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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. The logic operations involved in
conventional carry select adder (CSLA) and binary to excess-1
converter (BEC)-based CSLA are data dependence and redundant
logic operations. In this paper, proposed a new logic formulation
for CSLA to eliminate the redundant logic operations present in
the conventional CSLA. In the proposed scheme, the carry select
(CS) operation is scheduled before the calculation of final-sum,
which is different from the conventional approach. The proposed
CSLA design has reduced area and delay as compared with BEC-
based CSLA. Due to the small carry-output delay, the proposed
CSLA design is suitable for square-root (SQRT) CSLA. The
performance of the CSLA is evaluated by implementing a MAC
unit by using conventional, BEC and proposed CSLA in the adder
part, for different bit -widths. This work focuses on the
performance of CSLA in terms of area, delay and power, the
analysis of the result shows that the proposed SQRT-CSLA has
less area-delay product and has less power-delay product, when
compared with existing SQRT-adders. The system has been
designed efficiently using Verilog HDL codes and simulated using
Quartus Il 9.1 and hardware implementation is done by using
Altera-FPGA.

Keywords: CSLA, arithmetic unit, low power, area efficient.

1. Introduction

Design of area and power-efficient high-speed data path
logic systems are one of the most areas of research in VLSI
system design are increasingly used in portable and mobile
devices, multi standard wireless receivers, and biomedical
instrumentation [10], [11]. An adder is the main component of
an arithmetic unit. A complex digital signal processing (DSP)
system involves several adders. An efficient adder design
essentially improves the performance of a DSP system. Some
other applications of adders are in Multiply — Accumulate
(MAC) unit. Adders are also used in multipliers, in high speed
integrated circuits and in digital signal processing to execute
various algorithms like FFT, IIR and FIR. A ripple carry adder
(RCA) uses a simple design, but carry propagation delay (CPD)
is the main concern in this adder. Carry look-ahead and carry
select (CS) adders methods have been suggested to reduce the
CPD of adders.

A conventional carry select adder (CSLA) is an RCA-RCA
configuration that generates a pair of sum words and output
carry bits corresponding the input-carry (cin = 0 and 1) and

selects one out of each pair for final-sum and final-output-carry
A conventional CSLA has less CPD than an RCA, but the
design is not attractive since it uses a dual RCA. Few attempts
have been made to avoid dual use of RCA in CSLA design. Kim
and Kim [12] used one RCA and one add-one circuit instead of
two RCAs, where the add-one circuit is implemented using a
multiplexer (MUX). He et al. [13] proposed a square-root
(SQRT)-CSLA to implement large bit-width adders with less
delay. In a SQRT CSLA, CSLAs with increasing size are
connected in a cascading structure. The main objective of
SQRT-CSLA design is to provide a parallel path for carry
propagation that helps to reduce the overall adder delay.
Ramkumar and Kittur [14] suggested a binary to BEC-based
CSLA. The BEC-based CSLA involves less logic resources
than the conventional CSLA, but it has marginally higher delay.

The logic operations involved in conventional carry select
adder (CSLA) and binary to excess-1 converter (BEC)-based
CSLA are data dependence and to identify redundant logic
operations. In this paper, proposed a new logic formulation for
CSLA to eliminate the redundant logic operations present in the
conventional CSLA. In the proposed scheme, the carry select
(CS) operation is scheduled before the calculation of final-sum,
which is different from the conventional approach. The
performance of the CSLA is evaluated by implementing a MAC
unit by using conventional, BEC and proposed CSLA in the
adder part. This work focuses on the performance of CSLA in
terms of area, delay and power, the analysis of the result shows
that the proposed SQRT-CSLA has less area-delay product and
has less power-delay product, when compared with existing
SQRT-adders.

This is briefed as follows. First present the detailed structure
and the function of conventional CSLA, BEC based CSLA
design. The conventional CSLA has been chosen for
comparison with the BEC based CSLA and proposed CSLA
design. The delay and power evaluation methodology of the
conventional, BEC and proposed SQRT CSLA are presented.
Therefore the main aim of the project is to design and
implement a high speed carry select adder to enhance the speed
of addition and perform fast arithmetic functions. The proposed
design is applied to the MAC unit structure in the adder part to
evaluate the performance of the proposed design. This work
estimates that the proposed CSLA has less area-delay product
and power-delay product than existing CSLAS.
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2.CSLA

