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E__ Digital Techniques (Comp./Sem 3/MSBTE) 5-8

= ltcan be used as Boolean function generator. E_‘E."-_S.'i'l‘.i"j:: i
= Typical average propagation delay time data input to W output :
12.5nS. ke i
= Typical power dissipation 30 mW. Soln. : Refer Fig. P. 5.6.2 for uuplcmcmatirm..
5.6 Multiplexer Tree : Descriptlon : o
~  The select inputs Sy and Sy of the multiplexers 1,2, 3 wt g
B T:c. miltplexers h-uving R (_Jr il C:nl i are connected together. |
obtained by cascading two or more multiplexers with less - The seloct apua 8 Wi S5 spplied o the select mm‘& _

number of inputs,
and S, of MUX-5.

The outputs Yy .Yz .Y, .Y, are applied 10 the daty inpyy, b,
D,. D; and D, of MUX-5 as shown in Fig. P. 5.6.2.

= This is called as a multiplexer tree. This concept will be clear
after solving the following examples. =

Ex.5.6.1: Obtain an 8 : 1 multiplexer using two 4 : 1

multiplexers. S-03, W-03, W-09, 4 Mark i L
..‘ .('

Solh. ! 0, —10, pux

. . > D; — 1
= The cascading of two 4 : | multiplexer results in 8§ : 1 n:-—::s:)
multiplexer as shown in Fig. P. 5.6.]. 8
1
= There are in all eight data inputs (Dy through D). g 4
— B
= The sclect lines S, and S, of both 4 : | multiplexers are g‘_g". i (2
1 y ———
connected in paralle] whereas a thind sclccl input S; s used ' o, wux B P
- n T
for enabling one multiplexer at a time, o, —10;
= Syis connected directly to the enable (E) terminal of MUX-] 5
whereas :‘:z is connected to the enable terminal of MUX.2 0,
Do"‘—-
Dy—
Dol 1 Y,
‘ MUX 1
Dy o o -
s.,_,r Do —{E 5 12
Select 1 % Dy D, a:1 Y.
Inputs ! D,. o, Mux
O,— 5 8 (C<425) Fig. P.5.6.2: 16 : | multiplexer using 4 : 1 multiplexers
b g
=" FER
gﬂ“_" MUX -2 Y, = The operation can be summarized using Table P. 5.6.2.
—-1E (€157 Table P. 5.6.2 : Summary of operation
(C<424) Fig. P. 5.6.1 : 8 : 1 multiplexer by cascading Select lnputs | Mux. Oulputs [ pinal Output
two 4 : 1 multiplexers S3|82]81]8| Yi{ Y] Y]V ] ; 3
0000 0|0, [040,,[ " By
(C-6186) Table P. 5.6.1 : Truth table ool o[ 10§00 [0l = D 845,00
B, 10, 10 o ——p—] > . MULS
Select Inputs | oyipyy 010110 |DafDs]0,,l0, 4 - 93__ swincts Y,
S8, ]S} Y 0j01 14 2 Bodha
G
o|o0]o| 0, il i 2
D Oj1]0]1
Y 1 MUX 1 ol 1 1lo
0 1 0 D, is enablo AERERE
o BE B D, 1fofo]o
1100 D, i 8 el
11010
V1o Ds MUX 2 ;
1 1 0 Dy is enable LK 162
1 11010
1 1 1
o 1{1]10] 1
- The outputs of the two multiplexers are ORed to obtain the ! : : ?
1

final output Y.

Tech K

Pnnrnt"‘
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R T e

UX using2: 1MUXand4: 4 Mux ;
Truth table for § ; 1 MUX

'Enahlg_:- falecunputs. m
B 1S S s |y
0 | XIXIx[ 9
L 19 L0 0] b
1 0 0 1 T
1 0 1| o __‘52"_-
1 0 1 1 —__D!‘_“
] 1 0 TT
1 1 0 i _—'E;—'
1 11110 De
L1 1111 D,
Dg A
Dy— 4:1
p,— MUX
0y
(R
S| % [~ O
1
D, |
o, 1 :
D, —

(c-s094) Fig. P. 5.63

57 Use of Multiplexers in

Combinational Logic Design :

Multiplexers ICs for 2: 1,4 : 1,8 : 1 and 16 : 1 multiplexers
are available. We can use them to implement the given Boolean
expressions representing the combinational circuits. Thus it is
possible to design and implement many combinational circuits by
tsing multiplexer and a few logic gates.

