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o AKTU : DIGITAL SYSTEM DESIGN (BEC-302) Syllabus

UNIT-2 : Combinational circuits:
» Analysis and Design of combinational circuits

» MSI devices like comparators, multiplexers, demultiplexers, encoder, decoder,

» circuit realization using Multiplexers and decoders, half and full adders,) subtractors, serial

and parallel adders, BCD adder, barrel shifter and ALU.
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A combinational circuit is formed by the interconnection of logic gates. The output of the circuit depends only

on the present values of the input signals. These circuits process binary input data and generate the required

binary output data. 5
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The circuit takes n input variables from an external source and produces m output variables, which are
delivered to an external destination through the internal logic network.

A combinational circuit can be fully defined in two ways:

» By a truth table listing all possible input combinations and their corresponding outputs.

» By m Boolean functions, one for each output, expressed in terms of the n input variables.

* Examples: Adders, Subtractors, Multiplexers, Demultiplexers, Encoders, Decoders, Comparators.
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Analysis Procedure

(Used when the circuit is already given, and we need to determine how it works.)

» |dentify inputs and outputs of the circuit.

» Determine the Boolean function for each output in terms of the inputs by tracing logic gates.
» Simplify the Boolean expressions (using Boolean algebra or Karnaugh maps).

» Construct the Truth Table to list outputs for all possible input combinations.

» Interpret results to understand the circuit’s function (e.g., is it an adder, comparator, etc.?).
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=== Design Procedure o

(Used when the required function is given, and we need to build the circuit.)

» Problem statement: Define the circuit’s required behavior.
» List input and output variables:
Let the number of inputs =n & number of outputs =m
» Form the Truth Table that relates inputs to outputs.
» Derive Boolean functions for each output variable from the truth table.
» Simplify Boolean expressions (using Boolean algebra, Karnaugh maps, or Quine—McCluskey method).
» Draw the logic diagram using the simplified Boolean expressions and logic gates.

» Implement and verify the design.
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=== Design Procedure o

(Used when the required function is given, and we need to build the circuit.)

» Problem statement: Define the circuit’s required behavior.
» List input and output variables:
Let the number of inputs =n & number of outputs =m
» Form the Truth Table that relates inputs to outputs.
» Derive Boolean functions for each output variable from the truth table.
» Simplify Boolean expressions (using Boolean algebra, Karnaugh maps, or Quine—McCluskey method).
» Draw the logic diagram using the simplified Boolean expressions and logic gates.

» Implement and verify the design.
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» An Adder is a combinational circuit that performs binary addition. It is one of the basic building blocks
of arithmetic circuits.
» There are mainly two basic types of adders:
» Half Adder (HA)

» Full Adder (FA)
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T % Acircuit that adds two 1-bit binary numbers (A and B). And has two outputs S(Sum) & Carry(C).

INPUTS OUTPUTS
Tnput A Half 9SumLSth€uI A B Sum (S) Carry (C)
B Adder > Cana (C) 0 0 | 0 0
Sum(s) = A@®B = AR+AS 0 1 | 0
Carry (O = /B 1 0 1 0
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Limitation of Half Adder
» Cannot add previous carry (works only for 2 inputs).
» Example Let we must ADD two 2- bit numbers

A=A, A, andB=B, B,
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Using Ex-OR Gate
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Using NAND Gate Using NOR Gate
S:‘A' n+pR = ﬁ . AQ A

- §
Ao DT _
-

N E*Dfil
1 K'% === 3 - = —_ =
AR L AR T A AR AR
# s AR LAR e R = <
] & .

W\

- ARt -
~ A@—l— F\F AR
AR=AR _
— S= AR4AR
+¥ A\g CCAB = AR R = Q— -i-f\\g
e A —= —=
_ A4 :A’\B




7 Va
s;w u er AKTU-2023-24, 2021-22 g/w

CATYWAY CLANEMN CATYWANYCLAZIME

» A circuit that adds three 1-bit binary numbers (A, B, and Cin — previous carry) And has two outputs

S(Sum) & Carry(C). A S s Sum (S
2 Tul

> Adder 9C0’"J CC)
Cir\ T

Cmfa owput (€)= AR+ Aln T BCin

» K Map Simplification

elnsr fc tc  RC alin RC BC RBC RC
AN\ 00 o Il 10 p N\ G0 6 1 1o S B¢
rol 0 O] o| (DT Ao Del :
5. e " 1 [0 2| o [ 1
ARG | @ o () | o A A 1
Q J\)A% 1 |10 o 1
VARG, | &
" ARC in ENESNE 1 1




e
C- ARGATRD

= Gu (RB+8) + G
)
x-NR

N CmS(— —+ Z\V\Y

T X ®Gy

G + AR +AB G

§&+AE)
— )
XO0R —':(A @B)

=(A+B) (A tD)

’:y—HE\_ﬁ_ ’“E;‘i_*—‘g/&/jo

C



A
GW A @B ) G
S ™ —
H " Loglc Implementatlon U P«&Cm ﬁ ch

Cq'”d auk?wt = AB A BCM + A Gn

Using Ex-OR Gate
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