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Abstract
High performance digital adders with less power consumption and reduced area are a fundamental
design issues for advanced processors. Carry select adders is one of the fastest adder in many
processors to perform fast arithmetic function. The speed of operations such an adder is limited by
carry propagation from input to output. This project discusses about the implementation of Carry Select
Adder (CSLA) with Binary to Excess-1 Code converters (BEC) and Multiplexer. The BEC is used to
improve the speed of addition. The main advantage of BEC logic comes from the lesser number of
logic gates than the Full Adder structure. The reduced number of gates of this work offers the great
advantage in the reduction of area and also the total power. The CSLA are simulated and synthesized
using Xilinx ISE 12.1v software.
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Introduction
Design of area and power-efficient highspeed data path logic systems are one of the most
substantial areas of research in VLSI system
design. The design architecture of high speed
and low power VLSI needs efficient arithmetic
processing units, which are optimized for the
performance parameters i.e. speed and power
consumption. Addition is one of the basic
fundamental arithmetic operators. Adders are
the important components which are commonly
found
in
many different
blocks
of
microprocessors, microcontrollers and digital
signal processing chips. In digital adders, the
speed of addition is limited by the time required
to propagate a carry through the adder. The sum
for each bit position in an elementary adder is
generated sequentially only after the previous bit
position has been summed and a carry
propagated into the next position [1].
Ripple Carry Adder (RCA) uses the simple
design but it has the main drawback of Carry
Propagation Delay [2]. The CSLA is used in
many computational systems to alleviate the
problem of carry propagation delay by
independently generating multiple carries and
then select a carry to generate the sum.
However, the CSLA is not area efficient because
it uses multiple pairs of Ripple Carry Adders

(RCA) to generate partial sum and carry by
considering carry input, then the final sum and
carry are selected by the multiplexers (mux) [3].
Research methodology
Ripple Carry Adder
The Ripple carry adder is constructed by
using cascading full adder (FA) blocks in series.
The basic computation elements are a full adder
(FA) [4]. It accepts three binary and carry in
respectively and the two outputs are the sum and
the carry-out (Cout). A Ripple carry adder is
built by connecting the full adder, so that the
carry out from each full-adder is the carry-in to
the next stages, the sum and carry bits are
generated sequentially starting from the LSB, the
speed of the RCA is determined by the carry
propagating time. The main advantages of this
RCA are low power computation and compact
layout design smaller chip area.
Multiplexer
A multiplexer is a device used to select one
of the several analog or digital inputs. This input
is then fed to the output line. The selection of the
particular input depends on the select lines. A
multiplexer with 2n inputs will have n select
lines. The combination of these select lines
determines the input which has to be routed to
the output. A multiplexer is also known as data
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selector. The multiplexer can select the carry out
will be 0 or 1.
Binary To Excess 1 Converter
A Binary to excess-1 code converters
(BEC) to improve the speed of addition [5].
This logic can be implemented with any type of
adder to further improve the speed. Using BEC
instead of RCA in the regular CSLA we can
achieve lower area and power consumption[6].
The main advantage of this BEC logic comes
from the lesser number of logic gates than the
Full Adder structure.
The basic work is to BEC in the regular
CSLA to get lower area and improved speed of
operation. This logic is replaced in RCA with
Cin=1. This logic can be implemented for
different bits which are used in the modified
design. The major advantage of this BEC logic
comes from the fact that it uses lesser number of
logic gates than the n-bit Full Adder structure.
As stated above the main idea of this work to use
BEC instead of the RCA with Cin=1 in order to
decrease the area and increase the speed
operation in the regular CSLA to obtain
modified CSLA. To replace the n-bit RCA, an
n+1 bit BEC logic is required. The function table
of a 6-bit BEC are shown in table 1.
Table 1. Function table of the 6-bit BEC
B[5:0]
X[5:0]
000000

000001

000001

000010

000010
111111

000011
000000

X0 = ~B0.
X1 = B0^B1.
X2 = B2^ (B0 & B1).
X3 = B3^ (B0 & B1 & B2).
X4 = B4^ (B0 & B1 & B2 & B3).
X5 = B5^ (B0 & B1 & B2 & B3 & B4).
X6 = B6^ (B0 & B1 & B2 & B3 & B4 & B5).
X7 = B7^ (B0 & B1 & B2 & B3 & B4 & B5 & B6).

