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Analysis Procedure
S A3 |y adas ye S 58 oo W S 5 e Sy gl |y

A A+B

Y,

F1 = (A+B).(A'+B))

F2 = (A+B') = AB

A'+B'
] A[B](A+B) [(A'+B)] F1 [F2
" Steps: 0[0] o I [0]o0
% 1. Label the inputs and outputs. o0j1) 1 1 110
< 2. Obtain the functions of i 2 1 (1) é 2
intermediate points and the outputs.
% 3. Draw the truth table.
% 4. Deduce the functionality of the circuit © half adder.
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Alob eledy)
Design Methods
DS b e alh caline slelis )
» Gate-level method (with logic gates)
» Block-level design method

P>

3

o

tn 1 oLk slaad ulad p a |C s prdi W
Small-scale integration (SSI): up to 12 gates
Medium-scale integration (MSI): 12-99 gates
Large-scale integration (LSI): 100-9999 gates
Very large-scale integration (VLSI): 10,000-99,999 gates
Ultra large-scale integration (ULSI): > 100,000 gates
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Gate-level (SSI) Design: Half Adder

b i,
e gl (1
Example: Build a Half Adder to add two bits
S IR sl 5 padia e 52555 s asd (2
Example: Two inputs and two outputs labelled, as

follows:
X|Y|C]|S
X Half [——S 8 (1) 8 <1J
Y Adder > C 11olo0l1
X +Y) 111110
WS ey ) Sy J e (3
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Gate-level (SSI) Design: Half
Adder

sl e W (a6l 1 eadieals (s e (4

Example: C = XY
S = XY + XY'= X®Y

Rk |o|o|X
ROk |o|<
~lolo|lo|O
Ol |k |Ol;

P sy | ilaie o) Sl (5

D
O

Half Adder

Cc
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Gate-level (SSI) Design: Full Adder

S e pen a L)) Gy 50 Laié Half-adder ®
2 (8 ) Jald) iy s e 40 S o e R aaa gl @
= Example:

1 1 1 carry
0 01 1 X

+ 01 11 Y
1 010 S

Ae el & Full Adder aie )l Hshaie ) ) o ®

v Full ————*S
7 Adder c
X+Y+2)
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Gate-level (SSI) Design: Full Adder

= Truth table: C Note:
YZ )
X[Y[Z]C]s X\, 00 01 11 10 Z - carry in (to the current
ojofofo]oO 0 1 position)
0j]0j1]0]1 C - carry out (to the next
1 101 |1
8 i (1) (1) (1) position)
S v
1 g (1) 2 é 00 01 11 10 f
1]1]0]1]0 0 1 1 x'
1111 ]1]1 11 1 ¥' :D—\_
= Using K-map, simplified SOP form: i
C=XY+XZ+YZ
S=XY'Z+ XYZ'+XY'Z'+XYZ ;‘,
X
z C
y
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Gate-level (SSI) Design: Full Adder

= Alternative formulae using algebraic manipulation:
C=XY+XZ+YZ
=XY + (X +Y)Z
= XY + ((X®Y) + XY)Z
= XY + (X®Y)Z + XYZ
= XY + (X®Y)Z

S=XYZ+XYZ +XY'Z +XYZ
=X(YZ+YZ') + X(Y'Z' +YZ)
= X'(Y®Z) + X(YOZ)
= X®(Y®Z) or (XOY)®Z
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Gate-level (SSI) Design: Full Adder

C = XY + (X@Y)Z

Ll
A Lo
z

Full Adder made from two Half-Adders (+ OR gate).
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Gate-level (SSI) Design: Full Adder

C = XY + (X@Y)Z

S = (XoY)®Z
/ Block diagrams.
X—ix (XaY)
Y—y Sum é Sum S
Half Half
Adder Adder
XY
Carry X¥) Carry
=D
Z

Full Adder made from two Half-Adders (+ OR gate).
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Code Converters

S o dan g B S 4 1) S 555y 4S Canl (5l S Jase ®

Input —| Code | ——— Output
code converter code

= Example: BCD to Excess-3 Code Converter.
Input: BCD digit
Output: Excess-3 digit

Digital Design-
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BCD-to-Excess-3 Code Converter
® Truth table:

