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than 10,000 gates. For example, a micropy, \
MSI and LSI subsystems inside it, O®ssor i

category, the complexity is of more
a VLSI circuit which includes many Ssl,

3 (e) Programmable Logic Devices (PLD)

e

The term PLD is broadly applied to the integrated circuits that have a fixed under,:
set of components such as logic gates (AND or OR) or some con_\plex logic subg sy“‘&
but whose interconnections can be tailored by the circuit designer lhmugh Ex:e'“‘,
programming in an application specific way that makes them general purpose d:srp
components. The number of components in PLDs may be very large, so that it Spang 80
range of complexity from MSI to VLSL Under these PLDs we have Il"mi-',l'ammable :“
Logic (PAL), Programmable Logic Array (PLA), Programmable Logic Element (PLE) a‘)’

Gate Arrays etc. d

In this chapter, we shall develop the design procedure of the combinational circuit yg,
the logic components mainly of the MSI and LSI category. We shall see that the comp) eti
design of the circuit with MSI components needs some help f)f the logic gates of the s
group also. MSI and LSI components are very much function SEElelc and the des;
concept needs some new approach. As the MSI and LSI component integrates more digjty]
subsystems in a single chip, the number of chip-count of the circuit and necessary wirip,

for the interconnections are reduced and hence the circuit becomes more reliable and cog
effective.

Following is the list of the MSI and LSI components whose fum:tional properties, logic
structure and a few applications of each will be considered in this chapter :

i i i der, Decoder Driver, E
Multiplexer, Demultiplexer, Magnitude Comparator, Decoder, + Encod-
ers, Code-Converters, Parity Generator and Checker, Logic Shifter and PLDs.

B

m Introduction

e
i i eans transmiting a large number of information units over a sm_al'l number
xtggﬂﬁz;:%r’j}ines, The mul!iglexer[i;s a combinational circuit which serves this purpose.

A multiplexer circuit, in general, may have M data inputs and one (l)utpulll.lme. The ?elechon

of input to output transfer path is controlled by set of N select lines. The seledrmeﬁ ar:1
also called the address of the inputs. The relationship between these N address 1metsl_a:l\es
the M data input lines is M = 2N. Because, using N-bit binary inputs to ll-lng se! er:t o;M,
we may generate 9N address codes and each code a.ddresjr,es one data input llﬂen:)el; 23
The multiplexer in short is called MUX. Th;ﬁr}l).(])(;vlth M lzﬁ:tza&%l)(ojxfifl?t;sdata i
in the literature as (M x 1) or as M-to-1 . For example, ddane
and 1 output is called 4 x 1 or 4-to-1 MUX. B.eSides' these m}?utskand output, g
all kinds xglultiplexers at least one input line is available which 1;1 k{xowr: 'szEem:?:xeacl'tive
This enable line is either active low or acii.ve hég}:nz}:;i[:l:;i ‘efgsabc-: elrlx\g[uj x‘S b Eally g
iplexer circuit becomes inactive. o 5 ailable M e

fﬁg fal:‘fi:;ulgv}: enable lines. This means that the multiplexer circuit will be active ie. W

e ——
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follow its functional behavior if the enable line is made logic low otherwise there will be

no variations at the output though the different inputs are selected using select codes
applied to the select inputs. ) o

Under disabled condition
the output will show either
alogic-0 or logic-1 irrespec-
tive of the select inputs.
Whether the state of the
output will be logic-0 or 1
under disabled condition
of the muttiplexer depends
on the internal circuit de-
sign of the multiplexer.

Inputs

Output

Line
The block diagram for a
8-to-1 MUX is shown in
Fig. 8.1. The Fig. 8.1 (a) and
b) are two alternative JOZiC  mummrr————————EE T R
i}f)mbms. that are used ?or " Fip. B.1 Different block-diagrams representotion of 8 X 1 MUX__ a
the 8-to-1 MUX. In the logic symbol we can see that there are 8 data input lines (15, 1,
| A—— , L), three select lines (S, 5,, Sy), one active-low enable line (EN) and one output
line Y. Out of these 8 data inupts, any one input is selected at a time by the select code

Select
Inputs

(o) (b}

for receiving digital data and
Fi;:;le Sseledslnpusts \S‘;:‘ectetd will beo‘ltpﬂl Y \ for lransmi%.siun of the data
Zo e PR same as Input| (rom the selected input to the
0 0 0 O Iy 1, output Y. The selection of the
0 0 0 1 1 1 particular input is done by
0 0 1 0 L ll setting, the proper select
2 2 codes to the select inputs S,
0 o 1 1 ) Iy S, and S, For example if
0 1 0 O 1, 1, 55,5, = 010 then the 1, input
0 1, 0f I 15 will be selected for receiving
0 1 1 o0 1, 1 digital data i.e. the binary bit
0 1011 1 . lor0® through the input 1,
7 7 will be passed to be output & ¢
1 X X X | None 0 and at this time all other in-

TABLE 8.1 Functional table of a 8-to-1 MUX putlines 1, 1, and l;t01; will

remain deselected 1e. no
digital signals will be able to pass through them to reach the output Y. That is, the selection
of input is done one at a time. The function table (TABLE 8.1) explains the complete
behavior of a 8-to-1 MUX. For this illustration, the enable input (EN) is assumed to be
active-low and under disabled condition (EN=1) the output (Y) is assumed to be low.

From this function table we may write down the logic equation for the output Y in terms
of the inputs (I, I, ..., I;) and the select inputs (S, Sy and S) and the active-low enable
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e AND gate-3 gives an outpuyt . v i
11 and EN = 1, the output Y iSZI athﬁll .'
I, with all other AND gate3 : ﬂ‘le_

S, S, = 10 and EN = 1, the output Y is I, as th
other AND-gate outputs at logic-0; for S; S, =
AND gate-4 gives an output

i .14'.“ i

O o S BN e O - Qu bt )
el v 0 output irrespective of the different select inputs on § g8
s | S This leads to the logic-0 output at Y for all timeg 50210n A

—1, as EN is low. This is indicated in the last row of the T ABLég ,
1 [ s f i
; 1 . L LeEa s 5
il EN —q EN The logic circuit of a 4-to-1 MUX w;ﬂ} active low engp, !
| S1_So input is shown in Fig. 8.3 (c) and its logic symbol is showy +
B ’ | in Fig. 8.3 (d). The function table of the circuit in Fig. 83 (él 5
{"Fig. 8.3 {d) Block diogram o~ is shown in TABLE 8.2 (b). _ i }

The output Y of this MUX can be written from the TABLﬁ ‘;:
82(b) as Y=(I 535, +15 5 +1,S S, +1,5 S )EN.

010

[ 4o-1 MUXwith octive -
... lowencb leinput.

