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Memooamu cnekmpogpomomempuu HOPMATLHOLO OMPANCEHUS UCCAEO0B8ANBL AIMAZONO-

Oobnvie yenepoonvie naenku CNy u CNy:Euw,. O6pasyvi nonyuervi memooom uOHHO-
NIIA3MEHHO20 COPACNBLIEHUS KOMNOZUMHOU YeaepoOHOU muenu Ha ycmanogke BYII-5M
MA2HEMPOHOM ROCMOSIHHO20 MOKa. H3mepenuss ompax)camenvHol cnocoOHOCY nogepx-
HOCMU NIEHOK NPU HOPMATbHOM NAOEHUU 30HOUPYIOWEe20 1yYa U OPHCMeEpo8CcKo20 Om-
PAdiCeHUss NOKA3ANU, YMO NIAEHKU ABNAIOMCA ONMUYECKU HeOOHOPOOHbIMU NO NIOWAoU U
enyoune. Hanuuue uonos esponus usmMeHsem xapakmep ompaicamenbHol cnocooHocmu
U npUBOOUM K yMeHbuleHuto sHauenus yaena bprocmepa.

KuarwueBble cioBa: eBponuid, yros bproctepa, yriaepo/iHas mieHKa

Memooamu cnexmpoghomomempii’ HOPMATLHOLO 8IO0OPAICEHHS OOCTIONCEHO ANMAZ0N00IOHT

syeneyesi nuieku CNy i CNy:Euy. 3pasku ompumano memooom ioHHO-NIAZMOB020 COPO3NU-
JIeHHsL KOMNO3UmHOI 8yaneyesoi miuteni na ycmanosyi BYII-5M maenemponom nocmitinoco
cmpymy. Bumiprosanist 6i0busHoi 30amuocmi nosepxHi nii6oK npu HOPMAIbHOMY NAOIHHI 30H-
OVIOH020 NPOMEHSL Tl OPIOCMEPOBCLKE BI00OPANICEHHSL NOKA3AMU, WO WIIEKU € ONMUYHO HeoO-
HOpIOHUMU 3a naowero U enubunoro. Hasenicme ionie egponiio 3mintoe xapakmep 6i0OUGHOT
30ammnocmi 1l npu3600UMb 00 3MeHwenHsl 3HayeHHs Kyma bprocmepa.

KurouoBi ciioBa: eBpomiii, KyT bproctepa, Byrieresa miiBka

BBenenne

He ocnabGeBaer nHTEpec K NMPUMEHEHHIO MaTEpHAJIOB HA OCHOBE COEIMHEHUN
JAHTAHUJIOB B PA3IMYHBIX 00JIACTAX HAYKHU U TEXHUKU. 331a4H, CBSI3aHHBIE C TIOUC-
KOM CIIOCOOOB ONTHUMHU3ALMM COYETAHUS ONTHUYECKUX, MEXaHMYECKUX U APYTHX
CBOMCTB COEIMHEHUH JTAHTAaHUIOB, OTHOCATCA K (yHJaMEHTaJIbHOH mpobieme Ma-
TEPHAIOBEICHHS [0 CO3aHHUIO0 HOBBIX MaTEpHAIOB U, HECMOTPS Ha OOJIBIIIOE KOJIH-
YECTBO IIPEUIAraeMbIX PEIICHUH, 1O CUX IIOpP HE MOJIyYE€HO COSAMHEHUH C yIOBIIE-
TBOPUTEIBHBIM COYETAHUEM TEXHUYECKHUX U ONITUYECKUX XapaKTEPUCTHK.
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VHTEHCUBHO pa3BHBAIOTCS WCCIICIOBAHUS JIFOMHHO(OPOB, aKTHBUPOBAHHBIX
PEAKO3EMENIbHBIMU  3JIEMEHTAMHM, JIa3€PHBIX MAaTEPHAJIOB, CBETOTPaHC(HOPMHU-
PYIOIUX BEHIECTB U MATEPUAJIOB ISl PA3IMYHBIX (U3HUECKUX NaTdyuKoB. CBOM-
CTBa aIMa30MOI0OHBIX YTJIEPOJIHBIX ITUIEHOK, €CTECTBEHHBIM 00pa3oM CBsI3aHHbBIC
C pa3HooOpa3ueM aIOTPOMHBIX (OpPM YIIIepojia, TMO3BOJSIOT MUCIOIB30BATh UX
KAaK MEpPCHEKTUBHYI0 MaTpully AJid BHEAPEHHsS] COCIUHEHHMM JaHTaHuaoB [1-3].
JlroMHHECTIMPYIOIINE JIEHKU HA UX OCHOBE COYETAIOT MEXaHUYECKUE U MOIYNPO-
BOJ/IHUKOBBIE CBOICTBA, MPUCYIIHE aTMa30MOJ00HBIM MaTepraliaM, U ONTHYECKUE
CBOICTBA, XAapAaKTEpPHBIE JJISI COCIAWHEHUM JaHTaHWUIOB. [Ipm 3TOM ontHueckue
CBOMCTBa aJIMa30MO0I00HBIX YIJIEPOAHBIX IUICHOK TECHO CBSI3aHBI C MX CTPYKTY-
POl M TOMOJIOTHEN MOBEPXHOCTH. BcelencTBue 3TOro akTyalbHbl MCCIEIOBAaHUS
CTPYKTYpbI IOBEPXHOCTH IJICHOK ONTHYECKUMU MeToAaMu [4—6].

