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Abstract. During the design of Application-Specific Integrated Circuits, a whole
adder logic circuit plays a significant role. The full adder is a fundamental part of
the majority of VLSI and DSP applications. Power consumption in full adders is
one of the key factors; hence it is necessary to build full adderswith low power con-
sumption. Full adders are developed in this work employing full swing AND, OR,
and XOR gates and compared with pass transistor logic (PTL) based AND, OR,
and XOR gates, and complementary metal oxide semiconductor logic (CMOS)
based AND gate, OR gate, and XOR gate. The Mentor Graphics Tool is used to
construct and simulate every planned circuit. After receiving simulation data, we
compared the power consumption, delay and PDP of several complete adder-based
logic designs. In the proposed full swing XOR, the power dissipation and delay
is decreased by 10.5% and 9.8% respectively and hence the full swing full adder
PDP is decreased by 0.6%. As compared to alternative full adder designs based
on logic, full swing by using gates like AND gate, by using the OR gate, and with
the help XOR gate, full adder design consumes less power and hence suitable for
low power applications.
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1 Introduction

The concept of smart cities has gained tremendous momentum in recent years as urban
areas around theworld strive to harness the power of technology to enhance the quality of
life for their residents. Smart cities leverage various Internet of Things (IoT) applications
and interconnected systems to efficiently manage resources, improve infrastructure, and
deliver better services. One crucial aspect that underpins the success of smart city ini-
tiatives is the implementation of low-power solutions [1]. Low power plays a pivotal
role in enabling the sustainable growth and long-term viability of smart cities, ensuring
that these technological advancements are energy-efficient, environmentally friendly,
and economically feasible.
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Adders are widely utilized as circuit components in Very Large Scale Integration
(VLSI) systems, including microprocessors and Digital Signal Processing (DSP) pro-
cessors. It serves as the hub for several other processes, including address computation,
multiplication, and division. Adders are crucial to the overall system performance in
most digital systems [2]. As a result, improving adder’s performance is a key objective.
The study into low power microelectronics has increased due to the tremendous rise in
portable systems like laptops. The cause of this is because battery technology develops
more slowly than microelectronics technology [3]. The mobile systems have a finite
quantity of electricity at their disposal. Low power design has thus grown to be a sig-
nificant design restriction [4]. The most computationally intensive applications, such as
multimedia processing and DSP, may now be realized in hardware to increase speed of
operation. However, as the market for portable electronics grows, so do the researchers’
motivations to pursue smaller silicon areas, faster processing, longer battery lives, and
improved dependability [5].

The complete adder design is crucial to digital computing. The complete adder design
requirements are often several in natures. One of the properties, transistor count, affects
the system complexity of arithmetic circuits like multipliers and Arithmetic Logic Units
(ALU), among others [6]. The other two key factors in the design of complete adders
would be power consumption and speed [7, 8]. Yet, their interactions with one another
are paradoxical. To achieve the best design tradeoffs, energy usage per operations and
power delayed products have been defined. The right choice of logic types can improve
the performance of digital circuits. Various logical approaches frequently emphasize
achieving one facet of performance at the price of another. While executing the identical
function, the logic styles differ in how they calculate intermediary nodes and transistor
counts [9].

Numerous comprehensive adders are designed so far, including those that use static
CMOS, with the help of dynamic circuits, and having the large number of transmission
gates, with the help of GDI logic, and having the pass transistor logic (PTL) [10, 11].
For the purpose of producing sum and carry outputs, the well-established static CMOS
which are adders alongwith help of complementary pull up PMOSand having the pulling
down NMOS networks that need 28 no. of transistors. PTL is a substitute for CMOS
that offers implementations of the majority of functionalities with fewer transistors. This
may lower total capacitances, increasing speed and reducing power dissipation in the
process. The output voltage, however, varies in the PTL-based design because of a certain
threshold voltage reduction occurs throughout the circuit input and the circuit output.
The Complementary Pass Logic (CPL) and along with the differential restoring circuit
that is Swing Restored PTL is a adaptations can be used to remedy this issue (SRPL).
However, these logics lead to higher shorts of current, a greater transistors count, and
more intricate wiring connections since they require complementary input signals [12].

