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Abstract— This paper discusses the evolution of full adder 

circuit in terms of lesser power consumption. A High 

performance Low-power design is the demand of today’s 

world. A Full adder is a basic and most important digital 

component. Adders are commonly used in microprocessor 

and digital signal processing chips. Proposed full adder cell 

implemented using XNOR-XOR (2T) design style. Pass 

transistor logic has been used to implement the XNOR gate 

and an inverter is used for implementation of XOR gate. Here 

the proposed full adder design compared with conventional 

full adder. The comparison is made on the basis of power 

dissipation, delay, and PDP. All the simulation work had been 

done on 130nm CMOS technology. The schematic of circuit 

and simulation is done using Pyxis Mentor Graphics 

software. 
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I. INTRODUCTION 

Very Large Scale Integrated (VLSI) circuit technology is the 

rapidly growing technology for innovative devices and 

systems. Now the popularity of compact and portable devices 

is increasing rapidly. Power and area consumption is the key 

limitation in many electronic devices. The demand for 

portable and compact equipment with less power dissipation 

is growing rapidly. If power dissipation in a device increases, 

it needs additional circuitry to cool the device and to shield 

the device from thermal breakdown, which also increases the 

total area of a device. So far several logic designs and low 

power consumption techniques have been used to design full 

adder to improve the area and power dissipation [1][4]. In 

1959, Fairchild Semiconductor invented the first monolithic 

integrated circuit (MIC) [2].This integration of a whole 

electrical circuit on a single piece of silicon lowers the cost 

and enhances its reliability. In 1965, Gordon Moore predicts 

this impressive growth of the semiconductor industry. He 

published his famous paper, in which he predicted that the 

number of components per integrated circuit would increase 

by two every year for minimum cost [3]. After ten years this 

prediction was updated, predicting that every second year 

from then on the number of devices should double. This is 

popularly known as “Moore’s Law”. Microelectronic 

industry then inspired by these predictions and utilizes for 

increased complexity and lower fabrication costs of 

integrated circuits. Moore’s Law drives VLSI technology to 

continuous increases in chip densities and high clock 

frequencies. 

The elementary building blocks of the different 

digital circuit are exclusive-OR and exclusive-NOR (XOR-

XNOR) gates especially for arithmetic circuits like an adder, 

multiplier, compressors, comparator, a parity checker, error 

detector etc. realize via XOR-XNOR circuits. Full adder 

shows a major role in computational circuits and application 

specific integrated circuit used in various digital electronic 

devices. Full adder used in computational circuits and adders   

occupy critical path in a vital area of microprocessors and 

also essential to calculate the virtual physical address in 

memory fetch operation in all new processors. Implementing 

of great speed with less power and a reduced amount of area 

consumption adders are still challenging to designers. 

In this paper, an approach has been described for low 

power and less area consumption. The switching activity, 

node capacitance, and control circuit size are the factors 

which influence the power reduction of any circuit. Power 

dissipation can be diminishing by selecting appropriate W/L 

ratio. Here a fewer number of transistor based one-bit full 

adder is designed. It consists of XNOR and XOR gate 

circuitry. For the proposed full adder, 2 transistor XNOR 

circuit is used and an inverter is used to realize XOR gate via 

XNOR circuit. By comparing with existing adders like 

conventional complementary metal oxide semiconductor 

(CMOS), adiabatic logic based adder, the proposed adder 

design shows the finest delay, power delay product (PDP), 

power dissipation and area consumption. 

This paper is organized as following: 

Section II describes literature review of previously 

designed adder full adder. Section III describes the 

implementation of conventional CMOS full adder and 

proposed adder. Section IV shows simulation results in 

Mentor Graphics Backend Tool with Pyxis schematic 10.5 

version on LINUX operating system using 130nm CMOS 

technology. To conclude the paper Section V is used. 

II. LITERATURE REVIEW 

This section briefly outlines the related works carried out by 

researchers in the area of low power dissipation, less area 

consumption for full adder. 

Here A. P.Chandrakasan,1999 [5] examined some 

techniques which were used to reduce the power consumption 

in CMOS digital circuits. Spurious transitions due to hazards 

and critical race condition, leakage and direct path currents, 

pre charged transitions and power consumption by unused 

circuitry were the major factors for power dissipation in 

digital circuits. On this paper a pass-gate logic family with 

modified threshold voltage was realized to low power 

designs, due to less number of transistors were used to 

implement logic function. In past few decades, various 

different logic styles have been proposed to implement full 

adder cells [8]-[10]. Mainly there are two types of full adders, 

static and dynamic. Static full adders are mostly more 

reliable, simpler and are lower power consuming than 

dynamic adder. Dynamic full adder have some advantages 

over the static mode such as faster switching speeds, no static 

power consumption, non-ratioed logic, full swing voltage 

levels and lesser number of transistors. An N input logic 

function requires N+2 transistors in dynamic full adders 

versus 2N transistors in the static CMOS logic. The 

advantage in area is obtained since the PMOS network of a 
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dynamic CMOS gate consists of only one transistor. This also 

results in a reduction in the capacitive load at the output node, 

which is the basis for the delay advantage. There are various 

issues related to the full adder like power consumption, 

performance, area, noise immunity, regularity and good 

driving ability. Many researchers have combined these two 

structures and have proposed hybrid dynamic-static full 

adders [17]. The low power pass-transistor logic with its 

design analysis procedures were reported in [9]-[14]. 

