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ABSTRACT 
The Fastest adder among regular adder structure is known as Carry select adder (CSLA). This involves efficient CSLA interns of 

area, power and delay of the system. In this modified square root CSLA involves 3T-XOR gate design and Common Boolean logic 

(CBL) simplification. The 3 Transistor XOR gate reduces the number of transistors in the XOR gate of the adder circuit and after the 

logical simplification we need only one Inverter and one OR gate for summation and carry operation. Through the multiplexer, we 

can select the corresponding output accordance with logic states of the carry in signal. Based on this modification SQRT CSLA 

architecture have been developed and compared with the regular, Binary to Excess-1 (BEC) modified, CBL modified SQRT CSLA 

architectures. The proposed architecture achieves the advantages in terms of delay, area and power. 
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INTRODUCTION 
 
 TODAY, there are many Electronic applications uses adders for overall performance of digital system and 
arithmetic function. These are used in multipliers, Digital signal processors to execute algorithms like FFT, IIR, 
and FIR filters, Microprocessors to execute million instructions per seconds are performed, Hence the speed of 
operation in most important factor in design. In digital adders the performance is limited by the carry 
propagation time of the adder. The sum of each bit in adder is generated sequentially only after the previous bit 
position has been summed and propagation of the carry to the next position. [1]  
 In many computational systems CSLA is used to mitigate the carry propagation delay by generating 
independent multiple carriers and generate sum by selecting carrier signal. However CSLA is not area efficient 
because it uses multiple pairs of Ripple carry adders [1] to generate sum and carry by considering carry in=0,and 
carry in=1,then finally the multiplexer select the sum and carry[2]. 
 The existing modified SQRT CSLA using Binary to Excess-3 converter instead of RCA for Cin=1 in 
regular CSLA achieved lower area and power consumption and slightly increases in delay. In another modified 
CSLA method used with the Common Boolean logic simplified the duplicate adder cells in carry select adder by 
using NOT and OR gate with the selection of output according to previous carry-out signal [3].  
 This paper is organized as follows; Section II explains the regular SQRT CSLA and Section III explains 
modified SQRT CSLA and the detailed structure of Binary to Excess-3 Converter and Common Boolean logic 
respectively. Section IV deals modified SQRT CSLA by combined 3T-XOR gate and CBL.  
 Section V explains the proposed Architecture. In Section VI Area, power and delay result are analyzed and 
concludes. 
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II. Structure of Regular SQRT CSLA: 
 The regular square root CSLA has dual ripple carry adder with 2:1 multiplexer. Main drawback of regular 
CSLA has large area due to multiple pairs of RCA. The regular 16 bit CSLA shown in figure1 [1], it is divided 
into five groups with different bit size of RCA from the structure is to reduce the area and power consumption. 
The carry out calculated from first stage given as carry input to the next stage of RCA for output carry and sum. 
The selection is done through multiplexer [1]. One input to the multiplexer from RCA with Cin=0 and another 
input from RCA with Cin=1. 

 
 
Fig. 1: 16 Bit Regular SQRT CSLA. 
 
III. Modified SQRT CSLA Using BEC: 
 In modified CSLA dual RCA has been replaced with Binary to Excess -1 converter carry signal Cin=1, 
which reduced the area and power consumption of regular CSLA. In order to replace n-bit RCA, n+1 BEC is 
required [2]. The structure and functional table of 4-bit BEC is shown in Table 1[2]. 
 

 
 
Fig. 2: 16-Bit Modified SQRT CSLA with BEC. 
 
 The modified 16 Bit CSLA using BEC [2] is shown in Figure 2, Group 3 of modified 16 bit CSLA shown 
in figure has gate count of 61and the delay is 18ns. BEC replaces the parallel RCA with Cin=1. Main drawback 
in this method delay increased as compared to regular CSLA. 
 
Table 1: 4-Bit BEC Functional Table. 

Binary[3:0] Excess-1[3:0] 
0000 
0001 
0010 

. 

. 
1101 
1110 
1111 

0001 
0010 
0011 

. 

. 
1110 
1111 
0000 

 
The Boolean expressions of 4-Bit BEC is listed as, 
 X0= ~ B0 
 X1= B0 ^ B1 
 X2= B2 ^ (B0&B1) 
X3= B3 ^ (B0&B1&B2) 
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BEC Modified CSLA Using CBL: 
 Disadvantages of BEC modified CSLA is overcome by replacing BEC with common Boolean logic. CBL 
removes duplicated adder cells in the CSLA which saves many transistor counts and achieves low power [3]. 
The output of summation signal the carry in signal of logic ‘0’ is inverse of its carry in signal for logic ‘1’; the 
modification carried out instead of BEC is shown in figure 3.  

 
Fig. 3: Common Boolean logic in Full adder. 

 
 
Fig. 4: Modified SQRT CSLA with CBL. 
 
 The sharing of common Boolean logic function the sum generating CSLA design is illustrated in figure 4, 
In CBL signal is shared only by implement one OR gate and one Inverter gate to generate carry and summation 
signals. As compared to regular CSLA, CBL is area efficient but little bit slower, delay time in CBL is 
proportional to the number of bits. 
  
