OPTI CALLY CONTROLLED DEVI CE, METHOD OF CONTROLLI NG THE OPTI CALLY
CONTROLLED DEVI CE, SPATI AL LI GHT MODULATOR, AND PRQIECTOR 5

CROSS- REFERENCE TO RELATED APPLI CATI ONS This application is based upon and
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No. 2003-207765 filed on August 18, 2003, No. 2003-207766 filed on August
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control |l ed device, a spati al nodul at or using the optically

control | ed device, and a prd{ &[gULAT@RgAN[Pl@&@dE IORi ght nodul ator. 2)
Description of the Related Art 20 Tilt mirror devices are used for spati al
i ght nodul ators of projectors. The tilt mrror device includes a
plurality of novable. mrrors formed on an integrated circuit board based
on mcro %l eCROIBeRBRERENSETONREUMENE) AFPEGHOMENS mrror noves its
reflecting surface according to an inmage signal, and reflects an 25

i Ilum nation |ight.TAiBeagplickatiohris Wagtry upen r#id €airfs the biehlefifion alriodity | | ght
1 according to the inmage signal by controlling the movable mrrors, and

modul at es t hefrbhd thE pabdl H’é‘péﬁﬁﬁ PaT@ﬁt Aﬁ%h@@ﬂl&%’NfoO’QOD%Lﬁo?TM firad bAr
device.is disclosed, for exanple, in US. Patent No.

August 18, 2003, No. 2003-207766 filed on August 18, 2003 and No.

2003-312753 filed on September 4, 2003; the entire contents of which

10 - are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1) Field of the Invention
The present mvent:on relates fo an optically controiled device, a
- 15 method of controlling the. ophcaiiy controlled device, a spatlai light
moduiator using the optically controlled device, and a projector using

the spatial light modulator.

.~ 2) Description of th_é Related Art
20 Tilt mfrror devices are used for spatial light modulators of
projectors.. The tilt mirror device includes a p'lura-lity of movable
. mirrors formed on an integrated circuit board based on micro
' -;eiectromechani'ca_I systems (MEIVIS).' The movable mirror moves its
| ‘_.fefiecting s-u'f_face according to an image signal, and reflécts'an |

25 illumination light. The tilt mirror device reflects the illumination light



However, a conventional tilt mrror device includes an 5 interconnect in
order to drive the novable mirrors, and therefore, electrical access to
the novable mrrors is required. Furthernore, the. conventional tilt mrror
devi ce includes novable mrrors formed on an integrated circuit board

usi ng conpl enentary netal oxide sem conductors (CMOS) or the like.
Therefore, the tional. tilt . 10 . mrror vi ce has conmplicate
Hructore anaGRMEY MR irdds sighal B Sitralfite o atcud SRR e ur o
have to be integrall orned,. which, .causes reduction in yield. Thus,

manuf act uri ng 'Eggﬁ?@t‘%/%&eeg@@?’”ﬁﬁ%d@ﬁal I &%@ﬁf‘ﬂ@lqgéfdfocﬂé‘l}'isc@t B %e used
for the tilt mrror device. The optically controlled device is driven by
i nci dent | i ghtdevige isidiselasedpforcexampannrdb) Bateniilee58672@82d, the tilt
mrror device can be controlled by scanning a |ight beam (hereinafter, "a
control light") actiowivey acoaventagal Sltgnarorotevce ivtiudés tame optical |y
controlled devices '(light addressing). By using the optically controlled
device for5 tlerécdnnedtinardeetd davetthermoiableomireed, andpthevéideet he

i nterconnect or the 20 |like for electrical access to the novable mrrors.

Therefore, thetetiisal atcssne theatiovablahaeodd i/ rdquirad. heriheghatedhei rcuit
and the MEMS structure, which allows inprovenment in yield. Mreover, the

novabl e m rrogofdntash 8381 MirrdPab7RS irkNthed RIRHY irfots FSrmAe$oneasy to

realize high resolution. Since the 25 integrated circuit Is not needed,

cost of. the frfééreérdﬂaé [ HeulYd 48 L?éa}ﬂgtttfolm leﬁ?&%%@fé@é\;{mg{ {g}?ﬁeﬂ It mrror

devi ce can be ven w thout any re ction stand vol tage of t he
| Dleor e o SaidondTHIGHETHOR) SSRGS, OIS G Saiora
10 mirror device has a complicated étructure, and moreover, the integrated
circuit and the MEMS structure have to be integrally fo_rmed, which
causes reduction in yield. Thus, manufacturing costs increase.
An optically controlled device can be used for the tilt mirror
device. The optibal[y controlled device is driven by incident light. [f
15 the optically controlled device is used, the tilt mirror device can be
'_ controlled by scanning a light béar‘n (hereinaftér, "a control light™)
according to an image signal onto each of the opticaHy controlléd
devices (light éddressing). By using the opticaily controiled device for
 the tilt mirror .device, there is nd neéd to provide th_e interct;nnect or the
| 20 like for electrical access to the movable mirrors. Therefore, there is
also no need to integrally form the integrated circuit and the MEMS
structure, which allows improvement in yield. |
Moreover, the movable mirror can be eaéily"upsized, and
théreforé, it is also easy to realizé high resolution. Since the

" 25 integrated circuit is not needed, cost of the tilt mirror device can be
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the substrate, the tilt mrror device can be upsized at |low cost. 5
However, the optically controlled device possibly used for the tilt mirror
devi ce has one side of tens of microneters. Because the optically

controll ed device is such a mcro device, it is necessary to illumnate .a
control  light onto the optically controlled devices with high precision in
order to control tilt mrror device according to imge 10 signals. It
is also necesé’ﬁ?’&'c?g apdithg Whatirgr sevies can hendrivemmioul agtrestéctiibut 10
m cronmeters in order to nake the control light incident on an el ectrode of
the optical |y ontitistand seltrge of thetintegsatest ciiawd, Furtbedepre,csitsphay an
il mage, it is necessary to scan the control |ight at high speed. Scanning
the control | iigfegraied discuii shnetpeedireakesd ia gldistfratdrial tandzaissed fer cont r ol
light to be precisely incident on the optically controlled devices.

Furt hernore, dvesubbtrate thedit midrol delicecaan lbe sssipaedt Wowltost.gh preci sion,
a scanning speed of . the control |ight becones slower, which nakes it

difficult 50 di spl apowevergihettiticdly LomgeHed H@Mﬁ@ﬁ@ssuerﬁ%e&ﬁf&%@tﬂt for
the optically 20 controlled device i's difficult. As explained above,

al though ther it dehRIEP 26 VAR AESIUAY ditflcrbfiB6RASt A RE fhgduced by

using the optically control evice tor t I't mrror Vi ce, S

difficult to opfi {3@': ebMtr6R&Y rd%k, c,tehggs ¢H %%Lésffa%@%éé)or g@é’égs;éﬁgrghe

optical l'y cont d device con ectr at ed

di ff I f d
coueed by, 8 OR8PS 5 e A
novabl e unit, and .dri.ves th If there is sli %age am)l_mt

of the potent‘?rzﬁc'%lpf'f'ﬁ%HEE?%E?WBL%‘%H“@irWrn‘ée‘éP%&qceb@“Sﬁe'

10 s:g_nals. it is also necessary to set a spot diameter of the control light
to about 10 micrometers in order to make the control light incident on
an electrode of the optically controlled device.

On the other hand, in order to display an image, it is necessary
to scan the control light at high speed. Scanning the control light at

15 high speed makes it difficult to cause the control light to be precisely
incident on the optically controlled devices. Furthermore, even if the

_cohtrol Ii'gh't‘can be scanned with high precision, a scanning speed of
- the control light becomes slower, which makes it difficult to .disp.!ay a
high quality image. Therefore, precise control for the optically
20 'controileld device is difficult. As explained above, although there are
sOme advant’ages-such that the cost.can be reduced .by ﬁsing the |
optically contfolled device for th_e-tilt mirror device, it is difficult to
- precisely control the optically controlled device. |
“The opfically- confrolled de.vic.:e cantrols electrostatic\f_orce

o | 25 ~ generated caused by a_pot'entia! difference between an electrode for



the novable unit, the electrostatic force generated is also a slight 5
anount. The slight anount of the electrostatic force generated :between the
two cannot sonetines drive the novable mrror. If there is a slight

vari abl e range of the potential difference between the two, only by making

a slight anount of control Iight I nci dent on the novable mrror, the
potential diff renc betvve t,he, t wo I hanges vmt
vari abl e. rangcgr @fed'f'% &, at‘}Hé\ﬁ ‘?{%ﬁlq” & MBVRP ?HB’rFﬁfvtji“S(fés #irror

to a precisedsosmlon by chan |ng the anount _of control Ilig As

expl ai ned abdlaYakigdiihtarhelriyes she mopyakiedaifiefe H\%ﬂ"%@rﬁ%aﬁ'!ﬂjﬁl es because
it becones difficult to perform precise control over the novable mrror 15
according to ifageniseighal rotentinhdiffrreaneilatweenitbeahidng eleetcode Bodt wo i s
a slight anobunt. SUVMARY OF THE INVENTION It is an object of the present

i nvention to dheveowableemit, théele@ostadicdfoprogbaarmted it ldseanslighti onal
technol ogy. A nethod according to one aspect of the present invention

controls af opmaowitl y Thenslightl mdodey iof ehd bidctigirhticl€srca §émerapsd ent
el ectrode that is optically transparent, a conductivity variable portion

that is provi detwesn the tibansnataBmelieesrais tﬁ’é"ﬁfd%ra%h@ﬁwﬁo‘?m If4Rere
conductivity changes according to an anount of control |i1ght passing 4

through the trsaasg@lgh@oansb%cﬁdﬁteofaqggpbvémpa:%ﬁéﬁern%%ao&ﬁrﬂ%%the

conductivity variable portion, "a novable unit that eto
et B e oBRabh SO PR 9B L O RSB LB R o e
mirror, the potential difference between the two largely changes within
10 the variable range. | |
Therefore, it becomes difficult to move the movable mirror to a
“precise position by bhanging the amount of control light. As explained
above, the optically controlled device has some troubles because it
becomes difficult to perform precise control over the movable mirror
15 according to image signals if the potential di_f.ference between the twq is

a slight amount.

- SUMMARY OF THE INVENTION

ltis an object of thé présen't i.nvention to solvé ét least the
20 above problems in the convenﬁona! te'crzhn.o[ogy.r |
A method éccording to one aspect of thé present invention
Con't_rols an’ optically controlled device that includes' a transparent
electrode that is optically transparent, a coﬁductivity variable portion
- - thatis pr'ov-ided on the transparent electrode, where electrical |

. 25 conductivity changes according to an amount of control light passing



5 constant intensity into the transparent el ectrode; applying a voltage
nodul at ed according to an i nput signal between the transparent el ectrode
and the novabl e unit; and noving the novable unit to the predeterm ned
position by generating a force corresponding to the voltage between the
driving electrode and the novable unit based on a change of 10 el ectrical
conductivity of the conductivity variable portion caused by the inputting
of the contrroyghyihe tratsparent eledipsgan aiving @leetredreproxidest divtheaccor di ng to
"anot her aspect of the present invention controls an optically controlled
devi ce t hat tondugtiety variabdenppdioana matabdd uoid hathemdvabledbiacal |y
transparent, a conductivity variable portion 15 that is provided on the

transparent gledetarmiitad phsttion, *Inecd suspdrt p&BIoH W4t Mblablg Bapesss according to
an anmount of control |ight passing through the transparent el ectrode, a

driving el echbogyHIovhACtheiid |ﬁ&lﬁ}%|hgﬁhﬁw tné&;bgrgbglg%%féon a movabl e

unit that is novable to a predetermn support portion

t hat novably e I in udes i nputting
the cont oi "SRR i Wﬁ%pﬁﬁ%{ﬂ@m o BBP R PO put st gnal
into the transa& f ctrode; applé{ % a constant voltage between the

t r anspar ent é‘er‘t%@c’é A9 tte @npris qhketwespthetiansmaremlvabl e unit to the
predet erm ned position by generating a force correspondl ng to the intensity
of 25 the coHeetmnda armhthebmpwalle uniteand maving tlectovable unitdotihe novabl e uni t
based on 5 a change of electrical conductivity of the conductivity

vari abl e porgredeterrainear gbhsitiprt oy Héeerativgafotce @rrdspendimigtto the hbltdde caused by
the inputting of the control light into the transparent el ectrode; and

resetting ”lfét\ﬁiéémﬁtgdﬁ\ln\ﬁﬂgfggl&tﬁﬁgem thEnoRAS LRIt BRkEd bR Sethsigandr al |y same

potential during a tine
10 electrical conductivity of the conductivity variable portion caused by the

inputting of the control light into the transparent electrode.

A method according to another aspect of the present invention
controls an optically controlled device that includes a transparent
electrode that is optically transparent, a conductivity variable portion

15 that is provided on the transparent electrode, where electrical
conductivity changes according to an amount of control light passing
through the transparent electrode, a driving electrode provided on the
conductivity variable portion, a movable unit that is movable to a

- predetermined position, and a support portion that movably supports

20 the movable unit. The method includes inputting the control light of an
intensity modulated according to an input signal into the transparent
electrode; applying a constant voltage between the transparent
electrode and the movable unit; moving the movable unit to the
predetermined position by generating a .force corresponding to the intensity of

25 the control light between the driving e!ectrod_e and the movable unit based on



5 control light is being input into the transparent electrode. An optically
control |l ed device according to still another aspect of the present

i nvention includes a control-light optical systemthat supplies a control
light; a transparent electrode that is optically transparent; a
conductivity variable portion that is provided on the 10 transparent

el ectrode, where electrical conduqtjv%g changes,accqrding to an anpunt of
control |igh® cPaRes Rheleriricabsrnavetiyib stéﬁrcé'ﬁg ety veggle pottien i vi ng

el ectrode provided on the conductivity variable portion; a novable unit
that is nova@teordingdo thecidensitiriohée parralilight causeddpoihe inpidting ohthenat
novabl y supports the novable unit; and a power supply 15 that supplies

ei ther of a emittchlightintiuthetiemthspammt dlartrotie; and rexettingsihgrdiivingpaldcitod®nst ant
voltage to the transparent el ectrode. The optically controlled device is

control | ed bynfthEahbesble %itl!@isﬂﬂstbﬂﬂéﬂ%éd?ﬁe bBﬁaintiféP&&r'irR:! altinh@h e const ant

Intensity into the transparent el ectrode; applying avoltage nodul at ed

accor di ng toccﬁ'ﬁrcjlﬁ '\[;IS ?{S%ﬂhp&%wg t;&gpg%gtt%ﬂéﬁr%%reent el ectrode and the

nmovabl e unit; and e" novabl € "uni prédet erm ned position by
generating a forcg correspondi to the voltage hetween the driving

Sl ect rode and t hhERUIE SAfpligdece rosordingcattl anoiiel Aspech)
conductivity of the conductivity variable portion caused by the inputting
of the cont r&fithe pEgsent mventior includespheentroldight eptingd systsmpifiabpt i cal | y
controll ed device according to still another aspect 6 of the present

i nvent i on i rtipptiesaaoatal lighit-4 irghsparpnt elabtreges thehis bpticallguppl i es a contr ol
light; a transparent electrode that is optically transparent; a

conduct i vi t yrargphadritea ponducivity Daliable peHbH tadisofrolided d thaspar ent
el ectrode, where electrical conductivity changes according
10 transparent electrode, where electrical conductivity changes according
to an amount of control light passing through the fransparent electrode;
a driving electrode provided on the conductivity variable portion; a
movable unit that is movable to a predetermined position; a support
portion that movably supports the movable unit; and a power supply
15 that supplies either of a voltage modulated according to an input signal
and a constant voltage to the transparent electrode. The optically
controlled device is controlled by a method including inputting the
~control light of a constant intensity into the transparent electrode;
applying a voltage modulated according to an input signal between the
.20 - transparent electrode and the movable unit; and moving the movable
 unit fo the predetermined position by generating a force corresponding to the
voltage between the driving electrode and the movable unit based on a
change of electrical conductivity of the conductivity variable portion caused by

the inputting of the control light into the transparent electrode.

25 An optically controlled device according to still another aspect



5 to an amount of control |ight passing through the transparent el ectrode;
a driving el ectrode provided on the conductivity variable portion; a
novabl e unit that is novable to a predeterm ned position; a support
portion that novably supports the novable unit; and a power supply that
supplies either of a voltage nodul ated according to an input signal 10 and
a constant voltage to . the transparent electrode. The optically controlled
device is coﬂ%ﬁ’@ﬁ?r‘éﬁerSW‘é?rWé‘FH udes p cantg-igtp opticalgystean thadnt rol 17 ght of
an intensity nodul ated according to an input signal into the transparent
el ectrode; apyPBfieA@ condonghtha thanispatpat bleciveda thatds opticalypar ent el ect r ode
and the novable unit; noving the novable unit to 15 the predeterm ned

posi ti on by amspaatntng cantiocihétycariabensortiomthdtds previdddéetisi ty of the

control Iight between the driving el ectrode and the novable unit based on
a change of gheiarémalieritllGieYs blectcal BENd AN ehhNddy/ac@rdiag! e portion
according to the intensity of the control |1ght” caused by the”i nputting of

t he contrpl {d ' 1 I , ing the
driving e?ecﬁor%%mggﬁp?aéﬁ%&g@ﬁ%%ﬁp tﬁ %@ﬁﬁéttga%t%f)g%rﬁgeggﬁgaé’ot enti al
during a tine when the control, li is being in i nf.o the transparent
el ectrode. A3 SPYEP g}ieq?qoaﬁtpr 989&%&%"3&7{:’88\’@?" Vla('i'ggt% Wq&'%cﬁ her aspect of
the present invention includes a plurality of optically-controlled novable
25 mirror deVP¥aiie Malithaf s mryAbIR © apredstermined positionadsuppdta 7
predeterm ned position. Each of the optically-controlled novable mnirror
devi ces i nclpatten that oravably suppartsdpe incatabdy shigénarichaposepplpely a control
light; a transparent electrode that is optically transparent; a
conduct i vi t ythabgupplibs efbet dionvéidfe mddolkead desbraingitbantingirsighant
10 and a constant voltage to the transparent electrode. The optically
controlled device is controlled by a method including inputting the
control light of an intensity modulated according to an input signal into
the transparent electrode; applying a constant voltage between the
transparent electrode and the movable unit; moving the movable unit to
15 the predetermined position by generating a force corresponding to the
intensity of the control light between the driving electrode and the
movable unit based on a change of electrical conductivity of the
conductivity variable portion according to the intensity of the control
light caused by the inputting of the control light into the transparent
20 electrode; and resetfing the driving electrode and the movable unit to
-substantially same potential during a time when the control light is
being input into the transparent electrode.
A spatial light modulator according to still another aspect of the

present invention includes a plurality of optically-controlled movable

25  mirror devices having a movable mirror that is movable to a



5 el ectrode, where electrical conductivity changes according to an anount
of control |ight passing through the transparent electrode; a driving

el ectrode provided on the conductivity variable portion; a novable unit
that is novable to the predeterm ned position; a support portion that
novably supports the novable unit; and a power supply 10 that supplies

either of a vol e .nodul at.ed according to an inpu i gna], and a const ant
vol tage to tREec{e?%ﬁ@B% Qﬂﬁ'tt'BFe%@FB@g?hé?ﬂBt'c ﬁﬁoﬂgph?‘fﬂ’gwﬁb'@l | ed novabl e
mrror device is controlled by a method including inputting the control
light of a cHWSeLGRvicen akides & ¢androl-light antigabsusterntthal suppliesis; appl ying a
vol tage nodul ated according to an 15 i nput signal between the transparent

el ect rode andonthd light; abtranspaireént elestebdadhahis dptiealptrahdparemt b to t he
predeterm ned position by generating a force corresponding to the voltage

bet ween t he @sndlidigitelaedHIe @ertichfat ROVl lon tHBitkandpsRet on a change of
el ectrical conductivity of the conductivity variable portion caused by the

| "pUL L1 NG of olBfofEricte didital Byt ARy al HBISRREA lgP! Tode: The

novabl e portion Is the novable mrror. nmodul at or accordi ng
to still ano ec . the resent invention includeg a plurality of
optically- Coﬁﬁﬁgp@ﬁé’cqﬁgﬁ?ﬂw!@t paﬁ;ﬁggtﬁr W tg@&%ﬁ'&%"r‘?@t §|er‘?ﬂ'\9§31 2 nirror that
is nmovable tgQ.a predeterm ned position. Each of the optically-controlled
movabl e 25 nfi¥RY SEEUPER ProYided aBdhe cepMmictity vadakleporiariia syst em t hat
supplies a a control light; a transparent electrode that is optically
t r anspar ent ; mavaklentitdhabistrgovaiié ththe gredeicomingdapositionp emLipgped on t he
transparent el ectrode, where electrical conductivity changes according to
an anount ofortiomthatimdvaly spassistbetrhowiigd uhiteadd apeparepplgl ectrode; a
10 that supplies either of a voltage modulated according to an input signal
and a constant voltage to the transparent electrode. The
optically-controlled movable mirror device is controlled by a method
including inputting the control light of a constant intensity into the
transparent electrode; applying a voltage modulated according to an
15 input sighal between the transparent electrode and the movable unit;
and moving the movable unit to the predetermined position by
generating a force corresponding to the voltage between the driving electrode
and the movable unit based on a change of electrical conductivity of the
conductivity variable portion caused by the inputting of the control light into the
20  transparent electrode. The movable portion is the movable mirror.
A spatial light modulator according to still another aspect of the
present invention includes a plurality of optically-controlled movable
mirror devices having a movable mirror that is movable to a

