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Abstract: In the design of Integrated Circuits, area
occupancy plays a vital role because of increasing the
necessity of portable systems and to reduce power
consumption. In designing a adder carry generation is
critical way to reduce number of transistors and to reduce
power consumption. Carry Select Adder (CSLA) is one
of the fastest adders used and there is further scope of
reducing the area in CSLA structure. The proposed design
is implemented by sharing the Common Boolean Logic
term (CBL) to develop an area-efficient CSLA. one XOR
and one inverter in each summation operation as well as
one AND gate and one inverter in each carry-out operation
and Through the multiplexer, the correct output is selected
according to the logic states of the carry in signal. This paper
proposes efficient SQRT CSLA (CBL CSLA) architecture in
terms of area. 8-bit, 16-bit, 32-bit, 64-bit, 128 bit and 256
bit architectures of CBL based CSLA are designed and
compared with regular CSLA and BEC based CSLA.

Keywords: Adder, Binary to Excess-1 Converter (BEC),
Carry Select Adder (CSLA), Common Boolean Logic
(CBL), Exclusive or (XOR).

1. INTRODUCTION

As the scale of integration keeps growing, more and more
sophisticated electronic systems are being implemented on a
VLSI chip. Adders are most widely used in multipliers, DSP
to execute various algorithms like FFT, FIR and IIR. As we
know millions of instructions per second are performed in
microprocessors. So, speed of operation is the most important
constraint to be considered while designing multipliers. Due
to device portability miniaturization of device should be high
and power consumption should be low. Devices like Mobile,
Laptops etc. require more battery backup.

So, a VLSI designer has to optimize these three parameters
in a design. These constraints are very difficult to achieve
so depending on demand or application some compromise

between constraints has to be made. Ripple carry adders
exhibits the most compact design but the slowest in speed.
Whereas carry look ahead is the fastest one but consumes more
area. Carry select adders act as a compromise between the two
adders. In 2002, a new concept of hybrid adders is presented to
speed up addition process by Wang et al. that gives hybrid carry
look-ahead / carry select adders design. In 2008, low power
multipliers based on new hybrid full adders.

Design of area- and power-efficient high-speed data path logics
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 ‘0’ and ‘1°,
then the final sum and carry are selected by the multiplexers
(MUX).

The existing modified SQRT CSLA is to use Binary to Excess-I
Converter (BEC) instead of RCA with Cin=1 in the regular
CSLA to achieve lower area and power consumption with
slightly increase in the delay. The basic idea of the proposed
architecture is that which replaces the BEC by Common
Boolean Logic.

I1. Basic STRUCTURE OF REGULAR SQRT CarrY
SELECT ADDER

The carry select adder comes in the category of conditional sum
adder. Conditional sum adder works on some condition. Sum
and carry are calculated by assuming input carry as 1 and 0
prior the input carry comes. When actual carry input arrives,
the actual calculated values of sum and carry are selected using
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a multiplexer. The conventional carry select adder consists of
K/2 bit adder for the lower half of the bits i.e. least significant
bits and for the upper half i.e. most significant bits (MSB’s)
two K bit adders. In MSB adders one adder assumes carry
input as one for performing addition and another assumes carry
input as zero. The carry out calculated from the last stage i.e.
least significant bit stage is used to select the actual calculated
values of output carry and sum. The selection is done by using
a multiplexer. This technique of dividing adder in to two stages
increases the area utilization but addition operation fastens.
N bit Square root CSLA with P stages, first stage adds M bits
second M+1 and so on. Hence number of stages is proportional
to YN and delay is proportional to VN.

#\I
REGULAR 16-BIT SQRT CSLA
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Fig. 1: Block Diagram of Regular 16-b SQRT CSLA with
Groups Shown
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Fig. 2: Area Evaluation Methodology of 16 bit SQRT CSLA

The main disadvantage of regular CSLA is the large area due
to the multiple pairs of ripple carry adder. The regular 16-bit
Carry select adder is shown in Fig. 1 [7]. It is divided into
five groups with different bit size RCA. From the structure
of Regular CSLA, there is scope for reducing area and power
consumption. The carry out calculated from the last stage i.e.
least significant bit stage is used to select the actual calculated
values of the output carry and sum. The selection is done by
using a multiplexer.

