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4.106]]1]/[6 CBeJIeHHS 0 MOJYIIPOBOAHMKAX. TeXHO0JI0rusl UX MOJYYeHHS

K noaynpoeoonukam otHOCATCA BElIECTBA, B KOTOPBIX KOHIIEHTPALUS MOJ-
BWJKHBIX HOCHUTEJIEH 3aps/ia 3HAYUTEIBHO MEHBIIE, YeM KOHLEHTpALUsA aTOMOB, U
MOYKET U3MEHATHCS MOJ BIUSHUEM TEMIIEPATypbl, OCBEILEHUSA WJIM OTHOCUTEIIHHO
MaJIOro KOJIMYECTBA IPUMECEM.

JlaHHBIE CBOMCTBA, & TAK)KE YBEJIMYEHUE IPOBOJAUMOCTU C POCTOM TeMIIEpa-
TYpbl, KAYECTBEHHO OTJIMYAIOT IOJYIPOBOJAHUKU OT MeTaUIOB. Paszmnune mexny
IIOJIYTIPOBOJHUKAMU U TUDJIEKTPUKAMHU HOCHUT YCIOBHBIM Xapaktep. K nuanexrpu-

KaM OOBIYHO OTHOCSIT BEIIECTBA, y KOTOPBIX YJEIbHOE CONPOTUBIEHUE L MNpU

KoMHaTHO#T Temiepatype (T =300°K ) >10M...10" Omecm.

K nonympoBoaHukam oTHOcsATCs: kpeMuui (Si), repmanuii (Ge), cepoe oo-
B0 (0-Sn), kapoua kpemuus (SiC), uutpun 6opa (BN), nutpun amromunust (AIN) u
pSIT APYTHX.

[To cTpykType MOJIYNPOBOAHUKHU ACIATCSA Ha KpUCTAUTMUECKHE, aMOp(HbIC
U cTekI000pasHbie, xuakue. OcoObIi KIace COCTABISIOT TBEPbIC PACTBOPHI MO-
JYIPOBOIHUKOB, Y KOTOPBIX aTOMBI PAa3HBIX COPTOB XaOTHYECCKH PACIIPEICICHBI 10
y3J1aM KpPUCTAJUTHUECKON perreTkn. OHU MOTYT OBITh: MPOCTBHIMHU (OJTHODJIEMEHT-
HBIMH, T.C. PEIIeTKa COCTOMT M3 aTOMOB OJIHOTO XMMHUYECKOI'O JICMEHTA) U CIIOXK-

HBIMH (pemeTKa COCTOUT M3 aTOMOB ABYX H OOJBIIEr0 YHCIa XUMHYCCKHX dJIe-



2
MeHTOB. Kpome Toro, CioXHbli MOJIYIIPOBOJHUK MOKET OBITh XUMHUUYECKHM CO-
€IMHEHUEM HJIH CIIJIABOM).

Knaccudukanus 3neMeHTOB, OTHOCAIIUMXCS K NOJYyNPOBOAHUKAM, CBA3aHA C
JJIEKTPOHHBIM CTPOCHUEM aTOMOB BEILECTBA, U OTPAXKAETCS B MOJO0KEHUU DIIEMEH-
Ta B Tabnuile MeHaeneeBa, Kak Mmoka3aHo Ha pucyHke 4.1. AHanu3 npuBeAECHHOTO
PUCYHKA ITOKa3bIBAET, YTO K OJHOBJIEMEHTHBIM IOJYIPOBOJHUKAM OTHOCSTCS IIO-
aynpoBoanuku [V rpynnel nepuoandeckoil Tabnuipl Menaeneesa, a K CI0KHBIM -
IBYXDJIEMEHTHEIE A"BYu A"BY' u3 TpeTbEN U IIATOU T'PYIIIBI U U3 BTOPOU U LIeC-

TOM rPYMIIBI 3JIEMEHTOB COOTBETCTBEHHO.

