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Abstract- 

This project proposes new circuits for simultaneous XOR–XNOR and XOR/XNOR operations. The low 

output capacitance and low short-circuit power dissipation of the suggested circuits result in highly 

optimised power usage and delay. Additionally, we suggest six brand-new hybrid 1-bit full-adder (FA) 

circuits that are built on the innovative full-swing XOR–XNOR or XOR/XNOR gates. Regarding speed, 

power consumption, power delay product (PDP), driving capability, and other factors, each of the 

suggested circuits has advantages of its own. Comprehensive HSPICE and Cadence Virtuoso simulations 

are run to examine the performance of the suggested designs. The suggested solutions outperform previous 

FA designs in terms of speed and power, according to the simulation findings, which are based on Tanner's 

16-nm CMOS process technology model. A novel approach of transistor sizing is used in order to 

maximise the circuits' PDP. The suggested approach uses the particle swarm optimisation technique for 

numerical computing to reach the target value for the optimal PDP with fewer iterations. Variations in the 

supply and threshold voltages, output capacitance, input noise immunity, and transistor size are examined 

in the suggested designs.  
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I. INTRODUCTION 

In the modern world, electronic systems are essential to daily existence. Electronic systems 

include digital gadgets like signal processors, microprocessors, and communication devices. The use of 

circuits [1] is limited to low power and space consumption as the need for electronic systems rises. As a 

result, the demand for portable devices like laptops, tablets, and cell phones has grown significantly due 

to population and technological growth. To meet this demand, designers have created circuits that use less 

energy and space while increasing speed. Adder circuits, multiplier circuits, and divider schematics are 

examples of digital applications that are efficient in performing arithmetic operations. The chip density 

for circuit design is growing as technology advances. Consequently, a large number of transistors are 

doped into a single chip. 

 

II. EXISITNGMETHOD 

The Existing method XOR–XNOR circuit is saving almost 16.2%–85.8% in PDP, and it is 9%–83.2% 

faster than the other circuits. The circuits of Fig. 1(d) and (e) have the very high delay dueto its output 

feedback (which have the slow response problem). As can be seen in Table I, theefficiency of Fig. 1(e) is 

much worse and its delay is four times more than that of other circuits.Table I indicates that the structures 

have shown a better performance, which have the minimumNOT gates on the critical path and also have 

not feedback on the outputs to correct the outputvoltage level. To better evaluate the XOR–XNOR 

circuits, they are simulated at different powersupply voltages from 0.6 to 1.5 V and also at different 

output loads from FO1 to FO16. Theresults of these two simulations are shown in Fig. 5(b) and (c). As 

seen in Fig. 5(b) and (c), theproposed XOR–XNOR circuit has the best performance in both simulations 

when compared withotherstructures. 

The two input signal A, B are given to transistors. The signal B is given to P2 and signal A isgiven to 

P3.The signal B is given to N2 and P4 and the signal a is given to N2 and N3.The N3 isconnectedto 

P4.The signalBisgiventoN4and P6 andthe.SignalAisgiventoP5and P6 

The N4 is connected to N5.The signal B is given to N5 and the signal A is given to N6.Thetransistors P4 
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and N4 are shorted together and the out is Abar. The signal A is given to N9 and Ciis given to P9.The N2 

and N3 transistors are shorted together and output is given N7 andCi isgivento N7, Ci is givento P7.the 

N2 and N3 transistors are shorted together and output is givenN7 and N8. The P5 and P6 transistors are 

shorted together and output is given P7 and P8 Ci isgiven to N8, P8. The output to N2 and N3 is given to 

N9 and P9 and output of P5 and P6 is givento N10 and P10.The signal Ci and B is given to N10 and 

P10.The output of N7 and P7 and outputof N8 and P8 are shorted together and the output is sum. The 

output of N9,P9 and N10,P10 aresorted together and output is carry. The circuit is simulated in 65nm 

technology and result areobtained. 

 
Figure 1: SchematicOfHybrid FullAdder-20 Transistor 

 

The above figure shows the schematic of hybrid full adder -20 transistors which is 

combinationsofnumber ofPMOS and NMOSlogicisdesigned in65nmtechnology.Itisdesigned 

withtannerS-EDITTool. 

