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Abstract—In VLSI, area, delay and power are the crucial 
parameters. To minimize them we have a lot of methods, but 
there is still a requirement of a robust algorithm to reduce 
them. By the use of efficient carry select adder, we can 
optimize the area, delay, power compared to the 
conventional adders. The conventional carry select adder 
(CSLA) and BEC-based CSLA adder are the references, on 
analysing these adders we have observed the data 
dependency and identified the unnecessary logic operations, 
on remove all the unnecessary logic operations existent in 
conventional CSLA, the proposed new logic formulation for 
conventional CSLA works effectively with less area and less 
delay than newly proposed BEC-based method, in 
consequence of small carry output delay. The proposed 
method is suitable for SQRT- CSLA, which gives better results 
than conventional SQRT-CSLA which has less area, less delay 
for different bit widths, on an average. Results of synthesis 
show that BEC- SQRT CSLA design consumes more energy 
and more ADP than proposed SQRT-CSLA on average, for 
different bit widths. Furthermore, in this paper, we have 
proposed 128-bit SQRT-CSLA with proposed CSLA.  

Index Terms—VLSI, CSLA, Area-delay-power efficient 
design, SQRT-CSLA, Xilinx. 

                          I. INTRODUCTION 

Adder is a digital circuit that works on binary bits for 

addition operation. Generally, the adder is used in the 

arithmetic logic unit, which plays a key role. It is also used 

in some other parts of the processor for calculating the 

address, table indices, increment and decrement 

operators, and similar operations. These are the 

references, for increasing significant priority of adders in 

electronics. Several adders are used in complex digital 

signal processing (DSP) system. An efficient adder can give 

the high performance, area efficient, low power, for the 

complex DSP systems. High performance, low power, area 

efficient VLSI designs are utilized as a part in mobile 

devices, Multistandard remote beneficiaries and 

biomedical instrumentation [1] [2] progressively used, for 

these three parameters mainly depends on efficient adder. 

Ripple carry adder (RCA) is a simple design adder, in RCA 

carry propagation is the main concern. To minimize the 

carry propagation delay (CPD), carry look-ahead adder 

and carry select adders are have been recommended. The 

conventional CSLA has RCA-1 unit, RCA-2 unit and 

selection unit, the RCA-1 and RCA-2 units are generates 

pair of sum words and output carry bits accordingly to 

their relative anticipated input carry (Cin = 0 & 1), then 

selection unit select the one out of the sum word and one 

out of the output carry bits, these are the final sum and 

final output carry [3] respectively. The CSLA gives better 

performance in terms of CPD but the design is bit 

complicated, due to the dual use of RCAs. Few attempts 

have been made to ignore the use of RCA as twice. Instead 

of has two RCAs. Kim and Kim [4] have implemented with 

one RCA circuit and one add-one circuit which is operated 

with mux. 

Ramkumar and kittur [6] were suggested BEC-based CSLA. 
The BEC-based CSLA full fill the less logic resources 
requirement but it has marginally high delay. The CBL-
based CSLA [7], [8] was suggested by I.-C. Wey, S. Manju. 
The CBL-based CSLA greatly less logic resources [7] but it 
has high CPD, which is mostly similar to RCA. To eliminate 
this problem, The SQRT-CBL was suggested by [8]. In[5]it 
is defined SQRT-CSLA, for the purpose of large bit widths 
using with less area but the cascading structure of 
connecting CSLAs is the main concern to increase the size. 
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The main purpose of proposing SQRT-CSLA is to provide a 
parallel path for carry propagation, which involves directly 
to minimize the overall adder delay. However, the more 
logic resources and high delay are required in CBL-based 
SQRT-CSLA design [8] than BEC-based SQRT CSLS design 
of [6]. 

The logic optimization and adder delay are analysed for 
the existing methods and observed. In this analysis, logic 
optimization is highly depending on redundant logic 
operations present in the logic formulation and the adder 
delay is data dependent. It is also observed that a high 
priority is given for logic optimization while less literature 
on data dependence. The logic formulations of CSLA and 
BEC-based CSLA are examine to study the data 
dependency and identify the unnecessary logic operations 
involved in it. This is a reference to proposed new logic 
formulation for CSLA, this logic formulation based on the 
data dependence and optimized logic operations are to 
optimize carry generate (CG), optimize carry select (CS) 
design. In this paper, the proposed CSLA extended to 
higher bit-width to increase performance.  

Using proposed CSLA logic formulation, derive an efficient 
logic design for CSLA, for this logic optimization the 
proposed CSLA has significantly less ADP than 
conventional CSLA adders. The proposed CSLA utilized in 
SQRT-CSLA closely shows that 32% less ADP and absorb 
33% less energy than existing SQRT-CSLA. In this paper 
the proposed CSLA based SQRT-CSLA is extended to 
higher bit widths. Rest of this paper as follows. Logic 
formulation of CSLA is having in section II. The proposed 
CSLA is represented in Section III and the performance 
comparison is represented in Section IV. The results is 
mention in Section V, The conclusion is mention in Section 
VI.  

