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Abstract— In this technological world, development in the 

field of nano-technology leads to minimize the power 

consumption of logic circuits. Reversible logic design is 

one of the promising technologies gaining greater interest 

due to less dissipation of heat and low power 

consumption. In this paper, an optimized design of 

reversible 2-bit and 4-bit parity preserving carry look 

ahead adder is proposed that uses only two reversible 

gates i.e. F2G and MFRG gates and consumes low power. 

Systems where low power consumption is required, 

reversible logic gates will be used in place of classical 

logical gates like AND, OR, NAND, NOR. The proposed 

design offers an improvement of 15.67% and 50% over 

the existing design in terms of its Quantum cost & Power 

consumption respectively. Reversible or information-

lossless circuits have applications in digital signal 

processing, communication, computer graphics and 

cryptography. 
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I. INTRODUCTION 

As the complexity of circuits grows, their energy 

dissipation becomes the critical limiting factor. One part 

of the energy loss is due to non-ideal switches and 

materials, while the other arises from Landauer’s principle 

[1]. Landauer showed that the amount of energy 

dissipation for every irreversible bit operation is given by 

KT ln2 where K is the Boltzmann’s constant (1.3807X10‐ 
23 JK‐1) and T is the temperature. For example, in room 

temperature (300 K), KT ln2 is approximately 2.8x10‐21 J 

/transistor, which is not negligible for incoming 

multibillion gate circuits. The loss of energy can be 

minimized or even prevented by applying the principle of 

reversibility to the operation of digital circuits. Bennett 

proved that for power not to be dissipated, it is necessary 

to build a circuit from reversible gates. This solution 

based on the reversible logic promises a circuit operation 

with arbitrarily small fraction of signal energy. Therefore, 

reversible computing is an appealing solution in many 

emerging fields such as nanotechnology, as well as 

quantum and optical computing. 

Reversible logic has received excessive attention 

in the recent years due to their capacity to decrease the 

power dissipation which is the principle requirement in 

low power very large scale integration design. Reversible 

logic is one of the encouraging fields for upcoming low 

power design technologies. Since one of the necessities of 

all digital signal processors and other hand held devices is 

to reduce power dissipation multipliers with excessive 

speed and lower dissipations are essential. [8] 

II. REVERSIBLE LOGIC GATE 

A reversible logic gate is an n-input n-output logic device 

with one-to-one mapping. This helps to determine the 

outputs from the inputs and also the inputs can be 

uniquely recovered from the outputs. Also in the synthesis 

of reversible circuits direct fan-Out is not allowed as one–

to-many concept is not reversible. However, fan-out in 

reversible circuits is achieved using additional gates. A 

reversible circuit should be designed using minimum 

number of reversible logic gates.  

It is an n-input n-output logic function in which 

there is a one-to-one correspondence between the inputs 

and the outputs. Because of this bijective mapping the 

input vector can be uniquely determined from the output 

vector. This prevents the loss of information which is the 

root cause of power dissipation in irreversible logic 

circuits. 

 
Fig. 1: Block Diagram of Reversible Gate 

III. MOTIVATION BEHIND REVERSIBLE LOGIC 

High-performance chips releasing large amounts of heat 

impose practical limitation on how far can we improve the 

performance of the system. Reversible circuits that 

conserve information, by un-computing bits instead of 

throwing them away, will soon offer the only physically 

possible way to keep improving performance. Reversible 

computing will also lead to improvement in energy 

efficiency. Energy efficiency will fundamentally affect the 

speed of circuits such as nano circuits and therefore the 

speed of most computing applications. To increase the 

portability of devices again reversible computing is 

required. It will let circuit element sizes to reduce to 

atomic size limits and hence devices will become more 

portable. Although the hardware design costs incurred in 

near future may be high but the power cost and 

performance being more dominant than logic hardware 

cost in today’s computing era, the need of reversible 

computing cannot be ignored. 
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IV. FAMILIES OF REVERSIBLE LOGIC GATE  

From the point of view of reversible circuit design, there 

are many families of designing the circuits but in this 

section we discussed families which were used in our 

proposed design. 

A. Feynman Gate 

Fig. 2 shows the Feynman gate which is a 2*2 gate and is 

also called as Controlled NOT gate and it is widely used 

as a copying gate because fan-out is not allowed in 

reversible logic. The inputs (A, B) and outputs P=A, Q= 

A XORB. It has Quantum cost one. 

 
Fig. 2: Feynman Gate – 2*2 gate 

B. Fredkin Gate 

Fredkin gate is 3*3 gate with input vector is I (A, B, C) 

and the output vector is O (P, Q, and R).The output is 

P=A, Q=A’B+AC and R=A’C+AB. Quantum cost of 

Fredkin gate is 5. 

 
Fig. 3: Fredkin Gate – 3*3 Gate 

C. MFRG Gate 

Modified Fredkin gate is 3*3 reversible gate. The input 

vector is I (A, B, C) and the output vector is O (P, Q, and 

R).The output is P=A, Q=AB’⊕ AC’ and R=A’C⊕AB. 

Quantum cost of Modified Fredkin gate is 4. 

 
Fig. 4: MFRG Gate– 3*3 Gate 

D. F2G Gate 

It is a 3*3 Double Feynman gate [13]. The input vector is 

I (A, B, C) and the output vector is O (P, Q, and R). The 

outputs are defined by P = A, Q = A ⊕ B, R = A ⨁ C. 

Quantum cost of Double Feynman gate is 2. 

