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Abstract: 

Adders are a key building block in  arithmet ic and log ic units. Therefore  increasing their speed strongly affect the speed of  

processor itself. In this paper a carry skip adder (CSKA) structure that has a higher speed yet lower energy consumption 

compared with the conventional one is proposed. The speed enhancement is achieved by combining concatenation and 

incrementation schemes to conventional CSKA (Conv-CSKA) structure. In addition, instead of utilizing mu ltiplexer logic, the 

proposed   structure  makes  use  of  AND-OR-Invert  (AOI) and OR-AND-Invert (OAI) compound gates for the skip logic. The 

structure may be realized with both fixed stage size(FSS) and variable stage size (VSS) styles, wherein the latte r further improves 

the speed and energy parameters of the adder. Finally, a hybrid variable latency extension of the proposed structure, which lowers 

the power consumption without considerably impacting the speed, is presented. This extension utilizes a mo dified parallel 

structure for increasing the slack time, and hence, enabling further voltage reduction.  

 

Index terms:  Carry skip adder (CSKA),FSS,VSS,CI-CSKA, h igh speed, hybrid variable latency adders, voltage scaling 

 

I. INTRODUCTION 

There are many ways to improve the performance of digital 

circuits, One of the easiest way is to reduce the supply 

voltage. This depends on the fact that the switching energy 

has a quadratic dependence on supply voltage. Depending 

on the supply voltage reduction , when the device is in the 

ON state, it works in super threshold,  near threshold or sub 

threshold regions. In these three regions of operation, the 

near threshold region provides a fair t radeoff between power 

consumption and delay. In additional to the knob of supply 

voltage ,one can choose from a variety of adder families. 

There are a number of adder families like carry select adder, 

ripple carry adder, carry skip adder, parallel prefix adder 

etc.Comparing the characteristics of different adder families 

,the carry skip adder is found to be the one which is most 

suitable for the construction of a fast adder. The selection of 

CSKA is based on the following facts: 

1) The critical path delay of the CSKA is much smaller 

than the one in the RCA. 

2) The area and power consumption of CSKA  are similar 

to those of the RCA.  

3) The power-delay product (PDP)  of  the  CSKA  is  

smaller  than  those  of  the CSLA and PPA structures. 

4)  The small number of transistors, make  the CSKA 

benefits from relatively short wiring lengths as well as a 

regular and simple layout.  

II. PRIOR WORK 

2.1 CONVENTIONAL   CS KA     S TRUCTURE 

The conventional structure of the CSKA consists of stages 

containing chain  of  full  adders  (FAs)  (RCA  block)  and 

2:1 mult iplexer (carry skip logic). The RCA blocks are 

connected to each other through 2:1 multip lexers, which  

can be placed into one or more level structures. The CSKA 

configuration (i.e., the number o f the FAs per stage) has a 

great impact on the speed of this type of adder. The  

structure of  an  N -b it  Conv-CSKA, which  is  based on 

blocks of the RCA (RCA blocks), is shown in  Fig. 1. In   

addition to  the  chain  of  FAs  in  each  stage,  there  is  a 

carry skip  logic. For an RCA that contains N cascaded 

FAs, the worst propagation delay of the summation of two  

N -bit numbers, A and B , belongs to the case where all the 

FAs are in the propagation mode. It means that worst case 

delay belongs to the case where 

 

where Pi  is the propagation signal related to Ai  and Bi . 

This shows that the delay of the RCA is  linearly related to 

N. the N FAs of the CSKA are grouped in Q stages. Each 

stage contains an RCA block with  M j  FAs ( j = 1, ... , Q) 

and a skip logic. In each stage, the inputs of the mult iplexer 

(skip log ic) are the carry input of the stage and the carry 

output of its RCA block (FA chain). In addition, the 

product of the propagation signals  of the stage is used as 

the selector signal of the mult iplexer.  

The  CSKA  may  be  implemented  using  FSS  and  VSS 

where  the  highest  speed  may  be  obtained  for  the  VSS 

structure 

 

Fig 1: Conventional CSKA structure 
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III. PROPOS ED WORK 

  2.1 CI-CSKA 

This structure is formed by combining concatenation and 

the incrementation schemes with the Conv-CSKA structure, 

and hence, is denoted by CI-CSKA. It p rovides us with the 

ability to use simpler carry skip logics. The logic replaces 

2:1 multip lexers by AOI/OAI compound gates (Fig. 2). The 

gates, which consist of fewer transistors, have lower delay, 

area, and smaller power consumption compared with those 

of the 2:1 multip lexer. Note that, in this structure, as the 

carry propagates through the skip logics, it becomes 

complemented. Therefore, at the output of the skip logic of 

even stages, the complement of the carry is generated. The 

structure has a considerable lower propagation delay with a 

slightly smaller area compared with those of the 

conventional one. Note that  while  the  power consumptions 

of  the  AOI (or OAI) gate are smaller than that of the 

multip lexer, the power consumption of the proposed CI-

CSKA is a little more than that of the conventional one. 

