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[1] Ruch, T. (2020, November 14). Can you turn a baseball into a donut? An introduction to topological materials [Blog post]. Indiana University
Bloomington.https://blogs.iu.edu/sciu/2020/11/14/can-you-turn-a-baseball-into-a-donut/.
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* Topological insulators (TIs) — bulk
insulators + conducting linearly
dispersing Dirac edge (surface) states

* Surface states (SS) are topologically
protected by time-reversal symmetry
(TRS) - topological SS (TSS)

[1] Ruch, T. (2020, November 14). Can you turn a baseball into a donut? An introduction to topological materials [Blog post]. Indiana University
Bloomington.https://blogs.iu.edu/sciu/2020/11/14/can-you-turn-a-baseball-into-a-donut/.
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Introduction: topological insulators (TIs)

Topological insulators (TIs) - bulk
insulators + conducting linearly
dispersing Dirac edge (surface) states

Surface states (SS) are topologically
protected by time-reversal symmetry
(TRS) - topological SS (TSS)

Large spin-orbit coupling (SOC)

[1] Ruch, T. (2020, November 14). Can you turn a baseball into a donut? An introduction to topological materials [Blog post]. Indiana University
Bloomington.https://blogs.iu.edu/sciu/2020/11/14/can-you-turn-a-baseball-into-a-donut/. [2] Liu, J.; Hesjedal, T. Adv. Mat. 2021, 2102427.
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* Impurity magnetic doping
©66e o
e © ® @ Substitutional or

© © ¢ © surface doping [2]
(N N X ¥

[2] Chen, Y. et al. Science 2010, 329, 659-662.
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* Impurity magnetic doping
©66e o
e © ® @ Substitutional or

© © ¢ © surface doping [2]
(N N X ¥

Proximity coupling [3]

(Y Y YKo
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[2] Chen, Y. et al. Science 2010, 329, 659-662. [3] Hou, Y et al. Science adv. 2019, 5, eaaw1874.
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* Impurity magnetic doping
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e © ® ® Substitutional or

© © ¢ © surface doping [2]
€066
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© © © © Proximity coupling [3] © ¢ ¢ ¢ Magnetic extension [4]
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[2] Chen, Y. et al. Science 2010, 329, 659-662. [3] Hou, Y et al. Science adv. 2019, 5, eaaw1874. [4] Otrokov, M. M. et al. JETP Lett. 2017, 105, 297—
302.
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* Impurity magnetic doping
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® © © © Substitutional or

© © ¢ © surface doping [2]
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[2] Chen, Y. et al. Science 2010, 329, 659-662. [3] Hou, Y et al. Science adv. 2019, 5, eaaw1874. [4] Otrokov, M. M. et al. JETP Lett. 2017, 105, 297—

302.
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dea 7=~ Summary and conclusions
Prototypical 3D Tl Bi.Se,;Te magnetically doped with low concentrations of Er

Firts experimental observation of the magnetically induced transition of the warping
of the TSS from hexagonal to trigonal

Signatures of the bandgap opening

p-type doping: tunability of the DP towards the Fermi level

Theoretical model with Zeeman out-of-plane term rationalizes the resuls and yields
a large exchange coupling of 0.1 eV

Controlled doping of Tls with REs as an excellent approach to realize the QAHE
at higher temperatures since it fulfills all its requirements
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