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\ {
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Fig. 4.88 Expansion to the larger word ",n..m,......._..u. 0 wlolololo
4.5 Code Converters By=A B, =DCB + DB
. : - 3 For B For B
There is a wide variety of binary codes used in digital systems. Some ‘ol 2 BA 3

: DC
codes are binary-coded-decimal (BCD), Excess-3, Gray, and so on. Many ti ba__1 %0

00 01 11 10

. 0 oofo|o|o]fo
required to convert one code to another. .
. . : 01] O 0 ofo
This section explains the design of various code converters. 1
0 1 ‘_\.‘w 1] 0 0 0|0
=>4.5.1 Binary to BCD Converter - oo ol -
= Let us see the truth table for binary to BCD converter — .
3 B, =DC + CB
\ Binary code BCD code For By
D|lc|B|A|B|By|By|By]| B o%00 07 11 10
> o|o|o|o]oO 0 0 0 0 cojojlofojo
. oloflo|l1]|olofolfo]1 o1 o | o
0 0 1 0 0 0 0 1 0 1 1 :
o |of1|1|]oflofo] 1] 10 o JL1 | 1)
0 1 0 o} 0 0 1 0] 0
of1{o|1|o|lo]|1|o0o]1 B,=DC + DB .
0 1 1 0 0 0 1 1 0
0 1 1 1 Q0 0 1 1 1
1 0 0 0 0 1 0 0 0 ﬂmm. 4.89
1 0 0 1 0 1 0 0 1
1 0 1 Q 1 0 0 0 0
1 0 1 1 1 0 0 0 1
1 1 0 0 1 0 0 1 0
. 1 1 Q 1 1 0 0 1 1
B ¢ 1 1 1 0 1 0 1 0 0
s 1 1 1 1 1 0 1 0 1
- Table 4.29
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Switching Theory and Logic Design 4 -82 Combinational _:ommna
fra) ForB
s B,=0 B,=
\ B1Bo 4 BB, g
r\/ B3B, 00 01 11 10 B3B, 00 01 11 10
00} O 0 1 1] 00| 1 o] o
o1l o 0 1 1 01 }i1 1 0| o
1M X | X X | x 1Mpix | X X | X
0] o o |i x| x 10 |1 1 1 X | x
T T T A
B =B,B, +B4B,
=B,®B,
ForcC
BB, B,=0 BBy B4=1
B3B8, 00 01 11 10 B3B, 00 01 11
= oo} o o) B g i B I = =00,
Y -
& o1 | 1| 1] 1]
A 3 i
mlEx | xi| x| xi
. 0 o
N 10] o 0 X | X
~
’ C=B,B, + BB, + B,B,B,
ForD
B4B, B4=0
B38; 00 01 11 10 BB,
ool o} o of| o
0 0
X X ]
1 X 10] o 0 X | X

an

D =B,B, + B,B,B, + B,B,B,

- e e c e CCCCCECECE O

£

hing Theory and Logic Design 4-83 Combinational Logic Design
,_ g For E
=0 -
BBy 4 B4By By
mumw 00 0t 1 10 mumm 00 01 11 10
ool o | o 0| o ool o | o ol o
o1l oo oo o1 o | o |7
1" X X X X 11 m\X X X X
S B S
10flo o x| x ol |1 | x| x]
E = B,B; + B4B,B,
Fig. 4.91
it Emm:::
BCD code
B4 B, B, 8y By
Binary code

A t
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Switching Theory and Logic Design 4 -86 Combinational rogmh._
— 3¢y
F-—=3 )
,(P.A@\ A 1 0 0 0 0 1 0 1
3 1 0 0 1 0 1 1 0
= 1 o 1 0 0 1 1 1
1 0 1 1 1 0 0 0
1 1 0 0 1 0 0 1
Table 4.32 Truth table for Excess-3 to BCD converter
K-map simplification
For B,
E;Ep E+Eq
EsEoN_ 00 01 11 E;Eo N\ 00
00| X X 0 00l X
01 1 0 0 pi1 01] O 1 0 i1
5 n| 138 x| x 1| o fixi x Jix
- ;
1t : :
& 10| 15 0 0 [i1
~ By =Ep
Iﬂu
oo X X 0 X
01] 0 0 0 0
s
1 |
: 0 I ENER R K e, 0
B, = E,E; + E,E,Eq + E5E4Ep By = E3E, + E4E4Ey
Fig. 4.95
. L !
34 _,

s €€ € 6 €6 € € ¢ 60 0 ¢ 0 ¢ € ¢

ing Theory and Logic Design 4.-87 Combinational Logic Design

Excess-3 code
E, E, E, E,

BCD code

il

i Fig. 4.96 Excess-3 to BCD code converter
AU3 Binary to Gray Code Converter
“The Gray code is often used in digital systems because it has the advantage that

a_f i P . .
J one bit in the numerical representation changes between successive numbers.
£ 433 shows decimal and Binary codes and corresponding Gray code.

