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Abstract – Modern applications demand extremely less area budgets and enhanced speed in
computer architectures for battery-operated devices like Laptop and others. In this thesis, the
main focus is on the area and provides high speed to the processors. Less area and high speed
circuits are becoming more desirable due to growing portable device markets and they are also
becoming more applicable today in processors. The main focus in this work is to improve the
speed of the 32-bit processor and in this case the carry select adder is the better choice. The
second concern in the design of this carry select adder is the reduction of area that is achieved by
implementing the internal structure of the ripple carry adder in the branching architecture. The
approach used here is to implement these pipelines in a manner that only one pipeline will be
activated through which the carry is propagating. Furthermore, RTL level optimizations have also
been done to ensure less area during intermediate computations. In this thesis, the entire adder
architecture has been implemented using Verilog and simulated using ISE tool suite. It provides a
good improvement in speed as well as reduces the area requirement to a greater extent.
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I. Introduction

The design of high speed, low power and as well as
minimum area adder architecture has been the main
concern of many Very Large Scale Integration (VLSI)
researchers and this resulted in a large number of adder
architectures. These various available architectures
provide the capacity to obtain the gain more accurate and
deep instinctive understanding of adder and thus suggest
various implementations. Here we are going to discuss
about the requirement of adder in processors and will
also discuss about different adder architectures. This
Design uses a simple and efficient gate-level
modification to meaningfully shrink the area and power
of Carry Select Adder (CSLA). Based on this
modification 16-, 32 Square-Root Carry Select Adder
(SQRT CSLA) architecture have been developed and
compared with the regular SQRT CSLA architecture. The
proposed Work has reduced area, and delay as compared
with the regular SQRT CSLA. The CSLA is used in
computational systems to shrink the badly behaved delay
by autonomously producing multiple carries and then
select a carry to generate the sum of carry propagation. In
this thesis, the main focus is on the low power
consumption and provides high speed to the processors.
In processors the main concern is an adder which is
required in ALU to perform arithmetic operations as well
as to decode and fetch addresses in the memory and from
the memory. A pipelining technique is using here to. The
carry select adder belongs to the grouping of conditional

sum adder as it works over conditional statements.
Conditional sum adder means which works on some
condition. In this sum and carry are calculated by
assuming input carry as 1 and 0 coming before the input
carry. When actual carry input arrives in system, the
actual calculated values of sum and carry are selected
using multiplexer. reduce the area and provide high
speed of data processing

II. Theory and Methods

II.1. Ripple Carry Adder

Multiple full adder circuits can be cascaded in parallel to
add an n-bit numbers. For an n-bit parallel adder, there
should be n-number of full adder circuits. A simple 4-bit
RCA is shown in fig.5.1. A ripple carry adder is a logic
circuit in that the carry-out of each one full adder is the
carry in of the succeeding next most important full adder.
It is called a ripple carry adder as each carry bit gets
rippled into the next stage. In a ripple carry adder the
addition and carry out bits of any half adder step is not
valid until the carry in of that step occur. Propagation
delays within the logic circuitry are the reason at the back
this. Propagation delay is time elapsed among the
application of an input and amount of the corresponding
output. Consider a NOT gate, When the input is “0″ the
result will be “1″ and vice versa. The time in use for the
NOT gate’s output to become “0″ after the use of logic
“1″ to the NOT gate’s input is the propagation delay at
this point. Similarly the carry propagation delay is the
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time elapsed among the application of the carry in
pointer and the occurrence of the carry out (Cout) signal.
The outline of ripple carry adder is plain, which allows
for quick design time; however, the ripple carry adder is
quite slow, since each full adder have to wait for the
carry bit to be designed from the earlier full adder. The
gate delay can easily be designed by examination of the
full adder circuit. Each full adder requires three levels of
logic. In a 32-bit RCA, here are 32 full adders, so the
critical path (worst case) delay is 31 * 2(for carry
propagation) + 3(for sum) = 65 gate delays.

Fig.1. 4-bit Ripple Carry Adder [35]

II.2. Multiplexer

In electronics, a multiplexer (or mux) is a machine that
selects one of some analog or digital input signals and
ahead the select input into a single line. A multiplexer of
2n input has n select lines that are used to choose which
input line to send to the output. Multiplexers are
primarily used to enhance the amount of data that can be
send over the network in a certain quantity of time and
bandwidth. A multiplexer is also called a data selector.

II.3. Basic Adder Unit

The most basic arithmetic operation is the adding up of
binary digits i.e. bits. A combinational circuit that add
two bits is call the adder. A full adder is that which adds
three bit, the third formed due to previous addition
operations. The other way of implementing a full adder is
to utilize two half adders in its execution. The full adder
is the basic structure blocks of all the adders.

