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ABSTRACT

         In this Era, the signal processing system 
widely used. In the digital signal processing
adder is the basic building block of all the major 
circuits. Today the requirements for minimizing the 
delay, area, and power of adder circuit improve the 
efficiency of whole system which drives the 
technology to the next level. Even though the Ca
Select Adder (CSLA) occupies more area
used instead of ripple carry adder to avoid 
propagation delay. In other models Binary to Excess
Converter (BEC) based Carry Select Adder was also 
used which uses less number of logic resources than 
conventional CSLA. But these CSLAs are not more 
efficient because it rejects one sum after the 
calculation. So the delay was not more effectively 
reduced. In order to overcome this problem the 
reduced logic CSLA is used. But by using Gate 
Diffusion Input (GDI) Technique can give less delay 
than this recently proposed reduced logic CSLA. The 
proposed technique provides low power consumption, 
less propagation delay. By using this GDI based 
CSLA the number of transistors required for the 
circuit also minimized. So an efficient adder design 
can be achieved through this technique.

I. INTRODUCTION
       Today’s modern electronics requires the design 
with high speed, low power, less area for VLSI 
circuits. The design with reduced delay, area, 
power will be very useful for portable and mobile 
devices. Reducing the delay of basic adder circuit 
will increase the efficiency of the entire system. 
But achieving these constraints are not an easy 
task. So based on the applications these constraints 
are modified to get an efficient design. Digital 
signal processing system has so many adders. So 
the efficient adder design is an important concern. 
There are several designs for the adder circuit. 
Ripple Carry Adder (RCA) uses the simple design 
but it has the main drawback of Carry Propagation 
Delay [2]. The delay will be linearly increases with 
the bit width of the numbers which are going to be 
taken for the addition process. But by using the 
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efficiency of whole system which drives the 
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CSLA the number of transistors required for the 
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ers which are going to be 

taken for the addition process. But by using the 

carry select adder the propagation delay is 
effectively reduced. Even though it has less delay, 
the design is not more attractive because of the 

usage of dual RCAs, which means t
will be obtained with the penalty of area. In order 
to overcome this drawback the BEC based CSLA is 
used. It replaces one RCA with one add
Hence the area will be saved. The BEC based 
CSLA uses less number of logic resources
the routing delay is slightly higher than the 
conventional CSLA. The another one model for 
adder circuit design is Common Boolean Logic 
(CBL) which uses less number of logic resources
and consumes low power but it has longer Carry 
Propagation Delay (CPD). The delay of CBL based 
CSLA is proportional to the bit width of the 
numbers [3] which are going to be add. 
the CPD of this adder CBL based SQRT CSLA 
was proposed. SQRT CSLAs are implemented for 
large bit-width [5], [6] adders with less delay. 
CBL based SQRT CSLA has longer delay than the 
BEC based SQRT CSLA. From the analysis of 
Conventional and BEC based CSLAs, the data 
dependence and redundant logic operations are 
identified. The reduced logic CSLA overcomes the 
drawbacks of Conventional and BEC based 
CSLAs. The logic formulation of reduced logic 
CSLA is done based on the data dependence. 
The reduced logic SQRT CSLA can have 
the ability to give optimized delay, area, 
and power than this recently proposed 
reduced logic CSLA.

II. EXISTING SYSTEM

A. Ripple Carry Adder

       Ripple carry adder is designed by cascading 
the full adders in serious. The full adder here is 
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responsible for adding two numbers with carry
The carry out of first stage is given as the carry in 
of the next stage.
      Ripple Carry Adder uses the compact Design. 
Even though it uses the simple adder design
unrestricted bit length numbers, it is not more 
widely used because of its Carry Propagation Delay 
(CPD). 

Figure 1: Ripple Carry Adder

The worst case delay of RCA is given by

t = (n -1) tc + ts

Where,
     tc – Delay for Carry
     ts – Delay for Sum

From the above equation it is clear that, the 
of Ripple Carry adder linearly increases with the bit 
width of the numbers.

