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1.1. LOGIC DEVICES

/, ’ . 3
.. devices are the circuits which perform
fic functions. Logic devices can be

specifi® * .
Jassified into two broad categories 1.€.,

k(i) Fixed logic devices
,(ii) Programmable logic devices

Fixed Logic Devices (FLD)

Devices in which circuits are permanent/
fixed. These Jevices perform one function or
set of functions/once these devices are
manufactured, there function cannot be
chang@

Programmable Logic Devices (PLD)
(Devices in which circuits are not

permanent and can be changed at any time

to perform any number of functions. This can

be done by using programming-]
7.2. WHY TO GO FOR PLD

In case of fixed logic devices the time required
to go from

. To To .
Design = Prototype = Final manufac-

turing run can take from geveral months to
more than one year and if device doesnot
work properly or if the requirement changes
then a new design must be developed. This
problem is solved in PLDs.

In case of PLD, if a user/customer
Makes a mistake n design/ deficiency left out
In certain design.

Or
473

PROGRAMMABLE
LOGIC DEVICES

Why to go for PLD
Structure for PLD
Read Only Memory (ROM)
Application of ROM

Designing of ROM

PLA (Programming Logic
Array)

PAL (Prograrnmab!e Array
Logic)

FPGA (Field Programmable
Gate Array)

Complex Programmable Logic
Devices (CPLDs)

RAM (Random Access
Memory)

<o
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3 ] -hanges.
If 'pe{'il'w:ltinn rvquirt‘mvﬂ!-" for a project ch

Or
[f a user wants

Or
v be the re

to go for another application.
L .

. ason, then user need to erase the functip, of th,,

Whatever mié . ’}
pLD and represent 3 new function. ‘

iy - are the reasons why to g0 for PLDs. Thats why we use

These ¢ ombination logip C-ircui‘S_JEI_JDS allow design

nt with designg. As these ICs can be reprogr

t reduction also.

e’

PLD, .

ers mf}rg

implemenmtion of ¢
amm&d jn

flexibility to experime :
seconds and this helps in cos
Definition of PLD |
“PLDs are ICs with a large number of gates and flip flops that ¢ap be
configured/Programmed through software to perform a specific logic R
—

PLD as a Black box
It is shown below:

[ N M
Inputs ——] Logic gate ——— Outputs
(Logic Variables) : and (Logic functions)
! Programmable
' switches
Fig. 7.1. AL AL

We can implement any combinational logic circuit with PLD in SOP form
which is AND-OR implementation.

7.3. GENERAL STRUCTURE OF PLD (FOR GATE LEVEL DESIGN)

As shown in the PLD black box, it has N Input variables and M output functions.
!n general structure of PLD, ‘N input variables are represented by input buffers
mnverters and ‘M output functions are represented by OR array.

OR Y1 | M tunctions
I YQ
Array : t or"
——— Y1 output lines

Fig. 7.2.

thereby generate an
PLD as a part of
circuit pboard). PLD
placing & sockejc on
chip carrier) 1s m
Instead of usin
programmed an P
programming.

7.4. COMPACT/S!

It is represented ¢

A

PLDL:t us tak



- .
LogiC pevices

gic ang e i .
Sign x{ﬁm qi8t8 of three 1mpo
puffers and inverter

rtant parts :

3 0
¥ ffers and Inverters Block

t
1lpu ]
L used to PYO\"de thte t;"“e values of the inputs
puts. For ‘N1 - ;
nput variables i.e., x, X, .. Xp;

as well as the

nction of g,
at
this

0
N 1 arB "
;Jtise PLDs f,, | T;e;ented calues of the 1nPY .
:ogrr;il;s More ‘ \:r:i will produce g N output lines ¢, twice of input variables.
med in d ':.;L
gD AT . .
® i (qkes 9N input vanabl_es from’mput buffers and inverters block and provide
s that duct T2 of imput variables 4 both true and complemented form[AND
gic fu can be P s rovide maximum 9N product terms (where N is the number of input
nct.log !f’:ls] ND array s followed by OR array.
!
OR array
esent 11 the OR array logically sum these product terms and

e an SOP expre sion
circuit resides with other chips ona PCB (e, printed
mming purpose. By

be removed from PCB for progra
le. PLCC (Plastic Jeaded

es the removal possib

placing & 80
is most commonly used package-
would be

Instead of using a programm'mg unit, 1t :
n PCB itself. This typPe of programming is know

programming.
14, COMPACT ISHORTHAND GRAPH APPROACH IN PLD

ut and 18 provided

1ctions)

easier if a chip could be
n as In system

) in SOP form

N)
put functions.
, input buffers
: A = This indicate trué inp
py buffer
< = This indicate inverte
by inverter