I'pymna 1B A IVA VA VIA
Ilepuon
5 5 6 7
B C N
3 13 14 15 16
Al Si P S
4 30 31 32 33 34
Zn Ga Ge As Se
5 48 49 50 51 52
Cd In Sn Sb Te
80
6 Hg

Pucynok 4.3 — B3auMocCBs3b TUIA MOJYITPOBOJHUKA C €TO MOJTOKEHUEM
B Tabnuiie Meneneena

INEeKMPOHHBIU _NONYNPOGOOHUK — TIOTYNPOBOJHUK, 3JIEKTPOIPOBOAHOCTH

KOTOPOTO O0YCJIOBJICHA, B OCHOBHOM, NIEPEMEIIIEHUEM DJICKTPOHOB.

Hvipounvlii noynpogooHuUK - MOIYNPOBOJHUK, 3JIEKTPOIPOBOAHOCTh KOTO-

poro o0ycioBjIeHa NePEMEIIEHUEM JIBIPOK MPOBOJIUMOCTH.

TexHnono2ua_nojyueHus noaynpoeoonukog. 11o cBoeil CTpyKType NOy-

MPOBOJHUKH MPEACTABIISAI0 JTUOO MOHOKPHUCTAILIBI, HAIPUMEP, KPEMHUH, Tajluiuid,

MO0 ANUTAKCUATIbHBIE TUIEHKU. TeXHOJIOrMHU X MOJYYEHHS pa3IMyatoTCs.
Cnoco0o0B MOJIy4eHHs] YUCTBIX U MPUMECHBIX MOHOKPHUCTAJUTUYECKUX TOTY-

IIPOBOJHUKOBBIX MaTE€pHAJIOB CYLIECTBYET AocTatoyHo. Haunbonee coBepiieHHbIN

U IIUPOKO MPUMEHSEMbIH CIOCOO OYHMCTKH MOJIYIPOBOJHUKOBBIX MAaTEpHAIOB —
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CnOCOO 30HHOU nasKu (30HHOI NePeKpUCmMaIIU3ayuu), YCTpoiuCTBO JJisl KOTO-

pOro noka3aHo Ha pucyHke 4.2.

Pucynok 4.2 — Cxema ycTpOoicTBa 30HHOM IJIABKU:
1 — MHIYKUMOHHAs KaTyIIKa; 2 — pacIuIaBICHHbIE 30HbI;
3 — OUMUIEHHBIA FrepMaHuil; 4 — CBEpXUUCTHIN repMaHui;
5 — repMaHuii ¢ MOBBIIIEHHBIM COJIEPKaHUEM MPUMECEH;
6 — rpaduToBas nM0M0UKa

Meron npencraBisieT coOOM METOJ OYMCTKH, OCHOBAHHBIA Ha Pa3IMyHOU
pPacTBOPUMOCTH MpUMeEcel B TBEpAOW U KHUIKOU (a3zax. B xaxablii MOMEHT Bpe-
MEHH PACIUIABJICHHON SIBISIETCA HEKOTOpasi HeOoJblas yacTh 00pasua. Takas pac-
IUTaBJICHHAS] 30HA MepeBUraeTcs mno odpasily, YTO MNPUBOJUT K Iepepacipeserie-
HUto npumeceil. Eciiu nmpumecsk sydiie pacTBopsieTcsl B XKUAKOHM (aze, TO OHa Mo-
CTEIICHHO HAKaIUIMBAETCS B PACIUIaBICHHOW 30HE, JBUrasCh BMeCTe ¢ HeU. B pe-
3yJlbTaTe MPUMECh CKAIUIMBAETCS B OJIHOM YaCTH UCXOAHOTO 00pasia.

CauToK «rpsI3HOr0» MOJYIPOBOJHUKA MOMEUIAETCS B YUCTYIO rpauTOBYIO
JIOJIOUKY 6, 3aKJIIOYEHHYIO B KBapieByto TpyOy. Ilo TpybGe HenpepbhIBHO MPOXOIUT
WHEPTHBIN ra3, HanpuMep, aproH (MpensaTcTByeT MonaJaHuio B TpyOy U3BHE HEXeE-
JaTeNbHbIX MpuMecel U Bo3ayxa). [Ipy moMomu y3koro KoJblEBOI0 HarpeBaTess
N00MBAIOTCS TUIaBIACHUS HEOOJIBIION YaCTH CIIUTKA U MEJUIEHHO MepeMenatoT pac-
MJIABJICHHYIO 30HY B/I0Jb Hero. Ha rpanuiie TBep10il U kuakoit a3z O0IBITMHCTBO

npumecedl 1uPpGyHAUpyeT U3 TBepAoH (a3bl B KUAKYIO 3a cuem Oonvuieli pac-

meopumocmuy B XUAKON (paze U YHOCUTCS pacIylaBICHHON 30HOM K KOHILY CJIMTKA.

