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ABSTRACT: In this paper, we propose a carry-skip adder (CSKA) structure, that has a higher speed compared with 
the conventional carry skip adder (Conv -CSKA). The speed enhancement is achieved by applying new adder schemes 
to improve the efficiency of the normal CSKA. In the conventional structure of CSKA consists of a chain of ripple 
carry adder (RCA) block and 2:1 multiplexer. In the proposed structure, parallel prefix adder network is used to 
improve the speed and energy parameters. In addition, the proposed structure uses AND-OR-Invert (AOI) and OR-
AND-Invert (OAI) gates for the skip logic. These compound gates consist of fewer transistors, have a lower delay, 
area, and smaller power consumption compared with those 2:1 multiplexers. In the Proposed system, the Kogge-Stone 
adder is used. Kogge-stone adder is a type of parallel prefix adder that has a lower fan-out at each stage. In addition, the 
energy-delay product was the lowest among structures considered in this paper, Kogge-stone parallel prefix adder with 
the considerably smaller area and delay. The result that is obtained using ModelSim simulations reveal the operation of 
the Kogge stone adder and also reveal the energy efficiency of the proposed structure. 
 
KEYWORDS: AND-OR-Invert logic, carry skip adder (CSKA), energy efficiency, energy-delay product,     Kogge-
Stone adder, Modelsim. 
 

I.INTRODUCTION 

 ADDITION and subtraction are basic arithmetic operations. It is mainly used in a lot of VLSI systems such 
as microprocessors and application specific digital signal processing architectures. Adders are one of the most widely 
used digital components in the digital integrated circuit and necessary part of Digital Signal Processing. Arithmetic 
units are the essential block of the digital system. Adders become a critical hardware unit for the efficient 
implementation of the arithmetic unit. In many arithmetic applications and another kind of applications, adders are not 
only in the arithmetic logic unit, it is also used in the processing unit. Addition operation can also be used in 
complement operations (1’s, 2’s, and so on), encoding, decoding and so on.  The main tasks of adders are the addition 
of two numbers, and it is also used in subtraction, multiplication and address determinations. Adders are a key building 
block in arithmetic and logic units [13] so that increasing their speed and reducing their power/energy consumption 
strongly affect the performance of the processors. There are many methods of optimizing the speed and power of these 
units, which have been reported in [2]-[9]. An Addition is a process which involves the addition of two numbers and it 
will generate a sum and carry. The addition operations will result in sum value and carry value. The Half Adders (HA) 
and Full Adders (FA) is the basic block of all adder architectures. There are several many adder families. These all 
having various delays, powers and area usages. Examples include ripple carry adder (RCA), carry increment adder 
(CIA), carry select adder (CSLA), carry skip adder (CSKA) and parallel prefix adders (PPAs).The detailed description 
of these adder architectures along and their characteristics may found in [10] and [13]. The Ripple carry adder has the 
simplest structure with the low power consumption and smallest area but with the worst critical path delay. In the 
CLSA, the speed, power consumption, and area usages are considerably larger than those of the RCA. The parallel 
prefix adder, it is also called carry look-ahead adders, that provide the  direct parallel prefix structures to generate the 
carry as fast as possible. The CSKA, which is an efficient adder in terms of power consumption and area usage, was 
introduced in [11].The CSKA has much smaller critical path delay than the one in the RCA, whereas its area and power 
consumption are similar to those RCA. The design and performance of these adders are introduced in [12]. 
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 In this paper, we propose a modified structure for high speed carry skip adder. The conventional CSKA uses a 
2:1 multiplexer for skip logic, it was introduced in [1]. In this paper, give the attractive features of CSKA structure. The 
contributions of this paper can be given below,  
 1) The modified CSKA structure can be implemented by using a combination of parallel prefix adder and AOI 
skip logic. The modification provides us with the ability to use Kogge stone adder. 
 2) Proposing a modified CSKA structure is not use the normal ripple carry adder, instead of using this Kogge 
stone adder is replaced, which is modified in this paper. 
 3) Application of the modified structure into a floating point adder unit.  
 

