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摘要 
利用雷射再結晶技術製作低溫多晶矽薄膜電晶體（LTPS TFTs）於大面積玻璃基

板上已成為發展主動陣列液晶顯示器（AMLCDs）和主動陣列有機發光顯示器（AMOLEDs）

的關鍵技術，然而傳統雷射再結晶技術無法有效控制通道內晶粒邊界的方向、相對

位置及其數量多寡，如此會造成元件電特性的變動進而無法整合類比電路於面板

上，這將是決定低溫多晶矽薄膜電晶體可否取代非晶矽薄膜電晶體的關鍵因素。本

論文提出三種新穎的雷射再結晶技術，除了利用溫度調變方式拉大通道內矽晶粒而

有效地提升薄膜電晶體的場效載子移動率之外，我們也提出利用單晶矽作為雷射再

結晶之晶種來製作單晶矽薄膜電晶體的方法，另外我們也製作了晶粒邊界不對稱地

分佈於通道內的薄膜電晶體，藉由單一顆元件順向與反向的量測來研究晶粒邊界數

量多寡在汲極端的高電場下對元件電特性及其熱載子可靠度的影響。 

傳統雷射製作低溫多晶矽薄膜電晶體的方法是先對非晶矽薄膜進行雷射再結晶

後才定義出元件主動層區域，如此元件與元件間的電特性會因為不可控制的晶粒邊

界方向、相對位置及其數量多寡而變動，若先定義元件主動層區域後再進行雷射再

結晶，雖然單一顆元件電特性會因主動層區域邊緣的晶粒較大而變好，但如此作法

會使主動區域因熔融矽的表面張力而微縮變形，無法用在實際生產線上，因此我們

提出了一個先將主動層區域的邊緣增厚後再進行雷射再結晶的作法，我們利用非等

向性的電漿蝕刻技術將主動層區域的邊緣增厚，經由雷射照射後，矽島的邊緣永遠

只會部分熔融且熔融矽有一高度差存在，加上主動層上方的低溫氧化層，如此便徹
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底地解決了矽島會微縮的問題，且一溫度梯度存在於矽島邊緣附近，若使用準分子

雷射照射可使矽晶粒從邊緣處拉大進而提高薄膜電晶體的場效載子移動率，之後再

利用非等向性的電漿蝕刻以矽島上的低溫氧化膜作為保護層可將邊緣增厚區域完全

去除，如此的製作可抑制薄膜電晶體的漏電流及汲極端導致能障下降（DIBL）效應。 

另外，雖然讓通道座落在單一顆矽晶粒上可使薄膜電晶體電特性達到最佳化，

但矽晶粒之間存在著不同的結晶方向，仍然無可避免元件跟元件間電特性的差異，

因此我們提出一個以單晶矽作為雷射再結晶之晶種來製作單晶矽薄膜電晶體於玻璃

基板上的方法，我們一開始用矽晶片來模擬此實驗，在完成傳統 LOCOS 製程後讓

（111）（110）（100）三種結晶方向的矽晶面與非晶矽薄膜接觸，利用準分子雷射

對矽薄膜進行再結晶，期待熔融矽以單晶矽基板作為晶種而進行單晶矽的再結晶，

以便在緩衝氧化層上製作出不同晶格方向的單晶矽薄膜電晶體，然而在玻璃基板的

實現上，利用有圖案的單晶矽基板與玻璃基板上的非晶矽薄膜接觸後，利用雷射光

從玻璃基板背面照射，讓非晶矽薄膜與單晶矽之晶種熔融後，熔融矽薄膜會以單晶

矽作為晶種而觸發單一晶格方向的矽薄膜成長。 

其次，我們用氮化矽作為硬式光罩對50nm厚的複晶矽薄膜進行選擇性氧化，在

去除氮化矽後再疊上一層 100nm 厚的非晶矽薄膜，此時以準分子雷射進行再結晶，

由於存在一溫度梯度可使矽晶粒橫向拉大，利用此法所製作的薄膜電晶體於較短通

道長度會有場效載子移動率明顯上升的現象，此乃歸因於晶粒邊界數量於通道內減

少的原因，但利用此法所製作的短通道硼摻雜 P 型薄膜電晶體在量測幾次後會有次

臨限區域平行飄移的現像，我們認為這是因為閘極處的硼原子在 600℃長時間活化

下會在閘極氧化層內形成電洞缺陷，這些缺陷在量測時會捕捉電洞而帶正電於閘極

氧化層內，因此造成下一次量測時次臨限區域平行向較負偏壓方向移動，由於關電
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流與開電流幾乎沒有改變，因此我們斷定這是閘極氧化層內電洞缺陷所造成的現