                          II. LOGIC FORMULATION 

The basic CSLA combination of two n-bit RCAs called as 

sum and carry generating unit (SCG), and sum and carry 

selection unit (SCS) [9]. SCG unit takes most of the logic 

resources and it contributes major role in critical path. 

Different methods are proposed for optimized SCG unit. It is 

studied that the logic design of the SCG unit [6]. The main 

motto for this study is to identify the redundant logics 

operations and data dependence, then eliminating all the 

redundant operations and sequential operations 

 

Fig. 1 Logic Block Diagram of: (a) Conventional Carry 
Selector Unit, and (b) Ripple Carry Adder   

RCA block has these four sub-blocks: half sum generator 
(HSG) unit, half carry generator (HCG) unit, full sum 
generator (FSG) unit and full carry generator (FCG) unit. 
The HSG block generates sum and carry output using the 
conventional half adder circuit using the corresponding 
bits of the CSLA. It consists of N numbers of XOR gates and 
AND-gates to perform the operation. 

A. Conventional CSLA Logic Expressions for SCG 
Unit. 

 

                       The above figure. 1 shows the conventional 
CSLA, SCG unit consist of two RCAs with N-bit words. By 
adding these N-bit words in conventional CSLA, the sum 
and carry generating unit generates n-bit sum words (S0 

and S1) and output carry bits (C  and C ) with their 

respective input carry ‘0’ and ‘1’. Basically, the operation 
performed in RCA is in four steps shown in figure 1(b), 
those are half-sum generation (HSG), half-carry generation 
(HCG), full-sum generation (FSG), full-carry generation 
(FCG).  

 
The logic formulations of sum and carry generating (SCG) 
unit of n-bit CSLA are following. 
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As shown in the equation  are identical 

that of  so that remove these redundant 

logics to optimize the RCA 2. The HSG and HCG of RCA 1 
are shared to build RCA 2. By doing this, the RCA 2 is 
replaced by one add-one circuit. Later it is known as BEC 
circuit [6]. Since BEC-based CSLA gives better performance 
in terms of area-delay-power than existing CSLAs. Now we 
discuss the logic formulation of BEC-based CSLA of SCG 
unit.   
 

B. The Logic expressions of the sum and carry 
generating Unit according with BEC-based 
CSLA. 

                As shown in fig.2, the RCA block determine the N-

bit sum with respective input carry ‘0’. These 

values are fed to the BEC unit, which receives and 

generates ( -bit excess-1 code. The MSB of BEC unit 

represents as and LSB of the BEC unit represents . 

                          The structure of the BEC-based CSLA is the 

better one than the conventional CSLA in terms of 

complexity, which means logic formulation and sequential 

operations. Which can be proved by the following figure 

and following equations. 

 

Fig. 2. Block diagram of the BEC-based CSLA; n is the input 
operand bit-width 
 
So the logic equations of RCA are 1(a)-1(c), and the BEC 
unit equations are follows 
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 The logic formulations 1(a) to 1(c) and 3(a) to 3(d) are 
represent the BEC-based CSLA of SCG unit. In this high 
data dependence is seen. By observing the equation 3(a), 

 depending on , which does not happen in 

conventional CSLA. With this, the further study on logic 
formulations of conventional CSLA for data dependence to 
get efficient logic formulation for conventional CSLA is 
done. With this study, all the redundant logic formulations 
are removed from the equations 1(a) to 1(c) and 2(a) to 
2(c) and rearrange these as proper manner by using their 
data dependence. Those rearranged logic formulations are 
followed as  
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                  III. PROPOSED ADDER DESIGN 

 

 
 

Fig. 3. (a) Proposed CS adder design, where n is the input 
operand bit-width, (b) Gate-level composition of the half 
sum generator. (c) Gate-level optimized composition of 
carry generator with input carry = 0. (d) Gate-level 
optimized composition of carry generator with input carry 
= 1. (e) Gate-level composition of the carry selection unit. 
(f) Gate-level composition of the final-sum generation unit. 

 
The above figure 3(a) shows the designing of the adder, by 

using the logic formulations of the 4(a) to 4(g). In which 

totally four units are there, those are HSG, CG, CS and FSG. 

The HSG generates n-bit half-sum word S0 and half-carry 

word C0, by considering inputs as two n-bit words that are 

A and B. These S0 and C0 fed to the CG unit. The CG unit is 

composed of two units of CG0 and CG1and these both are 

receives the S0 and C0, than generates n-bit full-carry word  

  for their respective input carry bits (Cin=0 and 

Cin=1) and the CG unit is optimized by the advantages of 

fixed carry-inputs, the respective optimized circuit shown 

above as figure 3(c) and 3(d). The n-bit full-carry word  

  are fed to CS unit, the CS unit select the one 

carry bit from , that’s as an final-carry bit, by 

the use of control bit Cin 

. The CS unit is 

implemented by 2-to-1 Multiplexer, however the carry 

words of CS unit is specific pattern that is irrespective of 

half-sum word S0 and half-carry word C0, for  

This pattern is used in logic optimization of CS unit, which 

shows in figure 3(e).The  is the final carry word from CS 

unit. This proposed adder gives much better results in 

SQRT-CSLA. Here we have worked on 128-bit SQRT-CSLA 

with proposed CSLA. 