 

 
Figure 2: SimulationOfHybridFullAdder-20Transistor 

 

the above figure shows the PDP analysis of Hybrid Full Adder-20 Transistor. It analyzed byusing 

tannertool.The PDPis340.98.Forabove simulationhave done with0.8VDD. 

The signal A,B are given to P4,P3.The transistor P4 is connected P5.The signal Bisgiven toN3 

and P5.The signal A is given to N3 and N4.The signal A is given to P6 and P7 .ThesignalB is given P7 

and N5.The transistor N5 is connected N6.The signalB is connected N6and the signal A is connected to 

N7.The output of P5 and N5is Abar.The output of N3 and N4 isgiven N8 , P9,N10 and P11.The output of 

P6 and P7 is given to P10,N11,P8and N9.The signalAbarisgiventop8andn8.The signalCiis givenP9andN9. 

 

The signal Cibaris given N10 and P10.The signal Cibaris given N11 and P11.The output of N9,P9and 

N10,P10 are shorted together andis given to inverter which consist of P12 and N12 ,theoutput of inverter 

is sum. The output of N8,P8 and N11,P11 are shorted together and is given toinverter which consist of 

N13 and P13 ,the outputinverter is carry. The circuit is simulated in65nmtechnologyandresultareobtained. 
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Figure 3: SimulationofHybridFullAdder-17Transistor 

 

 

 

 

Theabovefigureshowstheschematicofhybridfulladder17Ttransistorswhichiscombinations of number 

of PMOS and NMOS logic is designed in 16 nm technology .It isdesignedwithtannerS-EDITTool. 

 
Figure 4: SimulationofHybrid Full Adder17 TTransistor 

 

The above figure shows the simulation results of Hybrid Full Adder17 T Transistor. It issimulated 

using CMOS Tanner-SPICE (Simulation Program with Integrated Circuit Emphasis)Tool.Waveforms are 

analyzedusingW-EDIT(waveformeditor). 

The above figure shows the PDP analysis of Hybrid Full Adder17 T Transistor. It analyzed byusing 

tannertool.ThePDPis291.1505.Forabove simulationhave donewith5 VDD. 

The signal A,B are given to P4,P3.The transistor P4 is connectedP5.The signal B isgiven toN3 

and P5.The signal A is given to N3 and N4.The signal A is given to P6 and P7 .ThesignalB is given P7 

and N5.The transistor N5 is connected N6.The signalB is connected N6and the signal A is connected to 

N7.The output of P5 and N5is Abar .The output of N3 and N4 isgiven N8 , P9,N10 and P11.The output of 

P6 and P7 is given to P10,N11,P8 and N9.The signalAbaris giventoinverterwhichconsistofP12andN12. 

 
Figure 5: SchematicOfHybridFull Adder-B-26Transistor 

 

The abovefigure shows the schematic of hybridfull adder-B-26 transistors which iscombinations of 

number of PMOS and NMOSlogic is designedin 65nm technology .Itisdesigned with tannerS-EDIT 

Tool.The above figure shows the simulation results ofHybridFull Adder-B-26Transistor.It is simulated 

using CMOS Tanner-SPICE (Simulation Program withIntegratedCircuitEmphasis)Tool. 

WaveformsareanalyzedusingW-EDIT(waveformeditor). 

The signal A,B are given to P4,P3.The transistor P4 isconnected P5.The signal B isgiven toN3 

and P5.The signal A is given to N3 and N4.The signal A is given to P6 and P7 .ThesignalB is given P7 

and N5.The transistor N5 is connected N6.The signalB is connected N6and the signal A is connected to 
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N7.The output of P5 and N5is Abar.The output of N3 and N4 isgiven N8 , P9,N10 and P11.The output of 

 P6 and P7 is given to P10,N11,P8 and N9.The signalAbaris 

giventoinverterwhichconsistofP12andN12. 
The signal A,B are given to P4,P3.The transistor P4 is connected P5.The signal B is given toN3and 

P5.The signal A is given to N3 and N4.The signal A is given to P6 and P7 .The signalB isgiven P7 and 

N5.The transistor N5 is connected N6.The signalB is connected N6 [2]and thesignal A is connected to 

N7.The output of P5 and N5is Abar.The output of N3 and N4 isgivenN8 , P9,N10 and P11.The output of 

P6 and P7 is given to P10,N11,P8and N9.The signal Abarisgiventop8andn8.ThesignalCiis givenP9andN9. 