Itis represented as:

d input and 18 P

Fig. 7.3

OR
A — True input

A = Inverted input

A
/ ig. 74 |
= ct thand graph approach n

s
PLI%? us take an example 0
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ii ¢ AND gate ‘ -

e if the output 18 repr_f_sst.r}_e as

For this e e py

is given as
The ghorthand graph approach is gi ) i
B c C 5 B g B

Ax B B

Fig. 7.5.
Here, x ' indicate the fused link and dots indicate permanent functiong which

are not Fusible. . _ 3 .
Marking ‘x’ on a PLD diagram is a nice way to visualize which fugeg will be

| blown on left intact. '
| This function can also be realized by another way. It is shown below.

y= ABC DE
ez, i el P

T

o IR

4
g Fig. 7.6.
b

Multiinput OR gate
i Shorthand representation for multiinput OR gate is shown as below

y= A+B '
A B IA B

g,

i At
f . Or
! ]
B : y | D—- y
’. . Fig.7.7

o for fah :
the fuses o ;:::::8 the PLDg some of A——\o——]
achieve the oxis: mmed to blow out to B\ o— Eu ABCD

| For example if deg:
A

Fig. 7-9-

NTAGES ¢

VA
€ .
@D;Zradvantages '

s:e £ 1) Reduced spa
| (2) Reduced PO¥
(3) Design se¢*
(4) Compact CIf
(5) Short desi&
(6) Low develo
(7) Low produc
|i ) High switc!

7.6. COMBINAT!
THEIR IMPL

Following technol

)R (Read
It is presente

\ inputs
8>,

|

|

=] It stores pe

| tannot be altere

] “Itsa SOP |

- ltis basically a ¢
In this cage info

M(Prog

It is showr

‘/"‘J‘puts Progr:
Con

A



ATT

herjim'::. with the blowing of fuses with proper
an generate geveral Boolean functions
A B C D

figure- !

m
n .
Fﬂﬁ _hown mn
Pr the game gate C

Or
F:CD

G
D
fig- 79 After programming (Fuses A & B are pblown out)
l )\ y p D\mNTAGES OF PLDS
1 i : = : . : ______...——-'--—-
thos evices 1 which large circuit 1s designed on single Chiii] Following

lcnons which are t g i
fu duced S ace requlrements
ses will be requirements
below.

(5) Sho

(6) Low development cost

(1) Low production cost for 1arge quantity produetion

(8) High switching Spee

COMBINAT L CIR UITS AND
el THEIR IMPLE T
Following technologies are used for implementing combinational circwit
)R (Read only memory) P37 R
Itis presented as
5 below _
Inputs - Qutputs
connecttons
//
Fig. 7.10.
| It stores permanent binary information. Read only signifies "“f"““_%’f'lfz‘,_
| cannot be altered..

y | gts a SOP logic device with a fixed AND array and Pro 1 mmttab: :{ma:: 3{.’?{
1nlih_a‘“cany a combinat] onal circuit and can pe used to 1! e;nen a :g; s
| ABCRSE ipformatipn 18 s_peciﬁed_by designer and physica ly inserte

le LOgiC Array)

