JlaGoparopHas pa6ora “@ypbe-cieKTPOCKONus”
Conepxanue oTyeTa.
OtueT 1o J1aboparopHOil paboTe JOJKEH CONEPKATh:

1. OnTtuyeckyro cxemy uHTeppepoMerpa MalikenbcoHa ¢ KpaTKUM
00BsICHEHHEM MTpUHIMNIA €ro padoThl. [loscHeHre MOHATHIA “BbIMTpbIIIA”
®emxkerra U JKakuHO.

2. IIpumepsl SKCIEPUMEHTAIBHO MOMYyUYEHHBIX HHTEP(HEPOrpaMM U CIIEKTPOB C
MOSICHEHUEM UX (DOPMBI U COOTHOIICHUIN MEX1y HUMU JJIS CIEAYIOIIUX
CJIy4acs:

2.1 JIBe uaTEepdEpOrpaMMbI, 3apETUCTPUPOBAHHBIE C PA3TUYHON ITTHHOM
XO0J1a TTO/IBIXKHOTO 3epKajia nHTephepoMeTpa, U MOTyUYEeHHBIC U3 HUX
CIIEKTPBHI.

22 CrmekTpsl OpOMISAIIETro Yepe3 mpudop CBeTa, 3apEeTrUCTPUPOBAHHEBIE C
MOTJIOMIAOIITUM 00pa3ioM U 0e3 HEeTo; a TaKKe PaCCUYNTAHHBIA Ha UX
OCHOBE CIIEKTp MpOMyCcKaHus oOpa3ua.

3. PacdeTt ciekTpoB noromieHus: 00pa3ioB kapouaa kpemuus (SiC) Ha OCHOBe
MTOJTYYEHHBIX CIIEKTPOB MPOIYyCKAHMS, a TAK)KE NMEIOITUXCS JaHHBIX O
TOJIIIMHE 00Pa3IoB M CIICKTPAJbHON 3aBUCHMOCTH TTOKa3aTelIs
npesnomiienus SiC.

4. OmpeneneHue KOHIICHTpAIUU NMpuMecel B oopasmax SiC mo rmoka3areito
TIOIVIOIIEHUS Ha JIJTMHE BOJIHBI, COOTBETCTBYIOIIEH MPUMECHOMY MHUKY
TTOTJIOIIEHHUS.

5. BBIBOIBI.
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Llesib padoThI: 03HAKOMUTHCS C IPUHIIMIIOM PaOOTHI (Pyphe-CIEKTPOMETPa, IPOU3BECTH
00paboOTKy CHEKTPOB MPOITyCKaHUS KapOu1a KPEMHUS M OTIPEIEIUTh KOHIIEHTPALNIO IPUMECH.

HNurepdepomerp MaiikesbcoHa

B ocHoBe Qypbe-criekrpomeTpa IexXuT uHTepdepomeTp MaiikenbcoHa, cxema KOTOPOro
npuBezeHa Ha puc. 1. [Ipunnun padotsl uHTEpdepomeTpa MaiikenbCOHa CIEAYIOMMA: CBET OT
HCTOYHMKA KOJUTMMHUPYETCS Ha MOIYIPO3payHOE 3€pKaJlo, pacloI0KEHHOE o yIIIoM 45
rpaJycoB K HalpaBJIeHHUIO pacrpocTpaHeHus cBeTa. CBETOBOM MOTOK pa3/iemsieTcs
MOJIYITPO3PAYHBIM 3€PKATIOM Ha JBE YaCTH, KAK/Iasl U3 KOTOPHIX OTPAXKAETCS OT OJJHOTO U3 ABYX
3epKaJl, OCJIe Yero MOTOKU CXOIATCS Ha IeTEKTope U UHTepepupytoT. B 3aBucumoctu ot
Pa3HOCTH ONTHUYECKOTO XOJa JIy4el B Tuiedax uHTepdepoMeTpa, MHTEHCUBHOCTh CBETA Ha
JETEKTOpE OYJIET YCHUIIMBATHCS MIIA OCIIA0ATHCS.