Llenp HacTosIIEH paOOTHI — CPAaBHUTEIBHBIC MCCICIOBAHUS METOIAMHU CIIEKTPO-
(GhoTOMETpHH HOPMATLHOTO OTPAKEHUS aJIMAa30II0I00OHBIX YITIEPOAHBIX TUICHOK, BbI-
pAIlIeHHBIX B aTMOocdepe a30Ta, ¥ TeX ke IICHOK, JIETMPOBAHHBIX OKCHUIOM €BPOITHSL.

1. MeToauka nojyuyeHusi 00pa3unoB

Anmasonono6ubie mieHkr CN, u CN,:Eu,, moay4ensl Ha BaKyyMHOM yCTaHOB-
ke BYII-5M MeTosoM HOHHO-IUTa3MEHHOTO COPACIbUICHUST KOMOWHUPOBAHHOM
YTJIEPOI-METAJUIOOKCHIHON MUIIIEHU B a30THOM aTMocdepe.

bbln nmpuMeHeH IIaHapHBIM MAarHETPOH MOCTOSIHHOTO TOKAa C WHIYKIIMOHHOMN
crabmin3anueil mwia3mel. B kauecTBe MHILIEHH HCIOJNB30BaIM TpaduT, HA KOTO-
POM pacroiaraiy IpuMech B BUJI€ TOPOLUIKOOOPA3HOIO OKCHJIa EBPOIHSI.

[Ipy M3roTOBIEHNH M MOJHUPOBKE MOBEPXHOCTH YTIEPOJHON MHUIIEHU MpPUME-
HSUTH pa3linyHble a0pa3uBHBIC MaTepUabl, KOTOPbIE HACHIIIATH MOBEPXHOCTHBIC
CJIOM MHILEHH TOJIMPOBOYHBIM MaTepuanoM. YToObI 3TH 3arpsi3HEHHUs HE Momnaja-
71 B 00pasel, yriIepoJHYI0 MUILIEHb CTPaBIMBAIN TICIOLUM pa3psaoM AJis yJa-
JICHUS 3arpsAI3HEHHBIX TOBEPXHOCTHBIX CIIOEB.

[Tpumech B BHIe TOPOIIKOOOPA3HOTO OKCHJIA €BPOIHUS TAKXKE MPOXOAMIIA
npeaBapuTenbHyo 00padoTky. st yaanenus abcopOMpOBaHHOM BOIBI PUMECH
oTxkuranu npu temmeparype He MeHee 900°C B BakyyMe HE Xyxke 1.7-10°° mm
Hg B Teuenue 4 h. B pesynsrate u3 10 monexyn abcopoupoBaHHON BOJbI OCTaBa-
J0C¢h 4, YTO KOHTPOJIMPOBAIOCH METOAAMH PEHTTEHOCTPYKTYPHOI'O aHAIM3A.

