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« YTO TAKOE METAIJIIT?



BELWWECTBO KOTOPOE XOPOLWIO
[MPOBOONT SITEKTPNHECKUI
TOK
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UTo Takoe nsondatop?



« BEWWECTBO, KOTOPOE HE MNMPOBOLAUT (nnu
[1J10XO NMPOBOANT) SJIEKTPUHECKUIN TOK.



KAKME BbIBAIKOT N3OJTATOPDBI?



KAKME BbIBAIKOT N3OJTATOPDBI?

3OHHbIE
AHOEPCOHOBCKUWE

KOPPEJIMPOBAHHbIE: MOTTOBCKWE, CDW, SDW

TOMONOrM4YeCKmME??



AHOEPCOHOBCKUN N30NATOP
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CXeMaTHUCcHOe Haolpasenne SHeEpTUH 990KTDORA 8 NOJ¢  [00TeH-
HHLTA B COYYAE XAOTHYCCHH DACTOAOHGHHLN  HEOEND o e,
TIYHKTHD KaaRBACT LN A0MEHILE Nopora MOXRMHIOCTIE & Mo
HRAAM MIOTHOCTH CoLTOIHMA 20(8) 0 UX 3amomreHus, conTRires-
BYIOULHE QHIENCOHOBCHOMY AMMICKTPUHY (CAERA) H MOTAIAY (cipa-
ik, WITPHX-DYMRTHDHAL JuHBEA OOHDIBELCT 10J0HICH e BHEETHH
Pepun £ SMOTHUXORANE 3AT0AMEHNMNE BICHPETHY. COCTuMIMA

8 ODMACTH OOABHAMOEIX COCTOAHME sACHTDOLA .

= CUIIbHO PA3YTIOPAOOYEHHAA CUCTEMA

1977 for

fundamental
theoretical
investigations of the
electronic structure of
disordered systems



3OHHbIE N3OJTATOPDI

HA NMPUMEPE TUINMOTETUYECKOIO
BAH-OEP BAAJIbCOBOI'O KPUCTAIIA T'ENNA




[MOYEMY 30HHbIV N3ONATOP
HE NMPOBOONT SIEKTPUYECKW
TOK

3AMNOJNHEHHAA 30HA=
SAMKYTbIN MY3bIPEK
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PEAJIbHO B U3OJTATOPE BCE ATOMHbIE
OPBUTANN SANONHEHBI 3A CHET
KOBAJNEHTHbBIX CBA3EN P
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BonHbl bnoxa: pewenuna YL gn4
nepunogn4yeckoro noteHumana

Bloch waves
Bloch’s theorem:

Solutions of the Schrodinger equation

Felix Bloch
1905, Zirich -
1983, Zlrich

(_ﬁ—_ilmn}l’a 1) =5, T,(r)

2m dr-

for the wave in periodic potential U(r) = U(r+R) are:

Bloch function: | ¥, (T) = e;k?'r u, ()

Pl \_/
Envelope part

Periodic (unit cell) part
u, (r)=u, (r+R)
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KoppennpoBaHHbIE N30NATOPLI.
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CtaptoBas cuctema: KBAHTOBbIU

SQODPEKT XOJIIA
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Figure 16: Density of states without dis- Figure 17: ...and with disorder.
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NTAK... KPAEBLIE COCTOAHMUS
HENBL3A YHUUTOXUTb.
OHW SALUMLLEHLI TOMONOMEN
CUCTEMBI.
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OMNPELOEJIEHUE

TONONOMMMYECKNN N3ONATOP — BEWECTBO,
ABNAOWEECA N30JTATOPOM B OBbEME, HO N3-3A
CUMMMETPWUU BOJTHOBbIX ®YHKUMN B OBbEME,

HEW3BEXHO MMERKLWEE NMPOBOOAWME COCTOAHUA
HA KPAIO (IMTOBEPXHOCTN).

MAI'HUTHOE TNOJIE HE OBA3ATEJIbHO!!



