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JNIA3EPHDBIE UHTEPOEPOMETPDI
AN KOHTPO/IA ®OPMbI
ONTUYECKUX NOBEPXHOCTEMW
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P.K.Hacoipos, B.B.HepKauiuH,
Hucmumym asmomamuku u snekmpomempuu CO PAH

MpepcTaBneH 0630p cOBpeMeHHbIX /1a3epHbIX
MHTepdepoMeTpoB, NpeaHa3Ha4YeHHbIX A1

KOHTpOJisl GOpMbl ONTUYECKUX NOBEPXHOCTEN,

M NpoBefeH Ux aHanns. PaccmoTpeHbl MeToAbl
KOHTpons ¢popmbl chpepryeckmx u achepuyeckmx
I'IOBerHOCTeﬁ Ha OoCHOBe NpUMeHeHUsa KOMNbOTEPHO-
CUHTE3NPOBAHHbIX roJIorpaMm B covYeTaHUun

C nasepHbIMU UHTepdepoMeTpamu. MNpuBeaeHbl
pe3ynbTaTbl paspaboTku uHTeppepomeTpa TMNa ®uso
C paclMpeHHbIMU PYHKLNOHAIbHbIMU OCO6EHHOCTSIMU
M NporpaMmmMHbIM o6ecrneyeHueM aJs ynpassieHus
npmM6opoM 1 A1 aHanm3a uHTeppeporpamm.
PaccMoTpeHbl Kto4eBble 0CO6@HHOCTHU

M OT/INYUTE/IbHbIE YepTbl UHTepdepomeTpa Moaenu
®TU-100.

Ecnu Henb3s U3MEPUTH,
TO HEBO3MOYKHO U U3TOTOBUTb.
B.Tomcor (Jlopd Kenvbsut)

BBEAEHWUE

HHuTepdepoMeTpsl ~ OJHH M3 CAMBIX TOUHBIX H3Me-
PUTENBHBIX IIPUOOPOB, HCIIONB3YIOIIUX ITPHUHIIKII
HHTepbEepeHIIUMH CBeTOBbIX BOMH [1]. MHKpPO3/1eKTpO-
HMKa, ONTHKA, /Ja3epHasl TeXHHKA, TeJTeKOMMYHHKa-
LM, aCTPOHOMHUS, IIPell3HOHHas MeXaHHKa, U3Me-
puTe/bHAas TeXHHKA He MOITIM Obl CyIlecTBOBaTh He3
[IpYMEeHEeHHsl Pa3/JIM4YHbIX THUIIOB HMHTepP)epOoMeTpOB.
KauecTBO ONTHUYECKHUX IOBEPXHOCTEH OIpefenseTcs
MeTOaMH HUX KOHTPO/s. IIpy H3TrOTOBIEHUH COBpe-
MEeHHBIX OIITHYeCKUX CHUCTeM TpebyeTcss KOHTPOIHPO-
BaTh popMy IOBepXHOCTeH (IVIACTUH, 3epPKajl K JIHUH3)
C TOYHOCTBIO [I0 eJUHHUI] K Ja’Ke HoJlekl HaHOMeTpa.
IIpu 3TOM IIOmIAZlb KOHTPOJIHPYeMOL IIOBEPXHOCTH
MOXKeT COCTaB/ISTh HECKOJIBKO AeCITKOB KBAaJPAaTHBIX
MeTpOB.

CyIlecTBYIOT MHOIO THMIIOB JAaTYHKOB BOJIHOBOIO
dpoHTa [2] 1 HHTepdepoMeTpPOB, K3 KOTOPBIX Haub0-
Jlee pacIIpocTpaHeHBl KOHQUrypauuu ®uso u TBau-
MaHa-TpuHa. HpeanpHBIM HHTepdepoMeTp [0/~
>KeH GOpMHPOBaTh KapTy TPexXMepHOH ONTHYeCKOH
IIOBEPXHOCTH 6e3 AucTopcHuM (OMIMOKH), He3aBUCHMO
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LASER INTERFEROMETERS
FOR OPTICAL SURFACE TESTING

A.G.Poleshchuk, V.N.Khomutov, A.E.Matochkin,
R.K.Nasyrov, V.V.Cherkashin,

Institute of Automation and Electrometry

of Siberian Branch of the Russian Academy of Sciences
(IAE SB RAS)

The review of up-to-date laser interferometers

for optical surface testing is presented and their
analysis is performed. The methods of spherical and
aspherical surfaces testing are considered on the
basis of the use of computer-generated holograms
in combination with laser interferometers. The
results of development of Fizeau interferometer
with expanded functional characteristics and
software for device control and interferogram
analysis are specified. The key peculiarities and
distinctive features of FTI-100 interferometer are
considered.

"If you cannot measure it,
you cannot improve it".
W. Thompson (Lord Kelvin)

INTRODUCTION
Interferometers are one of the most accurate
measuring devices, which use the principle of
light wave interference [1]. Microelectronics,
optics, laser engineering, telecommunication,
astronomy, precision mechanics, measuring
equipment could not exist without use of various
types of interferometers. Quality of optical
surfaces is determined by the methods of their
control. When making the modern optical
systems, it is required to control the shape of
surfaces (plates, mirrors and lenses) with the
accuracy of units and even fractions of nanometer.
At the same time, the area of surface under test
can be equal to several tens of square meters.
There are many types of wavefront sensors
[2] and interferometers, of which the most
common are configurations of Fizeau and
Twyman-Green. Perfect interferometer must
form the map of three-dimensional optical
surface without distortion (error) irrespective if
the surface is flat, spherical or asphercial. The
perfect system must be resistant to vibrations,
temperature differences, it must be easy to
use and it should operate without failures. For
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OT TOrO, SIBJISIeTCS JIM IIOBEPXHOCTb IIJIOCKOM, cde-
pUYecKoM MM achepuueckor. MieanpHasi cMcTeMa
IO/KHA OBITH YCTOMYMBA K BUOpalMsAM, IeperafaM
TeMIIepaTyp, OBITh IIPOCTA B KCIIONB30BAHUM U pabo-
TaTh 6e3 cboeB. [IJIsi MPAaKTUYECKOrO ITPHUMEHEHHUS
HHTeppepoMeTpoB He0OXOIHMO 3HATh U IIOHUMATh UX
0cobeHHOCTH, 06/1acTH NIPHMeHeHUs U HallpaBIeHHUs
HX COBEepIIeHCTBOBAHHSI.

B HacTosmen paboTe JeTaJbHO PacCMOTpPeHa KOH-
éurypanus uHTepdpepoMerpa THUIa PH30, IpUBeLeH
0630p Haubosee pacIIpocTpaHEHHBIX MOZIeTIeH, 06CysK-
IeHBI B IeTa/ISIX XapaKTepUCTUKU U 0COOeHHOCTH KX
CXeM W TeHJeHLUHU pa3BUTHUsl. OCHOBHOe BHHMaHUe
yAeneHO IPHMEHEHHIO KOMIIbIOTePHO-CHHTe3HPO-
BaHHBIX ronorpamm (CI) B cxeMax UHTepdepoMeTpOB
tuna ®r3o Ha mpuMepe paspaboranHoro B MAu3 CO
PAH u 3A0 "Nuépakuus’ npudopa PTH-100.

