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This study focuses on the effect of temperature on the sensitivity of Metal-Oxide Semiconductor (MOS)
transistors and FinFET devices using a Sio.75Geo.25 heterostructure, through the analysis of current-voltage
(I-V) characteristics under different thermal conditions. To investigate the mode coupling within MOS tran-
sistors by analyzing the performance of FInFET transistors under a range of different thermal conditions
and gate lengths (Ls = 10, 20, and 30 nanometers). The results showed that FinFET transistors achieve the
highest thermal sensitivity when the largest change in current (A) occurs within the voltage range of 0 to 1
volt (Vbp), reflecting high efficiency in responding to thermal changes. It was also found that reducing the
channel length leads to a significant increase in thermal sensitivity, especially in the length range of 10 to
20 nanometers. The optimal channel length was determined to be 10 nanometers to achieve superior thermal
performance, serving as a benchmark for designing FInFET transistors that require high thermal efficiency
and stability across various applications. The study included a wide range of temperatures, providing an

enhanced understanding of the design.
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1. INTRODUCTION

In semiconductor technology, the Fin Field-Effect Tran-
sistor, or FInFET, is a noteworthy breakthrough. It is one
of its design aspects that it has a presence of fins. A large
amount of interest has been created within the business
sector because of this finding, with sensors and switching
devices constituting only a small portion of the countless
possible uses [1-5]. However, FinFET technology continues
to confront considerable obstacles, notably in theoretical
modelling and manufacturing techniques, demanding in-
creased research and development to improve efficiency
and adaptability. One of the most common uses for this
technology is integrated temperature sensors, Nanowire
transistors are commonly used to reliably monitor temper-
ature by analyzing the current-voltage characteristics un-
der various thermal circumstances. Moreover, bipolar tran-
sistors can be adapted to function as diodes used for meas-
uring temperatures with extreme precision.

As conventional MOSFETSs contract closer to their
functional limitations, the advancement of field-effect
transistor (FET) technology has developed increasingly
significantly. Despite MOSFETS' significant impact on
the electronics industry, research into nanoscale FET de-
signs is essential to achieving new levels of efficiency and
performance. Such an inquiry is critical for moving re-
search forward, enhancing manufacturing methods, and
realizing the full promise of these cutting-edge technolo-

* Correspondence e-mail: yasir.hashim@ieee.org

2077-6772/2025/17(2)02011(7)

02011-1

PACS numbers: 62.23.Hj, 87.85.Dh

gies. FinFETs stand out among other FET designs be-
cause of their obvious benefits over conventional bulk sil-
icon devices in circuit applications [11]. At temperatures
ranging from 275 to 300 degrees Celsius, it has been
shown that the Silicon-On-Insulator (SOI) completely de-
pletes, while partly depleted SOI may function success-
fully up to 225 degrees Celsius. On the other hand, bulk
silicon devices can only operate at temperatures up to
200 °C. The heat resistance of FinFETs makes them an
excellent choice for applications that need great perfor-
mance. Moreover, it is essential to consider the reliability
of integrated circuits (ICs) when subjected to high heat
loads, especially in applications such as automotive sys-
tems located near engine blocks and oil drill bit sensors.
These specifications highlight how important it is to con-
tinue advancing FET technology to enhance the reliabil-
ity and performance of electronic devices in challenging
environments. FInFETs successfully address the con-
straints of conventional planar transistors, resulting
from progress in semiconductor technology [12].

FinFET technology reduces short-channel effects and
is a sophisticated method for creating nanoscale semicon-
ductor components. Nonetheless, it encounters obstacles,
especially self-heating, which can adversely affect device
efficiency. Manufacturers must meticulously assess the
effects of temperature variations on device reliability and
performance. The complex microstructure of integrated
circuits poses additional difficulties in the numerical
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simulation of FinFETs. Accurate electrothermal model-
ling is essential for producing intricate temperature pro-
files, regulating heat dissipation, and ensuring uniform
temperature distribution.

The progression of FinFET technology has resulted in
enhancements in semiconductor device efficacy. Prelimi-
nary assessments indicate minor discrepancies in ther-
mal performance, implying that these models can attain
significant precision in temperature predictions. The co-
fabrication of gate dielectrics in FInFET manufacturing
mitigates contamination and gate misalignment, thereby
enhancing device performance through the utilization of
conventional materials rather than standard CMOS
technology. Nonetheless, the manufacturing process pre-
sents challenges, including the etching procedure, which
may result in discrepancies in device dimensions relative
to traditional SOI devices. Comprehending these con-
straints is essential for advancing FinFET technology
and refining its utilization in contemporary electronics.

