
International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084     Volume-5, Issue-11, Nov.-2017 
http://iraj.in 

Delay Optimization of Concatenation and Incrementation Carry Skip Adder 
 

29 

DELAY OPTIMIZATION OF CONCATENATION AND   
INCREMENTATION CARRY SKIP ADDER 

 
1K. LAKSHMI TEJASWI, 2K.BABULU 

 
1Research Associate (JNTUK), 2Professor (JNTUK), Dept OF E.C.E, Kakinada, Andhra Pradesh, India 

 
 
Abstract - The architecture of a 32-bit Carry Skip Adder to achieve less area, less power consumption, less delay 
is presented in this paper. Totally two architectures are explained in this paper. In Conv-CSKA, 2:1 MUXs are 
used in the skip logic in between the RCA stages to skip the carry. This 2:1 MUX requires 12 transistors to 
implement in CMOS level which occupies large amount of area which in turn increases the power consumption. 
So, in CI-CSKA these 2:1 MUX are replaced with AOI,OAI logic to implement the skip logic technique and they 
require only 6 transistors to implement. So, area, power, delay are reduced to 50% when compared with 
Conv-CSKA. In addition, in case of CI-CSKA, except for the first stage, all the inputs for the RCAs are zero hence 
the name concatenation. So, there is no need for all the RCAs to wait for the input carry. Finally the comparison 
results reveal that there is 50%decrement in the power consumption, area and delay of the proposed structure 
when compared with the Conv-CSKA. 
 
Index Terms - 32-bit Carry Skip Adder ,less delay ,2:1 MUX, AOI, OAI logic ,CI-CSKA. 
 
I. INTRODUCTION 
 
Now-a-days there is an increase in demand for the 
electronic devices thereby increase in need for the low 
power VLSI circuits. So, we need design a circuit in 
such a way that it occupies less area, consumes less 
power, and should yield the result with in no time i.e., 
it should have less delay. Adders are the basic building 
blocks in any circuits. For instance, in microprocessors 
adders are used for incrementing and decrementing 
operations, adders are not only used in addition 
operations but also in subtraction, multiplication, 
division operations. So, it is necessary to design a 
adder that has good performance parameters (i.e., 
power, area, delay). 
Designing an adder with less area decreases the overall 
chip area that means reduction in the complexity of the 
overall circuitary. There is huge availability of adders, 
for e.g., Carry Look Ahead adder, Ripple Carry Adder, 
Carry Save Adder, of all these adders, RCA has simple 
architecture but the main drawback in it is it has worst 
delay when compared to all the adders. But it cannot be 
completely replaced because of its simplest 
architecture. Carry Look Ahead adder has the less 
delay but because of its high circuit complexity it 
cannot be used in all the applications. So, with some 
modifications in the design of RCA an adder was 
designed known as Carry Skip Adder. It has less delay 
when compared with RCA and simpler architecture 
when compared with the Carry Look Ahead adder. So, 
it provides a good compromise between all the 
performance parameters. In case of Conv-CSKA,2:1 
MUXs are used for skipping the carry but they require 
12 transistors to implement which increases the overall 
chip area. So, these 2:1 MUXs are replaced with 
AOI,OAI gates which requires only 6 transistors to 
implement. So, comparative studies reveal that there is 
50%decrement in all performance parameters when 

compared with the Conv-CSKA.So,Carry Skip Adder 
can be considered as the best adder when compared 
with remaining adders.CSKA improves the delay of 
RCA with some modifications in its design when 
compared with the other adders.In case of CSKA,if 
either input is logic 1,the carry directly propagates to 
the next stage without waiting for the operation to 
complete.For checking this propagation condition 
EXOR gates are reduced,the carry propagation 
condition holds true only when all the inputs are in 
propagate mode hence for checking this condition 
AND gates are used.This output of AND gate is used 
as selector signal for the 2:1 MUX to select either the 
carryin or carryout of the corresponding stage in case 
of a Conv-CSKA and is explained in section II.In case 
of CI-CSKA,these operations performed by MUXs 
will be done by AOI,OAI logics,since they require 
only 6 transistors to implement. 
 
