MPOrPAMMA-MUHUMYM
KaHAMAATCKOro 3K3ameHa Mo HanpasnenHoCTH
01.04.10 «®u3uKa NONynpoBoOAHUKOB>
no TeXHWYEeCKM K ¢M3MKO-M3TEM6THHECKHM HayKaM
BeepeHune
B oCHOBY HacToswein nporpaMmbl  MOSOXEHS! OCHOBHblIE  pasaens  Qu3nku
NONYNPOBOAHMKOB, KaCaKLWMecs OCHOBHbIX husnyeckux npobnem paHHol obnacty,

OCHOB TexHonoru 1 paboTsl Npubopos Ha 6a3e NoNYNpPOBOAHNKOBEIX MaTepuanos.

MNporpamma pa3spaboTaHa 3KCNepTHbLIM coBEeTOM BblcWwel aTTecTaunoHHOM KOMWUCCHM
MuHucTepcTEa 06pasoBaHmns Poccuitckoit ®eaepalinm no gusmke

1. XMMMUECKan CBS3b W aTOMHAA CTPYKTYpa nonynposoAHNKOB

SNEeKTPOHHaA KOHPUTYpaunsa BHEWHKX o60/I04eK aToMOB M TWMbl CUJ1 CBA3KM B TBEPALIX
Tenax. BaH-aep-BaanbcoBa, MOHHAs U KOBANEHTHAs CBA3L.

CTDYKTYPbl BaXHEAWMX NONYNPOBOAHNKOB — NEMEHTOB AV, AYI 1 coepvHeHwW TUMOB
AI]IB\-" AI]B\.’I AIVBUI
| / .

CuMMeTpus  KpuUcTannos. TpaHcnaunorHan CUMMETPUA  KPWCTannos. Baanc «
KpucTannMdeckas CTpykTypa. SneMeHTapHan sdvenka. NpuMuTMBHaA aueika. Auelika

BurHepa—3eiTua. PeleTtka Bpase. O6o3Ha4veHns y3nos, HanpasieHnn 1 nnocKocTen
g kpucranne. ObpatHas peleTka, ee ceolicTea. 3oHa BpunntoaHa.

Mpumecu " CTPYKTYpPHbIE nedexThbl B KpUCTaNNUHecKmnx " amMophHbIX
nonynpoBoaHKMKaX. Wamuueckas npupoda “  3NeKTPOoHHbLIE cBOMCTBE MpvMecew.

Toyeurble, NUHelHbIE 1 ABYMEPHBIE fedexTol.

2. OCHOBbI TEXHONOMMNHK noaynpoBOAHWKOB
W METOAbl ONPeAeneHns nx napaMeTpos

MeToak! BbipalnBaHus 06beMHbIX MOHOKPWCTanNNos 13 WWOKOW 1 rasosont (as.

MeTodsl BbiDalLMBaHWUA 3MUTaKCHanbHbIX nneHoK (3nuTakcna K3 WUAKOW W ra3osoi

dasbl}.

MoneKkynsipHo-1y4esas 3nuTaKcus. MeTannopraHvuyeckas anuTakeusa.

MeToabl NernpoBaHns MonynpoBOAHNKOB.

OCHOBHBLIE  METOAbl  OMNPpeAeneHus napaMeTpos  MosIyNpOBOAHWKOB: LWMPUHbI
3anpeLieHHoi 30Hbl, NOABWKHOCTY KOHUEeHTpaLUun cBoBoAHBIX HOCUTENEH, BpEMEHMU
WW3HW HEOCHOBHbIX HOCUTENen, KoHueHTpalwuu W rnyBuHbl 3aneraHna  YpoBHEW

npumecei 1 AedeKToB.

3. OCHOBbI 30HHOM TEOpUH nonynpoBOAHUKOB




OcHOBHbIE MNpUBNMIKEHWst 30HHOW Teopuu. BonHOBas (YHKUWMA 37eKTpoHa B

nepuoaMueckom none kpucranna. Teopema bnoxa. 3oHa bpunniosHa. SHepreTuyeckue
30HbI.

3aK0oHbBl  AWcnepcuny Ans BamHeWWmMX nonynpoBoAHWKOB, HBOBHEDI‘ETMHECKME
nosepxHocTW. TeH3op obpaTHoW 3ddexTreHoW Maccbl. [INOTHOCTL COCTOSHWA.
QcobeHHocTy Ban-XoBa.

