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ABSTRAK

Antara pelbagai teknik, pengesanan berdasarkan transistor kesan medan (FET) telah menarik
perhatian pihak industri dan akademik. Disebabkan ciri-ciri unik seperti saiz yang kecil, ringan,
murah, fleksibiliti, pantas respon, stabil, dan keupayaan untuk menurun skala, nanowire transistor
(NWTSs) boleh berfungsi sebagai pengesan nano yang ideal. Mereka adalah peneraju untuk peranti
nano berasaskan FET. Oleh kerana dimensi (panjang, diameter dan ketebalan oksida) saluran
NWT berkurangan, ciri elektrik dan suhu NWTSs terjejas dan merendahkan prestasi. Walaupun
penggunaan NWTs sebagai pengesan biologi atau kimia diterokai secara meluas, kurang
penekanan transistor tersebut sebagai pengesan suhu. Maka, penyelidikan ini bertujuan untuk
menyiasat kesan dimensi keratan rentas Silikon Nanowire Transistor (SINWT) dan Germanium
Nanowire Transistor (GeNWT) terhadap ciri elektrik dan suhu mereka. Seterusnya menilai dan
membandingkan prestasi nanowires dan kebolehgunaannya sebagai pengesan suhu nano untuk
pemantauan suhu berterusan dengan keupayaan pengesanan yang unggul, tinggi fleksibiliti dan
rendah kos. Kajian perbandingan berasaskan simulasi dijalankan bergantung pada Enam
parameter, iaitu panjang get (Lg), diameter saluran (Dcn), ketebalan oksida (Tox), Suhu persekitaran
(T), Voltan pincang get (Vg), dan voltan pincang salir (Vop). Kesan mengubah parameter yang
dinyatakan pada prestasi SINWT dan GeNWT dinilai berdasarkan ciri elektrik dan suhu. Alat
simulasi MuGFET untuk struktur FET pelbagai get skala nano digunakan untuk menjalankan
simulasi dengan syarat tertentu. Pelbagai parameter disimulasikan dalam Tiga senario simulasi
utama termasuk 21 voltan operasi dan peningkatan suhu persekitaran dari 225 ke 450 K dengan
langkauan 25 K. Senario pertama menguji variasi panjang get (Lg = 25, 45, 65, 85 dan 105 nm),
manakala senario kedua memberi tumpuan kepada variasi diameter saluran (D¢, = 10, 20, 40 dan
80 nm) dan yang terakhir membezakan ketebalan saluran oksida (Tox = 1, 2, 3, 4 dan 5 nm).
Empat metrik penilaian digunakan termasuk Subthreshold Swing (SS), Voltan ambang (Vu),
Induksi Salir Penghalang Rendah (DIBL) dan kadar variasi arus saliran, Ald sebagai penunjuk
kepekaan suhu. Kebiasaannya, prestasi terbaik NWTs boleh dicapai pada voltan operasi optimum
dengan nilai SS lebih dekat keadaan ideal, tahap DIBL rendah dan nilai voltan ambang tinggi.
Hasil simulasi SINWT dan GeNWT menunjukkan kesan dimensi saluran berbeza (Lg, Dch, Tox)
pada suhu dan ciri-ciri elektrik. Kepekaan suhu (Alg) telah meningkat dengan meningkatkan
pelbagai dimensi saluran dan suhu operasi untuk kedua-dua SINWT dan GeNWT dan voltan
operasi optimum telah dikenalpasti bagi setiap NWT. SINWT menunjukkan lebih kestabilan
dalam variasi suhu persekitaran berbanding GeNWT yang stabil dalam semua senario. SINWT
juga mengatasi GeNWT dari segi SS dan Vi, maka ia dapat meningkatkan kelajuan pensuisan
dan mengurangkan kebocoran arus kerana SS sangat dekat dengan keadaan ideal dan voltan
ambang adalah tinggi berbanding dengan GeNWT. SiNWT mencapai tahap DIBL yang lebih
tinggi dalam kes tertentu, tetapi ia boleh diterima untuk kebanyakan dimensi saluran. Kesan
perubahan panjang get adalah sangat jelas pada operasi NWTs dan impak terendah dapat dilihat
dari pelbagai ketebalan oksida. SINWT mempunyai lebih kebolehgunaan sebagai pengesan suhu
nano kerana kestabilan ciri elektrik dan suhunya.



