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Abstract: In digital computer, an Arithmetic logic unit (ALU) is a crucial combinational circuit that executes arithmetic 

and logical functions. Parallel adder in ALU plays an essential role, however the speed of addition is limited by the time 

required to transmit a carry through the adder. For area-efficient and high performance computer applications, 64-Bit 

modified Square Root Carry Select Adder (SQRT CSLA) based ALU is proposed. This paper delivers the design and 

implementation of 64-Bit modified SQRT CSLA based ALU. Compares it with the regular SQRT CSLA in terms of area 

and speed. The design entry can be described in Verilog .For simulate and synthesize use Altera QUARTUS-II 9.1.The 

results analysis shows that the proposed SQRT CSLA structure is better than the regular SQRT CSLA. 

 

I. INTRODUCTION 

 

Reduced area and high performance data path logic systems are the important areas of research in VLSI system 

design. High-speed addition and multiplication has always been a basic requirement of high-performance processors and 

systems. In digital adders, the speed of addition is limited by the propagation delay of a carry through the adder. The sum 

for each bit position in an regular adder is produced sequentially only after the previous bit position has been summed 

and a carry propagated into the next position. Some adder designs available (Ripple Carry Adder, Carry Look Ahead 

Adder, Carry Save Adder, Carry Skip Adder) which have its own advantages and disadvantages. Many times speed 

limitation in any adder is in the generation of carries and many authors considered the addition problem. To solve The 

carry propagation delay CSLA is developed which drastically reduces the area and delay to a great extent.  

The CSLA is used in many computational systems design to mitigate the problem of carry propagation delay by 

independently generating multiple carries and then select a carry to generate the sum. It uses independent ripple carry 

adders (for Cin=0 and Cin=1) to produce the resultant sum. However, the Regular CSLA is area and speed inefficient 

because it requires multiple pairs of Ripple Carry Adders (RCA) to produce partial sum and carry by considering carry 

input. The final sum and carry are selected by the multiplexers. Due to the use of two independent RCA the area will 

increase which results an increase in delay. To surmount the above problem, the basic idea of the proposed work is to use 

n-bit binary to excess-1 code converters (BEC) to enhance the speed of addition. This logic can be replaced in RCA for 

Cin=1 to further improves the speed and thus reduces the delay. Using Binary to Excess-1 Converter (BEC) instead of 

RCA in the regular CSLA will establish lower area, delay which speeds up the addition operation. The main benefit of 

this BEC logic comes from the lesser number of logic gates than the Full Adder (FA) structure because the number of 

gates used will be reduced.  

The basic idea is to use Binary to Excess-1 Converter (BEC) in the regular CSLA to get lower area and 

increased speed of operation. This logic is replaced in RCA with Cin=1. This logic can be implemented for different bits 

which are used in the modified design. The main use of this BEC[3] logic comes from the fact that it uses fewer number 

of logic gates than the n-bit Full Adder (FA) structure. As stated above the main idea of this work is to use BEC instead 

of the RCA with Cin=1 in order to reduce the area and increase the speed of operation in the regular CSLA to obtain 

modified CSLA. To substitute the n-bit RCA, an n+1 bit BEC logic is needed. The logic diagram of a 6-bit BEC are 

shown in Figure1  

 
Figure 1: 6-binary to excess-1 converter 
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The Boolean expressions for the 6-bit BEC logic are expressed below 

X0 = ~B0 

X1=B0^B1 

X2=B2^ (B0&B1). 

X3=B3^ (B0&B1&B2). 

X4=B4^ (B0&B1&B2&B3). 

X5=B5^ (B0&B1&B2&B3&B4). 

 

II. EXISTED METHOD 

 

Figure2 shows the Regular structure of 64-bit SQRT CSLA. It includes many ripple carry adders of different 

sizes which are divided into groups. Group 0 contains 2-bit RCA[2] which consist only one ripple carry adder which adds 

the input bits and the input carry and results to sum [1:0] and the carry out. The carry out of the Group 0 which acts as 

the selection input to multiplexer which is in group 1, selects the result from the related RCA (Cin=0) or RCA (Cin=1). 

Similarly the rest of the groups will be selected depending on the Cout from the previous groups.  

