ITPOI'PAMMA

KaHJUIATCKOIO SK3aMEHa 0 CIIEHUaIbHOCTH
1.3.11 ®u3uka noJaynpoBOAHUKOB

110 TCXHNYCCKUM U @HSHKO-M&TGM&TI/ILICCKI/IM HayKaM

B ocHoBy HacTosimielt mporpaMMbl MOJ0XKEHBI OCHOBHBIE pa3/ieibl (PU3UKU
[OJyTIPOBOJHUKOB, KacarollMecs OCHOBHBIX (U3NYECKUX NPOoOJIEM JTaHHOM
00J1aCTH, OCHOB TEXHOJIOTMU M pabOThl NpUOOPOB Ha Oa3ze MOIYNPOBOJIHHUKOBBIX

MaTEpHaJIOB.

1. Xumuveckasi CBSI3b 1 aTOMHAsl CTPYKTYPA NOJYIPOBOJIHUKOB

DneKTpoHHas KOH(UTypalys BHEUTHUX 000J0YEK aTOMOB U TUIIbI CUJI CBS3U B
TBEpIbIX Tesax. Ban-nep-BaanbcoBa, HOHHAs U KOBAJICHTHAS CBA3b.

CTpyKTypsl BaxkHeimmx momymnpoBoguukoB — osmementoB AV, AV n
coemunenuii Tunos A''BY, A'BY!, AVBY',

CummMmertpus KpUCTALIOB. TpaHCISIMOHHAS CUMMETpPHS KpUCTALIOB. basnuc u
KpUCTAIJIMYECKAs] CTPYKTypa. OJeMeHTapHas s4yeiika. IIpumuTuBHas suelka.
Sueiika Burnepa-3eiitia. Pemerka bpase. O0o3HaueHNs y3710B, HAIPaBICHUN U
IJI0CKoCcTel B Kpuctauie. OOpaTHas pelieTka, ee cBoiicTBa. 3oHa bpuuitosHa.

[Ipumecu u CTpyKTypHbIE Je(pEeKThl B KPUCTAIMYECKHMX U aMOP(HBIX
IIOJIYIIPOBOAHUKAX. XUMUYECKas MPUPOAA U DJIEKTPOHHBIE CBOWCTBA IMPUMECEH.

ToueuHsle, TMHEHHBIE U TBYMEPHBIE N€(EKTHI.

2. OCHOBBI TEXHOJIOTHM TOJYNPOBOJHNUKOB U METO/bI OTIPeieIeHUst X
napaMeTpoB
Metoasl BeIpanMBaHuss OOBEMHBIX MOHOKPHCTA/UIOB M3 JKHJIKOW W Ta30BOM
das.
Metoapl BbIpallluBaHUs 3MUTAKCHAIBHBIX TJIEHOK (SMHUTAKCUSI U3 KUJKOU U

razoBoi (asbl).
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MonekynsapHo-iIydeBas dnuTakcus. MeTamuioopranudeckas SIUTaKkCHsl.

Mertonp! JIerupoBaHus MOJIYIIPOBOJIHUKOB.

OCHOBHBIE METOJIbI OIPEIEIICHNUS NapaMeTPOB IOIYHNPOBOJHUKOB: IIMPHUHBI
3aMpelEeHHON 30HbI, MOJABM)XKHOCTH W KOHILIEHTPAlMM CBOOOJHBIX HOCHUTENEH,
BPEMEHM KM3HU HEOCHOBHBIX HOCHUTENEH, KOHLIEHTpAllMU U IIyOUHBI 3aJIeraHMsl

ypOBHEH nIpuMecei u 1epeKToB.

3. OCHOBBI 30HHO¥ Te€OPUH MOJTYNPOBOTHUKOB

OcHOBHBIE NPUOIMKEHHSI 30HHOW Teopuu. BonHOBas (yHKUHSA 3JEKTpOHA B
MEpUOIMYECKOM Tojie  Kpuctaima. Teopema bnoxa. 3ona bpunmosHa.
OHEpPreTU4eCcKue 30HBI.