COBPEMEHHbIE MHTEP®EPOMETPbDI

TUMA ®U30 4191 KOHTPOJ11 ONTUYECKUX
MOBEPXHOCTEM

HHTepdepomMeTpsl ¢ 6OIBIIHM I10/1eM OOBIYHO CTPOSITCS
o cxeme Pu30, KoTopas TpebyeT MUHHMYMa ONTHYe-
CKHUX KOMIIOHE@HTOB: MCTOYHHUK U IIPHEMHUK HU3JIyYe-
HUS$, KOJUIMMHUPYIOIAs TMH3a, 3TaJ0OHHAas IJIaCTHHA
1 KOHTPOJIHPyeMblll 06beKT. MHTepdepoMeTp THUIA
®u30 KMconb3yeT 06U K X0, N3MePHUTeIbHOIO 1 OIIOp-
HBIX IIyYKOB CBeTa, II03TOMY Ha KayeCTBO KOMIIOHEH-
TOB 0COOBIX TPebOBAHU I He HAK/IAIBIBAETCS.

JHraMeTp CBeTOBOIO I10JIS1 C ONHOK CTOPOHEI OIIpefie-
7151eT pa3Mepbl KOHTPOIIUPYeMBIX leTajlel, a C IPYrou -
rabapuTel U CTOMMOCTD ITprbopa. B HacTosIee BpeMsi
BBIITYCKAIOTCSI MHTeppepoMeTpsl C pabourM IoneM
oT 5 10 150 MM. Bonpminu gruamMeTp oI obecrieyuBa-
eTCsl PacUIMpHUTeNSIMHU IIy4Ka. Hambombliee pacmpo-
CTpaHeHHUe IOy HIH ITPUOOPEI ¢ roeM 102 MM.

B KadecTBe MCTOYHHKA U3/Iy4eHUS OOBIUHO
KCIIONB3YIOT O4HOYACTOTHBIe He-Ne - MM IIONyIIpO-
BOLHUKOBBIe ja3epbl. OJHOM M3 OCHOBHBIX XapaKTe-
PHCTHK HMCTOYHHMKA SIBJISIOTCS JJIMHA KOT€PeHTHOCTH,
KoTOopast MOKeT JocTurath 100 m. MHorma B uHTepde-
poMeTpax HCIOJNb3YIOT OJHOYACTOTHBIE 532/1064-HM
nasepbl. OQHAKO /14 IIPEeLM3HOHHOI0 KOHTPOJIS ache-
PHUUeCKHX [TI0OBEPXHOCTEH C HcIonb3oBaHeM CI BbIOOD
octaercq 3a He-Ne jasepom, IJIMHA BOJHBI KOTOPOIO
oIIpefiesieHa C BBICOKOK TOYHOCTBIO.

B HacTosillee BpeMsl HHTepdepoMeTpsl TUIlla Pr30
CepUHHO IIPOM3BOAATCS MHOTHMH KOMIIAHHSIMH.
B Tabnulie mpHUBeleHbl HEKOTOPbIe MOJIEIH CePUIHBIX
niprbopos ¢ rosieM 102 MM, pacCYMTaHHBIE Ha IIpUMe-
HeHHe 3TaJIOHHBIX IUIACTUH U 06beKTUBOB CTaHJapTa
Zygo. CoBpeMeHHBbIe IPHUOOPHI YIIPAB/ISIOTCS OT KOM-
[IbIOTEPA U [103BOJISIOT GOPMHUPOBATH BYX- U TPeXmep-
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the practical application of interferometers
it is necessary to know and understand their
peculiarities, application ranges and areas of
their improvement.

In this paper the configuration of Fizeau
interferometer is considered in details, the
review of the most common models is given,
the characteristics and features of their layouts
and development trends are discussed. The
main focus is concentrated on the application
of computer-generated hologram (CGH) in the
Fizeau-type interferometers by the example of
FTI-100 device developed in IAE SB RAS and
"Diffraction" company.

MODERN FIZEAU INTERFEROMETERS
FOR OPTICAL SURFACES TESTING
Interferometers with large field are usually based
on Fizeau principle, which requires minimum
optical components: source and detector of
radiation, collimating lens, reference plate and
object under test. Fizeau interferometer uses the
common path for test and reference beams, and
therefore there are no special requirements to
the quality of optical components.

On one hand, light field diameter determines
the dimensions of tested components, and on the
otherhand, itdetermines the dimensions and cost
of device. At the present time, interferometers
with the operational field from 5 to 150 mm are
produced. Larger diameter of the field is provided
by beam expanders. Devices with the field of 102
mm are the most common devices.

Single-frequency He-Ne - or semiconductor
lasers are usually used as the light source. One
of the main characteristics includes coherence
length, which can reach 100 m. Sometimes
single-frequency 532/1064-nm lasers are used
in interferometers. However, for high-precision
testing of aspherical surfaces with the use of
CGH, He-Ne lasers are selected, as its wavelength
is determined with high accuracy.

Currently, Fizeau interferometers are
commercially available from many companies.
Some models of commercially available devices
with the 102 mm field, which are compatible
with reference flats and spheres of Zygo standard,
are specified in the table. Modern devices are
controlled by computer and allow generating
2- and 3-dimensional maps of tested optical
surface. The algorithms of phase shift (PS) or
spectral analysis (SA) are used for processing
of interferograms [1]. PS method is the most
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Hble KapTbl KOHTPOJIHUPYeMOH OITHYeCKOH II0BEPXHO-
cTU. 151 06paboTKU HHTepdeporpaMm HCIIONb3YIOTCS
AJITOPUTMBI BpeMeHHOro ga3oBoro casura (BO3) uiu
creKTpaibHBIE aHanu3 (CA) [1]. Meton B®3 sBis-
eTcss Haubosee TOYHBIM, OJHAKO OH He IIPUMEHHM
B YCJIOBHUSIX BHOpalLlMil, TaK KaK BpeMsl H3MepeHHUSs
coctasnsier g0 0,3 cekyHabl. Mertom CA HCIIONIb3yeT
OooHY HHTepdeporpaMmy, IIO9TOMY BpeMsl H3Mepe-
HHS COKpallleHO [0 [eCsiTKOB MHUKPOCeKyHZ. OmHaKo
IIPUHIIMIIHAIBHON 0CO6eHHOCTBIO 3TOr0 MeTO/a SIBJIS-
eTCsl PerucTpalnus HHTepdeporpaMMBI CO MHOXe-
CTBOM IIOJIOC, YTO IIPUBOAUT K IOSIBJIEHHUIO IIOrperl-
HOCTeH, BbI3BAHHBIX HapyIleHHeM IIPUHIIUIIA 06Iero
X0fla Iy4eH, a TaKKe K Heo6X0AUMOCTHU IIpHMeHeHHU s
BBICOKOPA3pelIaoUX BHIeoKaMep 6e3 3alIHMTHOIO
cTekna [3]. TIpu KoHTposne achepHyecKHUX ITOBEPXHO-
cTei, 0cobeHHO 6ONMBIION KPHUBH3HBI, IPH HaK/IOHe
BO3HHMKaeT abeppalivsi THIIA KOMBI. Ty abeppaliuio
HY>KHO MCK/IIOYaThb U3 Pe3yabIaTOB HM3MepPeHHH IIpo-
rPaMMHBIM ITyTeM, YTO He Bcerza yaobHo.

B mocnenHue ronbl 6pUTH pa3paboTaHbl IIPHUOOPHL,
peanusymomide aJlropuTMBEl OJHOBPeMeHHOIo ¢as3o-
Boro casura (O®3) mpuMeHHTENIBHO KaK K HHTepde-
poMeTpaM Tuna TBarmaHa-TpuHa [4], Tak u duso
(5]. 9Tu IpU6OPEI MI03BOMSIIOT IIPOBOAUTD U3MepeHH s
B yCJIOBHSIX ITOBBIIIEHHOTO YPOBHS BUOPAIKI, OIHAKO
TpebyIOT TIaTeIbHOM KaJIMOPOBKH, TaK KaK IPHUHIIUII
obrmero xofa Ty4yer Tak>ke HapyIleH.