B kagecTBe MOMJIOKKH HCIOIB30BANM TJIACTUHBI U3 KBapia mapku KY-1, 00-
pabotanHbIe HE XyXke 14-TO Ki1acca YUCTOTHI 0OPaOOTKH MOBEPXHOCTH C BOJHU-
CTOCThIO He Oonee 2 MHTep(EepeHIIMOHHBIX Kosell. KBapieBble MIacTHHBI ObLIH
PacIoJI0KEHbl OTHOCUTEIBHO MarHeTpOHa MOCTOSIHHOIO TOKa CTPOr0 OJMHAKOBO
JUISL COXpAaHEHUS] HEU3MEHHBIX YCIOBUN POCTA IJICHOK.

OpHa U3 CTOPOH IIACTUH ObLIa YaCTUYHO 3aMaTHpOBaHa C HEONITUMU3UPOBAHHOM
IIEpOXOBATOCTHIO, HO TaK, YTO JMarpaMma HarlpaBI€HHOCTH PAaCCEIHHOTO OTPayKEH-
HOTO cBeTa Ha 06aze B 50 cm onTryeckoil yctaHoBKY [8,9] He mocBeunBaia oopaserr.

[lepen nmomenieHneM Ha 3JIEKTPUYECKU U30JUPOBAHHBIN JIep)KaTelb MOI0KKN
MPOXOJWIIN JIBYXCTYIEHYATYI0 OYHUCTKY B XMMHMYECKH YUCTBIX 3THIIOBOM, H30-
MPONMMWJIOBOM CHUPTAX M Hapax H3O0MPONHIOBOro cnupra. OUHANIBHYIO OYHUCTKY
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MOBEPXHOCTH IOJJIOKKH HEMOCPEJACTBEHHO Iepe] TPOIECCOM BBIPAIIUBAHUS
IJIEHKU OCYIIECTBIISIM a30THOM MIIa3MOM TIICIOIIETO pa3psiaa.

[TneHky BIpamuBav MpU cTaOMIBHOM TOKe MarHeTpoHa 40 mA u Hampspke-
Huu paspsana 350 V B 100%-Hoit atmocdepe a3ota mpu TeMneparype MoAI0KKU
He 6onee 40°C.

OO6muit Bua 00pa3IoB MOJJIOKKa—TUICHKa (KBapIieBas IJIaCTHHA—YTJIEpOIHAs
IUIGHKA) TpeacTaBieH Ha puc. 1. YacTh MOBEPXHOCTEH MOJIOKEK, KOTOpPHIE B
Ipolecce HalbUIeHUs! ObUIM 3KPAaHUPOBAHbBI, OCTABAINUCH 0€3 HAMBUIEHHOTO CIIOSL.
TemnepaTypy MOAOKEK TOTOTHUTEIHLHO HE TTOBBIIIAIIH.

2. OTpaxkarebHasi CHOCOOHOCTH 00pa3L0B

YcraHoBKa 47151 ONTUYECKUX HUCCIIENO0BaHU [§] MO3BOJIET MPOBOAUTH CKAaHUPOBA-
HHE T10 TOBEPXHOCTH U3y4aeMoro o0obekTa. [109ToMy noBepXHOCTh 00pasLoB ¢ IIOMO-
IIBIO MIPETIApaTOBOAUTEINS OJIOKA CKAaHMPOBAHHS ObLIA YCIIOBHO TONOrpadupoBaHa.

