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Abstract: 

Most of the VLSI applications, such as DSP, image and video processing, and microprocessors 

use carry select adder (CSLA) for arithmetic functions. From the structure of regular SQRT 

CSLA, still there is possibility to obtain better design in which optimization of area, power 

are to be major concentrations along with high speed performance. One of the existing 

solutions used in SQRT CSLA is replacement of second level RCA by BEC. Though increases 

the performance, very less percentage of improvement in reduction of area and power 

dissipation. And also the existing adder with BEC technique is not suitable for low power 

applications. Hence this paper proposes Special Hardware using Multiplexers (SHM) design 

in place of second level RCA. It is observed from the results that the area and power 

dissipation are reduced at comparable percentages with respect to the RCA and BEC 

techniques. When SHM is used at the second level of second block in 16-bit SQRT CSLA, 

observed that area is reduced by 13.5% and power dissipation is reduced by 6.4%. This 

proposed logic is designed in transistor level using 0.12μm technology in the Micro wind tool. 

 

Keywords: Architecture, Carry select adder (CSLA), High speed, Power dissipation, Regular 
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1. Introduction 

Propose of Several Low power VLSI circuit with less area and high speed has become a main 

concern for digital designers. Building low power VLSI systems has emerged as highly in 

demand because of the fast growing technology in mobile communications and computation. 

The battery technology does not advance at the same rate as microelectronics technology. 

There is a limited amount of power available for the mobile systems. So designers are faced 

with more constraints such as high speed, high throughput, small silicon area, and at the same 

time, low power consumption. So building low power, high performance adder cells are of 

great interest [1]-[5]. To reduce the power and area requirements of the computational 

complexities, the size of transistors are shrunk into the deep sub-micron region [6] and 

predominantly handled by process engineering. 

 

There are several Adder designs have been proposed to reduce the power consumption. 

Logic minimization not only results in better system throughput but also results in low power 
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consumption designs. For low power results it is always advisable to use CMOS 

technology in which the power dissipation is a complex function of the gate delays, clock 

frequency, process parameters, circuit topology and structure, and the input vectors applied. 

Once the processing and structural parameters have been fixed, the measure of power dissipation 

is dominated by the switching activity (toggle count) of the circuit .The dynamic power is given 

by, 

                                           P=1/2 * Cload * (Vdd
2/Tcycle) * E(switching), 

Where Cload is the load capacitance of the gate, T cycle is the clock cycle time, E (switching) is 

the expected number of signal transitions per cycle and Vdd is the supply voltage [7]. 

 

In digital adders, for speed up the operation Ripple Carry Adder (RCA) is modified as CSLA. 

To achieve more speed CSLA is replaces by SQRT CSLA. 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 [8]-[9]. 

However, the CSLA is not area efficient because it uses multiple pairs of Ripple Carry 

Adders (RCA) to generate partial sum and carry input Cin=0 and Cin=1, the final sum and 

carry are selected by the multiplexers(mux) [10]-[14]. 

 

Section II reviews existing logic, section III explains about logic level modification in which 

replacement of second level RCA with Special Hardware using Multiplexers (SHM). Section III 

represents results and comparisons. Finally the work is concluded in section IV. 

 

2. Carry-Select Adder and Add-One Circuit 

The carry-select adder partitions the adder into several groups, each of which performs two 

additions in parallel. Therefore, two copies of ripple-carry adder act as carry- evaluation block 

per select stage. One copy evaluates the carry chain assuming the block carry-in is zero, while 

the other assumes it to be one. Once the carry signals are finally computed, the correct sum and 

carry-out signals will be simply selected by a set of multiplexers. A typical block 

 

 
Conventional carry-select adder 

 

Examples for the first zero detection logic 

The carry-out signal for the add-one circuit is one if and only if all the sum outputs from the n- bit 

block are one. As all sums equal one, the first zero detection circuit generates one at the final node. 