II. PRIOR WORK 
 
  The existing works on carry skip adder are discussed in this section and then the modified structure is 
discussed. A novel strategy to design carry-skip adders is proposed. It distributes bits into different groups. 
 
A. CARRY SKIP ADDER: 
  A CSKA consists of full adder gates and multiplexer logic this configuration strongly affects the speed. These 
full adder blocks are connected by 2:1 multiplexers. A below Figure (1) shows a normal carry skip adder. 
 

 
Fig 1: Carry Skip Adder 

 
  Instead of the constant block size, we can use a variable block size to improve the performance of the CSKA. 
The number of bits can be further increased the propagation delay of the CSKA, An adder should be considered 
optimal if it is not possible to add bits without increasing the delay. 
 
B. CONVENTIONAL CARRY SKIP ADDER: 
 The Conventional carry skip adder (Conv-CSKA) structure consist of the ripple carry adder blocks (RCA) and 
multiplexers. Each Ripple carry adder to produce a carry and it will be fed into the multiplexer block for skip logic. At 
each stage inputs of the multiplexer are the carry input of the stage and the carry output of its RCA stage. Consider this 
is an N-bit RCA so it contains N cascaded Full adders (FAs), which lead the worst propagation delay. This propagation 
delay belongs to the two inputs X and Y. The below expression shows the dependencies between propagation delay and 
inputs for N-bit RCA, 
                  ܲ݅ = ܺ݅	 ⊕ ܻ݅ = 1   For   i =1,…, N 
 Where Pi is the propagation delay, Xi and Yi are inputs or two numbers to be added. Fig.2 shows the structure 
of Conventional carry skip adder. This CSKA can be implemented using two methods one is fixed size stage (FSS) and 
variable size stage (VSS). These two methods are discussed in detail in the following section. 
i) FSS-CSKA: 
 In this type, CSKA contains M full adders. The inputs of the multiplexer are the carry and the output of the 
full adder chain. The critical path of the CSKA is divided into three parts: a) the path of the full adder chain of the first 
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stage (M × TCARRY). b) The path of the intermediate multiplexer ((Q-1) × TMUX), Where Q is an integer (Q=N/M). c) 
The path of the full adder chain in the last stage (M-1) × TCARRY+ TSUM. 
                 Td = [M × TCARRY] + [((N/M)-1) × TMUX] 
                 + [(M-1) × TCARRY+TSUM]                (1) 
 The optimum value of M based on (1) is calculated and propagation delay may be (0.5Nα)1/2.α is equal to 
TMUX/TCARRY. 
ii) VSS-CSKA: 
 In previous case block size is fixed but in this type variable block size is used to improve the speed of the 
CSKA. By lowering the delays of the first and last blocks of ripple carry adder paths improve the speed of the 
operation.  

Fig.2.Conventional carry skip adder (Conv-CSKA) 
 

 The speed can be improved by lowering the delays of the first and third terms in (1).In conventional CSKA 
uses a multiplexer for skip logic. This variable size stage allows the other type of skip logic. So the equation for critical 
path written in more general form by replacing TMUX by TSKIP. The below equation reveals that large portion of delay 
due to skip logics, 
  Topt = TCARRY + (2√N/α -1) TSKIP +TSUM                (2) 
 
