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Abstract

As silicon-based MOSFETs approach their scaling limits, they suffer from increased short-channel
effects (SCEs) and leakage currents; thereby limiting their usefulness for low power applications.
However, electrostatic control of GAAFETs has made them an excellent alternative for lower power
applications. This work integrated MuGFET tool with the PADRE simulator to model a GaAs-based
GAAFE for low-power applications. The electrical performance of Gallium Arsenide (GaAs)-based
NW-FETs under varying drain voltages (0.1-1.0 V), oxide thicknesses, and gate lengths was
investigated. The threshold voltage (Vth), subthreshold swing (SS), drain-induced barrier lowering
(DIBL), and ON/OFF current ratio (ION/IOFF) were extracted. The simulation results obtained
indicates subthreshold swing of ~85 mV/dec, which is close to 100 mV /dec regime and indicated
strong gate control, though slightly above the 60 mV/dec thermal limit. The DIBL lies between 22mV/V
and 50nV/V, demonstrating effective suppression of SCEs. Most notable, the device achieves a loy /1,5 ¢
ratio on the order of 107 which exceeds the 10* — 10° range typically targeted for high performance
digital logic which highlights the potential of GaAs GAAFETs for ultra-low-power and high-speed
application. The findings agree with recent reports which affirms the effectiveness of III-V
semiconductor materials in mitigating short channel effect. Overall, the findings demonstrate that
GaAs-based GAAFETs provide excellent suppression of SCEs and maintain favorable electrical
characteristics even at aggressively scaled dimensions.

Keywords: FET, MuGFET, SCEs, GAAFET and DIBL.

INTRODUCTION

As nanowire transistor devices advance, they require further miniaturization and
optimization — specifically in speed, static power consumption, and integration density within
integrated circuits (ICs) (Lu & Franklin, 2023). However, as dimensions shrink, Short Channel
Effects (SCEs)—including threshold voltage variation (Vth), subthreshold swing (SS)
degradation, drain-induced barrier lowering (DIBL), and leakage current beyond control —
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become more pronounced (Moon et al., 2019). To combat these issues, multigate FET
architectures such as double-gate FETs, FInFETs, negative capacitance FinFETs (NC-FinFETs),
and Gate-All-Around (GAA) FETs have emerged. The gate-all-around (GAA) geometry
represents the ultimate evolution of the MOSFET structure, where the gate completely
surrounds the channel, resulting in superior control of channel potential and suppression of
SCEs (Zhang et al.,, 2024). In particular, III-V semiconductor materials such as Gallium
Arsenide (GaAs) have gained attention for their higher electron mobility and lower effective
mass compared to silicon, which enhance drive current and switching performance (Rafin et
al., 2023). The GAA structure stands out as particularly effective, since the gate surrounds the
channel fully, offering superior control over current flow and reducing SCEs significantly
(Anupama et al., 2024). Besides structural design, the choice of channel material is crucial for
device performance (Saravanan & Parthasarathy, 2021). As scaling causes leakage to become
increasingly problematic, exploring alternative channel materials becomes imperative (Zhong
et al., 2022). Although silicon (Si) remains ubiquitous due to cost and accessibility, its
performance in high-frequency and power-sensitive contexts is limited (Rewatkar & Joshi,
2017).

Gallium Arsenide (GaAs) offers distinct advantages such as a wider bandgap, higher electron
mobility, favorable thermal stability, and broad operational capability. These properties make
it an excellent candidate for low-power, high-performance, high-frequency devices—
promising reduced leakage and improved driving currents (Agarwal et al., 2018; Xie et al.,
2023). Studies have shown the effectiveness of GaAs in GAA architectures. For instance,
analytical modeling of GaAs-based cylindrical GAA MOSFETs demonstrates accurate
surface-potential and threshold-voltage predictions (Ayres, 2021). Furthermore, sub-20 nm
GaAs cylindrical GAAFETs have been proven to enhance performance, suggesting GaAs is a
viable channel material for next-generation GAA devices (Karuppiah & Rajaraja, 2025). Recent
studies have demonstrated that GaAs-based nanowire transistors exhibit reduced leakage
current and higher ON/OFF current ratios, making them suitable for low-power and high-
speed electronic systems (Das & Bhattacharyya, 2024; Shehu et al., 2024). Nevertheless, most
previous research focused on Si-based devices or static bias conditions, leaving a research gap
in the systematic evaluation of GaAs NW-FETs under varying oxide-thickness and gate-
length conditions. This work addresses that gap by performing a comprehensive simulation
of GaAs NW-FETs using the MuGFET tool on nanoHUB.org, analyzing their electrical
behavior under multiple bias conditions relevant to advanced low-power applications.

