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Abstract— Adders are widely used in most VLSI 

applications such as microprocessors and DSP applications 

to perform arithmetic functions. Carry select adder (CSLA) 

provides a good compromise between cost, area and 

performance among other high speed adders. In the existing 

method, fixed Cin bits are used for logic optimization of 

carry select (CS) and carry generation (CG) units. The CG 

unit which consists of separate CG units (CG0 & CG1) after 

that CS unit is used to design a CSLA structure. The  

proposed CSLA  is designed by using modified logic 

formulation method which consists of CG0 & CG1 units are 

combined to form a single carry generate unit and the CS 

unit used only in every first bit for selecting the CG 

operations. The proposed CSLA is designed by using ripple 

carry adder (RCA), half sum generation (HSG), CG, CS and 

full sum generation (FSG). The synthesis results of the 

proposed methods show that it significantly reduces the area 

and delay than the existing CSLA. The simulation and 

synthesis results are obtained by using modelsim 6.4a and 

Xilinx 8.1i. 
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I. INTRODUCTION 

In digital electronics and many other fields, arithmetic 

operations are primary essentials. The basic arithmetic 

operation is addition where binary bits are added using half 

adders and full adders. Therefore, adders need to be 

effective and efficient that is they need to have lesser delay 

and less power and area consumption. Also, the 

functionality needs to be unaltered. Adders have vivid 

applications which include multipliers, algorithms like FFT, 

FIR and IIR. CSLA is used in many systems to remove the 

propagation delay by creating multiple carries and then the 

sum is generated. CSLA uses multiple ripple carry adder 

(RCA)'s which indirectly increases the area and sum is 

calculated with the help of multipliers which decides based 

on the carry. The modified Square Root CSLA uses excess 

carry instead of RCA when Cin is 1 and when Cin is 0, the 

RCA itself is used. This reduces the area and power but, 

increases the delay. The CSLA is used in many 

computational systems to alleviate the problem of carry 

propagation delay by independently generating multiple 

carries and then select a carry to generate the sum. However, 

the CSLA is not area efficient because it uses multiple pairs 

of Ripple Carry Adders (RCA) to generate partial sum and 

carry by considering carry input Cin=0 and Cin= 1 , then the 

final sum and carry are selected by the multiplexers (mux). 

The existing modified SQRT CSLA is to use Binary to 

Excess-1 Converter (BEC) [2]-[4] instead of RCA with 

Cin=1 in the regular CSLA to achieve lower area and power 

consumption with slightly increase in the delay. The basic 

idea of the proposed architecture is that which replaces the 

BEC by Modified Logic formulation method. In this paper, 

an area-efficient carry select adder by sharing the modified 

logic term is proposed. After Boolean simplification, it can 

remove the duplicated adder cells in the conventional carry 

select adder. The carry select unit is used to select the carry 

generate to perform an efficient CSLA operation. 

 This paper is organized as follows: In section II 

Proposed CSLA is shown, section III explains Regular 

SQRT CSLA design; Results are analyzed in section IV and 

in section V concludes. 

II. PROPOSED CSLA DESIGN 

Regular Carry select adder is designed by using RCA & 

multiplexer. It is cascading of RCAs (RCA is cascading of 

full adders). One RCA with carry input 𝐶𝑖𝑛=0, and other 

RCA with 𝐶𝑖𝑛=1. Design of 16-bit Regular CSLA is done 

by using this technique. Area count (gate count) is done by 

AND, OR, INVERTER (AOI) implementation.  

Gate count = FA + HA + MUX 

 (Number of AND, OR, INVERTERs present in FA 

(full adder), HA (half adder) & multiplexer). 

 The proposed CSLA is based on the modified logic 

formulation and its structure is shown in Fig.1. It consists of 

one HSG unit, one FSG unit, one CG unit, and one CS unit. 

The CG unit will generate carry corresponding to input-

carry ‗0‘ and ‗1‘. The HSG receives two n-bit operands (a0 

and b0) and generate half-sum word s0 and half-carry word 

c0 of width n bits each. Both CG0 and CG1 receive s0 and 

c0(0) from the HSG unit and generate two n-bit full-carry 

words corresponding to input-carry ‗0‘ and ‗1‘, respectively. 

The logic diagram of the proposed CSLA using AND-OR-

INVERT is shown in Fig.2.  The logic circuits of Cin are 

optimized to take advantage of the fixed input-carry bits. 

The CS unit selects one final carry word from the carry 

words available at its input line using the control signal cin. 

 
Fig. 1: Proposed Carry Select Adder Design 

Modified logic formulation (MLF) method is an 

efficient designing of carry select adder. In this proposed 

method there is no separate units used in the designing of 
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efficient carry select adder. In this method the carry select 

unit is used only in the every first bit of adder to select the 

carry generation operation. Here the carry generation 

operation is composed of only first bit of both CG0 and 

CG1. Remaining units in the carry generate units are same , 

hence the gate count required for the designing of carry 

select adder is very small as compared to the logic 

formulation method. Based on this modified logic 

formulation method the proposed carry select adder is 

designed by using two methods. In the proposed1 method is 

designed by using modified logic formulation method with 

AOI gates. 

