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ABSTRACT

The silicon nanowire gate-all-around (SiNW GAA) is one of the technologies with potential for improved short-channel behavior and gate
control over conductivity. This work investigates the impact of various geometrical sizes on the electrical properties of SINW GAA
tunneling field-effect transistor (TFET). The gate oxide thickness (Tox), channel radius, type of dielectric, gate metal work function, with
low or high drain voltage are varied to analyze the electrical characteristics of SINW GAA TFET. The electrical characteristics studied in
this work consist of subthreshold slope (SS), current ratio, and threshold voltage (Vth). The findings indicate that an oxide thickness of 3
nm, a channel radius ranging from 10 nm to 18 nm, and the use of SiOz as a dielectric material are optimal for achieving superior
characteristics in SINW GAA TFETs.. The gate metal TiN exhibits a work function that, in conjunction with a drain voltage of 0.5 V,
optimally enhances device performance. This study highlights the potential of GAA nanowire TFETSs to drive innovation in semiconductor
technology through superior electrical performance.

Keywords: SiINW GAA TFET; gate oxide thickness TOX; channel radius; dielectric material; gate metal work function; drain biased;
Subthreshold Slope (SS); Ion/Iorr current ratio; Threshold Voltage (Vir)

1. INTRODUCTION In recent decades, bottom-up semiconductor nanowires

and their derived field-effect transistors (FETs) have been
Metal-oxide-semiconductor field-effect transistor extensively explored as essential building blocks for the
(MOSFET) has been scaled to follow Moore’s predicted development of advanced devices and circuits. One of the
trends, which leads to extending complementary metal-  technologies is the smaller channel of a nanowire structure

oxide-semiconductor (CMOS) technology to increasingly = with a higher surface-to-volume ratio than planar devices
smaller technological nodes. However, due to basic physical made of bulk materials. Furthermore, the gate surrounding
and technical restrictions, CMOS scaling has deviated from or gate all around (GAA) structure, which was developed
Moore’s predicted trends and Dennard scaling’s principles with the nanowire FETs, provides good electrostatic gate
[1]. The quantity of transistors on a chip doubles according control over the nanowire channel. This GAA-based FET

to Moore’s Law [2]. The scaling faces several challenges, technology exhibits excellent resistance to SCE, high
including leakage current, static power dissipation, packing density, enhanced drain current drivability, and
performance limitations due to the subthreshold slope (SS), superior overall performance [8].

threshold voltage (Vth) issues, and other related short-

channel effects (SCE) [3], [4]. Silicon nanowire (SiNW) FETs were listed as one of the most

promising emerging logic devices and are ideal for ultra-
Heat dissipation, leakage current, and channel length low-power logic circuit integration. However, the
modulation have all become significant concerns, which will configuration has limited reliability, and detailed research
eventually slow down CMOS scaling as the technology  needs to be conducted to assess the reliability and
approaches the atomic dimension [5], [6]. Hence, new performance concerns of these Si-based MOSFETs [9]. In
semiconductor technologies are urgently needed to address ~ addition to their limitations in fabrication and scaling for
challenges such as cost, speed, reliability, and power threshold voltages, gate oxide thicknesses, and leakage
dissipation. A significant amount of effort has been invested currents, the occurrence of SCEs, such as subthreshold slope
based on nano-electronic-based devices and materials (SS) and gate current leakage in the transistor, complicates
research and development, involving the replacement of  the scaling process.
existing silicon-based technology, to support the
continuous CMOS scaling [7].
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On the other hand, further study is required to overcome
these problems, and the cylindrical GAA MOSFET is
considered a promising device for CMOS technology.
Studies in [10] indicate that the GAA FET exhibits superior
performance compared to other devices in terms of scaling
of SCEs such as SS, threshold voltages (Vth), and Ion/lorr
current ratio. Hence, the cylindrical GAA MOSFET becomes
one of the choices to enhance the performance of the
nanoscale CMOS development.

This work focuses on analyzing the SINW FET SCE’s device
performance based on different design parameters and
improving its reliability by optimizing these parameters.
The device used in this research study is a cylindrical SINW
GAA TFET, modeled in Silvaco TCAD. This paper also aims
to measure the effects of different dielectric materials,
various radius ranges, oxide thicknesses, gate metal work
functions, as well as different drain biases on the
performance of electrical characteristics.

