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Recently, thin-film transistors (TFTs) have garnered significant attention from researchers due
to their wide range of applications, including electronics, gas sensing, memory circuits, medical
devices, and optoelectronics. Advancements in deposition techniques have proven highly
effective in developing cost-effective, solution-processed, low-voltage TFTs that meet the
requirements of various applications. Based on the type of semiconductor used, TFTs are
classified as either organic thin-film transistors (OTFTs) or inorganic thin-film transistors.
Both have their unique advantages: OTFTs are preferred for flexible applications, such as
flexible LEDs, memories, and sensors, whereas inorganic thin-film transistors are commonly
used for transparent and optical applications. The investigations reveal that the requirements
of low-power applications can be met by utilizing low-voltage TFTs operating at 1-2 V with
high-k dielectric materials such as SrZrOx, HfO., etc. Furthermore, by using organic
semiconductors, solution-processed, cost-effective, low-voltage, flexible, and silicon substrate-
based OTFTs can be fabricated for gas sensing and electronic applications. The Silvaco-
Techmodeler and Silvaco-Gateway tools have been employed to realize various complex
analog and digital circuits. This thesis focuses on the fabrication and simulation of low-voltage

TFTs for sensing and electronic applications.

Chapter 1 of this thesis explains the background and advancements related to TFT
devices, different types of TFT architecture and configuration depending upon semiconductor
and dielectric materials, the fundamental and working operation of TFT devices, various
techniques employed for thin film deposition, the history and introduction related to compact
modelling of TFT devices and the role of compact modelling in the realization of analog and
digital, different stages involved for compact modelling of TFT devices using the Silvaco-

Techmodeler tool, and applications of TFT devices.

Chapter 2 of this thesis explains the fabrication of Ag-doped PBTTT-C14 (poly[2,5-
bis(3-tetradecylthiophen-2-yl)thieno[3,2-b]thiophene])-based OTFTs developed on silicon
substrate, and SrZrOy is used as a high-k dielectric, which led to a low voltage of 1.5 V. The
floating film transfer method (FTM) has been used for film deposition as it is cost-effective in
nature with minimal wastage of chemicals. Film characterization of semiconductor and
dielectric layers ensures smooth films free from trap charges. This Ag-doped PBTTT-C14-
based OTFT on a silicon substrate has been used for the sensing of H>S gas, which gives the

sensing response higher than 80% and a limit of detection (LoD) of ~15.17 ppb.
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Chapter 3 explains the fabrication of the PBTTT C-14-based OTFT device established
over a flexible PET substrate, and the composition of PMMA and SrZrOx in 20:80 is taken to
be utilized as a high-k dielectric material. This PBTTT C-14-based OTFT device operated at a
low voltage of 1 V. The film of PBTTT C-14 has been deposited by means of the FTM
technique. Active layer and dielectric film characterization is performed along with this
bandgap. Capacitance-frequency and leakage current density of the dielectric layer are also
estimated. This fabricated flexible OTFT device is compact modelled using the Silvaco-
Techmodeler tool. The experimental data and modelled data completely superimpose on each
other, assuring a small fraction of error of less than 1 %. This compact, modelled, flexible
OTFT is used for the implementation of an inverter circuit over the Silvaco-Gateway platform

and exhibits a high gain of 39.77 and a small propagation delay (tpp) of 35 ns.

Chapter 4 explains the simulation of an inorganic semiconductor, an amorphous indium
gallium zinc oxide (a-IGZO)-based low-voltage TFT, using the Silvaco-Atlas tool, followed
by an analysis of the device characteristics. This chapter describes the materials used for the
electrodes (PET for all electrodes), gate oxide (HfO»), and semiconductor in the simulation of
a fully transparent, flexible, low-voltage thin-film transistor. The device characteristics confirm
that the fully transparent TFT operates at an operating voltage of 2 V. Furthermore, this device
is compactly modeled using the Silvaco-Techmodeler tool, and using this compact, flexible,
transparent, and low-voltage model, full adder and full subtractor circuits are simulated using
the Silvaco-Gateway tool, and with the help of transient analysis, respective truth tables are

verified.

In Chapter 5, compact modelling using Silvaco-Techmodeler is explained in a
detailed manner and elaborated upon, highlighting its need and importance. The devices
fabricated and simulated in the previous chapters are compactly modelled, demonstrating
perfect matching and superimposition of curves between the modelled data and the simulated
or fabricated data, with a small margin of error (less than 1%). Additionally, diagrams and
graphs are provided to support the content. This model is subsequently imported for circuit
simulation. The Silvaco-Gateway tool is used to implement circuits utilizing the compact
modelled devices. Circuits such as inverters, full adders, full subtractors, half adders, logic gate
families, 1-bit magnitude comparators, and 4:1 multiplexer are implemented. The respective
truth tables, transient characteristics, and voltage transfer characteristics are verified. Based on
these characteristics, parameters such as voltage gain and propagation delay are evaluated. The

working of the Silvaco-Gateway tool is explained in detail. Additionally, a brief user guide is
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provided, describing how to use the Silvaco-Techmodeler and Silvaco-Gateway tools

effectively.

In Chapter 6, the stability analysis of a-IGZO-based low-voltage TFTs is
performed. The device has been simulated by means of the Silvaco-Atlas tool. Factors such as
the thickness of the semiconductor layer (10/20/30 nm), the thickness of the dielectric layer
(70/60/50/40 nm), and the semiconductor-interface properties, which impact the device
performance parameters, are observed, and the change in threshold voltage A Vyy = Vg (“oft-
on state””) — Vry (“on-off state”) is analysed and discussed. Graphs are provided to support and

illustrate all the results.

In Chapter 7, a summary of all the case studies, work, and overall conclusions is presented.
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