Digital Logic
Lecture — 7 - Chapter 4

Outline

e Analysis of Combinational Logic (CL)
* Design of CL
e (Classical CL circuits

e Adder

Combinational Logic (CL)

e CL consists of input variables, logic gates, and output
variables.

* CL 1s a logic that has no feedback path from output to
input and no memory elements.

e —
Combinational
n inputs —> e —> m outputs
X circuit X
—_— —>

* For n input variable, 2" binary input combinations.

* Specified with a truth table, list output values for each
combination of input variables.

e Described by m Boolean functions
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Digital Logic

COMBINATIONAL LOGIC (CL)

e Tasks:

(1) Analysis of CL: Analyze the behavior of a given logic
circuit

(2) Design of CL: Synthesize a circuit that will have a
given behavior

Analysis of CL

* Analysis steps
o Given a CL circuit
o Obtain a function for each output
o Derive a truth table for each output
o Interpret the operation
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Digital Logic

Analysis of CL

« F2=AB+AC+BC
- F1=A'BC'+A'B'C+AB'C'+ABC
e Interpretation

A B C F, K
0 0 0 0 0
0 0 1 0 1
0 I 0 0 1
0 1 '1 '1 0
1 0 0 0 1
'1 0 | '1 0
1 1 0 1 0
1 1 1 1 |
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Digital Logic

Design of CL

* Design steps

e Given the specification of a circuit

e Determine the inputs and the outputs

e Derive a truth table for each output
e Obtain a function for each output

e Draw the circuit

e Code Conversion

o BCD to Excess-3

Four Different Binary Codes for the Decimal Digits

Decimal BCD
Digit 8421 2421 Excess-3 8,4 -2, -1

0 0000 0000 0011 0000
| 0001 0001 0100 0111
2 0010 0010 0101 0110
3 0011 0011 0110 0101
4 0100 0100 0111 0100
5 0101 1011 1000 1011
6 0110 1100 1001 1010
7 0111 1101 1010 1001
8 1000 1110 1011 1000
9 1001 1111 1100 1111
1010 0101 0000 0001
Unused 1011 0110 0001 0010
bit 1100 0111 0010 0011
combi- 1101 1000 1101 1100
nations 1110 1001 1110 1101
1111 1010 1111 1110
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Digital Logic

Design of CL

e Code Conversion
o BCD to Excess-3

Design steps
e Given the specification of a circuit
e Determine the inputs and the outputs
e Derive a truth table for each output
e Obtain a function for each output
e Draw the circuit

Truth Table for Code-Conversion Example

Input BCD Output Excess-3 Code
A B C D w X y z
0 0 0 0 0 0 l I
0 0 0 1 0 1 0 0
0 0 l 0 0 I 0 l
0 0 I I 0 I I 0
0 I 0 0 0 I 1 1
0 l 0 l l 0 0 0
0 1 1 0 1 0 0 1
0 I I l I 0 I 0
I 0 0 0 1 0 1 1
I 0 0 l l I 0 0
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Digital Logic

Design of CL

K-map
 w=A+BC+BD
 x = B'C+B'D+BC'D'
e y=CD+C'D'
e z=DD'

Multi-level

Design steps
e Given the specification of a circuit
e Determine the inputs and the outputs
e Derive a truth table for each output
e Obtain a function for each output
e Draw the circuit

e« w=A+B(C+D)
e x = B'(C+D)+B(C+D)
« y = CD+(C+D)
e 7=D'
>0
T L ~
_:[: -—->o—“(C+D','
C+D .
B —y / —
| —>—
Do B—
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Digital Logic

Design of CL

e Build a circuit to display a decimal digit(BCD) in a
7-segment component.