The article emphasizes FInFET technology as a cru-
cial element in the progression of semiconductor devices,
especially as they shrink to the nanoscale. The analysis
covers different device configurations, emphasizing their
advantages and drawbacks. Future electronics applica-
tions need an understanding of how various configura-
tions might impact device performance and scalability,
which is provided by the simulations used in the study.
Reducing the implementation and manufacturing costs
of FInFET devices is another goal of the paper, which
aims to increase their accessibility [14]. The investiga-
tion also examines the effects of channel parameters and
oxide thickness, width, and length on the electrical prop-
erties of FinFETs. This analysis may play a significant
role in optimizing their performance. FinFETs are multi-
gate transistor designs that increase channel control to
increase efficiency even in the absence of physical gates
[15, 16]. On the other hand, the study provides a compre-
hensive analysis of FInFET technology, focusing on its
configurations, concerns regarding cost, and electrical
characteristics. This technology has been instrumental
in the advancement of semiconductor design.

Table 1 — Advantages of FinFET

Parameters Details

Power — FinFETSs have high power efficiency,
which allows for better integration.
— In high-performance systems, early
adopters reported energy savings of up
to 150 %.

Operating |— FinFETs low threshold voltage (VT)

voltage allows them to operate well at lower

voltage levels.

— This reduces power loss and improves
thermal management, making them
ideal for portable and energy-intensive
applications.

Feature size |— FinFET technology enables breaching
the 20 nm barrier, which was previously
thought to be the limit for planar de-
vices.

— This discovery allows for increased de-
vice density and improved performance,
lhence advancing semiconductor scaling.
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Static leak-
age current

— Static leakage current is decreased by
up to 90 %, considerably increasing en-
ergy efficiency in idle periods. This is es-
pecially helpful for systems that run on
batteries, as leakage current is a big is-
sue.

— FinFET variants are usually 30 %
quicker than non-FinFET counterparts.
Faster signal processing is ensured by re-
duced short-channel effects and enhanced
electrostatic control over the channel.

Operating
speed

2. METHODOLOGY

The structure of the FInFET examined in this study
is shown in Figure 1. To assess the features of the Fin-
FET transistor, the MuGFET model was used. The out-
put characteristic curves of the transistor were exam-
ined through various configurations and conditions. The
impact of numerous parameters, including temperature
and gate length, on the behavior of the tiny transistor
were carefully investigated utilising simulation-derived
I-V physical attributes. This was done with Purdue Uni-
versity's MuGFET simulation program [17], it enables
exact modelling and analysis of field-effect transistors
with nanoscale geometries.

Gate
Length ¥

Gate

Fig. 1 — FinFET structure

PADRE and PROPHET, two powerful simulation
tools integrated into MuGFET capabilities, were devel-
oped by Bell Laboratories. PADRE is a versatile device
simulator designed for two- or three-dimensional de-
vices with adaptable geometries, while PROPHET is an
equation-based solver applicable to one, two, or three di-
mensions [17]. By producing typical FET output curves,
these software tools provide researchers with important
insights, particularly when the physics of FET operation
is well represented. Independent responses to drift-dif-
fusion models can be used to mimic transport dynamics
by utilizing MuGFET [18]. Purdue University, one of the
leading research universities in this field, developed and
authorized the MuGFET nanoHUB. MuGFET tool is re-
liant on simulating Nanoscale Multi-gate-FET architec-
tures (Nanowire and FinFET) utilizing drift-diffusion
methods. Due to the high cost of nanodevices and the
extensive body of research relying on simulation utiliz-
ing MuGFET, researchers used this technology to pre-
vent losses in nanodevices [19-20].

To recreate the Iy-V; properties of FinFETSs at different
temperatures, the following attributes were used in the
MuGFET simulation: channel concentration
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(p-type), channel width, drain length and source, drain con-
centration (n-type), and source. Oxide thickness and gate
length. An illustration of the FinFET environment could be
found in [21-22]. These parameters were carefully chosen
to ensure precise FInFET behavior modelling, allowing a
thorough examination of the device's electrical characteris-
tics under various thermal conditions.

