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• 第一代半导体材料，以Si、Ge为代表
• 集成电路的主要材料，占当前整个半导体产品的百分之

九十五
• 技术上最成熟，代表人类物质文明的最高水平
• 广泛应用于计算机和各种电子产品

• 第二代半导体材料，以GaAs、InP等材料为代表
• 光电子器件，LED和LD
• 光通信
• 微波功率器件和电路

• 第三代半导体材料，目前以Ⅲ族氮化物、SiC为代表
• 短波光电子器件，蓝、绿光LED，蓝紫光LD，紫外光电

探测器件
• 高温电子器件
• 高功率微波器件
• 高场高功率电力电子器件

半导体材料使用历史的简要回顾



当前主要的宽带隙半导体有：

（1）Ⅲ族氮化合物 (1.9-6.2 eV)
GaN    (3.4 eV)
InN    (1.9 eV,0.7eV)
AlN    (6.2 eV)
InGaN  (1.9 - 3.4 eV)
AlGaN  (3.4 - 6.2 eV)

（2）ZnO基氧化物半导体 (2.8 - 4.0 eV)

　　 ZnO, ZnMgO, ZnCdO

（3) 宽禁带Ⅳ族化合物

SiC        (2.4-3.1 eV)

金刚石薄膜 (5.5 eV)



ЬԆ

ZnO

УȁүԆ



Ⅲ族氮化物半导体发展动向

◆基于“宽带隙”，开拓“高温区”、
“大功率”与“短波段”半导体新技

术领域；

◆基于“低维结构子能带”又进入
“中红外”技术领域；

◆基于“强压电性”，进入声表面

波和传感器及微系统等技术领
域。
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Ⅲ族氮化物蓝紫
光激光二极管
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Ⅲ族氮化物紫外探测器
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Ⅲ族氮化物微波大功率器件
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宽禁带半导体高
场电力电子器件
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Ⅲ族氮化物蓝
绿光发光二极
管及其应用

Array of GaN-based SQW LED’s, 
varying from 400 nm to 600 nm

(0.2 - 0.7 In mole fraction)
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(0001) (1120)
(1102) (1010)
(1123) (1011)

c plane a plane
r plane m plane
n plane s plane

− −

− −

− −

C面GaN有源层，非中心对称结构，存在极化效应
解决办法：M面和a面GaN中无极化
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非极性面Ⅲ族氮化物量子阱与LED
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The m-plane GaN films and InGaN/GaN multiple-quantum-
well light-emitting diodes materials were grown on 
(100)LiAlO2 by LP-MOCVD using TMG, TMIn and NH3

as Ga , In and N source respectively,nitrogen and hydrogen 
as carrier gas.
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The samples were evaluated by means of
X-ray diffraction (XRD)  

Polarized Raman scattering

Atomic force microscope (AFM)

Optical absorption and reflection

Photoluminescence 

Electroluminescence  

I-V measurement.



Results and discussion
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1 Nonpolar m-plane GaN on  LiAlO2

2 InGaN/GaN heterostructures on LiAlO2

3 InGaN/GaN multiple quantum wells LEDs
on LiAlO2
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Nonpolar m-plane GaN on  
LiAlO2̂100̃ substrates 
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The effect of growth condition on the 
phase purity of GaN epilayer

Nitridation of LAO substrate

Buffer growth temperature
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The effect of the Nitridation of LAO substrate on 
the Phase Purity of GaN Epilayer

Growth condition:

(a) Nitridation,  850oC,150s̆

850oC   N2    2400s

(b) Without nitridation,

850oC,   2400sȂ

30 32 34 36 38

LAO(200)

(b) Without Nitridation
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The X-ray diffraction patterns of samples with and without 
nitridation of the LAO substrate. 
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The Effect of Buffer Growth Temperature 
on The Phase Purity of GaN Epilayer
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θ − 2 θ  s c a n  (d e g r e e )

TG=10500C

The X-ray diffraction patterns of samples grown at different buffer 
growth temperature.
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TB=5700C, TG =1050oC, t=2400s TB=8500C, TG =1050oC, t=2400s