C. HIGH-SPEED ENERGY EFFICIENT CARRY SKIP ADDER    (CI-CSKA): 
 The above sections clearly present that delay mainly depends on the skip logic. Reducing the delay of 
multiplexer skip logic may reduce the propagation delay of Conv-CSKA. This structure is based on the concatenation 
and incrementation methods. This type is denoted by CI-CSKA. In this, the multiplexer skip logic can be replaced by 
And-Or-Invert (or) Or-And-Invert compound gates. These AOI/OAI compound gates consist of fewer transistors. The 
power consumption is less in this skip logic when compared to normal multiplexer logic [14]. In this structure, carry 
propagates through the skip logics and it produces complemented output. The structure has a lower propagation delay 
with a smaller area. The inverting gates of AOI and OAI are available in standard libraries; this is the reason of using 
this logic. In this way, increasing power consumption and delay is eliminated. The first skip logic uses the AOI logic 
then the next skip logic should use the OAI logic. In Conv-CSKA structure, the skipping structure increases the delay 
in the critical path. 
  In the Conv-CSKA, the multiplexer logic is not able to bypass the zero carry input until the zero carry input 
propagates from the RCA block. By using the concatenation approach this problem can be solved. The area and delay 
of this structure are mainly depending on the AOI/OAI compound gates. Static AOI and OAI compound gates use 6 
transistors when the static 2:1 multiplexer uses 12 transistors. It’s clearly shown that number of transistors get reduced 
in modified skip logic so that the area and delay are reduced [14], [15]. 
 The critical path of this modified CI-CSKA contains three parts.1) Chain of full adders of the first stage, 2) 
Path of the skip logics, 3) Incrementation stage in the last stage. The skip logic path delay can be calculated using 
average delays of AOI- OAI, these are close to each other [16]. The stage size of the modified structure depends on the 
implementation methods (FSS or VSS).In this stage, size is same as the RCA block size and incrementation block size. 
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In FSS implementation (FSS-CI-CSKA), there are Q=N/M stages with the size of M. In VSS implementation (VSS-CI-
CSKA), the size of the stages, which are M1 to MQ can be calculated using some methods. 
  Fig.3 shows the structure of CI-CSKA. In this structure, skip logic uses AOI and OAI compound gates.

                                                              Fig.3.modified structure (CI-CSKA)  
  
 In addition to this, an incrementation block is used. A and B are the inputs to the RCA blocks. In the first 
stage, zero carry and inputs are applied to the first RCA block. The carry output of the RCA fed into the AOI/OAI 
block. Final OAI gate produce carry output. The sum output is passed through the incrementation block to produce the 
addition output. 
 

III. PROPOSED WORK 
  
 As mentioned in above section the speed of the normal carry skip adder improved by using incrementation and 
concatenation methods. The proposed work is also using these methods. Reducing the skip logic delay may reduce the 
overall propagation delay. The proposed system introduces the parallel prefix network to reduce the delay in variable 
latency CSKA. 
 In prior work Brent-Kung adder is used for the parallel prefix network. In addition to this several parallel 
prefix, adders are there, Kogge-Stone adder, Han-Carlson adder and Lynch-Swartzlander spanning tree adder. In the 
proposed system, we use the Kogge-Stone adder. It is a parallel prefix form carry look-ahead adder. It is the fastest 
adder when compared to Brent-Kung adder. For this reason, we choose this adder for proposed work. 
For the proposed work parallel prefix network is included in between the stages of RCA as shown in Fig.3. This 
parallel prefix network combined with processing units is referred to as nucleus stage. The modified CSKA structure 
with parallel prefix network is shown in Fig.4. In this structure consist of two processing networks and parallel prefix 
adder network. The processing networks are used for different purposes. First one is used for pre-processing step and 
the second one is used for post-processing step. An input from the second RCA block is given to the parallel prefix 
network and the output of this network is fed to the third RCA network. This is a main modification in the proposed 
system. 
 The critical path from the first stage of RCA to last stage of RCA is termed as Long latency path (LLP). The 
path from the first stage of RCA to post processing network is termed as Short latency path 1 (SLP1) and the path from 
preprocessing unit to the last stage of RCA is termed as  Short latency path 2 (SLP2).These two paths are considered 
for a calculation of critical path in the overall structure. 
 There are different types of parallel prefix structure namely, Brent-Kung adder, Han –Carlson adder, Lynch-
Swartzlander, and Kogge-Stone adder. In the previous case [13], Brent-Kung adder is used but it has a drawback such 
as fan-out problems. Here in our proposed system, we use Kogge stone adder. The Kogge-stone adder was developed 
by Peter M. Kogge and Harold S. Stone. This is one type of parallel prefix adder. It has lower fan-out problems 
compared with other parallel prefix adders (PPAs). Fig.5. shows the example of 8 bit Kogge –stone adder. In this 
structure, each vertical stage generates a propagate and generate outputs. 
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Fig.4.modified CSKA with parallel prefix adder 