B unrepdepomerpe, KOTOPBIH HCIOIb3YETCS B CHEKTPOMETPE, OIHO U3 3€pKaJl AEIaeTCs
MOJBUKHBIM, TIO3TOMY Pa3HOCTh X0J]a MOKHO U3MEHATh. DTO UCIOIb3YETCS IS OTyUSHUS
UHTEpEpOorpaMM, TO €CTh 3aBUCIMOCTH HHTEHCUBHOCTH MHTEPPEPUPOBABIINX JTydei OT
Pa3HOCTH XOJa.

Cnextpel WurepteperpamMmel

3EPKAND

NoMyYNPO3IPAYHOE
JEPKAND

Puc. 1 Cxema untepdepomerpa
MaiikenbcoHa

Puc. 2 HuTtepdeporpammbl pa3InyHbIX CIIEKTPOB

HuTepdeporpaMMbl pa3inyHbIX CIIEKTPOB H300pakeHsb! Ha puc. 2. Kak BuaHO,
uHTepdeporpaMmon TMHEeHYaToro crekrpa OyneT CHHYCOH/1a, YaCTOTa U aMILIUTY/Ia KOTOPOi
IIPONOPLMOHANIbHBI YACTOTE U NHTEHCUBHOCTH COOTBETCTBYIOLETO M3JIy4eHHUs. Tak Kak 0001
peasbHBIN CIIEKTP MOXKHO MPEJCTaBUTh KaK CyMMY O€CKOHEUHOTO YHCIIa IMHEHYAThIX CIIEKTPOB,
TO ero uHTepdeporpamma OyneT CyMMOi OECKOHEYHOTO YMCIIa CHHYCOU/I, YaCTOTa U aMILTUTYIa
KOTOPBIX TPONOPIUOHATIEHBI YACTOTE U MHTEHCUBHOCTU COOTBETCTBYIOLIETO U3JIy4Y€HHUs, TO ECTh
dypbe-00pa3oM UCXOIHOTO crieKTpa. BeimomnHss oOparHoe npeobdpazoBanue Oypbe, MOTyqIaroT
TpeOyeMBbIil CIIEKTP.



IIpenmymecrBa pypbe-cieKTPOCKONMU:

Buiuzpoiuu @enscema (MynpTuIieke GakTop). 3a KaxIbli ONpeeeHHbIIi MOMEHT BpEMEHH
noxyyaercss HHQOpMaIHs cpazy 000 BCEM CIIEKTpaIbHOM MHTepBaie, mostomy ®C nmeet
BEJIMYMHY OTHOIIEHUS! CUTHAJI/IIIYyM 0oJiee BBICOKYIO, YeM AU(PPaKIIMOHHBIE I PU3MEHHBIE
pUOOPHI.

Botuzpoiu Kaxkuno (reomerpudeckuii pakrop). MoxKHO UCIIOIB30BaTh OOJIBIIINAE TEIECHBIC
YIJIBI Y UCTOYHHKA Uy IPUEMHHKA, TEM CaMBIM ITPOITYCKaTh OOJIBIIIOE KOJTHYECTBO SHEPTUH TTPH
BBICOKOM pa3peluicHuu. JJaHHOe MperMyIecTBO 0COOCHHO BaXKHO Tpu 3MepeHusx B MK
o0J1acTH.

IIpuMepsbI 3KCIEPIMEHTAJIBLHO NOJTY4eHHBIX HHTep(eporpaMM U CIEKTPOB:

CnekTpanbHoe paspelieHne Gypbe-CleKTpOMETpa ONpeIeIIeTCs JUTMHOM X0/1a MOIBUKHOTO
3epkasia. Uem Oosbliie X0/, TeM, COOTBETCTBEHHO, OOJIBIIIE pa3pelIeHue.

