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WCCJEJOBAHUE OINTHYECKHX IUIOCKHX MOBEPXHOCTEN
CBETOAEJIMTEJBbHBIX TINIACTUH CPEACTBOM
KOTEPEHTHOM ONTHKHU

B cratee npencraBieHa 3KCIEpUMEHTAIbHAsT YCTAHOBKA AJISI H3MEPEHHS FEOMETPUIECKUX ITapaMETPOB ONTHYECKUX
MoBepXHOCTe feraneii. [loka3zaHa akTyajJbHOCTh PabOThI, T.K. MOJYYEHHUE BHICOKOTOYHOW U TOCTOBEPHOI MHpOp-
MaIlii O TEOMETPHUUYECKUX TapaMeTpax MOBEPXHOCTEH BCErAa SIBILLIIOCH BAXKHOM 3amaueil merponoruu. B pabore
NpUBEICHA ONTHYECKasi cCXeMa MHTep(hepoMeTpa, a TakXKe JaHbl TEXHUKO-IKCIUTYAaTAMOHHbBIE XapaKTePUCTUKH IKC-
MEPUMEHTANBHOH ycTaHOBKU. OmpesienieHsl 00beKThl 1 METOJ UcciiefioBaHus. [lomyueHsl nHTepheporpaMmel C 110-
BEPXHOCTEH JTy4eBBIX JIENUTENEH pa3HbIX mpou3BoauTeneil. [Ipoanann3upoBansl n300paxeHus WHTEp(EpeHINOH-
HBIX TIOJIEH ¥ BBISIBIICHBI OCHOBHBIE ITapaMeTPhl BOMHOBBIX ()pOHTOB. ONTHYECKHE TOBEPXHOCTH KOHTPOIMPOBAIINCH
SKCHEPUMEHTAIBHOW YCTaHOBKOW ¢ TOYHOCTBIO He Xyxe 0.05 A. MccnenoBanuce oTpakaTeIbHBIE TIOKPHITHS CBETO-
JeTIUTeNel, U TOoy4eHbl 3aBUCUMOCTH KO3((GHUIMEHTa OTpaskeHHs 10 KOOpAUHATAaM X H y. CpaBHUTENIBHBIN aHATH3

BBISIBIJI ITPEAIIOYTUTENBHBIA BAPHAHT JUIsl COBPEMEHHBIX aBTOMaTH3UPOBAHHBIX HHTEP()EPOMETPOB.

Kn. cn.: neopmariust BoHOBOro GppoHTa, nHTepdeporpamma, kodhGuIueHT orpaxkenus, uarephepomerp duso,
pa3Mmax, cpeHee KBaApaTUIHOE OTKIOHEHHE, TOYHOCTh HU3MEPCHHIA

BBEJIEHUE

B mnacrosmee Bpems Ba)XHOCTb BBICOKOTOUYHBIX
U JOCTOBEPHBIX M3MEPEHHH B COBPEMEHHBIX HayKe
Y TEXHUKE C KaXIbIM romoM Bospactaer [1]. Ocoboe
MECTO B IOIYYEHMHM OTHX H3MEPEHHH 3aHUMAlOT
METO/bl ONTHYECKOro KOHTpond. s pemieHus psipa
3aJad  M3MEPEHUs 3TU  METOIAbl  EAWHCTBEHHO
BO3MOXHBI. VX OTIMYME OT KOHTAKTHBIX METOIOB,
HPEX/IE BCEro, B OTCYTCTBUM MaTepHaIbHBIX KOHTAKTOB
C HCCIEIyeMOi TTOBEPXHOCTHIO IIPEMETOB [2].

Cpenmu onTHYECKHUX METOAOB HamOoiee Iepcriek-
TUBHBIMH SIBJISIFOTCSL METOJIIbI KOI'€PEHTHOH OIITHKH,
a WMeHHO mHTepdepeHnonaple MeToas! [3]. Ha ce-
TOAHSIIHUN [IeHb HalpaBJIeHHE MCIOJIb30BAHUS HH-
Tep(epeHIIOHHBIX TPUOOPOB U CUCTEM 3HAYUTEITHHO
pacmmpmiIock Onaromaps pa3BHTHIO KOMIIBIOTEPHOM
TEXHUKU U CO3JaHMIO HOBBIX MCTOYHHMKOB CcBera (Jia-
3€pOB, CYIEPJIIOMUHECLIEHTHBIX IHOIOB, ANOJOB Oe-
JIOTO CBeTa | T.11.) [4].