象。 

最後，本論文針對晶粒邊界數量多寡在汲極端的高電場下對元件電特性及其熱

載子可靠度（Hot-carrier reliability）的影響做了深入的分析，我們製作了晶粒

邊界不對稱地分佈於通道內的薄膜電晶體，藉由單一顆電晶體順向與反向的量測以

保證不會有因元件與元件間的不同而造成特性差異的因素，在元件電特性的表現

上，晶粒邊界在汲極端的高電場作用下會產生較大的漏電流使得開關電流比值下

降，這是因為晶粒邊界會捕捉載子，而被捕捉的載子在高電場下會藉由場效熱離子

放射（thermionic-field emission）方式被釋放出來而使漏電流大幅上升，此外晶

粒邊界在汲極端的高電場作用下會使臨限電壓值隨著汲極電壓的上升而下降，因晶

粒邊界所捕捉的載子會使汲極端的空乏區額外的往源極端延伸，這暗示了晶粒邊界

在汲極端附近會有短通道效應的發生。在熱載子可靠度分析上，外加偏壓（VGS=10V、

VDS=20V）於未氫化單一顆元件上，先順向持續偏壓 104秒後再反向持續偏壓 104秒，

我們發現在順向 10
4秒後的元件電特性幾乎不變，但在緊接著反向 104秒後的元件電

特性會被徹底破壞，這是因為元件在反向模式下，其晶粒邊界在汲極端會產生多處

的局部高電場，在高電場的作用下容易使晶粒邊界的弱 Si-Si 鍵結產生斷鍵，同一

時間斷鍵所造成的熱電洞會被注入到靠近汲極端的閘極氧化層內而產生正電荷的累

積，如此會抑制元件因通道內產生更多缺陷而變差的現象，但當元件緊接著進行順

向持續偏壓10
2秒過程中，靠近源極端閘極氧化層內先前所注入的熱電洞會被通道電

子中和掉，因此中和後的元件特性由通道破壞區域所主導，出現了大幅度衰退現

象，這是注入於閘極氧化層的熱電洞遮蔽了通道內缺陷產生的屏蔽效應（Screen 

Effect），另外若將元件做 4小時的 NH3電漿處理則看不到上述順向反向模式下的差
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異，這乃歸因於NH3電漿處理可以有效鈍化晶粒邊界所造成的缺陷，雖然鈍化所產生

的矽氫（Si-H）、矽氮（Si-N）等弱鍵結會使元件的熱載子可靠度變差，但氫化前晶

粒邊界所造成在汲極端的局部高電場效應可被有效排除。 
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ABSTRACT 

Low-temperature polycrystalline silicon thin film transistors (LTPS-TFTs) fabricated 

using laser crystallization have been considered as the most promising candidates for 

integrating peripheral driver circuits with active matrix liquid crystal displays (AMLCDs) 

and active matrix organic light emitting displays (AMOLEDs) on large area glass 

substrates. However, the inability to control grain boundaries and their location in the 

channel region reduces the uniformity of devices. This is a key point of whether LTPS 

TFTs can replace a-Si:H TFTs. In this thesis, there are three novel laser annealing 

techniques proposed to promote performance of poly-Si TFTs. In addition to modulating 

thickness of a-Si films to establish a temperature gradient, a-Si films are crystallized using 

single-crystal silicon as re-crystallization seed. The influence of laser-induced grain 

boundaries on performance and hot-carrier reliability of poly-Si TFTs with and without 

NH3 plasma treatment is investigated.  

First, a novel 4-mask-processed polycrystalline silicon thin film transistor (Poly-Si 

TFT) is fabricated using 50-pulse KrF excimer laser to crystallize an edge-thickened 

amorphous silicon (α-Si) active island without any shrinkage. This method introduces a 

temperature gradient across the width of the island to enlarge grains from the edge, 

especially when the channel width is narrow. The grain boundaries across the width of the 

channel suppress the leakage current and the drain-induced barrier lowing (DIBL). 

