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Atom Lasers: The Next Generation
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Atom lasers produce highly controlled beams of atoms with desirable properties similar to the light ) :
Ef X >> Dz — JADEG
F Z
AsL +Y&é«'. o

beams produced by optical lasers. The raw ingredients for such devices are ultracold clumps of
atoms called "Bose-Einstein condensates,” which overlap with one another and fall into the same
quantum state, which means that the atoms are highly coordinated with each other. Atom laser

devices simply extract beams or pulses of atoms from these BECs.
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Fig. 2.2: Different nanostructures.
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2.1. Ausgangsmaterial 3

4,2 K werden Beweglichkeiten von mehreren Hunderttausend cm?/Vs erreicht.

2D- Si-Dotierung + = = 4

Ausgangsmaterial o 2DES - — = / b
Riickkontakt — — — '

Photolithographie
und erster Atzschritt

Teilweise Entfernung
des Photolackes und
zweiter Atzschritt

Einlegieren der Kon-
takte und Wedgen
der Probe

Aufbringen von
Photolack und
Erzeugung von Lack-
stegen mittels ho-
lographischer Litho-
graphie

Aufdampfen
des Gates

Abb. 2.1: Schematische Darstellung der ProzeBabfolge bei der Priparation
von Proben mit Riickkontaktschicht und moduliertem Gate fiir

FIR-Messungen.
/

Bei der Herstellung von Proben mit Gate bietet sich die Verwendung von Ausgangs-
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pe-Structure Constant

K. v, Klitzing
Fhysihalisches Institut dev Universitdt Wiirsburg, D-8700 Wiirsburg, Federal Republic of Cermany, and
Hochfeld-Magnetlabor des Masx-Planck -Institutls flir Festhorperforschung, F-38042 Grenoble, France

and

G. Dorda

Fo gelab len der Si AG, D-8000 Miinchen, Federal Republic of Germany

and

M, Pepper

Cavendish Labovalory, Cambridge CB3OHE, Uniled Kingdom
(Recelved 30 May 1l00)
Measurements of the Hall voltage of & two=d gas, with a

silicon metal=oxide-semiconductor field-effect transistor, show that the Hall resistance
at particular, experimentally well-defined surface carrier concentrations has fixed values
which depend only on the fine=-structure constant and lpud of light, and Is Insensitive to
the geometry of the device. Prell ry data are rep
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VoLuME 48, NUMBER 22 PHYSICAL REVIEW LETTERS 31 May 1982 VOLUME 50, NUMBER 18 PHYSICAL REVIEW LETTERS 2 May 1983
Two-Dimensional Magnetotransport in the Extreme Quantum Limit ’ Anomalous Quantum Hall Effect: An Incompressible Quantum Fluid
" D. C. Tsul,"® H, L. Stormer,'® and A. C. Gossard with Fractionally Charged Excitations
Bell Laboratories, Murvay Hill, New Jersey 07974 R. B.. Laughlin
(Recelved 5 March 1982) : Lawrence Livermorve National Labovalory, University of California, Livermorve, California 94550
A quantized Hall plateau of p,, =3k/e?, accompanied by a minimum In p,,, was observed : (Recelved 22 February 1983)
in magneto rt = two-d! ectro! 1

:':: ;::rlg(y. apln—polﬁ‘:::dmhmmtﬁilod. rﬁ’:ﬁ&m :101 Vl? L \::e!;&en This Letter presents variational ground-state and excited-state wave functions which
& lensity-wave state with ular symmetry .__.E.—&JE—J—._EL’ Suggosted as & possible ex ) describe the condensation of a two-di ional electron gas into a new state of matter.
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Magnetic Field B (T)

Fig. 15.1: Hall and magneto-resistance of a homogeneous two-dimensional electron
system. Numbers indicate the filling factor » = 2nl’n, (ns: electron |
sheet density). Courtesy of J. H. SMET. (
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(a) top view (b) Band edge profile. See also Fig 4.2(b)
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Quantum Tunneling Transistor
B,

quantized  top QW  toP control top déplelion
2D electron  contact gate g}gte
layers

bottom QW

™ back depletion gate

Schematic diagram of a quantum tunneling transistor, an on-off switch that exploits an electron’s
ability to pass through normally impenetrable energy barriers. The various contacts and gates
adjust the voltage between the upper quantum well (labelled "top QW) and the lower quantum well
("bottom QW"), both made of gallium arsenide and having thicknesses of just 150 Angstroms

P(Bo) (where 1 Angstrom equals 107 10 ymeters). Adjusting the voltage in the right way allows the electrons
0 in the top QW to "tunnel through” an ordinarily insurmountable barrier (made of aluminum
gallium arsenide, depicted as a sawtoothed energy barrier in the leftmost diagram) to the bottom
QW. Tunneling occurs when the top QW and bottom QW accept electrons with the same energy and
momentum states. (Figure courtesy Sandia National Laboratories)

This research was described at the 1997 IEEE International Electron Device Meeting in
Washington, DC, December 7-10, 1997.

