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Abstract

Due to the exotic properties and potential applications, topological
insulators (TIs) have attracted more and more attentions, and become
one of the hottest topics in the condensed matter physics. Because of
the breaking of time reversal symmetry (TRS), the electronic properties
of the magnetically doped TT are in contradistinction to those of conven-
tional TIs. Therefore, for the application in the spintronic devices, it is
essential to deeply understand the physical picture in the magnetically
doped TI. On the other hand. due to the limitation of the current TI ma-
terials, it is also important to find new topological materials with better
electronic properties.

In this thesis, by using density functional theory (DFT) and low-
energy effective model analysis, we systematically study the topological
and magnetic properties of the magnetically doped TIs. It is found that:

1. The magnetic properties of Cr doped Biy;Se; strongly depend
on the fabrication methods: for the sample from molecular beam epi-
taxy (MBE), the substitutional Cr atoms tend to aggregate to super-
paramagnetic multimers in the Bi;Se; matrix, which contribute to the
chemical-potential-dependent gap opening in the Dirac surface states
without long-range ferromagnetic order. While, on the Bi;Se; surface
deposited by Cr atoms, we cannot observe the long-range ferromagnetic
order, but can find the gapless surface states. These properties suggest
that Cr doped Bi;Ses thin film is not a good candidate for the search of
quantized anomalous Hall effect (QAHE).
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2. For Cr doped Sb,Tes, the long-range ferromagnetic order induced
by van Vleck mechanics exists. Via fabricating PN junction in Cr doped
SbyTes thin film that is in the QAH phase, the field-effect birefringent
spin lens can be realized and the coherent spin polarizations can be mod-
ulated by gate voltage.

3. For Cr doped Bix(Se,Te; )3, the variation of Se/Te ratio (x)
changes the spin-orbit coupling (SOC) strength effectively and induce a
topological quantum phase transition (QPT); furthermore, the topologi-
cal QPT can induce a magnetic QPT.

All of these studies clarify the relationship between topological and
magnetic properties in the magnetically doped TI, provide physical pic-
tures for understanding these exotic phenomena and useful tools for tun-
ing the magnetic prosperities which is essential for the future spintronic
applications.

Meanwhile, by using DFT, we predict that: BiyTel, a stoichiometric
compound that is synthesized, is a weak TI; Mn-intercalated graphene on
SiC(0,001) substrate, SnX (X=F, Cl, Br, I, OH) and dumbbell stanene
are two-dimensional TIs. In contrast, for the silicene on Ag (111) surface,
the strong hybridization with the substrate makes it a metal without
topologically non-trivial property. These studies towards new topological

materials suggest some good platforms for TI applications.

Key words: electronic structure, topological insulators, density func-
tional theory, dilute magnetically doped semiconductor, low energy effec-

tive model
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