A. Conventional CSLA

The ripple carry adder is composed of cascaded full adders
for 4-bit adder, as shown in Fig. 1. It is constructed by cascading
full adder blocks in series. The carry out of one stage is fed
directly to the carry-in of the next stage. For an n-bit parallel
adder it requires n full adders, the critical path is n-bit carry
propagation path in the full-adders. As the bit number n
increases, the delay time of carry ripple adder will increase
accordingly in a linear way. In order to improve the
shortcoming of carry ripple adder to remove the linear
dependency between computation delay time and input word
length, carry select adder is presented. The CSLA has two units
sum and carry generator unit (SCG) and the sum and carry
selection unit is shown in Fig. 2. The SCG unit of the
conventional CSLA [3] is composed of two n-bit RCAs, where
n is the adder bit-width. The SCG unit consumes most of the
logic resources of CSLA and significantly contributes to the
critical path. Different logic designs have been suggested for
efficient implementation of the SCG unit. The main objective
is to identify redundant logic operations and data dependence.
Accordingly, remove all redundant logic operations and
sequence logic operations based on their data dependence.
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Fig. 1. 4-bit Ripple Carry Adder
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Fig. 2. n-bit conventional CSLA

B. Logic Expressions of the SCG unit of the conventional
CSLA

As shown in Fig. 1. The logic operation of the n-bit RCA is
performed by full adder generation. Suppose two n-bit operands
are added in the conventional CSLA, then RCA-1 and RCA-2
generate n-bit sum (sO and s1) and output-carry (cOout and
clout) corresponding to input-carry (cin = 0 and cin = 1),
respectively. Logic expressions of RCA-1 and RCA-2 of the
SCG unit of the n-bit CSLA are given as

i

)=400)" () c“(x—l) (12

)= {A B(i)- (i —D))(AD)- cd(i-1)) c=cl(n—1) (1b)

)=4()" () ( ) (2)
()= (46) - B@)I(BG) (i~ DIAD- cfi-1) che=clin=1) (2b)
Where ¢} (-1)=0,ci(-1) = land 0 <i<n—1.

These redundant logic operations can be removed and provide

an optimized design for RCA-2, in which the HSG and HCG of

RCA-1 is shared to design RCA-2.

C. BEC based CSLA

The conventional CSLA is not area efficient and delay for the
operation is more because it uses multiple set 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. To avoid this problem, the regular CSLA
structure is modified using n-bit Binary to Excess-1 code
converter (BEC) to improve the speed of operation. To improve
the speed of operation use the Binary to Excess-1 Converter
(BEC) instead of RCA with Cin=1 in the regular CSLA to
achieve less delay. A structure and the function table of a 4-b
BEC function of the CSLA is obtained by using the 4-bit BEC
together with the mux. One input of the 8:4 mux gets as it input
(B3, B2, B1, and B0) and another input of the mux is the BEC
output. This produces the two possible partial results in parallel
and the mux is used to select either the BEC output or the direct
inputs according to the control signal Cin. The importance of
the BEC logic stems from the large silicon area reduction when
the CSLA with large number of bits are designed.
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D. Logic Expressions of the SCG Unit of the BEC based CSLA

The n-bit CSLA using BEC is shown in figure 2, the RCA
calculates n-bit sum sand c®out corresponding to cin = 0. The
BEC unit receives sjand c®out from the RCA and generates (n

in
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+ 1)-bit excess-1 code. The most significant bit (MSB) of BEC
represent c®out , in which n least significant bits (LSBs)
represent s1.The logic expressions of the RCA are the same as
those given in (1a)-(1c). The logic expressions of the n-bit
BEC-based CSLA are given as

si(0) = ~s{(0) c{(0)=s{(0) (32)
si(D) =si (el (i —1) (3b)
ci(D) = s} .ci(i—-1) (3¢)
Coue = (n—1) "ci(n—1) (3d)

forl=i=n—1

From the above equation find that, the BEC-based CSLA,
cidepends on s? , which otherwise has no dependence on s} in
the case of the conventional CSLA. The BEC method therefore
increases data dependence in the CSLA.Considered the logic
expressions of the conventional CSLA and a data dependence
to find an optimized logic expression for the CSLA. The
significant amount of logic resource is spent for calculating {s3
and s1}, and it is not an efficient approach to reject one sum-
word after the calculation. Instead, one can select the required
carry word from the anticipated carry words {c° c'} to
calculate the final-sum. The selected carry word is added with
the half-sum (sO) to generate the final-sum (s). Using this
method, one can have three design advantages: 1) Calculation
of s? is avoided in the SCG unit; 2) the n-bit select unit is
required instead of the (n + 1) bit; and 3) small output-carry
delay. All these features result in an area—delay and power
efficient design for the CSLA.