Moreover, the proposed poly-Si TFT with a channel length of L=2µm and a channel width 
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of W=1.2µm possesses a high field-effect mobility of 260 cm2/Vs and an ON/OFF current 

ratio of 2.31×108. The proposed TFTs with divided channel units can meet the application 

of various gate widths. However, their performances still depend on the grain-boundary 

control of each channel unit.  

It is believed that the performance of laser-crystallized poly-Si TFTs depends on the 

orientation of grains when the device is located on a whole grain. However, no study about 

how to control grain orientations on glass substrates is reported. In this thesis, a novel 

seeding technique is proposed to produce single-crystal silicon films on glass substrates. 

The a-Si films on glass substrate contact with single-crystal tip, and then excimer laser 

irradiates through the transparent substrate to crystallize the contacted a-Si films. This 

technique has been developing for LTPS TFTs.   

The third laser annealing technique is about modulated thickness of laser-crystallized 

poly-Si films. A LOCOS process is employed to produce two various thicknesses of 

silicon film, establishing a temperature gradient for ELC. When channel length is 

shortened, the device located with few grain boundaries has excellent performance. High 

ON/OFF current ratio of over 8 orders magnitude and high field-effect mobility of 

exceeding 300 cm2/Vs for the n-channel TFTs and 100 cm2/Vs for the p-channel TFTs are 

ascribed to large grains in the channel region. However, there is an issue about boron 

penetration from the doped poly-Si gate during activation at 600℃ around 12 h. The 

diffused boron creates hole traps in the gate oxide. After a boron-doped TFT measures for 

several times, its threshold voltage shifts to more negative values because the gate oxide 

near drain junction is positively charged. Our SIMS depth profile supports this 

explanation.  

Additionally, this technique is applied to examine the effects of grain boundaries on the 

performance and hot-carrier reliability of excimer-laser-annealed polycrystalline silicon 
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thin film transistors (poly-Si TFTs) before and after NH3 plasma treatment. Self-aligned 

poly-Si TFTs, whose channel regions include a 150 nm thick laser-crystallized poly-Si 

layer with small grains and a 100 nm thick layer with large grains, are fabricated. Other 

TFTs, with large grains throughout their channel regions, are fabricated nearby for 

comparison. The trapping of electrons at grain boundaries in the drain junction creates 

strong local electric fields that boost the leakage current; cause the threshold voltage to 

decline as the drain bias increases; enhance the kink effect in the output characteristics, 

and degrade the hot-carrier reliability of devices. When static hot-carrier stress has been 

applied to non-hydrogenated poly-Si TFTs for under 104s at VGS=10V and VDS=20V, hot 

holes are injected into the gate oxide at the same time as trap states are created in the drain 

junction. The screening effect is observed when the same stress is applied to devices that 

have many grain boundaries in their drain junctions. Moreover, NH3 plasma treatment 

prevents the trapping of electrons at grain boundaries. The performance of hydrogenated 

poly-Si TFTs becomes better, but the hot-carrier reliability of those TFTs with large grains 

in their drain junctions is degraded. The hydrogenation causes a tradeoff between the 

electrical characteristics and the hot-carrier reliability, and introduces irregular humps in 

the sub-threshold region. 
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TABLE CAPTIONS 

 

Table 5-1 Summary of values of several important parameters obtained from the devices 

in Fig. 5-4. 

Table 5-2 Summary of values of several important parameters obtained from the device 

of Fig. 5-7 (a) stressed in both modes for the each stress time. 
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FIGURE CAPTIONS 

 

CHAPTER2 

Fig. 2-1 Key process flow for crystallization of downward edge-thickened a-Si island 

without capping the top TEOS oxide by excimer laser irradiation. 

Fig. 2-2 Key process flow for crystallization of upward edge-thickened a-Si island with 

capping the top TEOS oxide by excimer laser irradiation. 

Fig. 2-3 Optimized process flow for crystallization of upward edge-thickened a-Si island 

with capping the top oxide by excimer laser irradiation. 

Fig. 2-4 SEM images of downward edge-thickened poly-Si islands without capping the top 

oxide crystallized by excimer laser irradiation. 

