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Abstract It is generally accepted, that the plateau regime of thegertquantum
Hall effect (QHE) can be explained in terms edge channel9 (E@dich are sep-
arated by so called incompressible regions. However, thddmental question
where the current flows is answered differently by differmoidels. While the al-
ready mentioned edge EC picture associates the samplatcuith the ECs, the
bulk current picture attributes the current to the incorepiige regions between
the ECs, which may cover the whole bulk region in the platemime. On the
basis of a non-equilibrium network model for magneto tramsg/e propose an
approach for creating a quite narrow incompressible sfapdrom the sample
edges without creating ECs at it's boundaries. This is aglidy an appropriate
biasing of a narrow stripe like gate electrode, which isradigito the longitudi-
nal direction of the sample and covers only a vanishing spet (few percent)
of the bulk region. By adjusting the magnetic field in ordetune the bulk re-
gion to the vicinity of a plateau transition, the bulk getsiséve (dissipative). In
this way we create 3 distinguishable possibilities for entiflow: (i) The original
ECs at the real edge of the sample; (ii) the dissipative bedfkon which covers
nearly all of the sample area and (iii) the narrow incomplgsstripe in the mid-
dle of the bulk region. Our calculations clearly demonstralat there exists a
dissipation-less current in the narrow incompressiblipetmwhich dominates the
sample behaviour, while the edge channels as well as therbgién loose their
importance.
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Fig. 1 a) Node of the network with two incoming and two outgoing afels. The channels-+

2 and 3— 4 are treated like ECs with back scattering, wHere R/T corresponds to the relation
between reflection and transmission coefficients accortditige Landauer- Buttiker formalism.
b) Arrangement of the nodes for building the minimal physe&ament of a network, which is
the closed loop of a so called magnetic bound state. c) Theledennetwork is composed by
putting together a sufficient number of such adjacent loops.

1 Introduction

The integer quantum Hall effect (IQHE) is well understoodérms of quantum
localization within the framework of scaling thedryWhile the localization prob-
lem is theoretically well investigated, the modeling of therent flow is still a
challenging problem. The ongoing discussion in terms ofj&dersus bulk cur-
rent’ is based on the general believe, that the so called eltgrenel (EC) picture
attributes the current to the edges, while the bulk currenitige attributes the cur-
rent to the bulk region even in the plateau regime. Chklawlkil made clear, that
the ECs are not geometrically narrow one-dimensional oblanmut stripes of
up to more than 1g@m width?. These so called compressible stripes are formed
at steps of the electrostatic edge potential, which resoith fa re-distribution of
free carriers at the Fermi level. However, an answer howetlhde stripes keep
the quantization like 1D- channels was not given. Weis etoakctude, that the
dissipation-less current flows in the so called incompl#ssegions between the
edge striped This seems in serious conflict with the EC picture.

2 The non-equilibrium network model

The layout of our network looks similar to the well known CkextCoddington
(CC) network'. However, the CC network has been setup to study quantum lo-
calization, while our model aims directly at modeling naqu#ibrium currents.
Consequently our handling of the nodes as well as the assotiaf the chan-
nels with currents and potentials is substantially difféfeom the CC model. The
main facts are given below and for further details refer todited papers®.

Fig.1a shows a single node of our network, which transmiterg@ls from
the incoming to the outgoing channels, Figs.1b-c demaestnaw the network is
composed. The potentials transmitted by a node are cadcldat follows:

U= (U +P-u3)/(1+P) Q)

Us = (uz+P-u1)/(1+P) 2

In contrast to the CC-network, we attribute the non-eqiilifm currents to chan-
nel pairs, like e.g. the current from the right to the left (€2/h) - (U — us) (see
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Fig. 2 Left: R versus magnetic field B with inactive gate. The vertical Imarks the fixed
magnetic field B at which the gate voltage sweep on the rightdeeen made. The horizontal
line marks the initiaR value for the gate sweep. Insert: schematic sample geantetrpold
line in the middle indicates the position of the gate stripight: R versus gate voltage at fixed
magnetic field as marked on the left.

Fig.1a). It is important to realize, that in this way our nsgeovide a handle to
both, the injected currents and the potentiRlsesults from tunneling across sad-
dle points of the potential landscape in the BulR = exp[—%‘éﬁ%}, Er is the
Fermi energy relative to the saddle energy which corresptmthe center of the
Landau level (LL).eB/his the number of LL states, is the period an® the am-
plitude of a representative two-dimensional Cosine-pggaémodulation, which
has the same Taylor expansion like the actual saddle pateftierefore the ra-
tio L?/V can be understood as a measure of the "smoothness” of thetipbte
modulation near the saddle.

The design of the sample is managed by shaping the laterhoanbare
potential and using a self consistent Hartree type appratén to calculate the
Fermi energy and the lateral carrier distribution. On tlzsisib a gate electrode can
be easily modeled by biasing the bare potential of the daségihgate region.

3 Results and Discussion

For the numerical study in Fig. 2 we designed a Hall bar witreerow stripe
shaped gate electrode in the middle of the bulk region. Thié ddamductor is
represented by 165x20 grid periods, the voltage probes graderiods wide
and 5 grid periods long and are 20 grid periods apart from etiudr, the gate
stripe is 2 grid periods wide and 140 grid periods long anddsgd in the middle
of the bulk, the bulk carrier density was chosen tobe 4x10'tcm 2

The key point is, that on the one hand the gate region showdrbe insu-
lating, on the other hand no ECs should be created at the baesdf the gate.
This is only achievable in a very limited gate voltage intdri he magnetic field
is kept fixed in a regime of non-zeRy (see Fig. 2). When the gate is activated
by sweeping the gate voltage towards depleti®g,starts to decrease and finally
reaches zero. Sweeping further leads again to an incre&&g ¢f order to under-
stand this behavior more easily, another simulation has pegormed by using
a pure rectangular Hall conductor without potential probes plotting the whole
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Fig. 3 a) 3D plot of the lateral potential distribution of a rectatay Hall conductor in the
resistive regime without active gate b) 3D plot for the samedition but with active gate. All

the transverse potential appears within the gate striperavk is the longitudinal and y the
transverse direction.

lateral potential distribution. Fig.3a shows the latermatiemtial distribution with-
out active gate, while Fig.3b shows it with activated gat¢hi& zero resistance
regime according to Fig. 2 on the left. Almost the completajitudinal voltage
drop turns to a purely transverse voltage because of thelgatds way the bulk
on both sides of the gate starts to act like extremely wide estigpes, which are
no longer distinguishable from the ECs at the real edgeseSire know, that at
this magnetic field the bulk is resistive, the vanishing ptigg gradient in the bulk
in Fig.3b indicates that all the bulk current must have Vaaistoo, but leaving as
the only possibility the dissipation-less current flow ie tpate region.

4 Summary

By using a stripe shaped narrow gate electrode in the bulkmege have demon-
strated the possibility, to re-distribute the sample aqurfeom the compressible
resistive bulk to the incompressible gate region. This gjiggect evidence of

dissipation-less currents in incompressible regions efrpental verifications of
this numerical results are encouraged.
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