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NCCIEAOBAHUE HNOBEPXHOCTHU IVIEHOYHOI'O OTPAXKATEJIA
HA OCHOBE Si0,-Zr0,—P,0s-CaO JJIsI OINTUHYECKOM
CUCTEMbBbI UHTEP®EPOMETPA

B pabote paccMoTpeHa BO3MOXKHOCTh MPUMEHEHHS SKCIIEPUMEHTAIbHONH HHTEP()EPEHIIMOHHON YCTaHOBKHU C OIOp-
HBIM BOJIHOBBIM ()pPOHTOM, C(HOPMHUPOBAHHBIM IyTeM AM(DPAKIUK JA3EPHOTO MMyYKa Ha MHUKPOMETPHYECKOM OTBEp-
CTHH, JJISl KOHTPOJISI MOBEPXHOCTH. [loiydeHHe BBICOKOTOYHON M JOCTOBEPHOH MH(OPMAIMH O F€OMETPUYECKUX
napaMmeTpax IOBEpXHOCTH OOBEKTOB BCETa ABJISUIOCH BaXKHOH 3a1aueii METpOJIOTHH, TOITOMY AaHHAs padoTa aKTy-
aJlbHa U TepCIeKTHBHA. B pabore ompeneneHa meib M MMOCTaBIeHa 3afava HccienoBaHus. [IpuBeneHpl BHEIIHMI
BUJI U ONITHYECKasi CXeMa, a TakKe omnrcaHa pabora cxemsl. [Tomydyensr pasmax (peak-to-valley, R) u cpeanexBaapa-
Tryeckoe oTkiioHeHrne (RMS, ¢) B MEKpoMeTpax MOBEPXHOCTH, a TAK)XKE pacipeesieHrne KodPPUIIneHTa OTpaKeHHS

B IBYX HAIIPABJICHUSX IO X U I10 ).

Kniouesvie cnosa: natepdepeHInOHHas yCTaHOBKa, pacnpeeieHne Koo duirenTa oTpaxeHus, pa3mMax, TOYHOCTh
W3MEpEHUH, CPpeTHEKBAIPATHUECKOE OTKJIOHEHHUE, TNICHOYHBII 0TpaXaTellb

EDN: QDSTDM

BBEJIEHUE

Hayunsle uccienoBaHus HYXKAAlOTCS B BBICOKO-
TOYHBIX, MH(QOPMATUBHBIX WU JOCTOBEPHBIX H3MeEpe-
HUSIX, POJIb KOTOPBIX C KaXIBIM JHEM CTPEMHTEIILHO
pacTer, OCYIIECTBIISIFOTCSI COBPEMEHHBIMH HHTEp-
(hepeHIIMOHHBIME TIPUOOpaMu U KoMIuiekcamu [1, 2].
Jns pemenns psoa CIOXKHBIX 3a4ad W3MEPEHHA:
KOHTPOIIb ONTHYECKUX IMOBEPXHOCTEH MPENN3NOHHON
ONTHKHM, MHUKPOKAHAIOB AaHAJUTHYECKUX UHIIOB;
WCCIIeJIOBaHNE TIOBEPXHOCTEH, MOJYYEHHBIX BO3IYIII-
HO-KamleJIbHBIM CII0cOOOM, U T.I. — 3TH METOJBI
W CPEJICTBAa €IWHCTBEHHO BO3MOXHHI [3, 4]. Mccnemys
HanpaBJieHUs HCCICI0BaHUI HHTEP(EPECHINOHHBIX
MprOOPOB M KOMITJIEKCOB, MOXXHO C YBEPEHHOCTHIO
KOHCTaTUPOBaTh, 4YTO 00JacTb WX MPUMEHEHUS
3HAYUTENBFHO paclIMpHiiach B CBSI3U C pa3pabOTKaMH
HOBBIX HCTOYHHUKOB cCBeTa (TIOIYIPOBOJIHHUKOBBIX
IUOAOB, paboTaloOUIMX Ha pasHbIX [UIMHAX BOJH
W WUMEIOIMX pa3Hble MOIIHOCTH), COBPEMEHHBIX
ONTHUYECKUX D3JIEMEHTOB (MHUKpPOOOBEKTHBOB ZnSe,
kBaprmeBoro  crekma KV,  kpucramoB  LiF,
OTpaXkaTeNbHBIX 3JIEMEHTOB Ha ocHoBe Si0,—H,O-
7Z10,, Si0,—Zr0y—P,05—Ca0, creTojenuTenei u 1.1.),
nmporpaMMHOro ooecrieueHus [5].

