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Abstract

In recent years, the rapid development of artificial intelligence and electric vehicles has driven
significant growth in related technology industries. In particular, displays have found widespread
applications in various products, further promoting development and research in related fields.
Among displays, thin-film transistors (TFTs) are the most critical component, with their
performances and reliabilities significantly impacting panel display quality. As a result, it is essential

to enhance the electrical properties of TFTs to meet the demands of emerging technology products.

This dissertation investigates the electrical performances and reliabilities of Indium-Gallium-Zinc

P esentlngphy31cal 'Er}odels. These efforts aim to drive
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In the realm of metal oxide TFTs,J‘ih’éy\_: p9SSésssqv
leakage current, transparency, and excellent deposition uniformity, making them well-suited for
various display products. Among these, IGZO stands out for its consistently high-quality deposition,
making it the most widely employed channel material in TFTs. However, there is still room for further
enhancement in its performances and reliabilities. In Chapter 3, a source-extended metal electrode
structure design for IGZO TFTs is proposed. This structure can enhance the device's channel control
capability to reduce drain-induced barrier lowering effect. It exhibits stable saturated output current

characteristics, which can mitigate the IR-drop phenomenon, subsequently enhancing overall pixel
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brightness uniformity in panels. In addition, it can also enhance the hot-carrier stability. Furthermore,
in Chapter 4, the source-extended metal electrode structure serves to shields the source region of a-
IGZO from UV light exposure. Consequently, this improvement effectively addresses the issue of
negative bias illumination stress instability, subsequently enhancing the reliability of TFTs. In
Chapter 5, it is noted that IGZO material is susceptible to moisture, leading to electrical degradation.
Therefore, a combination of passivation (PV) layer materials is proposed to mitigate the impact of
humidity on TFTs. As a result, the optimized combination of PV materials can mitigate the impact of
the moist environment during positive bias stress and improve the hot-carrier stability.

In the realm of LTPS TFTs, they exhibit h'i*gh‘ééri“iqr:]n}obility and stability, making them suitable

OWeVer; with hé;ongoing technological developments
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for advanced and flexible display pygf&héfs‘i
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in micro light-emitting diode displays, th€current. value (Cif']?"itype LTPS TFTs is no longer sufficient
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for next-generation display apphcatlons‘—.—j._l‘"liérefgr ‘e‘rfe\j is an urgent necessity to develop N-type
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LTPS TFTs. In Chapter 6, the effect of the n-type‘L‘TPS TFTs with variant source/drain contact hole
densities on performance and self-heating-related instability is analyzed. Devices with a greater
number of contact holes demonstrate decreased contact resistance without introducing extra parasitic
capacitance, thereby improving the RC delay characteristic However, under high current operation,
devices with higher contact hole density experience a severe kink effect and self-heating effect,
resulting in electrical degradation. Therefore, the divergence in beneficial characteristics provides
flexibility, and the choice between the devices with variant contact hole densities will depend on the

specific demands of displays technology.
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Furthermore, as the application of flexible displays becomes increasingly widespread, it's crucial

to thoroughly understand the performances and reliabilities of TFTs under mechanical bending stress

to ensure the reliable operation of display. In Chapter 7, the effect of different uniaxial mechanical

bending conditions on drain bias stress (DBS) in flexible LTPS TFTs is analyzed. Under the

compressive-length bending condition, a significant stress concentration at the GI near the gate/drain

and gate/source regions induces the generation of numerous defects in these regions. Consequently,

under DBS, a substantial injection of electrons into these defects occurs, resulting in severe electrical

degradation. Therefore, for driving TFTs in flexible displays, it's found that devices exhibit better
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