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Adders I

Adding two natural numbers

I et consider two natural numbers 3 and b
coded on 8 bits using Natural Binary Code

d

6\ 95\ 44\ 43\ 42\ 4

7 K6 X5 K4 K3 N2 N1

57 56 55 54 53 52 51 SO
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Adders I

Adding two natural numbers

At each stage, I need to sum 3 single bit numbers 3; bi Ci

The carry out of the stage 11s the input carry of the next stage

C'_,_vIC-

3 s; and ¢;,.1 are Boolean

functions of 3; bi o
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Adders I

Adding two natural numbers

aibi 11 10
o|/1\| o
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51 =2® b @ ¢ Cir1 = Ay AC by
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Adders I

Adding two natural numbers

|\ —

Civq = 3 - (bitcy) * byg
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Adders I

Adding two natural numbers

si=3,@b; ® ¢, Cisq = ap.bj+3;.¢; + by.cy

Ciaq = 3D+ @1*DY . ¢

Dl
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Ci+1
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Adders I

Adding two natural numbers

si=3,@b; ® ¢, Cisq = ap.bj+3;.¢; + by.cy
Ciaq = 3D+ @1*DY . ¢
Civq = A3+ (3;®by) . ¢
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Adders I

Adding two natural numbers

The circuit generating s; and ¢;,¢ 1s called a Full Adder (FA)

Ci
D

Dl
D

Do_

Ci+1

L I Pirouz Bazargan Sabet Digital Design February 2010



Adders I

Adding two natural numbers

At each stage, I need to sum 3 single bit numbers 3; bi Ci

The carry out of the stage 11s the input carry of the next stage

b; a7 bg 3 b 31 bpy 3o

| | | |
FA FA FA FA [— €O

| | | |
57 56 51 50

O .
I I p Ripple Carry Adder (RCA)
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Adders I

Adding two natural numbers

Ripple Carry Adder (RCA)

Area o< n Delay o< n

b; a7 bg 3 b 31 bpy 3o

| | | |
FA FA FA FA [— €O

| | | |
57 56 51 50

Timing should be improved
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Adders I

Adding two natural numbers

Acceleration technics

either O or 1

b7tos 37t04  brtos 7t04 3t00 ¥3t00
| | 1 | | O | |

Adder J Adder Adder

I
53t0 0

I i p *7 to 4 Carry Select Adder (CSLA)
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Adders I

Adding two natural numbers
Carry Select Adder (CSLA)
log(3) — n1.585

Area o< n Delay o< log (n)

bs_4 a7_4 bs » az5  byrag boag
| |

O
I 532
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Adders I

Adding two natural numbers
Acceleration technics
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absorption
propagation
generation
propagation

carry out depends
on carry in

carry out does not
O depend on carry in
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Adders I

Adding two natural numbers
Acceleration technics
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=3 b;
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absorption
propagation
generation
propagation

Ciag = G+ i
s; =P, ®c
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Adders I

Adding two natural numbers
Acceleration technics
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=3 b;
=3, ® b,

absorption
propagation
generation
propagation

Ciag = G+ PiG
s; =P, ®c
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Adders I

Adding two natural numbers
Acceleration technics

N \bi+1 j+1 b,
|

~
Pi(}l’\l
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Adders I

Adding two natural numbers
Acceleration technics

b1 3 by 3
| | | |
P.G.

Giv1=341 b1 G =a;b;

Pis1=31 @b P =23, @by

Pist Qist P

l

G.

l

Giv
p.

i+1,

= G+ G P
= Pi- P

PG

I 1+1 1 1+1 1
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Adders

bsa; bgag bsas bya; bzaz
Pi Gi Pi Gi Pi Gi Pi Gi Pi Gi

PG PG PG
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Slansky Adder

Digital Design
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Kogge-Stone Adder
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Adders I

Adding two natural numbers (summary)

Area Delay

Ripple Carry (RCA) n n

Carry Select (CSLA) n 108(3) log (n)
Carry Lookahead (CLA) n log (n) log (n)
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