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UCCJEJOBAHUE 3KCHEPUMEHTAJIbBHONH UHTEP®EPEHIIMOHHOM
YCTAHOBKHU C ITPOCTPAHCTBEHHBIM MHUKPOCKAHWUPOBAHUEM
JJIA KOHTPOJIA TEOMETPUHYECKUX ITAPAMETPOB IMTOBEPXHOCTH

B pabore paccMoTpeHa BO3MOXHOCTh IPUMEHEHUS 3KCIIEPUMEHTAIbHONW MHTEp()EpEHIIMOHHON YCTaHOBKH C MPO-
CTPaHCTBEHHBIM MUKPOCKaHHUPOBAHHEM JJIS1 KOHTPOJIS FEOMETPHUECKUX MTapaMeTpoB MOBEpXHOCTH. Ilomydenue BbI-
COKOTOYHOH M JIOCTOBEPHOI MH(OPMALIUH O TEOMETPUUECKHX MapaMeTpax MOBEPXHOCTH 0OBEKTOB BCET/IA SIBIISUIOCH
Ba)XHOW 3a7adell METPOJIOTHH, MOATOMY JAaHHAs paboTa akTyanbHa WM NEPCHEKTHBHA. B paboTe ompenencHa nenb
U TIOCTaBJICHA 3ajjada MUccIeqoBaHMA. [IpuBeaeHBI ONTHYECKAs! CXEMa, PEKUM HU3MEPEHUI MUKpopenbeda moBepx-
HOCTH C TIOMOIIBIO 9KCHEPUMEHTANBHON NHTEp(EpEeHIIMOHHON YCTaHOBKH, a TaK)Ke ONTHYECKas IUICHKa IS OTpe-
JIeNICHNs YTIIOBOH aMIuIMTyAbl Konebanuid. [TomyueHnsie GopMyIIbl TO3BONISIOT PACCUUTATh BCE MTApaMETPhl MUKPO-
CKaHMPOBAHMS 30HMPYIOIIETO MATHA M0 IOBEPXHOCTH O0BEKTa IKCIIEPUMEHTaIbHOW MHTEp(EpEHIIMOHHON yCcTa-

HOBKOH.

K. cn.: uHTephepeHIIMOHHAsT YCTaHOBKa, MUKPOpeEbed), MUKPOCKaHUPOBAHHUE, AUAIa30H U3MEPEHUI, TOUHOCTD
M3MEPEHUH, MOTPEITHOCTh N3MEPEHHH, TToTepeyHast COCTABIISIONIAs, IPOIOIFHAS COCTABIISIOMIAS

BBEJEHUE

CoBpeMeHHBIE METOIBl U TEXHUYECKHUE CPEICTBa
KOHTPOJIA penbeda MOBEPXHOCTH 00BEKTOB SIBIISIOTCS
BXHEHWIITUM HHCTPYMEHTApHUeM JUIsI MeTpojorud [1,
2]. DT METOMBI U CPEJICTBA UMEIOT OOJIBILION JHana3oH
M3MEPEHUI 0T MIJUTUMETPOB 710 METPOB [3, 4].

Ha ceromHsmHuil J€Hb CYyLIECTBYET OIPOMHOE
KOJIMYECTBO NPHUOOPOB U KOMIUIEKCOB KOHTPOJIS
penbeda NOBEPXHOCTH, KOTOPBIE HCIIOIb3YIOT METOBI
pa3pylIanIIero ¥ Hepa3pylaroIero KOHTpos [5, 6].
Mexanudeckre NPUOOPHI M KOMIUIEKCH OCHOBAHBI
Ha METOJIaX pa3pylIaloIero KOHTPOJIsS (KOHTAKTHBIE).
OnTUvecKkre W ONTHUKO-DJIEKTPOHHBIE MPUOOPHI U KOM-
IUIEKCHl TIPUMEHSIIOT  METOAbl  HEpa3pyLIAroIEero
KOHTPOJIS (OECKOHTAKTHEIE).