IV. Modified CSLA Using 3-T XOR and CBL: 
 XOR gates are the basic building blocks of adder. In our proposed system XOR gates in adder circuits are 
replaced with 3-T XOR gate, it has that power consumption of the circuit decreases with large increase in 
number of switching Transistors (MOSFETS) used in the design of 16 bit CSLA.  
 The basic structure of 3-T XOR gate is shown in figure 5 along with its area count and propagation delay. 
However 3-T XOR gate has lesser power consumption as compared to 12-T XOR and normal XOR gate, after 
the modification by 3-T XOR, second stage of adder RCA is replaced with CBL for simplification of carry in 
logic ‘0’ and logic ‘1’ by OR and Inverter gates. 
 
V. Proposed CSLA Architecture: 
 In proposed method initial RCA adder XOR gate is replaced with 3-T XOR gate which produces low power 
consumption and delay. Internal structure of proposed SQRT CSLA is shown in figure 6.  
 After the generation of carry signals for giving multiplexer selection lines BEC is replaced by common 
Boolean logic, CBL simplification consists of one OR gate and one Inverter gate. Through the multiplexer, we 
can select the correct output result according to the logic state of input carry signal. In 16 bit architecture 
number of gates used for group 3 is 36 (Full adder, Half adder, Multiplexer, NOT, OR gate). One input goes to 
the multiplexer from RCA for Cin=0 and other input from common Boolean logic block. Group 3 performs 3 bit 
addition done by two Full adders and one Half adder, through 2:1 multiplexer then the carry out signal is 
propagating to the next adder cell. 
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Fig. 5: 3-T XOR gate. 

 
 
Fig. 6: The Proposed 16-Bit CSLA using 3-T XOR and CBL. 
 
 The modified XOR gate enhances transistor count, power consumption and power delay product 
performance of CSLA,  As compared to 12-T XOR gate 9 lesser transistors has been used which reduces area 
and propagation delay. The total reduction in gate and transistor count for each group is calculated as, 
 
Group 1: It contains one Full adder, each full adder consists of two3-T XOR gates then the transistor count 
reduction is 18 (2*9),  
  
Group 2: It contains one Full adder and half adder, with 2-bit CBL, 
 Total XOR gate used = 3(2+1); 
 Reduction in Transistor count = 27(3*9). 
 
Group 3: It contains two full adder and one half adder with 3-bit CBL, 
 Total XOR gate used = 5 (2*2+1); 
 Reduction in Transistor count =45 (5*9). 
 
Group 4: It contains three Full adder and one half adder with 4-bit CBL, 
 Total XOR gate used = 7 (3*2+1); 
 Reduction in Transistor count = 63 (7*9). 
 
Group 5: It contains four full adder and one half adder with 5-bit CBL, 
 Total XOR gate used = 9 (4*2+1); 
 Reduction in Transistor count = 81 (9*9). 
 
 So that in proposed system 320 switching transistors has been reduced has compared to the previously 
designed 16-bit CSLA has reduced only 180 transistors. 
  
VI. Analysis of Proposed System: 
 The 32- bit CSLA is done by cascading two 16-bit CSLA and 64-bit CSLA is done by cascading two 32-bit 
CSLA [5]. Table 2 shows the comparison of area, delay, power and power delay product (PDP), the modified 
and proposed simulation of CSLA has been carried out using Xilinx simulation tool and Spartan 3E as the target 
device.   
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Table 2: Comparison of adders for Area, Delay, power and power delay product. 

 
 
 The major disadvantages of modified CSLA using BEC and CBL is increased delay and Transistor count, 
this should be overcome by our proposed architecture which reduce the transistor count, area, delay and power 
consumption than the regular and modified CSLA.  
 

 
 
Fig. 7(a): Area and Delay Comparison of adders. 
  

 
 
Fig. 7(b): Power delay product comparison. 
 
 It is clear from Table 2 that the transistor count in CBL modified CSLA is reduced by 57.6% when 
compared to modified CSLA methods, when compared with others modified CBL shows 20.6% delay reduction 
and 45% power consumption . The proposed design is simulated in Xilinx with 12.5 MHz waveforms with rise 
and fall time of 5 ns. Figure 7(a) & 7(b) shows the comparison of various carry select adders in graphical form 
of the Table 2. The graph shows the proposed system produces minimum power consumption, delay and area as 
compared with regular [2] and modified CSLA using BEC [3] and CBL [4]. 
 
VII. Conclusion: 
 The approach proposed in this paper to reduce number of transistors, delay and power consumption of 
square root CSLA architecture. The reduced number of transistors in this design offers maximum reduction of 
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transistors and delay. Regular CSLA uses two RCA stages for carry in logic ‘0 and ‘1’ which shows more power 
consumption and delay with high transistor count, it occupies more chip area. The modified square root CSLA 
reduces transistor count, delay and power consumption by compared to modify CSLA using BEC and CBL with 
increase in delay by use of 12-T XOR gate and Binary to Excess-1 converter. This paper proposes a method 
which reduces total number of transistors in gates, area, delay and power consumption than regular, modified 
square root CSLA using BEC and CBL by the use of 3-T XOR gate and Common Boolean logic simplification. 
It would be interesting to design of proposed 128-bit square root CSLA with 3-T XOR gate and Common 
Boolean logic simplification. 
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