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Al Ga As

« GaAs and Al Ga, As (or
InGaAs/InAlAs) are lattice- | ,'/1'\/,
matched, can be grown on _ * / “ )
top of each other defect- Bas i fy f:: :
free. substrate.  Gads Gads  GaAs

« Different gap enargies in
GaAs and Al Ga, As form
quantum wells.

= Molecular Beam Epitaxy
(MBE) can grow layer by |
layer, atomically smocth. Growth direction

« In essence, with MBE we —
can design and grow ‘
“Artificial Atoms™ or ” Conduction

|

artificial meclecules.” We can Hard
control the size of wells and
relative ensrgy levels. —
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. InP top cladding Photoresist

. Active region and spacers (InGaAs/InAlAs) Silicon nitride

. n-doped InP substrate Metallic contacts
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Ti/Au

Si0,
Galnds cap
InP cladding

Laser active recion
InP substrate
Ti/Au
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B) Temperature C) Shear stress
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1. Compositions (InGaAs, InAlAs)
2. Growth rates

3. Doping

4. InP growth

5. Strain-compensation

6. QCL structures
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Composition: In, ,Ga, ,-AS
V/111 ration 20, Sub =515°C

10°F
By deSting 1os IAna(f/Zéi.ngA /
In/Ga ratio, ) 10 %
§1035
Anticipated |
composition ol bl b

®/20 (arcsec)

Double crystal X-ray diffraction resul®



Composition: In, c,Al, ,6AS
V/11 ration 20, Sub =515°C

10 - 7 T T T
I I INAIAS
By dJ UStI_ng 10°F Aa fa < 4E-5
In/Al ratio, 3
< 10
= 10°
Anticipated 10'} ;
composition e ) NN B | ‘
-1000 -500 0 500 1000

/20 (arcsec)

Double crystal X-ray diffraction result



Doping concentration (cm™)
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1E17

1120 1140 1160 1180 1200 1220 1240 1260 1280 1300

Si Temperature (Deq)
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InP growth

Cracker: 950°C,
conversion P, to P,.

Red p: 350-360°C

White P: 80-90 °C

P, pressures:0.2-2x10~ Torr
P, /In flux ratios : 5-25

valved cracker of P
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sub=460°C, V/I11 ratio=10 sub=490°C, V/III ratio=15-22

Optimal growth parameter:
Sub=490°C,
P, /In =20:1,
Growth rate: 0.6-0.9mm/h.
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We can grow QCL materials
on condition that :

Precise control:

each layer thickness,
compositions,
doping,

Interfaces sharpness.
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In,Ga,,_,,As x=0.532+7.2Aa, /a,
In Al  AS y =0.523 + 7.4 Aa, /a,
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QCL structure

InGaAs 5%10"cm” 400nm
5%10"cm”
InP 1%10"em 2500nm
InGaAs 1x10"em™ 350nm
(Active + Injector) <30
InGaAs 1x10"cm™ 300nm
InP substrate n-doped
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QCL materials
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Intensity (a.u.)

L=390 um

rTr 17 17171711 TTrTid

Intensity (a.u.)

Intensity (a.u.)

Intensity (a.u.)

.76 7.78 7.80 7.82 7.84 7.86 7.88 7.90 7.92 7.94

W.! .......... IT“T“"T'TTJL”

5.40 5.42 5.44 5.46 5.48 5.50 5.52 5.54 5.56

Wavelength (1 m) Wavelength (um)

HTREEXER], SEBREIMBHRRABTZE. BIERGHER

Tﬁﬁﬁu@llzﬁn\ﬂh@lﬁﬁﬁhmuiﬂﬂﬁ

YY:
yigiEgs:. dho = -

52



DFB-QCLs. JFm{&DFB-QCLs

Sample
SF > %
MZ/ N D
3

M

ERBEARERRA

M1
Shutter  He-Cd Laser

L EBRAX ARG KA
BYeEgiE1c: 441.6 nm

53



DFB-QCLA 5

nzaAs

Active Region

In(zaAs

InP buffer

a: WIREMrEE
b: X F IR & H e B

Energy (eV)

PTGk

0.4

0.2

0.4

-0.6

Refrective index

3
- 7

Electric Field =70 kV/cm

b l

[ E,;=157meV, A =7.9um

Distance (pm)

[ Ej,=41meV
[ E,;=40meV
0 10 20 30 40 50 &0 7O
Distance (nm)
Emission Region
—41.0
InP Cladding InP Substrate 4
i 408
4 0.6
404
Air ]
40.2
[ C
A 1 1 0'0
0 2 4 6 8 10

Optical mode intensity (a.u.)



AccV
100 3
[ & O

8%

Mag= 2500KX [ Mhe 100KV Signal A = InLens time=35.0 min, tg=410 nm,dc=3
= i :

AccY  Spot Magn WD |f———o—ouu-—oud 2m

'I{I OkEV 3.0 17873 6.1

EHT = 10.00 KV
WD= 6mm

Signal A = InLens

Zum*
Mag= 2389 KX b

time=6.5 min, t,=450 nm,dc=32 % time=7.0 min, t,=670 nm,dc=23 %
Wet Etch RIE Dry Etch
HBr: HNO;: H,0=1: 1: 20 Ar,: CH,: H,=5: 18: 45 55



HONI 100pm WD 10.6mm MOME

278 288 298 303 K

550 T T T T T
275 280 285 290 295 300 305
Temperature (K)

Vg L\t b AALO
. RTINS AT O U

8.40 8.44 8.48 8.52 8.56 8.60

10?

Intensity (a.u.)

NOMNE 5 Ui 1pm WD

Wavelength (pm)

56



Normlized intensity (a.u.)
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¥ SEETH —&5In,Ga, As/In Al As QCLs:
=i T{E: 3.5um, 4.6um, 4.7um, 4.8um, 5.2pum,
5.oum, 5.7um, 7.4um, 7.8um, 8.9um.
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fiCKI, Superlatt.Microstruct. 37, 107-113 (2005)
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Challenges and Frontier :
(1). GaN# A ZQCLs? 58iff. THz-QCL

(2). Surface plasmonic structures

3). AiRX, EEAMENKLITRRK? |
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