Quantum effects In
transport properties of
Topological Insulators




Topological Insulator

A topological insulator is a material with non-trivial topological order
that behaves as an insulator In its interior but whose surface contains

conducting states, meaning that electrons can only move along the

surface of the material.



https://en.wikipedia.org/wiki/Topological_order
https://en.wikipedia.org/wiki/Insulator_(electrical)
https://en.wikipedia.org/wiki/Electrical_conductivity

Conventional Insulator
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Energy gap between VB and CB
Fully occupied VB, empty CB

Conduction: creation of e/h pairs



Topological Insulators

Normal insulator Topological insulator
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Quantum Hall Effect (QHE)

Thouless et al. derived an explanation of the quantum PRy In terms of
topological concepts. The integers steps are associated with a fopological
invariant - the Chern number.



Quantum Hall Effect
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Quantum Spin Hall Effect

Spin-orbit coupling may play a role similar to the applied
magnetic peld (Haldane, 1988)

Quantum Hall Quantum spin Hall
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Helical states (spin-locked to momentum)



QHE/QSHE
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3D Tls

real-space k-space

mﬁ Strong spin-orbit coupling
"’LDC Robust, helical, edge states
l\\

¥ Chern numbers, , behave like Oorder parametersO

¥ There are 4 different topological invariants, and , (/=1,2,3).
- For a weak TI, (even number of Kramers points)

- For a strong TI, (odd number of Kramers points)



BioX3, X = Se, Te

¥ Excellent thermoelectric materials with
a rhombohedral structure, space group
R-3m

¥ Layered structure based on a quintuple
X-BI-X-BI-X arrangement

¥ Non-trivial 3D Tls




BioX3, X = Se, Te

vi={1,000}

-

0_4-‘7**7—7’*_17’*? ] |
(a) 02 00 02 00 02
ke (A7) k, (A7)

~ .0.1

-0.2
-0.2 -0.1 0.0 0.1 0.2
(b) kx(A-')




Transport Properties




Quantum conductivity
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Quantum conductivity




Weak localization (WL)

TR symmetry, no magnetic Peld

Pim! n)=]Ai(m! n)+A,(m! n)+...

= |A+ Ag|’

P(m! m)= [(Ar+ Ax+ .. )+(Ar+ A+ ..)[°
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Classically: P(m! m)= A“+ A§ =2A°



Weak-antilocalization (WAL)
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The electron wave-functions are dephased by
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WL vs WAL




Shubnikov-de Haas Effect

Magnetic beld splits the bands
Into sub-bands (Landau Levels)

When the Fermi level lies between
LL, a minimum in the conductivity occurs
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Amplitude of SAdH oscillations

Lifschiftz-Kosevitz formula (LK):
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BioX3, X = Se, Te

Polycrystalline, nanostructure

Polyol method.:

2C,HgO, I 2CH3CHO + 2H,0

2CH;CHO+TO% ! 2CH;COO' +T+H ,0

3T+60H' | TO% +2T# +3H,0

3T? +2Bi%* | Bi,Tj







BloSes

Bi2Se3 Il
Bi2Se3 100.00 %
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Bi2Se3 64.23 %
Se 11.87 %
Bismutite 23.90 %
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Bi2Se3

Bi2Se3 63.89 %

Selenium, syn 8.06 %
Bismutite 28.06 %
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¥ Powder samples pressed @ 6MPa
¥ Strong crystalline texture (001)

¥ Thin samples, gold contacts




BloSes

Strong WAL behaviour



BloSes

Above ~30 K WAL no longer observed



Bi1oSes: WAL

Bi2Se3-Il - HLN model + Bckg

The HLN model of WAL gives an excellent bt to the data



Bi1oSes: WAL




Bi,Ses: SdH

Bi,Se;, 1.8 K
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Single-crystals
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p-type behaviour



BioTes
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SdH osclillations in the magnetoresistance are clearly
visible



BiSbTes
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Fit to Lifschiftz-Kosevitz law gives a value for m* close to that of VB



Conclusions

Tls have interesting physics and exhibit many quantum
henomena: WAL, quantum oscillations, Aharonov-
ohm, AQHE, etc.

oreseen applications include:




BiSbTes

BiSbTe,




Topological order
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