JlabopaTtopHas paGora “@ypbe-cieKTpocKONusa”

Conepxanue oT4eTa.

OtuyeT 1o J1abopaTOpHON PadOTE NOTKEH CONCPKATh:

1.

OnTunueckyto cxemy uHTepdepomerpa MalikenbCoHa ¢ KpaTKUM
OO0BsICHEHHEM MPHUHINIIA ero padoThl. [losicHeHne MOHATHI “BhIMTpHITIA”
®emxerra U JKakuHO.

[Tpumepsl SKCTIEPUMEHTANIEHO MOJYYEHHBIX HHTEp(EporpaMm U CIIEKTPOB C
MOSICHEHHEM UX (POPMBI M COOTHOIICHUN MEXTYy HUMHU JUISI CIICAYIOIINX
CILy4aeB:

2.1  JIBe unTEepdepOorpaMMBbl, 3apErUCTPUPOBAHHBIC C PASIUYHON JITUHOM
X0J1a OJABMKHOTO 3€pKaja HHTep(epomMeTpa, U MOITyYEHHBIE U3 HUX
CIEKTPBI.

2.2 CrmekTphl IpOIIeAIIEro yepe3 mpuodop CBeTa, 3apeTUCTPUPOBAHHEIC C
MOTJIONIAOIIUM 00pa3lioM 1 0€3 HEro; a TaK’Ke paCCUMTAHHBIA Ha UX
OCHOBE CITEKTp MPOITyCKaHMs o0pasIia.

Pacder criekTpoB morsomeHust oopas3iop kapouaa kpemuus (SiC) Ha ocHOBe
MOJTyYEHHBIX CIICKTPOB MPOIYCKAHUS, & TAK)KE HMMEIOIIUXCS TAHHBIX O
TOJIIITMHE 00Pa3IOB U CIIEKTPATbHON 3aBUCHUMOCTH ITOKa3aTes
npesomienus SiC.

OmnpenencHre KOHIICHTPAIUK puMecei B oopasiax SiC mo mokasaTeinto
TIOTJIOIIEHUSI Ha JTTUHE BOJIHBI, COOTBETCTBYIOIEH PUMECHOMY TTHKY
TIOTJIOIIIEHHUSI.
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Iesb padoThI: 03HAKOMUTHCS C MIPUHIMIIOM PabOTHI hyphe-CIIEKTPOMETPA, IIPONU3BECTH
00paboTKy CIIEKTPOB MPOITYCKaHHsI KapOua KPEMHHUSI U ONIPEASIIUTh KOHIEHTPAIUIO TPUMECH.

HNurepdepomerp MajikejsbcoHa

B ocHoBe (ypbe-ciekTpomeTpa exuT nHTephepomerp Maiikenbcona, cxema KOTOPOro
npuBeneHa Ha puc. 1. [Ipunnun pabotsl naTephepoMerpa MalikenbcoHa CISAYIOMUNA: CBET OT
MCTOYHUKA KOJUTUMUPYETCS Ha MOJIYIPO3pauHOe 3epKalio, pacloIoKEHHOE Mo yriaoM 45
rpaaycoB K HAIPaBJIEHUIO pacnpocTpaHeHus cBeTa. CBETOBOI MOTOK pa3liensiercs
MOJIYTIPO3PAYHBIM 3€PKAJIOM Ha JBE YACTH, KaXK/1asi U3 KOTOPBIX OTPAXKaeTCsl OT OJHOTO U3 ABYX
3epKall, MOCJIe Yero MOTOKU CXOAATCS Ha JAeTeKTope U uHTepdepupytot. B 3aBucuMocTr ot
Pa3HOCTH ONTHYECKOTO X0/1a JIy4eH B Iiieyax uHTepdepoMeTpa, MHTEHCUBHOCTh CBETA HA
JETCKTOpe Oy/IeT YCHITUBATHCS WIIA OCIIA0JIATHCA.

