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Code Converters

BCD-to-Binary Conversion

The binary numbers representing the weights of the BCD bits are summed to produce
the total binary number.

Let’s examine an 8-bit BCD code (one that represents a 2-digit decimal number) to

understand the relationship between BCD and binary. For instance, you already know that
the decimal number 87 can be expressed in BCD as

1000 0111
8 7
Tens Digit Units Digit
Weight: 80 40 20 10 8 4 2 |

Bit designation: B, B, B, By A A Ay Ay

-



Binary representations of BCD bit weights.

(MSB) Binary Representation (LSB)
BCD Bit BCD Weight 64 32 16 8 4 2 1
Ap 1 0 0 0 0 0 0 1
Ay 2 0 0 0 0 0 1 0
A, 4 0 0 0 0 1 0 0
Aj 8 0 0 0 1 0 0 0
By 10 0 0 0 1 0 1 0
B 20 0 0 1 0 1 0 0
B, 40 0 1 0 1 0 0 0
B, 30 1 0 1 0 0 0 0




EXAMPLE |

Convert the BCD numbers 00100111 (decimal 27)

Lo
binary.

Solution

Write the binary representations of the weights of all 1s appearing in the numbers, and
then add them together.

80 40 20 10 8 4 2 1
0 0 1 0 011 12764 321684 2 1
‘ L 0000001 1
0000010 2
0000100 4

> + 0010100 20
0011011 Binary number for decimal 27

16+ 8 +2+1 =27



EXAMPLE |

Convert the BCD numbers 10011000 (decimal 98) to
binary.

Solution

Write the binary representations of the weights of all 1s appearing in the numbers, and
then add them together.

4 2 1
l 0 0 000 1276432168421

0001000 8
> 0001010 10
+ 1010000 80
1100010 Binary number for decimal 98

80 40 20 10 8
1

64+ 32 +2 =98



Exclusive-OR Logic

oD
LD

(a) Logic diagram

A

X=A@B
X = AB + AB

Truth table for an exclusive-
OR.

A B X
0 0 0
0 1 1
1 0 1
1 1 0

(ABB)EC=AB(BEC)=ASBSC

X =AB + AB
xE0=x

xE1l =x'
xEBx=10
xBx'=1

xBv =x"bv =
ADGB=EBDA

X — X
B g —

(b) ANSI distinctive (c) ANSI rectangular
shape symbol outline symbol
X®0=X.
X®1=X.
X@X=0.
XDX =1
X®X=0.

XOX=X®X.
A® AB = AB.
xSVl o 5- 48

AD® AB=A+ B.

(A® B)(A® C)= ABC + ABC.




Binary-to-Gray and Gray-to-Binary Conversion

| ey (k=3 | =F s |- . =rl  Bigty | § l 0 I | Gray
| ) & < |
\L % \L \L \lf Vv T \L 3 \l = \L ! v
€S b g e 0 Binary
| | l 0 I Gray
Gray Binary
Binary Gray Gy B, (LSB)
Bo G, (LSB)
G
B] _'. - Il EI
":"Fl
B, —e . (5
i G . B,
B, —e G; (MSB) r:;_;J By (MSB)
Four-bit binary-to- . _ Four-bit Gray-to-
Gray conversion logic. Open file binary conversion logic. Open file



The Half-Adder

A half-adder adds two bits and
produces a sum and an output carry.

Recall the basic rules for binary addition as stated in Chapter 2.

0+0= 0
O0+1= 1
1+0= 1
1+ 1=10

N

Half Adder
X ¥ C 5
S=xv +xy

() () () 0 )
0 1 0 1 C = xy

1 ] (0 1

1 1 1 ]

5 * T )

, )

(a) S =xv" + x'y

C=xy

: | o

(b)S=xDvy

C = xy




A half-adder is represented by the logic symbol in Figure

Input bits -

—— Sum

— Carry

Outputs



The Full-Adder A full-adder has an input carry while

the half-adder does not.

Full Adder
x ¥y z C 5 \L— Carry bit from right column
0 (0 0 0 0 I
o 0 1|0 1 11
0 1 0 0 1 +01
0 1 1 1 0 100
1 0 0 0 1 e o P
L D 1 1 0 S=xy'z+xyz'" +xy'z" +xyz
1 1 0 1 0 C=xy+xz+yz
1 1 1 1 1
y y
yz . A . ) 24 B A Y
X 00 01 11 10 o 00 01 11 10
m, m, m, m, m, m, my m,
0 1 1 0 1
m, mg my m, mg mg my me
x<1 1 1 xz<] 1 1 1

<
S

(a)S=x'y'z+x'yz' +xy'2" + xyz (b) C=xy +xz+yz



bt bt b b e

b e

S=x"y'z+x'yz" + xy'z" + xyz
C=xy+xz+yz

LT

Lo T




Full Adder S =xy'z' +x'vz' +xyz + x'yv'z

X z C 5
. =z'(xy" + x'y) + z(xy + x'y’)
o o0 o0 | 0 o0
o o0 1|0 1 =z'(xy" + x'y) + z(xy' + x'y)
0 1 0 | 0 1
0 1 1 1 0 —
1 0o o0 | o 1 2@ iIEE:'r}
1 0 1 1 0 C = ' ’
: L o l1 o xyz+xyz+ xy
1 1 1|1 1 = z(xy' +x'yv) + xy
=Z(xDy) + xy
'____7;;_5_7 I |
o T O>— (:8)) 82 )
" I | ‘_)D |
| | I
| ::IJf' | _1.' :
| : | "-,{ *?HE 1—-\{_[@}.}:4._.:}.
| d !__ _______ d I___..---'/




E E—

:Di{."! & B)C,,

@7 {:'J"-“ =AB+(A® H}Em

AB




Input
bits

Input carry

Sum

QOutput carry

Logic symbol for a full-adder.