OnTryeckue MpruOOPHl U CHUCTEMBI TSI KOHTPOJIS
KauyecTBa IMOBEPXHOCTEH pa3IMYHOM ONTHUYECKOM
(opMBI OCHOBAaHBI Ha PErHCTPALIUU CBETOBOIO ITYYKa,
OTpaKEHHOT'0 OT Mcchenyemon moBepxHoctu [5]. Ilo-
BEPXHOCTH ONTHYECKHMX JeTajeld NpeACTaBIISIOT CO-
60t dopmer chepbr (chepuueckne 3epkana, JTHH3BI
U T.1.) U (OPMBI TUIOCKOCTH (ITOBEPXHOCTH TIPHU3M,
IUIOCKHE 3epKaJia, MOIyIpO3padHble CTEKIISTHHbIC I1J1a-
CTHHBI, ITOBEPXHOCTH ONTHYECKUX KIMHBEB U T.1.) [6].
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OTH [OBEPXHOCTHM MOTIYT HMETh IOTPEUIHOCTU
0 KPUBHU3HE WM IJIOCKOCTHOCTU. JOMyCKH Ha 3TH
MOIPEIIHOCTH 3a/al0TCsl KOJIMYECTBOM HMHTEp(epeH-
LMOHHBIX M10JI0C UM UX AOJEH.

Jns KOHTPOJs IUIOCKOCTHOCTH OINTHYECKHX I10-
BEPXHOCTEH, a TaKKe Ul U3MEPEHHS] KOHLEBBIX MEp
MPEUMYIIECTBEHHO MIPUMEHSIOT uHTephepomerp Du-
30 [7]. Unarepdepomerp duzo mpencraBiser pa3zHo-
BUJHOCTh MHOT'OJy4€BbIX UHTEP(HEPOMETPOB, B KOTO-
poM HHTep(hEpEeHIHs NPOUCXOAUT B BO3AYLIHOM 3a-
30pe MEXIY IBYMs OTPAXKarOLIIMMU ITOBEPXHOCTSIMU
[8]. OToT mpubop MMeeT OO X0/ CBETOBBIX JIydel
JI0 MTOJIYIIPO3PavyHOM 3TaIOHHOW OBEPXHOCTH.

AHanu3 IUTepaTyPHBIX JaHHBIX ITOKa3al, YTO HaU-
Oonee yHUBEpCAIbHBIM METOAOM KOHTPOJIS IIOCKO-
CTHOCTH OOBEKTOB SIBIISIETCS OECKOHTaKTHBIA METO.
W3MEpeHni ¢ MpuMeHeHneM nHTephepomerpa duso,
T.K. OH MCKIIOYaeT OCHOBHOH HENOCTaTOK METona
MPOOHBIX CTEKOJI — MaTepUaJIbHBIA KOHTAKT 3TaJIOH-
HOW W UCCIlenyeMoi ToBepxHocTe [9].

[TosTOMYy MOMET NpencTaBisTh UHTEPEC UCCIIENO-
BAHHE ONTHYECKUX IMOBEPXHOCTEN CBETOAECIUTENEH
(TTONMyTIpO3payvHBIX MJIOCKUX 3€pKai), CO3MaHHBIX IS
HHTEPPEPOMETPOB PA3INIHOrO HazHaueHUs. B cBs3u
C pa3paboOTKOH OONBIIOTrO YKCIa PA3TUYHBIX ONTHYE-
CKHX JIe€Tajied AJIsl BBICOKOTOYHBIX ONTHYECKUX INPH-
OOpOB M CHCTEM Ba)KHOE 3HaueHHe pHodpeTaer pac-
CMOTPEHHE BOIIPOCOB KOHTPOJISI KAUECTBA ONTHYECKUX
[IOBEPXHOCTEM.
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HCJ’ILIO pa60TI:I SABHUJIOCH HCCJIICAJOBAHUC OIITHYC-
CKHNX IIIIOCKHX HOBCpXHOCTCﬁ CBCTOACINUTCIIBHBIX
IJIaCTUH CPEACTBOM KOFCpCHTHOﬁ OIITUKMU.

