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ABSTRACT
In every modern ICs the adders are essential components. Adder’s performance has a substantial
impact on the architecture of signal processing, controller, the module of filter, the module of data
storage, etc., high-speedandarea-efficient circuits are themost substantial parameters in everymod-
ern integrated circuit. Carry select adder operates at high speed, but it consumes more power due
to the large area. The present approach discloses different VLSI hybrid carry select adder architec-
tures. The hybrid technology-based Carry Select adder (CSELA) consists of two stages, namely the
Hancarlson adder stage and Hybrid Stage is proposed. In this technique, all the stages (4 bits in each
stage) are performed simultaneously to improve the speed and area further. The propagation delays
of the proposed adder are the summation of two full adders, seven Multiplexers (4:1) and BEC(3
bit) for producing Cout. The proposed work indicates that the hybrid carry select adder operates
at high a speed with a lesser area than the conventional adder. The proposed design is simulated
and synthesized in Xilinx ISE 12.1 usingVerilogHDLwith a family of Vertex6 FPGAdevices (DeviceNo.
XC6VLX75T, Package FF484, Speed -3). The synthesized report shows that the speed of the proposed
adder is improved by 49.06%, 52.61%, 47.58%, 19.08%, 39.9%, 1.25%, 44.43%,19.08%, 44.07% and
71.59% compared to RCA, CBL-based CSELA, CLA, Weinberger BEC-based CSELA,D latched CSELA,
Brent Kung CSELA, Brent Kung RCA-based CSELA, CSA Weinberger, Conventional CSELA and Ling
CSELA, respectively.

KEYWORDS
Multiplexers; Carry select
adder; Hybrid adder; Xilinx
ISE 12.1; Verilog HDL

1. INTRODUCTION

Adders play a significant role in image, signal and video
processing in digital systems [1]. They influence the sys-
tem performance and support other arithmetic opera-
tions (multiplication and division). The operation speed
in terms of delay is the most significant constraint. Also
a high-speed adder is a major prerequisite of the fast
arithmetic operation [2].

The adders are used for various applications depending
on the restraints each application holds with it. For exam-
ple, multiplier is one type of component in micropro-
cessors and controllers. Generally, themultiplications are
carried out by repeated addition; hence, adders are cru-
cial in multipliers. Themultipliers’ performance depends
on the adders, which makes the whole system perfor-
mance depend on the adder performance [3].

In Signal processing System Modules, the high-speed
adder with low power and theminimum area plays a cru-
cial role. Hence, it is necessary to investigate the area,
power and delay parameter of the adder used in signal

processing operations [4]. Several types of adders were
considered for the addition of two binary numbers. They
areCarry Save adder, Ripple CarryAdder [1], Carry Look
Ahead Adder [1], Carry Increment Adder, Carry Select
Adder [1–3,5], Han Carlson adder [6] and Brent Kung
Adder [7].

The proposed adder designs are more suitable for dig-
ital signal/ biomedical signal processing applications
such as OFDM, MIMO, multi-point transceivers, image
blending [2], FIR filters[3], MAC, multimedia appli-
cations, matched filtering, video convolution functions
[8], channel equalization, and various communication
applications [9], hardware security in the field of IoT
applications, etc.

The dddition is a significant arithmetic operation in
many signal processing applications [1]. Hence, high-
speed adder architecture is required to design such a
signal processing module.

The objective of this work is to improve the speed and
area of CSELA using a hybrid technique.
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The contributions of this work can be summarized as
follows:

(1) The proposed work is still scoped to reduce
delay/area inCSAby introducing hybrid technology.

(2) The utilization of delay, area and power consump-
tion are compared and analyzed in Vertex6 FPGA
Board.

(3) In terms of delay andArea delay product (ADP) , the
proposed CSELA is the best among all the adders.

This paper is systematized as follows. Section 2 surveys
various 2 operand adders and their architecture. Section
3 describes the hybrid adder architecture. Section 4 pro-
posed carry select adder architecture. Section 5 deals
with performance analysis adders. Section 6 concludes
the article.

2. ADDERS

2.1 Ripple Carry Adder (RCA)

RCA is a basic adder containing full adder cells connected
in a cascade.Every full adder has to generate a sum and
carry for respective binary bits. For each block, full adder
carry is passed to the next full adder block as input carry.
At every stage, the sum is not evaluated until receiving
the previous stage output carry. The output carry and
sum can be calculated as follows [1,8]. Thus, the total
delay is all the stage delay plus the final carry output
generation delay. RCA occupies the minimum hardware
components among other adders [10]. But they are low
speed due to the propagation of carry. This delay is the
major disadvantage of RCA [1].

Pros: Requires minimum hardware components.

Cons: Exhibits low speed due to the propagation of carry.

2.2 Carry Look Ahead Adder

The No. of stages is increased, and hence more delay
is introduced in RCA. To overcome this drawback,
another technique, Carry Look-AheadAdder (CLA), was
used [1,2].

This CLA reduces the delay for generating the carry bits,
as it introduces generate and propagate terms to calculate
carry bits separately.

The propagate and generate signals are calculated using
Equations (1) and (2) [1,4].