II.4. Carry Select Adder

The carry-select adder can be simply define as a
combination of two Ripple Carry Adders (RCA), one to
generate the sum for carry input Cin =1 and the other to
generate the sum for carry input Cin=0 and a multiplexer
stage is connected to choose the correct sum output in
which the selection line is taken as the actual carry
propagation. Adding two n-bit data with a carry-select
adder is done with two ripple carry adders in order to
perform the calculation twice, we assume that first time
carry will be zero and second time carry will be one.
After that the two results, the correct sum and the correct
carry are calculated, is then selected with the multiplexer

once the correct carry is known.

Fig.2: Carry Select Adder [36]

III. Proposed Methodology

The methodology has been implemented in this research
work is utilizing the basic concept of the CSLA using the
RCA. The simple design flow has been shown in fig.4.1.
But the simple concept is implementing here in a
different manner. Here the sum is generating linearly but
the carry is propagating non-linearly.

III.1. Design Flow of  CSLA

In proposed 16-bit, 32BIT carry select adder. Carry
Select Adder (CSLA) is one of the fastest adders utilized
in numerous data-processing processors to perform fast
arithmetic functions. From the formation of the CSLA, it
is observe that there is chance for reducing the field area
and delay in the CSLA. This part of work uses a simple,
easy and efficient gate-level modification to significantly
reduce the area and power of the CSLA. The BCD is
utilized alternatively of RCA. The basic design flow of
the data is shown here. It is providing us the information
that how this design has been working. So, the first block
is representing the setup block which is signify the initial
setup time require to initiate the process. If the block
consists of a 4 full adder then that block will add the bits
from k to k+3. Here design is 16 bit combine with 4 bit
RCA in 4 times. This 16 bit architecture again adds with
16 bit same architecture and design 32 bit architecture.
Reparation of same modal gate design reduced, reduced
of gate count are is less. After its BCD is use that is
reduce delay. Then the simple MUX stage is provided to
select the correct sum. Here the selection operation is
much faster than time to compute either of the two
possible vectors. Implementation of each of these blocks
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has been done through HDL level optimization to obtain
better performance versus efficiency ratio.

Fig3: Design Flow of CSLA

III.2. 4-bit Linear CSLA

Carry select Adder is a better choice especially in the
case of Carry delay. As in a ripple-carry adder, every full
adder cell has to wait for the incoming carry before an
outgoing carry can be generated. This dependency can be
eliminated by pre-calculating i.e. by taking both possible
values of the carry input and evaluating the result for
both possibilities in advance. Once the real value of the
incoming carry is known, the correct result is easily
selected with a simple multiplexer stage. The
implementation of this idea is called the linear carry
select adder and the diagram of the first four bits of the
adder is shown in fig 4.3.

Fig4: Diagram of first 4-bit linear CSLA

In the above diagram all the inputs are given at a time to
both the Ci =0 and the Ci =1 carry logic. The
carry circuits generate the appropriate carryout’s and
depending upon the original carry input the appropriate
values are selected from the multiplexer and fed to the
sum circuit. This is the basic 4- bit carry select adder.
Thus for implementing the higher order bit the carry out
from the fifth stage multiplexer passes as the carry in for
the next 4-bit, while the inputs are given at the same
time. It is clear that the delay is reduced to a large extent
by performing the carry calculations beforehand, but the
disadvantage is that the hardware over head of the carry
select adder is restricted to an additional carry path and a
multiplexer.

III.3. Implementation of Non-linear Carry propagation

The actual medication which has been made in this
proposed CSLA is to use a method which gives more
optimum results is to apportion the adder non-linearly.
Here, as the computation of 16-bits has been
implementing. Thus, to minimize the number of stages
require for the computation can reduced only and only if
the variable size ripple carry adders are implement. Fig
4.4 shows 16-bit carry select adder design.

This concept can be understood as; if linear carry
propagation style is used then it will require the 4-blocks
of 4-bit RCA. But if the non-linear style of carry
propagation has been used then the implementation of
16-bits can be performed in only 4-stages and in this way
delay will be reduced and also the area. For example to
design a 16 bit Carry-Select Adder one can use 6 stages
of adders with sizes: 4, 4, 4, and 4 = 16 bits. Each stage
computes a partial sum; Ripple adders can be used for
stage adders.

IV. Result Analysis

This is our proposed result section that is show design
architecture which is design with the help Xilinx

Fig5 : RTL Design 32 Bit CSLA

Fig6 : Internal RTL Design Two 16 Bit CSLA
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Fig7 : Internal RTL Design Two 4 Bit CSLA

Fig9: Simulation Result

Fig8 : Internal Technology Design Two 24 Bit CSLA
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V. Conclusion

In this project, the entire adder architecture has been
implemented using VHDL. The structure is then further
evaluated in FPGA using Xilinx ISE Design Suite. This
thesis has deal with fundamental concepts of addition and
optimization. Here we are presented a number of
interesting results.

Here the conclusion is obtained that this proposed
structure of CSLA is better than all the architectures that
have been implemented previous, since every constraints
are optimized by using this proposed CSLA. Thus, the
obtain results are much better in comparison to previous
work in all the respects.
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