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IHeap JeKuuun:

N3yunth Qu3nUecKkue MNPUHLIUIIBI (YHKIIMOHUPOBAHUS W TEXHOJOTUM
CO3JIaHUsI DJEMEHTOB HAHOXJIEKTPOHUKH, PACCMOTPETh MaTepuajbl H
CTPYKTYpbl, IpHUMEHSEMbIC TP  MHUHHATIOpU3AUU  DBJICKTPOHHBLIX [

[IPUOOPOB, 4 TAKXKE OOCYIUTb IICPCIICKTUBHBIC HAIPABICHUSA Pa3BUTHUSA
HAHOYCTPOWCTB HA OCHOBE KBAHTOBBIX U TYHHEJIbHBIX 3((PEKTOR

OCHOBHBIE BONIPOCHI:
[loHsATHE HAHODIIEKTPOHUKHU U €€ OTIIUYUE OT MUKPOIIEKTPOHUKH.
KBaHTOBO-pazmepHbIe 3P(PEKTH B HAHOPA3ZMEPHBIX CTPYKTYpaX.
Marepuansl U CTPYKTYPBI, HCIIOIB3YEMBIE B HAHOSJIEKTPOHUKE.
OCHOBHBIE  DJIEMEHTBHI ~ HAHOAJIECKTPOHUKH: -KBAHTOBBIE  TOYKH,
IIPOBOJIOKH U SIMBI; -OJTHOJIEKTPOHHBIE TPAH3UCTOPbI; -TYHHEIIbHBIC U
CIIMHOBBIE CTPYKTYPHI.
5. Metonbl (hopMUPOBaHUS HAHOCTPYKTYp (auTorpadus, smUTAKCHA,
camMocOOpKa).
YoiepoaHble HAHOTPYOKH U rpad)€H B HAHODJIEKTPOHHBIX YCTPOUCTBAX.
MonekynsipHas 1 OMOHUYECKAs IEKTPOHUKA.

[lepcriekTUBBI ~ pPa3BUTHS  HAHODJEKTPOHUKHA W KBAHTOBBIX
BBIYHCIIUTEIbHBIX CUCTEM
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ANeMeHTbl HAHO3NTEeKTPOHUKMU

[lpyuHUMNManbHOe OTNUYMEe  HaAHOJJIEeKTPOHUKU  OT
MWUKPOSNEKTPOHMKN 3aKnNo4YaeTcsd He CTONbKO B YMeEHbLUEeHWUu
Pa3MepoB 3N1EMEHTOB [0 HAHOMETPOBLIX BESIMYMNH, @ CKOMNbKO B
co3gaHun rnpubopoB U YCTPOMCTB, OCHOBAHHbLIX HA WCMOJSIb30-
BaHMM KBAHTOBO-pPa3MeEpPHbIX 3dPdPeKTOB. B HaHO3MEKTPOHUKE
MOXXHO BblAENUTb ABa rMaBHbIX HaMpaBreHUs:

* npubopbl, peannayoLline 3NeKTPOHHbIE 3 EKTHI;
* npubopbl, OCHOBaAHHbIE HA MCMNONb30BaHUN dooTO3EKTPU-
YEeCKUX SBITEHUN.

[Oona co3gaHna HaHO3MNMEKTPOHHbIX MNpPuUoopoB n
YCTPOMUCTB Ha CErogHAWHWN OeHb WCNOSb3YT O0CTaTOYHO
XOpOWO paspaboTaHHble B paMKax TEXHONOrMM MUKPO-
ONIEKTPOHUKN  METOoAbl, Takue KaKk MOJieKynsapHo-nyyeBagd
anutakcua (MJ13), ocaxoeHue u3 rasoBonm @asbl, a TaKke
NOHHbIW CUHTES.