Carry Select Adder
Conventional carry select adder performs
better in terms of speed. The delay of our
proposed design increases lightly because of
logic circuit sharing sacrifices the length of
parallel path [7]. However, the proposed areaefficient carry select adder retains partial parallel
computation architecture as the conventional
carry select adder [8].
BEC is used to improve the speed of
addition [9]. This logic can be implemented with
any type of adder to further improve the speed.
Using BEC instead of RCA in the regular CSLA
we can achieve lower area and power
consumption. The main advantage of this BEC
logic comes from the lesser number of logic
gates than the Full Adder structure. The basic
idea of the proposed work is by using n-bit BEC
to improve the speed of addition. This logic can
be implemented with any type of adder to further
improve the speed. Using instead of RCA in the
regular CSLA we can achieve lower area and
power consumption [10]. The main advantage of
this BEC logic comes from the lesser number of
logic gates than the Full Adder structure. The
Carry Select Adder using Binary to Excess-1
Converter is shown in figure 1. Finally, the
multiplexer can find the carry out 0 or 1.

The Boolean expressions for the 8-bit BEC
logic are expressed as,

Figure 1. Block Diagram for CSLA using BEC
©2017 The Authors. Published by G J Publications under the CC BY license.
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Results and discussion
Proposed Carry Select Adder
The proposed carry select adder waveform
is shown in figure 2. The a[10:0], b[10:0] and
Cin are the inputs. The sum[10:0] and Cout are

the outputs. The input of a[10:0] and b[10:0] is
given as “11110010001” and “01101010011”
and Cin is “1”. The output of sum[10:0] is
“01011100101” and the carry out is “1”.

Figure 2. Various Output Waveform for Carry Select Adder
©2017 The Authors. Published by G J Publications under the CC BY license.
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RTL View for Carry Select Adder
The RTL view of the carry select adder is
shown in figure 3. The a(10:0), b(10:0) and Cin
are the inputs and the sum(10:0) and Cout are the
outputs. The number of multiplexer and the
binary to excess-1 code converters are shown in
figure 4.

Figure 3. RTL View for Carry Select Adder

elements in terms of LUTs, carry logic, I/O
buffers and other logical components. By
viewing this it allows you to see a technologylevel representation of HDL optimized for
architecture, it will help us to discover design
issues early in the design process. adder. The
technological schematic is obtained only after
completing the synthesis process to the targeting
phase. It tells about the design by using logic
elements in terms of LUTs, carry logic, I/O
buffers and other logical components. By
viewing this it allows you to see a technologylevel representation of HDL optimized for
architecture, it will help us to discover design
issues early in the design process. The number of
LUT’s are used in the carry select adder. But in
the proposed carry select adder only 33 LUT’s
are used as shown in figure 5.
Floor Plan for CSLA
The floor plan for carry select adder is
shown in figure 6.

Figure 4. Multiplexer and the binary to excess-1
code converter
LUT’S used in CSLA
The technological schematic of a proposed
carry select adder is shown in figure 5. The
technological schematic is obtained only after
completing the synthesis process to the targeting
phase. It tells about the design by using logic

Area Report
The table 2 shows the design utilization of
carry select adder. The number of 4 input LUT’s
are available 9,321 but in the proposed carry
select adder is only 33 4-input LUT’s are used.
The total number of occupied slices are 4,656
but in the proposed carry select adder is only 19
slices are used.
Power Report
The figure 7 shows the power result for
carry select adder. The 0.139 watts total power
can be used in the carry select adder and the
Max. Temperature and the ambient temperature
is 96.2 and 28.8.

Figure 5. Number of LUT’s used in CSLA
©2017 The Authors. Published by G J Publications under the CC BY license.
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Figure 6. Floor Plan for CSLA
Table 2. Design Utilization of Carry Select Adder
Logic utilization
Number of 4 input LUT’s
Number of occupied slices
Number of slices containing
only related logic
Number of slices containing
only unrelated logic
No. of bonded IOBs

Used

Available

Utilization

33
19

9,321
4,656

1%
1%

19

19

100%

0

19

0%

35

232

15%

Figure 7. Power result
Conclusions
The main idea of this project is to introduce the
high performance and power efficient Carry
Select Adder can be designed by using binary to
excess-1 converter and a multiplexer. A Binary
to Excess-1 code converters improved the speed

of addition. This logic can be implemented with
any type of adder to further improve the speed.
Using Binary to Excess-1 Converter (BEC)
instead of RCA in the regular CSLA we can
achieve lower area and power consumption. The
main advantage of this BEC logic comes from
the lesser number of logic gates than the Full
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Adder structure. Therefore, the proposed Carry
Select Adder is low area, low power, simple and
efficient for VLSI hardware implementation.
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