YpaBHeHWUS ABUXEHWS 3NEKTPOHOB W AbIPOK BO BHeWHWX nonsix. Metoa athhekTUBHOM
Macchl. VCKpMBNEHWE 3SHEPreTUYecKMX 30H B 3/IEKTPUYECKOM none. [swmxeHune
3/1EKTPOHOB W AbIPOK B MarHuTHOM rnone, Onpeaenexvie 3P@EKTMBHBIX MACC U3
UMKAOTPOHHOTO  (AM@MarHWTHoro) —pesoHaHca. CBs3b  30HHOM  CTPYKTypbl  C
OMTUHECKUMI CBOMCTBAMIW NONYNPOBOAHMKE.

YpOBHU 3HEPTUK, CO3A3BAEMbIE NMPUMECHBLIMW LEHTPaMi B nonynpoeoaHukax. JdoHopbl
W aklentopel. Menkve v rmy6okne ypoBHU. BogopononofnobHele NPUMECHbIE LEHTPBI.

4, PaBHOBECHaA CTAaTUCTMKA 3N1EKTPOHOB M AbIPOK
B NONYyNpPOBOAHWUKAX

DyHKUKMA pacrnpefeneHis 3n1eKTpoHoB. KoHLUeHTpaLwns 3/1eKTPOHOB U AbIPOK B 30HaX,
shpekTUBHan NNOTHOCTb COCTORHWMA. HEBBIDOXAEHHbIA ¥ BbIPOXAEHHbIN SNEKTPOHHbINA
(ObIpO4YHBIN) ras. KOoHUEeHTpauwu 3/1EKTPOHOB W NbIDOK Ha J/0KaNbHbIX YPOBHAX.
@aKToPsl BbIDOWAEHWSA MPUMECHDIX COCTOAHWA.

Nonoxexue ypoBHA ®EpMM U PaBHOBECHAs KOHUEHTPauus 3NeKTPOHOB M AbIpOK B
COBCTBEHHbBIX W MPUMECHbIX  (HEKOMMEHCUPOBAHHBLIX ¥ KOMMEHCUPOBaHHbIX)
nonynposoaHvKax. MHoro3apsaHble NPUMECHbIE LUEHTPbI.

5. KMHeTUYecKue SBNEHNA B NONYNPOBOAHUKAX

KuHeTvueckme KosddUuumeHTsl — NPeBOAMMOCTb, NOCTORHHEA Xonna w Tepmo-34C.
NpeiidoBasd CKOPOCTb, ApeiAdoBas M XONnoBCKas NOABMKHOCTY, haxkTop Xonna.
[OpendoBsbin U any3noHHbIn Tok, CooTHOWEHWE SRHWTERHA,

MexaHwu3mMbl pacceaHnn HoCUTenei 3apsada B HenaeansHOM peLleTre. BzauMoaencTBme
HocuTenel 3apsia € akyCTuHeckuMi 1 onTu4eckumu GoroHamu, PaccesHune HocuTenen
3apaga Ha o 3apsXeHHbIX W HeWTpanoHblX  MPpUMECcax. FopaYyue  3MNeKTPOHbI.
OTpuuarensHas avibdepeHumansHas NposoaAvMoCTb. DNeKTpPUYECKHE HRYCTOUYUBOCTH]
3NEKTDUYECKWE AOMEHbBI U TOKOBbIE WHYPSLI.

6. PeKoMBUHALMA 3/IEKTPOHOB U AbIPOK B nonynpoBoAHUKax

FeHepauua W pexombuHauws HEPaBHOBECHbIX HocuTeneln sapana. KeasnpasBHOBECHE,
xgaznyposHu @epmu. YpasHeHue KUHETUKM pexkomBuHauun, BpemeHa Xu3HW.
DoTONPOBOAMMOCTS.

MexaHuaMel pekomburaumu. Wanydyate/bHas v Be3biznydarenbHas pexkoMmbuHaumns.
Mex30HHas pekaMbuHaums. PekomBuHaunsa {epes YPOBHW MpuMeEcerd W pehexTos.
LleHTpbi NpuannaHns, Oxe-pekombuHaums.




MpOCTPaHCTBEHHO HEOAHOPOAHbIE HEpaBHOBECHbIE pacnpefeneHns HocuTenen 3apaaa.

AmBunonspHan Anddy3us. SddexT Oembepa. [AnuHa anddy3snm  HepaBHOBECHbBIX
HocKUTENnen 3apsana.

7. KOHTaKTHbIE SB/IEHUA B NOJIyNpoOBOAHUKAX

CxeMa 3HepreTudeckmx 30H B KOHTaKTe MeTann-nenynpoBoAHUK. OboraleHHble,
obenHeHHble W WHBEPCWOHHBIE CNOU MNpOCTPaHCTBEHHOrO 3apnaia BBNU3N KOHTaKTa.
BonbT-aMnepHas XapakTepucTika Gapbepa LLoTTKK.