Ad\faﬂtﬂges f

Advantages of using multiplexers for logic design are as

fullo“s :

I Logic design is simplified.

L Itisnot necessary to simplify the logic expression.
3 Itminimizes the number of ICs required 10 be used.

Use of MUX for combinational clrcuit design :

A truth wble or logic expression in standard SOP or POS

form is given 1o us.

; Th: luputdam lines of the mulupfcxr.r. mend i l‘,o
: thcse numbcrs (0,5 and 7) are conncct:d 10 loglc I fﬁ“" 7t

The following example will make this concept clear.

Ex.5.7.1:

Realize the logic function of the truth table
given in Table P. 5.7.1 using a multiplexer.

(c-7617)Table P. 5.7.1
A | jiely
o|lofo}?®
ojo]| 1]
o|1{o]0o
1] 1 1 1
1 o]0
1lof1]0o
1| 1ol
1]1]1]0
Soln.: _
Stepl: Express the output Y in the standard - SOP form
Y=Im(l,3,4,6)
Step2: Connect the data inputs 1,3, 4 and 6 to logic 1 and the
remaining to logic 0.
Step3: Connect theinputs A, B, Cto the select lines S; Sy and
S, respectively. )
Stepd: Draw the logic diagram as shown inFig. P.5.7.1.
Logic 1 '
o
Logic 0

(c429) Fig. P.5.7.1 : Logic diagram t'or'Ex; 511
Ex.5.7.2:

Implemant the followin
g -expression u
multiplexer ; Sll'lg >

”AE‘C) Em(024e)

3
We have 1o follow the design [:Jl‘t:»Ce‘fﬂ-lre given below 10 LSS
MUX for implementing the given 1081031 expression-
il

$ T!ﬂilamlul

Pubnu“nm ;
-
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¥) Data inpiits
Soln, : 0y 'DI D, 20 3= P .
: x| o (1) 2 Faw 1
Since there ure three variables, the multiplexer having three @ . ’@, w2
select Inputs should be uyed, Hence an 8 ¢ | mulliplexer as shown _? @ &% {
in Fig, P. 5,7.2 should | Unused s Ctver Eecesness T UBIINS €NCHTIE cogr .
St l i be UW.L , varlatle 10 the mirtarms producing g | Ottoeg
Slep 1z Identify the decimal number comresponding o each
minterm. (c-432) Fig. P. 5.7.3(b) : Design table
The decimal numbers correaponding the minterms are : i
to Dy have been written at
0.2, 4 and 6, - The data inputs Dy to Dy @ the top of
Step2:  Connect the data input lines 0, 2, 4 and 6 to logic 1 and table and the two possible values A and A of (he Untgeg
the remaining lines (1, 3, 5, 7) to logic 0 as shown in variable A have been writlen.
Fig. P. 5,72, -~ In the ecight boxes we enter the decimal nom
Step3:  Connect the variables A, B and C to the select inputs. corresponding to the minterms (0 to 7) serially,
Logls 1 . s
b - Encircle those minterms corresponding 1o which the Output j,
0 1 (minterms 1, 3, 4, 6).
L Step 3 : Check each column In the design table :
: The columns of design table are inspected using the Iullowin:.
a:1
4  Muliplaxer ___l?:g?:) rules :
5 Rule1: If both the minterms in a column are not circled, the
% ‘ apply logic 0 to the corresponding data input. Nots tha
78, 8 S5 there is no such column in our implementation tabls,
Eagis0 1 L c[ Rule2: [f only the minterm in the second row is encircled (see

(C430) Flg. P. 5,7.2 : Implementation of a logic
expression using a multiplexer

Noté: W 'can use IC 74151 which is an 8 ; 1 Muliploxor
to Implement Boolean equations using 8 : 1 MUX.

