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ABSTRACT: Carry select adder (CSLA) is considered as the one of the fastest adder and used in many data 
processing applications to perform the fast arithmetic functions. The speed of operation of the CSLA is limited by the 
time required to propagate a carry through the adder. This paper discusses about the implementation of 16-bit Linear 
Carry Select Adder (LCSLA) with Kogge Stone Adder (KSA) in terms of Binary to Excess- 1 converter (BEC) and 
extra logic gates. A high speed adder is designed by merging the CSLA and KSA algorithms instead of using ripple 
carry adder (RCA) and due to that the delay is reduced, but it occupies more area. Synthesis and simulation result of 
CSLA with KSA is done by using Xilinx ISE 13.3 and cadence EDA tool and compared interms of ADP and PDP. 
 
KEYWORDS- Kogge Stone Adder (KSA), Carry Select Adder(CSLA), Binary to Excess-1 converter (BEC),Ripple 
Carry Adder (RCA), Linear Carry Select Adder (LCSLA). 
 

I. INTRODUCTION 

Area and power reduction in data path logic systems are the main area of research in VLSI system design. Adder is the 
building block of the applications of VLSI, Digital Signal Processing, Image Processing. Even though Ripple Carry 
Adder structure is simple, Carry Propagation Delay (CPD) is more for wide bit adders. To reduce the Carry 
Propagation Delay, Carry Select Adder is introduced. Digital computers perform a variety of information – processing 
tasks. The basic arithmetic operation is the addition of two binary digits.  This addition consists of four possible 
elementary operations such as 0+0=0, 0+1=1, 1+0=1, 1+1=10. The first three operations produce a sum of one digit, 
but when both augend and addend bits are equal to 1, the binary sum consists of two digits. The higher significant bit of 
this result is called a carry. When the augend and addend numbers contain more significant digits, the carry obtained 
from the addition of two bits is added to the next higher order pair of significant bits. The details of Ripple Carry 
Adder,Kogge Stone Adder, Carry Select Adder, and Binary to Excess-1 Converter are discussed in section II, and the 
implementation of proposed method is described in section III. The performance and simulation results were presented 
and discussed in section IV. 
 

II. CARRY SELECT ADDER 

A carry select adder is a particular way to implement an adder, which is a logic element that computes the (n+1) bit 
sum of two n- bit numbers. The carry select adder is simple but rather fast. The carry select adder generally consist of 
two ripple carry adders and multiplexer. The Carry Select adder performs the operation simultaneously for Cin=0 and 
Cin=1. After the two results are calculated, the correct sum as well as the correct carry, is then selected with the 
multiplexer once the correct carry is known. The block diagram of Carry Select Adder is shown in Figure2.1. 
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Figure 2.1: Block diagram of Carry Select Adder 

 
The carry select adder can be classified in to two types: 

1. Linear Carry Select Adder 
2. Square – Root Carry Select Adder 

The Linear Carry Select Adder consist of equal length adder stages of RCA with Cin=0 and Cin=1. The multiplexer is 
used to select the final sum and carry bit obtained from the RCA blocks. The linear carry select adder is an adder that is 
made to reduce the calculation time by having the carry be the limiting delay factor. It accomplishes the addition by 
adding small portions of bit (each of equal size) and wait for the carry to complete the calculation. 
 
The Square-Root Carry Select Adder consists of unequal length adder stages. This is an extension of the linear carry 
select adder that improves the delay time greatly. If we use the square root carry select adder, the time can be improved, 
as the time waiting for the carry bit is used to calculate an extra input bit in each stage. The multiplexer is used to select 
the final sum and the carryout bit. 
 

A. RIPPLE CARRY ADDER 

A ripple carry adder is a digital circuit that produces the arithmetic sum of two binary numbers .It can be constructed 
with full adders connected in cascade, with the output carry from each full adder connected to the input carry of the 
next full adder in the chain. 

 
 

Figure 2.2: 4 bit ripple carry adder 
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Figure 2.2 shows that the interconnection of four full adder circuits to provide a four-bit binary ripple carry adder. The 
augend bits of A and the addend bits of B are designated by subscript the numbers from right to left with subscript 0 
denoting the lest significant bit . The carries are connected in a chain through the full adders. The input carry to the 
adder is C0 and it ripples through the full adders to the output carry C4. The S outputs generate the required sum bits. 