| predetermined position. Each of the optically-controlied movable

- 25  mirror devices includes a control-light optical system that supplies a



5 driving el ectrode provided on the conductivity variable portion; a
novabl e unit that is novable to the predeterm ned position; a support
portion that novably supports the novable unit; and a power supply that
supplies either of ‘a voltage nodul ated according to an input signal and a
constant voltage to the transparent el ectrode. The 10 optically-controlled

novable mrrqr_devigce i.s contrqlled b et hod including inputting the
control i ghg0 tf&i'ﬂﬁﬁﬁtté%p?&erﬂ&fﬁq'ﬁ%éﬁﬁﬁ‘%&pgpﬂ@ {?’@'&S%ﬁe&nﬁut signal into
t he transparent el ectrode; applying a constant voltage between the
transparent 6PRAuctivitevaniinble pertignhet i niavided omdhe dgnsharenbvabl e unit to the
predeterm ned position by generating a 15 force corresponding to the

i nt ensi ty of elehttodenwhere dlegticallvondectivityrehadges iangordieigotarnde and t he
novabl e unit based on a change of electrical conductivity of the

conduct i vi t yamauhedl eonpol ligistpaaeier tHidight the tRshatedi sidcro@é; 4 he contr ol
| ight caused by the inputting of the control light into the transparent

el ectrode  Emakh bledfolBProvil BY Jﬁ%ﬁgﬁ%@ﬁﬁ@"%ﬂ%@% ¥GPlee unit to

substantially sane 20 potentia e control light is
bei ng i nput | ot eliectrqde. The, novabl e portion is the
novabl e m rr"é‘r%&l{gg‘?‘&té%ﬁg%‘é‘%@%? Eﬂ Rr88§fé|rﬁ”f“e%?%%9“’§ssf&@89”of t he
present invent.i orhi ncludes an illymnation |ight source that supplies an
i |1 uni nat i onPYTgRENALINQRRY SYPRATEHNEFBRYARIR YRt gt a ROWEr steRlYt he 25
illTumnation |ight according to an image signal to output a nodulated 9
li ght; and athpt gjridies sithpeaka valiagemedetated abeordingubanedptt signal The
spatial light nodulator includes a plurality of optically-controlled
nmovabl e mi r rand alevhstent Watdgegodhetraabparent eleotroddaThes novable to a
predeterm ned position. Each of the optically-controlled novable
10  optically-controlied movable mirror device is controlled by a method
including inputting the control light of an intensity modulated according
to an input signal into the transparent electrode; applying a constant
voltage between the transparent electrode and the movable unit;
moving the movable unit to the predetermined position by generating a
15  force corresponding to the intensity of the control light between the driving
electrode and the movable unit based on a change of electrical conductivity of
the conductivity variable portion according to the intensity of the control light
~caused by the inputting of the control light into the transparent electrode;
resetting the driving electrode and the movable unit to substantially same
20  potential during a time when the control light is being input into the transparent
~ electrode. The movable portion is the movable mirror.
A projector according fo still another aspect of the present
invention includes an illumination light source that supplies an

illumination light; a spatial light modulator that modulates the

25 'illum_ination light according to an image signal to output a modulated

9



5 mrror devices includes a control-light optical systemthat supplies a
control light; a transparent electrode that is optically transparent; a
conductivity variable portion that is provided on the transparent

el ectrode, where electrical conductivity changes according to an anount of
control light passing through the transparent electrode; a 10 driving

el ectrode prowvi,ded . on the.condugtiyvit ari abl r{ion; novabl e uni t
that is novaﬁqlrg’ fid ?Wéojﬁpg%reé}sﬁf'ﬂte@o&fé {nedﬁ‘,)g'éigg%{j'fﬁ%ﬁ TF%ﬁort i on that
novably supports the novable unit; and a_power supply that supplies either
of a vol t ageSPHIlightanodelatnrdndlgdesoa phiralify of omlf@ai&rcor&'mje@ const ant vol t age
to the transparent el ectrode. The 15 optically-controlled novable mrror
devi ce i s comovebleguirtyy devivesHeaing aoiavdblegmimgridhat ingnavablectord r ol | i ght  of
a constant intensity into the transparent el ectrode; applying a voltage

nmodul at ed acpredédtarmited positibmpEach bl ofiRbIEebntrbiRd malstpar ent el ectrode
and the novable unit; and noving the novable unit to the predeterm ned

posi tion gy gihSIeRss iiﬁﬁuﬁeé gr%f'érgﬁ“‘-?*?%@ggg'%té’ﬁ h esuéghéo%age bet ween t he

driving el ectrode an e nova n n a chan el ectrical

of the cont raiied It AR ERten HlectBhs Rais BRLLORDRIR AR 2t e porti on

is the novable mrror. A projectqr according to still another aspect of the
present 25 ?Qﬂﬂg‘]ﬁ{"{' nvqri?&?%ﬁég'(’&ﬁaﬂ Is AP Yided oA the §RDsRYBRte that supplies
an 10 illum nation Iight; a spatial |ight nodul ator that nodul ates the

i | | um nat i orelestiptie, adwse dlenjrieal canductivify chanaes aceordinggatana nodul at ed
light; and a projection |l ens that projects the nodulated Iight. The
spati al | i gramoutiulfaoatrol light paesing tiroughlthé yranbpaght elektrydeent rol | ed
10  driving electrode provided on the conductivity variable portion; a
movable unit that is movable to the predetermined position; a support
portion that movably supports the movable unit; and a power supply
that supplies either of a voltage modulated according to an input signal
~ and a constant voltage to the transparent electrode. The
15  optically-controlled movable mirror device is controlled by a method
including inputting the control light of a constant intensity into the
transparent electrode; applying a voltage modulated according fo an
input signal between the transparent electrode and the movable unit;
and moving the movable unit to the predetermined position by
20 : generating a force corresponding to the voltage between the driving electrode
and the movable unit based on a change of electrical conductivity of the
conductivity variable portion caused by the inputting of the control light into the
transparent electrode. The movable portion is the movable mirror.

A projector according to still another aspect of the present

25 invention includes an illumination light source that supplies an

10



5 novable mrror devices having a novable mrror that is novable to a
predeterm ned position. Each of the optically-controlled novable mrror
devices includes a control-light optical systemthat supplies a control
light; a transparent electrode that is optically transparent; a
conductivity variable portion that is provided on the transparent 10

el ectrode, ere electrical conductivity changes according to an anount of
control i ghf’%‘a\@é‘l%'%r%ﬁ%@ ﬂ%httmﬁﬂg%gﬂrgmr}q@? alesdBe a  driving

el ectrode provided on the conductivity variable portion; a novable unit
that is novaitBirgionight sesrrdingnorastinass sigeal:to guiusgonedulptsd: i on t hat
novabl y supports the novable unit; and a power supply 15 that supplies

ei ther of a lightt ageamdiectorEnsdhat phojegtd heanodulpted IkjhgndThe and a const ant
voltage to the transparent el ectrode. The optically-controlled novable

m rror devi cepatRil ighttrhodliatbrmciade®es pRffality B¢ bigeaNg-donréliéd ng the control
light of an intensity nodul ated according” to an input signal into the

transparent ﬁ{o@&ﬁlb?ﬁﬁﬁor%@%&%vﬁ HMBE_%R%%%{;}Q&&EH’&% the

transparent el ectrode and the novabl e unit e novable unit to the
pr edet er m ne Lt by .generating. .a force correspondi to the

i ntensity of gﬁeﬁg?e(!m%}{)?g?ﬁ téﬁgf'\ﬂg@r? ?m@am’wmﬁﬂ edgﬁngﬁ?tﬂgde and t he
novabl e unit based on g change of electrical conductivity of the

conduct i vi t yTWEYiGSIceSBFIHARR A £ORBPUNIGHY opticaliysiam Eiisupblgs @ he contr ol

|l ight 25 caused by the inputting of the control light into the transparent
el ectrode; agantrod lightes dranspgrer eledtriode igatds epticallydranspatens; aovabl e unit to
substantially sane potential during a tinme when the control light is being
i nput into tdmductivigparriable pettieatthaids priidedron & Gapgidresn i s the novabl e

mrror. An optically controlled device according to still another aspect
10 electrode, where electrical conductivity changes according to an
amount of control light passing through the transparent electrode; a
driving electrode provided on the conductivity variable portion; a
movable unit that is movable to the predetermined position; a support
portion that movably supports the movable unit; and a power supply
15  that supplies either of a voltage modulated according to an input signal
- and a constant voltage to the transparent electrode. The
optically-controlled movable mirror device is controlled by a method
including inputting the control light of an intensity modulated according
to an input signal into the transparent electrode; applying a constant
2_0 voltage between the transparent electrode and the movable unit;
moving the movable unit to the predetermined position by generating a
force corresponding to the intensity of the control light between the driving
electrode and the movable unit based on a change of electrical conductivity of

the conductivity variable portion according to the intensity of the control light

- 25 caused by the inputting of the control light into the transparent electrode; and

11



5 of the present invention includes a control-light optical systemthat
supplies a control light; a transparent electrode that is optically
transparent; a conductivity variable portion that is provided on the
transparent el ectrode, where electrical conductivity changes according to
an amount of control |ight passing through the transparent el ectrode; 10 a

driving el ectrode provided o he conducti vi variable portion;, a novable
unit that i sr?ﬁ?\%éﬂqp@et 'Vf%egpéﬁg? éPa?'?%H‘Ob’éé%t%HP S&'@tﬂ?ﬂ@‘ﬁﬁ SamBrti on t hat
movably supports the novable unit; a power supply that supplies either of
a vol tage noBaieatiakdyiesd megvben the ¢oniiel lightga eingnioputintesthstteanspaisint age
bet ween the transparent el ectrode and the novable 15 unit; and a

| i ght - shi el delegtradét Thaatovable portiotds theetosabletrhigrorr ansparent el ectrode
and the control-light optical system the light-shielding unit including

an aperture. The Aﬁ@ptiuélg/&@tﬂméamﬂe@esa&lardmgﬁﬁo éthﬁarﬁﬂﬁérréﬁfec{ight fromthe
control -1ight optical system passes through the aperture 2 to be input

into the 4 ra@ﬁtﬂ%&ﬁ@%r@'i%ﬁtf&ﬂﬁnc@&@s QQBHrQIl-Iidedt g@%icr:é(;lﬁ%eg@thatt hrough t he

aperture Is I nput on into e transparent generate a
pr edet er m ne r e n the drivin | ect,r ode .and._.t novabl e unit,
and t he nova%ﬂ%o%ﬁgi%t&ini‘%ﬁﬁggtda gﬁ@ﬁgr%&g%@frgpﬁg@dsQp}lgﬁnlg(e_ A spatial |ight
nodul at or accor di ng to still another aspect of the present invention
i ncl udes a piraRsparent: acopgustidly| ariable hastion thatdy aiavidedan ther  devi ces havi ng
a novable mrror that is novable to a predeterm ned position. Each of the
opti cal | y- cofdnsparet elestalsice widrenetacticall eondustivity chanyes accoodingol - 1 i ght
optical systemthat supplies a control light; a transparent electrode that
i's optical | ytotaresrspantesitcordrol light passing through the transparent electrode;
10 adriving electrode provided on the conductivity variable portion; a
movable unit that is movable to the predetermined position; a support
portion that movably supports the movable unit; a power supply that
supplies either of a voltage modulated according to an input signal and
a constant voliage between the transparent electrode and the movable
15 unit; and a light-shielding unit that is provided between the transparent
electrode and the control-light optical system, the light-shielding unit

including an aperture. The aperture is arranged such that the control

light from the control-light optical system passes through the aperture

12



conductivity variable portion that is provided on the transparent

el ectrode, where electrical conductivity changes according to an anount of
control l|ight passing-through the transparent el ectrode; a 15 driving

el ectrode provided on the conductivity variable portion; a novable unit
that is novable to the predeterm ned position; a support portion that

novabl y supports the novable unit; a power suppl;i_ that supplies either of
a vol t age noduPRedritdBigthatrapsaarangleciserdeal TARconral dgst RASSIE t age t o
the transparent el ectrode; and a light-shielding 20 unit that is provided
bet ween t he t rtAreyeh e apedure ddinmidinéntoctbet transpargnt etgatiase tasyst em
the light-shielding unit including an aperture. The aperture is arranged
such that the georeratd alprgbetdrrmomet Hercecbatwedn thebrivow eleatroslesdrehtiEasses
through the aperture to be input into the transparent el ectrode. The
control 1ight massblegudihrantgthd heovabl@peittisreovéd by prakigtdriiined he
transparent electrode to generate a 13 predeterm ned force between the
driving el gctfeelea.and the novable wunit, and the novable unit is noved by
the predeterm ned force. A projector according to still another aspect of

t he present invent Wﬁ?ét@h@zﬁ?gﬁuﬁt%ﬁ?&mh td NGRS PVE L ﬁéﬁtoﬁﬂgpl i es

an 5 illumnation lig tor that nodulates t

gt and a broyeeriEahibAtngAaRe o BRIENT BuclyRl Bibydt e =

tial |ight dul at l.ud | |it f ti - trolled |
SpeCLeL 1) R Bl RS B kP B FBIIRETE 2 <

det erm ned ition. h, of t tically-, troll ed bl i
i I KT e TR

10 . mirror devices includes a control-light optical system that supplies a
control light; a transparent electrode that is optically transparent; a
conductivity variable portion that is p.rovided on the fransparent
electrode, where electrical condubtivity changes according to an
amount of control light passing through the transparent ele.ctrode; a

15 'drivihg electrode provided on the conductivity variable portion; a
movable unit that is movable to the predetermined position; a sup.port
rportio'n that movably supports th'e movable unit; a ipo‘wer supply that -
supplies either of a voltage modulated according to an input signal and
a constant-vqltage to the tranéparenfelectrode; and a light-shielding

20 i{nit that is provided between the transparent electrode and the

| contro!—iight,optical system, the !ight-shielding unit including an

aperture. The a.pertur'e is arranged such that the control light from the
- cbntrol-light optical syster_n passes fhrough the aperture to be input-info
__ the .tra.ns'parent electrode. The bontro[ light pa_ésing through the

25 a'pert'ure is input only into the transparent electrode to generate a

13



control light; a transparent electrode that is optically transparent; a
conductivity variable portion that is provided on the transparent

el ectrode, where electrical conductivity changes according to an 15 anount
of control light passing through the transparent electrode; a driving

el ectrode provided on the conductivity variable portion; a novable unit
that is novable to the predeterm ned position; a support portion_that
movabl y supporﬂrgd?%mmg%g@@%wwe% B’!ﬁ/\/@ﬂVﬂlﬂp@IeﬁtrPﬁ&ta“dsU’tﬁ)m%’@bé@ t her of
a vol tage nodul at ed according to an input signal and 20 a constant voltage
to the transpatéhians e modableawaitds meyad biitee diradeteumiined fercei s provi ded
bet ween the transparent electrode and the control-light optical system

t he |i ght-shi el di ngAupigjiedtoclagdordjngrio stjleanother asbectpithaupessentar r anged
such that the control light fromthe control-light optical system passes

through the apevéntion ingluted apullumiigtior?fighhsotrcansaasepplied eat rode. The
control l|ight passing through the 14 aperture is input only into the

transparens elipghired®nt fyreH Rt R dighPheskalIBfdF tRaf nidftsteighween t he
driving electrode and the novable wunit, and the novable unit is noved. by

h d ' i il j | [d: ' ' il
the pre Etermlﬂﬁﬁlng]?ibﬁﬁlgr@%c%@rdﬁ@ foVak HAkGe ér?ﬁ%l%véﬁggﬁt‘éﬁgpg}:@ﬁﬁo sti

anot her aspect 5 of the present I'nvention”inc es a ght opti cal
cystem el TAREIArEen BrORRER I SRk ol BRIIRPREBRATHIR TR S
AN el T S R
" “EHROT FGYR RIS bRanaR bR Rl E et erBUable s,
10 predeterminéd position. Each of the optically-controlled movable
mirror devices includes a control-light optical system that supplies a
control light; é transparent electrode that is optically transparent; a
conductivity variable portion that is provided on the tran.sparent
electrode, where electrical conductivity changes according to an
15 amount of control light passing through the transparent electrode; a
driving electrode provided on fhe conductivity variable portion; a
.ﬁovab!e unit thaf is mo'vab.le to the predetermined position; a support
‘portion that movably supports the movable unit; a power supply that
- supplies efther of a voltage modulated according to an input signal and
.- 20 a constant voltége to the transparent electrode; and a !ighf—ShieIding B
unit that is provided between the transparentrelec_trode and the
control-'fight' opffcal system, the light-shielding uhit including an
aperture. The aperture is arranged éuch that the control ligh{ from thé
c%ontrol-lightbptical system passes through the aperture to be input into

- -25  the transparept electrode. The control light passing through the

14



portion that novably supports the novable unit; a power supply that
supplies either of a voltage nodul ated according to an input signal and a
constant voltage between the transparent el ectrode and the novable 15 unit;
and a resistor portion that is provided between the driving electrode and
the novable unit, the resistor portion having a predeterm ned resistance.
The predeterm ned resistance is any value in a range between a m ni nrum
resi stance andpgrivagiisrinnutesiigtintectheofransperent edectrode toy geaeratbla porti on.
The control light is input into the . 20 transparent electrode to generate
a predet er m nededetecminst feres hdterecdr ihe digviebedécivdde and theemoweblad e uni t,
the predeterm ned force corresponding to the resistance of the
conductivity wvaiti ahtiehaenbiaitle @it is ket & preddterminavRichy the

predeterm ned force. A spatial |ight nodul ator accor ding to still another
aspect of the 25 paasiifcdipv@tttAed BBl réing @ dtliVafbther aspect
optically-controlled novablé& 15 mrror devices having a novable mrror

t hat i b ) : 1 i f s Lh
at 1's noya b?trf{g?iesr?g{sg@f%ﬁri% edugesiy é&ﬁrol—ﬁ%&ﬁ%tégl ggﬁttem th?tl ght

optically-contro mrror devices In rol-
optical system Lies: a.. |, LI : r a ' ectrode 't hat
Is optically g?%@zépsagelb%{ﬁ ;tllogﬁlgﬂé,oﬁg&fzr{sﬁ)\ﬂr%btg%lép F@g%}eﬁgifﬁ F’ﬁﬁé?l at is
provi ded on t sparent . el.ectrode, where el.ectrical. conductivity
changes accorﬂSH%5$%n n? Cé’r%‘ﬁfﬁkw YV@GWM%Pofti'%kh%ﬁﬁrﬂ&'dteﬂr% Fthe
t ranspar ent eﬂ ectrode; dri vi ng el ectraode provided on the conductivity
vari abl e port -I‘gﬂ@gen{t@?@gr@d%n\{v ef@]ﬁfeqtﬁcﬁ'ﬁ'&étﬂl@ttVHyt%'}Sﬁéo%Q@fﬁﬂged
position; a support 10 portion that anabIY supﬂorts the novable unit; a
power supply ‘ol amaipiiafepndraliight grasgingthragehbeadranspnrest stesitingles o an
i nput signal and '
- 10 adriving electrode provided on the conductivity variable portion; a
movable unit that is movable to the pfedetermined position; a support
portion that movably supports the movable unit; a power supply that
supplies either of a voltage modulated éccording to an input signal and
a constant voltage between the transparent electrode and the movable
15 unit; and a resistor portion that is provided between the driving
e!ectrode and the movable unit, the resistor portion having a
" predetermined resistance. The predeterrhined resistance is any value
in a range between a minimum resistance and a maximum resistanéé of
. the conductivity variable portion. = The control light is input into the . .

