= TENXHR R

BRI 2R =1
BEZARKFIE PO AR X —

IO BIE RS R FEERA
2018 FEEF iR ¥ € 4R @14-202



—E E

A+
RN
AN

BT
EHA.\
— 2 Ljﬁ
/h:?ﬁ
7
k

B
%
FiR— L3
IR S

VA A L
A‘\
}D
E



<> 4+ =5
< =
o= —

e J. H. Davies (1997)

— “The Physics of Low-Dimensional
Semiconductors” (FBERH V) )

e S. Datta (1997)

— “Electronic Transport in
Mesoscopic Systems” (FFER & 1))

o TR ER (1998)
—"BFHR—IVIR” (ZRH V)



S# 2 Dk oY
Of N

£ F XD ERE

- 2RTTEF R

- 7V RTT —RR
—EFRArrarigs b

SR TR — LR

EFR—IMRE S/ —NILE




GaAs/Al. Ga, As~7 Af5iE

i Y] VvV
(13) | (14) | (15)
Al Si P
Ga Ge As
In Sn Sb
PITESH S
N

) \

Lattice constant (nm)

0.66

0.64 Tt

0.62 T

0.60 T

0.58 t

0.56 1

0.54

Wavelength (pm)
3 2 15 1 0.8 0.6

InSb

015 1tO 1:5 2?0 2?5
Bandgap energy (eV)

3.0



\ ==
2RI F &
p-Si MOS [ B5 8 ZiRF—7T~705%ME

Metal SiO, p-Si n-AlGaAs GaAs

2R TTEFH X (2DEG)

7 LI EMUTORA AL EM(BMESEL) 127 T Ao (1E
AMDOBEBREIREFIN OQRTRERAE S



Energy
) \\
S
w
eyl

m 1 [Z2m
DSD(E) — T2H2 DZD(E) — W DlD(E) — T[h\l E

Rex TITHEBEIXRILE—TCOIREHNIEZ 5
EHBBHUEL & WME)T/NM RDEIHR



DPTFHRIE R X

ﬂﬂ%ﬂ-ﬁﬁi}

7— kL7

4 s )

B ST =
ERRIL X
= 2 —17)
HER Y — H """"""""""""""""""""""" L7 RuEeDEF 5

RHEEDIRENERH| (Z £ 5

MEE—FK-L—Fto AL PSR
E_RYY MR
@Eﬁz’*’* s ONTET...

KFEAT )L



MBE system at Purdue University © Manfra group (http://manfragroup.org/)
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Umansky & Heiblum at Weitzman Inst. Sci.
J. Cryst. Growth 311, 1658 (2009) Umansky et al.

Manfra at Purdue (ex-Bell Labs)
J. Cryst. Growth 441, 71 (2016) Gardner et al.
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JAPANESE JOURNAL OF APPLIED PHYSICS

VoL. 19, No. 5, May, 1980 pp. L225-1.227

A New Field-Effect Transistor with Selectively Doped
GaAs/n-Al,Ga, _.As Heterojunctions

Takashi MIMURA, Satoshi Hrivamizu, Toshio Fum
and Kazuo NANBU

Fujitsu Laboratories Ltd.,
1015, Kamikodanaka, Nakahara-ku, Kawasaki 211

(Received March 24, 1980)

Studies of field-effect control of the high mobility electrons in MBE-grown selectively
doped GaAs/n-Al.Ga;_.As heterojunctions are described. Successful fabrication of
a new field-effect transistor, called a high electron mobility transistor (HEMT), with
extremely high-speed microwave capabilities is reported.
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“Unexpectedly, plateaus are found in the resistance.”

“The findings ... may imply that we have realized an experimental system
which closely approximates the behavior of idealized mesocopic systems.”

Phys. Rev. Lett. 60, 848 (1988) van Wees et al.
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Microscopic origin of the ‘0.7-anomaly’ in quantum
point contacts

Florian Bauer'-?#, Jan Heyder"?*, Enrico Schubert', David Borowsky', Daniela Taubert!, Benedikt Bruognolo™?, Dieter Schuh?,

Werner Wegscheider®, Jan von Delft"? & Stefan Ludwig'
Nature 501, 73 (2013) Bauer et al.
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Odd and even Kondo effects from emergent
localization in quantum point contacts

M.J. Iql)llI Roi Levy?, E. 1. I\{Jup 1. B. Dekker', 1. P. de J(Jm, 1. H. M. van der Velde', D. Reuter’, A. D. Wieck®, Ramon Aguado®,

Yigal Meir™® & C. H. van der Wal'
Nature 501, 79 (2013) Igbal et al.
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PRL 116, 136801 (2016) PHYSICAL REVIEW LETTERS 1 APRIL 2016
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Electron Phase Shift at the Zero-Bias Anomaly of Quantum Point Contacts

B. Brun,"? F. Martins,” S. Fanielﬁ,3 B. Hackenf; Al Cavanna C. Ulysee A. Ouerohl U.‘. Gennser,"
D. Mailly,4 P. Simon,” S. Huant,"* V. Bayot M. Sanquer ® and H. Sellier'”

Phys. Rev. Lett. 116, 136801 (2015) Brun et al.
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New Method for High-Accuracy Determination of the Fine-Structure Constant
Based on Quantized Hall Resistance
K. v, Klitzing

Puysikalisches Institut dev Univevsitat Wiivzburg, D-8700 Wiirgburg, Fedeval Republic of Germany, and © Nobel Foundation
Hochfeld-Magnetlabor des Max -Planck -Instituls fuv Festkovperforschung, F-38042 Grenoble, France

von Klitzing

and

IR DEmSI X A b JL “Realization of a resistance standard based on natural constants”

M. Pepper
Cavendish Labovatory, Cambridge CB3 0HE, United Kingdom
(Received 30 May 1980)

Measurements of the Hall voltage of a two-dimensional electron gas, realized 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 speed of light, and is insensitive to
the geometry of the device. Preliminary data are reported.