C pa3BUTHEM 3JIEKTPOHUKH U MHUKPOIJIEKTPOHHUKH,
a TakKe KOMIBIOTEPHBIX TEXHOJIOTUH uHTepde-
PEHLMOHHBIC M3MEPEHHUS BBIILIM Ha 0oJiee BBICOKHI
ypoBeHb. lloBbICHIIaCh HyBCTBHUTENBHOCTH H3MeEpe-
HUH, YBETMYWICS [IWana3oH H3MEPEHUH BEIUYMH,
U3MepeHHs CcTaau Oosiee MHPOPMATUBHBIMH, JIOCTO-
BEPHBIMU U HAACKHBIMU [6, 7]. AHaIU3Upysl Hay4YHO-
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TEXHUYECKYIO JINTEPaTypy, UCCIEI0BATEIN OTMEYAIOT
TOT (aKT, YTO OTEUYECTBEHHBIC AaBTOMATH3HPOBAHHEIC
UHTEPPEPOMETPHUECKIE KOMIUIEKCHI U IHM(POBBIC
HHTEPPEPOMETPB  NMPAKTHYCCKA HCKIIOUMINA  TIPH-
YHMHBI, CHIDKAIOIIME KOHTPACT M HCKaKeHHs (POpMbI
uHTepdepeHunonHbIx nonoc  [8, 9]. Hecmorps
Ha OIpEJeNCHHbIE YCIEXH 3TUX NPHUOOPOB U KOMII-
JIEKCOB,  OCTaeTCsl  pacCMOTpEHHE  WH)KEHEPHBIX
BOIPOCOB WX TEOPUH, TaKUX Kak OOOCHOBaHHE
TpeOOBaHMH K ONTHYECKHUM M MEXaHHYECKUM OJIOKam
HHTEPPEPOMETPOB PAIUIHOTO HA3HAYCHUS, K TOYHO-
CTH YCTaHOBKH 3TUX OJIOKOB B 3aJlaHHbIC IIOJIOXKEHHUS,
IOCTUPOBKH ~ ONTHYECKHX CHCTEM H, KOHEYHO,
BBISIBJICHHE, NPOTHO3UPOBAHUE HCTOYHHUKOB ITOTPELI-
HocTtel m3mepenwus [10, 11].

B HayuHpIX pa0oTax 3a MOCIEIHHE IISATh JIET
Mo WHTEep(EepeHLUN CBETa W €€ IMPUMEHEHHUIO NpH-
BoauTcss wH(pOpManus O MHUPPOBEIX uHTEphepo-
MeTpax (BHEUIHMH BHU) M TOJYyYEHHBIX pe3ysbTarax,
HO HE OCBEIIAIOTCS B IIOJIHOW Mepe YMOMSHYTHIC
BBIIIIE BONPOCHI M COOTBETCTBEHHO HET JOCTaTOYHO
MOJHBIX OTBETOB. He mNpuUBOIATCS yNOMHHAHHS
0 MarepHalse M TEXHHYECKUX XapaKTEpPUCTHKax
HUCTOYHUKOB O€I0oro CBeTa, MOIYHPOBOAHUKOBBIX
CBETOAMOaX, pabOTAIOMINX HA Pa3HBIX JJIMHAX BOJH,
WHOTZIa JaKe€ HE MPHUBOAATCS ONTHYECKUE CXEMBI
npubopoB, a 00 OTpakaTeNbHBIX  DJIEMEHTaX
ONITHYECKUX CXeM MH(pOpMaIys MaJouHPOpMaTUBHAS
WU €€ BOOOIIE HeT.