Propagation(Pi) = Ai ⊕ Bi (1)

Generate(Gi) = Ai & Bi (2)

Each Stage carry is generated separately using
Equation (3) [1].

Ci = Gi + Pi & Ci−1 (3)

Depending upon the no. of bits size, the no.of carry bits
is determined [1].

Pros: Exhibits increased speed because the final output
carry depends only on input carry.

Cons: Increases in the area due to the need for a separate
circuit for generating the sum and carry.

2.3 Carry Save Adder (CSA)

Carry Save Adder is another version of parallel RCA ,but
there is a small change in the architecture. It does not
evaluate the carry through the stages. The carry is saved
in the present stage, and renewed as an addend value in
the next stage [4].

The benefit of a CSA is high-order bits have no depen-
dency on any low-order bits, as all bit positions are cal-
culated independently. The latency associated with carry
bits is reduced in CSA.

Pros: All bit positions are calculated independently

Cons: The latency associated with carry bits.

2.4 Carry Skip Adder (CSKA)

In some applications (Design), there is no need to calcu-
late intermediate carry for some combinations of inputs
[2,6]. Hence, the carry skip logic was introduced. Even
adding the more no. of bits, the CSKA is a fast as to
RCA [6].

Pros: Increases the speed of operation because interme-
diate carry calculation for some designs is ignored.

Cons: Suitable for limited application.

2.5 Carry Select Adder (CSELA)

InCSELA [11], possible values of the input signal Cin (i.e.
carry input “0” and “1”) for each stage are recognized in
advance, and the sum is calculated well in advance. The
design unit of CSELA is displayed in Figure 1.
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Figure 1: Architecture CSELA (16-bit)

Commonly, the CSELA [1,11] is designed using double
RCAs and a multiplexer (it is used to select the final out-
put carry and sum). The benefit of CSELA [1,11] is to
decrease the carry propagation time. Consequently, the
speed of operation is enhanced. But no. of full adders is
higher than RCA [2,5].

Pros:The speed of operation is improved furtherwith the
help of dual RCA.

Cons: Occupies more area.

2.6 Carry Increment Adder (CIA)

Another method to improve the speed of operation is
carry increment logic circuit. This logic has two RCAs
and carry increment circuits. In this adder, two RCAs
are simultaneously produced: sum and output Carry bits.
The first stage output carry bit and the second RCA sum
bits are passed to carry increment logic. The carry incre-
ment logic consists of a series of Half adders to form the
final sum output bits [12].

Pros: Enhancement of power utilization.

Cons: The speed of operation is moderate.

2.7 Brent-Kung Adder

The BK adder is used to improve the speed of adder fur-
ther. This uses parallel prefix calculation logic [5,7,8]. It
consists of three phases, namely

(1) Pre-computation Phase: The propagate and generate
signals of every pair of inputs A and B are com-
puted. The computing expressions are mentioned in
Equations (1) and (2). [8,11,12]

(2) Carry estimation phase: Every bit carry is computed
simultaneously. The carry generate, carry propagate
and intermediate signals are computed using Equa-
tions (4) and (5) [4,5,8].

Carry Generate

CGi:j = Gi:k+1 + (Pi:k+1 & Gk:j) (4)

Carry Propagate

CPi:j = Pi:k+1 & PK:j (5)

(3) Post-computation phase:

The final stage summations are calculated using
Equation (6) [4,8]

Sum = Pi ⊕ CGi (6)

The architecture of BK Adder is displayed in Figure 2.

Pros: Improves the speed of operation due to less wiring
congestion [11].

Cons: Fan-out.



V.THAMIZHARASAN ET AL.: DESIGN OF PROFICIENT TWO OPERAND ADDER USING HYBRID CARRY SELECT ADDER WITH FPGA IMPLEMENTATION 9155

Figure 2: Brent-Kung Adder (4-bit)

Figure 3: Han-Carlson adder

2.8 Hancarlson Adder

HanCarlson adder is designed using the principle of par-
allel prefix addition.

HanCarlson adder [11] is the mixture of KoggeStone [5]
and BrentKung adder [11]. KoggeStone adder offers less

delay, and BrentKung adder has less area [6]. The design
of the HanCarlson adder is displayed in Figure 3.

Pros:Good trade-off between fan-out and the number of
logic cells.

Cons: Longer path to the output.

Figure 4: 32-bit modified adder with approximate part and accurate part
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Figure 5: 8-bit Kogge-Stone sum-propagate adder

2.9 Modified High-speed Architectures

Padmanabhan.B et.al [1] proposed 32-bit approximate
and accurate Carry select adder shown in Figure 4
for homogeneous and hybrid CLAs, and CSLAs with
and without the BEC converters. The hybrid CLA/
RCA architecture was preferred among CLA and CSLA
designs in terms of speed and power to carry out the
accurate and approximate additions.

G. Dimitrakopoulos et al. [4] proposed a Sum Propa-
gate Adders, as shown in Figure 5, to perform addi-
tion by propagating directly the sum bits of pre-
vious bit positions instead of carries. New parallel-
prefix structures that follow the sum-propagation archi-
tecture are presented using a new associative prefix
operator. At present, and using current state-of-the-
art implementation technologies, sum-propagate adders
are executed slower operation than carry propagation
adders.