FRTREE R T
S ke

EEEN CommerciallyAvailable 4-to-1 Multiplexer IC chips 773
TABLE 8.3 shows a list of currently available commercial TTL 4 to-1 MUX IC chips with -
their brief description. From the table it may be seen that each IC chip is dual 4-to-1 MUX
which means that each chip contains two identical units of 4-to-1 MUX inside. The two |
units are not completely independent because their select inputs (S, and Sy) are common. -
From the last column of this table it is evident that the MUXs may produce three types |
of outputs (i) Same as inputs i.e. polarity of the output is same as that of the data inputs
(ii) Inverse of the inputs; i.e. the polarity of the output is complement of the data inputs. |
(iii) same as that of the cases (i) and (ii) but the output is tristated. For the third category
of multiplexers (IC 74253 and IC 74353) there is a control input called “output control” |
line which when made logic high the output goes into a high impedance state otherwise -
the IC 74253 and 74353 are similar to 74153 and 74352 respectively. The function tables |
of 74153, 74352, 74253, and 74353 are shown in TABLE 8.4 (a), (b), (c) and (d). The MUX |
with tristated outputs are usually used in‘a bus oriented circuits. For all these MUXs the .
enable inputs and the tristate-control inputs are active low. Brief description and the logic
circuit of the different 4-to-1 MUXs are given below. ' . ) )

i

R e S Mo A e S s i

TTL IC Chip | No. of | | Technology | Functional | ©  Polarity of

‘ “number | Pins |- - - used . | description| - output .
74 153 16 Bitd TTL, L, IS, 8, Dual 4-to-1 | Same as Input
| HC MUX |
74 352 16 LS, S, ALS, AS, HC " | complement of
inputs -
74 253 16 LS, S, ALS, AS, HC . Same as input but the
; ; output tristated
74 353 “16'"".|. LS,  ALS, AS, HC complemented but the

output tristated

TABLE 8.3 Commercially available 4-to-1 multiplexer IC chips -
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Lontrol (2(3)

: Flg 85 {a) Logu: c1rcwf of 74253 : Flg 85 (b) B{W : |
m Commerclally Avaxlable 8-to-1 Mu.ltlplexer IC Chlps :
'I'I'L IC |No. of[ Technology . Functional
C!up numbe f_Pins__j aUsediiin o f descnptmn , ‘

74151 16 |LS, s ALS, AS, HC Single 8-to-1 MUX Two outputs Polanty of
one is same as inputs
and the other is inverse
of inputs.

74152 16 |LS, HC - One output, inverse of
input.

74251 16 (LS, S, ALS, HC ! Two tristated outputs.
One is same as input and
the other is inverse of

input.
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low enable input. For the circuit of Fig. 8.10 (a) we may use two 2-input

R
enable input of the MUX-1 and MUX-2 as shown in Fig. 8.12. In this circuit i :}tl tfﬁe
EN is 0 then the logic state of the line C will reach the enable of input of MUX1 , Plrl

!M‘\t-uw-v'" A i A Bt b b i i e R IR AT P S T iy A e e
E\.ﬁ-c heL 3

S s L L L P P 4 o A g i ¥ e e A e [

-to ‘I MUX

74153

£

4-to-1 MUX
R

LA
o RSV B

fwiki mm}tﬁh A-iu-ﬁuwiu nﬁ‘

inverse of C i.e. C will reach the enable input of MUX-2. For this reason for C = 0,
MUX = 1 will be enabled and the MUX-2 will be disabled. But for C = 1 and EN =0 t
MUX-2 will be enabled and MUX-1 will go into disabled condition. When EN =1 the outps
of the OR gates 1 and 2 will always be 1 and the two MUXs will be in the disabled conditin
producing Y; = Y, = 0 and hence F = 0.

Example 3 T

_.;
HE 2
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EEER Using Truth Table

The circuit using multiplexers can also be realised starting from the truth table of the
given function. In this method the rows of the truth table of n-variable function are
partitioned in such a way that any m number of variables (m < n) in each partition have
the same logic values After such partitioning, one should find out the functional
dependance of the output F on the remaining variables (n — m) of each partition. These
functional dependance from each partition gives the multiplexer inputs and the m variables
whose logic values do not change in a partition become the select inputs of the multiplexer.

Digital—78 _
™
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Let us consider the truth table [TABLE 8.17(a)] of 3 variables A, B, C,. This g

partitioned with respect to two variables, A and B such that in partition-I, AB < i
partition-ll, AB = 01; in partition-1ll, AB = 10 and in partition-IV, AB = 11. The Parﬁm' l;;}

?s shown in TABLE 8.17(b). It is seen from the partition-1 that for AB = 00, the Uu“-n{"i-.:
is same as C Therefore, we may write that F = C so long as A = B = 0. Similarly, ?;.“Wé
SB ~=Col-nt1he Oul:put F = C; when AB = 10, the output F = C and when AB =11 the Ouhﬁl
= C. Thus, the TABLE 8.17(b) may be described in a more compact fo :
TABLE 8.17 (c). g pact Torm o shor i

iy

" Input Output ‘Input_ | Output
A BB RGBSR ACB | C| IR
0 0 0 ] e { oo0fo 0
0 0. A i artition-I 001 1
0o 1 0 1 011(0 1 G I &
Partition-II | { AlB | :
0 1 1 0 0111 0 x
0| o |cEpl
100 1 Partition-III | { & )L ; of|1]|¢C H
rti -] \
10(1 0 CEL) |
1007021 0 e
11100 0 1 0 | C=Ly|
1 1.0 0 Partition-IV | { 1111 1 1 1 C(glz) kS
3 Dl (R | 1 ) 5

TABLE B.17 (a) TABLE 8.7 (b) TABLE 8.17 (¢)

|

The last column of this compact table describes the inputs to the 4-to-1 multiplexer mlh“‘,f 1

A and B as the select inputs (S, Sy). The inputs I, I, 1, and I, have been indicated in this |
table. The connections of C, A and B to the 4-to-1 MUX is shown in Fig. 8.25(a)iiiv

T T T A B L e e O B G R B Sl o
4-10-1 MUX 4-t0-1 MUX
ey lo A ly
h »—[)o—tl
F )
PR | P PR & vy
Iy ly
EN ;;—OETJ
S So 5, 5,
A B B C
R T R N R TR ST O TR T Y e
o TR L F R e R Y T

If we decide to use B and C as the select variables (i.e. 5, = B, 5
to rearrange the given truth table so that the rows of the 1st,
have the values BC = 00, 01, 10 and 11 respectively. The rearranged trul
in TABLE 8.17(d). The compact table and the corresponding circuit wil

= C) then we have
2nd, 3rd and 4th partitions -
th table is shown
th select inpufs

¥

9
B st COMBINATIONAL LOGIC CIRCUIT IMPLEMENTATION WITH 551 AND MSI ¥ 61

g =Band5,=C of a 4-to-1 MUX is shown in TABLE 8.17('e) and Fig. 8.25(b
similarly, we might have used A and C as the select variables.