Another strategy to reduce complexity in logic construction is to use transmission
gates. Reference [13] discusses the entire adder implementation that makes use of a
transmission gate. It takes 20 transistors; a transmission function adder, which only needs
16, is another option for additional transistor count reduction. Reference [14] discusses
this option. As an alternative to CMOS logic, GDI logic is offered. A logic function may
be implemented using this low-power design method with fewer transistors. A threshold
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value Vt separates the output the result that comesmaximum orminimum in the voltages
from the VDD that is the voltage which results the circuit to work or ground in GDI gates,
resulting in a smaller voltage swing at the outputs [15, 16]. It is advantageous for power
usage when the voltage swing is reduced. Nevertheless, if cascaded operation is used,
this could result in sluggish switching. The reduced output may possibly result in circuit
malfunction while operating at low VDD [17].

In order to attain full swing functioning, additional consideration must be required.
This work implements an effective technique for digital circuits, comprised of full swing
by using gates like AND gate, by using the OR gate, and with the help XOR gate, and
using the transistors like pass transistor logic, and by using the CMOS logic.

2 Ultra-Low Power Design Requirement

As smart cities evolve and integrate a multitude of IoT devices and systems, the demand
for energy increases exponentially. These devices, such as sensors, actuators, and com-
munication modules, form the backbone of a smart city infrastructure. They collect and
exchange vast amounts of data, enabling city authorities to monitor various aspects of
urban life, including traffic flow, waste management, energy consumption, and public
safety. However, this increased reliance on technology and connectivity poses significant
challenges, particularly in terms of power consumption.

1. Energy Efficiency: Smart cities need to optimize energy consumption to ensure sus-
tainable development. By implementing low-power devices and systems, cities can
minimize their overall energy footprint. Low-power solutions can significantly extend
battery life, reducing the frequency of battery replacements or recharging [18]. This,
in turn, reduces the operational costs associated with maintaining and powering the
vast network of IoT devices deployed throughout the city.

2. Scalability and Expansion: A crucial characteristic of smart cities is their ability to
scale and accommodate future growth. Low-power solutions enable the deployment of
a larger number of devices without overburdening the existing power infrastructure
[19]. By adopting energy-efficient technologies, smart cities can expand their IoT
networks without straining resources or compromising system performance.

3. Environmental Sustainability: The environmental impact of urbanization is a growing
concern worldwide. By incorporating low-power devices and systems, smart cities
can contribute to reducing greenhouse gas emissions and minimizing their ecologi-
cal footprint. Energy-efficient IoT solutions decrease the demand for non-renewable
energy sources, leading to a more sustainable and eco-friendly urban environment
[20].

4. Reliability and Resilience: In smart cities, maintaining the reliability and resilience
of IoT systems is crucial for uninterrupted service delivery. Low-power devices can
operate for extended periodswithout needing frequentmaintenance, ensuring the con-
tinuous functioning of critical applications. Additionally, energy-efficient technolo-
gies are less susceptible to power outages, allowing smart cities to remain operational
even during unforeseen events or emergencies [21, 22].
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In the pursuit of building efficient and sustainable smart cities, low-power solutions
have emerged as a vital enabler. By embracing energy-efficient technologies, smart cities
can minimize their energy consumption, optimize resource allocation, and reduce their
environmental impact [23]. Low-power devices and systems pave the way for scalable
and resilient IoT networks, ensuring the long-term viability and success of smart city
initiatives. As cities continue to evolve and adapt to the ever-changing technological
landscape, prioritizing low power will remain essential in creating truly intelligent,
energy-conscious, and livable urban environments [24].

3 Traditional Approach

3.1 XOR Gate using CMOS Logic

A two-input XOR gate is a fundamental digital logic gate that outputs true (1) when the
number of true inputs is odd. The operation of a two-input XOR gate using CMOS logic
involves the use of both NMOS and PMOS transistors. Dynamic power consumption
occurs during switching when the output transitions between logic 0 and logic 1. During
this period, both NMOS and PMOS transistors momentarily conduct, causing a short
power surge. This causes a brief surge in power consumption, which can be significant
in high-frequency operation or large-scale designs. The XOR gate’s delay is primarily
influenced by the cascaded structure of the inverters within the circuit. This can become
a limitation in high-performance applications where ultra-fast operation is essential.

