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Abstract —Today there are many techniques for Carry select adders. In data-processing processors the Square Root
Carry Select Adder (SQRT CSLA) is using for fastest calculations due to its speed of operations. In this paper presented
a comparative analysis on SQRT CSLA. The Carry Select Adder is a fastest adder but it requires more power and area
due to its complex architecture. Another SQRT CSLA with BEC is a new technique it reduces the power and area but
small delay also included. The SQRT CSLA with BDC, it is also a new adder circuit. This paper explains the merits and
demerits of all these adders.
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I.

INTRODUCTION

In VLSI system design the most important areas are area and power efficient architectures with high speed of operation.
The Digital adders are most important building blocks in Digital logic circuits. The speed of operation of these adders are
depends on the carry generation and its propagation. In elementary adders generally the sum for each bit position is
generated sequentially only after the privies bit position has been summed and a carry propagated into the next position.
In [1] the CSLA is used in many computational systems for evaluating the carry propagation delay problem. In this
technique multiple carries are generated for generating sum. But this technique is using two pair of Ripple Carry Adders
(RCAs) for generating the sum with “carry = 0” and the sum with “carry = 1”. After that choosing the sum and carry
values from MUXs. Here the select line for this MUX is the carry bit, which is generated from the privies bits.
In [2] this technique proposed an architecture called “Binary to Excess one Converter” for replacing the “Ripple Carry
Adder with carry = 1”. This technique reduced the area and power when compared with the conventional SQRT CSLA
by replacing with BEC. The main idea of work is to use BDC instead of RCA with carry = 0, in regular CSLA for
reducing the area and power consumption. The main advantage of the BDC is it requires less area and power when
compared to the BEC.
The SQRT CSLA with BDC [3] converter is a new technique for adder. This technique is using Binary to Decrement one
Converter (BDC) instead of Ripple Carry Adder (RCA) with Carry = 1. This technique also reduced the area and power
with slight increment in delay.
The details of SQRT CSLA are discussed in Section II. The details of SQRT CSLA with BEC is discussed Section III.
The details of SQRT CSLA with BDC is discussed Section IV. The comparison results for all these adders are discussed
in Section V. Finally the paper is concluded in Section VI.
II.

CONVENTIONAL SQRT CSLA

The SQRT CLSA circuit with Binary to Excess one Converter (BEC) is shown in figure 1. In this adder the input two bits
are adding by considering Carry = 0 in privies stage. The Sum output is an input for BEC circuit. The BEC will increase
that output by 1. This result is for the Sum of input two numbers with Carry = 1. Now the Sum and Carry are generated
for Carry = 0 and Carry = 1. The Carry bit which is generated from privies stage will be given as a selected line foe
MUX. The MUX will propagate the appropriate Sum and Carry bits to the next stage. This technique reduced the area
and power by replacing the second RCA with Carry = 1 by BEC.
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Figure 1. 16-b Conventional SQRT CSLA
III.

SQRT CSLA WITH BEC

The SQRT CLSA circuit with Binary to Excess one Converter (BEC) is shown in figure 2. In this adder the input two bits
are adding by considering Carry = 0 in privies stage. The Sum output is an input for BEC circuit. The BEC will increase
that output by 1. This result is for the Sum of input two numbers with Carry = 1. Now the Sum and Carry are generated
for Carry = 0 and Carry = 1. The Carry bit which is generated from privies stage will be given as a selected line foe
MUX. The MUX will propagate the appropriate Sum and Carry bits to the next stage. This technique reduced the area
and power by replacing the second RCA with Carry = 1 by BEC.

Figure 2. 16-b SQRT CSLA the parallel RCA with Carry = 1 is replaced with BEC
2.1. Binary to Excess one Converter (BEC)
It is a Digital circuit for converting the input binary number to excess one number. This figure is shown in figure 3. The
3-bit BEC requires “N – 1” number of XOR gates, “N - 2” number of AND gates and a single NOT gate. Here “N”
represents the number of bits.
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Figure 3. Binary to excess one converter
IV.