20 transparent electrode to generate a predetermined fofc‘:e between the
driving electrode and the movable:unit, the predetermined force
corresponding to the resistance of the conductivity variable poftion, and
the movablie unit is moved by the predetermined force, = |

A spatial light modulator accordir_lg to stiil anot'h_er aspect of the

25 present invention includes a plura'lity-of optically-crohtr'qilred' movable

15



a constant voltage to the transparent electrode; and a resistor portion
that is provided between the driving el'ectrode and the novable unit, the
resi stor portion having a predeterm ned resistance. The 15 predeterm ned
resistance is any value in a range between a m ninum resistance and a

maxi mum r esi stance of the conductivity variable portion. The control |ight
Is input into the transparent electrode to generate a predetermned force
bet ween t he driiadigiedie’s hedimgaadnevablermiyapl thatis movathée p? edet er mi ned
force corresponding to the resistance 20 of the conductivity variable
portion, and thedeterabhed poisitiars nBaeld of yhe toipticplipdenémoiiedadotablee. A
projector according to still another aspect of the present invention

i ncl udes an i Inhiomiravicss Iriciid ess ausargrdlHaght opRielal Q?st@lﬁn thatl supphiesidn i ght;
a spatial light nodul ator that nodul ates the 25 illum nation |ight

according to aBntrghOghsidftahspareittdldbirad 8RR At Osticalfy frhgdiarenda a
projection lens that projects the nodulated light. The spatial |ight

modul at or s nclyrgBofyil vaAkbleYpaitdiPiHat  bYoRBHIA IiftraRByafing. m [ ror

devi ces having a novable mrror t to a predetermned

posi tion. Eac e L.Cal.l .y raol I ed. | L LOr | ces

I ncl udes a co%’ltér%{yl‘c%c{él‘d’ﬂfé'Jgp?'leggﬂ'@3&@%@&5&?3%??%sctggré@éntgf% light; a
transparent elec t hat i.s tically transparent; a conductivity

var 1 abte: port POYRAT cebfig iorEBasSha eblt TES L ApPer ERBRRES fher o

el ectrical copductivity changes %fcordi ng to an anmount of control |ight
passi ng throu8HVWHeEIFP REpAENIded aBithe ,"dét‘CfUM"tHﬁ’ﬁ\'}'iaﬁlf BPE T GHe provi ded

on the conductivity variable portion; a mnovable unit that is novable to
the predeter inQ¥abfounttitbat isameyppls to the predetermined position; a support

10  portion that movably supports the movable unit; a power supply that
supplies either of a voltage modulated according to an input signal and
a constant voltage to the trénspare‘nt electrode; and a resistor portion
~that is provided between the driving electrode and the movable unit, the
resistor portion having a predetermined resistance. The
1_5 predetermined resistance is any value in a range between a minimum
resistance and a maximum fesistanc_e of the conductivity variable
portion. The control light is input info the tfansparent electrode to
- generate a predetermined force between the drfving electrode and the
: mova.b!e unit, the predetermin_ed forc.e corresponding to the resistanbe
20 of the conductivity variable portion, and the movabie unit is moved by
the predetermined.force. |
| A projeétor according to still another aspect of the p'resent |
" invention inéludes an illuniination Iig-ht'.source that sup‘plie'sl an
. illumination Iight;_a spaﬁél light fnodulator that modulates the

25 - ilfumination light according to an 'image signal to output'a modulated

16



portion that novably supports the novable unit; a power supply that
supplies either of a voltage nodul ated according to an input signal and a
constant voltage to the transparent el ectrode; and a resistor portion 15
that is provided between the driving el ectrode and the novable unit, the
resistor portion having a predetermnned resistance. The predetern ned
resistance is any value in a range between a mninum resistance and a

maxi mum r esi sﬂlﬁﬁéeaﬁﬁ atfvej exiodulenis\thay pveiectsthe mociuated lighte dortrol |i ght
is input into the transparent el ectrode to 20 generate a predeterm ned

f or ce bet ween sphtablighti mgdelatot ircdedasa ploealitymf aptiealipidonttdiled

predeterm ned force corresponding to the resistance of the conductivity-

variabl e port neewabd@dhitioe dewedy Ravimigt a insovaBiesor thaeidmeyabes 1o aed
force. The other objects, features, and advantages of the present 25

i nvention areppd@stetmarld Positionl OTHALH Bf e WbliballREORROAGAFGEDIEr OM T he

17 follow ng detail ed description of the invention when read in conjunction

LD et B RO SRS RAAMNE S Mo )
OP o L bAoA St e SR S AIA e peat o o
cont o 119 S0 BRLA Ve L B L B AR e Pl e i
of San opt 1 cal PECEBHEr BesE sieaases conductifity ehandés according foan. o o (o AT
amount of control light passing through the transparent electrode; a
10 driving electrode provided on the conductivity variable portion; a
movable unit that is movable to the predetermined position; a support
portion that movably supports the movable unit; a power supply that
supplies either of a voltage modulated according to an input signal and
a constant voltége to the transpareht electrode; and a resistor portion
16 that is provided between the driving electrode and the movable unit, the
resistor poftion hai.fing a.predetermined resistance. The
prédeter‘mined resistance is any value .in a range between a minimum
.'resistance and a maximum resistance of the conductivity variable
portion. - The control light is input into the transparent elecir_ode to
| 20 generate a predetermined force between the driving electrode and the
o movable unit, the predetermined force corresponding to_the fesista-nce
of the conductivity variable portion, and the movablé unit is fnoved by
-the p_redetérminéd forc_:e._' |
- The other objects, feat_ures,.and_ advantages df_the p.résent .

25 invention are specifically set forth in or will become appérent'frbm the
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mrror device according to a second enbodi nent of the present invention;
15 Fig. 6 is a diagramfor explaining a nethod of controlling an optically
control |l ed device according to the second enbodinment; Fig. 7 is a diagram
for explaining a nethod of controlling an optically controlled device
according to a third enbodi nent of the present invention; 20 Fig. 8 is a.
schematic di a mof an aptjcally controlled novable mrror device
according to g{OﬂBWH'E%%EFﬁiM qi%%qﬁlg)tfoq REthy bv@ntion wheRtead.in cogiunstioa a

di agram for explaining a nethod of controlling an optically controlled
devi ce accor di'Wgh tbe BFeornayINEAbdYingst: 25 Fig. 10 is a schematic

di agram of a projector according to a fifth 18 enbodi nent of the present
invention; Fig. 11 is a schematic diagramof an optically controlled.
novabl e mrror device according to the fifth enbodinent; Fig. 12A to Fig.
12C are di agr BRIERESEICRIRXIDEIOF GHE PRAVINGS 5 of a transparent _

el ectrode and a position of a driving electrode; Fig. 13 is a diagramfor
expl ai ni ng5a rel ati g beigveesthenistic g[gb,—aﬁegpg(brg @ql | ights and an
aperture; Fig. 14 is a schematic diagramof a l'ight-shielding portion and

apertures accor di ngri@. 4 heafdchbAadigrant of 4R dotall %oingtoﬂea“tﬂﬁ{?%l!ec

diagramof a light-shielding portion aind apertures atcording to a sixth

embodi ment of offeRIGHENhoEEMARY 6% firsTiednbddinidhibrdh8 %8RI BHBbA! N N0 2

position of a transparen
Fig. 3 is a diagram for explaining a method of controlling an

optically controlled device'according to the first embodiment;
10 Fig. 4 is a diagram of an example of a .Iighting time and a
lighting timing of LEDs for each color light;

Fig. 5is a schematic diagram -of an optically cohtrolied movable
mirror device according {0 a second_'embodiment of the present
invention;

15 Fig. 6 irs. a diagram for explaining a method of controlling an
- optically controlled device accbrding to the second 'embodiment;
Fig. 7 is a diagram for explaining a method 6f_ confr_ol_ling an
. optically' con'trol[ed device according to a third erhbodiment of the
p_resent -invéntion;

,. .20_ | ' Fig. 8is a s_chematic,diagram of an optically controlled movable
mirror devjce 'accofding to é fourth embbdiment of the present -
invention;

Fig. 9 |s a dia'gram for explaining a method 6f controlling an '
" optically cqnt’rolled_de\(ice acbording to the fourth embodiment;

25 Fig. 10'is a schemratic diagram of a projec'tor according to a fifth -
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el ectrode and a position of a driving electrode according to the sixth
enbodi nent; 15 Fig. 17 is a schematic diagramof an optically controlled
novabl e mrror device according to a seventh enbodi mnent of the present
invention; Fig. 18A to Fig. 18C are diagrans each for explaining a position
of a transparent electrode and a position of a driving el ectrode 20
according to the seventh enbodinent; Fig. 19 is a schematic diagramof a
proj ect or -acc&rﬂpﬂg'r@%ﬁtaﬁf thg; RiesRNEMDENTML of the present invention; Fig.
20 is, a schematic diagramof an optically controlled novable mrror

devi ce according. t&ight! & grechesmtinidiagiam obamrioptically icontmelletiectric
circuit equivalent to the optically controlled 19 novable mrror device;
Fig. 22 is a dnaggbmrmororedevtiae miacgrdioy ta thediftt embmatimienty i s  arranged;
Fig. 23 is a diagramfor explaining how a resistor portion is 5 arranged;
Fig. 24 is a diagraffig.of2%&xplFigni 20 drevdihfearme ishofor Rpldinimg & podlticanged,
Fig. 25 is a schematic diagramof an optically controlled novable mrror

devi ce_accar diof franspavcht elesthosk BRaa Bbokivh o £eming dibdipeeat i on: Fig.
Is a schematic diagramof the optically controlled ™ novable mrror
devi ce. when vievwed E{PM3 38z WG f&h &xPaining a relation between first and
second control Iighté and an aperture;
Fig. 14 is a schematic diagram of a Iight-shield'ing portion and
apertures acbording to the fifth embodiment; |
.10 Fig. 15 is a SChem.atic diagram of a light-shielding portion and
apertures according to a sixth embodiment of the present. invention;
Fig. 16 is a diagram for explaining a position of a transparent |
electrode and a position of a driving electrode according to the sixth
embodiment; | |
15 Fig. 17 is a schematic diagram of an .0ptically controlied
movable mirror device according to a seventh embodiment of the
present invention; | |
Fig.r 178A to Fig. 18C are diagrams each for explaining a p'osit.ion
- ofa trans-pa_reritelectrode and a position of a driving electrode
20 accord.ing to the seventh embodiment;
‘Fig. 19 is a schematic diagram of a projector according to an |
ei'.ghth embodiment of the present invention;
| Fig. 20 is a schematic diagram of an optically cont'rolledA
movable mirrdr device éccording_to the eighfh em_bodimeht;

' 25 _Fig. 21 is an electric circuit equivalent to the optica[iy controlied -
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Fig. 27 is a diagramfor explaining how the optically controlled novable
mrror device is driven; 15 Fig. 28 is an electric circuit equivalent to
the optically controlled novabl e mrror device; Fig. 29 is another

el ectric circuit equivalent to the optically controlled novable mrror
device; ‘Fig. 30 is a diagram for explaining how a resistor portionis 20
arranged; Fig. 31 is a schematic diagram of an optically controlled

nmovabl e mi r r omakabile enivioridavice;he resistor portion; and Fig. 32 is an-
electric circuit equivalent to the optically controlled novable mrror
devi ce wi thout the FiEpiZ2 3ra pdadnaon for2éxainekd AovED rBESERI PIHION iExenpl ary
enbodi nents of an optically controlled device, a nethod of controlling the
optically congrahyed; device, a spatial light nodulator, and a projector
according to the present invention are 5 explained in detall bel ow with
reference to the acegmangi Naifliraw fSexpl Aty awal !aCrle%[ﬁﬂMn%h':QH of a
projector 100 is explained below wth reference to Fig. 1, and a nethod of
control l'ing ap. gﬁﬁbgally controll ed device according to a first enbodi nent
of the present vehtion is explained next with reference to Fig. 2 and

i gnt  (nerei nattor 624 i dlbialt &R Prelediie BBWLERESGr bRCE R r 2l ¢y
grelrris%[]ts emttl ng g’l odes (LEDs) that are solid-state light emtting :

Fig. 25 is a schematic diagfam of an optically controlled
movable mirror device according to a ninth embodimént of the present
10 invention;
Fig. 26 is a schematic diagram of the optically controlled
‘movable mirror dévi-ce when viewed fronﬁ the movable mirror;
Fig. 27 is a diagram for explaining how the opticélly controlled
'movaMe:nhTordéﬁceisdnvem
15 | Fig. 28 is_.'an e_iec_:tric ci_rcuit.equivalent to the oﬁtically controlled
movable mirror device; | |
Fig. 29 is another electric circuit equivale.nt to the optically
bonﬂoHedrnovabmlnhTordeQME; |
Fig. 30 is a diagram for explaining how a resistor portion is
20 arranged;. |
Fig. '31 is a.schematic ,diag-ram of an op_tica'lly controlled
| 'movable mirror devibe withbut the resistor portion' and |
Fig 32 is an e]ectnc circuit equnvalent to the optically controlled
movable mirror device without the resistor portion. .

25
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The illum nation |ight source 101 includes a red (R)-l1ight LED 102R that
supplies an R1light as a first color light, a blue (B)-light LED 102B t hat
15 supplies a B light as a second color light, and a green (G-Ilight LED
102G that supplies a Glight as a third color light. The illum nation

i ght supplied fromthe illum nation |ight source 101 passes through a
field lens 103 and is incident on a nodulator 104 of a spatial Iight

modul at or 1202E ' 3 has a function of telecentricall y
illumnating the nodulator 104, i.e., a function of naking the
i1lumnation Iight &xemplaed paibogimpots phke andicallyedontindem dedcenai dent on
t he nodul ator 104. The projector 100 forns an image with light fromthe

i I'1um nation Inefhod cfocantenling the optisatly tdontrodiedadevded raspatiplipght 107 of a
projection | ens 25 105. Therefore, the nodul ator 104 is Koehler-illum nated

with the 21 ndduteteat and d paijectourpicoedingrtonhehsreskhtimveatioamardei ght source
101. The spatial |ight nodul ator 120 includes the nodul ator 104 and an

optical  systerplifed i dedlt below Walt re(f@%rﬂié"ﬁ ey acc@nﬁ@ﬂ%h@'dﬂa'\nﬂﬁgs
optical system 130"). The nodul ator 104 includes a plurality of novable

mrrors 108 5 on th%&%ﬁﬂﬁ?c&gﬁ?@@tl&m&fa@s&%tém%@fsoéﬁﬂ%l!% #@%105

The novable mirrors 108 are nov e accordi I mage Si al's

movabl e m rroﬁp%@e@nﬁe&%r@ﬁqu ahB 4 Bfedlod n(égnt mf”‘?n%?: eﬁ\oc,odril 04 in the

shape of the t hey are subst a lar to each
o .“5:“:-n;rfo2"??“@@@&%@%@@%2%%03@@& d*@h‘%p”q%%&t'gkﬁﬂ%pfrés?%‘mlg
oL it ¢ he RHETLn R B S e B S St ol o B Hiamge e
10 projector 100 includes a light source 101 for illumination light
(hereinafter, "an illumination light source 101") with a plurality of fight
emitting diodes (LEDs) that are solid-state light emitting elements.
- The illumination light sourf:e 101 includes a red {R)-light LED 102R that
supplies an R Iight as a first color light, a blue (B)-light LED 102B that
15  supplies a B lig.ht as a second color light, and a green '(_G)-Iight LED
102G that supplies a G light as a third color light. The illumination
~ light supplied from the illumination light source 101 passes through 2
field. lens 103 and is i.ncident on a modulator 104 of a spatiél light
| modulator"120_. | | |
20 The field iens 103 has a fu'ncti_on of telecentfically Hluminating
| the modula'tor‘ 104, i.e,, a function of making the i.llumination_ light as
parallel as possiblé to a main beam and incident on‘the_modulator'10_4-.
The pr_bjector- 100 forms an imagé withr-l'ight from the ilumination light
i .so_urce‘_101 on a poSition of an en-trance- pupil 1.07 of a projection iens |

25 105, Therefore, the modulator 104 is Koehler—illuminrated with the ©
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The projection |l ens 105 projects the light nodulated in the nodul ator 104

to a screen 106. 15 The control -light optical system 130 includes a gal vano
mrror. . 116 and a light source 110 for control light (hereinafter, "a
control light source 110"). The control-light optical system 130 is

provi ded on the opposite side to the projection lens 105 with respect to
the nodul ator . 104. The control |ight source 110 of the control-Iight

opti cal systemﬂtﬂnlnﬁ@r@nslmlsmh@dbgam thegiluminatiorelighbseurce 1@ser '%Efam with
constant intensity. A sem conductor |aser device and a surface-emtting

| aser devi ce spatiablightseddfitatot A@0dontudels theghtdeiator €04 Bdd Thepiiabvano
mrror 116 rotates along predeterm ned two axes that are substantially

per pendi cul ar systeeadB0dbheontrahfight dnsrelingfhdr, fa eontrabligheoptiokr 9fsteinght
source 110 in two directions. The galvano mrror 116 22 rotates according

to an inmage sigod friamidirig@ntrod [uddela Plordlifg of Al I EmAiRRITs 1108e

galvano mrror 116 scans a control light as a beam fromthe control Iight
source 1105 0nbf thBe iRl Mk ol it f PO SEEAbh n od cally
controlled novable mrror 5 devﬁlfc]ae %ggs?hebe(%na?t er?hé?gogrbvgme mrror

mror dovi ceBYaCE FEngrs 198 A MV BRICRFETRER KOgede sfande TN he
Franspar ent  BOUERl RS0 16R A a TR RRRETH 1P PSR e R f i o 2
r ansparent . ectiasar Hisplaslice SRV Ear 1oy Aenapar Bt ol s PEALAR iR
el ectrode - 202 is formed with an indiumtin oxide (ITO film A
conducti vi ty each other.  The modulator 104 modulates the illumination light from
10 the illumination light source 101 according fo an image signal from a
controller 112.  The controller 112 controls the illumination light source
101 and the spatial light modulator 120 according to the image signal.
.T.he projection lens 105 prdjects the light modulated in the modulator
104 to a screen 106. |
15 The control-light optical system 130 includes a galvano mirror
116 and a Iight source 110 for control light (hereinafte_f, "a control light
source 110"). 'The control-light optical syétem 130 is provided on the
oppdsite side to the projection lens 105 with respect to fhe modulator
: 1_04. The control light source 110 of the contror['-!ight optical system
' '__20 130 supplieé a beamllight, for e’xample, a laser beam with constant
intensity. A serhicohductor lase-_r device and a surface-emitting laser
~device can be used for the control light source 110. _ |
The galvano mirror 116 rbtéfes a[o'ng predete-rmined_tWO axes
that are substantially perp_endicular _to éa¢h other, and scans light from ;

25 the control light source 110 in two directions. The gal\}ano mirror 116~
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vari able portion 203 is fornmed on the transparent el ectrode 202. The
conductivity variable portion 203 changes an electrical 15 conductivity
according to an amount of control |ightL having passed through the
transparent el ectrode 202. The conductivity variable portion 203.can be
made of anorphous silicon (a-Si) or a photosensitive organi c film The
a-Si is preferaEa hydr ogenat ed, ,and i s fornmed usi ng{ od of chem cal
vapor depositi'8 %@@B‘POF B9V iRBJe &igndIframdhe qon 50”%t11|2I | dRithat ed at
all, the a-Si functions as an insulating nmenber having the electrical
conduct i vi ty &bovgmasteidhe galveng miriossilStegarns asontiol light gsianbeamte) . On
the ot her hand, when the control light Lis illumnated to the a-Si, the
el ectri cal coﬁmnﬂfhmcoyltmﬂmghbfsouméh&mttadwntbdlgatm 1% anount of the
control 25 light L (that is, the resistance decreases). An area where the

23 el ectrical condufhé\dctmfiganaﬁgﬂszf amopticalgotshited lled ovedié afikerportion
203, corresponds to an area where the control light Lis illumnated in

the transpar eevicel 200 (9sleiRdfer, A8 rhosabidthieor @éﬁf:ezﬁﬁ)"g% EobERfbdet veen
the conductivity 5 variable portion: 203 and a support 206 using the

spattering tesByviuith refBfendd FR 2e PR thdwibik RirkdiSeatd P90 lﬁyﬁQaZOS

When the transparent el ectrode 2 and the support 206 are electri

connected, a E%rﬁiét'(?rj:e g\‘ftﬁ ﬁ%lé%q%sqwcﬁﬁgn?ﬁﬁﬁ%ﬁmqrdg

;
el ectrode 204 an he novab e mrro cause nova

oo o0t B D82l BB 21 Kl
el ectrode 202elaerc]: rodeezﬁfﬂpaot is op(%rcally transparent is provided on a glass
‘  10 substrate 201 that is a plate provided in parallel with the transparent
electrode 202 and optically’iransparent. The.transparent electrode
202 is formed with an indium tin oxide (ITO) film. A conductivity
variable portion 203 is formed on:the transparent electrode 202.
The'conductivity variable portion 203 changes an electrical
| 16 conductivity according to an amount of control light L having passed
through the fransparent electrode 202. The conductivity variable
portion 203 can be made of amorphous silicon (a-Si) or a
photosensiti'verorganic film. The a-Siis préferably hydrbgenated, and
is -formed using a method of chemical vapor deposition (CVD).
20 When the control Iight_L is not illuminafed_ at all, the a-Si
: .functi.ons as an 'insuiéti.n'g member havin'g the electricé_! conductivity of
falmos__t zero (i.e., a resista'nce is virtua!ly infinite). On the other hand,
~when the control light L. is iIIumi'_n_ate.d to the a-Si, the electrical |
. bonductivity théreof increaséé- according to the amount of the control