14- Vg characteristics of FiInFET transistors were sim-
ulated at different temperatures (275, 300, 325, and
350 K) using specific parameters. These parameters in-
cluded source and drain lengths of 5 nm, an equal distri-
bution of N-type concentrations, an oxide layer thick-
ness of 1 nm, and a channel diameter of 3 nm with a gate
doping concentration of 1019 ¢cm ~ 3. The optimal thermal
sensitivity of the FInFET was determined in the operating
voltage range of 0-1 V by identifying the maximum current
change (Al). Moreover, increasing oxide thickness reduces
the drain-induced barrier lowering (DIBL) and results in a
proportional shift in the threshold voltage.

3. ARTICLE STRUCTURE AND THE CORRE-
SPONDING STYLES

Figs. 2-4 show the variation in current (I) because of
gate lengths (Lg) of 10, 20, and 30 nm, with voltage incre-
ments of 0.1 V. Within the Vpp range of 0 to 1 V, the re-
sults show a linear reduction in Vpp with increasing tem-
perature, with lower temperatures showing the most sen-
sitivity (max Al). For Ly values of 10 nm and 20 nm, re-
spectively, Figures 4 (a) and (b) show the ideal tempera-
ture sensitivity coefficients at Vop = 0.9 V, whereas
Figbre 4 (c) shows the lowest sensitivity at Lg = 30 nm for
Vbp =1 V. These findings highlight that, as shown in Fig-
ures 4 (a) to (c), the transistor operates most favorably at
a drain voltage (Va) of 0.9 V, which provides stability over
the 325-350 K temperature range.

This behavior suggests that gate length and operating
voltage have a significant influence on the thermal and
electrical performance of the FInFETs and emphasizes the
importance of modifying these characteristics for reliable
device operation across a range of temperature settings.
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Fig. 2 — AI-T characteristics of FinFET (W, = 10 nm, L; = 10 nm)
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Fig. 3 — AI-T FinFET characteristics (Wy = 10 nm, Lg = 20 nm)
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Fig. 4 — (¢) AI-T FinFET characteristics (W; = 10 nm,
Ly =30 nm)

Figs. 5-7 show how various temperatures (275, 300,
300, 325, and 350 K) affect the current variations (Al) of
FinFET gates with varied widths (10 nm, 20 nm, and
30 nm) and variable power supply voltages. The results
showed that the highest sensitivity (Al) occurs at Vpp =
0.7 volts for the 10-nm gate, Vbp = 0.9 volts for the 20-nm
gate, and Vpp = 1 volt for the 30 nm-gate. The study iden-
tified a substantial association between current fluctua-
tions, temperature, and voltage conditions, demonstrat-
ing that Al increases with higher temperature and Vpp
voltage. The results indicated that the ideal working volt-
age is 0.9 volts with a gate width (W) of 10 nm for both
10-nm and 20-nm gates, enhancing stability and sensitiv-
ity under these parameters. These results emphasize the
importance of optimizing gate design, such as gate length
(Lg), gate width (W), and operating voltage (Vbp), to im-
prove the thermal and electrical properties of FinFETs,
especially in applications that require long-term stability
and high sensitivity over a wide temperature range.
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As seen in Figure 8 is the correlation between the op-
timal temperature sensitivity and the channel length (Ly).
Figs. 5-7 illustrates the appropriate ideal operating volt-
age (Vpp) that results in the highest thermal sensitivity.
The results demonstrate that the thermal sensitivity in-
creases significantly up to Ly = 20 nm, despite the very
small range of channel lengths (10-30 nm). As the channel
length grows beyond 20 nm, the relationship between
thermal sensitivity and length diminishes linearly. This
advancement highlights how important channel length is
in modifying FinFETs' thermal performance. Up to
20 nm, the sensitivity sharply increases, indicating the
ideal trade-off between device scalability and thermal re-
sponse. Nevertheless, the sensitivity falls with increasing
channel length. These findings offer crucial information
for creating FinFETs with improved thermal sensitivity,
especially when it comes to choosing the ideal channel
length to maximize device capacity.
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Optimised operating
voltage V,

10 20 30
Lg

Fig. 8 — Based on the highest temperature sensitivity, the op-
erating voltage Vpp was optimized using a range of channel
lengths)

With Lg = 10 nm and W, = 10 nm, the temperature
profiles for important FinFET properties, such as sub-
threshold swing (SS), threshold voltage (V1), and drain-
induced barrier lowering (DIBL), are shown in Fig. 9 at
temperatures of 275 K, 300 K, 325 K, and 350 K.