MATERIALS AND METHODS

Simulation tools have played a critical role in advancing the understanding of nanoscale
transistor behavior and performance optimization (Raut ef al., 2025). The design and analysis
of advanced transistor architectures, such as FinFETs and GAAFETs, increasingly rely on
Technology Computer-Aided Design (TCAD) tools (Kini, 2024). TCAD tools enable virtual
understanding of semiconductor devices, allowing researchers to predict performance before
fabrication (Jungmann et al., 2023). This capability reduces development costs, accelerates
design cycles, and provides valuable insights into nanoscale device physics (Choi et al., 2020).
Several TCAD platforms are widely used in academic and industrial research, including
Silvaco TCAD (Ellakany et al.,, 2023), Sentaurus TCAD (Choi et al., 2020; U. K. Das &
Bhattacharyya, 2020), COMSOL Multiphysics (Yazeer et al., 2016), PADRE, FETTOY (Droudj
& Khemissi, 2023; Shehu, Ali, et al., 2023), Quantum ATK (Rewatkar & Joshi, 2017), and
MuGFET (Shehu et al., 2024). In this work MuGFET tool has been used to achieve the target
aim; the process is clearly illustrated in Figure 1.

I. M. Musa et al, DUJOPAS 11 (4b): 405-419, 2025 406



Simulation Study of GaAs-Based Nanowire Field Effect Transistor (NW-FET) For Low Power Applications

- Ddewice tpe
- - specification
IDevrice
e A

= (Geormoetry
Stracture - Dopping
- Channel
Bisngta * oa
property sularor
= Temporatunr
= e e = Gate. source. and drain bias
ent
= Padre or
=i At - Prophet
Sinmlatio | T oUR
Fe
= Extract

Figure 1: Simulation Workflow

Description of Simulation Software

MuGFET is a specialized online TCAD tool optimized for modeling multi-gate devices such
as FINFETs and GAAFET which is accessible at “nanohub.com”. It is particularly well-suited
for simulating nanoscale quantum effects and offers fast, accurate electrostatic and transport
analysis (Shehu et al., 2024). MuGFET can calculate I-V characteristics, model subthreshold
behavior, and allow parameter customization for FinFET and nanowire devices. The platform
provides an accurate quantum-corrected drift-diffusion framework, making it well-suited for
sub-10 nm technology nodes (Shehu et al., 2023).

Device Structure, Design Parameters, and Materials Properties

The device was simulated in MuGFET tool with GaAs as the channel material, surrounded by
a dielectric (SiO2) and a metal gate electrode, key structural parameters are carefully selected
from various literatures to have optimum performance, and are presented in Table 1, The gate
oxide thickness of Inm to 2 nm was chosen based on scaling requirements reported in (Kumar
et al., 2023), while the nanowire diameter of 20 nm ensures strong gate control reported
(Kumar et al., 2024).

Table. 1: Device parameters for GaAs-based GAAFET simulation.

Parameter Symbol Value Unit
Gate Length LG 40 Nm
Nanowire Diameter D 20 Nm
Source And Drain Extention L_S/D 20 Nm
Gate Oxide Thickness T_Ox 2 Nm
Gate Work Function o M 4.07 Ev
Source/Drain Doping N_Sd 1 x10% Cm?3
Channel Doping N_Ch 1 x 10 Cm?3
Electron Mobility Mn 8500 Cm?2/Vs
Bandgap Eg 1.424 Ev
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Figure 3: Interface view of MuGFET simulation environment (nanohub.org).