) respectively.

C

- oofo 0
Partition-I ! 0011 1
010 1

Partition-l | { 5 1 | 0
100 1

Partition-IlL| { 7 o | ¢ 0
T 0

partition-V| { 1 1 | 1

TABLE 8.17 (d)

Implement circuit F(A, B, €)= Em(12,4,7) and Fy(A B, C) =3
4'to-1 multiplexers‘and inverter. Use truth table approach. =
LE 8.18(a). The table |
truth table is show

The truth table of this example is shown in the TAB
partitioned with respect to the two variables A and B. The compact

.5 R
0| 0| C=lp| 0=y
0| 1| CEp| CEL
1] 0| | C=L) 8.18(b) are used as the inputs I, 1,, 1 and I;to two s
1|1 | C=1) | 1=ly) | gto-1 MUXs with A and B as the common selec

TABLE 8.18 (b) for both. The implemented circuit is shown in F
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and necessary logic gates.

Implement the function F(A, B, C, D) =¥m@24

6, 8,10, 14) using one 4-to-1 M

The truth table for this example is shown in TABLE 8.19 (a). Since we hayy

to design the circuit using 4-to-1 MUX
which needs two select inputs, therefore,
this table is partitioned with respect to
two variables A and B assuming that
these two variables are to be used as the
select inputs S, and S respectively. This
choice of the two select variables is
arbitrary. Any two variables out of A, B,
C and D could have been used for the
select variables. For the partition-],
partition-II, partition-Ill, and partition-
IV the values of the variables A and B are
00, 01, 10 and 11 respectively. The out-
put F as a function of the remaining two
variables C and D of this truth table i

shown in the TABLE 8.19 (b). This is the
compact truth table of TABLE 8.19 (a).
The expression for F(C, D) for the 4
inputs to the 4-to-1Imultiplexer can easily
be obtained using K-maps drawn
separately for each partition. For this
problem we may use four 2-variable
K-maps, one for each partition where the
map variables will be C and D. For

Input Oul ;
AB|C|[D| F |
0 00 |0 1
o001 0
Partition-I oofl1]o 1 }
0 0|11 0. |
o 1/ofo]| 1 |8
0 1|01 0 A
Partition-IT 0o 1l1]o0 1
0 1/1 1 0
1olofo| 1 7]
: 1 0]0 |1 0
Partition-1II 1 0l1 o0 1
1 0]1.]1 0
1 1|10 (0 0
- 1 1(0]1 0 2
Partition-IV 1 1l11o0 ] s
135 | o “iI%

TABLE 8.19 (a)

simple cases the function F(C, D) can be obtained by inspection of the columns of C and £
D. For example, in this problem for the three partitions 1, Il and III we can directly find

I e T S —

AR SN ] TSRS AR

that the output function F is inverse of the column D so we may write F =

s e e s g
AT et 2o B AN N M, it A ]

4-to-1 MUX

L Fig. 8270} A

HSSIANDMSI ¥ 621

UIT IMPLEMENTATION WIT

i , to get the
d D as the map vanables_
vt C and D (though it is not very

n F(C, D) = cD by observafifm).
hown in Flg. 8.27() which gives

F(C, D) = CD. The compact table TABLE 8.19 (b)lg‘i::'g: ::le;sfc:g
ltiplexer inputs I, 1,, I, and I for different select 1 A
T’:)O.Pﬂl, 10 aﬁd 11, The ?ircuit for this example is shown in,

Fig. 8.27(b).

a K-map for F usin
functional dependance of F on
difficult to obtain the expressio
The K-map for this partition is s

partition-l\’ we may use

TABLE 8.19 (b)
T T 0. i sk R S
If the functional behavior of a circuit is described using a K-map then t.he implemﬁ’
tation of the circuit using a multiplexer can easily be done starting from this map. In the
n-variable K-map, if we decide to use m number of variables as the select 'vanables then
the groupings of the remaining (n — m) variables gives us the multiplexer mputf? [9, L, .
1 Let us consider the following illustrations to explain the procedure for obtaining the
multiplexer inputs.
Let us consider a K
Out of these 3 map variables A, B and C we may u.
of a 4-to-1 multiplexer. The easiest way is to choose B and C as the select vari
the columns of K-map in Fig 8.28(a) are already coded according to the four 2-bit binary

select codes of a 4-to-1 MUX, i.e. BC = 00, 01, 10, 11.

The K-map is divided into four groups as shown in Fig. 8.28(b) where in each group
the logic values of B and C do not change but that of the variable A changes. For the first
column of the K-map, BC = 00 and the function F in this group is

F=0 when A = 0 and BC = 00
F=1 when A =1 and BC = 00

Therefore, we may write F = A when BC = 00.

p— v B g
! o, A A

-map of a 3-variable function F(A, B, C) as plotted in Fig, 8.28(a)-
se-any two variables as the select inputs
iables since

ISR IORTIINELT

4-to-1 MUX

A VAL, e 2T T
B b VS M

P s e R e D s el
358 S ! o RN R AT i §e 305

oo o 110
of o |1

1 1 0

Therefore, it may be said that if B and C are
ore, > used as the select inputs
then the input I, of this MUX is to be connected to A to satisfy B liuA :fi?h‘:;g l-b?.‘.[on
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——

001, 010, 011, 100, 101, 110 and 111 are shown in Fig. 8.28(0) and also the inputs I, to I,
are indicated in general. For our specific example we may follow the grouping techniques

of Fig. 828(0)togetl =11, =01L,=11,=D,1 = DI = D, I,=0 and [, =1 from
the Fig. 8.28(p)- The circuit with these eight inputs is shown in Fig. 8.28(q)-

Using Implementation Table

This is a tabular method for finding the inputs of the multiplexer when the minterm
numbers for the given function to be implemented are known to us. The implementation
table has two rows and M number of columns where the number M is half of the maximum
number of minterms possible with N-variable function. For N-variable function the

. : N
maximum number of minterms is 2N. So, the value of M is 22— = N1 If we check 2N

minterms of any Boolean function having N variables then we find that any variable
appears in the uncomplemented form in exactly one half of the total number of minterms,
while other half contains complemented form of that variable. In an implementation table
the top row is labeled with the complement of a variable (i.e. say A). of the function F(A,
B, C, D) and the bottom row is labeled with the true form of the same variable (i.e. A)
of the function. The top row lists all minterms which are associated with the variable in
complemented form and the second row lists all minterms with that variable in the
uncomplemented form. Usually, either the most significant or the least significant variable
is used for labelling the rows. For example, Fig.8.29(a) and Fig.8.29(b) show the structure

| i
St Tay A e A B R i Vi el M e i LS Al e Tk S

e b o b % K W Lk . & ok Lk ook L& &
Al 0] 1 2 31 4 5 6 | 7 blol 2| 4|6 ]| 8 |10]|12]14
Al gl 9w }|i12]13]|14}15 D| 1 slslz 9171113115

| Fesab)