Results indicates that we obtain pure M-plane GaN film on LAO (100) 
with nucleation at 850 oC 
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Ƿ we conclude that growth at relatively higher 
buffer temperature can avoid  c-phase GaN 
forming and be in favor of fabricating scat5095Tj
0.06
0 Tc-0.0008 T051 -1.201 TDcrystal m-planase G.34
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Optimizing growth condition: LP-MOCVD

ǻ Two-step growth method
ǻ TN=850 oC ~ 900 oC,  N2

ǻ TG=10500C,  H2

ǻ Without Nitridation (LAO)
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‍ XRD ω~2θ扫描

No
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Williamson-Hall plot 
ӱW-H ̆ ԏ  чэ

tilt lateral correlation length
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SEM
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GaN (100)᷆ map

Э ̆m-GaN(1100) ᷆ ѐ X
Eбc аУ ̆ ҩ
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E2(high) is not observable, 
confirming that the GaN film is 
a good single crystal

E2(high) locates at 574cm-1̆
blue-shifted 5cm-1̆indicating 
that compressive strain existing 
in the GaN film

(peaks with * come from LAOsubstrate) 

Polarized Raman spectra of m-GaN

Polarized Raman 
spectra confirm the 
in-plane anisotropy of 
the GaN film
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366nm͘near band edge emission (NBE)

527nm͘ yellow band emission

PL spectra of M-planeGaN
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PL

♦ S型变化原因:

缺陷

♦ 空穴激活能：
9meV

0 50 100 150 200 250 300
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╒ᴐ ЮGaN

考虑电子自旋的价带顶能带GaN能带图

N 2p态电子

Ga和N的s态电子

重空穴带 |x¤iy>
轻空穴带
晶场劈裂带 |z>

M. Suzuki et. al, Phys. Rev. B., 52(11): 8132 (1995) 
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╒ᴐ Ю֓

C面各向同性应力作用下 C面各向异性应力作用下

K. Domen, et al. Appl. Phys. Lett. 70(8), 24 (1997).
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╒ᴐ Ю֓

♦ (a) εz=-1%

♦ (b) εz =-0.5%

♦ (c) εz =0%

♦ (d) εz =0.5%
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nonpolar m-plane InGaN/GaN 
heterostructures
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283032343638

 

 XRD Intensity (a.u.)2θ/degreeInGaN (1100)GaN (1100)31.22

LAO(200)The X-ray diffraction patterns of InGaN/GaN hetrostructure grown on the LAO substrate.  In-content ~ 063
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PL spectra of InGaN/GaN MQWs grown on LAO
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m-plane InGaN/ GaN  MQWs LED
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Schematic digram of InGaN/GaN MQWs LED

N-GaN̔1.2um
InGaN/GaN MQW  P=5
P-GaN̔200nm
N type contact, Ti/Al    

P type contact ,Ti/Au

Ti/
Al

SiO
2

Ni/A
u

LAO (100)

n-GaN

InGaN/
GaN 
MQW

p-GaN

Ni/Au

Ti/Al

Chip size
80um¦80umȁ
200um¦200um
400um¦400umȁ
800um¦800um
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I-V curve of non-polar InGaN/GaN LED at RT

n=4.2 for small bias
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EL spectra of m-plane InGaN/GaN LED
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pcIL =

P=0.98 for I>25mA
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Piezoelectric field

EC

EF

EV

SiO2

hole
accumulation

栅压作用下异质结构能带变化，左：零栅压；右：负栅压

Top GaN Al0.4Ga0.6N GaN
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金属-铁电体-GaN 的 M-F-S 异质结构

以SiO2为栅的常规MIS结构，即使加80V反向偏压也难
以实现反型，以PZT为栅的MFS结构，可在-5V下实现反型。

PZT:作为MIS结构的栅介质层；
极化场调制GaN表面能带弯曲
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GaNAlGaN AlGaN

Ec

Ev

AlGaN/GaN/AlGaN紫外探测器
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     Si(111)

    substrate

AlN buffer (150)

     GaN (500)

Al0.2Ga0.8N (15)

GaN (60)

Al0.2Ga0.8N (15nm)

     Si (111)

    substrate

AlN buffer (150)

     
GaN

(600)

(a) monolayer (b) multilayer
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Rmax=24 A/W

Rmax=7.0 A/W
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