3aKOHBI JUCIIEPCHM ISl BAXKHEMIINX MOIYIIPOBOAHUKOB. M303HepreTnueckue
noBepxHOCTH. TeH3op obpatHoi 3 dexkTuBHON Macchl. [ITOTHOCTH COCTOSHMIA.
Ocobennoctu Ban-Xosa.

VYpaBHEHHSI IBWKEHHUSI DJEKTPOHOB M JBIPOK BO BHEIIHUX MOJISAX. Meton
s dexTuBHON Macchl. MickpuBiieHne SHEPTeTUUECKUX 30H B AJIEKTPHUUECKOM TIOJIE.
JIBI>KEHME DJIEKTPOHOB U JBIPOK B MarHUTHOM moJie. Onpenenenue 3PpheKTUBHBIX
Macc U3 IUKIOTPOHHOrO (IMaMarHUTHOTO) pe3oHaHca. CBsI3b 30HHOW CTPYKTYPBI
C ONITUYECKUMU CBOMCTBAMHU MOJIYIIPOBOIHHKA.

YPpOBHM 3HEPTUH, CO3aBAEMbIC TPUMECHBIMU LIEHTPAMHU B MOJYITPOBOIHHUKAX.
JloHopsl u akuentopsl. Menkue u TiayOokue ypoBHU. BomopomonomoOHbie

IMPUMCCHBIC LICHTPHI.

4. PaBHOBeCHAsl CTATUCTHKA 3JIEKTPOHOB M JILIPOK B MOJYNPOBOIHUKAX

DyHKIMA pacnpenesieHus 3IeKTPOHOB. KOHIIEHTpalus 3JIEKTPOHOB U ABIPOK B
30Hax, 3¢ ()EeKTUBHAS TIOTHOCTh COCTOSIHUM. HEBBIPOXKICHHBINA U BBIPOXKICHHBIN
ANEKTPOHHBIN (IbIpouHbIi) Ta3. KoHUEHTpauuw »3JIEKTPOHOB M JBIPOK Ha

JIOKAJIbHBIX YPOBHSX. CDaKTOpBI BBIPOKACHUA ITPUMCCHBIX COCTOSIHMH.
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[lonoxenue ypoBHsa depMu M pPaBHOBECHAs KOHILIEHTpALUs JJIEKTPOHOB M
IOBIPOK U COOCTBEHHBIX WM  NPUMECHBIX  (HEKOMIIEHCUPOBAHHBIX U

KOMHGHCI/IpOBaHHBIX) IMOJYIIPOBOJHHKAX. MHOFO3apHI[HBIe IMIPUMCCHBIC HCHTPHI.

5. Kunerunyeckue siBJieHUsI B MOJYIIPOBOHHUKAX

Kunernueckue ko3 GUIMEHTH — TPOBOAUMOCTb, IOCTOSIHHAS X0J1JIa U TEPMO-
D/IC. JlpetidoBasi ckopocThb, apeiidoBas M XOJUIOBCKAsl MOABUKHOCTH, (HaKTOP
Xomna. Ipetidosbiit u nuddy3nonusiii Tok. CooTHOIIEHHE DWHIIITEHHA.

MexaHu3mbl paccessHUsT HOCHUTENEH 3apsjia B HEUJCAIbHOM PEIICTKE.
BzauMmogeiictBue HocuTenel 3apsAia ¢ AKyCTUUYECKMMHU W ONTHYECKUMU
dononamu. PaccessHue HocuTenel 3apsia Ha 3apsOKCHHBIX M HEHTPaJbHBIX
npuMecsix. l'opsuue  snekTpoHbl.  OtpunarenbHas — auddepeHnuanbHas
NPOBOJAMMOCTh. JJEKTPUUECKUE HEYCTOMYMBOCTU; DIECKTPUUYECKHUE ITOMEHBI M

TOKOBBIC IIHYPBI.

6. PexomMOMHaIUS 3JIEKTPOHOB M JILIPOK B MOJYNPOBOIHUKAX

'enepauus W  pekoMOMHALMs  HEPABHOBECHBIX  HOCHUTENEH  3apsja.
KBasupaBHoBecue, kBazuypoBHu Depmu. YpaBHEHHE KUHETUKU PEKOMOMHAIUU.
Bpemena xu3Hu. @OTONPOBOIUMOCTD.

