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Abstract

Quantum spin hall effect (QSHE) is intrinsic phenomena in the topological insulator (HgTe). We
investigate the energy spectrum of low dimension HgTe topological insulator with different
structure under the magnetic field. Then we find that the square topological insulator quantum
dot (TIQD) and disk-like TIQD both have edge states without magnetic field, and these edge states
is very stable structure property. But there is quantum hall effect in the presence of external
magnetic field; namely the edge states of HgTe QD all will be affected under magnetic field; espe-
cially the electrons will move toward the same direction along the edge of disk-like HgTe QD un-
der magnetic field. The main reason of all these physical phenomena is that the magnetic field
breaks the time reversal symmetry.
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Figure 1. The dispersion relations for the E1 (red) and H1 (black) sub-
bands of the HgTe quantum well (QW) as a function of wave vector k.
(a) case magnetic field B =0 T; (b) case B = 0.5 T. The width of QW d
=7nm
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Figure 2. The energy spectrum of square HgTe QD (a) case M <0 (c)
case M >0 (b) the density distribution of the electron state marked by
the red arrow in Figure 2(a). (d) The density distribution of the electron
state marked by the red arrow in Figure 2(c). Here the width of quantum
well L =3a,, L,=3a, and a, =a, =10nm
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Figure 3. The energy spectrum of the disk-like shaped HgTe QD without magnetic field as a function of the angular mo-
mentum m, the quantum states denoted by the red square are edge states; (b) The density distribution of the electron state

marked by the red arrow in (a). Here the QD radius R =50 nm
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Figure 4. The same as Figure 2, but for the energy spectrum of the HgTe QD under the magnetic field B =2 T (a); (b) the

density distributions of electrons of state marked by the red arrow in (a)
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Figure 5. (a) the energy spectrum of HgTe QD with the magnetic ion located at the center of HgTe QD. The edge states are
denoted by the red square and blue circle indicating the spin up and spin down states; (b) is the same with Figure 5(a), but

with the magnetic field B=2 T
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