Taxke HHMYEro HE TOBOPUTCS O BO3MOXKHOCTSIX
UHTEPPEPEHLIMOHHBIX NPUOOPOB W  KOMILIEKCOB
B COYETaHWH C COBPEMEHHBIMH (OTOIH(PPOBHIMHU
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YCTPOMCTBaMH M amnmapaTHO-UU(POBBEIMU OJIOKaMHU,
HOBEHIIMM TPOTPaMMHBIM 00ecrieueHHEM, I103BO-
JSAIONMM TPEACTaBIATh PE3yIbTAaThl 3KCIEPUMEHTA
B yIOOHOM BHJE /Ul WH)XEHEPHBIX M HAyYHBIX

pa6OTHI/IKOB, 3aHATBIX 3KcnnyaTauHe171 3TUX
npudopoB.

B nmanHO# paboTe OCBEmIEHBI BOMPOCHI MCCIIEI0-
BaHUs  MHKpopenbeda IMOBEPXHOCTH  3JEMEHTa

ONITUYECKOW CHCTEMBI HHTEP(PEPEHIIMOHHBIM METOIOM
[12, 13]. [Jns KOHTpOJs BBICOKOIOJHUPOBAHHOIO
dJIEMEHTAa 53TO0 — EIWHCTBEHHBIH BBICOKOTOUHBIM
npudop, KOTOPBIM pearupyer Ha COTbIe JONU JUIMHBI
BOJIHBI H3JTyYCHHS.

Pa3Butne mHTEp(EPEHIIMOHHOTO HHCTPYMEHTApHUs
ONpPEAETNIIO CIPOC HA ONTHYECKUE CUCTEMBI U 3Jle-
MEHTBHl HOBOTO MOKOJIeHHs. B MHTEepdepeHIIMOHHBIX
npubopax M KOMIUIEKCaxX CTajJd IPUMEHSATh HOBBIE
CXEMHBIE pEIIeHUs U MaTepHallbl, KOTOPHIE MO3BOJIH-
T yBEIUYUTHh YYBCTBUTEIBHOCTH M TOYHOCTH H3Me-
peHMI Ha MOPAJOK IO CPABHEHHIO C KIJIACCHUKOM.
Y HEKOTOpBIX NPHUOOPOB M KOMIUIEKCOB TOYHOCTH
Ha ypoBHe 1/100—1/200 A; rae A — AnMHA BOJIHBI OI-
THYECKOTO M3nydenus [14—19].

B Hacrosimiee Bpemsl HccCIeIOBaTENd OPOMHOE
BHUMAaHHUE yIEJSIOT TUPPAKIIUOHHON HHTEpPepoMeT-
pun. IlosToMy MOXET HpeAcTaBiIsATH MHTEPEC HCCIle-
JIOBaHWE TOBEPXHOCTH TMJIEHOYHOTO OTpakaTels
Ha ocHOBE Si0,—Zr0,—P,0s—CaO mys ommopHO# BETBH
uHTepdepomerpa MalikenbCcoHa KCIIEPUMEHTATBHBIM
JIa3epHBIM 0€33TaJIOHHBIM HHTEP(HEPOMETPOM C OTTIOPHBIM

BOJHOBBIM (POHTOM, COPMUPOBAHHBIM IYTEM [H-
(¢pakuuy J1a3epHOTO My4Yka HAa MHKPOMETPHUYECKOM
OTBEPCTHH.