B. Conventional Carry Select Adder
         
        In order to reduce the propagation delay, the 
Carry Select Adder is widely used as the adder 
circuit of any arithmetic unit. The Carry Select 
Adder contains the two main units such as the Sum 
and Carry Generation Unit (SCG) and the Sum and 
Carry selection Unit (SCS). Among these two 
units, the Sum and Carry Generation unit consumes 
more logic resources of CSLA. So the design of 
SCG unit is the main concern to reduce the logic 
resources. The SCG unit of four bit CSLA con
two Ripple Carry Adders (RCA). The Sum and 
Carry selection unit of four bit CSLA contains a 
multiplexers. It performs two additions in parallel, 
one assuming Carry-in zero, and the other carry
is one. After the calculations of two additions one 
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SCG unit is the main concern to reduce the logic 
resources. The SCG unit of four bit CSLA contains 

The Sum and 
Carry selection unit of four bit CSLA contains a 

plexers. It performs two additions in parallel, 
in zero, and the other carry-in 

is one. After the calculations of two additions one 

sum is selected according to the carry in the 
multiplexer.

Figure 2: Conventional Carry Select Adder

       Even though it reduces the propagation delay, 
the design is not attractive due to the usage of dual 
RCAs. Because if we use dual RCAs the area of the 
adder design will increase this is the main 
drawback of conventional CSLA.

Figure 3: Conventional CSLA

In the above diagram, it is shown that a
conventional CSLA has two RCAs.  The n bit RCA 
performs the logical operations in four stages such 
as Half Sum Generation (HSG), Half Carry 
Generation (HCG), Full Sum Generation (FSG), 
and Full Ca rry Generation (FCG).
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Figure 4: Logical operations of one RCA

The logical expressions of the two Ripple Carry 
Adders of the Conventional CSLA is given as

S0
0(i) = A(i)⊕B(i) C0

0(i)=A(i).B(i)  
      
S1

0(i) = S0
0(i)⊕ C1

0(i-1)                …(1b)
                  
C1

0(i)= C0
0(i)+S0

0(i).C1
0(i-1)C0

out = C1
0(n

S01(i ) =A(i)⊕B(i)         C01(i)=A(i).B(i)     
    
S1

1(i) = S0
1(i)⊕C1

1(i-1)                                 
                     
C1

1(i)=C1
0(i)+S0

1(i).C1
1(i-1)C1

out=C1
1(n

C. BEC Based CSLA

         In order to reduce the area and power of the 
adder circuit the BEC based CSLA is used. The 
BEC based CSLA design is same as the 
Conventional CSLA design. But the only change is 
instead of using two RCAs it replaces one
with one add-one circuit [3], [7]. 
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The logical expressions of the two Ripple Carry 
Adders of the Conventional CSLA is given as

)=A(i).B(i)  …(1a)   

1)                …(1b)

(n-1) …(1c)

C01(i)=A(i).B(i)     …(2a)   

                          …(2b)  

(n-1)     …(2c)

area and power of the 
adder circuit the BEC based CSLA is used. The 
BEC based CSLA design is same as the 

But the only change is 
instead of using two RCAs it replaces one RCA 

           Figure 5: BEC Based CSLA

From the above figure 5, RCA calculates n bit sum 
and carry. The BEC unit receives the sum and carry 
generated by the RCA and produces (n+1) bit 
excess-I code. The most significant bit of BEC 
represents carry and the least significant bits 
represent the sum. The logical expressions of the 
RCA are same as the expressions of conventional 
CSLA. The expressions for BEC unit are given as

S1
1(i) = ~[S0

1(i)]   C1
1(0) = S1

0(0)

S1
1(i) = S0

1(i) ⊕ C1
0(i-1)                 

C1
1(i) = S1

0(i) . C1
1(i-1)                   

C1
out = C1

0(n-1) ⊕ C1
1(n-1)           …………(3d)

               For  1< i <n-1

From the expressions of conventional and BEC 
based CSLAs, it is known that the BEC based 
CSLA increases the data dependence of the circuit. 
The logic resources used by BEC based CSLA are 
less but the routing delay is slightly higher than the 
conventional CSLA. 
D. Reduced Logic CSLA

Figure 6: Reduced logic CSLA

The reduced logic CSLA has
Generation (HSG) unit, one Full Sum Generation 
(FSG), one Carry Generation (CG) unit, and one 
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one Half Sum 
Generation (HSG) unit, one Full Sum Generation 
(FSG), one Carry Generation (CG) unit, and one 
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Carry Select (CS) unit The carry generation unit is 
constructed by two CGs (CG0 and CG
the n bit operands (A & B) are given as the input to 
the HSG unit. The HSG unit generates half sum 
and half carry. Both CG0 and CG1 receive the sum 
and carry generated by HSG. The CG0 and CG1 
units have the optimized designs for fixed input 
carry bits. The Carry Selection unit 
carry among the two carries based on the control 
signal. According to the selected carry 
unit generates the full sum word. The optimized
design structures for CG0 and CG1 units are g
as in the following