2.1. Cnexmpogomomempuueckue usmepenHus HOpMaabHO20 NAOCHUA
30HOUpYOWe20 J1y4a npu CKAHUPOBanuu no nosepxuocmu 0opazyoe Si0r,—CN,
u SiO,—CNy:Eu,

[Ipu nerekTHpoBaHUM OTpaKEHHOTO curHana npumeHeHa CMOS-matpuna [9].
Cepun 1u¢poBbix ¢ororpadguii MoagaroTCs MHUKCEIU3ALMU, YTO YBEITUYHMBACT
paspelaioyo crocoOHOCTh mpubopa. Paspemaromas cnocoOHOCTh OKa3aiach
TaKOM, YTO KaXIblii MUKceNnb upoBoit dororpadhun HeC MHPOPMAIMIO O TO-
BEpXHOCTH oOpasia pazmepoMm 10 x 10 wm, 9yTo OBUIO OINpPENENEHO C IMOMOIIBIO
CTaHJapPTHOTO OOBEKTHOTO MUKPOMETPA.

Jis uccrienoBaHusl CUCTEM BBIOpaH mIar CKaHUPOBAHHS TI0 MTOBEPXHOCTH 00-
pasua 2 mm ¥ mar CKaHUpOBaHUsI 1O JJTMHAM BOJIH 5 nm.

Puc. 1. BHemnuit Bua 00pasioB moutokKa—IUIeHKa (KBapiieBast IIacTHHA—YTIICPOIHAS
wienka): @ — Si02—CNy, 6 — Si0,—CN,:Eu,
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[Tocne maTemaTudeckoit 00pabOTKH COOTBETCTBYIOMNX HU(POBLIX (hoTorpadmii
NoJy4yeHa cepusi 3aBucuMocteil oTHomenus /1y (roe Iy u I — UHTEHCUBHOCTD 30H-
JMPYIOMIETO JTyda UCXOTHAS M OTPaKEHHAs! COOTBETCTBEHHO) OT JJTMHEI BOJIHBL. Bee
3aBUCHMOCTH OBbUIH MOJTy4YeHbI B TUana3zoHe JIuH BoyiH 450—-650 nm. 13 MHOXeCT-
Ba NMPOAHATM3UPOBAHHBIX JTAHHBIX HA PHUC. 2 TIPUBEICHBI 3 Taphl 3aBUCHMOCTEHH.
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Puc. 2. DkcriepuMeHTANBHBIC 3aBUCUMOCTH OTPaXaTeIbHOW CIIOCOOHOCTH MOBEPXHOCTH
o6pasnos Si0,—CN,, (@) u SiOy—CN,:Euy, (6) OT 1/MHBI BOJHBI 17151 BHIOPAHHOTO y4acTKa
¢ ycrmoBHbIMU kKoopawHatamu 76—02 (I), 78-02 (II), 80-02 (III). Pazmep otpaxarormeit
noBepxHocTH 10 x 10 um
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Jlnst Bceil cepuM SKCIIEPUMEHTABHBIX 3aBUCUMOCTEN OOLIMMU SBIISIFOTCS €7TH-
Hasl TTO/IJI0KKA M YCIIOBHSI HAITBIJICHHUS, & Pa3IMYHBIMHU — PACIIOJIOKEHUE YIaCTKa C
YCJIOBHBIMH KOOpPAWHATAMU OTHOCHTEIILHO 3JIEMEHTOB HAIBUIMTEILHOW YCTaHOBKH
¥ OOHapy>KeHHas HEOAHOPOAHOCTH crnoeB 00pasnoB Si0,—CN, u Si0,—CN,:Eu,
10 TUIOIA/IN U TITyOuHE.