(a) Segment designation

Seven-Segment Decoder

Design steps

e Given the specification of a circuit

e Determine the inputs and the outputs
e Derive a truth table for each output
e Obtain a function for each output

e Draw the circuit

(b) Numeric designation for display

I
[ 0 0 0

BCD Input
A B C D ab c de f g
0 0 0 0 I 1 1 1 1T 1 0
0 0 0 1 O 1 1 0 0 0 0
0 0 1 0 I 10 1 1 0 1
0 0 1 1 L1 1 1 0 0 1
0O 1 0 0 O 1 1 0 0 1 1
0 1 0 1 01 1 0 1 1
0 1 1 0 0 1 1 1 11
0 1 1 I 0 0 0 0
l
l

[0 0 1

All other inputs

[ N —

0

0

a=A'C+A'BD+A'B'D' +AB'C’

b=7?
c="?
g=?
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Digital Logic

Outline

e Analysis of Combinational Logic (CL)

e Design of CL
e (Classical CL circuits

* Adder

Half Adder
e Addition of two binary bits
e xty=7? Half Adder
X C s
® S=X'y+xy'=x@y y
e C=xy 0 0 0 0
0 1 0 |
1 0 0 |
| 1 | 0
X |
.‘" —_—
: l \_\ s

P p— , \
| ; ) ;

- /
B c D

y —_j ‘

(a)S=xy" +x'y (b)S=xPy
C=xy C=uxy
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Digital Logic

Full Adder
e Addition of three bits (two significant bits and a previ-
ous carry)
* x+yt+z="?
Full Adder
X y z C S
0] O 0 0) 0
0 O 1 0 1
0 1 0O O 1
0] 1 1 | 0
1 ) 0 0 1
1 ) 1 1 0
1 1 §) 1 0)
1 | 1 1
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Digital Logic

Full Adder

Adds three bits (two significant bits and a previous carry)
* Note that the Sum alternates between an XOR and XNOR depending upon Carry;,
* Note that the Carry,, alternates between an AND and an OR depending upon

Carryi,

e S=x'y'z+x'yz'+xy'z'+xyz

¢ C_Xy+XZ+yZ X|Y Carryout
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 il | il 0 1
1 0 O 1 0
1 0 1 0 1
1 1 0 0 1
1 i | il 1 1
!

g ¢

In this figure, Z = Carry andC= Carry

5 6 6 ¢
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Digital Logic

Full Adder
 Implemented with half adder ?
* S=x'y'z+xX'yz'txy'z'txyz=z® (x®y)

o C=xy+xzt+yz=z(xy'+x'y)+xy

S

X 1\ 19) [N (vdy)8: S
y ‘ |
/ ! ; L_/
1y ‘
j ' (x&y):

) . (vBy)ity
| — (
XY

. 0 0 O 0 0

! o 0 1| 1 0

0 1 0 1 0

;{e:)a(IIIY: +F)c:;?=h;I:B—Yadder: For a Full- Adder: (1) :) (1) : ;

¢ XY S=XY'C, + X'YC, +XY'C,) +XYC,, —— .

= (XY +XY)C,, + (XY + XY)C,,'
Cout = XY +XC; + YC,, - (XY +XV)C, + (XD YIC, 1 1 0| o 1
NG+ G) G HY) =@, e
— +YC,(2+2)
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Digital Logic

Binary Adder

e Arithmetic sum of two binary numbers

e A chain of full adders : ripple (serial) adder

B, Ay By Agp

Lo

G
FA - FA .
5y So
P;®C;
S;
} P;C;+ G;
j ™~ ] (*"]

G
FA - FA
Cs S; S»
B;
DL
C;
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Digital Logic

Application of Adder

* Binary multiplier

e B3B2B1B0 x A2A1A0

e TR B 1, B,
~ ~N
A
' 1 B- 1, B, N b s el ~
\J U U U ¢
— >, 1
¥ ¥ ¥ ¥ ¥ Y
Addend Augend
4-bit adder
Sum and outpul carry
Az
Iy P I FE
QQQQ"MV
Addend Augend
4-bit adder
Sum and oulput carry
l l 1 1 Y
e Cs Cs < &) L& Co
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