Mexanudeckue MpuOOpPBl M KOMILJIEKCHI I03BO-
JSIFOT M3MEPSTh penbed) MOBEPXHOCTH C TOYHOCTBHIO
IO JecsIThIX MHKpomeTpa. B cBoio ouepenp, oHH
UMEIOT OrPaHUYEHUs 1O Kjaccy H3MEpAEMBIX
MMOBEPXHOCTEH, a TAK)KE MAIOTPUTOIHBI [T PEIICHUS
JuHaMH4YecKuX 3a7ad. OHU MPaKTHUYECKN HE MCIONb-
3YIOTCS JUII W3MEpPEHHs] TOBEPXHOCTH OOBEKTOB
C MaJoil yCTOMYMBOCTBIO K MEXaHMYECKHM BO3-
JNEHCTBUSAM, TPEOYIOT BBICOKYIO BHOPO3AIIUTY U Yac-
TYI0 CMEHY KOHTAaKTHOIO JJIEMEHTa, COIpHKaca-
IOILIETOCs C MOBEPXHOCTHIO [7, 8].

VY onTHYeCKHX W ONTHKO-3JIEKTPOHHBIX MPHUOOPOB
U KOMIUIEKCOB TOYHOCTh HW3MEpEHHs penbeda Io-
BepxHOCTH Bapbupyercst oT 107 Mxm 10 10°® mxm [9,
10]. KoHedHO Xe, OHU JIMIIEHbl YHOMSHYTHIX BBILIE
HEJ0CTAaTKOB.
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B Hacrosmiee Bpems HaOMOmaeTCs TEHACHITHS
pa3BuUTUS HMHTEP(EPEHIIMOHHBIX MPHOOPOB U KOM-
TUIEKCOB, KOTOPHIE B KAY€CTBE MCTOYHHUKA M3ITyUICHHUS
UCTIOJIB3YIOT TIOJYNPOBOJHUKOBBIE JHOABI  0OEnoro
CBETa, a TaK)Ke NMPUMEHSAIOT ONTHYECKHE TUICHKH IS
MPOCTPAHCTBEHHOTO MHKPOCKAaHMUPOBAHHS HCCIEIye-
MO MTOBEPXHOCTH BMECTO TPaJUIIMOHHBIX IUIOCKOIA-
paJIIENBHBIX TUIACTHHOK (MaTephall: KBapIleBOe CTEK-
mo K8) [11, 12]. Dto HampaBieHHE B ONTHUYECKOM
MpUOOPOCTPOEHUH B TMOCIEAHHE TOABI OypHO pa3BH-
BaeTCs, T.K. TAKUE MPUOOPHI U KOMIUICKCHI TTOTYYHIU
HIMPOKOE MPUMEHEHHE B MEANLIMHE, 3KOJIOTHH U B OT-
JISIBHBIX HAIPABICHUAX MAITHHOCTPOCHMUSL.

PaboTa 3THX MpHOOPOB OCHOBaHA Ha aHaJHM3€ OT-
PaXKEHHOTO CBETOBOTO HW3IYUYEHHs OT HCCIEIyeMOTO
penbeda moBepxHocTH 00bekTa [13, 14]. AHamusupys
HAay4YHYIO JUTEPATypy, MOXKHO BBIEIUTH TOT (PaKT,
YTO IKCIIEPUMEHTATOPHI B 00JIACTH TIOJIYIPOBOIHUKO-
BOIl ONTHKM WCCIEAYIOT MOJYNPOBOIHUKOBEIE MaTe-
pHaIbl, KOTOPBIE MPUMEHSAIOTCS B MCTOYHUKAX H3ITY-
YeHHd, TJe JJIMHA KOTE€PEHTHOCTH MEHEE OJHOTO
MHUKpOMETpa. A 3TO O3Ha4yaeT, 4TO MpPH KOHTPOIE
MHUKpoOpenbeda TMOBEPXHOCTH TOSBISETCS BO3MOXK-
HOCTH TIPOBOJIUTH M3MEPEHUS C BBICOKOW TOYHOCTBIO,
MPEBBIIAIONICH TPAaJUIIUOHHBIE METOJBl U CPEACTBA
B pa3pl. OHAKO, HECMOTPS Ha ONpezeseHHbIE TOCTH-
JKEHHSI B TPAaKTUYECKOM IMPUMEHEHUH TaKHX MpHOO-
POB M KOMIIJIEKCOB, OCTAIOTCSI BOIIPOCHI TEOpeTHde-
CKOTO XapakTepa W (YHKIIMOHWPOBAHWUS, BKIIOUas
9KCIUTyaTallMIoO U TIOCTPOEHHE ITHX cucTeM [15, 16].