DHepreTNyeckan AvarpamMma p-n nepexoaa. WHKEKLMS HEOCHOBHbBIX HoCUTenNen 3apaaa
B p-n Nepexoae.

FeTeponepexo/ibl. JHepreTuyeckue Anarpammel reTeponepexosos.
Bapn30HHbie NMosynpoBoAHUKA.

8. CBOWCTBA NOBEPXHOCTN NOJIYNPOBOAHNKOE
MoBEepPXHOCTHbIE — COCTOAHWA W MOBEPXHOCTHbLIE  30HBL WeckpueneHue  30H,
pacnpejeneHue 3apsaa v noTeHuuana BO6NM3W NOBEPXHOCTH. MoBepxHOCTHAsA
pexombuHauns.
ShdexT nona.
TammoBckue ypoBHu. CKOPOCTb NOBEPXHOCTHON pexoMbuHauunn.

9, OnTUYeckKue ABNEHUA B nonynposoAHNKaXx
KoMnnekcHas  AW3NEeKTpuyeckas npoHMLAeMoCTs,  Mokasatesib ApenomMneHns,
Ko3(UUMEHT OTPaXeHUs, Ko3(MPUUNEHT MOCNOWEHUS. CeA3b Mexay HuMh A
COOTHOLWEHWA Kpamepca—KpoHura,
Mex30HHble nepexoabl. Kpan cobcTBeHHOMo AorfolleHnMs B cnydae npaMbix W
HenpAMbIX, paspelieHHbIxX U 3anpeLleHHbiX MNepexonos. JkcUTOHHOE nornolleHve n
nanyyenne. CNoHTaHHOE 1 BoIHYKAEBHHDE U3NYHEHKE.
MornolueHve ceera Ha cBoBOAHbIX HOCUTENAX 32pAaaa.
MornouleHne CcBeTa Ha KonebaHuax peleTku. PaccesHue CcBeTa konebaHuAMM
peLWEeTKY, KOMBUHALMOHHOE paccesHne Ha oATvdeckux oHoHax (Pamana -
Navacbepra), paccesHne Ha akycTuyecknx QoHoHaX (BpunnwaHa - MaHpenswTama).
BAusHWe npuMeceit Ha OnTUHecKne coiictea. MpumecHas CTRYKTYypa ONTUYECKNX
crexkTpos BOAM3N Kpas cOBCTBEHHOMO NOrnoweHus B MPSMO30HHBIX K HENPAMO30HHBLIX
nonynpoBoOAHUKEX. MexrnpumecHas  W3nydaTensHas pekoMbuHauus. DKCUTOHBI,

cBA3aHHbIE Ha ﬂpMMech!X LeHTpax.

OnTuyeckue SABNEeHWs BO BHEWHUX nonsx. 3ddexT ®Gparua-Kenasiwa. 3 dexT
Naoxkensca.

ek BypuwTenHa-Mocca.




AdhdhexTsl Mapages u Gownrra.
10. ®OTO3NEKTPUHECKHUE ABNEHUSA

MpumecHas 1 cobcTBeHHas poTonposoaAMMOCTb. BAvsaHWe NpravnaHmMs HepaBHOBECHbIX
HocuTenel 3apsaa Ha GoTonpoBoAMMOCTb.

OnTuueckas nepesapsaKka /floKanbHbIX YpPOBHEA W CBA3aHHbIE C HeRn 3pdeThl.
TepmMoCTUMyNMpoBaHHasa NpoBoanMoCTb.

®oTOpasorpes HocuTenei 3apaaa.
MOTO3NEKTPOMArHUTHBLIA 3P dEKT.
11. HekpucTannuMyeckue nonynpoBoaHNUKHK

AMoptHble W cTeknoobpasHele MONYNpoBOAHUKA. CTpyKTypa aToMHOW MaTpuubl
HeKpUCTananyeckux  noaynpoBoAHWKOS. WoeansHoe  cTekno. [mapuposaHHbie
aMopHble NONYNPOBOAHNKN,

OcobeHHoCcTH 3NEeKTPOHHOro IHEepPreTUYEecKoro crnexTpa HEeynopAAOYEHHbIX
nofNynpoBoAHKUKOB. [NOTHOCTbL COCTOSIHMWA. Jlokanusaums 3NeKTPOHHBIX COCTORHWA,
Lent NOABMKHOCTHA.