Llens paboThl cocTosIa B MCCIENOBAHUU MOBEPX-
HOCTH OTPAKaTENbHON IUIEHKH, UCIIONb3yEMOU B 3ep-
Kaje uHTeppepoMeTpa SKCIEPUMEHTAIbHON Angpak-
[IMOHHOH NHTEP(EePEeHIINOHHON YCTaHOBKH.

ITOCTAHOBKA 3AJJAYN

[IpoBecTn m3MepeHHsA NOBEPXHOCTU IJIEHOYHOI'O
orpaxkarenst Ha ocHOBe IuieHKH Si0,~ZrO,—P,0s—
CaO, npenocTaBlIeHHOM OAHMM U3 OTEYECTBEHHBIX
MIPOM3BOANTENCH ONTHYECKUX MAaTEepHaJIOB, HCIIOJNb-
30BaHHOT'O B OTIOPHOH BeTBU HMHTepdepomerpa Maii-
KenbcoHa. lM3MepeHus mpoBecTH Ha OSKCIEPUMEH-
TaTbHON IU(PPaKIUOHHONH WHTEp(HEPEHIIMOHHON yC-
TaHOBKE.

OBBEKT 1 METOJI UCCJIEJIOBAHUI

HccnenoBanach  MOBEPXHOCTh  OTPaKATEIHHOM
wieHkn Ha ocHoBe SiO,—ZrO,—P,0s—CaO. Oobpa3sery
UMell CICIYIONIe TEeOMETPUYECKUe pa3Mephl: Jua-
MeTp 5 MM, ToamuHa 1o ocu 500 MKM.

Jist u3MepeHus MOBEPXHOCTH UCIIOJIb30BaAIACh Jia-
3epHasl dKCIEpPUMEHTaIbHAs JU(PaKIUOHHAS HHTEp-
(epeHIMOHHAs YCTaHOBKA JUISl M3MEPEHHsT TIIaIKHX TI0-
BepxHOcTel 00bekToB (puc. 1; [Ipunoxenne, puc. I1).

3 9

Puc. 1. OnTrueckas cxema 3KCIIEPUMEHTAIBHON YCTaHOBKH.

| — WCTOYHUK U3Ty4eHus; 2 — 3epKaia; 3 — pacIIUpUTENb U3ITyICHHUS;

4 — oTBepcTHE B 3epKaie; 5 — 3epKano; 6 — 00BeKT; 7 — OOBEKTHB KOJI-
nuMaropa; 8 — JuH3a; 9 — 3epkaino; /() — oOBeKTHB ¢ AuadparMoi;

11 — cBerogenurens; /2 — nuH3a; /3 — nun3a bepTtpana; /4 — okyisp;
15, 16 — nonspuzauvOHHbIE TUIACTUHBL, [ 7 — NPOEKUHUOHHAas JuH3a; 18 —
(dotokamepa; 19 — MIOCKOCTh peructparumu; 20 — IIOCKOCTh H300paXKeHUs

HAVYYHOE [NPUBOPOCTPOEHMUE, 2025, Tom 35, Ne 1
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VYcTaHOBKOH BO3MOKHO TPOBOAMTH KOHTPOJb I10-
BEPXHOCTH BOTHYTBIX, BBIYKIbIX, IJIOCKUX 3JIEMEH-
TOB BBICOKOTOYHBIX ONTHKO-JIEKTPOHHBIX CHCTEM
W KOMIUIEKCOB pa3yin4yHOro HasHauenws. MHbopma-
sl 0 MOBEPXHOCTH MCCIIeyeMOoro o0pasia u3BJeKa-
eTcs C TOMOIIBI CIIENUATBFHOrO TMPOrPaMMHOTO
obecnieyeHusl.

Ha puc. 1 npuBeneHa ontuueckas cxema ycTaHOB-
KH.

