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CS 8351 DIGITAL PRINCIPLESAND
SYSTEM DESIGN
UNIT —V : MEMORY AND PROGRAMMABLE LOGIC

COMBINATIONAL PLDs e,

The PROM is a combinational programmable I(_)gi(_:device (PLD) - an intég'rat_ed circuit with programmable
gates divided into an AND array and an OR array .t.o provid:e _ah_A'ND;Q‘R sum of - prddupt implementation. There
are three major types of combinational PLDs differing in the placeméth“'xo]‘ the progr@mable connections in
the AND-OR array. The PROM has a fixed AND array constructed as a‘:;x@foéér_uand a programmable OR array.
The programmable OR gatesiimplement the Boolean functions in wmlbf‘:‘m'i'njterms form. The PAL has a
programmable ASD array and a\f-,ixed OR array. The AND gates are programmed tﬁ_ provide tHe product terms
for the Boolean functio_ns, Whichl|are logicaly summed in each OR gath: The mostl'-lflexible PLD isthe PLA, in
which both the AND and OR arrays can be programmed. The product ter'r|n§ inthe AND array may be shared by

any OR gae . to provide the required sum-of-products implementation.
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PROGRAMMABLE LOGIC ARRAY
The PLA is similar in concept to the PROM, except that the PLA does not provide full decoding of the

variables and does not generate all the minterms. The decoder isreplaced by an array of AND gates that can be
programmed to generate any product term of the input variables. The product terms are then connected to OR
gates to provide the sum of products for the required Booleeﬁ fUhctio_r]s The diagram uses the array logic
graphic symbols for complex circuits. Each input goes through a buffer-iﬁVeIer combination, shown in the
diagram with a composite graphic symbol, that has both the"true_and complement-outputs. Each input and its
complement are connected to the“inputs of each ANDgate, as ir;c-ji'éated by the ihtersections between the
vertical and horizontal lines. The outputs-.of.the.AND.gates.are connedtegl to, the inputs ‘of each OR gate. The
output of the OR gate goes to an XOR gate, where the other input can be programmed to receive asigna equa
to either logic1 or logic 0. The output isinverted when the XOR input is connected to 1. Thejoutput does not
change when the XOR input isconnected to 0. The particular Boolean functions impl emented inthe

PLA of below figure are, ' |

Fi = AR + AC + A'BC’
F, = (AC + BC)'
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\, PLA Programming Table H-"
OQutputs 4
Inputs m ©
— ProductTerm A B C Fy, Fy ==
AB' | I I
AC 2 - 1 L 3 -\
BC 3 - 1 1 - 1 5\
—  A'BC" 4 0 ] \ -—,\\
\
/ "‘E
)

PROGRAMMABLE ARRAY LOGIC

The PAL is a programmable logic device with a fixed OR array and a programmable AND array. Because
only the AND gates are programmable, the PAL iseasier to program than, but isnot as flexible as the PLA. The
below figure shows, the logic configuration of a typical PAL with four inputs and four outputs. Each input has a
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buffer- inverter gate, and each output isgenerated by a fixed OR gate. There are four sections in the unit. each
composed of an AND-OR array that isthree wide, the term used to indicate that there are three programmable
AND gates in each section and one fixed OR gate. Each AND gate has 10 programmable input connections,
shown in the diagram by 10 vertical lines intersecting each horizonta line. The horizontal line symbolizes the
multiple-input configuration of the AND gate. One of the outputs “ts.connected to a buffer-inverter gate and

then fed back into two inputs of the AND gates. "

In designing with a PAL, the Boolean functions must be srmpllfled to fit into each section. Unlike the
situation with a PLA, a product term cannot be shared among two or mcie OR gateﬁ Therefore each function
can be smplified by itself, without regard to common product terms. The number of product terms in each

section isfixed and if the numberl of terms in the function istoo large, it may be neceaery to Use two sections

to implement one Boolean function. i '

' |
As an example of using a PAL in the design of a combinationa circuit, consider the following Boolean functions,
| 11 |

L - | |
given in sum-of-minterms form: |

g

w(A, B, C, D) = (2,12, 13)

x(A.B.C.D) = Z(7.8.9,10, 11, 12, 13, 14, 15)
WA B.C.D)= $(0.2,3,4,56,7,8,10, 11, 15)
2(A.B.C. D)= 2(1.2,8,12,13)

L g,
Ny =

Simplifying the four functions to a mini muni numberof tefms resuits in the followi ng Boolean functions:
Y

w= ABC" + A H'{_"H-' -

A+ BCD

]

1
y=A'B+CD + BD

ABC' + A'B'CD’ + AC'DY + A'B'C'D r—
w+ AC'D' + A'B'C'D
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PAL Programming Toble
AND Inputs
ProductTerm A 6 € D w Outputs
1 I 1 0 = = w=ABC" = AFCD
2 o 0 1 o —
=
4 I — — = — x= A+ BCD
5 - 1 1 1 =
§ = = = e -
7 0 1 = = = y=A'B+CD+ BD
5 - - | -
9 - 0 = 0 -
10 - - = = 1 1=w+ AC'D + A'BCD
o= 0 -
oo 0 1 -
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