BCD Excess-3 .
A[B[C[D|WX[Y]z]|* K-maps:
0/0(0/0/0j0}0}1]1 AB cDoo m’ﬁgT AB cDoo 01 11C 10
1[(0]0[0]21][0]1]0|0
00 00 1011
2 10(0]1(0]j0f1]0]1 o R ol 1
310(0]j1(1]0f1]1]0 B B
21ol1lololol 21111 A{u x| x| x|x A{u x| x| x
5 [o[1]o]1]1]0]o]0 o Bl Il Bl o I
6 |0|1]|1|0]|1[0]0]1 W b X D
710(1]1f1]1f{0]1]|0
8 |1(0|0f0]|1[0]1]1 c c
9 (1/0/0J1/1/1/0]0 ABN 00 01 I 10 ABN 00 01 I 10
10[2[0[1|0|X|X|X]|X oo 1 1 00| 1 1
1110|211 [X|X[X]|X o1l 1 1 o1l 1 1
12111110J0]XIX|X]|X AllXXXX}BAMXXXX}B
k] e W
— —
5111111 [X|X[X]|X Y D z D
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BCD-to-Excess-3 Code Converter

cp ¢ cp ¢

— —
AB 00 01 11 10 AB 00 01 11 10
00 o Mafa2J] W=A+BC+BD

N N\
N BAE }B 01?] }B

All(xLX\XJX‘ All_XJxXX , . o
lOLl 1] X|X] 10 {1()(-')(\ X= BC+BD+BCD
w D X D

Y=CD+C'D’
cD

AB
w z=D

=<
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Block-Level Design Method

>k block-level (s L il e yisaan Gl jlae ®
sl

5ol 4SS 8 S (slgtand 4y il e (S ) ) o
ooy 8 5i8a S sleSHsb LaS 2 8 ey ai 5k
AL (5 ke

G ¥ o)) se 02t aan leSsl jlsaldinl ; Jha =
Db

% (1) BCD-to-Excess-3 Code Conversion

% (2) 16-Bit Parallel Adder

% (3) Adder cum Subtractor
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i ¥ o)) sa 0aiiS 2
4-bit Parallel Adder

23 S gen ot L)) (5355 i) S 5 e Faxe sna 580 Sl n gl
S e M) (a8 O An

X, X X, X, Y

LI

4-bit

Y321

i

C. «— P
s Parallel Adder C,
l l l l Black-box view of 4-bit
$,S8; 8,8, parallel adder

) o lae Anits a8 O Gl a A o m
(1111),4#(1111),+(1), = (11111),
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i ¥ o)) sa 0aiiS
4-bit Parallel Adder

2 K ealdind 8l 5 o (Gate-level) SSI b Gis) ®
A3 eyl 292512 (5 jlas 2 ) 5A K5 Sl 2558 s

XaXaXoX1 | YaY3YoY: | Ci | Cs | S4S3S,S:
0000 0000 0| 0] 0000
0000 0000 1]1]0]0001
0000 0001 0] 00001

0101 1101 1]1]0011

1111 1111 111 1111

QD) i IS Sl i g jlwedle @
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i ¥ o)) sa 0aiiS 2
4-bit Parallel Adder

1l al A (Cascading) p s Culy &) sear o€ an ol F 08 8 5l oy

hL

S, S, S, s,

e dg lader 550l se sk b 255 plai 4S 1 358 (e 021l Parallel Adder Llae col®
Ll e e2ab 308 Ripple-Carry Adder osises 258 oo Jlee)
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BCD-to-Excess-3 Code Converter

BCD Excess-3
A|B|C|D|W[X|Y|Z
0O [0|0O|O]JOfO]O]1]12
1 ]1]0j0j0f1]0f1]0]O
2 10j0f1]0(0]|1]|0]f12
. 3 [0|0f1]1|0]1]1]0
3l 5 o« Gate-level b sy ™ [2[o[1(0o]0]01]1]1
Al s ¥l ey S saldin) 5 Jo[1]of1]1]of0]0
J 6 |0|1]1]0[1]0]0]1
Aol asa s g AR gyl @ 7 (o111 [1[o]1]0
P 8 [1|0(0]J0f21]0]1]1
Dopyadly S ki p L w 9 l1lolol1l1l1l01l0
Excess-3 Code 10 |110/1/0 XX |X|X
111|011 (X[X|X]|X
= BCD Code + (0011)2 1221111TololXxIxIx]x
131|101 |X[X|X[X
14 |1 11|10 [X[X|X]|X
1511|111 (X[X|X]|X
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BCD-to-Excess-3 Code Converter
Excess-3 Code = BCD Code + (0011),