Athira V. S [7] et al. designed a carry select adder
with reversible logic to abridge power loss, as shown in
Figure 6. To replace the BEC and BK adder, D-Latch and
multiplexer combination, it helps reduce the power uti-
lization and delay. The modified SQRT BK CSLA using
D-latch has a slightly larger area, but power utilization
and delay were reduced by 7.8% and 15%, respectively
compared to the modified SQRT BK CSLA.

G. Kishore Kumar et al. [9] proposed a Reconfig-
urable Delay Optimized Carry Select Adder, as shown
in Figure 7, to calculate the final sum before calculat-
ing the final carry. The delay of the proposed CSLA was
improved by 31.6%, 23.3%, 27.1% and 36.9% compared
to HSCG, CONV, BEC and CBL-based SQRT CSLAs,
respectively.

Figure 6: Reversible BK CSLA using D-latch

Figure 7: Single-stage CSLA

Omid Akbari et al. [13] designed a fast reconfig-
urable approximate carry look-ahead adder with energy-
efficient, as shown in Figure 8. It is suited for apply-
ing error-resilient and exact methods as it can switch
between the approximate and exact operating operation.
This design was more efficient in the area and power uti-
lization than the conventional carry-look-ahead adder
(CLA). In this, the delay is reduced by 55% and power
reduction by 28% compared to exact CLA.

3. HYBRID-ADDER

The system designed using multiple logic structure styles
in a combined manner is called a hybrid adder. The con-
figuration of the hybrid adder is shown in Figure 9. In this
configuration, A and B are the input signals in Module-
1. Module-2 and Module-3 are in-between blocks of the
adder. Different adder techniques are used in intermedi-
ate components to generate sum and carry outputs.
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Figure 8: RAP-CLA structure

Figure 9: Structure of the hybrid adder

The following two design configurations are followed in
the hybrid adder design.

(1) Homogeneous: a combination of a similar type of
more than one adder structure is called homo-
geneous design [14,15].

(2) Heterogeneous: Combining the different types of
more than one adder is called a heterogeneous
design [14,15].

The proposed idea forms a hybrid configuration using
structure (Figure 9) techniques to bring the high-
performance and low-cost (chip size) products.

3.1 Linear Brentkung CSELA

The basic CSELA includes two RCAs and a single multi-
plexer. To reduce the area and delay of CSELA, the RCA
(Cin = 0) is replaced by the BK Adder Structure. This
type of design is known as LBKCSELA [9].

3.2 Square Root BKCSELA

The speed of operation is boosted using the Square
root [9] concept in LBKCSELA. The 20-bit CSELA con-
sists of five stages with equal bit sizes (each stage with
4 bits).

But the same 20-bit Square root BKCSELA consists
of five stages with different input sizes (Firstt stage 2
bits, Second stage 3 bits, Third stage 4 bits, and so
on). Each group consists of two blocks, one for BKA
(cin = 0), and another one for RCA(cin = 1). Also
a different bit-sized multiplexer is used to select the
sum output. This structure is called SQRTBKCSELA
[10,11].

3.3 Modified Square Root BKCSELA

The delay of SQRTBKCSELA is reduced compared to
Linear BKCSELA, but the size of the chip is increased.
To reduce the chip area of SQRTBKSELA, the RCA
(cin = 1) is replaced by the BECModule [11]. Hence the
no.of circuit elements is lower than that of N-bit RCA.
This structure is called MSQRTBKCSELA [12,13,15].
The structure for Modified Square Root BKCSELA is
displayed in Figure 10.

3.4 D LATCH-Based CSA

The power consumption is increased in BKCSELA. To
reduce the power consumption, theD-Latch-based adder
was used in CSELA. This D-Latch is used instead of BEC
(Cin = 1) in BKCSELA [7,10].

3.5 Common Boolean Logic (CBL)-Based CSA

The carry select adder discussed in previous sections
provides high speed but increases the chip area. To opti-
mize the chip area, common Boolean logic is used in
CSELA. In this way, a duplicated adder module is cre-
ated to share the existing full adder andhalf adder outputs
of RCA(cin = 0) in the conventional carry select adder.
Hence, the no. of transistors and consumption of power is
reduced. In CBL implementation [11], only a single OR
gate and NOT gate is required to produce the sum and
Cout output signal pair [10].
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Figure 10: Modified Square Root BKCSELA

The CBL-Based adder consumes lesser area and lesser
power consumption than the Modified CSELA [10,11].
The time delay of this adder is proportional to the no.of
bits “N”. Also, the time delay of the data selector (MUX)
is lower than that of the full adder. Hence the speed of
operation is more than the Regular CSELA.

3.6 Modified Linear Ling CSELA(LLCSELA)

In LBKCSELA, the Brent Kung stage is changed to Ling
adder [12], as Ling adder provides lesser delay and mini-
mum chip size compared to CLA [1,16].

It is called a Modified Linear Ling CSELA. The follow-
ing expressions are used to calculate the Generate and
propagate Bitwise signals Equations (1) and (2). [1,8,16]

Pros: Requires less Computation time to compute final
carry.