RESULTS AND DISCUSSION

I-V Characteristics of GaAs-based GAAFET

The I - V characteristics of the simulated GaAs-based GAAFET are presented in Figure. 4(a)
(linear scale) and Figure. 4(b) (log. scale). In the linear plot the drain current (Id) increases
steadily with the increase in applied gate voltage, this is clearly illustrating the device’s ability
to switch from the OFF to the ON state. The ON state current of V; increases as Vg4 increases.
The threshold voltage region is distinctly observed, indicating the gate bias at which strong
inversion occurs and conduction begins.

On the logarithmic scale, Figure. 4(b), both the ON and OFF states are more clearly
distinguishable. The OFF-state leakage current is well represented, while the steep slope in
the subthreshold region highlights the subthreshold swing (SS) characteristics of the device.
This plot also makes it possible to extract critical parameters such as the ON/OFF current
ratio and DIBL, which are essential in evaluating the suitability of the device (Reaz 2021). The
transfer characteristics were extracted at a fixed channel diameter of 20 nm, the oxide
thickness of 2nm, and the gate length was kept at 40 nm
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Figure 4. Ip - Vs characteristics of GaAs GAAFET (a) in linear, (b) in log

Current Ratio (:ﬂ) Behavior
OFF

Table 2 presents the variation of the ON-current (Ion), OFF-current (Io), and the resulting
current ratio of the simulated GaAs-based GAAFET as a function of the drain voltage (Va).
These results complement the transfer characteristics shown in Figure. 4(a) and Figure. 4(b),
where the ON- and OFF-state regions, threshold voltage region, and subthreshold slope are
clearly observed.

At lower drain voltages (0-0.2 V), Ilﬂ increases steadily, reaching its maximum value of
OFF

approximately 2.54x107 at V4 =0.3 V. This behavior, consistent with the steep current rise as
shown in Figure. 4(a), is attributed to the strong enhancement of the ON-state current with
only a marginal increase in leakage current. The logarithmic I-V plot in Figure. 4(b) further
confirms this, as the OFF-state leakage remains nearly constant in this bias range, reflecting
efficient gate control and superior channel modulation due to the gate-all-around geometry.

Beyond V4=0.5V, a slight decline in the ratio is observed, as indicated in Table 2. While Figure.
4a shows that the ON-current continues to rise with increasing drain bias, Figure. 4b
highlights that the OFF-current begins to increase at a comparatively faster rate. This leakage

growth reduces the overall Ilﬂ ratio, illustrating the inherent trade-off between achieving
OFF

higher drive current and maintaining leakage suppression at elevated drain voltages (Saha et
al., 2020).

Nevertheless, even at Vq = 1.0V, the current ratio remains as high as 2.11x107, which is
significantly above the minimum requirement (>105) for advanced low-power transistors. The
consistently high ratio across the entire bias range demonstrates the potential of GaAs-based
GAAFETs for low-power electronic applications. Superior electrostatic control ensures
suppression of short-channel effects and reduced static power dissipation, while the large
ON-state drive current enables fast switching speed. These findings validate GaAs as a
promising channel material for next-generation nanoscale transistors.

Table 2: Variation of Iyy, Iorr, and Current Ratio of GaAs-Based GAAFET with Drain Voltage

Vad (v) On-current (A/um) Off-current (A/um) Current ratio
0 1.49*10-5 1.30*10-10 1.1%105
0.1 2.3*103 3.52*10-10 6.5106
0.2 0.00308 4.45*10-10 6.9*106
0.3 0.00331 5.53*10-10 6.0¥106
04 0.00341 6.76*10-10 5.0¥106
0.5 0.00348 8.14*10-10 4.3*106
0.6 0.00353 9.70*10-10 3.6%106
0.7 0.00357 1.14*10° 3.1*106
0.8 0.00361 1.33*10° 2.7*106
0.9 0.00364 1.55*10-° 2.4%106
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Threshold Voltage (V) Behavior