E. Proposed CSLA design
The proposed logic formulation for the CSLA is given as

so(1) = A1) * B(D) colf) = A(1) - B(1) (4a)
ef @) =) (i = 1) . s0(i) + €0 (i) for (¢ (0)=0) (4b)
(i) =cf (i = 1). so(i) + (i) for (cf (0)=1) (40
(i) = ef (i) if (en = 0) (4d)
() = cf () if (i = 1) (4e)
Coue = €(m— 1) (40
5(0) = 5,(0) " cp s() = so(i) "e(i—1) (g

The proposed CSLA is based on the logic formulation given
in (4a)—(4g), and its structure is shown in Fig. 5. It consists of
one HSG unit, one FSG unit, one CG unit, and one CS unit. The
CG unit is composed of two CGs (CG, and CG;) corresponding
to input-carry ‘0” and “1°. The HSG receives two n-bit operands
(A and B) and generate half-sum word s, and half-carry word
¢, of width n bits each. Both CG, and CG; receive s, and c,
from the HSG unit and generate two n-bit full-carry words
c? and c! corresponding to input-carry ‘0’ and ‘1°, respectively.
The logic diagram of the HSG unit is shown in Fig. 6(b). The

logic circuits of CG, and CG; are optimized to take advantage
of the fixed input-carry bits. The optimized designs of
CGy and CG; are shown in Fig. 6(c) and (d), respectively. The
CS unit selects one final carry word from the two carry words
available at its input line using the control signal cin. It selects
c? when cin = 0; otherwise, it selects ¢} . The CS unit can be
implemented using an n-bit 2-to-I MUX. However, find from
the truth table of the CS unit that carry words c{ and ci follow
a specific bit pattern. If c? (i) = 1',then ci(i) =1,
irrespective of s, (i)and c, (i), for 0 <i<n— 1. This feature is
used for logic optimization of the CS unit. The optimized design
of the CS unit is shown in Fig. 6(e), which is composed of n
AND-OR gates. The final carry word c is obtained from the CS
unit. The MSB of c is sent to output as cout, and (n — 1) LSBs
are XORed with (n — 1) MSBs of half-sum (s0) in the FSG
[shown in Fig. 6(f)] to obtain (n — 1) MSBs of final-sum (s).
The LSB of s0 is XORed with cin to obtain the LSB of s.
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Fig. 5. n-bit proposed CSLA design
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(CGO) for input-carry = 0. (d) Gate-level optimized design of (CG1) for input-
carry = 1. (e) Gate-level design of the CS unit. (f) Gate-level design of the
final-sum generation (FSG) unit.

F. Single-stage CSLA

The single- stage carry select adder is constructed by connecting a number
of equal length adder stages. For an n-bit adder, it could be implemented with
equal length of carry select adder and is called as single —stage carry select
adder.The proposed CSLA is based on the logic formulation and its structure
consists of one HSG unit, one FSG unit, one CG unit, and one CS unit. The CG
unit is composed of two CGs (CGy and CG,) corresponding to input-carry ‘0’
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and ‘1. The HSG receives two n-bit operands (A and B) and generate half-sum
word s, and half-carry word c, of width n bits each. Both CG, and CG, receive
s, and c, from the HSG unit and generate two n-bit full-carry words c? and c}
corresponding to input-carry ‘0’ and ‘1°, respectively. The logic circuits of
CG, and CG, are optimized to take advantage of the fixed input-carry bits. The
CS unit selects one final carry word from the two carry words available at its
inputs using the control signal cin. It selects ¢? when cin = 0; otherwise, it
selects ¢} . The CS unit can be implemented using an n-bit 2-to-1 MUX.
However find from the truth table of the CS unit that carry words c?and c}
follow a specific bit pattern. If ¢ (i) =' 1’,then c}(i) = '1’, irrespective of
so (Dand ¢, (i), for 0 <i < n— 1. This feature is used for logic optimization of
the CS unit. The optimized design of the CS unit is shown in Fig. 3(e), which
is composed of n AND-OR gates. The final carry word ¢ is obtained from the
CS unit. The MSB of c is sent to output as cout, and (n — 1) LSBs are XORed
with (n — 1) MSBs of half-sum (s0) in the FSG to obtain (n — 1) MSBs of final-
sum (s). The LSB of s0 is XORed with cin to obtain the LSB of s.