TABLE I: DELAY AND AREA COUNT OF THE Basic BLocks oF CSLA

BLOCK DELAY | AREA
XOR 3 5
2:1 MUX 3 4
HALF ADDER 3 6
FULL ADDER 6 13

Detailed internal structure of each group from group 2 to group
5 and the estimated maximum delay and area of the other
groups in the regular SQRT CSLA are evaluated as shown in
Fig. 2, Table I and listed in Table II and Table III.

TABLE II: AREA CoUNT CALCULATION OF INDIVIDUAL GROUPS OF
16 Bir SQRT CSLA

AREA in

GROUP
GATES

AREA CALCULATION

Group 1 | 2 bit RCA = 2FA =2%*13 gates

26

2 bit RCA(c=0) + 2 bit RCA(c=1) +
3 bit MUX =

1FA + 1HA + 2FA + 3(2:1 MUX) =
1*13 + 1%6 + 2*13 + 3*4 gates

3 bit RCA(c=0) + 3 bit RCA(c=1) +
4 bit MUX =

2FA + 1HA + 3FA + 4(2:1 MUX) =
2*13 + 1%6 + 3*13 + 4*4 gates

4 bit RCA(c=0) + 4 bit RCA(c=1) +
5bit MUX =

3FA + 1HA + 4FA + 5(2:1 MUX) =
3*¥13 +1%6 +4*13 + 5*4 gates

Group 2
57

Group 3
87

Group 4
117

TaBLE III: AREA CounT AND DELAY OF 16 BiT SQRT CSLA

Grouprs
GROUP AREA COUNT DELAY
Group 1 26 6
Group 2 57 11
Group 3 87 13
Group 4 117 16
Group 5 147 19
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III. STrucTURE OF 16 Bir Mobiriep SQRT CSLA
UsSING BEC

In 16 bit SQRT CSLA with BEC, we use 3 bit BEC, 4 bit BEC,
5 bit BEC, 6 bit BEC in second row replacing RCAs with
Cin=1. In each group for Cin=0 addition is perform using RCA.
For Cin=1 addition is perform using BEC logic. From both the
generated result only one output is selected based on carry in
signal (actual Cin) from the previous group. Fig. 3. shows the
block diagram of modified SQRT CSLA.

| MODIFIED 16-BIT SQRT CSLA |

| Group 5 | | Group 4 | Group 3 Group 2 Group 1

A[15:1]B[15:11] A[10:7]B[10:7] | A[6:4] B[64] | A[32] B[3:2] A[1:0] B[1:0]
1541 |0 10:7 |0 64 |0 32 110 !
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Fig. 3: Modified SQRT Carry Select Adder Parallel RCA with
Cin=1 is Replaced with BEC
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Fig. 4: Delay and Area Evaluation of Modified 16 Bit SQRT
CSLA: (a) Group 2, (b) Group 3 and (c) Group 4. His a
Half Adder F is Full Adder

The delay and area estimation of each group are shown in Fig.
4 above and Fig. 5 below. The steps leading to the evaluation
are given here.

AREAEVALUATION METHODOLOGY OF MODIFIED 16-B SQRT CSLA
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Fig. 5: Delay and Area Evaluation of Modified 16 Bit SQRT
CSLA: (d) Group 5H is a Half Adder F is Full Adder

The Group 2 has one 2-b RCA which has 1 FA and 1 HA for
Cin=0 Instead of another 2-b RCA with Cin=1 a 3-b BEC is
used which adds one to the output from 2-b RCA. Based on
the consideration of delay values of Table I, the arrival time
of selection input C1 [t=7] of 6:3 MUX is earlier than the S3
[t=9] and C3 [t=10] and later than the S2 [t=4]. Thus, the Sum
3 and final C3 (output from MUX) are depending on S3 and
MUX and partial C3 (input to MUX) and MUX, respectively.
The Sum2 depends on C1 and MUX.