25 . light L.(that is, the resistance decreases). An area where the

23



The support 206 is provided onthe insulating |ayer 205 and novably
supports the novable mrror 108. The support 206 is nmade ' 15.. of a
conductive flexible material or a conductive elastic material (such as a
metal spring). The driving electrode 204 i's formed on the conductivity
variable portion 203 in a position different fromthe position where the
i nsul ati ng Iayelr 5_05 is provided, The driving el ectrode 204. and the
movable m rr or®l86EICH SOPAYGHWEY Changes i@ g crndyctivilyerasiabie portiimaP3. Bot h
of the novable mrror 108 and the driving el ectrode 204 can be nmade of a
conduct i ve subEtTEGFROMISH® ar ageanyiria thal gontrolightdbiseillpmimatedupphe 210.
applies a voltage between the transparent el ectrode 202 and the support
206. The vol t degnsparbet elgmptaded208. nodul at ed according to an i nage signal
fromthe controller 25 112. A ground (GND) el ectrode 212 is provided on the

side of the 24 supporins20fivg tdyer et formeldhiee tvasd ratHeecprdwitivityppl y 210.
By grounding it wwth the G\D el ectrode 212, a reference potential of the

vari abl e pewerasiapid ?‘bo?tl&h Q03tdved ai AppRit Lbe usGihe smaftéﬂh%w@hmauenade to

al nost zero. If a voltage to be applied to the transparent el ectrode 202

(from the vari aticesioyein e Id RHGeSBUAMI Y8R A0k WRERRAECe potential

of the novable mrror 108, electrostatic is generated between the

novabl e m rroqra%gﬁgm é'%%%%de}‘gﬁﬁ?ﬁﬁér%%%fg%s rle%gct\‘ﬂahfge nodul at ed

according to an ifmge signal. control an optically
CoTh T L o Kb e S BB i AR oy BN e B RS ! o
isﬁgrldgin?goﬁt fﬁ@({t?@é%@%éﬁ{d thlei l%%&/abiewi"r{ipro??%ﬁt, %v tic. rc]:taﬁggé tt e in?ov%%qg |
10 mirror 108 not to be driven. Thefefore, the insulating layer 205 is
provided to prevent electrical c.onnection. between the transparent
electrode 202 and the support 206.
- The support 206 is provided on the insulating layer 205 and
- movably supports the movable mirror 108. The support 206 is made |
15 of a conductive flexible material or a conductive elastié matefial (such
- as a metal Spring). The driving electrode 204 is formed on the
conductivity variable portion 203 in a position different from the position
where the _insUIating layer 205 is provided. Thé driving electrode 204
- and the moVable mirror 108 are provided so as to mutually face each
| 20  other. Both of the movable mirror 108 and the driving electrode 204
E can be made bf a éonductivé substahce such as alumin.um (Al).
o Avériable _powe’r supply 2_10‘app'lies a voltage ‘between the
transparent electrode 202 and the support 206.  The voltage to be
applied is rhoduiated 'according to an image signal f‘rblm the controller

25 112, A ground (GND) eléctrbde, 212 is provided on: the side of the _' .
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el ectrode 202 through the gl ass substrate 201. The control light L nade
I nci dent on the transparent el ectrode 202 passes through the 15 transparent
el ectrode 202, and reaches the conductivity variable portion 203. At this

time, an electrical conductivity of a portion where the control light L is
i 1lum nated, of the conductivity variable portion 203, increases according
to the anount of the control light L. Wth the increase in the electrical

conductivity, BHPost 286 awith erfreddftotthe wadidde ipevwas ey 280ppBy 210 i s

el ectrically connected to the driving electrode 204 through the
transparent elggotundiy 20dthatite GIND edectuod & 212y aviefeminice pagientialoof h@3. At a
nodul at ed vol tage supplying step, a voltage nodul ated according to an

i mage signal fuacimblid@oa@rtsupiphel10lch tite sRIY bEthdgiowabr maof hestis anspar ent
el ectrode 202 and the novable mrror 108. As a result, 25 the driving

el ectrode 204 msdapplaimdsieéf, t Ne av@ditanetdBe W RIRG todhedrhdltarkat t he i mage
signal. Mre specifically, the area where the 'conductivity changes in the

conductiviby \dtasde 200418 hder SHRPS VR nibhs: BRI fleery Trom

a light illum nated position in proportion 5 I ntensrty and the

s e B LR PR e
el o e 1 g e AR AR e VBbid HrSP B A OS2l e e
connecti on betBdy MeneolfadmEidiiate Chced oiib 26p ABa 8Mslppor t 206 even
if the control light L is incident on a position other than the position
corresponding to he method of controlling an optically controlled device -
10 according to the first embodiment is explained beilow with reference to
Fig. 2 and Fig. 3. At first, at a control light supplying step, the control
light L with constant intensity is made incident on the transparent
electrode 20'2._through the glass substrate 201. The control light L
made incident on_the transparent electrode 202 pass'es through the
- 15 transparent .electrode 202, and reaches the conducﬁVity variable
portion 203. At this tirﬁe, an electrical conduétivity of a portion where
“the control light L is illuminated, of the conductivity variable portion 203,
increases according to the amount of the control light L. With the |
increase in the electrical conductivity, one of electrodes of the variable
| n 20 power supply 210 is electrically connected to the driving électrode 204
thrqugh fhe_transparent electrode 202 and the 'co-nductivity _variable
 portion 203, o
Ata modulated \foltage supplying step, a voltage mOduIa.te'd
according ‘tb an image signal from the_controllef 112 is applied between

.25  the transparent electrode 202 and the rhovable mirror 108. As a result,
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the driving electrode 204. Thus, it is possible to reliably prevent the
novabl e mrror 108 from being uncontrollable. 15 As expl ai ned above, the
vari abl e power supply 210 on the side of the novable mrror 108 is
grounded by the G\D el ectrode 212, and therefore, the potential of the
novable mrror 108 is always zero that is the reference potential and is
constant. The voltage to be applied to the transparent el ectrode 202 from
the variabl e H@ﬁv@'fl'\fﬂlﬂ)@ﬂeﬁ@ﬂﬂ f%dr seapplied oviieths yolbage modulaied ef er ence '
potential of the novable mrror 108. Wen the control light L is nade

i nci dent on. t hecording patkmimepectignale MOB spheificelly,dfe dreaapipéiecthet o t he
driving electrode 204 fromthe variable power supply 210. Wth this

application, tbhedovwily ehangaoin tHdBohdsctivityei@istneg@tvartliaiendswer t han
that of the driving electrode 25 204. Because the intensity of the control

light L is copptett ovéies pfiphendte Wi lightafiuiieateansbestioy i Yro@sitiabl e

portion 203 becones also constant. The voltage to be applied to the

driving elgct{pgp %@énéif}?‘ﬁﬁ&%hgqpur}ﬁlﬁé}¥d?+‘ﬂh1er@i‘j fiion of the voltage by

t he variabl e power suppl’y 5 Theretore el eCtrostatic force F

according to the Vﬁﬁ@%dﬁ%ﬁ'%fgcéﬁi%@%ﬁxﬁ r%?',@ﬁ{ }i"eaefrh@ géhvgﬂg o

el ectrode 204 and t mrror rost ort
atiractedt L°%%®édﬂ|e€1-v TR st hs el B ﬂﬁﬁsi?éﬁp&%@?éfaégsg"%he
opposi to To tHSUBRGEEEE Bat the GPBEURTHLY FRaNGRS G HoUMbK BT PbieLos as
if the novable mrror 108 is kept in"a state where no external force is
appl i ed t her glfga to which the control light L is illuminated. However, the insulating
10 layer 205 is provided to reliably prevent electrical connection between
the transparent electrode 202 and the support 206 even if the control
light L is incident on a posiﬁon other than the position "corresponding to
the driving electrode 204. Thus, it is possible to reliably prevent the
movable mirror 108 from being uncontrollable. _
15 As explained above, the variable power supply 210 on the side
- of the movable mirror 108 is grounded by the GND electrode 212, and
- therefore, the potential of the ‘movable mirror 108 is always zero thatis
the reference potential and isrconstaht.r The voltage to be epplied'te
the transparent electrode 202 ffomthe variable power.'s.upp!y 210 is set
_:2b _to'be higher than the reference potential of the movable mirror 108.
} | When the controt light L is made incident on the transparent elec':trode
k _202, the voltage is applied to the driving electrode 204 fro'mrthe :
veriable power_s:u-pply 210. With this"appl_ication, the movable mirrer
:108 has a refe'ren.ce‘ potential lower than that of the drivi-ng 'electrode

- 25 _204. | Becauee_ the intensity of the control light L. is con'st'ant, the -
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At a noving step, the novable mrror 108 noves to a predeterm ned position
according to an inmage signal by the 15 electrostatic force F and the force
by the action of the. support 206. The controller 112 controls the novabl e
mrror device 200 by synchronizing the drive of the galvano mrror 116 and
t he nodul ati.on of the voltage by the variable power supply 210. The
control light L for the respective RIlight, the Glight, and the B |ight
scans each of aaeluzbViipwilhe osindustividy viaciable2portiama0dpeicomesadidoessi ng i s
thereby perforned in one frame of an inmage. By using the novable mrror
devi ce 200 forcanstargtpatial |ight nmodulator 120 of the projector 100; the
tilt mrror device can be controlled by the optical addressing. Wen the

optical addressing iThe2bolpigstdbe,agpiied tot theconviagtel&olrogb OOl diepigerccess
to the novable mrrors, 27 which is used in the conventional tilt mrror

device, is notorMgesiedgh rﬁ@ﬂhfﬁfdméﬁtheb@&l%g%eleb?ﬁﬁeW%bﬁ@bow_édbbﬁgr at ed

circuit corresponding to each of the no e mrrors is elimnated by

using the gptixa BESTe! ikt dRafle0ideok doBbRgl1olRb Rt ©f the

integrated circuit and 5 the structure 1s a el 1 mna

Lﬁ%i! bi Fbtyo”ﬁ‘sﬂiﬁtﬂéf’edn%% |%a%&?If%?‘”%%g?@s@@gﬁ%ﬂ%ﬁ&éﬂiﬁﬁﬁéﬂnﬁdé'  urati on
- ) 5 ) 200 it i

OB TG R, Pt B TR PBIe BUE LR fgBdRa 't

configuration_,and.at .10 |l.ow cost a the projector 100 usi ng t he sane. Fig.

3 is a di agr af6FtRN imihdeh dhe mevarie misEer: 18 Foalmded 4o thedryiig ce 200

using pixel 1, pixel 2, and pixel 3. The x-axis of _
. electrode 204. Here, the support 206 is the flexible member.

10 Thgrefore, the force is exerted in the direction opposite to the |
electrostatic force F acting on the movable mirror 108 as if the movable
mirror 108 is kept in a stéte where no external force is applied thereto.

At a moving step, the movable mirror 108 moves to a
predetermined position according to an imagé sirgnal by the
- 15 electrostatic force F and the force by the action of the support 206.
_ The controller 112 controls the movabie mirror device 200 by
~-synchronizing the drive of the galvano mirror 116 and the modulation of |
: the voltage by the variable poWer éupply 210. The control light L for
the respective R light, .the G Iight, and the B light scans each of the
20 movable mirror'deviceAs 200, and optical addressing is thereby
performed in one fra.m.e of an image. |
| By uéing the movable mirror device 200 for th’é‘ sﬁatial light
| modulator1-2(') of the projector 100; the tilt mirror device can be |
- controlled by the optical addressing. When the Opticéi addressing is

_.‘25. '- poSsibIe, the interconnect for electrical access to the movable mirrors;
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each chart as shown in Fig. 3 represents a position where the control _
light L scans by the galvano mrror 116. As shown in (a) of Fig. 3, the 15
intensity of the control light L is constant for each pixel. As shown in
(b) of Fig. 3, the potential of each of the novable mrror 108 is zero volt
that is the reference potential and constant. The potential of the
transparent el ectrode 202 represents a voltage according to an inage

si gnal appl i edVlieBs tsedviarthasionvestienakliipnyrardeviee, ishmimeetete) of 20
Fig. 3, a voltage corresponding to an inmage signal for each pixel is

appl i ed to eadlurbfermuset baospse éne neledcfor doie snt2@Patedsciccuiesaréspandingp,
the variabl e power supply 210 applies a voltage of zero volt in

synchroni zat i ém esichtofaheanetabsiegniroasissélimimdted (b@)usﬁﬁ%lfhg-opﬁcal n addition
to the voltage corresponding to the inmage signal. 25 The conductivity

variabl e port iaddrésng U h6as fasimegidl FYALesn of ShaieR grftedi dfdiease of

the control light L on the transparent electrode 202 iS stopped.
Therefore, st hen MERIS SRUSHLAY i AR CLRBITABHAL ' nerated
bet ween the driving el ectrode 204 an@ﬁﬁﬁe nova I%Qéﬁﬁﬁ?éghﬁggpvgﬁains in

the driving e ' - : Vs H.cror 108 can be
mai nt ai nedgat hﬁgaggﬁecgg%@?ﬁ?otﬂeb@?\%éé%'ﬁ@é%tnplr?rtelg\?éfgsﬁmlﬁet8cuo%et ﬁ‘o light L
scans once an g ' 0 0N t.he vahle mrror deyice 0 -and
the L ne. vhenatEoIe ArT dBSiae2P8 hutA S RRRECtar e Yleiived on
t he sanme nov e mrror device 200. This all ows i gh. qual ity inmage

cor r espondi ng f%@l’%’é%&y usfﬁgttgei%‘é%b@i’BHéq"’sd?\HCEZdboﬁtaiS&é‘be.S”P-%v@ve?, the
charge may sonetinmes renmmin and accunulate in the driving el ectrode 204 by
conti nuousl y gtg)t@l@itl',l@spﬁgal,@giﬂtd@@dy}qjmt1ﬁ@ with a simple configuration and at

10 low cost and the projector 100 u-sihg the same.
Fig'. 3 is a diagram of examples of controlling the movabie
mirror device 200 using pixel 1, pixel 2, and pixel 3. The x-axis of
each chart as shown in Fig. 3 represents a position where the control
light L scans by the gal\}ano mirror 116. As shown in (a) of Fig. 3, the -
15_ intensity'of the control light L Is. constant for each pixel. As shown.in
. (b} of Fig. 3, the potential of each of the movable mi.rror.10,8 is zero volt
‘that is the reference potential and constant. The potential of the |
transparent electrode 202 represents a voltage according to an imag.e
signal appfied from the variable power supply 210. Asshown in (c) of
: ~20 Fig. 3, a voltagé' corresponding to an image signal for each pixel is
applied. to each of the transparent el'ectrodes.202. As a resetting step, :
~ the variable power supply 210 éppliés_,a voltage of zéro volt in
syhch-rohization "-with.a resét signal és shown in (d) of Fig. 3, .in addition -
_to the voltage ‘crorres-ponding to thé image signal.-' |

25, -~ The conductivity variable portion 203 functions as an insulator.
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vari abl e power supply 210 to the transparent el ectrode 202. If the charge

remai ns and accunul ates in the driving electrode 204, it is 15 difficult to
apply a voltage according to an image signal to the driving electrode 204.
If it is inpossible to apply the voltage according to the image signal to

the driving electrode 204, it is difficult to generate electrostatic force
F according to the voltage nodulated. If it is inpossible to generate the

el ectrostati c Whgrtéheringesnes afthe control fiabkl zm thegtianspariest etgateage cannot

precisely correspond to the inage signal, which nmay cause the inage

qual ity to be Z&gissategpedef dherafore| thegehargeocalisigg tthe ededtrostatje fsiognal is

applied to each of the pixels, a period is provided in the resetting step.

During the pdttobe gemerai@c begtevdrae teedrivaigoeeetroder? &/ aabith8inetalse with
the 25 reset signal as shown in (d) of Fig. 3. At this tinme, the driving

29 el ectrode irornidg henameahltaerariving clO&red@ 204t uald ¥ ratupl iRt the
sane potential in a part of the tinme during which the control light L is

i nci dent op th%ﬁétﬁ@%@(cﬁmtoaebﬁﬁtﬂeoﬁm%i%?necﬁbﬁﬂf‘e Eﬁ'r%edﬁéétﬂigﬁ etpebpode 204

and the novable mrror 108 5 reach al nbost the sane potenti within the

202, the char S PoEwhieRdne contldt IdH 2 E0an  Bnbe okl BBRETE BerfErfi. °20,
vari abl e pover aieghSRYRGnuEEREARTEN 1k tiode MIBETR Fo ™8 i U nmge
ero volt. TREREY BFAN FRd A BEaorBSpELINsr IRV 8P R P RbyaDl &
mrror devi Cede\%gg 26(1)%(? O'!bi%i%iar}lo%shia higﬁuqaulagiitt}}/f%gggedorresponding precisely
10  to image signals to be obtained. | | |
However, the charge may sometimes remain and accumulate in
the driving electrode 204 by continuously applying the voltage from the
variable power supply 210 to the transparent electrode 202. If the
charge remains an_d accumulates in the driving electrode 204, it is
15 difficult to apply a voltage according to an image signal to the driving
electrode 204. if it is impossible to_rapply the voltage according to the
image signal to the driving electrode 204, it is difficult to generate o
electrostatic fofce F according to the voltage modulated. If-,it is
impossible {o generate the eleétrostatic force F accord_ing to the irhage
20 sig.nal, the voltage cannot precisely corréspond to the image signal,
~ which may cause the image quality to be degraded.
Before a vo_'lta_ge according to each imagé signal is applied to
~each of the pixels, a period is provided in the‘reéetting step. During'-

the period, the voltage becomes zero volt in synchrohizatiron with the

25 reset signal as shown in (d) of Fig._ 3. At this time, the driving



As shown in (c) of Fig. 3, the timng at which the driving electrode 204
and the novable mrror 108 reach al nost the sane 15 potential is set
earlier than the timng at which the voltage nodul ated according to an

i mage signal is applied for each pixel. As explained above, in order to
obtain a high quality inmage, it is necessary to nmaintain the novable

mrror 108 at the s position between the time when witing i s once
per f ormed on terln%Ctﬁ%@%mépé 3G the "HE@V@% misET A4S aromutgally abalipest thee

control light L is again incident and witing is performed. Therefore, if
the resetting S&imppieniicdin gepardiafdhettivae dusindaybicholdhe cadepldeddildisng to
the inmage signal is applied, the positional state of the novable mrror
108 is rel easéucideghon dlfie drandparent eteichpdes2@2r f or med, and therefore, the
novabl e mrror 108 cannot be 25 maintained at the same position until the
next witing. 30 OBindeetha Yavingasidctrotet 204 nadehtimgvsiilemmirsormpt@¥i ded
right before the voltage nodul ated is applied, the novable mrror 108 can

be maint agnedesdh hligosiatie Papktpstentiar witnotie tim@EwHehithetddateomgheL | i ght
L is again incident and another witing is performed. Moreover, the 5

charge remai nig\gicpfhtait i @hispd rd it élBétrQBb‘QdﬁQtﬁé%tarrgé'?er%%’niﬁ?rhﬁbe .
d | Ts applied

surely renoved before the voltage according to the inmage signa

to the drivingeeRELIRRAA TP olobtibBePARELE bl BistRBHI rbfipmgmovadl e

mrror device corr éspondi ng precise _ _ nd
Rt " e GNISEtidE a2, 2 M A BB b A B L
the sare potegihal s SEL | oH1ge: S5rrbdothding G5 MRS heige Sighel hiflewhi o the
.10 synchronizing the reset signal and applying the voltage of zero volt.
Therefore, .it is possible to precisely control the movable mirror device
200 and obtain a high quality image. _
As shown in (c) of Fig. 3, the timing at which the driving
electrode 204 and the movable mirror 108 reach almdst the same
15 potential is set earlier than the timiﬁg at which fhe voltage modulated
- according to an image signal is applied for each pixel. As explained
) ab.ove,_ in ofde_r to obtain a high quality image, it is ﬁ'ecessary to
-maintain the movable' mirror 108 at the same position bétween the -time_
| when writing is once performed on the movable mirror device 200 arnd.
20 the time when the control light L is ag_ain_ incident and writing is |
performed.r Therefore, if the resetting step is provi.ded after _the
~ voltage modulated according to.the image signal is applied, the
| _p_osit_iona! state of the movable mirror 108 ié re]eésed right.after the
| | writing is performed, and theref'ore,.the rhovable mirror 108 cannot be

. 25 'maintained at the same pbsition_until the next writ.i'ng.'
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novabl e by the action of the flexible support 206 under no el ectrostatic
force F generated. The electrostatic force F is discharged caused by 15

al nrost the sane potential between the driving el ectrode 204 and the

novable mrror 108. Wen the electrostatic force F is discharged, the
novable mrror 108 is about to nove by the action of the flexible support
206. The direction in which the novable mrror 108 is about to npve by the

action of the flexi Sethaupiwtharss if theomsasdting step imerowded Figbt PefPren whi ch
the novable mrror 108 noves by the action of the electrostatic force F.
On the other Mdoltageanptviated imbopled; theomdwabteomitonilA8xailgh quality

i mage, it is necessary to nove the novable mrror 108 correspondingly nore
precisely to thaEniamege atitheslamdipesitioor for lohge hémzbumtiivihbl e ntial dight 108
noves only by the action of the support 206 and 31 the positional state

cor respondi ngi¢ egiimeinicithg®t FicdhaabtHes witliegsegdeformedch Mook ngestep, this
may cause degradation of the inage quality. Therefore, the tinme during

whi ch the glri &hé'g%eef@rﬁbfrﬁﬁ'@ oA dEUmu iR g MVAR! &ivThg 'déctidfe 202 @in BENDST

t he sanme potenti i's set Shorter 5 than the response tinme during which

L1, Toartes TR 4Rk SELS, bhihe 2o RS neghaFS, B
ARt L R e S B R
rovertent 2 b RaBE R Ly 206 SolPS T e SRR
' mege signal and P Al el Shickalah inege:
10 At the resetting step, the time during which the driving electrode
204 and the moyable mirror 108 are at almost the same potential is set
shorter than a response time during which the movable mirror 108 is
movable by the action of the flexible support 206 under no electrostatic
force F generated. The electrostatic force F is discharged caused by
15 almost the same potential between the drivinrg electrode 204 and the
movable mirror 108. -— When the eiectrostatic force F is discharged, the
.movab!e mirror 108 is about to move. by the action of the flexible
| support 206. The direction in which the movable fnirror 108 is about't‘o
move by the action of the flexible support 206 is opposite to the |
20 d.i'rection in whiqh the movable Vrrnirror 108 moves by the action of the
| electrostatic fotce F. “ |
On the ofher hand, as eXblained above, in order,‘to obtain a high
| qué!ity im'age,'. .i't is necessary to move the movable mirror 108 |
'correspondingly'more'precisély to th'e._ image signal. - Therefore, if the

| f_ "25' 'movable ,mirrbr 1'08 rhoVes only by 'rthe action of the suppoft 206 and .
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Lighting tinmes and their timng of the Rlight LED 102R, the Glight LED
102G and the B-light LED 102B are explained belowwth 15 reference to
Fig. 4. Fig. 4 depicts an exanple of each lighting tine and lighting timng
of the RIight LED 102R, the G light LED 102G and the B-light LED 102B.
The LEDs 102R, 1OZG and 102B for the color lights Iight up according to
each i mage si %B fromthe controller 112 see Fig.. 1). During each
lighting time 8f RAsdtign3lisipte comasrondigatto iedmeage signgl isi r(fr_ln%aﬁlﬁq Afn one
frame period, the control light L scans each of the nopvable mrror devices
200. To obt ai aghpiesietiing sten, thigema aaseedeguidatioasofdhatinlagepguality.
sequentially projecting the R1light, the GIlight, and the Blight, it is .
necessary that the dimevsfiorefthe dine ddmiixg efhichéh&drivgly elestrodent @4 aed 60% t 0
80% of the whole anount of light flux. If the output 25 anount of the LEDs

102R, 102G arile M@ Blemirfe 108 are bt ahhsst thd ¥emeIotentidl @ssdthshorterber of
LEDs, shortage of the light flux amount of the G Ilight may result.