 The carries are generated vertically and these output bits are XOR’d with the initial propagate bits after the 
input to produce the sum output. This is a more efficient adder especially the power consumption of this adder is 
significantly low when compared to other adders. As shown in below adder the carry input is given into first vertical 
stage, this first stage performs the XOR’d operation. A carry may be considered as 0 or 1.In this example, it is taken as 
0. 
 The functioning of Kogge-Stone adder (KSA) is divided into three parts. These are1) Pre-processing, 2) Carry 
look ahead network, 3) Post processing. In a Pre-processing step, propagate and generate signal bits are generated for 
the pair input bits A and B. 
     Pi = Ai XOR Bi  
     Gi = Ai AND Bi 
 A carry look ahead block differentiates Kogge-Stone adder from others. This is the main difference to make 
this adder has more high performance. This step produce carries for each bit and it uses group propagate and generates 
given by the equations, 
     Pi:j = Pi:k+1 AND  Pk:j  
     Gi:j = Gi:k+1 OR (Pi:k+1 AND Gk:j) 
 Post processing is the final step of this KSA and it is also common to all adders of this carry look ahead 
families. Sum bits are generated by using below equation, 
      Si=Pi XOR Ci-1 
 

 
Fig.5. Example of 8-bit Kogge-Stone adder structure 

 
 Kogge-Stone adder is widely used adder because it generates carry in O (logn) time. In more industries, this 
adder is used for high performance.  
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IV. RESULTS AND DISCUSSION 
 
 In this section, the simulation outputs of the proposed carry skip adder are explained. The carry skip adder can 
be simulated using Modelsim 6.4a and synthesized using ISE design suite. The below Fig.6 shows the output of 
modified high speed carry skip adder. The output of this high-speed CSKA also gives same output of ordinary adders. 
But by using this modified high-speed carry skip produce the output with minimum delay time. In the proposed system, 
we explain the Example of 4-bit Kogge-Stone adder. This output taken for overall output of modified high speed carry 
skip adder. Here the values are given only for A and B. The carry may be either zero or one. The design functionality 
has been verified using Xilinx ISE design suite 14.5.Energy-delay product of Kogge-stone adder is small so that the 
energy of the modified high-speed adder is less when compared to the Conv-CSKA. 
 

Fig.6.Simulation output of Modified CSKA using Modelsim 6.4a. 
 
 The technology schematic shows the detailed architecture of modified high speed carry skip adder. This can be 
viewed by using Xilinx ISE suite. The technology schematic of this modified carry skip adder is shown in below 
Fig.7.This is for detailed architecture; here it shows all the connections and parameters in the structures. These two 
schematics are viewed by the use of ISE suite. The power (energy) and time are taken from design summary produced 
by the ISE. 
 

 
Fig.7. Technology schematic 
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Fig.8 RTL schematic 

 
 The RTL schematic is a Register Transfer Level schematic, which shows the transistor level design of the 
circuit. The below Fig.8 shows the RTL schematic of a modified high speed carry skip adder. Here there are three 
blocks one is a Kogge-stone adder block, the second one is an incrementation block and an interior block is an And-Or-
Invert and Or-And-Invert skip logic block. 
 

V. CONCLUSION 
 
 In this paper, a structure called modified high speed carry skip adder (CSKA) was proposed. The main 
advantage of this paper is its ability to add two inputs with minimum delay time. This reduction in delay time can be 
achieved by using a parallel prefix adder network (PPA). This parallel prefix adder is inserted in the middle stages of 
RCA chain. The Kogge-Stone adder is used for this parallel prefix network. In addition to this, the power consumption 
of this structure is reduced by using AND-Or-Invert and Or-And-Invert gates for skip logics. An incrementation 
scheme increases the speed of the structure. These two modifications make this modified carry skip adder more 
efficient. 
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