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---------------------------------------------------------------------***---------------------------------------------------------------------

Abstract - This paper presents low leakage carry select 
adder (CSA). CSA is one of the fastest adders used in many 
data-processing systems to perform fast arithmetic operations. 
In this paper Carry Select Adder uses single RCA and binary to 
excess-1 converter (BEC) are used instead of dual RCAs to 
optimize average and leakage power dissipation. The reason 
for leakage power reduction is that, the number of logic gates 
used to design a BEC is less than the number of logic gates 
used for a RCA design. Thus, importance of BEC logic comes 
from the large silicon area reduction when designing CSA for 
large number of bits. 64-bit CSA adder using hybrid 
architecture is analyzed in this paper. The circuit design is 
simulated at 32nm Technology using Tanner EDA v(13.0). 
Results shows that 64bit CSA has better performance 

parameter as compared to the conventional CSA. 
 
Key Words:  Conventional carry select adder (CSA), 
Binary to excess-1 converter (BEC), Ripple carry adder 
(RCA) 

1.INTRODUCTION ( Size 11 , cambria font) 
 
Performance of modern digital system is dependent on 
the performance of individual circuits that form 
various functional units. Adders are one of the widely 
used block in digital integrated circuits. High speed 
adder is the necessary component in a data path of 
microprocessors and a DSP processor. Among the 
performance parameter, leakage power is critical as 
the technology improves. Because of threshold voltage 
reduction leakage current increases exponentially with 
the gate source voltage [1].As adder is critical part of 
almost all the modern digital system.Optimization of 
leakage power in adder can optimize overall leakage 
power of the circuits. In this paper two 64bit carry 
select adder with hybrid adder is designed and 
analyzed. We have used 10T and 14T full [11] adder 
because these two adders is having lesser leakage 

power as compared to the other design styles 
presented in the literature.  The simple type of parallel 
adder is a ripple carry adder, which uses a chain of one 
bit full adder to generate its output. The Ripple Carry 
Adder (RCA) [1] gives the most compact design but 
takes longer computation time. The time critical 
applications use Carry Look-ahead scheme (CLA) to 
derive fast results but lead to increase in area. The 
Carry Select Adder (CSA) provides a compromise 
between small area but longer delay than Ripple Carry 
Adder (RCA) and having larger area with shorter delay 
than Carry Look-Ahead Adder (CLA) [1].Hybrid adder 
architecture is improved in terms of performance 
parameters. For the global carry generation in hybrid 
adder, a simple parallel scheme is used to relieve the 
fan-out load at the final multiplexer stage. The 
parallelism does not require intermediate outputs in 
the carry select scheme in hybrid architecture. In 
hybrid adder, internal carry generation logic is shared 
to minimize area of adder.  
 

2. Review of Adder Architectures 
 
To add multiple inputs various types of Adder 
Architecture are presented in literature which is 
explained as given below:- 
 
2.1 Ripple Carry Adder (RCA) 
 
Two binary words, each with n-bits, can be added using 
a ripple carry adder. Fig-1 shows the circuit for a 4-bit 
ripple carry adder. The carry input to the least 
significant bit is normally set to 0(c0), and the carry 
output of each full adder is connected to the carry input 
of the next most significant (MSB) of full adder [3] 
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Fig: 1.Block diagram of RCA [8] 

RCA design occupies the small area but takes longer 
computing time. The delay of RCA is linearly 
proportional to number of input bits. 
 
2.2 Carry Look ahead adder (CLA) 

Carry Look ahead adder speed up the operation of 
addition, because in this scheme carry for the next 
stages is calculated in advance, based on input signals 
.The CLA offers a way to eliminate the ripple effect in 
RCA.CLA is faster than RCA but consumes large area 
[4]. 

Pi = Xi XOR Yi --- Carry Propagation 

Gi = Xi AND Yi --- Carry Generate 

S = P
i
⊕C

i 

Ci+1 = Gi or (Pi AND Ci)--Next Carry 

 

Fig:-2.Block diagram of 16-bit carry look ahead adder 
[4] 

 

2.3 Carry Skip Adder (CSKA) 
 

In case of N-bit Ripple carry adder, carry has to 
propagate through all N stages, which results in large 
delay in performing binary addition. In contrast, it is 

possible to skip carry over group of n-bits in case of 
Carry Skip Adder [4].Carry skip adder has large delay 
as compared to CLA but less than RCA. 