[lpn STOM BO BCexX YyKasaHHbIX MeTodax pac-
CMaTpuMBalTCA SBNEeHUA camMoopraHusaumm ¢ dopmu-
poBaHUeM HaHOpa3MepPHbIX 3NIeMEHTOB, BKIto4as
NPOCTPAHCTBEHHO YyrnopsaaoyYeHHble. KpomMe TOoro, BO3HUKIN WU
HOBble TEXHOSIorMyeckMe noaxoabl M MEeToAdbl, paHee Heuns-
BECTHble AN MUKPOISEKTPOHUKN. Hanpumep, ucnonb3oBaHue
HaHOTPYOOK M ynnepeHoB, pasnuyHble MEeTOoAbl 30HOOBOM
MMKPOCKOMNU, C MOMOLLIbIO KOTOPbIX OOBbEKTEI HAHOJMEKTPOHNKM
MOrYT KaK uccnenoBsartbCd, Tak U co34aBaTbCs.

OT1aenbHO Heobxoanmo OTMETUTb npobnemsl,
CBA3aHHble C HaHonutorpadpumen. CyuwecTByouine B
HacTosllee BpemMdA noaxodbl K CO34aHMIO TOMOJSIOrMYecKoro
PUCYHKa C pa3MmepamMmu afieMeHToB nopsaka unm meHee 100 HM
peanusyrTca nyteMm npUMEHEHUA MNOTOKOB MNPOHUKAKLLMX
N3Ny4YeHnn. XopoLlo W3BECTHbl U pacrnpocTpaHeHbl CUCTEMBI
ONs  OIeKTPOHHOW nuTorpadpmn, MeHee — YCTaHOBKM AON14
WOHHOW nuTorpadun.



bonblloe BHUMaHWE yoensaeTtcs pa3paboTke nutorpadouyeckmnx
CUCTEM C UCMNONb30BaAaHNEM PEHTIEHOBCKOIO U CUHXPOTPOHHOIO
N3Ny4YeHun.

Yennua  paspaboTymMkoB B MocriedHee  BpeMms
COCpPedoTO4YEHbl Ha CcOo3daHUM CUCTEeM C KBaHTOBbLIMU
Toukamu (KT) — npegensHbIM cnyvyaem CUCTEM C NMOHUXKXEHHbIMU
pasMepPHOCTSAMU. DTN CUCTEMbI NpeacTaBnstoT cobon maccuBs
HaHOpPAa3MEPHbIX aTOMHbIX KflaCcTepoB B MNONyrnpoBOAHUKOBOW
MaTpuue. [OUCKPETHbIM CNEKTP SHEPreTMYeckux COCTOSAHUN
TakKuUX KrnacTtepoB MO3BOSIAET OTHECTU WX K WCKYCCTBEHHbLIM
aHarnoram aToMoB, HECMOTpPSI Ha To, YTo KT cogepkaT bonbLioe
ymucrno vactuu. NameHaa pasmepbl KT, nx qoopmy u cocrtaB C
NOMOLLIbIO KOHTPOSIMPYEMbIX TEXHONOMMYECKNX NPUEMOB, MOXXHO
nonyyartb aHanorm MHOrmx NPUPOLHbIX 3f1eMEHTOB.

MccnepoBaHua B 9ToM obractm cocpedoToveHbl B
OCHOBHOM Ha u3yyeHun ontuyeckmx ceBouctB KT, KoTopble
onpenenalTcd pPSaaoM  MPeuMMyLLEeCcTB MO CPaBHEHWUID C
OBYMEPHbIMU KBAHTOBLIMW OONUHAMM. 5



Bo-nepBbix, ocobeHHOCTbIO KT sBnsgeTcss BO3MOXHOCTb
yrnpaBrfieHNUsa CchnekTparibHOW Monocon dOTOOTKMNMKaA NyTeEM
npeaBapuUTenbHOro  3aceneHnss [OUCKPETHbIX COCTOAHUU C
TpebyemMon aHeprmen nepexoaa.