 

 
Figure2: Architecture of 64-Bit Regular SQRT CSLA 

 

In Regular CSLA[1], there is only one RCA to perform the addition of the least significant bits [1:0]. The 

remaining bits the addition is performed with two RCAs corresponding to the one assuming a carry-in of 0, the other a 

carry-in of 1 within a group. In a group, there are two RCAs that receive the same data inputs but different Cin. The 

upper adder has a carry-in of 0, the lower adder a carry-in of 1. The actual Cin from the preceding sector selects one of 

the two RCAs. That is, as shown in the Fig.2, if the carry-in is 0, the sum and carry-out of the upper RCA is selected, and 

if the carry-in is 1, the sum and carry-out of the lower RCA is selected. For this Regular CSLA architecture[4,5], the 

implementation code, for the Full Adders and Multiplexers of different sizes (6:3, 8:4, 10:5 up to 24:11) were designed 

initially. The regular 64-bit implemented by calling the ripple carry adders and all multiplexers.  

 

 

III. ARCHITECTURE OF PROPOSED MODIFIED 64-BIT SQRT CSLA 

 

This architecture is same as regular 64-bit SQRT CSLA, the only thing to change is that, we replace RCA with 

Cin=1 among the two available RCAs in a group with a BEC. This BEC posses similar operation that it can perform as if 

it replaced RCA with Cin=1. Fig 3 shows the Modified block diagram of 64-bit SQRT CSLA. The number of bits 

required for BEC logic is 1 bit more than the RCA bits. The modified block diagram is also divided into different groups 

of variable sizes of bits with each group having the ripple carry adders, BEC and concern multiplexer. As shown in the 

Fig.3, Group 0 contain one RCA only which is having input of lower significant bit and carry in bit and produces result 

of sum[1:0] and carry out which is acting as multiplexer selection line for the next group, similarly the procedure 

continues for higher groups but they includes BEC logic instead of RCA with Cin=1.Based on the consideration of delay 

values, the arrival time of selection input C1 of 8:3 multiplexer is earlier than the sum of RCA[6,7] and BEC. For 

remaining groups the selection input arrival is later than the RCA and BEC. Thus, the sum1 and c1 (output from 

multiplexer) are depending on multiplexer and results computed by RCA and BEC respectively. The sum2 depends on c1 

and multiplexer. For the remaining parts the arrival time of multiplexer selection input is always greater than the arrival 

time of data inputs from the BEC’s. Thus, the delay of the remaining multiplexer depends on the arrival time of 

multiplexer selection input and the multiplexer delay. In this Modified CSLA architecture, the implementation code for 

Full Adder and Multiplexers of 6:3, 8:4,10:5,12:6,12:6,22:11,34:17 and 13:17 were designed. The design used different 

BEC with sizes were 3,4,5,6,6,,11,17,and 17 respectively and corresponding ripple carry adder were  then  designed  with 

2, 2,3, 4, 5,5,10,16 and 16 bit respectively 
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Figure3: Architecture of 64-Bit Modified SQRT CSLA 

 

IV. SIMULATION RESULTS 

 

The implemented design in this work has been simulated using Verilog-HDL. The adders and ALU are designed 

and simulated using  Altera QUARTUS-II 9.1. All the V files (Regular and Modified) are also simulated and synthesized 

in Altera QUARTUS-II 9.1[8]and corresponding results are compared.  

Table 1 shows the comparison of regular and modified CSLA of various bits which includes Delay and area 

comparisons. From the table it is clear that the delay and combinational ALUTs (area) decreases for 64-bit modified 

method when compared with regular method. 64 bit ALU  also gives better results if it uses 64 bit modified SQRT 

CSLA.  

 

Table 1: Comparision between Different Regular and Modified SQRT Adder 

 

 

 

 

 

Figure4: Design summary for proposed  64 bit square root adder 
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Figure5: Simulation results for proposed 64 bit square root adder 

 

 

 
Figure6: Design summary for proposed 64 bit ALU 

 

 

 

 
 

Figure7: Simulation Results for proposed 64 bit ALU 
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VI. CONCLUSION 

 

An efficient approach is proposed in this paper to reduce the area and delay of SQRT CSLA architecture. The 

reduction in the number of gates is obtained by simply replacing the RCA with BEC in the structure. The compared 

results shows that the modified SQRT CSLA has a slightly larger area for lower order bits which further reduces for 

higher order bits. The delay is reduced to a great extent with the modified SQRT CSLA. Thus the results shows that 

using modified method the area and delay will decrease thus leads to good alternative for adder implementation for many 

processors. The modified CSLA architecture is therefore low area and high speed approaches for VLSI hardware 

implementation. The results evident that 64 bit modified SQRT CSLA is used 140 combinational ALUs and 64 bit ALU 

is used 354 combinational ALUs and 64 dedicated logic. 
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