’! W(Programmab
' It is shown below

®
ﬁnp i rogrammable
Connections




Or examp]e .
ble, 32 x 8 RoM Includes 8 output line and 32 address line®

ple -
Digital g : ra""ma
478 AND "oang P e U
arr : .
SOP logic device withaP gogramamble : ﬂfagi@mgram\ Tq at ® hr.le
Itsa 0> o — — W glxre L the 1€
OR array. ple Array Logic) N 'Ivalent tno
(Programma edW tes 2"
(3) PA. . erd
| It is represented as: g?“mmterrrflf;
[ut Fixed 0 nbers©
| programmable programmable i pu inte
1RE ND Array OR array 0 the
| NI InpUts —Connections A W ?isible 1inks
| Fig. 7.12.
| It is a SOP logic device with a programmable AND array ang , fixeq i
arrﬂy_-_ - B 1 f f -
= PLDs can be programmed according to thfe oolean functions. The folloy;
table shows the programmable array for various devices. g
Devices Type And Array OR Array
Fixed logic Fixed Fixed .
devices i
(Not programmable)
ROM Fixed Programmabe
PLDs { PAL Programmable Fixed
v PLA Programmable Programmable
7.7 'READ ONLY MEMORY (ROM) T\t‘;a
T_E,ROM is essentially a memory device for storage purpose in which a ﬁer;;
of binary information is stored; An users must first specify the binary information (2)
to be stored and then it s embedded in the unit to form the require 3)
Interconnection pattern. ROM contains special internal links that can be fused 4)
or broken. Once a pattern 1s established for a ROM it remained fixed even if the ”
power supply to the circuit is switched off and th ] ' Demeri
St PTPPLY L0 L6 clrcult 1s switched off and then switched on again.
5 P! prod&&' £ 'lé‘pe
term lines ey
N And array o - the fun
/ input with Programmable| : M It i
lines  buffer OR ;  output for a fu
inverters s oo functio
— , | from t}
: ! the mji
It consistg o . & 71 Block diagram of ROM 3 did
. Of n 1 i : i o atd
Input variables ig calltflut mes and s output lines. Each bit combinati® (iJs i
the input variahe Each?;l‘]taddre-ss which is denoted by P where E}_ﬂ__‘mdﬁe i EXAWN
8 ord. Thus an adgpes | i _combl.lli;llll_‘i’_f_lﬁt_h%_iﬁ_fggrhnﬁd at output lines 18 c_,athh;
Minterms of 5, variables g Bdessentlally a binary number that denotes one® ber
Ofotut"w lines m, ¢ henumbers of bits per word is equal to the U™ Soluf
Therefor '
. €, the ROM iS 3 and the T
M 18 the output liey denoted by 2 x where n is the input variable funct
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mab'lﬁ

" ; :able .
' Pﬂgrrhe pumb®” of input variables are given as (2") = (32) = (2)6. The i '
Jiné- . 2 Input 18
ath 2 .onsisti :
e T e e consisting of AND array with buffersfinverters
| ,vale“t a nfber of.mint,erms fmmaBlcally is a c‘ornhinatinnul cirr:ui’: WLE;L::I
eﬂﬁerﬂ;es l:? realized from n numi::)number()fmr)utlineﬂ.2n or p numbers
| @ ems &I° : ers of input variab :
& gte . 1ables wit :
4 sofb“fferf” n nur_nbers of inverters and 2" anibensaf ANIl)h ht:lp ?f n
mullle pterms 19 a.Ppl}ed to the inputs of m number of OR Eea e
of {;le Jinks. The logic diagram for ROM is given as gates through
fus!
__....——"'"'—-—-_T-— n
n ‘ to
input : p
i ines ____ : { ‘decoder
|
|
o !

Fig. 7.14.
The advantages of using ROM as'a programmabl
") Ease of design since no simplification or mini
is required.
(2) Design can be changed, modified rapidly.
(3) It is usually faster than discrete SSI/MSI circuit.

(4) Cost 1s reduced.
ite expensive for

Demerit of ROM
The ROM implementation of a function may become au .
f variables because a potential minterms of

functions with a large number O~ because all
the functions are implemented whether % not they are needed..