Ther ef or e, 5 as tisaW e Fspoibe ﬁmeadum nghtthé‘?n@'am& nﬁian%rGrds @fovhble 102G
is set to |longer than both of a lighting tine RT of the R-l1ight 5 LED 102R

and a | i ght i ngy th e BBroS @h@esgmdrgabeﬁwggﬁm 556 dHrb it et hod of

the present i nvent I on, the nov e mrror novab

pr edet er mi nedgypgs] é@%ﬂ%&%"édﬂ B i BLcnaRegy SRR moVlhER ot s | he

amount of confi nudus chan es COFrespon an o anal 0og Sighal to be

di spl ayed. Th he  l.i.ghti 0 _and BT of the LEDs :
T05R 1095, | afieVeBsmibeT e rﬂq%ﬁﬁ% TP T8 ol HOYeal st ¢ he same as
one anot her, and the’ﬁ. nt of, t Ei C? ght lar %? han the other lights
may be r ef | ectRGesPonding sflX tpithedmage signal without unnecessary

10 movement that is not caused by the image.signal. Thus, it is possible
to control the movable mirror device 200 correspondingly precisely to
the image signal and obtain a high quality image. |
| Lighting times and their timing of the R-light LED 102R, the
G-light LED 102G, and the B-light LED 102B are explained below with

‘15 reference to Fig. 4. Fig. 4 depicts an example of each Eighting time
~and Iighting timing of the R-Iighf LED 102R, the G—ﬁght LED 102G, and
the B-light LED 102B. The LEDs 102R, 102G, and 1.028 for fhe color
iights light dp according to each image signal from the c-:ontroller- 112
(see Fig. 1). During each lighting time of the R light, the G light, and o
20 theB iig.ht within one frame period, the control light L scans each of the
.movabl.e mirror devices 200. To obtain a projection i‘mage inrwhite |
.. 'Coio'r as a w_hpfe by seq_uenti_élrly p-rojecting'th'e R light, the G light, and.
" the B light, it is necessary that the amount of light flux of_the G lightis
contained 60% to 80% of the whole amount of llighf flux._' If the output |

25 amount of the LEDs 102R, 102G, and 1028 for the color lights is the
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108 toward the projection lens 105. In this manner, the anount of |ight
flux of the Glight nay be increased. 15 Fig. 5.depicts the configuration
of an optically controlled novable mrror device 500 (hereinafter, "a
novable. mrror device 500") wused in a nethod of controlling an optically
controlled device according to a second enbodi nent of the present

I nvention. The sane reference signs are assigned to the sane portions as

t hose of the s2merasdbéaumibreroof delliscshatt@gefofithe light Sluxearbodinhehthe @nd
expl anation thereof is omtted. The method of the second enbodi nent is

di fferent frdight hady fsulthe first enbodi ment in points such that the
intensity of the control light L is nodulated according to an i mge signal

and a constant vol TRgfbfe,aPEhedNtiA Fife4t baRmRRGeheebFAUftASEG QAL 25 At
a control light supplying step, the confrol 1ight 'L whose 33 intensity is

nodul at ed accogg 102505 Akt 'taﬁse &t bbqnlg"ﬁg‘?l 'hﬂﬁg%ﬁé FON of the RLfighg par ent

el ectrode 202. The control Ti gh source s a beamlignt;

exanpl e, asl apeip ?69@5 @'ﬁ?m@v eoéfg:ff tljré -9k P[Eb"@og%. cb%ﬂﬁdevi ce

signal. A sem conduct or ace-em aser
havi ng a rmdu ol i At a

vol tage suppl ycflhbé g\%z%()&)%fyi%lrgg%wpﬁ\?eggg fné’%/%y ﬁggggﬁ%gol t age

bet ween the trans nt e féode ndthe v:i\ble.mrror.lo If the
"ntensl ty of  TREBHH G BPTPASHITENPAGsNeR 200G 8RS Biduct i v Ly
of the conducti vi tg vari able portion 203 increases. On the other hand, the
vol tage appl i WAIdhoaHows the asieuniref cantéiiqusdehanges soenBeRMNg taran -

therefore, electrostatic force F according
analog signal to be displayed. - Therefore, the lighting times RT, GT,

| 10 and BT of the LEDs 102R, 102G, and 102B for the color lights may be
set fo almost 'the same as one another, and the amount of the G light
targer than‘thelother tights may be reflected from the moVab[e mirror
108 toward the projection lens 105. In this manner, the amount of light
flux of the G Iighf may be increased.
15 F|g 5 deplcts the conﬂgurat:on of an optlcally contro!led
" movable mirror device 500 (heremafter "a movable mirror device 500")
- usedin a method of controiling an optically controlled device according
to a second embodiment of'the present invehtion.- .The same
.- reference signs a_re' assigned to the same portions as those of the
20 movable n'.lir‘ror device 200 of the first e-mbc_)dime_nt, and explanation
| thereof is omitfed. .The method of fhe second embodiment is different |
from that of the firét embodiment in ﬁoints such t.h‘at the intensity of the
control light L is-mpdu[at'éd accordihg to an image sigrial and a
| ‘constant voitage_ is applied to the transpar.ent é!ectrode 202.

o 25 ‘ Ata cqntfol light supplying Step, the control Iith L whose
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to the intensity of the control light L is.generated between the driving
el ectrode 204 and the novable mrror 108. As a result, at the noving 15
step, the novable mrror 108 noves to a predeterm ned position according
to the inmage signal. Fig. 6 depicts an exanple of controlling the novable
mrror device 500. In the same manner as the nethod of the first

enbodi nent as shown in Fig. 3, the nethod of this enbodi nent 20 i ncl udes
t he resetting istegsity As nsddwiatadh acayrdifig Fo @n iG)adesignal éneidde iotidanhen

control light L is set to a maxi numvalue max in synchronization wth the
reset signal dbaedhaowparent elecofodei 202.6. TRE @ntididight Beurdexi Ogipphésia max
set, the intensity of the control light L is nodulated according town

i mage signal foearm tiget, Fonexahime, d1dserdedf BHAWel dbrtfdllc?T11B Sccdidinighe

voltage applied to the transparent 34 electrode 202 is set to zero volt in

synchroni zat i 6@ o itfhdeN§igheset Al dRlondublt 140LF agFicAPAYd §d to the

transparent el ectrode 202 is always a constant val ue except for each

period of Shesﬁﬂ%‘ébeﬁﬁﬂﬁt 'i?#er@ ce.rhea%%giliar}ﬂoﬁh Orgaﬁﬂlteﬂﬁéféelf%rﬁhgf the

control light L is nade maxi mumval ue nmax, ore, the

conductivity %?@Q@é&ﬁg%#{f@g”w vari abl e portion 203 beconmes a maxi mum
0 .

If the voltage the transparent el ectrode 202 is set to
zero volt assunm ng é{;e intensitajI of the control Iig&t tqi s t.he maxi mum
val ue max, the vol tabB VOMa98sWRIYING $1ePag e war sBPPNES th AOPHES & ect r ode
204. The potential of the 10 novable mrror 108 is always zero volt that is
the refer enceCPitant valtagahetwessithariransnaissat plegteods 353@@@1 heé the G\D

el ectrode 212. Therefore, the driving el ectrode 204 and the novable mrror
108 reach ~movable mirror 108. If the intensity of the control light L increases,

10_' the electrical conductivity of the conductivity variable portion 203
increases. On the other hand, the voltage applied to the transparent-. o
electrode 202 is constant, and theréfore, electrostatic force F according

‘to the intensity of the control light L is generated between the driving
electrode 204. a_nd the movable mirrbr 108. As a result, at the moving

15  step, the movable mirror 108 moves to a predetermined position

| _according to the image signal.

Fig. 6 depicts an example of controlling the movable mirror
device 5070. In thé same mann.er as the method of the first
—embodiment as shown in Fig. 3, the method of this embddiment
20 includes the fese’tting step. As shown in (a) of Fig. 6, the intensity of
the control light L is set to a maximum value max in synchronizatién
- with the reset signal as shdwn‘ in (d) of Fig. 6. Other than the ~
" maximum value fné,x set, the in:te_nsity' of the COInti"ol tight L. is modulatéd
' :according ttl):an image éignal from thé controller 112.

o , 25 - As éhqwn‘ih (c) of Fig. 8, the voltag'erappii_ed to the transparent |
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al nrost the sane potential, and the charge remaining and accunulating in
the driving el ectrode 204 can be discharged fromthe G\D el ectrode 15 212.
Furthernore, in the same manner as the nethod of the first enbodi nent as
shown in Fig. 3, the timng of the resetting step is set before the timng
at which the control light L nodul ated according to an inmage signal is
illumnated. The tine during which the driving 20 el ectrode 204 and the
novabl e mi rr orél@eigoge &0 isgiatdstzarne odbifes ysdtreAtzation; withs g tesettsianak he
response tinme during which the novable mrror 108 is novable by the action
of the flexibllheupliage appbeddoribe transpaseabeteatiaden?02 (Baiveaydraven by the
optical addressing, the need for the interconnect for driving the novable
mrrors 108 i codStmitivdlnat\dd exaedt fdreeadedefiod ofthegeatt Signaht i Anthef t he
integrated circuit 35 and the MEMS structure is also elimnated. Thus, it

i s possi bl e t oessitingt steprovabitensity ofthslevhae! FgAt Wit madstatie
configuration and at low cost. Furthernore, by providing the resetting

step, the ghanggxirRimivalng mdk, 4R Hdr¥fdie, el&eebhadetivBforar Emdliqrmgr ged.
Thus, it is 5 possible to control the novable mrror “device 500

cor r espondi ”gl\lérianeengt%ﬁ’zbg oi.;?@égs ALY 'mf?‘“ci;]ﬂ% lade 88 afjliljﬂfei y

i mge. Fig. 7 depicts an exanple ontrolling the movable mrr evice
2O o O RRAER ARl ety 28K 60} LA A4 50 ovice
conts 9ur 2t o0 Rbal Y oA LR HBRL 95 Hos B TPR SR i A flap e et
embodi ment (Sggro':\ifgf't isz)abpﬁgg t%r%ﬁéeJrﬁfiﬁg ewcetrgciieg%%. anl'crllet Sc?tential of the
10 movable mirror 108 is always zero volt that is the reference potential
and constant because it is grounded to the GND electrode 212.
- Therefore, the driving electrode 204 and the movable mirror 108 reach
almost the same potential, ahd the charge remaining and accumulating
in the driving electrode 204 can be discharged from the GND electrode
15 212,
| Furthermore, in the same manner as the method of the first
embodimehtrés éhbwn in F_ig. 3, the timing of the resetting step is set
before the timing at which the cd_ntrol light L moduléted_according to an
image signal is illuminated. The time during which fhe driving
20 electrode 204 and the movable mirror 108 are at almost the same
potential is shorter than the response time during which the movable
mirror 108 is movable by the aCtioh of the flexibie support 2086.
| - Since the movable mirror 108_ is driven by thé'dptica! addréssing,
~ the need for the interconnect for driving the movable mirrors 108 is |

25 eliminated, and tlhe need for integral formation of the integrated circuit

. 35



expl anation t
different fro

vol t age nodul

hereof are onmtted. The nethod of the third enbodi nent i

'S

mthat of the first enbodinent in a point such that the 15
resetting step is not included therein. As shown in (c) of Fig. 7, a

ated according to an image signal is applied to the

transparent el ectrode 202 concurrently when the control light L is

I nci dent on t
vol t age nodul

he pixel. The variabl e power ‘su%y 210 applies only the
andldtheMENdP egruchunienis algagdingingted. t bhundl ts pasphalein uge

el ectrode 202. When the novable mirror device 200 whose driving speed is
sl ow i s used, tle nheable mircorbvice G0OyWithra sinhpe ponfigoratRoBant addow
resistance is lowis used, the charge remaining in the driving el ectrode ,
204 passes throsgh Fieheondiestiywptovidiayithkl resptiilg step?2®e vhilhgd i ne. 25 The
driving el ectrode 204 and the transparent el ectrode 202 eventually 36

| o afing ineherirividg eftirdde20ha-8€he Riddharged Vi Mauseltast r ode
204 is | ess accunul ated. Therefore, the novable mrror “device 200 can be

control | eds copphesiHAs eghﬁgt g}é, %XS%%i%og vicdl 891%??&? indengigmova

reach al npst

the charge remaining 1nt

operation is
necessary to

o ot 00e, 208 and | o, OUBRR Bt Ao B o PR o

ectrode 5 he reset

BNl LRTELintnd BNd P LR Rgers

reci s trmn

e L B P gl Lo B A S O

mrror 108 ar
vol t age nodul

10

ated according to . . ] )
device accordmggto a third embodiment of the present invention. The

configuration of the movable mirror device 200 used in the third
embodiment is the same as that of the movable mirror device' 200 of

the first embodiment (see Fig. 2), and therefore, the figure and the

: e-xplénation thereof are omitted. The method of the third embodiment

15

is different from that of the first embodiment in a point such that the
resetting step is not included therein. As shown in (c) of Fig. 7, a |

voltage modulated according fo an image signal is applied to the

- transparent electrode 202 concurrently when the control light L is |

20

incident on the pixel. The .varia.ble power supply 210 applies only the
voltage modulated éccording to the image signa-l to the transparent
electrode 202. | |

When the movable mirror device 200 whose driving speed is
sldw is'dsed,- or-wlh.e'n the conductivity vériabl_e portién 203 whose

resistance is low is used, the charge remaining in the driving electrode

204 passes through the conductivity variable portion 203- with time.

The driving -electrode2204 and the transbarent eiectr'ode'-202 _eve-ntually
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the image signal is applied, a high quality inmage can be obtained even if
a nmechani sm for precisely synchronizing a voltage supply and 15 scanni ng of
the control light L is not provided. Therefore, it is possible to control
t he novable mrror device 200 correspondingly precisely to an inmage signal
wi t hout provision of the mechanism Fig. 8 depicts the configuration of an
optically controlled novable mrror device 800 (hereinafter, "a novable

m rror devi ce reach aimast iheeslaime potentiabdard theoohamge innheadrivipgi cal |y
controll ed device according to a fourth enbodi nent of the present

i nvention. Thelsensde 204rieness ascgmulated. aShegefde! thedpidviadhs niier sane . as
t hose of the novable mrror device 200 of the first enbodi nent, and

expl anati on t lgeneef 206 caritd edntroliBg dRidipbnindIPeo tREimBgeEIgaaMent s
different fromthe nmethod of 25 the first enbodiinent in a point such that

the movabl e ”\rﬁﬂﬁrut]a‘éﬁv@%ggwgﬁ&gﬁé "crh%rr‘%é r%@%ﬁﬂﬂ;% the Qihﬁ/rindeaf’ébﬁd?%t of

the driving el ectrode 204 ectrode the reference potenti al
of the nmovablegggirror 108 is set to higher than that of the driving '
el ectrode 204, el ectrostatic force F is generated between the novable

according to an i mepehdrERerORERTGis ey PERERRIAE RIS i ng (ne
fourth. embodPAERAITEADMERolS HERaBa5Y (ER5ecel hGHORG B TR BLr t b
' a poi nt SQYAIGHAE SReNDrRIGRYPHy 24 and TBeMPALIPIGION 10 redribt ant . As
Isﬂoa/npimnnE b)su‘gf Fig. 9, the potential of the novable mrror 108 is '
mai nt ai ned t oa!mpqtaﬂae)sam% potenitali and the timirg gt vahich ke wontraddighdLbe
| 10 starts iilustréting- the pixel. If a period during which the driving
electrode 204 and the movable mirror 108 are at almost the same |
potential is not provided and only the voltage modulated according to
the image signal is applied, a high quality image can be obtained even
| it é medhanism for preciseiy synchronizing a voitage supply and
15 scanning of the control light L is not provided. = Therefore, it is possible
to control the movable mirror device 200 correspondingly precisely to
| an image signal without provision bf the mechanism,
Fig. 8 depiéts the configuration of an optically con-trollled
movable mirror'-device- 800 (hereinafter, "a hovable rhirror.device 800"
-20 used in a metho_d of contro_l[ing an optically controlled devibe according
. to a fourth embodiment of the'present invention. The same reference
~signs are assig.ned to portions the same as those of the movabl.e- mifror
- device 200 of th_é first embodime‘n't, and explanation thereof is omitted.

The method of the fourth embodiment is different from the method of

o 25 .the:first embodiment in a point éuch that the movable mirror 108 has a

37



applied to the transparent electrode 202 is |lower than the reference
potential of the novable mrror 108. By naking the control light L 15

i ncident on the transparent el ectrode 202, a voltage fromthe variable
power supply 210 i's applied to the driving el ectrode 204, which causes the
novable mrror 108 to have the reference potential higher than that of the
driving electrode 204. Therefore, electrostatic force F according to the

vol t age nodul aeéerensegratentifkelighet wean thdieofihievd mgngl it trode 22@ R04nand t he
novable mrror 108. The electrostatic force F is generated caused by a :

potential difélecieoge s1et Wapthd Pefedshdd PotaltRE 0TIHE MOfaRBMniAR ToRvabl e
mrror 108.. Therefore, in order to nove the novable mrror 108 in the

sane nanner %t&@%&@;ﬁ‘étr*m%anhaft ¢ thé rci‘%ﬁxirﬂde@%ﬁt% 20@,SeI%|89'W§t£t§:ef63%%‘F’f TEieg-

9, 25 a.voltage nee 0 be applied to t transparent electro

38 voltage isj VE, UPS. ' chto t t he
chart as shoMQ?%ﬁ%g?Bg;B %l(’vge\%Q ea@?gggi\ed&h\?ﬂowgpt% aégﬁgfﬁi%a gg{’@gré}g étrrgﬁge. I n
t he sane nn t h f the first enbodinment, .the resetting step
can be inc udggﬁlia@ %Hgbi@[ehrg]g)d@{atteﬁea%c&ﬁpg OO ANARERSIONE As shown in (c)
of Fig. 9, the voltage of HV.is applied ip synchronization with the reset,
signal as shown in ?é %fiepicés_ ag Q’P@&BB% %Q??%tﬁowgﬂhs DEYRRIGEMBIOTHY to the
transparent el ectro&g %8_2 causes the driving el ectrode 204 and t he novabl e
mrror 108 toYf¥FE SQ0 fysexriaeniag tae paethed agcordingtp the famsth he charge in
the driving 10 el ectrode 204 to be discharged. Furthernore, in the sane
manner as theembadbnest. tAe shaven in émboidFige St the nsetdwd ofithBifourtd, the

timng of the resetting step is set
embodiment is the same as that the first embodiment as shown in Fig.