Mexanu3mbl  pekoMOuHanuu.  M3nydatenbHas ©W  Oe3bI3NydaTesibHas
pekoMOuHaiusa. Mex3oHHas pekoMmOuHanus. PekoMOuHanus uepe3 YpPOBHU
npumeceit u nedexton. LlenTpsl npuunanus. Oxe-peKoMOUHAITHS.

[IpocTpaHCTBEHHO HEOAHOPOAHBIE HEPABHOBECHBIE pacIpeiesieHus HocuTenen
3apsna. AmoOunonspHas auddysus. Ddpdexkr [Iembepa. munaa auddy3um

HEPABHOBECHBIX HOCUTEIIEU 3apsaa.

7. KoHTaKTHBIE SIBJICHUSI B IIOJIYNIPOBOJHUKAX
Cxema  DHEPreTMYECKMX 30H B KOHTAKTE€  METaJUI-MOJYyIPOBOJIHHUK.
Ob6oraieHHblie, 00eTHEHHbIE 1 MHBEPCUOHHBIE CJIIOM MPOCTPAHCTBEHHOTO 3apsia

BOIM3M KOHTaKTa. BonpTaMiepHas xapakrepuctrka 6apbepa [IoTTku.
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3HepreTquc1<a>1 adarpamMma  pP-n - mepexona. I/IH)KGKI_[I/IH HCOCHOBHBIX
HOCHUTEJIEH 3apsiaa B P-N mepexone.
FeTeponepexomﬂ. SHCPFGTI/I‘ICCKI/IG AuarpaMMbl I'CTCPOIICPCXOI0B.

Bapu3oHHBIE IOTYITPOBOAHUKH.

8. CBoiicTBa NOBEPXHOCTH MOJIYITPOBOIHUKOB
[ToBepXHOCTHBIE COCTOSIHUS M TIOBEPXHOCTHBIE 30HBI. VICKpuBIEHHE 30H,
pacmpenesieHue 3apsjga M TOTEHIMala BOIM3UM TMOBEpXHOCTU. [loBepxHOcTHas
pEKOMOUMHAIHS.
DddexT mos.

TamMoBCKHE YPOBHH. CKOpOCTB HOBerHOCTHOﬁ peKOM6I/IHaHI/II/I.

9. OnTuyeckue IBJIEHUS B MOJYNIPOBOIHUKAX

KomruiekcHast nuanekTpuyeckass IPOHUIIAEMOCTh, MOKAa3aTeNb MPEIOMIICHUS,
K03 duUmeHT oTpaxeHus, kodpduimeHt norjomieHus. CBs3b MEXIy HUMHU M
cootHomieHust Kpamepca-Kponwura.

Mex3oHHbIe Iepexoabl. Kpaii cOOCTBEHHOTO MOTJIOMICHHS B ClTydae NpSIMbIX U
HENPSMBIX, PA3PELICHHBIX U 3aIPEIICHHBIX EPEX0A0B. DKCUTOHHOE MOTJIOIIECHHE
1 u3nydeHre. CIIOHTaHHOE U BBIHYK/ICHHOE U3JIy4YECHHE.

[Tornomenue cBeTa Ha CBOOOJAHBIX HOCUTENSAX 3apsija.

[Tornmomenue cBeTa Ha KOJIeOAHUAX peIIeTKH. PaccesiHue cBeta KojieOaHUSIMU
peneTkd, KOMOMHAIMOHHOE paccesHue Ha onTtuueckux ¢oHoHax (Pamana —
JlanacOepra), paccesHue Ha  akyctuueckux  (ononax (bpwuiosHa -
Mannenpiirama).

Bnugnue mnpumeced Ha onTuYeckue CBOWCTBA. llpumecHas cTpykTypa
ONTHYECKUX CIIEKTPOB BOJM3HM Kpasi COOCTBEHHOTO MOTJIOMIECHUSI B MPSIMO30HHBIX
M HENpsIMO3OHHBIX  MOJYIPOBOJAHHMKAX. MexXnpuMecHass  M3JIydaresibHas
peKoMOUMHaIMsA. DKCUTOHBI, CBA3aHHbIE HA TPUMECHBIX LIEHTpaXx.