2. METHODOLOGY
2.1. Simulation and Modelling of Si-NW GAA TFET

The Silvaco TCAD suite is employed to model and simulate
a silicon nanowire gate-all-around tunneling field-effect
transistor (SiNW GAA TFET). Device fabrication is emulated
using the Athena process simulator, while Atlas will extract
data to investigate the transistor’s electrical characteristics,
including DC, AC, and transient responses, in both 2D and
3D simulation environments. DeckBuild serves as the
primary simulation interface, and TonyPlot is utilized for
the visualization and analysis of the output data. The study
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focuses on an n-type TFET (nTFET), which operates under
positive gate and drain bias conditions. The device structure
employs cylindrical GAA geometry, implemented through a
tailored meshing scheme to ensure enhanced electrostatic
control and improved current modulation relative to planar
counterparts. This work employed advanced physical
models, including non-local band-to-band tunneling,
Shockley-Read-Hall (SRH) recombination, and Auger
recombination to accurately capture carrier transport and
generation-recombination mechanisms. Material
definitions and contact configurations are specified within
Atlas prior to simulation, and the resulting electrical
behavior is evaluated using TonyPlot. Critical geometrical
and material parameters—including oxide thickness (Tox),
channel radius, dielectric material, as well as gate metal
work function are systematically varied to assess their
impact on device performance.

2.2. Flowchart

To model the flowchart in Figure 1, the material parameters
of the SINW must be obtained and added to Silvaco’s
material library. Immediately after adding the material, the
software is ready for use in creating the transistor design,
then analysing the characteristics of the SINW transistor.
The modelling device used for simulation is SINW GAA
TFET. The designed TFET was studied with various design
sizes of channel range radius (R), gate oxide thickness (Tox),
dielectric materials, gate metal work function, and drain
voltage. These variations were used to evaluate the
transistor’s electrical performance and analyze parameter
variation effects, which consist of SS, Vtu, and current ratio.
All these design parameters are inputs to the build deck of
the Silvaco ATLAS tools.



International Journal of Nanoelectronics and Materials (IJNeaM)
Volume 18, (Special Issue) December 2025 [237-248]

| Atlas3D |

I

‘ Define device structure |

Construct the device structure based
on design parameters under study

| .

. }

Dielectric

Oxide
material

thickness

Gate metal

Radius .
work function

v

l Modelling and sunulation process ‘

Data extraction

r

:

Vih

On/Off current

Data validation

Meet
Requirement?

| Subthreshold slope ‘

Yes

Figure 1. The flowchart of Si-NW GAA TFET modelling using Silvaco TCAD.

2.3. Transistor Parameter and Design Details

The cylindrical GAA MOSFET schematic used for modeling
and simulation is shown in Figure 2, with the cross-
sectional area of the device highlighted in Figure 3, where
the structure was created using Atlas Tools in Silvaco TCAD
simulation. This simulation demonstrates the capability of
TCAD for SINW GAA TFET. The TFET operates as a gated p-

i-n diode. The source and drain regions are heavily doped.
The gate regulates band-to-band tunnelling between the i-
channel region and the p+ or n+ region by bending the
energy bands within the i-channel region. [1] as in Figure 4.
This analysis aims to investigate the electrical performance
of SINW-GAA-TFET at room temperature with applied drain
voltages of 1.5 V [11].

Figure 2. The schematic diagram of the cylindrical SiNW GAA demonstrating the source, drain, gate, and channel [2].
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Figure 3. The simulated structure of the SINW GAA TFET.
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Figure 4. Energy band diagram and structure for TFET (a) Zener tunneling p* n* channel (b) Gate fully depletes the channel, creating a
normally off device. (c) The channel turns on with a positive gate voltage [12].