Vr decreased linearly as the temperature increased,
from 0.37 V at 275 K to 0.31 V at 350 K. Due to the impact
of DIBL, the leakage current in the OFF-state increases
because of the channel's potential barrier being lowered
at the source.

The most departure from the optimal SS value of
69.5 mV/dec was seen at 350 K, when SS increased to
224.75 mV/dec, as opposed to 166.82 mV/dec at 275 K. It's
interesting to see that SS got closer to the optimal value
of 54.6 mV/dec at 350 K, suggesting better performance
at higher temperatures.

DIBL increased exponentially with temperature,
reaching 214.96 mV/V at 350 K from 191.19 mV/V at
275 K. This demonstrates how temperature significantly
affects the FinFET's OFF-state leaking behavior. The re-
search shows that the ideal transistor size for Lg values of
10 nm and 20 nm is at 350 K. Furthermore, the results
show that: hyperbolic rise in V7 with increasing oxide
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thickness, and DIBL exhibits exponential growth with in-
creasing temperature. As temperature rises, SS increases
linearly.

These discoveries offer important information on how
to optimize the design parameters of FinFETs for im-
proved performance in a range of temperature settings.

250 0,38

DIBL (mV/V) ° 0,37

200
0,36
150 ﬁs (mv/d 0,35
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Fig. 9 — Vr, SS and DIBL at W= 10 nm, L; = 10 nm

Fig. 10 illustrates the behavior of Vr, SS, and DIBL
for a FInFET at temperatures of 275 K, 300 K, 325 K, and
350 K, with a gate length (Lg) of 20 nm and W; of 10 nm.
As the temperature rises from 275 K to 350 K, these pa-
rameters exhibit a linear decrease. Specifically, SS ranges
from 93.65 to 120.92 mV/dec, DIBL from 25.1 to 36 mV/V,
and Vr from 0.56 to 0.52 V. The greatest deviation from
the ideal SS value of 54.6 mV/dec occurs at 350 K, where
SS exceeds 93.65 mV/dec. The increasing temperature
leads to higher SS, peaking at 120.92 mV/dec. Similarly,
DIBL exhibits a rising trend with temperature.

140 0,57
0,565
120 z
0,56
100 0,555
0,55
80 0,545
60 0,54
0,535
40 DIBL (mV/V) 0,53
20 /\\; 0,525
Vﬂ 0,52
0 0,515
275 300 325 350

Fig. 10 — V7, SS and DIBL at W, = 10 nm, Lg = 20 nm

Fig. 11 highlights the interplay between Vr, DIBL, and
SS for Lg = 30 nm and W; = 10 nm, demonstrating their
collective impact on FinFET performance across the same

JJ. NANO- ELECTRON. PHYS. 17, 02011 (2025)

temperature range. From 0.58 V at 275 K to 0.56 V at 350
K, Vr falls linearly with rising temperature. DIBL grows
from 4.11 to 7.98 mV/V while SS climbs from 75 to 97.25
mV/dec. At 350 K, when the SS hits 69.6 mV/dec, the opti-
mum SS value of 54.6 mV/dec is most nearly attained. The
best mix of gadget size and running temperatures depends
on these electrical properties. SS rises to 97.25 mV/dec at
350 K, whereas DIBL maintains its upward trend under-
lining their impact on device performance.

120 0,595
100 o 0,59
(mV/dec) = 0,585
80 -E 0,58
60 0,575
Q’: Ideal SS (mV/dec)
40 0,57
0,565
20
= DIBL (mV/V) Vr 0,56
0 0,555
275 300 325 350

T

Fig. 11 — Vr, SS and DIBL at Wy = 10 nm, Lg = 30 nm

Fig. 12 shows the relationship between the channel
length of a FinFET transistor and its electrical character-
istics. It is observed that the optimal channel length
ranges between 20-30 nanometers, where the maximum
value of the threshold voltage (Vr) and the minimum
value of the drain-induced barrier lowering (DIBL) are
achieved, and the subthreshold slope (SS) is closest to the
ideal value. These results confirm previous studies [23]
that indicate a linear relationship between the electrical
characteristics of FinFET devices and the diameters of
their channels. Table 2 also presents a comparison be-
tween FinFET results and other studies.