The power-delay product (PDP) represents the trade-off between power consump-
tion and circuit speed. In high-performance systems, optimizing the PDP is crucial, and
CMOS XOR gates may not be the most efficient choice. CMOS XOR gates require a
relatively higher number of transistors compared to simpler gates like NAND and NOR
gates. Each XOR gate needs 14 transistors, which can lead to increased chip complex-
ity and area consumption [25]. In large-scale designs, the higher transistor count can
contribute to increased manufacturing costs and may limit the overall chip integration.
Due to the complex structure and cascaded nature of the XOR gate, its ability to drive
multiple loads can be limited.

The CMOS XOR gates have proven to be versatile and widely used in many digital
applications, they do have certain disadvantages, particularly concerning power con-
sumption during switching, delay compared to simpler gates, and the number of tran-
sistors required. In some cases, a different gate implementation might be more suitable
for achieving the desired balance between power efficiency, speed, and transistor count.
The CMOS XOR gate circuit diagram is as shown in Fig. 1.

3.2 XOR Gate Using PTL

PTL XOR gates typically require fewer transistors compared to CMOS XOR gates,
which can lead to a smaller silicon area and lower manufacturing costs. Due to the
reduced transistor count, PTL XOR gates generally consume less power than CMOS
XOR gates, making themmore energy-efficient. PTL XOR gates have simpler transistor
paths, leading to shorter signal propagation delays and faster switching times compared



Full Swing Logic Based Full Adder for Low Power Applications 23

Fig. 1. Circuit schematic of XOR using CMOS logic

to CMOSXOR gates [26]. PTL gates can performwell at lower supply voltages, making
them suitable for low-power and energy-constrained applications.

PTL XOR gates suffer from some signal degradation issues due to the presence of
parasitic capacitance and resistance in the pass transistors, which can affect the circuit’s
overall performance.Thenoisemargin (the tolerance for signal fluctuations) ofPTLXOR
gates is generally lower than that of CMOS XOR gates, making them more susceptible
to noise and manufacturing variations. PTL XOR gates have a limited ability to drive
multiple loads (fan-out), which can restrict their use in complex circuits with high fan-out
requirements. The circuit schematic of XOR using PTL is represented in Fig. 2.

3.3 XOR Gate Using Full Swing Logic

The power consumption of the FA cell can be decreased by designing the XOR gate
efficiently, as it is a major consumer of power. Additionally, there are various circuit
proposals available for implementing an efficient XOR gate in digital circuits design.
The full swing based XOR gate is shown in Fig. 3.

In Fig. 3, due to two NOT gates on the critical route, the double pass transistor XOR
gate circuit, which comprises eight transistors, consumes a lot of power. The power
dissipated in short-circuits and overall increases with the size of these transistors since
doing so results in an intermediate node with a high capacitance. There is a minor
increase in critical route latency under ideal PDP circumstances as well [27].
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Fig. 2. Circuit schematic of XOR using PTL

Fig. 3. Circuit schematic of XOR using FSL
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Figure 4 shows The PTL logic-based XOR gate circuit, which consists of six tran-
sistors, has a better latency and power consumption than an alternative circuit. However,
it employs NOT gates on the critical route, which might be problematic. Because an
NMOS transistor was used in the XOR circuit, has less latency Because PMOS transis-
tors are slower than NMOS transistors, not gates should be larger in order to maximize
XOR speed [28].

Fig. 4. Circuit schematic of XOR using full swing PTL

4 Proposed Methodology

The non-full-swing XOR circuit of Fig. 5 [29] is efficient in terms of the power and
delay. Furthermore, this structure has an output voltage drop problem for only one input
logical value.

To solve this problem and give the XOR gates an ideal shape; we propose the circuit
shown in Fig. 6. This arrangement creates a perfect swing for all possible input com-
binations. In the critical route of the circuit, the proposed XOR gate does not contain
a NOT gate. Compared to all other circuits, the delay is shorter and the drive strength
this better. The proposed XOR gate has one more transistor than the structure shown in
Fig. 4, but it operates faster and consumes less power.