Cons: Does not use regular layout Structure. For longer
frequency delay, a problem is encountered.

3.7 Modified Linear Han Carlson CSELA

The speed of operation is improved in LBKCSELA as
the BK stage is replaced by HanCarlson Adder [11,17].
The speed of the adder is further improved compared
to the conventional Carry select adder. The architec-
ture of Modified Linear HanCarlson CSELA is displayed
in Figure 11. This technique obtains a better trade-off

between the fan-out, no. of black cells and no. of logic
levels [18].

3.8 Modified Linear CSELA UsingWeinberger
Adder (WCSELA)

The concept of theWeinberger recurrence algorithm[12]
is used to calculate the carry for improving the delay of
adder [19,20]. The BK adder is replaced by the Wein-
berger adder to create WCSELA [11].

The architecture of WCSELA is displayed in Figure 12.
This adder utilizes a lower area (only minimum num-
ber of Gates required in BEC) compared to RCA. Also,
the consumption of power and delay is low compared to
Modified Linear Hancarlson CSELA, Common Boolean
Logic (CBL)Based CSA [11] and D LATCH-Based CSA

Pros:Have the least area and overall delay.

Cons: Complexity will be increased for carry generation.

4. PROPOSED CARRY SELECT ADDER

The various adders are discussed in Sections 3 and 2.
The major constraints of adders (Section 2 and 3) are
the speed of operation; hence, it is necessary to concen-
trate on the delay (critical path of output) of an adder
[19,20]. To improve the speed and area further, the pro-
posed design adopts a new version of CSELA that is
proposed using hybrid technology. The architecture of
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Figure 11: Structure for Modified Linear HanCarlson CSELA

Figure 12: Architecture of (WCSELA)

the proposed CSELA is displayed in Figure 13. This pro-
posed hybrid adder Figure 13 combines BEC,Hancarlson
adder and multiplexer. The proposed 32-bit adder con-
sists of two stages. Stages are Hancarlson adder stages
(Stage 1-LSB), and hybrid Stages (Stages 2-MSB).

In the first stage, the bitwise addition of two 4-bit binary
numbers is performed with the help of the Hancarlson
adder. The details of the Hancarlson adder is discussed
in Section 2.8. The Second Stage consists of seven mod-
ules, each with 4 bit. The bitwise addition of two 4-bit
binary numbers is performed using carry select adder

(2-bit adder, Binary to Excess one converter and 4:1 mul-
tiplexer),the 2-bit adder is produced the sum (2-bit) and
carry (1-bit).

Here the 4-bit adder is divided into two 2-bit adders.
This 2-bit adder performs the addition operation based
on without input carry(assumed as zero input carry) and
produces the sum(2-bit) and Carry (1bit). The sum is
passed to the input of the BEC circuit This BEC circuit is
added to the sum (sum+1). The multiplexer selects the
sum based on the input carry (cin), and the first 2-bit
adder output carry.
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Figure 13: Proposed CSELA, (a) 32-bit adder, (b) 4-bit Hybrid Adder and (c) 4-bit CSA (Hancarlson)

The sum of 2-bit adder is passed to multiplexer(4-bit).
The input of the 4:1 multiplexer is 2-bit adder sum based
on the input and output carry of 2-bit adder(first). If the
input and output carry 2-bit adder (1st) is “00”, thenmul-
tiplexer output will be sums of 2-bit adders. If the input
and output carry of 2-bit adder (1st) is “01”, then multi-
plexer output will be the first 2-bit adder sum and output
of the second BEC. If the input and output carry of 2-
bit adder (1st) is “10”, then multiplexer output will be the
output of the firstt BEC and the output of the second 2-
bit adder sum. If the input and output carry of 2-bit adder

(1st) is “11”, thenmultiplexer output will be the output of
the first and second BEC. Normally ripple carry adder is
used for carry select adder with cin = 0 and 1.

The critical path delay of various adder architectures is
observed as follows (i) RCA is the propagation delay of
a 32-bit full adder, (ii) CLA is the summation of delay of
four Full adders, 32-bit AND gate and 32-bit OR gate,(iii)
Conventional CSA is the summation of delay of four Full
adders plus seven Multiplexer (4:1), (iv) CSA-BK-BEC is
the summation of delay of four Full adders, BEC (4 bit)
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Table 1: Delay and area Evaluations of various CSELA in Vertex6 FPGA

16-bit 32-bit 64-bit

S.No Adders Techniques No. of Slice Delay (ns) No. of Slice Delay (ns) No. of Slice Delay (ns)