Half-adder

ADE

Input

carry, Cy,

Half-adder
A - ¥ Sum 1
(A®B)®C,
H CDI.'II
(A® B)C,,
AB Output carry, C

AB +(A® B)C,,



\I/— Carry bit from right column

1

11
| +01
In this f:ase, the 100
carry bit from
second column T
becomes a sum bit.

General format, addition
of two 2-bit numbers:
AsA, 0 L
+ B, B, —
- - A B C, A B C,
EqE“}El
T FA2 FA1
Cow Z Com L
(MSB) Z; Z, L, (LSB)

Block diagram of a basic 2-bit parallel adder using two full-adders.



Determine the sum generated by the 3-bit parallel adder in Figure and show the
intermediate carries when the binary numbers 101 and 011 are being added.

1 0 0 1 I 1

[ L

A BC, A BC, A BC,|
FA3 FA2 FAI
Cou % Cou = Cou =

g
&
2
< 5
Ly



A 4-bit parallel adder.

A, B, A, B,
A B C, A B C,
(MSB) FA4 FA3
Cout b2 Cout ¥
z, Z;
d 17
Binary | LA
number A
\ <
1 ™
Binary | 2 . B
number B 3
\ 4 7
| t
cary ] €0

(b) Logic symbol

AZ BE AI B I
A B C, A B C,
FA2 FAIl
Cow L Cow X
C5 C ‘
s, ¥,
x
1 e
¥y J 2 | | 4-bit
3 —— [ sum
4 I

(LSB)



4-BIT PARALLEL ADDER

Fixed-Function Device The 74HC283 and the 741.S283 are 4-bit parallel adders with
identical package pin configurations. The logic symbol and package pin configuration are

shown in Figure Go to ti.com for data sheet information.
Vee

(16)
(5) ¥
(3)
(14)
(12)

z2

B2 ()

(1)
(13)
(10)

= W b2 =

A2
by |

(6)
(2)
(15)
(11)

= w2 =

Al

Bl

= L b =

Co i ;
™ |e, o | ©

GND

(8)

GND
(a) Pin diagram (b) Logic symbol

D The 74HC283/74L.5283 4-bit parallel adder.



4321 4321C¢, 4321 43 21C,
N — S N
B A B A
) )2
Ty Ty
Coe 43 21 C, 43 21
Cy Ly Iy L6 Ls IPEP IR

Cascading of two 4-bit adders to form an 8-bit adder.




Half Subtractor

A B D B,
A D 0 0 0 0
Half
Subtractor 0 1 1 1
B Bo 1 0 1 0
1 1 0 0
Truth Table

Block Diagram

Logic Circuit of
Half Subtractor




Full Subtractor:

INPUT OUTPUT
B DIFF. = BORROW

=000 0D
= = O O = = O O
M O R ORORONMN
= O O = O = = O
e == =

Difference




Four-bit adder—subtractor (with overflow detection)

By A B, A B, A B, A Unsigned NO.
M=0 = Adder
M=1 =>» Subtractor
x®B0=x . . » M
xdl=x - . N . Signed NO
M=0
¥ + y ¥
Cy Cs s C Co
C FA |= FA |=— FA |=—— FA |=—

l l l l
v ﬂ > %2 5, So

Unsigned NO. = C bit detects a carry after addition or a borrow after subtraction.
Signed NO. =2V bit detects an overflow.

If V = O after an addition or subtraction, then no overflow occurred and then n-bit
result is correct.

If V=1, then the result of the operation contains n + 1 bits. but only the rightmost
n bits of the number fit in the space available, so an overflow has occurred.

The (n + 1) th bit is the actual sign and has been shifted out of position.




signed numbers

binary +127 to binary —128

v=1 C4C3 v=1 C4C3
carries: 0 1 carries: 1 0
+70 0 1000110 —70 1 0111010
+80 0 1010000 —80 1 0110000
+150 1 0010110 —150 0 1101010
-128 64 32 16 8 4 2 1 -128 64 32 16 8 4 2 1
0 1 0 00 11 0 =+70 1 1 0 1 1 10 0=70
-128 64 32 16 8 4 2 1 -128 64 32 16 8 4 2 1
0 1 0 1 0O 00 O -=+80 1 O 1 1 0 00 0-:=-80
C C
-256 128 64 32 16 8 4 2 1 '2156 1%8 6‘1‘ 312 18 81 g f (1)
O 1 0O O 1 o1 1 o
2h6+ 64 +32 + 8 + 2 =-150
+127 + 16+ 4 + 2 =+1860
V=1 V=1




B, B,
,.-l:l_] "ql]
ApB,y ApBy

Two-bit by two-bit binary multiplier

HA HA
l l l Y
C; G G Co



Exclusive-OR Logic

oD
LD

(a) Logic diagram

A

X=A@B
X = AB + AB

Truth table for an exclusive-
OR.

