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Abstract— All processor consisting ALU and adder plays 

important role for design of ALU. Design of low area and 

power efficient adder helps to reduce power consumption 

and area of any processor. Now a day’s major area of 

research in VLSI system is design of area, high speed and 

low power data path logic systems. In digital adders, the 

speed of addition is restricted by the time necessary to send 

a carry signal through the adder. The area and power 

consumption is reduced by modifying regular CSLA 

architecture. The proposed architecture is developed with 

the help of a simple ripple carry adder (RCA) and gate-level 

architecture. It consists of single RCA which improves the 

performance of the proposed designs then the regular 

designs in terms of power consumption and area. 
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I. INTRODUCTION 

The enormous research has been carried out in VLSI system 

design with area and power-efficient high speed data path 

logic system. Addition speed is based upon the time 

required to propagate a carry through the adder. The 

addition of each bit position in a basic adder is generated 

sequentially only after the previous bit position has been 

added and a carry is propagated into the next position [1]. 

In the full adder circuit, the carry has been moved 

from one state to another state. The carry of Last state is 

needed for the present state to perform the addition 

operation. So, the propagation delay and delay of each stage 

increases with increase in size of adder i.e. the number of 

bits to be added. Now we can avoid the delay occurred in 

transmitting carry by predicting the carry occured at every 

stage. 

There is a necessity of improving the speed for 

design by developing reduced gate architecture. As day-by-

day computers speed is upgrading very fast in term of GHz. 

Carry Select Adder (CSLA) has a more balanced delay and 

acquires lower power and area [3].  The CSLA is used in 

many Processors to improve by predicting multiple carries 

independently and then select a carry to produce the sum 

[2]. As CSLA uses two Ripple Carry Adders (RCA) for each 

stage to generate partial sum and carry by considering carry 

input Cin=0 and Cin=1, 

Then the final sum and carry are selected by the 

multiplexers which are considered to be area inefficient [3]. 

A. BEC 

As stated above the modified architecture consisting BEC 

instead of the RCA with C = 1 in order to reduce the area 

and power consumption of the regular CSLA. Instead of the 

n-bit RCA, an n+1 bit BEC is required. A structure of a 4-bit 

BEC is shown in Fig. 1. 

 

Fig .1: 4-bit BEC 

The basic purpose of the CSLA is obtained by using 

the 4-bit BEC along with the multiplexer. One input of the 

8:4 multiplexer is from RCA (B3, B2, B1, and B0) and 

another input of the mux is the BEC output [1]. This 

generates the two possible results  and the multiplexer is 

used to select either the BEC output or the direct inputs from 

RCA according to the carry signal Cin. The significance of 

the BEC logic stems from the large silicon area reduction 

when the CSLA with great number of bits are designed.[7] 

The Boolean expressions for 4-bit BEC is as follows. 

X0 = B0 

X1 = B0B1 

X2 = B2 (B0 B1) 

X3 = B3 (B0 B1 B2) 

 
Fig. 2: Architecture of 4-Bit BEC 

B[3:0] X[3:0] 

0000 0001 

0001 0010 

0010 0011 

1110 1111 

Table 1: Input and Output of 4-bit BEC 

Similarly the remaining groups will be selected 

depending on the Cout from the earlier groups. 
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II. METHODOLOGY: 

A. ARCHITECTURE OF MODIFIED 64-BIT SQRT CSLA 

 
Fig 3: Architecture of 64 bit CSLA 

This architecture is analogous to regular 64-bit 

SQRT CSLA, the only change is that, we replace RCA with 

Cin=1 among the two available RCAs in a each group with a 

BEC. This BEC has a feature that it can perform the similar 

operation as that of the replaced RCA with Cin=1. Fig 3 

shows the Modified block diagram of 64-bit SQRT CSLA. 

The number of output bits for BEC logic is 1 bit more than 

the RCA bits. The modified block diagram is also divided 

into different groups of variable sizes of bits. Each group is 

having the ripple carry adders, BEC and equivalent mux. As 

shown in the Fig.3, Group 0 include one RCA only which is 

having input of lower significant bit and Cin bit and creates 

result of sum [1:0] and Cout which is connected to selection 

line of mux for the next group, likewise the process 

continues for upper groups but they includes BEC logic 

instead of RCA with Cin=1.Based on the consideration of 

delay values, the appearance time of selection input C1 of 

8:3 mux is appear in advance than the sum of RCA and 

BEC. For remaining groups the selection input arrival is 

later than the RCA and BEC. Thus, the sum1 and c1 (output 

from mux) are depending on mux and results obtained by 

RCA and BEC respectively. The sum2 depends on c1 and 

mux. For the remaining groups the appearance time of mux 

selection input is always larger than the arrival time of data 

inputs from the BEC’s. Thus, the delay of the remaining 

MUX based on the arrival time of mux selection input and 

the mux delay. The implementation code for Full Adder and 

Multiplexers of 6:3, 8:4, and 10:5 up to 26:13 were designed 

in this Modified CSLA architecture. The design code for the 

BEC was formed by using NOT, XOR and AND gates. 

