COMBINATIONAL
LOGIC CIRCUITS AND

ITS DESIGN

The digital system consist of two types of circuits,
they are :

(1) Combinational circuits

(if) Sequential circuits.

3.1 COMBINATIONAL CIRCUITS

sombinational circuit consists of logic gates,
where outputs at any instant are determined
only by the present combination of inputs
without regard of previous inputs or previous
state of outp@e.g. Multiplexers, Adders,
Subtractors.

i
ninput™ ; Combinational m output
i : i : iables
variables : CI:-_Og!ti:t i varia
. \/ ; ircu | i
Fig. 3.1.

A combinational circuit consists of input
variables, logic gates, and output variables as
shown figure 3.1. The logic gates accepts signals
from inputs and output signals are generated
according to the logic circuits employed in it. For
a number of input variables to a combinational
circuit, 2" possible combinations of binary input
states are possible. For each possible
combination, there is one and only one possible
output combination. A combinational logic
circuit can be described by m Boolean functions
and each output can be expressed in terms of n
input variables.

3.2 SEQUENTIAL CIRCUITS

(_Tbe-- logic circuits where outputs at any instant
of time depend on the present inputs as well as
on the past outputs are called sequential cucuE
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G"ﬂ +in logic gates as we memary elements. In sequential circuits,

1‘1‘195; Z‘:;n 215 are feed back to the inputs side. Block diagram of a sequentia]
APV Cven
(e, js 88 g
o
| it gtat " Excitation | Memory 0ut|:_)ut | External
E:;uﬂ;a logic elements logic * | output
]
/ Clock
o
Fig. 3.2 (a)

1 the figure 3.2 (@) we find that it consists of a combinational circuits
. accept digital signals from external inputs and from outputs of memory
ents and generates signals for external outputs and for inputs to memory
ent known as excitation.
A memory element is a medium in which one bit of information can be stored
.nf thereafter its contents can be replaced by new value. The contents of memory
J¢ments can be changed by the outputs of combinational circuits which is

wopnected to its input.
In other way the model of sequential circuit is represented as follows in

3.2 (b).
Clock Input

b l | Output

Memory *| Combinational [~
(Flip flops) logic -

Fig. 3.2 (b)

During one clock cycle following steps are performed :
(1) Flip flops (may) change state.
(ii) Changes propagate through combinational logic.

(iii) Combinational logic gates and flip flops inputs became stable.
This cycle repeats indefinitely as long as the clock is running.

33 ANALYSIS PROCEDURE

C{"nl:‘inﬁltimlal circuits are made up of logic gates and output depends only
Dl‘ese_nt combination of inputs. Operation of combinational circuit can be specified
e{ Using boolean functions. These circuits don’t have any feedback path or storage
®ments,
; An}z combinatjonal circuit can be analyzed by knowing about boolean function
S going to perform, its truth table and its functional operation.
alysis steps : .
1 Verification of logic diagram : Whether it is combinational or

it
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2. Find the output boolean function from the verified logic diagram.

3. Obtain the truth table for the provided logic diagram. .

By the manual analysis, we can come to know that w:\vhether functionality of
the verified circuit actually meet the desired specifications or not.

Instead of doing manual analysis of a combinational circuit, one can also gg
for logic simulation and verification by using verilog HDL.

Analysis procedure in detail: .

. VZriﬁcl;tion of combinational circuit is done by checking that, thfare is
no feedback path present in the given logic diagram as well as circuit
comprises of only logic gates. No storage element is present.

* Procedure for finding the output boolean function :

Step 1 : Take arbitrary symbols for marking of output of only those gates
which are function of input variables.

Step 2 : Then find out the boolean functions corresponding to those
arbitrary symbols.

Step 3 : Now take another set of arbitrary symbols for marking of output
of only those gates which are function of previously defined
arbitrary symbols. Now find out the boolean expressions for them
also.

Step 4 : Keep on repeating the above procedure until we get final outputs
of provided logic diagram.