Bo-BTOpbIX, Hanuyne nartepanbHOro KBaHTOBAHUA B
HYNbMEPHbLIX CUCTEMaxX CHMMaeT 3anper Ha OonTuyeckue
nepexoabl, NOSIAPN30BaHHbIE B MIOCKOCTU (POTONPMEMHMKA, a
3HaYUT, npenocTtasnser BO3MOXXHOCTb OCYLLECTBUTDb
norrnoLlieHne ceeTa nNpu HopmanbHOM NnageHun PoToHOB.

B-tpetbux, B KT oXugaetca cunbHoe YyBennyeHue
BPEMEHU KM3HU (POTOBO3DYXAEHHbIX HOCUTENen 3apsiga
BCrneacTeme TaK HasbiBaeMoro adogpekta y3Koro JoOHOHHOro
ropna.

PeanbHOU geMOHCTpaumen npemmyLlecTtB Takux CUCTEM
MOXHO cuuTaTb O0b6HapyxeHune B cucreme Si-Ge c¢ KT
4ype3Bbl4aHO BbLICOKOro 3Ha4YeHua cedeHusa OoTonorrnoLleHnd
(2x10-13 cm?).



OTO MpPeBLILIAET, MO KpaMHEW Mepe, Ha NOopPsgoK W3BECTHbIE
3Ha4YeHUsa ceveHnsa oToOMoOHM3aUNK Ong foKkanbHbIX LIEHTPOB B
KPEMHUN U Ha TPpU nopsaaka aHanornvHyro sennymHy ansa KT B
cucteme |InAs/GaAs. 3OTM pgaHHble CBUOETENLCTBYOT O
NepcnekTMBHOCTU ucnornb3oBaHua cuctem ¢ KT ans co3gaHusd
dooToaeTekTopos, B ToM ymncne VK-gnanasoHos.

[1pyron nHTepecHon aKkcnepmMeHTanbHO YyCTaHOBNEHHOMU
OCODEHHOCTBIO TaKMX CUCTEM SABNAeTcs OOHapyXeHue B
retepocTpyktypax Si/Ge ¢ camoopraHusywowmmmuca KT
d>OTOTOKa, reHepupoBaHHOINO (POTOHAMU C 3HEPrnen MeHblue
LUMPUHBI  3anpeLlieHHOW 30Hbl Si. JHeprua 3nNeKTPOHHOro
nepexoaa B TakMx CTPYKTypax OOSTKHA onpenendaTbCs pasHuuen
Mexay LUMpuHOM 3anpeuieHHon 30Hbl Si (1,12 aB) n sHepruen
abipoyHoro coctoaHnsa B Ge-KT (0,43 9B), T1.e. pgomxHa
coctaBnatb 0,7 9B, 4tO cornacyetca c akcnepuMeHTarbHbIM
3Ha4YeHneM nonoxeHus nuHum T, B CNekTpe OoTOoToKa

(npumepHo 0,73 3B).
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[eTepOCTPYKTYPbl C KBAHTOBO-PA3MeEPHbLIMN 3fiEMEHTaMM
Ha CEerofHsILHMKA nony4valoT rnaBHbiIM 00pas3oM C MOMOLLbLO
MJ13. Hanbonblume ycnexu nonyveHsl npyu co3gaHnm KBaHTOBO-
pasMepHbIX CUCTEM Ha NONYNpPOBOAHUKOBbLIX COEONHEHUAX
A"BY n Ha TBepabix pactBopax GeSi.

B retepocucrtemax ¢ KT Ha 6ase TBepOoro pacrtBopa
GeSi  nony4vyeHbl  KBAHTOBO-pa3MepHble  3PdeKkTbl €O
cregywowMn  napamMeTpamu:  MNOBEPXHOCTHAA  MJIOTHOCTb
coctaBnana (3-5)x10" cm?, cpeoHun pasmep Kracrtepa
repMaHns nupamumgansHon dgopmbl — 15 HM (B OCHOBaHWUMU
nnpamuabl), Bbicota nupammabl — 1,5 HM, pa3dbpoc pasmepoB He
npesbiwan 17%.