ITOCTAHOBKA 3AJIAYN

Jns  BBICOKOTOYHBIX  MHTEPEPOMETPHUIECKUX
MpuOOPOB W KOMILUIEKCOB CBETOMENHUTENh (JIydeBOit
NENTUTENh) SBISIETCSl OJHUM M3 OCHOBHBIX KOHCTPYK-
THBHBIX 3yeMeHToB [10-15]. U ot Toro, kakas rio-
CKOCTHOCTb ONTHYECKOW MOBEPXHOCTH ITY4EBOTO Jie-
JUTENs, 3aBUCAT JIOCTOBEPHOCTh, MH(POPMATHBHOCTH
U BBICOKOTOYHOCTh M3MepeHuil. Ha poccuiickoM pbiH-
K€ ONTOTEXHWYECKOW MPOAYKIIMH OAHUMH M3 OCHOB-
HBIX TOCTAaBINUKOB sBiArOTCS KomMmauuu AO "JIO-
MO" u "Thorlabs" (USA). OTi xoMITaHUH BBITTyCKa-
0T CBETOACNUTENbHBIE ITUTACTUHBI M3 KBapIEeBOTO
CTeKJIa M TUIABIIEHOTO KBapia pa3iIMYHOrO Ha3zHade-
HusA. B HacTosmielt paGore Oblia mocTaBlieHa 3aadva
MPOBECTH CPAaBHUTENBHYIO OIEHKY TUIOCKOCTHOCTH
ONTHYECKUX IOBEPXHOCTEU CBETOHENIUTENEH Komma-
uHuit "JIOMO" u "Thorlabs". [lyia uccnenoBanuii mpu-
MEHSUTach DKCIIEpUMEHTANbHAs YCTaHOBKAa, TNIE OC-
HOBHBIM M3MEPHUTEIHHBIM OJOKOM SIBJISUICS WHTEp(de-
pomerp ®uso.

OBBEKT U METO/I UCCJIEJOBAHUIA

B kaudecTtBe 00OBEKTOB HCCIENOBAaHUS OBLIM ClIe-
JYIOIINE JTyYeBbIC ICITUTEIH:

L
5%

— nmenurenb kommanuu "Thorlabs" u3 kBapreBoro
crekna quamerpoM 50.8 mwm, TommuHON 8§ MM, 90/10
(oTpaxkerne / TPOMyCKaHHE), MPOCBETIAIONIEE TI0-
kpbitue 400—700 HM;

— genutens kommanmu "JIOMO" ngmamerpom
30 MM, TommuHON 5 MM, 90/10 (oTpaskeHue / mpomyc-
KaHHe), TTOKPBITUE C THIILHON CTOPOHBI TOHKOH TLTEH-
Koit cepeOpa tommmaOoi 500—600 HM.

OOBeKTHl WCCIIeAOBaHUA OBUTH TIPEAOCTABIECHBI
00O "Omruko-amektpoHHble Tpubopsr” (r. CaHKT-
[lerepOypr).

Bbicokasi 4yBCTBUTENBHOCTh K BHOpaLnu ABYXIY-
9YEeBbIX MHTEPHEpOMETPOB Jaja TOMYOK K IIOUCKY
U MOCTPOEHHUIO HOBBIX CXEMHBIX PELICHHH 3THUX HpPHU-
6opoB. Mmenno B mHTEpdepomerpe Pu30 3TOT He-
JOCTaTOK CHIDKEH.

st KOHTpOJIsSI IJIOCKUX IIOBEPXHOCTEH MpeuMy-
IIECTBEHHO NMPUMEHSIOT HHTepdepomerp Pu3o. B ero
cxeMe OObEKTHas BeTBb, B KOTOPOW HAaXOAWUTCS HC-
ClIeyeMbIii 00BEKT, COBMEIEHa C OMOPHON BETBBIO,
T7ie pacmojoxeHa oOpa3ioBasi (3TaJoHHas) MOBEPX-
HOCTh, (POPMHPYIOIIAsl OMOPHBIA BOIHOBOH (DPOHT.
Takas cxema paboTaer Oxaromapst IpOXOIAIIEMY CBe-
Ty 4epe3 STAIOHHYIO TOBEPXHOCTb.

Ha puc. 1 npeacraBiena ontuuyeckas cxema HH-
tepdepomerpa @uzo. B kauecTBe STANOHHON MTOBEPX-
HOCTH HCHONb3yercs (poHTaJbHAas IOBEPXHOCTh
KJIMHOBUIHON IIACTUHBI, BBINOJIHEHHAs C 00pasLo-
BOI TOWHOCTBIO Ha ypoBHE 1/20 A. Ilpm m3mepenmsx
Ha DKCIIEPUMEHTAJIbHOW YCTAaHOBKE BO3HMKala JdO-
MOJHUTENbHAS UHTEp(EpEHIs TP OTPAKEHUU CBe-
TOBOT'O JIy4a OT oOpaTHOH, Hepabodeil moBepXHOCTH
3TajloHa. JTO CYIIECTBEHHO BJIMSUIO Ha TOYHOCTH

5

~
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Puc. 1. Onruyeckas cxema unrephepomerpa duszo.

