88

TEXHOJIOINIYHI

NPOLUECMHU

YAK 621.326.7

KOHTPOJ1b TOBLLUMHN TOHKUX MJ1IBOK
ENINCOMETPUYHUM METOAOM

© A. B. IOwiko, M. A. 3eHKiH, A.T.H., npodecop,
KuviBCcbkunii HauioHaNbHUM yHiBEepcUuTeT
TexHosorin Ta gusamnny, Kvie, YkpaiHa

MpoeeaeHo onucaHue paboTbl 1a3€PHOro 3JIIUNCOMETPU-
Yyeckoro mukpockona JI9M-3 ans KOHTPONA TONWMHbI TOHKUX
nneHok. Moka3aHo, 4TO anAUNcoMeTpuYeckne MeToabl KOHTPO-
JIS NO3BOJINNOT U3MEPSATb TOJILLNHbI U KO3DPULMEHTLI NPEsIoM-
JIEHNH TOHKUX NMPOo3paYvYHbIX AUI3NNIEKTPU4YeCcKux njieHok B gnana-
30He ToNwwmH ot 0,3 Hm go 1500 Hm (0,0003-1,5 Mkm)

C NOrpeLwHocTbIo uamepeHusa 0,3 HMm.

A description of the laser ellipsometrical microscope LEM-3
for control the thickness of thin films was pursued. It is rotined
that the elipsometrical methods of control allow to measure
thickness and coefficients of refraction of transparent dielectric
thin-films in the range of thickness from 0,3 nm to 1500 nm
(0,0003-1,5 mkm) with the error of measuring 0,3 nm.

B oCTaHHi poKn KOHTPOJIb TOB-
WWHN MeToaaMn enincoMeTpii
LLIMPOKO 3aCTOCOBYBABCH B TEXHIL
TOHKMX MNIBOK, MNMiBKOBUX Haris-
NPOBIOHMKOBUX CXEM, JAienekT-
PUYHUX, HaniBNPOBIAHNKOBUX i
MeTaneBnX NOKPUTTIB.

Lle nosCHIOETBCA TUM, WO
enincomMeTpia Mae iCTOTHI nepesa-
rm nepeg iHWwMMn Metogamu, oc-
KiNbKWU NS OOCAIAXKEHHS TOHKUX
NAiBOK i FPaHNYHMX LLAPIB Len no-
NApN3auinHO-oONTUYHUIA METOA, HE
BMMarae cnewjasbHoi NigroToBKy
MOBEPXHi, A0O3BONSIE BECTU CMOC-
TEePEXEHHS NMpn PisHMX PiIBUYHUX
yMoBax (Temnepartypa, Tuck). Me-
TOQ4, enincoMeTpii 3aCHOBaHWIN Ha
BMBYEHHI 3MiHW CTaHy nonspuvsa-
Lii cBiTNa 4epes Noro B3aeEMogito 3
noeepxHeto. CBiTNo sBnse coboto
XBW/IbOBUIA MNPOLEC, WO 3MIHIOETb-
Cs B Yaci Ta BBaEMO3aJIeXHIi enek-
TPUYHI 1 MarHiTHi nonsg. Enekrpo-

MarHiTHe none xapakTepu3yeTbCcd
[BOMa B32aEMO3aANIEXHUMMN BEKTO-
pamMy — BEKTOPOM Harnpy>XeHoCTi
eN1eKTPNYHOro rnons i BEKTOPOM
Hanpy>XeHOoCTi MarHiTHOro rnons,
AKi nepneHanKynspHi ogvH ogHoO-
My 1 OO0 HanpsMKy MNOLIMPEHHS
cBitTna. Pi3Hi siBULWWA, WO BUHMKA-
I0Tb Nig, Ai€elo CBiTha, Hanpuknag,
HOTOENEKTPUYHI, XiMi4Hi, BU3HA-
4YalTbCS HaMNPYXEHICTIO enek-
TPUYHOro nong. Tomy BUMipIOBaH-
HA BeKTOpa HanpyXeHOCTi efnek-
TPUYHOIO NOJAA, KUK YacTO Ha3u-
BalOTb CBITIOBUM BEKTOPOM, NpPe-
CTaBMAOTb HAMOINbLUMA NPaKTUY-
Hui iHTepec [1].