[eTepOCTPYKTYpPbl C MPOCTPAHCTBEHHLIM OrpaHNYeHnEM
HocuTenen 3apsaa Bo Bcex Tpex uamepeHudax (KT) peanuaytot
npenenbHbIn cny4yau pa3MepHOoro KBAHTOBaHUA B
NonynpoBoAHUKax, Korga Mmoangukaumsa arekTPoHHbIX CBOUCTB

MaTepuana Hanbonee BbipaXeHa.
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ONMEKTPOHHLIA  CMNEKTP uaearibHOro KBAHTOBOro OObEKTa
npeacrasnser  cobou Habop  OWUCKPETHLIX  YPOBHEWN,
pasgeneHHblx obractamMn  3anpelieHHbIX  COCTOAHUW, W
COOTBETCTBYET 3NEKTPOHHOMY CMEKTPY OAUHOYHOro atoma, XOTs
pearnbHbll KBAHTOBbIN OOBLEKT MPU 3TOM MOXET COCTOATb U3
COTEH Thica4 atomoB. C nNpuOOPHOM TOYKU 3PEHUA TaKOW
9NIEKTPOHHBbIV CNEKTP HOCUTENEN 3apsaa B KBAHTOBbLIX OObeKTax
B Cllydae, Korga pacCcTodHMe MexXay YPOBHSMWU 3aMETHO
bonblie TEenroBOW 3HEPrnu, AaeT BO3MOXHOCTb YCTPaAHUTb
OCHOBHYIO NpobnemMy COBPEMEHHON MUKPO- N OMTOINEKTPOHUKN
— «pa3MbiBaHME» HOCUTENEW 3apsada B 3HEPreTMY4eCKOM OKHe
nopagka k,I (roe ks — noctodaHHaa bonbumaHa; T -
TeMneparypa), npuBoasiiee K gerpagauum cBOMCTB Npndopos
Npu MoBbILLEHUN pabovyen TeMmnepaTypbl.



Pusnyeckume NMPUHUUINMBbI HAHOJJIEKTPOHUKHA

I'Iapameprl KBAHTOBbLIX TOYEK

KBaHTOBOM TOYKOM MOXET CIYy>XUTb NHOOON OOCTAaTO4YHO
ManeHbKUW Kycodyek MeTasrsia Unn rnosyrnpoBogHnKa. ONeKTPoH
B TakOM HaHOKpuUcTanmne 4yBCTBYeT cebsi KaK 3neKTpoH B
TPEXMEPHOU NoTeHLManLHOU ame, OH UMEeT  MHOIo
CTaLMOHapPHbIX ngBHeI/I SHEPrnn c XxapakTepHbIM PacCTOAHUEM
Mexay HUMm (TOYHOE BbIpaXkeHme O YpOBHEN SHEPIrNK

2md* 3aBUCUT OT POPMbI TOYKN).

HmwxkHun npepgen ana pasmepa KT onpegensercs
KPUTUYECKUM pasmepoM d, npu kotopom B KT cylliecTByeT XOTS
Obl OOMH ANEKTPOHHbLIN YpoBEHb U cocTaBnseTt 4,0 HM. BepxHue
npeaensl anga pasmepa KT mMoryt pasnuyatbCa AN pasHbIX
cucteM u coctaenaoT ~12,0 HmM ana cuctembl GaAs-Al Ga, As

n 20,0 HMm anga cuctembl InAs-GaAs. %


http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%8F%D0%BC%D0%B0

[ns npumMeHeHns B ONTOSMEKTPOHHbLIX Npudopax KT He
OOMMKHbI coaepXaTb AMCoKauMn U TOYEYHbIX AedEKTOB, a BCe
reteporpanuubl, dopmupytowine KT, gormkHbl obnagatb HU3KOW
CKOPOCTbIO MMOBEPXHOCTHOWM pekomMbuHauun. Ona peanu3auumn
BbICOKOrO MOJanbHOro YcuneHua B nasepax Tpebyrotca
nroTHble maccuebl KT (~10" cm2). cknounTternbHble npenmy-
lwectBa CTpPYKTyp ¢ KT peanuaytotca nuwb Torga, korga KT kak
MOXXHO 6onee ogHOPOAHLI MO popMe 1 pasmepy.