G. Multistage CSLA (SQRT-CSLA)

The multipath carry propagation feature of the CSLA is fully
exploited in the SQRT-CSLA, which is composed of a chain of
CSLAs. CSLAs of increasing size are used in the SQRT-CSLA
to extract the maximum concurrence in the carry propagation
path. Using the SQRT-CSLA design, large-size adders are
implemented with significantly less delay than a single-stage
CSLA of same size. However, carry propagation delay between
the CSLA stages of SQRT-CSLA is critical for the overall
adder delay. Due to early generation of output-carry with
multipath carry propagation feature, the proposed CSLA design
is more suitable than the existing CSLA designs for area—delay
efficient implementation of SQRT-CSLA. A 16-bit SQRT-
CSLA design using the proposed CSLA is shown in Fig. 4,
where the 2-bit RCA, 2-bit CSLA, 3-bit CSLA, 4-bit CSLA,
and 5-bit CSLA are used. Considered the cascaded
configuration for different bit-widths. To demonstrate the
advantage of the proposed CSLA design in SQRT-CSLA,
estimated the area and delay of SQRT-CSLA using the
proposed CSLA design and the BEC-based CSLA of [6] for bit-
widths 8, 16, 32.
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Fig. 7. Proposed SQRT-CSLA forn =16

H. Implementation of MAC unit using CSLA

Adders play an important part in today’s digital signal
processing (DSP) systems. So need to design high speed, area
efficient adders. The performance of the CSLA is evaluated by
implementing an MAC unit using the Conventional CSLA,
BEC based CSLA and Proposed Carry Select Adder and then
comparing the results in terms of area, delay and power.

64 BIT 64 BIT

MULTIPLIER

ADDER

129 BIT
ACCUMULATOR

FINAL OUTPUT

Fig. 8. MAC unit Architecture.

The adder part is replaced with the conventional, BEC and
proposed CSLA and the MAC unit is implemented and the
performance of the design is evaluated in terms of area, delay
and power. In this paper use a MAC unit implementation using
conventional, BEC and proposed CSLA. The MAC unit is
implemented using different the carry select adders and then the
results are compared. The performance of the CSLA is
evaluated in terms of area, delay and power.

3. Table

Comparison of Area, Delay, Power of Existing and Proposed
for Single- Stage CSLA are given in Tablel.The given Table 1
shows that the proposed CSLA involves nearly 27% less area
and 1.3% less delay than the conventional CSLA.
Consequently, the conventional CSLA of involves 24% higher
ADP and 13% higher PDP than the proposed CSLA, for 32 bit-
width. Compared with the BEC-based CSLA, the proposed
CSLA design has marginally less ADP. However, in the BEC-
based CSLA, delay increases at a much higher rate than the
proposed CSLA design for higher bit widths. Compared with
the BEC based CSLA, the proposed CSLA involves 1.6% more
power, but it involves nearly 26% less ADP and nearly 3% less
PDP due to less area complexity. Power consumption is more
in proposed single- stage CSLA when it compared with the
existing CSLAs, to reduce the power consumption go for multi-
stage CSLA.

Table 1
Comparison of Area, Delay, and Power of Existing and Proposed for
_ Single- Stage CSLA

Delay(ns) | Area Power(mW ADP(us) | PDP
Dynamic | Static Total (nsW)
Power | Power | Power
mW) | @W) | mW)
§ 14.090 19 158 370.18 | 40827 0.26771 | 5.752
Conv | 16 19.523 57 1.06 37026 | 41290 L1128 | 8.061
CSLA |22 21693 69 177 37035 | 41893 1494 9.0710
8 13.669 20 167 37029 | 41511 0.27338 | 5.674
BEC |16 18.799 36 0.68 37020 | 40949 10527 | 7.6980
CSLA |32 20670 8 146 37022 | 41075 1.694 8.490
8 13.028 18 191 37032 | 41691 0.2350 | 54312
Pro 16 14.693 49 197 37022 | 41028 0.7199 | 6.028
CSLA |32 18.766 61 1.66 37032 | 41720 1144 7.829

A comparison of conventional, BEC and proposed CSLA is
made in terms of delay, area and power and listed in the below
table.

Design | Width
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Table 2
Comparison of Area, Delay, and Power of Existing and Proposed for
Multi- Stage CSLA.