WznydyeHue KOHLEHTPUPYETCS Ha  OTBEPCTUH
B 3epkajie. CBETOBOE MATHO MMEET AMaMeTp 1 MKM.
Hanee ¢opmupyeTcss BOITHOBOH (POHT B OOBEKTHOM
riede. B pesynbpTare CiioKeHHs 3TOW BONHEI C pado-
4yell BO3HMKAeT HHTEPPEPEHIINSI B COBMELICHHBIX CBE-
TOBBIX MyYKaXx.

Texnuueckue xapakmepucmuku:

— morpemrHocTh — A/50;

— arepTypa rmoBepxHocTeit, He 6omee — 0.1;

— aniepTypa oobektuBa — 0.1;

—mpelenibl  NepeMeleHns HHTep(epeHMOHHOM
TOJIOBKH 110 3 ocsiM, MM — =+ 10;

— ¢oronpuemHusIii 010k — oTtokamepa "Canon";

— UCTOYHUK KOTepeHTHOro cBeta — Jasep JII-79-1;

— IJIMHA BOJIHBI H3ITydeHusi, MKkM — 0.63.

SKCIIEPUMEHTAJIBHBIE PE3VYIIBTATBI

Ha skcnepumeHTanbHON yCTaHOBKE ObLIa moryde-
Ha WHTepdeporpaMMa MOBEPXHOCTH TUIEHOYHOTO OT-
paxarens Ha ocHoBe Si0,—ZrO,—P,05;—Ca0, ucnonb-
3yeMOro B OTpaKalOUIMX 3epKajiaX Ui OTOPHOI BeT-
Bu uHTephepomeTpa Maiikenbcona. UnTepdepennn-
OHHasg KapTHHA, MOJy4YeHHas OT HCCIeAyeMOH IIo-
BEPXHOCTH, IIOKa3aHa Ha puc. 2. Jns Boccra-
HOBJICHUSI MHKpOpelbeda MOBEPXHOCTH HCIIOJIb30Ba-
Jach KOMIBIOTEpHas TporpamMma o0pabOTKH 3aru-
CaHHOW MHTEp(EPEeHLINH.

Jnst monmy4yeHusi KayecTBEHHOH MHTep(epeHIINOH-
HOW KapTHHBI HEOOXOIUMO MCKIIIOUUTH ITOMEXH, Ipa-
BUJIBHO OIPENIENNUTh TOJOCH U, TPUMEHSS MaTeMaTH-
YeCKUH amnmapar NoJMHOMOB llepHuKke, moiyuyuTsh
JIOCTOBEPHYIO ~KapTHHY OTKJIOHEHHS BOJHOBOIO
(poHTa MM TOBEpXHOCTH. BBISBUTH pazmax (peak-to-
valley, R) W cCpenHEKBaJpaTU4ecKOe OTKJIOHEHHE
(RMS, o) B Mukpomerpax.

Jist oTpakarolen MiIeHKU:

R =0.83545 MM, 6 = 0.10334 MxM.

OKclepUMEHTaNbHbIE PEe3yNbTaThl J0Ka3alld, 4YTO
TUIEHOYHBIN oTpakaTens Ha ocHOBE S10,—ZrO,—P,0s—
CaO — BBICOKOTO KauecTBa. 1 mpuMeHeHne 3TUX oT-
paxarenel B 3epKajlaX ONTHYECKHX CHCTEM JBYXJY-
YEBbIX, MHOT'OJIy4EBbIX HHTEPPEPOMETPHUUECKUX MPH-
0OOpOB M KOMILIEKCOB MEPCIEKTHUBHO U aKTYaJIbHO.