The signal Cibaris given N10 and P10.The signal Cibaris given N11 and P11.The output of N9,P9and 

N10,P10 are shorted together andis given to inverter which consist of P12 and N12 ,theoutput of inverter 

is sum. The output of N8,P8 and N11,P11 are shorted together and is given toinverter 

whichconsistofN13andP13 ,theoutputinverter iscarry.Thecircuitissimulatedin 

 

 
 

Figure 6: SchematicofHybridFullAdder HFA-NB-26T. 

 

Theabovefigureshowstheschematicofhybridfulladder-B-26transistors[3]whichiscombinations of number 

of PMOS and NMOSlogic is designedin 65nm technology .ItisdesignedwithtannerS-EDITTool 

 
 

Figure 7: SimulationofHybrid FullAdder-B-26Transistor. 

 

The above figure shows the simulation results ofHybrid Full Adder-B-26Transistor.It issimulated 

using CMOS Tanner-SPICE (Simulation Program with Integrated Circuit Emphasis)Tool. Wave forms 

are analyzed using W-EDIT(wave form editor). The signal A,B are given toP4,P3.The transistor P4 is 

connected P5.The signal B is given toN3 and P5.The signal A isgiven to N3 and N4.The signal A is given 

to P6 and P7 .The signalB is given P7 and N5.Thetransistor N5 is connected N6.The signalB is connected 

N6 and the signal A is connected toN7.The output of P5 and N5is Abar.The output of N3 and N4 isgiven 

N8 , P9,N10 and P11.Theoutput of P6 and P7 is given to P10,N11,P8 and N9.The signal Abar is given to 

inverter whichconsistofP12andN12. 

ThesignalA,BaregiventoP4,P3.ThetransistorP4isconnectedP5.ThesignalBisgiventoN3 and P5.The 

signal A is given to N3 and N4.The signal A is given to P6 and P7 [4].ThesignalB is given P7 and N5.The 

transistor N5 is connected N6.The signalB is connected N6and the signal A is connected to N7. The 

output of P5 and N5 is Abar. The output of N3 and N4 
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isgivenN8,P9,N10andP11.TheoutputofP6andP7isgiventoP10,N11,P8andN9.ThesignalBisgiventoP8.The 

signalA isgiventoN8.ThesignalCibarisgivenP9 andN9.The 

Signal Ci is given N10 and P10.The signal Ci is given N11 and P11.The output of N9,P9 

andN10,P10areshortedtogetherandthe outputissum.TheoutputofN8,P8. 

 
 

Figure 8: SimulationofHybridFullAdder HFA- 22T 

 

The above figure shows the schematic of hybrid full adder -22 transistors which is combinationsof 

number of PMOS and NMOS logic is designed in 65nm technology .It is designed with tannerS-

EDITTool. 

 
 

Figure 9: SimulationofHybrid FullAdder-22Transistor 

 

The above figure shows the simulation results of Hybrid Full Adder-22 Transistor. It issimulated 

using CMOS Tanner-SPICE (Simulation Program with Integrated Circuit Emphasis)Tool.Waveforms are 

analyzedusingW-EDIT(waveformeditor). 

The input signal A is given to inverter which consists of P1 and N1 transistors. Carry signal Ci isgiven to 

inverter which consists of P2 and N2 transistor[5]. Thesignal A is given to P3,P2 andsignal B is given 

P2,N4.The output of P3,P2 are shorted together and is given to N4,the N4 isconnected to N3.The signal A 

is given to N3 and signal B is given to N2.The output of P3,P2 isgiventoinverterwhichconsistsofP4 and 

N5.Theoutputofinverterisgivento N6,N7,N8,P7. 

The signal Ci is given to N6,P5,N7,P6,N9,P7.The input of inverteris given P6 ,P5,N9andP8.Theoutput of 

transistors N6,P5 and N7,P6 are shorted together .The output is sum. The output of N8,N7 and N9, P8are 

shorted together and the output is carry. The circuit is simulated in 65nmtechnologyandresultareobtained. 