CnexTpopoToOMETpUYECKHI METO/ MO3BOJSIET ONPENETUTh TOJILMHY M ONTHU-
YEeCKHE TOCTOSHHBIE TUICHKH 110 SKCIIEPUMEHTAIBHO W3MEPEHHBIM CIIEKTPAIHLHBIM
ko3pduuuentam otpaxeHus p(A) wim npomyckaHus T(A) CHUCTEMbI IUIEH-
Ka—TIOJUJI0KKa. B citydae nmpo3padHoi INIEHKW Ha MPO3pavyHON MOMJIOKKE ITOCIE/-
HIOIO M3TOTABJIMBAIOT MM KIIMHOBUIHOM C yrioM 0 = 3—5°, win 3aMaTHUpOBaHHOM,
YTO MO3BOJISIET UCKITIOUUTH BIHMsIHAE Hepaboueil moBepxHocTu. dopmyna s Ko-
>puIneHTa OTPaKEHHUS CHCTEMbI IIEHKa—TIOBEPXHOCTh IOAJI0XKH HpPU HOP-
MaJIbHOM 30HIMPOBAHUH, TIOJTYYCHHAS! C YYETOM MHOTOIYYEBOH MHTEp(hEpEHINH
B IUICHKE, IMEET CIICTYFOIIII BUI:

2 2 4z
Ho + 3 + 21"121"23 COS ()\' I’lzdzj

p(r)= , (1)

2.2 4n
1+ N3 + 27'127'23 COS (7\‘ nzdz)
rae rip, 13 — aMIUIMTYJHBIC KOSq)(i)I/IHI/IeHTLI OTpaXXCHU T'paHUL pa3acia BO3-

IyX—TUIGHKa W TUIeHKa—TouIoxkKa. ['paduku, coorBeTcTBytommue (opmyne (1)
IpH 11 > 13 U 1y < n3, IPUBEACHBI HA PUC. 3.

Puc. 3. TeopeTuueckasi 3aBUCUMOCTD CIIEK-

| |
1 1
| |
| |
1 1
| |
| |
| |
Psub V4 : | : TpabHOTO KO3 QUIMEHTa OTpaKESHUS TPU
I ; I ; HOPMAJIBHOM TMAaJCHUU 30HIUPYIONIETO
1 I
! | ! | 1) <13 jyua
H I H I
] ! 1 !
\ 1 \ 1
Pmin --——:- —————— - - A
! | ! |
L ! L ! >
A’m 7\’m +1 7\’

W3mepsist 1IuHBI BOJIH A, U Ay41, COOTBETCTBYIOIINE IBYM 3KCTpeMyMam P(A),
U 3HAYCHHE SKCTPEMYyMa P,;, MOKHO OMPEACIUTh MapaMeTphl MPO3PAYHOTO CIOS
0 CIEAYIOUUM GopMyiam:

y = Xm}"m-t-l
4”2 ()"m-t-l - ;‘m )

TIC P = Pmin IPU 12 < 135 Py = Pmax IPU 12 > N3.

) (2)
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B cnekrpodoTomMeTpuueckux U3MEPEHUAX ONTUYECKAs TOJIIUHA CIOEB JOJDK-
Ha OBITh HE MeHee A /4, Tie A| — JJIMHA BOJIHBI IEPBOTO IKCTPEMYyMaA.

Takass MOJeIbHAs 3aBUCHMOCTh CIIEKTPAJIBHOTO KO3 UIIMEHTa OTpaKCHUS
JIOJDKHA BBITIOJHATHCS JIJIsT KaXKJI0TO 3JIeMeHTa udpoBoit ¢poTtorpaduu, KOTOPHI
HeceT MHPOPMALUIO 00 ONTHYECKUX MapaMeTpax (GU3NIecKH Majoi TOBEPXHOCTH
oOpa3sia.

B neficTBUTENBHOCTH 3TOTO MOMKET W HE OBITh BCIICJCTBHE HEOIHOPOIHOCTH
wieHku. [locrmennee 0OCTOSATENHCTBO AET BO3MOXKHOCTH CYAHTH O BEJIWYHHE U
XapakTepe HEOJHOPOAHOCTH IO CIEKTPO(HOTOMETPUIESCKUM KPUBBIM KOIPPHIIH-
€HTOB OTPAXKEHHs. DKCIIEPUMEHTAIbHbIE 3aBUCIMOCTH, NIPUBEJICHHbIE HA PHUC. 2,
MOKa3bIBAIOT 3HAYUTEIILHBIC OTKIOHEHUS OT MOJCIBHBIX, MPEICTABICHHBIX Ha
puc. 3. PacxoxaeHusi Takoro xapakTepa SBISIOTCS CIIEACTBUEM HEOIHOPOIHO-
CTEH OMTHYECKUX MapaMeTpoB A, k, d.