10 3 in a point such that the intensity of the control light L is constant. As |
shownrin (b) of Fig. 9, the potential _of the movable mirror 108 is
| maintained to HV (H>0). As shown in (c) of Fig. 9 the voltage to be
applied to the transparent electrode 202 is lower than the reference
potential of the movable mirror 108. - By making the control light L
| 16 incident on the transparent electrode 202, a voltage from the variable
power suppiy 210 is applied to the driving electrode 204, which causes
- the movable mirror 108 to have the reference potential ﬁigher than that |
- of the driving electrode 204. Therefore, electrostatic force F according |
to the voltage modul'a.fed is generated between the driving electrode
- 20 © 204 and the movable mirror 108.
The electrostatic force F is generated caused by a pbtential
| difference between the driving electrode 204 and the movable mirror
108. Therefore, in order to hﬁove the movable mirror 108 in the same
mahner as t_he meth.od‘of the first embodiment, as showh in (c) of Fi'g. 9,

25 ' avoftage;-needs to be applied ‘to the transpérent electrolde'202. The
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before the timng at which the control light L nodul ated according to an

i mge signal is illumnated. The tinme during which the driving 15 el ectrode
204 and the novable mrror 108 are at alnbst the sane potential is shorter
than the response tinme during which the novable mrror 108 is novabl e by
the action of the flexible support 206. Because the novable mrror 108 is
driven by the optical :addressing, the need for the interconnect for
driving the noigdliaige lsmr&ﬁtangumrme spsidendosb edith seshddido hieatdof thie
integral formation of the integrated.circuit and the MEMS structure is al so

el imnated. Thihast a8 shbanpiasE) If i 09 s eldhen iy gbltegaiHy as. dmfeeend0 with .
a sinple configuration and at | ow cost. Furthernore, by providing the

resetting step theleins shhR FRANS? dsCiFR Micfitod Bf R fitkti athPed &t tipgde 204
can be 25 .discharged. Thus, it is possible to control the novable mrror

device 39 80‘?e§é’t’hh§5§%8{3%a'hglb¥ ||P('5198b8%¥h5‘??%%%d' P ﬁ'u%aémﬁﬂglrﬁgﬁﬁ" na-

high quality I nage direct current power supply an

alternating SWLRN (Rt BPER & YRBLIERL iSEdiicdtige variable pover

supply 5 As expl ai ere and the fourth .
nbodi ts, tt f

Vol tage of i hshéﬁ}%g'?%at Chvvgp Rt eﬁﬁg%@’nsaﬁﬁsl HeFF i fPota®- o the ariving
| ectrode 204, t h d t b

xeout od. | PREVGRIBESBnE 5argerd thldh heReparumnl Slecisdm 0or ence

bet ween the novable mrror 108 and the driving electrode 204 beconmes zero
at the instanfaypeshifiedripigselestrodes? Vb angddae mRYABEsMiTmIRl @8 d¢ davehe DC

power supply produces a rectangul ar
almost the same potential, which allows the charge in the driving

10 electrode 204 to be discharged. -

Furthermore, in the same manner as the method of the first
embodiment as shown in Fig. 3, the timing of'the resétting step is set
before the timing at which the cdntrol light L modulated according to an
fmage signal ris ilfluminated. The time during which the driving

15 . electrode 204 and the movable mirror 108 are at almost the same
potentia!_is' shorter than the response time during which the movable
mirror 108 is movable by the action of the flexible support 208. |

Because the movable mirror 108 is driven by the optical

.addressing, the need for the interconnect for driving the movable
.20 mirrors 108 is eliminated, and the ﬁeed for integral formation of the
- integrated circuit a_hd the MEMS structure is also eliminated. Thus, it
i.s'possible to_use the movable mirror device 800 with é simple
configuration and at _Iow cost. Furthermore, by providing the resetting
: step therein_, the charge remaining in t.he‘driving electrode 204 can be

" 25 discharged. Thus, it is possible to control the movable mirror device
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wave so that the phases are switched in such a short time (e.g., 100
nanoseconds) as being negligible as conpared with the response tine 15 for
novenent of the novable mrror 108. Thus, the novable mirror.- 108 can nove
wi t hout being affected by a change in phase. - Furthernore, even if the
polarity of the voltage changes caused by the change in phase, the
potential difference between the novable mrror 108 and the driving

el ectrode 204 &desomesparidingly. prEvisadf do éhe iP@gehsgnavabd ebtdinraohigh08 i s not
affected by the change in the polarity of the voltage to be applied. As a
result, by setquiatity mmalgé.ference between a reference potential of the
novable mrror 108 and an absolute value of an anplitude of an AC vol tage

of the driving el ecBogle difot clrt@Rt (D) power 5QpSF Indan Neraanggated
bet ween the novable mrror 108 25 and the driving el ectrode 204. 40 Since

the AC curr e”huh%n@'(ﬂ@i%o%ér*bdp’ﬁ??ﬁ@f b@ftiééaafo@%re \/%‘?Fé%’ﬂé‘hgﬁr\}e‘?%u‘fbgﬁ age can

attraction of charge i§ prevented to stable a voltage, a the volt
e, appl ey FiheHIE g hAY! A0 E%0 S BAA (LSBuRD [eoetiing the
i schar ged,  WATDRCATEGE T HE Db Pelel Byneb s BFrEd ot ameeT i ar dey: oo 1 o
T1 G mat  on VPR OLBif EIPVRBIE aRirgarc U5 BIGLET G 1906 et DoRetaEe | nel ude.
LED, a 10 semi conductor |aser, other solid-state |ight emtting, el enents

such as an el 86Ying glafiiede 4. the)melhaisenrtcordit tp thapresamdinyeidion he

solid-state light emtting elenents. In the method of controlling the
: - can be executed. If the AC power supply is used, the potential

.10 difference between the movable mirror 108 and the driving electrode
| 204 becomes zéro at the instant when the phase of the voltage
chan.ges.- Therefore, the DC power supply produces a rectangular
wave so that the phases are switched in such a short time {e.g., 100
'nanosecondS) as being negligible as compared with the reéponse time .
15  for movement of the movable mirror 108. Thus, the movable mirror
108 can mové without being affected by a change in phase.
Furthermore, even if the polarity of the voltage c‘hange.s.caused
by the c.hange ir1 phase, the potential difference befWeen_ the movable
mirror 108 and the driving erecrrode 264. does not change. Therefore, = -
720_ the movable mrrror 108 is not affected by the change in the polérity of
| the voltage to be applied. As a résult, by setting. a differénce between
a rreference_potential of the movable mirror 108 and an absolute value
- of an amplit.ud_e' of an AC voltage of the driving electrode 204; -
' .ele_ctr_o'static fércg F can be geherated between the movable mirror. 108

- 25 . and the driving electrode 204.
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optically controlled device according to the present invention, analog
control is performed such that amounts of continuous changes are 15
represent ed using vol tages nodul ated according to i mage signals. However
the method according to the present invention nay be used for digital
control. For exanple, the voltage applied to the transparent el ectrode 202
has only a binary value of on and off, and gradation may be 20 expressed by
driving subfranes. BinaenhthradCecutiont maMaMseMIth Heansdpt ptehéisgecontrol | ed
device is used in the projector 100, but also when the optically _
controlled de\aiccerrmatuimednﬁratmacﬁphia:fa:ihasgétisIprémntenttbcsaiablecwwﬁageati on,
the nmethod according to the present invention can be wused. 25 Fig. 10

depi cts ‘a schamdtthe anaigedtd fbiecdpsifecd PF@itREia6rel 130p ro%idlagqﬁédi ng to a
fifth enbodi mrent of the present invention. The projector 00 includes an

iI'lum nation 'régéﬁmg%lﬂéﬁ%flégétti‘ﬁ'gtﬂheadMIHbaélééﬁfodéfszéﬁd thetnadle

solid-state Ilght emtting el enents. lum nation |1ght source 1101
7% 2 B bR R e %P@E&Z'ﬁ” fé fhelle e ifet o2 o
a0t and o Gl bR e S WtaaSelt Ml tuehd b i o oot o
1101 passes, < Rrunl, Sl ahel bR e fon 10 BeE ol AaBRANLEL ST, 1104
maki g the 111 um nelTHAT IHgRRIGENSHRPHI4TLE 28 Bobsed e tie HURIAtBEam and
' nci dent on tl?gehtng)ocb%gt1%r1 %1‘181% projector 100. The elements include LED, a
10 | semiconductor laser, other solid-state light emitting elements such as-
anr electroluminescent (EL) element, and a lamp other than the
sofid-state light emitting elements. In the method of controlling the
optically cohtro!led device according to the present inventioﬁ, analog
- control is per'formed such that amounts of continuous changes are -
1_5 - represented using voltages modulated according to image signals.
However, the method according to the pfesent invention may be used
for digital control, | |
For example, the voltage applied to the transparent elegtrdde
202 has only a binary value of on and off, and gradation may be
20 -expressed by driving subframes. -Furthermore not only when the
optlcally controlled device is used |n the pro;ector 100, but also when
- the optically controlied deVIce is used in an optlcal switch for optical
‘communication, the method according to th_e present invention can be
~ used. | | |

_:‘2'5 . . Fig. 10"de-pi_cts a schematic co_nfigdratio_n of a projector 1100
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The projector 1100 fornms an inmage with lights fromthe illum nation‘|ight
source -1.101 on a position of an entrance pupil 1107 of a projection |lens

15 1105. Therefore, the nmodul ator 1104 is Koehler-illum nated with the
illumnation light supplied fromthe illumnation |ight source 1101. The
spatial |ight nodulator 1120 includes the nodul ator 1104 and a

control -l1ight optical system 1130. The nodul ator 1104 includes a plurality

of novabl e m accosdifigQ8 «ofifth kenisodihesre dfiteegnesthainveatien. t Mhe 20
projection | ens 1105. The novable mirrors 1108 are novabl e according to

| mage si gnal s prdjeetsrovall moidéPah ifldiPfhaidh rgheseade 1101t RRhhpREanty t he
lattice in which they are substantially perpendicular to each other, in

the plane of HheEmAtHAlRE sﬂoﬂr%tam agkﬂ n?%%%tfmﬁ% Lbﬁ"u v e

mrror 1108 according to an I nmge SI ects t um nation

i ght from_thﬁ]gh Jsb'ﬁ'? 1&P,Ad|9&]%%§%f| 1;[ 116§Rtt?1‘2("f‘sﬂﬁbi?§s BE%S@H

|l ens 1105 is |rect|on prOJect ens
nodul at or 110 0 h unt
Rccor di ng To 8 fﬁ%&‘@%@%@ﬁﬁpﬁ? B Psa@hk'f@sﬁqﬂé"ﬂa% g?seaa figickhpe
nmovable mrror 110 de,incid tran pu 107 of the
projection le I tes the
| ohecaibsofariantestnen S hairierD Tioet oo sutnes @ﬁﬂ gt os < h
i1lum nation %lg t fromthe il]um nation lll?,é]t source 1101 according to an
i mage si gnal heothitd et dight.er The dluminadicroiighiosurplieciTamci® rol s the
iIlum nation |ight source 1101 and the spatial |ight nodulator 1120 10
accordi ng to ilHAinatge lighyeaurcerhtO pirgjseesitbrouging fieldsens dj @B radtise | i ght
nodul ated in the nodul ator 1104 to a screen 1106. The control -1i ght optlcal
system 1130 |lncldmtés:raagnd)d:ahaborm 10spof a spatial light modulator 1120.
10 The field lens 1103 has a function of te!ecentr:cally illuminating
‘the modulator 1104, i.e., a function of making the illumination light as
parailel as possible to-a main beam and incident on the modulator 1104,
The projector. 1100 forms an image with lights from the iltumination light
source 1101 an a position of an entrance pupil 1107 of a projeCtion lens
15 © 1105. Therefore, the modulator 1104 is Koehler-illuminated with the
illumination light supplied from the illumination light source 1101.
The spatial light modulator 1120 includes the modulator 1104
‘and a control-light optical system 1130. The modulator 1104 includes
a plurality of movable mirrors 1108 on the surface thereof that féces the
20 projection lens 1105. The movable mirrors. 1108 are movable
N acc'ord_ing to image signals. The movable mirrors 1108 are arranged in
" the shape of the lattice in which they are substanti'ally perpendicular to
each other, in the plane of the modulator 1104. | The_ modulator 1104

~.“moves the movable mirror 1108 according to an image signal, and

25 reflects the illumination light from the illumination light source 1101
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1116 and a control light source 1110. 'The control-light optical system
1130 is provided on the opposite side to the projection lens 1105 with 15
respect to the nodul ator 1104. The control light source 1110 includes a
first control light source 1111 and a second control light source 1112.

The first control |ight source 1111 supplies a first control light L1 and
the second control 1ight source 1112 supplies a second control |ight L2.
The first contiewardithereiectinn lens 1J&8osdrderm dieclipgwthenthandthseam | i ght s,
20 for exanple; |aser beanms. A seniconductor |aser device and a

surf ace- eni t t ifgjacioerledeviidé. camhdeadatdrol Odheepire sentsagradatiendseond
control |ight sources 1111 and 1112. By providing a nodul ator in the first
control |ight chaungireg 2hldmouhiof higkhaceordadg tdenfiiagie signar ol The ghht isl is.
nodul at ed according to an imge signal fromthe controller 1114 to 25

supply the fi meflectentspbakh@iiths nwiabletMarbm S ts e meubahedentbe first
43 control light L1 and the second control light L2 are reflected toward

the modul gt ornd Wikl fpina} YAt (hi irffeckibhGeAdd @se i ncident on the

- nodul ator 1104 at predetermned interval's. The galvano mrror 1116 rotates

al ong pr edet er i nody vy 869 madig! 188 PnoiRIANH{cH becpissngleul ar Lo

each other, and scans I rst  control e second control

control 1 ed acbriirgohJ fr%'ﬁj‘*gtlﬂﬁ@a@%ﬂWﬁsﬁ?%%ﬂ%%nﬂ A
ont rol 11 ght eS8 AENHIarEBDRANENEDAT 141 NGOt 1aHeoTHEHBItaE or
iggzroAlthgug the galvano mrror 1116 is singly used to scan the first
control |ight!l I"'Qﬁgof‘ g ht seyree 1dBmtans the @Ntf{iélg%mp@#'@ﬁ@r 4 Yano

mrrors 1116 may be used to scan the
10 - according to the image signal. The projection lens 1105 projects the -

light modulated in the modulator 1104 to a screen 11086.
Thebontrol-light optical system 1130 includes a galvano mirror
1116 and a control Ii'ght source 1110. 'The control-light optical system
1130 is provided on the opposite side to the projection lens 1105 with
15 respect to the mbdulator.1104. The confrol light source 1110 includes
- afirst control .Iight source 1111 and a second control light source 1112.
B ‘The first control light source_111r1 supp!ies_ a first control light L1 and
the second control light source 1112 supplies a second. control light L2,
| The first control light L1 and the second control light L2 are beam lighté,
20 for example, laser beams. - A semiconductor laser device and a
surface-emitting laser device can be uséd for the first and the second .
~ control light sources 1111'and 1112. By pro.viding a modulator in the
~ first contrdl Iight source 1111 the intensity of the first control light 1.1 .is
'modulated according to an |mage 5|gna[ from the controiler 1114 to |

25 - supply the first control light L1 WIth the 1nten51ty moduiated The first -

' 43



first control light L1 and the second control light L2, respectively.
However, when the respective galvano mrrors are used to scan them 15 the
driving of the galvano mrrors needs to be precisely synchronized wth
each other. The configuration of an optically controlled novable mrror
device 1200 (hereinafter, "a novable mrror device 1200") is expl ai ned
below with reference to Fig. 11 and Fig. 12A to Fig. 12C. The novabl e 20
mrror devi ce ePdwlilight bifand thelsecond icoatronhdighblakire reflectmd thveBd th&he
novabl e mrror device 1200 can be forned using the MEM5S technology. A
conductivity vapdglater pbi4 bgrthé2@4vaso prionoirdddéamdaregimbdergudsthat e 1201
that is optically transparent and is a plate provided in parallel wth the

conductivity vaodwibter P4 bdprédidrmdd IMéndfstransparent el ectrode 1202
and a second transparent electrode 1203 44 that are optically transparent

are provided on a plrasegawgne nﬁi'ﬁ@rﬁﬂ%&_otéfé%%Ibﬁb_el‘pﬁ'éaf@ferﬁ'ﬂﬁe& W&o axes

conductivity variable portion 1204 are jointed. I rst transparent

el ectrode §20eanstel b SaRARMY DERSSRALEN: oA 6QLF Hicane oyl with -

an ITOfilm 5 The conductivity riabl e portion 4"1s caused to change .

e ucnt he Ber BT LY et 8 ST GRIAREL ) R gl s
Lo L2, T SRR o, R TR, SRS oo e T

phot osensitive organic. film, The a-Si i referably hydrogenated, and is
“formed using ?'Hé'a?é@smrm%anff @W%-ffﬂ @Ee aBRve shapighine coalaight second

C_Ont rol i ghtoglit%cal system 1130 scans the first contro! light L1 and the second
10 conrtrol light L2 onto the modulator 1104. Although the galvano mirror
1116 is singly used to scan the first control light L1 and the second
control light L2, different galvano mirrors 1116 may be used to scan the
first control Iight L1 and the secohd control light L2, respectively.
~ -However, when the respective galvano mirrors are used to scan them,
15 . the driving of the galvano mirrors needs to be precisely synchronized
with each other.
| The configuration of an 6ptically controlled rhovable mirror
device 1200 (he‘reinafter, "a movable mirror device -1200") is explained
- below with r_'efére_.nce to 'Fig. 11 and Fig. 12A to Fig. 12C. The m-ovable,
20 mirror device 1200 is conf.igured tqdrive one movable mirror 1108.
The movable mirror device 1200 can be formed LIsing the MEMS
| tebhnology. A conductivity variable portion 1204 is provided on a
- glass substrate 1201 that is optically transparent and is a plate
provided m para’ilel with the con_ductivity variable portion 1204. A first

25 - transparent électfr’ode 1202 and a'_second transparent electrode 1203
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are not illumnated at all, the a-Si functions as an insulating nenber
havi ng the el ectrical conductivity of alnost zero (i.e., a resistance is 15
virtually infinite). On the other hand, when the first control |ight L1 and
the second control light L2 are illumnated to the a-Si, the electrical
conductivity increases according to the amount of the control lights (that
is, the resistance decreases). An area where the electrical conductivity
changes, in tKeakaignarticalin fagapasmitarpdrovisiediona plaoeswherestiengiasso an

area where the first control light L1 is illumnated in the first
transparent elsgbstratie 1200 amhthe conductigty winaleletguetised@id arojuimted. | i ght
L2 is illumnated in the second transparent el ectrode 1203. An insulating

| ayer 1205 i s Therfinsd ttzetspeesnttdlechoddut20d ahy theacicahtararygadrent 1204 and a
support 1206 using the spattering 25 technique. The Si 02 can be used for

the insul ati ngldapste 1209.ardfermés withpertrd 2. i s provided on the
i nsul ating |layer 1205 and novably supports the novable mrror 1108. The

support 1286 is nad?h@fco%du!‘ch@?fyl*%r'a‘?ia'&?é bhgén Qéoaﬁs%baééhqo%fa%@lgathe(SUCh

as a netal spring). A driving electrode 1210 1s forned on the nducti vity

Aot SRR e NGNS PSR e
rovabl e I chhe B9 BERR RS ot AR LBl BokOREBRERIMAR TR L)
Co o s L o e R B EA S L2025
;hﬁoﬂgﬁ‘;‘{’! \e/err%qr r rng;\Lfit?/S\iar%atblésportr}gEI e1c.'|20t4hgetm tbgenggpo%rg-s%%?% Ty be made of
10 photosensitive organic film. The a-Si is preferably hydrogénated, and
is formed using the CVD method.
When thé first control light L1 and the second control Iight L2
are not il.[urn‘inated at all, the a-Si functions as an insulating mehber
having the electrical conductivity of aimost zero (i.e., a resistance is
15  virtually infinite). On the other hand, when the first control Iighi L1 and
the second contral light L2 are illuminated to the a-Si, the electrical
conductivity increases according to the amount of the control lights
~ (that is, the resistance decreases). An area where the electrical |
_conductivity changes, in the conductivity variable portion 1204,
20 corresponds to an area where the first control Iight'L1 is illuminated' in-
the first transparent electrode 1202 and to an area where the second
control light L2 is illuminated in the se_cond transparent electrode 1203.
| An insulating layer 1205 is formed betwe‘en the conductivity |
- variable portion 1.204 and. a suppo’rf 1206 using the spattering_ _ -7

o _'25 | -téchniqUe. The §i0O; can be used for the insulating layer 1205. ‘The .
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material or a conductive elastic material, and the power supply 1212 may
be connected between the first transparent el ectrode 1202 and the 15
support 1206. If the support 1206 is made of a conductive nmaterial, the
support 1206 and the novable mrror 1108 are at al nost the sane ‘potential.
Therefore, application of a predeterm ned voltage to the support 1206

all ows the predeterm ned voltage to be applied to the novable mrror 1108.
20 The second SuPResihh2@eis prasddeddn HEOB siusataiekyer d20Byarcbmmebdd to a
G\D el ectrode 1214. By grounding it with the G\D el ectrode 1214, a

ref erence pot suppartsdhetrhevsieleomdror an8Par Fhe Rippolrt ©2E6 1LAdmdesof pade -to-
al nost zero. The reference voltage of the second transparent el ectrode

1203 i s al nosflextie mateiriah ot awssiastiBenarirRi §566h BOtLAldta sRing> the second
transparent electrode 1203 -to be different fromthat of the 46 first

transparent eletiPerRcle®d 1240 iQRSmsdd %hqihﬂ%d?ﬁ{ufﬁgﬁ)gg%%?igbtéR]oftﬂfrtmd on

the gl ass substrate 1201 on the side that faces | vano rror 1116.
The |i ght-ghi ' : f O PN : ILLefting
t he gl ass 2ub§?r@l§pg agggéithteg Cﬂr}gtgg‘?rﬁeaﬂ?/%@gtrhaeté%@tﬂoﬁﬁ\’e&r&itéﬁtlpéﬂllazllngﬁ%zggort ion

substrat e 120120908 AP URBE. nTafub oL P Beliste0% T REY e Attt e

t iti h whi t he first trol i L1 t d
coneror 1 oo 1198 HEBroRE <085 I bl fa8s eantPotie 1858 peThg o i med i n
detail | ater.m%é[pé)lgfi ti.onal rel ationshi Bt of the first and the second :

t r anspar ent EEEON 3398 anshtheydavingeelgctiodrgl 21 ke p Sgemeglecf &
expl ai ned. :
P ~ conductive substance such as aluminum (Al).
10 A power supply 1212 applies a predetermined voltage between

the first transparent electrode 1202 and the movable mirror 1108. It is
noted that the support 1206 may be made of a conduetive flexible
‘material or a conductive elastic material, and the power supply 1212
may be connected between the first transparent electrode 1202 and the
15 support 1206. [f the 'supp'ort 1206 is made of-a conductive material,
the support 1206 and the mevabte mirror 1108 are at atmost the sarhe
: '_potential. Therefore,'app_licatioh of a predetermined voltage fo the
support 1206 allows the predetermined voltage to be applied to the
~ movable mirror 1108. | |
20 _ The second transparent electrode 1203 is electrically connected
to-a GND electrode 1214. By grounding .it with the GND electrode
1214, a fefe‘rence potential of the second transparent electrode 1203 is
B mede.to almost zero. The reference voltage of the-second transparent
© . electrode 1203 is'alrh_est zere, which causes the reference potential ef -