Ha puc. 3 u 4 uzo0Opaxensl nHTEphEeporpaMMBbI JIJIsl pa3HOH JJIMHBI X0J1a 3epKajia, a Ha puc. 5
1 6 COOTBETCTBYIOILIUE UM CIIEKTPhl. MOXKHO BUIETb, YTO MU OONbILIEH ATUHE X0Aa pa3pelieHne
TyyIie.

s waru perucTpanun
hbad 1000 2000

Puc. 3 UnTepdeporpamma mpu mMamnoii JuiMHE X0/a 3epKaa



A OTH. UHTEHCUBHOCTE

Puc. 4 UnTepdeporpamma mipu OonpIIoN AJIMHE X0a 3epKajia

EQaHosos wicno [14cm]

2000 4000 5000 s000 10000

Puc. 5 Criextp nipu manoi JyimHe Xo/a 3epKaja

12000

1.
Ly cm}]

2000 4000 5000 2000 10000

Puc. 6 Criextp npu 00JbIION JJTMHE X0/1a 3epKaja

12000



Tak Kak HHTEHCUBHOCTD Ma/IAIOIIET0 Ha 00pasel] U3y4eHHs He OIMHAKOBa Ha Pa3HbIX
4acTOTax (CIEKTp U3JIydaress, MOMIOIeHNe B aTMoc(epe, HeN1eaIbHOCTh CBETOJICITUTENS U
Apyroe), TO U3MEPEHHBIH CIIEKTp OyAeT NpeACTaBIATh COOON MPOU3BEICHHE CIIEKTPOB
MaJIAIOIIETO U3TYYCHHS M HCKOMOTO CIIeKTpa o0pa3ia. UTto ObI HCKITIOYMTH BIMSIHUE TPUOODA,
CHauaJla U3MEPSIOT OIOPHBIN CIIEKTP (TO €CTh Oe3 yCTaHOBKU 00pasiua), a 3aTeM AEJSIT Ha Hero
OCHOBHOM CIIEKTp (M3MEPEHHBIN C YCTAHOBIEHHBIM 00pa3IoM).

Ha puc. 7 n3o0paxeHbl ONOPHBIN 1 OCHOBHOW CIEKTPBI M3MEpEHUs Ha pomyckanue. Ha puc.
8 IpeacTaBIeH pe3ysbTaT JeJI€HNs OCHOBHOI'O CIIEKTPa Ha ONOPHBIM.

4 OTH, UHTEHCHEHOCTE.

anopHbIt
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Puc. 7 OnopHsIif 1 OCHOBHOM CHEKTPbI

Ak, MpONYCKaHA

AAHHE B2AHEL Mk
ol4 0.5 0.E 0.7 0.8 09 1 1.1 1z

Puc. 8 Cniektp mpomyckanus oopasia



CneKTpaanaﬂ 3aBHCHUMOCTD IOKa3aTeJisd NorjIomeHuda Rapﬁnz{a KpeMHus, pacdeT
KOHUHCHTPAlUUU IIPUMECH:

Jlnst TOrO, uTO OBl PAaCCUNTAThH CIIEKTPATIBLHYIO 3aBUCUMOCTD TTOKA3aTeIsl OTJIOICHUS, OBLITH
M3MEpEeHbI CIIEKTPHI MPoMycKaHus AByX o0pasnoB 4H-SiC, nerupoBaHHbIX a30ToM: obpaserr 1 -
TONIIMHOM 625 MKM, oOpa3zerr 2 - 965 MkM. Och ¢ B U3MEPEHHBIX 00pa3iiax cjerka OTKIOHEHa OT
HOpPMAaJTH K MIOBEPXHOCTH, MTOITOMY MOXXHO HAOJIONATh JIBa MTUKA MOTTIOMIECHUS, U3-32 Pa3IUIHs B
MOKa3aTelsIX MPEJOMIICHHUS Ui HalpaBIeHUH MapaiebHO U MEPIEHAUKYISIPHO OCH C.
Metonuka Juisi pacueTa KOHIIEHTpaluuy B3sTa u3 crathu «Determination of charge carrier
concentration in n- and p- doped SiC based on optical absorption measurements (R. Weingartner,
P. J. Wellmann, M. Bickermann, D. Hofmann, T. L. Straubinger, and A. Winnacker)», rie
KOHIICHTPAIIHSI OMPEENISIETCS 10 3HAYSHHUIO TI0Ka3aTes MOIJIONICHHSI B MAKCUMYME,
COOTBETCTBYIOIIEMY TOJISIPU3AINH CBETA MEPIICHIUKYISIPHO OCH . J1JIs TOTO, 9TO OBI
YMEHBIIIUTH TOITIOMIEHUE «apaJUIeILHOI» COCTABISIONIEH, mepel 00pa3ioM yCTaHABIUBAJICS
MOJISIPU3ATOP, BPAIIEHHEM KOTOPOTO JOOUBAIMCH MAKCUMAIBHOTO CIIIKUBAHUS
«TapayIeIbHOTO) MHKA.