IV. PERFORMANCE COMPARISON 

In this paper, Xilinx ISE Design Suite 14.2 has been used to 
obtain different experimental values like Delay, Power and 
area parameters of the circuit. Here we are using proposed 
CSLA [1] for 128-bit SQRT-CSLA, proposed CSLA [1] is very 
much suitable for SQRT-CSLA. The proposed CSLA [1] 
design offers less output-carry delay than the output sum 
delay because of CS unit, which helps to calculate the 
output-carry before calculation of final-sum by FSG unit. 

The CSLA feature of multipath carry propagation is fully 

used in the SQRT-CSLA [5], which is composed by 

cascading the CSLAs. Increasing size of CSLAs are used to 

get maximum concurrence in carry propagation path in 

the SQRT-CSLA. And large size adders are implemented by 

using SQRT-CSLAs with effectively less delay than single-

stage CSLA of same size. However, the carry propagation 
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delay in CSLA stages of SQRT-CSLA is crucial for the 

overall adder delay. By the multipath carry propagation 

feature in proposed CSLA, the output-carry is generated 

earlier by this early generation of  

Output carry, which is very suitable for SQRT-CSLA than 

existing CSLA designs for area-delay efficient 

implementations of SQRT-CSLA. 

 
 

Fig. 4. Proposed SQRT-CSLA for n = 16. All intermediate 
and output signals are define with delay (displayed in 
square brackets). 
                                        TABLE 1 

SIMULATION AND SYNTHESIS RESULTS OF SQRT-CSLA 
FOR DIFFERENT BIT-WIDTHS 

 

 The figure 4 shows the 16 bit SQRT-CSLA design of 

proposed CSLA, where we are used 2-bit RCA, 2-bit CSLA, 

3-bit CSLA, 4-bit CSLA and 5-bit CSLA. To show the 

advantages of SQRT-CSLA with the using of proposed CSLA 

than conventional SQRT-CSLAs [6], [7]. The different bit-

widths 16, 32, 64 and 128 were displayed in the Table V. 

the CBL-based SQRT-CSLA [7] has the significantly higher 

delay for large bit-widths than proposed SQRT-CSLA and 

BEC-based SQRT-CSLA. The proposed SQRT-CSLA has less 

ADP than BEC-based SQRT-CSLA [6], and CBL-based 

SQRT-CSLA [7] on average, for different bit-widths. 

                                 V. RESULTS 

We have coded the conventional CSLA for 8-bit and 16-bit, 
proposed CSLA for 8-bit and 16-bit, SQRT-CSLA with the 
conventional CSLA design for 8-bit, 16-bit, 32-bit, 64-bit 
and 128-bit, SQRT-CSLA with the suggested CSLA design 
for 8-bit, 16-bit, 32-bit, 64-bit and 128-bit in VHDL. All the 
designs are synthesized in the Xilinx ISE Design Suite 14.2. 
The proposed SQRT-CSLA involves significantly less area 
and less delay and consumes less power than the existing 
designs. 
 
 
PROPOSED SQRT-CLSA 128-bit, RTL SCHEMATIC 
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PROPOSED SQRT-CSLA 128, RADIX IN HEXADECIMAL 

 

                          

VI. CONCLUSION 
 

The logic operations of conventional CSLA and BEC-based 
CSLA were analyzed to study the unnecessary logic 
operations and determine the dada dependence. Than 
eliminate all the sequential operations and unnecessary 
logic operations then proposed a new logic formulation for 
the conventional CSLA. In the proposed CSLA the process 
of carry selection is schedule before calculation of final-
sum, which gives the optimize results of proposed CSLA 
and it is new approach compare to conventional approach. 
For the carry word the corresponding carry inputs are ‘0’ 
and ‘1’ based on the proposed CSLA follow a specific bit 
pattern, which optimize the CS unit. And where fixed input 
bits of CG unit is also optimize the logic formulation of CG 
unit, based on this optimized logic of CS and CG units, an 
efficient logic formulation is obtained for CSLA. And this 
logic formulation involves significantly less area and delay 
than the latest method of BEC-based CSLA, due to less 
output-carry delay. And this proposed CSLA very much 
suitable and better to use in SQRT method than 
conventional SQRT methods. And using proposed CSLA in 
SQRT method (SQRT-CSLA), results are more ADP and it 
consumes more energy in BEC-based SQRT CSLA compare 
to proposed SQRT-CSLA, on average for variant bit widths. 
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