4 above to produce a carry.

Equati ons

Car Qut =@ & Q & CarEn; “& = AND

Qutl =A& B+ C& D “+ = CO0R ANDtakes precedence
Qut 2 =A& C+ B& D

“The followi ng are the appropriate test vectors
test_vectors

[ O k, CarEn, A3, Al2, A, B, C, D|- >[ CEO, CE1, CE2, CE3, @, Ql, Car Qut , Qut 1, Qut 2] ) ;
0,0 0 0 0 0 0 0] ->0,1, 1, 1, 1, 1, 0, 0, 0 ];

(

[

[c,0 0 1,1, 1,0, 0] ->1, 0 1, 1, 0, 0, 0, 1, 0]
[c,0 1, 0 1,0 1, 0] - > 1, 1, 0, 1, 0, 1, 0, 0, 1]
[ ¢, 0 1, 1, 0,0 1, 2] - > 1, 1, 1, 0, 1, 0, O, 1, 017];
[ ¢, 0, 0,0 01,0 1] ->0,1, 1,1, 1, 1, 0, 0, 17;
[0 1, 0,1, 1, 1, 1, 1] - > 1, 0, 1, 1, 1, 1, 1, 1, 17;
end X3;
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