
Crossing of the edge channels in quantum Hall ferromagnet state of
Cd(Mn)Te microstructure

E. Bobko1,2, D. Płoch1, D. Śnieżek2, M. Majewicz2, M. Fołtyn2, M. Wiater2,
T. Wojtowicz2,3, and J. Wróbel1,2

1Faculty of Mathematics and Natural Sciences, Rzeszów University, Rzeszów, Poland
2Institute of Physics, Polish Academy of Sciences, Warszawa, Poland

3International Research Centre MagTop, Warszawa, Poland

Modulation doped CdMgTe/Cd(Mn)Te semiconductors quantum wells (QW) with relatively
small content of Mn possess a very large (up to +500) electronic Lande-factor and therefore the
spin splitting of Landau levels considerably exceeds the cyclotron energy, up to magnetic fields
of several teslas. Furthermore, the electron-electron interactions in Cd(Mn)Te are stronger, as
compared for example to GaAs, since the effective mass is larger and the dielectric constant
is smaller. As a result, phase transition to the so-called quantum Hall ferromagnet (QHFM)
state can be observed in integer quantum Hall regime [1]. In the language of edge currents,
a QHFM phase corresponds to the unique situation when two channels, belonging to distinct
Landau levels and carrying electrons with opposite spins, overlap in real space.

In this paper we show that such spatial degeneracy of chiral channels is spontaneously lifted,
in agreement with theoretical studies performed within the Hartree-Fock approximation [2].
Furthermore, we claim that separated edge currents, which flow in parallel, may nevertheless
cross at certain points, giving rise to the formation of a so-called topological defects or one-
dimensional magnetic domains, as predicted in [3].

We present the results of low-temperature magneto-transport measurements performed on
quasi-ballistic microstructure defined lithographically on the n−type Cd1−xMnxTe QW with
x ≈ 1%. The sample was formed as a H-shaped device with an overall size of 5 µm, connected
to the external terminals by 6 quantum wires of slightly different physical widths. This way we
were able to introduce the spatial variation of the filling factor ν, which determines the number
of edge channels entering the device.

We studied the local and non-local differential magnetoconductance as a function of source-
drain Vsd voltage and magnetic field B up to 6 T. Measurements were carried out in the cryo-free
dilution refrigerator Triton 400 at the base temperatures ranging from 0.01 to 0.3 K. At magnetic
fields B > 3 Twe observed very high and narrowmagnetoconductance peaks which we attribute
to the transition to quantumHall ferromagnet (QHFM) state occurring at the edges of the sample
and associated with the crossing of the spatially separated chiral channels. This conclusion is
based on the dependence of observed features on the source-drain voltage in the non-linear
transport regime. If such crossing indeed occurs and is controlled electrically, it may find
several important applications for the quantum information processing [4, 5].
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