Two Dimensional Quantum Wells

e Quasi-2D properties
« Growth technique
« Basic spectroscopy (eg. Absorption spectroscopy)

e Conclusion



Quantization

sz(V_E)= ktan (ka )
h —k cot (ka)

e.g. GaAs / AlGaAs Conduction band
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Heavy hole and Light hole
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Selective spin excitation in Quantum Well

3D- Spin +1 excitation 2D- Spin +1 excitation
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Exciton
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MOCVD (Metal-organic chemical vapour deposition)

MBE (Molecular-beam epitaxy)
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Spectroscopy (Light-matter interaction)

*Absorption spectroscopy E =hck
*Photo-luminescent spectroscopy Y

*Raman spectroscopy

eg. wavelength=800nm excitation at GaAs (me=0.06 m0)
parabolic approximation ---> AE=0.6 meV



Absorption spectroscopy

White light (laser)

OPTICAL PROPERTIES OF THIN HETEROSTRUCTURES
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Application and outlook

Quantum well laser

Electron spin control

Room temperature exciton applications
Lattice mismatch problem and strain



Thank you



MOCVD (Metal-organic chemical vapour deposition)

MBE (Molecular-beam epitaxy)
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Bandgap {eV}
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Anderson's rule Ga

Vacuum level must match.

Xoo=4.07eV
X a1 Ga,,as=3-74eV

Lattice constant must match to
avoid strain in the structure.

Vacuum level

X%
<
X
55
%
%55

%

%
9%
%

%

XX
%

0%

XX
%

%5

5%
%5

o%
<K

0SS
9%
%
9%
%

o7’
%

o2 %%
3
o562 %

o%
%
%
o5

oS
o

S

SRR

%
to%es
R
%
58K
5
X%
%
%
%
oo%e?

29503
355

090048
900093
'
%
%

0593

2%

<
s
25

29
S

K
0999

%

%
S

'S
09083
050008
XS
<5
o208
<

Soaes
KR

<5
S
9%

o%
S
o%
%
S
o%

8909

5
9%
5
¢
o
25
<K
09%
R

%

3%
%

X5

29983
S
S5
X%
%

S
XX
o093
S
X%
202000}
%

S

%
%
5
%
o593
%
X5

%

&
o008
XX
%
S9%es
oo

%
%
%

%
X

%999

RS
995
XXX
5
0%
%
0
25

K

XX
XX
0%
00:0’
XX
<%
XX
%5

5

XX
S
o
S
%
o
s

o5

5
2
008

R
%%}
553
oo
:‘0‘
o050t
R

%

N

/Z GaAs
7

Conduction band

Valance band

0
RS

%
K
ok



GaAs Band Energy

Structure
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Exciton in 3D
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AlGaAs

AlGaAs

Energy (meV)
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m_e=0.067 m_0 in GaAs

AEc ~ 0.2~0.3 eV for AlGaAs and GaAs

Ebound = EGaAs +

band gap of GaAs = 1.424 eV (300K) ~ 870nm



Useful data

room temp X-ionization, t~300 +/- 100 fs (GaAs QW) < PRL 54, 1306 1985 >

B
\/Conduction




Density (cm-3eV-1)
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High Bandgap
High Bandgap

Conduction

Valance
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