KupanbHble cnnHOBbIe (POTOTOKU B
ABYMEPHOM TOMONMOrM4eCKoOMm
n3onfatope

OMutpmnn Kosnos



CnncoK coaBTOPOB

non co PAH

A.A. Ko3nos

3.4. KBoH Regensburg University
K.-M. Dantscher

H.H. Mnxannos M.-T. Scherr,

C.A. [IBopeukuni S. Gebert,
J. Barenfangerid,
S.D. Ganichev
D. Weiss

dTUN M. Nodb e
C.A. TapaceHko

M. [lypHeB
B.B. benbkos



CoBpeEMEHHOE COCTOosAAHME 0bracTu

YTO N3BECTHO O KpaeBbIX COCTOAHUAX
ABYMEPHbIX TOMNOJIOrM4YeCKUX U30NATOpPoOB?

HeMHOXKO Teopun.
1. YTo Takoe Tononornvyeckuin N3onsaTop?
2. [AByMepHbIN Tononornyecknn nsonsatop (24 TN)
3. Peanunsauus 2] T B kBaHTOBOW aAMe HgTe.

HEeMHOXXKO MpaKTUKMW.

. JToKanbHbIN KpaeBown TpaHCnopT

. HenokanbHbIW KpaeBow TpaHCNopT
CnnHoBast NHXekumd
3a4eM nsydyaTb POTOTOKN?
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MIHBEPTUPOBAHHLIN CNEKTP
obbemHoro HgTe

Normal spectrum (GaAs, CdTe) Inverted spectrum (HgTe)
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Obpa3oBaHMe NOBEPXHOCTHbIX
coctosaHuu (34 TN)

B.A.Volkov, O.A. Pankratov, JETP Letters 1985;
L.G. Gerchikov, A.V. Subashey, phys. stat. sol. (b) 160, 443 (1990)



HanpsxeHHbI cnon HgTe Kak
TPEXMEPHBLIN TONOJIOMMYECKNN N3ONATOP
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k, (nm*)

G. Budkin et al., unpublished
C. Brune et al., PRL106,126803 (2011)6



[lepBbIN ABYMEPHbLIN TONONOrMYEeCKNM
nsonartop (20 TA)

k ending
PRL 95, 226801 (2005) PHYSICAL REVIEW LETTERS 25 NOVEMBER 2005

Quantum Spin Hall Effect in Graphene

C.L. Kane and E.J. Mele
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211 T B kBaHTOBOWU AMe HgTe

d,, (nm)



[lepBasa peanusauua 200 TW.
JlokanbHbIN TpaHcnopT

2 NOVEMBER 2007 VOL 318 SCIENCE



HenokanbHbIN TPAHCMOPT:
OoKa3aTenbCTBO KpaeBoro TpaHcnopTta

Nonlocal Transport in the Quantum Spin Hall State

Andreas Roth,* Christoph Briine," Hartmut Buhmann,® Laurens W. Molenkamp,**
Joseph Maciejko,®* Xiao-Liang Qi,>? Shou-Cheng Zhang®?

17 JULY 2009 VOL 325 SCIENCE
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CnnHoBasa nongapusauuns KpaeBblX
COCTOAHUN

Spin polarization of the quantum spin Hall edge states
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CnnHoBasa nongapusauuns KpaeBblX
COCTOAHUN

Spin polarization of the quantum spin Hall edge states

employing quasi-d.c. low trequency (13 Hz) lock-in techniques
using a voltage bias below 100 V.

Deducing the spin polarization

Although experiments have been performed on a variety of different
devices and yield similar results, for reasons of consistency we
will discuss here a single device with dimensions as indicated in
Fig. 1. The results of the experiments are shown in Figs 3 and 4,
corresponding to the measurement configurations of Fig. laand b,
respectively. In Figs 3a and 4a, the non-local resistance is plotted as
a function of gate 1, and in Figs 3b and 4b, gate 2 is swept.
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CnnHoBasa nongapusauuns KpaeBblX
COCTOAHUN

Evidence on the Macroscopic Length Scale Spin Coherence
for the Edge Currents in a Narrow HgTe Quantum Well"

JETP Lerters, 20135, Vol. 104, No. 12, pp. §14—&19.
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A KaK Hac4yeT B3anMoOeuncTBuUsd co
cBeTomM?