OCOOEHHOCTHN 3INIEKTPOHHOrO CreKTpa B CTPYKTypax
C KBaAaHTOBbLIMM TOYKaMM

CBobogHble  HocuTenu  3apsga B KpucTtanne
onucbiBaloTcs  GNOXOBCKMMM  BONMHaMMK,  KOTOPble  MOTYT
pacnpocTpaHaTbca B HeMm. [lpegnonoxum, 41O KpucTann
KOHeYeH W  CcyllecTBYlOT [OBa  OECKOHEYHO  BbICOKUX
napannenbHbiX Oapbepa Ha pacctosHuM L apyr oT Apyra,

KOTOPbIE MOTYT OTpa>KaTb BNOXOBCKME BOJIHbI.
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Torga roBOpAT O MPOCTPAHCTBEHHOM OrpaHUYeHUN 3TUX BOJH.
Knaccnyeckmum npuMepoM BOSIH, OrpaHUYeHHbIX B OOHOM
N3MEPEHUN [OBYMS HenpoHuLaemMbiMu Oapbepamu, SBRSETCSH
koneobnLlasaca cTtpyHa ¢ AByMSA (DUKCUMPOBAHHBIMU KOHLLAMMW.
N3BEeCTHO, 4YTO HOpMarbHble KonebaTenbHble MOAbl TaKoW
CTPYHbI NPeacTaBnsalT cCOOON CTOsiMME BOSHbI C AJIMHOW BOSHbI
A, NPUHMUMALOLLIEN ANCKPETHbIE 3HAYeHUS BUaa

At (1)
rmen=1,2, 3, ...

Ona cBobogHon yacTtuubl ¢ 9ddPEKTUBHOM Maccon m*,
OBWXEHNE KOTOPOW B KpucTanme B HanpaBfleHun ocu 2z
orpaHun4yeHo 6Gapbepamm C OECKOHEYHOM MOTEHLUMANbHOW
9Heprmen, paspelleHHble 3HadyeHUs BOJIHOBbIX BEKTOPOB
ONoxXoBCKMX BOSTH MMEIOT BMA

2T nm

Sk = p SO 2)
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=23
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raen=1,2, 3, ..., a 3HEPrnsgd OCHOBHOIo COCTOAHMA NO CpaBHe-
HUIO C COCTOSIHNEM D€e3 orpaHnvYeHnst BO3pacTtaeT Ha BENMUYUHY

S

AE =
2m* 2m:L* (3)

roe h - npuBegeHHasa noctosdgHHas [NnaHka.

OTO yBENIMYEHME OHEPrMM Ha3blBAeTCs 3Hepruen
pa3MepHOro KBaHTOBaHUSA YacTuubl. JQHEPrna pasmMepHoro
KBAaHTOBaHUS SABMAETCA ClNeacTBMEM TMpuHUMNA Heonpeae-
NIEHHOCTU B KBAHTOBOM MexaHuKke. Ecnu yacTtmua orpaHnyeHa B
NPOCTPaHCTBE B rMnpedenax paccrtoaHua L (Hanpumep, BOOMb
OCU Z), HeonpendereHHOCTb Z-KOMMOHEHTbl €ee uMNynbeca
BO3pacTaeTr Ha BenuuuHy nopsaaka h/L. CooTBeTCTBYyHOLLEE
yBenumyeHne KMHETUYECKOM JHeprum 4vactuubl 3agaeTtcd Torga
BblpaxxeHnem (3). Kpome yBennyeHnsa MUHUMAarbHOW 3Hepruu
YaCTULbl KBAHTOBbLIU pa3MepHbIn 3dpheKkT NpuBOaNUT TakxKe K

KBAHTOBAHUIO 3HEPruim BO3OYXOEHHbBIX COCTOSHUMN.
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[na ©6eckoHe4YHOro OgHOMEPHOro noTeHumana «nNPAMoyroribHOW
SAMbI» 3HEPrMn BO3OYXOEHHbLIX COCTOSIHUMA BbIpa)aloTcsa Kak
n’AE,rpe n=1, 2, 3, ..., Kak B ypaBHeHUu (2).