L |
i

1 — HUCTOYHUK KOTEPEHTHOTO M3ITYIEHUs; 2 — MUKPOOOBEKTHB; 3 — CBETONENUTEIND; 4 — KOJUIU-
MUPYIOLIHI 0O0BEKTHB; 5 — KIMHOBHIHAS IUIACTHHA C 3TaJOHHON HMOBEPXHOCTHIO; 6 — KOHTPOJIH-
pyemasi MOBEepXHOCTh 00pasIa; 7 — IUIOCKOCTb HaOIIOACHUS
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n3MepeHui. s ycTpaHeHus BINSHUS AOMOIHUTENb-
HOW WHTepdepeHInn ObUIa B3sTa TUIACTHHA, TIIE He-
pabodas MOBEpXHOCTh e¢ OblLIa BBITTOTHEHA C KIIMHO-
BHJIHOCTBIO mopsaka 1 mm [15-20]. JlanHoe pemieHue
MTO3BOJIMJIO UCKITIOUUTH TOOOYHYIO HHTEPQEpEHIUI0
OT O0OpaTHOH IOBEPXHOCTH 3TAJIOHA, YTO IIPUBEIO
K MaKCHMallbHOH WH(OPMATHBHOCTH OCHOBHOW WH-
TepdepeHIoHHON KapTHHEI.

Cser ot korepentHoro ucroynmka 1 (JII'-79-1,
He-Ne nazep ¢ A =0.63 MM, P=15MBTu /,= 1.5 m)
cobupaercss u GOKyCHUpyeTcs MHUKPOOOHEKTHBOM 2.
B ¢dokyce MHKpOOOBEKTHBAa YCTaHOBJIEHA TOYEYHAS
nuadparmMa, KOTOpas OTCEKaeT IPOCTPAHCTBEHHBIE
9acTOTHl U yJIy4YlIaeT OJHOPOAHOCTH CBETOBOIO IIyd-
ka. Jlamee cBeToBOil mMy4ok mpeoOpasyercs B pacxo-
TSTIHAIACS, KOTOPBIN Tociie cBeToxenuTens 3 mpeodpa-
3yercs B KOIUTMMHpYROmui o0bekTrBoM 4. Ilapain-
JIENBHBIA ITy4O0K JTy4el, BBIIIEMINNA 13 00beKTHBa 4,
OTpaKaercsi OT BEpXHEH IIOCKOCTH MOBEPXHOCTU
KOHTpOIMpyeMoro odpasmna 6 u OT HHXKHEH IUIOCKO-
CTH TTOBEPXHOCTH 3TajioHa 5. B obpaTHOM X07€e JTy4n,
MpOiAs 0OOBEKTHB 4 M OTPa3HWBIINCH OT CBETONEIHTE-
ns1, popMupyOT HHTEPPEPEHIMOHHYI0 KapTHHY II0-
JIOC paBHOW IMUPHWHBI B TUIOCKOCTH HaOmomaTens 7.
[uprHy u HampaBlieHHE IOJIOC PEryJIHpYIOT Iepe-
MEILEHUSIMU MUKPOMETPHYECKOT0 CTOIA.

Texnuko-3KCnIyamayuouHvle  XapaKkmepucmuKu
IKCHEPUMEHMANLHOU YCIMAHOBKU!
— IpeneNbHas HHCTPyMEHTajIbHas

MOTPENTHOCTh — M20;
— aneprypa npoBepseMbIX

MOBEpXHOCTEH He Ooree —0.25;
— YHCIIOBas aniepTypa 00bEeKTHBA —0.2;
— Ipenesbl epeMeneHus

uHTEp(EPEHIINOHHOM IOJIOBKU

1o 3 ocsiM, MM —x10;

— MIPUEMHUKHN N300paKeHMS
— (orokamepa "3enut"
u dpoas kamepa ToupCam;

— HCTOYHHUK CBETA — nazep JII'-79-1;

— JUIMHA BOJHBI U3JIyYE€HUS, MKM —0.63;
— rabaputHbie pazmepsl, MM — 700%350%520;
—Macca, KT — 60.