Step 5 : Find out the overall boolean function based on the whole analysis
done.

Let’s take an example to explain this —
Take the logic diagram given below

A

’ F1
B_}.
(i

F3

F4

F,=D.E
We have determined the boolean fun

defined arbitrary symbols Fy el ctions corresponding to
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3.4 MULTIPLEXERS OR DATA SELECTORS

CMultiplexer is a combinational circuit that selects binary information from one
of the many input channels and transmits to a single output liné;)That is why

the multiplexer are also called as Data Selectors. The selection of particular
input is controlled by select lines.

It is also considered as a multiple Input, Single Output Switch. In other
words Multiplexer means “many to one”. “Many” stands for the input
combinations and “one” shows the output state. In telecommunication, a
multiplexer is a device that combines several input information signals into one

output signal, which carries several communication channels, by means of some
multiplexing techniques.

A digital multiplexer of 2" input channels can be controlled by a numbers of

select lines and input line is selected according to the bit combinations of select
lines. '

Let us suppose, there are “M” inputs then relation of multiplexer with respect
to select lines is given as :

M=2N
where N is the dress lines or select lines and-

M is the number of inputs_
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Va P — 10
r 1
2 ——
‘ ‘M
1. 2ueecons n (Select lines)

Fig. 3.4. AM: 1 Multiplexer where M=2"

Adtol line multiplexer 'is defined as the multiplexer consisting of four
.t channels and information of one of the channels can be selected and
i ¢mitted to output line according to the select inputs combinations. Selection
J4inputs is possible with the l.wlp of two select lines. Input channels I, I, I,
d [y are selected by the combinations of select inputs S, and S,

IO —
I1 —
Inputs 4:1 ._..Y
I, = MUX (Output)
I;—
. —q EN
‘/ 8 -8
e
Select lines
Fig. 3.5.

1)del'lerefm'e we can say that in multiplexer several inputs are combined and
Uces single output. In multiplexer it has the following parts :

() Input lines denoted by I, I, Iy, I....

(.l.l) Select lines denoted by Sy, S -+

i) ‘EN’ known as Enable or strobe pin is used for proper Control Operation
of Multiplexer. It is “Active Low” Pin. It is also useful to expand two or
more multiplexer ICs to a digital multiplexer with a larger number of
puts. In another way it used for cascading of multiplexers.

") The output which is denoted by ‘Y". The circuit diagram and truth table

for 4 : 1 Multiplexer is given as :

(i
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Truth Table
Select Lines | T Y
S | S, atalnput | OUPE"
} 0 1 I 5 e
1 0 I L2 5o 5
/ 1 1 I3 I3 5o %1
s o e
oo e
I o—
-
Y
12 -
I; o -
1
Sp o—

/S1c

Advantages of Multiplexer

A multiplexer is defined as a process which combines the small capacity or
low speed sub-channels into a high capacity or high speed channel and transmits
the combined channel over the communication link/transmission medium. On
the receiving side, each of the sub-channels is separated from the high speed

Fig. 3.6. Circuit diagram for 4:1 MUX.

() They are relatively cheap and reliabe,

(i) The response time of var; - .
- s rious hosts connected vig the multiplexer is not

iii) The high volume of the data stream ca

without any interferenceg from other b

Multiplexer accept multiple low.
them into one high-speed ch

n be easily handled by them
osts.

al signalg, Thus, we are not only utiliziné

€ same |y : .3
. videoe; .hnk for multiple channels containin®

the hljgh speed lines but also using th
a variety of application (voice, dat
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3.5 APPLICATlONS OF MULTIPLEXERS -

Multiplexers find numerous and varied applications in digital system of all
os. These applications mclu_de ggl@__s_;gkaction, data routing, parallel-to-serial
sersion, waveform generation and logic function generation.

e

typP
con

gonversion
5§ CASCADING OF MULTIPLEXERS

A

Cascading means combining two or more multiplexer together in order to have
large number of inputs e.g. combining of two 16 : 1 multiplexer together in
order to perform 32 : 1 multiplexer operation.