[TomuMo ompeneneHus: KauecTBa MOBEPXHOCTH HC-
CIIEAyeMOro MaTepuaia, B padoTe HCCleloBaHa OT-

Puc. 2. Hnrepdeporpamma Iiockoit
MOBEPXHOCTH OTPAXKATEIBHOM TUICHKH.

paxkaTenbHasi CIIOCOOHOCTH, TJI€ MCIIOJIB30BAJICS APY-
roi MakeT CIeUAIM3UPOBAHHBIX Mporpamm. OxHa U3
MpOrpamMM T03BOJISIIA U3BIIEYh WHGOPMAITHIO O KO3(-
¢uLMeHTe OTpakeHHs NMPH JABMKEHUH HCCIeTyeMon
MOBEpXHOCTH B HampasieHun OX u OY. [loBepXHOCTh
C MOMOUIbI0 MUKPOMETPHUUYECKOTO CTOJIMKA OPHUEHTH-
pOBaTM TIO OTHOUICHWIO K JIA3€PHOMY H3IYYCHHUIO
M0 HOpMalld, TpPH D3TOM U3MEpPSUIOCh PAacCTOSHUE
JI0 TIOBEPXHOCTH TPH TEepEeMEIeHUH 00bEKTa OTHOCH-
TEJIHHO 30HIUPYIOLIETO IATHA.

OO0BeKT pazMmenayics Ha pabouel TIOCKOCTH MUK-
POMETPHUYECKOTO CTOJIMKA, U JBM)KEHHE OCYIIECTBIIS-
nock ¢ maroM 50 MkM, mpousBoausocs 10 n3mMepeHui
0 Ka)KJIOMY HaITpaBIICHUIO.

Ha puc. 3 moxazaH sKCIIepUMEHT, Te pacipe/enne-
HUE KOA(PPUINEHTa OTPAKEHHUS HAXOAMIOCh Ha YPOB-
HE 99.6-99.9 %, HU NpoBajOB, HU BCIUIECKOB HE Ha-
0mo1anoch. A 3TO 03HAYaeT, YTO OTpakaTebHas IMo-
BEPXHOCTH BBEICOKOTO Ka4eCTBa.

3AKIJIFOUEHUE

[TpumeHeHne pa3HOTO NPOTrpaMMHOrO obecreue-
HUA JaJI0 BO3MOXXHOCTH BBIABUTH OCHOBHBIC Xapak-
TEPUCTUKH MOBEPXHOCTH. DKCHEPUMEHT Ba)eH, T.K.
MHOTHE 3KCIIEPUMEHTATOPBI MPEACTABISIOT OTpaXka-
TeIW Ha APYTUX XMMUYECKHX COEAMHEHUsX, Npensa-
rast ux OpaTb 32 OCHOBY.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2025, Tom 35, Ne 1
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Puc. 3. Pacnpenenenue ko3 QpuIMEHTa OTPaKEHUSL.
a — 10 KOOpJHHATE X; 6 — 0 KOOPIHHATE

I[aHHI:Iﬁ Marepuall HC XYXKE MNPCACTABJICHHBIX PaHCC. COB.

IMPUJIOXKEHUE

Puc. I1. Buennuii Bua u3MepuTenbHON YCTaHOBKU.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2025, Tom 35, Ne 1

a
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
X, MKM
0
| : ; : ; : | | | |
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
¥, MKM

Jlannas paboTa MOXKET 3aMHTEPECOBATh MPOU3BOIH-
TeJIeW ONTHKO-3IIEKTPOHHBIX MPUOOPOB M KOMILIEK-
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INVESTIGATION OF THE SURFACE OF A FILM REFLECTOR
BASED ON SiO,~ZrO,-P,0s—CaO FOR AN OPTICAL
INTERFEROMETER SYSTEM
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The paper considers the possibility of using an experimental interference installation with a reference wave-

front formed by diffraction of a laser beam focused on a micrometer hole for surface control. Obtaining high-
precision and reliable information about the geometric parameters of the surface of objects has always been an
important task of metrology, therefore this work is relevant and promising. The paper defines the purpose and
sets the task of the study. The appearance and optical scheme are given, as well as the operation of the scheme is
described. The range (peak-to-valley, R) and standard deviation (RMS, &) in micrometers of the surface, as well
as the distribution of the reflection coefficient in two directions in x and y, are obtained.
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INTRODUCTION