The area count of group 2 is determined as shown:
Gate count = 43 (FA + HA + MUX + BEC)

FA=13 (1¥13)

HA=6(1*06)

MUX =12 (3*4)

BEC (3-BIT): NOT =1, AND =1, XOR =10 (2 * 5)

Similarly, the estimated maximum delay and area of the other
groups of the modified SQRT CSLA are evaluated in Table IV
and Table V.

TaBLE IV: AREA COUNT AND DELAY OF MoDIFIED 16 BiT SQRT

CSLA (BEC)
GROUP AREA COUNT DELAY
Group 1 26 11
Group 2 43 13
Group 3 66 16
Group 4 89 19
Group 5 113 22
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TABLE V: AREA CoUNT CALCULATION OF INDIVIDUAL GROUPS OF
16 Bir Mobiriep SQRT CSLA Using BEC

AREA
AREA CALCULATION in
GATES

GROUP

Group 1 2 bit RCA = 2FA =2*13 gates 26

2 bit RCA(c=0) + 3 bit BEC + 3
bit MUX =
1FA + 1HA+ 1 NOT + 1AND +
2XOR + 3(2:1 MUX) 43
=1*13 + 1%6 + 1*1 + 1*1 +2*5 +
3*4 gates

Group 2

3 bit RCA(c=0) + 4 bit BEC +4
bit MUX =
2FA+ 1HA + 1 NOT + 2AND +
3XOR +4(2:1 MUX) 66
=2*¥13 + 1*6 + 1*1 + 2*1 + 3*5 +
4*4 gates

Group 3

4 bit RCA(c=0) + 5 bit BEC + 5
bit MUX =
3FA+ 1HA+ 1 NOT + 3AND +
4XOR +5(2:1 MUX)
=3*13 +1*%6 + 1*1 + 3*] +4*5 +
5*4 gates

Group 4 89

5 bit RCA(c=0) + 6 bit BEC + 6
bit MUX =
4FA + 1HA + 1 NOT + 4AND +
5XOR + 6(2:1 MUX) 113
=4*13 + 1*%6 + 1*1 +4*] + 5%5 +
6*4 gates

Group 5

I'V. Common BooLeEaN Logic

To remove the duplicate adder cells in the conventional CSLA,
an area efficient SQRT CSLA is proposed by sharing Common
Boolean Logic (CBL) term. While analysing the truth table of
single bit full adder, results show that the output of summation
signal as carry-in signal is logic “0” is inverse signal of itself
as carry-in signal is logic “1”. It is illustrated by red circles
in Fig. 6. To share the Common Boolean Logic term, we only
need to implement a XOR gate and one INV gate to generate
the summation pair. And to generate the carry pair, we need to
implement one OR gate and one AND gate. In this way, the
summation and carry circuits can be kept parallel.

I 1 1510 P

[ Truth table of single bit full adder, where the uoper half partis the case of ¢in=0

and the lower half part s the case of ¢in=1

D

CIN=0 CIN=1
1.8=A"B 1.8=~A"B)
2.C0UT=A&B 2.COUT=A|B

Internal structure of the proposed
area-¢fficient carry select adder is
constructed by sharing the common
Boolean logic term

Fig. 6: Truth Table of Single Bit Full Adder

Where the upper half part is the case of Cin=0 and the lower
half part is the case of Cin=1. So result of lower part is inverse
of SO result of lower part i.e~(A * B). Whereas Cout of upper
part can be implemented using AND gate and lower part with
OR gate.

V. StrucTURE OF 16 BiT PrROPOSED CSLA Using CBL

This method replaces the Binary to Excess-1 converter add one
circuit by common Boolean logic. As compared with modified
SQRT CSLA, the proposed structure is little bit faster. Internal
structure of proposed CBL logic is shown in Fig. 7.

In the proposed SQRT CSLA, the transistor count is trade-off
with the speed in order to achieve lower power delay product.
Thus the proposed SQRT CSLA using CBL is better than all
the other designed adders. Fig. 8 shows the block diagram of
Proposed SQRT CSLA.

