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*Integrated Circuits

* Programmable Logic Device

* Read Only Memory (ROM)

* Programmable Logic Array (PLA)
 Programmable Array Logic (PAL)




Integrated Circuits
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Realization
* AND-OR
* OR-AND
* NAND

* NOR
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Realization Types i

* Application Specific Integrated Circuit (ASIC)
* Programmable Logic Device (PLD)
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ASIC

* Application Specific Integrated Circuit (ASIC)

* AND-OR Plane
o Customized implementation
o Efficient
o High cost
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ASIC (cont’d)

* Why Programable Logic Device (PLD)?
o Custom computing

o Reconfigurable computing

> Reuse the device for a different design




Programmable Logic
Design
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Programmable Realization =

* Programmable gates

Logic 1
Potential links

a K i  — ; ; ; ; «— Pull-up resistors

NOT — @—q y =1 (N/A)

DK N AND
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Programmable Realization %
(cont’d) T

* Programmable gates

Logic 1
Potential links
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Programmable Realization
(cont’d)

* Programmable AND
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(cont’d)

* Programmable OR
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Programmable Logic Design

* Includes programmable gates
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PLD: Types —

* SPLD Structure
* CPLD Structure
* FPGA
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* Simple Programmable Logic Design (SPLD)

SPLD Structure
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CPLD Structure i

* Complex Programmable Logic Design (SPLD)
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2 N pock block [€7] 2
@) @)
:l Interconnection wires ‘:
X X
S | PLAlike PLA-like S
'8 block block [€ 8




SPLD
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* Read Only Memory (ROM)
> Fixed And-Plane, Programmable Or-Plane

* Programmable Array Logic (PAL)
° Programmable And-Plane, Semi-Programmable Or-Plane

 Programmable Logic Array (PLA)
° Programmable And-Plane and Or-Plane
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* ROM
o Store truth table in a memory

o Store minterms/maxterms

2"k x n

kinputs—» ROM

—»n outputs




Programmable ROM (PROI\/I)

* PROM
o Select which minterms/maxterms as inputs to OR/AND gates

0/1 0/1 — o/1 — o/ |—
| | | |
0/1 o1 — o/ | o/ |—
AQ)—»
A(1)4> k: . 2.&
) 2"k x n AR)—» '
—> —> ° cdecoder
k inputs ROM n outputs -
°
A(k-1)—»
address o/ 01— o/ — o/ |—
decoder
e KZJ KZJ KZJ KZJ
D(n-1) D2) DbA) D)
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PROM (cont’d)

0
1
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.t ;
b AR 3-t0-8 decoder .
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1 | READEN
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8 x 3 ROM D(2)) D@) D(0)

f2 f1 fo
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PROM (cont’d)
0
1
2
a b clfo f1 fo L) 3
O O 0|0 1 1 b AL | 3-10-8 decoder
00 1/0 1 1 42 )
01 0[1 1 o0 5
01 1/1 0 O 6
1 00[/1 0 O 7
1 01 0 0 1 1 | READ EN
1 1. 0/0 1 O J 7j 7J
11 1/0 0 1 VN
8 x 3ROM D(2) D(1)] D(0)

f2  f1 fo



Programable Logic: PROM  2nf

(CO ﬂt’d) F=

a b c|fo f1 fo

O 0O 0|0 1 1 0

O 0O 1|/0 1 1 1

O 1 0|1 1 O 5

O 1 1|1 O O A(0) R 5 —

1 0 O 1 0 0 E A(1) | 3-to-8 decoder

1 01/0 0 1 AG@), 4

1 1 00 1 O 5

1 1 1,0 0 1 6
7

1 | READ EN
fo = Z (0,1,5,7) KJ :7_T K7J

f,=2 (2,.3.4) o a1 s




u'/’_/n/’b’-/"
P R O M st

*PROM
> Fixed And-Plane, Programmable Or-Plane

* Disadvantages
o Canonical forms

> => Not optimized

Fixed Programmable o b
> - > rogrammanie E—
Inputs Qeooed Connections Rarray Outputs
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Programmable Logic Array %
(PLA) —

* PLA
° Programmable And-Plane, Programmable Or-Plane

L1I2 In

input buffers and inverters

X f]_ eee | IUn I

AND plane . OR plane

fi1fo fm
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PLA (cont’d) T

* 2 logic functions of 3 inputs

1
J2

r1T2 + 1T3 + T1T2T3

122 + T1ZT2T3 + 173
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Programable Logic: PLA ﬂ}

u'/’_/n/’M
(cont’d) Bl

* 2 logic functions of 3 inputs
xl x2 x3

19191

J1
J2

172 + T1T3 + T1T273

122 + T1T2T3 + 123
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Programable Logic: PLA
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Programable Logic: PLA
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F,=AB+AC+ABC

F, = (AC + BC)
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* PLA
° Programmable And-Plane and Or-Plane

*Disadvantages
o =>High cost

Programmable _| Programmable [Programmable Programmable

Inputs

Connections | ANDarray | Connections | OR array

Outputs



Programmable Array Logic ¢,
(PAL) TR

* PAL
° Programmable And-Plane
° Number of PT is limited
o Optimized like as PLA
o Lower cost than PLA

Programmable | pro i |
) [ ,| Programmable Fixed > Outputs
INPUS= o nnections | AND array ORaray | i
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PAL (cont’d) i

T T }in \\/6 \\/6 \\/6 \\/6
P1 )
Input buffers and
inverters P2 ){)7 Ol
I
rl_ P )
Programmable Fived
Ik . ixa
AND-array , OR-array P4 )—
l ll P, ){)* 0,
F1 FE Fn P6 )_
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PAL (cont’d) T

* 2 logic functions of 3 inputs

J1
J2

122 + 173

Tox3 + r173
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PAL (cont’d) T

* 2 logic functions of 3 inputs

xl x2 x3

19191

1

b:}ﬂ
J2
ﬁ}ﬁ

122 + 173

Tor3z + 123
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PAL (cont’d)
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* PLA implementation

FO=A +B'C
F1=AC + AB
F2=B'C + AB
F3=B'C + A
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Questionl: Answer
A8 C FIZAC + AB
Y'Y BIRe A"
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Question 2

* ROM implementation

F1=ABC
F2=A+B+C
F3=A"B'C
F4=A"+B +C
F5 = A xor B xor C
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Question 2: Answer
Fl=ABC Address
Eg : 2- E-EE:._'- ¢ ABC / b}s stored in memory
F4=A"+B"+C V‘Z?t:iﬁ V- AB'C
F5 = A xor B xor C —
— -
T T f ¥—F—AB'C
BT F—F—ABC
F D X * A'BC
T )P*D X x—x— AB'C'
T T D ¥ * AB'C
T )P_) X % ABC'
o }57 Uy
F4 F!

F1 F2 F3
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Question 3

* PAL implementation

f1
J2

122 + 173

Tox3 + T173
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Question 3: Answer

xl x2 x3

19191

fi = zi120 + 2173

) —f1
Jo = Tox3z+ T173
b:}fz
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Digital Logic Design: PLD 44