In order to perform cascading, we have to increase the number of inputs
which will depends on the selection lines i.e. (M = 2"). So in order to provide
additional select line, “Enable” or “Strobe” pin is used.

For example: A 8 : 1 Multiplexer is realized by two 4 to 1 line multiplexer.

Operation. In 4 : 1 Multiplexer two select lines are present i.e. S, S, but in
cascading 8 : 1, three select lines are present. In order to provide extra select
line, Enable is used. Enable pin is connected to upper multiplexer and acts as
select line A and Enable Pin is connected to lower multiplexer with NOT gate
and acts as select line A.

ICase I

When Enable is “active low”, tthheMultiplexer.(;mper)ﬁanillﬂgk and
selects the inputs from I, to I and at that time Multiplexer ‘2’ will be deactivated
because Enableis high af that time.

e ————
———————————

Case II

When Enable is “active high”, then Multiplexer 2 will work and select inputs
from I, to I; and Multiplexer 1 will be deactivated. :

The Enable Pini.e. Aand A is acting as Most Significant bit (MSB) and its
value either ‘1’ or ‘0’ decide the selection of Multiplexer ‘2’ or multiplexer ‘1’ as
shown in figure 3.7.

| =
il 4:1
L= Multipioxeh Y
[3—
D A —qEN S, S,
Fe (MSB) :
.[ B Y (output)
Cc
| (LSB)
Iy 8 So
Is— 4:1 Y
Ig— Multiplexer 2
I —
| _Po—{EN

Fig. 3.7.
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Similarly 16 to 1 multiplexer may be developed by two 8 ¢, 1
multiplexer as shown in figure 3.8.

Iy 0
I, ——1
I, 2
I
)::lt);i I: : 8:1 ¥
MUX
e 13
I[g—16
IL,—7
= —4EN S, S, §,

; S, S, S
Iy 5" 72 =S
lp—11
Inputs I1o——
Xgtop |
X " 8:1 Y2

2
3
L Lip——4 Ml:l)(
5
6

» Ue anothe : .
selected. o I multiplexer jg enabled. Thus
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0
1
2
I 16:1 Y1

ko——-—15

§ 83 S2 S‘l SO
/-”G:'
O

Do Output
® o F (A,B,C,DE)

16 Sa 82 S1 SU

o—— 17
Data | o—118 |
|npm5< | 16:1 y,

\ 0— 31

ﬁ_L-—p:f G,

MSB)

Fig. 3.9

(ii) Second method is by using two 16 : 1 multiplexer and one 2:1
yultiplexer. The use of 2 : 1 multiplexer is to give one more select lines as in
16:1, only four select lines are present but our requirement is five. So one more
«lect line is obtained by using 2 : 1 MUX. The circuit is given as follows :

fo— 0
o—1
Data< o—2
Input PN
16:1 '
) \0-——' 15
Logic 0 G, A (MSB)
l S;3 Sz S S
’) M,
- 0 o Output
Pl :3 F (A,B,C,DE)
3
o—-1 M, Logic 0
Data | ol 2
Input ¢ oial
]
, o— 15
L"GICO G,

Fig. 3.10
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EXAMPLE 3.2. Designing of 16 : 1 Multiplexer using 4 : 1 m“ltlplexe,‘

Xo— 1,
4:1
X—— Lk pmox ¥
X3— I3
EN S, S,
X;— L
Xs—
4:1
Xs—% wmox " lo
X— 1
EN S, S, L mux
Y L Y —F
L - (Outpuy
I
;‘:-——Io EN: 8; 8
—1, -
4:
Xo—L gix Y
Xn——13
EN S, s,
E
x1z-——-[°
x1s-—— I1
x14-——-12 4:1 Y
Xig ] 1. MUX
EN S, s
A —
B
c
Do—
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Fig. 3.12
MPLE 3.4. Implement the following function using multiplexer,

Combinational Logic Circuits and its Design
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For example if the select inputs ape 010111, data in

appear at the output Y. b g »! Pk Tiof MS (123) will

-1y M,
S: S S

Ig—Lis = s
1
R 2
116_[23_=> e » " Y(FEDCBA
—q S; S, So 4 ' l )
2 (MSB) (LsSB)
=y 3= M, 7
Y ;
C |B |A(LSB) r|__ IE [,)
el =5 [, MSB) | o
(Enable)

i.e.,

4:1 MUX.