[ToaTomMy mpencTaBisieT HHTEpEC U3yUSHHE METPO-
JIOTUYECKUX BO3MOXHOCTEH pa3pabOTaHHOW HHTEp-
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(epoMeTpuUecKo  HU3KOKOT'€PEHTHOH YCTAaHOBKU
C TIPOCTPAaHCTBEHHBIM CKaHUPOBAaHWEM MHUKpoOpenbeda
MOBEpXHOCTH. J[aHHOE HccnenoBaHue MO3BOJIUT IO TO-
Jy4EHHBIM 3KCIIEPUMEHTAIBHBIM JaHHBIM H3TOTaBIIHU-
BaTh Takue HMHTEP(EPEeHIIMOHHBIE MPHOOPHI W KOM-
TUIEKCHI, YyCOBEPIICHCTBOBAB KOHCTPYKIIMIO ONTO3JIEK-
TPOHHOI CHCTEMBI U BHIBOJISI TOYHOCTHBIE TTApaMETPhI
Ha HOBBII ypOBEHB.

Ienb paboThl cocTosiia B JIAOOPATOPHOM HCCIICIO-
BaHUM TPOJOJIBHOM COCTaBISIOIICH OTPaXXCHHOTO
CUTHaJla OT MHUKpopelbeda MOBEPXHOCTH TPH COBIa-
JCHUU HampaBlCHUH NepeMelieHnsi MHTepdepeHLu-
OHHOM YCTaHOBKH U CBETOBOT'O IIATHA.

IIOCTAHOBKA 3AJAYHN

[IpoBectn aHanu3 MHTEPHEPESHUNOHHONW YCTaHOB-
KM, BBEJS BCIIOMOTaTe€IbHOE MHKPOCKAHHPOBAaHUE
CBETOBOTO ITyYKa MEXAY HH3KOKOTEPEHTHBIM HCTOY-
HUKOM M3IYYEHUS! U MHUKPOOOBEKTHBOM, KOHTPOJIH-
pysi MuHKpopenbed uccnemyemoil moBepxHoctu. Or-
pelesuTh MapaMeTpbl MUKPOCKAaHHUPOBAHUS IIPeIo-
’KEHHOTO BapHaHTa.

SKCIIEPUMEHTAJIBHASL
NHTEPOEPEHIIMOHHASA
HHU3KOKOI'EPEHTHAA YCTAHOBKA

JlanHasi ycTaHOBKa HMCHOJB3YETCS AJISl U3MEPEHUs
MUKpoOpenbeda MOBEPXHOCTH M BKIIIOYAET B cebs uc-
TOYHHK Oenoro cpera (MOJyNPOBOIHUKOBBIM O
¢ JUIMHOM KorepeHTHocTH, paBHoW 0.5 mkm). Pabora
OCHOBaHa Ha 3aBHCHMOCTH KOHTpacTa HHTep(pepeH-
UOHHOM KapTHHBI OT Pa3HOCTH Xoja WHTEepdepu-
pyromux Jydei. B ycraHOBKe peasm3oBaH crioco0
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W3MEHEHUS Pa3HOCTH X0Jla B BETBAX MHTEpdhepomeTpa
MOCPEJCTBOM HW3MEHEHUS ONTUYECKOW IIUHBI 00b-
€KTHOH BETBU U B JlaJbHEHIIIEM KOMIIEHCALUEN BBICO-
KOTOYHBIM KOOPJIMHATHO-U3MEPHUTEIbHBIM YCTpPOICT-
BOM, KOTOpPOE TIePEMEIaeTcs 10 TPEM KOOPAWHATHBIM
OCSM.

OCHOBHOW YacThI0 DKCIEPUMEHTAILHON MHTEpde-
PEHIIMOHHON YCTaHOBKM SIBJISIETCS ONTHKO-U3MEPH-
TEJNBHBIA OJIOK, KOTOPBIA COJEPKUT HHTEpdepomeTp
Maiikenbcona. M3mepenust Mukpopenbeda moBepxHo-
CTH TPOBOJATCS ONTUKO-U3MEPUTEIBHBIM OJIOKOM,
KOTOpBIN YCTAHABJIMBAETCS HAa CIEILUAIBHO CKOHCT-
PYMPOBAHHOM KOOPAMHATHO-U3MEPUTEIHHOM YCTpPOii-
ctBe (puc. 1).