Yacto mHTepdepoMeTpPEl BCTPAMBAIOTCI B H3Me-
pUTeIbHbIe KOMIUIEKCH C BepPTHUKAaJIbHBIM PacIIONo-
>keHUeM Ipubopa u getanu [6]. OMHUMU U3 CAaMBIX
BBICOKOTEXHO/IOTHYHBIX SIBJISIIOTCSI KOMIIJIEKCHL KOM-
naHuM Zygo [7] u QED [8], mo3Bossomnirie KOHTPOIHUPO-
BaTh opMy KakK chepHUecKUX, TaK U achepruyecKUX
roBepxHoCTer. CTOMMOCTh TaKHX CHCTeM JOCTHUIaeT
MUJITTHOHOB [I0JIIaPOB.

B PoccMH paHee CepHHMHO BBIIIYCKalCSd HHTepde-
poMeTp HMKI-110 [9]. B HacTosilllee BpeMs BBIIIYCKa-
10TCs IpUOOPEI clenyonx Mmomeneii: OPTOTL-ICO -60
(rmonme 60 MM, A=0,532 MKM, IIOrPeIIHOCTh U3MepeHU
8§~1/20 \) [10], PU® (mmoste 95 MM, A=0,65 MKM, §~1/20 \)
[11], UPA-300 (mmoste mo 300 MM, A=0,65 MM, 6~1/100 A)
(12] 1 ®TH-100PS [13] (cMm. Tabau1y).

JJ1s. KOHTPOJISL IIOCKUX U CPepHUUecKUX IIOBepX-
HOCTeHl IPUMeHSIOTCS OOBIUHBIE KOMMepUecKUe
HHTeppepoMeTphl, a [14 KOHTPoid acPepHuecKHX
rioBepxHocTel (AIl) oHu pononHsoorcs CI [14]. OgHako
npuMmeHeHue CI MMeeT psl 0cOOeHHOCTEH, TAaKHX
KaK HaJIM4YMe MapasUTHBIX AUPPAKLIMOHHBIX IIOPSJ-
KoB ([I1), HU3KOM AUPPAKLIMOHHON 3$PeKTUBHOCTH,
TpebyeMOIl BBICOKOM TOYHOCTH IOCTHPOBKH CI u 1p.
(15]. IIpumeHeHHe CI' COBMeCTHO C KOMMepUYeCKHMMHU
nHTepdepomeTpaMH [16] He Bcersa MO3BOMSIET Y4eCTh
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precise method; however, it is not applicable
under the conditions of vibrations because
the measurement time is up to 0.3 sec. SA
method uses one interferogram, and therefore
the measurement time is reduced to tens of
microseconds. However, the key feature of this
method is registration of interferogram with
many fringes, and this fact brings measuring
errors caused by the disturbance of common
path principle and requires high-resolution
CCD cameras without protective glass [3]. When
testing the asphercial surfaces, especially with
large curvature, in case of inclination the
aberration of coma type occurs. This aberration
must be excluded from the measurement results
via software, but it is not always convenient.

Over the recent years, the devices
implementing instantaneous phase shift
algorithms (IPS) have been developed in relation
to Twyman-Green type interferometers [4] as well
as Fizeau-type interferometers [5]. These devices
allow performing the measurements under the
conditions of high level of vibrations; however,
they require careful calibration because the
common path principle is disturbed.

Often, interferometers are built into the
measuring complexes with vertical arrangement
of device and component [6]. Complexes of Zygo [7]
and QED [8] companies refer to one of the highest-
technology devices, which allow controlling
the shape of spherical and aspherical surfaces.
The cost of such systems reaches millions of
dollars.

Earlier, in Russia the interferometer IKD-
110 was commercially available [9]. At the
present moment the devices of following models
are produced: OPTOTL-ICO-60 (field - 60 mm,
A=0.532 pm, measurement error §~1/20 A) [10],
RIF (field - 95 mm, A=0.65 pm, §~1/20 A) [11], IFA-
300 (field - up to 300 mm, A=0.65 pm, §~1/100 A)
[12] and FTI-100PS [13] (see Table 1).

In order to test flat and spherical surfaces the
standard commercial interferometers are used,
and in order to test aspherical surfaces (AS) they
are complemented [14] CGH. However, use of CGH
has a number of peculiarities, such as presence of
parasitic diffraction orders (DO), low diffraction
efficiency, required high accuracy of CGCH
adjustment, etc. [15]. Use of CGHs in combination
with commercial interferometers [16] do not always
allow taking into account these factors, which
causes the decrease of measurement accuracy and
sometimes gives wrong measurement result.
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3TH $aKTOPhI, YTO MPHUBOAUT K CHUKEHUIO TOUHOCTH
M3MepeHHUM, a HMHOIAA K IONIy4eHHI0 OUIHO604YHOro
pesysbTaTa.

OCOBEHHOCTUN MHTEP®EPOMETPOB

TUNA ®UN30 A1 KOHTPOJ19 ACOEPUKA
YIpoileHHas oONTHYecKas cxema H® mpuBemeHa
Ha puC. la. ONTHYecKoe U3Ty4eHHe 0T UCTOYHHKA (S)
¢ omotpio cBeTofenutens (C/) ¥ KOIMMHUPYIOIIETo
o6bekTHBa (O1) HATPaBASETCS K 3TAJIOHHOM IIJIACTHHE
(3I1) u manee K IIOBEPXHOCTH KOHTPOIHPYeMOro 06w
eKTa (IockocTs P1). H3nyueHHe, OTpaskeHHOe OT 3TOM
IIOBEPXHOCTH U OT CTOPOHBI A 3TaJIOHHOM IIACTHHBI
(ctopoHa B mMeeT KIHH &), QOKycHpyeTcs 06BeKTH-
BoM Ol B /I0CKOCTH guadparmsl [ (touxa S) u ganee
¢ moMolIp0 06beKkTHBa O2 HAIPABISETCS K PACIIONo-
>KEHHOH B IUIOCKOCTH P2 BupeokaMepe BK1. OpHUM
M3 K/IIOYeBHIX 371eMeHToB M aBngerca guadpparma [,
KOTOpast CIYKUT JJ1s1 6JI0KMPOBKU I1apa3sHUTHOIO H37Y-
YeHHs, OTPakeHHOIO OT 3JIeMEeHTOB CXeMBbI, B 4acT-
HOCTH OT CTOPOHBI B 3TajloHHOM IIJIACTHHBL (LITPH-
X0Basl MUHHUS U Touka S"). Juamerp d muadparmsl
ompezessieT IPOCTPAHCTBEHHOe paspelleHHhe IIPH-
6opa. ECtu 3TajoHHAs IUIACTHHA MMeeT KIMH o=15
YIJIOBBIX MHHYT, TO IPH GOKYCHOM PACCTOSIHUHU 06Bb-
exkTUBa Ol f1=600 MM JuameTp nuadparmMsl JOJIKeH
6bITh d<4afl~10 MM. OmHaKo, eciu U KCIIO/Ib3YeTCs
coBMecTHO ¢ CI, pasMmep fuadparMsl JOJIKeH OIlpeje-
nAThCA yrnaMu gudpakuuu AI1. Ha puc. 16 mokasaH
npumep nonoxkeHus JI1 Ha IIOBePXHOCTH AradparMel
nipy KoHTpose Al ¢ momorbio CT [17]. 7151 67I0KMPOBKHU
HeskenaTenbHbIX [II guameTp OuadparMbl TOJIKEH