Decimal Binary code Gray code
D (o] B Al1G | G |G |G
0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 1 4
] 2 0ol ol 10| 0| o] 1 1
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4.8 - . .
3 # 5 ﬁ 5 " : PR . 9 Combinational Logic Design
4 # 0 _ 1 0 0 0 1 1 0
Binary code
5 _ 0 1 0 1 0 1 1 1 D ¢ g g
6 ﬂ 0 1 1 0 0 1 0 1
L Gray code
7 0 1 1 1 0 1 0| o MU’ o
0
8 1 0 0 0 1 1 0 0 J
9 1 lolo| v | 1] 1]o]n ] >—o,
10 1 0 1 0 1 1 1 1 +—F—1 |
HTaD—-
11 1 0 1 1 1 1 1 0
12 1 1t lojJof1r{of1}o ©s
13 1 1 0 1 1 0 1 1 : Fig. 4.98 Binary to gray code CONVEHar
14 1 1 1 0 1 0| o i § Gray Code to Binary Code Converter
15 1 1 1 1 1 0 0 0 fible 4.34 shows the truth table for gray code to binary code converter
Table 4.33
Gray code Binary code
K-map simplification
mU .mv Qw QN O,— OQ D c B A
= - For G, /m> For G, 0 0 0 0 0 0 0 0 2
2 00 01 11 10 00 01 =
— DC — — DC 0 0 0 1 0 0 0 1 =
: oo| o |i1i| o [i1 ool o | o
i : ] - 9 0 1 1 0 0 1 0 }
o1] o |i1i} o 1 o1fi1 | 14 o] 0 0 0 ] " F 0 ; 4 ‘~
s nloj1y 0 1 vl il oo o i1 1t lolo|1|o]o ;
0| o [i1i] o L4 EREE ENER Lol vl 1] 1alo] 1] o] 1
L et mmrmer 4
- = =] 9 § 1 O [ 1t o | 1] 1o
=BA + BA G,=CB+CB
ooummﬂu», '_ces 0 1 0 0 0 1 1 1
For Gy For G, 1 1 0 0 1 0 0 0
BA
oc BA% 01 11 10 pc\,_ 00 01 11 10 1 ; o ] ] o . )
oo{oflof|ofo oo|lo|ojojo ] 1 1 1 1 1o | 1] o0
ol | a1 omloflofol]o 1l 1l alolalolal s
1n|l oo 010 1 O R 1 0 1 0 1 1 0 0
, 1 0 1 1 1 1 0 1
1] 13 10 1 1
10 D / ‘ 1o o1 1| 1|1]o0
G,=DC+ DC G;=D 1 0 0 0 1 1 1 1 > s
=D®C 2
Table 4.34 Truth table for gray code to binary code converter
Fig. 4.97 , &
v Y I - R |
d D P P @ & ¥ & Y U U U U U U U 'Y YRR Y Y Y Y Y IS BErY R R R R ) 9 9
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ForB
For A
= GG, G4Gp i onin
G,G 00 01
G536, o0 01 M 392 R i G, G, G,
oo| o @* 0 ool o | o |i1
== === T
@] o0 |@] o ) O IR B N
— =
10 1o |o
1] o @ ‘ i )
10 Qk o {M] o wl{1 [ 1] j— W

A = (GiGy+ GGy GGy + (G; G, + GGy G,G,

Fig. 4.99

+ (GG, + G; G,) GG, + Amwmu + GGy Gy mwo

= G886y N_mo +(G,0 ONVIOJOO

+ (G ® Gy) GGy + (G O Gy GGy

;, ‘
e e e 000006000 006 00

G, ®G,

(- okl G e :
= (G;8 Gy GGy + GGy + (GO Onwv AOWO” + Ogoov. Fig. 4.101 Gray code to binary code converter
_ G ® ]
= - ® = . G
5 = G® Gy (G1®Go) + (G 2) (& o Table 4.35 shows truth table for BCD to gray code converter.
. = (G,:®G,y) & (G,@Gy D eod
: > J— —= =\ ¢ code
- B = (GG, + GGG, + (GiGy + GGG ” Gray code
~ = (G; O GG, + (G; © GG, Bs | B2 | B | By | G| G | 6 | G .
= = (G5 ®G2)G1+(G3 ®G2) G, S| o jojJojo|o oo .
= G3; &G, @G, 0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 1
G,Go ForC G,Gg ForD p
GsG,\_ 00 01 11 10 GG\ 00 01 11 10 0 1 1 0 0 1 0
ow|loflo|o}fo w|lo|lo|o}o 0 1 0 0 0 1 1 0
0
IS ERENE o1l o fo|o]o ! 0 ! 0 ! 1 !
e o — : 0 1 1 0 0 1 0 1
m|lo|lofolo N £ 1 1
S| (| C— : } 0 1 1 1 0 1 0 0
{ 1Y 1 1 1 14
wofi1 |11 111 L4 | L WL T T 1 0 0 0 1 1 0 0
Fig. 4.100 N 1 0 0 1 1 1 0 1
s Y £ = NQON + Oumu D =G, Table 4.35 Truth table for BCD to gray code converter
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