Ex.5.7.3: Implement the logic function f (A, B, C}
=2m(1,3,4,6) usingad:1 multiplexer,
Soln. :
The logic function to be implemented is
f(A.B.C) = ¥ m(l1,3.4,6)
Step 1: Apply two variables B and C 1o the select inputs :

As shown in Fig. P, 5.7.3(a). the two input variables B and C
are applied to the select lines S and S, respectively.

A
Dy
Alaconnact(‘rd/ M I?I:ILx
ul e — I (ab,
oDy and D, as D, ? Qutput 1 (8.b.)
rule I }
perrule 2 | D SyadB)
A I3 connected I '
lo Dy and Dyas B C
perrule 3

(C431) Fig. P.57,3(a) : Logic diagram

Step 2 : Write the design table :
The design table is shown in Fig, P. 5.7.3(b).

columns I and 3) then “A™ should be applied 1o thy
data input. Hence we should apply A to the Dyand D,
inputs.

Rule3: If only the minterm in the first row is encircled, (see

columns 2 and 4), then A should be connected 1o that
data input. Hence we should apply A to the D, and
D, inputs.

If both the minterms in a column are encircled, then
apply a logic 1 to the corresponding data input. Note

that there is no such column in our implementation
table.

Rule 4 :

Step 4 : Draw the logic diagram :

The logic diagram is as shown in Fig. P. 5.7.3(a). _
We can use IC 74153 which is a’dual 4 : §
Multiplexer -in- order to . implement  the - Boolean

Note:

-

expressions using 4: TMUX.. . - i

Ex.5.7.4: Implement the following Boolean function
using 8 : 1 multiplexer ;

f(A,B,C,D)=Xm (2,4, 5,7, 10, 14)

Soln. :

Step 1: Apply the variables B, C and D to the select inputs:

As shown in Fig. P. 5.7.4(b), the three variables B, C and D
are connected to the select lines S, , § 1 and S, respectively.

Step 2 : Write thed ign table ;
. J
The design table u\aS shown in Fig. P. 5.7.4(a).

\ > Koowltdg? .
y:::nlnut-lu!
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A
A
b terms encircled
Wt Lh:nﬁnle ms produdo:g;r:slpgzgpm

c43) Fig. P.5.7.4(a) : Design taple
3 the sixteen boxes we have entered the decimal
. num
. m“cspoﬂdi"g to the minterms 0 to 15 serially bers

jrcle those minterms which correspond 1o an o.u[
put = 1

. [mintc““s 2,4,5.7,10, 14).

q 3t Inspect ceach column in the design table ;
- *

If both the minterms in a column are not circled, the,
. , then

apply logic 0 to the corresponding data input. Note that

there is no such column in our implementation table

pule

If only the minterm in the second row is encircled then
“A" should be applied to that data input. Hence we
should apply A to the D¢ input.

|k

paled: Ifonly the minterm in the first row is encircled, then A
should be connected to that data input. Hence we
should apply A to the Dy, Dsand D, inputs.

fukd: If both the minterms in a column are encircled, then
apply a logic 1 to the corresponding data 1 input. Note
that there is no such column in our implementation
table.

Stepd : Draw the logic diapram :

The logic diagram is as shown in Fig. P. 5.7.4(b).

Logic 0
A Logic 1

D 8:1 {(A B,C.D)
Dy Multiplexer Output

>l

27 Implement the following logic €

table of 8§ 1 multiplexer is as’ given in-

Combinational

+mg+ mz + mp
ce minterms 0

Dy, P12 and

Y = my+my+my+ mytms

= Conncct the data inputs corresponding 10 the
logic 1. That means connect Do, D3 Ds, D7. Da.