Scientific research requires highly accurate, infor-
mative, and reliable measurements, the role of which
is growing rapidly every day, carried out by modern
interference devices and complexes [1, 2]. To solve a
number of complex measurement problems: control of
optical surfaces of precision optics, microchannels of
analytical chips; study of surfaces obtained by air-
borne transmission, etc. — these methods and means
are the only possible ones [3, 4]. Exploring the re-
search areas of interference devices and systems, we
can confidently state that the scope of their application
has expanded significantly due to the development of
new light sources (semiconductor diodes operating at
different wavelengths and having different powers),
modern optical elements (ZnSe microlenses, KY
quartz glass, LiF crystals, reflective elements based on
Si0,-H,0-Zr0,, Si0,-Zr0,-P,05-Ca0, beam splitters,
etc.), software [5].

Due to the development of electronics and micro-
electronics, as well as computer technologies, interfe-
rence measurements have reached a higher level. The
sensitivity of measurements and the range of meas-
ured values have increased, measurements have be-
come more informative, reliable, and trustworthy [6,
7]. Analyzing scientific and technical literature, re-
searchers note the fact that domestic automated inter-
ferometric complexes and digital interferometers have
practically eliminated the causes that reduce contrast
and distort the shape of interference fringes [8, 9].
Despite certain successes of these devices and com-
plexes, there remains the consideration of engineering
issues of their theory, such as the substantiation of
requirements for optical and mechanical blocks of
interferometers for various purposes, the accuracy of
installing these blocks in specified positions, adjusting
optical systems, and, of course, identifying and pre-
dicting sources of measurement errors [10, 11].

In scientific papers on light interference and its ap-
plication over the past five years, information is pro-
vided on digital interferometers (appearance) and the
results obtained, but the above-mentioned issues are
not fully covered, and, accordingly, there are no suffi-
ciently complete answers. There is no mention of the
material and technical characteristics of white light
sources, semiconductor LEDs operating at different
wavelengths, sometimes even optical diagrams of de-
vices are not given, and there is little or no informa-
tion about the reflective elements of optical diagrams.

Also, nothing is said about the capabilities of inter-
ference devices and complexes in combination with
modern photo-digital devices and hardware-digital
units, the latest software that allows you to present the
results of the experiment in a convenient form for en-
gineering and scientific workers involved in the op-
eration of these devices.

This work covers the issues of studying the micro-
relief of the surface of an element of an optical system
using the interference method [12, 13]. For monitor-
ing a highly polished element, this is the only high-
precision device that responds to hundredths of the
radiation wavelength.

The development of interference instruments has
determined the demand for new-generation optical
systems and elements. New circuit solutions and ma-
terials have been used in interference devices and
complexes and increased the sensitivity and accuracy
of measurements by an order of magnitude compared
to the classics. Some devices and complexes have an
accuracy of 1/100-1/200 A; where A is the wavelength
of optical radiation [14-19].

Researchers are currently paying great attention to
diffraction interferometry. Therefore, it may be of in-
terest to study the surface of a film reflector based on
Si10,-Zr0,-P,05-CaO for the reference branch of a
Michelson interferometer. The study is carried out
using an experimental laser no-standard interferome-
ter with a reference wave front formed by diffraction
of a laser beam on a micrometer hole. The aim of the
work was to study the surface of the reflective film
used in the interferometer mirror using an experimen-
tal diffraction interference setup.

PROBLEM STATEMENT

To measure the surface of the film reflector based
on the Si0,-ZrO,-P,05-Ca0 film provided by one of
the domestic manufacturers of optical materials used
in the reference arm of the Michelson interferometer.
The measurements were carried out using an experi-
mental diffraction interference setup.

