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Abstract: Carry Select Adder (CSLA) is one of the fastest adders used in many data-processing processors to perform fast
arithmetic functions. From the structure of the CSLA, it is clear that there is scope for reducing the area and power consumption
in the CSLA. This work uses a simple and efficient gate-level modification to significantly reduce the area and power of the
CSLA. Based on this modification 8-, 16-, 32-, and 64-b square-root CSLA (SQRT CSLA) architecture have been developed and
compared with the regular SQRT CSLA architecture. The proposed design has reduced area and power as compared with the
regular SQRT CSLA with only a slight increase in the delay. This work evaluates the performance of the proposed designs in
terms of delay, area, power, and their products by hand with logical effort and through custom design and layout in CMOS
process technology. The results analysis shows that the proposed CSLA structure takes only 30.385ns which is better than the

regular SQRT CSLA.
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1. INTRODUCTION

Design of area- and power-efficient high-speed data path
logic systems are one of the most substantial areas of
research in VLSI system design. In digital adders, the speed
of addition is limited by the time required to propagate a
carry through the adder™. The sum for each bit position in
an elementary adder is generated sequentially only after the
previous bit position has been summed and a carry
propagated into the next position®. The CSLA is used in
many computational systems to alleviate the problem of
carry propagation delay by independently generating
multiple carries and then select a carry to generate the sum.
However, the CSLA is not area efficient because it uses
multiple pairs of Ripple Carry Adders (RCA) to generate
partial sum and carry by considering carry input and then
the final sum and carry are selected by the multiplexers
(mux) B,

The basic idea of this work is to use Binary to Excess-1
Converter (BEC) instead of RCA with in the regular CSLA
to achieve lower area and power consumption” and the
main advantage of this BEC logic comes from the lesser
number of logic gates than the n-bit Full Adder (FA)
structure. The SQRT CSLA has been chosen for comparison
with the proposed de sign as it has a more balanced delay,
and requires lower power and area. This brief is structured
as follows. Section | deals with the delay and area
evaluation methodology of the existing technology. Section
Il presents the detailed structure and the function of the
BEC logic. The SQRT CSLA has been chosen for
comparison with the proposed de-sign as it has a more
balanced delay, and requires lower power and areal®!. The
area evaluation methodology of the proposed SQRT CSLA

are presented in Section 1117, The comparison of existing
RCA and proposed BEC adders in terms of time delay and
power is shown in section IV®. Finally, the work is
concluded in Section V!,

Il. EXISTING TECHNOLOGY

A. Regular Carry Select Adder

1. The structure of the 32-bit Carry Select Adder has five
groups of different size Ripple Carry Adders. The delay and
area evaluation of each group in which the numerals within
[ ] specify delay values i.e The group2 shown in Fig.(a) has
two sets of 4-b RCA. In below figure it consists one FA, 6:3
MUX and one HA. The 6:3 MUX contains 12 gates
(combination of 4:2 and 2:1 muxs).

Delay =6:3mux+FA+HA=>(3*13)+1*6+1*12=57 (1)

2. We now consideration some example delay values, then
arrival time of selection input c1[time(t) =7] of 6:3 mux is
earlier than s3[t =8] and later than s2[t = 6].Thus,sum3[t =
11] is summation of s3 and mux [t = 3] and sum2[t = 10] is
summation of c¢1 and mux. Except for group2, the arrival
time of mux selection input is always greater than the arrival
time of data outputs from the RCA’s. Thus, the delay of
group3 to group5 determined, respectively as follows.

{c6, sum [6:4]} = c3[t =10] + mux

{c10, sum [10:7]} = c6[t =13] + mux

{Cout, sum [15:11]} = c10[t =16] + mux 2

3. The one set of 2-b RCA in group2 has 2 FA for Cin = 1
and the other set has 1 FA and 1 HA for Cin = 0 Based on
the area, the total number of gate counts is determined as
follows:
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Gate count = 57 (FA+HA+Mux)

FA = 39(3*13)

HA = 6(1*6) 7
Mux= 12(3*4) ©)) i
F I
NiS RN NRDNRD AN s ge) R A NA NN N [
l | 1l '
[ i i | 1 i i (a glik sl i Al a7

(i} Nz ney (@B (&
| | I |

| \ [0 Muxl[3] /z—uﬂll.lj

1 ! ! ! : ! . * v v v *
HDE g | BINN =  nam  w e o gl sumll sum% simE  sm?

[16] (16 (&)  [16] 18]

mmbl il mit! -ﬁ_um_ utt‘_-ﬂ —

ITTTTTTT
O pey sl wl e ow wM wE wi
Fig 1: 32-bit Regular CSLA Architecture.
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* * * Similarly, the estimated maximum delay and area of the
wl s} miwnd other groups in the regular SQRT CSLA are evaluated and
Lo i1y (o) listed in Table
TABLE I: EVALUATED SQRT CSLA
Group Delay Area
Group2 11 57
Group3 13 g7
Group4 16 117
s LIE L il
I'I"] (1] (%] (%1 Group3 19 147
\1 dd N 5 - I11. PROPOSED TECHNOLOGY
Pelunl 3] w310 Design of high speed data path logic systems are one of
* - - ¥ the most substantial research area in VLSI system design.
il sumé swm3  sume High-speed addition and multiplication has always been a
113]) (13] i3] 113) fundamental requirement of high-performance processors
(b) and systems. The major speed limitation in any adder is in
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the production of carries and many authors have considered
the addition problem. The basic idea of the proposed work is
using n-bit Binary to Excess-1 Converters (BEC) to improve
the speed of addition. This logic can be implemented with
Carry Select Adder to Achieve Low Power and Area
Efficiency. The proposed 32-bit Carry Select Adder
compared with the Carry Skip Adder (CSKA) and Regular
32-bit Carry Select Adder.