WIDTH | DELAY(ns) | AREA | POWER(mW) | ADP(ws) | PDP(psW)
B 14.090 19 158 026771 | 2226
Conv 16 16872 4 178 06017 | 3003
CSLA ) IRE] §7 105 18647 | 2250
BEC CSLA 8 13.669 20 167 027338 | 232
16 14.171 37 121 0543 | 1714
3 15438 88 052 13603 803
Pro CSLA 8 13.028 18 191 02350 | 2488
16 14547 30 0.73 04364 | 1061
3 14218 67 028 0952%6 | 398

DESIGN

Comparisons of Area, Delay, Power of Existing and
Proposed for multi- Stage CSLA are given in Table 2.The given
Table 2 shows that the proposed CSLA involves nearly 20%
less area and 3% less delay and 5% less power than the
conventional CSLA. Consequently, the conventional CSLA of
involves 27% higher ADP and 19% higher PDP than the
proposed CSLA, for 32 bit-width. Compared with the BEC-
based CSLA, the proposed CSLA design has marginally less
ADP. However, in the BEC-based CSLA, delay increases at a
much higher rate than the proposed CSLA design for higher bit
widths. Compared with the BEC based CSLA, the proposed
CSLA involves 1.6% more power, but it involves nearly 26%
less ADP and nearly 3% less PDP due to less area complexity.
The area, delay and power of an proposed CSLA is reduced and
therefore say that proposed CSLA is the High Speed Carry
Select Adder. Now evaluate the performance of the Carry
Select Adder by implementing an MAC unit using the
Conventional, BEC and Proposed CSLA.

Table 3
Comparison of MAC Unit Implementation with Conventional, BEC and

Proposed CSLA

DESIGN DELAY(s) | AREA | POWER(mW) | ADP(us) | PDP(psW)
Comv CSLA 16 6491 ] 7.88 0.240 511
) 5039 8 1061 0675 852
BEC CSLA 16 5508 36 563 0.198 175
) 5731 76 10.80 0.435 618
Pro CSLA 16 5468 1 5.0 0174 [TH]

3 5559 69 047 0383 526

From the above comparison results listed in the table, says that
the area, delay and power are reduced when the MAC unit is
implemented with a proposed CSLA rather than an MAC unit
that was implemented with a Conventional CSLA. Thus a high
speed, area efficient and low power MAC unit can be designed
using a proposed CSLA. Thus the proposed Carry Select Adder
is a High Speed Carry Select Adder. The Conventional, BEC
and Proposed Carry Select Adder designed are now
implemented using an FPGA.The source code is dumped into
the FPGA and the results are checked. The steps involved in the
implementation of the CSLA using the FPGA are: first
synthesize the code, generate programming file, create user
constraints file (UCF) file by configuring the input and output
pins of FPGA, create a cdc file, run the cdc file, make pin
connections including clock. Now switch on the Altera FPGA
kit and configure the target device and finally analyze the
design using Chip scope Pro Analyzer. This way the high speed
CSLA is implemented using the FPGA.

4. Figures

Comparison of area-delay-product and power-delay-product
of existing and proposed for multi-stage CSLA to be shown in
below graph.

Area-Delay-Product

2
—~15 -
=
& 1 - — W convCSLA
ﬁ 0.5 - B BEC CSLA
0 - Pro CSLA

8 16 32
Operand bit-width

Fig. 9. The simulation results of the area-delay- product comparison in the
conventional, BEC, Proposed SQRT-CSLA
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Fig. 10. The simulation results of the power-delay- product comparison in
the conventional, BEC, Proposed SQRT-CSLA.
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Fig. 11 The simulation results of MAC unit area- delay- product comparison
using conventional, BEC, Proposed CSLA
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Fig. 12. The simulation results of MAC unit power- delay- product
comparison using conventional, BEC, Proposed CSLA.

5. Conclusion

In this paper, analyzed the logic operations involved in the
conventional and BEC-based CSLAs are data dependence and
redundant logic operations. In this paper, proposed a new logic
formulation for CSLA to eliminate the redundant logic
operations present in the conventional CSLA. In the proposed
scheme, the CS operation is scheduled before the calculation of
final-sum, which is different from the conventional approach.
The proposed CSLA design involves significantly less area and
delay than the recently proposed BEC-based CSLA. Due to the
small carry output delay, the proposed CSLA design is suitable
for the SQRT adder. All the three models of SQRT- CSLA are
designed and are implemented in Verilog HDL using Quartus
11 9.1 tool and the results are compared in terms of area, delay
and power. The Proposed CSLA proves that has 12% less area-
delay-product and 9% less power- delay-product than existing
CSLAs .It is also implemented with Altera FPGA. The
performance of this CSLA in terms of delay and power is
evaluated by implementing an MAC unit by using the CSLA in
the adder part and again it proves to be the High Speed and Low
Power CSLA. Thus a high speed and low power MAC unit can
be designed using Proposed CSLA. The Proposed CSLA
architecture is therefore, high speed, low power and area
efficient for VLSI hardware implementation.
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