F(4,B,0)=Z(0,2,4,7) A ?.Cs:o
Solution: In order to implement this function using Multiplexer, the lower

significant variables B and C are applied to S, and S, respectively. The inputs
of multiplexer I to I, are listed at the upper most row. A and its corresponding
minterms 0 to 3 are placed at next row. Variable A and rest of the minterms 4 to
7 are placed next as shown below. Now circle the minterms 0,2, 4 and 7 as these
minterms produce logic 1 output.

I L I

®

|
®O |

A

3
Q)
1 0 A 4

From this table, it can be seen that both the elements of the first column 0
and 4 are circled. Therefore ‘1’ is placed at the bottom of that column. At the
second column no elements are circled and so ‘0’ is placed at the bottom of the
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column. At third column only ‘2’ is circled. Its corresponding variable is A g, i

A is written at the bottom of this column. And finally, at f?ﬁ::éﬂ;ﬁﬂ? &
circled and A is marked at the bottom of the column. Multip g

now decided as I, = 1, I,=0,1I,= A and I, =A.
Designing of this Circuit shown in figure 3.13.

Logic 1 — I,
o L Mux
A I
low
B
C
Fig. 3.13
This problem can be solved by taking C bit instead of A variable/bit. In this
case A and B are applied to selection inputs S, and S, respectively. In this cage
the function table is modified as follows :

-~ ©
®
o @

I, 4:1 Y (Output)

MUX
C Iy
A
B

Fig. 3.14,
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Goﬂ’l thnEa & Implement_ the following function with a mul sl
L o .
) 7(AB G D)=Im(0,1,3,4,8,9,15)

) : . .
( .ven function contains four variables but in case of 8 : 1
jon: hree gelect lines are present. The implementation table and circuit

Ju
;oujtiple’i‘er t-‘,en as follows :
Giag® lementation Table
L b L L L L L
‘-‘-————.-_——._——_.__ ¥
i@ O ® ® @® 5 & 71
10 * - 11 12 13 14
A ® - @
1 1 o A A 0 0 A
Circuit Diagram \ '
| o Logic 1 | il
Io
Y
: as
Logic O I,
I
> 8:1
Iy MUX =i
I Y (Output)
5 .
* Ig
A i
Activelow——dEN S, S, S,
Be
Ce
Fig. 3.15.
K;{i SOLVED EXAMPLES
P ST

“tioll;if:r 3.6. Bealize this truth table using 8 : 1 Multiplexer.
1 multip]. o realize a four variable truth table or logic expression using an 8:
A B, i;«‘Xer the truth table is partitioned as shown by dotted lines. In this
Oty t}3'uta-:f, are connected to S,, S, and S,. Now we compare input D and
t or each group of two rows. There are four possible values of Y and

Ere a]'e 0, 1 D — ¥ 2 v B o .
, Dand J). The designing of circuit 1s as follows:
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Inputs Output

A B C D Y

O o0 0 0o — 0 ]0
0 G ol W scthase LB
-'0—-_3_ 1 B | ; D
_0___9__1___.1__:':‘:—:-—-—--1— f

0 1 0 0 e —— D
o _1_0 1 ——— 9",
e 1 .1 o —— 1 i
L T R T I S
T o o 1,
1 0 0 1 —— o
N O 1 3
L B 4l e L. ]
L i =i 0 1 J 5
N TR D ..., R 0
1 1 1 0 0 }D
1 § 54 1 1 :
Case I

In first partition, while comparing D with Y, the output (Y) is zero in both
condition i.e. values of D (when 0 and 1), therefore the output is taken as zero.