=

PECULIARITIES OF FIZEAU
INTERFEROMETERS FOR ASPHERE TEST
Simplified optical layout of IF is shown in Fig. 1a.
Optical radiation from the light source (S) using
beam splitter (BS) and collimating lens (L1) is
directed to the transmission flat (TF) and then
to the surface under test (plane P1). Radiation
reflected from this surface and from the side
A of transmission flat (side B has wedge a) is
focused by the lens L1 in the plane of diaphragm
D (point S), and then with the help of lens L2 it is
directed to CCD camera VC1 located in the plane
P2. Diaphragm D, which serves for blocking of
parasiticradiation reflected from optical elements,
in particular, from the side B of transmission
flat (dashed line and point S"), is one of the key
elements of IF. The diameter d of diaphragm
determines the spatial resolution of device. If
the transmission flat has wedge a=15 angular
minutes, then at the focal length of lens L1 f1=600
mm, the diaphragm diameter must bed <4 af1~10
mm. However, if IF is used together with CCH, the
diaphragm size must be determined on the basis
of diffraction angles of DO. In Fig. 1b the example
of DO position on diaphragm surface is shown
during the AS testing using CGH [17]. In order
to block unwanted DO, the diaphragm diameter
must be d<2f,A/T,,,, where T,., is maximum
period of the CCH pattern. At A=633 nm and
Thax~0.5 mm, the diaphragm diameter must
be d<1.5 mm. Thus, the reasonable selection
of diaphragm diameter d allows minimizing

Ha duappazme

diaphragm

Puc.1. YnpouenHas cxema uimepgepomempa du3o: a) - 3aemMeHmsl U x0d Ayyeli; b) — npumep pacnonoxeHus napazumbix AN

Fig. 1. Simplified layout of Fizeau interferometer: a) - optical elements and raytracing; b) - example of location of parasitic DO on

o1 2N ObbeKkT

b)
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661Th d<2fA/ Ty, THE T,y —~ MAKCHMAJIBHBIN IIEPHOL,
crpykTypsl CI. Ilpu A=633 HM u T.,,~0,5 MM, gua-
MeTp Auadparmel HOIKEeH 6bITh d<1,5 MM. TakKUM
obpasoM, pa3yMHBIH BbI6op muamerpa d muapparmel
[103BOJIsIeT MUHHMMH3KUPOBATh BIHSIHHE [IapasUTHBIX
[OII. Ouadparma TakKke MOXKeT OBITh HCIIOB30BaHA
IlJIs1 OCTUPOBKU UHTepdepoMeTpa. EC/IM I0OBepXHOCTh
AuadparmMel UMeeT JOCTATOYHYIO IIJIOMa b, TO C IIOMO-
IIBIO YCTAHOBJIEHHOM I1epe]] Hel BTOPOU BH/IeOKaMephl
BK2 MOXHO KOHTPOJIMPOBATh IIOJIOKEHHE M IIepeMe-
LIeHHe aBTOKO/IJIMMAIIMOHHBIX IIITeH [18]. 2ToT MeTop,
IOCTHPOBKHU pear30oBaH B P tuna TH-100.

HHTepdepoMeTp ¢ miockor 31 (cM. prc.la) mo3Bo-
NsileT KOHTPOJIHPOBaTh IIOBEPXHOCTb 0OBEKTa TOIBKO
C HeOONMBIIMM OTKJIOHEHHeM OT IIOCKOCTH. [IJIsl KOH-
Tponsl chepUyecKHX MOBepXHOCcTeH BMecTo OII ycTa-
HaBJIMBAIOT 3TaJIOHHBIA 00BeKTHB (30), COCTOSIIME
M3 HECKOJbKMX JIMH3, IpPHYeM BBIXOJHAs JIHMH3a
MMeeT BbICOKOKAaUYeCTBEHHYIO alljlaHaTU4YeCKyIo
[IOBEPXHOCTb, KOTOPasi GOPMHPYyeT ONOPHBIK BOJIHO-
BoM OPOHT Ha oTpakeHHe [19]. B HacTosIee BpeMs
Takde 30 c monem 102 MM u 153 MM H aIepTypou
ot £/0,65 BBIITYCKAIOTCSI MHOTUMHU 3apy6esKHBIMU KOM-
naHusMu (Zygo, MPF, Marh u np.).

st koHTposst AIl 3TaJIOHHBIe OOBEKTHBBL JIOIION-
HSIOTCS KOPPeKTOpaMHM BOJTHOBOTO QPOHTA Ha OCHOBE
CT. TonmorpaMma-KOppeKTop IIpeobpasyeT chepuue-
CKHU BOITHOBOM QPOoHT W, Ha BeIxoZle 50 B BOITHOBOM
dponT W,, compsskeHHBIH ¢ dopmon AIl, Kak IOKa-
3aHO Ha pHC. 2a. JTa cXeMa LIMPOKO MCIIONIb3yeTCs
IO koHTponst AIl [20], ogHaKo oHa KMMeeT HeJOCTa-
TOK — TOYHOCTb BCerZa MeHbIle, YeM TOYHOCTb KOH-
TPOJISI IVIOCKUX MK CHepHUYeCcKUX II0BePXHOCTEL. ITO0
0bycIoB/IeHO, B YAaCTHOCTH, TeM, YTO IOAIokKa CI
He BXOAUT B OOIIMI X0J CBETOBBIX IIy4ukoB U u, cie-
JIOBaTeJIbHO, ee IOrPeIIHOCTh CK/IAAbIBACTCS C Pe3yib-
TaToOM H3MepeHHs. Takke cyuie-
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the influence of parasitic DO. Diaphragm can
also be used for interferometer adjustment. If
diaphragm surface has sufficient area, then the
position and movement of autocollimating spots
can be controlled using the second CCD camera
VC2, installed in front of it [18]. This adjustment
method is implemented in IF of FTI-100 type.

Interferometer with TF (see Fig. 1a) allows
testing the surfaces only with low deviation from
plane. In order to test the spherical surfaces,
instead of TF the transmission sphere (TS)
consisting of several lenses is installed; the output
lens has high-quality aplanatic surface, which
reflects the reference wavefront [19]. Currently,
such TS with the field of 102 mm and 153 mm
and aperture of f/0.65 are produced by many
companies (Zygo, MPF, Marh etc.).

In order to test AS, the transmission spheres
are complemented with wavefront correctors
based on CCH. Hologram-corrector transforms
the wavefront W, at TF output into the wavefront
W, conjugated with the shape of AS as shown in
Fig. 2a. This layout is widely used for AS testing
[20]; however, it has disadvantage: the accuracy is
always lower than the accuracy of flat or spherical
surfaces testing. In particular, it is caused by
the fact that CGH substrate is not included into
the common path of IF, and therefore its error
is added to the measurement result. Also, the
accuracy of CCGH alignment relative to IF and
surface has essential role.

One of the ways for elimination of specified
disadvantages consists in the application
of so-called "combined computer-generated
holograms" [14, 21]. Such holograms allow
generating two and more independent wavefronts

CTBEHHYIO PO/Ib UTPaeT TOYHOCTb
1I0cTUPOBKU CI' oTHOCHTeNEHO H®
1 KOHTPOJIUPYeMOM [T0BEPXHOCTH.