D5 to logic 1 and connect remaining data inputs 10 0:

- The required logic dingram is shown in Fig. P. 5.7.5.
Logic 1

© | v outputs)

Select inputs

(c-2612)Fig. P. 5.7.5

Y = Im(0,1,3)=mo+m+m;
1 MUX is

Given :
The implementation of this equation using a 4 :
shown in Fig. P. 5.7.6.
Logic 1

Selact Inputs
(C2615) Fig.P.5.1.6

. TableP.577. . -

. Putilcations’

Scanned with CamScanner

'raa'mﬂ.eﬁ aal Ay

AN Nt 37 L e P
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Y =

Table P, 5.7.7 : Truth table of §: 1 multiplexer

 Select inputs * Output
T R I (5
0 0 0 Dy
0 0 1 D,
0 1 0 D,
0 1 1 Ds
1 0 0 Dy
1 0 1 Dy
1 1 0 Dy
| 1 1 D,

The Boolean expression for the output is given by,
Y = 5,5,8,D, +5,5,5,D,+5, 5,5, D,
+S 5,5,D,+8§ SISOD‘ +5, SISGDS

+5,8,5,D,+8,5,5,D,

27150
Let Y = A+B+C+D+E+F+G+H
Y = K.ﬁ.E.ﬁ.E.;‘:.a.ﬁ

.. De Morg:m § theorem.
Substituting the values of AB,C,D,EF,GH we get,

S28,5,D; - S28,5D; -

SISISODQ . SzSISoD; .
5:8180Ds  8:5:S¢Ds + 8351 S0Ds + 5;8; 5 Dy

The above expression is implemented using NAND gates as

shown in Fig. P. 5.7.7.
v vy

000

D;
Dy
Y
g =BS = -
—
0! m— [T
—
—
% :1D’—'
D, —
—

(c-2611) Fig. P. 5.7.7 : 8 : 1 multiplexer using NAND gates

Deslgn a 32 1 MUX Uslng Bi1 mu!lfplax,m' )

EK E-Tna " ., ol W 05, W-08. 4 Mark(
Soln.‘. Plcasc Rel’cr I"xg P 57 8 for solution,
Dﬂ_‘ :
A st —
= muxt
D, ~.
I_—-L‘—"'a
Dy—.. :
- e
MUK
D - LR
T
32 Data
inputs |
i > i:}( 1 Oupy
I, wuxs LOMUX Y
.L_H?.JX‘-G'. ity
Dyy—{". = o % g
|
E— 311 d
Oy
- .
-1 MUX4
T
[ E—

8 S &

(c-2614) Fig. P. 5.7.8 : 32 : 1 MUX using 8 : 1 MUX

——

Ex. 5';?_.9; In the given - Flg. P. 579 signals AB changg:
- % from 00 to 11. Wnte the truth “table for the
; syatam g -,' o et -Mi
+§'V
Dy,
— Dy
TR TS
A —1 suMm e TMUX oY
]’ Hait . D
o——1 adder DSR2
Y
Camy
(c-2616) Fig, P. 5.7.9
Soln.: The required truth table is as shown in Table P. 5.7.9.
Table P.5.7.9
fonuis | Output ot BLAL | W1
0]0 0 0 1
01 1 0 0
0 1 0 0
'&r«amulaui :

Puhlicatio®i:
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L2107 it sho 5-13
.{0- In the circu Wh in Fl
_;!_-5‘? belhaoutpul)(? ! 9P 5?10 “’hﬂwilt

(2617 Fig. P. 57,19
:oV'-—————- '
r (o) t - T
[soetinge™. g nfMUXI Output of MUX 2 -
Al B c Y ‘ X s
=1 | —— e
0l0 0 0 0
L—"]
ol 0 1 0 1
/"_-_
of1]0 ! 1
L—1"" |
0 __.1__ 1 1 0
|0
Lt |
1011 1 0
A
BN
.—-—'-‘—7
fx57.11: Give the fruth table of the full adder ‘and
1mpiarnent it using multiplexer m;
Soln. :

Step1: Write the truth table of full adder :
Table P. 5.7.11 : Truth table of a full adder

-Inputs _Output: :
AlB|c,|sum| Carry
olojo] O 0
olof 1 1 0
ol1[0] 1 0
ol1| 1] 0O 1
1{o0} O 1 _9__
tjol 1] of t |
111 0 0 1
1] 1 1

Step2; Implementation :
From the truth table we get,
Sum (S) = Eom (1,2, 4, 7) and Carry (€)= Zm (:5: 67

i ]We need two 8:1 multiplexers. Fig. P- 57,11 shows the
Plemen
~—on.