CBiTNno nNpeacTaBnsie XBUIbO-
BUI NPOLLEC | CKNafaeTbes 3 none-
PEeYHNX XBWUJib, WO POONATb KONN-
BaHHS MepneHauKynspHO A0 Ha-
MPSAMKY MOLLUNPEHHS XBUJTi, MPUYO-
MY KOXHe 3 KOSIMBaHb Ma€ CBOIO
BfIACHY MAOLMHY. AKLWO NpeacTaB-
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NEeHi BCi NAOWMHU KOJNIMBAHb, TO
CBIT/I0 B TaKOMY BMNaaKy He noJsis-
pun3oBaHe.

MonapmnsosaHe CBITNO BiApi3-
HAETLCH Big, NPUPOLHOro NEBHUM
ynopsigkoeaHum ctaHoMm. dopma
KPWBOIi, 9Ky OMUCYE KiHeub Npo-
€KLiji CBITIOBOro BEKTopa Ha nio-
LMHI, NepneHanKynapHin 0o Ha-
NPSMKIB MOLWMWPEHHSA, BM3Ha4ae
TUN nongpu3aadii.

CtaH eninTMyHOI nonsipmaadii
BM3HAYaETbCA €NinCoOMeTPUYHN-
MU napameTpamMu: KyTOM NoBOpO-
TY Y MoWwWmMHKU nongpusauii 1a
BiHOCHOIO Pi3HULEIO 3CYBY ¢da3 A
Mi>XK KOMIMOHEHTaMm p- i S-Nonspu-
3auin.

E" BET_R

E B R

tgy=

B

S

ne EJ® i EX® — HopmaribHa Ta

napanefnibHa ckJagoBi BekTopa
€NeKTPUYHOro nong BifdbuToro

NpPOMeHs; Ega” i E;** — Hopmarib-

Ha Ta napanenbHa CkIagoBi BEK-
TOopa enekTPUYHOro noss nagato-
yoro npomeHsi; R, 1 Rg — Ko-
ediuieHTn BIOOUTTA; A pO3paxo-
BYETbCS §K BiAHOCHA Pi3HMUS 3CY-
BY da3 MixX p i S KOMMNOHEHTaAMMU:

A= 8050 = 565,

KoediuieHTn Binoutrs R, i Rg
MalTb KOMMIEKCHUIA XapakTep.
BigHOWEHHA KOMMAEKCHUX KO-
ediuieHTiB BinOUTTA (p) BM3HA-
YaeTbCHA HACTYMHUM PIBHAHHSM:
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JaHe piBHAHHSA Ha3MBaAETbLCS
byHOAMEHTaNbHUM  PIBHAHHAM
enincomeTpii.

BenuumHa p ona BMnagKy TOH-
KOi MPO30pO0i AieNeKTPUYHOI NnniB-
K1 € pyHKLUiED 6araTboX 3MiHHUX:

p = p(na ky n‘]a d']! 7\'1 (po)a

0e N — MoKasHWK 3aNoMIEHHSA
HaniBNPOBIOHMKOBOIro mMarepiany;
K — XBWUNLOBUI BEKTOP; Ny — MNO-
Ka3HMK 3a/I0MJIEHHA MNiBkK; dq —
TOBLUMHA NNiBKM; A — OOBXWHA
XBUIi; @ — KYT NafiHHA CBITIIOBOI
XBUIII.

Ockinbku cTaH nonapuaadii
CBiTNa XapakTepusyeTbCs TislbKn
ABOMa napameTpamMu y i A, TO 3
BMMIpPIOBaHb MOXHa BU3HAYUTU
TakoX ABa nmapamMeTpu, 3agaloyuun
3Ha4YeHH$s BCiX iHWKMX. Tak, ang 4m-
CTOi MOBEPXHi HaniBNpoBigHWKa
(dg = 0) MO>XHa BU3HAYNTW OMTUHHI
KOHCTaHTW Oas OaHOi OOBXWHMU
XBWAI A NpY 3a4aHOMY KyTi ¢q. [Ans
HaniBnNpoBigHVKa, NOKPUTOro aie-
NIEKTPUYHOIO MNIBKOK, NpW Bigo-
MUX 3HAYEHHAX OMNTUYHUX KOH-
CTaHT nigknagkn n i k npu 3agaHux
A i @g MOXHa BU3HA4MTV MapameTp
nniBkn dq i ny.