[Ipouiecc MOBTOPSIIOT HECKOIBKO pa3, MOKa €ro Ipsi3HbIM KOHEll OTJIaMbIBaeTCS.
[Tocne 30HHOM MIABKU B CAUTOK BBOJATCS HEOOXOAMMBIC MPUMECH B HY>KHBIX KO-

JINYCCTBAX.
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Memoo Yoxpanbckozo - BHITATHBAHIUE MOHOKPUCTAJIJIOB U3 paciuiaBa. /lan-
HBIA METOJ MCIOJIb3YETCS JUISl TEX MaTepUajioB, KOTOPbIE HE MOTYT OBbITh MOJyYe-
HBI METOJIOM 30HHOM IIJIaBKHU.

3arpaBKy (KycOYeK MOHOKPHCTaJIa IMOJYIPOBOJAHHMKA) MOMEIIAIOT B pac-
1aB (MPUMECHBIHM MOJIYIPOBOJIHUK) U MEJJICHHO BBITATHBAIOT U3 HEro (Bce 3TO B
UHEPTHOM Tra3e). PacriaBieHHBIH MOJTYIMPOBOAHHUK MOCTEIICHHO BBIKPHCTAJIA30-
BBIBACTCS HAa MMOBEPXHOCTHU 3aTPaBKH, 00pa3ys MPH 3TOM MOHOKPHUCTAILI.

DnuTakcuanbHble (TUICHOYHBIC) MOJYIPOBOJAHUKK, HAMPUMED, APCCHH/I-
raJUTMeBbIC CTPYKTYPbhI, MOTYT OBIThH MOJYYCHBI TyTEM BBIPAIIMBAHUS HA TOJYH30-
JUPYIOIIUX TOIOKKAX METOIOM OCaKJICHUS M3 ra30BOM (ha3bl MIIM METOIOM MO-
JCKYJIAPHO-JIYYeBOM SMTUTAKCHH, T.€. HOHHBIM JISTHPOBAHHEM CJIOCB KPEMHHUS IIIH-
POKHM CIIEKTPOM IMPHUMECEH MyTeM OOJIYUCHHUS MOBEPXHOCTH POCTa HU3KOIHEPIe-
TUYECKUMH MOHAMH Si +.

4.2 CTpyKRTYPa MOJYIPOBOAHHUKOB. JJIEKTPOHHbIE NMPOIECCHl B MOJIY-
NPOBOTHUKAX

Kak Obu10 CKa3aHO paHee, MONYMPOBOAHUKU B OOJBITMHCTBE CIy4YaeB 3TO
KPUCTAJUTBI C PETYISIPHON CTpYKTypoil. be3 yiemnenus oOmHOCTH aanee Oyaem
paccmarpuBaTh repmanuii (Ge) u kpemuwuit (Si), UCHOIB3yeMble B COBPEMEHHOM
MOJIYIIPOBOJAHUKOBOM TEXHUKE.

Kpucrammmueckas pemerka Ge (SI) HasbiBaeTcs Terpadauueckoir. OcobeH-
HOCTH: OJIMHAKOBOW PacCTOSHUE LEHTPATBLHOTO aTOMa OT YeThIpeX yrioBbIX. Kax-
ABINA YTIIOBOM aTOM CIY>KUT HEHTPATBHBIM JJI JPYTUX YEThIPEX OMmKanIImX.

[Tonnmanue (u3HYECKUX SBICHHUM, MPOUCXOAIINX B IMOJYIPOBOJHUKAX,
HEBO3MOKHO 0€3 3HaHMsI OCHOBHBIX MOJIOKEHUN JaHHON TEOPHH TBEPAOTO Tela.