Then 2, 3, 4, 5 up to 11-bit RCA was designed. 

III. DELAY AND AREA EVALUATION 

METHODOLOGY OF THE BASIC ADDER BLOCKS 

The design of XOR using AND, OR, and Inverter (AOI) is 

shown in Fig.4. The numeric representation of each gate 

points to the delay contribution by that gate. The delay and 

area estimation methodology considers all gates to be 

designed using AND, OR, and Inverter, each having delay 

equal to 1 unit and area equal to 1 unit. We then consider the 

number of gates in the longest path of a logic block that 

contributes to the maximum delay. The area assessment is 

done by calculating the total number of AOI gates necessary 

for each logic block. Based on this approach, the CSLA 

adder blocks of 2:1 mux, Half Adder (HA), and Full Adder 

(FA) are evaluated and listed in Table II. 

 
Fig. 4. Delay and area evaluation of XOR gate 

Adder blocks Area Delay 

Xor 5 3 

2:1 Mux 4 3 

Half adder 6 3 

Full adder 13 6 

Table 1: Delay and Area Count of the Basic Blocks of Csla 

IV. DELAY AND AREA EVALUATION 

METHODOLOGY OF MODIFIED 64-B SQRT CSLA 

The architecture of the modified 64-b SQRT CSLA using 

BEC for RCA with Cin=1 to optimize the area and power 

we again divide the structure into ten groups. The delay and 

area estimation of each group can be calculated. The steps 

for the estimation are as follows. 

1) The group2 has one 2-b RCA which consist 1 FA and1 

HA for Cin=0. as a replacement for of another 2-b RCA 

for Cin=1 a 3-b BEC is used which adds one to the 

output from 2-b RCA. Based on the consideration of 

delay values of Table II, the arrival time of selection 

input C1[time(t)=7] of 6:3 mux is appear earlier than the 

s3[t=9] and c3[t=10] and afterward  the s2[t=4]. Thus, 

the result sum3 and final C3 (output from mux) are 

based on mux and partial C1 (input to mux). Thus the 

result sum2 depends on c1 and mux. 

2) For the remaining groups the arrival time of mux 

selection input is always larger than the arrival time of 

data inputs from the BEC’s. Thus, the delay of the 

remaining groups are based on the arrival time of mux 

selection input and the mux delay. 

V. IMPLEMENTATION 

The SQRT CSLA and modified SQRT CSLA architectures 

have been developed using VHDL and synthesized in Xilinx 

ISE 14.1. Table V describes the simulation results of both 

the CSLA structures in terms of delay and power. The total 

power is addition of the leakage power, internal power and 

switching power. The power estimation is done in Xilinx 

Power Estimator. 

A. RESULT 

This architecture has been simulated using Xilinx tool. 

Table shows the comparison between conventional CSLA, 

Modified CSLA for 64-bit. The parameters on which they 
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are compared are delay and power. Graph I shows that the 

delay of modified CSLA is slightly greater than regular 

CSLA. The results compared in Graph II shows that the 

power consumption of modified SQRT CSLA is reduced. It 

is clear that power and area of modified SQRT CSLA for 

64-bit is reduced as compared to conventional adder. 
Type of adder Delay(ns) Power(uw) Delay power product 

Regular CSLA 7.497 682.629 5117.669 

Modified CSLA 8.707 356.064 3100.249 

Table.3 comparisons between Regular and Modified 

architecture 

 

Fig . 5: Graph I: Delay of Regular and modified CSLA 

 

Fig .6 : Graph II: Power dissipation of Regular and modified 

CSLA 

VI. CONCLUSION 

Power, delay and area are the significant factors in VLSI 

design that limits the performance of any circuit. This work 

Present a simple approach to reduce the area and power of 

CSLA architecture. The conventional carry select adder has 

the drawback of more power consumption and occupying 

more chip area. The proposed SQRT CSLA using BEC has 

low power and reduced area than all the other adder 

structures. 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. 

VII. FUTURE SCOPE 

This work has been designed for 64-bit word size and results 

are evaluated for parameters like area, delay and power. 

This work can be extended for higher number of bits. New 

architectures can be designed in order to reduce the power, 

area and delay of the circuits.  
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