2.2. Bprocmepoesckoe ompasicenue

Jlis BBIACHEHMsI BIMSHMS HaNbUINTEIBHOW YCTAaHOBKHM HAa MOBEPXHOCTH IMOJ-
J0KKH U3 KBapia Mapku KY-1 nmonydeHa 3aBUCUMOCTh MHTEHCUBHOCTH OTPakKeH-
HOT'0 CB€Ta OT YIVIa MaJeHUs 30HAMpYomero igyya (kpuBas bprocrepa). [lnuna
BOJIHBI 30HAMPYIOLIETO Jiydya A BBIOpaHa MO pe3yibTaTaM CIEKTPO()OTOMETPUH
HOPMAJIBHOTO OTpakeHus U coctaBuna 530 nm (puc. 4).
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5 E 421
s 397 >
S 'c% 38
~ 30t -
~ 34 X xX X% ¢
25 30
545 550 555 560 565 58 59 60 61 62 63 64
@, deg ¢, deg
a o
100
Puc. 4. DxcriepuMeHTaNbHas 3aBUCHMOCTb
» 80 HHTEHCUBHOCTH OTPAXXEHHOTO CBETa OT
B yIila MajeHusi 30HIUPYIONIEro Jjyda Uit
; 60 KBapleBoi nouioxkku SiOy (a) U mns 00-
S pasios SiO,—CN, (6) u SiO,—CN,:Eu,, (s).
~'40 Sonaupytomuit ayd (A = 530 nm) nonspu-
30BaH B IUIOCKOCTH TaJCHHS, pa3Mep OT-
205 1 s S8 60 2 o paskaromeii mopepxnoctu 10 x 10 um
©, deg
8
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VYron Haumensbinelt nuaTeHcUBHOCTH (yron bproctepa) ¢ = 55.61°. [loka3aTens
MPENOMIICHUS, BEIUMCICHHBIN KaK TaHTE€HC ATOro yria, coctaBui 1.461, uro co-
rJ1acyeTcs ¢ IUCIePCUOHHON KPUBOM KBapIia.

Jis momy4eHus: 3aBUCHMOCTE MHTEHCHUBHOCTH OTPaKEHHOTO CBETa OT YIJia
nasieHus 30HIUpyIoero jtyda / = f(¢) aHaau3upyeMble TOUKH MaJieHUsl BEIOpaHbI
BOJIM3M yKa3aHHBIX paHee.

VYron majeHus 30HAUPYIOUIETO Jyda U3MEPSUIM FOHUOMETPOM, HWMEIOUIUM
npenen IONMyCKAaeMO# IMOTPEemHOCTH MPU H3MEPEHHH YIiia OJHUM MPHUEMOM
+2.4241-10"° rad NpU IICHE JIeJICHUS HOHHUYyca +4.8481-10° rad. OTpaKeHHBIN
curHain nerekruposaincss CMOS-matpurieit [9].

Js o6pasua Si0—CNy ¢ = 61.65° (puc. 4,0), a s obpasua SiOr—CNy:Euy, ¢ =
=61.29° (puc. 4,8).

HOJIy‘-IeHHBIe YUCJICHHBIC PC3YJIbTATHI CBCACHLI B TaGJII/II_Iy.

TaoOnuma
MuHUMYM UHTCHCUB-
O6pazen VYron bprocrepa o, deg tge HocT, rel. units

IToBepXHOCTD MOTOKKHU 5557 1.459 )
110 HanbUIeHwHs [§]

[ToBepXHOCTH MOIOKKU 5561 1461 29
MOCIIe HATBUICHUS

Oopaszerr Si0,—CN, 61.65 - 35
O6paser SiO,—CN,:Eu,, 61.29 - 39

MuHnManpHOE OTKIIOHEHUE 0T Gopmyn DpeHens moka3pBaeT OPIOCTEPOBCKAs
KpHBasi, MOJyYCHHAs JJIsl TIOJIOKKHU J0 HAMbUICHUs. DTO MOATBEPKIAET Ka4eCTBO
00paboTKH ee MOBEPXHOCTH.