The input capacitances in A and B of the XOR circuit depicted in Fig. 6 are not
balanced because one of them has to be connected to the input of the NOT gate and
the other to the diffuser of the NMOS transistor. As a result, input A, which is likewise
linked to the NOT gate, has to be connected to a transistor with a lower input capacitance.
Full-swing output, less wiring, good drivable capacitance and simple circuit structure of
the proposed XOR circuits are their advantages.
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Fig. 5. Circuit schematic of non-full swing XOR

Fig. 6. Circuit schematic of proposed XOR using FSL
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5 Design, Implementation and Simulation Results

The PTL XOR gate is designed using pass transistors as the main building blocks. It
consists of transmission gates or pass gates that pass or block signals based on the
control signals. The CMOS XOR gate is designed using Complementary Metal-Oxide-
Semiconductor (CMOS) technology. It employs a combination of NMOS and PMOS
transistors to create the XOR function. Full Swing Logic is a design style that enhances
noise immunity and signal integrity. The XOR gate designed using Full Swing Logic
combines the benefits of both PTL and CMOS techniques to achieve high performance.

Mentor Graphics provides a suite of electronic design automation tools. The design
of the XOR gates (PTL, CMOS, and Full Swing Logic) is implemented using the appro-
priate tool from theMentor Graphics suite. This involves drawing the circuit schematics,
setting up the transistor models, specifying the technology parameters, and defining the
logic function of the XOR gate.

After implementation, the XOR gates are simulated using the Mentor Graphics tool
to verify their functionality and performance. The outputs waveform of every circuitry
may be seen when all the circuitry have been constructed and modeled to use the mentor
graphical tool.

5.1 Implementation of XOR Gate Using CMOS Logic

For CMOS XOR gate, the simulation will demonstrate its higher noise immunity, better
signal integrity, and high fan-out capability. But it might exhibit increased power con-
sumption and longer switching delays. Figures 7 and 8 depict the simulated design and
waveforms of an XOR gate employing CMOS respectively.

Fig. 7. Schematic for simulating XOR with CMOS
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Fig. 8. Waveforms for simulating XOR gate with CMOS

5.2 Implementation of XOR Gate Using PTL

For Pass Transistor Logic (PTL) XOR gate, the simulation will validate its reduced
transistor count, low power consumption, and faster switching speed. However, it may
show limitations in noise margin and signal degradation. Figures 9 and 10 depict the
simulated design andwaveforms of anXORgate employing pass transistors respectively.

Fig. 9. Schematic for stimulating XOR gate with PTL
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Fig. 10. Waveforms for stimulating XOR gate with PTL

5.3 Implementation of Proposed XOR Gate Using FSL

For full swing logic XOR gate, the simulation results will aim to show the advan-
tages of combining PTL and CMOS techniques, such as improved noise immunity,
signal integrity, and moderate power consumption. Figures 11 and 12 demonstrate the
simulation design and waveforms for a XOR gate utilizing a full-swing XOR gate.

Fig. 11. Schematic for simulating proposed XOR with Full swing
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Fig. 12. Waveforms for simulating proposed XOR gate with Fullswing

The simulation results will include waveforms depicting the input and output behav-
ior of each XOR gate, and they will be analyzed to evaluate the design’s performance
and adherence to specifications. Any design improvements or optimizations can bemade
based on these simulation results before proceeding to the physical fabrication process.

5.4 Implementation of Full Adder Using Proposed XOR Gate

The CMOS Full Adder is designed using CMOS technology, utilizing a combination
of NMOS and PMOS transistors to perform addition. The PTL full adder is designed
using pass transistors, and it performs addition using XOR gates and other logic gates
implemented using pass transistors. The Proposed Full SwingXORgate is a novel design
that aims to combine the benefits of Pass Transistor Logic (PTL), CMOS Logic, and
Full Swing Logic to achieve improved performance, including high noise immunity, low
power consumption, and faster switching times.