 
 

Figure 10: SimulationofHybridFull Adder HFA-19T 
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The above figure shows the schematic of hybrid full adder -19 transistors whichis 

combinations of number of PMOS and NMOS logic is designed in 65nm technology .It 

isdesignedwithtannerS-EDITTool. 

 
 

Figure 11: SimulationofHybridFullAdder-19Transistor 

 

The above figure shows the simulation results of Hybrid Full Adder-17 Transistor. It 

issimulatedusingCMOSTanner-

SPICE[6](SimulationProgramwithIntegratedCircuitEmphasis)Tool.Waveformsare analyzedusingW-

EDIT(waveformeditor). 

 

III. PROPOSEDMETHOD 

For computational arithmetic, a full adder is the primary logic units in VLSI applications. A newfull adder 

circuit design has been presented in this article which is based on input switchingactivity pattern and gate 

diffusion input (GDI) technique.[7] The adder has been designed in twostages. The first stage is an XOR–
XNOR module, whereas, the final stage is for the requiredoutputs. By using the switching activity pattern 

of inputs and GDI techniques at each stage, 

theswitchingactivitiesofthetransistorshavebeenminimized.Thisimprovesdelay,powerconsumption and 

computational complexity.The adder has been designed and evaluated byusing the synopsis tool and 

compared with different existing adder cells found in the literature. Itis found that the presented adder 

shows an improvement at least 72.86% and 66.67% in terms ofspeed and energy consumption, 

respectively. Extensive performance analyses of the full adderhave alsobeen evaluated at 16 nm 

technology node which shows promising performancesinboththe technologynodes.Summarily, 

themaincontributionsoftheproposedworkarelistedbelow: 

 

1. A 1-bit full adder circuit has been designed for VLSI applications based on switching activityand 

GDItechniquewhichiscompatiblebothwithCMOSand CNFETtechnology. 

2. The circuit has been designed in two stages. In the first stage, an XOR–XNOR [8]module hasbeen 

designed, whereas, in the second stage  

3. the sum and carry modules have been designed. Theoverallcircuitrequires only10transistors. 

4. By utilizing the switching activity pattern of the inputs and GDI techniques at each stage, theswitching 

activities of the transistor (transitions) have been minimized during data flow 

frominputstotheoutputswhichensuresless delayandlow powerconsumption. 

5. Moreover,as Cin 

isintroducedatthefinalstage,theinitialcircuitoperationbecomesindependentofCinthathelpsinfurtherreduction

indelay. 

6. The simulations and analysis have been carried out in 90 nm CMOS, 32 nm CMOS and 32 

nmtechnologynodes. 

7. A comparative analysis has been carried out comprehensively to establish the utility of 

theproposeddesign. 
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Figure 12: SimulationofHybrid FullAdder-10Transistor 

 
Figure 13: SimulationofHybrid FullAdder-10Transistor 

 

The above figure shows the simulation results of Hybrid Full Adder-17 Transistor. It 

issimulatedusingCMOSTannerSPICE(SimulationProgramwithIntegratedCircuitEmphasis)Tool.Wavefor

ms are analyzedusingW-EDIT(waveformeditor). 

 

 

IV. CONCLUSION 

We initially assessed XOR-XNOR schematics in this project.The simulation demonstrates that the 

circuit's NOT gates are a drawback, and positive feedback is another drawback. The latency, output 

capacitance, and power consumption all rise as a result of the feedback [9].Next, we suggest novel XOR-

XNOR designs that might not have the drawbacks mentioned above. For different algorithms, we created 

three new FA circuits employing the suggested XOR-XNOR gates. The results of simulating FA circuits 

under various settings demonstrate that the suggested designs function exceptionally well across the 

board.According to simulation studies, compared to previous FA[10] circuit designs, the suggested FA 

schematics save PDP by up to 23%. The suggested FA designs are the fastest and most powerful. 

 

A. FUTURE SCOPE 

In high-performance digital systems like microprocessors, digital signal processors (DSPs), and 

other applications, the requirement for low power design is increasingly becoming a significant problem. 

Very complicated chips with high clock frequencies are designed as a result of increasing chip density 

and operating speed. In high-end systems with high integration densities, low power design is also 

necessary to lower power consumption and increase operating speed. 
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