The designs of HSG unit, CS unit, and FSG unit are 
given as
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The carry generation unit is 
and CG1). Initially 

the n bit operands (A & B) are given as the input to 
the HSG unit. The HSG unit generates half sum 

receive the sum 
e CG0 and CG1 

optimized designs for fixed input 
carry bits. The Carry Selection unit selects the 

based on the control 
carry the FSG

unit generates the full sum word. The optimized
nits are given 

HSG unit, CS unit, and FSG unit are 

The logical expressions of reduced logic CSLA are

S0(i)=A(i)xorB(i)and C0(i)=A(i).B(i).

C0
1(i)=C0

1(i-1).s0(i)+C0(i)  for (C0
1(0)==0) 

                                                         
  
C1

1(i)=C1
1(i-1).s0(i)+C0(i) for (C1

1(0)==1) 

                                                         

C(i) = C0
1(i) if Cin = 0

C(i) =C1
1(i)   if  Cin =1

Cout = C(n-1)   

S(0) = S0(0) ⊕ Cin S(i) = S0(i) ⊕ C(i

III. GDI BASED CARRY SELECT ADDER:

          The main objective of the GDI based CSLA 
is to improve the speed, power, and transistor count 
of the Carry select adder [1] when compared to the 
existing ones.

Module 1 and module 2 are the XNOR modules 
that generate the sum signal (SUM) and module 3 
generates the output carry signal (
module is designed individually such that the entire 
adder circuit is optimized in terms of power, delay, 
and area.
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(i)=A(i).B(i)...(4a)

(0)==0)                                               

                                                         …(4b)
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                                                         …(4c)

C(i-1)

III. GDI BASED CARRY SELECT ADDER:

The main objective of the GDI based CSLA 
speed, power, and transistor count 

when compared to the 

Module 1 and module 2 are the XNOR modules 
that generate the sum signal (SUM) and module 3 
generates the output carry signal (Cout). Each 
module is designed individually such that the entire 
adder circuit is optimized in terms of power, delay, 
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SIMULATION RESULTS:

OUTPUT WAVEFORM OF CSLA:

   
The above waveform gives the output of carry 
select adder. For this output waveform the 
synthesis report and RTL diagrams are given below 
in order to analyse the power, delay and area 
parameters of the adder circuit.
Conventional CSLA synthesis report we can know 
that the power used by the adder circuit is 9.069 ns 
and the number of logical devices used in the 
circuit is high.  From the BEC Based CSLA 
synthesis report we can know that the power used 
by the circuit is 10.294 and the logical resources 
used in the circuit is very less when compared to 
the previous conventional CSLA. But the delay is 
slightly higher than the conventional CSLA 
because of the routing delay.  

SYNTHESIS REPORT OF CONVENTIONAL 
CSLA :
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SYNTHESIS REPORT OF CONVENTIONAL 

SYNTHESIS REPORT OF BEC BASED 
CSLA:

RTL DIAGRAM OF CONVENTIONAL CSLA:

GATE LEVEL DIAGRAM OF ONE LUT IN 
CONVENTIONAL CSLA :
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SYNTHESIS REPORT OF BEC BASED 

CONVENTIONAL CSLA:

GATE LEVEL DIAGRAM OF ONE LUT IN 
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RTL DIAGRAM OF BEC BASED CSLA :

GATE LEVEL DIAGRAM OF ONE LUT IN 
BEC BASED CSLA:
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RTL DIAGRAM OF BEC BASED CSLA :

ONE LUT IN 

OUTPUT WAVEFORM OF REDUCED 
LOGIC CSLA:

SYNTHESIS REPORT OF REDUCED LOGIC 
CSLA :

GATE LEVEL DIAGRAM OF
REDUCED LOGIC CSLA:
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OUTPUT WAVEFORM OF REDUCED 

SYNTHESIS REPORT OF REDUCED LOGIC 

ONE LUT IN 
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From the synthesis report of reduced logic CSLA, 
it is known that the power used by the adder circuit 
is 7.716 ns which is very much less than the power 
used by conventional and BEC Based CSLAs. And 
the logic resources also much more reduced than 
the previous Conventional and BEC Based CSLAs.

GATE LEVEL DIAGRAM FOR ONE LUT IN 
REDUCED LOGIC CSLA:
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