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Abstract— Fast mathematical operations are need of today’s
processors. Fast mathematical operation depends op adder
circuits. Different approaches used to implement fst adders.
Carry Select Adder (CSLA) is used for fast addition.Carry Look
Ahead Adder (CLA) is also one of the fast adder buit has
limitation. If CSLA is implemented by level 2 logicCLA will be
the fast adder. Level 2 logic CLA used carry look akad block to
generate output carry by skipping addition blocks.It will also
reduces area as compare to CSLA. Level 2 logic CLA caiso be
used to implement n bit adders.

Index Terms— Carry look ahead adder, carry select adder, level2
logic CLA, delay.

|. INTRODUCTION

Carry propagation delay is important factor forigemg
adders. The 32-bit adders are implemented usingtld&dders,
16-bit adders are implemented using 8-bit addetst &dders
are implemented using 4-bit adders. There are fgpes of
adder. Ripple carry adder, Carry look ahead adwery select
adder and carry skip adder. Each adder has ditfezehniques
to generate output carry therefore each adder éereat
carry propagation delay. The lower bits adder autury is
the input carry of upper bits adder. Therefore Itheer bits
adder should reduce the carry propagation delay.

1. DELAY ESTIMATION IN BASIC ADDER UNITS

Every digital gate (AND, OR, NOT, EXOR...) has tsn
propagation delay depending upon technology besagl §i3].
As shown in Fig.1, two inputs A and B applied ahsaime to
AND gate but the output is delayed by Tp. Thisalezl gate
propagation delay.As shown in fig.2 the total defay the
output SUM is the sum of delay of EXOR1 and EXORiZeg
Let us assume propagation delay of each gate s2s total
delay of output sum is 4ns .In the same way, outputy will
have total delay of 6ns as it passes through EXGRID?2
and OR1.This is longest path for output carry. Qutparry
also depends upon AND1, but propagation delay oDAN
gate and EXOR1 is same because they are workiradlgisr
OR1 gate accepts two inputs, one is 4ns delayethlsand
another is 2ns delayed signal. Therefore, the comesult of
output carry can be obtained after 6ns only. Aswshim fig.3,
the full adder requires 2GD.

The carry propagation delay is the delay requingd
adder circuit to generate output carry throughldingest path.
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The carry propagation delay of full adder is 2 @B.this
paper all delays for carry and sum are tabulatedomgidering
each gate delay as 2ns.

Ill. CARRY PROPAGATION DELAY OFFOUR BIT ADDERS

A. Ripple Carry Adder
The RCA is the slowest adder because the carryefiqus
stage is connected to next stage as shown in fig.4.
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Fig. 4 Four bit Ripple Carry Adder
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Hence the carry propagated like ripple from LSBystto
MSB [3].
B. Carry Look Ahead Adder

In this the carry signal is calculated in advabased on input
signals as it is operated on two internal signaléed carry
generate(Q and carry propagatei}PThese signals are defined

as
(2)
©)

= Ai (EXOR) Bi
d = Ai (AND) Bi

The input carry propagate to the output carry
1

whenever P= 1 and Co is generated whenever Gi =
regardless of input carry Ci. These signals setttedheir
steady state value after propagation to their &sme gates.
The output sum (Si) and output carry (Co) can bisneée as

(4)
(%)

The SOP equations for output carry at various stag@s
follow referring equation 2 to 5.

Si = Pi (EXOR) Ci
Co=G OR (P AND Ci)

C,=G,+PC, (6)
C2=G1+P1Cl
= G1+ Pl (Go+ POCO)
= Gl+ PlGO+ I:)lF)OCO (7)
C,=G,+PC,
—G+PG +PP G +PPPC, ®)
C,=G,+PC,
—G +PG +PPG +PPPG+PPPPC (g

The main disadvantage of CLA adder is that gate|

complexity increases as number of bit for additiocreases
[4]. 2-bit and 4-bit carry look ahead adder impl@hagion is
easy. But 8-bit,16-bit carry look ahead adder imgatation

is difficult because as number of bit increases memof AND
gate increases and number of inputs of AND gateGiRdyate
also increases. Fan in (number of input pins o&)gdtAND
gate and OR gate is restricted . Other fast adder<CSLA,
CSKA can be used. Output sum propagation delaypéois 2
GD and for S1, S2, S3 is 4GD. Output carry progagatelay
is 3GD as shown in fig.5. As carry is generatedierathan
S1, S2, S3, it is called as CLA level block accegtsup
generate and group propagate signals and process th
generate output carry.