 
B. KOGGE STONE ADDER 

Kogge stone adder is the derivative part of the carry look ahead ahead adder. It is also known as carry tree adder and 
broadly considered as one of the fastest addition method. Carry generation is much faster because of the parallel 
computation. It generates carry in the O (log n). The complete function of Kogge Stone Adder can be classified in to 
three stages: 
 
Pre – Processing: 
This step involves computation of generate and propagate signals corresponding too each pair of bits in A and B. These 
signals are given by the logic equations below: 
 

P =A  xor B  - - - - - - - - - - - - (2.1) 
 
G =A and B  - - - - - - - - - - - - (2.2) 
 

Carry generation stage: 
It is used to generate the carry for the next stages. It uses group propagate and generate as intermediate signals which 
are given by the logic equations:  
 
              G  =(G  . P) +G - - - - - (2.3) 
																P  =(P  . P)  - - - - - - - - (2.4) 
																	G  =(G  . P) +G - - - - - -(2.5) 
 
Post processing: 
It is used to compute the sum bits. The logic equation of the sum bit signals are given below: 
 
                  S =P  xor C  - - - - - - - - - - - (2.6) 
 

 
Figure 2.3: Block diagram of 4 bit kogge stone adder 
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The block diagram of Kogge Stone Adder is shown in Figure 2.3. The delay of structure is given by log (n). The KSA 
has the area (number of “o”operators) of (n*log2n)-n+1 where n is the number of input bits. 

 
C. BINARY TO EXCESS 1 CONVERTER  

 It is used to add 1 to the input bit. It can be logically converted based on the inputs at a gate. 
 

 
 

Figure 2.4: Binary to Excess 1 converter 
 
 

III. PROPOSED METHOD 

                 A high speed adder is designed by merging the Carry Select Adder and the Kogge Stone Adder algorithm 
instead of using Ripple Carry Adder and due to that the delay is reduced. 

 
A. CSLA with KSA Implementation 

        Two different methods used for realizing the carry select adder using the kogge stone adder: 
 
                 In first method, consider Cin=0 and Cin=1 and the simulation output was generated by usingExcess-1-adder 
as shown in Figure3.1. Final sum and carry was generated by using MUX. 
 
Carry Equations: 
																		C =G    - - - - - - - - - - - - - - - - -       (3.1) 
              		C =P .G +G   - - - - - - - - - - - - - - - -(3.2)                                                             
                

		
C =P .P .G +(P .G +G ) - - - - -      (3.3)                                      

               	C =P . P .C +(P .G +G ) - - - - - - - - (3.4) 
 
Sum Equations: 
																	 S = P - - - - - - - - - - - - - - - - -       (3.5) 
																	S = P  xor C - - - - - - - - - - - - - - - (3.6) 
																S = P  xor C - - - - - - - - - - - - -      (3.7) 
																S = P  xor C  - - - - - -  - - - - - - - - - (3.8) 
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Figure 3.1: CSLA with KSA for Cin=0Figure 3.2: CSLA with KSA for Cin=1 
 

Here area overhead is coming only in the final stage where the final sum and carry output are selected using a MUX 
[12].  In second method, consider Cin=1 and Cin=0 then the simulation output was generated by using the extra logic 
gates as shown in Figure 3.2. Finally sum and carry outputs is selected by using a MUX. Here also area overhead is 
coming only in the final stage where the final sum and carry output are selected using a MUX [12]. 
 
Carry equations: 
 
C =G +P - - - - - - - - - - - - - - - - - - - - -  (3.9) 

	C = (P .G +G ) + P .P - - - - - - - - - - - - --(3.10) 

C = P .P .(G +P ) +(P .G +G ) - - - - - - - (3.11) 

C = P . P .C +(P .G +G )+ P .P .P .P - --(3.12) 

 

Sum equations:  

 S = P   - - - - - - - - - - - - - - - - - - - - - - - (3.13) 

	S = P  xor C - - - - - - - - - - - - - - - - - - -(3.14) 

	S = P  xor C - - - - - - - - - - - - - - - - - - - (3.15) 

   S = P  xor C - - - - - - - - - - - - - - - - - - - (3.16) 

