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   Abstract  

 

Carry Select Adder (CSLA) is one of the fastest adder used to perform fast arithmetic operations. In our project, a modified carry 

select adder is designed by using single Ladner-Fischer (LF) and binary to Excess-1 Converter (BEC) instead of using dual RCA’s 

to reduce the area and delay. The correct sum and carryout signals will be selected by a set of multiplexers. LF adder is a parallel 

prefix form of carry look-ahead adder (CLA). It is the fastest adder with focus on time and is the common choice for high 

performance adders in industry. The better performance of LF adder is because of its minimum logic depth and bounded fan-out. 

In the proposed CSLA, one ripple carry adder (RCA) fed with Cin=0 is replaced by LF adder. The performance of proposed CSLA 

is analyzed and compared against CSLA design using RCA and BEC. The number of gates used in proposed CSLA is fewer than 

the CSLA using RCA and BEC. The result shows that area of proposed method is reduced by 25% and delay is reduced by 14%. 
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I. INTRODUCTION 

Adders are generally established in the critical pathway of various building blocks of several microprocessors and various digital 

signal processing chips. Adders are not only necessary for addition, but also necessary for subtraction, multiplication and division. 

A very fast and accurate function of digital system is powerfully manipulated by the performance of the resident adders. Power, 

delay and area are the three most widely used parameters for measuring the performance of a circuit. 

There are several types of adders, each one has certain performance. The adders are selected depending on their usage. 

Carry Select Adder (CSLA) is one of the fastest adders used in many data processing processors to perform fast arithmetic 

operations. Generally Carry select adders are used for high speed operations [12]. 

In carry-select adder design, an adder with small number of stages and the adder with large number of stages are performed 

in same speed [13]. The basic operation of carry select adder is parallel computation. CSLA uses various pairs of RCA to produce 

partial sum and carry by considering Cin=0 and Cin=1. Final sum and carry are chosen by multiplexers [9]. The creation of Carry 

select adders contains multiple levels. Depending on the levels, the hardware costs increase. 

II. CARRY SELECT ADDER USING RIPPLE CARRY ADDER 

CSLA is usually created by one multiplexer and dual ripple carry adders where Ripple carry adders are made by cascading full 

adders blocks in series.  The carry output of preceding stage is directly fed to the carry input of the next stage, in RCA. Even though 

RCA is the simple and it can be used to add unlimited bit length numbers, it is not very efficient when large numbers of bits are 

used. One of the main disadvantages of this adder is that when the bit length increases the delay also increases. When a carry signal 

conversion ripples through all stages of adder chain from the significant bit to the most significant bit, the delay is more. This is 

approximate by: 

                  t= (n-1) tc +ts                                      (1) 

Where tc is the delay through the carry stage of a full adder, and ts is the delay to compute the sum of the last stage [5]. 
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Fig. 1: 8-bit Carry select adder using RCA 

Carry select adder is based on the principle to compute sum that is based on assuming input carry from previous stage. 

One adder determines the sum assuming input carry of 0 while the other determines the sum assuming input carry of 1. Then the 

actual carry triggers a multiplexer that selects the suitable sum. The main drawback of the regular CSLA is that huge area is 

necessary for this adder because of the multiple pairs of ripple carry adder. Another drawback is that CSLA is slow since RCA 

produces more delay. 

III. CARRY SELECT ADDER USING BINARY TO EXCESS ONE CONVERTER 

In carry select adder using RCA, more area is required due to dual ripple carry adders and also carry out at each stage must ripple. 

One RCA is replaced with BEC (Cin=1) to diminish delay caused by one of the RCA (Cin=1) and to reduce the area. To replace 

the N-bit RCA, an N+1 bit BEC is necessary that is the number of bits needed for BEC logic is 1 bit more than the number of bits 

necessary for RCA. BEC is a circuit that is utilized to add 1 to the input bits. In this circuit, one input of the MUX is B3, B2, B1, 

and B0 and another input of the MUX is the BEC output. This offers the two results in parallel and based on the control signal, the 

MUX is utilized to choose either the output of BEC or the direct inputs. 

 
Fig. 2: 8-bit Carry select adder using BEC 

Carry Select adder using BEC is shown in fig 5. RCA is used to add the least significant bits and the other blocks are 

added in parallel together with the given incremented. Multiplexers with less delay are utilized to calculate the final sum after the 

interim sums and carries are computed. The multiplexer block gets the two sets of input and chooses the final sum according to 

the select input from the preceding stage. Thus, the use of BEC with MUX attains fast incrementing action with less number of 

gates.  This gives an immense benefit in the diminution of area and total power utilization.  Thus, the end result illustrates that 

Carry Select Adder using BEC is superior to Carry Select Adder using RCA in terms of area and power. 
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IV. CSLA USING LF ADDER 

The CSLA using LF adder is proposed to optimize the area and delay which is shown in figure. Ladner-Fischer adder is a parallel 

prefix form of Carry Look-ahead Adder. Ladner-Fischer adder can be represented as a parallel prefix graph consisting of carry 

operator nodes. The time required to generate carry signals in this prefix adder is o (log n). It is the fastest adder with focus on time 

and is the common choice for high performance adders in industry. 

