
 
Copyright © 2019R. M. Bommi, Dr. S. Selvakumar Raja. This is an open access article distributed under the Creative Commons Attribution Li-

cense, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

International Journal of Engineering & Technology, 7 (4) (2018) 4780-4784 
 

International Journal of Engineering & Technology 
 

Website: www.sciencepubco.com/index.php/IJET  

doi: 10.14419/ijet. v7i4.23138 

Research paper 
 

 

 

 

A novel design of low-power reversible carry selects  

adder employing MPFA 
 

R.M.Bommi1*, Dr.S.SelvakumarRaja2 

 
1Research Scholar - Sathyabama University, Chennai, India  

2Principal,Department of ECE,KITS College , Telungana, India 

*Corresponding author E-mail:rmbommi@gmail.com 

 

 

Abstract 
 

In VLSI technology, power dissipation is of major concern next to speed. Due to development in technology, the necessity of fast an 

efficient high performance processing units has become inevitable. The circuitry of Carry Select Adder (CSLA) promises rapid dispensa-

tion in ALU and furthermore optimization can be accomplished. The proposed work encompasses the makeup of reversible design of 

Carry Select Adder using Modified Peres Full Adder (MPFA) and Fredkin Gate (FG). It is observed that the proposed CSLA is area effi-

cient and attained 70% low power dissipation. The reversible CSLA is synthesized in Xilinx environment and simulated by means of ISE 

simulator. The reversible CSLA proposed showed multi fold advantages in terms of area- power – delay. 
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1. Introduction 

The major concerns for designing circuits, owing to the fast 

emerging mobile engineering are not merely faster units but also 

that of being area efficient and low power. Fast Adders are signifi-

cant mechanism of many processing circuits including DSP (Digi-

tal Signal Processing) and ALU’s (Arithmetic Logic Unit) chips 

[20, 25]. In the midst of a range of adders, the carry-select adder 

(CSLA) is intermediary concerning area and speed extensively 

used in mobile industry [2]. Carry Select adders with exceptional-

ly great sizes can be designed hierarchically by merging minor 

‘block’ adders [1]. Fig. 3 depicts the traditional (CSLA) Carry 

Select Adder by means of two ripple carry adders in each block , 

one for the input carry Cin = 1 and the further one with Cin =0 

except in block 1. As an alternative of using two Ripple Carry 

Adders, Chang et.al anticipated a 29% decreased area Carry select 

adder by replacing one of the ripple carry adder to an add-one 

circuit with almost 6% speed penalty [3]. A bundle of work has 

been made to diminish larger area of Carry select adder with neg-

ligible speed trade-off and small area [4-8]. This paper propose an 

area efficient design of carry select adder employing reversible 

gates with smaller delay. 

There are a range of adders, Ripple carry adder (RCA) is one of 

the proficient adder which is simple to analyse and devise but 

sluggish in processing. In order to attain greatly more speed, carry 

look a-head adder is worthwhile but main disadvantage of this is 

that it consumes additional area [11]. As a result of keeping these 

two most important shortcomings, Carry select adder is suitable 

however it is necessary to optimize in definite characteristic since 

in CSLA more over delay or area can be optimized,nevertheless 

not both owing to employment of multiple RCA pairs to produce 

carry and partial sum by taking into account Cin= 0 in one stage 

and Cin= 1 in other stage. Absolute results can be achieved by 

making use of multiplexers. In view of this point, the proposed 

work used single stage reversible carry select adder with reversi-

ble gates that eradicate the use of ripple carry adder, where area is 

diminished and in addition the power dissipation is also reduced. 

The proposed flow of Reversible Carry select adder using MPFA 

elucidated in this manuscript is sorted into five segments. Segment 

1 elaborates the importance and reversible logic gates .Segment 2, 

converse about reversible logic gates, Segment 3 give details of 

conventional CSLA design. Segment 4 describes the proposed 

CSLA using MPFA reversible gate, Segment 5, shows the simula-

tion results of proposed work along with transistor implementation 

and the power comparison and Segment 6 conclusion. 

2. Reversible logic gates 

An n-input and output logic gate with one-to-one mapping is a 

reversible circuit. This helps to choose the outputs from the inputs 

and in addition the inputs can be inimitably traced back from the 

outputs. Moreover in the synthesis of reversible logic direct an-out 

is not permissible since one–to-many model is not reversible. A 

reversible logic circuit must be designed with least number of 

gates and following are the parameters that determine complexity 

and performance of circuits [8 - 10]. 