For all the other cases, it generates a zero carry-out. As oppose to using dual RCAs in conventional 
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CSL, the architecture of contemporary CSL adder comprises a single RCA, a first zero detection 

and selective  complement  add-one  circuit, and a carry-select multiplexer circuit [3], as shown in 

Fig 

 

 

CSL adder with single ripple-carry adder and add-one circuit 

3. Existing Logic 

In general the complete SQRT CSLA is divided into different blocks. Block size and the number 

of blocks depend upon the size of SQRT CSLA according to the SQRT technique. From 

second block onwards, each block contains three different levels, first level is ripple carry adder 

with input carry zero, second level is ripple carry adder with input carry one and the third level 

is multiplexer which is used to select one of the ripple carry adders output according to the 

previous block carries. The disadvantage 

 

 

 

 

 

 

 

FIG. 1. Second block of SQRT CSLA with BEC in second level RCA 

 

 

 

 

 

 

 

Fig. 2. Second block of SQRT CSLA with SHM in second level RCA 

 

in SQRT CSLA is more area requirement as it uses two levels of RCAs. For achieving better area 

efficiency [12]-[14] Binary to Excess-1 Converter (BEC) is replaced in the place of RCA with 

Cin=1 in the regular CSLA. To replace n bit RCA an n+1 bit BEC is required. 

 

Second block of 16-bit SQRT CSLA with BEC logic is shown in fig.1. One input of third 
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level multiplexers is the output of first level RCA and another input is BEC output. This 

produces the two possible partial results in parallel and the multiplexer is used to select either 

the BEC output or the direct inputs according to the control signal Cin [15]. 

 

4. Proposed Logic Implementation 

Though BEC technique reduces area and power [15] but not up to considerable amount and also 

the design is not suitable for sub threshold level modifications. 

 

 

 

 

 

 

 

Fig . 3. A 3-bit SHM 

 

 

 

 

The 16-bit SQRT CSLA using BEC in its second level requires 792 transistors. There is a 

scope to reduce the number of transistors along with the area reduction and power dissipation 

reduction by using proposed logic. For the implementation of a 16-bit SQRT CSLA, 736 

transistors are required by using proposed logic. 

 

The proposed logic implementation for second level RCA is Special Hardware using 

Multiplexers (SHM) as shown in fig.2. In this the inputs are applied to first level RCA. And the 

output of RCA is applied to second level SHM and then to third level multiplexer. Third level 

multiplexer selects either RCA output or SHM output according to the previous carry. 

 

A simple 3-bit SHM is shown in Fig.3.and logic expressions of SHM shown in below the 

figure. A simple 3-bit SHM requires 3 multiplexers to implement.. b0, b1, b2 are the inputs to 

the 3-bit SHM and the x0, x1, x2 are corresponding outputs. SHM will take first level RCA 

output as input and appends its value by one. 3-bit SHM uses three multiplexers and three 

inverters. First inverter gives the first output bit x0 basing on input bit b0 and that output will be 

used as select line for the first multiplexer. First multiplexer passes either second bit b1 or 

inversion of second bit b1to the output because first inverter output acts like a carry to the 

second bit. First multiplexer gives the second output bit x1 and that will be used as second 

multiplexer select line. Basing on x1 output bit and b1 bit second multiplexer generates carry for 

input bit b2. One input to the second multiplexer is b1 and second input is grounded which will be 

selected when it is connected as select line to the third multiplexer. 
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Table 1: Comparison of 3-Bit BEC and 3-Bit SHM 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. A 3-bit SHM using CMOS logic 

Third multiplexer passes third bit or inversion of third bit to the output according to the previous 

carry bit. This logic can be extended to any number of bits. It is implemented for second block 

with two inputs under consideration. 

 

When number of inputs is increased the proposed technique produces more efficient results on 

large scale. One point to be noticed is despite of the above advantages, delay is increased as carry 

has to pass 2(n-1) levels in n bit SHM in order to appear at the output. Gate and transistor level 

Comparisons between 3-bit BEC and 3-bit SHM are shown in Table. I. A 3-bit BEC uses two 

XOR Gates, one AND Gate and one inverter where as 3-bit SHM uses three multiplexers, three 

inverters. XOR Gate requires 12. 

 

Table 2:  Comparison of Second Level 2- Bit RCA, 3-Bit BEC And 3-Bit SHM 

Implemented Using CMOS Technology 

 

Logic for 

Second level 

 

Number of 

transistors 

 

Critical path 

delay (ns) 

 

Area 

(μm2 ) 

 

Power dissipation (μw) 

 
static 

 

dynamic 

 

total 

 
RCA using 

CMOS 

 

56 

 

1.900 

 

1342 

 

6.706 

 

42.565 

 

49.271 

 

BEC using 

CMOS 

 

32 

 

1.200 

 

781 

 

3.269 

 

25.746 

 

29.015 

 

