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Abstract: Exclusive-NOR (XNOR) gates are important in digital circuits. This paper proposes the novel design 

of 2T XNOR gate using pass transistor logic. The proposed circuit utilizes the least number of transistors and no 

complementary input signal is used.  The design has been compared with earlier designed XNOR gates and a 

significant improvement in silicon area and power-delay product has been obtained against 3T XNOR gate. In 

this paper we designed a new 6 transistor full adder using the proposed two-transistor XNOR gate. The 

performance has been investigated using 0.18μm Technology and evaluated by the comparison of the simulation 

result obtain from TSPICE. 

Keywords:  XNOR gate, Full adder, Power, Delay, Power Delay Product. 

 

I. INTRODUCTION 
Since the battery technology available does not advance at the same rate as the microelectronics 

technology, IC designers have encountered more constraints: high speed, small silicon area, and at the same 

time, low power dissipation. Hence, the research of establishing high performance adder cells is becomes 

feverish. The design of  1 bit full adders which forms the basic building blocks of all digital VLSI circuits has 

been undergoing to minimizing the transistor, minimizing the power consumption and increasing the speed [6-

12].  

Circuit realization for low area has become an important issue with the growth of integrated circuit 

towards very high integration density and high operating frequencies. Due to the important role played by 

XNOR gate in various circuits especially in arithmetic circuits, optimized design XNOR circuit to achieve small 

size and delay is needed. The primary concern to design XNOR gate is to obtain low power consumption and 

delay in the critical path and full output voltage swing with low number of transistors to implement it. A survey 
of literature reveals a wide spectrum of different types of XNOR gates that have been realized over the years. 

The early designs of XNOR gates were based on either 4 transistors [3] or 3 transistors [4] that are 

conventionally used in most designs. 

The paper is organized as follows: in Section II, previous work is reviewed. Subsequently, in section 

III, the proposed design of XNOR gate and full adder are presented. In section IV, the simulation results are 

given and discussed. The comparison and evaluation for proposed and existing designs are carried out. Finally a 

conclusion will be made in the last section. 

 

II.      PRELIMINARIES 

 

(A) Logic Equations for the Proposed XNOR gate 

The XNOR gate functions are shown in Table 1and denoted by this . The logic expression for XNOR is 

 

' 'A B A B AB        (1) 

 

Table I. XNOR Gate Function 
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(B) Logic Equations for the Proposed Full Adders 

The logical function of  the  1 bit full adder operation equations presented below can be stated as follows: 

given the inputs A, B and Cin which calculate two 1-bit outputs Sum, for sum and Cout, for carry out. 

 

SUM A B C                              (2) 

( ) ( )Cout A A B C A B            (3) 

  

Jyh-Ming Wang et al. [2] to design 4 transistor XNOR gate as shown in fig.1. This design no longer need 

complementary signal inputs and only one poor signal level on output end. Author define the defect property of 

a 4-transistor type is that the output level will be higher or lower than the normal case by the voltage |Vth|, the 
threshold voltage of MOS. Under the condition of |Vth| value, this poor level can still drive the inverter and 

make the inverter action correct. 

 

 
Figure.1-4T XNOR Gate [2] 

 

Hung Tien Bui et al. [3] to design 4 transistor XNOR gate as shown in fig. 2 that is named Groundless, because 

there is no ground and show the better performance previous design XNOR gate.  

 

 

 
 

Figure.2-4T XNOR Gate [3] 

 

J. Wang et al. [5] to design 4 transistors XNOR gate as shown in fig 3. It is inverter base XNOR gate. 

 

 
Fig.3 4T XNOR Gate [5] 

 

Sreehari Veeramachaneni et al. [4] to design XNOR gates using 3 transistors (3-T) shown in fig 4. 3 

transistors has a small delay of mere 1 transistor (1-T). However, for certain input combinations, they give bad 
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output logic levels. Author manipulates the (W/L) ratios of PMOS and NMOS transistors to solve this problem 

until an acceptable logic level is restored. 

 

 
 

Figure.4 3T XNOR Gate [4] 

 

III.    Proposed Circuits 

 

(A) 2T XNOR Gate 

On the 2-transistor design, the new proposed structures require non-complementary inputs and their output 

will be nearly perfect. The configurations are shown in Fig. 4. For the XNOR function, the output signal in the 

case of AB = 00,01, 11 will be complete. While AB = 10, NMOS will be on and pass the poor ―HI‖ 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. 

 

 

 
 

Figure.5-Proposed 2T XNOR Gate  

 

 

 (B ) The Proposed 6T Full Adders using 2T XNOR gate 

As shown in Fig. 6, the 6-T full adder contains three modules—two 2-T XNOR gates and a 2-transistor 

multiplexer (2-T MUX) as shown in Fig. 6. The Sum and Cout can be obtained using (2) and (3) respectively. 

Owing to the appealing traits of a small number of transistors and a mere 2-transistor (2-T) delay, it can work at 

high speed with low power dissipation. By using proposed 2T XNOR gates we became able to minimize the 

transistor count of the full adder and subsequent decrease in power and delay. 
The sum output is basically obtained by a cascaded XNOR of the three inputs in accordance with above 

mentioned equation (2). The carry output is obtained in accordance with above mentioned equation (3). The 

final sum of the products is obtained using a wired XNOR logic. The W/L ratios of transistors M1-M3 are 

70/.18 µm as the corresponding in figure 6. The W/L ratios of transistors M2 and M4 are same taken as 

2/.90µm. The W/L ratios of transistors M5 is taken  as 4/.18 µm and M6 is taken as 0.1/0.18 µm It is quite 

evident from figure 6 that two stage delays are required to obtain the sum output and at most two stage delays 

are required to obtain. The calculated power and delay is shown in Table II. We can observe from this table that 

how much delay and power has been reduced by using proposed 2T XNOR gate. The simulation waveform of 

proposed 6T full adder is shown in figure 8.  
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Figure 6. 6T full adder 

 

IV.    Simulation Environment 

 

The proposed 2T XNOR gates, three previous 4T, 3T XNOR gate, three input XNOR gate and 1-bit full adders 

are simulated using Tspice in Tanner Tools. All the results are obtained in 180nm CMOS process technology 

with a 5V supply voltage. In order to establish an impartial simulation circumstance, authors prefer the input 
patterns in Fig. 8 and 9, which covers every possible inputs combination of A, B and Cin. 

 

The delay has been measure between the time when the changing input reaches 50% of voltage level to the 

time it output reaches 50% of voltage level for both rising and fall transition for Sum and Cout. The power delay 

product (PDP) is measured as the product of the average delay and the average power. The output waveform of 

the proposed circuit is shown in fig 7 and 8. 

 

The comparison of the different XNOR gates and Full adders are shown in table.II according to their transistor 

count, Propagation delay, power dissipation and power delay product. 

  

Table.II: Comparison of existed XNOR gate with proposed one in terms of different. 
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Figure 7. Simulation waveform of 2T XNOR gate in 0.18μm 

Technology 

 

 
 

Figure 8. Simulation waveform of 6T Full adder in 0.18μm Technology 
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                                                                        V.      Conclusions 

 

In this paper, we proposed the new design 2T XNOR gate circuit is based on the Pass Transistor Logic. The 

performances of this circuit have been compared to earlier designed XNOR gate delay, power dissipation and 

Power Delay Product (PDP). The current work proposes the design of a 6T full adder using a novel 2T XNOR 

gate. The newly designed full adder processes the merits of small delay, small Power-Delay product, and area 

saving due to lower transistor counts and special structures. 
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