ABSTRACT

Amongst various sensing and monitoring technologies, sensors based on field effect transistors
(FETSs) have attracted considerable attention from both the industry and academia. Owing to their
unique characteristics such as their small size, lightweight, low cost, flexibility, fast response,
stability and ability for further downscaling, nanowire transistors (NWTSs) can serve as ideal
nanosensors and successors to FET-based nanoscale devices. However, as the dimensions (length,
diameter and oxide thickness) of NWT channels are shrinking down, the electrical and
temperature characteristics of NWTs are affected, thereby degrading the transistor performance.
Although the applications of NWTs as biological and/or chemical sensors have been extensively
explored in the literature, the use of these transistors as temperature sensors has been largely
ignored. Consequently, this research investigates the impact of the cross-sectional dimensions of
silicon nanowire transistors (SINWTS) and germanium nanowire transistors (GeNWTS) on their
electrical and temperature characteristics. Accordingly, evaluate and compare the performance of
the considered nanowires and their potential applicability as temperature nanosensors for
continuous temperature monitoring with good detection capability, high flexibility and low cost.
A comprehensive simulation-based comparative study is performed by using six variable
parameters, namely, gate length (Lg), channel diameter (Dcn), oxide thickness (Tox), ambient
temperature (T), gate bias voltage (V) and drain bias voltage (Vop). The impact of changes in
these parameters on the electrical and temperature characteristics of SINWTs and GeNWTSs is
then evaluated. The well-known MUuGFET simulation tool for nanoscale multi-gate FET structure
is used for the experimental simulations. A wide range of variable parameters are simulated in
three simulation-based case studies, which cover 21 operating voltages and an ambient
temperature increasing from 225 K to 450 K by a step of 25 K. The first case study considers the
variation in gate length (Lg = 25, 45, 65, 85 and 105 nm), the second focuses on the variation in
channel diameter (Dch = 10, 20, 40 and 80 nm) and the third focuses on the variation in channel
oxide thickness (Tox = 1, 2, 3, 4 and 5 nm). Four performance evaluation metrics are considered,
namely, subthreshold swing (SS), threshold voltage (V), drain-induced barrier lowering (DIBL)
and drain current variation rate, Aly, which serves as an indicator of temperature sensitivity. The
optimal stability- and sensitivity-based performance of NWTs can be achieved at certain optimal
operating voltages with the SS values closer to the ideal state, a lower DIBL level and higher
voltage threshold values. The simulation results for SINWTs and GeNWTs highlight the effects
of varying the channel dimensions (Lg, D, and Tox) on their temperature and electrical
characteristics. Specifically, the temperature sensitivity (Alg) of SINWTs and GeNWTs
significantly increased along with various channel dimensions and operating temperatures, and
the optimal operating voltages are identified for each NWT. According to their temperature
characteristics, SINWTSs show higher stability to ambient temperature variations compared with
GeNWTs, which in turn demonstrate a higher sensitivity in all cases compared with SINWT. In
addition, SINWTSs outperform GeNWTs in terms of SS and Vi and demonstrate a faster switching
speed and lower leakage current given that the values of SS are very close to the ideal state and
high threshold voltages. SINWTSs also achieve a high DIBL level in certain cases, which is
considered acceptable for most channel dimensions. The impact of changing the gate length on
the behaviour of NWTs is very obvious, and varying the oxide thickness demonstrates the lowest
impact. SINWTs have high potential to be applied as temperature nanosensors due to their
electrical and temperature stability.
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