It is removed by using PLA which requires that only the minterms required
for a function can be irnplemented and allows the implementations of sgveral
functions simultaneously. Moreover the functions can be imple'mgnted directly
from their minterms forms (alt,hough it is often possible to eliminate some of

the minterms, further decreasing the cost of the PLA).

e logic device are :
mization of logic function

11.1. Designing of Circuit Using ROM

XXAMPLE 7.1, Design the follow}
Fl (A! 89 C) =X (0’ 1’ 3’ 6’ 7)
F (A, Bg C) = E (1’ ) g

Solution; In ord:r to design these sing ROM, v;eon;ed t;o :etr?:z

the type of Decod ROM 1is 8 combination of Decoder an gates.

t5 gates. Only three inputs A, B,

Netions are present and hence we nee

ng function using ROM



o
430-/

. needed ig 3 : 8.
3 ] d(_)('[_)d(:'l nes . ) Ty
C is present and i ROM is 8 X 2 which means ‘2’ OR Bateg ang
(
LY
y

The representat.ion of

. < and 3 input variables.
g 8 address lines an 3 )
o, 8(‘Iimi[:ﬂlinP—.’ is given a8 [‘ollows. ‘ '
The des » %
0
M1 ‘l\
A" ] M s
3:8 3 i
B Decoder M,
M
c— 5
Mg
M,
Fig. 7.15.

EXAMPLE 7.2. Design the square of three bits numbers using ROM.
Solution: The three bit number has range from 0 to 7 and hence maximup
square value is 49 which is represented by 6 bits and hence the output consists

of 5-OR gate (as ‘¢’ donot require any 1 at output ). The decoder used is 3 to§,
The truth table representation is given as follows :

Decimal | Inputvariable Decimal Output variables
No. No.
Bk No. ¢ Thac g fJ
0 0 o0 0 0 0 -0-90-0 0!
' e I 1 0 0 0 0 0 1
2 0.2 0 4 ¥, @ oG %0 A
- L gy 16 g-asiigs ge 0 B
- ; N 25 g 1§89 9%
: o 36 Lo, Dl O
1 0 |
= 49 L 1 8.8 *.0
u
put for g, p ¢def is given as
a=Zm (6, 7)
b=Xm (4,5, 7
¢=Zm (3, 5)
d=Zm (2, 6)

3
g Dec
Z

PLE 7.3. D«
Solution: For Hall
The deCOder used i
truth table for Hal
J

The designi

/

Where § denot;

EXAMPLE 7.



ble LogiC pDevices

¢ = No minterm
f=Etm{1,3,5,7)

(23,
—
__——-_—--‘-""“
_-_-—___-—-"""‘
T o !
— i
e
a b c d e (GND)

J Fig. 7.16.

PLE 7.3. Design the circuit for Half Adder using ROM. .t
\ : OR gates are requireéc.

. . Wor Half Adder, two outputs are p}'esent, two :

Som;:::ciiozsez in 2 : 4 which states that it has two inputs i.€- A and B. The

* E:;h table for Half-Adder is given as:

s using ROM.

hence maximum
e output consists
jer used is 3 to 8.

R The designing of the given circuit is b
—— T 7 ' g=:tm (1,2
c ‘d 25

0 -0+0 0

b 0o -0

R 0

. . 1

o 00T

-

0 1. 0nE

o 0 0Z8

|

“Fig- 7.A7.
enotes carry ou

Where tout and Cd '
S denote sum outp st Code usin

BXAMPLE 7 4. Design & BCD ¥
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Solution: It i
is the output
trut

—
-

mch\m‘_‘mmﬂ

h table 18 given as

s represented b

lines. It can be :
follows :

g g

v 10 % 4 ROM where 10is the addres&l. [)%m
"designed by 4 : 16 decoder and Pk éhe

a
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1)
g
e
[~
(-]
=

OOHHOO'—'HQC

P Q . |
0 0 N
0 0 : “

X 0 1 R
. 0 1 0

0 1 : ] |
1 0 1 [1} .
B 1 ; L |
1. 1 o g
1 1 : 0 |
- 1 1 ) i

The output expression for P, @, R, S is given as
P=3m(5,86,7,8,9)
Q=Xm(4,6,7,8,9)
R=2Zm (2,3,5,8,9)
S=2Zm(1,3,5,7,9)

The designing is given as follows :

410 16
Decoder

i

o 3

S
f
!

The size ¢
terms and tl
number of o1

| n denote

| p denote
m denot

A comp:

in number
1mplements
than 48 pro
of 48 produ

ROM is nec
there is a c
reducing t
RQEOmple_;r
Providing r
Advantag
FOHOw-
/ 03 As
' for
() Ef
P
®) 1t
(4) Pq
(5) F
(a
(6) C

s