Figure 5 presents the variation of the threshold voltage (Vi) as a function of the drain voltage
(Va). From the figure, it can be clearly observed that as the drain voltage increases gradually
from 0.11 V up to 1.0 V, the threshold voltage consistently decreases from approximately 0.397
V down to 0.364 V. This continuous reduction in threshold voltage with increasing drain
voltage is an important indication of short-channel effects, particularly the phenomenon
known as drain-induced barrier lowering (DIBL). In this effect, the electric field originating
from the drain terminal begins to influence the potential distribution within the channel
region(Green and Zheng, 2022). Instead of the channel barrier being fully controlled by the
gate terminal, the high drain bias penetrates into the source-channel junction and effectively
lowers the energy barrier for carrier injection. Consequently, the channel can be inverted at a
lower gate voltage, which manifests as a reduction in the measured threshold voltage.

The observed decrease in Vi is relatively smooth and amounts to a shift of about 32 mV across
the range of drain voltages considered. Although this reduction may appear small, it is
significant in the context of device scaling and reliability, since even tens of millivolts in
threshold shift can strongly affect leakage currents, switching characteristics, and the power
consumption of nanoscale transistors. The behavior implies that at higher drain voltages, the
device becomes easier to turn on, as less gate bias is required to induce conduction. However,
this advantage is accompanied by a drawback: weaker gate control over the channel
electrostatics. As a result, the device may suffer from increased subthreshold leakage currents,
degraded subthreshold slope, and reduced threshold voltage stability. These are critical
considerations for both analog and digital device applications, where maintaining a stable and
well-defined threshold voltage is essential for predictable operation(Hasan et al., 2023).
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Figure 4: Threshold voltage behavior of GaAs-based GAAFET from MuGFET

Drain Induced Barrier lowering (DIBL) and Subthreshold Swing (SS)

Figure. 5 presents the variation of subthreshold slope (SS) and drain-induced barrier lowering
(DIBL) with respect to drain voltage (Va4). The results reveal two distinct but related trends
that provide important insights into the device’s electrostatic integrity and short-channel
performance. For the subthreshold slope (SS), the data shows a decreasing trend as the drain
voltage increases from 0 V to approximately 0.11 V, where the SS drops from about 89.36
mV/dec to 81.11 mV/dec. Beyond this point, the SS gradually increases with further increase
in drain voltage, reaching approximately 84.99 mV/dec at 1.0 V. The initial decrease suggests
that the application of a small drain bias helps reduce the influence of interface traps and
enhances carrier transport efficiency, thereby improving the subthreshold characteristics.
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However, at higher drain a voltage, the SS increases again, which indicates deterioration in
switching sharpness. This can be attributed to drain-field penetration and enhanced short-
channel effects, which compromise the gate’s electrostatic control. Importantly, the SS values
obtained remain close to the ideal limit of 60 mV/dec at room temperature, suggesting that
the device still retains relatively good subthreshold performance, though not ideal.

In contrast, the DIBL values display a clear monotonic decrease with increasing drain voltage.
At V4 = 0.22V the DIBL is about 51.12 mV/V, but this decreases steadily to approximately
22.84 mV/V at V4=1.0V. The reduction in DIBL with increasing Vq4indicates that the threshold
voltage shift caused by drain bias becomes less significant at higher voltages. This behavior
can be explained by the fact that at lower drain voltages, the barrier-lowering effect is more
sensitive to changes in drain bias, while at higher voltages, the channel potential is already
strongly influenced by the drain, resulting in a saturation-like effect where further increases
in V4 cause proportionally smaller changes in Vi, (Shehu et al., 2023).

When considered together, the SS and DIBL trends provide complementary insights into the
short-channel behavior of the device. The relatively stable SS values close to 80-85 mV/dec
suggest that the device retains reasonable switching performance, though the slight increase
with Vg highlights the impact of short-channel degradation. On the other hand, the declining
DIBL trend suggests that while drain-induced barrier lowering is present, its effect becomes
less dominant at higher drain biases. This dual behavior underscores the balance between gate
control and drain influence in nanoscale devices.