BaxHO npoBOOAUTL pasnuuyme MeXxagy OorpaHudYeHneEM,
oOycnoBreHHbIM Oapbepamn, W fokanusaunen BcreacTeme
paccedaHnsi Ha npumecax. B nonynpoBogHukax cBOOOAHLIE
HOCUTENM 3apsada pacceuBalroTCcAa Ha (POHOHaX M gedeKkTax Cco
cpegHuM BpeMeHeM paccedHms <t>. CpegHwo  AnvHY
cBobogHOro npobera <[> onpegensitoT Kak nNpou3BeaeHune
cpeaHen cKkopocTn Ha <t>. [logobHoe paccesiHne Takke MOXET
YMEHbLUNTb HeonpenerneHHOCTb B MOMOXEHUU YacTuubl W,
criegoBaTteribHO, YBENMUYUTb HEOoNpederieHHOCTbL ee MMIyribCca.
[TocnegHee NpuBOOAUT K HEOMNMPEAENneHHOCTMN B QHEPTNUM YacTULbl
Ha BENUYMHY, 3agaBaemMylo BbipaxeHunem (3) ¢ L? = <>, JT0T
adppekT 0ObIMHO CBSiIzaH C gedektamm unu bGecropsigkom B
TBepAbiX Tenax wun oTnnyaetca OT 3d@PEeKTOB KBAHTOBOIO

orpaHn4eHus.
15



OgHnm K13 crnocoboB MNpPOBECTM pasnuuue Mexay AOBYyMA
yKasaHHbIMM CcrydYagMn SABMNSETCA WUccriegoBaHne BOJSIHOBOIO
BekTopa Kk, BOONb HarnpasreHud orpaHuydeHns. BonHoBow

BEKTOP 4acTuubl, [OBWXKEHME KOTOpou npoucxoamt 6es3
paccesHuda, Ho orpaHundeHo KH, OUCKpeTeH, MNOCKOSbKY OH
COOTBETCTBYET CTOSMEN BOSIHE M 3a0aeTcs BblpaXeHuem (2).
PacceaHue Ha gedektax npnBoanUT K HapyLLUEeHUIO doasbl BOSIHbI,
TakK YTO ee aMmnnuTyga 9KCroHeHUManbLHo yobiBaeT B rnpegenax
cpegHen anuHbl cBobogHoro npobera. Pypbe-npeobpasoBaHme
Takom 3aryxatoLleu BOJIHbI NoKasblBaer, 4yTO B
paccmatpyBaeMoMm cnydae Kk, He ABNAETCA AUCKPETHbIM, a

NMEET NOPEHLIEBO pacnpeneneHue.

KBaHTOBbLIM pasMepHbil 3PP EKT HE TOMNbKO WU3MEHSAET
9Heprum BO3OYXAEHUN, HO Takke mMoauduumpyetr ux
NOTHOCTL cocTtoAHMWU. Hanpumep, npu  yYMEHbLUEHUN
pasMepPHOCTU OT Tpex B OObLEMHbIX oObOpasuax A0 ABYyX B