Carry Propagate: Pi=Ai⊕Bi 

Sum: Si=Pi⊕Ci 

Carry Out: Ci+1= Ai Bi+ Pi Ci  

 

Fig:-3. 16-Bit Carry-Skip Adder [4] 
 
2.4 Carry save adder 
 
Basically, carry save adder is used to compute sum of 
three or more n-bit binary numbers. Carry save adder 
is same as a full adder [5].Boolean equations for sum 
and carry signals are given below:- 
Si = Xi XOR Yi 
Ci = Xi AND Yi 

 
 

Fig:-4. N-bit Carry save adder [4] 
Carry save adder reduces the leakage. 

2.5 Conventional Carry Select Adder (CSA) 

Carry select adder is based on the principle to calculate 
sum that is based on assuming input carry from 
previous stage. One of the  adder calculates the sum 
assuming input carry ‘0’ while the other calculates the 
sum assuming input carry ‘1’. Then, the actual carry 
triggers a multiplexer that selects the appropriate sum. 
Carry output of each block is given to next block as 
input carry [6]. 
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Fig:-5.Block diagram of 16-bit Carry select adder [4] 

 

Performance of CSA adder is intermediate between 
longer delay of RCA and large area of CLA. But 
designing of CSA is more complex. 
 
3. HYBRID CARRY SELECT ADDER 

A Hybrid Carry Select-Adder is proposed. The 
modification is done by replacing lower 32bit LSB and 
upper 32bit MSB with different full adder circuits. In 
first architecture, 14T full adder is used for 32bit MSB 
and 10T full adder is used for 32bit LSB. In second 
architecture, 10T full adder is used for 32bit MSB and 
14T full adder is used for 32bit LSB. Thus, importance 
of BEC logic comes from the large silicon area 
reduction when designing hybrid CSA for large number 
of bits. As to replace the N bit RCA, an N+1 bit BEC is 
used [1]. So in hybrid architecture of CSA, the 4-bit RCA 
is used in each block and thus the BEC used is of 5-bit 
wide. The MUX’s are used to select either BEC output or 
the direct inputs according to the control singal.10 bit 
to 5 bit multiplexer are used to select the final output. 
 

 
Fig: -6. Block diagram of 64-bit hybrid Carry select 

adder using (14T—10T) 
 

 
 

Fig: -7. Block diagram of 64-bit hybrid Carry select 
adder using (10T—14T) 

 
SIMULATION RESULTS 
 
Conventional carry select adder and Modified carry 
select adder using different types of adders are 
simulated using TANNER EDA v (13.0). All the 
simulations are performed at 32nm CMOS technology. 
64-bit Conventional carry select adder has 1.77mw 
leakage power, 2.35mw average power consumption. 
The number of transistors of 64-bit conventional CSA is 
3698. 
 
TABLE 1: Leakage power, Average power consumption and 
number of gates of 1-bit full adders at 500MHz frequency. 

 

 

Types of 

adders 
Conv 10T 

 

12T 

 

 

14T 

 

 

BV2 

 

Leakage 

power 

(nw) 

460 10 200 2 230 

Average 

power 

(uw) 

10.1 1.95 3.43 0.56 5.6 

Number of 

transistor 
28 10 12 14 24 
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TABLE 2: Leakage power, Average power consumption and 
number of gates of 64-bit hybrid carry select adders at 
500MHz frequency. 

 

 

 
 

Fig:8.Comparison of Leakage power  of 1-bit full adders 

 

 

Fig:9.Comparison of average power comsumption of 1-bit 
full adders at 500Mhz frequency 

 

Fig:10.Comparison of Leakage power of 64-bit hybrid CSA 

using 14T and 10T adders  

 

Fig:11.Comparison of average power consumption of 64-

bit hybrid CSA using 14T and 10T  adders at 500Mhz 

frequency 

3. CONCLUSIONS 
 

64-bit hybrid carry select adder shows better performance 
than conventional carry select adder. The basic idea behind 
of implementing various design units of carry select adder is 
to compare them with reference to the average power 
consumed leakage power. Simulation result shows the 
leakage power and average power of each carry select adder. 
From results it is concluded that 64bit hybrid CSA using 14T 
of a (32bit MSB) and 10T of a (32bit LSB) adder has better 
performance. The leakage power reduced 75% as compared 
to conventional carry select adder and average power 68% 

at 500MHz frequency.  
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