SKCIIEPUMEHTAJIBHBIE PE3YJIbTATHI

JIns SKCepUMEHTANIBHBIX MCCIEJOBAHUN HCIIONb-
30Bajach yCTaHOBKa Ha 0aze mHTepdepomerpa duso,
BHEIIHUI BUJ KOTOPOH MOKa3aH Ha puc. 2. Ha skcme-
PUMEHTAJIbHON YCTAaHOBKE ObUIM IOMy4YeHbI IOOYe-
penHo uHTep(deporpaMMbl NOBEPXHOCTEH HCCiIenye-
MBIX JIy4€BBIX IEIHUTENEH pa3HbIX HPOU3BOAUTEINEH.
Ha puc. 3 npuBeneHbl pe3ynbTathl cheMOK. B mpo-
1ecce M3MepeHuil HeoOXOAUMO OBUIO TONYYHUTh HH-
dhopmaruio 0 nedopMaIi HcCIeTyeMbIX BOIHOBBIX
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Puc. 2. BHemHuit BUI SKCIIEPUMEHTATFHON YCTAHOBKU

(pOHTOB ABYX CBETONENUTENBHBIX TuTacTUH [20-25].
[Tomyuennsie nHTEpdeporpaMMbl ObUTH 0O0paOOTaHBI
CIIEMAaJbHOM KOMIBIOTEpHOU mporpammoil Master
Zebra.

Master Zebra mpenra3HadeHa ajis cOopa u o0Opa-
00TKM WH(OpPMAIINH C 3alTMCAHHBIX WHTEp(heporpaMm
Ha (OTOIUIEHKY U MOJIy4eHHs JaHHBIX 00 OTKJIOHEHUH
WCCIIElyeMBIX BOJNHOBBIX (ppoHTOB. M300parkeHus
nHTepheporpamm ObTH TIpeoOpa3oBaHbl B Tpadude-
ckuii popmar aiinos (tiff). lanee atn popmatsr BBO-
muck B Master Zebra u momnexanu (GUIBTpAIiN
Ui ycTpaHeHus 1myMmoB. IIporpaMma aBromMaTHuecku
orpenensuia KOHTYpbl U300pakeHUH M JIMHUIO CKaHU-
poBarmst. OCHOBHBIM JTarmioM 0OpabOTKHM SBUIIACH
paccTaHOBKa KOHTYPHBIX TOYEK Ha MHTep(epeHIINOH-
HBIX TI0JIocaxX (CBETIBIX), YTOOBI HE 3aBUCETHh
OT YpPOBHSI IIYMOB M SIPKOCTH HHTEP()EpEeHIIMOHHBIX
nonoc. [Iporpammoii Oplia IpoBeIeHa apPOKCHMAITHS
¢byaKu gedopMari BOJHOBOTO (PPOHTA TIO TIOJH-
HomaMm Llepnuke. Ilocne yero mporpamma BbIBOAMIA
Ha JUCIUIEH OCHOBHBIE MapaMerpbl AeopManuu:
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pasmax (S), makcumym (Max), muaEMYM (Min)
U cpelHee KBaJpaTHYHOE OTKJIOHEHHE (O).

Umak, ona ceemooenumens mapku "Thorlabs":

S = 0.155130 mxm, Max = 0.097561 Mxm, Min =
=0.051314 mxm, o= 0.050138 mMKM.

s ceemodenumenss omeyecmeeHHOU NPOOYKYUL:

S =0.111891 mxm, Max = 0.068121 Mxm, Min =
=0.039289 mxmMm, o= 0.039121 MKM.

[Inockne mMoBEpXHOCTH KOHTPOJIMPOBAINCH BKCIIE-
PUMEHTAJIbHOM YCTAHOBKOW C TOYHOCTBIO HE XYK€
0.05 A

Wndopmanus, nomydeHHas O TE€OMETPHYECKHM
rnapaMeTpaM IOBEPXHOCTEH ONTHYECKUX JeTalleH,
TOBOPHUT O TOM, YTO NPHUMEHSTh B KadecTBe 0a30BOro
3JIEMEHTa B MHTepdepoMerpax cienyeT JIyudeBble Jie-
JIUTENN OTE€YECTBEHHOI'O POU3BOJICTBA.