HekoTtopble n3 nssectHolx TV (2013, Ando)

Ty pe Material Band gap Bulk transport Remark Reference
2D.v=1 CdTe/HgTe/CdTe < 10 meV msulating high mobility 1
2D, v=1 AlSh/ InAs/GaSb/AlSh ~4 meV weakly insulating gap 1s too small £
AD(1;111) Bii_.Sh, < 30 meV weakly insulating complex 8.5 36, 40)
3D(1:111) Sb semimetal metallic complex S.5. 39}
3D (1;000) Bi:Se; 0.3 eV metallic simple S.S. "
3D (1:000) Bi;Te; 0.17 eV metallic distorted S.S. e
3D (1:000) SbaTes 03eV metallic heavily p-type w1y
3D (1:000) Bi;Te,Se ~0.2 eV reasonably insulating £ up to 6 Ocem Mz, 103, 103)
3D (1:000) ({B1.Sb):Tes <02eV moderately insulating mostly thin films 193
3D (1:000) Biz_.Sb.Tes_,Se, < 03eV reasonably insulating  Dirac-cone engineering 107, 108. 212
3D (1:000) BixTe; 5,4 02eV¥ metallic n-type 210
3D (1:;000) B1y 1SbgoTea S 0.2 eV moderately insulating P up to 0.1 Qem am
3D (1:000) SboTe:Se 2 metallic heavily p-type 102
3D (1:000) Bi:(Te,Se)(Se,S) 0.3eV semi-metallic natural Kawazulite 211
3D (1:000) TiBiSe; ~0.35eV metallic simple 5.5., large gap Hi0-21)
3D (1:000) TiBiTe: ~0.2eV metallic distorted S.S. 1A
3D (1:000) TIBi(S.Se): < 0.35eV metallic topological P.T. 46314
3D (10000 PbBi2Tey ~(L2 eV metallic 5.5. nearly parabolic 121,124}
3D (1:000) PbSh,Te, ? metallic p-type 124
3D (1:000) GeBi:Tey 0.18 eV metallic n-type V02119, ¥20)
3D (1:000) PbBisTe; 0.2eV metallic heavily n-type i
3D (1:000) GeBiy Sb, Ter 0.1-02eV metallic nip)typeatx =0(1) 2
3D (1:000) (PbSe);(BixaSe; g 0.5eV metallic natural heterostructure 130
3D (1:000) (Biz)(Biz2Se2650.4) semimetal metallic (Bi2),(Bi2Ses ), series 127
3D (1:000) (Biz ¥ BixTea) ? ? no data published yet 128
3D TCI SnTe 0.3eV (4.2 K) metallic Mirror TCL npy = —2 a2}
3D TCI Pbhy .Sn,.Te = 0.3 eV metallic Mirror TCI, nay = -2 o)
3D TCI Pbg775ng 235e invert with T metallic Mirmor TCI. nag = -2 162)
2D, v=172 Bi bilayer ~1eV 7 not stable by itself 82.83)
3D (1;000)? Ag,Te T metallic famous for linear MR B34 1)
3D (1:111)7 SmBg 20 meV msulating possible Kondo T1 140-143
3D (0:001)7 BiijsRhslg 0.27 eV metallic possible weak 3D TI 1
3D (1;:000)7 RBiPt (R = Lu, Dy, Gd) Zero gap metallic evidence negative 1=



TOMNOJNOIM MYECKNE N3OJTIATOPDI

[Tucswa 8 K3T0, rom 42, ewin, 4, em. 145 - 148 28 aneyem 1985 "

BEIMACCOBHIE JIBYMEPHBIE J7TEKTPOHH! B HHBEPCHOM KORTAKTE Quan’FLJ_m S_pm Hall Effect and Topological Phase
Transition in HgTe Quantum Wells
b.4.Bonkos, 0.4.Mawkparos

B. Andrei Bernevig"*, Taylor L. Hughes', Shou-Cheng Zhang™’
+ 5ee all authors and affiliations



CTAPTOBI?IIVI MATEPUAJT —
Y3KO3O0OHHbIV MOJTYNMPOBOOHWK
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[MOMECTUM HAMPAXXEHHbIV
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KBAHTOBAA AMA HgTe —
CUCTEeMa C NepecTpanBaeMbIm
CMEKTPOM




CBOWNCTBA 2D TRS
TOMNONOIMMYECKUX N3OJTATOPOB
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[MPOTEKAHWE TOKA < =>TTPOTEKAHWE CIMHA
CMETP KPAEBbIX COCTOAHUN — NNHEWNHbIV

HEJIOKAJIbHAA NMPOBOOANMOCTb
What is non-local transport?