CornacHO KBaHTOBOW TEOPHH, B M30JUPOBAHHOM aTOME DHEPTHs IIEKTPOHA
MOJKET MPUHUMAThH CTPOTO JAMCKPETHBIC 3HAUCHUS (TakkKe TOBOPSAT, YTO DIEKTPOH
HAXOJUTCS HA OJHOM U3 opOutaneil). B ciyyae HECKOIBKUX aTOMOB, 00bEIUHEH-
HBIX XMMHUYECKOHN CBSA3bIO (Hampumep, B MOJIEKYJE), JIEKTPOHHbIE OpOUTAIN pac-
HICTUISIOTCS. B KOJMYECTBE, MPOMOPIMOHAIIBHOM KOJTHYECTBY aTOMOB, 00pa3ys Tak

Ha3bIBa€MbIE MOJICKYJIsSIpHBIE opOuTanu. Haubosiee BHICOKHI U3 3aHATHIX YPOBHEH
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Ha3bIBaeTCs yposHem Depmu. Ilpu nanpHeileM yBeTUUYEHUU CUCTEMBI J10 TBEP-
oro Tena (koamdecTBo atoMoB Gonee 10%°), kommuecTBo opOuTaneil CTaHOBUTCS
OYCHb BEJIUKO, 4 PA3HUIA SHEPTUHN JIEKTPOHOB, HAXOSIIIIUXCSI HA COCETHUX OpOU-
TaJsX, COOTBETCTBEHHO OYCHb MaJICHBKOM, SHEPTCTUUCCKUE YPOBHH PACIICIIISIOT-
Csl 1O IBYX MPAKTUUYECKH HEMPEPBIBHBIX JUCKPETHBIX HAOOPOB - IHEPeemuuecKux
30H. DHepreThueckas 30Ha, COJACpPXKAIllas AHEPIHH JJIEKTPOHA, HAXOJSIIETOoCs
OJMKe K sJIpy aToMa, Ha3bIBACTCS 6A1eHMHOU 30HOI, NANbIIE OT SApa - 30HOU
npoeooumocmu.
B paznuuHbIX BelecTBax, a TAkKe B Pa3IMUHBIX OpMax OJHOTO U TOTO JKE
BEILIECTBA, DPHEPTETHUUYECKHE 30HBI pacroJiararoTcs mo-pasHomy. Ilo B3aumMHOMY

PacoIOKEHHUIO ATUX 30H BEIIECTBA JCNAT Ha TpU OOJBIINE IPYMIbl, KAK MOKA3aHO

Ha pucyHke 4.3.
Suepeua A
Memas 7 1y
ANEKIMPOHOE T OUITERMPUK ROTYRPOGOOHUR
3ona
nposooumocmiu
Vposens JanpeuieHHaA
Depmu 3ona
Banenmnaa
30HA

PucyHnok 4.3 — YnpouieHHas 30HHas1 1uarpaMma Juis NpoOBOAHUKOB,
JUDJIEKTPUKOB U TIOJYITPOBOJHUKOB

VY nposoonuxoe 30Ha MPOBOJAMMOCTHA M BAJIECHTHAs 30HA IMEPEKPHIBAIOTCS.
BceneactBue 3TOro 3a€KTpOH MOXKET CBOOOJHO MEpEeMEIaThCsl MEXIY HUMH, I0-
JYy4YUB JI00YI0 TOMYCTUMO Malylo 3Hepruto. Takum o0pa3om, MpHu NPUIOKEHUU K
TBEPAOMY TE€Iy Pa3HOCTU MOTEHIMAJIOB, 3JIEKTPOHBI CMOTYT CBOOOJHO JIBUTaThCSA
U3 TOYKH C MEHBIIUM MOTEHUUAJIOM B TOUYKY € OOJIBIINM, 00pa3ys 3JIEKTPUUYECKUN
TOK.

VY ousnekmpurxoé 30HBI HE MEPEKPHIBAIOTCS U PACCTOSHUE MEXKIY HUMH CO-

ctaBisieT 6osnee 4 3B. Takum 00pa3oM, 11 TOro, 4TOOBI MEPEBECTH ANEKTPOH U3
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BaJICHTHOM 30HBI B 30HY NPOBOJUMOCTH TpeOyeTCsl 3HAUMTEIbHAs SHEPTHUs, MO-
ITOMY AUDJIEKTPUKHU TOK MPAKTUYECKHU HE IIPOBOIAT.