25 the second transparent electrode 1203 to be different from that of the
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Fig. 12A depicts the configuration of the novable mrror device 1200 when
viewed fromthe projection lens 1105 (see Fig. 10). If the 15 novable
mrror device 1200 is viewed fromthe side of the projection |ens 1105,
only the novable mrror 1108 can be recogni zed. Fig. 12B depicts the
configuration of the novable mrror device 1200 wi thout the novable mrror
1108 in the configuration of Fig. 12A when viewed from the projection |ens
1105. Fig. 12@%%?6%%8!19@&e&%if@%ﬂaﬂﬁonPsh@h%@hiekﬁﬂmiiwé\ﬂé’@ iBrom t he
control-light optical system 1130 (see Fig. 10). The configuration as
shown in Fig. formed ontthe glesalsiubstiate d20dewn the sit2Othabfadegthe gAlvanen
viewed fromthe rear side thereof. As shown in Fig. 12C, the first
transparent elmngictorddd61202 and the second transparent el ectrode 1203 are
arranged so that they 25 respectively occupy areas obtained by dividing a

square of the gl aSSThéligﬁ%ﬁﬁéiai@ paftiordN220 canyhe k@vee diakha AIrfiggonal
line. As shown in Fig. 12B and Fig. 12C, the driving electrode 1210 is

arranged 9 asubfectyanbiaboLlnLiiad kooy LIABEIYARpraLGE! M ofie 1202 and

t he second transpareént ectrode 1203. 5 Referring bac 11,

Ina. 1 he seconionbeieRyRy Belish 11240 sy SERe bR N8 ok Al -

i ght L1 pass ' t t 2 tg be incident only o e first
transpar ent eﬁgegbl?%rge' 0@%5%$qb§g{?§?r@%ﬁhe ﬁﬁﬁghkgh@?%ﬂglq(ﬂﬁfmﬂé th
intensity accprding to, an j e 10 signal .to be incident on the firs :
t r anspar ent eﬁ%%?f’ rfLLE@Z! 844 ‘?@3% PeFHEAW lﬁwﬁwﬁm@&sé@?&@"ml)om on
of the conductiyvit vgr'able portion 1204 that is Loi nted to the first

t r anspar ent eﬁlgﬂiﬂ,%ag jt_bg;s_ecpﬁg control light L2 pass. The position of the

10 'aperture 1222 is explained in detail later.
A positional relationship of the first and the second transparent
electrodes '1202, 1203 and the driving electrode 1210 is explained.
Fig. 12A depicts the configuration of the movable mirror device 1200
when viewed frbm the projection lens 1105 (see Fig. 1.0). If the
15 - movable mirror device 1200 is viewed from the side of the projection
lens 1105, only the movable mirror 1108 can be recognized. Fig. 12B
depicts the confiQUration of the movable mirror devfce 1200 without the
movable mirror 1'108. in the pbﬁfiguration of Fig. 12A when viewed from
| _ -‘the projecti,o.n lens 1105. Fig. 12C depicts thé configuration thereof
; _-20__ when viewed ff,om the control-light optical system 1130 (see Fig. 10).
The configura.tion és shown in Fig. 12C is the movab!é mirror device
- 1200 of Fig. 12A when viewed from the rear side thereof.
| As shown in Fig. 12C, thé first transparent e‘lectrod'e 1202 and
the secc_)nd'transparent eléctrode 1203 are arré_nged so that they -

28 respectively occupy areas obtained by dividing a square of the glass

a7



el ectrical conductivity increases according to the anmount of the first
control light L1. 15 The increase in the conductivity of the conductivity
variable portion 1204 allows one of the el ectrodes of the power supply
1212 to be electrically connected to the driving el ectrode 1210. The

el ectrical connection is realized through the first transparent el ectrode
1202 and the c%@g (f '?ﬁ' ty variable portion 1204. The conductivity of the
20 conducti vi t3H rIaI &8 R Anoxry Pane witthgediagepak iitg s shewrinotiat of
the first control ht L1 having passed through the first transparent

el ectrode 1202t E’I’lﬁlﬁﬁi igr $2Cathe iy atastiagientZt®is peoraagedrao @$ tohe first
control light L1 is applied to the driving el ectrode 1210. As a result,

t he vol t age adwyeri@pmpthdharfirstittgassiaget elestragel 1202 &od the sécondng 25

el ectrode 1210. Strictly speaking, the area where the conductivity 48
changes i n t héragwpduent eletirodari208.e porti on 1204 tends to spread over its
periphery froma light illumnated position in proportion to the intensity

and the ilbuninati oRefémmgobadi ehFig. The d‘ﬂ?ﬂ#ﬂl%pfhéﬂr%a%‘#@ﬂﬁrrbh@eﬁ!!deﬁ
control light L1 and the 5 second control light L2 at high speed, and

sequential Iy qoobrsy e ﬁi@t%ﬁ'ﬁ‘ﬁolrﬂg%@lﬂh% fﬂeoééc%r%cohﬂ%ﬁ figRt £2 '%e :ar ea.to-

assuned that the conductivity changes o y Int vicinit
e S Belod Oholis Sobl AR P8Rt i ekt P
cove -1 1 of 53 BR SRR D s AR RS A S o e
first t ranspaéae&]stlngeltﬁgtf{rgpcoﬁzrglzhgﬁt EP‘PR/vef{h m?ensity according to an image
1 10 signal to be incident on the first transparent electrode 1202, electrical
conductivity increases at a portlon of the conductivity variable portion
| 1204 that is jointed to the first transparent electrode 1202. The
electrical co_nductivity increases according to the amount of the first
control light L1, | |
.15 | The increase in the conductivity of the conductlivity variable
'pertion 1204 allows one of the electrodes of the power supply 1212 to
be electrricai'ly connected to the driving electrode 1210. The electrical
connectien is realized through the first 'transparent electr_ode 1202 and
the cohductivity variable portion 1204. The conductivity of the
20 | conduc':tivrity variable portion 1204 changes aceording to the amount of
the firet control Iight L1-having passed through the first transparent -
| electrode 1202. Therefore, a veitage according to the amount of the .
| first control Iight L1-is abpfied to the driving electrode 1210 As a
result the voltage accordmg to an lmage s:gnal is apphed to the drtvmg

25 electrode 1210 Str;ctiy speaking, the area where the conductnnty
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difference is generated between the novable mrror 1108 and the driving
el ectrode 1210. The potential difference is generated based on 15 the
variation in the conductivity of the conductivity variable portion 1204.
Generation of the potential difference between the two causes

predeterm ned force according to the potential difference, such as

el ectrostatic force (attracti faorce). F to be rated. ,The electrostatic
force Fis att‘?@d}qeﬁdnftbﬁé@r\%“’ﬁﬁ"@%ﬁ%‘?\ﬁoﬁt'@%%\%ﬁﬁéﬁ”gﬁéoﬂﬂ%\%‘févﬁ{rror
1108 is attracted to the driving electrode 1210. ~Here, the support 1206 is
the flexible M@?pf&@rytﬁﬁ@ﬂ@ ézggit dlursingéed posiignenop@portien tothe repul sive
to the electrostatic force F is generated in the support 1206 as if the
support 1206 i&teqspyiand the upgnakoartinae offighte. At this time, the force
acting on the novable mrror 1108 by the 25 support 1206 is exerted in the
opposi te direction flhethedalaot fl664 stcaas48effost eoftrollhightniolahtdehei rror 1108
noves to a predeterm ned position according to an imge signal by the

action of &he secentraesitai ilight ocat Fghaipkdd)arfdossquaangiatasrals the support
1206. In this manner, the novable mrror 1108 can be driven according to .

the image si g@afac&tm@vaméaﬁlreo@ 1081 1TABRtBfe it & addumhBlrtREeHes a state
in which the electrostatic force F is not generated. Wen th :

e
el ectrostati cchbagGetiviR &:ﬁarﬁ@és 9% I {rﬁfh"edvibfrng oML 1d \Fvﬂfchll%%gfilis? By

positioned in substartial par el tot gl ass substrate _
synehr ont 21 bacobl ghie) AR B 3R i} a0 485 OTRRHEr "
nccording to “ereTaBBer Bt E20s MMRioaEhecti ve R 11 gnt, the G Iight, and
the B1i QJP& T The other electrode df the power supply 1212 is electrically
| ‘connected to the movable mirror 1108. By making the first control light
L1 incident on fhe firsf transparent electrode 1202, a pdtential
difference is generated between the movable mirror 1108 and the
-driving eléctrode' 1210. The potential difference is genérated based on
- 15 the variation in the conductivity of the conductivity variable portion
1204. Generation of the potential difference between thé two causes .
predeterrh’ined force accordihg to fhe potential difference, such as
. electrostatic'force (attracting force) F to be generated.
The electrostatic force F ié attracting forc;e in a direction in -
720 - which the movable mirror 17108 is attracted to thé driving electrode 1210. |
Here, the -support' 1206 is the flexibrle member‘-or'the elastic member.
"‘Therefo're, the force repulsive to the electrostatic fprce F is generated
in the s’up.port 1206 as if the support 1206 is a-ppliéd'with no extérnal
force. At this time, the force acﬁhg on the movable mirror 1108 byrther

E 25  support 1206 is exerted in the opposite direction to the elec'-trostatic'
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I s scanned onto each of the novable mrror devices 1200, and opti cal
addressing is thereby perforned in one franme of an inage. 15 The novabl e
mrror 1108 and the driving electrode 1210 cone in contact with each other
to cause energization or electrical charges to occur between the driving
el ectrode 2210 and the novable mrror 2108, which leads to a state in

whi ch the novable mirror 1108 nmay remain contacting the driving el ectrode
1210 and may B&GEnkonfheiMayrklie misramtted sievesito 7 preeelesuined pasitiea any
flexible menber for the support 1.206 so that the novable mrror 1108 and
the driving elfgeprding tozroimirge sigtnal diyethenadtion attherelastrostatiotdiee Fahen t he
el ectrostatic force F becones the maxi num Alternatively, another nenber
havi ng al nost antdiéedanee geterdtedlindbetshagppoof 120@. v et enammerothed 108 may be
provided 25 in a position in which the nenber can contact the novable

mrror 1108 nibwaide niihertfi1lo8 edn beedimmbteonding e tHel ABabecaired. t he
maxi mum by the electrostatic force F. By bringing the novable mrror 1108

in contactsw th anoth@movasieithator 1108 8f PR S DlehrbeRsCY ShitetiRqyiRMabI e
mrror 1108 and the 5 driving electrode 1710 frombeing in contact with

each other. Fyyd BRICHRsEatid fortzeq: & hyi geanslfel’ 0%&3%@? g[%twﬁaﬁe\‘&%e

mrror 1108 are electrically connected, no potenti al rence Is
Fe T 5 Y N L b A
et g AR BRSPS BR LA LS Rng, 1100
the drive of the galvano mirror 1116 and the modulation of the first
10 control Iight L1, the controller 1114 (see Fig. 10) controls the movable
| mirror devices 1200. The first control light L1 lﬁodulated according to
an image signal, for the respective R light, the G light, and the B light,
is scanned onto each of the movable mirror devices 1200, and opticai'
addressing is thereby performed in one frame of ah image.
15 _ The movable mirror 1108 and the driving electrqde 1210 come
in contact with each other to cauee energization or electrical chargee to
~oceur between the driving 'eleetrode 2210 and the movable mirror 2'.1.08,'
which leads to a state in which the movable mirror 1108 may remain
contacting the driving electrode 1210 and may be uncontro[flab!e’.
' f_zo Therefore, it is-necessary to.dse_ any flexible member for the eupporf
- 1206 so that the movable mirror 1108 and the dr_iving electrode 1210 do
~ not come in contact with each other when the electrostatic force F
- becomes the maximum. | AlternafEVer, another membe'r,heving_alrhost' '-
- the same potential as that of th.e movab!e mirror 1108 'may be provided

.25 in a position in which the member can contact the r_hovéble mirfof 1108
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By stopping the incidence of the first control light L1 on the first
transparent el ectrode 1202, the conductivity variable portion 1204 15
functions as an insulator. Therefore, the charge that generates the

el ectrostatic force F between the driving el ectrode 1210 and the novable
mrror 1108 remains in the driving electrode 1210. By using this, the
nmovable mrror 1108 can be nmintained at the sane position between the
Lime when t he WRARHIGHohiBe mawePlRgvison] T Ahbeeomes the rpaximen by e L1
and the tinme when the first control light L1 is again incident on the
first transpacfgtrestatie fowe A202 of the same novable nirror device 1200.
This nakes it possible to control the novable mrror 1108 correspondi ngly
preci sely to the i mnByeriginglthe Hooeatele, mirfort D& hracgetact vainsnather

accunul ates in the driving 25 electrode 1210 by repeating this operation,

it may be difmatelial tivisapessibke tbprerentabe neeeAldimardrol 8 anadige si gnal to
the driving el'ectrode 1210. If the voltage cannot be applied to the

driving el gct doidingldkltrode 131alFiohh beig if BosRiREWAliEcgtIpGtiast atic force F
according to the image signal. If the ‘electrostatic force F cannot be i

generated, the movaphanghhbR, A8 dfyiRNBRIHRKEC] SF ¥nAAKEERBEAS tO the

i mge signal, which may cause gradation t trnage quality. second

ansparent chfbh a8 MOk a B0y St bl i SRR ARR I O

remaining in the driving e ST econd contro irght L2
P OB AR e 52 RS oA ALl BB FESRY, e
: 22:‘ gggtesogczﬂfqﬁﬁ@%g r%%@gg?ta]%egcgssiglleet%tér?\fleethlezodevaebllg%i?rlo(t:fa1l1O%(.)ndUCt ity
10 The insulating layer 1205 is provided to reliably prevent electrical
'connectic.)n between the driving electrode 1210 and.the movable mirror
1108.
By stopping the incidence of the first control light L1. on the first
transparent electrode 1202, the conductivity variable portion 1204
.15 | functions as an insuiator. Therefore, the charge thét.generates the
electrostatic force F between the driving electrode 1210 and the
| _r_novable mirror 1108 rémains in the driving electrode 1210. By uéing
- this, the movable mirror 1108 can.be maintainéd th the same position’
between the time when the movable mirror 1108 moves by the first
20 control light L1 andthethne\mhénthefkstconwolthtL1 is again
incident on the first transparent electrode 1202 of the same movable
= m_irror deﬁice 1200. This makes it possible to cO_ntrQI the movable
- mirror 1108 co.rreépondingly 'prec'iséiy to the image éignalr. |
- However, if the chérg_e remains aﬁdacﬁumulates" in the driving

25 electrode 1-210'_ by repeéting this Operafioh, it may be difficult to épp[y a -
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anount of the second control light L2 at a portion of the conductivity

vari abl e portion 1204. The portion is jointed to the second transparent 15
el ectrode 1203. Wen the conductivity of the conductivity variable portt4n
1204 increases, the driving electrode 1210 is electrically connected to
the G\D el ectrode 1214 that is connected to the second transparent

el ectrode 1203. Wenthe driving el ectrode 1210 and the G\D el ectrode 1214
20 are el ectriVOHRIBARTOFYIBA, tor Bl IPRIPJEI R &Ik therdyivingialectaede 183 Oel &t r ode
1210 noves to the G\D el ectrode 1214 through the conductivity variable
portion 1204 &he voegeseonet beaapplietin the dovingdelethode 21D, itisadiffisulin t he
driving el ectrode 1210 can be discharged in the above . manner. This causes
t he charge retmigenetterslebirodtatia fugcelFeatcadingfo flidlinage sigredly bfetheenoved,
and it is thereby possible to precisely apply 52 the voltage according to

the i mage si geddcttastafie fehceVi ranabe obrguieeriisd) the thevasieontrér ergdar ent
el ectrode 1203 is not necessarily electrically connected to the G\D

el ectrode 421€ahRoOPicdisely R rrd HARNGAHRARRIYE signal, BhidhShag YaiseFOr
exanpl e, by setting the second 5 transparent” el é&ctrode 1203"to hi gher

potential thaRelhtath dfgnddd Siafifansparent el ectrode 1202, the second
transparent el e(@:troée 1&- gn n%y%1 ﬁalg)g a reference potential different from

Lot of e LA st OSREbRAL e MR URAAR 1bE RRSHeL IRITRRLET" oo
a0, e oandle e CoBhlk FEBRB Rk Bhe TN RR RO PR e 1
a potenti a_l dsi;gcfbenr Qéntrglrl?grnttlt]f‘ i)aggeé ttlﬁrofuigrhstthetégenrstgﬁer 1e51t22.%ebcet irn(();gjdeen%zoz'
10 only on the second trransparent electrode 1203. By causing the
éecond control light L2 to be incident on the second fransparent
electrode 1203, electrical conductivity increases according to the
amount of the second éontrol light L2 at a portio.n of the conductivity -
- variable portion 1204. The poftion is jointed to the secbhd transparent
16 electrode 1203. “When the conductivity of the conductivity variable
port&én 1204 increases, the driving electrode 1210 is electrically
connected to t‘hel GND electrode 1214 that is cohne‘cted to the second
transparent .eie'ctrode 1203. :
Wher&"’t‘%he driving electrqde 1210 and the GND electrodé 1214
20 are electrical connected, the charge remaining in the driving electrode
| 1210 moves to the GND electrode .1214 through the conductivity
- variable portion 1204 and the second transparent electrode 1203. The
charge in the driving electrode 1210 can be di'scharged'ih the abo.ve'
- ,_mannér—.. This cau_seé’the charg.e relmaining in the driving electrode

25 1210to surely be removed, and it is fhereby possiblerto prec':isely‘applyl
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The intensity of the second control light L2 may be such that the second
transparent el ectrode 1203 and the driving el ectrode 1210 can 15 be

el ectrically connected in order to discharge the charge remaining in the
driving electrode 1210 to the G\D el ectrode 1214. Therefore, the intensity
of the second control light L2 does not need to be nodul ated according to
an image signal. Furthernmore, the position of the |I|ight-shielding portion
1220 is not |itheveliage acserding touhedswagas signal i the drvinguelectrade 12201 if it
is between the first and the second transparent electrodes 1202 and 1203
and the control -1ighhegstdoral tregspamnt Eddctrodehé2pdds tricdmeakss ey

| i ght-shielding portion 1220 can be changed as required if the first

control |ight eldcteoally bensecudtociet GOID kighitode?12a4 to lubtamddepr eci sel y
incident on the first transparent el ectrode 1202 and 25 the second

transpar ent e|r@f‘éfrd§m§t9f)é?é1ﬁialrcﬂ5dlmbtsit very. F&Bekarpidlbpiell ddmd i rst

and the second control lights L1 and L2 and the aperture 1222 is expl ai ned

bel ow wi t hgr ei@h@ﬁﬁ%ﬁt%lﬁbﬂ?dé% 200 ﬁg_lg_erﬂsiﬁé%rﬁiéa-lthéﬁ dtﬂtﬁﬁbf:fﬁe fi}r}g cont rol

configuration to cause t Irst contr e seco

light L2 to bﬁ'ﬁh%ﬁ%%’ﬁe!%{tﬁ@a&ae@g, Eﬁ?.s@cgﬁaﬁgsrﬁg?r{ah%le%?f\éid%eﬁdﬁz% f the

spatial 1ight at or . 've uni e rovabl'e ‘mrrol
1200 are arrafiiud ool el BRfeoREIRY uRle IR s R Bshdleer 1120,
B e
transparent el ectrode 1202 of the novable mrror device 1200. The aperture
1222 is provi d&NRr9s rgaininghinstiendiniag elretrodest? rrgasdless of a
10 higher potential and a lower potential than th'at of the first transparent
electrode 1202 by setting the reference potential to a potential different
from that of the first transpafent electrode 1202.
Ther intensity of the second control light L2 may be such that fhe
second tr.ansparent electrode 1203 and the driving electrode 1210 can
15 be electrically'connected in order to dEsCharge the charge remaining in
the driving electrode 1210 to the GND electrode 1214. Therefore, the
intensity of the second control light L2 does not need to be modulated
according to an image'signal'. Furtherrhore, the position of the |
' light-shielding portion 1220 is not limited to the fop_surface of the glass
20 | substrate 1201 i-frit is betWeen the first and the second transparent
_electrodes 1202 and 1203 and the control-iight optical_-system 1130.
The position of the light-shielding portion 1220 can be changed as
required if the f.irst control light 1.1 and the second cpntrbl light L2 can

be made precisely incident on the first tran'sparent electrode 1202 and

"25 - the second transparent'e]éctrbde 1203, respectively;
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light L1 reflected by the galvano mirror 1116 can be made to pass through
the aperture 1222 and nmade incident only on the first 15 transparent

el ectrode 1202. In other words, if the direction of travel of the first
control light L1 is viewed through the aperture 1222, only the first
transparent el ectrode 1202 is recogni zed. Therefore, when traveling in a
direction ot her thag\ot r}e direction where the first transparent el ectrode
1202 is, the first ¢ofRiAEPNIhgiweenthedirst aarkdbeseoond cantroldighishiland ng
portion 1220. Moreover, the first control light L1 is prevented from being
erroneously il aedthe feprerasanR 2 isoexnlainasebelow withr refensacert fdheddr ode
1203 or on a transparent electrode related to any .novable mrror 1108

di fferent frorancheigndviabl EignilBrdepititold et darifiguration tbecadisevthn. firdbcdhteosecond
control light L2 emtted fromthe second control 54 |ight source 1112

passes t hr oughighhé 1agred the ectdAd contloe light LAeotbedmciddrt Geeas df ta@spar ent
el ectrode 1203 of the novable mrror device 1200. The aperture 1222 is

provi ded ab arnperdlieRirfiChetiBas 109 oBBROssarANtg R mbightol?12@f | geted by
the galvano mrror 1116 can be 5 made to pass through the aperture 1222 and

made i nci dent fiQalphi@Not nﬁ@%ﬁ@ﬁiﬁ??%@@f&%ﬁﬂ@%é %gp%ﬁ%}?kﬁgm%ﬂ.

