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Topologlcal insulators in pictures
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R Formation of topological surface states

e.g. HgTe e.g. CdTe
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band structure states arise band structure/vacuum

At the interface band gap needs to close — 2D Dirac-like surface states form
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Strain opens small gap

k Fu & Kane PRB 76, 045302 (2007):
Strained HgTe = strong TI
D. J. Chadi et al., PRB 5 3058 (1972)
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R Band structure of strained HgTe (001)

ab-initio calculation
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R Topological surface states

oy

H Xy = hVF (kyGX — kXGy)

Eyy = thve K2 + k2

bulk

insulating

Signatures of topological surface states:

Spin momentum locking
Phase of quantum oscillations (Berry phase)

/ | States are spin-polarized,

surface states

metallic like but with
finite density of states

i.e., no spin splitting of LLs, kr = /41N
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@ Transport

From Drude to quantum Hall effect: carrier densities EF —
Landau fan charts

@® Quantum capacitance

Some basics
Probes top surface only

1,0

@ Phase of quantum oscillations . QH”HLO

Confirms topological nature of surface states o

1 1
00 =2 0,0
1 1




Gating

0 Capri, May 5-12, 2019 @

Gate Insulator HgTe Substrate
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R N and P from 2-carrier Drude model
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R From Drude model: P(Vg) and N(Vg)
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D. Kozlov et al., PRL 112,196801 (2014)
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(Vy) and p,, (V) in quantizing B - fields
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Quantized p,, values and SdH oscillations occur for E; in the gap and in the
conduction band

D. Kozlov et al., PRL 112,196801 (2014)
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R Quantized Hall resistance at mK temperatures
(different sample)
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at different Vg
p-side
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n,,p, (10 cm2)

D. Kozlov et al
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R N, P obtained from Drude and SdH (QHE)
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Er > E,: Period of SdH oscillations
at high B determined by total
electron density

.. PRL 112,196801 (2014)
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= Slope change of nt°p(V )
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R Landau-level fan chart
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g J. Ziegler, unpublished
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R Magnetocapacitance measurements

reflects density of states, sensitive primarily to top surface

20 nm Ti-Au Gate

Si0, /Si,N, 100/200 nm

20 nm Cd,,Hg,.Te

80 nm HgTe

20 nm Cd,,Hg,,Te

GaAs substrate

V,+ V..

area: A

Total capacitance depends also

on quantum capacitance Ae’D
in series to the geometrical
capacitance egpA /d

S. Luryi, APL 52, 501 (1988)
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R Capacitance (equivalent circuit for E; in gap)

V,+ V.,

- eZCthb + e4DtDb + eZCtht + eZCgtD,O +CoiCip
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measured capacitance most
sensitive to top layer
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T | T.P. Smith 11l et al, PRB 32, 2696 (1985)
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R The quantum capacitance

A
| Q

metal

Quantum capacitance = e’D(E)

_____ -I------ 2DES

Voltage change connected to addition of charge AQ: AV, = CAQ __Ne

geom Cgeom
N  AQ
D(E) eD(E)

Au: AQ
e e’D(F)

Adding, e.g., N electrons to 2DES changes chemical potential by: Ap =

The change by Ap is connected to a change in voltage:AV, =

A A 1 1 1
Total voltage change AV = AV, + AV, = Q + Q = —= +

C:geom ezD(E) C Cgeom ezD(E)
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QR Capacitance measurements

| —1
Cc —— R, z=(1 1} IR,

A
VA
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Imaginary part of voltage signal (= out-of-phase signal of Lock-in amplifier)
reflects capacitance, real part ohnmic contribution

Signal is only proportional to capacitance if ®R,C <<1

Typical capacitances: ~5 — 50 pF



300

295

290

285

| Resistive effect
large sample
B=39T, T=1.6K

103 Hz
— 54 Hz
| =34 Hz
e 04 HzZ
— 18 HZ

= = 103Hz, B=0T




Capri, May 5-12, 2019

QR Magnetocapacitance
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D. Bauer et al.



R Magnetocapacitance
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QR Capacitance: Comparison Th

C (pF)
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Theory
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qguasi-2D conduction and valence bands...
The phenomenological effective potential

for the sake of keeping the Fermi level within

the bulk gap is not proper.

J. Zhu, C. Lei, A. H. MacDonald, arXiv:1804.01662 (2018)



R Magnetocapacitance oscillations
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R Comparison: Density from SdH and C(B)
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R Comparison of transport and capacitance

0°Gy / OV 8C = C(B) —C(0)

Units)

o,, displays for E; in the conduction band more complex behavior

Capacitance probes predominatly top surface
D. Kozlov, et al., PRL 116 166802 (2016)
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cR Phase of SdH oscillations

SdH (valence band) Low-B SdH (gap and conduction band)
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.
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Dirac: gﬁﬂdk =1, 2DEG :cﬁQdk =0 = SdH minima for v=integer (2DEG)
SdH minima for v=half-integer (Dirac)

[*] see, e.g., A. A. Taskin and Y. Ando, Phys. Rev. B 84, 035301 (2011)

SdH-oscillations: Ap,, o cos(Zn{h&—yD L ggﬂdk [*]
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R Phase of quantum capacitance oscillations
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