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designing is as follows :
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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.
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3.10.2. Designing of Half Adder
iy ts are present. Let the inpy,

In this logic circuit, two inputs and two outpu
_ d are denoted as A and B and outputs are deng,

::réa:rln?;(g:g::i?;i:g:g:n as sum and ‘C" is known a8 CATTY:

The truth table involves the following nporﬂfi_t-):li_‘_-i____
Input variables Outpu!
T BT 8 ol
0 0 Y .
0 1 1 “
1 0 1 9

, 1 0 B

um and carry

From the truth table the output expression for s
Sum=S= AB+AB
S=A®B

Carry=C=AB
From the logic expression we can say that sum is nothing but EX-OR gate

and carry is AND gate.
3.10.3. Circuit Diagram of Half Adder

A Sumi.e."S"
B /D

: ) Carryi.e."C"
/

Fig. 3.24.

3.10.4. Full Adder

In full adder, there is an addition of three bits i

] : bits i.e. augend, addend and

Ms m ;nl:i Td:t:les the outputs sum and carry. Let us denote thg input

b;mbsand ge ; z‘ Tha end by B and previous carry by C, and outputs su®
carry by C. The truth table for three variable input is given as follows

Tnput Variablgs ™

i

"‘°°"°”“°#‘5"‘7
"“"‘"‘Q-'c:c:oHQH
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| LogiC e is oi
jond . .. for sum and carry output 18 given as follows :
¢ P realization For Carry
¢ For Sum
1 CA
B\ 00 01 11 10
0 ) >C,A
4 ;1 (1)] V+cs
[
AB

C=C"A+AB}- C,B

7 AB+C,AB ’ g
o At can b,:e realized using three inputs ‘AND’ gate and ‘OR’ gate for
-input ‘AND’ gate and ‘OR’ gate for carry output.

The designing of the circuit is as follows :

The circul
moutput and two

i B B C G

Sum

/ /) C,AB
Fig. 3.25. Output representation of sum function.

The designing of full adder circuit for carry output is given as follows :

C, A B
= Y oA
:\/ AB ity
C.B

Fig. 3.26. o
AB+RC + AC 5 gn( ¢ +0) ¥ ROCH+A)+ PUBE

“ARC 4 ART + ABc B AC+ PEC+ REC.
AR +1RC + FRC + b
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Realization of Full Adder Cirguit_ by T
Since the expressipn for sum 18 glVen as __ B -
s= C.AB+C,AB+C, AB+G,
(C.A+C,A)B +(C, A +AC) B

_ Ba®C)+ B(A®C,)
\ -c,0A0B [- AB+BA=A®H
—teTan A GBB=B€BA)]( —
ion is reduced to EX-
D e & generated by EX-OR gate]

[As in case of Half Adder sum 18
The expression for carry is given as :
C=AB+CB+CA
= AB+C,(A+B) )
= AB+C,(A(B+ B)+B@A+ A))
= AB+C,(AB+AB +BA+BA)
[- A+A=1,B+B =1] [AB+ BA=AB+AB=4p

= AB+C,(AB+AB +BA)

= AB+C,AB+C,(AB +BA)

= AB+C,AB+C,(A®B)

=AB+C,AB+C, (A® B)

=AB(1+C)+C, (A®B)

=AB+C,(A®B) (- 1+C,=1]
Therefore the output expression of carry is reduced to AND and EX-OR
gate. - '
" The designing of full adder by using only Haif Adder is given as follows:

/— Half Adder _/— Half Adder

' 7 N

/

T D>

u%]
714%6 e 4B § I ._____/

—— —— e -

Flg. 3.27. Designing of full adder by two half adder and OR gate.

3.10.5. Look Ahead Carry

k ahead carry is a concept introduced to calculate the previous carry i

multistage address so as to reduce the : 5
;= Propa incred
speed of adder circuit.) Pagation delay of gate and incr

;;;;;;
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Mﬁ o al nerated in adder circuit is dependent only on given bits, it can
e Fagr};wn pelow. 7@6 \
o 1 P
pe s \ /jD__vi Sum
8—T |
s || 409
_ U3
4 Carry
Co—

Fig. 3.28.