S.Gotam and I.Ahmedl 2011 [7] explained the XOR and 

XNOR gate for implementing one bit full adder. The 5 

transistors XOR/XNOR circuit is used to construct the 9 

transistor full adder. Analysis shows that 9 transistor full 

adder is most energy efficient and gave better performance at 

low voltage than other. The power dissipation is decrease due 

to less number of transistors.. M. Hosseinzadeh, S.J Jassbi, 

2007[6] emphasized that the circuit performance can be 

improved through transistor count minimization. XOR gates 

play an important role in digital systems including arithmetic 

circuits, encryption circuits, comparator, parity checker and 

so on. Enhancing the performance of the XOR gates can 

significantly improve the performance of these circuits. Many 

design architectures and techniques have been developed to 

design XOR gates with reduction in power consumption. The 

survey reveals a wide spectrum of XOR gates that have been 

realized over the years. The dominant concern to design XOR 

gate is to acquire correct output voltage swing with least 

number of transistors and additionally, implementation with 

low power consumption and delay in the critical path. A.M. 

Shams and T.K Darwish,2002[11] further studied various 

forms of XOR gate designs given by Bui, Wang and Jiang 

offering a further optimization of performance [12]. A 

striking progress came up with three transistor XOR gate 

design by Roy Chowdhury  combining CMOS logic with pass 

transistor logic [15] to make XOR gate. The XOR gate 

depicts the concept of combining a CMOS inverter and a pass 

transistor. The design suffers from two drawbacks. Firstly, 

voltage degradation due to threshold drop and secondly, 

current feedback due to transistor with aspect ratio 2/1 when 

the inputs are A=1 and B=0. This can be overcome by 

decreasing the W/L ratio of that transistor but it greatly 

affects the current carrying capability, thereby, reducing the 

steady state power dissipation. A different version of latest 

three transistors XOR gate was given by Tripti Sharma, 

K.G.Sharma, B.P.Singh and Neha Arora [13]. The simulation 

result comparison showed it to be best among three transistor 

XOR gates and has minimum power, delay and PDP as 

compared to other 3T XOR gates in literature. 

III. FULL ADDER DESIGNS 

Circuit design shows vital part in the design of digital circuits 

like adder. Circuit analysis supports the designer to verify the 

functions and performances of the adders. The architecture of 

the adder has to be determined first. Then the number of the 

pipeline stages can be decided by the speed of the adder. In 

this section the Conventional Full Adder, Full Adder with 

adiabatic logic and proposed full adder design has been 

simulated using 130nm CMOS technology. 

A. Conventional Full Adder 

Conventional CMOS circuits made of a pull up network 

(PUN) and a pull down network (PDN). The PUN block 

contains of PMOS transistors, which pull up the output node 

(out) to VDD and the PDN block entail of NMOS transistors, 

which pull down the out node to ground. At any instant of 

time either the pull up or pull down block is on; so that the 

out node remains either at VDD or ground. The size of PMOS 

devices is larger than NMOS devices, because the mobility of 

PMOS is lower than the mobility of NMOS. The circuit of 

full adder below represents ‘a’ and ‘b’ as the adder inputs, ‘c’ 

is the carry input, Sum is the sum output, and Carry is the 

carry output. The 1-bit conventional CMOS full adder cell is 

shown in Fig.1and 28 transistors are used to implement this 

circuit. 

 
Fig. 1: Conventional Full Adder 

B. Proposed Full Adder 

The proposed full adder circuit is represented by three blocks 

as shown in Fig.2. Module 1 and module 2 are the XNOR 

modules that generate the sum signal (SUM) and module 3 

generates the output carry signal (Cout). 

 
Fig. 2: Schematic Structure of proposed full adder 

1) XNOR gate 

Optimized design of these gates enhances the performance of 

VLSI systems as these gates are utilized as sub blocks in 

larger circuits. XNOR/XOR design with less number of 

transistors, lesser power dissipation and delay are highly 

desirable for efficient implementation of the large VLSI 

system. 