Haznauenne KOOpAMHATHO-U3MEPHUTEIBHOIO YCT-
poiicTBa B TOM, 9TOOBI MPOCKAaHUPOBATH OOJIACTH HC-
CJIelyeMOro MHKpopenbeda TMOBEPXHOCTH OOBEKTa.
Hccnenyst kaxkayio i-f0 TOYKY MHKpopenseda Io-
BEPXHOCTU C KOOPAMHATAMU X;, V;, BEIUYUHY Az; Ha-
XOASAT NPU ABHKCHUU ONTHKO-U3MEPHUTENBHOTO OJIoKa
K TIOBEpXHOCTH 1O ocu z. MWrak, [maHHBIE
o ¢pyHKIMH oBepxHOCTH Az; = f(X;, ;) OepyTcs ¢ mo-
Ka3aHWH KOOPAMHATHO-U3MEPHUTEITHHOTO YCTPOHCTBA.

SKCIIEPUMEHTAJIBHBIE PE3YJIbTATBI

[Ipu wu3MepeHusx MHUKpopenbeda MTOBEPXHOCTH
HEOOXOAMMO YYHTHIBATH HE TOJBKO TMOMEPEYHYI0 CO-
CTaBJIAIOIIYI0 OTPAKEHHOI'O HM3IIyYeHHUs, HO U Ipo-
NOJIBHYI0 cocTaBistomtyto. [lpu cnoxennn korepeHt-
HO PacCEMBAIOIIUX KOMIIOHEHT MPOJIOJIbHAS CTPYKTY-
pa CyMMapHO# CBETOBOH BOJIHBI COCTOUT W3 CTOJIOO-
00pa3HBIX Tell, BBITSHYTHIX BIOJb HAIpPaBIEHHS pac-
MOCTPaHEHUsl MAaJaloIIero M3JIy4YeHUs Ha IOBEpX-
HOCTb.

Xi+3 Puc. 1. Ilepememnienue om-
THKO-H3MEPHUTEIBHOTO OJI0-
Ka B PEKHME U3MEPEHHUS.
% M — OoNTHKO-M3MEpUTEIh-
HBIH Omox; P — wmmkpo-
penbed moBepxHocTH; S —
cBeToBoi myu; X'X" — Tpa-
CKTOpHUA ABUKCHUA OITHUKO-
HU3MEPUTEIIBHOTO 610Ka;
Xiy ..., Xir3 — TOUYKH HaXoO-
KIEHUS  ONTHKO-U3MEPH-
TEJILHOTO 0JIOKa Ha MTOBEPX-
HOCTH, OTIpeessieMble JIic-
X KPETHOCTBIO CheMa HH(Op-
y | Maumm; [, — paccrosiHue,
Ha KOTOPOE CMEIIaeTCsl Ofl-
p THUKO-U3MEPHUTENbHBIA OJIOK
332 OAWH MPOXOJ
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Puc. 2. Peanmzauus crocoba mpoCTPaHCTBEHHOTO MUKPOCKAaHHPOBAHMS HOCPEICTBOM

OITHYECKOU INICHKH.

S — HCTOYHHK M3IyYCHUS; 0, — aMIUTUTyIa Kolebanuit enku; H, — menka; O —

MHUKPOOOBEKTHB; f — (OKYCHOE paccTosSHHE MHUKPOOOBECKTHBA;

P — wmuxpopensed

TOBCPXHOCTH, Lo — pacCTosIHUC OT MI/IKpOOG’I)eKTI/IBa a0 M3yqaeMof/i TMMOBEPXHOCTHU;

A — aMIUIMTy1a MUKPOCKAaHUPOBAHUS

[IpomonpHBIH pa3mep crodooOpa3HoTO Tema b,
ompezensieTcs cienytomen popmynoii [17]:

b =4.L% &,

rae A — JUIMHA BOJHBI U3JIydeHUs, L — paccTosHHe
OT OCBEIICHHOM MOBEPXHOCTU JI0 TUIOCKOCTU HAOJIIO-
IeHus1, d — JIMHEeWHBIN pa3Mep OCBEIICHHOHN o0yacTh
MTOBEPXHOCTH.