In this work, the design parameters, including channel
radius, dielectric material, thickness of oxide, gate metal
work function, and drain bias, were varied to characterize
and evaluate the device’s performance comprehensively.
Specifically, the design parameters are varied based on the
details stated in Table 1. Table 2 presents the fixed
parameter values when the respective design parameters

are varied accordingly. The source and drain of the device
are uniformly doped with a concentration of ND = 1 x 1019
cm3, featuring a channel length of 25 nm, a constant oxide
thickness of 2 nm, and a radius of 5 nm. Moreover, HfO2 has
been used as a gate oxide dielectric, and the metal gate work
function simulated for the device is @v=4 eV.

Table 1 Design Parameters of SINW GAA TFET Model

Parameters Values Reference
Channel Radius (R) 5nm,10 nm, and 18 nm [13]
Dielectric Material SiO2, HfO2, Al302 [14], [15], [16]
Oxide Thickness (Tox) 2 nm,3 nm, and 4 nm [31113]
Gate Metal Work Function (¢m) TaN, TiN, and Au [17], [18]
Drain Voltage (Vp) 0.5V,15V,and 2.5V [11][19], [20]
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Table 2 Constant Parameters Of SINW GAA TFET Simulation

Parameters

Values

Channel Radius (R)

5nm

Dielectric Material

HfO>

Oxide Thickness (Tox)

2nm

Channel Length (Lg)

25 nm

Source/Drain Doping

1x1019cm-3

Gate Metal Work Function

4

Drain and Source Length

80 nm

Gate Voltage (Vq)

OtolV

Drain Voltage (Vp)

1.5V

Nanowire Material

Silicon

2.4. Extraction of Electrical Characteristics
2.4.1. Subthreshold Slope (SS)

Subthreshold Slope (SS) quantifies the responsiveness of
the drain current to the gate voltage inside the subthreshold
zone. The ideal value is 70 mV/dec at room temperature, as
stated in [21], which is typically obtained in long-channel
devices. The SS reciprocal value, called subthreshold swing,
is defined as:

Ss-th=In (10)%+(1+C%). 1)

2.4.2. Ion/Iorr Current Ratio

The measurement of the current ratio would be made at the
Ip-Vi curve line. The Ion would be the current achieved at a
logical “high” gate voltage or saturated current mode. The
same applies to lorr, where it represents the drain current
with alogical low gate voltage or at 0 V. Both of these curves
were measured at a constant drain-source voltage.

2.4.3. Threshold Voltage, Vru

The threshold voltage is a critical electrical property of
MOSFETs. It signifies the activation threshold and
delineates the subthreshold region from the strong
inversion region. Additionally, the threshold voltage is also
used to monitor the charge of oxides. Threshold voltage is
defined as the gate voltage derived from the linear section
of the Ids-Vgs curve, extending from the maximum slope to
the point of zero drain current [22]. The drain current of an
ideal MOSFET in the linear area is stated by the following:

_ pCoxw vds

Ip L (Vgs -Vr- T) Vds, (2)
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where p denotes the carrier mobility, Cox represents the
oxide capacitance, W signifies the channel width, L indicates
the channel length, Vs refers to the gate-to-source voltage,
Vbs pertains to the drain-to-source voltage, and Vrtu is the
threshold voltage.

3. RESULT AND DISCUSSION

The influence of key design parameters—such as oxide
thickness, Tox, nanowire radius, and gate dielectric material
on the electrical characteristics of SINW GAA TFETs is
analyzed in this part. The evaluation focuses on critical
electrical characteristics such as Vry, SS, and the current
ratio.

3.1. Effects of Different Oxide Thickness

The thickness of the oxide correlates with the oxide
capacitance, as delineated in Equation 3:

Cox = €ox / Tox, (3)

Cox represents the oxide capacitance per unit area, gox
denotes the permittivity of the gate dielectric, and Tox
indicates the oxide thickness. Figure 5 illustrates the
performance of SS due to the variation of oxide thicknesses.
The radius is maintained at 5 nm, with HfOz as the dielectric
material [13][15][23]. Figure 5 illustrates that at a reduced
oxide thickness of Tox = 2 nm, the TFET displays maximum
subthreshold swing characteristics and also achieves an
enhanced subthreshold swing value of 78.3 mV/V at Tox =
4 nm. Improving the SS while increasing the gate oxide
thickness has also been proven in [13].
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Figure 5. Subthreshold slope with different oxide thicknesses: 2 nm, 3 nm, and 4 nm.