 
Fig. 5: F2G Gate– 3*3 Gate 

V. PROPOSED WORK 

In this subsection, we proposed a design of 2-bit parity 

preserving carry look ahead adder circuit. This design has 

mainly two primary inputs x (0-1), y (0-1) and two 

primary outputs (S0, S1) along with one carry-input Cin 

and two carry-outputs (C1, C2) and four constant inputs. 

The proposed block diagram of 2-bit parity preserving 

carry look ahead adder circuit is shown in the figure 6. 

 
Fig. 6: Proposed Design of 2-bit parity preserving carry 

look ahead adder circuit 

The fig. 6shows our proposed parity preserving 

reversible 2-bit CLA circuit using F2G and MFRG gates. 

The proposed design consists of five reversible gates of 

F2G and three reversible gates of MFRG (on the whole 

eight reversible gates), and it also has the ability to 

maintain the parity. 

QC (2 BIT DESIGN) = 5 QC (F2G) + 3 QC (MFRG) 

= 10 + 12 

=22 

 
Fig. 7: Proposed Design of 4-bit parity preserving carry 

look ahead adder circuit 
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The fig. 7 shows the proposed design of 4-bit 

parity preserving carry look ahead adder circuit. This 

design has mainly primary inputs x (0-3), y (0-3), carry 

input Cin and four primary 

Outputs (S0, S1, S2, and S3) along with carry-

out put sand 12 constant inputs. The proposed block 

diagram of 4-bit parity preserving carry look ahead adder 

circuit is shown in the figure 8. 

QC (4 BIT DESIGN) = 12 QC (F2G) + 10 QC (MFRG) 

= 24 + 40 

= 64 

Parity checking is one of the most important 

methods used to identify the error in digital systems. 

Systems often operate in environments where there is 

possibility of any unexpected event. If any system has no 

fault tolerance, it would be untrustworthy and may not be 

correct. Therefore, the parity preserving makes it 

significant for a system to have a proper and correct 

function against unpredictable events and to produce 

desirable outputs. A sufficient condition for parity 

retaining in reversible circuits is that each one of the 

reversible gates should be capable of parity retaining. 

The parity preserving is an important feature of 

the system because it has the ability to maintain parity in a 

system that causes the system to preserve its optimal 

performance against unpredictable events and to produce 

the desired output. 

VI. IMPLEMENTATION & RESULTS 

Parity Preserving CLA 

Adder Circuit 

Quantum 

Cost 

Power 

Dissipation 

(W) 

Proposed Design 

[2 bit] 
22 5.161W 

Existing 

Design [12] 
25 7.733 W 

Proposed Design 

[4 bit] 
64 4.141 W 

Existing 

Design [12] 
74 W 

Table1: Comparison of Proposed work with Existing 

work 

VII. SIMULATION METHODOLOGY 

The fig. 8& 9 shows the RTL schematic of top module for 

reversible parity preserving CLA adder i.e. 2 bit and 4 bit, 

it contains inputs x and y each of which contains 2 bits 

and K0 is the input carry. The y and z are the outputs 

which contains 2 bits. The following figures shows the 

RTL Schematic of parity preserving CLA for 2 bit and 4 

bit circuits. 

 
Fig. 8: RTL Schematic of 2 bit Reversible CLA Adder 

Circuit 

 
Fig. 9: RTL View of Reversible 2-bit Parity Preserving 

CLA adder Circuit 

 
Fig. 10: RTL Schematic of 4 bit Reversible CLA Adder 

Circuit 
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Fig. 11: RTL View of Reversible 4-bit Parity Preserving 

CLA adder Circuit 

 

 
Fig. 12: Power Dissipation Graph for Existing 2 bit 

Reversible Parity Preserving CLA Circuit [12] 

 

 
Fig. 13: Power Dissipation Graph for Proposed 2 bit 

Reversible Parity Preserving CLA Circuit 

 

 
Fig. 14: Power Dissipation Graph for Existing 4 bit 

Reversible Parity Preserving CLA Circuit [12] 
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Fig. 15: Power Dissipation Graph for Proposed 4 bit 

Reversible Parity Preserving CLA Circuit 

 

 
Fig. 16: Comparative Results of Power Dissipation Graph 

for Proposed & Existing 2 bit Reversible Parity 

Preserving CLA Adder Circuit [12] 

In the fig. 16 the graph between the Vcc and 

Output Power shows that the proposed design consumes 

5.16 watt of power while the existing design consumes 

watt of power. Similarly the graph between the Junction 

Temperature and Output Power shows that the proposed 

design consumes 7.73 watt of power while the existing 

design consumes watt of power. Similarly 

 

 
Fig. 17: Comparative Results of Power Dissipation Graph 

for Proposed & Existing 4 bit Reversible Parity 

Preserving CLA Adder Circuit [12] 

In the fig. 17the graph between the Vcc and 

Output Power shows that the proposed design consumes 

4.14 watt of power while the existing design consumes 

watt of power. Similarly the graph between the Junction 

Temperature and Output Power shows that the proposed 

design consumes 8.70 watt of power while the existing 

design consumes watt of power. Similarly 

VIII. CONCLUSION & FUTURE WORK 

Reversible computing has its great significance in 

diminishing the complexity of the digital circuits. In this 

paper, reversible logic synthesis were carried out for both 

2 bit and 4 bit designs. Table 1 demonstrates that the 

proposed 2 bit and 4 bit reversible parity preserving carry 

look ahead adder circuits are better than the existing 

designs in terms of power dissipation and quantum cost. 

Our proposed reversible parity preserving carry look 

ahead adder can be applied to the design of complex 

systems in nanotechnology. 
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