BT e FigBi?(q)‘ T "" _" 3
of the implementation table for a four variable function F (A, B, C, D). In Fig 8.29(a) the
most significant variable A is used for row heading and the corresponding decimal
equivalent number of the minterms are inserted in the boxes which are associated with
A and A. Similarly, in Fig.8.29(b) the least significant variable D is used for heading the
rows. In these two implementation tables there are 8 columns and each column is headed
by the multiplexer inputs Iy, I, L, ... L. AS there are 8 inputs so we need an 8-to-1 MUX
to realise the function F (A, B, C, D). In general, for an N-variable function we need a MUX
having (N — 1) select inputs and 2N-1 data input lines.

Clearly, the entries in each column in Fig. 8.29(a) are determined by the bit combination
of the variables A, B, C and D. For example, in the column I there are two numbers,

3(=ABCD) and 11(= ABCD) with row heading A and A respectively. The last three

literals B, C and D constitutes the select code of MUX input I,. For the Fig.8.29(a), the
numbers for the two boxes under any column I, can be determined by writing the row-
heading literal corresponding to that row in the most significant position followed by the

Digital—79
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select code of I, Similarly, in case of Fig.8.29(b) the row—hendingm
re o il

the least significant variable (in this case they are D or D) after th
the' numbers under the column I. In this c)',ase the se]ec)t codes zr&;ﬂsﬁ 0 0”;“;1‘
.vanablcs A, B, C For example, in Fig. 8.29(b) the decimal number 12 a ;med in,
in the top and bottom row under the column of I, because select code :on 1 13 g g&
?f I, using select variables A, B and Cis ABC and the row heading Iiter.:lefect il )
in D and for the bottom row it is D. Here D is the least significant variabl for the tDP-rc'
F (A.:.B’E'D)' Therefore,)the top and bottom boxes under I, mean the d i the fung
(ABC)D =12 and (ABT)D = 13. . ccimal numpe,
Fig. 8.29(a) and Fig. 8.29(b) show the boxes for the 16 mi i
Tf}t‘ numbers 0 to _15 within the boxes are the decimal I::ct{fin\:zlgif ::ra:able%
'mm_terms of a 4-variable function. The variable A and D are the most si n]f_ers okl I
in }f]g. 8.29(a) and leas.t significant variable in Fig. 8.29(b) respectively '%‘?—.lem?m Variably
;edlfferenaj in nun}bcrlng oflthe boxes in the two tables. But all the 16 miu:e ore, themy
present in the given function. The minterms which are actuall o T
are circled in the implementation table. y present in the Euhm‘
Thus, the decima indi i i
W nde funcltfl;:l_nber of the table indicates the decimal equivalent number of the

T &

] Let us n-ow consider an example of a function F (A, B, C, D) =¥ m(0, 1, 3, 6, 7, :
‘412(_: 24). ..l: lm};:lemen! this func:"tion with MUX taking the help of an impi;rr:en’t i &1,
mjn:::;lg s:hl ;format Ofrlfhe implementation table as shown in Fig. 8.29(a) in tl?chht
E ich are actually present in the function F with ci l
after circling the present minterm is s i Fi = manked mith ord SRR 2
i s shown in Fig. 8.29(c). Let us now d i
;’ules to determme_ the values of the MUX inputs I, ....., I, directl frs:flgf th;JfOH'
rom the observation of the circled minterms in a culum; g e

oL

’ e b b by W s B K]C:;Jbl:[é“,s[@(a
[@[®]2[@]4]5]@]@ A 9 [10 13
A|@®] 9 ]m[@{@!iaf{lsll m;-'u’:{i.ﬂl 0 g@‘!?{o !l’ SJ

Fig. 8.29(d) y

e .
e given function F (A, B, C, D) = ¥ m(0, 1, 3, 6, 7, 8, 11, 12, 14) is written as"
= ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

+ ABCD + ABCD: [\

= (X +A)(BTD) + A(BTD) + (A + AYBCD) + ABTD) + (& + AYBD)

e L(BED) 4 T (A + A(BCD)
(BCD) + A.(BCD) + 1(BCD) + A(BCD) + 1.(BCD) + A.(BCD).

5,= B, 5

ssIANDMSI Y 627

COMBINATIONAL LOGIC CIRCUIT IMPLEMENTATION WITH
1 MUX with select inputs

aring this with multiplexer input equation of an 8-to-

= C and S, = D we get
|"=1,|r=K, L=01L=1L=A1l;

the following rules
I two circled minterms of a F(A, B,

Comp
-0,1,=1,1,= A.From this result we may develop

ntation table are present

C, D) in an impleme
C and D are the select

Rule1: e
in a column I, then the input I, of the 8-to-1 MUX will be 1 if B,
yariables of the MUX. In this example, we have == I, =1
d in a row with row heading

. If one circled minterm is present in a column I; an
input 1, of the 8-to-1 MUX will be A if B, Can
xample, in this illustration T, = I; = A.

t in a column [ and i
and D are the selec

Rule 2
d D are the select variables

A then the
of the MUX. For e
Rule 3 : If one circled minterm is presen
A then the input I; of the 8-to-1 MUX will be A if B, C
the multiplexer. In this example, I, = A.
Rule 4: If no circled minterm are presen
will be equal to 0. In this example, [, = I; = 0.

The implemented circuit for the function F= Y m(0, 1, 3, 6, 7,

n a row with rowheading
t variables of

t in a column I, then the input I; of 8-to-1 MUX

8, 11, 12, 14) is shown

8-to-1MUX

in Fig. 8.29(e).