Figure 6 shows the current ratio and Vru values for different
oxide thicknesses. The current ratio, lon/Iorr, where Ion is
extracted at Vgs = Vdd, and the leakage current, lorr, is
observed at Vgs = 0 V [19]. The minimum lon/Iorr ratio, with
Vb =1V, was determined to be 0.01x103 at a minimum Tox

of 2 nm, subsequently enhanced to 0.10x103 at Tox of 4 nm.
Figure 6 illustrates that a gate oxide thickness of 2 nm
produces the lowest threshold voltage, whereas an increase
in gate oxide thickness elevates the threshold voltage, hence
enhancing device performance.
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Figure 6. Current ratio and threshold voltage with varying oxide thickness.

3.2. Effects of Different Radius

This section discusses the impact of channel radius on the
performance of electrical properties.. The values of radius
(R) varied at 5 nm, 10 nm, and 18 nm, while the constant
parameters, Tox and dielectric, were measured at 5nm and
HfO2, respectively [12][14][22].
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Figure 7 illustrates the performance of the SS as a function
of the changing channel radius (R). It demonstrates the
degradation of SS and high leakage current, which occurred
at R =5 nm, with a slope 0f 93.2 mV/dec. In comparison, the
SS demonstrated significant improvement at R = 10 nm and
R = 18 nm, with slopes of 76.9 mV/dec and 75.9 mV/dec,
respectively. These values indicate that the SS approaches
its ideal value of 70 mV//dec, as also demonstrated in [12].
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Figure 7. Subthreshold slope with different radius, 5 nm, 10 nm, 18 nm.

Figure 8 illustrates the electrical characteristics of the
ION/IOFF ratio and threshold voltage as a function of the
varying channel radius.. These two electrical characteristics
are proportionally increased with increasing channel
radius. It stated that a channel radius higher than 10 nm
would improve the Ion/Iorr ratio, where at R = 10 nm, the
current ratio value is 0.04*103. At R = 18 nm, the output
current ratio reached its optimal value of 0.15*103.

However, at the lowest channel radius of 5 nm, the Ion/Iorr
ratio decreases to 0.01x103. Additionally, the impact of
increasing the channel radius is illustrated, revealing a
decrease in the threshold voltage, which fell to -0.32 V at R
=5 nm. The value is slightly improved at R = 10 nm, where
the voltage is -0.29 V. The highest channel radius, which is
18 nm, rapidly increases the value at a threshold voltage of
-0.11 V.
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Figure 8. Current ratio and threshold voltage with different radius, 5 nm, 10 nm, 18 nm.

3.3. Effects of Different Types of Dielectric

The electrical characteristics, including the variation of SS,
Ion/lorr ratio, and threshold voltage, are illustrated in
Figures 9 and 10. As for the simulation of the different types
of dielectric, the various dielectric materials are SiOz, Al203,
and HfO2. Figure 9 demonstrates the enhancement of the SS
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value with the use of superior gate dielectrics in SINW GAA
TFET. The plot demonstrates that SiO2 and Al203 have lower
SS compared to HfO:, implying that HfOz has inferior SS
characteristics compared to these two dielectrics. With a
SiO2 SS value of 57.3 mV/dec, it almost achieves the ideal
value of 70 mV/dec.
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Figure 10 illustrates the current ratio for different types of
dielectric materials. The plot illustrates that the current
ratio enhances with the relative dielectric constant of the
gate oxide in SINW GAA TFET, suggesting that Si02
outperforms Al203 and HfO2 as a dielectric material.. This
is due to SiO2 exhibiting significantly lower Iorr current
compared to Al203 and HfO, despite having a slightly lower

Ion current than both dielectrics. Conversely, regarding the
threshold voltage, it further indicates that SiOz outperforms
Al203 and HfOq, consistent with the findings in [23], as HfO2
exhibits better characteristic performance. Higher k-values
are typically associated with a greater density of interfacial
trap charges, which can contribute to performance
reduction in high-k dielectric devices [24].
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Figure 10. Current ratio and threshold voltage with different dielectric materials, SiO2, A10203, and HfO2.

