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ABSTRACT: In the design of Integrated Circuits, area occupancy plays a vital role because of increasing the necessity 
ofportable systems. Carry Select Adder (CSLA) is one of the fastest adders used in many data-processing processors to 
perform fast arithmetic functions. In this project, an area-efficient carry select adder by sharing the common Boolean 
logic term (CBL) is used. After logic simplification and sharing partial circuit, only one XOR gate and one inverter 
gate in each summation operation as well as one AND gate and one inverter gate ineach carry-out operation are needed. 
Through the multiplexer, the correct output is selected according to the logic states of the carry in signal.The modified 
design has been developed using Binary to Excess-1 converter (BEC). The new design has reduced area and delay as 
compared with the regular SQRT CSLA design. The result analysis shows that the newly designed SQRT CSLA 
structure is better than the regular SQRT CSLA. 
 
KEYWORDS: Adder, Carry select Adder (CSLA), Modified CSLA (MCSLA), Square Root CSLA (SQRT CSLA), 
Data processing processors. 

I. INTRODUCTION 
 

In computers and other processors, adders are not only used to perform arithmetic operations such as addition, 
subtraction but also to calculate other applications such as addresses, table indices etc. Adders are also used in 
multipliers, in high speedintegrated circuits and in digital signal processing to execute various algorithms like FFT, IIR, 
FIR. Now a days design of low power, area efficient high speed data path logic system are the most important areas of 
research of  VLSI designs. 
On the basis of the requirements such as area, delay and power consumption, some commonly used adders are Ripple 
Carry Adders, Carry Select Adders and Carry Look-Ahead Adders. Even though the design of Ripple Carry Adder 
(RCA) is compact, but the computation time is longer. Time critical applications make use of Carry Look-Ahead Adder 
(CLA) to derive fast results but it leads to increase in area. 
The aim of this project is to present the design of Carry Select Adder (CSLA) by sharing Common Boolean Logic 
(CBL).The CSLA is used in many computational systems to alleviate the problem of carry propagation delay by 
independent generation multiple carries and then select a carry to generate the sum. However, the CSLA is not an area 
efficient because it uses multiple pairs of ripple carry adder to generate partial sum and carry by considering carry input 
as Cin=0 and Cin=1,then the final summation and carry are selected by the multiplexers. An area-efficient carry select 
adder share the Common Boolean Logic  term to duplicate adder cells in the conventional carry select adder . It saves 
many transistor counts and achieves a low power.  
This project is organized as follows: In section II Related work is shown, section III deals with the modified CSLA, 
section IV Regular SQRT CSLA, and Modified SQRT CSLA, section V explains the Proposed SQRT CSLA using 
common Boolean logic. Results are analysed in section VI and section VII concludes and tells about future scope. 
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II. RELATED WORK 
 

Ripple Carry Adder consists of cascaded “N” single bit fulladders. Output carry of previous adder becomes the input 
carry of next full adder. Therefore, the carry of this adder traverses longest path called worst case delay path through N 
stages. Fig.1 shows the block diagram of 4-bit ripple carry adder. Now as the value of N increases, delay of adder will 
also increase in a linear way. Therefore, RCA has the lowest speed amongst all the adders because of large propagation 
delay but it occupies the least area. Now CSLA provides away to get around this linear dependency is to anticipate all 
possible values of input carry i.e. 0 and 1 and evaluate the result in advance. Once the original value of carry is known,r 
esult can be selected using the multiplexer stage. Therefore the conventional CSLA makes use of Dual RCA’s to 
generate the partial sum and carry by considering input carryCin=0 and Cin=1, then the final sum and carry are selected 
by multiplexers. The conventional CSLA is area consuming due to the use of dual RCA’s. 
 

 
 Fig 1: 4-bit Rpple Carry Adder 
  
The basic idea of this work is to use Binary to Excess- 1 converter (BEC) instead of RCA with Cin=1 in conventional 
CSLA in order to reduce the area and power.BEC uses less number of logic gates than N-bit full adder structure. To 
replace N-bit RCA, an N+1 bit BEC is required. Therefore, Modified CSLA has low power and less area than 
conventional CSLA. SQRT CSLA has been chosen for comparison with modified design using BEC as it has more 
balanced delay, less area and low power. Regular SQRT CSLA also uses dual RCAs.In order to reduce the 
delay, area and power, the design is modified by using BEC instead of RCA with Cin=1. 
Therefore, the modified SQRTCSLA occupies less area, delay and low power. Further also, the parameters like delay, 
area and power can be reduced.Fig.2 shows the diagram of 16-bit conventional CSLA. By sharing Common Boolean 
Logic (CBL), a circuit of SQRT CSLA is proposed. This proposed design is better than all the other adders in respect 
of area, delay and power consumption. 

 

 
                                                              Fig 2.16-bit conventional CSLA 
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III. MODIFIED CSLA 
 
The basic idea of this work was to use Binary to Excess- 1converter (BEC) instead of RCA with Cin=1 in conventional 
CSLA in order to reduce the area and power. BEC uses less number of logic gates than N-bit full adder structure. To 
replace N-bit RCA, an N+1 bit BEC is required. Therefore, Modified CSLA has low power and less area than 
conventional CSLA. SQRT CSLA has been chosen for comparison with modified design using BEC as it has more 
balanced delay, less area and low power . Regular SQRT CSLA also uses dual RCAs. Circuit of BEC is shown in fig 3. 