8-to-1MUX

F(A,B,C.D)
¥m(0,1,3,6,7.8,11,12,14)

0 Is
1 I
l’
aln oy
i—— |
(LSB) N
(-]
lﬂ ll 'l !:I Il I‘l IA ll [g)
o|@|2|4 @llm @l.\
o |®|®@| s @‘9 @131\5
i[ofol]plo]bB]o]
) - _ B ®
| TR T

In the above illustration the most signifi able A
ov gnificant variable A of F (A, B, C, D) and it:
complement A have been used for heading the two rows of this table and B, C, a“)dﬂl;l h.]l\,:
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been used as the select variables. If the least significant variable D of the functioy, F

C, D) and its complement are used for labelling the rows and A, B, and C 4 fheM" arate Implementation tables which are

: i Fi ill be the ing : i d three se; 4
variable, then the format of the table in Fig.8.29(b) will be the starting table. By cirdihm’h - - og 3!:‘ 'S) p\'f:l:ilfg;e‘fi: (t‘}c,e .-0,::: hoagljing variable. The variables, B and C are
minterms present in the function and applying the 4 rules as stated we can o) i tyl shown in Fig8.31(a). Varia » ; R i B R
multiplexer’s inputs and the required circuit. These are shown in Fig 8.29(f) anq Fl'g.s n th, e L % & b
This implementation table has the advantage over the algebraic and K-map o = ; C;) @:) @’) AGCIRGE
as it gives us a more systemetic procedure to implement a [%un]t:nn funclion t}“ g & ®
multiplexer. In fact when the number of variables of the function increases the ! Alals|@®]7 Al@ )
implementation method becomes more useful. ﬂl AI,‘UX_: I Tﬂ[;:: i b b5 AJ
. . e 2 . npuf
But, it is not an efficient procedure because using this method it is possnlI)Ie to0 implr |
a function of N variables with MUX having 2¥! inputs rathc.r than with a M Fig. 8.31 (a) ;
samller number of inputs. Following are some examples for using Implementation a : : .
! 4-10-1 MUX 4-10-1 MUX ,

Implement the function F(A, B, C, D) = ¥ m(0, 2, 3, 4, 8, 10, 14) using MUX And'_"

necessary logic gates. Use implementation table for the design. Y

This 4-variable function needs one 8-to-1 MUX. Choose A, and A for lab!lhi

the rows of the Implementation table and B, C and D as select variables of an 8-to-1
The implementation table in Fig.8.30(a) shows the inputs of the 8-to-1 MUX and
corresponding circuit is shown in Fig. 8.30(b).

= e Fig. 8.31 (b)
8-10-1MUX 1 j
used as the select variables for all the 4-to-1 multiplexers. The data inputs of the MUXs
! are determined from these implementation tables and the corresponding circuit is shown
2 in Fig. 8.31(b).
A
F(A,B,C,D)

b B b G W % 06 5
Al@ 1 |@@|@]s (6|7
Al®[ 9 [00] 1] 1213|039

Implement the function F(A, B, C, D) = ABD + BCD + CD using MUX with the help
3 of Implementation table. Use the least significant variable D as the input data variable
for the MUX.

This is a 4-variable function. Out of these four variables we have to use the
least significant variable D as the data input variable leaving the variables A, B and C as

o the select variables. Therefore, we need one 8-to-1 MUX. The given function is converted
(LSB) into a canonical SOP form as follows

F(A, B, C, D) = ABD + BCD + CD

AB(C+ C)D+(A+A)XBCD)+ (A + A)B + B)CD

ABCD + ABCD + ABCD + ABCD + ABCD + ABCD +
ABCD + ABCD

oot LoTT]AT&To A o]

Fig. 8300} _ Fig.8.30(b)

Implement a circuit having three outputs F,, F, and F, using all 4-to-1 MUXs. The
outputs are Fi(A, B, C) = ¥m(0, 1, 4, 5), F(A, B, C) = ¥ m(1, 2, 3, 6) and Fy
C) = ¥ m(0,2, 4, 5, 6, 7). Use implementation table and assume that the compl

of the most significant variable (A) is available. =3m(0 3457811, 12)
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These minterms are plotted in the implementation l‘ﬂblf‘ [-"_"{.-’;" 853;22(3{)] to get the g,
of the Sto-1 MUN. The corresponding circuit 18 shown in Fig. 8.32 (b).

8-to-1MUX
D —-{>0-4l,
'l
1 I
L &% %k k& B L .
e f st o Fan] +! —
a@ 2 @g 6 f 10(02] 14 |: ¥
D} 1 @@f®l 9 @) 13]15 I,
""‘Ux"ﬁ?oflfiDlﬁ plD|o S
mputs | :' | | EN
‘ , A7 AN, s, s,
A [
B
I
Fig. 8.32(0 ~ Fig. 8.32(b)
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o COMBINATIONAL LOGIC CIRCUIT IMPLE =

[EEW Introduction . | il -
A decoder is a combinational circuit with n-Bit input and m number .of r.nutually
exclusive outputs. The mutually exclusive output means that the decoc.ier circuit makes
only one output active (active low or active high) among the m possible outputs and
this output is unique and depends on the input code applied to the n-Bit input. We know
that using n-bits we can have maximum on codes, so the maximum number of mutually
exclusive outputs may be m = 2" T he function tables shown in TABLE 8.20(a) and TABLE
8.20(b) are the examples of a 2-input 4-output decoder circuit. In TABLE 8.20(a) one of four
outputs (Y, Y;, Y, and Y;) is high for each 2-Bit input code ; all the other outputs are low

low ; all other three

for each 2-Bit code input. But in TABLE 8.20(b) one of four outputs is
outputs are high for the same 2-Bit code input. These decoders having 2 inputs and 4

outputs are called 2-to-4 decoder. In general a decoder with n inputs and m outputs is
alled the address inputs of the decoder.

called n-to-m decoder. The inputs B and A are also

__Inputs . outputs , . Inputs | outputs

B AulYor Yoo Xs s Bl A N
0 0 1 I i SR 0 1 1 1
0 1 0.z 4 o 0 0 1 1 0 1| 1
1 0 0 710 1 0 1 0 1 1 0 1
1 1 0 0 0 1 1 1 1 | 1 0

(a) (b)
high output and

TABLE 8.20 Function table of (a) 2-to-4 decoder with active
(b) 2-to-4 decoder with active low output.

The block diagram representation of 2-to-4 decoder with active high and active low
outputs are shown in Fig. 8.36(a) and Fig 8.36(b) respectively. Note the bubbles attached

o e AT R T R R 1 S R T e T D g3
¥ 3 Gk b R i bR - . oL i -
. it 5 o e R S A At e oW e L B i

0 - Oc_ =
Eui el Y=BA Rk Y=B
Y By,
Inputs ’ Y,=BA Inputs g Y,=BA
—A PR e ——
2| Y,=BA 2 | ¥,=BA

g 95 Bk g T
representafion of 4'2-t0-4° -1
decoder with acfive low outputs. .,

7' Fig. 836 (o) Block diogram .
g - representation of a 2-to-4.
- decoder with active high oufputs.

i L

Fig 8.36(b). This indicates that all the outputs are active low type.
function tables that any active high or low output of this
Bit minterm code of the input B and A.

to each output in the
Also, it may be noted from the
2-to-4 decoder circuit corresponds to a 2-
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For example,
If BA = 00 = 2-Bit minterm code of mj at the input then only Y, =1 (for active high

?ﬂ =0 (for active low o
BA =01 = 2-Bit minterm code of m, at the input then only Y, =1 (for active high‘ “‘

Y, =0 (for active low gy
BA = 10 = 2-Bit minterm code of m, at the input then only Y, =1 (for active hjgil .

