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QUANTUM CONFINED
MICROSTRUCTURED SEMICONDUCTOR
SYSTEMS

2D: QUANTUM WELLS, HETEROSTRUCTURES

1D: QUANTUM WIRES

0D: QUANTUM DOTS
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DISCRETE ENERGY LEVELS
» QUANTUM-DOT ATOMS”
LIMITS ?
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Holographic Lithography

fabrication of photoresist gratings with
small periodicities on the top of the sample

Ar-LASER ]
A=458nm

BEAMEXPANDER
BEAM- [
SPLITTER
R
4= 33sind
-— ~PHOTORESIST
€Y SUBSTRATE

periodicity: a=2?%1—13

A=458nm = a=230nm
n=1.5 = a=160nm
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DEEP-MESA-ETCHED QUANTUM WIRES

WITH TOP- AND SIDEGATE

n-AlGaAs

Ti-gate

£~ so,_

_____________________ p «——— &-layer Si
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CONFINEMENT
IN ETCHED MICROSTRUCTURES

b Rarr s
. T.._...__.e_—_ ..q._x_.._.._. -

1

V(z) = gm*ngz \

PARABOLIC CONFINEMENT

w2 ~ N3€2 w
0 27r€eff€0m* w2 —+ d2

EIGENFREQUENCY

EXTERNAL POTENTIAL
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MODEL CALCULATIONS FOR
DEEP-MESA-ETCHED QUANTUM WIRES
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ELECTROSTATIC CALCULATION
OF THE EXTERNAL POTENTIAL

APPROXIMATION BY A POTENTIAL:

— b =
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T(B,Vg)/T(B,Vt)

FIR RESPONSE OF

FIELD-EFFECT CONFINED QUANTUM DOTS
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IN A MAGNETIC FIELD
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ATOM-LIKE BEHAVIOR:
SINGLE-PARTICLE ASPECTS

ONE ELECTRON
IN A PARABOLIC CONFINEMENT

g P
H(7,) = ol + SAGIF + gm0

£}y = confinement energy

SOLUTION R

E.e=1- ﬁT+(2n+|£|+1) \/(hao)2+—@:ci

n =201 2 3.. radial quantum number
=0,%1,£2,£3,... azimuthal quantum number

Fock 7. Physik 1928.
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E (meV)
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AE (meV)

A s = 4 A . EBlEa & " s eR -
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SINGLE-PARTICLE SPECTRUM

OF A 2D HARMONIC OSCILLATOR IN A
MAGNETIC FIELD
ONE ELECTRON !
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Abb. 17.1. Termschema des He-Atoms. Einige

der erlaubten Uberginge sind eingezeichnet.
Es gibt zwei Termsysteme, zwischen denen
strahlende Ubergiinge verboten sind, das
Singulett- und das Triplett-System. Die Uber-
ginge im Singulett-System iiberspannen einen
Energiebereich von 25¢V, die im Triplett-
System nur SeV
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OF QUANTUM-DOT ATOMS

ENERGY SPECTRA _

= GO - He

. box potential. Bryant, PRL59, 1140 (1987)
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pa.rab potemtml Maksym and Chakraborty, PRL65, 108 (1990)
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N ELECTRONS
IN A PARABOLIC POTENTIAL
ELECTRON-ELECTRON INTERACTION

SEPARATION

INTO CENTER-OF-MASS MOTION AND RELATIVE,
MOTION

A VX

N2

HN - H(ﬁ, ]3) + Hrci(ﬂ,relaﬁ},rd)

Dipole excitation couples only to
center-of-mass motion
Rigid motion of all electrons
Independent on number of electrons

GENERALISATION OF KOHN’S THEOREM

Brey, Johnson, Halperin - Maksym, Chakraborty@q\
Ruden, Doéhler ¢ #3)

-2 -
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COULOMB EFFECTS

ESTIMATION OF C

GIVES ¢op0
\?ak.
eeom R? s 1
C: deff H:;rp=27/0
R = 27 nm from [, d
deff = 50nm 60.84
aa.k_
C=51008F

ENERGY REQUIRED TO CHARGE THIS

CAPACITOR WITH
ONE ELECTRON

2

E, = 56"6 — 15meV

larger than kT
larger than local fluctuations
of threshold voltage
or dot geometry

STABILIZES A WELL DEFINED NUMBER
OF ELECTRONS IN EACH DOT

-l -
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e Non-parabolic potential

e Non-parabolic band structure
e Tilted magnetic fields
e Non-dipole excitation

e Raman Experiments
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LDEEP-MESA ETCHED QUANTUM DOTS
IN AlGaAs-GaAs

L4

300nm - 500nm with rounded corners
lateral depletion ~ 100nm
ome-particle separation ~ 2meV
estinvated from wires prepared under identical conditions

- %~
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AAd, 1iA8 ASARBRiNER A\ . ASS.