KBAHTOBbIX AMaX 3J1IEKTPOHHAA NI1OTHOCTb COCTOSAHUIN BONN3K
16



3anpeLleHHON 30Hbl MeHAeT BuA OT (PYHKUMM C NMOporomMm Ao
dyHKUMM B BUOE CTyneHbKu. B otnuume ot KA, roe Hocutenu
3apsiga orpaHuYeHbl B HanpasfieHUU, MNepneHauKynsipHoOM K
CIiosiM, U MOryT ABuratbCsa B NiockocTn cnos, B Kl Hocutenu
3apsiga orpaHudeHbl B AOBYX HanpaBneHuax u cBOOOOHO
nepemMeLlatoTcsa TonbKo BAOSb ocu npososiokn. B KT Hocutenu
3apsiga oOrpaHUYeHbl YyXXe BO BCEX TPEX HamnpasreHusax Wu
obnagatoT NOfHOCTLI0 AUCKPETHLIM QHEPrETUYECKMM CNEKTPOM.
Ha puc. 10 nokasaHbl cxematuyeckue auarpammbl QYHKLUN
MNSIOTHOCTU cOCTOAHUU aAngd cTpykTyp ¢ KA, KI' n KT.

[lna wnniocTpauun KBAHTOBOro pasmMmepHoro adodekra
OJIEKTPOHOB B  MOSyNpPOBOAHMKAX  pacCMOTpUM  criydau
oanHodHon KA. Ee cTpykTypa npeacraBnseTr cobon «CaHOABUYY,
COCTOAWMN M3 TOHKOrMo crnod (tonwmHon L) nonynpo-
BOOHMKOBOIrO MaTepumana A  Mexay crosMu  gpyroro
nonynpoBodHnKa B C paBHbIMK TosnwmMHamm L’. HanpaBneHue,

nepneHankyndpHoe K 3STuM crnodam, npumMem 3a oCb Z
17



[Mlpegnonoxum, 4to B oauHodHou KA LwwupuHa 3anpelieHHou
30Hbl siMbl A MeHblle, Yem Yy ObapbepoB B (E, > E, ).

Bcnegcrteme Takoro pasnuynsa B LUMPUHE 3anpeLlleHHbIX 30H He
NPOUCXOOUT BblpaBHMBAHUA KpaeB 30H MNPOBOAMMOCTU W
BaneHTHbIX 30H ana A mn B. PasHOCTb Mexay Wux Kpasamu
Ha3blBAETCA pa3pbiBOM 30H. Pa3pbiB 30H co3gaeT noTteHuuman,
OTBETCTBEHHbIM 3a KBAHTOBOE OrpaHMYeHne HOCUTENEU TOMbKO
B OOHOM cCIoe, B pe3ynbraTte 4Yero U BO3HMKAET KBaAHTOBbIV
Pa3MepHbIN 3PAEKT.

Takmm obpasom, 3HaHME BEMUYMHBLI paspbiBa 30H U €ro
KOHTPOMNb WUrpalT pellarLyo pofib  MpU  U3roTOBMEHUU
NpMOOpPOB C KBAHTOBbLIM pa3MepHbIM adpdpekToM. Ecnn TonuwmHa
cpeaHero crod A cocTaBndeTr OT HeCKonbknx 00 CTa
napamMmeTpoB Kpuctannudeckon pewietkn mnm ot 1 go 50 HM, TO
HOCUTENU 3apsga  bOyayt pacnonaraTbCA Ha  OUCKPETHBLIX
YPOBHSIX, NOAOOHO arekTpoHam n asipkam B KT.

18
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MeHaa pasmep «AMbl», MOXHO U3MEHATb PacCTOSAHUE MeXay
YPOBHAMM W, COOTBETCTBEHHO, AMMHY BOMHbLI MOrnoLaemMoro
NNn U3ny4yaemoro ceeta.

Tak Hanpumep, B ONTUYECKUX CHEeKTpax nosynpo-
BOOHMKOBLIX retepocTpykTyp GaAs-AlGaAs CcO CBEPXTOHKUM
crnoem GaAs (KBAHTOBOM SIMOW), YETKO MPOABNAOTCA 3(PdDEKTDI
pasmMepHoro KBAHTOBaHUA: nosBnAeTcd XapakTepHagd
CTyrneH4yatass CTPYKTypa B CMNeKkTpax nornoweHud u
CUCTEMATUYECKUN COBUT XapaKTEPUCTUYECKUX JHepruyu npu
YMEHbLUEHUN TONLWWHbLI KBAHTOBOWU AMBbI.