1. RCA 26 5.09 49 9.07 97 17.06
2. CBL-Based CSELA 25 4.91 50 9.39 133 18.34
3. CLA 24 4.60 48 8.59 96 16.58
4. Weinberger BEC-based CSELA 30 3.32 62 5.71 124 10.74
5. D Latched CSELA 42 4.21 84 7.62 168 14.46
6. Brent Kung CSELA 36 3.44 72 5.20 144 8.80
7. CSA-BK-RCA1 24 4.94 48 9.28 96 15.61
8. Han Carlson BEC CSELA 36 3.44 72 5.20 144 8.80
9. CSA Weinberger 30 3.32 62 5.70 124 10.74
10. Conventional CSELA 24 4.94 48 9.28 96 15.54
11. Ling CSELA 27 7.19 57 15.69 114 30.59
12. Proposed CSELA 24 2.96 48 4.68 96 8.69
13. WCSLA in [11] 25 12.28 – – – –
14. CIA Hancarlson [21] 24 10.09 – – – –
15. CBYA in [22] – – 57 24.63 – –
16. CSELA KSA in [15] – – 85 9.34 – –
17. BK Adder [18] – – 64 6.05 – –
18. EAII-CSLA in [17] – – 39 16.33 – –

and seven Multiplexer (4:1) delays, (v) CSA-Hancarlson
with BEC is the addition of delay of Four 2- Input AND
gate, Four 2- input OR gate, one Buffer, BEC(4-bit) and
seven Multiplexer (4:1).

In the proposed full adder, all the stages are performed
simultaneously. Figure 13 shows that the maximum path
delay (also called critical path delay) of the proposed
adder is encountered as two full adder delay, one BEC
(Binary to Excess one converter -3 bit) and seven mul-
tiplexers (4:1) delay for producing Cout. Compared to
other adder delay, hown in Table 1, the delay of the
proposed adder is decreased.

5. PERFORMANCE ANALYSIS

All the existing adders are discussed in Sections 2, 3 and
proposed designs are discussed in Section 4. These adders
are implemented inXILINX ISE 12.1with a family ofVer-
tex 6 devices (Device No. XC6VLX75T, Package FF484,
Speed -3). and speed grade of -5 usingVerilogHDL. Each
adder is simulated and verified separately. The compari-
son chart for delay and area utilization of various CSELA
is shown in Figures 14 and 15, respectively. Table 1 shows
the delay and area (in terms of no. of the slice, LUTs)
utilization of Various CSELAs.

Table 1 shows that the delay of the proposed 64-bit
CSELA is improved 49.06%, 52.61%, 47.58%, 19.08%,
39.9%, 1.25%, 44.43%,19.08%, 44.07% and 71.59% com-
pared to RCA,CBL-based CSELA,CLA, Weinberger
BEC-based CSELA, D latched CSELA, Brent Kung RCA
based CSELA, CSA Weinberger, Conventional CSELA
and Ling CSELA respectively. Similarly Table 1 shows

Table 2: Comparison of synthesis of 32-bit adder results in
Vertex6 FPGA

32 BIT Addition No. of Slice Delay(ns)
% of Improvements

in delay

Proposed design 48 4.684 –
Brent kung adder in[18] 64 6.058 22.68
Modified adder-2
CSelA_KSA in [15]

85 9.344 49.87

CIA_HAN-CARLSON in [21] 34 10.091 53.58

that the Area Delay Product (ADP) of the proposed 64-
bit CSELA is improved 49.58%, 65.79%, 47.58%, 37.35%,
65.65%, 34.16%, 44.37%, 34.16%, 37.35%, 44% and 76%
compared to RCA, CBL-based CSELA, CLA, Wein-
berger BEC-basedCSELA,D latchedCSELA, Brent Kung
CSELA, Brent Kung RCA-based CSELA, Han Carlson
BECCSELA,CSAWeinberger, Conventional CSELA and
Ling CSELA, respectively.

In terms of delay and ADP the proposed CSELA is the
best among the other adders in Table 2, because delay is
improved by 22.68%.

Furthermore, the FIR filter (4-tap) is designed using the
proposed hybrid adder and compared with the conven-
tional FIR filter. This FIR system has utilized a delay of
30.06 ns. This FIR filter improved the delay by 30.02%
compared to the conventional FIR Filter.

6. CONCLUSION

In this paper, a hybrid technology-based carry select
adder (CSELA) is proposed, designed using the Han-
carlson adder, Brent Kung adder and BEC circuit. To
reduce the delay and area of the adder, these hybrid
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Figure 14: Delay Comparisons of Various Adders

Figure 15: Area Comparisons of Various Adders

adders are used instead of a single RCA or BrentKung
adder in CSELA. The simulation is carried out in Xilinx
ISE 12.1 using Verilog HDL with the family of Vertex6
FPGA device (Device No. XC6VLX75T, Package FF484,
Speed -3). The simulation report shows that the proposed
hybrid 64-bit CSELA improves the Area delay product
by 49.58%, 65.79%, 47.58%, 37.35%, 65.65%, 34.16%,
44.37%, 34.16%, 37.35%, 44% and 76% compared to
RCA, CBL-based CSELA, CLA, Weinberger BEC-based
CSELA, D latched CSELA, Brent Kung CSELA, Brent
Kung RCA-based CSELA, Han Carlson BEC CSELA,
CSAWeinberger, Conventional CSELA and LingCSELA,
respectively.

The delay of the proposed hybrid CSLA is optimized, as
shown in Table 1. This may be increased by the power
utilization, as shown in Table 3. The VLSI Design trade-
off between speed, power and area will be there. Hence
depending upon the applications, choose the suitable
design.