SQRT CSLA WITH BDC

The SQRT CLSA circuit with Binary to Decrement one Converter (BDC) is shown in figure 4. In this adder initially the
input two bits are adding by considering Carry = 1 in privies stage. The output Sum is an input for BDC circuit. The
BDC will decrease that output by 1. This result is for the Sum of input two numbers with Carry = 0. Now the Sum and
Carry are generated for Carry = 0 and Carry = 1. The Carry bit which is generated from privies stage will be given as a
selected line foe MUX. The MUX will propagate the appropriate Sum and Carry bits to the next stage. This technique
reduced the area and power by replacing the second BEC by BDC.

Figure 4. 16-b SQRT CSLA the parallel RCA with Carry = 0 is replaced with BDC
3.1. Binary to Decrement one Converter (BDC)
It is a Digital circuit for decreasing the input binary number by one number. This figure is shown in figure 5. The 3-bit
BDC requires “N – 2” number of XOR and NOR gates, one XNOR and a single NOT gate. Here “N” represents the
number of bits.
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Figure 5. Binary to decrement one converter (BDC)

IV. CAMPARATIVE ANALYSIS ON SQRT CSLA ADDERS
The regular SQRT CSLA requires two ripple carry adders at each stage. One ripple carry adder requires four full adders
if it is four bit RCA. One full adder requires 2 XOR gates and 2 AND gates and one OR gate. Therefore for 4-bit RCA, it
requires 8 XOR gates 8 AND gates and 4 OR gates, i.e. for N-bit RCA, it requires “2N” XOR gates “2N” AND gates and
“N” number of OR gates. The number of gates required for SQRT CSLA with BEC and SQRT CSLA with BDC and
regular SQRT CSLA is given in Table 1. Among these three techniques regular SQRT CSLA requires more number of
gates. Therefore the area and power consumption is more for regular SQRT CSLA.
Table 1. Number of gates required for each N-bit design
Design name
RCA
BEC
BDC

XOR
2N
N-1
N-2

XNOR
0
0
1

AND
2N
N-2
0

OR
N
0
0

NOR
0
0
N-2

NOT
0
1
1

In SQRT CSLA with BEC technique it is using BEC instead of RCA with Carry = 1. Therefore the BEC need to wait
until the operation completed by RCA with Carry = 0. In SQRT CSLA with BDC technique it is using BDC instead of
RCA with Carry = 1. Therefore here also the BDC need to wait until the operation completed by RCA with Carry = 1.
This type of waiting is not there in regular SQRT CSLA. Therefore the delay is less in regular SQRT CSLA when
compared to other two techniques.
The BEC and BDC both techniques require same number of gates but the BEC circuit is using AND gates where as BDC
circuit is using NOR gates. To implement the AND gate in CMOS, it requires 6 transistors but the NOR gate required
only 4 transistors. Therefore the BDC circuit reduces the area and power consumption by reducing the number of
transistors in the design.
The SQRT CSLA with BDC and the SQRT CSLA with BEC both techniques are implemented in Xilinx ISE Design. The
figure 5 and 6 shows the timing details of SQRT CSLA with BEC and SQRT CSLA with BDC respectively. The results
proved the SQRT CSLA with BDC technique requires low area and low power when compared to the SQRT CSLA with
BEC.
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Figure 5. Timing details of SQRT CSLA with BEC

V.

Figure 6. Timing details of SQRT CSLA with BDC

CONCLUSION

This paper compared the area, power and delay for SQRT CSLA adders. Among these three adders the regular
SQRT CSLA is fastest adder. The SQRT CSLA with BEC has low area and power when compared to regular SQRT
CSLA with slight increment in delay. The SQRT CSLA with BDC has low area and power when compared to both
regular SQRT CSLA and SQRT CSLA with BEC. Therefore the SQRT CSLA with BDC is a energy and area
efficient adder.
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