The CSLA is used in many computational systems to
alleviate the problem of carry propagation delay by
independently generating multiple carries and then select a
carry to generate the sum. However, the CSLA is not area
efficient because it uses multiple pairs of Ripple Carry
Adders (RCA) to generate partial sum and carry by
considering carry input Cin = 0 and Cin = 1, then the final
sum and carry are selected by the multiplexers (mux). The
entire work performed by usage of Binary to Excess-1
Converter (BEC) instead of RCA with Cin = 1 in the regular
CSLA to achieve lower power consumption The main
advantage of this BEC logic comes from the lesser number
of logic gates than the n- bit Ripple Carry Adder (RCA). A
structure of 4-bit BEC and the truth table is shown in Fig.
and Table 1 respectively.

B3 BX Bl BO

!

BiRZBIBO BRI BO Bl RO B
X3 Al Xl Al

L

NI X2 X1 X0
Fig 3:4-bit Binary to Excess-1 Converter (BEC).

TABLE II: FUNCTIONAL TABLE OF 4-BIT BEC

B[32:0] X[3:0]
0000 0001
0001 0010
1110 1111
1111 0000

How the goal of fast addition is achieved using BEC
together with a multiplexer (mux) is described in above Fig.,
one input of the 8:4 mux gets as it input (B3, B2, B1, and
BO0) and another input of the Mux is the BEC output. This
produces the two possible partial product results in parallel
and the Mux’es are used to select either BEC output or the

direct inputs according to the control signal Cin. The
Boolean expressions of 4-bit BEC are listed below, (Note:
functional symbols, ~ NOT, & AND, * XOR).
X0=~B0
X1=B0"B1
X2=B2" (B0 &B1)
X3=B3”" (B0 &B1 &B2)

The AND, OR, and Inverter (AOI) implementation of an
XOR, 2:1 MUX, FA plays main role in determining delay
contributed by the gate. The delay and area evaluation
methodology considers all gates to be made up of AND,
OR, and Inverter, each having delay equal to 1 unit and area
equal to 1 unit. We then add up the number of gates in the
longest path of a logic block that contributes to the
maximum delay. The area evaluation is done by counting
the total number of AOI gates required for each logic block.

B3B2XBEI1I BO

4{
4-Fil Binary
o Excess-l

4 4

b
L]
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535251 50
Fig 4:4-b BEC with 8:4 mux.

IV. AREA EVALUATION METHODOLOGY OF
MODIFIED 16-B SQRT CSLA:
The structure of the proposed 16-b SQRT CSLA using
BEC for RCA to optimize the area and power is shown in
Fig 5.
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Fig 5: BEC Converter.
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V.RESULT

Fig 6: Result Diagram.

TABLE I11: COMPARISON TABLE BETWEEN CSLA
ADDERS WITH RCA AND BEC IN TERMS OF TIMING
(DELAY) AND POWER

TIMING POWER
REPORT
CSLA WITH 30.385ns Tmw
BEC
CSLA WITH 51.536ns 2Tmw
RCA

VI. CONCLUSION

Addition is the most common and often used arithmetic
operation on microprocessor, digital signal processor,
especially digital computers. Also, it serves as a building
block for synthesis all other arithmetic operations.
Therefore, regarding the efficient implementation of an
arithmetic logic unit, the adder structures become a very
critical hardware unit. In any book on computer arithmetic,
someone looks that there exists a large number of different
circuit  architectures  with  different  performance
characteristics and widely used in the practice. Although
many researches dealing with the adder structures have been
done, the studies based on their comparative performance
analysis are only a few. Digital Adders are the core block of
DSP processors. The final carry propagation adder
(CPA) structure of many adders constitutes high
carry propagation delay and this delay reduces the overall
performance of the DSP processor.In this project, qualitative
evaluations of the CSLA adder switch and without BEC
architectures are given. Among the huge member of the
adders we wrote Verilog (Hardware Description Language)
code for Carry skip and carry select adders to emphasize the
common performance properties belong to their classes.
With respect to delay time and power consumption we can
conclude that the implementation of CSLA with BEC is
efficient. The main advantage of this BEC logic comes from
the lesser number of logic gates than the n-bit Full Adder
(FA) structure. Now a day’s Carry Select Adder (CSLA)
used in many data-processing processors to perform fast

arithmetic function. That’s why we have designed a
configurable adder with minimal delay overhead, and power
efficient. CSLA RCA can be replaced by CSLA BEC
Where the speed and power are the major constraints. The
proposed CSLA BEC consumes only 17mw which is very
less when compare to the existing CSLA RCA which
consumes 37mw.
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