T(B)/T(B,) (%)

FIR. RESPONSE OF
AlGaAs-GaAs UANTUM DOTS
IN A MAGNETIC FIELD B

i = ES

Ll d 11 b1t rr i1t

0

50 100 150 200
YmeV

Wavenumbers (cm™1)

N = 210 ELECTRONS PER DOT
GEOMETRICAL RADIUS: 250 nm
ELECTRICAL RADIUS: 160 nm
SINGLE PARTICLE ENERGY: 2meV
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w, (cm™l)

w. (em™1)

100

50

200

150

100

revrir1rrrey Yy

N=210 FLE
R = 180nm

rrrry1rrrrrrrrrroo

2 4 6 8 10 12 14

Magnetic Field B (T)
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IN DEEP-MESA-ETCHED QUANTUM DOTS
a=2000nm, 1000x1000 nm?, N=2500 e~ /dot, R= 330nm

150 1 1 1 l 1 L] L] I 1 1 1 l 1 ] 1 I i T 1]

+ -50( I
| - N=2356
\ 1 cqo0®® "
. 100 eotote
E
)
>a_
50
0 I 1 1 | [ 1] J 3 l J 3 a4 l F l 2 I i :
0 2 4 6 8 10
B(T) >
A 50 | | I
a5 YU
l% 40 - ® — @ o
. L
g ° ° ) e o o
g 30?- s .
- ®
® 9
25 - ® ® —
e
. o
oe
o 1% < A <8%
15 | | | |
0 0.4 0.8 1.2 1.6 2

B(T) -
MODE SPLITTING FROM SQUARER-SHAPED

NON-PARABOLICITY
5w, SPLITTING ALSO FOEK CIRCULAR SHAPED

+ NONPARABOLICITY.

-3 -



Deviations from the parabolic potential shape-
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resonance energy (meV)

CALCULATED B-DISPERSION

IN QUANTUM DOTS WITH SQUARED

oscillator strength

SYMMETRY

1 2

Viz,y) = §m*w6( r? +art 4+ bz’y? )

D. Pfannkuche and R,R. Gerhardts, PRB 44, 13132 (1991)

20

15

10
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S "local”: confinement effect
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DYNAMIC EXCITATIONS IN
f IN
. SEMICONDUCTOR MICROSTRUCTURES

TWO MODELS:

I. |
QUANTUM DOT ATOMS
INCLUDING
ee-INTERACTION |

1L
CONFINED PLASMONS

Quon K havely .
Foan hee —Toch  comd
RPH
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COLLECTIVE ExciTRTIONS
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EDGE MAGNETOPLASMONS IN A 2D DISK:

THE PERIMETER P
QUANTIZES THE ALLOWED g-VECTORS =S
// .
nip = n2n/qpn =271R=P / 2\
F %;'1.
G n/R, n — 172)31" ‘\%
A N o2 /ﬁ’
B=0: f.u%nz *S % 7 ..
2e*egm (1

4
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DETECTION OF

COMPRESSIBLE
AND
INCOMPRESSIBLE STRIPES

IN QUANTUM DOTS AND ANTIDOTS
BY FIR-SPECTROSCOPY[
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'SICAL REVIEW B VOLUME 46, NUMBER 7 15 AUGUST 1997

Electrostatics of edge channels

D. B. Chklovskii
Department of Physics, Massachusetls Institute of Technology, Cambridge, Massachusetts 02139

B. 1. Shklovskii and L. 1. Glazman
Theoretical Physics Institute, University of Minnesota, Minneapolis, Minnesota 55453
(Received 19 February 1992; revised manuscript received 6 April 1992}

2n,

X
>

[ x, X

FIG. 1. Structure of spinless edge states in the IQHE regime.
(a)—(c) One-electron picture of edge states. (a) Top view on the
2DEG plane near the edge. Arrows designate electron flow
direction in the two edge channels. (b) Adiabatic bending of
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Is it possible to see
compressible and incompressible edge states
in quantum dots and antidots
with FIR experiments?

Answer:
In dots or antidots with
parabolic or smooth potential
not

—————

Kohn's theorem!

To make it observable:
preparation of dots and antidots
with hard wall confinement
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DEEP MESA ETCHED
QUANTUM DOTS AND ANTIDOTS
WITH THREE DOPING LAYERS

HARD WALL CONFINEMENT

antidots dots

2=800nm, R,=180nm, Ns = 9-10'"cm™ per well
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FREQUENCY OSCILLATIONS

reverse behaviour for dots and antidots

o antldot array

Wavenumber
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SELF-CONSISTENT HARTREE CALCULATION
RESONANCE FREQUENCY

NORMALISED RESONANCE FREQUENCY VS 1/ B
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OPTICAL AND ACOUSTIC PLASMON MODES
IN TWO-LAYERED ANTIDOTS SYSTEMS
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