3a ponomoroto EOM 6ynu nig-
paxoBaHi KOHKPETHi 3aneXHOCTi A
i Y Bif, TOBLLUMHWM M NOKasHWKa 3a-
NIOMAIEHHA AOieNeKTPUYHOI NNiBKW,
HaHEeCEHOI Ha MOBEPXHIO KPEMHILO,
repmMaHito 1 iHwmnx HaniBNpoBigHN-
KiB.

PospaxyHku Oynu npoBepfeHi
Ona KyTiB nagiHHea ¢g — 45° 11 70°%;
A = 0,6328 mMkm gnsa pisHMX 3Ha-
4yeHb n4 (Big, 1,10 go 3,00) i pisHmx
3Ha4yeHb ToBLUMHW niBku (0-0,3
MKM).

[MpakTn4Hi BUMIPIOBAHHA TOB-
LUMHW OieNeKTPUYHMX NAiBOK enin-
COMETPUYHUM METOOOM BUKOHY-
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I0Tb Ha NasepHUx enincoMeTpuy-
HMX Mikpockonax [1]. Ha puc. Ha-
BeAeHa MNpuHUMNOBa ONTUYHA
CxemMa nasepHoro efnincomMeTpud-
Horo mikpockona JI9M-3.
JocnigxyBaHa noBepxHS Ha-
niBNPOBIAHVUKOBOT nAacTuHn 4
BUCBIT/IIOETLCS NiHIMHO NONSPU30-
BaAHUM MYy4KOM MOHOXPOMATUYHO-
ro cBiTna Bifg ra3oBoro nasepa 1.
Mongapuaauia nyyka ceitna nase-
pa, ske nNpoxoauTb Yepe3 06’ek-
TNBW 2, 30iNCHIOETLCS 32 AONOMO-
rolo crneujianbHOK NPM3MM-NoNs-
pusaTtopa 3. Bindbutuin NpomiHb
CBiTN1a Bifi, MOBEPXHI, AKa JOCNIAXKY-
ETbCS, NPOXOAMTL Yeped 06’ EKTUB
5 i npnamy-ananisatop 6 i jae Ha
ekpaHi mikpockona 7 30inblUeHy
enincomMmeTpuyHy KapTuHy. Jonat-
KOBe 306iNblUeHHA Liei KapTuHu
Moxe OyTM OTPUMaHO, SKLLIO 3a-
MiCTb eKpaHa 7 NOMICTUTU CBITNO-
4yTAMBY Mnowaaky. Y uboMmy BuU-
nagky enincomMeTpuyHa KapTuHa
BiOTBOPIOETbCA Ha €KpaHi Tene-
Bi3opa. 3aranbHe 36iNblLUEHHS Te-
JIeBI3iIHOro 1a3epHoOro enincomMe-
Tpu4HOro Mmikpockona JIOM-3
ctaHoBuTb 400%, Wo [O3BONSE

DOCNigXyBaTN HEBENUKI OiNSHKN
MOBEPXHi 3 NiHINHUMN PO3Mipamu
B KiJlbka MiKpOMETPIB.

MiHimManbHi po3Mipy MiKPOCT-
PYKTYP, A9 AKX MOXHA BUMIPATH
TOBLUMHY MAiBKK, 3anexaTtb Takox
Bio popMU O0CHIAXYBAHOro ene-
MEHTA ¥ BigCTaHi MiXX HUMMW.

BnsHavatoum 3a nokasHmkamu
LwiKan nongpua3aropa n aHanisato-
pa napameTpu ¢ i A Ta NOPIBHIOKO-
4K iX 3 enincoMeTpu4HNMU napa-
MeTpaMu CKagoBux (NpoTpasne-
HOI) Nigknaaku, MOXHa TOYHO BU3-
Ha4YNTKU, YN € Y OTBOPAX 3aNNLLKO-
BUIN oknc. Cnig 3a3HaunTy, WO ga-
HUA MeTOod [OO3BONSE BUABUTU
MPUCYTHICTb Y OTBOPi OKWUCHOI
MNAiBKM TOBLLUMHOIO B Kinbka ge-
caTkiB aHrcTpem (~5-10-3 Mkm),
Wo iHWMMWU MeTodaMn BUSBUTU
NMPakTU4YHO HEMOXIIMBO.

