Tuning the Fermi velocity in Dirac
materials with an electric field

UNIVERSIDAD

COMPLUTENSE

MADRID

[ 2017

|’NanoTechnology

Dresden (Germany) Alvaro Diaz Ferndndez
June 05-09, 2017 alvarodi@ucm.es



IcMm

Instituto de Ciencia de Materiales de Madrid

UNIVERSIDAD

COMPLUTENSE

MADRID




WARWICK

THE UNIVERSITY OF WARWICK




OUTLINE

d Why?
3 State-of-the-art

3 Dirac materials

d Our proposal

3 Conclusions



OUTLINE

0 Why?
3 State-of-the-art

3 Dirac materials

d Our proposal

3 Conclusions



Quantum
Transport

OXFORD

Semiconductor
Nanostructures

4/
/

Thomas lhn




Ballistic Conductance Fluctuations
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Fig. 14.25 Measurement of ballistic
conductance fluctuations in a sample
consisting of 25 mesoscopic squares,
coupled via quantum point contacts.
Current is driven from source (S)
to drain (D). The sample was pat-
terned using AFM lithography on a
two-dimensional electron gas in the
Ga[Al]As material system.
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Quantum Hall Effect (Graphene)
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Dirac materials
T.O. Wehling®:®, A.M. Black-Schaffer® and A.V. Balatsky?-¢*

Table 1. Dirac materials indicated by material family, pseudo-spin realization in the Dirac Hamiltonian,
and the energy scale for which the Dirac spectrum is present without any other states.

Material Pseudo-spin Energy scale References
Graphene, silicene, germanene Sublattice 1—-3eV [5,6,17,19,36,37]
Artificial graphenes Sublattice 1073 —0.1eV  [28,29,38-40]
Hexagonal layered heterostructures Emergent 0.01 —0.1eV [41-47]
Hofstadter butterfly systems Emergent 0.01eV [46]
Graphene-hBN heterostructures in high magnetic fields

Band inversion interfaces: SnTe/PbTe, CdTe/HgTe, PbTe Spin—orbit ang. mom. 0.3eV [48-50]

2D topological insulators: HgTe/CdTe, InAs/GaSb, Bi Spin—orbit ang. mom. <0.1eV [7,8,22,24,51,52]
bilayer, ...

3D topological insulators: Bi;_,Sby, BirSes, strained Spin—orbit ang. mom. <0.3eV [7,8,23,52-55]
HgTe, Heusler alloys, ...

Topological crystalline insulators: SnTe, Pb;_,Sn,Se Orbital <0.3eV [56-59]
d-wave cuprate superconductors Nambu pseudo-spin <0.05eV [60,61]
SHe Nambu pseudo-spin 0.3 peV [2,3]

3D Weyl and Dirac SM Energy bands Unclear [32-34]

Cd3ASz, Na3 Bi
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Tuning the Fermi velocity in Dirac materials with an PbTe Pb, Sn,_, Te SnTe
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Tuning the Fermi velocity in Dirac materials with an PbTe Pb, Sn,_, Te SnTe

- . AT E_=0
electric field ’ \/
A. Diaz-Fernandez!>", Leonor Chico’*, J. W. Gonzalez*>, and F. Dominguez-Adame'~ L?
- 6
e T
+ -
Eg =0.18 eV Ls AND Le Eg=0_3 eV
+ __L ‘l—
L
6 -
LG
| 2
- +
L; ICB Lg

Ve(2)

v



Tuning the Fermi velocity in Dirac materials with an
electric field
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Tuning the Fermi velocity in Dirac materials with an SCTTETCTIETC
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Tuning the Fermi velocity in Dirac materials with an PbTe Pb, Sn,_, Te SnTe
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Quantum-confined Stark effect in band-inverted

junctions
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Tuning the Fermi velocity in Dirac materials with an SCTTETCTIETC
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Tuning the Fermi velocity in Dirac materials with an

electric field
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Conclusions
v' Before ADF et al.: structural/many-body effects required (experimentally difficult)

v' After ADF et al.: double-gated Dirac materials (experimentally simpler)
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