This is due to the increase in the number of the gates, which 

imposes a higher wiring capacitance (in the noncritical 

paths). 

The internal structure of  the proposed CI-CSKA  shown  

in  Fig.  2  in  more  detail.  The  adder contains  two   N   

bits  inputs,   A  and   B ,  and   Q   stages. Each   stage   

consists   of   an   RCA   block   with   the   size of   M j    ( 

j    =    1, ... , Q).   In   this   structure,  the   carry input  of  

all  the  RCA  b locks,  except  for  the  first  block which  is  

Ci ,  is  zero  (concatenation of  the  RCA  blocks). 

Therefore, all the blocks execute their jobs simultaneously. 

In   this   structure,   when   the   first   block   computes   

the summation of its corresponding input bits, the   other   

blocks   simultaneously  compute   the  intermediate  

results  . In the proposed structure, the first stage has only 

one block, which is RCA. The stages 2 to Q consist of two 

blocks of RCA and incrementation. The incrementation 

block uses the intermediate results generated by the RCA 

block and the carry output of the previous stage to 

calculate the final summation of  the  stage. .  The  internal  

structure  of  the  incrementation block,  which  contains  a  

chain  of  half-adders  (HAs),  is shown in Fig. 3. In 

addition, note that, to reduce the delay considerably, for  

computing the  carry output of  the  stage, the  carry  output  

of  the  incrementation block  is  not  used. As shown in 

Fig. 2, the skip logic determines the carry output of  the  j 

the  stage  based  on  the  intermediate results of the  j th 

stage and the carry output of the previous stage as well as 

the carry output of the corresponding RCA b lock.  

 

 

Fig 2: CI-CSKA Structure 

The reason for using both AOI and OAI compound gates as 

the skip logics is the inverting functions of these gates in 

standard cell libraries.This way the need for an inverter gate, 

which increases the power consumption and delay, is 

eliminated if an AOI is used as the skip logic, the next skip 

logic should use OAI gate. In addition, another point to 

mention is that the use of the proposed skipping structure in 

the Conv-CSKA structure increases the delay of the critical 

path considerably. This originates from the fact that, in the 

Conv-CSKA, the skip logic (AOI or OAI compound gates) 

is not able to bypass the zero carry input until the zero carry 

input propagates from the corresponding RCA block. To 

solve this problem, in the proposed structure, we have used 

an RCA block with a carry input of zero (using the 

concatenation approach). This way, since the RCA block of 

the stage does not need to wait for the carry output of the 

previous stage, the output carries of the blocks are 

calculated in parallel 

 

Fig.3:Incrementation block structure. 

IV. RES ULT AND DISCUSSION 
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Fig.4:Delay comparison of conv-CSKA and CI-CSKA  

As is observed from this figure, compared with the 

Conv-CSKA, the proposed structures reduce the delays 

further such that in the case of VSS. For the supply 

voltages considered here, the delay reductions of the CI-

CSKA compared with those of the Conv-CSKA in the case 

of the FSS (VSS) were in the range of 40%– 42% (40%–  

44%). In addition, using VSS scheme in the CI-CSKA 

(Conv-CSKA), p rovides us with the delay reductions of 

15%–17% (11%–14%). 

The comparison table shows the PDP of the various adder 

circuits discussed here. The   proposed   CI-CSKA   has   

the   best   PDP compared with  those of  the  other 

structures in  the  supply voltage  range  considered  in  this  

paper. 

V. MODIFICATION 

  5.1  Hybrid Variable Latency CS KA StructureIn the 

proposed hybrid structure, the prefix network of the Brent–

Kung adder is used for constructing the nucleus stage (Fig. 

5). One the advantages of the this adder compared with 

other prefix adders is that in this structure, using forward 

paths, the longest carry is calculated sooner compared with 

the intermediate carries, which are computed by backward 

paths. In addition, the fan-out of adder is less than other 

parallel adders, while the length of its wiring is 

smaller.Finally, it has a simple and regular layout.. 

 

 

 

Fig.5: Hybrid variable latency CSKA structure 

VI. CONCLUS ION 

In  this  paper,  a  static  CMOS  CSKA  structure  called  

CI-CSKA was proposed, which exhibits a higher speed and 

lower energy consumption compared with those of the 

conven- tional one. The speed enhancement was achieved 

by modify ing the structure through the concatenation and 

incrementation techniques. In addition, AOI and OAI 

compound gates were exploited  for  the  carry  skip   

logics.  The  efficiency of  the proposed structure for both 

FSS  and VSS  was  studied by comparing its delay with 

those of the Conv-CSKA, structures. The results revealed 

considerably lower PDP for the VSS implementation of the 

CI-CSKA structure over a wide range of voltage from 

super-threshold to near threshold. The results also 

suggested the CI-CSKA structure as a very good adder for 

the applications where both the speed and energy 

consumption are crit ical. In addit ion, a  hybrid variable 

latency extension of the structure was proposed. It 

exploited a modified parallel adder structure at the middle 

stage for increasing the slack time, which provided us with 

the opportunity for lowering the energy consumption by 

reducing the supply voltage.  
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