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摘要 

近年來，隨著人工智慧與電動車的快速發展，帶動相關科技產業蓬勃發展。其中，顯示

器已廣泛應用於各類產品中，也促進相關產業的研究發展。在顯示器中，薄膜電晶體是最為

關鍵的零組件，其特性與可靠度的品質好壞，將會決定面板的顯示效果，因此薄膜電晶體的

電性需要進一步提升，以應用於新興的科技產品中。本論文研究銦鎵鋅氧與低溫多晶矽薄膜

電晶體的電性與可靠度，釐清其相關的物理機制，並提出物理模型，用以推動顯示器產業的

發展。

在金屬氧化物薄膜電晶體方面，其具有寬能隙、低漏電、透明、均勻性好等優點，適合

應用於各類顯示器產品。其中，銦鎵鋅氧材料具有穩定的沉積品質，因此最為廣泛當作薄膜

電晶體的通道層，然而其性能與可靠度仍需進一步改善。在第三章中，提出一具有源端延伸

金屬電極結構的銦鎵鋅氧薄膜電晶體，可提升元件的通道控制能力，抑制漏致勢壘降低效應，

其具有穩定的飽和輸出電流特性，可以改善面板的導線壓降所造成發光不均勻的問題，進而

提升整體像素的亮度均勻性，且也可以改善熱載子效應。此外，在第四章中，源端延伸金屬

電極結構可保護銦鎵鋅氧的源端不受到外界紫外光照射影響，可改善負偏壓照光不穩定性的

問題，提升薄膜電晶體的可靠度。在第五章中，銦鎵鋅氧材料易受水氣影響，導致電性劣化，

因此提出一保護層的材料組合，可改善水氣對元件的影響，且正偏壓不穩定性與熱載子效應

的可靠度亦能維持相同特性。

在低溫多晶矽薄膜電晶體方面，其具有高載子遷移率與高穩定性，適合用於高階與可撓

式顯示器產品。隨著未來微發光二極體顯示器的技術發展，P 型低溫多晶矽薄膜電晶體的電

流已不足以應用於下一世代的顯示產品，因此急需開發 N 型低溫多晶矽薄膜電晶體。在第六

章中，探討不同汲與源極接觸孔洞密度對 N 型低溫多晶矽薄膜電晶體的特性與自熱效應相關

的不穩定性影響，當元件的接觸孔洞密度越大，可降低汲與源極的接觸電阻，且不增加額外

的寄生電容，改善電阻-電容延遲特性。然而，在大電流操作下，接觸孔洞密度越大的元件會

發生嚴重的扭結效應與自熱效應，導致電性劣化，因此對於特定產品的應用，汲與源極接觸

孔洞密度是需要詳細考量的因素之一。
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此外，柔性面板的應用產品越來越廣泛，因此薄膜電晶體在機械應力下的特性與可靠度

需詳細釐清，以確保面板的優良運作。在第七章中，探討元件在不同機械應力條件下對汲極

偏壓不穩定性的影響。在通道長度方向的壓應力下，強大的應力集中在元件的閘/源極與閘/汲

極處，導致閘極絕緣層產生缺陷，因此當施加汲極偏壓時，電子會大量注入到缺陷中，導致

電性嚴重裂化，因此對於可撓式驅動電晶體的應用，元件在通道寬度方向的壓應力下，會有

較好的汲極偏壓不穩定性可靠度。 

 

關鍵字:薄膜電晶體、銦鎵鋅氧、低溫多晶矽、熱載子效應、負偏壓照光不穩定性、正偏壓不

穩定性、水氣、自熱效應、可撓、機械應力 
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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 

Oxide (IGZO) and low-temperature polycrystalline silicon (LTPS) based TFTs, elucidating their 

underlying physical mechanisms and presenting physical models. These efforts aim to drive 

advancements in the display industry. 

In the realm of metal oxide TFTs, they possess several advantages such as wide bandgap, low 

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 high carrier mobility and stability, making them suitable 

for advanced and flexible display products. However, with the ongoing technological developments 

in micro light-emitting diode displays, the current value of P-type LTPS TFTs is no longer sufficient 

for next-generation display applications. Therefore, there is an urgent necessity to develop N-type 

LTPS TFTs. In Chapter 6, the effect of the n-type LTPS 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 

DBS reliability under compressive-width bending condition.  

 

Keywords: thin-film transistor (TFT), indium–gallium–zinc oxide (IGZO), low-temperature 

polysilicon (LTPS), hot-carrier, negative bias illumination stress, positive bias stress, moist 

environment, self-heating stress, flexible, mechanical bending. 
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