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IpoBeneHo MoaenuMpoBaHUE BJIEKTPOCTATHYECKOW AedopManuu MUKpO3epKaia,
COCTOSIIIIETO M3 TMIIEKTPUUECKOW MeMOpaHbI, 3aKPETJICHHON Ha YIIPYTrOM TOPCH-
OHHOM mo/Bece. [1oyYeHbl 3aBUCMMOCTH YTIJIOBOTO TOJOXEHUSI MEMOPaHBI OT aM-
TUIMTYIbI M YaCTOTHI YIIPABIISIOIIETO HATIPSIXKEHUSI.

KioueBbie ciioBa: b poBOe MUKPO3ePKaJIbHOE YCTPOMUCTBO; TOPCHOHHOE MUKPO-
3epkasio; MOMC-TexHoJIOTUsI; BJIeKTpocTaTu4YecKas nedopMaiiust; TOHKOILIEHOY-
Hasi AMAJEeKTpUdeckasi MeMOpaHa.

The simulation of electrostatic deformation of a micromirror consisting of a dielectric
membrane fixed on an elastic torsion-bar suspension has been carried out. The depend-
ences of the angular position of the membrane on the amplitude and frequency of the
driving voltage have been obtained.

Keywords: digital micromirror device; torsion micromirror; MEMS technology;
electrostatic deformation; thin-film dielectric membrane.

Ucnonb3oBanne MOMC-marpuiitbl MUKPO3EpKaJ TMPENCTaBJISETCs TpPUBJIeKa-
TEJIbHBIM AJIS1 YIIPABJIEHMsI MPOCTPAHCTBEHHBIM HAIMPaBJICHUEM LIUPOKUX OMTUYECKUX
MYYKOB Pa3IMIHBIX CIIEKTPAJbHBIX IUAMTA30HOB, YTO B TIEPBYIO OYepenb CBI3aHO C IO-
CTaTOYHO BBICOKOW YACTOTO# mepekstoueHus (B K[ I-Amamna3zoHe) yrjoBOTO TOJIOXe-
HUSI MAaTPUYHBIX 371eMeHTOB. OMHUM U3 HauboJiee ObICTPBIX CIIOCOOOB MEPEKITIOYCH M
MUKpO3epKaJja sIBISIETCSI ero 2JIeKTpocTaTudecKast nedopMalivs, OMHaKO HeraTUBHBIM




MukpocuCTEMbI. CEHCOPBI I AKTIOATOPBI

2bdEeKT «3aTUMaHusI», BOSHUKAIONUI B CIydyae COMMPUKOCHOBEHUS TTOIBUXHON YacTh
MeMOpaHBbI C MOBEPXHOCTDHIO YIPABISIIOUIUX 3JIEKTPOIOB, a TAKXKE BHICOKUE YIIPABIISIIO-
LMe HapsI)KeH U S MPEACTaBIISIIOT CEPbe3HYI0 NPobaeMy Ha MyTH pealu3alui HaJIeXXHO
paborarorero u 3HeprodhGEeKTUBHOTO ONMTHYECKOTO YCTPOCTBAa. B TaHHOM KOHTEKCTe
KOHCTPYKLMS MUKPO3epKaJia C TOPCUOHHBIM MOJBECOM 00eCIeurBaeT XOpOLInii JuHa-
MUYECKUI OTKJIMK U MaJIylo BEPOSITHOCTDb 3JIEKTPOCTATUUECKOIO0 KOHTAKTa MeMOpaHbI
¢ anekTponamu. B Texkymieit paboTe GbLIO TTPOBENCHO YHUCICHHOE MOJCINPOBAHNE TH-
HaMHUYECKMX XapaKTEePUCTUK MEePEKTIOYSHUSI TOPCMOHHOTO MUKpPO3epKaia, COCTOSIIIe-
ro U3 MeMOpaHbl MPSMOYTONBHON (HOPMBI, PACIIONOXKEHHONH Ha YIPYroM TOPCHOHHOM
TmojiBece. YCTaHOBJIEHA 3aBUCHMOCTD YTJIOBOTO TIOJIOKEHUST MEMOPaHBI OT aMILIUTYIbI
1 YaCTOTHI HAMPSIKeHU 1, TI0JJaBaeMOr0 Ha YIIpaBJIsIiolie 31eKTponsl. [IpoBeneH ananus
YCTaJIOCTH KOHCTPYKIIMM MUKPO3epKaia Npy 3aJaHHOI YacTOTe MPUIOXKEHHOT O Hampsi-
XeHUs. HaiiieHbl onTuMaNbHbIe TeOMETPUUYECKIEe TapaMeTphl MeMOpaHbl U TIoBeca,
obecrneurBaIIe MUHUMAJIbHBIE HATIPSIXKEH M I, HEOOXOAUMBbIE IJI51 IEPEKTIOYEHU ST MU-
KposepkaJja. [TosydeHHbIe pe3yJbTaThl MOTYT ObITh MPUMEHUMBI AJ151 pa3paboTKH ONTHU-
YeCKUX MepeKITIouaTesieil 1 BBICOKOCKOPOCTHBIX MONYJISITOPOB Ha 6a3e MOMC-Martpuir
MUKpPO3epKal.
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Theuseofa MEMS array of micromirrorsseemsto be attractive for controlling the spatial
direction of wide optical beams over various spectral ranges, which is primarily associated
with a rather high switching frequency (in the kHz range) of the angular position of array
elements. One of the fastest ways to switch a micromirror is its electrostatic deformation,
but the negative pull-in effect that occurs when the moving part of the membrane comes into
contact with the surface of the control electrodes, as well as high driving voltages represent
a serious problem on the way of implementing a reliable and energy efficient optical device.
In this context, the design of the micromirror with a torsion suspension provides a good
dynamic response and a low probability of electrostatic contact of the membrane with the
electrodes.

In this work we have performed a numerical simulation of the dynamic characteristics
of switching a torsion micromirror consisting of a rectangular membrane located on an
elastic torsion suspension. The dependences of the angular position of the membrane on the
amplitude and frequency of the voltage applied to the control electrodes were obtained.
The fatigue analysis of the micromirror structure at a given frequency of the applied voltage
was carried out. The optimal geometric parameters of the membrane and suspension have
been found, which provide the minimum voltages required for switching the micromirror.

The results obtained can be used in the development of optical switches and high-speed
modulators based on MEMS arrays of micromirrors.
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