Jiist pacdera mokasaresisi MorIomeH s Obla ucrnonb3oBana Gopmyna (1), koTopast yauThIBacT
BKJIa/1 BHYTPEHHETO MEePEOTPAKEHUSI B MHTEHCUBHOCTH Iporesmero ceera. Koadduument
MIPOIYCKaHUsI Opajicst U3 CHEKTPOB MPOITyCKaHUs, a KOA(POUIIMEHT OTpaxXeHus: U3 GopMyIsl (2).
CnexTpanbHas 3aBUCUMOCTB TOKazaTens npenomienus (3) B3sta c caifra ioffe.ru (Shaffer et al.
(1971), nnsa HampaBiIeHUS Jiyda MapajjieIbHO OCH ¢ (TO €CTh MoNsIpU3aIus NeprueHANKYIsIpHA C).
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3nech: d — TommmHAa 00pasna (cm), R — koaddurueHT orpaxenus, T - kodpUIIUESHT

n
nporyckanus (0epercs U3 CeKTpa MpoIycKaHusi), ¢ - [OKa3areib IPeJoMIIeHUs Kapouaa

n
KpEeMHU, ¢ - I0Ka3areib MMPECJIOMJICHHUA BO3aYyXaA, A - JJIMHA BOJIHBI (HM)

HOJ'Iy‘IeHHBIe 3aBUCUMOCTH ITOKa3aTcCJIsA IOIVIOIICHU A I/I306pa)KeHBI Ha puc. 9.



. nornowenus 1/cm
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Puc. 9 CniexrpanbHble 3aBUCUMOCTH TIOKa3aTeIsl TOTIOMICHHs 17151 ABYX oOpasmoB SiC

a=oa,+k-n a

Jnst pacueTa KOHIEHTPALUU UCTIONb3YETCSl 3aBUCUMOCTB! , TIe -

-1
= +
IMOKa3aTreJib MOIMIOMICHUA B MAKCUMYMC, NN — KOHOCHTpAILus, % 24 1.3cm .

k=(3.6£0.1)-10"" cr®

n=6.9-10"cn>

s o6pasna (1) momydeHo 3HaueHUE , 00paszerr (2) UMeeT CITUIIKOM

MaJIylO KOHIOCHTPAIHUIO, ITIO3TOMY B PaMKaX JAHHOIO MOAXOo4Aa €€ HC paCCUHUTATh.

BrIBOALI:

B xone paboThI MONY4YEeHO MPEACTaBICHUE O IPUHIIUIIAX PA0OThI (Pyphe-CIEKTPOMETPa U €T0
MIPEUMYIIICCTBAX.

brutn paccunTaHbl CIEKTpalbHBIE 3aBUCIMOCTH MTOKA3aTelsl MOMIONIEHUS KapOuaa KpeMHUs,
10 KOTOPBIM OBbLITa OmpeiesieHa KOHIICHTPAIUsI JICTUPYIONICH MPUMECH.

Ha pHuc. 9 BHUAHO, YTO JJIs1 BTOPOIro 06pa3ua 3aBUCHUMOCTB YXOAUT B OTPULATCIbHYIO 06J'IaCTI),
4yero ObITh HE JOJIDKHO. DTO MOXKET OBITh BBI3BAHO NOTrpCIIHOCTBIO B paACUCTC KOB(I)(I)I/ILII/ICHTa
OTPAKCHUS, TAK KaK CIICKTPaJIbHasA 3daBUCUMOCTD IIOKA3aTCIIs IPCIIOMIICHUA OblL1a B3gTa JJIA
HCJICTUPOBAHHOIO Kap6I/IIla KpCMHHH.
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