The full adders (PTL full adder, CMOS full adder, and proposed full swingXORgate
full adder) are implemented using the Mentor Graphics tool suite. The tool is utilized to
draw the circuit schematics, set up the transistor models, define the logic functions, and
specify the technology parameters for each Full Adder design. Figure 13 depicts the full
adder simulator design.

Each full adder design is simulated using the Mentor Graphics tool to evaluate
its functionality and performance. The proposed full swing XOR gate used within the
full adder is compared to the other three designs (PTL, CMOS, and full swing logic) in
terms of noise immunity, power consumption, switching speed, signal integrity, and other
relevant parameters. Simulation waveforms show the input-output behavior of each Full
Adder, allowing for a detailed analysis of their respective performance. Figures 14, 15,
and 16 illustrate, respectively, the simulated waveforms for full adders utilizing CMOS
logic, pass transistor logic and proposed full swing circuitry.
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Fig. 13. Schematic of full adder using proposed full swing XOR gate

Fig. 14. Waveforms for simulating full adder with CMOS logic
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Fig. 15. Waveforms for simulating full adder with PTL.

Fig. 16. Waveforms for simulating full adder using proposed full swing XOR gate

6 Performance Evaluation

The Proposed Full Swing XOR gate combines various logic techniques to achieve better
noise immunity, making it more robust against signal disturbances and manufacturing
variations. The proposed Full Swing XOR gate strikes a balance between the low-power
advantages of PTL XOR gates and the power efficiency of CMOS XOR gates, offering
moderate power consumption. While Full Swing XOR gates may not be as fast as PTL
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gates, they generally provide faster switching times compared to CMOS XOR gates. In
regards to power consumption,delay and PDP, the following Table 1 compares several
XOR gate designs.

Table 1. Performance evaluation of XOR gates in various logics

XOR
Designs

No. of Transistors Power Dissipation (µW) Delay (pS) PDP
(aJ)

Ref [24] 14 2.48 26.1 64.7

Ref [11] 6 2.14 23.6 50.5

Ref [27] 4 2.46 21.5 52.9

Ref [12] 8 2.50 25.8 64.5

Ref [30] 8 2.48 24.3 60.2

Proposed 7 2.22 21.9 48.6

The simulation results are compared to identify the strengths and weaknesses of each
Full Adder design. The Proposed Full Swing XOR gate’s impact on the overall perfor-
mance of the Full Adder is evaluated, and it is compared against the traditional PTL,
CMOS, and Full Swing Logic implementations. The comparison aims to demonstrate
how the proposed Full Swing XOR gate enhances the Full Adder’s performance, poten-
tially providing advantages in various aspects over the other logic designs. Comparing
several full adder designs in regards to power dispersion, delay and PDP is shown in
Table 2 below.

Table 2. Performance evaluation of Full adder using XOR gates in various logics

XOR
Designs

Power Dissipation (µW) Delay (pS) PDP
(aJ)

CMOS [7] 3.61 212 765.3

DPL [16] 4.89 98.8 483.1

CMOS [11] 3.98 119.2 474.4

CPL [8] 6.88 63.7 438.3

HFA [12] 3.71 116.8 433.3

Proposed 3.92 109.9 430.8

Based on the simulation results and comparison, designers can make informed deci-
sions about which Full Adder implementation is most suitable for their specific applica-
tion. Any design improvements or optimizations can also be made based on the findings
before moving on to the physical fabrication process.
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7 Conclusion

In this work, the use of a full swing logic-based full adder that incorporates the pro-
posed full swing XOR gate offers significant advantages for low-power applications.
This design aims to strike a balance between power efficiency, speed, and performance,
making it well-suited for energy-constrained systems. The proposed full swing XOR
gate demonstrates notable improvements in power consumption compared to conven-
tional adders. It showcases competitive switching speeds in comparison to PTL and
CMOS-based full adders. Its design principles emphasize fast signal propagation and
reduced signal degradation, contributing to improved delay performance. It also excels
in achieving a favorable Power-Delay Product. It balances power consumption and delay
characteristics, offering an optimal compromise between energy efficiency and speed for
low-power applications. These adders can be used for efficient and high-performance
arithmetic circuits suitable for battery-powered devices, IoT applications, and other
low-power electronic systems.