The Parameters are as follows: 

i) Constant inputs (CI): In order to synthesize the particular 

logical function, the Constant Inputs refers to the number of 

inputs that are to be retained constant at either 0 or 1. 

ii) Garbage outputs (GO): The number of unused outputs in a 

reversible gate is Garbage Output. One cannot get rid of 

garbage outputs as these are very necessary to attain revers-

ibility. 

iii) Quantum cost (QC): The cost of a primitive gate used in the 

reversible circuit is inferred as Quantum Cost. The number 

of primitive reversible logic gates is identified by calculat-

ing (1*1 or 2*2) essential to implement the circuit. 
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iv) Gate levels (GL): The number of levels in the logic circuit 

which are vital to realize the specified logic functions is re-

ferred to as Gate Levels [16]. 

2.1. Fredkin gate 

Fig.1be evidence for a 3 * 3 Fredkin gate. This is a fundamental 

concept in reversible and quantum computing. Fredkin gate is 

inverse and it is its converse. The input has three variables 

I(A,B,C) , the output has three variables O(P,Q,R) and the output 

is defined by P = A, Q = A’B+AC and R=AB+A’C. It is also 

called as CSWAP (Controlled Swap gate) and is universal. Like 

universal NAND and NOR gate, any gate can be realized using 

Fredkin gates alone. In this proposed work, Fredkin gate act as a 

2x1 multiplexer. 

 

 
Fig. 1:Reversible 3x3 Fredkin Gate. 

2.2. Peres gate 

Fig.2 shows a 3-input and 3-output Peres gate [9]. The input vec-

tor has three variablesI (A, B, C) and the output vector has three 

variables O (P, Q, R). The outputs are defined by P = A, Q = 

A⊕B and R=A.B⊕C. The Quantum cost of a Peres gate is known 

to be 4; because of its lowest quantum cost, the Peres gate is 

usedin the realization of the proposed design.  

 

 
Fig. 2:Reversible3x3 Peres Gate. 

2.3. MPFA 

A full-adder realized using two Peres gates is as shown in Fig.7. 

 

 
Fig. 3: Reversible 4x4 MPFA Gate. 

 

The quantum cost of this MPFA is 8, since two Peres gates are 

used. The MPFA reversible gate can act as a Full adder with one 

Ancilla input ai1 and two garbage outputs GO1 and GO2. The full 

adder using MPFA is obtained with C=0 and D= Cin and its quan-

tum cost is calculated to be equal to 6. 

3. Conventional CSLA 

In implementing any digital system using reversible circuit, the 

number of gates, the Ancilla inputs, quantum cost and garbage 

outputs are the key parameters for analyzing any reversible circuit 

as defined in [21]. In this paper the above parameters are analyzed 

and tabulated in section VI for proposed circuit. As per the con-

ventional Carry Select adder architecture [15], it clearly implies 

that due to the existence of Ripple carry adder in each and every 

stage, it absorb more area and also take considerable amount of 

time to process, since the carry from each stage as to propagate 

from one stage to another stage where it takes a little time to prop-

agate. By keeping this as main point in mind [12, 13, 14] RCA’s 

in the conventional circuit is replaced by reversible full adders i.e 

MPFA to realize lower area and a smaller amount power dissipa-

tion by dipping number of gates.  

The Fig.4 elucidates conventional 4 – bit carry select adder. In the 

work proposed by Ming-Cui Li &Ri-Gui Zhou, a four-bit reversi-

ble Ripple adder optimizing low latency has been developed with 

three reversible gates TEPG (triple extension of Peres gate) 

,RMUX21 (reversible 2-to-1 multiplexer) and NPG (new Peres 

gate) are anticipated and used to devise adder counterparts[21]. 

The design concentrates only on the quantitative analysis based on 

the reversible gates used.V. Shiva Prasad Nayak et.al [24] antici-

pated the a reversible carry select adder using D-latch, the study 

shows the increase in area and ecessity of a enable signal making 

the design more complex. 

 

 
Fig. 4: Conventional 4-Bit CSLA. 

4. Proposed CSLA 

In order to replace the N bit Ripple carry adder, at first single 

stage carry select adder is designed as illustrated in Fig.5. The 

proposed 1-bit CSLA is designed using two MPFA gates and two 

Fredkin gates. The input carry Cin to the one of the reversible full 

adder (MPFA) is 1 and 0 to the otheri.e the output sumand carry is 

computed with both the conditions ( Cin = 0 &Cin=1) from 

MPFA1 and MPFA2. The Fredkin gate acts as a 2x1 mux with 

select input as Cin. When Cin is equal to 0, sum S1 and carry C1 

are selected as adder’s SUM and COUT outputs respectively. 