Fig. 2-5 SEM images of downward edge-thickened poly-Si island with narrow width. The 

channel is shrunk in the X-direction but in the Y-direction. 

Fig. 2-6 (a) SEM image showing an evidence of two grains merged at the center of the 

channel, (b) explanation for shrinkage of a molten silicon island.  

Fig. 2-7 Transfer characteristics of a downward edge-thickened poly-Si TFT without an 

optimized edge process in relation to excimer-laser crystallization. 

Fig. 2-8 SEM images of (a) crystallization of upward edge-thickened poly-Si island with 

capping the top oxide by excimer laser irradiation and of (b) the grain boundaries 

within the channel. 

Fig. 2-9 SEM image of laser-crystallized poly-Si film showing randomly distributed grain 

boundaries. The channel of a conventional TFT maybe locates in the regions of the 

above circle or the below circle. 

Fig. 2-10 Transfer characteristics of (a) the proposed and conventional poly-Si TFTs with 

channel widths of about 1µm, and (b) the proposed poly-Si TFT with 100 channel 

units. 

Fig. 2-11 Dependence of field-effect mobility on the channel length given channel widths 

from 1µm to 4µm for the proposed and conventional poly-Si TFTs. The field-effect 

mobility was evaluated at VDS=0.1V. 

 

CHAPTER3 

Fig. 3-1 Schematic diagrams of (a) cross-sectional view and (b) top view associated with a 

laser-induced lateral seeding process. 
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Fig. 3-2 Cross-sectional diagrams showing contact seeding technique by (a) single-crystal 

silicon as crystallization seed and (b) amorphizing single-crystal silicon as 

crystallization seed. The amorphization of single-crystal silicon substrates is 

achieved by ion implantation in order to absorb more laser energy. 

Fig. 3-3 Key process flow for forming silicon tips as crystallization seeds. Some of the 

silicon tips are amorphized by ion implantation in order to absorb more laser 

energy. 

Fig. 3-4 Optical micrographs of silicon tips formed by spacer technology. The silicon tips 

provide single-crystal seeds for excimer laser crystallization of amorphous silicon 

films on glass substrates. 

Fig. 3-5 SEM photographs of laterally seeded silicon films on (a) (100)-, (b) (110)-, and (c) 

(111)-orientated silicon substrates. 

Fig. 3-6 (a) transfer and (b) output characteristics of a laterally seeded TFT on 

(110)-orientated silicon substrate.  

 

CHAPTER4 

Fig. 4-1 Key CMOS process flow for fabricating short-channel large-grained poly-Si 

TFTs. 

Fig. 4-2 SEM photographs of excimer-laser-crystallized poly-Si showing the grain sizes 

near where the 100 nm and 150 nm thick channel regions are connected. Larger 

scale (a) and smaller scale (b) are used to exhibit the delineation of grains. 

Fig. 4-3 SEM photograph of excimer-laser-crystallized poly-Si showing a clear grain 

boundary located within channel center. The clear grain boundary results from 

mass transport of molten silicon induced by surface tension. 

Fig. 4-4 Three-dimensional AFM images of a 100 nm thick amorphous silicon film (a) 

before and (b) after excimer-laser crystallization. Excimer-laser annealed poly-Si 

film becomes rougher due to mass transport induced by surface tension of molten 

silicon.  

Fig. 4-5 Output characteristics of short (a) n-channel and (b) p-channel poly-Si TFTs. The 

avalanche multiplication effect can be compensated by the self-heating effect as the 

drain current increases. 

Fig. 4-6 Transfer characteristics of short (a) n-channel and (b) p-channel poly-Si TFTs 

with high mobility and high ON/OFF current ratio. 
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Fig. 4-7 Transfer characteristics of CMOS-TFT inverter made up of a p-channel TFT with 

W=200µm L=2µm and a n-channel TFT with W=120µm L=2µm. 

Fig. 4-8 Transfer characteristics of non-hydrogenated B-doped poly-Si TFT extracted from 

measurements of the first and fourth times. A parallel shift in the sub-threshold 

region is due to the creation of hole traps in the gate oxide during 600℃ activation 

of boron dopants.  