VY nonynpoeoonuxos 30HbI HE NEPEKPHIBAIOTCS U PACCTOSHUE MEXKIY HUMU
cocrtaBiisieT MeHee 43B. [ Toro, 4ToObl NEPEBECTH JIEKTPOH U3 BAJICHTHON 30HBI
B 30HY MPOBOAMMOCTH TpeOyeTCsl SHEpPrus MEeHbLIas, yeM JUJIsl JUAJIEKTPHUKa, IO-
ATOMY YUCThIE (COOCTBEHHBIE, HEJIETUPOBAHHBIE) MOTYNPOBOJIHUKH €Ia00 MPOMyc-
KaroT TOK.

PaccrosiHne Mexay BaJIEHTHOM 30HOM M 30HOM INPOBOJMMOCTH Ha3bIBAIOT

3anpeuwiennoi 3onou. llupuna 3anpemennoi 30861 (AW;) onpenenser 31eKkTpu-

YECKHUE CBOMCTBA TBEpJOro Tena. JlaHHas BeIMYMHA U3MEHSIETCS B IIMPOKUX Mpe-
nenax. Tak, nus repmanus U kpemHust oHa cocrasisieT 0,05 u 1,10 3B cooTBercT-
BeHHO. Takum o0pa3om, JIEKTPOTEXHUUECKHUE MaTepHasibl MOXKHO KBamuduiupo-
Batb Mo AW, (mpu T =0°K).

ITepexon 3JIEKTPOHOB M3 BAJCHTHOM 30HBI B 3alIPELICHHYI0 MOXET IIPOUC-
XOIUTh IIOJ BO3JECHUCTBUEM TEIUIOBOM WM CBETOBOW JIHEPrUM, MO JIEHCTBUEM
ANEKTPUYECKOro moJjisi. JIJisi Takoro nepexoja HEpPrusi BO3ACHCTBUS 10KHA ObITh

paBHA WM OPEBOCXOANUTH HIMPUHY 3anperieHHon 30861 AW ;. BeposTHOCTh epe-

X0Jla JJICKTpOHA B 3anpemeHHoﬁ 30HE MOJ BO3JCHCTBUEM TEIlIa OMnpeCacIsACTCA

BBIPA)KECHUEM

AW
W~ exp(————), (4.1)
kT

rae k; =1.38067-1072° Jw/K - mocrostanas Bomprmana.

[Ipu mepexojie 37EKTPOHOB B 30HY IPOBOJUMOCTH B BaJIEHTHOM 30HE 00Opa-
3YIOTCSl BaJICHTHBIE KBAHTOBBIE COCTOSIHUS — JBIPKH, KOTOPBIE BEIYT ce0sl B KpHU-
CTAJUIMYECKOM pelIeTKe MOJ00HO MOJI0XKUTENBHO 3apsyKeHHOM YacTHIIE C TOH ke
3 PEKTUBHON Maccol U 3apsioM ee U 3jeKTpoHa. KoHIeHTpaluu 3JeKTPOHOB B

30HC MMPOBOJMMOCTH U IBIPOK B BaJICHTHOM 30HE OOHNHAKOBHI.



4.3 3aBUCMMOCTH NAPAMETPOB NMOJYIIPOBOJTHUKOB OT TEeMIIEPATYPbI

[TonynpoBOAHUKHN pa3nUyYaroTCA MO XapakTepy npoBoaumocTH. [lomympo-
BOJHHUKH, B KOTOPBIX CBOOOJHBIE ANEKTPOHBI U "IBIPKU" MOSBISAIOTCS B MPOLECCE
MOHU3AIMU aTOMOB, U3 KOTOPBIX IOCTPOEH BECH KPUCTAIJI, HA3bIBAIOT MOJIYIPO-
BOJIHUKAMHU C COOCHIBEEHHOU NPOBOOUMOCHbIO. B TIOTYyNIpOBOJHUKAX C COOCTBEH-
HOM MPOBOAMMOCTBIO KOHUEHTpAIUsi CBOOOIHBIX 3JE€KTPOHOB PaBHSETCS KOHIEH-
Tpauuu "ApIpok".