3.4. Effects of Different Gate Metal Work Functions

This section simulates the SINW GAA TFET using three
distinct gate metal work functions: 4 eV for TaN, 4.4 eV for
TiN, and 4.8 eV for Au. Figures 11 and 12 exhibit the
electrical properties of various gate metal work functions.
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Figure 11 demonstrates that an increase in the work
function of the gate metal correlates with an enhancement
in the value of the subthreshold swing (SS). It demonstrates
that 4.4 eV TiN and 4.8 eV Au obtain slightly better than the
ideal value of 70 mV /dec.
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Figure 11. Subthreshold slope with different gate metal work function.

Figure 12 illustrates the variations in current ratio and
threshold voltage according to various gate metal work
functions. From the results, it is concluded that the 4.8 eV
Au has the least current ratio, while the 4.4 eV TiN has the
best performance in terms of current ratio, being slightly
better than the 4.4 eV TaN. As the metal gate's work function
grows, the threshold voltage values correspondingly rise.
The findings of the three performance characteristics
indicate that the work function of 4.4 eV TiN is the most

optimal and stable gate metal, as demonstrated in [25]. The
optimal work function is 4.5 eV, as it has the ideal SS, and
acceptable values of current ratio and threshold voltage.
Additionally, TiN is an ideal metal gate material for
advanced MOSFETSs due to its wide work function tunability
(4.52-4.03 eV), along with excellent thermal and chemical
stability, rendering it perfectly suited for low-power, low-
voltage functionality [26].
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Figure 12. Current ratio and threshold voltage with gate metal work function.

3.5. Effects Of Different Drain Voltages

The effect of different drain voltages has been simulated for
the studied device, with drain voltage variations of 0.5V, 1.5
V, and 2.5 V. Figure 13 depicts the performance of the SS in
relation to variations in drain voltage. It demonstrates that
the degradation of SS occurs at 0.5 V and 1.5 V, where the
two-drain voltage values are almost the same in terms of
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their SS. In contrast, the increasing drain voltage at 2.5 V
results in improved performance of the SS, where it nearly
reaches the 50 mV/dec, resulting in a low leakage current.
However, it decreases in performance, as illustrated in
Figure 14, where studies in [20] demonstrate that
increasing the supply voltage would lead the device to suffer
from high SCEs.
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Figure 14 presents the subsequent results, demonstrating
the variation of lon/lorr and threshold voltage across three
different values of drain voltage, where the characteristics’
performance indicates a similar response. As the drain
voltage rises, both the current ratio and threshold voltage
drop. Therefore, the results show that the device performs
best when the drain voltage is set to 0.5 V because it can
stabilise the SCEs, as described in [19].

4. CONCLUSION

Various simulation results for the SINW GAA TFET structure
are presented in this research paper. The study indicates
that variations in oxide thickness, channel radius, dielectric
material, gate metal work function, and drain voltage
significantly influence the performance of the device. These
factors affect key parameters, including subthreshold slope
(SS), the ION/IOFF current ratio, and threshold voltage. The
findings indicate that the optimal oxide thickness, which
exhibits superior parameter characteristics, is 4 nm. This
thickness results in an acceptable value for subthreshold
swing (SS), the ION/IOFF current ratio, and threshold
voltage. The optimal channel radius for achieving
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satisfactory performance characteristics is between 10 nm
and 18 nm. Additionally, the change in dielectric material
from SiO2 to Alz0s and HfO: demonstrates that the SiO:
dielectric yields the best characteristics for this device
modelling. Notably, 4.4 eV which is the work function of TiN
is the most suitable gate metal with its stability in
characterization of the simulation, while the effective value
of drain voltage for the SINW GAA TFET is at 0.5 V. These
findings provide a foundation for future experimental
validation through fabrication and characterization of SINW
GAA TFET prototypes, which would help verify the
simulation outcomes and assess their applicability under
real-world conditions.

ACKNOWLEDGMENTS

This study received funding from the Fundamental
Research Grant Scheme (FRGS:
FRGS/1/2024/TK07/UITM/02/18) provided by the
Ministry of Higher Education (MOHE). We would like to
acknowledge the Faculty of Electrical Engineering at
Universiti Teknologi MARA for their help and supportin this
study.