Case II
In 2nd partition while comparing D with Y, in both cases the output isin
complemented from and hence the output is in complemented form and the

output is D and other results are obtained.
Now the table is reduced is follows :

A

T

Bl e
0 0 0
0 0 1
0 d 0
0 1 1
1 0 1
1 1 0
1 1 1

OO~ UOr~ty =) l-q

The designing of this truth table ig as given below :

——
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Logic 1 Logic 0
0
| i
| 2
! ® 3
_ 4 8:1 —y
5
l—Dz 6
__6_ 7
Gl—c A - B C
Logic 0 ‘l" l L
| (Strobe/ Enable) Ss_ S, S
Select lines
Fig. 3.16.
Vﬁ ;PLE 3.7. Realize the logic function as in table using a 16 : 1
' multiplexer.
| Table
| T R U RS R 5
0 0 0 0 0
0 0 0 1 0
0 0 1 0 1
0 0 1 1 0
0 1 0 0 1
0 1 0 1 0
0 1 1 0 1
0 1 1 1 1 .;
1 0 0 0 0 j
1 0 0 1 1 ?
1 0 1 0 1 ]
1 0 1 1 1
1 1 0 0 1
| 1 1 0 1 0
| 1 1 1 0 0
1 1 1 1 1

Solutiom The data output is 1, when the input 2, 4, 6, 7, 9, 10, 11, 12, 15.

erefore, the data input lines corresponding to these input are connected to

Blc 1 ang data input lines 0, 1, 3, 5, 8, 13 and 14 are connected to logic 0.

[ 'i:ie Signalg corresponding to input variables A, B, C and D are applied at the
oot

l on lines §,, S, S, and S respectively and enable input (G) is connected
- tologieg B Sp 0
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Logic 0 Logic 1 - —

0
1
2

¢ 3
4

¢ 5
6
7 16:1 e
a5 Muttiplexer Y (Output)
9
10
11
12
13
14

1__c & 5 B8 8
Logic 0 ‘ | ‘
A B C D(LSB)
(MSB)
Fig. 3.17.

EXAMPLE 3.8. Design the circuit of full-adder using 8 : 1 multiplexer.
Solution: The truth-table for full-adder is given as follows :

Inputs . _ Outputs
An Bu Cn -1 Sn e Cn
0 0 0 0 &
0 0 1 i 2 0
0 I 0 1 0
0 )| 1 0 1
1 0 0 1 0
1 0 1 0 1
| 1 0 0 1
1 1 1 1 1
e Bred

Here S, and C, are sum aﬁfw
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i .
coff ; pesiS“mg
i -
J Logic 1 Logic O
0
1
2
i 8:1 | Sn(Sum outpur)
5
6
"8 8 s
A
Bﬂ
Cost
Logic 1 Logic 0
g
2
3 8:1 c:n (Carry output)
4
5
6
7
Fig.3.18.

EXAMPLE 3.9. Design the circuit of full subtractor using 8 : 1
multiplexer., B

Solution: In full subtractor, the three inputs are present and two outputs i.e.
mPTOW and difference. In order to design its circuit by multiplexer, we first
tke the truth table of full subtractor.

4, B, | C,_, | Borrow(By Difference (D)
0 0 0 0 0
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
L 0 0 1 0
. 0 1 0 0
. 1 0 0 0
b il 1 1 1
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Logic 1 Logic 0
o
1
f 2 B, (Borrow)
~— 4
)
6
A
B,
Cn-—‘l
i ic 1
Logic 0 Logic : sz S1 SO
1
2 D, (Difference)
3 8:1 S =
4
5
6
>t 7

Fig. 3.19. Circuits diagram

3.7 DEMULTIPLEXER/DATA DISTRIBUTORS

The demultiplexer is a combinational circuit which means “one to many”. I
states that it is having one input line D,
and many outputs are present. A
demultiplexer is the logic circuit which
takes information through a single Data
input line and transmits the same
information over one of the possible 2m
output lines. The selection of specific : R
output line is controlled by the bit I I
combinations of selection lines. s S""""'So m
The select input code determines to o e M B (L '?'
which output the data input will be Sectinoue
transmitted. Fig. 3.20.

