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JloKanibHble CBOMCTBA 3/IEKTPOHOB B MeTaNnax,
TONO/IOrMYECKMUX U30NATOPAX, ANPAKOBCKUX
nosaymeTansiax U CBepXnpoBoAHMKaX

“IneKTpoHbl B meTannax” = 3NeKTPOHbl NPOBOAMMOCTH
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dNeKTPOHHbIe CBOMCTBA TBepAbIX Ten —

e CBepxnpoBoAUMOCTD,

e MarHeTtusm,

* DNIEeKTPOHMUKaA,

* CNUHTPOHUKA,

e KBaHTOBbIE BblYUC/NECHUSA,...

BoAbLIMHCTBO CBOUCTB onpeaenatoTca cnekrtpom E(p)

1. CBoncTBa 3N1eKTPOHOB B6AM3U NOBEpPXHOCTH
2. JIoKkanbHble 31eKTPOHHbIe CBOUCTBA




INEeKTPOHbI B BaKyyme A B Kpuctanne ?
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dPoTOH: k=2m/\; A=c/f; E=hf
INeKTPoH: p=hk/2w; k=21t/N;  E=p?/2m = h?/(2mA)?
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INEeKTPOHbI B BaKyyme INeKTPOHbI B KpUctanne
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INEeKTPOHbI B BaKyyme INeKTPOHbI B KpUctanne
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INEeKTPOHbI B BaKyyme INeKTPOHbI B KpUctanne
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2. CKaHupyowana TyHHenbHanA
MUKpOCcKonua/cneKTpockonus
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3apAHCEHHbIU KOHOeHcamop mepsem ceoli 3apAa0 bbicmpee
fpu oceeweHuU e20 rnaAacmuH yaempaguonemossbimM U3nayYyeHuUem
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3 3aKoHa poTtoadpdeKTa
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l. Mpu ¢pukcupoeaHHOii yacmome ceema 4Yucsno0 homo371eKmpPoOHOB8, 8biPblIBAEMbIX
U3 Kamoaoda e eQUHUYY 8pemeHU, NPornopyYUOHaAsIbHO UHMEHCUBHOCMU ceemd.

Il MakcumanbHasa Ha4yaabHAA CKOPOCMb (MAKCUMAIbHAA HAYA1bHAA
KUHemu4ecKkas sHepaus) ¢pomoaneKmpoHoe He 3asucum om UHmMeHcueHocmu
nadarouw,e2o ceema, a onpeoensiemcsa mosbKo e2o yacmomoli f.

lll. ns Kaxc0oz2o0 sewjecmea cywecmayem KpacHasa epaHuya ggomosgpgpexkma,

HuUxce Komopol ¢homo3gpheKm HeB03MOIEH.
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KBaHTOBasA teopua ¢poroadpdeKkra

1905

AnbOepT ANHWTENH (26neT)



U3mepun noctosaHHyro lNnaHka
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MpuHUMN POTOINEKTPOHHOU CNEKTPOCKONUMU

CoxpaHeHue s3Heprum
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DoTOo3IKTpUIECCKUAM dPPEKT
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YcTaHOBKa
bOTO3INEKTPOHHOM
CNEKTPOCKOMUU C YINOBbIM
pa3peleHnem

(ARPES) Scienta R-4000

TemnepaTtypa 5-300K,
Pabouunit Bakyym 1011 Topp
Pa3peweHune no sHeprun 1 meB

dHeprmna ¢otoHoB 215B, 235B, 425B
Pa3pelweHune no cnuHy: 2D
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Mpumepbl HeaAaBHUX U3MepPeHUi

30HHaA CTPYKTypa Anda Sn,As,



Mprmepbl HegaBHUX U3SMEPEHUM

(111) surface
c) K-T-K (d) M-T-M
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ARPES cnektp E(k) Tononornueckoro usonartopa BiSSTS
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ARPES cnektp E(k) Tononornueckoro usonartopa BiSSTS
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1. PoTO3/1EKTPOHHAA CNEKTPOCKONUA
c yrnosbim pa3spewieHuem (ARPES)



OCHOBbI KBAHTOBOM MEXaHUKU: YacTULLA-BOSIHA cos(-kx+mt)

dOTOH: k=2m/A;, A=c/f; E=hf
INeKTPOoH: p=hk/2w; k=27t/\; E=p?/2m = h?/(2m\)?
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OCHOBbI KBAHTOBOM MEXaHUKMU: YacTULLA-BONIHA cos(kx+t)

POTOH: A=c/v; k=2n/\; E=hv
INEKTPOH: p=mv; p/h=k/2xr; k=2n/NA; E=p?/2m=h?/(2mA)?
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CKaHupylowana TYHHe/IbHaAs MUKPOCKONUA U CNEKTPOCKoNUA

N306peTeHa B 1981r B IBM. Hobenesckas npemusa 1986r.

1986
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Gerd Binnig HeinrichiRohrer
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Pexxum 1: PukcnmpoBaHHbIN TYHHENbHbLIN TOK (STM)

SCAN
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N306parkeHune
PEKOHCTPYNPOBAHHOM
noBepxHoctn Si(111)




Pexxum 1: dukcnpoBaHHbIU TYHHESIbHbLIN TOK (STM)
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Pexum 1: PukcmpoBaHHbIN TYHHESNIbHbLIN TOK (STM)

SCAN
—

W o
—_ —_ —_—
TN \\/

- ~

N306parkeHune
NOBEPXHOCTHbIX
COCTOSIHUN B

Kpucrtanne
Sn-Bil1l.1Sb0.9Te2S

(BiSSTS)

/




Pexxum 2: CkaHupyrowas TyHHernbHasa cnekrtpockonus (STS)
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Pexxum 2: CkaHupyrowasa TyHHenbHasa cnekrtpockonus (STS)
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JHepreTUYecKnii CNeKTp cBepxnpoBoaHUKa

MmeTann NoNynpoBOAHUK

(3onaTop) CBEpPXMPOBOAHUK




CeepxnpoBogHUK NbSe2
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»  Experimental data
Fitted curve
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CBepxnposogHUK NbSe2

KapTta dl/dV u ee ®Pypbe npeobpasoBaHume
: . dl/dV ycpeaHeHHaa no AMHUU
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1.54
1,
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5 1 A w 1.2 me\

0.5 A= 04 me\
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Pe3lome
[1Ba MOLHbIX MeToAa U3Yy4YEeHUA CNEeKTPa 3/IEKTPOHOB:

e Ha noBepxHoOCTU nHTerpanbHo (ARPES)
 Ha noBepxHOCTU NOKaAbHO (STM)

C NOMOLLLbIO X OOHapPY*KEHbI N U3Y4atOTCA HOBbIE

KBAHTOBble MaTepuasibl — Kak OCHOBa byayuiemn
CMUHTPOHWUKU U KBAHTOBbIX BbIYUCNEHUM

Cnacubo 3a BHMMaHue!
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