OOHUM U3 IyTeH yCTpaHeHUS
yKa3aHHBIX HEeJJOCTATKOB SIBJISIETCS
IIpUMeHeHHe TaK Ha3blBaeMBbIX
"KOMOMHHUPOBAHHBIX CHHTE3HUPO-
BaHHBIX TroorpaMm’ [14, 21]. Takue
TOJIOTPAaMMBI I103BOJISIIOT OPMHU-
poBaTh Ba U 6oree HE3aBUCHMBIX
BOJTHOBBIX QPOHTa C IIOMOILBIO
OJTHOTO 37IeMeHTa. B ImpUIoKeHUH
K H®, on1H BOIHOBOM QPOHT SIBJISI-
eTcsd M3MepUTebHBIM, a BTOPOH
ONOpPHBIM. B 3TOM cnydae oTma-

WNHTepdepomeTp

Puc.2. KoHmponb acgepuyeckoli N08epxHOCMU C NOMOLbIO: a) — 3MAAOHH020 06~
ekmusa u cuHmesuposaHHoli zonozpammbl (Cl); b) — kombuHuposaHHol CI

Fig. 2. Testing of aspherical surface using: a) - transmission sphere and computer-
generated hologram (CGH); b) - combined CGH

WO CI" W2

O6bekT O6bekT

a) b)

IaeT HeoOXOOMMOCTb B 3TaJIOHe,
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Ha puc. 2b mpencraBieHa cxemMa KOHTpoinst chepude-
CKOTO WK achepuyeckoro obbeKkTa ¢ IIOMOLIBI0 KOM-
6buHupoBaHHOM CI, paboTaromied B IapajelbHOM
Iy4Ke cBeTa [22]. ONOpPHBIH IVIOCKHH BOTHOBOM GPOHT
dopMHUpyeTCcss HIpU OTPaskeHUU OT CTOPOHBI A IIOA-
nokky. CTopoHa b nMeeT HebONIBIION KIKMH U He BIU-
sieT Ha paboTy cxeMbl. MCIIOIb30BaHMe Mapasljienb-
HOTO ITy4YKa CBeTa [I03B0JIsIeT CYIeCTBeHHO YIIPOCTUTh
IOCTUPOBKY TO/MOTPaMMBI. B MHpelyiosKeHHOM CXeMe
MOZJIOKKA KOMOMHUpoBaHHOMN CI BKJIIOUEeHA B 0BT
X0, CBETOBBIX IIYYKOB U €€ HEOJHOPOSHOCTH He BJIH-
SI0T Ha TOYHOCTb H3MepeHHs. JTAJIOHHble KOMOH-
HUpoBaHHBle CI IO TeXHMYECKUM IIOKa3aTe/sIM
IIpeBOCXOIAT 06pryHBIe DO [14], a 10 CTOUMOCTH OHU
Oelessie.

MPOCTPAHCTBEHHOE PA3PELUEHUE N®

[J1si KOHTPOJISL IMpelU3HOHHBIX KPYIHOrabapUTHBIX
3epkasl TpebyroTcst P ¢ BBICOKMM IIPOCTPAHCTBEHHBIM
paspelieHHeM. DTOT [TapaMeTp Ha IIPaKTHKe 0OBIYHO
OIpefie/isieTCs KOJIUYeCcTBOM HHTepdepeHLHOHHEIX
II0/I0C, PEeruCTPUPYeMBIX BHJIEOKaMepor IIpubopa.
Pan coBpeMeHHBIX M@ I03BOJISIIOT PerMCTPUPOBATh
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using one element. In this case the need in TS or
TF is eliminated. In Fig. 2b the layout of spherical
or aspherical surface testing using the combined
CGH operating in parallel beam is shown [22].
The reference flat wavefront is formed during the
reflection from side A of substrate. Side B has low
wedge and does not influence the measurements.
Use of parallel beam significantly simplify the
hologram alignment. In suggested layout, the
substrate of combined CCH is included into the
common path and its inhomogeneities have no
effect on measurement accuracy. Combined CGHs
exceed standard TS [14] by technical parameters
and they are cheaper.

SPATIAL RESOLUTION OF IF

In order to test the precision large mirrors, IF with
high spatial resolution are required. In practice,
this parameter is usually determined by number
of interference fringes recorded by the CCD
camera. A number of modern IF allows recording
more than 1000 fringes [23], and this fact makes
it possible to perform AS test with quite large
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Puc.3. OkHa npozpammel ynpasneHus uHmepgepomempa ®TN-100: a) - uHmeppepozpamma u pazosas kapma, b) - yeeauven-
HAS UeHMpanbHas o6aacme @ 10 MMm; ) - 8Ud nAockocmu duappazmbl
Fig. 3. Windows of the program of control of FTI-100 interferometer: a) - interferogram and phase map; b) - magnified central
area @10 mm; c) - appearance of diaphragm plane.
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cBeinie 1000 mosoc [23], 4To JaeT BO3MOXKHOCTB IIPO-
BOZIUTb KOHTPO/Ib GopMbl All C OCTATOUHO 6OIBIILM
OTKJIOHeHHeM OT 6nmskamien coepel. B 3ToM ciy-
4ae guametp d suadparmel (CM.puc.1a) KomKeH OBITH
0Koy1o ~8 MM. OfHaKo paboTa ¢ TAKUM OOIBIINM KOTH-
YeCcTBOM I10JIOC HapyllaeT IpuHUMI Pu3o (06mui xox
HM3MepUTe/IBHOIO K OIIOPHOIO IIY4YKOB), 4YTO, C OLHOH
CTOPOHBI, IPHUBOAUT K CHMYKEHHIO TOUHOCTH HM3Mepe-
HUs (1o A/4 [24]) u TpebyeT KanubpoBKH, a C APYTOM —
yBeJIU4YKBaeT CTOUMMOCTb ITPHOOPA K3-3a IOBBIIIEHHBIX
Tpe6OBaHUH K Ka4eCTBY OIITHYECKON CUCTEMEL.

PasyMHBIM KOMIIPOMMCCOM SBJISIeTCS MCIIO/Ib-
30BaHHe CMeHHBIX [uadparm, IepeKIdyaeMbX
II0 KOMaHJe omepaTopa. B ogHoM M3 BapuaHTOB MO
mogenu OTH-100 peanr30BaHO MepeKIlOYeHHe CMeH-
HeIX Auadparm ot d=1,2 go 4,8 mm. Ha puc.3 mnpu-
BefleH IpuMep pabouero oxkHa HHTepdepomeTpa
®TH-100 mpu KOHTpoJIe IVIAacTHHEL J100 MM. B yeBou
YaCTH OKHa PpacIiojaraeTcs 3aperucTpUpoBaHHas
HHTepdeporpaMma (Ha pHC.3a KOJIHYECTBO II0JIOC
paBHoO 110), rpaduK pacipeneneHHs] HHTeHCHBHOCTH
1oJ10C 110 oc Y, Tabnuiia abeppanui (ko3pHUILILeHTOB
IIOIMHOMOB llepHHKe), a B IIpaBoM - a3oBasg KapTa
(mByx- UM TpexMepHasi). Ha puc. 36 moxkasaHa yBeIu-
yeHHas (10x) MHTepdeporpaMma LieHTpalbHON 0bma-
ctu (010 MM) KOHTPOJIHPYeMOH IIAaCTHHBL. Ha puc.3b
[IpefiCTaB/IeHO OKHO BCIIOMOIATe/IbHOM BHeOKaMephl
(BK2, Ha puc. 1) npu yBennueHUH 8x. XOPOLIO BUAHEI
aBTOKO/UIMMAaIIMOHHBIE MSITHA H3MEPUTEIbHOIO
M OIIOPHOTO IyYKOB, KOTOphle GOPMUPYIOT HHTepde-
PEHLIMOHHYIO KapTHHY. LIEHTD CeTKH COOTBETCTBYET
LIeHTPY AHuadparMel, a ee BHeIIHee KOJIbIIO ~ YIJIOBOMY
OTKJIOHEHHIO B 3 yI/IOBbIe MHUHYTHI.

