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B coBpeMeHHBIX ONTHYECKUX cHUCTeMax (OPMHPOBAHUS HM300pAKEHUN I[IHUPOKO MPUMEHSIOTCS
CUCTEMBbI aJJalTUBHON ONTUKH, MO3BOJISIIOLINE KAUECTBEHHO BIUATH Ha BU3YaJIbHYIO0 YETKOCTh U TOYHOCTD
PErucCTpUpPYEMBIX JTaHHbIX. KIIIOUEBBIM 3JIEMEHTOM TAKUX CHUCTEM SIBISIETCS OTpa)karolas MOBEPXHOCTH,
crnocoOHass U3MEHATH cBoio (oOpMy — Tak Has3biBaeMble nedopmupyembie 3epkana ([3) — Omaromaps
UM BOJIHOBOW (DPOHT H3Iy4YEHUS KOPPEKTUPYETCS, HUBEIUPYS MCKaXEHUs aTMocdepbl, ONTHUYECKUX
3JIEMEHTOB U JPYTUX BO3MYIIAIOMINX (AaKTOPOB. B 3aBUCMMOCTH OT KOHKpETHOro mpumMeHeHus /I3 moryt
OBITh BBINOJIHEHBl HAa OCHOBE AaKTIOATOPOB DPAa3IU4YHONW (U3MUYECKON MNPUPOJBI: MbE303JEKTPUUYECKUE,
AIEKTPOTEPMUYECKHE, 3JIEKTPOMarHuTHbIE, 3JeKTpocTaTuueckue u np. Haubosnee pacnpoctpaHEHHBIMU
SBJISIIOTCSA MbE303JIEKTPUYECKHE 3€pKajia BBU1Y X YHUBEPCAJIBbHOCTH U MacIITA0UPYEMOCTH MO/ pa3IMuHbIE
pasmepbl moBepxHocTU. OnHAaKoO A cllydaeB, KOrja KpPUTUYHbI MUHUMAJbHBIM OTKIMK, pa3Mephl,
SHEpronoTpedIeHne U MakCUMalbHas IJIOTHOCTb, KOJIMYECTBO YMNPABISIEMBIX 3JIEMEHTOB, HAMIYyYIIUM
o0pa3oM TMOIXONAT AJIEKTpocTaTUYeckue ycTporcTBa. Takue JI3 M3roTaBiAMBalOT MO TEXHOJOTHH
MHKpO3JIEKTpoMexaHnnueckux cucteM (MOMC), ucnons3ys KiacCHYecKue MPOU3BOJICTBEHHBIC JIMHEHKHU
MOJIYIIPOBOITHUKOBBIX MPUOOPOB, C TON JIUIIL OCOOEHHOCTBIO, UTO MPOLIECCHl U3TOTOBJIEHUS HOCAT CKOpEe
00BEeMHBIN XapakTep 00pabOTKM IUIACTHH-3arOTOBOK, YEM IOBEPXHOCTHBIM. 3a pyOexoM MO0a00HBIE
U3/enus BBIyCKaloT yxxe Oompiie 20 jet takue ¢pupmsbl, kak Boston Micromachines u Iris AO (CILA)
[1, 2]. Ha oTeyecTBEHHOM pbIHKE CepHUiiHas peaiu3anus AaHHOW TEXHOJOTMH OTCYTCTBYeT. [Ipu 3TOM,
MIOMUMO YCTPOMCTB aAaTUBHOM ONTHUKHU, BO3MOXKHbBIE Chepbl MPUMEHEHUS TOI0OHBIX U3EIUI BKIIOYAIOT
TEJIEKOMMYHUKAIMOHHOE 000pya0oBaHUE (MEepeKIovaTesd, KOMMYTaTOpbl, 3J1€MEHThl (ha3supOBAHHBIX
PENIeTOK), CHCTEMBI MHOTOJIy4€BOH 3anucy HH(OpMAaIIH, a TAK)KE Hay4HbIE U METULIMHCKUE aHATUTUYECKUE
pUOOPHI (CIIEKTPOCKOMHUSI, IUTOMETPUS U IIp.).