From a design and application perspective, the trends in Figure.5 emphasize the importance
of mitigating short-channel effects to achieve both low SS and minimal DIBL. Techniques such
as high-k gate dielectrics, optimized channel doping, and advanced device geometries
(FInFET, GAAFET) are typically employed to suppress these effects and preserve device
reliability. For sensing applications, a moderate variation in SS and DIBL may actually
enhance sensitivity, since external perturbations (such as adsorbed gases or charges) can more
strongly modulate channel behavior. However, for digital circuits, the goal remains to
minimize both SS and DIBL to ensure sharp switching, reduced leakage, and stable operation.
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Figure 5: DIBL & SS behavior of GaAs-based GAAFET
Analysis of 14 and V;; for Different Oxide Thicknesses (To»)

Figure. 6 presents the simulated transfer characteristics (Is-Vg) of the MOSFET at different
drain voltages (Va) for gate oxide thicknesses of 2 nm and 1 nm. The curves reveal how oxide
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scaling strongly influences device electrostatics, subthreshold behavior, and drive current
capability.

For the 2 nm oxide, the 14~V curves display the expected exponential growth in the
subthreshold region, followed by increased current as Vgexceeds the threshold. At low drain
voltages, current remains low, but as Vqincreases to 1 V, the drive current rises substantially,
reaching the milliampere range at Vg =1 V. However, the transition from the off-state to the
on-state is relatively gradual, with a subthreshold swing of about 80-90 mV/dec, indicating
moderate gate control. The higher leakage current in this case reflects weaker suppression of
short-channel effects.

In contrast, the 1 nm oxide shows much sharper 14~V transitions. The leakage current in the
off-state is considerably lower, while the subthreshold slope is steeper, approaching the ideal
60 mV/dec limit. This improvement reflects the stronger gate-channel coupling provided by
the thinner oxide, which enhances electrostatic control over the channel and reduces short-
channel degradation. At higher V4 values, the drive current is not only sustained but also
slightly higher than the 2 nm case due to the increased gate capacitance (Cox « 1/T,), which
induces more carriers at the same gate bias.

Comparing both cases, it is clear that scaling the oxide from 2 nm to 1 nm improves
subthreshold performance, reduces leakage, and increases drive current. At moderate gate
voltages (Vg ~0.4-0.6 V), the thinner oxide already produces stronger inversion and higher Id,
which is beneficial for low-voltage operation. Thus, thinner oxides achieve a better balance of
low leakage and high on-current, making them more suitable for modern low-power and
high-performance applications.

Physically, these results arise because a thinner oxide increases gate capacitance, which
enhances the gate’s ability to control the channel potential and suppress DIBL. However, in
practical technologies, scaling below 1 nm raises reliability concerns such as direct tunneling
through SiO,, which motivates the use of high-k materials as replacements.
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Figure 6: 14-V4 plots at two different Tox for GaAs GAAFET
Analysis of Short-Channel Effects (SCEs): DIBL and SS
Short-channel effects (SCEs) are among the most critical challenges in nanoscale device

design, as they significantly impact the electrostatic integrity of the channel. In this study,
DIBL and SS are used as performance metrics to evaluate the influence of Tox and Lg on the
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electrostatic control of GaAs-based GAAFETs. The extracted results are presented graphically
in Figures 7(a) and 7(b).
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Figure 7: Effect of variation of Gate Voltage (a) DIBL, (b) subthreshold swing

Figures 7(a) and 7(b) illustrate the behavior of Drain-Induced Barrier Lowering (DIBL) and Subthreshold Swing
(SS) for GaAs GAAFETSs with different oxide thicknesses (Tox =1 nm and 2 nm) and a scaled channel length device
(Lg =20 nm, Tox = 1 nm). These two metrics are critical in evaluating device suitability for low-power applications,
as they reflect gate control efficiency and leakage suppression.

