UNITED NATIONS EDUCATIONAL, SCIENTIFIC AND CULTURAL ORGANIZATION
INTERNATIONAL ATOMIC ENERGY AGENCY %}
_“_[_”_“ INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS &

LCT.P, P.O. BOX 586, 34100 TRIESTE, ITALY, CABLE: CENTRATOM TRIESTE

)

SMR.998d - 29

Research Workshop on Condensed Matter Physics
30 June - 22 August 1997
MINIWORKSHOP ON

QUANTUM WELLS, DOTS, WIRES
AND SELF-ORGANIZING NANOSTRUCTURES

11 - 22 AUGUST 1997

"Raman Spectroscopy of Quantum Wires and Dots"

C. SCHULLER
Institut fiir Angewandte Physik
und Zentrum fiir Mikrostrukurforschung
Universitit Hamburg
Germany

These are preliminary lecture notes, intended only for distribution to participants.

MAINBUILDING  STRADA COSTIERA, 11 TEL 2240111 TELEFAX 224163 T ELEX 460392 ADRIATICO G UEST HOUSE V14 GRIGNANO, ¢ TEL.224241 T ELEFAX 224531 TELEX 460349

MICROPROCESSOR LAB. Via BEIRUT, 31 TEL. 2249911 TELEFAX 224600 TELEX ar0392  GALILEO GUEST HOUSE VIABEIRUT. 7 TEL2240311 TELEFAX 2240310 TELEX s60392

Enrico Fermi Buiping . Via BEIRUT. & (TELEPHONE, FaX AND TELEX THROUGH MAIN BUILDING)



Miniworkshop on_Quantum Wells, Dots, Wires and Self-Organizing
Nanostructures

21 August 1997

Raman Spectroscopy of Quantum

Wires and Dots

Christian Schiller, Detlef Heitmann,

E. Ulrichs, G. Biese, K. Keller, C. Steinebach, and K. Eberl*

Institut fir Angewandte Physik und Zentrum fir
Mikrostrukturforschung, Universitat Hamburg, Germany

*Max-Planck-institut fiir Festkérperforschung, Stuttgart,
Germany



VOLUME 63, NUMBER 15

PHYSICAL REVIEW LETTERS

9 OCTOBER 1989

Large Exchange Interactions in the Electron Gas of GaAs Quantum Wells

A. Pinczuk, S. Schmitt-Rink, G. Danan, J. P. Valladares, L. N. Pfciffer, and K. W. West

AT&T Bell Laboratories, Murray Hill, New Jersey 07974
(Received 27 Junc 1989)

Inclastic-light-scattering measurements show that exchange Coulomb interactions in the two-

dimensional clectron gas of GaAs microstructures are more important than previously anticipated.
Smail-wave-vector spectra from modulation-doped quantum wells cxhibit unexpected single-particle in-

[ 1]

spectral energies

found ta be of comparable strengths,

tersubband transitions in addition to collective spin-density and charge-density modes.
irect and cxchange intersubband Coulomb interactions are determined and
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FIG. 2. Depolarized fighi-scattering spectra of inter

excitations for scveral values of the scattering wave vector k.
The lincs are fits of SDE spectra uting Equ, (1)-(4). inset:
ion for k.

The scattering g y aod the exp

for | values of the scattering wave vector k.

The lines are fita of CDE spectra using Eqs. (1 )-(4). Inset: A
skotch of the k depandence of intersubband cxcitations in the
long-wavelongth Limit k € &r.
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Single-Particle kixcitations in Quasi-Zero- and Quasi-One-Dimensional Electron Systems

R. Strenz, U. Bockelmann, F. Hirler, G. Abstreiter, G. Bohm, and G. Weimann

Walter Schottky Institnt, Technische Universitat Miinchen, 1)-85748 Garching, Gennany

(Received 19 July 1994)

Resonant inclastic light scattering is used to probe electronic excitations in shallow etched
GaAs/AlGaAs gquantum dots and wires. In both types of structures, intersubband excitations are

observed in depolarized scattering gcometrics.

They show significant blueshift with decreasing

confinement length. In dot structures these transitions appear as dispersionless, whereas in wires they
show strong broadening and an intensity dip at the energetic center of the excitation with increasing
wave vector parallel to the wires, as expected for single-particle excitations. Their linc shape correlates

with the linear wave vector dispersion of additionally observed intrasubband excitations.

PACS numbers: 71.50.+t, 78.30.Fs

FIG. 1.
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Miniworkshop on Quantum Wells, Dots, Wires and Self-Organizing
Nanostructures

21 August 1997

Raman Spectroscopy of Quantum

Wires and Dots

¢ Motivation

e Introduction to Raman spectroscopy of
semiconductor nanostructures

e Experimental setup and sample preparation
» Quasi-atomic finestructure in quantum dots
¢ One-dimensional plasmons in magnetic fields

e Summary
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I Electronic Raman scattering I

Scattering cross section:

0 ‘o

3050 oc Im {H(q,oo )}

11(¢,0): polarization function

Charge-density fluctuations: (o; <<Eg,,)

0 20 L L I,
O oQ * (ei " )2 Im {HCDE(qSO‘))}: (ef = )2 Im {1+YCDEH0

elle

M

Spin-density fluctuations: (o; <<Eg,))

o’ o
g <@ x 2 Im{Tl, (q,0)}= (¢ xg,) Im it}
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Experimental setup

Ar ion laser

Ti:sapphire laser

Triple Raman
spectrometer

(700 - 850 nm) :
Erome
4 ..... & Q chromator

LN-CCD  cntrance optic;

U , . cryostat
: ' -

J- - - —& T
micro cryostat N b
Fresnel filters

rhomb

q= 4—;L"i'sin&} with A ~ A
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SEM pictures of quantum dots:

8376-6: (240 nm dots)
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Raman shift (meV)
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One-dimensional plasmons in quantum wires

L] l ] ' | | ' | | I | |
wire width: 270 nm B=0T
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One-dimensional plasmons in quantum wires
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'oLUME 21, NUuMBER 23 PHYSICAL REVIEW LETTERS

2 DecEMBER 1968

LIGHT SCATTERING FROM ELECTRON PLASMAS IN A MAGNETIC FIELD

C. K. N. Patel and R. E. Slusher
Bell Telephone laboratories, Murray Hill, New Jersey

{(Recelived 23 September 1968)

We have observed Raman scattering from the hybrid plasma mode in #-GaAs and its
coupling with the Bernatein modes at harmonica of the cyclotron frequency.
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¢ internal
interactionsin a
3D electron gas

e incompressibility

¢ nonlocality
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Miniworkshop on Quantum Wells, Dots, Wires and Self-Organizing

Nanostructures

Summary

» We have observed a finestructure in the spec-
trum of spin-density excitations in guantum dots
which is due to a nonparabolic lateral potential.

e The splitting of the lowest spin-density mode,
the SDE,, is interpreted, in analogy to the edge

magnetoplasmon, as an edge spin-density
mode.

* In quantum wires with small periods, we observe
a one-dimensional plasmon with a negative
magnetic-field dispersion due to skipping orbit
motions of the individual electrons.

* Evidence for a coupling between adjacent wires
is found.
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