B pamkax paboT mo co3JaHUIO CHUCTEMbI aAalTUBHOM ONTHKHU JUIsl HA3€MHOTO TEJECKONa B JUana3oHe
muiiH BoJiH 0.5-0.95 MkM HaMu ObUT pa3paboTaH TEXHOJIOTUYECKUI 00pa3er] MaTPUYHBIX 3JIEKTPOCTATUUECKH
YIPaBISEMBIX 3€pKaJl ¢ M3MEHSIEMOW KPHUBU3HOM MOBEPXHOCTH, 25 JOKaJIbHBIMM 30HAMM YIIPaBICHUS
pasmepoM 0.45 MM kaxnas. M3roroBieHHE TakMX 3€pKal OCHOBAHO HA (OKEPTBEHHON» TEXHOJIOTUU
00pabOTKH KPEMHMEBBIX IJIACTHMH C OTHOCHUTEIHHO HE BBICOKUM TPEOOBAHHMEM K TOIMOJIOTMYECKON HOpME
(ue xyxe 1.5 MKM), 9TO IO3BOJISIET IPUMEHUTH JIaHHBIH MPOLIECC HA MHOTMX OT€YECTBEHHBIX MPEATPUATHSAX.
B kauectBe mMaTepuana <«GKEpTBEHHOI'O» CJ0s (TEXHOJIOTMYECKHM MaTepuan, GopMUpPYyEMBI B 3a30pe MOA
3epKaJbHONW TOBEPXHOCTHIO M yJalseMbli B XOJI€ M3TOTOBJIEHUS YCTPOICTBa) BbIOpaH OKCHJ KpEMHUS,
nerupoBanHbii hochopom (OCC). 3epkaibHas MTOBEPXHOCTH MPEACTABISAET COO0M TOHKHM CJIOM MOJTMKPEMHUS
(3 MKM) c HaHECEHHBIM Ha HET'O OTPAXKAIOIIKUM MOKPHITHEM aTIOMUHUS U 3alIUTHBIM CJIIOEM OKCHJIA KPEMHHUSL.

N3rorosieHHbie 00pa3iipl B pe3yabTaTe TECTUPOBAHUS TOKA3a7IH BO3MOKHOCTD YIIPABICHUS KPUBU3HOM
OTpaKaroliel IMOBEPXHOCTH; BEpPTUKaJIbHas aedopmaius JOKAIbHBIX 30H JocTHTana 1.78 MKM mpwu
yOpaBisIoleM HampspkeHuu, He npesbimatomeM 119 B. Ilo pesynbratam pa®oTel copMynHpOBaHbI
IIPUOPUTETHBIE HAIIPABIICHUS UCCIEAOBAHNM, 3 UMEHHO: YBEIMYEHUE pa3Mepa MATPUII MUKPO3€pKal 10
12 x 12, yBenuueHre BepTUKAIBbHON negopManiuu 10 3.5—5 MKM, CHH)KEHHE HIEPOXOBATOCTH OTPaKaroIIeH
MOBEPXHOCTHU JI0 3HAUYECHUM cpeHero apupMeTuyecKkoro OTKJIOHeHus npoduis Huxke 15 HM, pazpaboTka
BapUaHTa CErMEHTHUPOBAHHBIX MATPHUI] MUKpPO3EpKal, a TakKe pacliupeHue padoyero auanazoHa JIMH
BOJIH.
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In modern optical imaging systems, adaptive optics systems are widely used, enabling a significant
improvement in visual clarity and the accuracy of recorded data. A key element of such systems is a reflecti e
surface capable of changing its shape, called deformable mirrors (DMs). Thanks to these mirrors, the wavefront
of radiation is corrected, compensating for atmospheric distortions, optical element imperfections, and other
perturbing factors. Depending on the specific application, DMs can be based on actuators of various physics:
piezoelectric, electrothermal, electromagnetic, electrostatic, etc. The most common are piezoelectric mirrors due
to their versatility and scalability to different surface sizes. However, for applications where minimal response
time, compact size, low power consumption, and maximum density and number of controllable elements are
critical, electrostatic devices are best suited. Such DMs are fabricated using microelectromechanical system
(MEMS) technology, employing standard semiconductor manufacturing lines, fabrication processes are more
bulk micromachining of wafers than surface micromachining. Such products have been manufactured for over
20 years by Boston Micromachines and Iris AO (USA). In the Russia, serial implementation of this technology
is absent. Moreover, beyond adaptive optics devices, potential application areas for such products include
telecommunications equipment (switches, routers, phased array elements), multi-channel data recording
systems, and scientific and medical analytical instruments (spectroscopy, cytometry, etc.)

As part of the work to develop an adaptive optics system for a ground-based telescope in the wavelength
range of 0.5-0.95 um, we have designed a technological prototype of electrostatically controlled matrix mirror
with variable surface curvature, featuring 25 local control zones, 0.45 mm in size. The fabrication of such
mirrors is based on a sacrificial-layer technology for processing silicon wafers with a relatively low topological
linewidth requirement (no worse than 1.5 um), allowing this process to be implemented at many Russia
manufacturing facilities. Phosphorus-doped silicon oxide (PSG) was chosen as the sacrificial layer material (a
technological material formed in the gap beneath the mirror surface and removed during device fabrication).
The mirror surface consists of a thin layer of polysilicon (3 um) coated with an aluminum reflective layer and
a protective silicon oxide layer.

Testing of the fabricated prototypes demonstrated the ability to control the curvature of the reflective
surface, with vertical deformation of local zones reaching 1.78 um at a control voltage not exceeding 119 V.

Based on the results of this work, priority research directions have been identified, specifically: increasing
the micro-mirror array size to 12 x 12, increasing vertical deformation to 3.5-5 um, reducing reflective surface
roughness to an arithmetic mean deviation of the profile below 15 nm, developing a segmented micro-mirror
array design, and expanding the operational wavelength range.
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