For the XNOR function, the output signal in the case 

of ab = 00, 01, 11 will be complete. While a = 1 and b = 0, 

NMOS will be on and pass the poor ―HIGH signal level to 

the output end. The input combinations, they give bad output 

logic levels but we manipulate the (W/L) ratios of PMOS and 

NMOS transistors to solve this problem until an acceptable 

logic level is restored. XOR operation can be obtained with 

addition of additional inverter. Signals levels are also restored 

to Vdd in the proposed design by addition of inverter with 
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little increase in power consumption.  Figure3 shows the 

XNOR circuit design. 

 
Fig. 3: Circuit of XNOR Gate 

2) XOR Gate 

XOR gate is a logic gate formally named as exclusive OR. 

The idea of XOR gate is to operate as a switch for on and off 

purposes and are highly useful for circuits which compare 

values for equality, compute checksums or do some 

arithmetic computations. The figure 4 shows the circuit 

design of XOR gate. The XOR gate is made up by adding the 

inverter circuit in the XNOR gate. 

 
Fig. 4: XOR Gate Circuit 

3) Proposed Adder 

 
Fig. 5: Proposed 8 Transistor Full Adder 

A basic full adder can be implemented with XNOR-XOR 

gate, AND gates and OR gate. The logic for sum can be 

realized using XNOR gate whereas the logic for carry can be 

realized using XOR, AND and OR gates. It demonstrate that 

the complete full adder logic is based on its sum and carry 

outputs. Decreasing the transistor counts in sum and carry 

logic may reduce the dimension of the full adder and power 

dissipation. For that purpose a 2 transistor XNOR gate has 

been proposed which uses only PMOS and NMOS via pass 

transistor logic. These transistors perform the required logic 

similar to two input XNOR gate. This type of full adder 

(modified) is using only 8 transistors. Figure5 shows the 

circuit diagram of the proposed full adder. The sum output of 

the full adder is realized by XNOR modules. The carry output 

of full adder is implemented by XOR and OR gates. The sum 

and carry logic is implemented using following “1”and “2”. 

Sum = a  b   c                                   (1) 

Carry = (a  b)c + ab         (2) 

IV. SIMULATION RESULTS AND COMPARISONS 

The simulation waveform of conventional full adder and 

proposed 8 transistor full adder is shown in Fig. 6 and Fig. 7 

respectively. 

 
Fig. 6: Transient response of conventional CMOS full adder 

 
Fig. 7: Transient response of proposed 8 transistor full adder 
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Table 1: Comparison and Performance Analysis of 

Conventional CMOS Full Adder and Proposed Adder 

It is concluded from the comparison table I that the 

proposed full adder has the least of value of transistor as 

compare to other full adder. Power consumption, Power delay 

and Power delay product are also reduced. The proposed full 

adder design is most efficient in terms of power behavior. 

Gates 
No. of 

Transistors 

Power 

Dissipation 

Conventional XOR 12 2.0014nw 

Proposed XOR 4 1.030nw 

Conventional XNOR 12 3.008nw 

Proposed XNOR 2 0.774nw 

Table 2: Comparison and Performance Analysis of 

Conventional Xor and Xnor Gate with Proposed Gate 

Circuit 
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The proposed design of XOR and XNOR gate are 

suitable for arithmetic circuits and other VLSI applications 

with very low power consumption. Comparison shown by the 

table 2, that proposed XOR and XNOR gate have less number 

of transistors than conventional ones. Proposed circuit for 

these gates consumes less power as compared to conventional 

gates, so the power consumption will be less. 

 
Fig. 8: Graph for showing the Power Dissipation 

Figure 8 shows the power dissipation graph for designs of full 

adder which are implemented in this paper. 

 
Fig. 9: Propagation Delay graphs of full adder 

The propagation delay of any circuit shows the way 

to describe how quickly it responses to input. Figure9 shows 

the delay between input to sum and carry output of full 

adders. 

 
Fig. 10: Propagation Delay Product graphs of designed 

adder 

The propagation delay time is related to the power 

consumption, because it is always used to measure the speed 

of the response from the changes of inputs to the outputs. PDP 

is the Fundamental parameter used for measuring the quality 

and performance of CMOS process and gate design. Figure 

10 shows the PDP of input to sum and carry output. 

 
Fig. 11: Power Comparison of XNOR-XOR Gate 

V. CONCLUSION 

In this paper full adder designs has been completed on Mentor 

Graphics Backend Tool with Pyxis schematic on LINUX 

operating system with supply voltage 1V.The conventional 

full adder compared with new 2T XNOR-XOR full adder. 

The proposed full adder consists of less number of transistors, 

because of less number of transistors results in less switching 

activity and area. The better performance of this full adder 

circuit is due to XNOR and XOR gate designing. Here the 

XOR and XNOR gates are implemented with fewer 

transistors as compared to conventional. According to the 

simulation results, the proposed circuit of these gates offers a 

better and more competitive than other design.  It has a good 

driving capability with good output signal in all input 

combinations and better performance especially in low 

supply voltage compared to the previous designs. Thus, the 

proposed circuit is suitable for low-voltage and low-power 

application. 
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