STUDY OBJECT AND METHOD

The surface of the Si0,-Zr0,-P,05-CaO-based ref-
lective film was examined. The sample had the fol-
lowing geometric dimensions: diameter 5 mm, thick-
ness along the axis 500 microns.

To measure the surface, a laser experimental dif-
fraction interference system was used to measure the
smooth surfaces of objects (Appendix, Fig. IT).

The installation can control the surface of concave,
convex, and flat elements of high-precision optoelec-
tronic systems and complexes for various purposes.
Information about the surface of the test sample is
extracted using special software.

Fig. 1 shows the optical layout of the unit. The rad-
iation is concentrated on the hole in the mirror. The
light spot has a diameter of 1 um. Then a wave front is
formed in the test arm. As a result of adding this wave
to the working wave, interference occurs in the com-
bined light beams.



Fig. 1. Optical scheme of the experimental installa-
tion.

1 — radiation source; 2 — mirrors; 3 — radiation
expander; 4 — hole in the mirror; 5 — mirror; 6 —
object; 7 — collimator lens; 8 — lens; 9 — mirror;
10 — lens with aperture; 11 — beam splitter; 12 —
lens; 13 — Bertrand lens; 14 — eyepiece; 15, 16 are
polarizing plates; 17 — projection lens; 18 — camera;
19 — recording plane; 20 — image plane

Specifications:

— error — A/50;

— surface aperture, not more than — 0.1;

— lens aperture — 0.1;

— limits of interference head movement along
3 axes, mm — *+ 10;

— photodetector unit — camera Canon;

— coherent light source — JII'-79-1 laser;

— radiation wavelength, pum — 0.63.

EXPERIMENTAL RESULTS

The experimental setup was used to obtain an in-
terferogram of the surface of a film reflector based on
Si0,-Z1r0,-P,05-Ca0 and used in reflective mirrors
for the reference arm of the Michelson interferometer.
The interference pattern obtained from the surface
under study is shown in Fig. 2. A computer program
for processing the recorded interference was used to
reconstruct the surface microrelief.

Fig. 2. Interferogram of a flat surface of a reflective
film

To obtain a high-quality interference pattern, it is
necessary to eliminate interference, correctly deter-
mine the fringes, and, using the mathematical appara-
tus of Zernike polynomials, obtain a reliable picture of
the deviation of the wave front or surface. Determine
the peak-to-valley (R) and root mean square (RMS, o)
in micrometers.

For reflective film:

R=0.83545 pum, 6 =0.10334 pum.

The experimental results have proven that the film
reflector based on SiO,-Zr0,-P,0s-CaO is of high
quality. The use of these reflectors in mirrors of opti-
cal systems of double-beam, multi-beam interferome-
tric devices and complexes is promising and relevant.

In addition to determining the surface quality of
the material under study, the reflectivity was investi-
gated in the work, and another package of specialized
programs was used. One of the programs enabled the
extraction of information on the reflection coefficient
when moving the surface under study in the OX and
OY directions. The surface was oriented along the
normal with respect to the laser radiation using a
micrometer table, while the distance to the surface
was measured when the object was moved relative to
the probing spot.

The object was placed on the working plane of the
micrometer table, and the movement was carried out
with a step of 50 um, 10 measurements were made in
each direction.

Fig. 3 shows an experiment where the distribution
of the reflection coefficient was at the level of 99.6—
99.9%, no dips or spikes were observed. This means
that the reflective surface is of high quality.

Fig. 3. Reflection distribution.
a — by x coordinate; 6 — by y coordinate

CONCLUSION

The use of different software made it possible to
identify the main characteristics of the surface. The
experiment is important since many experimenters
present reflectors based on other chemical compounds
and suggest taking them as a basis. The obtained ex-
perimental results of measurements of the tested sur-
face showed that this material is not worse than those
presented earlier. This work may be of interest to
manufacturers of optical-electronic devices and com-
plexes.

APPENDIX

Fig. I1. Appearance of the measuring setup