YMNPABJIEHUE NMPUBOPOM
[1st 06paboTKku MHTepdeporpaMMm HCIIONb3YeTCs KaK
yHHBepcanbHoe (Durango [25], IntelliWave [26], Reveal
[27] u np.) mporpaMMmHoe obecrieueHHe (I10), Tak U CIie-
L Hanu3rpoBaHHoe 10 (cM. Tabnully), MHTeI PUPOBaH-
Hoe ¢ ipubopoM. [locnegHUE BapuaHT 6onee ymobeH,
TaK KaK II03BOJISET PeaIM30BaTh IIpOBeJleHHe CepUU
M3MepeHUH, BbIBOJ, Gpa30BOM KapThl B peaibHOM Bpe-
MeHH, aBTOMATHYeCcKylo IOCTUPOBKY U BCe CTaHIApPT-
Hble GyHKIIMH KaJIMOPOBKU K HACTPOKKHU ITpubopa.
HHTepdepoMeTp OCyIIeCTB/IsIeT CBSI3b C KOMIIbIO-
TepOM II0 IIPOBOJHOMY HIH 6eCIIPOBOSHOMY COeJIHHe-
Huo. CyIlecTByeT HeCKOJIBKO BAapHAHTOB. B IepBom
BapHaHTe OJIOK yIIpaB/IeHHs Pa3MeIlaeTcsi B KOMIIBIO-
Tepe Ha CIellMaJIbHOM InaTe pacmmpeHus (PCI, PCI
Express), mpd 3TOM BHIEOKaMephl IIOJK/IIOUYAIOTCS
OTHeNBHO 1o UHTepdeticaM Tuma USB 3.0. uiu Camera
Link. Bo BTOopoM ciy4ae coemuHeHHe HHTepdepome-
TPa U YIIPaB/SIOIIEro KOMIIbIOTepPa Yepe3 HHTepderc
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deviation from the nearest sphere. In this case the
diaphragm diameter d (see Fig. 1a) must be about
~8 mm. However work with such great number
of fringes violates the Fizeau principle (common
path of test and reference beams), which, on one
hand, results in the decrease of measurement
accuracy (to A/4 [24]) and requires calibration but,
on the other hand, increases the device cost due
to higher requirements to the quality of optical
system.

Reasonable compromise includes the use of
replaceable diaphragms switched by operator
command. In one of the modifications of FTI-100
model, switching of replaceable diaphragms is
implemented from d=1.2 to 4.8 mm. In Fig. 3 the
example of operational window of interferometer
FTI-100 is shown during the plate © 100 mm test.
Recorded interferogram (in Fig. 3a number of
fringesis equal to 110), the plot of fringes intensity
distribution by Y axis, table of aberrations are
located in left part of the window; the right part
contains phase map (2 - or 3-dimensional). The
magnified (10x) interferogram of central area
(© 10 mm) of plate under test is shown in Fig. 3b.
The window of additional CCD camera (VC2, in
Fig. 1) is shown in Fig. 3c with the magnitude 8x.
Autocollimating spots of test and reference beams,
which generate the interferogram, are well seen.
The center of grid corresponds to the diaphragm
center, and its outer ring - to angular deviation of
3 angular minutes.

DEVICE CONTROL

Universal (Durango [25], Intelliwave [26],
Reveal [27] etc.) software (SW) and specialized
SW integrated with the device are used for
interferogram processing (see Table 1). The latter
variant is more convenient because it allows
implementing the series of measurements,
displaying of phase map on a real-time basis,
automatic adjustment and all standard functions
of device calibration and setting.

Interferometer has communication with
computer through wire or wireless connection.
There are several possibilities. In the first
variant, the control unit is located in computer
on special expansion board (PCI, PCI Express);
CCD cameras are connected separately by the
interfaces of USB 3.0. or Camera Link type. In
the second case, the connection of interferometer
and controlling computer through the interface
USB 2.0/3.0 has a number of advantages: high
speed of data transmission and capability of
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USB 2.0/3.0 obnamaeT psioM IpeHMMyIecTB: BbICOKAS
CKOPOCTH IlepeJadyyd AAHHBIX H BO3MOXKHOCTb IIO[-
Iep’KKH TeXHOJIOTUH PnP, uto obnerdaer mpouenypy
MOAK/IO4YeHHsT mpubopa. OfHAKO CyIIeCTBEHHBIMU
HemocTaTKamMu USB ABJISIOTCS OrpaHUYeHHe Ha IJIMHY
Kabens (3T0 BakHO, eC/IM HHTepdepoMeTp pasmelna-
eTCsl B "UHCTOM KOMHAaTe" WK B HeJJOCTYIIHOM MeCTe)
Y HH3Kasi CTabUIBHOCTb. B TpeTbeM BapHaHTe CBS3H,
KOTODBIM SIBJISIeTCSI IIPOTPeCcCHBHBIM, IOJK/IIOYeHMe
UHTeppepoMeTpa K KOMIIBIOTEPY OCYLIeCTB/IAeT CeTe-
Boi uHTepderic Gigabit Ethernet (GigE) cmenudu-
Kanuu 802.3ab. OH obecreunBaeT Tpebyemylo CKO-
POCTb Ilepefauyu JAaHHBIX U B TO e BpeMs JIHILeH
HeJIOCTATKOB, CBSI3aHHBIX C OTPaHHYeHHeM IJIHHEIL
Kabens u cTabunpHOCTH. MHTepdepomeTprl, pabora-
romye 1o uHtepdericy GigE, MOXKHO yCTaHaB/IMBaTh
Ha pacCcTosHUU o 100 M oT omepaTopa. Kpome Ttoro,
nHTepdepomeTpsl ¢ GigE MoryT 6BITH BKJIIOYEHBI
B KOPIIOPaTHBHYIO CEThb, YTO I103BOJISIeT OPraHH30BaTh
KOJIeKTUBHBIN A0CTyI. TakuM obpa3om, nHTeperic
GigE saBnsieTcsi Hauboslee yHHUBEpPCAJIbHBIM M JIETKO
IIPMMEHHKM B YCJIOBHUSAX IIPOM3BOACTBA. MHTepdepome-
Tphl TiIa PTH-100 ocHameHe! HHTepdericoMm GigE.

PACLLULMPEHVE ®YHKLMNOHAJIbHbIX
BO3MOXXHOCTEN

IIo cBoeMy Ha3HAa4YeHHIO HHTepdpepoMeTp IIpesHa-
3HAa4eH IS U3MEepeHHs OTKJIOHeHHS GOpPMBI IIOBEpX-
HOCTU OT 3TajioHa. OmHaKo onTudYeckas cxema KO
(cM. puc.la) mMeeT MHOrO 06IIero ¢ aBTOKO/UTMMATO-
POM, KOTOPBIM IIpefHA3HaudeH [/ M3MepeHMs yIla
HAaKJIOHa KOHTPOJIHPYyeMOH I10BEPXHOCTH. CoBMelle-
HHe 5TUX QyHKILIHUH B OTHOM IIPUOOPe I103BOISET CyIle-
CTBEHHO PaCIIHMPHUTL €ro QyHKIIMOHAJIbHBIE BO3MOXK-
HOCTU. B uHTepdepomeTrpe PTH-100 m3obpaskeHUe
OT BCIIOMOTATeIbHOM BHAEeOKaMephl (CM. pHC.3C) aHa-
JIU3UPYeTCsl YIPABISIOUIMM KOMIIBIOTEPOM, KOTOPBIH
OCyILleCTBIIsIeT IIOMCK LIeHTPOB ABTOKO//IMMALIMOHHBIX
IISITeH 1 BRIUMCISeT UX CMeIlleHUe U3 UCXOIHOT0 I10J10-
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support of PnP technology, which makes the
procedure of device connection easier. However,
USB has significant disadvantages, which
consist in the restriction of cable length (it is
important if interferometer is located in "clean
room" or inaccessible place) and low stability. In
the third variant of communication, which is
progressive, the connection of interferometer to
computer is performed by the network interface
Gigabit Ethernet (GigE) of 802.3ab specification. It
provides required speed of data transmission, and
at the same time it does not have disadvantages
connected with the restriction of cable length and
stability. Interferometers operating with GigE
interface can be installed at the distance up to
100 m from operator. Besides, the interferometers
with GigE can be included into the corporate
network, which makes it possible to organize
the multi-user access. Thus, GigE interface is the
most universal and it can be easily applied under
production conditions. Interferometers of FTI-100
type are equipped with GigE interface.