Furthermore, this design can be extended to test the dif-
ferent input-sized (input bits) adders, multipliers, and
filters and signal processing modules [23,24]. Also, it
is possible to optimize the performance of ALU [21],
DSP processors and data path modules using the pro-
posed design. FIR filter [25,26] is the most important
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Table 3: Delay and Power Evaluations of various CSELA in Vertex6 FPGA
16-bit 32-bit 64-bit

S.No Adders Techniques Power(uW) Delay (ns) PDP Power(uW) Delay (ns) PDP Power(uW) Delay (ns) PDP

1. RCA 45.3 5.09 230.57 84.6 9.07 767.32 162.7 17.06 2775.66
2. CBL-Based CSELA 44.5 4.91 218.49 82.3 9.39 772.80 158.4 18.34 2905.06
3. CLA 46.2 4.60 212.52 88.4 8.59 759.36 159.5 16.58 2644.51
4. Weinberger BEC-based CSELA 58.45 3.32 207.33 107.4 5.71 613.25 215.4 10.74 2313.40
5. D Latched CSELA 69.45 4.21 292.38 126.4 7.62 963.17 230.45 14.46 3332.31
6. Brent Kung CSELA 67.1 3.44 230.82 120.1 5.20 624.52 236.9 8.80 2084.72
7. CSA-BK-RCA1 67.6 4.94 333.94 122.2 9.28 1134.02 238.5 15.61 3722.99
8. Han Carlson BEC CSELA 67.1 3.44 230.82 120.1 5.20 624.52 236.9 8.80 2084.72
9. CSA Weinberger 54.4 3.32 203.35 103.2 5.70 588.24 203.1 10.74 2181.29
10. Conventional CSELA 66.4 4.94 328.01 112.4 9.28 1043.07 220.6 15.54 3428.12
11. Ling CSELA 49.45 7.19 355.54 90.2 15.69 1415.71 160.4 30.59 4906.64
12. Proposed CSELA 67.3 2.96 199.20 120.3 4.684 563.49 237.4 8.69 2063.01

module of many recent communication/ signal process-
ing applications such as OFDM, MIMO [27], multi-
point transceivers , etc. This hybrid CSELA can pro-
vide an optimal solution for designing the FIR filter
[28,29].

DISCLOSURE STATEMENT

No potential conflict of interest was reported by the author(s).

ORCID

V. Thamizharasan http://orcid.org/0000-0001-7896-7164

REFERENCES

1. P. Balasubramanian, and N. Mastorakis, “Performance
comparison of carry-lookahead and carry-select adders
based on accurate and approximate additions,” Electron-
ics. (Basel), Vol. 7, no. 12, pp. 369–381, Dec. 2018. DOI:
10.3390/electronics7120369.

2. P. Pramod, and T. K, “Shahana “high throughput FIR
filter architectures using retiming and modified CSLA
based adders,”,” IET Circuits Devices Syst., Vol. 13, no. 7,
pp. 1007–1017, Oct. 2019. DOI:10.1049/iet-cds.2019.0130.

3. V. Thamizharasan, and V. Parthipan, “An Efficient VLSI
Architecture for FIR filter using computation sharing mul-
tiplier,” Int. J. of Computer Applications, Vol. 54, no. 14,
pp. 1–6, Sep. 2012. DOI:10.5120/8631-1939.

4. G. Dimitrakopoulos, K. Papachatzopoulos, and V.
Paliouras, “Sum Propagate adders,” IEEE Trans. on Emerg-
ing Topics in Computing, Vol. 9, no. 3, pp. 1479–1488, Sep.
2021. DOI: 10.1109/TETC.2021.3068729.

5. J. Fereshteh, S. Amir, A. Azadeh, and S. Leonel, “New
energy-efficient hybrid wide-operand adder architecture,”
IET Circuits Devices Syst., Vol. 13, no. 8, pp. 1221–1231,
Nov. 2019. DOI: 10.1049/iet-cds.2019.0084.

6. S. Nithya devi1, B. Pavithra, and P. Puvitha, “High - speed
and low - power carry skip adder using Han-Carlson

adder,” J. of Recent Research in Engg., and Technology,
Vol. 4, no. 6, pp. 01–08, Jun. 2017.

7. V. S. Athira, R. Arun Sekar, T. Monisha, and V.
Karthikeyani, “Low power reversible modified SQRT
CSLA design using D-latch & BK adder,” J. of Signal Pro-
cessing and Wireless Networks, Vol. 3, no. 1, pp. 09–16, Jan.
2018.

8. W. Ahmad, B. Ayrancioglu, and I. Hamzaoglu, “Low
error efficient approximate adders for FPGAs,” IEEE.
Access., Vol. 9, pp. 117232–117243, Aug. 2021. DOI:
10.1109/ACCESS.2021.3107370.

9. G. K. Kumar, and N. Balaji, “Reconfigurable delay
optimized carry select adder,” International Conference
on Innovations in Electrical, Electronics, Instrumenta-
tion and Media Technology, 123–127, Nov. 2017. DOI:
10.1109/ICIEEIMT.2017.8116819.

10. G. C. Manjunatha, and R. P. Singh, “Low power VLSI
Design for power and area effective utilization of carry
select adder,” International Conference on Current Trends
in Computer, Electrical, Electronics and Communication,
606–610, Sep. 2018. DOI: 10.1109/CTCEEC.2017.845
5052.