B unTepdepomerpe, KOTOPBINA UCTIONB3yeTCS B CIIEKTPOMETPE, OJTHO U3 3epKaJl AeIaeTcs
MOJIBUYKHBIM, [TI03TOMY Pa3HOCTb X0/J1a MOXHO U3MEHATh. JTO UCIIOJb3YETCs AJIs OJyUYeHUs
UHTEpPEpOrpaMM, TO €CTh 3aBUCHIMOCTH HHTEHCUBHOCTH MHTEP(HEPUPOBABIIHX JIyUeil OT
Pa3HOCTH X0J1a.

CnexTpbl WurepteporpaMmsl

SEPKANO

MONMYNPO3PAYHOE
3EPKANO
—————— Y a
UCTOYHUK  — »/ -*“
3EPKANO
|  OETEKTOP |

Puc. 1 Cxema unrepdepomerpa
Maiikenbcona

Puc. 2 HHurepdeporpammsbl pa3iuuHbIX CIEKTPOB

HuTepdeporpaMMbl pa3InyHbIX CIEKTPOB U300pakeHbl Ha puc. 2. Kak BUIHO,
uHTep(deporpaMmMon JIMHEHYATOro CeKTpa OyIeT CHHYCOU/Ia, YaCTOTa U aMILIUTY1a KOTOPO
MPOTIOPIIMOHAIIFHBI YaCTOTE U MHTEHCUBHOCTH COOTBETCTBYIOIIETO H3IydeHus. Tak Kak 000k
pEabHBIN CIIEKTP MOKHO MPEJCTABUTh KaKk CyMMY OECKOHEYHOTO YHCIia TMHEWYaThIX CIIEKTPOB,
TO €ro uHTepdeporpamma Oyner CyMMoil 0ECKOHEYHOT0 YKciia CHHYCOU/T, YacTOTa U aMILINTY1a
KOTOPBIX IPOMOPLHUOHAIBHBI YaCTOTE U MHTEHCUBHOCTH COOTBETCTBYIOILIETO H3IIyUEHHs, TO €CTh
®ypbe-00pa3oM HCXOTHOTO criekTpa. Beinmonusas oOpatHoe nmpeodpasoBanue Dypre, MOTyyaroT
TpeOyeMblIii CIIEKT.



IpenmymecTBa pypbe-ClIeKTPOCKONUM:

Butuzpouuu @enscema (MynbTuiieke Gpaxtop). 3a Kaxkapli onpeIe]ICHHbI MOMEHT BpEMEHH
noJryyaeTcsi HHpopMaIus cpazy 000 BceM CIEeKTpallbHOM HHTepBaie, moaromy OC umeet
BEJIMYMHY OTHOLICHUS CUTHA/IIIYM 00Jiee BBICOKYIO, YeM AU(PPAKITUOHHBIC WU MIPU3MEHHBIC
puOOpHI.

Botuzpoiu Kaxkuno (reomerpudeckuii pakrop). MoKHO UCIOJIB30BaTh OOJIBIINE TEICCHBIC
YIJbL Y HNCTOYHHKA U y HpI/IeMHI/IKa, TEM CaMbIM HpOHyCKaTB 6OJIBHIO€ KOJIMYCCTBO 3HepFI/II/I HpI/I
BBICOKOM pa3penieHud. JJaHHOe IpenMyInecTBO 0COOEHHO BaXKHO mpu u3Mepenusx B UK
o0nacTH.

[IpumMepbl IKCIIEPUMEHTAJIBHO MOJYYeHHbIX HHTEepgeporpaMM H CIeKTPOB:

CrnexTpanbHoe pazpenieHne Qpypbe-crieKTpoMeTpa orpeaeseTcs JIIMHON X0Aa MOABHKHOTO
3epkaina. Yem GombIlie X0/, TEM, COOTBETCTBEHHO, OOJIbIIE pa3pelIcHHeE.

Ha puc. 3 u 4 uzo6paxensl uaTepdeporpaMmbl AJsl pa3HON JJIMHBI X0/1a 3€pKaJia, a Ha pHcC. 5
U 6 COOTBETCTBYIOIINE UM CIEKTPbl. MOXKHO BUAETD, YTO MpHU OOJIbIIEH JIIMHE X012
pas3pelieHue Jydiie.

