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Outline

Spin-flip Raman scattering: what for ?

Direct band-gap (In,Ga)As/GaAs quantum dots

Symmetry-dependent scattering
Electron g factor dispersion

Exciton-cyclotron resonance-like complex
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Indirect band-gap (In,Al)As/AlAs quantum dots
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Fine structure of indirect exciton
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Spin-flip Raman scattering: what for ?

Resonant spin-flip Raman scattering (SFRS) is an inelastic light
scattering process where the spin of a carrier / complex is reversed

Exciton spin-flip Scattering is governed by selection rules
. [+1> used to identify the spin-flip mechanism
“s_  acoustic
IAE / \4 phonon
-1
o+ AE=gpgB
VN NAYAYA'S The shift of the spin-flip Raman line
c~ is proportional to g factor
10>
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Spin-flip Raman scattering: what for ?
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Evaluation of spin structure of
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c~ Characterization of spin-based
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Direct band-gap (In,Ga)As/GaAs QDs

Grown on (001)-oriented GaAs substrate by MBE

20 layers of QDs, density of
10'9 dots per cm?

Every dot contains
one resident electron

Dimension of dots:

Norm. PL intensity

~10 nm height, ~30 nm diameter

Direct band-gap QDs - 3

—
-

o
W

o
[ )
W
[\

physik 2
- T=6K
P=0.1 W/em’

s-shell —»
p-shell

?

1.34 1.36 1.38
Energy (eV)

Jérg Debus | 1SS0 2012 - St.Petersburg

1.40



technische universitat
dortmund

experimentelle
physik 2

Symmetry-dependent spin-flip scattering

Faraday (€= 0°)
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No SFRS line in Faraday geometry
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Symmetry-dependent spin-flip scattering

Tilted (6= 25°) Electron-SFRS in negative trion
— allowed due to state mixing
8. v clectron
Q
= ®
o CB /‘ c0s(60/2)|-1/2> - sin(6/2)[+1/2 >
2 vl Bl
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Electron g factor dispersion

for three (In,Ga)As/GaAs QD samples

B=8T Photoluminescence dependent
on In/Ga-concentration,
annealing temperature T,
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Electron g factor dispersion

for three (In,Ga)As/GaAs QD samples

-0.50
-0.55
-0.60
-0.65

.
FAN
H
0N
{ kS

,

\\

-0.70 PV
0.75 |/ &

. 9 20°C

v T T e S L

132 136 140 144
Energy (eV)

Direct band-gap QDs - 6

Photoluminescence dependent
on In/Ga-concentration,
annealing temperature T,

Energy dependencies of g factor
values are independent of sample

Dispersion shows a flattening
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Electron g factor dispersion

for three (In,Ga)As/GaAs QD samples

Photoluminescence dependent

-0.50 on In/Ga-concentration,
-0.55 annealing temperature T,
-0.60 Energy dependencies of g factor
20.65 values are independent of sample
000" /™N94s5°C / ™N\080°C
'0.70 = { \\‘ ,.'" ' . . .
N Dispersion shows a flattening
075/ 7 T~ AN S
1.32 1.36 1.40 1.44 1.48 E A
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Involvement of excited electron states in SFRS

Resonance profiles of electron spin-flip intensity

Excitation energy (eV)

Direct band-gap QDs - 7

Excitation energy (eV)

Jorg Debus

Dependencies:
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Involvement of excited electron states in SFRS

Linear shift of profiles is larger than
diamagnetic shift of s-shell PL
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Involvement of excited electron states in SFRS

| sample, 900°C
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Three-step SFRS process similar to

exciton-cyclotron resonance
as observed in quantum wells

@ Resonant excitation of excited T complex:
N AN
| | >n=0 |\|/ | >n4:0

@ Spin exchange between electrons
N AN
[V om0 1T M0 40

@ Annihilation of trion
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Novel (In,Al)As/AlAs QD ensembles

Why are these QDs promising structures ?
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Novel (In,Al)As/AlAs QD ensembles

Why are these QDs promising structures ?

Due to features of the indirect exciton long lifetime & spin relaxation time
10* ' )
: 10 = 100
= direct ! g 3
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Novel (In,Al)As/AlAs QD ensembles

Indirect band gap

X-valley is
minimum

optically
forbidden

Type-l band
alignment
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Novel (In,Al)As/AlAs QD ensembles

Indirect band gap

X-valley is
minimum

optically
forbidden

Type-l band
alignment
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Via I'-X mixing: direct
optical addressing of
indirect exciton
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Revelation of I'-X mixing

Resonant photoluminescence

l laser line
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Energy (eV)
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Fine structure of indirect exciton

Evaluation of g factor tensor Ixx 0

Angle dependence of SFRS 0 g,

B
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Fine structure of indirect exciton

Evaluation of g factor tensor Ixx 0
Iyy
Angle dependence of SFRS 0 g,
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Fine structure of indirect exciton

Evaluation of g factor tensor Ixx 0
Iyy
Angle dependence of SFRS 0 g,
— h ["-valley X-valley
o 800 heavy-hole electron
= oo v
= 600 | indirect
% exciton
£ 400 | y
=
<
& s00l B=5T
. o ) L T=18K
tilted 0=75 oL\ | | |
geometry 5 0.0 0.2 0.4 0.6

Raman shift (meV)

Indirect band-gap QDs - 13 Jérg Debus | 1SS0 2012 - St.Petersburg



g factor

technische universitat expe_nmentelle
dortmund physik 2

g factor characteristics
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No signature from I'-valley electron or exciton ??

In T-X-mixing regime: W, ~[I"'> +[X) SFRS line for

Simulated SFRS spectrum:

1.0F
0.01
0.00
laser - L uJ
" L 00 02 04

<
o

Norm. Raman intensity
S
N

¢gr ¢

0.0 0.2 0.4 0.6
Raman shift (meV)

Indirect band-gap QDs - 15

g or average g factor

small g_ factor «—=> small Raman shift
%

large dispersion <> broad SFRS line

short lifetime of

<> weak intensity
['-valley electron
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Conclusion & Outlook

SFRS in ...
...direct band-gap (In,Ga)As/GaAs QDs

Electron g factor dispersion over wide spectral range

Observation of exciton-cyclotron resonance-like complex

...indirect band-gap (In,Al)As/AlAs QDs

Determination of I'-X mixing and fine structure of indirect exciton

(In,Al)As/AlAs QD ensemble is a promising
candidate for spintronic applications
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SFRS sensitive to electron-nuclear hyperfine interaction

(i) Resonant excitation of QDs at 1.40 eV and in z(c*, 67)Z polarization
(i) Quasi-resonant excitation at 1.54 eV (GaAs layer)

B =8T 5
5| T=6K :
. o + ’ '
S 1 6=20 o,P =7W/m :
> :
+ !
05 :
- '
2 :
= L__/\_
= ) :
g o, qu =3 W/em’ :
= _ .
a7 M
1 1 . 1 M|
0 100 200 300
Raman shift (ueV)
Outlook - 17

_l_

G excitation: AE =252 peV

G /no pumping: AE =269 ueV

Iq:geHB(B‘i'BN)

Overhauser shift increases (by 10 peV)
with increasing ot pumping power

Nuclear spin polarization: up to 18%

Jérg Debus | 1SS0 2012 - St.Petersburg