= Block-level circuit: Uf?sed
X, Cout
BCD X
3
code X, ~
— X > = Sib——
oy S Ss—— Excess-3
@5 S
0 — .y, T J2—— code
4 5 S
0 —_—] Y3 - >
11—y,
1 —3Y
! Cin
A BCD-to-Excess-3 I
Code Converter 0
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16-bit Parallel Adder

Ao o O SR 5 3 s e 1) B 5050 o oS e ®
= Example: a 16-bit parallel adder can be constructed from four 4-
bit parallel adders:

Xie-X1z Y16-Y13  Xy2.Xg Y12.¥g Xg-Xs  Yg.Ys XXy Y Yy

tt 14 414 14

Cy | abity | C3| abity | Co| abity s | a-bitsy Cy
adder adder adder adder  fe—
S16-S1s S13--So Se..Ss S.S,

A 16-bit parallel adder
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o ¥ s3sa K B2 o gan
4-bit Parallel Adder cum Sub tractor
A8 el R By o) iay 220 pan Ol Ol o ¥ S (i) L ®
48 3 S sk (5 e (51 ) g0 02 man [ edliil Ly ) gie Gl o Ly ®
283 aladl Gy )i a8 5 pen
X, X3 X, X, Y, Y, Y, Y

I

4-bit adder
cum subtractor

LT

Result: either X+Y or X-Y

3 "2 71

. S: control signal
for add/subtract
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S i eyl ®
X-Y = X + (-Y)

= X + (2’s complement of Y)

=X + (1’s complement of Y) +1
X+Y =X+ (Y)

Y Y Y:>Z>L
S=0:{>7 S=1

output =Y when S=0
=Y'when S=1
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4-bit Parallel Adder cum Subtractor

= Adder cum subtractor circuit:

Y, Y, Y, Y,
S
X, X3 X, X,
C Cout 4-bit Cin
parallel adder
Analysis:
l l l l If $=1, then
X + (1's complement of Y) +1
S$,S;S,S8
4T3 T2 appears as the result.
A 4-bit adder cum subtractor If $=0, then X+Y appears as
the result.
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Arithmetic Circuits: Cascading Adders

(6-person voting system) s 7 8 ) dls 13 S =
% Use FAs and a 4-bit binary parallel adder.

K3

< Each FA can sum up to 3 votes.

0

b
Voter1 ———A b 1y Z
2
Voter2 ——B — {3 A N .
Cout |4 2 3-bit
Voter 3 Cin S i Output
1
N 2
Full-adder 1 1 's
*— 4 Cout
p)
e— Cin
— A z
Voter 4 Parallel adder
Voter5 ——B
Cout
Voter6 ——(Cin =
Full-adder 2
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Arithmetic Circuits: Comparator

s 4wl s L) B 5 A 22 53 Magnitude comparator =
A>B, A=B or A<B :2S s gadiia )y )
Al G Jsaa 5 sha 220 4y L QIS iy
A (azaa;ag) B(bsb,biby) 5 in ¥ aae 53 auilia s ns 5l m
PR R A
If (a3 > b;) then A>B
If (a5 < b;)then A<B
If (a5 = bs) thenif (a, > b,) ....
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Arithmetic Circuits: Comparator
Let A = A;ALAA,, B=B,B,B,B,; x =A.B, +A'B

Digital Design-

Ay
B,
A,

B,

e

A,B,

e

> |

:

W @? gﬂ

A8 [ A B, +x,A,'B,

+ X;3.X,.A,".B,

v
+ X3 X5.X,.A¢". By

fD— (A<B)

A,.B;' + x;,.A,.B,'
+ X;3.X,.A,.B,'

@

'
+ X3. X5.X4.A,.By

(A>B)
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(A=B)

Xa. Xo.X4.X

Arithmetic Circuits: Comparator
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4-bit comp

(A<B)
(A>B)
(A=B)

— 1
—0
—0

Block diagram of a 4-bit
magnitude comparator
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