OKcllepuMeHTaIbHAs YCTaHOBKA MO3BOJISUIA TTOJTY-
YUTh JaHHBIE 00 OTpa’kaTeJIbHOM ITOKPHITUH HCCIIe-
JlyeMbIX 00pa3oB. s mpoBeaeH s ATHX U3MEPEHH
ucnosp3oBanack nporpamma Gold Soft Wear Interfe-
rometer. JTa mporpamMma I03BOJsUIA MOIydaTh AaH-
Hble O 3aBUCHMOCTH KO3(QQUIMEHTa OTpaKeHUs
OT IepeMelIeHHs NCCIeLyeMOoro oopasia 1o Koopau-
HaTaMm X 1 y. Ha puc. 4 mokasaHbl 3aBUCHMOCTH KO-
a¢dunmenTa oTpaxeHust o MPOAOIBHBIM U TIOTIeped-
HBIM CMENIEHUsSM 00pa3ioB. AHamu3upys rpadude-
CKHE 3aBHCHMOCTH, MOYKHO CHIEJIaTh CIIELYIOLIUH BbI-
BOJ, YTO y 0Opa3lma OTeYecTBEHHOI'O IIPOM3BOJCTBA
3HaueHus Kod(dduimeHTa oTpakeHHss ObUTH OIM3KH
K MakCHMalbHBIM, & CaMO pacHpelelieHHe HOCHUIIO
paBHOMepHBII xapakTep. OOpa3er; UMIOPTHOIO MPO-
M3BOJICTBA TaKKe MMeN Oonbplne 3HaueHus Kodhdu-
LMEHTAa OTPaXXEHUs, HO KpPUBas PaclpeieneHus uMena
HE3HAYUTENbHbIE BCIJIECKH. A 3TO O3HA4aeT, 4To
y IepBOro obpasia KauecTBO MOBEPXHOCTH OTpake-
HUS BBILIE, Y€M Y BTOpoOro. Buammo, 3T0 cBs3aHO
¢ 0oJee KpYIHBIM 36PHOM OTPaXKAOLIEro CIIO5.

Puc. 3. MWnrepdeporpamMmsr
ONTUYECKUX TOBEPXHOCTEN.

a — CBETOJEIUTENh OTEYECT-
BEHHOTO IPOM3BOJACTBA; 0 —
CBETO/IEIUTEND KOMIIaHUHU
"Thorlabs"
2 . 4
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Puc. 4. 3aBucumocts kodd¢uimeHta orpaxenus K
OT HepeMeNIeHnsT UCCIeyeMoro obpasia mo KOOp/uHa-
Tam x (a) u y (0).

— CBETOICIUTENb OTEYSCTBEHHOTO MNPOHM3BOICTBA;
2 — cBeronenurenb komnanuu "Thorlabs"
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3AK/IIOYEHHUE

[lony4yeHHBIE SKCIIEPUMEHTAIbHBIE PE3YJIbTATHI

M3MEpPEHUN ONTHUYECKUX MOBEPXHOCTEH neranel 3Ha-
YUMBbI [IPU IIOCTPOCHUHU CXEM JABYXJIYYEBBIX U MHOIO-
my4eBbIX MHTepdepomeTpoB. [IpoBeneHHbIil cpaBHU-
TENBHBIN aHAJIN3 JIBYX CBETOJEIUTENEN MOKa3al, 4To
00a obpasia MOTyT OBITh HCIIOIb30BaHbI B Pa3THIHBIX
ONTHYECKHUX MPHOOPax B 3aBUCUMOCTH OT IIOCTABJICH-
HBIX 3a]ad4.

HanHas pabora mpencraBisieT MHTEPEC Kak JUIs

MPOEKTUPOBIINKOB ONTUYECKUX MPUOOPOB, TaK U IS
JNaNbHEHIIMX HAy4YHBIX HCCIEJOBAHUH ONTHYECKUX
neraneil pa3IMyHOro Ha3HAYCHMS.

10.

11.

12.

13.
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. Konomuiiyes FO.B. Wutepdepomerpsi.
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The article presents an experimental setup for measuring the geometric parameters of optical surfaces of de-
tails. The relevance of the work is shown since obtaining high-precision and reliable information about the
geometric parameters of surfaces has always been an important task of metrology. The paper highlights the opt-
ical layout of the interferometer, as well as the technical and operational characteristics of the experimental se-
tup. The objects and method of research are determined. Interferograms were obtained from the surfaces of
beam splitters of various manufacturers. The images of interference fields were analyzed, and the main parame-
ters of wave fronts were revealed. The optical surfaces were controlled by an experimental setup with an accu-
racy of not worse than 0.05 A. The reflective coatings of beam splitters were studied, and the dependences of the
reflection coefficient on the x and y coordinates were obtained. Comparative analysis revealed the preferable
option for modern automated interferometers.