As see above the carry generated in adder depends on the value of A & B
and C, (previous carry) A & B are given in case of multi bit addition and previous
carry is the calculated so that no more delay is present in the circuit.

Need of Calculation of Previous Carry

Suppose we have to add two 3 bit numbers and result is sum and final carry
as shown below

Final result with carry is Cy, S, 8, 8
. The calculation of A, B, adder required the value of previous carry -Co
;hmsl-il ,:1 (;c;;lnp:ﬁtelyldepend on A, B, Similarly the value of C, depend on A,
A(l,, B, Y gl . e value of CLdependS on A,, By. Hence val‘ue O_f Gy depenidy o
'[ Caleulation of Previous Carry :
From figure 3.28 , we have
P,=A,®B, G,=A,B,
Sn= Pn@ Cn'—l A, ®B & Cn—l
C.=G,+P.C .,

Ifwe tak
%€ example of 3 bit adder and have to calculate the value of C.. C
00 using ahoye equations. »or

P,=A,®B,, G,=A,B, C,=G,+
: 0 0 0 0 00 P, C
Puttmg value of P, B, B

=

Ealculznce Cy depends on Ay, By & C

’_ ted Separately. -1» 8ll values are given, so C, can be
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Now C,= G, + P, C,
Place value of G,, P, and C, from above equation’s we have.

C,= A, B, +(A, ®B)) [4, B, + (A, ® By) C_il

: of C. i
All value used in calculating C, is given hence the value 1 18 aly,

calculated separately.

Now C,= G,+P,C,
Putting value of G,, P, and C, we have

Cy= A,B, + (A, ® By) [A,B, + (4,0 By) {4y By + (4,8 B) (. )
The value of C, depends on A,, A,, Ay, By, B, B;, By and C_, means glvey

quantity and can be calculated separately.

A,
B, E Co ————C> Final canry
: " ~N
Gy
A1 "
B 1 Look - ahead
Carry
G, Generator P, !
Co S‘[ Sum
PO .
y
1 G 0
S, J

S

C,4

Fig. 3.29. 3-pit look-ahead Carry adder.

Designing of Half Adder using NAND and NOR gates

The expression for Sum and carry ig given ag
Sum  $=4B4 7p
=AB +A4 + AB+BE
=A(A + B)+B(A4 + B)

follows -

=A.AB+B. 43 [ AA and BB =0]
= —— [~ AB = 4 + B]
m 'y ﬁ—b, \ 3.58

C&!’ry C=AB=A-§
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A.AB

2

P
) "

Fig. 3.30.

Designing of Half Adder using NOR gates
S=AB +#B=AB +AA + AB+BB
-A(A +B)+B(A + B)
(A+B)(A + B)

|

A —
B —

Fig. 3.31.

311 SUBTRACTORS

¢ combinational circuit which is going to perform the subtraction of bits is

k . 7 : :
nowp o Subtractois}Subtraction of two binary digits consists of four possible
Nations are,

0-0=0,
0—1= 1 (With borrow of 1)
1-0=1

| 1-1=0.

angd
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duce a subtraction of one digit,_but
and borrow bit. The borrow bit j
he digit from which Othe,

Digita[ LogiC and Design

The first, third and fourth opfaratlons ;;;2
the second operation produces difference

§ . . . d T
el h}gher glsgtliﬁ :}?: tc:libglitt which is to be sub_tracted b
digit is subtracted is called minuen

‘ns more engniﬁcgmt
: btrahend contains
en minuend and subtr ; subtracted fr,
fliilu'i(sl ilﬁgtgzrgﬁ;)g:ined from the subtraction of tw;o bs,ltiss lcslassiﬁ el et twn;
thiln e;xt higher order pair of significant bits. Subtractor

parts : ‘Y]
(t) Half Subtractor i S
(it) Full Subtractor. . PR
3.12 HALF SUBTRACTOR ey