II. PREVIOUS WORK 
 
The 32-bit Conv-CSKA consists of four stages in 
which each stage contains a total of eight full adders 
(FAs) (RCA block) and output of RCA is given to 2:1 
multiplexer (carry skip logic). The  2:1 Multiplexer is 
needed to skip the carry to the  next stage.In case of 
RCA,the worst case delay occurs when the two N-bit 
numbers are in propagation mode i.e., either of the two 
bits is logic one.The delay of an N-bit RCA was 
calculated by the following mathematical expression, 

  sc ttnT  1    
Where ts is the delay used to compute the sum of the 
last stage and tc is the delay through the carry stage of a 
different FA.The major drawback in it is carryin for the 
present stage is obtained only after the carry produced 
from the previous stage.But due to its excellent 
advantage in simplest architecture it cannot be 
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replaced,so a modified structure in RCA known as 
carry skip adder was designed. 
The architecture of Conv-CSKA is shown in fig.1; 

 
Fig.1:Architecture of Conv-CSKA 

 
In Conv-CSKA structure, the main target is to reduce 
the delay by modifying its implementation based on 
the static CMOS design. The modification increases 
the speed with area and power consumption 
comparable to that of RCA. 
Where Pi is the propagation related to Ai  and Bi. 
Therefore,  it shows that the delay of RCA is linearly 
related to N. In the case, where cascaded FAs are in the 
propagated mode, the carry output of the chain is equal 
to the carry input. The carry skip logic in CSKA 
detects this  situation. It doesn’t wait for the operation 
of FA chain to be completed and it makes the carry 
ready for next stage. The skip operation is performed 
by using the multiplexer and gates as shown in the 
figure. Based on the explanation, in CSKA the N FAs 
are grouped in Q stages. Each stage contains one RCA 
block with a skip logic and Mj FAs(8) where 
j=1,…..,Q.(=4)[Totally 4 stages(8 FAs at each 
stage),32-bit adder].The conventional structure of the 
CSKA consists of stages that contains chain of 2:1 
multiplexer (carry skip logic) and FAs. Through 2:1 
multiplexer RCA blocks are connected to each other 
which can be used in one or more level structures. 
In each stage the input of the multiplexer (skip logic) 
are the carry input of the stage and the output of its 
RCA block (FA chain) is the carry output. The product 
of the stage is used as a selector signal of the 
multiplexer. The CSKA is implemented by using Fixed 
Stage Size (FSS) and Variable Stage Size (VSS). The 
highest speed is obtained for the VSS structure. For the 
implementation of skip logic MUX is used which 
requires 12 transistors for its implementation.This 
leads to the hardware complexity.So,MUX used in skip 
logic was replaced by AOI,OAI gates which requires 
only 6 transistors.Hence,there is 50% decrement in 
area usage and power consumption.The structure 
whose skip logic contains AOI,OAI gates is named as 
CI-CSKA(Concatenation and Incrementation Carry 
Skip Adder) and is explained in section III. 

 
III. PROPOSED CI-CSKA 
 
The CI-CSKA contains AOI,OAI gates for selecting 
either carryin to the previous stage or carryout from the 

previous stage.The architecture of CI-CSKA is shown 
in Fig.2. 

 
Fig.2:Architecture of CI-CSKA 

A. Delay of the proposed structure: 
    The use of static AOI and OAI gates which requires six 

transistors for the implementation leads to decrement 
in the area .This further reduces the delay.Except for 
the first RCA block all the inputs for the remaining 
RCA blocks are given as zero (i.e.,carryin) hence the 
name concatenated. The obtained intermediate result is 
given to incrementation block to get the final SUM. 
The critical path of the proposed structure contains 
three parts, which includes chain of FAs of first  
stage,path of the skip logics, incrementation block in 
the last stage. Hence,the path delay can be expressed 
as, 

       XORANDQSKIPCARRYD TTMTQTMT  121

 

XORAND TT , are the delays of inputs AND and XOR 
gates. The delay of the skip logic depends on the 
average of delays of AOI and OAI gates. 
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OAIAOI TT ,  are the delays of AOI and OAI gates. 

 
B. Calculation of stage sizes: 
The size of each stage can be obtained by the following 
expression, 

 
 ANDCARRY

OAIAOI
opt TT

TTN
M
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For a 32-bit adder optimum obtained value is 8.Hence 
each stage contains 8 FAS,so in order to have 32-bit 
adder totally four stages are required. 
 
RESULTS AND DISCUSSION 
 
When compared with the Conv-CSKA delay is 
reduced to 50%  in case of CI-CSKAand is shown in 
Table1. 

Structure Delay 
Conv-CSKA 47.472ns 

CI-CSKA 22.066ns 
Table.1:Comparision of delay between Conv-CSKA and 

CI-CSKA 
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Fig.3:Delay comparision between Conv-CSKA,CI-CSKA 

 
CONCLUSION 
 
In Conv-CSKA use of 2:1 multiplexers for the skip 
logic causes more delay and area since it requires 12 
transistors to implement.So,in the CI-CSKA technique 
these 2:1 multiplexers got replaced by AOI,OAI gates 
which requires only 6 transistors to implement causing 
a decrement in area,power,delay.In CI-CSKA delay is 
reduced to 50% when compared with the Conv-CSKA. 
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