A WarH perUcTRaWHH
hd hdad 1000 2000

Puc. 3 UnTepdheporpamma npu Maioi JyinHe Xo/1a 3epKaja



b CTH. LIHTEHCHBHOCTE

Puc. 4 arepdeporpamma mpu GOJIBINON JITMHE X0/a 3epKaia

HHTEHCHEHOCTE

[1erm)

zooo 4000 s000 2000 10000 12000

Puc. 5 CnexTp npu mManoii JiuHe Xoja 3epKaja

EgnHosce uwcno [1/cm]

Zooo 4000 5000 =000 10000 1z000

Puc. 6 Criextp npu O0JBIION IITMHE X012 3epKajia



Tak Kak MHTEHCUBHOCTD MaJaloIIero Ha oOpa3el U3 Iy4eHHs] He OIMHAKOBA Ha Pa3HbIX
qacToTax (CIEKTp H3JIydaTess, MOrJolIeHne B atMmochepe, HenealbHOCTh CBETOICIUTEINS U
JPyroe), TO U3MEPEHHBIN CHEKTP Oy/AeT MPEACTaBIATh COOON POU3BEACHUE CIIEKTPOB
Na/IAl0NIEeTO U3TYYEHUsI M HICKOMOTO CIIeKTpa obpasia. YTo Obl HCKIIIOUUTD BIMSHUE TPUOODA,
CHavaJia U3MEPSIOT OMOPHBIN CIEKTP (TO ecTh 0€3 yCTaHOBKU 00pa3ia), a 3aTeM JeIsT Ha HeTo
OCHOBHOI1 CTIEKTp (M3MEPEHHBIH ¢ YCTaHOBJIEHHBIM 00pa3IioM).

Ha puc. 7 n300pakxeHbl OMIOPHBIM U OCHOBHOM CIIEKTPBI M3MEPEeHHUs Ha rponyckanue. Ha puc.
8 IpPEICTaBJICH PE3YJIbTAT IEICHHUSI OCHOBHOIO CIIEKTPA HA ONOPHBIN.

44 OTH. UHTEHCUBHOCTE

onopHbId

ocHogHOL

ANWHE BOAHBI, MK
ol4 05 (=) o7 0g (k=) 1 1.1 12

Puc. 7 OnopHsIil 1 OCHOBHOM CIIEKTPBI

k. NPONYCKaHAA

ANHHE B2AHEL Mk
al4 0.5 0.E [ 0.8 09 1 1.1 1z

Puc. 8 Cnextp nponyckanus oopasia



CnexkTpajbHasi 3aBHCHUMOCTD MOKa3aTesl NOIJIOLIeHUsI KapOuaa KpeMHusl, pacyeT
KOHLEHTPAIlU¥ NPUMECH:

J1st TOTO, 94TO OBI PACCYMTAThH CIEKTPAIBHYIO 3aBUCUMOCTD TI0KA3aTels MOTJIOMEHUS, ObLTH
U3MEPEHBI CIICKTPBI MPOIYCKaHus AByX oopa3uoB 4H-SIC, nerupoBanHbix azoTom: obpaser 1 -
TOJIITMHON 625 MKM, oOpaser 2 - 965 mxm. Och C B UBMEPEHHBIX 00pa3iiax Clierka OTKIOHEHA OT
HOpMaJIA K MMTOBEPXHOCTHU, ITOITOMY MOXKHO Ha6JIIO[[aTB JBa IHMKa IIOTJIOIICHH A, U3-3a PA3JINYUs B
IMMOKa3aTCJIaxX MPCIOMIICHUS JIA HaHpaBJICHI/Iﬁ MnapauiCibHO U NEPICHAUKYIIAPHO OCH C.
Meroaunka a1 pacueta KOHIEHTpaIMK B3aTa u3 craTh «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)», rae
KOHIICHTPAIUS ONPEICIISETCS M0 3HAYCHUIO TI0KA3aTels MOTJIOMICHUS! B MAKCUMYME,
COOTBETCTBYIOILIEMY TOJISIPU3AIIUH CBETA MEPIICHIUKYISIPHO ocH ¢. [y Toro, 4To Obl
YMEHBIIUTH MOTJIONICHUE «ITapaILIeIHHOW» COCTABIISIFOIICH, TIepe]] 00pa3IioM yCTaHABIUBAJICS
MOJIIPU3ATOP, BPAIICHHEM KOTOPOTO JIOOMBAIMCH MAKCUMAITBHOTO CTIIAKHUBAHUS
«IMapaJIICIBHOT O MTHKA.