B knactepax (KT) ogHoro matepunana B obbeme gpyroro
BELlEeCTBA OrpaHMYEeHUEe [OBWXKEHUSI HOcuUTenenm 3apsaa
OCYLLIECTBIIAETCA BO BCEX Tpex HarnpasneHusax. B otnuume ot
retepocTpyktyp ¢ KA u KI1 cBoucTBa aNMeKTpOHOB U ObIPOK B
retepocTpyktypax ¢ KT Henb3d onucatb Ha OCHOBe
npeacraBrieHns O rase Keasu4vacTtuu,.
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[1NogoTBOPHLIM  ABNAETCA NPUMEHEHWe npeacTtaBfieHun o
NnoKann3oBaHHbLIX COCTOAHUAX. Pagnyc nokanusauum
9NIEeKTPOHOB U ObIPOK B HAHOKNAcTepe cCpaBHUM C ero pasmepom
N YacTo NpeBbIlaeT OOPOBCKUN paguyc OANHOUYHbIX NPUMECHbIX
aTOMOB C MENKUMN YPOBHAMU B OOBLEMHLIX OOHOPOAHbLIX
nonynpoBogHukax. B To Xe BpemMA 3HepreTn4yeckum ypoBEHb B
KT mMoxeT 6bITb rmybokMmMm, N B 3TOM 3akroyaeTcs eule ogHa
xapaktepHas vyepta KT Kak NpUMECHbIX LEHTPOB C rMyObOoKNMU
YPOBHAMM.
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BOIIpOCI)I AJIA KOHTPOJA U3y4aCeMO10o MarTe€puaJia.

.

YUTO OTIMYaET HAHOBIEKTPOHUKY OT TPATUIITUOHHON MUKPOIIICKTPOHUKU ?
Kakue kBaHTOBO-pa3MepHbIe 3P(DEKTHI MPOSIBIAIOTCS B HAHOCTPYKTypax?

Yto Takoe KBAHTOBasA TOYKa M KaKoBa €€ pPOJIb B HAHOJ3JICKTPOHHBIX
[} . B d 9

A VAZAVAVI S AV IESSAVASLPA SPLAV MVAVSS ST AVES VAR M VA ZS IS IS B VA VA" X))

2
3.

4
5.
6
7
3

KakoBbl IpHUHIIUIEI PA0OTHl TYHHEJIBHBIX U CIUHTPOHHBIX CTPYKTYP?
Kakue  marepuanbl  HMCHOJB3YIOTCS  JJISI  HM3TOTOBJICHUS  BJIEMEHTOB
HAHOXJICKTPOHUKH ?

Yto mnpeacraBiasgeT coO0OM MOJEKyIsIpHAs »dJICKTPOHHMKA M KaKOBBI €€
MEPCIECKTUBHI?

B u4éMm 3HaueHue yIIepoAHBIX HAHOTPYOOK W rpadeHa s Oyayuieu
AIEKTPOHUKH?

CnucoK JJUTEPATYPHBIX HCTOYHUKOB:

9.

10.
11.
12.
13.

14.

I'yces A. M. Hanomarepuanbl, HAaHOCTPYKTYpPbl, HAHOTEXHOJOTHUU. — M.:
dusmariut, 2007.

CoxkosioB B. . ®uszuka u TEXHOIOTUA MHUKPO- U HAHODIECKTPOHUKU. — M.:
MHUO®U, 2019.

Wong, H.-S. P.,, Akinwande, D. Carbon Nanotube and Graphene Device
Physics. — Cambridge University Press, 2011.

Datta, S. Quantum Transport: Atom to Transistor. — Cambridge University
Press, 2005.

Ferry, D. K., Goodnick, S. M. Transport in Nanostructures. — Cambridge
University Press, 2009.

2017. Bhushan, B. (Ed.) Springer Handbook of Nanotechnology. — Springer,
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