A. Parallel Prefix Adders 

The parallel prefix adders are more flexible and are used to speed up the binary additions. Parallel prefix adders are obtained from 

Carry Look Ahead (CLA) structure. Tree structure form is used to increase the speed of arithmetic operation. Parallel prefix adders 

are fastest adders and these are used for high performance arithmetic circuits in industries.  

The construction of parallel prefix adder involves three stages. 

 Pre- processing stage 

 Carry generation network 

 Post processing 

B. Pre-Possessing Stage 

In the 1ststage, to each couple of inputs A and B, we need to calculate, generate and propagate signals. These signals are specified 

by the logic equations (2) & (3): 

       Pi=Ai xor Bi                                        (2) 

       Gi=Ai and Bi                                                           (3) 

C. Carry Generation Network 

In the 2nd stage, corresponding to each bit, we need to calculate carries. The operations are executed in parallel. After this operation, 

they are divided into tiny pieces. It makes use of carry propagate and generate as intermediate signals. These signals are specified 

by the following logic equations (4) & (5): 

CPi:j=Pi:k+1 and Pk:j                                      (4) 

CGi:j =Gi:k+1 or (Pi:k+1 and Gk:j)                   (5) 

D. Post Processing 

The summing up of input bits is carried out in this stage. It is familiar for all adders and they are calculated by the following logic 

equations (6) & (7): 

Ci-1= (Pi and Cin) or Gi                               (6) 

Si=Pi xor Ci-1                                              (7) 

 
CP0=Pi and Pj                                      (8) 

CG0= (Pi and Gj) or Gi                                      (9) 

 

The actions involved in figure are specified as follows: 
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Fig. 4: 4-bit LF adder 

 
Fig. 5: Carry operator 

 
Fig. 6: 8-bit Carry select adder using LF adder 

The better performance of Ladner-Fischer adder is because of its minimum logic depth and bounded fan-out. On the other side it 

occupies large silicon area. This type of adder is based on the attitude to estimate sum that is based on considering input carry from 

preceding stage. If the carry is equal to 0, then LF adder calculates the sum. Otherwise, BEC calculates the sum. Finally, MUX 

selects the suitable sum corresponding to the actual carry. Thus, the design of CSLA using LF adder is better than CSLA using 

BEC and CSLA using RCA. 
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V. RESULTS AND DISCUSSIONS 

 
Fig. 7: Verilog output of 8-bit CSLA using RCA 

 
Fig. 8: Verilog output of 8-bit CSLA using BEC 

 
Fig. 9: Verilog output of 8-bit CSLA using LF Adder 
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Fig. 10: Design utilization summary of 8-bit CSLA using RCA 

 
Fig. 11: Design utilization summary of 8-bit CSLA using BEC 

 
Fig. 12: Design utilization summary of 8-bit CSLA using LF adder 
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By comparing the synthesis report for 8-bit CSLA using RCA, 8-bit CSLA using BEC and 8-bit CSLA using LF adder, the area 

and delay of proposed CSLA is less than other types of CSLA. It is shown in table. 
Table 1: Comparison of different CSLA 

Adder Type No. of LUT’s No. of Slices Logic Delay (ns) Route delay (ns) Total delay (ns) 

CSLA using RCA 
 

22 

 

13 

 

7.688 

 

5.503 

 

13.191 

CSLA using BEC 
 

21 

 

12 

 

7.335 

 

2.958 

 

10.293 

CSLA using LF Adder 
 

19 

 

10 

 

7.335 

 

2.804 

 

10.139 

VI. CONCLUSION 

In this paper, an efficient approach is proposed to reduce the area and delay of CSLA architecture. The reduction in the number of 

gates is obtained by simply replacing the RCA with LF adder in the structure. The compared result shows that CSLA using LF 

adder has lesser area than other types of CSLA. This is because, the number of gates used in the design of LF adder is low. In this 

design, the delay is reduced to a great extent. Thus the result shows that using proposed method, the area and delay will decrease. 

Thus, it leads to good alternative for adder implementation for many processors. Further area and delay can be reduced by using 

LF adder in the place of BEC in the design of proposed CSLA architecture. 
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