ENHANCEMENT

OF FUNCTIONAL CAPABILITIES

By its intended purpose, interferometer is
intended for the measurement of deviation of
surface shape in comparison with standard.
However, the optical layout of IF (see Fig. 1a) has
much in common with the autocollimator, which
is intended for the measurement of inclination
angle of controlled surface. Combination of
these functions in one device allows enhancing
its functional capabilities considerably. In
interferometer FTI-100 the image from
additional CCD camera (see Fig. 3c) is analyzed
by controlling computer, which performs the
search of centers of autocollimating spots and
calculates their shift from the initial position
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SKeHHSI 10 ABYM KoopauHaTaM (dx u dy, cm. puc.3c).
To ecTb B MHTepdepoMeTpe peanr3oBaHa QYHKIIMS
$O0TO3/71eKTPUYECKOT0 aBTOKO/JIMMATOpa, II03BO-
JA0IIas IIPOBOAUTH IOCTHPOBKY IIOCKOCTH CT [28].
Ha sTarie IoCTHPOBKH BCIIOMOTaTeIbHAsI BUIEOKaMepa
PerucTpHpyeT U3/IydYeHHUe B BUJe ABYX IATeH (0T 3Ta-
JIOHHOM M OT KOHTPOIHPYeMOM II0OBEpPXHOCTEl)
B IIOCKOCTH Axadparmsl (CM. puc.3c). IIpy TOYHOM
HaCTPOMKe HHTepdepoMeTpa OHH [JOJIKHBI IPOely-
POBATBHCSI TOYHO B LIEHTP AHadparMsl U GOPMHUPOBATH
HHTepdeporpaMmy C "GecKoHe4HOM' moiocor. H3o-
bpaskeHHe 3THUX CBETOBBIX IISITEH HabJIIOmaeTCs omepa-
TOPOM, a TaK>Ke IlepeaeTcs B 670K 06paboTku m306pa-
SKeHUSI, IJle BBIYMCISIOTCSI KOOPAMHATHL UX LIEHTPOB
Y TeKyIlas IIOrPelllHOCTb HaBOAKH.

OBPABOTKA MHTEP®EPOIPAMM

B uHTepdepomerpe PTH-100 a1 BOCCTAHOBIEHUS
dopMbI BOMIHOBOro GpPOHTA M IIONy4YeHHST Ko3QPH-
LIMEeHTOB Ppa3/iokeHHs Io 6asucy monuHoOMOB Ilep-
HHKe HCIIONB3YIOTCS (110 BBIOOPY ollepaTopa) MeTOf,
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by two coordinates (dx and dy, see Fig. 3c).
In other words, the function of photoelectric
autocollimator, which allows performing
adjustment of CCH surface, is implemented in
interferometer [28]. At the stage of adjustment,
the additional CCD camera records the image in
the form of two spots (from reference and from
surface under test) in diaphragm plane (see Fig.
3c). In case of accurate setting of interferometer
they must be projected precisely at the
diaphragm center and generate interferogram
with "infinite" fringe. Image of these light spots
is observed by operator and also it is sent to the
unit of image processing where the coordinates
of their centers and current error of pickup are
calculated.

PROCESSING OF INTERFEROGRAMS

For calculation of wavefront shape and Zernike
coefficients the method of phase shift (5
interferograms), method of SA based on Fourier
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Puc.4. Mpumepbl uHMepdepozpamm U Kapm nogepxHocmu NAACMUHbI, NOAYYeHHbIX Ha uHmMepgepomempe ®TK-100 memodamu:
a), b) - B®3; ¢), d) - cnekmpanbHoz0 aHaAu3a; e), f) - npocaexxusaHus noaoc

Fig. 4. Examples of interferograms and maps of plane surface obtained using FTI-100 interferometer by the methods of: a), b) = PS;
c), d) - spectral analysis; e), f) - fringe tracing
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B®3 (nsiTp uHTepdeporpamm), meTos CA Ha OCHOBe
npeobpasoBaHuss Pypbe M MeTO[ IIPOCAEKHBAHHUS
HHTepdepeHIIMOHHBIX Hosoc [29, 30]. IlpuyeM, anro-
puTMBI B3 MoryT 6BITH CaMOKanuOpyromuMucs [31].
JUisi yBeIMYeHMs TOYHOCTH BOCCTAHOBJIEHUS GOPMEI
BOJIHOBOTO pOHTA IPU HATUYHUU TYypOyIeHTHOCTH
BO3[lyXxa M BUOpAIIUM IIPeyCMOTPeHO aBTOMAaTHue-
CKOe BBITIOJIHEHHEe CepUU U3MepeHUH C ycpefHeHHueM
pe3y/IbTaToB.

TOYHOCTh M3MepeHHH OOBIYHO OTPaHHYHBAETCS
KauecTBoM II Wi 06beKTHUBOB MU romorpamm. I10
uHTepdpepomerpa OTH-100 MmMO3BONAIOT BBIYUTATH
M3 Pe3y/abTaTOB H3MePeHUN [JaHHBle KaJIuOpOBKH,
YTO CYIIeCTBEHHO yBeIHMYMBAET TOYHOCTh M3Mepe-
HHUH. IIpH 3TOM OCHOBHBIM I1apaMeTpOM, XapaKTe-
PHU3YIOIIMM IIpHOOp, CTAHOBUTCS BOCIIPOM3BOAH-
MOCTD Pe3y/IbTaTOB I10 CEPHUH M3 HeCKOIIBKHX [1eCATKOB
H3MepeHHH.

Ha puc.4 npuBefeHbl IpUMepbl UHTepPeporpaMm
M KapThl [IOBEPXHOCTH KOHTPOIHPYeMOH IITaCTHHBL
nuaMeTpoMm 100 MM, IOonydeHHBle IIPOrPaMMOM
Diopto TpeMsi MeToZaMH. XOPOILIO BUJHO, YTO METO[,
B®3 gaeT Iy4yIIyro geTaaru3aluio GopMbl IIOBEPXHOCTH
(puc. 4b), BciencTBHe yero 3HaueHHe PV bosnblie, yeM
Io/1y4YeHHBble APYTUMU MeToAaMH (CM. puC.4d, e), XxoTs
HX CpeJlHEKBaipaTUYHble 3HaueHUs (Ims) COBIAJAI0T
¢ morpenrHocTsio A/1000. IIpermMymecTBo MeTona B3
XOPOLIO NeMOHCTPHPYeT IIPHUMep HHTepdeporpaMMBbl
U KapT MOBepXHOCTH $a30BOM IIJIACTUHKH, IIpHUBeIeH-
HBIU Ha pHUC.5. BugHo, 4To MeTon B®3 Bocipou3BOgUT
IIPSAMOYTONIBHY0 GopMy pebeda Ga30BoM IIACTUHKH,
B TO BpeMsl KaK METOJ, CIIeKTPa/JIbHOTO aHa/ik3a ee
CIJIa’KHMBaeT, Kak II0Ka3aHo Ha rpaduKax (CM. Bpe3KHU
Ha pHc.5b, ¢).

i1

transformation and method of tracking of
interference fringes are used (at the option of
operator) in interferometer FTI-100 [29, 30]. At the
same time, PS algorithm can be self-calibrating
[31]. In order to increase the accuracy of restoration
of wavefront shape in case of the presence of air
turbulence and vibrations, automatic carrying
out of the series of measurements with result
averaging is provided.

