4.16.1 Design of a 4-bit Binary-to-Gray Code Converter

The input to the 4-bit binary-to-Gray code converter circuit is a 4-bit binary and the output is a
4-bit Gray code. There are lG_possible combinations of 4-bit binary input and all of them are vaiid.
Hence no don’t cares. The 4-bit binary and the corresponding Gray code are shown in the conversion
uable (Figure 4.32a). From the conversion table, we observe that the ex
G, Gy Gy and G, are as follows:

G,=Zm(8,9, 10, 11,12, 13, 14, 15)
G;=%m(4,5,6,7,8,9,10, 11)
G,=Im(2 3,4,5,10, 11, 12, 13)
G,=3Im(1,2,5,6,9, 10, 13, 14)

The K-maps for G, G5, G,, and G, and their minimization are shown in Figure 4.32b.
The minimal expressions for the outputs obtained from the K-map are:

G,=B,
G,=B,B,+B,B,=B,®B,
G,=B,B,+B,B,=B,;®B,
G,=B,B, +B,B, =B, ®B,
So, the conversion can be achieved by using three X-OR gates as shown in the logic diagram
in Figure 4.32c.
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(a) Conversion table . (c) Logic diagram

Figure 4.32 4-bit binary-to-Gray cede converter (Contd.)
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Figure 4.32 4-bit binary-to-Gray code converter.

4.16.2 Design of a 4-bit Gray-to-Binary Code Converter

The input to the 4-bit Gray-to-binary code converter circuit is a 4-bit Gray code and the output i
a 4-bit binary. There are 16 possible combinations of 4-bit Gray input and all of them are valid
Hence no don’t cares. The 4-bit input Gray code and the corresponding output binary numbers &
shown in the conversion table of Figure 4.33a. From the conversion table we observe that the

expressions for the outputs B, B3, B, and B, are:
B,=Xm(l2,13,15,14,10,11,9,8)=Zm(,9, 10, 11, 12, 13, 14, 15)

B,=ZIm(6,7,5,4,10,11,9,8)=2m4,5,6,7,8,9, 10, 11)
B,=Xm(3,2,5,4,15,14,9,8)=Zm(2,3,4,5,8,9, 14, 15)
B,=Xm(1,2,7,4,13,14,11,8) =X m(1,2,4,7,8, 11, 13, 14)
Drawing the K-maps for B, B;, B, and B, i :
: K-map: » By, B, ; in terms of G, G,, G,, and G, 8 §
Figure 4.§3liagd simplifying them, the minimal expressions for tl‘:e 031pufs are as tlollowst
4= Yy
BS=C_E4GJ—-|_- G,G,=G, &G, }
B,=G,GG, + G,G,G, +G,G,G, + G,G,G,
'4(GJ®GZ)+G4(GJ ®02)=G4@G @G, =B, G
4G3:G,G, + G,G,G,G, + G,G.G.G  G.G.CD .0 a0
+G,G,G,G, +G,G,G,6,+ G,6:0:0!
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e 6‘53(02 @ Gl) + G4GJ(G2 ® GI) + 6403((}2 ® G| ) + G,‘G‘,(a—;é_(_}—;)
G, @ GG, 8G3)+(G; 6G,)G, @G '

-
=

.‘='GJ'®G3Q62€B_G|,
: 4 = Bz® G]
_Bascd on the ‘abqvtf expressions, a logic circuit can be drawn as shown in Figure 4.33c.
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Figure 4.33 4-bit Gray-to-binary code converter.
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4.16.3 Design of a 4-bit Binary-to-BCD Code Converter

are 16 possible combinations of 4-bit binary inpys (rep
are no don’t cares. Since the inputis of 4 bis (j ¢ , Cg .
e an 8-bit one; but since the first three bitg will a}’“”’“m
an be treated as a 5-bit one. The convergjqy, Y

nversion table, we observe that the ke

The input is a 4-bit binary. There
0-15) and all are valid. Hence there
of 2 decimal digits), the output has to b
for all combinations of inputs, the output €
in the conversion table in Figure 4.34a. From the co

for BCD outputs are as follows:
A=2m(l0, 11,12, 13, 14, 15)
B=Xm(8,9)
C=Xm#4,5,6,7, 14,15)
D=Xm(2,3,6,7,12,13)
E=2m(l1,3,5709,11,13,15)

Drawing the K-maps for the outputs and minimizing them as shown in Figure 4.34c g,
minimal expressions for the BCD outputs A, B, C, D, and E in terms of the 4-bit binary inputs B,