C. Carry Select Adder

In CSLA, inputs bits are divided equally into two
parts, upper bits and lower bits [1]. Three addeesused in
this case; one for lower bits addition and two dipper bits
addition. One upper bit adder perform addition with
assumption that input carry¢( = 0 and other perform
addition for G, =1 . Output carry bit of lower bit adder {IC
select either of two upper adders as shown in fagdit is
connected to select p|n of each MUX as shown irffig
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Fig. 5 Two -bit CLA.
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Fig. 4 Four bit CLA.
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As upper bit adders and lower bit adder performitadd E. Level 2 CLA

simultaneously, the speed of addition increasesaBmumber
of adder unit increases and additional multiplexees
required, the area requirement increases. If n G#®LA
(n/2+1) MUX are required.
In this two full adders as shown in fig.2 are eated in
such a way that output carry of first 1-bit addsraput carry
of next 1-bit adder.
D. Previous work:
16-bit CSLA hierarchy is shown in the Fig......
Herel6-bit adder when implemented using three 8-bit
CSLA of three 4-bit CLA is the fastest adder. Tlzerg
propagation delay is mentioned with GD. 4-bit CSLA
requires only 3GD for output carry. Three four BILS
used to form 8-bit CSLA. The carry output of lowkbit
CLA is given to MUX select input. Three 4-bit CLAilv
generate output carry simultaneously. MUX circaijuires
only two gate delay. Therefore 8-bit CSLA usingetiar
4-bit CLA will have total carry propagation delay @ GD.
Now this three 8-bit CSLA used to implement 16 @8LA
then total output carry propagation delay is 7GD.
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Fig.7 Four bit carry select adder

To reduce carry propagation delay new carry look
ahead is used. CLA adder basically divided into paots.
One part generates only propagate and generatal sigd
another part will generate output carry. The cledkich
accepts generate, propagate signals and produtpst o
carry is called Carry Look ahead block. This cdogk
ahead block can is used at top level of 16-bit,bB2-
adders. The lower level will only generate propagamnd
generate signals. This lower level is also resyadior
output sum. The 5-bit CLA is shown in fig...

The 5-bit CLA requires only 2-bit carry look ahead
block and two CLA. One is 2-bit CLA and another i2-b
CLA. The group propagate and group generate sigrals
given to top level.

Por=Fo. P ; (10)
P2_4 = P2 . P3. P4. (11)
Go1= G+ GP (12)
Gy.a = Gy + G3P3Ps + GP,P3P, (13)

Output carry is generated only when MSB generate
the carry or if LSB generates the carry then MESlbould
propagate the carry. For 3-bit CLA ,if G4 generaties
carry then it will be the output carry of 3-bit CLAf G3
generates the carry then P3 and P4 signals shoopaigate
the carry. If G2 generates carry then P2, P3, Ralgh
propagate the carry.

This logic is used to implement 16-bit CLA. Forshi
four 4-bit CLA are used along with 4-bit carry loakead
block. Group generate and group propagate signas a
generated at lower level module.
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Fig 8. 16-bit adder hierarchy
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Result and conclusion

The carry look ahead adder has minimum carry prati@y
delay. If it is implemented by using propagate gymherate
signal then fast adder is implemented. It requirdg 7 GD.

&

Look Ahead G

G ugn G 0 I"',61 &

']

[

[ H Pysqe Gy Lesn Pty I Gy ‘ Gur Py G Gz P
S M fo P fy  Mm G e
4-BIT CLA 4-BIT CLA A-BIT CLA 4-BIT CLA L
kB Sl S AR AR Podgfh Sh B B M HAR foda By S b By B M B B AR BBy Soh B A AR S AR
R AR A N A A
Sehis s SuduBu SuhaBy SpMnBy SidiBn SpdnBn Sh3 SAE Skl SM8B SAB S AR ShB ShE S4B SA4R
Fig 8. 16-bit CLA
TABLE V
DELAY ANALYSIS OF32-BIT CSLAADDERS
32-bit CSLA
S.No. Parameters Using three 16-bit adders
Hierarchical CLA CLSA
Level of logic 19 14
No. Of slice 68/768 73/763
Memory usage 252196 258916
Logic delay(ns) 14.001 11.02
Route delay(ns) 14.220 10.782
Total delay(ns) 28.231 21.824
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Fig. 9 Test bench waveform of 32-bit high speedeadd
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