_Oberseminar: Quantum Knots - Prof. Dr A. Rosch, Prof. Dr. S. Trebst - University of Cologne - May 6, 2014

THE INTEGER QUANTUM HALL EFFECT
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INTRODUCTION

The quantum Hall effect (QHE) is one of the most remark-
able condensed-matter phenomena discovered in the second
half of the 20th century, and our talk is mainly about the
integer quantum hall effect. The basic results are o, =0
and o, = ve®/h, in which v is the integer quantum num-
ber. We will show how to get these really beautiful results
step by step.

THE LANDAU LEVEL

Let us search for the quantum dynamics in strong B
fields of the 2-d material. First, we choose the Landau

gauge:Z(?) = xBy. After separating variables we have
the effective one-dimensional Schrédinger equation
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which is simply a one-dimensional displaced harmonic os-
cillator, so we have an entire family of energy eigenvalues
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which are Landau levels. And the total number of states in
each Landau level is then
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where Ny =

IQHE EDGE STATES

We can consider the problem of electrons confined in a Hall
bar of finite width by a non-uniform electric field V(z).If
we assume that the system still has translation symmetry
in the y direction, the solution to the Schrédinger equation
must still be of the form

L

VL,

Y(z,y) = ™ fi.(x) ()

Figure 1: Illustration of a smooth confining potential which
varies only in the x direction.

We see that the group velocity = %%g has the op-

posite sign on the two edges of the sample.This means that
in the ground state there are edge currents of opposite sign
flowing in the sample. The semi-classical interpretation
of these currents is that they represent ’skipping orbits’
in which the circular cyclotron motion is interrupted by
collisions with the walls at the edges as illustrated in fig.2.
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Figure 2: Semi-classical view of skipping orbits at the fermi
level at the two edges of the sample where the con-
fining electric field causes E x B drift.

QUANTIZED CONDUCTANCE

To calculate this current we have to add up the group
velocities of all the occupied states
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Assuming zero temperature and noting that the integrand
is a perfect derivative, we have
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Borrowing from the Landauer formulation of transport,
the Hall voltage drop corresponds to a chemical potential
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difference between two edges

(—e)Vu = (—¢)[Vr — VL] = [ur — pr] (8)

Hence,
2

e
I=v—V

where we have now allowed for the possibility that v differ-
ent Landau levels are occupied in the bulk and hence there
are v separate edge channels contributing to the current.
Using the fact that the current flows at right angles to the
voltage drop we have the desired results
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Figure 3: The experiment plot of pyy and py. vs magnetic field
B

WHY WE HAVE PLATEAUS

In the second section, we know that the total number of
states in each Landau level is Ny = sz’ So, as the mag-
netic field B increases or decreases, we will have quasi-holes
or quasi-particles in the system. In the absence of disorder,
these quasi-holes or quasi-particles will contribute to the
current and we will have linear dependence of o, vs B.
But we have disorder in the system, the important disorder
will localize these quasi-holes or quasi-particles in a finite
change of magnetic field B, so we will have plateaus in the
presence of disorder.
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