Keywords: wavefront deformation, interferogram, reflection coefficient, Fizeau interferometer, span, mean square
deviation, measurement accuracy

INTRODUCTION To control the flatness of optical surfaces, as well
as to determine end measures, the Fizeau interferome-
At present, the importance of high-precision and ter is mainly used [7]. The Fizeau interferometer is
reliable measurements in modern science and technol-  a kind of multibeam interferometer in which interfe-
ogy is increasing constantly [1]. A special role in ob- rence occurs in the air gap between two reflecting sur-
taining these measurements has been taken by me- faces [8]. This device has an overall path of light rays
thods of optical control. These methods are the only to a translucent reference surface.
ones that can be used to solve a variety of measure- An analysis of the scientific data showed that the
ment problems. Their difference from contact me- most universal method for monitoring the flatness of
thods is, first of all, the absence of material contact objects is a non-contact measurement using a Fizeau
with the investigated surface of objects [2]. interferometer, because it eliminates the main draw-
Among the optical methods, the most promising back of the trial glass method, which is the material
are the methods of coherent optics, namely, interfe- contact between the reference and test surfaces [9].
rence methods [3]. To date, the use of interference Therefore, it may be of interest to study the optical
devices and systems has expanded significantly due to  surfaces of beam splitters (semitransparent flat mir-
the development of computer technology and the crea-  rors) designed for interferometers for various purpos-
tion of new light sources (lasers, superluminescent es. In connection with the development of a large
diodes, white light diodes, etc.) [4]. number of different optical elements for high-precision
Optical instruments and systems for quality control  optical devices and systems, it is important to consider
of surfaces of various optical shapes are based on the the issues of optical surface quality control.
registration of a light beam reflected from the surface The aim of the work was to study the optical flat
under study [5]. The surfaces of optical parts are surfaces of beam-splitting plates by means of coherent
spherical shapes (spherical mirrors, lenses etc.) and optics.
plane shapes (surfaces of prisms, flat mirrors, translu-
cent glass plates, surfaces of optical wedges, etc.) [6].
These surfaces may have errors in curvature or flat-
ness. Tolerances for these errors are set by the number
of interference fringes or their fractions.

FORMULATION OF THE PROBLEM
A beam splitter is one of the main structural ele-

ments for high-precision interferometric devices and
complexes [10—15]. The reliability, informational con-

71



72 E. E. MAHIOPOB, B. . KOIIKOBIY, B. I1. ITYIIKUHA u 1p.

tent and accuracy of measurements depend on the
flatness of the optical surface of the beam splitter.
Some of the main suppliers to the Russian market of
optotechnical products are JSC LOMO (Russia) and
Thorlabs (USA). These companies produce beam-
splitting plates made of quartz glass and fused silica
for various applications. In the present work, the task
was set to carry out a comparative assessment of the
flatness of the optical surfaces of beam splitters pro-
duced by LOMO and Thorlabs. For research, an expe-
rimental setup was used, in which the Fizeau interfe-
rometer was the main measuring unit.

OBJECT AND METHOD OF STUDIES

The following beam dividers were the objects of
study:

— a Thorlabs quartz glass splitter 50.8 mm in di-
ameter, 8 mm thick, 90/10 (reflection / transmission),
AR coating 400-700 nm;

— a LOMO splitter: 30 mm diameter, 5 mm thick,
90/10 (reflection / transmission), coated on the back
with a thin film of silver 500—-600 nm thick.

The objects of study were provided by Optico-
electronic Devices LLC (St. Petersburg).

The high sensitivity to vibration of two-beam inter-
ferometers gave impetus to the search for and the con-
struction of new layout solutions for these devices. In
the Fizeau interferometer this shortcoming is reduced.

To control flat surfaces, the Fizeau interferometer
is mainly used. In its layout, the measuring branch, in
which the test object is located, is combined with the
reference branch, where the exemplary (reference)
surface is located and which forms the reference wave
front. Such a layout works due to the light passing
through the reference surface.

Fig. 1 shows the optical layout of a Fizeau interfe-
rometer. As a reference surface, the front surface of
the wedge-shaped plate is used, which is made to an
order of 1/20 A with exemplary accuracy. During
measurements on the experimental setup, additional
interference arose when the light beam was reflected
from the back, non-working surface of the standard.
This significantly affected the measurement accuracy.
To eliminate the influence of additional interference,
a plate was taken, where its non-working surface was
made in a wedge shape of about 1 mm [15-20]. This
solution made it possible to exclude side interference
from the back surface of the standard, which allowed
for maximum information efficiency of the main in-
terference pattern.

