


Digital Logic Design

Chapter-4

Combinational Design



Combinational Circuits

* Output is function of input only

i.e. no feedback

11 inputs

When changes, output may change (after a delay)
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Combinational Circuits

* Analysis
* Given a circuit, find out its function

* Function may be expressed as:

* Boolean function
* Truth table

* Design
e Given a desired function, determine its circuit

* Function may be expressed as:

e Boolean function
e Truth table




Analysis Procedure

* Boolean Expression Approach
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- T,=AB'C'+A'BC+A'B'C

F',=(A+B)(A+C)(B™+C)

T,=A+B+C
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F2
F,=AB+AC+BC

F,=AB'C'+A'BC"+A'B'C+ABC
F,=AB+AC+BC



Analysis Procedure
* Truth Table Approach
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Anaql¥sis Procedure
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Design Procedure

* Given a problem statement:
* Determine the number of /nputs and outputs
* Derive the truth table
* Simplify the Boolean expression for each output
* Produce the required circuit
Example:

Design a circuit to convert a “BCD” code to “Excess 3” code

<
> 4-bits o B [>4bits
> 0-9 values ' J— > Value+3




Design Procedure

e BCD-to-Excess 3 Converter

ABCD

WwXxyz

001

X IX|[IX|IX[X|IX|IP|IPIPIRP|IFPIOIOIO|O
X IX[IXIXIX[X|FRPIO|IO|IO|IO|F,|(Fk,[Fk|F

X IXIXIXIX[[X|IO|RP|RP|IO|O|F,|[k,|O|O
X IXIXIXIX[IX|O|R|IO|IRPR|IO|IFR|IO|FR,|[O|F
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D
w =A+BC+BD
-
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1 1
X X X
A—ll X

y =C’D+CD
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Deﬁgg

* BCD

Procedure

ABCD

WwXxyz

001

X IX|[IX|IX[X|IX|IP|IPIPIRP|IFPIOIOIO|O
X IX[IXIXIX[X|FRPIO|IO|IO|IO|F,|(Fk,[Fk|F

X IXIXIXIX[[X|IO|RP|RP|IO|O|F,|[k,|O|O
X IXIXIXIX[IX|O|R|IO|IRPR|IO|IFR|IO|FR,|[O|F

A

xcess 3 Converter

—{— P
A
1
T )
____/
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w=A+B(C+D) y=(C+D)’+ CD
x =B{C+D) + B(C+D)’ z=D’



Seven-Segment Decoder

wxyz abcdefg w ~ \_’a

0000 1111110 T b
001 0110000

0010 1101101

0011 1111001

0100 0110011

0101 1011011

0110 1011111

0111 1110000

1000 1111111

1001 1111011

1010 XXXXXXX

1011 XXXXXXX

1100 XXXXXXX

1101 XXXXXXX

1110 XXXXXXX

1111 XXXXXXX




BlgRL Adder

e Adds 1-bit plus 1-bit
* Produces Sum and Carry
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Binary Adder

* Full Adder
* Adds 1-bit plus 1-bit plus 1-bit
* Produces Sum and Carry
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Binla Y Adder
* Full Adder S=XY'72'"tX'VZ'"tX"Y'ZIXYZ = XD YD Z

K \ C=Xy+XZ+yz
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Binary Adder

e Full Adder
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Binary Adder

3X5X1Xo  Y3Y2Y1Yo

c, C, C
222 2NN 22%. - Xy Xy Xy Xy
C, Binary Adder ]4— Co Carry PrOpagateJ * Y3 V2 Y1 Vo
¢¢¢¢ Addition S, S, S, S,

535,515,

¥
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Binary Adder

e Carry Propagate Adder

X, Xg Xs X,

Y7 Yo V5 Va

Lidd ol e

AAAA B;B,B,B,

+— ¢ CPA
\_ S3 S, 51 5

Co

X3 Xo X1 Xp
Y Vo Vi Vo

bbby oy

CAAAA, B, B,B, B, )

J

vV v VY
S, S, S, S,

0

C, CPA C,
\_ S; S, 5,05 )
vV v VvV Y
S35, 5, 5



e Carry propagation
* When the correct outputs are available
* The critical path counts (the worst case)
(A, B, CQ)> C> G~ G~ (G, S)
* When 4-bits full-adder - 8 gate levels (n-bits: 21 gate levels)

P® G
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U\

Figure 4.10 Full Adder with Pand G Shown



Parallel Adders

* Reduce the carry propagation delay
* Employ faster gates
* Look-ahead carry (more complex mechanism, yet faster)
 Carry propagate: P, = ADB;
* Carry generate: G;=AB;

* Sum: §;= PEC, o ]%ﬁ o c .
* Carry: C,, = G+PC, e —

* C, =Input carry T ) e
o Cl = GO-/-POCO G

* G =G +P,C = G +P(G,+P, () = Gy +P,Gy+P, P, C,
* G, = G,+P,C, = G,+P,G,+P,P,Gy+ P,P,P,C,



Carry Look-ahead Adder (1/2)

* Logic diagram

X

y HJLH TJUHJ

Go

C,

Fig. 4.11 Logic Diagram of Carry Look-ahead Generator




Carry Look-ahead Adder (2/2)

* 4-bit carry-look ahead adder ., .
* Propagation delay of G, G, and Lo

C, are equal.

