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Abstract: Speed, area and power are the main parameters of modern day’s devices. Adders are the main
component of all digital devices and play a crucial role in signal processing. There are different types of
adder for different type of work and environment. Time by time new adders was invented to minimize the
basic problems i.e. Speed, Area and Power. Among them Carry Select Adder is the most trending area of
research. All the work that has been done on adder is to optimize three parameters mentioned earlier. CSLA
has better performance regarding propagation delay. In this paper we have discussed about different types of
basic adder and then briefly described about different types of Carry Select Adder (CSLA). Later we have
proposed a modified SQRT model changing its sequence and the whole comparison has been carried out in
Xilinx 14.5 ISE environment and coded using Verilog HDL.
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Introduction

As a fundamental operation, addition is the basis of complex digital signal processing. The delay and power
consumption of a multi-bit adder usually determines the performance and power consumption of arithmetic
circuits. For practical applications, the adder should feature high speed and low power consumption [1]. A
conventional ripple carry adder (RCA) adopts a cascade structure of multiple full adders, which has a small
area and low power consumption. The main concern of the RCA is the carry propagation delay, which
severely limits the speed of the system. A carry select adder is one of the most efficient methods to reduce
the carry propagation delay of multi-bit adders [2].

A conventional CSLA consists of a pair of RCA-RCA, the carry inputs of the two RCAs are assumed to be
0 and 1, respectively, and the correct sum and carry output are selected according to the actual carry input. It
is clear that the conventional CSLA has a smaller carry propagation delay than RCA, but a pair of RCA
leads to a larger area and power consumption. Many optimizations have been adopted in previous works to
make CSLA more attractive. In Reference [3], a square-root (SQRT) method was adopted to implement
large bit-width adders to decrease the delay. The CSLAs with increasing bit widths are connected by
cascade structure in SQRT CSLA. The purpose is to provide a parallel computing path for carry propagation
and reduce the delay of the adder. In Reference [4], an adder and an add-one circuit were used to replace
two RCAs in conventional CSLA, so as to reduce the area of CSLA. A new add-one circuit based on “first”
zero detection logic and several multiplexers were proposed in Reference [5] to reduce the power and area
with negligible speed penalty. Ramkumar and Kittur [6] proposed a Binary to Excess-1 Converter (BEC)
CSLA, the BEC-based structure reduces logic redundancy, thus reducing area and power consumption. But
the increased BEC logic will slightly increase the delay of the adder. In Reference [7], the reduction of area
using the BEC-based approach was further verified. In Reference [8], the BEC logic was replaced using
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common Boolean logic to reduce the area and power consumption. In Reference [9], a CSLA without using
a multiplexer for the final selection was proposed, the approach used the implementation of cin = 0 adder
and then Excess 1 adder. Since the multiplexer is an important part of the CSLA and in the critical path,
removing the multiplexer could reduce the area and propagation delay of the CSLA. In Reference [10], area-
efficient CSLA was proposed by modifying the full adder design. The full adder was implemented using a
XOR, NOT, AND and OR gates, and the logic for the required carry was selected using a multiplexer. Logic
optimization in Reference [11] provided a separate carry generator for the final carry bit of each block in the
SQRT CSLA. The area and power consumption of the CSLA was reduced by the logic optimization
compared with regular CSLA. In Reference [12], a high-speed CSLA was proposed based on the pivotal
feature that the final-sum was calculated before the calculation of the final-carry, as a result, the propagation
delay was reduced. By modifying the logic formulations of the carry generation and selection scheme, as
well as merging all the redundant logic operations in the carry generation and carry selection units, the
CSLA in Reference [13] achieved a higher area and power efficiency. A high-speed, energy efficient CSLA
dominated by carry generation logics was proposed in Reference [14] and the CSLA achieved similar power
and area efficiency to BEC-based CSLA with a smaller delay.