OtnHomrenue b,/bs onpenensieTcst Kak

b/ by=1L/0.3d,

rae by — MoTepeyHbIi pasmep cToa0000pa3HOro Tena.

B skcnepumente L = 100 mm, a d = 30 MxM, 3Ha-
ant b;/ by = 10*. Ecin co6imonaTh paBeHCTBO CKOPO-
CTEel ONTHKO-U3MEPUTEIBHOTO OJIOKA B MPOJOJEHOM
Y TIONIEPEYHOM HalpaBJICHUAX, TO U3MEHEHHSI KOHTpa-
CTHOM KapTHHBI TPAKTHYECKH HE OYJeT, MOITOMY
9KCTIIEPUMEHTATOP HE CMOXKET IPOBECTH CEPUI0 He3a-
BHCHMBIX U3MEPEHUIA.

[losTOMy B HaHHOW KOHCTPYKLHMH 3KCIEPHUMEH-
TaIbHOW WHTEPPEPEHIIMOHHON yCTaHOBKU OBUIO pea-
JM30BaHO TPOCTPAHCTBEHHOE MHKPOCKAHUPOBAHUE
MHUKpOpenbeda MOBEPXHOCTH 00bekTa. Mexay MHK-
pOOOBEKTUBOM, (HOPMHUPYIONIMM 30HJAUPYIOMINN TTy-
YOK, U UICTOUYHHKOM CBeTa ObljIa BBEACHA ONTHYECKAs
TUIEHKa, KOTOpas COBEpIlaia YTJIOBbIE KoOJcOaHHS
(puc. 2). AMIUINTYIy CKaHHWPOBAHMS, TUCKPETHOCTbH
OTCYETOB BHIOMpAIH TaKUM 00pa3oM, YTOOBI KOHTpACT
UHTEP(PEPEHIMOHHON KapTHHBI Y HONEPEYHON U Ipo-
JOJBHOM COCTAaBIISIONIMX OBbUT OTIMYEH APYT OT ApYyTa.

Bpemss nmepemeleHnss ONTUKO-U3MEPUTEIHHOTO
O5oKa paBHO

=1/,
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rae | — nwama3oH w3MEpeHuid WHTepdepeHITnOHHON’
YCTAHOBKH, V — CKOPOCTb ONTHKO-U3MEPHUTEIBHOIO
Ooka.

B skcnepumenTe Bpems T cOBHaAajo C NEPUOIOM
MPOCTPAaHCTBEHHOTO  MHUKpOCKaHuhpoBaHus. Toraa
4acTOTa MUKPOCKaHUPOBaHUs OyAeT

fu=1/1

B pabote momynepuonsl IOBMKEHHS ONTHYECKOH
TUICHKA B MOJIOXHUTEJIBHOM M OTPULATENBHOM Ha-
MpaBIEHUSIX B MPOILECCe KOHTPOJS TOBEPXHOCTH OBI-
JU paBHBL. OTO YCIOBHE IO3BOJIMIIO YAEPKHUBATH
HEHTP TSHKECTH KOMOWHHMPOBAHHOTO IISITHA Ha IIO-
BEPXHOCTH B OJHOI TOUKe, HE JaBas MATHY CMEINATh-

ca. Ecim 77 — BpeMst 0THOTO M3MEPEHHUS, TO
T/2= mtp,
rJe m — YUCIO0 M3MEPEHUM 3a OJUH MOJYNEPHOL.

Toraa yactoTa MOAYJISILMA B ONOPHOW BETBU WH-
TepdepoMeTpa paBHA

fon=1/7=2mv /L

Hns ompeneneHust yrioBOM aMIUIATYIbl 3THX KO-
neGaHui BOCIIONIb3yeMCS pucC. 3.