Kak yka3bIBajoch BbIlIE, HAMH HAaMEPEHHO 3aKPBIBAJIMCH 3KPAaHOM Y4YaCTKU
oOpasuos. s stux y4actkos (6e3 cinoeB CN, u CN,:Eu,) 3akon bprocrepa Ha-
pyiueH B 6omblieil mepe. [locie HanblIeHUsT HaOII01aeTCsl YBEITUUEHUE MUHUMY -
Ma oTpaxxeHus oT 2 10 29 rel. units. DTo moka3pIBaeT, YTO MOJUIOKKA 3HAUUTEb-
HEee, YeM OKHIAJIOCh, JAeTNospu3yeT 3oHaupytommii ayd. [Ipu stom yron Bpro-
cTepa MEHseTCs MaJio (T.€. B OKCIIEpUMEHTE IKPaH HaJIEKHO 3aKPBIBAJ MOMJIOKKY
ot HanbuIsseMbIX MaTepuanoB CNy u CNy:Eu,).

O6pasupt Si0,—CN, 1 Si0,—CN,:Eu,, eme B 0ONbIIEN CTENEHN JENONAPU3YIOT
3oHaupyromui ayd. [Ipu sTom yron Bproctepa Takke MEHSIETCS 3HAYUTEIIBHO.
3TOT (paKT M HECOOTBETCTBHE MOJAEIHHBIM MPEICTABICHUSIM 3aBUCHMOCTEH OTpa-
KaTeIbHON CIIOCOOHOCTH OT JUTMHBI BOJHBI (CM. puc. 2 U 3) yKa3bIBalOT Ha MOsB-
JieHue noraoueHus 1 nuddy3Hoi coCTaBISIONICH OTPaKESHHS.

BriBoabI

1. Anmasonono6ubie yriepoanbie mieHkd CN, u CN,:Eu, Ha nosepxnoctu
kBapra Mapku KY-1 ¢opmupyrorcs He kak uHTep(dEpeHIIMOHHBIC clion. Bu
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CHEKTPO(POTOMETPUUECKUX 3aBHCUMOCTEH HOPMAJIBHOTO OTPAXKEHHS YKa3bIBAaeT
Ha MEXaHU3M OTPaKE€HUs OT HEOJTHOPOJHBIX TOBEPXHOCTEH.

2. KpuBasi HOpMaJIbHOTO OTPAKECHUS SIBIISICTCSI CTPYKTYPHPOBAHHOM M HE TIO/I-
YUHSAETCS TEOPUU MHTEp(EpPEHLIUH B OJHOPOJIHBIX CIOSIX, T.€. CIOM HEOAHOPOJ-
HBL. DTO YKa3bIBaeT Ha HEOOXOIUMOCTh IOTIOJHUTEIFHBIX HCCIIEOBAHUH 110 OII-
TUMM3ALMN yCIOBUN HANBUICHUS.

3. JlerupoBanue eBponmMeM MPUBOAUT K YBEIWYCHUIO 3HAYEHUH MUHUMYMOB
OprocTepoBCKUX KpUBBIX OT 35 rel. units g o6pazna SiO,—CN, 1o 39 rel. units
ms obpasua SiO,—CN,:Eu,, a Tarke K yMEHbIIEHUIO 3Ha49eHUs yria bprocrepa
COOTBETCTBEHHO OT 61.65 1o 61.29°. D10 yka3pIBaeT Ha TO, YTO JIETUPOBAHUE €B-
porMeM MPHUBOAMT K emie OoJblieid HEOAHOPOIHOCTH CTPYKTYPBI YTIJIEPOIHBIX
IUIEHOK 10 CPAaBHEHHUIO C HEJIETUPOBAaHHBIMH.
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E.I. Shemchenko, V.V. Sviridov, N.A. Radkevich

SPECTROPHOTOMETRY OF NORMAL REFLECTION
AND BREWSTER REFLECTION FROM DIAMOND-LIKE FILMS
OF THE CNy AND CNy:Euy CARBON NITRIDE

The problems associated with the search for optimization methods for optical proper-
ties of lanthanide compounds in various matrices are related to a fundamental problem of
material science that is creation of new materials. Despite a large number of proposed
solutions, the problems have not yet been solved.