Basicly, in nonlocal geometry of Measurements one should organae
current Aow af one sampie oed and mMeasure vORBgE i anothe: area
Classical Drude theory predicts exponentally small measured sxgnal

2 3 23 4

1 41.t”::ﬂﬂ5

32 um

0.02 6 5 987 " 6

R, = 2:10%p  ans L/IW=2



CBOWCTBA TRS-protected 3D T

Engigy (o)

K B ) T M
Thang H, C-a. Lin, X-1L. Q1 X, Da, Z. Fang, and 5.4, Zhang,
2009, Nature Phys. 5, 435,

jlix) = v[t(x)ory(x) ¥ 7] = v8ix) X & Current Flow => Spin polarization

Backscattering is prohibited (b) E M,

1|
Topological magnetoelectric effect e-
&
H=B—-47M + 2P:aF, I
D=E + 47P - 2P,aB,




Topological magnetoelectric effect

Possible observation of image
magnetic monopole
(not obseved yet)

Quantized Faraday and Kerr rotation SCIENCE
and axion electrodynamics of a 3D 2 DECEMBER 2016
topological insulator VOL 354 ISSUE 6316
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[MTPOBJIEMbI TOI1. N3OJTATOPOB
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HE OYEHb U3ONATOP HE OHEHb i
TOMOSIOMNYECKNI

(b) G=0.01e2h

e

T 7
L r EI-.:

! _|" E 3 .
Surfdce | | | Sface

i Hg,,Cd,,Te, 100 nm
IDEAL REAL = N
{Vg = vlhr) v

TOJIbKO B OBPA3LIE MUKPOHHbIX
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" + MATHUTHBIE NPUMECU =>
KBAHTOBbIN AHOMAJIbHbIN SPPEKT XOJIJIA

o

SCIENCE VOL 340 12 APRIL 2013 167

Experimental Observation of the
Quantum Anomalous Hall Effect
in a Magnetic Topological Insulator
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Signatures of Majorana Fermions in  &§
Hybrid Superconductor-Semiconductor
Nanowire Devices -

A 05

SCIENCE VOL 336 25 MAY 2012

23 March 2012; accepted 5 Apnl 2012
Published online 12 Apnl 2012;

dl/av (2e¥h)

-400 20 -0.; (] 025 L 05 ] 0.75
V (V) 8(T)
Fig. 2. Magnetic field—dependent spectroscopy. (A) dlfidV versus V at 70 mK  and 8. The ZBP is highlighted by a dashed oval; green dashed lines indicate
taken at different 8 fields (from 0 to 490 mT in 10-mT steps; traces are offset  the gap edges At ~0.6 T, a non-Majorana state is crossing zero bias with a
for clarity, except for the lowest trace at 8 = 0). Data are from device 1. slope equal to ~3 meW/T (indicated by sloped yellow dotted lines). Traces in
Arrows indicate the induced gap peaks. (B) Color-scale plot of difal/ versus V¥ (A) are extracted from (B).

Tl+ superconductivity

Majorana fermion = Andreev bound state in TSC "
CH_—T_—_:, . /
; 3N SC —
3D TI




OUAH: ueHTp BblCOKOTEMMEPATYPHOU
CBerI'IpOBO,EI,I/IMOCTI/I " CI'I HaHOCprKTyp

CBepxHU3kKue

TeMnepaTtypbl




[lpumepbl 3a4a4, KOTOpble Mb
peLlaem:

1.Co3aaHue monosiocu4ecKo20 mpaH3ucmopa

2. HoBbin Tononornyeckuun(?) CeepxnpoBoaHuk SrBi2Se3

3. AckyccTBeHHasa MakKpoHeoaHOopoAHasA AByMepHas cpeAa: NOUCK HOBbIX ha3

4. \3mepeHune 3HTpoNuM ABYMEPHbIX CUCTEM

5. TYHHeNnbHbIN KOHTAKT K CaMOMY BbICOKOTEMMNepaTypHOMY CBepXnpPoOBOAHUKY: H2S

[MpuxoauTte B roCTM 1 Ha AUNJIOMHYIO NMPaKTUKY. HYXXHbI
CUnbHbIe CTyAeHTbl nocrie 2-3 Kpca. POlMd-compatible
y4yeOHbIU npouecc.

KyHueBuny AnekcaHgp KOpbeBuy

Kuntsevich.alexander@gmail.com
8-9262638023

CNACUBO 3A BHUMAHMUE!
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