 
Fig 3: 4-bit Binary to Excess-1 Converter 

In order to reduce the delay, area and power, the design is modified by using BEC instead of RCA with Cin=1. Therefore, the 
modified SQRTCSLA occupies less area, delay and low power. Further also, the parameters like delay, area and power can be 
reduced. And truth table is shown in Table 3.1.Goal of addition is achieved using BEC together with the multiplexer. 
 
One of the input of 8:4 MUX gets as its inputs (B3,B2,B1,B0) and another input of MUX is BEC output. Boolean expressions of 4-
bit BEC are listed below.(Note: symbols ~NOT, &AND and ^XOR). 
X0=~B0 
X1=B0^B1 
X2=B2^(B0&B1) 
X3= B3^(B0&B1&B2) 

Table 1:Truth table of 4-bit binary to excess -1 converter 
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The main idea of this work is to use BEC instead of RCA with Cin=1 in order to get the reduced area and power 
consumption of the conventional CSLA. To replace the Nbit RCA, N+1 bit BEC is required. Thus, modified CSLA is 
designed such that it occupies less area and has low power than conventional CSLA. Block diagram of Modified CSLA 
is shown in Fig.4. 

 
Fig.4.Block diagram of 16-bit modified CSLA 

IV. REGULAR SQRT CSLA AND MODIFIED SQRT CSLA 
 

The structure of 16-bit regular SQRT CSLA is shown in Fig.5It has five groups of different size RCA. Each group 
contains dual RCA and MUX. Conventional CSLA has one main disadvantage of high area usage. This advantage can 
be overcome in Regular SQRT CSLA. So SQRT CSLA is improved version of Conventional CSLA.  

 
Fig:5 16-bit Regular SQRT CSLA 

Time delay of conventional CSLA can be decreased by having one more input into each set of adders than in previous 
set. This is known as SQRT CSLA. In SQRT CSLA, group3 has two sets of 3-bit RCA. Selection input of 8:4 MUX is 
c3.If c3=0,then MUX selects first RCA output(Cin=0) otherwise second RCA output(Cin=1) is selected. 
 
Modified SQRT CSLA is similar to that of regular SQRT CSLA, the only difference is we replace RCA with Cin=1 
with BEC. This replaced BEC performs the same operation as that of the replaced RCA with Cin=1. Fig.6shows the 
block diagram of modified SQRT CSLA. This structure consumes less area, delay and power than regular SQRT CSLA 
because of less number of transistors are used. 
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Fig:7 Modified SQRT CSLA 

V. PROPOSED SQRT CSLA USING CBL 
 

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 Table 2. 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. 
 
                                                              Table 2 Truth table of 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 CSLA is shown in 
Fig.7. 
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Fig.7 Internal structure of the proposed area-efficient carry select adder is 

constructed by sharing the common Boolean logic term 
 

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. 8 16-Bit Proposed SQRT CSLA using Common Boolean Logic 

VI.  EXPERIMENTAL RESULT 
 

This work has been developed using Xilinx tool. Table 3 shows the comparison between the various adders like 
conventional CSLA, Modified CSLA, regular SQRT CSLA, modified SQRT CSLA and proposed SQRT CSLA for 8-
bit, 16-bit, 32-bit and 64-bit. The parameters on which they are compared are area, delay and power. Fig. 10 depicts 
that the proposed SQRT CSLA has less number of gates and hence less area. Fig.9 shows the adder circuit for delay 
comparison. The results compared in Fig. 12 shows that the power consumption of proposed SQRT CSLA is reduced. 
It is clear that power, area and delay of proposed SQRT CSLA for 8-bit, 16-bit, 32-bit and 64-bit is reduced as 
compared toother adders. 
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Fig.9 Simulation of SQRT CSLA sharing CBL 

Table 4Area, Delay,Power comparison of SQRT CSLA using CBL 
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VII. CONCLUSION AND FUTURE SCOPE 
 

Power, delay and area are the constituent factors in VLSI design that limits the performance of any circuit. This work 
presents a simple approach to reduce the area, delay and power of CSLA architecture. The conventional carry select 
adder has the disadvantage of more power consumption and occupying more chip area. The proposed SQRT CSLA 
using common Boolean logic has low power, less delay and reduced area than all the other adder structures. It is also 
little bit faster than all the other adders. In this way, the transistor count of proposed SQRT CSLA is reduced having 
less area and low power which makes it simple and efficient for VLSI hardware implementations. 
 
This work has been designed for 8-bit, 16-bit, 32-bit and 64-bit word size and results are evaluated for parameters like 
area, delay and power. This work can be further extended for higher number of bits. New architectures can be designed 
in order to reduce the power, area and delay of the circuits. Steps may be taken to optimize the other parameters like 
frequency, number of gate clocks, length etc. 
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