B.. B,. and B, are as follows:
A=B,B,;+B,B,
B =B,B,B,
C=B,B,+B;B,
D =B,B,B, + B,B,
E=B,
A logic diagram can be drawn based on the above minimal expressions.

how

. 4-bit binary BCD output
!
Decimal B~ B. B, B, A B C D E
0 0 0 0 0 0000 O
1 0 0 0 1 00 00 1
2 0 0 1 0 0001 0
3 0 0 1 1 000 1 1
4 0 1 00 00100
5 O/r1-—0—1 0 010 1
6 01 1 0 0011 0
7 0 1 1 1 0 0 1 1 f{
8 1.0 0 0 0100 0
9 1 0 0 1 0100 1
10 1 0 1 0 1000 0
11 1 0 1 1 10 0 0 1 B A
12 1 1 0 0 100 1 ¢ B B
13 1 1 0 1 100 1 1 " SOP clrcuit e
14 1 1 10 1.0 190 o B, .
15 1 1 1 1 101 0 1 B, E
(a) Conversion table (b) Block diagram

Figure 4.34 4-bit binary-to-BCD code converter (Contd)
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Figure 4.34 4-bit binary-to-BCD code converter.

4.16.4 Design of a 4-bit BCD-to-XS-3 Code Converter

*CD means 8421 BCD. The 4-bit input BCD code (B, B, B, B,) and the corresponding ourput

3 code(X, XXX ;) numbers are shown in the conversion table in Figure 4.35a. The input

?mbmaﬁons 1010, 1011, 1100, 1101, 1110, and 1111 are invalid in BCD. So they are treated as
on’t cares, e

3-.8_4243019 ~ XS-3 code X, =Zm(5,6,7, 8,9)+d(10, 11,12, 13,14,15)
—~ 5% B B . X X X X Xg=Em(1, 2,3, 4,9)+d(10, 11,12, 13, 14,15)
0 0 0 o 0.0 1148 X,=Em(0, 3, 4,7, 8) +d(10, 11,12, 13, 14,15)
0 g gt 000 - X, =Em(0, 2 4,6,8) +d(10, 11, 12, 13,14, 15)
1.0 0.4 014 k10,
g 0. Sy ioghEns o, 1.1 0 'The minimal expressions are .
0 : ‘g‘ 2 CEL Pl BROSE .(1)'  X,=B+BB+BB
g‘_ RIS Tbot Yo : 8 g §eiont ',x,=Bs§z§1+§_33if,B'~‘B"’
903 33 e BEARATOBE L0 T w BB W BBy
B Urkcheyind | okl AN Vi i B R i
~ 0 0 1 ':} 2‘; FAE ) BT E f X‘HB‘ A F eI B :
e B L T ~(b) Minimal expressions . -
. (@) Conversion table R oo L e i
R .3 code converter (Contd.) - .. . .

 Figure4.35 4-bit BCD-0-XS
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Figure 4.35 4-bit BCD-t0-XS-3 code converter.

The expressions for the outputs X, X5, X, and X, are shown in Figure 4.35b. Drawing
K-maps for the outputs X, X, X, and X, in terms of the inputs B,, B,, B,, and B, and simplifyin2
them, as shown in Figure 4.35¢ the minimal expressions for Xy X3, X,, and X, are as shown in
Figure 4.35b. A logic diagram can be drawn based on those minimal expressions.

4.16.5 Design of a BCD-to-Gray Code Converter

The BCD 1o Gray code conversion table is shown in Figure 4.36a. For a 4-bit BCD code minter™

10, 11,12, 13, 14, and 15 are don’t cares. So the expressions for the Gray code outputs in terms of
BCD inputs are as follows:

Gy =Xm(8,9)+d (10, 11, 12, 13, 14, 15)
G,=Xm(4,5,6,7,8,9)+d (10, 11, 12, 13, 14, 15)
G, =Xm(2,3,4,5+d (10, 11, 12,13, 14, 15)
Gy=Zm(1,2,5,6,9)+d (10,11, 12, 13, 14, 15)

T]]c K‘ F ,l (3 s 2 L] . " N
maps for G,, G,, G, and G, their minimization, and the minimal expressions obt

from them are shown in l*‘.i gure 4.37. The logic diagram of the BCD to Gray code converter gt
on those minimal expressions is shown in Figure 4.36b

:lint‘d
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(b) Logic diagram

(a) BCD-to-Gray code conversion table
Figure 4.36 BCD-to-Gray code converter.
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Figure 4.37 K-maps for a BCD-to-Gray code converter.
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