Az

> &
>

Fig. 4.12 4-Bit Adder with Carry Look-ahead



BCD Adder

* 4-bits plus 4-bits
* Operands and Result: 0to 9

X+Y X3 X5 X1 Xp YVeVoViVo | Sum ) Cy| S5;S,S5,S,
0+0 =0 0 0 0
0+1 =1 0 0 1
0+2 =2 0 0 0
0+9 =9 0 1 1
1+0 =1 0 0 1
1+1 =2 0 0 0
1+8 =9 0 1 1
1+9 =A | O 1 0
2+0 =2 0 0 0
9+9 =121 ] 0010

7N

(0001 1000

+X3 XZ X1 XO
+V: VoV Vo

v S, 5,5, S,



BCD Adder

X+Y X3 X, X, X, Vs Vo Vi Vo Sum| Cy| 5;5,S,S, Required BCD Output Value
9+0 = 0 1001 1001 =
9+1 =10} O 1010 0000 =16
9+2 =111 O 1011 0001 =17
9+3 =12 ] O 1100 0010 =18
9+4 =131 O 1AY0 1 0011 =19
9+5 =141 0 1110 0100 =20
9+6 =151 O 1111 0101 =21
9+7 =16 ] 1 0000 0110 =22
9+8 =171 1 0001 0111 =23
9+9 =18 ] 1 0010 1000 =24
\ 4
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BCD Adder

e Correct Binary Adder’s Output (+6)

e |f the result is between ‘A’ and ‘F

- IfCy=1

535,95, 5

Err
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Err=5;5,+85,S,



BCD Adder

Err

X3 Xo X1 Xo Y3 Y2 Y1 Yo

S3S2S1 So

Az A A1 Ay, B3B,B;Bg
C, Binary Adder C,

H
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(
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C_
—(C_ =
0

0

Az A, A Ay Bi3B,B;Bg
C, Binary Adder ¢C;
S3 S, S1 So

YYVY

S35, 51 S



Bi pe 1; COmpptractor

. ment with binary adder

YYYY

Xg Xo X1 Xp

As A, A A, Bz B, B; Bg
- C, Binary Adder <
S35 S, S1 So

YYVY

Fs F2 Fi1Fo



Binary Adder/Subtractor

* M: Control Signal (Mode)
c MI-0=> F=x+y

X3 Xo X1 X M
C MALD Fex—y 3 X2 X1 Xo Yz Yo Y1 Yo

A3 A2 Al Ao Bg Bz Bl
C, Binary Adder
S3 S, 51 So

VYV

Fs F2 F1 Fo



Overflow

X3

* Unsigned Binary Numbers l
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Magnitude Comparator

* Compare 4-bit number to 4-bit number
* 3 OQutputs: <, =,>
e Expandable to more number of bits

X3:K3§3+A3B3
X2:K2§2+A282
X1:'K1_1+A181

onzbgo""AbBo

(A=B) = X3 X, X X

A, A, A,A, B, B, B, B,

[ Magnitude Comparator ]

v b b

A<B A=B A>B

(A>B):A3§3+X3Az§2+X3X2A1§1+X3X2X1Ao§o
(A<B)=AB,+x, A B, +x, X, A B, +X, X, X, A, B



Magnitude Comparator
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Magnitude Comparator

Y Ve V5 Vy Yz Yo Vi Vo

bbb )i bbby v

(IA3 A, A, A, B, B, B, B, (A; A, A A; B; B, By By )

0 / :
(A>B) Magnitude (A>B) Magnitude
1 —»/f,_ —>/ ,_
) (2 Comparator _ 52 Comparator
'Q ? A<B A=B A>B P A<B A=B  A>B
\ 4 \ v v
v N A<B A=B A>B




Decoders

e Extract “/nformation” from the code

* Binary Decoder
* Example: 2-bit Binary Number

will turn on

(Only one Iamp\
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Decoders

e 2-t0-4 Line Decoder
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Decoders

e 3-t0-8 Line Decoder
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Decoders
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Decoders