11. N. Gaur, A. Mehra, P. Kumar, and S. Kallakuri, “16
bit power Efficient Carry select adder,” 6th Interna-
tional Conference on Signal Processing and Integrated Net-
works, 558–561, May 2019. DOI: 10.1109/SPIN.2019.8711
565.

12. R. Suganya, and D. Meganathan, “High performance VLSI
adders,” 3rd International Conference on Signal Processing,
Communication and Networking, 1–7, Aug. 2015. DOI:
10.1109/ICSCN.2015.7219919.

13. A. Omid, K. Mehdi, A. Afzali-Kusha, and P. Massoud,
“RAP-CLA: a Reconfigurable approximate carry look-
ahead adder,” IEEE Trans. on Circuits and Systems-II:
Express Briefs, Vol. 65, no. 8, pp. 1089–1093, Aug. 2018.
DOI: 10.1109/TCSII.2016.2633307.

14. J. Madhu, G. Pandey, and G. Dhiman, “An architec-
ture for energy-efficient hybrid full adder and its CMOS

http://orcid.org/0000-0001-7896-7164
https://doi.org/10.3390/electronics7120369
https://doi.org/10.1049/iet-cds.2019.0130
https://doi.org/10.5120/8631-1939
https://doi.org/10.1109/TETC.2021.3068729
https://doi.org/10.1049/iet-cds.2019.0084
https://doi.org/10.1109/ACCESS.2021.3107370
https://doi.org/10.1109/ICIEEIMT.2017.8116819
https://doi.org/10.1109/CTCEEC.2017.8455052
https://doi.org/10.1109/SPIN.2019.8711565
https://doi.org/10.1109/ICSCN.2015.7219919
https://doi.org/10.1109/TCSII.2016.2633307


9164 V.THAMIZHARASAN ET AL.: DESIGN OF PROFICIENT TWO OPERAND ADDER USING HYBRID CARRY SELECT ADDER WITH FPGA IMPLEMENTATION

implementation,” Conference on Information and Commu-
nicationTechnology, 1–5,Apr. 2018.DOI: 10.1109/INFOCOM
TECH.2017.8340582.

15. S. Vishwa, F. Urvisha, and M. Jagruti, “Design and Per-
formance Analysis of 32 Bit VLSI hybrid adder,” Interna-
tional Conference on Trends in Electronics and Informat-
ics, 1070–1075, Oct. 2019. DOI: 10.1109/ICOEI.2019.886
2522.

16. P. Gnanambikai, K. Vijeyakumar, and S. Kalaiselvi, “Area-
efficient parallel adder with faithful approximation for
image and signal processing applications,” IET. Image. Pro-
cess., Vol. 13, no. 13, pp. 2587–2594, Oct. 2019. DOI:
10.1049/iet-ipr.2019.0580.

17. V. S. Nishok, P. Poongodi, and K. N. Vijeyakumar,
“Design and Performance estimation of efficient approxi-
mate carry select adder,” Appl. Math. Inf. Sci, Vol. 12, no. 6,
pp. 1219–1225, Oct. 2018. DOI: 10.18576/amis/120617.

18. H. Basavoju, M. S. S. Rukmini, and K. Sivani, “Design and
performance comparison among various types of adder
topologies,” Third International Conference on Computing
Methodologies and Communication, 725–730, Mar. 2019.
DOI: 10.1109/ICCMC.2019.8819779.

19. P. AmitKumar, P. Rakesh, andK.C. Ray, “High-Speed area-
efficient VLSI architecture of three-operand binary adder,”
IEEE Trans. on Circuits and Systems–I, Vol. 65, no. 8,
pp. 3944–3953, Nov. 2020. DOI: 10.1109/TCSI.2020.301
6275.

20. Y. Heng, J. Yuan, T. Weidi, and Q. Shushan, “An energy
and area efficient carry select adder with dual carry adder
cell,” Electronics. (Basel), Vol. 8, no. 10, pp. 1–10, Oct. 2019.
DOI:10.3390/electronics8101129.

21. V. Neha, and A. Greeshm, “Design and execution of
enhanced carry increment adder using Han-Carlson and
Kogge-Stone adder technique,” Proceedings of the Third
International Conference on Electronics Communication
and Aerospace Technology, 1163–1170, Sep. 2019. DOI:
10.1109/ICECA.2019.8822194.

22. K. A. K. Maurya, K. B. Sindhuri, N. U. Kumar, and Y.
R. Lakshmanna, “Design and implementation of 32-bit
adders using various full adders,” International Conference
on Innovations in Power and Advanced Computing Tech-
nologies, 1–6, Apr. 2017. DOI: 10.1109/IPACT.2017.824
5176.

23. P. Gnanambikai, K. N. Vijeyakumar, and S. Kalaiselvi,
“Area-efficient parallel adder with faithful approximation
for image and signal processing applications,” IET Image
Process., Vol. 13, no. 13, pp. 2587–2594, Oct. 2019. DOI:
10.1049/iet-ipr.2019.0580.