 
Fig. 2: Logic Diagram of Proposed CSLA using AND-OR-

INVERT 

The proposed CSLA design has less output-carry 

delay than the output sum delay. An efficient carry select 

adder is designed by constructing the modified logic 

formulation method using AOI gates. Figure 2 shows the 

logic diagram of MLF using AOI gates. In this method the 

first block is half sum generation block. The half sum 

generation performs a normal half adder operation. This is 

mainly due to the CS unit that produces output-carry before 

the FSG calculates the final-sum. For every single bit of ‗a‘ 

and ‗b‘ is given to the input of each half adder block and the 

outputs are sum(s) and the carry(c). 

The second blocks are the combination of both 

carry select unit and carry generate units. These units are 

designed by using AND-OR-INVERTER (AOI) gates. The 

outputs from HSG are given as the input to these blocks and 

generating an output of final carry Cout. The advantage of 

using this method is final carry is calculated as before of 

final sum generation. The carry select unit used to select the 

carry generation operation and it is used only in the first bit 

of the design. As compared to the existing method it is 

different because carry select unit is used firstly at here but 

in existing system carry select unit is used after the carry 

generation operation is performed. It is also a one of the 

advantage as compared to existing method because it 

reduces the delay.  

The third block is a full sum generation block 

which is designed by using XOR gates for the generation of 

sum outputs. By the composed of these three blocks an 

efficient carry select adder is designed. 

III. REGULAR SQRT-CSLA 

The multipath carry propagation feature of the CSLA is 

fully exploited in the SQRT-CSLA, which is composed of a 

chain of CSLAs. CSLAs of increasing size are used in the 

SQRT-CSLA to extract the maximum concurrence in the 

carry propagation path. Using the SQRT-CSLA design, 

large-size adders are implemented with significantly less 

delay than a single-stage CSLA of same size. However, 

carry propagation delay between the CSLA stages of SQRT-

CSLA is critical for the overall adder delay.  

 Due to early generation of output-carry with 

multipath carry propagation feature, the proposed CSLA 

design is more favorable than the existing CSLA designs for 

area–delay efficient implementation of SQRT-CSLA. A 16-

bit SQRT-CSLA design using the proposed CSLA is shown 

in Fig.3. 

 
Fig. 3: 16 bit-SQRT CSLA 

To demonstrate the advantage of the proposed 

CSLA design in SQRT-CSLA, estimated the area and delay 

of SQRTCSLA using the proposed CSLA design for 16 bit. 

Compared with SQRT-CSLA designs of existing 

techniques, the proposed SQRTCSLA design, respectively, 

involves less ADP, on average, for different bit-widths. 

Compared with the CBL-based CSLA [6], the proposed 

CSLA design has marginally less ADP. However, in the 

CBL-based CSLA, delay increases at a much higher rate 

than the proposed CSLA design for higher bit widths. 

IV. RESULTS 

In this section the simulations results of proposed efficient 

carry select adder design by using modified logic 

formulation method are presented. The design is coded in 

VERILOG language and simulated using Modelsim PE 

Student Edition 10.3c. 16 bit carry select adder is chosen 

here for designing. The synthesis and comparison are done 

using Xilinx ISE Design Suite 8.1i. The simulation result of 

the proposed scheme is shown in the Fig.4. 

 
Fig. 4: Simulation Output of CSLA 
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Fig.5. shows the synthesizing result for the 16-bit 

carry select adder using modified logic formulation method 

using AOI gates. The modified logic formulation method 

using AOI gates has been implemented using VERILOG 

language. The gate count for the design is obtained by using 

Xilinx ISE8.1i software. The total gate count for the 

modified logic formulation method using AOI gates 

consumes 198 gates. 

 
Fig. 5: Gate Count for MLF Method using AOI Gates 

Table 1 shows the comparison results of area 

overhead for the existing and proposed techniques for the 

16-bit carry select adder. 

Techniques Total Equivalent Gate Count 

Existing system 258 

Proposed system 198 

Table 1: Comparison of Equivalent Gate Count 

 The proposed method is been compared with the 

existing method with respect to hardware overhead. The 

existing design requires the hardware overhead is 258 gates. 

The proposed design just requires the hardware overhead is 

198 gates. Therefore, from the above table there will be a 

reduction in the hardware overhead when compared to 

existing system. 

V. CONCLUSION 

Logic operations involved in the conventional CSLA, BEC 

based CSLA and new logic formulation methods were used 

to study the data dependence and to identify the redundant 

logic operations. To eliminate all the redundant logic 

operation, the proposed CSLA is designed by using 

modified logic formulation method. Based on this, an 

optimized design for CS and CG units are obtained. The 

proposed modified logic formulation based CSLA design 

involves significantly less area, power and delay than the 

recently proposed logic formulation based CSLA. Due to the 

small carry output delay, the proposed CSLA design is a 

good candidate for the SQRT adder. The simulation and 

synthesis results are obtained by using modelsim 6.4a and 

Xilinx 8.1i. 
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