In Figure 7(a) (DIBL), it is evident that reducing oxide thickness improves device performance.
For Tox =2 nm, DIBL starts high (~51 mV /V at low V), reflecting weaker electrostatic control.
When Tox is reduced to 1 nm, DIBL drops significantly (~ 24 mV /V), indicating stronger gate-
to-channel coupling and suppression of drain field penetration. However, in the aggressively
scaled device (Lg = 20 nm, Tox = 1 nm), DIBL rises drastically, exceeding 300 mV/V. This
demonstrates that although oxide scaling helps mitigate short-channel effects, excessive gate
length reduction still leads to strong drain control over the channel barrier, compromising
threshold stability and leakage performance.

In Figure 7(b) (SS), a similar trend is observed. For Tox = 2 nm, SS remains relatively high (~
89 mV/dec), which is above the ideal 60 mV/dec limit and indicates suboptimal switching
efficiency. With Tox = 1 nm, SS improves to around 82 mV/dec, showing enhanced gate
modulation of the channel. However, in the short-channel device (Lg = 20 nm, Tox =1 nm), SS
increases significantly, reaching values above 150 mV/dec. This degradation results from
short-channel effects, where drain influence reduces the steepness of the subthreshold slope,
leading to increased off-state leakage and degraded switching. Overall, the results highlight
that oxide scaling (reducing T.x) enhances electrostatic control and improves both DIBL and
SS, making GaAs GAAFETs more suitable for low-power applications. However, excessive
gate length scaling (Lg = 20 nm) severely degrades both metrics, counteracting the benefits of
thin oxides. Therefore, an optimal balance between oxide thickness and channel length is
required to achieve low leakage, stable threshold voltage, and energy-efficient switching in
GaAs GAAFETs.

Effect of Gate Length (Lg) on the I-V Characteristics

Figures 8(a) (linear scale) and 8(b) (logarithmic scale) present the transfer characteristics (Is-
V) of GaAs GAAFETs with varying gate lengths (Lg =40 nm, 35 nm, 20 nm, and 10 nm). These
plots provide valuable insight into device switching performance, leakage behavior, and the
effect of gate length scaling on electrostatic control. From the linear plot (Figure 8(a)), it is
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evident that drain current (la) increases with increasing gate voltage (Vy), reflecting normal
transistor operation. For the longest channel device (Lg = 40 nm), the drain current remains
low at small gate voltages, gradually increasing as Vg rises. This behavior indicates strong gate
control, reduced leakage, and a well-preserved threshold voltage. As the gate length reduces
to 35 nm, a modest increase in drain current is observed, signifying the onset of short-channel
effects. At Ly = 20 nm, a much larger increase in drain current occurs even at moderate gate
voltages, showing weaker control of the channel barrier. The most drastic case is Lg = 10 nm,
where current values are significantly higher across all gate voltages. This sharp rise reflects
strong short-channel effects, leading to degraded gate modulation and higher off-state
leakage.

The logarithmic plot (Figure 8(b)) provides a clearer picture of subthreshold behavior. For Lg
=40 nm and 35 nm, the subthreshold slope is steeper, indicating efficient switching and lower
leakage currents. As the gate length shrinks to 20 nm, the subthreshold region becomes less
steep, reflecting degraded switching efficiency. At Ly = 10 nm, the subthreshold current is
very high, and the slope becomes shallow, confirming severe short-channel effects such as
Drain-Induced Barrier Lowering (DIBL) and threshold voltage roll-off. This results in poor
leakage control and higher standby power consumption, which are undesirable for low-
power applications (Li et. al., 2016).

Overall, these results emphasize the trade-off in gate length scaling. While reducing Lg
improves drive current and device performance at high V,, it also significantly increases
leakage and worsens subthreshold behavior. The 40 nm and 35 nm devices strike the best
balance, maintaining strong gate control and low leakage, whereas the 10 nm device suffers
from severe short-channel degradation. These findings suggest that careful optimization of
gate length is crucial for achieving energy-efficient GaAs GAAFETs in low-power
applications.
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Figure 8: [; - V, characteristics of GaAs GAAFET at different L (a) in linear, (b) in logarithmic