F

Vg

Fig. 11.6: Conductance (middle panel) and ground state occupation probability
(lower panel) during the transition from N to N + 1 particles on the
quantum dot induced by an increasing gate voltage V. Upper panel:
Shift of the quasi-single particle levels (N + 1) — E(N).
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12, Double Quantum Dots
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Fig. 12.6: Measured charging diagram of the double quantum dot depicted in the
inset. a) The conductance is represented in a gray scale plot - white:
o < 0.5uS, black: ¢ > 2.548. b) Line plot corresponding to the lower
part of a). Courtesy of R. H. BLICK. .

ground state, then, is a superposition of two different ground states with neighboring
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Quantum Corral
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Scanning tunnelling microscope (STM) picture of a j zf_—;“@r&hg@u_@r

stadium-shaped '"'quantum corral' made by positioning iron

atoms on a copper surface. This structure was designed for B,gy-‘.;,ﬁ o : 'i b "‘“"L;" {.m

studying what happens when surface electron waves in a e

confined region. Courtesy, Don Eigler, IBM. : % s -
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Figure 4.5: The density of two (above) and three (below) interacting electrons subject
to a square symmetric confinement, @; = 0.0 and az = 0.4. The magnetic length is
a =13 nm.
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Figure 7.2: The induced density at the absorption peaks for N, = —1. See discussion in
text.
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PHYSICAL REVIEW B

VOLUME 14, NUMBER 6 15 SEPTEMBER 1976

Energy levels and wave functions of Bloch electrons in rational and irrational magnetic fields*

2

Douglas R. Hofstadter!
Physics Department, University of Oregon, Eugene, Oregon 97403
(Received 9 February 1976)

An effective single-band Hamiltonian rep ing a crystal electron in a uniform magnetic field is constructed
from the tight-binding form of a Bloch band by replacing hk by the operator p— eA/c. The resultant
Schrodinger equation becomes a finitedifference equation whose eigenvalues can be computed by a matrix
method. The magnetic flux which passes through a lattice cell. divided bv a flux ouantum. vielde a
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Inhomogeneous Electron Gas*

P. Houensercf

*x Sw &ra.r {'-' e %ﬁ&k@ v )o -‘-Q‘:AJ’: v JSF" Lcole Normale Superieure, Paris, France

AND

V. Kol

< LJ as Mw Q. f) w M & su% Z u k Ecole Normale Superieure, Paris, W”amﬂé des Sciences, Orsay, France

Universily of California al San Diego, La Jolla, California
(Received 18 June 1964)

- . v :
* UiL buu% w Hnr " CeLLu,(‘l{ m@ ‘This paper deals with the ground state of an interacting electron gas in an external potential v(r). It is

proved that there exists a universal functional of the density, F[n(r)], independent of #(x), such that the ex-
pression Eme o (r)n (r)de-+F[n(r) ] has as its minimum value the correct ground-state energy associated with

' & v(r). The functional F[#(r)] is then discussed for two situations: (1) n(r) =me-+-A(r), A/ne<<1, and

(2) n(r) = p(r/ro) with ¢ arbitrary and ry — 0, In both cases F can be expressed entirely in terms of the cor-

.w relation energy and linear and higher order electronic polarizabilitics of a uniform electron gas. This approach

w s touw' 0 g also sheds some light on generalized Thomas-Fermi methods and their limitations. Some new extensions of
these methods are presented.
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PHYSICAL REVIEW VOLUME 140, NUMBER 4A 15 NOVEMBER 1965

Self-Consistent Equations Including Exchange and Correlation Effects*®

AN AND L. J. SHAM
Universily of California, San Diego, La Jolla, California
(Received 21 June 1965)

From a theory of Hohenberg and Kohn, approximation methods for treating an inhomogeneous system
£ e of interacting electrons are developed. These methods are exact for systems of slowly varying or high density.
For the ground state, they lead to self-consistent equations analogous to the Hartree and Hartree-Fock
equations, respectively. In these equations the exchange and correlation portions of the chemical potential
of & uniform electron gas appear as additional effective potentials. (The exchange portion of our effective
potential differs from that due to Slater by a factor of §.) Electronic systems at finite temperatures and in
magnetic fields are also treated by similar methods. An appendix deals with a further correction for
systems with short-wavelength density oscillations.
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