KpiM po3rnsHyTOro enincomet-
PUYHOro METOAY, KU NpuU3Haye-
HUIA ONg OOCHIAXEHHA KOHTPOJIO
TOBLUMH TOHKUX MJTIBOK, Lii METOAM
TakoX MOXYTb BUKOPUCTOBYBATM-
Cs o119 BUMIPIOBAHHS ONTUYHUX
napamMeTpiB MOBEPXHEBUX MIKPOC-
TPYKTYP, @ TakoX po3noainy on-

OnTunyHa cxema Nla3epHOro enincoMeTpPUYHOro Mikpockona
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TUYHMX BNACTMBOCTEN MaTepianis
i TOBLMH TOHKOMIBKOBMX LLAPIB
MO MOBEPXHi 3paska 3 BUCOKUM
NPOCTOPOBMM Aiana3zoHoM [2].
MpucTpin ckaHy4oro Mikpoesnin-
comeTpa € ePEKTUBHUM aHaNiTU4-
HUM 3aCc000M O/19 OOCHIOXKEHHS W
KOHTPOJIIO NapaMeTpPiB NOBEPXHI B
HacTynHUXx obnacTsax: ¢isvka Ta
XiMist moBepxHi; dismka n ximia
TOHKMX NAIBOK; @i3vka HaniBnpo-
BiOHWKIB, MIKPO- i HAHO-EJIEKTPO-
Hika; kpucTtanodiavka " ONTuKa;
XiMisi OpraHidyHMUX Cnonyk N enek-
Tpoximia Ta iH. [2].

OnTnyHa 4acTuHa MNPUCTPOIO
po3pobneHa Ha OCHOBI OpUriHanb-
HOi CTaTWUYHOI CXEeMW enincoMeT-
puyHUX BUMipioBaHb. Buncoka
LWBWAKICTb BUMIpIOBaHb MOXeE 3a-
6e3neyvyBaTnUCsA 3a pPaxyHOK Bif-
CYTHOCTI obepTaHHs nonspu3sa-
LiMHMX eNeMEeHTIB Mif 4ac BUMIpIO-
BaHHA W Moaynauii curHany, a
3HIMaHHS JaHnX — 34iNCHI0BATU-
cs B 6e3nepepBHOMY PEXMMI Mpn

MOCTIMHOMY BMMIPIOBAHHI eninco-
MEeTPUYHUX NapaMeTpiB y NpoLeci
nepemiweHHs ctonuka [3].

3a gonomoroto enincomeTpuy-
HUX METOAIB KOHTPOJIK0 MOXHA Ta-
KOX A0CNigXyBaTU KIHETUKY POCTY
OKVCHMX MJIBOK MNPU Pi3HUX TEM-
neparypax, LOC/iaXyBaTu 3MiHWU
TOBLLUMHW 1 NOKa3HMKA 3a7I0OMJIEH-
HA MNNIBOK NPW Pi3HUX 30BHILLHIX
BMNJMBax.

EnincomMmeTpunyHi MeToam KOHT-
ponio A03BOASAIOTb BUMIPKOBATU
TOBWMHN N KOediliEeHTN 3anom-
JIEHHA TOHKMX MPO30puX Aienek-
TPUYHUX MNIBOK Y Aiana3oHi TOB-
wurHm Big 0,3 HM po 1500 HMm
(0,0003-1,5 Mmkm) Ha nonipoBaHmMx
MOBEPXHAX HaniBNpPoOBIAHNKOBUX
NaacTuH, 3 NOXMBKOI0 BUMIpIOBaH-
HA *0,3 HM. Taki BUMIipOBaHHS
CKaHYIO4MM MIKPOENiNCOMETPOM
[O3BOMISAIOTb BUSIBUTU HASIBHICTb
nedekTiB Ha paHHin cTagii, npose-
CTM BigOpaKkyBaHHS CTPYKTYp Ta
3anobirtm HacTynHUX A0pPOrmx
TEXHOJIONYHMX Onepauin, Wwo €
OOUINbHUM B NPOLLECi KOHTPOJIIO.
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