B pesynbrare NpoBEIEHHBIX PAaCUETOB MOJIYYHUM
CIICAYIONIEE BBIPAXKEHHE, CBSA3BIBAIOIICE AMILIUTYY
MUKPOCKAHHPOBAHUS, aMIUINTYy YTJIOBBIX Kojeba-
HUI U TONIIMHY ONTHYECKON TIICHKH:

(L, -f)A,
- )

A=
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Puc. 3. K pacuery napamMeTpoB MUKpOCKaHUPOBAHHUS.

h. — TONIIMHA ONTHYECKOH IUICHKH; 0, — aMIUIUTYZa
KojieOaHui IUIeHKH, A, aMIUIUTYyZa KoJeOaHMid
Ha MUKPOOOBEKTHBE

Hanee

(L,—f)h, . . sina
=———-—sin| @, —arcsin ,
Sin o, n
fcos ¢ p

n,

rie A — aMIUITyJa MUKPOCKaHWpOBaHUS, h, —
TOJIIIMHA ONTHYECKOW TMJICHKH, O — aMIUTUTyJa KO-
ne0aHui TIEHKH, 1, — IO0Ka3aTelb NPeJoMICHUS
MaTepuana MIeHKHU.

B skcniepumente: L, = 120 MM, v = 50 mm/c, [ =
=100 mxm, m = 3, n, = 1.5, f =15 mm, A, = 0.5 MM,
A = 10 mxm. Toraa u3 HpUBEJACHHBIX BbIlIe (HOPMYII
Obumm TonydeHsr: f, = 500 I'm, fo, = 3 %[, a. =
=0.01 pan.

Takum 00pazom, nomydeHHbIE (HOPMYITHI TIO3BOJISIOT
paccuuTaTh BCE MapaMeTpbl MUKPOCKAaHHUPOBAHMS 30H-
JIPYIOMIETO TISITHA TI0 TIOBEPXHOCTH OOBEKTa IKCIIEpH-
MEHTAIbHON NHTEP(EPEHIIMOHHOMN YCTaHOBKOM.

3AK/IIOYEHUE

B onrtnueckoM mpubOpoCTpOCHWH OTPOMHOE BHU-
MaHHEe yJIeJsIeTCs] COBPEMEHHBIM pa3padoTKaM M CXEM-
HBIM pEIICHUsM, KOTOpbIe HallpaBlIeHbl Ha YyBeJIH4e-
HUE JMana3oHa W3MEPEHHH, IMOBBIIIECHHE TOYHOCTH
M3MEpPEHUH W TMPOCTOTY OIKCIUTyaTallud ONTHYECKHX
W ONTHKO-3JIEKTPOHHBIX TMPHOOPOB M KOMILIEKCOB.

B pabote mokasan croco0 u3mepeHusi MuKpopenbeda
MOBEPXHOCTH HCCIIEAYEMOTO OOBEKTa MpU MaJloM
CMEIIEHUH TIOMIEPEYHON COCTaBIISIONIEH OTPaXEHHOTO
CBETOBOI'0 CHTHaJia B OOBEKTHOW BEeTBH MHTEepdepo-
Merpa. [IpuBesieHa onTuyeckas cxema ¢ ONTHYECKOU
TUICHKOH DKCIEPUMEHTAILHOW WHTEp(EepPCHIIMOHHON
YCTAaHOBKH C TMPOCTPAHCTBEHHBIM MUKPOCKaHHPOBa-
HUEM CBETOBOTO JIy4a M0 MHUKpopelbedy MOBEPXHO-
ctu. CdopmynupoBanbl TpeOOBaHHS K 3JIEMEHTaM
Y TIapaMeTpaM MHKPOCKaHUPOBAHHMS.
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INVESTIGATION OF AN EXPERIMENTAL INTERFERENCE
INSTALLATION WITH SPATIAL MICROSCANNING TO CONTROL
THE GEOMETRIC PARAMETERS OF THE SURFACE
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The paper highlights the possibility of using an experimental interference setup with spatial microscanning to
control the geometric parameters of the surface. Obtaining high-precision and reliable information about the
geometric parameters of the surface of objects has always been an important task of metrology, so this work is
relevant and promising. The paper defines the purpose and sets the task of the study. An optical scheme, a mode
of measuring the surface microrelief using an experimental interference device, as well as the optical film for
determining the angular amplitude of vibrations are presented. The formulas make it possible to calculate all the
parameters of the micro-scanning of the probing spot on the surface of the object with an experimental interfe-
rence installation.