24. P. Radhakrishnan, and G. Themozhi, “FPGA implemen-
tation of XOR-MUX full adder based DWT for signal
processing applications,” J. of Elsevier-Microprocessor and
Microsystems, Vol. 73, pp. 1–11, Mar. 2020.

25. J. L. M. Iqbal, and S. Varadarajan, ““High-performance
reconfigurable FIR filter architecture using optimized
multiplier,” Circuits Syst. Signal Process., Vol. 32, no. 2,
pp. 663–682, Jan. 2013. Doi:10.1007/s00034-012-
9473-3.

26. P. Stefania, S. Fanny, F. Fabio, and C. Pasquale, “Efficient
approximate adders for FPGA-based data-paths,” Electron-
ics. (Basel), Vol. 9, no. 9, pp. 1–19, Sep. 2020.

27. K. Elango, and K. Muniandi, “VLSI implementation of an
area and energy efficient FFT/IFFT core forMIMO-OFDM
applications,” Ann. Telecommun, Vol. 75, pp. 215–227, Jun
2020. Doi:10.1007/s12243-019-00742-6.

28. S. Radha Rammohan, N. Jayashri Mariyam Aysha Bivi, C.
K. Nayak, and V. R. Niveditha, “High performance hard-
ware design of compressor adder in DA based FIR fil-
ters for hearing aids,” Int. J. Speech Technology, Vol. 23,
no. 4, pp. 807–814, Dec. 2020. Doi: 10.1007/s10772-020-
09759-y.

29. S. K. Patel, B. Garg, and S. K. Rai, “An Efficient accuracy
reconfigurable CLA adder designs using complementary
logic,” J. Electron. Test., Vol. 36, pp. 135–142, Feb. 2020.
Doi:10.1007/s10836-019-05851-7.

https://doi.org/10.1109/INFOCOMTECH.2017.8340582
https://doi.org/10.1109/ICOEI.2019.8862522
https://doi.org/10.1049/iet-ipr.2019.0580
https://doi.org/10.18576/amis/120617
https://doi.org/10.1109/ICCMC.2019.8819779
https://doi.org/10.1109/TCSI.2020.3016275
https://doi.org/10.3390/electronics8101129
https://doi.org/10.1109/ICECA.2019.8822194
https://doi.org/10.1109/IPACT.2017.8245176
https://doi.org/10.1049/iet-ipr.2019.0580
https://doi.org/10.1007/s12243-019-00742-6
https://doi.org/10.1007/s10772-020-09759-y
https://doi.org/10.1007/s10836-019-05851-7


V.THAMIZHARASAN ET AL.: DESIGN OF PROFICIENT TWO OPERAND ADDER USING HYBRID CARRY SELECT ADDER WITH FPGA IMPLEMENTATION 9165

AUTHORS

V Thamizharasan is an assistant pro-
fessor in the Department of Electron-
ics and Communication Engineering at
Erode Sengunthar Engineering College.
He received a BE degree in electron-
ics and communication engineering from
the Erode Sengunthar Engineering Col-
lege, Erode (Anna University Chennai), in

2008, and anME degree in VLSI design from Kongu Engineer-
ing College, Erode (AnnaUniversity, Chennai), in 2010. He has
10 years of teaching experience. He is a life member of ISTE.
He published about 6 papers in reputed journals and national
and international conferences. His research interests include
low power VLSI, VLSI architecture and VLSI signal processing.

Corresponding author. Email: ecetamil@gmail.com

N Kasthuri is a professor in the Depart-
ment of Electronics and Communication
Engineering, Kongu Engineering College,
India. She received a BE degree in elec-
tronics and communication engineering
from A C Tech Karaikudi and an ME
degree in applied electronics from the
Bharathiyar University, Tamilnadu, India.

She obtained her doctoral degree in information and commu-
nication engineering from Anna University, Chennai, Tamil-
nadu, India. She has two decades of teaching experience. She
has published about 52 papers in reputed journals and national
and international conferences. Her research interests cover sig-
nal processing, speech signal processing and embedded sys-
tems. She received research grants from various funding agen-
cies. She is a Life Member of ISTE.

Email: kasthuri@kongu.ac.in


	1. INTRODUCTION
	2. ADDERS
	2.1. Ripple Carry Adder (RCA)
	2.2. Carry Look Ahead Adder
	2.3. Carry Save Adder (CSA)
	2.4. Carry Skip Adder (CSKA)
	2.5. Carry Select Adder (CSELA)
	2.6. Carry Increment Adder (CIA)
	2.7. Brent-Kung Adder
	2.8. Hancarlson Adder
	2.9. Modified High-speed Architectures

	3. Hybrid-adder
	3.1. Linear Brentkung CSELA
	3.2. Square Root BKCSELA
	3.3. Modified Square Root BKCSELA
	3.4. D LATCH-Based CSA
	3.5. Common Boolean Logic (CBL)-Based CSA
	3.6. Modified Linear Ling CSELA(LLCSELA)
	3.7. Modified Linear Han Carlson CSELA
	3.8. Modified Linear CSELA Using Weinberger Adder (WCSELA)

	4. Proposed Carry select adder
	5. Performance Analysis
	6. Conclusion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [609.704 794.013]
>> setpagedevice


