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Quantum Spin Hall effect (QSHE) in HgTe quantum wells (QWs) has been theoretically
predicted and experimentally verified more than 10 years ago [1]. However, in contrast to
the QHE in a magnetic field, the quantization accuracy is poor and the resistance magnitude
usually exceeds the predicted value h

2e2
indicating the existence of scattering between edge

helical channels [2]. Several mechanisms breaking topological protection have been proposed
[3] but not yet conclusively verified. We show here that sample geometry determines also the
magnitude of experimentally measured edge channel resistance.

We present simulations of charge transport in 2D topological insulators in comparison
to experimental data obtained by us for HgTe QWs. We use both classical simulations of
the current distribution in leads and edge channels (finite element method) and the quantum
approach taking into account disorder that mimic charge puddles characteristic for quantum
structures of narrow band gap semiconductors [4]. In either of the two approaches the obtained
values of resistance are affected by the number of probes and overall geometry of the sample,
in agreement with the experimental data. The quantum approach shows that for smaller (quasi-
ballistic) structures resistance gets modified by changing the relative orientation of source and
drain probes. For this reason, resistance values obtained for the bulk or edge conduction
regime can be suppressed or enhanced. Classical simulations, which are more suitable for
larger (diffusive) structures, indicates that even without any additional backscattering inside
edge channels four-probe resistance can be enhanced.

In summary, our calculations compared to the experimental data demonstrate that observed
deviations from quantized values of conductance are caused not only by scattering between
helical channels but also by specific geometries of disordered samples. By using our simulations
we determined more realistically the resistances of individual edge channels as a function of the
channel length.
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