Keywords: interference installation, microrelief, microscanning, measurement range, measurement accuracy, measurement
error, transverse component, longitudinal component
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INTRODUCTION

Modern methods and technical means of monitor-
ing the surface relief of objects are the most important
tools for metrology [1, 2]. These methods have a wide
measurement range, from millimeters to meters [3, 4].

Today, there are a huge number of devices and
complexes for monitoring surface topography that use
destructive and non-destructive testing methods [5, 6].
Mechanical devices and complexes are based on de-
structive (contact) testing methods. Optical and opti-
cal-electronic devices and complexes use non-
destructive (non-contact) testing methods.

Mechanical devices and complexes make it possi-
ble to measure surface topography with accuracy up to
tenths of a micrometer. In turn, they have restrictions
on the class of measured surfaces and are also of little
use for solving dynamic problems. They are practical-
ly not used to measure the surface of objects with low
resistance to mechanical influences, they require high
vibration protection and frequent changes of the ele-
ment in contact with the surface [7, 8].

For optical and optoelectronic devices and com-
plexes, the accuracy of measuring surface relief varies
from 107 pm to 10 um [9, 10]. Of course, they are
free from the disadvantages mentioned above.

Currently, there is a tendency to develop interfe-
rence devices and complexes that use semiconductor
white light diodes as a radiation source and also to
apply optical films for spatial microscanning of the
surface under study instead of traditional plane-
parallel plates (material: quartz glass K8) [11, 12].
This direction in optical instrument making has been
rapidly developing in recent years because such de-
vices and complexes are widely used in medicine,
ecology, and some areas of mechanical engineering.

The operation of these devices is based on the
analysis of the reflection of light emission from the
studied surface relief of the object [13, 14]. Analyzing
the scientific literature, we can highlight the fact that
experimenters in the field of semiconductor optics are
studying semiconductor materials that are used in rad-
iation sources where the coherence length is less than
one micrometer. This means that when monitoring the
surface microrelief, it becomes possible to carry out
measurements with high accuracy, exceeding tradi-
tional methods and means.

However, despite certain achievements in the prac-
tical application of such devices and complexes, ques-
tions of a theoretical nature remain, including the op-
eration and construction of these systems [15, 16].

Therefore, it is of interest to study the metrological
capabilities of the developed interferometric low-
coherence setup with spatial scanning of surface mi-
crorelief. Based on the experimental data obtained,
this research allows us to manufacture such interfe-
rence devices and complexes, improving the design of

the optoelectronic system and bringing precision pa-
rameters to a new level.

The purpose of the work was a laboratory study of
the longitudinal component of the reflected signal
from the surface microrelief when the directions of
movement of the interference setup and the light spot
coincide.

PURPOSE FORMULATION

Conduct an analysis of the interference setup by in-
troducing auxiliary microscanning of the light beam
between a low-coherence emission source and a mi-
crolens, controlling the microrelief of the surface un-
der study. Determine the microscanning parameters of
the proposed option.

EXPERIMENTAL INTERFERENCE
LOW-COHERENCE SETUP

This setup is used to measure surface microrelief
and includes a white light source (semiconductor di-
ode with a coherence length of 0.5 um). The work is
based on the dependence of the contrast of the interfe-
rence pattern on the difference in the path of the inter-
fering rays. The setup implements a method for
changing the path difference by changing the optical
length of the object branch in the interferometer
branches and subsequently compensating with a high-
precision coordinate measuring device that moves
along three coordinate axes.

The main part of the experimental interference se-
tup is the optical-measuring unit, which contains a
Michelson interferometer. Surface microrelief mea-
surements are carried out with an optical measuring
unit, which is installed on a specially designed coor-
dinate-measuring device (Fig. 1).

Fig. 1. Moving the optical measuring unit in mea-
surement mode.

M — optical measuring unit; P — surface microrelief;
S —light beam; X'X" — trajectory of movement of
the optical-measuring unit;

Xi, ..., X3 — points of location of the optical-
measuring unit on the surface; points are determined
by the discreteness of information collection; /; is the
distance by which the optical-measuring unit moves
in one pass

The purpose of the coordinate-measuring device is
to scan the area of the studied microrelief on the sur-
face of the object. By examining each i-th point of the
surface microrelief with coordinates x;, y;, the value
Az; is found when the optical-measuring unit moves
towards the surface along the z axis. So the data about



the surface function Az; = f (x;, y;) are taken from the
readings of the coordinate measuring device.