Y_z =0 (for active low
BA = 11 = 2-Bit minterm code of m, at the input then only Y, =1 (for active higii OUIPU 1

Y, =0 (for active low ou i

Thus, by looking at the logic state and the position of the outputs we may at o |
understand the presence of the minterm code at the input. Hence, we may write
functional relationship of input and output as :

Y; = m, for a decoder with active high output,

and Yi = m; for a decoder with active low output where m;, = m(g, ;

As each output Y, of a decoder represents a minterm m; or the fnverse of the mintem !
so the decoder circuit may be called a Minterm Generator or Minterm Indicator.

1
A decoder circuit with N inputs and 2N outputs is called a Binary Decoder becaus i ‘
this type of decoder generates all the minterms which are possible with the N bit binary
inputs. The 2-to-4, 3-to-8 and 4-to-16 deceders are the examples of the binary decode
But the decoders can be designed and are also commercially available for which the numbe
of outputs is less than 2V with N-Bit code as the input. For these type of decoders
number of outputs depends on the number of possible valid minterm codes at the input,
For example, if BCD codes are used as the input then the maximum number of outpu .(
will be ten to indicate ten valid input minterm codes of the BCD though the total numbes
possible input codes are 16 with 4 input bits. This 4-Bit input would generate 16 possib
outputs if all the combinations of 4-Bits are considered. This particular decoder is called
as 4-to-10 decoder or may be called a BCD decoder or Decimal Decoder. To a BCD decoder
if six non-BCD codes (1010 to 1111) are used as inputs then this BCD decoder will no ;
respond to them. All the ten outputs for six NON-BCD inputs will remain in the inactive
state i.e. all the ten outputs will remain in the low state for a decoder designed for acti
high outputs and on the otherhand all the ten outputs for six NON-BCD codes will remain.
in the high state for a decoder designed for active low outputs.

Besides the N-Bit input, the commercial decoder IC chips are provided with one or more

additional inputs called enable input. The enable inputs may be all active low or may be

partly active low and partly active high. It may be mentioned here that these enable inputs - f

help to cascade many decoders to increase the input and output capacity or to use s
decoder as a demultiplexer. 2

B WRRESL S G

LOGIC CIRCUIT IMPLEMENTATION WITH

~1 COMBINATIONAL

OO ST i Dpegd Foied. o7

der is shown in TABLE 8.20. Two
function of the two inputs B and'
tions for the outputs as follows:

[EEEA | Decoder Design * . .
(a) 2-to-4 Decoder : The function table of 2-to-4 deco!

L : i he decoder outputs as a

tables show the logic state of the ;

A. Using these tables we may write down the logic equa : ‘

Y. = BA; for a 2-to -4 decoder with active high
3 :

DY, =BA, Y, =BAY,= BA and
outputs. This follows from the TABLE 8.20(2).

i) Y, = BA, Y, = BA, Y, = BA and Y, = BA; for a 2-to-4 decoder
outputs, This follows from the TABLE 8.20(b).

If the enable input is included in the decoder circuit then the above
modified to

A Y,= BAEN, Y,= BAEN, BA.
four active high outputs and active low enable input, EN.

with active low

equations are

Y,=BA EN and Y;= BA.EN for a 2- to-4 decoder with

B Y, _TAEN, Y1 =BA.EN, Y2 =BA.EN and Y3 —BA.EN for 2-to-4 decoder with
four active low outputs and one active low enable input, EN.

i ior ily draw
Using the above equations for the outputs we may eas! <
the decoders. These circuits are shown in Fig. 8.37. In these two decoder circul

the logic circuits for
its when the

A AL SRR e

W AT A S

ey

.37 logie ciu of 204 decoder (o} wit acive high ot

- Fie.

enable input is made low ie. active then and only then the four outputs of the decode:
circuits follow the function table (Table 8.20) otherwise for logic !_'ug,h input to the enabl
input all the outputs will go to inactive state (all the outputs w_ﬂl be low for a dccogie
having active high outputs, [Fig 8.37 (a)); all the outputs‘wll'l be high for a deﬁnder havin
active low outputs, [Fig. 8.37 (b)]). Two inverters in series fqr feach decoder mp\ln B or.
have been used to reduce loading to the external circuit driving the B and A inputs.
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{b) 3-to-8 Decoder : The logic circuit for this decoder can

logic gates following the approach of the
of 3-to-8 decoder is shown in TABLE 8.21 with one active | al N
high address inputs (C,B,A) and eight active low outputs (Y, through Y,). The

diagram representation of the 3-to-8 decoder is shown in Fig. 8.38.

design of the 2-

be implemented using al|
to-4 decoder. The funct;
ow enable input (EN), threg.

Inputs OQutputs
EN(C B A|Y Y Y, ¥, Y Y, Y. 4%,
g6 fo 0ol 1 1 1 1 1 1 1
(I T T R R R S A M
efo1o]l1 2 @1 1 11 1
gl F A d @ 1 0E el JUSE
0 (1 0. 0f1 I I -%.0 Lad-=d
el101(1 1 11 1 0 1 1
o lr 120l 1172 1 1 0 1
o2 4 11 13 11 1 1@
1 x x x[1 1. 1 1 1 1 1 1

TABLE 8.21 Function table of 3-to-8 decoder

active low outputs.

with active low enable input and eight

ENTATION WITH SSI AND MSI ¥ 639

L LOGIC CIRCUIT IMPLEM

ot ] COMBINATIONA

; . hown in Fig: 839 In this logic

The logic circuit based on the above logic eq|.3alcnons:‘1 ol fstl]?ree :l: ge?\erate the true and

circuit sixginverten‘. (No.1 to 6) have been used msta ° e m—
o e oy 1 PRI 1 SR z

AR D 25

e et

S TR ot N e y X F
complement form of the inputs address C, B, and A (i.e. C, C,B, B, A and A) which are
used as the NAND gate inputs. This has been done to reduce the effect of loading to the
external circuit driving the decoder inputs C, B, and A. All the inverters in this circuit are

buffer type inverters.
| {¢) #-to-10 Decoder (BCD-to-Decimal decoder) : The function table of a 4-to-10 decoder
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Decoder Inputs Decodfl' 0_‘_“?“1_5
ENID Cc B A 'Y"o ?‘1 Y-z Ys i X Y,
TR N ITISEEE S A
i loecg ¢ 11 o @ 007°F "3
olo o 1 ofl1 1 o 1 1 1 1
6la o 9 $l2-4 .8 41 -3 .1
o le 1 9-of 1.0 ‘28 013
d1a" o7p o ew 230 TI00d
6 l9 1“4 1’1 . 1 1 v 1 1 @
g la 4 104 31 42 1 4.4
ol1 o0 0f21 1 1,1 1 1 1
g 'y otm 19l 1 1@ s & T.gl
i l#% & . 4] 1 4 Pyl A By
0| nonBCDcode | ¢ o ¢ ¢ ¢ ¢ ¢

