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Overview

= Part 1 —The Design Space
= Part 2 — Propagation Delay and Timing
= Part 3— Asynchronous I nteractions
= Part 4 - Programmable | mplementation
Technologies
* Why Programmable L ogic?
* Programming Technologies
* Read-Only Memories (ROMS)
* Programmable Logic Arrays (PLAS)
* Programmable Array Logic (PALS)
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Why Programmable L ogic?

= Facts:

* It ismost economical to producean IC in large
volumes

e Many designsrequired only small volumes of ICs
= Need an IC that can be:

* Produced in large volumes

* Handle many designsrequired in small volumes
= A programmablelogic part can be:

* madein large volumes

* programmed to implement large number s of
different low-volume designs
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Programmable L ogic - More Advantages

= Many programmable logic devices arefield-
programmable, i. e., can be programmed outside of the
manufacturing environment

= Most programmable logic devices ar e erasable and
reprogrammable.
* Allows“updating” a deviceor correction of errors
* Allowsreusethe devicefor a different design - the ultimatein
re-usability!
 ldeal for courselaboratories
= Programmable logic devices can be used to prototype
design that will beimplemented for salein regular ICs.

e Complete Intel Pentium designs wer e actually prototyped with
specialized systems based on large numbers of VL SI
programmable devices!
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Programming Technologies

= Programming technologies are used to:
 Control connections
* Build lookup tables
 Control transistor switching

= Thetechnologies

 Control connections
= Mask programming
= Fuse
= Antifuse
= Single-bit storage element
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Programming Technologies

= The technologies (continued)

* Build lookup tables
= Storage elements (asin a memory)

* Transistor Switching Control

= Stored charge on afloating transistor gate
* Erasable
* Electrically erasable
e Flash (asin Flash Memory)

= Storage elements (asin a memory)
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Technology Characteristics

= Permanent - Cannot be erased and reprogrammed
= Mask programming
= Fuse
= Antifuse

= Reprogrammable
* Volatile - Programming lost if chip power lost
= Single-bit storage element

* Non-Volatile
= Erasable
= Electrically erasable
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Programmable Configurations

= Read Only Memory (ROM) - afixed array of AND
gatesand a programmable array of OR gates

= Programmable Array Logic (PAL)® - a
programmable array of AND gatesfeeding a
fixed array of OR gates.

= Programmable Logic Array (PLA) - a
programmable array of AND gatesfeeding a
programmable array of OR gates.

= Complex Programmable Logic Device (CPLD)
/Field- Programmable Gate Array (FPGA) -

complex enough to be called “architectures’ - See
VLSl Programmable Logic Devices reading supplement
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ROM, PAL and PLA Configurations

Fixed . .
Inputs——————|  AND array Programmable] Programmable

(decoder) Connections | OR array

—> Outputs

(a) Programmable read-only memory (PROM)

Programmablg] Programmable Fixed -
Inputs & ections | AND array | ORarray Outputs

(b) Programmable array logic (PAL) device

Programmablg Programmable [Programmable] Programmable

Inputs - - >
PU " Connections AND array | Connections OR array Outputs

(c) Programmable logic array (PLA) device
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Read Only Memory

» Read Only Memories (ROM) or Programmable
Read Only Memories (PROM) have:

* N input lines,
* M output lines, and
» 2N decoded minterms.

= Fixed AND array with 2V outputsimplementing
all N-literal minterms,

= Programmable OR Array with M outputslinesto
form up to M sum of minterm expressions.
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Read Only Memory

= A program for aROM or PROM issimply a
multiple-output truth table

 If alentry, aconnection ismadetothe
cor responding minterm for the corresponding
output

* |f a0, no connection is made

= Can beviewed asa memory with theinputs as
addresses of data (output values), hence ROM or
PROM names!
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Read Only Memory Example

Example: A 8 X 4 ROM (N = 3input lines, M= 4 output lines)
= Thefixed "AND" array isa

“decoder” with 3inputsand 8 D7
outputsimplementing minterms. Bg
= Theprogrammable"” OR" D4

. . D3
array usesasinglelineto A —A2

represent all inputstoan  ® ~ //:3 D1
OR gate. An“X" inthe © ~ |

array correspondsto attaching the
minterm to the OR
= Read Example: For input (A,A,Ap) s F2 F1 FO

=011, output is (F3,F,,F;,F,) = 0011.
= What arefunctionsF;, F,, F, and Fyin termsof (A,, A}, Ap?

Logic and Gomputer Desigh Fundamentals, de
% Slid;

o poare Eaati, e Chapter 6- Part4 12



Programmable Array Logic (PAL)

= The PAL istheopposite of the ROM, having a
programmable set of ANDs combined with fixed ORS.

= Disadvantage
* ROM guaranteed to implement any M functions of N
inputs. PAL may havetoo few inputsto the OR gates.
= Advantages
 For given internal complexity, a PAL can havelarger N and M

* Some PAL s have outputsthat can be complemented, adding
POSfunctions

* No multilevel circuit implementationsin ROM (without
exter nal connections from output to input). PAL has
outputsfrom OR termsasinternal inputsto all AND
terms, making implementation of multi-level circuits easier.
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Programmable Array Logic Example

AND gates inputs

= 4-input, 3-output PAL
with fixed, 3-input OR
terms .
= What aretheequations n=-2+——

for F1through F4? ¢
F1=AB+C "
F2=ABC +AC +AB ‘

gF
g
ES
=
—

p=B—]%
F3=

F4=

p—c—J%
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Programmable Logic Array (PLA)

= Compared toaROM and aPAL, aPLA isthe
most flexible having a programmable set of
ANDs combined with a programmable set of
ORs.

= Advantages

* A PLA can havelargeN and M permitting
implementation of equationsthat areimpractical
for a ROM (because of the number of inputs, N,
required

* A PLA hasall of itsproduct terms connectableto all
outputs, overcoming the problem of thelimited
inputstothe PAL Ors

» Some PL As have outputsthat can be complemented,
adding POS functions
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Programmable Logic Array (PLA)

= Disadvantages

 Often, the product term count limitsthe application
of aPLA.

* Two-level multiple-output optimization isrequired
to reduce the number of product termsin an
implementation, helping tofit it intoa PLA.

* Multi-level circuit capability availablein PAL not
availablein PLA. PLA requiresexternal
connections to do multi-level circuits.
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Programmable Logic Array Example

Aip ® What arethe equationsfor F, and F,?

Bb = Could the PLA implement the
functions without the XOR gates?
c—3
—+— D) AB
m)
|—2} B C X Fuse intact
+ Fuse blown
3 D AC
[ AB
CCBBAA 0
. QYU+
= 3-input, 3-output PLA %Fl
with 4 product terms
F»
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Termsof Use

= All (or portions) of thismaterial © 2008 by Pear son
Education, Inc.

= Permission isgiven to incorporatethismaterial or
adaptations ther eof into classroom presentations and
handoutsto instructorsin courses adopting the latest
edition of Logic and Computer Design Fundamentals as
the cour se textbook.

* These materialsor adaptationsthereof arenot to be
sold or otherwise offered for consideration.

= ThisTermsof Usedideor pageisto beincluded within
theoriginal materialsor any adaptations ther eof.
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