A BC

(C-3284) Fig. P. 5.7.11 : Full adder using multiplexers

’Ex.s.7.12. List-any four applications ‘ot ‘multiplexer ¢ and

i ""frrrplemmlmetouowlnglogicmzpmaalonludng
1 16:1 MUX. : :
L YmEm(0,5.5,6.7.1013) 8 15. ol
Soln.: Refer section 5.4 for applications of multiplexer.

Y =¥m(0,3.5.6,7.10,13)
Logic 1 :

|

16:1 1Y {outpwt)

alafa]la|o]|o|ole®

—"—"‘QQ—L_‘.QO
—“jo|=|lo|=|O|—
o|l=|lOo|=|=|O]|=|O
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Soln. :

Step 1 : Implementation using 8 : 1 MUX :

Fig. P.5.7.13 shows implementation using 8 : 1 MUX.
Logic Loglc
1 0

i
S0 51 5,
(C-s492) Fig. P. 5.7.13

Implementing a Standard POS
Expression using Multiplexer :

5.71

Let us consider the Boolean expression in the standard POS
form and its implementation using a multiplexer.

We know that the don't care conditions can be treated g5 logie

I'sor0's. . g
i to
Ex. 5.7.15 illustrates the usc of multiplexer o implemen .,

equations.

Ex.5.7.14: Implement the following logic function using
the 8 : 1 multiplexer.

f(A/B,C)=1IM (0, 1, 3, 5, 7)
Soln. :
In the given expression, the maxterms have been specified.

— Hence we should connect the corresponding data inputs (D,
D]. DJ. Ds and D;) to |Og’iC 0.

= And connect the remaining data inputs to logic 1.

= Connect the input variables A, B, C to the select inputs S,, S,
and Sy respectively. The logic diagram is as shown in

Fig. P.5.7.14,
Logic 1
.D;,-
Dy
D,
Data Inputs
corresponding D, 8:1 1(A,B,C)
{o maxterms D, Muttiplexer- [ ‘™%
are connected
1o logle 0 D5
Dg ¢
D7ieionga S
18, 8,850
Logic 0 I T ]
A B C
(c439) Fig. P, 5.7.14 : Implementation of standard
POS expression

5.7.2 Implementation of Boolean SOp
Expression with Don’t Care
Conditions :

—  Sometimes the Boolean expressions are given with don't care
conditions.

. _—\-\
Implement the following Boolean expragq;
usingan8:1 multiplexer.
f (A B, C, D)= m (1, 3. 5, 10, 11, 13, 14]

+ d(DJ 2)'

Ex.5.7.15:

Soln. :
The don't care conditions are assumed to be logic I's, The
design table is shown in Fig. P. 5.7.15(2) and the cormesponding

logic diagram is shown in Fig. P. 5.7.15(b).
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Ao [ 1]
B CD
(b) Implementation
(C-445) Fig. P. 5,7.15
5.8 Demultiplexers : \D

5.8.1 Demultiplexer Principle :

MSBTE:Questions R LSRR

Q.1 ‘Define and draw the logical  symbol of- 4.

demultiplexer. " (S-16, 2 Marks):
Definition :

A de-multiplexer is a combinational circuit with one data
input, 0 outputs and m select inputs, which selects one of the n data

Pany .