Accuracy of the measurements is usually
limited by the quality of TF or TS, lenses or
holograms. SW of the interferometer FTI-100
make it possible to subtract calibration data from
measurement results, and this fact considerably
enhances the measurement accuracy. The main
parameter, which characterizes the device,
includes the reproducibility of results in the
series of several tens of measurements.

Examples of interferograms and maps of
surface of controlled plate with the diameter
of 100 mm obtained by Diopto program using
three methods are shown in Fig. 4. It is seen
that PS method gives better detailing of surface
shape (Fig. 4b); as a result the value PV is higher
than the values obtained by other methods (see
Fig. 4d, e), although their root-mean-square
(rms) values coincide with the error A/1000.
Advantage of PS method demonstrates the
example of interferogram and maps of surface
shown in Fig. 5. It is apparent that PS method
reproduces the rectangular shape of phase plate
profile, whereas the method of spectral analysis
smoothes out its shape as shown in plots (see
insertions in Fig. 5b, c).
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methods of: b) - phase shift; ¢) - spectral analysis

Puc.5. Pe3yabmamsl KOHMpPoAsS onmuyeckux nogepxHocmeli: a) — uHmepdepozpamMma; Kapmul nosepxHocmu ¢pazosoli naa-
cmuHKu (Buamemp 60 Mm), noAy4eHHble Memodamu: b) — 8pemeHH020 ha308020 cdsu2a; C) — CnekmpanbHO20 AHAAU34
Fig. 5. Results of optical surfaces testing: a) - interferogram; maps of phase plate surface (diameter 600 mm) obtained by the
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MapameTpbl CepUHbIX MHTepdepomMeTpoB Tvna dunso
Parameters of commercially available interferometers of Fizeau type

MOLLER-
Graham 4D WEDEL 3A0 Avdpak-
Optical ZYGO Inc., I oL Technology, OPTICAL OO JASE: ums,
[MapameTpbl » MarSurf Fl dpaHums,
Systems, Verifire XPZ 1002 CLIA, GmbH, SILO T00AV Poccus
MODEL4HPS FizCam 2000 lfepmaHus, ®TU-100PS
VI-direct 100
M306paxe- F - e |
CEl = (T
Jlazep, HM 635,0 632,8 632,8 658,0 632,8 632,8 632,8
Eifpe“'e“”e 768x494 64: g:fo' 1000x1000 ~ 1000x1000 = 1600x1200 = 1000x1000 = 1312x1082
:'gcrf:“' - - 1/100A PV 1/20APV 1/20APV 1/60A PV 1/200A PV
23;’;‘1‘1‘:’)330_ 1/1000Arms = 1/1800Arms  1/5000Arms = 1/1000Arms = 1/300Arms = 1/300Arms = 1/1000Arms
MeToab! BD3 BD3 B®3, CA 003 CA CA B®3, CA
n3MepeHuns
Macca, kr 30 38 14 40 10 20 18
rabapuTbl, CM 50x35x21 69x31x34 34x19x25 72x42x23 60x15x15 55x36x18 49x20x27
lMpumepHas
LeHa, (FOB), 100 80 72 120 30 40 32
TbIC. AONJI.
WWW. WWW.
esdime- WWW. optophase.
www.gra- \g)\%\’/\/}/zn\qggl trology. 4v(\jl'\c/:\c/\;— moeller- com/ WWW
Cant hamoptical. interferom- com/pdfs/ e U wedel- Copie%20 diﬁ"ractio.n -
com eters/ MarSurf_ FO%\l/J.CtS/ optical.com/ de%20SILO_ :
FI_1100_Z_ P Interfero.
DS.pdf html
3AKTKOYEHUE CONCLUSIONS

HHTepdepoMeTpsl SIBISIOTCS He3aME@HHMBIM HHCTPY-
MEHTOM IIPHU IIPOM3BOJCTBE K KOHTPOJE IIPeliu3HOH-
HBIX OITHUYECKHX U JIa3epHBIX CUcTeM. [l 3QPeKTHB-
HOTO IIPUMeHeHHs HHTepdepoMeTpoB HeoOXOLHMO
3HaTh M IIOHHMAaTh HUX OCODEHHOCTH, OONACTH IIpHU-
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Interferometers are irreplaceable instruments
during the production and control of precision
optical and laser systems. For the efficient
application of interferometers it is necessary
to know and understand their peculiarities,
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MeHeHHS M HallpaBjJeHHs HUX COBEpIIeHCTBOBAHMSI.
B pabore geTanbHO paccCMOTpPeHa KOHQUIYpaIHs
uHTeppepomerpa Puso, mnpuseseH 0630p Haubonee
PacIIpOCTpaHEHHBIX Mojeel, 0b6Cy>KIeHBl B JeTaIsIX
XapaKTePUCTUKH M 0COOEHHOCTH HX CXeM U TeH[eH-
UMK pa3sBUTHA. OCHOBHOe BHHUMaHUe yIeeHO IIPH-
MeHeHHUIO CT B cxeMmax M® Ha npumMepe mpubopa OTU-
100. ITpeacTaBieH HOBBIM THUII KOMOUHKpPoBaHHOM CL,
IIO3BOJISIONEN CHH3UTD IOTPEIIHOCTH KOHTPoms AIl
3a c4eT yCTpaHeHM BIHSHUS HEOTHOPOLHOCTEH IOf-
JIOKKH. [IprBefeHbI pe3yabTaTsl pa3paboTku U ¢ pac-
IIMPeHHBIMH QYHKLHMOHAIBHBIMU OCOOEHHOCTSIMU
JJ151 BLICOKOTOYHOTO KOHTPOJIS ONITUYECKHUX [TIOBEPXHO-
creil. IIpennoxkeHHbIN U® coueTaeT B cebe PyHKLIUU
uHTepdepoMeTpa U GOTO3EKTPHUYECKOrO aBTOKOJIIH-
MaTopa, YTO II03BOJISeT C BHICOKOK TOYHOCTBIO IIPOBO-
JUTH IOCTUPOBKY 3TaJIOHHBEIX CI' 1 aBTOMaTH3HPOBaTh
IIpoLlecC HACTPOMKHU. Pa3paboTaHO OpPHUTHHAJIBHOE
IIporpaMMHoOe obecIieueHHe [JIs YIpaBIeHHUs pubo-
POM M aHaIKM3a HHTePOEPOrpaMM.

ABTOpEI bmaromapst B.I. MakcuMmoBa, B.A. TapTa-
KoBcKoro, C.A. YyguHOBa 32 pa3paboTKy Iporpamm-
Horo Monynsi POINT mporpaMmmsl Diopto yIpaBieHHsI
uHteppepomerpoM, A.E. KaukuHa u B.B. [pauxoBa
3a KOHCTPYMpOBaHKeE U H3TOTOBJIeHHe HHTephepomMe-
Tpa ®TH-100.

i1

application ranges and areas of their
improvement. In this paper the configuration of
Fizeau interferometer is considered in details, the
review of the most common models is given, the
characteristics and peculiarities of their layouts
and development trends are discussed. The main
focus is concentrated on the application of CGH
in IF by the example of FTI-100. The new type
of combined CGCH is presented, which allows
reducing the errors of AS test at the expense
of elimination of the influence of substrate
inhomogeneities. The results of development of IF
with enhanced functional characteristics for high-
accuracy optical surfaces test are given. Suggested
IF combines the functions of interferometer and
photoelectric autocollimator, which makes it
possible to perform CGH alignment with high
level of accuracy and automate the setting process.
Original software is developed for device control
and interferogram analysis.

Authors show appreciation to V.G.Maksimov,
V.A.Tartakovsky, = S.A.Chudinov  for the
development of software module POINT of Diopto
program for interferometer control, A.E.Kachkin
and B.V.Drachkov for design and fabrication of
interferometer FTI-100.
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