Fig. 4-9 Transfer characteristics of NH3 plasma hydrogenated B-doped poly-Si TFT 

extracted from measurements of the first and fourth times. The shift range of 

threshold voltage is reduced because the activation-induced hole traps are 

passivated by NH3 plasma treatment.  

Fig. 4-10 Transfer characteristics of non-hydrogenated BF2-doped poly-Si TFT extracted 

from measurements of the first and fifth times. The perturbation in OFF currents 

and a shift in sub-threshold regions are observed under this device are measured 

several times. 

Fig. 4-11 SIMS plots showing boron concentration before and after 600 ℃activation for 

(a) B and (b) BF2 ion implantation, respectively.   

 

CHAPTER5 

Fig. 5-1 Key process flow for fabricating self-aligned poly-Si TFTs. TFT-A, shown in Fig 

(c), has large grains throughout its channel region. TFT-B, shown in Fig (d), has 

large and small grains on both sides of its channel region. 

Fig. 5-2 (a) SEM photograph of the excimer laser-crystallized poly-Si film after Secco 

etching and (b) AFM image of the surface roughness of the excimer 

laser-crystallized poly-Si film near where the 150 nm and 100 nm thick regions are 

connected. 

Fig. 5-3 SEM photograph of an excimer laser-crystallized poly-Si film with and without 

NH3 plasma treatment after Secco etching. A 100 nm thick laser-crystallized 

poly-Si film was selectively treated with NH3 plasma using aluminum patterns as 

hard masks, shown schematically at the top. 

Fig. 5-4 Transfer characteristics of (a) a device of TFT-A measured before and after NH3 

plasma treatment for 2h and (b) a single device of TFT-B measured in forward and 

reverse modes before and after NH3 plasma treatment for 4h. 

Fig. 5-5 Output characteristics of (a) a single TFT-B measured in the forward and reverse 
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modes before and after NH3 plasma treatment for 4h and (b) a single 

nonhydrogenated TFT-B measured in forward and reverse modes. 

Fig. 5-6 Variations of threshold voltage Vth with the drain bias VDS for non-hydrogenated 

TFT-A and non-hydrogenated TFT-B in both modes. 

Fig. 5-7(a) & (b) Degradations of both the threshold voltage and the maximum 

transconductance of nonhydrogenated devices with stress time. ∆Vth and ∆Gm 

max/Gm max,i were evaluated at VDS=0.1V for the each stress time. The single TFT-B 

was first stressed in forward mode and then stressed in reverse mode.  

Fig. 5-8 Transfer characteristics of (a) non-hydrogenated TFT-A and TFT-B in forward 

mode and (b) another non-hydrogenated TFT-B in forward mode before and after 

hot-carrier stress was applied for 104s. Shown in Fig. 5-8 (b), the inset presents a 

linear scale to show ON currents.  

Fig. 5-9 Transfer characteristics of non-hydrogenated TFT-B measured in the reverse 

mode before and after reverse stress was applied for 104s. The curve associated 

with the neutralization of hot holes was plotted after the hot holes were released 

from the gate oxide by final forward stress applied for 102s. The inset plots ΔVth 

with the stress time at VDS=0.1V and VDS=5V, respectively. 

Fig. 5-10 Transfer characteristics of another non-hydrogenated TFT-B first stressed in 

reverse mode for (a) 104s and then directly stress in forward mode for (b) 20s. 

During the last forward stress, as shown in Fig. 5-10 (b), the hot holes were 

gradually released from the gate oxide, resulting in a parallel shift of subthreshold 

region toward larger VGS without changing OFF and ON currents. 

Fig. 5-11 Degradations of both the threshold voltage and the maximum transconductance 

of hydrogenated devices with stress time. These devices were treated with NH3 

plasma for 4h, and ∆Vth and ∆Gm max/Gm max,i were evaluated at VDS=0.1V for each 

stress time. Two devices of TFT-B were stressed in forward and reverse modes, 

respectively. 

Fig. 5-12 Transfer characteristics of hydrogenated TFT-B measured in (a) forward and (b) 

reverse modes before and after hot-carrier stress was applied for 104s. The devices 

were treated using NH3 plasma for 4h. The hump effect in the sub-threshold region 

is observed before and after the hot-carrier stress is applied. 

 