 

 
Fig. 5: Modified CSLA with MPFA. 
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When Cin is equal to 1, sum S2 and carry C2 are selected as ad-

der’s SUM and COUT outputs respectively. i.e just the once all 

the intervening sums and carries are premeditated, the absolute 

sums are calculated by means of multiplexers having nominal 

delay. Exploit of the vital unit through the 2-to-1 multiplexer 

therefore achieves quick incrementing deed with abridged gate 

count. Consequently, the proposed CSLA outclass the usual 

CSLA,in terms of power and speed by tumbling the propagation 

latency of carry. 

5. Transistor implementation 

Reversible logic computing [16], [17] is an important area to 

explore which is characterized as a result of having only 

deterministic computational models. The power dissipation caused 

by the loss of information is an inspiration for using these 

deterministic models. In the respite of this segment will spotlight 

on how reversible gates can be implemented in CMOS. At first, 

the basics of transistor implementation using CMOS is briefed and 

then the implementation of the reversible gates used in this design 

is elaborated briefly. A pass transistor logic is one where either an 

pMOS or a nMOS transistor is employed unaccompanied as a 

switch, but none of them act as faultless switches. A nMOS 

transistor isideal (or strong) for fleeting a false low-voltage signal 

between its source (i/p) and drain (o/p), but very poor (or weak) 

for fleeting a true high-voltage signal. On the other hand, pMOS 

transistor, passes a weak low-voltage and a strong high-voltage. 

 

 
Fig. 6: CMOS Pass Transistor logic. 

 

To overcome the drawback of using nMOS and pMOS transistors 

separately,both transistors can be usedanalogous to each other to 

create a logic so as to pass both a strong high-voltage and a strong 

low-voltage signal as elucidated in Fig.6. This logic of using both 

nMOS and pMOS transistors in parallel is known as pass 

transmissiongate. 

 

 
Fig. 7:CMOS Pass Transistor Implementation of Peres Gate. 

 

The nMOS and pMOS transistors can be used autonomously, 

however while implementing circuits by means of pass transistors 

there are two signals; one is n-control and other one is p-control 

which is the complement of n-control. Therefore there are two 

complementary lines for all the signals and therefore the name 

CPL(Complementary Pass Transistor Logic) or DPL (Dual-line 

Pass-transistor Logic). 

The pass transistor realization of Peres gate is as illustrated in the 

Fig 7. Assuming the inputs to be a=1, b=0, c=0, the transistor Q2, 

Q4 are OFF and Q1, Q3 are ON. Hence the input “a” is passed on 

to pi.e p=1; now the second output Q = a xor b, therefore q=1; 

finally the third output r is reliant on all the three inputs a, b and c. 

In this case the transistors Q5,Q10 and Q12 are OFF and Q6, Q9 

and Q11 are ON making the output r=0. 

The Fig.8 represents pass transistor implementation of Fredkin 

gate which act as a 2 X 1 Multiplexer, the q and r swap between 

the inputs b and c if input a is 0 or 1. Assuming that a=1,b=0 and 

c=1, the supply voltage Vdd is passed on to output p making 

p=1.so that the transistors Q2,Q4 and Q6 are ON. The input c is 

routed through Q4 and input b is routed through Q6 forcing the 

output q=1 and r=0. The pass transistor implementation of 1bit 

carry select adder is as elucidated in Fig.9. 

 

 
Fig. 8:CMOS Pass Transistor Implementation of Fredkin Gate. 

 

 
Fig. 9:CMOS Pass Transistor Implementation of MPFA Gate. 

6. Synthesis and verification 

The complete Design is modeled in Pure Verilog HDL. The 

syntax of the RTL design is synthesis and simulated using Xilinx 

tool for functional verification of the design. The design is verified 

both at a block level and top level Design. Test cases for the block 

level are generated in Verilog HDL by both direct and random 

way. The complete design along with all timing constraints, area 

utilization and optimization options are described using synthesis 
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report. The adder design is synthesized at Spartan-3 (XC3S200-

5ft256), 90nm process technology. 

 

 
Fig. 10:Peres Gate Simulation Output. 

 

The simulation result of Peres gate figured out in fig 10 with 

inputs a=1, b=0, c =0 produces an output of p=1, q=0 and r=1. 

 

 
Fig. 11:Fredkin Gate Simulation Output. 

 

The above simulation output in fig 11 represents the Fredkin gate 

output with a= 0, b=1 and c=1 produces an output ofp=0,q=1 and 

r=1. 