Being naturally associated with a variety of allotropic forms of carbon, properties of
diamond-like carbon films allow the use as a promising template for penetration of lan-
thanide compounds. Thus, optical properties of diamond-like carbon films are closely
related to their structure and topology of the surface.

The present work is aimed at comparative studies by normal reflection spectropho-
tometry DLC of the diamond-like carbon films grown in nitrogen atmosphere and the
films doped by europium oxide.
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Diamond-like films of CN, and CN,:Eu,, combined on the area, were obtained with
the use of the vacuum system VUP-5M by ion plasma planar DC magnetron co-
sputtering of carbon-metal oxide target in nitrogen atmosphere.

The substrate was the quartz plate KU-1 treated no worse than 14th grade of surface
finish and no more than two interference rings in undulation. In part, one of the sides of
the plates was delustered with non-optimized surface roughness, but so that the radiation
pattern of the scattered light reflected on the basis of 50 cm of optical installation did not
illuminate the sample.

For the detection of the reflected signal, in the course of spectrophotometric measure-
ments of normal incidence of the probe beam, when scanning surfaces of the quartz SiO,—

CN, and SiOp—CN,:Eu,, systems, CMOS sensor was applied. The series of digital photos
allow pixelation that increases the resolution of the device. The resolving power provided a
pixel of the digital photography to carry information about the surface of 10 x 10 pum in size.
The scan step on the surface was of 2 mm and the scan step of the wavelength was of 5 nm.

After mathematical treatment of the corresponding digital photographs, a series of
wavelength dependences of I/10 ratio was obtained, where 10 and I are the initial and re-
flected intensities of the probe beam, respectively. All dependences were calculated
within the wavelength range of 450—-650 nm.

To ascertain the effect of the sputtering plant on the substrate surface, the dependence
of intensity of reflected light on the probe beam angle of incidence (Brewster curve) was
established.

According to the results of measurements, it was found that the diamond-like carbon
CN, and CN,:Eu,, films on the surface of quartz KU-1 are not formed as interference lay-
ers. Spectrophotometric dependences of normal reflection are indicative of the mecha-
nism of reflection from heterogeneous surfaces. The curve of the normal reflection is
structured, being not subjected to the theory of interference in homogeneous layers.
Europium doping increases the values of Brewster minimums of the curves from 35 rela-
tive units in the SiO,~CN, system up to 39 relative units in the SiO,~CN,:Eu,, system and
also reduces the value of the Brewster angle from 61.65 to 61.29°, respectively.

Keywords: europium, Brewster angle, luminescence, carbon film

Fig. 1. Appearance of the substrate—film samples (quartz plate—carbon film): a — SiO,—CN,,
6 — Si0,—CN,:Eu,

Fig. 2. Experimental wavelength dependences of reflection factor of the SiO)—CNy (@)
and SiO»—CN,:Eu, (6) samples at the selected region with false coordinates 76-02 (I),
78-02 (IT), 80-02 (III). The reflecting surface is 10 x 10 um in size

Fig. 3. Theoretical wavelength dependence of spectral reflectance at normal incidence of
the probe beam

Fig. 4. Experimental dependence of the intensity of reflected light vs the angle of inci-
dence of the probe beam for the SiO; substrate (a), SiO2-CN, (6) and SiO,-CN,:Eu,, (6).
The probe beam (A = 530 nm) is polarized in the incidence plane, the reflecting surface is
10 x 10 pm in size
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