TABLE 8.22 Function table of a 4-to-10 decoder with active low outputs
and one active low enabie mput

“To find out the logic equations for the outputs, the k-map has to be drawn separat
for each output. While drawing these k-maps we may consider the don’t care outputsj
the following two ways. '

(a) All the don’t care outputs are considered to be 1. This means that for any non-BQ
input all the ten outputs become 1 simultaneously. This design procedure is calld
“Decoder design with false-data (non-BCD) rejection”. This is so called because the nor
BCD inputs have no effects on the outputs as if the non-BCD inputs have been rejectd

(b) Some selected don’t care outputs for the non-BCD inputs are considered to be
0. This is done to reduce the number of literals in the logic equation for the outputs. Th
design procedure is called “Decoder design without false-data (non-BCD) rejection”. Thi
is so called because, some don’t care outputs are assumed to be 0 as if the circuit is

rejecting completely the effect of non-BCD inputs.
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Some commercial decoder ICs have more than one ena:::);a /ﬁrw
—— ; e e

N ﬁl’f’ﬁ ?0 YI YZ '-‘?N
B T . Ao
e --(-} — 6'_ i1 4 0.1 ""I\
Bii [ - Deedad of
¢ favefd L 14
s BEIEIENS
1 i} 1] 1 1 1'%
Al |’ i ANt
) [ (: TABLE 8.24 Function table of 1-toy
: B demultiplexer

G demiionr
be active high or active low. Active high enable input of a decoder can,
);nput but the routed data at the output will be complemented.

Available Decoder/Demultiplexers - o
ons regarding the input/output features f

i 59845 iog%c.cir;;uii'

inputs a few ma
used as the data

854" Commercially
Following are the descriptions and discussi
a few commercially available decoder / demultiplexer.

B 2-to-4 Decoder / Demultiplexers &=
Functional - Description

T

i o Wt ]
i

Chip No. | No of | Technology
~ Pins

74139 16 | LSS,ASHC | Contains 2 fully independent 2-to-4 Decbder/ |
Demultiplexers. Each unit has one seperate active low
enable input, four active low outputs and two active

high address inputs.

74155 16 (Std. TTL, LS %lmtains Z'units of 2-to-4 decoder/demultiplexers.

uniet tl:\;c; L:)mts haye two common address inputs. One

) ne active lcmt and one active high enable
- Lhe two enable inputs for the other unit are

both active low. T
active-low type.' the four outputs of each unit ar¢

7415
6 16 | Std.TTL, LS | Same as 74155 but the
type.

Outputs are open collector

74239 | 16
HE
Same as 74139 byt the ou . . '
ﬁ____________t?_litf are active hlgij typ®|.

TABLE 8.25 Brief descripti
£ scription of com . .
2-to-4 Decoder/ Der'nultiplexﬂr.n Fécg}l:gsﬁ"aﬂable
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inputs. For n elements of information to be uniquely encoded, the output (;ode
dth m must satisfy the following relation 2™ > n. For example, to encode: lp decimal
-1 distinctly we need a group of 4 binary bits. Here m = 4 and n = 10. The dlst}nct code_s
dlgl, bc arbitrarily assigned to the inputs. In case of simple encoder the drawback is that this
mac}uit cannot encode properly if more than one input are active simultaneously. To prevenj
hris odd situation anew type of encoder circuit is designed which is called ““Priority encoder.
t Priority encoder responds only to one input when more than one input are simultaneously
:ctive, in accordance with some priority. The most common priority system is based on tl:ne
relative magnitude Of_ the inputs. For example, a decimal-to-BCD pri(?rlty encoder will
encode the input for 7 if two inputs 5 and 7 are used simultaneously to this type of encoder.
This happens because 7 has the higher priority than 5.

ofelt"m‘-’nts of

le “‘ri

c

Design an encoder circuit which has 4 active high inputs 1, I,, I; and I This circuit
needs to produce 6-bit distinct code for each input as shown in the TABLE-8.39. The
restriction regarding the inputs is that only orfe input may be active at a time.

The block diagram for the required circuit is shown Fig. 8.71 (a). In this diagram

there are 4 inputs. For any single active high input the circuit outputs is a
6-bit code on Y, through Y. output lines.

Input Output L L 4 ke
By X Y X ¥ N = -
1 00 0[1 0 1 1 0 1 m— e
¢ 1 @ gj1- 1399 & B : g
001 0[{0 1 0 1 0 0 l % Dak

)
0 0 0 110 1*1 0 1 1 ) ‘; ) ",
= i
TABLE 8.39 _hi| Encoder |Y, »—)r —Y,
|0 Ij_
I e Dak

Fig. 8.7 1(a) Fig. 8.71(b) Encoder Circuit
‘ for the example 34.

This encoder can be designed by looking at the output columns for Is in TABLE 8.39. We
maywriteY5=I3+12, Y4=12+ll +IO,Y3=I3+I(_}: Y2=13+11: Y1 212+IoandY0=I3+IO. The
logic circuit based on these 6 equations can be drawn as shown in Fig. 8.71 (b).

.

EIEN Decimal-to-BCD Encoder ity

The logic symbol of this encoder is shown in Fig. 8.72.

. !n this encoder there are 10 inputs, Iy, I, ..., Iy each representing an input for a decimal
digit. The output of this encoder has 4 parallel outputs (D, C, B and A). Each 4-Bit output
‘orresponds to BCD code of the input line. For example, when only I input is active out-
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of ten inputs then the BCD output of th
for input I, the output will be 1000. We
relationship of t

-

Decimol
to
BCD
Encoder

BCD
Output

Fig. 8.72 Logic Symbol fora |
fins Decimal-fo-BCD encoder

e A
Coodarnooe o

is circuit will give BCD code of 5 i.e,
assume all inputs are active high, Thei

N

his encoder is shown in TABLE 8.40. pm;x:a

100, g0

oS
Nl

S o o oo o o
CooO0ocBEome e
©Sc o oceoocoo o
S - - - -E-=-=-
= 0O O0OO0OCcoo oo o
ol S oo S

TABLE 8.40 Function tabic of the Decimal-to-BCD encody

The table shows that the output bit D of the output BCD code becomes 1 only yj
the input I, or L, is high otherwise it is always 0. So, we may write. ”

D=L+
Similarly, the other output bits, C, Band A can
be written as
C=L+L+I,+L,
B=1L+ 1+ +I;and
A=L+ L+ +1+1,

Now we can implement the required logic
circuit for encoding each decimal digit to a BCD
code by using the above logic expressions. We
need to OR the appropriate inputs to form BCD
output. The logic circuit for decimal to BCD is
shown in Fig. 8.73. The inputs to all the OR gate
are normally low but when a HIGH input appears
then the outputs of the OR gates become High

depending on the input For example if I, is HIGH
the outputs are D = 0, C = 1, B = land A=1. The

I input is not needed because the BCD output bits are all 0 which is same when no inpe®

are used.