 

 
Fig. 12: Simulation Output of 1-bit CSA. 

 

The proposed 1 bit Carry Select Adder designed using MPFA gate 

and Fredkin gate when simulated produced an output of Sum =1 

and carry = 0 , when the inputs are a=1, b=1 and c=0 as shown in 

fig 12. 

The area utilization summary in terms of number of transistors and 

power comparison of the existing 4-bit CSA [18] and proposed 

CSA is briefly shown in Table 1. The number of Ancilla inputs 

and number of garbage outputs are compared for the conventional 

and proposed carry select adder are tabulated for CMOS and pass 

transistor logic family in Table 2. The area synthesis report shows 

that with the Modified CSA with MPFA has lesser area as 

compared with CSA. The graphical representation of the area 

utilization is shown in Fig. 13. It can be observed that in proposed 

CSA the number of transistors and power dissipation are lesser 

than that of existing CSA. 

 
Table 1: Power Comparison 

 
 
Table 2:Comparison of Reversible Carry Select Adders Based on Ancil-

laInputs and Garbage Outputs 

 
 

 
Fig. 13: Power Comparison Chart. 

7. Conclusion 

In this work, a four – bit carry-select adder with new reversible 

gate i.e MPFA has been proposed to reduce the number of transis-

tor count, Ancilla inputs, garbage outputs and power dissipation 

with improved speed. The reversible Carry Select Adder is de-

signed in both transistor level with pass transistor logic and 

CMOS logic and evaluated their parameters. When realized in 

CMOS logic the number of transistors used is reduced by 35.5% 

and the propagation delay by 93% for 4 inputs in contrast with the 

existing CSA [18]. Moreover, when realized in pass transistor 

logic the number of transistors used is reduced by 11.11% and the 

delay by 98.6% for n = 4 as compared with the existing CSA [18]. 

Compared to existing CSA [18], the proposed reversible carry 

select adder is implemented with fewer number of transistors with 

extremely no reduction in speed. The Pass transistor logic proves 

optimization in number of transistors and the delay compared with 

the CMOS logic. The pass transistor logic provides appreciable 

outputs only for few higher values of L/W ratio. The use of trans-

mission gate logic can overcome the above problem. 

References 

[1] N. Weste and K. Eshragian, “Principle of CMOS VLSI designs: a 

system perspective”, 2nd ed., Addison-Wesley, 1993. 

[2] K. Rawat, T. Darwish, and M. Bayoumi, “A Low Power and Re-
duced Area Carry Select Adder”,The 45th Midwest Symposium on 

Circuits and Systems, Tulsa, OK, 2002, pp. I-467-I-

470.https://doi.org/10.1109/MWSCAS.2002.1187259. 

https://doi.org/10.1109/MWSCAS.2002.1187259


4784 International Journal of Engineering & Technology 

 
[3] T. Y. Chang and M. J. Hsiao, “Carry-select adder using ripple-carry 

adder”, Electronic Letters., vol. 34, 1998, pp. 2101-
2103.https://doi.org/10.1049/el:19981706. 

[4] B. Amelifard, F. Fallah and M. Pedram, “Closing the gap between 

carry select adder and ripple carry adder: a new class of low-power 
high-performance adders”, Sixth International Symposium on Qual-

ity of Electronic Design, San Jose, CA, USA 2005, pp. 148 - 

152.https://doi.org/10.1109/ISQED.2005.131. 
[5] Y. He, C.H. Chang, and J. Gu, “An area efficient 64-bit square root 

carry-select adder for low power applications”, IEEE International 
Symposium on Circuits and Systems, Vol. 4, 2005, pp. 4082 - 

4085. 

[6] Y. Chen, H. Li. Roy and K. C. Kok, “Cascaded carry-select adder: 
a new structure for low-power CSA design”, Proceedings of the 

2005 International Symposium on Low Power Electronics and De-

sign, San Diego, CA, USA, 2005 pp. 115 – 118. 
[7] A. Neve, H. Schettler, and T. Ludwig, “Power-delay product mini-

mization in high-performance 64-bit carry-select adders”, IEEE 

Transactions on Very Large Scale Integration Systems, 2004,Vol. 
12,Iss. 3, pp. 235 – 

244.https://doi.org/10.1109/TVLSI.2004.824305. 

[8] T. Toffoli., “Reversible Computing”, Tech memo MIT/LCS/TM-

151, MIT Lab for Computer Science, 1980. 