NernposaHue HeKpucTanim-ecknx nonynpoBOAHWKOB.
MexaHu3Mbl NepeHoca HocvTeneh 3apsaa. MpLHKKOBas NPOBOANMOCTL. 3aK0H MoTTa.

CnexkTpsl  ONTUYECKOro  MOornoUieHAs HeKpUCTanInyeckux MmaTepuanos. Mpasuno
Ypbaxa.

HecTauwWoHapHble npoueccsl. OnpepeneHue ApendoBsoi NOABKXKHOCTK NO M3MepeHnamM
BpEeMeHK MponeTa. [McrnepcroHHsIA nepeHoc.

BriusiHne BHEUWHNX BO3AEACTBMIA Ha CBOMCTB2 HeKpPUCTaNIN4ecKnX nonynpoBoAHWKOB.
MeTacTabu/ibHble COCTOAHNA.

12. NonynpoBOAHWUKOBbIE CTPYKTYPbI MOHUXXEHHOW pa3MepHOoCTH
W CBEPXpPELIETKH

PasmepHoe keaHTOBaHwe, [syMepHbie M KBa3UABYMEPHbIE 3NEKTPOHHbIE CUCTEMbI VI
CTPYKTYPhl, B KOTOPLIX OHW peanuayrotcs. KoHTpa- v KOBapMaHTHbIE KOMMO3UUMOHHbBIE
ceepxpeleTky, NernpoBanHbie CBEPXpPELETKM NernposaHna. KsaHToBble HUTU.
KBaHTOBbIE2 TOYKMK. JHepreTUHecKin cnexTp 3MEKTPOHOB W MNOTHOCTL COCTOAHWN B

ITUX cucTemax.

OnThueckue nsneHus B CTPYKTypax C KBaHTOBbLIMM sMamu, npasuna ortbopa Ans
MEMIOHHBIX U BHYTPU3OHHBIX (MEXNOA30HHbIX) MepexoAos. Mex3oHHoe nornoweHne w
W3nyuaTensHas pexkombuHauns B 3THX CTPYKTYpax. DKCWTOHbI B KB3HTOBbLIX sMaXx,

KBAHTOBO-pa3MepHblit 3 dexT LUlTapka.

3neKTprUyeckue u ranbBaHOMarHuTHble ABNEHWUSA B NBYMEPHbIX CTPYKTYpax. dpdekT
Ly6HMKoBa-Ae Maasa. Obuee npeacTaBneHve 0 KBaHTOBOM s¢pekTe Xonna.




13. MNpnHYUMNbI AEKCTBURA MnonynpoBoAHWUKOBbIX npubopos

BonbTaMnepHas XxapakTepucTuka p-n nepexoaa. Mpubopbl C WCMONb30BaHWEM p-n
nepexonons.

TyHHenbHbI AvoA. Auoa arha. BUNONAPHbIA TPaH3UCTOP. THPUCTOP.

JHepreTrdeckas anarpamma CTpYKTYPbI MeTann-auanekTprK-nonynposoaHnK
(MAN). Nonesble TPaH3MCTOPbI Ha MAN-cTpykTypax. Nprbopsl ¢ 3apsA0BOA CBA3bLIO.
LLlyMbl B NONYNPOBOAHNKOBbBIX npubopax.

MoTo3NeMeHThl U GoToaAnoAb!. CnexTpanopHas 4yBCTBMTENbHOCTL W obHapyxuTeneHas
cnocobHoCTb. MonynpoBoAHWKOBbIE [eTeKTopsl AnepHbIX N3NYUEHWH.
oToaneKTpUueckue NpecbpasosBaTent, KN4 npecbpa3oBadns.

CeeToAnoabl W MnonynpoBOAHUKOBbIE Na3epskl. NHXEKLUMOHHbIE Na3epbl Ha OCHOBE
ABOWHOW reTepoCTpyKTypbl.

cnonb308aHne HaHOCTPYKTYP B nonynpoBoAHUKOBbLIX npwbopax. FeTepoTpaH3ncTop ¢
[ABYMEPHbIM 3NEKTPOHHbLIM [330M (HEMT), leteponasepbl Ha QCHOBE CTPYKTYp C
KBAHTOBLIMM AMaMM M KBAHTOBbIMW  TOHKAMM. Pe3oHaHCHOE TYHHENWpoBaHWE B
nsyxBapbepHon reTepoCTPYKTYpe W pe30HaHCH0-TyHHeanb|ﬁ avon. OnTuueckui
MOAYNATOP HE OCHOBE «BaHTOBO-pa3MepHoro 3dgekTa LWTapka.
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