SHM using 

CMOS 

 

24 

 

2.350 

 

486 

 

3.100 

 

22.843 

 

25.943 

 

 

 

Type of 

logic 

 

Gates 

 

Number of 

transistors 

 

Total 

number of 

transistors 

 3- it 

BEC 

 

2 -XOR 1-

AND 1-

NOT 

 

24 6 2 

 

32 

 

3-bit 

SHM 

 

3-MUX 3-

NOT 

 

18 6 

 

24 

 



K. Srinivas Raju et al. / International Journal of Research in Modern 
Engineering and Emerging Technology                                                               

  Vol. 2, Issue: 2, June-July : 2014 
     (IJRMEET) ISSN: 2320-6586 

 

21  Online International, Reviewed & Indexed Monthly Journal                                               www.raijmr.com 
 RET Academy for International Journals of Multidisciplinary Research (RAIJMR)   

 

Table 3:  Comparison between second blocks with BEC and second  

Block with SHM using CMOS 

 

Design 

Type 

Number of 

transistors 

 

Critical path delay 

(ns) 

 

Are a (μm
2

) 

 

Power dissipation (μw) 

 
static 

 

dynamic 

 

total 

 
RCA-

BEC-

MUX 

(CMOS) 

 

106 

 

3.240 

 

346 5 

 

21.00 5 

 

106 

 

127.0 05 

 

RCA-

SHM-

MUX 

(CMOS) 

 

98 

 

3.770 

 

299 6 

 

20.13 8 

 

98.624 

 

118.7 62 

 

 

Transistors and AND Gate requires 6 transistors in CMOS logic. But a single multiplexer requires 

6 transistors. From the Table I, it is observed that number of transistors reduced by 25% when 

compared to existing logic. For large number of inputs SHM is more advantageous. Using 

CMOS logic 3-bit SHM is implemented and is shown in Fig.4. 

 

5. Results and Comparisons 

All the blocks of 16-bit SQRT CSLA, second level of second block such as 3-bit BEC and 3-bit 

SHM are implemented in Dsch2.6c – Logic Editor and synthesized in Micro wind 2.6a-Layout 

Editor under 0.12um technology with 1.2 volts as logic high voltage. 

 

The first level of second block is two bit RCA which requires 56 transistors when implemented in 

CMOS logic. The second level of second block is 3-bit SHM in the proposed logic design; it uses 

24 transistors as shown in Fig.4. The third level of second 

 

Block is multiplexer. A simple 2x1 multiplexer uses six transistors in CMOS technology. 

Block2 needs three 2x1 multiplexers hence eighteen transistors are required for the 

implementation. 

 

Finally total number of transistors required for the complete block 2 is only 98 when SHM is 

used. Otherwise it requires 106 Transistors with BEC technique. The number of transistors 

required for block3 is only 146, for block4 are 194 and for block5 are 242 when SHM is used. 

Otherwise block3 requires 158, block4 requires210 and block5 requires 262 Transistors with 

BEC technique. Using SHM for the implementation of a 16 bit SQRL CSLA 736 transistors are 

required where it requires 792 transistors with BEC technique. Finally the complete second block 

of16-bit SQRT CSLA with BEC and SHM is implemented using CMOS technology and 

observed the results and are shown from Table III. 

 

6. Conclusion 

In this paper all second level RCA blocks of 16-bit SQRT CSLA are replaced by SHM and the 

results are compared with existing technique such as BEC. From the comparisons in Table II, it 

is observed that the variation between 2-bit RCA and proposed technique 3-bit SHM are 

more comparable such as percentage of utilization of number of transistors is reduced to 57.1%, 

correspondingly percentage of area required also reduced to 63.7% along with power dissipation 

reduction advantage of 47.3%. Whereas the variation between 2-bit RCA and existing technique 

3-bit BEC is only 42.8% reduction of utilization of number of transistors, 41.8% reduction of 

area required along with the 41.1% reduction of power dissipation. Finally second block of 
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16-bit SQRT CSLA is designed using logic level modification such as SHM in place of BEC. 

From the table.III it is observed that number of transistors is reduced by 7.5%, area is reduced by 

13.5% and power is reduced by 6.4%, but critical path delay is increased by 16.3%. Once again 

it is proved that the tradeoff between area, power and delay, the design is optimized for power 

and area against to the delay over head. This delay overhead also can be overcome by using 

various existing low power circuit level modifications 
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