
（一） 研究計畫中文摘要：

關鍵字﹕ 氮化鎵，歐姆接觸，特徵接觸電阻，表面費米能階。

氮化鎵相關材料已被用於製作藍色發光二極體及雷射等光電元件，為改善元

件的性能，必須有良好的p型及n型歐姆接觸特性。目前，p型氮化鎵的歐姆接觸

製作較為困難，為達到p型氮化鎵之歐姆接觸需用較高溫之熱處理形成熱合金化

歐姆接觸，此高溫處理將會對元件與材料造成某程度之影響，因此，本計畫重點

在於發展p型氮化鎵非熱合金化歐姆接觸之外並與熱合金化歐姆接觸進行比較。

茲分屬研究重點如下:

(A) p 型氮化鎵有效活化方式之開發與其對表面費米能階和產生自由載子濃度的

特性分析，建立 p 型氮化鎵活化之機制

將 p 型氮化鎵經過不同形式之活化後經霍爾(Hall)觀測系統測量 p 型氮

化鎵載子濃度，並以 x 光光電子能譜(XPS)術和深紫外光光電能譜(UPS)術觀

測經活化的試片表面，整合分析 p 型氮化鎵的表面能帶分布情形。

(B) 金屬/p 型氮化鎵歐姆接觸特性分析

選擇合適之金屬蒸鍍在經有效活化後之 p 型氮化鎵上，以電流-電壓(I-V)法

測量其特徵接觸電阻，並以 XPS 剖面分析技術深入研究熱處理前後金屬/p 型氮

化鎵界面之特性。為了建立完善之歐姆接觸機制，也將製作金屬/p 型氮化鎵蕭特

基二極體，以 I-V 和電容-電壓(C-V)法觀測界面之特性。

（二） 研究計畫英文摘要

Keywords: GaN, ohmic contact, specific contact resistance, surface Fermi level.

GaN has a 3.4 eV direct gap at room temperature and has attached much interest

for its application in optical devices in the short-wavelength region such as blue

light emitting diodes (LEDs) and laser diodes (LDs). Other devices that have been

demonstrated so far include ultraviolet photoconductive detectors, ultraviolet
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Schottky barrier photodetectors, metal –semiconductor field effect transistors, and

high electron mobility transistors. Ohmic contacts to p-GaN with low resistance are

essential in improving the performances of optical devices. In order to improve the

ohmic performance of the metals/p-GaN samples, the samples were annealed at the

higher temperature. High-temperature annealing led to the formation of defects,

which resulted in degrading the performance of optical devices, in the p-GaN

sample. So in this plan, we are devoted to improve the nonalloyed and alloyed

ohmic contact of p-GaN samples under the various activations. Using the Van der

Pauw-Hall measurement performed, the electron concentration of the p-GaN

epilayer was determined. A specific contact resistance was measured using the

transmission line method (TLM) for metals contacts to the p-GaN samples. In order

to investigate the interfacial characteristics for the metal/p-GaN, all samples were

measured using current-voltage (I-V) method, capacitance-voltage (C-V)

measurement, x-ray photoelectron spectroscopy (XPS), and ultraviolet

photoelectron spectroscopy (UPS).

(A) Study the activation of p-GaN under the various conditions:

In this work, the position of surface Fermi level of p-GaN samples under the

various activations can be obtained using UPS measurement and XPS

measurement. Using the Van der Pauw-Hall measurement performed, the

electron concentration of the p-GaN epilayer was determined. The Ga/N atomic

concentration ratio on the activated p-GaN samples was measured by XPS. In

order to understand the activation mechanisms of p-GaN samples under the

various activations, all observed results from Hall, XPS, and UPS were further

analyzed.

(B) Study the characteristics of metals nonalloyed and alloyed ohmic contacts to

p-GaN samples
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The characteristics of Pt, Ni and Au (nonalloyed and alloyed) ohmic contacts

to the activated p-GaN are measured using I-V in this work. The interfacial

characteristics for metal/p-GaN are analyzed using XPS measurement. The

formation mechanisms of ohmic contacts for the metals/p-GaN will be investigated

in this study. In order to understand the interfacial characteristics of metal/p-GaN

samples, the fabricated Schottky diodes of p-GaN were analyzed using the C-V

measurements.
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計畫成果自評：

本次計畫研究內容與原計畫相符程度達 90%，並達成預期目標，而且研究成果三

篇論文均已發表於國際知名期刊 Applied Physics Letters，獲得國際學者肯定，極具學術

與實際應用之價值。

報告內容：

此次專題計畫研究成果已撰寫成三篇論文並發表於美國 Applied Physice Letters 期
刊，依序列於下：

1. Y. J. Lin and K. C. Wu, 2004, March “Electrical properties of Pt contacts on
p-GaN activated in air”, Appl. Phys. Lett. Vol.84, 1501.
(NSC92-2215-E-035-003)

2. Y. J. Lin, W. F. Liu, and C. T. Lee, 2004, April“Excimer-laser-induced activation
of Mg-doped GaN layers”, Appl. Phys. Lett. Vol.84, 2515.
(NSC92-2215-E-035-003)

3. Y. J. Lin, 2004, April“Activation mechanism of annealed Mg-doped GaN in air”,
Appl. Phys. Lett. Vol.84, 2760. (NSC92-2215-E-035-003)

論文詳細內容如下所示：
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可供推廣之研發成果資料表

■ 可申請專利 □ 可技術移轉 日期：93 年 7 月 9 日

國科會補助計畫

計畫名稱：P 型氮化鎵非熱合金化與熱合金化歐姆接觸研究

計畫主持人：林祐仲

計畫編號：NSC 92-2215-E-035-003- 學門領域：光電

技術/創作名稱 以準分子雷射照射技術活化 P 型氮化鎵

發明人/創作人 李清庭/林祐仲

中文：
本技術利用準分子雷射照射鎂摻雜氮化鎵使之活化，並藉由Ｘ光光
電子能譜及光致發光量測系統進行分析，其結果顯示雷射照射後使
鎂氫鍵結解離，且由於鎵原子向外擴散至表面，導致形成氧化鎵，
並產生氫化鎵空位，大量鎂摻雜之鎂間隙原子亦可能佔據鎵空位，
因而使得電洞濃度因此而提升。

技術說明
英文：
In this study, we investigated the 248 nm excimer-laser-induced
activation of the Mg-doped GaN layers. According to the observed
photoluminescence results and the x-ray photoelectron spectroscopy
measurements, we found that the dissociation of the Mg-H complexes
and the formation of hydrogenated Ga vacancies (i.e. VGaH2) and/or the
Ga vacancies occupied by interstitial Mg during the laser irradiation
process, led to an increase in the hole concentration.

可利用之產業
及

可開發之產品

可應用光電元件領域，例如：藍色發光二極體的元件製作過程和以

藍光二極體為基礎的白光二極體元件製作過程

技術特點

和以往鎂摻雜氮化鎵的傳統活化技術不同，可避開前人申請之專

利。

推廣及運用的價值

可利用此技術提高藍色發光二極體的元件發光效率。
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