Electrostatics of Chern insulator junctions
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* Prototype example: Chern insulator

(1) 2D material.
(2) Topological invariant (Chern number).
(3) Low-dissipation charge transport on the edge.
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Role of magnetic field in Chern junctions

Transformation under time-reversal

Chern number C odd
Electric potential # even
Magnetic field B odd

CB even

Hy (CB) influences electric field in Chern junctions.
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Chern insulator in a magnetic field

Energy spectrum

Spectral asymmetry:

edge states N." N,

&
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Boettcher, Fate of topological states of matter in the presence of external magnetic fields
(PhD thesis, Wurzburg, 2020)
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* Net areal electron density

#(x) = n(x) ! [p(x) + ca (X) Density of conduction band electrons

‘ / Density of valence band holes

Functions of B Effective dopant density

Ca = C CB

e
Contribution from spectral asymmetry

Contribution from impurities (zero in pristine semiconductors )
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* Built-in potential of topological origin
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Energy gap ~ 30 meV
Temperature ~ 300 K
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* Charge density
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Increasing temperature gradually washes out the charge plateau.



Flectrostatics of pristine Chern junctions
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Conclusions

I Electrostatics of a Chern junction = Electrostatics of a conventional 2D junction, with

e
1) Modified doping parameter: C% Cyq = C" HCB

2) Modified built-in potential: V,,; ! B! C
I Future work:

|) Other types of junctions.

2) Transport across junction.
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* Electronic bands with nonzero topological invariants (e.g. the Chern number):

(1) Quantized responses.
(2) Low(er)-dissipation charge transport.
(3) Exotic quasiparticles (e.g. axions, Majorana fermions, Weyl fermions).