Upnesn:

© BO30yaWTb KpaeBble COCTOSIHWUS LIMKPYNSIPHO MONspU30oBaHHbIM U3nydeHvem T ananasoHa
- reHepaums CrH-NoNAPMU30BaHHbIX (POTOTOKOB
-> HanpaBneHne OTOTOKOB 3aBUCUT OT KMPanbHOCTM NafatoLLEro N3ny4eHus
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Obpasubl U TPAHCMOPTHbLIN OTKITUK
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Cxema ycTaHOBKM Ans nayvenus ¢ro

* MonkynsapHbin Ty nasep
e P =10 mW (Ha obpasue)
® A=118 um (hw = 10.4 meV)
® A=184 um (hw = 6.7meV)
® U3MEHeHKMe nonspusaunmn A/4-nnactmHom

THz
« OnTnyeckum KpuocTtart

e T=42K-15K
eBpoox7/7T

* DOTOTOKU U3MEPSAIOTCA C NOMOLLbLIO
CUHXPOHHOI0 AeTeKTUpOBaHUA
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H_‘ 32,8um 8,6 um }
PoToTOKM BONU3N E| r

,3fm

(7
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e ®OTOTOK 3aBUCUT OT V(
o ®OTOTOK MEHSAET 3HaK BONn3n

CNP
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e OOTOTOK 3aBUCUT OT Vg

o OOTOTOK MeHsieT 3HaK B61n3mn
CNP

o OOTOTOK MEHSAET 3HaK npn cMeHe
KUpasibHOCTU NadarvLwiero n3rnyyeHus
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POTOTOKM BONN3N Eg

e OOTOTOK 3aBUCUT OT Vg

o OOTOTOK MeHsieT 3HaK B61n3mn
CNP

o OOTOTOK MeHseT 3HaK Npwu
CMEeHe KMpaJZibHOCTU nagarouero
N3Ny4vyeHus

o OOTOTOK pasHoHanpaeneH Ha
NPOTMBOMOMNOXHbIX CTOPOHAX
obpa3sua



DOoTOTOKM:
KpaeBoOn N 00 bEMHbIN BKNaabl

21



DOoTOTOKM:
KpaeBoOn N 00 bEMHbIN BKNaabl

¢ BblOENSEM LMPKYNAPHbIE
dPOTOTOKM:

Jo —J°
2

> Jo=

22



DOoTOTOKM:
KpaeBoOn N 00 bEMHbIN BKNaabl

® BblaensgeM UMPKYNsSpHbIE hw =10.4 meV
doToTOKMN:

C_J0'+_J0'_
9‘3 B 2

hw =10.4 meV
e BKJ1a OT KpaeB.

e BKMnag ot oobema
J¢ +J°¢

JC __ “directionl directionl

QW 2
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DOoTOTOKM:
KpaeBoOn N 00 bEMHbIN BKNaabl

hw = 6.69 meV hw =10.4 meV

hw = 6.69 meV hw =10.4 meV

24



Bo3MoXHble nepexoabl,
garolime KpaeBble POTOTOKN




AHanNn3 OTOTOKOB B 30HE
NPOBOANMOCTMU

e current in the QW.
hw = 6.69 meV - known for (013) HgTe QWs

Ref: Wittmann et al., SST, 25, 095005 (2010)




AHanNn3 OTOTOKOB B 30HE
NMPOBOAMMOCTUN. OOBEM U «Kpan»

e current in the QW.
hw = 6.69 meV - known for (013) HgTe QWs

Ref: Wittmann et al., SST, 25, 095005 (2010)

e edge current of the QW:
—> scattering on the edge

Ref: Karch et al., PRL, 107, 276601 (2011)




AHann3 ooTOTOKOB B
3anpeLleHHo 30He

hw = 6.69 meV

- due to selection rules one of the
transitions
has a higher probabilty
—> disballance in k-space
—> photocurrent

—>opposite helicity mirrors the picture
- change of sign



AHanNn3 oTOTOKOB

hw = 6.69 meV

Pacuet: C. TapaceHko, M. [lypHes
(PTU um. Nodhdpe)



3aknoyeHune

8 nm HgTe KA — 2[] Tononornyeckmmn UsonsaTop

=2 LlnpkynsipHo nonapusoBaHHoe Tl 4 n3nyyeHue Bo3dyXaaeT KpaeBble
KnpanbHble QOOTOTOKMU

->MexaHnam obpasoBaHusa POTOTOKOB: aCUMMETpUYHas (OOTONOHU3aLUS
KpaeBblX COCTOAHUN



bannuctnyecknn n andpdPysHoin
TpaHCNOPT B OonbLUMX 0Opa3uax

PHYSICAL REVIEW B 84, 121302(R) (2011)

Transport in disordered two-dimensional topological insulators

G. M. Gusev,' Z. D. Kvon,” O. A. Shegai,'” N. N. Mikhailov,” S. A. Dvoretsky,” and J. C. Portal**>
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YTo ewle MOXHO n3Bneyb 13
TPAHCNOPTHbIX N3MEPEHUIN?

PRL 106, 076802 (2011)

PHYSICAL REVIEW B 87, 081311(R) (2013)
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