250 0,7
D‘BL(mV/V)

0,6
200 475 g5 (mv/ded)

T qum 0,5
150 0.4
100 ° 0,3

70,2
50
0,1
0 0
10 20 30
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Fig. 12— V1, SS and DIBL with L,
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Table 2 — Comparison with another research works

Reference|Best value of SS Best value of DIBL
[24] 72.43 mv/dec 139.52 mv/V
[25] 80 mv/dec 10 mv/V
[26] 73 mv/dec 28mv/V
[26] 60 mv/dec 10 mv/V
P;fjg;t 75 mv/dec 4.11 mv/V

4. CONCLUSION

The study identifies a channel length of 20 nm as the
optimal choice for FinFETs, delivering superior electri-
cal performance in terms of threshold voltage (V7),
drain-induced barrier lowering (DIBL), and subthresh-
old swing (SS). Results reveal that as the channel length
extends beyond 20 nm, Vrincreases and approaches sat-
uration, while SS improves, nearing its ideal value.
Drain-Induced Barrier Lowering (DIBL) demonstrates a
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Xapakrepuctuka ta ontumisania Sio.7sGeo.2s-FinFET ma ocaosi po6ouoi
TeMIIEpaTypPH Ta JOBKUHU 3aTBOpa
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Universiti Teknologi MARA, 40450, Shah Alam, Selangor, Malaysia
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Ile mocuisreHHsT 30cepesreHO HA BILIuBI Temueparypu Ha yyriausicts MOH-tpausucropis ta FinFET-
IPUCTPOIB 3 BUKOPHUCTAHHIM TeTepPOCTPYKTYpH Sio.75Geozs MIsgxom amasidy BosbT-ammepuux (BA) xapakre-
PHCTHK 3a PI3HUX TeIIoBUX yMOB. MeToro € mocitixenns 38'sa3ky Moz y MOH-Tpanaucropax nuisixom aHasnay
upoxyrrusHocTi FInFET-rpansucropis 3a pisHuX TemioBux yMoB Ta goB:xkuH 3aTBopiB (Lg = 10, 20 ta 30 Ha-
HoMetpiB). Pesynbratu mokasanu, mo FinFET-rpassucTopu mocaraoTs HAXBUIIOI TEILJIOBOI Uy TJIMBOCTI, KOJIH
Haibiabma smina crpymy (Al) BigOyBaerhea B miamadoni Hampyru Big O go 1 Bosbra (Vbp), 1m0 BimoOpaskae
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CHARACTERIZATION AND OPTIMIZATION OF SIo.75GEo.25-FINFETS ... J. NANO- ELECTRON. PHYS. 17, 02011 (2025)

BHCOKY e(peKTHBHICTDL pearyBaHHs Ha TEIUIOBI aMiHH. Taroxk 0yJI0 BUABJIEHO, IO 3MEHIIEHHS JOBKUHH Ka-
HaJIy IIPU3BOIUTD J0 3HAYHOIO 301JIbIIEHHS TEILJIOBOI YyTJINBOCTI, 0COOJIMBO B Iiamas3oHi moBkuH Bix 10 go 20
"Ha"oMeTpiB. OnTuMasibHa JOBKHUHA KaHATY Oyjia BH3HadeHa HA PiBHI 10 HAHOMETPIB JJIA JOCATHEHHS Uy-
JIOBUX TEIJIOBUX XaPaKTEPUCTHUK, 110 CIIYsKUTH OpleHTUpoM Jutst ipoekryBauus FinFET-rpamsucTopis, axi mo-
TPeOyIOTh BUCOKOI TETLJIOBOI e(DEKTUBHOCTI Ta CTAOLIIFHOCTI B PI3HUAX 3aCTOCYBaHHAX. JlOCTIPReHHS BRITIOYATIO
IMUPOKUH T1AaIa30H TEMIIEPATYP, 10 3a0e3MeTnII0 TIIUOIe PO3YMIHHSI KOHCTPYKITII.

Knrouoei ciosa: SiGe-FinFET, Temneparypa, Yyrimeicrs, MuGFET, Hamocencop.
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