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Points Addressed in this Lecture

Adders
7 Segment Displays

HD Comparators
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Binary Addition

0 Recall the binary addition process

A 1 0 0 1
+B 0 0 1 1
S 1 1 0 0

LS Column has 2 inputs 2 outputs
« Inputs Ao, Bo
. Outputs S G
HD Other Columns have 3 inputs, 2 outputs
« Inputs: A4, B, ,C,
« Outputs: S, Che
» Weusea"half adder" to implement the LS column
« Weusea"full adder" to implement the other columns
= Each column feeds the next-most-significant column.
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Half Adder

0 Truth Table A B |sSs ¢
o o | o0 o0
0 1 10
1 0 1 0
1 1] 0 1
0 Boolean Equations S=AB+ AB

b C=AB

0 Implementation

= L s A rz ¢

A
B
A
B

0 L

b = Note also XOR implementation possible for S
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0 Truth Table

Full Adder

A B Ci S Co
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

0 Boolean Equations S=ABC; + ABC; + ABC; + ABC;

=AOBOC

C, = ABC; + ABC; + ABC; + ABC;
=AB+ ACi + BCi

= AB+C;(A

+B)
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0 Implementation (using NAND gates only)

A__ A —
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& S
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Ci —1

=« Note: Full adder can also be obtained from 2 half adders.
»  (See Question Sheet)
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Full Adder from Half Adders

0 Truth Table

A B HAs
0 0 0
0 0 0
0 1 1
0 1 1
1 0 1
1 0 1
1 1 0
1 1 0

HA.
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Parallel Adder

0 Uses 1 full adder per bit of the numbers

Bn An B2 A2 Bl Al

L[ ||

B A Ci B A Ci

Co S Co S

]

Sn S2

Sn+1

\ l 0 The carry is propagated from one stage to the next most
significant stage
= takes some time to work because of the carry propagation delay whichisn
times the propagation delay of one stage.

0 Available asasingle part (74LS83 - 4-bit full adder)
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Parallel Subtraction using
Parallel Adder

0 Subtraction can be achieve by adding the complement
« EQ:6-3=6+(-3)=3

0 2'scomplement :- invert al bits and then add 1
» Use Carry-in of first stage for the "add 1"

b = Invertall theinputsbitsof B

Bn An B2 A2 B1 Al e
Ci B A Ci B A Ci
Co S Co S Co S
S Sn S2 S1

n+l
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Delaysin Adder Circuits

0 Inthe parallel adder, it takes time for the carry outputs to
propagate through all the bits
= 2 gate delays per bit of adder
0 Worst case (4-bit example)
. (1111), +(0001),
= Ccarry out generated at every stage
0 Sum output of it stage isvalid after (2*i + 2) gate delays

0 Carry output of ith stageisvalid after (2*i + 2) gate delays

Digital Electronics|. Slide 8.10

Carry Look-Ahead Adder

Carry look-ahead adder aims to overcome this limitation
=« Thecarries are generate in advance for all the stages of the adder
« Extralogic required but it operates faster

For theit" stage

if A=B=1 then C,, awaysequalsl

« 2gatedeays

0 if A=B=0 then C,,; awaysequalsO

=« 2gatedelays

if A#B then C,, dependson G,

= 2 or 3 gate delays depending on implementation (see slide 8.5)

O

o O

O
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0 Ideaof carry lookahead isto express the carry outputsin
terms of the inputs
« thecarry out of stagei should be 1 if
(acarry isgenerated in stage i because both A andB are1) or
(the carry into stagei is1 and oneof A or Bis1)

0 Let the carry generation function at stage i be
G=AB
0 Let the carry propagation function at stage i be
P=AOB
0 Then
S=P0OGC,
Cout = AB + AC;,, + BCj,
= AB+C;,(AOB)
=G +Cj,P
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0 Each carry-out can be expressed interms of Psand G's
from previous stages and the carry-in of the zero’th stage

7 Segment Displays

0 LCD or LED displayscan . 2
display digits made of upto 7 / . /b
C,=Gp + PGy segments or lines | e/ /
C, =G+ RC, =G, +P,Gy +PPyCy w Hex clhdara((j:te_r ajethneeds4 bits c
Caz=G +PC2:G PG +P PG +PPPCO = Includes decimal character set d
3TF2 712 2 7T2P1 Th2R1=0 TR2RLT0 0 Decode 4 bits into 7 control —
etc signalsusing aBIN/7SEG xamse) |, a |a
decoder x2 . bR
X1 2 d d
X0 . P
9 9
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0 The 7 segment decoder is the largest circuit that would be
economic to implement using gates Compar atorS

«  Wewill see other implementation methods later (ROM, PLD)

[N

a b c d etc.

w
N
o
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A circuit which compares 2 unsigned numbers
0 Each bit iscompared, MSB first

= Thefirst bit which differs determines which number is bigger
0 1-bit comparator:

COMP

P<Q—
P>Q—

p
<
>
Q

« The 1-bit inputs are presented at P and Q

b = Outputs P>Q and P<Q set according to Pand Q
« Over-rideinputs, > and <, are used to force one of the outputs to be true.
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Multi-bit Comparators

0 n 1-bit comparators can be combined
= E.g. 3-bit comparator

XQ
X1
COMP COMP COMP
L L L X<Y
0 P P P P<Q
'-O_D' < P< < P< < P>Q—XZY
> P> > P> >
|‘ Q 19 19
Y1
YO
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