[ToMuMO cOOCTBEHHOM NMPOBOJUMOCTH PA3IHYAOT U HPUMECHYIO RPOEOOU-
Mocmb. J11s1 cO31aHUS TTOTYTIPOBOJHUKOBBIX MEXAHU3MOB MCIOJIB3YIOT KPUCTAJ-
JIbI C IPUMECHON MPOBOJAUMOCTBI0. Takue KpUCTAIBI U3TOTOBIIAKOTCS C MTOMOIIIBIO
BHECEHUSI CMECEU C aTOMaMH TPEXBAJIEHTHOI'O WJIY MATUBAJIEHTHOTO XUMHYECKOTO
JJIEMEHTA.

JlerupoBaHue COOCTBEHHOI'O MOJYNPOBOJAHUKA HPUMECHIO CYIIECTBEHHO
BIIMSAET HA €r0 JJIEKTPUYECKYIO MPOBOAUMOCTh. lIpumech Hapymiaer nepuoaud-
HOCTbh KPUCTAJUIMYECKON PEHIeTKH U 00pa3yeT B DHEPreTUUYECKOM CIEKTpE IMOTY-
ITPOBOJIHUKA JTOIOJIHUTEIBHBIE YPOBHH, KOTOPBIE PACIOJIATAOTCS B 3AMPELIEHHON
30HE.

OCHOBHBIM TapaMETPOM IOITYNPOBOJHUKOBBIX MAaTEPHUANIOB SBISIETCS HX
INEKMPOnPo60OHocms. B 3aBUCUMOCTH OT MPOBOAUMOCTHU JJIEKTPOIPOBOJIHOCTD
MOYET OBITh JICKTPOHHO (N-THIIA) WK ABIPOYHO (p-THna). [IpudeM oauH U TOT
e dJIEMEHT, HanpuMmep, repMannii Ge u kpeMHU# Si, MOXKET 00J1aaTh KaK dJIeK-
TPOHHOM, TaK ¥ JBIPOYHOM IPOBOAUMOCTHIO. TUI MPOBOAUMOCTH 3aBUCUT OT THUIIA
BHECEHHBIX B HUX ITpUMeECEH.

B tBepnom cocrosiHum repmanuii Ge€ u KpeMHHH SI MMEIOT KpUCTAJUTHYe-
CKYIO PELIETKY, B KOTOPOM Ka)JbI aTOM CBSI3aH C YETBIPbMS APYTMMH aTOMaMu
koBasieHTHBIME cBsizsiMu (IV rpymnma). [Ipu BHeapenun B pemetky Ge (Si) atomos
JOHOPCKOM mpuMecH (371eMeHTOB V TpynIibl: MbIIIBSAK, (pochop, cyppma). ATom
MPUMECH 3aMEIAET aTOM OCHOBHOI'O AJIEMEHTa M 00pa3yeT YeThbIpe KOBAJICHTHbIE
CBSI3H C OKPYXaOUMMHU €ro aroMamMu. OCTaBIIMICA NSATHIA BAaJCHTHBIN 3JEKTPOH

MbIIbsiKa (AS) CBsI3aH ¢ HUM OYeHb cj1abo, CTaHOBUTCS CBOOOHBIM. Takum obOpa-



8
30M, KOHIICHTpAIUs AJIEKTPOHOB PACTET, M IJIEKTPOIPOBOIHOCTD €T0 CTAHOBUTCS
ANEKTPOHHOM (N-THUIIA).

[Mpu BHenpenun B pemietky Ge (Si) aToMOB akientopHou npumecu (dJe-
MeHThl |l rpynnel: 60p, MHAMM, aTIOMUHUN) TpU BAJEHTHBIX JJIEKTPOHA aToma
npuMecHu Oo0pa3yroT KOBaJEHTHYIO CBS3b C BaJCHTHBIMHU 3JIEKTPOHAMHU COCETHHX
aTOMOB, a OJIHA CBSI3b, OCTACTCS HE3aMONHEHHOU. 3aloNIHeHne 3TUX CBs3EH ocy-
HIECTBISIETCS 3a CYET BAJICHTHBIX COCETHHUX JJIEKTPOHOB, TJ€ B pe3yibTaTe oOpa-
3yI0TCS ABIpKU. KOHIIEHTpaIus ABIPOK PacTeT, a SJIEKTPOIPOBOIHOCTh CTAHOBUTCS
JLIPOYHOM (p-THUTIA).

