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62.5kV/cm

Ṧ Ὥ שּ ̆ ᴇ
In0.6Ga0.4As/In0.44Al0.56As̆ 5.6 μmȂᴿ̔
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Semicond. Sci. Technol. 15_ L44(2000)
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QCL ⁸

1. Compositions (InGaAs, InAlAs)
2.  Growth rates 
3. Doping
4. InP growth
5. Strain-compensation
6. QCL structures
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Composition: In0.52Al0.48As
V/III ration  20, Sub =515°C

By djusting
In/Al ratio,

Anticipated 
composition
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InP growth

valved cracker of P

Cracker: 950°C,
conversion P4 to P2.

Red p: 350-360°C 

White P: 80-90 °C

P2 pressures:0.2-2×10-5 Torr
P2 /In flux ratios : 5-25
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sub=490℃, V/III ratio=15-22sub=460℃, V/III ratio=10

Optimal  growth parameter:
Sub= 490°C, 
P2 /In = 20:1, 
Growth rate:  0.6-0.9mm/h. 
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Precise control:
each layer thickness, 
compositions,
doping, 
interfaces sharpness.

We can grow  QCL materials 
on condition that :
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InxGa(1-x)As/InyAl(1-y)As 
(x>53%, y<52%)

In0.53Ga0.47As/In0.52Al0.48As
רּ ұInP

0.69eV0.52eV

: InxGa(1-x)As̆x↑̆ Eg↓

: InyAl(1-y)As̆ y↓̆Eg↑
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QCL structure
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In0.6Ga0.4As/In0.38Al0.62Asὤ QCL

DXRD results
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In0.669Ga0.331As/In0.362Al0.638Asὤ QCL

DXRD results
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λ~4.6µm

ᴐQCLs
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λ∼4.6 ṦQCL ( )ȁ
ᴐ -  ╖ ( )Ȃ Ἵ ̔2mm×12μm

Appl.Phys.A 97, 527 (2009)
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He-Cd Laser
M1

M2

Shutter

L1
L2

SF

M3

Sample

ὤ Ἵ Ἵ

ὤ Ἵ

Ἵ ̔441.6 nm

DFB-QCLsȁἽ ᴇDFB-QCLs
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DFB-QCL有源区及波导结构

a：波导结构示意图

b：双声子共振结构能带图

c：一维模式分布

a

b

c

E43=157meV,λ=7.9μm
E32=41meV
E21=40meV

tg
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光栅刻蚀

Wet Etch

HBr：HNO3：H2O=1：1：20

RIE Dry Etch

Ar2：CH4：H2=5：18：45
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室温工作表面金属光栅DFB-QCL
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掩埋光栅DFB-QCLs的连续工作
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锥形DFB结构的优点

DFB光栅
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锥形DFB远场特性
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锥形DFB-QCL水平远场模拟
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Electronics Letters 45, 53(2009)

ү Ἵ ᴇDFB-QCL
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Electronics Letters 45, 53(2009)

ү Ἵ ᴇDFB-QCL ֒

ү Ἵ ᴇDFB-QCL
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Э (a)PCDFB-QCLб FP-QCLἽ
; (b)ү Ἵ ᴇ Ȃ

(a) ‍ PCDFB-QCLἽ ̕
(b)PCDFB-QCLб FP-QCL  

╖ ὡ Ȃע

Electronics Letters 45, 53(2009)

ү Ἵ ᴇDFB-QCL
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ү Ἵ ᴇDFB-QCL
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Optics Express 17, 18900 (2009).

( )1sin /(2 )effn Wφ λ−≥
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Appl. Phys. Lett. 96, 1(2010)
PC ұ

ү Ἵ ᴇDFB-QCL
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图24  G358和G085两种管芯发生灾变失效时的腔面特征图

（a）G358                                                      （b）G085
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OZ Э ‍ ̔̂ãG358̆̂b̃G085

∫
++

=
1i

i

h

h
H dh fb

-1
1GF

v
v

]1[ln
)1(4

GbF i1i
2

D +
−

−
= +

b
hh

vπ

热晶格失配模型：

给定 hi
获得 hi±1

bhf
-1

1GFH v
v+

=

]1[ln
)1(4

GbF
2

D +
−

=
b
h

vπ

力学平衡模型 ：



75

Ἵ

₥

ᶕ

ᾰ

ᶕ

Ἵ SO2 ᴇ

ᴇ



76

0 200 400 600 800 1000
0

5000

10000

15000

20000

0 20 40 60 80 100
0

1000

2000

3000

PA
 s
ig
na
l（

μ
V）

concentration（ppm）

光
声

信
号

（
μ

V
）

浓度（ppm-百万分之一）

40mW，400μs，234Hz

ү ע ѝ167ppb̂︠Ӣ‍ѮУ̃



77

234Hz
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F = 3.55 kV/cm

3THz Ἵ — - שּ

THz-QCL ⁸
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‾ 2006 ⁸  3THz
Ἵ ̆ ᴐ ⁮88K
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80

‍ THz-QCL ⁸

Electron. Lett. 46(19)_ 1340(2010)
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DFB THz-QCL̆ 97 Ȃ(2006 )Ȃ

Electron. Lett. 46(19)_ 1340(2010)
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ᴇ ⁸У ‟InxGa1-xAs/InyAl1-yAs QCLs:
ᴐ: 3.5μm, 4.6μm, 4.7μm, 4.8μm, 5.2μm, 

5.5μm, 5.7μm, 7.4μm, 7.8μm, 8.9μm.
4.6μm, 7.4μm .
ᴐ QCLs

QCLs; 
Ἵ ȁ ȁ DFB-QCLs;

Ἵ ᴇ‍ QCL;
GaAs/AlGaAs QCLs:У ‟9.1--11.4 μm

THz-QCLsȁ╖ 14mWȂ
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Challenges and Frontier ̔
(1). GaN ᴇ QCLs̙ ȁTHz-QCL
(2). Surface plasmonic structures
̆שּ .(3) ̙

•, Superlatt.Microstruct. 37, 107–113 (2005)

THz-QCL
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