[9] E. Fredkin and T. Toffoli, “Conservative logic,” International Jour-

nal of Theoretical Physics, 1982, Vol. 21, pp.219–
253.https://doi.org/10.1007/BF01857727. 

[10] H.R.Bhagyalakshmi and M.K.Venkatesha, ‘Optimized reversible 

BCD adder using new reversible logic gates’, Journal of Compu-
ting, 2010, Volume 2, Issue 2, ISSN 2151-9617 

arXiv:1002.3994v1.  

[11] A. Tyagi, “A reduced area scheme for carry-select adders”,IEEE 
Trans. on Computer, 1993, vol. 42, pp. 1163- 

1170.https://doi.org/10.1109/12.257703. 

[12] B.Ramkumar, H. M.Kittur, and P. M. Kannan,"ASIC Implementa-
tion of Modified Faster Carry Save Adder,", Eur.J.Sci.Res.,2010, 

vol.42,no.1,pp53-58.  

[13] T.Y.Ceiang and M.J.Hsiao,"Carry select adder using single ripple 
carry adder,”,Electronic.Letters, Oct.1998. vol.34, no.22, pp.2101-

2103. https://doi.org/10.1049/el:19981706. 

[14] Y.Kim and L.S.Kim,"64-bit carry select adder with reduces area," 
Electronics.Letters,May 2001. vol.37, no.10, pp.614-

615.https://doi.org/10.1049/el:20010430. 

[15] IEEE transaction on very large scale integration system,"Low-
Power and Area efficent Carry select Adder,"B.Ramkumar and Ha-

rish M.Kittur, Feb 2012, Vol.20,pp. 371-375. 

[16] R. Landauer. Irreversibility and heat generation in the computing 
process. IBM Journal of Research and Development, 1961, Vol5 Is-

sue 3, pp.183-191.https://doi.org/10.1147/rd.53.0183. 

[17] C. H. Bennett. Logical reversibility of computation. IBM Journal of 
Re- search and Development, 1973, Vol17 Issue6, pp.525-

532.https://doi.org/10.1147/rd.176.0525. 

[18] K.Prudhvi Raj and Y.Syamala, Transistor Level Implementation of 
Digital Reversible Circuits ,International Journal of VLSI design & 

Communication Systems (VLSICS) 2014,Vol.5, Issue.6, pp.43-61 

[19] R.M.Bommi and Dr.SSelvakumar Raja, 2016, Australian Journal of 
Basic and Applied Sciences, January 2016, Vol 10, Issue 1, Pages: 

214-218. 

[20] Susan Christina, X., M. Sangeetha Justine, K. Rekha, U. Subha, R. 
Sumathi,Realization of BCD adder usingreversible logic-IJCTE, 

2010, Vol 2, Issue 3, pp. 1793-8201. 

[21] Ming-Cui Li &Ri-Gui Zhou, A novel reversible carry-selected ad-

der with low latency, International Journal of Electronics, , 2016, 

Vol 103, Issue 7, pp. 1202-
1215.https://doi.org/10.1080/00207217.2015.1092595. 

[22] J. Woopyo, and R. Kaushik. “Robust High-Performance Low-

Power Carry Select Adder”, Design Automation Conference, Jan 
2003, pp. 503 - 506. 

[23] Design of Compact and Low Power Reversible Comparator, 2015 

International Conference on Control, Instrumentation, Communica-
tion and Computational Technologies (ICCICCT).  

[24] V. S. P. Nayak, N. Ramchander, R. S. Reddy, T. H. S. P. Redy and 

M. S. Reddy, "Analysis and design of low-power reversible carry 
select adder using D-latch," 2016 IEEE International Conference on 

Recent Trends in Electronics, Information & Communication 

Technology (RTEICT),Bangalore, 2016, pp. 1917-
1920."https://doi.org/10.1109/RTEICT.2016.7808169. 

[25] Bommi, R.M. & Selvakumar Raja,S. Mobile Network & Appli-

cations (2018). https://doi.org/10.1007/s11036-018-1200-2. 

https://doi.org/10.1049/el:19981706
https://doi.org/10.1109/ISQED.2005.131
https://doi.org/10.1109/TVLSI.2004.824305
https://doi.org/10.1007/BF01857727
https://doi.org/10.1109/12.257703
https://doi.org/10.1049/el:19981706
https://doi.org/10.1049/el:20010430
https://doi.org/10.1147/rd.53.0183
https://doi.org/10.1147/rd.176.0525
https://doi.org/10.1080/00207217.2015.1092595
https://doi.org/10.1109/RTEICT.2016.7808169

