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THE QUANTUM HALL EFFECTS

Allan H. MacDonald

Department of Physics
Indiana University
Bloomington, IN 47405, USA

1 Introduction

The quantum Hall effect [1] occurs in two-dimensional electronic systems (2 DES) [2]
in strong perpendicular magnetic ficlds. It differs from many of the phenomena which
are being discussed at this ASI in that it does not depend directly on quantum coher-
ence for ils occurrence. QQuantum coherence plays an important supporting role rather
that a starring role in this drama. At low temperatures and strong magnetic ficlds the
magnetoresistance of two-dimensional (2D} metals becomes extremely small and the
Hall resistance ncarly constant over certain ranges of carrier density and magnetic field
strength. Although this effect seemed quite mysterious at the time of its discovery, the
principle elements of the physics which is responsible are now understood. In these notes
| hope to explain these elements and to point out some aspects of our current theoretical
picture of the phenomenon which seem to be incomplete,

For orientational purposes it is useful to begin with a simple semi-classical descrip-
tion of transport in a 2DES. In the presence of an viectric field, an electron is accelerated
for an average time 1, the relaxation time, before being scattered to a state which has,.
on average, zero velocity. In Lhis picture the electrons have an average drilt velocity

p = —ef-fro/m {1

where 1 is the electric field and 110 is the electron effective mass. The current density in
an eleetric field is then given by

. - -

J= —enipy = ayl (2)
where

a0 = nelingfn (3)

and n is the arveal eleclron density. In the presence of a sieady perpendicular magnetic
ficld the Lorentz force nmst be added to the force from the electric field so that

Ty = —e(F} + i x 2B[e}rgfm (1)

Quantum Coherence in Afesascapic Systems
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New Method for High-Accuracy Determination of the Fine-Structure Constant

. Bascd on Quantized Hal! Resistance

' ) K. v. Klitzing

Puysihalisches bustitet der Universitdt Wiveburg, D-8700 Wartbwry, Federa! Republic of Cevmany, and
Hockfeld -Magneltabor des Mag -Planch Justitels ST Festhirpevforsciamg, F-I0042 Crewoble, Frunce

and

. G. Dorda
Fovychungsiaboruiorien dev Si AC. D-3000 Mimchen, Fedeval Republic of Germany

and

M. Pepper .
Carendish Laberetery, Cambridpe CBYOHE, Unifed Kingdom
(Racalved 34 May 198N
Measurements of the Hal! voltage of & two-cimenaional stectron gan, reallzed witha

silicon metal-oxide-semiconductor flald-sffect tranalsior, show that the Hall resistance
at particular, experimentally well-defined curface carrier concenications has fined values
which depand only o the fine-strecture constant and apeed of light, and is Insenaltive to
the grometry of the devics. Pralimlsary dats are reporied.

PACSH numbars: 73.25.+1, 04.20.0r, .30 My, 73.40.Qv

In this paper we report & new, potentially high-

accuracy method for determining the fine-struc- uow | qoaw - SUBSTRATE

ture constant, a. The new approach is based on HALL PRoBe

the fact that the degenerate slectron gas in the In- DRAM

version layer of & MOSFET (metal-oxide-sem|- B8
F] conductor fleld-effect transistor) is fully quan- "

tized when the transistor is operated at hellum SouRce GaE

temperatures and in a strong magnetic tield of bt Ed POTENTI, PROBCS

order 15 T.' The inset in Fig. 1 shows a schem-

atic dizgram of a typtcal MOSFET device wsed in

this work. The electric fleld perpendicular to the B

surface (gate fleld) produces subbands for the mo-

tion normal to the semiconductor-axide Interface, Upy

and the magnetic [leld produces Landaw Quantiza- wio \

tion of motion paralle! to the interface. The den-

sity of states D(E) consists of broadensd & func- \
tions"; minimal overlap is achleved i the mag- shas
netfc field {a sufficiently high. The number of
staten, Ny, within each Landau level is given by J l
Ny=eB/, W Ky E ) L B
where we dxclude the spin and valtey degenera- b na . a2
cles. I the density of states st the Ferm! ener- b Lid u -n_
€Y, N(E¢), I8 zero, an Inversion layer carrier
cannot be scattered, and the center of the cyelo-
tron orbit drifta in the direction perpendicular to FIG. 1. Racordings of the Hall voliage Uy and the
the electric and magnetic field, U N(E,} is finite  ¥O!'ME drop between the polential probes, U, a8 s
but small, an arbitrartly smaif rate of scattering  '¥"ction of the gate volings ¥, st T=15 K. The con-
stant magnatic Dield (B) 1s 12 T and the acurce draia
. cannot occur and localization produced by the long current, 7, 15 3 pA. The insat shows o top view of the
lifetime is the same a8 a zero scattering rate, device with a length of L =400 pm, & width of % =84 s,
i.e., the same absence of currem-carrying stales pod a distance beiween the potentinl probes of L,, =130
oceurs.’ Thus, when the Fermi level I8 between Hm,
494

+|°|85 Nobe | P"fEe
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