Fig. 873 Logicdmniiaiy
Decimal-10-BCD encoder.

Ak

&
28

ke

[y

551 ANDMSI Y 673

N WITH
COMBINATIONAL LOGIC CIRCUIT lMl’LE'MENTATlO\] w |
"

Octal-to-Binary Encoder e i
o' - B Wi

- the same approach followed in the case of Deﬂma!-to—BCI% er;f‘cédoz: i

Usmﬁm—Binary encoder. In the octal encoder there are 8 inputs. To Tt gt he

= oc:?nique way we need at least 3-bit output. In this de;l.g?‘ WE]:; eFor \his particular

nd the outputs of an encoder may be either active hig or - BOE o disgrani

i i i igh outputs.
i 1l active low inputs and three active hig -,
case W° i B = representation of such an encoder is

C B A| ciown in Fig. 874(a). The TABLE 841
1 describes the function qf §uch an :‘nt
coder. From this table it is seen tha

when no inputs are used (first oW (?f
TABLE 8.41) or when the input line 7 is
made active then the output COt-ie be-
comes CBA = 111, But for the inputs
other than the first row of this table we
get the octal code at the output corre-
sponding to the input used. Also, it may
be noted that the inputs are active-low
one at a time.
" From this table we maéx wr}ite thte
following logic equations for the out-
s puts considering 0s of the inputs.

-

-
—

S

O e e e e = = e
P - I
- e O e e e e
R I
e - I
T = T - I
- = O OO0 O
. =T
-- e oom o= S

or, A=1+I +1‘+is

o, C=T+1 +L+I,
or, C =1+ +L+,
% By

The logic circuit for the Octal-to-Binary encoder is shown in Fig.8.74(b). In this case the
input L, is not used.

Example 35
Design a Decimal-to-XS3 encoder with active high inputs and outputs. \
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The function table of such an encoder is shown in TABLE 8.42. From y,

é s
we may develop the following logic equations describing the inputs and Outpytg ‘dl:h

e ™) [hooo0o00 000100
W= ’ e | % 0000000010 0)71 g 0
ST e é 00 0000O0DD0T1 00 0] 0
T 59',00000010{)00]1‘0
Lk ®loooo0o0100000}; ;8
Ig T A 0000100000 1[0 g 0
i 0001000000 1]0 g,
Fig. 8.75 Logic circuit for the 001 00O0O0O0TDO0OO0 1 057 0
. Decimgl-1o-X5-3 encoder 0100000000 1 09 ]
A=L+L+L++] 1000000000 1|1 ¢ :
B=l+ L+ +L+1L 0000O0O0D0D0O0O0 0|0 g 0
e 0 TABLE 8.42

D=L+ +L+I+]
The logic circuit based on these equations are shown in Fig. 8.75.

EXER Priority Encoder .

In the previous design of the encoders it has always been mentioned that the inpy
should be active (may be either HIGH or LOW) one at a time otherwise the code which
will be produced may or may not correspond to the input. This statement may be verified
considering any one of the encoders designed so far.

Consider a Decimal-to-BCD encoder (not priority encoder) with all active HIGH inpu
What will be the output code if the input lines I; and I; are used simultaneous|

From the TABLE 840 we may write the following :

For I the code is DCBA = 0101

For I the code is DCBA = 0110, if they are used separately. But these inputs are used
simultaneously then the code at the output will be DCBA = 0111 which is a code of input
I; and not a code for either Is or L.

From this example it is noted that a fault
one input are active at the same time. A m

avoiding this drawback is the Priority Enco
are used, the output code will correspond to the hi
Example-36 the output code will be for I, only,
case of the priority encoder because the input [

Y code is generated at the output if more than
odified version of this type of encoder circut

ghest numbered input. For example, i
though the two inputs Iy and I, are u
s has higher priority over I,

b

D MSI Y 675
COMBINATIONAL LOGIC CIRCUIT IMPLEMENTATION WITHSSI AN

ign 4
Gt
following

eouSIY, Ii has

jori i ; and I, are high
input priority encoder such that when two inputs, I,
Sk ppﬂozty over 1, when i > j. The encoder should produce the
2-bit code for the four inputs I, I,, I, and I, :

[, 00,1, = 01, L, > 10 and I; = 11.

der that ensures that when two or more inpuls

ex|

8.43
I 1, L L Y, Y
T 0 0 0|0 O
o 1 o 0|0 1
¢ [} 1 0 1 0
s o ¢ 1|1 1
TABLE 8.43

LoEFARL LS

B —
A et e o L

e statement of the problem we may develop the function table (TABLE
) for this encoder. This tal';le= L i Whie T, me, Lo 1, =15 4, The logic
elquation of Y, as a function of T, 1, I, and: I, can be
obtained using the K-map as shown in Fig. 8.76(a).
Similarly, Y, is true when I, = 1, , =1, =0, ;= ¢ or
when1; =1, 1, = I, = I, = ¢. The output Y, can be

shows that Y, is true when L, = 1, I; = 0,

pressed in terms of I, I, I, and I, from the K-map

[Fig 8.76(b)l. From these two K-maps we get
Y,
The logic circuit for this encoder is shown in Fig. 8.76(c).

=L+l Y=L+ Ll

i s G -

I;_.,.‘
"

Tk
|1=f: g 01,7 1 710

I
: Ioh
ol
ool o 1 1 1 00
01| 0 1 1 1 01
0 1 1 1 1
n o]
M8
10 0 1 1 1 10

[ Fig.8.76 (o] K-map for ¥,

el a2 e

- O A B SN T RS o o

——

‘ T

e Sl L Eer

C=0.

logic gates.

Bates

Example 38 -

() Develope a truth t
©) such that the inpu
with next higher p

(b) Implement the encod:

able for a
t C with least priority produces an output code 01, input B
riority produces a code 10 and the input A with highest priority
input produces a code 11. This circuit should have another active low output called

‘INACTIVE' output which indicates that no inputs have been used ie, A = B =

er circuit with a 3-to-8 decoder (74138) and other necessary

priority encoder with 3 active high inputs (A, B and

(© Implement the same encoder circuit using a 4-to-1 MUX and other necessary logic
@) Compare the economy of the two designs. ity
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