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摘要

本次出國主要參加在日本名古屋市舉辦的第七屆電漿奈米技術與科學國際會議(The 7th International Conference on Plasma-Nano Technology & Science)，並發表論文：Application of AlGaInP quaternary compound tunneling layer for high-performance heterostructure-emitter bipolar transistor。此會議是在日本中部舉辦的國際專業研討會，主要探討寬能隙與奈米材料元件之技術，參與人員皆來自各方菁英。與會期間除了論文展示時間在場解說外，也積極到各場次聆聽演講、交流資訊，此對於本實驗室對外發展與未來研究具正面意義。
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1. 目的

本人此次赴日本名古屋Meijo University (名城大學)出席The 7th International Conference on Plasma-Nano Technology & Science (IC-PLANTS 2014)，並發表論文Application of AlGaInP quaternary compound tunneling layer for high-performance heterostructure-emitter bipolar transistor。出席該國際學術會議的主要目的為論文發表，分享研究成果，並與國內外相關研究領域的學者意見交流。
[image: image1.jpg]Application of AlGaInP quaternary compound tunneling layer for high-
performance heterostructure-emitter bipolar transistor
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1. Introduction

Heterojunction bipolar transistors (HBTs)
have attracted significant interest in high-speed
digital and microwave circuit applications.
However, the conventional HBTs suffered from a
large collector-emitter (C-E) offset voltage
(AVcg), which causes the unnecessary power
consumption in circuit applications [1]. In order
to decrease the offset voltage, some improved
HBTs, e.g., heterostructure-emitter bipolar
transistors (HEBTs) [2] and tunneling-emitter
bipolar transistors (TEBTs) [3], have been well
addressed. In this article, we first experimentally
investigate an Alg;15Gag3sIng sP/GaAs tunneling
HEBT (T-HEBT) to enhance the current gain and
lower C-E offset voltage, simultaneously.

2. Experiments and discussion
The structure layers were grown on an (100)
oriented S.I. GaAs substrate by a low-pressure

LP-MOCVD system. The epitaxial layers
consisted of a 0.5 ump" =1 x 10" em™ GaAs
subcollector layer, a 0.5umn = 2 X

10" em ™ GaAs collector layer, a 0.1 um p™=1 x
10" cm™ GaAs base layer, a 200 A n = 5 x
10" em™ GaAs emitter layer, a 50 A n =5 x
10V em Aly 15Gag 35Ing sP tunneling
confinement layer, and a 03 umn" = 1 x
10" em > GaAs cap layer. After the epitaxial
growth, the conventional photolithography,
vacuum evaporation and wet selective etching
processes were used to fabricate the devices.

The typical common-emitter current-
voltage characteristics of the studied T-HEBT
are shown in Fig. 1. A maximum collector
current is about 92 mA and a relatively low C-E
offset voltage of only 45 mV at Iz = 20 pA is
observed. The maximum current gain reaches
468 at Vpc = 0 V. The large valence band
discontinuity (AEv =~ 04 eV) at

Al 15Gag 35IngsP/GaAs  heterojunction provides
good confinement effect for holes to promote the
emitter injection efficiency and current gain.
Also, though the tunneling confinement layer is
thin enough, the hole tunneling current can be
neglected due to the relatively small transmission
coefficient for holes. Also, the employment of a
thin as well as small energy-gap n-GaAs emitter
layer could eliminate the potential spike at B-E
junction to lower the C-E offset voltage.
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Fig. 1 Common-

emitter current-voltage characteristics of the studied
Aly15Gag35Ing sP/GaAs T-HEBT at equilibrium.
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IC-PLANTS 2014舉辦地點-名古屋Meijo University
2. 參加會議過程
此次會議本人於103年3月1日由高雄搭高鐵至桃園，再搭機至日本名古屋。3月2日前往Meijo University會場報到，領取名牌、會議資料等。3月4日發表研究論文。會議期間根據會議資料，選取相關領域的報告會議參與。回國前一天至名古屋城參觀。最後於3月6日回國。
本次國際會議由Meijo University主辦。此會議每年舉辦一次，是國際知名有關奈米技術及半導體的重要會議。本次會議地點於日本名古屋市Meijo University的Tempaku校區舉行。每日之議程與主題主要皆為Plasma Science、Semiconductors、與Nanomaterials。其會議論文品質及原創性極高。本人發表一篇論文，並與參與學者交換研究心得。所發表論文主題為：Application of AlGaInP quaternary compound tunneling layer for high-performance heterostructure-emitter bipolar transistor。對於此篇論文，主要是藉由(AlxGa1-x)0.5In0.5P/GaAs異質結構接面較傳統磷化銦鎵/砷化鎵(In0.5Ga0.5P/GaAs)接面具有更大的價電帶不連續((Ev)值，期能更有效侷限基極之電洞，將具有更佳的輸出特性。且藉由電子、電洞穿透特性之差異性，可使大量電子穿透該薄的大能隙能障層而成為導通電流，而大部分電洞皆被此大能隙穿透式能障層所侷限，由此穿透式射極之引用可有效地增進射極注入效率。會議中與會學者對本人發表之論文深感興趣，特別是日本學者，且針對四元化合物之材料特性提供多項寶貴意見。
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參觀名古屋城
3. 心得及建議

(1) 所參與之section中，學者們對於奈米半導體元件與材料方面有優異之研究成果，且展示其研究方法及過程。
(2) 與會過程中有數篇關於異質結構場效電晶體之論文發表，本人對於其中的AlGaN/GaN場效電晶體pH感測器之溫度變化深感興趣，而該論文對於pH感測器機制探討詳盡且其threshold voltage與pH值變化相當靈敏。而吾人最近製作的電晶體式氫氣感測器與此結構相近，雖製作方法有些差異但製程上改變應可應用於pH感測，以增進元件應用範疇。
(3) 對於主辦單位熱情接待及與會學者熱烈討論印象深刻。
(4) 本國應多舉辦奈米半導體元件與材料相關之國際學術會議，使各國學者對我國之研究環境及成果有深刻認識，並可提升我國研究之質與量。
4. 攜回資料
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