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Abstract: 

In this paper implemented a carry skip adder (CSKA) structure that has a higher speed and lower energy consumption compared 

with the conventional one. The speed enhancement is achieved by applying concatenation and incrementation schemes to improve 

the efficiency of the conventional CSKA (Conv CSKA) structure. In addition, instead of utilizing multiplexer 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 and variable stage size styles. Finally, a hybrid variable latency extension of the proposed 

structure, which lowers the power consumption without considerably impacting the speed, is presented. 
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I. INTRODUCTION 

 

Adders are a key building block in arithmetic and logic units 

(ALUs) [1] and hence increasing their speed and reducing their 

power/energy consumption strongly affect the speed and 

power consumption of processors. There are many works on 

the subject of optimizing the speed and power of these units, 

which have been reported in [2]–[9]. Obviously, it is highly 

desirable to achieve higher speeds at low-power/energy 

consumptions, which is a challenge for the designers of 

general purpose processors. One of the effective techniques to 

lower the power consumption of digital circuits is to reduce the 

supply voltage due to quadratic dependence of the switching 

energy on the voltage. Moreover, the subthreshold current, 

which is the main leakage component in OFF devices, has an 

exponential dependence on the supply voltage level through 

the drain-induced barrier lowering effect [10]. Depending on 

the amount of the supply voltage reduction, the operation of 

ON devices may reside in the superthreshold, near-threshold, 

or subthreshold regions. Working in the superthreshold region 

provides us with lower delay and higher switching and leakage 

powers compared with the near/subthreshold regions. In the 

subthreshold region, the logic gate delay and leakage power 

exhibit exponential dependences on the supply and threshold 

voltages.   Moreover, these voltages are (potentially) subject to 

process and environmental variations in the nanoscale 

technologies. The variations increase uncertainties in the 

aforesaid performance parameters. In addition, the small 

subthreshold current causes a large delay for the circuits 

operating in the subthreshold region [10].Recently, the near-

threshold region has been considered as a region that provides 

a more desirable tradeoff point between delay and power 

dissipation compared with that of the subthreshold one, 

because it results in lower delay compared with the 

subthreshold region and significantly lowers switching and 

leakage powers compared with the superthreshold region. In 

addition, near-threshold operation, which uses supply voltage 

levels near the threshold voltage of transistors [11], suffers 

considerably less from the process and environmental 

variations compared with the subthreshold region. 

The dependence of the power (and performance) on the supply 

voltage has been the motivation for design of circuits with the 

feature of dynamic voltage and frequency scaling. In these 

circuits, to reduce the energy consumption, the system may 

change the voltage (and frequency) of the circuit based on the 

workload requirement [12]. For these systems, the circuit 

should be able to operate under a wide range of supply voltage 

levels. Of course, achieving higher speeds at lower supply 

voltages for the computational blocks, with the adder as one 

the main components, could be crucial in the design of high-

speed, yet energy efficient, processors. 

 

 In addition to the knob of the supply voltage, one may choose 

between different adder structures/families for optimizing 

power and speed. There are many adder families with different 

delays, power consumptions, and area usages. Examples 

include ripple carry adder (RCA), carry increment adder (CIA), 

carry skip adder (CSKA), carry select adder (CSLA), and 

parallel prefix adders (PPAs). The descriptions of each of these 

adder architectures along with their characteristics may be 

found in [1] and [13]. The RCA has the simplest structure with 

the smallest area and power consumption but with the worst 

critical path delay. In the CSLA, the speed, power 

consumption, and area usages are considerably larger than 

those of the RCA. The PPAs, which are also called carry look-

ahead adders, exploit direct parallel prefix structures to 

generate the carry as fast as possible [14]. There are different 

types of the parallel prefix algorithms that lead to different PPA 

structures with different performances. As an example, the 

Kogge–Stone adder (KSA) [15] is one of the fastest structures 

but results in large power consumption and area usage. It 

should be noted that the structure complexities of PPAs are 

more than those of other adder schemes [13], [16]. 

 

The CSKA, which is an efficient adder in terms of power 

consumption and area usage, was introduced in [17]. The 

critical path delay of the CSKA is much smaller than the one in 

the RCA, whereas its area and power consumption are similar 

to those of the RCA. In addition, the power-delay product 

(PDP) of the CSKA is smaller than those of the CSLA and PPA 

structures [19]. In addition, due to the small number of 
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