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The topological insulators, existing in two-dimensional (2D) and three-dimensional 

material systems, are a new state of matter characterized by a bulk excitation gap and 
topologically protected metallic states on their surface or edge [1]. The 2D TIs have so far 
been realized only in HgTe/CdTe and InAs/GaSb quantum well (QW) systems [2]. However, 
it was theoretically predicted that also in narrow InN/GaN QWs grown along (0001) 
crystallographic direction of the wurtzite structure, due to the extremely large built-in electric 
field originating from the piezoelectric effect and the spontaneous polarization, one may close 
the energy gap and induce the 2D TI state [3]. Recently, we have shown that due to negative 
band gap pressure coefficient of InN/GaN QWs, it is possible to close the band gap in these 
structures by applying hydrostatic pressure, which allows for an observation of pressure-
induce topological phase transition from the normal insulator phase to the TI state [4]. 

In this work, we present a theoretical study showing that the topological phase 
transition in InN/GaN QWs can be also effectively driven by applying external electric field. 
We use eight band k·p method to construct a two-dimensional six-band effective Hamiltonian, 
which takes into account the coupling between the conduction, light hole and heavy hole 
states [3,4].The effective Hamiltonian is used to calculate the electronic states in Hall bar 
structures of different widths. The calculations have been performed for two multiple 
InN/GaN QW structures, one with the QW width of 1.35 nm and the barrier thickness of 40 
nm and the other, having the widths of QWs and barriers equal to 1.4 nm and 20 nm, 
respectively. The thickness of Hall bar structures was varied from 100 to 1000 nm. The 
obtained results show that applying positive gate voltage in the range from 0 to 2 V to the first 
QW structure, one can tune the system from normal insulator to the TI state, whereas applying 
negative voltage from 0 to –1.5V to the second QW structure, it is possible to observe the 
reverse transition from the TI state to the normal insulator phase. In both cases, the critical 
value of the gate voltage for the topological phase transition depends also on the width of a 
Hall bar and e.g. in the case of 1.4 nm-wide QWs, it varies from –0.9 to -.1.25 V for Hall bars 
with the width changing from 100 to 1000 nm, respectively. 

We also study the influence of the external electric field on the dispersion of the edge 
states. Our calculations show that near the topological phase transition, there is a significant 
spin splitting of the upper and lower branches of the edge states dispersion curve, which 
originates from the lack of mirror symmetry of the QW potential. This effect depends 
significantly on the Hall bar width, which determines the coupling between the edge states 
localized at the opposite edges. Interestingly, we observe that spin splitting of the edge states 
unexpectedly decreases with applying external gate voltage, although the electric field in the 
QW layer increases simultaneously. 
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