OO0masi MPOBOJUMOCTH MOJYIPOBOIHUKA OMPEENISIETCS CyMMOM MPOBOIH-

MOCTH JJICKTPOHOB O, U HIPOBOJAUMOCTH ABIPOK Gp . I[aHHBIe BCINYHHBI 3aBUCAT

OT MOJABUYKHOCTHU JIEKTPOHOB ¥, U UX KOHLEHTpauuu N, . Ecin 0603HaunTh uepes
¥ p TMOIBIDKHOCTB JABIPOK (T.€. CKOPOCTH NMEPEMEIICHHS] HOCHTEICH B dJICKTpUUe-

CKOM TI0JI€), TO MPOBOJIUMOCTh MOJYIPOBOJHUKA OYJIET ONPEAENIThCS COOTHOILIE-
HUEM:

oc=0n+0, +Ne(yy +7p)- (4.2)

B cootnomenuu (4.2) € — 3apsij dAeKTpoHa.
[ToBMKHOCTH HOCUTENEN B MOJYIPOBOJHUKE ONPENEISIETCS TaK Ha3blBae-
MBIMHU COOTHOIIEHUAMU DUHIITEITHA:
_ eDe ¥, = EDP
= , =",
kT PokT

Ve (4.3)

3nece D u Dy, - koapdurmentst 1updy3nu 3JIeKTPOHOB U ABIPOK COOTBETCTBEH-

HO. JlaHHBIE BeNWYMHBI coOCTaBISIIOT it kpemuus (Si) ., =1200 culC u
cm
=500 cule mist repmanns  (Ge) = 3600 cule u =1700 cule
7p Blem’ P e Blcm 7p Blcm
COOTBETCTBEHHO.

Yuciio 31eKTPOHHO-ABIPOYHBIX MAp B €IMHUIIE 00beMa ONpPENEeNseTcss COOT-

HOIICHUEM::



e =1y =1 = AT)- XD 1) = A -exp(—5 ). @.4)

AE KT . .
rne ®=—-I[V];, or =—[V]; ¢; - Tak Ha3pIBaeMBbIi TEIUIOBOW MOTEHHIUAN (TIPH
€

KoMHaTHOH Temmeparype @ (300°K)~0.025V; A(T) - «memneHHas» (QyHKIUS

A
temrnepaTypbl. COOTHOIIHUE — COCTaBIseT A anmasa 5 3B (n, =0, T.e. uzons-
€

Top), a1 kpemHusa 1.153B (n, ~1.14-10% cM), s repmanuss 0.774 5B
(N, ~2.4-108cm®).

Ananu3z cootHomeHuii (4.2)-(4.4) mokaspiBaeT, YTO MPOBOJUMOCTH IOJY-
MIPOBOJHUKA HEMOCPEACTBEHHO CBfi3aHA KaK C KOHUEHTpalHWell Hocutened 3aps-
JI0B, TaK U C UX MOJBIXKHOCTHIO. MccienyemM 3aBUCHUMOCTD JTaHHBIX TOKazaTenen
ot temneparypsl. [Ipu T =0°K (obmacts 1 Ha pucyHke 4.4) Bce BaJIeHTHBIC dJICK-
TPOHBI 3aHATHl B KOBAJICHTHBIX CBS35X, BAaJE€HTHAs 30HA MOJHOCTBIO 3aIOJIHEHA
ANIEKTPOHAMHU, a B 30HE MPOBOJUMOCTH 3JEKTPOHbI OTCYTCTBYIOT. IIpu moBbiiie-
HUU TEMIIEpaTypbl NPOUCXOUT HOHU3ALIUS PUMECHBIX aTOMOB, MO3TOMY KOHLIEH-