Light from coherent source 1 (JI'-79-1, He-Ne la-
ser with A = 0.63 pm, P =15 mW and /. = 1.5 m) is
collected and focused by microobjective 2. A pinhole
diaphragm is installed in the focus of the microlens,
which cuts off spatial frequencies and improves the
uniformity of the light beam. Further, the light beam
is converted into a divergent one, which, passing
through the beam splitter 3, is converted into a colli-
mating one by the lens 4. The parallel beam of rays
emerging from the lens 4 gets reflected from the upper
plane of the surface of the test sample 6 and from
the lower plane of the surface of the standard 5. In the
reverse course, the rays, having passed through the
lens 4 and reflected from the beam splitter, form
an interference pattern of bands of equal width in the
plane of the observer 7. The width and direction of the
bands are controlled by moving the micrometer table.

Technical and operational characteristics of the
experimental setup:

— ultimate instrumental error — M20;
— aperture of the tested surfaces

not more than —0.25;
— numerical aperture of the objective —0.2;
— limits of interference head

movement along 3 axes, mm —*10;

— camera Zenith
and digital camera ToupCam;
— laser JII'-79-1;

— image receivers

— light source

— emission wavelength, um, — 0.63;

— overall dimensions, mm — 700x350%520;

— weight, kg — 60.
EXPERIMENTAL RESULTS

For experimental studies, we used a setup based on
a Fizeau interferometer, the appearance of which is
shown in Fig. 2. Interferograms of the surfaces of the
studied beam splitters from a number of manufactur-
ers were obtained successively on the experimental
setup. Fig. 3 shows the results of the surveys. In the
course of measurements, it was necessary to obtain
information on the deformation of the investigated
wave fronts of two beam-splitting plates [20-25]. The
obtained interferograms were processed with a special
Master Zebra computer program.

Fig. 2. Appearance of the experimental setup

Fig. 1. Optical layout of a Fizeau interferometer.

1 — source of coherent emission; 2 — microlens; 3 —
beam splitter; 4 — collimating lens; 5 — wedge-
shaped plate with a reference surface; 6 — test surface
of the sample; 7 — observation plane

Fig. 3. Interferograms of optical surfaces.
a — domestically produced beam splitter; 6 — Thor-
labs beam splitter
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Master Zebra is designed to collect and process in-
formation from the recorded interferograms on film
and obtain data on the deviation of the studied wave
fronts. Interferogram images were converted to
a graphic format file (tiff). Further, these files were
introduced into Master Zebra and subjected to filter-
ing to eliminate noise. The program automatically
determined the contours of the images and the scan-
ning line. The main stage of processing was the ar-
rangement of contour points on the interference
fringes (light ones), so as not to depend on the noise
level and the brightness of the interference fringes.
The program performed an approximation of the wa-
vefront deformation function using the Zernike poly-
nomials. After that, the main deformation parameters
were presented on the display: span (S), maximum
(Max), minimum (Min), and mean square deviation
().

So, for the Thorlabs beam splitter:

S = 0.155130 pm, Max = 0.097561 pm, Min =
=0.051314 pm, o =0.050138 pm.

For a beam splitter of domestic production:
S = 0.111891 pm, Max = 0.068121 pm, Min =
=0.039289 um, o =0.039121 pm.

Flat surfaces were controlled by an experimental
setup with an accuracy of no worse than 0.05 A.

The geometric parameters of the surfaces of optical
elements suggest that beam splitters of domestic pro-
duction should be used as the basic element in interfe-
rometers.

The experimental setup made it possible to obtain
data on the reflective coating of the samples under
study. For these measurements, the Gold Soft Wear
Interferometer program was used. This program al-
lowed to obtain the dependence of the reflection coef-
ficient on the movement of the test sample along the x
and y coordinates. Fig. 4 shows the dependences of
the reflection coefficient on the longitudinal and
transverse displacements of the samples. Analyzing
the graphical dependencies, one can conclude that
a sample of domestic production had the values of the
reflection coefficient closer to the maximum, and the
distribution was uniform. The foreign sample also had
high reflectance values, but the distribution curve had
minor spikes. This means that the first sample has
a higher quality of the reflection surface than that of
the second one. Apparently, this is due to the coarser
grain of the reflective layer.

Fig. 4. Dependence of the reflection coefficient K on
the displacement of the test sample along the x (a) and
v (6) coordinates.

1 — beam splitter of domestic production;

2 — Thorlabs beam splitter
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CONCLUSION

The obtained experimental results of measure-
ments of the optical surfaces are significant in the de-
sign of layouts of two-beam and multibeam interfe-
rometers. A comparative analysis of two beam
splitters has shown that both samples can be used in
various optical devices, depending on the tasks.

This work is of interest both for designers of opti-
cal devices and for further scientific research of opti-
cal elements for various purposes.
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