REFERENCES

[1]

[10]

[11]

H. C. Chang, M. K. Arshad, M. F. M. Fathil, M. M. N.
Nuzaihan, S. C. B. Gopinath, and R. M. Ayub, “Design
and Simulation of Cylindrical Stacked Silicon
Nanowire (SiNW) Field-Effect Transistors,” 2023
IEEE International Conference on Sensors and
Nanotechnology (SENNANO), pp. 220-223, 2023, doi:
10.1109/SENNAN057767.2023.10352557.

J. M. Shalf and R. Leland, “Computing beyond moore’s
law,” Computer (Long Beach Calif), vol. 48, no. 12, pp.
14-23, 2015, doi: 10.1109/MC.2015.374.

M. P. Sundari and G. L. Priya, “Nano-biosensors with
subthreshold swing tunnel field effect transistor: A
cutting-edge review,” Jun. 01, 2024, Elsevier B.V,, doi:
10.1016/j.sbsr.2024.100665.

S. B. N. S. Pradeep Kumar Kumawat, “Tunnel field
effect transistor device structures: A comprehensive
review,” Mater Today Proc, pp. 292-6, 2023.

T. Hwang et al., “Reduction of trap density in high-k
dielectrics through optimized ALD process and high-
pressure deuterium annealing,” Mater Sci Semicond
Process, vol. 191, Jun. 2025, doi:
10.1016/j.mssp.2025.109380.

F. N. Abdul-Kadir, Y. Hashim, M. N. Shakib, and F. H.
Taha, “Electrical characterization of si nanowire GAA-
TFET based on dimensions downscaling,”
International Journal of Electrical and Computer
Engineering, vol. 11, no. 1, pp. 780-787, 2021, doi:
10.11591/ijece.v11il.pp780-787.

A. Benfdila, M. Djouder, and A. Lakhlef, “Towards
Nanosheet Field Effect Transistors,” Proceedings of

the 2024 IEEE 14th International Conference
“Nanomaterials: Applications and Properties,” NAP
2024, pp. 1-5, 2024, doi:

10.1109/NAP62956.2024.10739750.

Pritha Banerjee and Jayoti Das, “Interface trap charge
modeling of surrounding gate-engineered tubular
channel junctionless MOSFET exploring temperature
induced variations,” Microelectronics Reliability, vol.
165, p. 115583, 2025.

Rajakumar P S and Satheesh Kumar S, “Analysis of
single event transient impact in Si/Si-Ge Gate-All-
Around nanowire FET using TCAD,” Results in
Engineering, vol. 25, p. 103930, 2025.

A. Ravindran, A. George, C. S. Praveen, and N.
Kuruvilla, “Gate All Around Nanowire TFET with High
ON/OFF Current Ratio,” Mater Today Proc, vol. 4, no.
9, pPp- 10637-10642, 2017, doi:
10.1016/j.matpr.2017.06.434.

Z. X. Chen et al,, “Demonstration of tunneling FETs
based on highly scalable vertical silicon nanowires,”
IEEE Electron Device Letters, vol. 30, no. 7, pp. 754-
756, 2009, doi: 10.1109/LED.2009.2021079.

A. C. Seabaugh and Q. Zhang, “Low-voltage tunnel
transistors for beyond CMOS logic,” Proceedings of
the IEEE, vol. 98, no. 12, pp. 2095-2110, 2010, doi:
10.1109/JPROC.2010.2070470.

247

International Journal of Nanoelectronics and Materials (IJNeaM)

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Volume 18, (Special Issue) December 2025 [237-248]

F. N. Abdul-Kadir, Y. Hashim, M. N. Shakib, and F. H.
Taha, “Electrical characterization of si nanowire GAA-
TFET based on dimensions downscaling,”
International Journal of Electrical and Computer
Engineering, vol. 11, no. 1, pp. 780-787, 2021, doi:
10.11591/ijece.v11il.pp780-787.

V. B. Sreenivasulu and V. Narendar, “Characterization
and optimization of junctionless gate-all-around
vertically stacked nanowire FETs for sub-5 nm
technology nodes,” Microelectronics |, vol. 116, no.
August, p. 105214, 2021, doi:
10.1016/j.mejo.2021.105214.