References

1. Pareek, P., Maurya, N.K., Singh, L., Gupta, N., Reis, M.J.C.S.: Study of smart city com-
patible monolithic quantum well photodetector. In: Gupta, N., Pareek, P., Reis, M. (eds.)
Cognitive Computing and Cyber Physical Systems. IC4S 2022. Lecture Notes of the Institute
for Computer Sciences, Social Informatics and Telecommunications Engineering, vol. 472,
pp. 215–224. Springer, Cham (2022). https://doi.org/10.1007/978-3-031-28975-0_18

2. Purohit, S., Margala, M.: Investigating the impact of logic and circuit implementation on full
adder performance. IEEE Trans. Very Large Scale Integr. (VLSI) Syst. 20(7), 1327–1331
(2012)

3. Singh, R., Akashe, S.: Modeling and analysis of low power 10 T full adder with reduced
ground bounce noise. J. Circ. Syst. Comput. 23(14), 1–14 (2014)

4. Satyanarayana, B.V.V., Durga Prakash, M.: Device and circuit level design, characterization
and implementation of low power 7T SRAM cell using heterojunction tunneling transistors
with oxide overlap. Microprocess. Microsyst. 77 (2020)

5. Ykuntam, Y.D., Penumutchi, B., Gubbala, S.: Design of speed and area efficient non linear
carry select adder (NLCSLA) architecture usingXOR less addermodule. In: Chakravarthy,V.,
Bhateja,V., Flores Fuentes,W.,Anguera, J.,Vasavi,K.P. (eds.)Advances in Signal Processing,
Embedded Systems and IoT . Lecture Notes in Electrical Engineering, vol. 992, pp. 81–91.
Springer, Singapore (2023). https://doi.org/10.1007/978-981-19-8865-3_7

6. Patel, R., Parashar, H., Wajid, M.: Faster arithmetic and logical unit CMOS design with
reduced number of transistors. In: ComputerNetworks and InformationTechnologies: Second
International Conference on Advances in Communication. Network, and Computing, CNC
2011, pp. 519–522. Springer, Berlin Heidelberg (2011)

7. Lee, P.M., Hsu, C.H., Hung, Y.H.: Novel 10-T full adders realized by GDI structure. In: 2007
International Symposium on Integrated Circuits, pp. 115–118. IEEE (2007)

8. Chaddha, K.K., Chandel, R.: Design and analysis of a modified low power CMOS full adder
using gate-diffusion input technique. J. Low Power Electron. 6(4), 482–490 (2010)

9. Hassoune, I., Flandre, D., O’Connor, I., Legat, J.D.: ULPFA: a new efficient design of a
power-aware full adder. IEEE Trans. Circ. Syst. I 57(8), 2066–2074 (2008)

10. Murthy, G.R., Senthilpari, C., Velrajkumar, P.: A new 6-Tmultiplexer based full-adder for low
power and leakage current optimization. IEICE Electron. Express 9(17), 1434–1441 (2012)

https://doi.org/10.1007/978-3-031-28975-0_18
https://doi.org/10.1007/978-981-19-8865-3_7


Full Swing Logic Based Full Adder for Low Power Applications 35

11. Morgenshtein, A., Fish, A., Wagner, I.A.: Gate-diffusion input (GDI): a power-efficient
method for digital combinatorial circuits. IEEE Trans. Very Large Scale Integr. (VLSI) Syst.
10(5), 566–581 (2002)

12. Misra, A., Birla, S., Singh, N., Dargar, S.K.: High-performance 10-transistor adder cell for
low-power applications. IETE J. Res. 1–19 (2022)

13. Durga Prasad, D., Dileep M., Rama Krishna, C.H.: Design and implementation of full adder
using different XOR gates. Int. J. Innov. Technol. Explor. Eng. 9(4), 1422–1426 (2020)

14. Parvathi, M.: Machine learning based interconnect parasitic R, C, and power estimation
analysis for adder family circuits. In: 2022 Sixth International Conference on I-SMAC (IoT
in Social, Mobile, Analytics and Cloud, pp. 957–962. IEEE, Dharan, Nepal (2022)