'

outputs and routes (connects) it to the input. The selection of oneof . 3

the n outputs is done with the help of the select inputs,
Block diagram :

= The block diagram of a | ¢ n demultiplexer is shown in

Fig. 5.8.1(a) and its equivalent circuit is as shown in Fig. -

5.8.1(b). It has one datg input, n out
one enable input as showp,
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'8 Combinational Loglc Circullg ~ ot
|
5.14.5 3 to 8 Line Decoder :

MSBTE Quoestions

Q.1 Drawtho circuit diagram of 3 : 8 decoder,

_  The truth table of 3 to 8 line decoder iy shown
Table 5.14.3. in

Table 5.14.3 : Truth table for 3 to 8 line decoder

Inputs Outputs “
AlB|C|Do|Dy|D2|Ds|Ds|Ps)|Ds| Dy
ololofa]ololofojolo}o|p =x5e
ololilol2|olololojo]o|p =A5c
olilololol1lolojojo|0|p =AnEc
olililololo]r{ojolo|0|p -ZB¢
lolololo|olofzjolo]o|p

lililolojojojojojo 1|D, =ABC

Logic diagram :

- The logic diagram for 3 to 8 line decoder is shown in
Fig. 5.14.5.

Inputs
A
B

N
c

J

EDEJE:

> )

D7=ABG /

.
T
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Fig. A (C-482) Fig. B
/5'-14.3 Demultlplexer as Decoder :

We can use o demultiplexer as a decoder.

Let us see how to operate a1 : 4 demux as 2 : 4 decoder.
= Consider Fig. 5.14.3 which shows a | : 4 demultiplexer.
Dy is the data input, S, S, are the select lines and Y, through

Y, are the outputs.

= In order to operate it as 2 : 4 decoder, we have to use S; Sp as
inputs, keep D;, open and use Y to Yo as outputs as shown in

Fig. 5.14.3.
Dln Y3
open 1:4 °Y2 | outputs

E Demux |}———oY,
———-OYU

Logic1 I ]

\__—Y_J'

Inputs

(c483) Fig.5.14.3: 1 : 4 demux as 2 : 4 decoder

_-5.14.4 IC74155 as 2 : 4 Decoder :
- Fig. 5.14.4 shows the connection diagram to use IC 74155 as

2 : 4 decoder.

- The select inputs A and B are used as the 2 inputs to the
decoder. The data input C, is left open (logic 1) and the strobe
input G, is connected to ground, so as to make it active.

—  The operation of this circuit is summarized in Table 5.14.2.

C, = Data input

IC 741585(1/2) G, = Strobe input
—A . |_ 1Yg A and B = Select inputs
2 Inputs C by,
o—1B v, Outputs
Open—{C4 G1 — 1Y,

]

¥
(c-7056) Fig. 5.14.4 : Use of IC 74155 as 2 : 4 decoder

(c-7057) Table 5.14.2 : Truth table of IC 74155
working as 2 : 4 decoder

Inputs - |~ Outputs . = .0
YRR ARARAERA
0 0 1 0 |6 1 1 1
0 1 1 o | 1 | 1
1 0 1 0 1 1 o 1
B 1| 1] o 1 1 1 i
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Ex.5.14.1: Implement the following Boolean function
using a-3 : 8 decoder and external gates :
f(A,B,C)=%2(2,4,5,7)

Soln. :

-~ The decoder produces minterms. The outputs Y, , Y, , Y5 and

Y, are ORed to produce the required output.
- The logic implementation of the given logic function is shown
in Fig. P. 5.14.1.

. 3:8
 Decoder

JA*-—-*'__ :
B

Inpts « Rl -
1 C ——sidihi i g

(C-a86) Wig. P. 5.14.1 : Implementation of Boolean equation
using decoder and gate

t (A, B, 0)
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Soln. :

—  Fig. P. 5.14.2 shows the implementation of 4 : 16 decoder.
The decoder produces minterms. The outputs Yo Yo Yo Y5,

Y,, Yi,and Y, are ORed to produce the required output. *

- f (A,B,C.D)
4:16 —
Decoder

Inputs

o Q@ >»

1

(c-2632) Fig. P. 5.14.2
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