* Expansion

I; 1y
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Decoders

 Active-High / Active-Low

Ys Yo Y1 Yy

1110
1101

1 011

0111

/, 1,

Ys Yo Y1 Yy

0 001

0 010

0100
1000

/, 1,

NN NN
13p023(
Areulg

\Vloo Vl?. Vl7_ VIOJ

13023
Areulg




Implementation Using Decoders

e Each output is a minterm
e All minterms are produced
* Sum the required minterms

Example: Full Adder
Sx v, 2)=3(1,2,4,7)
Ax v, 2)=3(3,5,6,7)

Binary

Decoder

4 )
Y;
Ys
Ys

/, Y,

/, Y,

/, Y,
Y
Yo

g J




Implementation Using Decoders

Binary Binary
Decoder Decoder
4 ) 4 _
Y7 K7
Ys Ye
Ys Ys
X =1, Y, X —/, Y,
—, Y, A I
Y Yio
Yo Yo
\_ J \_ j

(E
&

05




Encoders

e Put “/nformatior’’ into code

* Binary Encoder

* Example: 4-to-2 Binary Encoder

-

1E X

P E

e

\_

Binary
Encoder

~

J

6n|y one A

switch should

be activated at
a time
J

X3 Xo X; Y1 Vo
0 0O 00
0 01 0 1
010 1 0
1 00 1 1




Encoders

* Octal-to-Binary Encoder (8-to-3)

l7 /6 /5 /4 /3 /2 I_Z /0 YZ)/]YO
1 000

1 001

1 0 10

1 011

1 100

1 101

1 Pemfor
1 111

Yo =1, +1;+1.+1,
Y,=1,+1;+1;+1,
Yo=1+1+1,+1

17
le
Is
I4
I5
P
I
lo

N
Binary
Encoder

I‘J I




Priority Encoders
* 4-Input Priority Encoder

Iy 1, 1) 1y Y1 Yo V
00 0

1 0 0 1

1 0 1 1

1 10 1
1 1 1 1

4 )
/5 -B“GL’ vV
;58 v
,Z cum o

\_ J
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Encoder / Decoder Pairs



Multiplexers
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Multiplexers
* 2-to-1 MUX

MUX

N\ Q\

* 4-to-1 MUX

MUX

S, 5,
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Multiplexers
* Quad 2-to-1 MUX

X3
Vs

X5
Vo

X7
Vi

Xo
Yo

MUX

[IRIN

o

T T

U%ﬁ) JUUU

0

AZ

A, v,

A, >
MUX YZ

B, 1
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Multiplexers

 Quad 2-to-1 MUX

4 AOANATNS )
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Implementation Using Multiplexers

* Example

Ax »=2(0,1,3)

1 (1,
1 1 /
1 1 0 /2 MUX Y
/
1 0 : % s s,
1 1 1




Iméplementation Using Multiplexers
* Example
Ax ¥, 2)=2%(1,2,6,7)

o (7
1 /
0 1 /,
1 1 0 /
n n 8 ,j MUX Y
11 0 0 /5
: : -
10 1 0 S, 5, S, )
11 1
11 1 1 Xy z




Implementation Using Multiplexers

* Example

Ax ¥ 2)=2(1,2,6,7)

XV Z F
0

1 1

0 1) 1
| 1)1 0
(1 0) 0
1 1 0
1T 1) 1
1 1)1 1

~ O NJ|N

/,0 )

I_Z

; MUX Y

2

/

\__ S S
Xy



Implementation Using Multiplexers

* Example
HA B C D) =5>(1,3,4,11, 12, 13, 14, 15)

ABCD F ( \
1 2 F=D 3 0
D /,
T 0 _ £
J1 1 JFF=D D /,
T 1 I
01 01 o | F=D 0 /5 y
T T 0 0 /, MUX
111 o |+ F=0
D /
T 0 5
1 1 0 F=0 1 /;
1 1 0
1 0 U1 1 }F:D 1 /7
T 1 1 _ \52 51 50/
11 0J1 1 }'F‘l
1l 1 1 1 _
I E 1 F F=1 A B C




Multiplexer Expansion
e 8-to-1 MUX using Dual 4-to-1 MUX

Iy ;0\
/; / MUX ™y
£ 7 5 s,
KI I
l4 0\/
/
I5 I MUX
/5 I
/
7 % 5.5,




DeMultiplexers

ACRICTO } } } }
_

DeMUX
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Multiplexer / DeMultiplexer Pairs

MUX
(" )

DeMUX

Synchronize




DeMultiplexers / Decoders
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Three-State Gates
e Tri-State Buffer

* Tri-State Inverter A (?




Three-State Gates

C D %
Hi-Z
1 B
1 A
11 ?
L fC=1
- fC=0

aaV




Three-State Gates

/

\_

13023
Areulg

o)

J

~ <> W
'y