All of the above CSLAs solve the large propagation delay problem in RCA which is due to the long carry
chain, but all of them greatly increase the area and power consumption compared with RCA, which greatly
limits the application of these CSLAs. Most of the strategies above are meant to reduce redundancy by
optimizing logic, for example, by retaining one set of RCAs and replacing the other with some logic to
reduce the area and power consumption. But actually, the design of the underlying adder suitable for the
CSLA operation can optimize the area and power consumption of CSLA to a greater extent, so that the area
and power consumption of the CSLA can be comparable to the RCA. In this work, transistor-level
optimization was adopted to significantly reduce the area and power of the CSLA with little delay penalty.
A dual carry adder composed of an XOR/XNOR cell and two pairs of sum-carry cells was proposed. Both
CMOS logic and a transmission gate were applied to the dual carry adder cell to achieve fast and energy
efficient operation. By sharing common logic as much as possible and transistor-level optimizations, the
area and power of the proposed CSLA were significantly reduced compared with regular SQRT CSLA.

Il. SQRT CSLA using BEC:
The main drawback of conventional CSLA is it is not area efficient. As a solution an (n+1)-bit Binary to
excess 1 converter is used instead of n-bit RCA with Cin=1, it reduces the effective area with a slight
increase in delay. Then the area count of group2 is determined as follows:

Gate count =43 (FA + HA + Mux + BEC) FA =13 (1 * 13)

HA =6 (1 * 6)
Mux = 12 (3 * 4)
NOT =1
AND = 1

XOR =10 (2 *5)

BEC (3-BIT) = NOT + AND + XOR =12
Rest of all working principle is same as conventional CSLA. Above Equations present the logical operations
relevant to the BEC
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Fig 1. SQRT CSLA using BEC

I11. Modified CSLA without using Multiplexer

In this model instead of CSLA with Cin=1 and multiplexer, we use some simple combinational circuit
which subsist of AND and XOR gates . The circuit diagram of modified CSLA without MUX is given in
Fig.2. In first stage the addition operation is done by RCA with the input Cin=0 and the output of the full
adder is propagated through the combinational circuit (using AND and XORgates) with an input of previous

stage’s carry which will lead to final output.
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Fig.2 Modified CSLA without using Multiplexer
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IV. PROPOSEDMETHOD
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Fig.3 Proposed 16-bit CSLA adder

As we already discussed earlier that we are mainly focusing on to reduce the chip area and power
consumption of the circuit. These two problems mainly occur due to circuit complexity or increasing of
transistor number. In carry select adder we use MUX circuit to select the perfect carry. In basic adder
section we have shown that for every MUX gate count is 3. SQRT model shows a circuit sequence for
effective result. But main drawbacks of that circuit were its area and power consumption. It needs 4 MUXs
to design a 16-bit CSLA adder. So we just modify that circuit and make it using 3 MUXSs. The circuit has
been shown in Fig 3. For conventional CSIA circuit we have

Gate count =57 (FA + HA + Mux) FA = 39 (3 * 13)

HA=6(1*6)

Mux =12 (3 * 4).

Now we have made the same adder having

Gate count =54 (FA + HA + Mux) FA =39 (3 * 13)

HA =6 (1*6)

Mux =19 (3 * 3)

V. RESULTS: CSLA 16 BIT OUTPUT
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PROPOSED CSLA OUTPUT
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Delay Power Area
Conventional CSIA : 4.84 35.631 2016.09
Proposed : 2.98 27.458 1756.06

VI. CONCLUSION

In this paper we have briefly describe about different type of basic adders and made a comparison between
them. Later we have discussed about different type of Carry Select Adder (CSIA). We have proposed a
modified SQRT D-latch circuit design and have been tasted in Xilinx ISE 14.5 environment coded in
Verilog HDL. Result shows that the Chip area and Power consumption is less than the other. For 16 bit
operation our circuit is 6.28% more efficient with respect to power consumption and has 7.62% less chip
area. This is the initiative step toward low area and power consumptive high speed adder. Now we are
working on to minimize the propagation delay which arise due to modification of that circuit.
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