Electrostatics of Chern insulator junctions
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* Emergence of topological materials.
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* Emergence of topological materials.

B.Wieder et al, Nature Reviews Materials 7, 196 (2022).

* Prototype example: Chern insulator

(1) 2D material.

(2) Topological invariant (Chern number).
(3) Low-dissipation charge transport on the edge.
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Motivation

* Main question of this talk:

[ Influence of Chern number In electrostatic properties of 2D junctions? ]

Chern numbers
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What 1s special with electrostatics of 2D junctions

Sze et al. (Wiley, 2007) Yu et al, Nano Lett. 16,5032 (2016)
3D junctions Properties 2D junctions (conventional)
¢) for || < W c, for |[z| < W

Charge density

0, for |z| > W x 1/x, for |x| > W
N Vbl/c Depleti‘c/)[; width ~ Vbi/C
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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

on (CB) influences electric field in Chern junctions.
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* Energy spectrum
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Chern insulator in a magnetic field

* Energy spectrum

Spectral asymmetry:

=

g edge states _

g 0 \ NC N’U — %CB
£ area h

Boettcher, Fate of topological states of matter in the presence of external magnetic fields
(PhD thesis, Wurzburg, 2020)
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Electrostatics of Chern junctions

* 2D Poisson equation

(02 + 02) 6 — 25 .

€

Net areal electron density

Dielectric constant
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Flectrostatics of Chern junctions

* Net areal electron density

o(x) =n(x) — p(x) + cog(x) Density of conduction band electrons

‘ / Density of valence band holes

Functions of gb Effective dopant density

e
Coff = C — ECB

Contribution from spectral asymmetry

Contribution from impurities (zero in pristine semiconductors )
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* Boundary conditions

oc=20
Or Or
Vanishing electric field at large |z|. Charge neutrality at contacts.
Spectral asymmetry = ¢r, and @ depend on C and ( ,respectively

C # C contributes to ¢r, # @r ,i.e.to the built-in potential
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* Built-in potential of topological origin

Vbi x BAC

/

Towards saturation

C=—1
C=1

Energy gap ~ 30 meV

Temperature ~ 300 K
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Flectrostatics of pristine Chern junctions

* Charge density

O — Ceff
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Flectrostatics of pristine Chern junctions

® Junction capacitance
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Conclusions
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Conclusions

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

| | e
1) Modified doping parameter: ¢ — Cef = C — %CB

2) Modified built-in potential:  V4,; oc BAC

* Future work:
|) Other types of junctions.

2) Transport across junction.
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Motivation

* Emergence of topological materials.  Topological States Across Platforms

Jun 20, 2026, 3:20 p.m.

Plenary Talk
B.Wieder et al, ® 30m
Nature Reviews Materials 7, 196 (2022). ? A-4502.1 (Université de Montréal (MIL campus))
Speaker

2 Tami Pereg-Barnea

* 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).