OnTtuyeckue sBJICHHUS BO BHEMHWX moisx. Oddexkt Dpanma-Kenmprima.

Oddext [Nokkemnnca.



O¢ddexr bypmreitna-Mocca.

Oddextsr Papanes u Doiirra.

10.®oTo3/1eKTPpUYECKHE SIBJIEHUS
[IpumecHass u coOcTBeHHass (QOTONPOBOJUMOCTh. BiusHue mnpumunaHus
HEPABHOBECHBIX HOCHUTEIEH 3apsia Ha (POTOMPOBOAUMOCTb.
OnTuyeckas nepesapsaka JOKaJIbHbIX YPOBHEH M CBSI3aHHBIC C HEH I (EKTHI.
TepmocTUMynHpOBaHHAS] POBOJAUMOCTb.
doTOpa3orpeB HOCUTENEH 3apsia.

DOTO3IEKTPOMATHUTHBIN PG EKT.

11. HexpucTajaanyecKue moJynpoBOTHUKH

AMopdHbIE U CTeKII000pa3Hble MOJYmpPOBOAHUKH. CTpPYKTypa aTOMHOM
MAaTpUlbl  HEKPUCTAJUIMYECKUX  MOJYIPOBOJHUKOB. lneanmbHOE  CTEKIIO.
IM'uapupoBanHbie aMOp(HBIE TOTYITPOBOTHUKH.

OcoOEHHOCTH DJEKTPOHHOTO JHEPreTUYECKOTO CIEKTpa HEYIMOPSJOUYCHHBIX
noaynpoBOAHUKOB.  [lOTHOCTE  cocrosiHui.  Jlokanuzaius — 3JIEKTPOHHBIX
coctosHui. Il{ensb MoABHMAKHOCTH.

JlernpoBanue HEKPUCTAIUIMYECKUX TOJYIIPOBOJIHUKOB.

MexaHn3Mbl iepeHoca HocuTenen 3apsaaa. [IpsbkkoBas MpoBOAUMOCTB. 3aKOH
Morra.

CHoekTpbl ONTHUYECKOTO TOIJIOMICHUS HEKPUCTAUIMYECKUX MATEPHUaJIOB.
[IpaBuno Ypbaxa.

Hecranmonapusie mponieccel. Ompenenceaue apeiioBOMl MOABUKHOCTH T10
U3MEPEHUSIM BPEMEHHU TpoJieTa. JlucrnepCuoHHbIN EPEHOC.

BnusHue  BHEMIHMX  BO3JCUCTBMA Ha  CBOWCTBA  HEKPUCTAJUIMYECKHUX

IMOJIYIIPOBOJAHUKOB. MeTacTaOMJILHBIE COCTOSHUS.
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12. Io,rynpoBOAHNUKOBBIE CTPYKTYPhI OHUKEHHOH Pa3MePHOCTH U
CBepXpeleTKu

Pa3smepHoe kBaHTOBaHUE. JIByMepHblE U KBa3UJBYMEpHBIC SJICKTPOHHBIC
CUCTEMBI B CTPYKTYPHI, B KOTOPHIX OHU peann3ytorcs. KoHTpa- 1 KoBapuaHTHBIE
KOMITO3UIIMOHHBIE CBEPXPEIIETKH, JIETUPOBAHHBIE CBEPXPEIIECTKH JIETUPOBAHUS.
KBanToBeie HUTH. KBAaHTOBbIE TOYKH. DHEPreTUUYECKUN CIEKTP DJIEKTPOHOB U
MJIOTHOCTh COCTOSIHMM B 3TUX CHUCTEMaX.