Jnist pacdera mokasaresisi HOTJIOeH s OblIa cnoib3oBana ¢popmyina (1), koTopast
YUIHUTBIBAET BKJIAJ] BHYTPEHHETO MEPEOTPAKEHHSI B MHTEHCUBHOCTD MPOIIC/IICTO CBETA.
Koadduuument nmponyckanust Opaics U3 ClieKTPOB MPOITYCKaHUs, 8 KOA(PPUIIMEHT OTPAKESHUS U3
dopmyibl (2). CiekTpanbHas 3aBUCUMOCTh ITOKa3aTels npestomiieHust (3) B3sita ¢ caiita ioffe.ru
(Shaffer et al. (1971), nyist HanpaBieHUs JTy4ya HapauIeIbHO OCH ¢ (TO €CTh MOJSPU3ALIHS
HePIEeHANKYISpHA C).

1 | V(I —R)*4+4T2R? — (1 — R)?
= — n

d 2T R? (1)
R =(ns - na/ns + na)z (2)
n.(1) = 2.6041 + 3.75 - 10* - A2 (3)

3nech: d — TonmuHa oopasia (cm), R — koaddumment otpaxenus, T - Ko3hduimeHTt
npomycKaHus (OepeTcs U3 CIeKTpa MPOITYCKaHUs), Ny - TOKa3aTelb MPEIOMIICHHS KapOuaa
KPEMHUSI, N, - TIOKA3aTeNb MPEeTOMIICHUS BO3yXa, A - IJIMHA BOJIHBI (HM).

[TosryueHHbIE 3aBUCMOCTH TIOKa3aTelIs MOTJIOMEHHs M300pakeHbl Ha puc. 9.



. nornowenus 1/cr

n Sic(1)

SiC(2)
M _/_ AAHHE BOAHEL MK

ol4 1k} 0.E 07 ns 03 1 1.1 12

Puc. 9 CniexTpaiibHble 3aBUCMOCTH [TOKa3aTels MOTJI0IIeH s 1J1s 1BYyX 00pasuoB SiC

Jlyist pacueTa KOHIICHTPAIMH HCITOJIB3YeTCsl 3aBUCUMOCTh: & = ¢, + k - n, r/1e « -
T0Ka3aTellb TIOIJIOMEHHs B MAKCUMyMe, N — KOHIeHTpanus, a, = 2.4+ 1.3 cm™ 1 k =
(3.6 +£0.1) - 10717 ¢cm2,

3

Jlns o6pasua (1) mosydeno 3Havenue n = 6.9 - 1017 cm™3 | obpaser (2) umeeT caumkom

MaJIyHO KOHIOCHTPALIUIO, IIO3TOMY B paMKaxX JAHHOTI'O IMOAX0Aa €€ HEC paCCYNUTATh.

BriBoaBbI:

B xoz1e paGoTsl mosrydeHo npeacTaBieHue O MPUHIUIAX PabOThl Pyphe-CIEeKTPOMETpa U €To
MIPEUMYIIEeCTBAX.

beutn paccunTaHbl CIEKTPaIbHBIE 3aBUCUMOCTH TMOKa3aTelNs MOTJIOMEHUS KapOuaa KpeMHHUS,
10 KOTOPBIM ObLJIa OIpesiesieHa KOHIICHTPAIUS JIETUPYIOEeH TPUMECH.

Ha puc. 9 BugHO, 4TO /11 BTOPOro 00pasiia 3aBUCUMOCTb YXOJUT B OTPUIIATEIbHYIO
001aCTh, Yero OBITh HE JOJDKHO. ITO MOXKET OBITh BHI3BAHO MOTPELIHOCTHIO B pacueTe
Kod(duIIMeHTa OTpaKEHUs, TaK KaK CIEKTpaJibHasi 3aBUCHMOCTb IOKa3aTess MpeIoMIICHHS
OblLy1a B35Ta JIs1 HEJIETHPOBAHHOTO KapOuaa KpeMHHUSI.
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