Comparative Discussion of Oxide Thickness and Channel Length Effects

The performance of GaAs GAAFETs is strongly influenced by both oxide thickness (Tox) and
channel length (Lg), as demonstrated in Figures 7(a)-(b) (DIBL and SS) and Figures 7(a)-(b)
(transfer characteristics in linear and logarithmic scales). These parameters play a critical role
in determining the balance between electrostatic control, leakage behavior, and drive current
capability in low-power applications (Iannaccone et. al., 2023).
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The analysis of DIBL (Figure 7(a)) and SS (Figure 7(b)) clearly shows that thinner oxides (Tox
=1 nm) provide better electrostatic control compared to thicker oxides (Tox =2 nm). A thinner
oxide enhances gate capacitance, which strengthens gate-channel coupling and suppresses
short-channel effects. As a result, both DIBL and SS values are significantly reduced for Tox =
1 nm, leading to sharper switching characteristics and lower leakage currents. Conversely,
when Tox increases to 2 nm, gate control weakens, resulting in higher DIBL and SS, which
directly translates into degraded subthreshold behavior and higher off-state leakage.
Therefore, oxide thickness scaling is crucial for achieving efficient switching and leakage
suppression in GaAs GAAFETs(Gupta and Kumar 2021).

The effect of channel length variation is captured in the I4-V; plots (Figures 3.6(a) and 3.6(b)).
Longer channels (Lg = 40 nm, 35 nm) exhibit better gate control, lower leakage, and steeper
subthreshold slopes, which are favorable for low-power operation. In contrast, reducing Lg to
20 nm and further to 10 nm results in significant current increase at lower Vg values, shallow
subthreshold slopes, and higher leakage currents. These behaviors are symptomatic of strong
short-channel effects such as threshold roll-off and drain-induced barrier lowering (Fatahilah,
et, al., 2019).

While shorter channels enhance drive current at high V,, they compromise leakage control
and subthreshold efficiency, making them less ideal for low-power applications. When
comparing oxide thickness and channel length effects, it is evident that both must be
optimized simultaneously to achieve the best trade-off between high performance and low
power consumption. A thinner oxide (Tox = 1 nm) significantly improves gate control
regardless of channel length, but its benefits are most effective at moderate gate lengths (Ly =
35-40 nm). At very short channels (Ly = 10 nm), even a thin oxide cannot fully suppress
leakage or short-channel effects. Thus, while oxide scaling enhances control, maintaining a
sufficiently long channel is equally necessary to preserve subthreshold performance, barrier
lowering in III-V nanowire (Benjelloun et, al., 2023).

CONCLUSION

This study demonstrated a systematic analysis of the impact of gate length scaling on short-
channel effects and leakage currents in GAAFET with GaAs as channel material using the
MuGFET tool. From the analysis, it is evident that device performance in GaAs GAAFETs is
highly sensitive to oxide thickness and channel length scaling. A thin oxide (around 1 nm)
enhances gate-channel coupling and reduces leakage, while excessive oxide thickness
weakens electrostatic control. Likewise, moderate channel lengths (=35-40 nm) achieve the
best compromise between leakage suppression and current drive, whereas aggressive scaling
down to 20 nm or below leads to significant threshold roll-off and degraded subthreshold
characteristics. Overall, the study concludes that GaAs GAAFETs designed with thin oxide
layers and moderate channel lengths provide an optimal balance of performance and energy
efficiency, making them strong candidates for future low-power applications.

RECOMMENDATIONS
Based on the findings, the following recommendations are made:

1. Design Optimization: Future GaAs GAAFETSs should employ oxide thicknesses close
to 1 nm and avoid excessive scaling of the channel below 20 nm to limit short-channel
effects.

2. Material Alternatives: Investigating high dielectric materials could further improve
gate capacitance and leakage control beyond conventional oxides.

3. Advanced Modeling: Quantum transport and atomistic-level simulations should be
explored to capture tunneling and variability effects at ultra-scaled dimensions.
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4. Experimental Validation: Fabrication and characterization of GaAs GAAFET
prototypes are recommended to verify simulation findings and assess process
reliability.

5. Practical Application: Optimized GaAs GAAFET structures may be applied in IoT
devices, portable electronics, and energy-efficient processors, where low power
consumption is a critical requirement.
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