 
B. 16-bit adder without & with Fast Carry Logic Implementation 

The 16 bit adder is divided in to four 4 bit CSLA for Cin=0 and Cin=1and it is shown in Figure3.3& Figure 3.4. The 
output of the each 4 bit CSLA will provide the input to the each mux. Here MUX is used to select the final sum and the 
carry out bits and it’s depends on the Cin which is carried out from the Carry Select Adder. 
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   Figure 3.3: 16 bit adder without fast carry logic                                                            Figure 3.4: 16-bit adder with Fast Carry Logic 
 

Since the carry passes through all the multiplexers the delay will be increased. To overcome this problem, the Fast 
Carry Logic can be produced from the carry output of each stage. Here Fast Carry Logic uses the Kogge Stone Tree to 
implement the intermediate carries [12].Fast Carry Logic improves the speed by reducing the amount of time required 
to determine the carry bits. 
 

C. Implementation of 16-bit adder without & with  Fast Carry Logic for KSA with BEC based CSLA for Cin=0   

The 16 bit adder is divided in to four 4 bit KSA for Cin=0 adder shown in Figure 3.5& Figure 3.6. The output of the 
each 4 bit KSA with BEC based CSLA forCin=0 will provide the input to the each mux. 

 

 
 

Figure 3.5: 16-bit adder without Fast Carry Logic                           Figure 3.6: 16-bit adder with Fast Carry Logic for KSA with 
                      for KSA with BEC based CSLA for Cin=0                                                             BEC based CSLA for Cin=0 
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D. Implementation of 16-bit adder without & with Fast Carry Logic for KSA based CSLA for Cin=1 using Extra 
logic gate. 

The 16 bit adder is divided in to four 4 bit KSA for Cin=1 adder and it is shown in Figure 3.7 & Figure 3.8. The output 
of the each 4 bit KSA using extra logic gates for Cin=1 will provide the input to the each mux.       

 

Figure 3.7: 16-bit adder without Fast Carry Logic for KSA                 Figure 3.8: 16-bit adder with Fast Carry Logic for KSA 
based CSLA for Cin=1 using Extra logic gates                                     based CSLA for Cin=1 using Extra logic gates 

 
 

IV. SIMULATION RESULTS USING Xilinx TOOLS 
 

 
 

Figure 4.1: 16 bit adder without fast carry logic                Figure 4.2: 16 bit adder with fast carry logic 
 

 
 
Figure 4.3: 16-bit adder without Fast Carry Logic for KSA with                           Figure 4.4: 16-bit adder with Fast Carry Logic for KSA with 

BEC based CSLA for Cin=0                                                                          BEC based CSLA for Cin=0 
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Figure 4.5: 16-bit adder without Fast Carry Logic for KSA with Cin=1                  Figure 4.6: 16-bit adder with Fast Carry Logic for KSA with Cin=1 
                                    Using Extra logic gates                                                                                   Using Extra logic gates  

 
TABLE I 

 

 
By comparing the Area-Delay product (ADP) and Power delay product (PDP) for different methods. From the above 
table the 16-bit adder with Fast Carry Logic for KSA with BEC based CSLA for Cin=0 method gives less ADP and 
PDP compared to the other methods. The ADP obtained for this method is about 0.003141 and the PDP obtained for 
this method is about 171.76.  
 

V. CONCLUSION 

          In this paper, 16-bit carry select adder with kogge stone adder is implemented and the designed is verified for the 
reduction in ADP and PDP. Two different methods of implementation are performed. In first method, KSA with BEC 
based CSLA for Cin=0 is generated. Mux is used to select the final sum and the carry bit .In second method, KSA 
based CSLA for cin=1 is generated by using Extra logic gates. Here also mux is used to select the final sum and the 
carry bit. Results shown that 16-bit adder with FCL for KSA with BEC based CSLA for Cin=0 provides better 
performance in terms of ADP and PDP and it has 2% efficiency in ADP and 7% efficiency in PDP than other methods.  
 

VI. FUTURE SCOPE 

Here design and analysis of Carry Select Adder using Kogge Stone Adder has been proposed. The synthesis and 
simulation result for different methods of the proposed system has been shown and compared interms of ADP and 
PDP. Among those methods 16-bit adder with FCL with BEC based CSLA for Cin=0 shows less amount of ADP and 
PDP. The performance of CSLA can be further improved by using Compressor circuits. 
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