PACS numbers: 73.25.+i, 06.20.Jr, 72.20.My, 73.40.Qv 2 2
e e 2T 1
In this paper we report a new, potentially high- A =—= X =~
accuracy method for determining the fine-struc- h(,‘ h C 1 3 7

ture constant, o.
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http://www.gakushuin.ac.jp/univ/sci/top/interview/in01.html
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Quantized Hall Conductanqe in a Two-Dimensional Periodic Potential

D. J. Thouless, M. Kohmoto,'*’ M. P. Nightingale, and M. den Nijs

Department of Physics, Untversity of Washington, Seattle, Washington 98195
(Received 30 April 1982)

Thouless

© Nobel Foundation
The Hall conductance of a two-dimensional electron gas has been studied in a uniform

magnetic field and a periodic substrate potential /., The Kubo formula is written in a
form that makes apparent the quantization when the Fermi energy lies in a gap., Explicit
expressions have been obtained for the Hall conductance for both large and small 7/ hw,.
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Phys. Rev. Lett. 49, 405 (1982) TKNN
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Quantized Hall Conductanqe in a Two-Dimensional Periodic Potential

D. J. Thouless, M. Kohmoto,'*’ M. P. Nightingale, and M. den Nijs

Department of Physics, Untversity of Washington, Seattle, Washington 98195
(Received 30 April 1982)

Thouless
© Nobel Foundation
The Hall conductance of a two-dimensional electron gas has been studied in a uniform
magnetic field and a periodic substrate potential /., The Kubo formula is written in a
form that makes apparent the quantization when the Fermi energy lies in a gap., Explicit
expressions have been obtained for the Hall conductance for both large and small 7/ hw,.

Haldane ¥7E
H KTERH%
T &
kTanks \ K TKRN
_ Prize share Kohmoto
Haldane Kosterlitz http://kohmoto.issp.u-tokyo.ac.jp/

© Nobel Foundation
Phys. Rev. Lett. 49, 405 (1982) TKNN
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Topological Invariant and the Quantization
of the Hall Conductance

MaHITO KOHMOTO*
Department of Physics and the Materials Research Laboratory,

University of Hlinois at Urbana—-Champaign,
Urbana, llinois 61801

Received March 27, 1984

Ann. Phys. 160, 343 (1985) Kohmoto
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Laughlin Stérmer
© Nobel Foundation

Two-Dimensional Magnetotransport in the Extreme Quantum Limit

D. C. Tsui,'® ® H. L. Stormer,'® and A. C. Gossard

Bell Laboratovies, Murvay Hill, New Jersey 07974
(Received 5 March 1982)

A quantized Hall plateau of p,, =34/e?, accompanied by a minimum in p,,, was observed
at T <5 K in magnetotransport of high-mobility, two-dimensional electrons, when the low-
est-energy, spin-polarized Landau level is 3 filled. The formation of a Wigner solid or
charge-density-wave state with triangular symmetry is suggested as a possible explana-
tion, -

Phys. Rev. Lett. 48, 1559 (1982) Tsui, Stormer & Gossard
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Laughlin Stérmer Tsui

© Nobel Foundation

(hje) _e

q= (3h/ez) 3 [ “Quarks!”

Lightheartedly, Dan Tsui enclosed the distance between B

0 =0 and the position of the last IQHE between two fingers
of one hand and measured the position of the new feature
in this unit.

He determined it to be three and exclaimed,

"quarks!" Although obviously joking, with finely honed
intuition, he had hit on the very essence of the data.

Nobel Lecture by Stromer
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Laughlin Stérmer
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Anomalous Quantum Hall Effect: An Incompressible Quantum Fluid
with Fractionally Charged Excitations

R. B. Laughlin
Lawrence Livevymore National Laboratovy, Univevsity of Califovnia, Livevmove, California 94550

(Received 22 February 1983)

This Letter presents variational ground-state and excited-state wave functions which
describe the condensation of a two-dimensional electron gas into a new state of matter.

Phys. Rev. Lett. 50, 1395 (1983) Laughlin
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PHYSICAL REVIEW B 95, 115308 (2017)

Why a noninteracting model works for shot noise in fractional charge experiments

D. E. Feldman' and Moty Heiblum?

Shot-noise experiments have stimulated much theoretical work. A basic
theoretical framework to understand the experiments is based on the chiral
Luttinger liquid model with a point scatterer. The model admits an exact
solution that shows clear signatures of fractionally charged excitations.
However, that solution turns out to provide a poor fit to the current and
noise data. Instead, a simple formula, derived for noninteracting fermions, is
routinely used to fit the data. The success of that model is puzzling given the
strongly interacting nature of the fractional quantum Hall physics. The goal of
this paper is to shed light on that success.
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“Friday evening” experiment

Scotch tape method of making
graphene

from HOPG
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Prog. Mat. Sci. 56, 1178 (2011) Singh et al.
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