Fig. 7: Internal Structure of the Proposed Area-Efficient Carry
Select Adder is Constructed by Sharing the Common
Boolean Logic Term

In 16 bit SQRT CSLA with CBL, we use 2 bit BEC, 3 bit BEC,
4 bit BEC, 5 bit BEC in second row replacing RCAs with
Cin=I. In each group for Cin=0 addition is perform using RCA.
For Cin=1 addition is perform using CBL logic. From both the
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generated result only one output is selected based on carry in
signal (actual Cin) from the previous group.

Group 5 Group 4 Group 3 Group 2 Group 1

A[5:11]B[15:11] A[107) B[10:7] | A[6:4] B[6:4] | A[32] B[3:2] A[1:0] B[1:0]

—
e
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1511 0 107 |0 64 |0 32
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Fig. 8: 16-Bit Proposed SQRT CSLA Using Common Boolean
Logic

The structure of the 16-bit Proposed SQRT CSLA is shown in
Fig. 8. It has 5 groups of different size RCA and CBL. Each
group contains one RCA, one CBL and MUX. In the Proposed
SQRT CSLA, The group3 performed a three bit addition which
are A[4] with B[4], A[5] with B[5] and A[6] with B[6]. This
is done by one half adders (HA) and two full adders (FA).
The CBL block has a 4:2 multiplexer to select the appropriate
carryout and summation signal for carry-in signal “1”. Through
2:1 multiplexer the carry signal is propagate to the next adder
cell. The 6:3 MUX and 4:2 MUX is the combination of 2:1
MUX.

If the C3 = 0, The MUX select RCA output otherwise it select
CBL output. The output of Group 3 are Sum [6:4] and carryout,
C6. Then the area count of Group 3 is determined as shown.

Gate count = 54 (FA + HA + MUX + CBL)
FA =26 (2¥13)

HA=6(1*0)

MUX =16 (4*4)

CBL (3-BIT) =3NOT +30R =6

Similarly the estimated area of the other groups in the modified
SQRT CSLA shown in Fig. 9 and Fig. 10 are evaluated and
listed in Table VI.

TABLE VI: AREA CoUNT AND DELAY OF PROPOSED 16 BiT SQRT

CSLA
GROUP AREA COUNT
Group 1 26
Group 2 35
Group 3 54
Group 4 73
Group 5 92

Fig. 9: Area Evaluation of Proposed SQRT CSLA Using CBL:
(a) Group 2 (b) Group 3. H is a Half Adder

hall

Fig. 10: Area Evaluation of Proposed SQRT CSLA Using
CBL: (c) Group 4 and (d) Group 5. H is a Half Adder

VI. REsuLTs

This work has been developed using Xilinx 9.2i tool. Table
VIII shows the comparison between the various adders like
conventional regular SQRT CSLA, modified SQRT CSLA
(BEC) and proposed SQRT CSLA (CBL) for 8-bit, 16-bit, 32-
bit, 64-bit, 128-bit and 256-bit. Comparison depicts that the
proposed SQRT CSLA has less number of gates and hence less
area. It is clear that area, power of proposed SQRT CSLA is
reduced as compared to other adders.

In following simulation results a, b are N bit data, Cin is input
carry signal, Cout is carry out signal and ‘s’ is N bit summation
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result of a and b.
Inputs:
a[255:0] =256’h5£52356566489afdcd456489456,

b[255:0] =256 haaaa58791234bc4587d986¢cal23564647,
cin=0

Outputs:

s[255:0] = 256 haaaa58d8646a2 1abd07484975799eda9d,
cout=0

% Me o o o PEIENFE

Fig. 11: Simulation Result of 256 Bit Regular, BEC, CBL
SQRT CSLA
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Fig. 12: Device Utilization Summary of 256 Bit CBL SQRT
CSLA
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Fig. 13: Timing Details of 256 Bit CBL SQRT CSLA