15. Ramesh, A.P.: Implementation of low power high speed adder’s using GDI logic. Int. J. Innov.
Technol. Explor. Eng. 8(11), 1291–1298 (2019)

16. Ramesh, A.P.: Implementation of low power carry skip adder using reversible logic. Int. J.
Recent Technol. Eng. 8(3) (2019)

17. Shoba, M., Nakkeeran, R.: GDI based full adders for energy efficient arithmetic applications.
Eng. Sci. Technol. Int. J. 19(1), 485–496 (2016)

18. Satyanarayana, B.V.V., Durga Prakash M.: Lower subthreshold swing and improved miller
capacitance heterojunction tunneling transistor with overlapping gate. In: Materials Today
Proceedings. Vol. 45, pp.1997–2001, Springer (2021)

19. Godi, P.K., Krishna, B.T., Kotipalli, P.: Design optimisation of multiplier-free parallel
pipelined FFT on field programmable gate array. IET Circ. Dev. Syst. 14(7), 995–1000 (2020)

20. Meriga, C., Ponnuri, R.T., Satyanarayana, B.V.V., Gudivada, A.A.K., Panigrahy, A.K.,
Prakash, M.D.: A novel teeth junction less gate all around FET for improving electrical
characteristics. SILICON 14, 1979–1984 (2022)

21. Bhuvaneswary, N., Prabu, S., Karthikeyan, S., Kathirvel, R., Saraswathi, T.: Low power
reversible parallel and serial binary adder/subtractor. In: Balas, V.E., Solanki, V.K., Kumar,
R. (eds.) Further Advances in Internet of Things in Biomedical and Cyber Physical Systems.
Intelligent Systems Reference Library, vol. 193, pp. 151–159. Springer, Cham (2021). https://
doi.org/10.1007/978-3-030-57835-0_12

22. Satyanarayana,B.V.V., Prakash,MD.:Design analysis ofGOS-HEFETon lower subthreshold
swing SOI. Analog Integr. Circ. Sign. Process. 109, 683–694 (2021)

23. Ramesh,G.,Manikandan, P.,Naveen, P., Saravanan,M.,Kumar, S.A., Swedheetha,C.: Energy
efficient high performance adder/subtractor circuits. In: 2022 3rd International Conference
on Smart Electronics and Communication, pp. 333–338. IEEE, Trichy (2022)

24. Prakash, M.D., Krsihna, B.V., Satyanarayana, B.V.V., Vignesh, N.A., Panigrahy, A.K.,
Ahmadsaidulu, S.: A study of an ultrasensitive label free silicon nanowire FET biosensor
for cardiac troponin I detection. SILICON 14, 5683–5690 (2022)

25. Vesterbacka, M.: A 14-transistor CMOS full adder with full voltage-swing nodes. In: 1999
IEEEWorkshoponSignal ProcessingSystems. SiPS99.Design and Implementation, pp. 713–
722. IEEE (1999)

26. Yano, K., Yamanaka, T., Nishida, T., Saito, M., Shimohigashi, K., Shimizu, A.: A 3.8-ns
CMOS 16*16-b multiplier using complementary pass-transistor logic. IEEE J. Solid-State
Circ. 25(2), 388–395 (1990)

27. Aguirre-Hernandez, M., Linares-Aranda, M.: CMOS full-adders for energy-efficient arith-
metic applications. IEEE Trans. Very Large Scale Integr. (VLSI) Syst. 19(4), 718–721
(2011)

28. Chowdhury, S.R., Banerjee, A., Roy, A., Saha, H.: A high speed 8 transistor full adder design
using novel 3 transistor XOR gates. Int. J. Electron. Circ. Syst. 2(4), 217–223 (2008)

https://doi.org/10.1007/978-3-030-57835-0_12


36 D. Durga Prasad et al.

29. Wang, J.M., Fang, S.C., Feng, W.S.: New efficient designs for XOR and XNOR functions on
the transistor level. IEEE J. Solid-State Circ. 29(7), 780–786 (1994)

30. Naseri, H., Timarchi, S.: Low-power and fast full adder by exploring new XOR and XNOR
gates. IEEE Trans. Very Large Scale Integr. (VLSI) Syst. 26(8), 1481–1493 (2018)