OnTuyeckue SIBICHUS B CTPYKTypax C KBaHTOBBIMU SIMAMH, MpaBuja OTOOpa
JUIST. MEX30HHBIX M BHYTPU30HHBIX (MEKIIOJ30HHBIX) MEPEXOJ0B. MexX30HHOE
MOTJIONICHUE M M3JIydaTeNIbHAsT PEKOMOMHAITUS B ATUX CTPYKTypaX. DKCUTOHBI B
KBaHTOBBIX sIMax, KBaHTOBO-pa3mMepHbii addexT [Tapka.

DNeKTpUYeCKue M TalbBAaHOMArHWTHBIC SBJICHUS B JIBYMEPHBIX CTPYKTypax.
Oddexr [lyonukosa-ge ['aaza. OOiiee mpeacraBieHue O KBAHTOBOM 3(deKTe

XoJia.

13.IlpuHUMIIBI AefiCTBUS MOJYNPOBOJIHUKOBBIX NPUOOPOB

BonbsTamnepHnas xapakrepuctuka p-n nepexoaa. [Ipubopsl ¢ ncnoiab30BaHUEM
P-N epexoao0B.

TynnenbnabId quoa. Juoxa I'anna. bunonspHsii TpaH3ucTop. TUpuUcTop.

DHepreTuyecKkas AuarpaMma CTpyKTYpbl METAIUT-TUAJIEKTPUK-TIOTYIPOBOIHUK
(MUIT). IMonessie Tpansuctopbl Ha M/II-cTpykTypax. [IpuGopsl ¢ 3apsmoBoii
CBSI3BIO.

[IIymbI B MOJYyTIPOBOIHUKOBBIX IPUOOpax.

®orosnemerTel W (oromnonsl. CrekTpalibHas  YyBCTBUTEIBHOCTH U
oOHapyxxuTenbHasg CcrnocoOHOCTh. [loayNpOBOIHUKOBBIE JETEKTOPHI SACPHBIX
usznyaennii. otosnexkrpudeckue npeodpazoBarenu, KI1/[ mpeodpazoBanusi.

CBeToanobl M MOJYNPOBOJHUKOBBIE Ja3epbl. MHKEKIMOHHBIE Ja3epbl Ha
OCHOBE JIBOMHOM I€TePOCTPYKTYPHI.

Hcnonp3oBaHne  HAHOCTPYKTYp B TOJYIPOBOJHUKOBBIX  TpHOOpax.

I'eTeporpan3zucrop ¢ naBymMepHbIM 3J1eKTpoHHBIM razom (HEMT). I'ereposnasepsl
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Ha OCHOBE CTPYKTYp C KBAaHTOBBIMH SIMAaMH U KBAHTOBBIMHU TOUKaMH. Pe3oHaHCHOE
TYHHEJIMPOBAHUE B JIByXOapbepHOM reTepOCTPYKTYpPE U PE30HAHCHO-TYHHEIbHBIN
muon. OnTUYecKuid MOJIYJSATOpP HAa OCHOBE KBaHTOBO-pa3MepHoro sddexra

[ITapka.

PexomeHnayemasi 0OCHOBHAs JIUTepaTypa
1. B.JI.bonu-bpyeBuu, C.I'.KamamHukoB. «®u3nka NOJynpoOBOAHUKOB». M:,

Hayxka, 1979 r.

2. JIx.3aiiman «l IpuHuuns! Teopun tBEpaOro Tena». M: Mup, 1974.

3. I1.C.KupeeB «®u3nka nonynpoBogHUKOBY. M:, Beiciias mkona, 1975.

4, K.B.lllanumoBa «®Pu3uka NOJYNPOBOAHUKOBY». M:, DHeproaroMusiar,
1985.

5. C.3u «®usuka nosxynpoBOJHUKOBBIX TpuOOpoB». M:, Mup, 1984.

6. H.Mott, O.[IpBuUC «DIJIEKTPOHHBIE MPOLECCHl B HEKPUCTALINYECKUX

BeniecTBax» M:, Mup, 1974.

7. 10.1.YxanoB «Ontuueckue cBOKMCTBA NOIyNpoBOAHUKOB» M:, Hayka, 1977
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HEe00X0ArMMO 0c000€ BHUMaHUE 00paTUTh Ha pa3aen 13 mporpaMMel.