A B X
0 0 0
0 1 1
1 0 1
1 1 0

(ABB)EC=AB(BEC)=ASBSC

X =AB + AB
xE0=x

xE1l =x'
xEBx=10
xBx'=1

xBv =x"bv =
ADGB=EBDA

X — X
B g —

(b) ANSI distinctive (c) ANSI rectangular
shape symbol outline symbol
X®0=X.
X®1=X.
X@X=0.
XDX =1
X®X=0.

XOX=X®X.
A® AB = AB.
xSVl o 5- 48

AD® AB=A+ B.

(A® B)(A® C)= ABC + ABC.




A=B A=B A<B
0 1 0
1 0 0
0 0 1
0 1 0
C =AB

—> A<B

D = AB+AB =» A=B

E=AB

= A=B



2-Bit Comparator

A 2-bit comparator compares two binary numbers, each of two bits and produces their

relation such as one number is equal or greater than or less than the other. The figure

below shows the block diagram of a two-bit comparator which has four inputs and three

outputs.

The first number A is designated as A = A1A0 and the second number is designated as

B = B1B0. This comparator produces three outputs as G (G=1ifA>B), E(E=1,ifA=

B)and L (L = 1if A<B).

\ A —ppi
‘ L Ap—
g " B i

i L — |

2-bit
Comparator

» A-B

P A=B

P A=B



The truth table of this comparator is shown below which depicting various input and

output states.

Inputs Outputs
Number P NumberQ |[P>Q |P=Q [P<Q
A B C D Y1 Y2 Y3
0 0 0 0 0 1 0
0 0 0 1 0 0 1
0 0 1 0 0 0 1
0 0 1 1 0 0 1
0 1 0 0 1 0 0
0 1 0 1 0 1 0
0 1 1 0 0 0 1
0 1 1 1 0 0 1
1 0 0 0 1 0 0
1 0 0 1 1 0 0
1 0 1 0 0 1 0
1 0 1 1 0 0 1
1 1 0 0 1 0 0
1 1 0 1 1 0 0
1 1 1 0 1 0 0
1 1 1 1 0 1 0




N

&S

X |
e

2=

Ol

i

CDvABCDvABCDvABCD

BCDvABCD

CDvABCDvABCDvVABCD



The k-map simplification for the above truth table is as follows.

L_JA
a5
1 5 1 mj
: - - —|D
C 2 5 14 10
A
B

KV diagram for Y1

Y1=A CvABDVvBCD

A
i 4 12 a
1
1 & 13 g
.1
| ) 16 b
1
C
2 & 14 1a

B
KV diagram for Y2

No minimization is possible with Y2!

13 -]

<]
1
T 18 i
\ <
14 10
B

1

ol
-

B
KV diagram for Y3

Y3=ACvABDVBCD



— Y1:P>=0Q

L |

J'I 3 (ol e JV{)(H‘J

— Y2:P=Q

L
il

8]

]

=1

— Y3 P=Q




A= A3 A, Ay Ay A
B = B3 B, B B,

LY

=
s

X3
X3
*
X
X

il

=gl

Four-bit magnitude comparator

(A= B)

sls Up U




00— 1

" D 1 The input bits are equal. 0 ﬂ () The input bits are not equal.
00— 1

| DO— (0 The input bits are not equal. , I I The input bits are equal.

Basic comparator operation.

Ay
LSBs
By
A=8
HIGH indicates equality.
A,
M5Bs
|

General format: Binary number A — A A
Binary number B — BB,

Logic diagram for equality comparison of two 2-bit numbers.



COMP
Ay 0"
Aj
»
A A A>B
A, 3/
A=8
B, A<B
- B
B;
B 3/

Logic symbol for
a 4-bit comparator with inequality
indication.



(a) Pin diagram

Cascading
inputs

|

(10)
(12)
(13)
(15)
(4)
(3)
(2)
(9)
(11)
(14)
(1)

0

A
3
A>B A>B
A=B A=8B
A<B A<B
0

B
3

COMP

(b) Logic symbol
The 74HC85/74LS85 4-bit magnitude comparator.

(3)
© } Outputs

(7)

Vec(16), GND(8)



Use 74HC85 comparators to compare the magnitudes of two 8-bit numbers. Show the

comparators with proper interconnections.

LSBs

COMP MSBs COMP
0 Ay 0~
Ag — |
r A A, * A
3 A5 3 )
A=>8B A>=8 A>B A=B |—
A=B A=BH A=B A=B |— I»Cvmpm.v.
A<B A<BEB A<B A<B -
0 B, 0
Bs
r B B, * B
3 ) B 3
TAHCRES TA4HCRS

An 8-bit magnitude comparator using two 74HC85s.