Tpalusl OCHOBHBIX HOCUTENEH 3apsaa BospacraeT. IIpu temneparype T, koTopas

paBHa npumepHo 100°K (—173°C), npakTuueckud Bce MPUMECHBIC aTOMbI HOHH-

3upoBaHbl. B wuHTepBaze oT TemmepaTypel [ OO  TeMIeparypsl

T; =400°K =127°C (o0nacTh 2) KOHIIEHTpALXsl OCHOBHBIX HOCUTENEH 3apsiia co-

np A

PucyHok 4.4 — 3aBUCUMOCTD KOHIIEHTPALMH 3aps0B OT TEMIIEPATYPhI
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XpaHseTcsl NpUOIU3UTETBLHO TOCTOSSHHON U paBHOM KOHILIEHTpauuu npumeceid. He-
KOTOpPO€ YBEJIMYEHUE KOHIIEHTPALMU B 3TOM MHTEpBAJE TeMIepaTyp OObSICHIETCS

TEIUIOBOM reHepanuen MeKTpoHOoB U Ablpok. IIpu temneparype T >T; (obmacts 3)

MPOUCXOUT O0Jiee MHTEHCUBHAs TEIJIOBas reHepalusi JIEKTPOHOB U JIBIPOK, MO-
TOMY KOHUEHTpALMsi OCHOBHBIX HOCHUTEJEH 3apsia pe3KO yMeHbIIaeTcs, T.€.
MPUMECHBIA MOJTYNPOBOJHUK MO CBOMM CBOMCTBaM MPHUOJIMKAETCA K CBOMCTBAM
COOCTBEHHOTI'O MOJIYIIPOBOJIHUKA.

B oTnuune OT KOHUEHTpAallMM OCHOBHBIX HOCHUTEJIEH KOHLEHTpAIUs Heoc-
HOBHBIX HOCHUTEJIEH 3apsiia ¢ pOCTOM TEMIEPATYpPbl pacTeT ObICTpee, YeM KOHIEH-
Tpausi coOCTBeHHbIX Hocutened. J[anHbld 3 (eKT oKa3zbIBaeT CYIIECTBEHHOE
BJIMSIHUE Ha paboTy MOJIYNPOBOAHUKOBBIX MpUOOpOB. [IpakTuuecku Bce MoIynpo-
BOJITHUKOBBIE MPUOOPHI paboTar B
uHTEpBase Temmeparyp or 300 1o Inc
400 rpapgycoB KenbBuHa, B KOTO- D
POM  KOHIIEHTPALMIO OCHOBHBIX C\ A
HOCHUTEJIEH MOXKHO CUUTATh 3apsja \

HE 3aBUCALIECH OT TEeMIEpaTypsl U \

YUYUTBIBAaTh CHJIBHYIKO TEMIEPATyp- \

HYIO 3aBUCUMOCTbL KOHICHTpAIUU \

. 1
HEOCHOBHBIX HOCUTEJIEH 3apsiaa. A—
B cooTrBeTcTBUM C U3MEHE-
PucyHnok 4.5 — 3aBUCUMOCTbH IPOBOAUMOCTHU
HUEM KOHIIEHTPALMU 3aps0B OT 3aps10B OT TEMIIEPATYPHI
TEMIIEPATYPBl U3MEHSIETCS U BEJIU-

YMHA NPOBOAMMOCTH NONynpoBogHuKa. Ha pucynke 4.5 nmpuBeleHbl 3aBUCUMOCTHU

IIPpOBOAMMOCTH OCHOBHBIX O ., U HCOCHOBHBIX O ,,,., 3apsA0B OT TECMIICPATYPHI.

VYyacrok BC Ha JaHHOM pHCYHKE COOTBETCTBYET TEMIIEpAType, KOTJa SHEPrus B
MOJIYIPOBOJHUKE COMOCTAaBUMAa C HMIMPUHOM 3alpelieHHON 30HbI WM MPEBBIIIACT
ee. IIpu 3TOM mpakTUUECKH BCE HOCUTENM (MPUMECHBIE) MEPELUIN B 30HY MPOBO-
JUMOCTH, U UX KOHLEHTpalus ¢ Temneparypoil pacrer ciabo. CompoTUBIEHUE

IIPU 3TOM PACTET.