; 1 two out
In half subtractor, the subtraction of two bits are .taklng pl?c;l::id i::u ::dPauts
are produced i.e. Difference and Borrow. Let thf: input varlg ke t:
subtrahend is denoted by X and Y and outputs. Dl_ﬁ'erfence anf . r‘:s . d
by D and B. The truth table for Half Subtractor 1s given as I0l10WS :

Inputvariables & Output X
0 0 0 0
0 1 | L
1 0 1 0
1 1 0 0

The Boolean expressions for D and B is given as follows :

| [“D=2Y+X?=Xey
B=XY
The designing is as follows

A D
o 3

w4

Fig. 3.32
3.13 FuULL SUBTRACTOR
In full subtractor the sub -
. . traction of th
borrow is taking place . . ree bits i.e. minyenq nd
us denote the minuend Il; S D outpute differe i

nce and bo i t
: X avib rrow is produced. Le
outputs c.hﬁ'erence by D and borrowr}?h%ng‘ by ¥ and Previous bhorrow by Z and
possible inputs are given a8 follorys y B. he truth tap]e corresponding to eight
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09iC
.M”W Outputs

C""‘Dl /X/Y’/Z_— D B
0 p' 1 1 1
0 0
0 1 0 1 1
0 1 1 0 |
1 0 0 1 0
] 0 1 0 0
i 1', O 0 0 (
1 1 1 1 |

e W xrs | i
Jlization of the truth tables with the help of 'K map. The ‘K’ map for
e Ie

The ', and Borrow is given as follows :
. n - =
pfler® xy XYZ

e 00 01 / 11 10 w gl
B[ _[or™

b~ =

i | (OH—t>xvz
" : B |
XYZ \ ;
(@) K-Map for Difference ‘D

" XY
2\ 00 01/11 10

0 T
Y i
rem i IR Y2

(b) K-Map for Borrow ‘B’
Output expression for Difference and Borrow is given as
.~ D= XYZ +XYZ +XYZ+XYZ .
B= XY+ XZ+YZ

o

N\—l

X

114 REALIZATION OF LOGIC EXPRESSION OF D AND B BY GATES

Eﬁsigelf‘e];lge output requires three input AND gate and one ‘OR’ gate. Similarly
0

rrow, it requires two input ‘AND’ and one ‘OR’ gate.
¢ designing is as follows :

D= XyZ +XP2 + XVZ2+XY2
/ _ =
B= XY+ XZ+YZ
XY (z42Z) + XU 77) + YZ(X4X)

ZZ‘Z_.--# Xy + T%\/ +N 2y + 131 1/4,‘_:\/

gl 07 X 25 4Ry
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Fig. 3.33. Circuit diagram for difference.

X XYy z.2
)?Y,
_lz

X
o
Y

7.5

LA

Fig. 3.34. Circuit répresentation for borrow.

= X(YZ + Y 2) +X(¥ Z 4 YZ)
= X(Y@Z)+Xm=X®Y®Z
B= i‘fn XZ+ Yz=5i'Y+z(if+Y)
= Xr+z1%(v. Y)+yxs X)]
= fY+Z(J‘{ Y+XV +yx, YX) (}?Y+YJ?=)?Y)

- [ XY+ xy= oY)
*ZXOY) 1+2-1)
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Fig. 3.35. Designing of Full Subtractor by using two
half subtractor and OR gate.

Designing of Full Adder using NAND gates and NOR gates

The logical expreis'\l/fn for S]_J)I} Td cal:iy/ 15_ g'iveys fozlows :
s= ABC,+ ABC, +ABC, +ABC,=A®B®C(,
C=AB+AC,+BC,

NOR Circuit

et AOB=X=A+B+A.B

Fig. 3.36.