EXPERIMENTAL RESULTS

When measuring surface microrelief, it is neces-
sary to take into account not only the transverse com-
ponent of the reflected emission but also the longitu-
dinal component. When adding coherently-scattering
components, the longitudinal structure of the total
light wave consists of columnar bodies elongated
along the direction of propagation of incident radia-
tion onto the surface.

The longitudinal size of the columnar body b, is
determined by the following formula [17]:

by =4.L% &,

where 4 is the emission wavelength, L is the distance
from the illuminated surface to the observation plane,
d is the linear size of the illuminated area of the sur-
face.

The by/b, ratio is defined as

b,/ by=1L/0.3d,

where by is the transverse size of the columnar body.

In the experiment, L = 100 mm, and d = 30 pm,
which means b,/ b, = 10°. If we maintain the equality
of the speeds of the optical-measuring unit in the lon-
gitudinal and transverse directions, then there will be
practically no change in the contrast pattern, therefore,
the experimenter will not be able to carry out a series
of independent measurements.

Therefore, in this design of the experimental inter-
ference setup, a spatial microscanning of the microre-
lief of the object’s surface was implemented. An opti-
cal film was introduced between the microlens, which
forms the probing beam, and the light source, and this
film performed angular oscillations (Fig. 2). The
scanning amplitude and sampling discreteness were
chosen in such a way that the contrast of the interfe-
rence pattern of the transverse and longitudinal com-
ponents was different from each other.

Fig. 2. Implementation of the spatial microscanning
method using optical film.

S—emission source; «, is the amplitude of film vibra-
tions; H, — film; O — microlens; f — the focal
length of the microlens; P—surface microrelief; L, is
the distance from the microlens to the surface under
study; A — microscanning amplitude

The moving time of the optical-measuring unit is

T=1/v,

where / is the measurement range of the interference
setup, v is the speed of the optical measuring unit.

In the experiment, time 7 coincided with the pe-
riod of spatial microscanning. Then the microscanning
frequency will be

=1/

In the work, the half-periods of movement of the
optical film in the positive and negative directions
during surface testing were equal. This condition
made it possible to keep the center of gravity of the
combined spot on the surface at one point, preventing
the spot from moving. If 7; is the time of one mea-
surement, then

/2 =mrt,

where m is the number of measurements per half-
cycle.

Then the modulation frequency in the reference
branch of the interferometer is equal to

fon=1/7=2mv /1.

To determine the angular amplitude of these oscil-
lations, we will use Fig. 3.

Fig. 3. For the calculation of microscanning parame-
ters.

h. — the thickness of the optical film; o, — the ampli-
tude of film vibrations; A, — amplitude of oscillations
on a microlens

As a result of the calculations, we obtain the fol-
lowing expression relating the microscanning ampli-
tude, the amplitude of angular vibrations, and the
thickness of the optical film:

(L, -f)A,
A=—>—-°
f
Further
(L, -f)h, { . sinac:l
=——-—sin| o, —arcsin ,

fcos sma, n,

n

P

where A is the microscanning amplitude, 4. is the
thickness of the optical film, ¢ is the amplitude of
film vibrations, n, is the refractive index of the film
material.

In the experiment: L, = 120 mm, v = 50 mm/s, / =
=100 pm, m =3,n, =1.5,f=15mm, h. = 0.5 mm,
A = 10 pm. Then, from the above formulas, we ob-
tained: f,, = 500 Hz, fo, = 3 kHz, a. = 0.01 rad.

Thus, the obtained formulas make it possible to
calculate all the parameters of microscanning of



a probing spot over the surface of an object using an
experimental interference setup.

CONCLUSION

In optical instrumentation, great attention is paid to
modern developments and circuit solutions that are
aimed at increasing the measurement range, mea-
surement accuracy and ease of operation of optical
and optical-electronic devices and complexes.

The work shows a method for measuring the mi-
crorelief of the surface of the object under study with
a small displacement of the transverse component of
the reflected light signal in the object branch of the
interferometer. An optical scheme with an optical film
of an experimental interference setup with spatial mi-
croscanning of a light beam along the micro-relief of
the surface is presented. Requirements for elements
and microscanning parameters are formulated.



