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摘    要 

 

本論文主要是研究氮化物藍光二極體的缺陷和其光電特性。我們會探討熱回火對金

屬接觸在氮化鎵二極體上的效應，也會觀察貫穿式差排（threading dislocation）對氮化

鎵二極體的影響，並對這兩者間的相互關係進行討論。在金屬接觸的實驗上，我們使用

了鎳-金系和氧化銦鎵系金屬作為 p 型的透明接觸層。在經過不同溫度的熱回火處理之

後，我們會量測元件的光電特性，例如特徵性接觸電阻、電流-電壓性質，電致激發光

譜和光致激發光譜等等。在微觀結構分析方面，藉由穿透式電子顯微鏡、掃苗式電子顯

微鏡的影像與能量散佈光譜，我們可以清楚的觀察到缺陷與差排的存在與形態。因此我

們將進一步的討論差排對氮化鎵二極體的影響。 

首先，我們會先探討熱回火對鎳金屬層接觸 p 型（鎂摻雜）氮化鎵的影響。藉由鎳

金屬層的催化來熱活化氮化鎵晶片，可以得到較高的有效載子濃度。在活化溫度低於 500 

ºC 時，鎳金屬層可能是扮演催化的角色來熱活化氮化鎵晶片。可是在活化溫度高於 600 

ºC 時，鎳金屬層可能會和 p 型（鎂摻雜）氮化鎵晶片的表面進行化學反應而形成氮化鎳。

此結果可能導致有效載子濃度的增加。 

我們使用鎳-金系和氧化銦鎵系金屬作為 p 型的透明接觸層製作了多種氮化物藍光

二極體元件，並對熱回火在其電性上的影響做了探討。根據穿透式電子顯微鏡、掃描式
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電子顯微鏡與能量散佈光譜儀的分析，我們發現金屬會沿著缺陷（例如貫穿式差排或 V

型凹洞）而擴散進入二極體元件的結構內。包含金屬元素的差排會形成一條具有導電性

的路徑，並且會導致 p-n 接面在較高的回火溫度時產生短路的現象。另外我們也發現，

熱回火溫度在 600 ºC 時，氧化銦錫的透明接觸層會與 p-型氮化鎵的表面發生反應，而

在兩者之間的介面產生含銦、錫的金屬化合物，銦，錫元素亦會往 p-型氮化鎵的表面擴

散。然而，為了改善使用氧化銦錫透明接觸層的氮化鎵二極體的可靠度，我們建議可以

在氧化銦錫透明接觸層與氮化鎵二極體之間先製作一層氧化鎳薄膜，用以防止氧化銦錫

與氮化鎵二極體之間的反應與阻擋金屬擴散的發生。 

最後，我們製作了具有表面自然粗糙結構的氮化鎵二極體，並研究熱回火對其電性

的影響。在熱回火溫度高於 800 ºC 時，具有表面自然粗糙結構的氮化鎵二極體依然保持

著二極體的電流-電壓行為。而且其在高電流應力注入時仍有很好的可靠度。藉由穿透

式電子顯微鏡的分析，我們觀察到具有表面自然粗糙結構的氮化鎵二極體其結構內之貫

穿式差排並沒有如傳統結構的氮化鎵二極體一樣延伸至元件表面。這是因為具有表面自

然粗糙結構的氮化鎵二極體多成長了第二層 p 型氮化鎵，而此第二層 p 型氮化鎵正是具

有這自然粗糙的表面結構。因此，我們認為此第二層 p 型氮化鎵不但增加了光輸出的效

率，亦阻擋了金屬欲擴散進入氮化鎵二極體的路徑而增加元件的可靠度。 
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ABSTRACT 

 

In this dissertation, we have studied defects and optoelectronic characteristics on 

III-nitride based LEDs. Effect of thermal annealing of metals contact on GaN based 

light-emitting diodes (LEDs) has been investigated. The effect of threading dislocation on 

GaN based LEDs were also discussed. In the metals contact, we used Ni/Au and indium tin 

oxide (ITO) based metals for p-type transparent contact layer (TCL). After thermal annealing, 

the optoelectronic characteristics were measured such as the specific contact resistance (ρc), 

current-voltage (I-V) characteristics, electroluminescence (EL), and photoluminescence (PL). 

In the microstructure analyses, the defects and dislocations were observed by transmission 

electron microscopy (TEM), scanning electron microscopy (SEM) and energy-dispersive 

X-ray spectrometer (EDS). Thus, the influences of dislocations on GaN based LEDs would be 

discovered and discussed. 

Effect of thermal annealing on Ni film/Mg-doped GaN layer has been investigated. The 

wafers activated with Ni film obtained higher effective carrier concentrations than activated 

without Ni film. The Ni film may react as a catalyst for activation of Mg-doped GaN with 
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temperature below 500 ºC. While temperature above 600 ºC, the Ni film may react with 

Mg-doped GaN to transform nickel nitride (Ni3N), and result in the increase of the effective 

carrier concentrations.  

The effect of thermal annealing on I-V properties of GaN based LEDs with Ni/Au and 

ITO p-type layer have been studied. According to TEM, SEM and EDS analyses, it was found 

that metals diffused into the LED structure with defects such as threading dislocations (TDs) 

or V-pits. The conducting paths formed by the metal containing dislocation cores are believed 

to be the cause for the observed short circuit behavior of p-n junctions at high annealing 

temperatures. Using TEM and EDS analyses, we also observed In-contained metallic interface 

between the p-GaN layer and the pure ITO contact layer after annealing at 600 °C. It revealed 

that ITO would react at interface or indiffuse near interface at 600 °C. To improve the 

reliability of GaN-based LEDs with the ITO contact layer, we suggest that the NiO layer be 

used to prevent the reaction and block the leakage pathway. 

The influences of TDs on electrical properties of GaN based LEDs with naturally 

textured surface have been investigated. After annealing above 800 ºC, the normal I-V 

behavior of the GaN based LEDs with naturally textured surface still has been observed. It 

can achieve good reliability at high current injection life tests. The TEM images are clearly 

indicated that the straight TDs of the LED with naturally textured surface can’t extend to top 

surface during growth of the second p-GaN layer. These results imply evidences that the 

second p-GaN layer (the naturally textured surface) block the leakage pathway and prevent 

metals indiffusion along defects or dislocations. 
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