D, ) Qutputs

3.8 BLOCK REPRESENTATION OF DEMULTIPLEXER

The number of output lines ig na

__-!
nd the number of select lines is m, wher” §

,{‘,I—'_%ﬂ shown in figure 3.20, The output of most, of theg i og are aci” ]}
’_I_t_)_g_vl there is an active-low enable/datg T —Q-dek_/

al available. _
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3.10. Design the following outputs by demultiplexer

F,= zm (0) .

jon: In the given output function F, and Fy, the maximum minterm is 3
SOl“F: can be realize by
an.d 11 . 4 demultiplexer. 0 }_ﬂ
ust® ection lines are -
rl'l':::nst'.E:Jl:‘alcalfld13 variables. A So 14 :t’ 1
%e minterms are passed to. B S, De MUX :
NAND’ gate because th.e
output of demu’ltiplex.er is Active - ’ E,
Jow. The designing is as Low g = I )’-

Fig. 3.21.

follows in fig. 3.21.

3.9 CASCADING OF DEMULTIPLEXERS

Like multiplexers cascading (joining) of two or more demultiplexers is also

sible in order to attain large number of outputs. Figure 3.22 demonstrates
how a 1 to 8 demultiplexer can be formed with two 1 to 4 demultiplexers. Here
highest significant bit A of the selection inputs is connected to the enable inputs,
one directly and one is complemented.{When A is logic ‘0’ ; one of the output
lines D,y to Dy will be selected according to select inputs B and C, and for A is
logic ‘1’ one of the output lines D, to D; will be selected.

The circuit diagram is given as follows :




>
Digital Lngic and De% b

P
Al d Demultiplexer

Comparison between Multiplexer an
Demultiplexer

Multiplexer “One into Many” i, .
4 into One” i.e. it €yt
ns “Many into d many outputs,

(i) It stands for

() It mea : i
has multiple input and single has one 1nP
output. : s et m s
@) It is also known as «Data | @) It is known as -Da tor”

Selector”. 2 ; :
: . otion using demultiplexe, F
_ . . o m ltl lexer (l;l,) Realfza side . r .
(ii)) Realization rl:ll“,g ::lldifiona] requires additional gates i.e. NANp

does not
gates. gates. - .
(iv) It is used in Data selection, Data, | (v) It 18 qsed in serlat tod parallg
routing, parallel to serial conversion, binary to decima]
conversion.

conversion.

() The example are 4:1,8:1,16:1 | (V) The example are 1: 4, 1:8, 1: 16, ¢t,|

etc.

EXAMPLE 3.11. Design a Gray-to-BCD Code converter using one 1: 3

demultiplexer and NAND gates.
Solution: The truth table for Gray-to-BCD code converter is given as follows:

[ Gray Code - : ~ BCD Code |
g G, G; oG, : D "B 18
0 0 0 0o v 0 0 0 0

0 0 0 1 17 '
0 0 0 o 11§
0 1 1 L
X X 0 0 1 0|
1 0 23 ——
; 1 . - - 0 0 1 1
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Fig. 3.23.

3.10 ADDERS

Adders are the combinational circuit that perform addition of bits. Addition of
two binary digits is most basic arithmetic operation. Table format the simple
addition consists of four possible operations, which are

0+0=0,

0+ 1=1,

1+0=1
and 1+1=10.

The first three operations produce a sum of one digit and last operation produces
Sum consists of two digits. The higher significant bit of this result is called
carry. Adders is classified into two types :
(t) Half Adder
(i) Full Adder

3.10.1. Half Adder

A combinational circuit that performs the addition of two bits is known as
Half Adder.