Voltage (V) | Cument (mA) | Power (mW) | ~
Vecint 1
Dyriamic 207.28 207.28
Quiescent 513.86 513.86
Vecaux 25
Dyriamic 9.61 24.03
Quiescent 125.00 3250
Veco2H 25
Dyniamic 1177 42943
Quiescent 1.50 3.75
Total Power 1450.84
51507250.44
Startup Current ( 0.00 il
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Fig. 14: Power Analyser Report of 256 Bit CBL SQRT CSLA

VII. COMPARISONS

This work has been developed using Xilinx 9.2i tool. Table
VII shows the comparison between the various adders like
conventional regular SQRT CSLA, modified SQRT CSLA
(BEC) and proposed SQRT CSLA (CBL) for 8-bit, 16-
bit, 32-bit, 64-bit, 128-bit and 256-bit. Each of the CSLA
implementation is done individually using higher bit BEC and
CBL logic. Inputs are directly given to the adder to complete
the sum and carry.

Table VIII exhibits the delay; area of regular, modified and
proposed CSLA Simulation is carried out using Xilinx 9.2i
simulation tool and Vertex 5 as the target device. Comparison
depicts that the proposed SQRT CSLA using CBL logic has less
number of gates than the regular and BEC based CSLA with
slight increase in the delay and hence less area. Reduction in
area is 10% to 20% for different number of bits and reduction
in area gradually decreasing with higher bits. It is clear that
area, power of proposed SQRT CSLA is reduced as compared
to other adders. Table VIII shows comparison of Results of
proposed design without cascading and results of previous
design obtained by cascading Spartan 3e as target device.

TaBLE VII: CompARISON OF 8, 16, 32, 64 Bits REGuLAR, BEC
CBL SQRT CSLASs USING SPARTAN 3E

Total equivalent gate Delay (ns)
count
No of bits | Previous Previous
Proposed Proposed
(1] (1]
Reg 144 117 11.92 12.085
3 BEC 132 96 13.69 13.125
CBL 111 120 11.15 11.143
Reg 348 264 16.15 16.710
16 BEC 291 261 18.77 15.361
CBL 276 234 15.48 19.260
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Reg 698 582 28.97 24.454
B BEC 762 609 34.44 19.969
CBL 552 495 26.23 30.883
Reg 1592 1266 52.82 36.735
64 BEC 1498 1275 64.61 27.410
CBL 1104 1191 47.4 59.255

TaBLE VIII: AREA AND DELAY CoMPARISON OF 8 BIT,16
Bit,328I11,64 BIT,128 BIT,256 BiT REGULAR, BEC, CBL, SQRT

CSLASs UsING VERTEX 5
No of bits Total equivalent gate Delay (ns)
count
Reg 105 4.871
BEC 91 5.547
8 CBL 91 5.727
Reg 224 6.379
BEC 231 7.709
16 CBL 196 6.917
Reg 490 8.087
BEC 532 10.118
32 CBL 427 10.940
Reg 1029 10.628
BEC 1092 11.219
64 CBL 945 18.764
Reg 2086 14.689
BEC 2261 14.723
128 CBL 1953 34.048
Reg 4200 23.976
256 BEC 4907 31.686
CBL 4137 74.217

VIII. CoNCLUSION

This paper has really given an effective description of a higher
bit area efficient carry select adder. This has been achieved by
altering the logic blocks of the regular module, by sharing the
common Boolean logic (CBL) term, the duplicated adder cells
in the conventional carry select adder is removed. A regular
CSLA uses two copies of the carry evaluation blocks, one
with block carry input is zero and other one with block carry
input is one. The Regular SQRT CSLA has the disadvantage of
more power consumptions and occupying more chip area. The

reduced number of gates of this work offers the great advantage
in the reduction of area. This paper proposes a scheme for 128
bit and 256 bit which reduces the area than the regular and
modified SQRT CSLA 10% to 20%. Equivalent gate count of
proposed SQRT CSLA is reduced having less area and low
power which makes it simple and efficient for VLSI hardware
implementations.
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