N. El, B. Hadri, and S. Patane, “Effects of High-k
Dielectric Materials on Electrical Characteristics of
DG n-FinFETSs,” Int ] Comput Appl, vol. 139, no. 10, pp.
28-32,2016, doi: 10.5120/ijca2016909385.

B. C. Mech and ]. Kumar, “Effect of high-k dielectric on
the performance of Si, InAs and CNT FET,” Micro
Nano Lett, vol. 12, no. 9, pp. 624-629, 2017, doi:
10.1049/mnl.2017.0088.

Y. Lee, H. Nam, ]. D. Park, and C. Shin, “Study of work-
function variation for high-k/metal-gate Ge-source
tunnel field-effect transistors,” IEEE Trans Electron
Devices, vol. 62, no. 7, pp. 2143-2147, 2015, doi:
10.1109/TED.2015.2436815.

H. Nam and C. Shin, “Study of high-k/metal-gate
work-function variation using rayleigh distribution,”
IEEE Electron Device Letters, vol. 34, no. 4, pp. 532-
534,2013, doi: 10.1109/LED.2013.2247376.

N. Chatterjee and S. Pandey, “Modelling and
simulation of Si and InAs gate all around (GAA)
nanowire transistors,” 12th IEEE International
Conference Electronics, Energy, Environment,
Communication, Computer, Control (E3-C3),
INDICON 2015, no. 2, pp. 1-4, 2016, doi:
10.1109/INDICON.2015.7443527.

M. Karthigai Pandian and N. B. Balamurugan,

“Analytical  threshold voltage modeling of
surrounding gate silicon nanowire transistors with
different  geometries,” Journal of Electrical

Engineering and Technology, vol. 9, no. 6, pp. 2079-
2088, 2014, doi: 10.5370/JEET.2014.9.6.2079.

R. Vishnoi and M. J. Kumar, “Compact analytical drain
current model of gate-all-around nanowire tunneling
FET,” IEEE Trans Electron Devices, vol. 61, no. 7, pp.
2599-2603, 2014, doi: 10.1109/TED.2014.2322762.
D. Boudinet, G. Le Blevennec, C. Serbutoviez, ]. M.
Verilhac, H. Yan, and G. Horowitz, “Contact resistance
and threshold voltage extraction in n-channel organic
thin film transistors on plastic substrates,” ] Appl
Phys, vol. 105, no. 8, 2009, doi: 10.1063/1.3110021.
H. Jung, “Analysis of threshold voltage and drain
induced barrier lowering in junctionless double gate
MOSFET using high-k gate Oxide,” International
Journal of Electrical and Electronic Engineering and
Telecommunications, vol. 9, no. 3, pp. 142-147, 2020,
doi: 10.18178/ijeetc.9.3.142-147.

S. K. Yau and Y. A. Wahab, “Process variations and
short channel effects analysis in gate-all-around
nanowire field-effect transistor using a statistical
Taguchi-Pareto ANOVA framework,” 2022.



Muhammad Adib Abd Halim, et al. / Electrical Performance Evaluation Based on Design Parameters of Silicon...

[25] T. Gaur, R. Sharma, and R. Chaujar, “Quantum ATK
analysis of silicon nanowire FET with a cylindrical
metallic wrap-around gate varied with dielectrics,” in
Materials Today: Proceedings, Elsevier Ltd, Jan. 2022,
pp. 3823-3826. doi: 10.1016/j.matpr.2022.04.487.

[26] D. Ranka, A. K. Rana, R. Kumar Yadav, Kamalesh
Yadav, and Devendra Giri, “Performance Evaluation
of FD-SOI MOSFETS for Different Metal Gate Work
Function,” International Journal of VLSI Design &
Communication Systems, vol. 2, no. 1, pp. 11-24,
2011, doi: 10.5121 /vlsic.2011.2102.

[27] C. Y. Wang et al, “Atomic layer annealing for
modulation of the work function of TiN metal gate for
n-type MOS devices,” Appl Surf Sci, vol. 585, May
2022, doi: 10.1016/j.apsusc.2022.152748.

248