words, if the direction of trave the second contr I's vi ened

h h th : | Wi : . d [
oo eds BB SThe HSvalll it (PaoRRBR] APRPaNEREeR iF H0 90° 120° '

recogni zed. Therefore, en traverli 'na diréction er n the

e o nebdh B T8 S8 AOREARATOEITbEocS 1207, Lo 1405 “FerS e,
e second - controlr L g Sntrd) Rant 1T emiteed Hom the st contral nght ' "' 9
10 source 1111 passes through the aperture 1222 to be incident on the
first transparent electrode 1202 of the movabie mirror device 1200.
The aperture 1222 is provided at a position such that the first c.ontrol'
light L1 reflected by the galvano mirror 1116 can be made to pass
through the aperture 1222 and made.incident only on the first
15 transparent electrode 1202. In other words, if the direction of travel of
the first control light L1 is viewed through the aperture 1222, only the |
- first transparent electrode 1202 is recoghized. . Theréfore, when
| traveling in a diréction other than the direction where the first
o _transpare_nt_electrode 7120'2 is_, the first control light L1 is blocked by the
.20 light-shielding portion 1220. Moreover, the first cdntrol tight L1 is
prevented from being errdneously incident, for example, on the second
transparent electrode 1203 or on a transparent electrode related '_to ény
‘ .movéble mirror 1108 different from the movable mirfor 1108 that is to
be driven. | | |

25 . The second control light L2 emitted from the second control
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exanple, on the first transparent el ectrode 1203. Furthernore, scanning
can be carried out with the first control light L1 and the 15 second
control light L2 illum nated, which nakes it possible to easily control
the novable mrror device 1200. Fig. 14 depicts an arrangenment of the
nmodul ator 1104 when viewed fromthe control-light optical system 1130.
Here, the arrangenent is explained below Two units of the novable mrror
20 devi ces 12d63rh FOURee ¥ 147 Rassesrthaeigh the anrrtuse {1 RE2defbe incigrntyon
direction are arranged in the shape of the lattice. The apertures 1222 are
provi ded in orfBetspcond tanspaisohalertecds (1R0B S thevabvablaimiroer dievicees
1200. Therefore, the apertures 1222 are provided in one-to-one
correspondencel 20Q. h The apeviainé 6 282 isgroviddaBat Aposhttowmsich Bhar the4, 25 the
shape of the aperture 1222 on the x-y plane is substantially circular. 55

The aperture k22Bndscamtadilided Liznrdffeeteo iyt therg2iba 66 reivier 11ape ddiebéi rst and
t he second transparent el ectrodes 1202 and 1203 to al nost the sane extent.

As shown i 8 Firgadd4{e phabstthroddH e ﬁ?é?tﬁﬁé 1bghind-hdde MRARADARDR the
t hrough the aperture 1222 in a slanting direction fromthe -x direction to

the +y direct isaBontifurisheReht elctidie 72051 Off bitfer dis! i e GRILAI of 1 Ot

L1 can be nmade incident ‘only on the first transparent électro | f

e oo, coNaalof URRLokand SofRAE D555 ANBUShIn MERbUIGP 222 17
e o R ke R B SBU ATE bob B R0 B e avove,
the apert ure :I‘ﬁ%zze opeo,-uvlv ert?et\ré)vre?%igdi%da %tsrection other than the direction where |
10 the second transparent electrode 1203 is, the second control light L2 is
blocked by the light-shielding p'ortioh 1220. Moreover, the second
‘control light L2 is prevented from being erroneously incident, for
example, on the firét transparent electrode 1203. Furthermore,
scanning can be carried out with thé fi-rst control light L1 and the
15 second control light L2 illuminated, which makes it possible to easily -
controt the movable mirror devicé 1200.
Fig._ 14 depicts an arréngement of the modulator 1104 when
viewed from the control-light optical system 1130. Here; the
arrangement is explained below. Two units of the movable mirror
20 devices 1200 in the x direction and five units thereof in the yl direction
are arranged in the shape of the,lé.ttice.. The apertures 1222 are
provided in one-to-one correspondence with the movable mirror devices |
. 1_2_00. Therefore, the apertures 122'2. are prov-idéd in one-to-one |
porrespondénce‘ with the movabie mirrors 1%08. _Aé'shown in Fig. 14,

' 25 - the shape of the aperture 1222 on the 'x-y'plahe is substantially circular.
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the position through which the first control light L1 can be incident on.
the first transparent el ectrode 1202 and the second control light L2 can 15
be incident. on the second transparent el ectrode 1203. Therefore, the
position of the aperture 1222 is desirably changed as necessary dependi ng
on the travel directions of the first and second control lights L1 and L2.

The position f t he {ure 1222 is not linited to. the ositio
correspondi ng PS aﬁﬁfﬁf&n 444 I'Sypfcﬁéd%@rﬂ'ﬁ the pestion Wik oy éa%”'fﬁ){}%ﬁsl e
mrror device 1200. As shown in Fi the aperture 1222 nay be provided
at a pos"itionaaplfth@rs@ﬁpnﬂrtmmﬂfgmgﬁdecamqea 2 andr 03 poselrapshther t he
novabl e m rror device 1200. Provision of the aperture 1222 correspondi ng.
to the novabl eamierextenfl108 all ows the first and the second control lights
L1 and L2 to be precisely incident thereon, 25 respectively, for each
novabl e mrror 1108As shéwminoFidert 4, df treulest cbetrbl fight Bnds hiede expass cont r ol
lights L1 and L2 to be incident on the first and the second transparent

el ectrodess 1808ughdhd 2@rtureSEx irvglsyantihg HikoGoh ok eRy et diesetlon
t echnol ogy, high precision control is required. In the present invention,.

the S cont ol i ftahiy aRbEash it eshdde bl umctiien ffneshistenniigl rbhont L1

to be preC|ser |nC|dent on the first transparent electrode 1202

causing the {4 s AR iloiddt dryidh e hAFhelEp=0ont b ﬁra%“rg@z 1220 11

the first contro {Favel 'S toward & position d| Ferent Trom t he
L:gszm;fissmzﬁ&sgw@tghﬁ?@qn g 2 B A B S22t o
Ok e £han g o lnEhatd AR, i B R R R BT, 2
made pr eC| sel |)éspect to the z direction, the second contro! light L2 can be made
- incident only on the second transparent electrode 1203.
As explained abové, the aperture 1222 should be provided at
the po'sition through which the first control light L1 can be incidént on
the first transparent electrode 1202 and the second control Iight L2 can
': 15  be incident on the second transparent-electrode 1203. Therefore, the |
position 6f the aperture. 1222 is desirably changed as nebessary '
depending on the travel directions of the first and second control 'Iights.
L1and L2. The posit.ioh of thé aperture 1222 is not limited to the
position rcor'respo_nding'to _sﬁbstantially the central positibn of the
20 movable mirrdr device 1200. As shown in Fig. '13, theiaperture'1222
| "may be -provid'ed' at a position different from subsfahtially the central
position of the movable mirror device 1200. 'P'ro-vi'sion of the aperture
1222 corresponding to 'the-movablermirror ’1108 allows the first and the
second contro! IightS'L1_and L2 to be precisely incident thereon, -

25  respectively, for each movable mirror 1108.
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I ncident on the second transparent el ectrode 1203. The control -1ight

optical system 1130 may scan the first control 15 1light L1 according to an
i mage signal with precision to such extent that the first control light L1
can be nmade precisely incident on the aperture 1222. The second control
light L2 can be made precisely incident on the second transparent

el ectrode 1203 w t hout consideringqa_lighting timng of LED. The | evel of
precision is not reﬁ'upl’fg?f toocqigmiherfisat ang theosespnasanirel Lightgri! apdi cal
system 1130 is _not required to cause the control Ilights L1 and L2 to be

hi ghly preci séytoi htinfédenionn the fisslsand the setorddranspaientaelestrodeect r odes
1202 and 1203, but may cause the control lights L1 and L2 to be incident
on the positi d@g08fanctht2@peraspestiveh? byAssieg phaicoadeational techaologwyel of
precision in the positions, on 25 which the first and the second contr ol

lights L1 andhigh premisibhednitradgtreqliréd ghtn s besdertyiavenidi, IBear e
incident, is not required.so high, thus, the novable mrror device 1200 is

easily _Corﬁrobbmol—h@lﬁﬁ%ﬂ%af SYRESH PE3D AREWS 3he RSN E65trHTifRN PR per f or med
even if a scanning speed of the first and second control 1ights L1 and L2

are not reducgfbcidel] iSEAEAL Bn BEHrsh ira}n@ﬁ?Sﬁptslélﬁkfrg'ﬁghtzzﬁpﬁﬂ.{ %ﬁhsﬁﬁéﬁw%m 1130

scans the first and the second contro L at” a spe
e e, AERAGSR GO GURkE g ASpHIERE PR Shil B8 1)
oo ekl §0eRE D BN CRob B "ot o
I R e N S ARy SLCAR L
| 10 the first control light L1 from being incident oh a position other than the
first transparent electrode 1202. In the same man.ner as that of the
first cdnt'rol light L1, the second control light L2 can be made precisely
incident on the second transparent electrode 1203.
The control-light optical system 1130 may scan the first conirol
15  light L1 acc;ording to an image signal with precision to such extent that
the first control light L1 can be made precisely incident on the aperture
1222. The second control light L2 can be made precisely incident on
. the second transparent electrode 1203 without considering a lighting
timing of LED. The level of precision is not required so high. That is,
20 - the control-light optical system 1130 _is not requiréd to cause the control
lights L1 and L2 to be highly precisely incident. on the positions of the -
- -tranéparent electrodes 1202 and 1203, but may cause the control lights
L1 and L2 to be incident on the p:osif'ibn of the aperture 1222.
As explained above, the Iévei_ of precisiorn_ in the positions, on

_2_5_' which the first and the second céntrdl' lights L1 and L2 from the
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each color are the same as those in the first enbodi nent, explanation
thereof is omtted. 15 Fig. 15 depicts an arrangenent of a nodul ator 1704
of a projector according to a sixth enbodi nent of the present invention
when viewed froma control-light optical system The sane portions of the
projector of this enbodi ment are assigned with the sane reference signs as
those of the projector 1100 of the fifth enbodi nent, and 20 expl anati on
thereof is om&ar¥eR!-ligid Cmfﬁiaéévﬁlenﬂ)m3ﬁ|a§edﬁ’ﬁt§1@|nrfneiﬁtn¢tsfeqwfﬁd@toefmlghf romthe
projector 1100 of the fifth enbodinent in that an aperture 1722 of a

li ght - shi el di iijupothe orovEbEONiigor elevaregl2@0 is Biagily bﬁn&eﬁédi sMuareopef,cal |y
controll ed novable mrror device: 1700 (hereinafter, "a novable mrror

devi ce 1700") advenatel eptch fadures@ngtdemn benierﬁirfﬁletﬂbtre@@ﬂa@@hnﬁM@tsﬂmeﬂdL?»O
(see Fig. 10). It is clear, as 58 conpared with the novable mrror device

1200 of the profjtRetinst éﬂ}@%e@%nd%lﬁwblili@hﬁ g1 dfLotdratngt redu8édl r ansparent
el ectrode 1702 and a second - transparent electrode 1703 are different in

shape fromgt hqthé?éfdrﬁeef/éﬁslfthe"“@@nﬁ-{ﬂ%qﬁﬁ%ﬁ SRR A% &A1 %dﬁ?r%t1202

and 1203. The first 5 transparent t he secon transparent
e o by SR SIS L LB RS UGN
oy P i Y onl S IRBE R R SRR BB el ol 1
o over| 3D 10RLR A e RS S e shEQR S FuBEER™
relationship ggrgvlgeeegretc?seely incident on the second transparent electrode 1203.
10 Thus, it is possible to easily perform precise control without
degradafion of image quality.
Since the lighting time and the lighting timing of the LEDs for
each color are the same as those in the first embodiment, explanation
thereof is omitted. |
15 Fig. 15'd'.epicts an arrangement of a modulator 1704 of a
projector according to a sixth embodiment of the present invention
when viewed from a cc;ntroi-light optical system. - The same portions of
the prdjecto_r of this embodiment are assigned with thé'same refe.rénce
'_'signs as those 6f the projector 1100 of the_-fifth embodiment, and
' 20 . explanation thereof is omitted. _"I_'he projector of this embodiment is
: different from the projébtor 1100 of the fifth embodim.e'nt in that an
aperture 1722 of a 1ight-shie_[ding portion 1720 is rectangular.
Fig. 16 depicts an"Opticaily contrdiled movable mirrbr device
1700 (herein.éfter, "a movable mirror device 1700") when viewed from

- 25 the control-light optical system 1130 (see Fig. 10). . It is clear, as
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novable mrror device 1700 and the aperture 1722 is explai ned below. The
novable mrrors 1108 are arranged in the shape of the lattice in 15 two

di rections substantially perpendicular to each other on the x-y plane. The
aperture 1722 is a rectangle that has its | ongitudinal side perpendicular
to a direction in which the first transparent el ectrode 1702 and the
second transparent el ec []ode 1703 are ,arranged in parallel wth each -
other. The aper@uparefyyihipgnesplpdniner Q@V'Pﬁg‘lﬁaosﬁfﬁ‘lecﬁ’rﬁgeﬁéftﬂgﬂ ap720 as
shown in Fig. 15 has its longitudinal side in the x direction

subst anti al | y S¥vpeiuFiul12C.tthat adirgt tanseerem ¢lectinieH 702hand arsacond
transparent el ectrode 1702 and the second transparent electrode 1703 are
arranged in pdrafidpsreni electradie bitikare Tiffe rmméin shape 22 that of the fiksd
corresponding to the novable mrrors 1108 arranged 25 in the |ongitudinal

si de of the reotdaihng! secorfiPtrans pivers @iectradesr 292 4idtht 208, t Taedpetture 1222
of the projector 1100 according to the fifth enbodi ment, the aperture 1722

i's provided atarmp@eémttemtraugmﬁdzaanahﬁefsero%hdcmﬁwdreht gltctlolecapofe made
to pass through the aperture 1722 and be precisely incident on the first .5

transpar ent e'a?étarr%ejei@@théﬁhtﬂe %%E%ﬁvélg u@ﬁr@éggﬁa@émgﬁbﬁ@e“on

such that the second control |ight L2 can

aperture 17228?’1%#31% E‘sﬂu%‘?é%f tﬁ%@ﬁ?ﬁsﬁps fAf 5969 ttelr%&fﬁ%ils%lth a

el ectrode 170 |rs contro i'S made to

pess 10 (T oUl eSS RO BB, o
ight L1 to e fnghdentronlh, RY Sdiade 216 ERanett & st Qe nb0 e
10 both the first transparent electrode 1702 and the second transparent

electrode 1703.
Refetfing back to Fig. 15, a positional relationship between the
movable mirror device 1700 and the aperture 1722 is explained below.
The movable fnirrors 110_8 are arranged in the shape of the lattice in
15 two directions sﬁbstantial!y perpendicular to each othef onthe x-y
| plane. The aperture 1722 is a re‘ctangle that has its fong-itudinal side
perpendiéular {o a direction in which the first 'transparent electrode
1702 and the second transpérent electrode 1703 ére arrangéd in
parallel with each other. The aperture 1722 provided in the _
20 light-shiel'd_ing portion 1720 as shown in Fig. 15 hés its tongitudinal side
in the x direction substantially perpendicular to the y direction in which |
- the first tra'nsparent electrode 1702 and the secdﬁd tranSp_arent
- electrode 1703 are arranged ',in parallel with each other. The aperturé |
. 1722 is provided corresponding to the movable_hirrors.ﬂoa arranged

25 in t'he“IOngitudinaI"side‘ofthe rectangle.
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control light L2 is made to pass through the aperture 1722 in a slanting
direction fromthe -y direction with respect to the z direction, which 15
al l ows.the second control light L2 to be incident only on the second
transparent electrode 1703. Here, the position of the aperture 1722 is not
limted to substantially the central position of the corresponding novabl e

mrror device 1200. Tthe gosition of th& apgrture 1722 is_desira égl
changed, if necessaliN&IEREKIAGNGH ashibat ohfke aperiuee i184208T the RIUEHPF st

control light L1 and the ravel direction of the second control ht L2.
For exanpl e, HQOaafaordrne tmtiz@ fifky e@@bcpilmﬂrueﬁr&aaperturﬁn§722¢srpm\rrde ent
fromthe subst antially central position of the corresponding novabl e
mrror devi ceat2opogitier sAch.thaBihe fingt epdrallight 112226 begvadedotpgassr ect angl e
whose longitudinal = 25 side is in a direction substantially perpendicul ar '
to the direct itmough theGpartwre tT22 fandshe precitbly ineiciend onr diesiat ent

el ectrodes 1702 and 1703 are parallel to each other. Therefore, the first

control |ight tlahspabrthgectsegond ozont Tigd ahegﬂtﬂre 1422088 grevitedeaihec sel y
i ncident on each novable mrror 1108 wi thout providing the aperture in

each novabl e Eoﬁitrbrncguclalﬂ%t tH8%econld ¢entPASRINRILS ¢ah ﬁé%bﬁe%rﬁﬁsm preci se
control for the novable mrror 1108. The direction 1n which the first and

Subst ant 1 ol 1y oarahp ke % BRaie oA R IR SuANE SRTED, o
may be-a-di reﬁ*b gai%%?%ﬁ)?a%%1¥8§erpendr cular thereto.- In both of the 10

cases, the m)va be precisely controlled. Fig. 17 depicts
e o o B ATt B S or PTG 1 QAR5 o
- 10 through the aperture 1722 in a slanting direction from the +y direction
wirth respect to the z direcfion, which ellows the first eontrol light L1 to
be incident only on the first transparent electrode 1702. - The second
control light L2_is made to pass through the ape'rrure 1722 in a slanting
direction from the —y direction with respect to the z direction, which |
15 allows.the secend control light L2 to be incident only on the second
transparent electrode 1703. Here, the poSition of the aperture 1722 is
not Iim'ited to substantially thecentrai, position of the corresponding
movable mirror device 1200. The position of the aperture 1722 is
desirably changed, if neceésary, depending on the travel direction of
20 - the first_cdntrol light L1 and the travel direction of the second control
- light L2, _For'example, the aperture 1722 may be p—royided at a
position different from the eubstantially central poeition of the
' .-"corresponding movable rnirror device 1200 (see Fig. 13).
- -T.he'apertu'r_e 1722 is set to the rectangle rrvhose longitud-ina!

25  sideis in a direction substantia[ly_ perpendicular to the direction in .
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devi ce 1900") of a projector according to a seventh enbodi nent of the
present invention. The sane portions of the projector of this 15 enbodi nent
are assigned with the sanme reference signs as those of the projector 1100
of the fifth enbodi ment, and explanation thereof is omtted. The projector
of this enbodinment is different fromthe projector 1100 of the fifth
enbodi ment in that a novable mrror 1908 can nove toward both a driving

el ectrode 1910dighéhafisyti anthihesesenddensparamigisctiadesnt?0z and JikP3opt i cal
system 1930 i ncludes a galvano mrror 1116 and a control |ight source
1950. The con@r®lparaligittosaatcethEd50 Thienefloneleth ef finsé ttonénol fight Lil gimd theur ces
1951 a, 1951 b, and a second control [|ight source 1952. The first control

| i ght sour cess&8&iishcantrol 85kt b22rsbephydd predissgnincilentiophéscl.3 and L5,
and the second control |ight source 61 1952 supplies a second control

light L4. A matbuadtemiidraros WRAouNpreadiRgahetdprertiesih eauH melvabieght
sources 1951 a and 1951 b to change the intensity of the first control

| i ghts L3 @ndpi; di 0158 d i Qpat 1114
(see Fig. 50)"Tarrauon y  Hie R AgRERe 15 M R eSSl s econa

cont rol 11 ght i 36a1d BErBPYABS T HRECHSY kP RIPIDY s Glevano i rror

1116. First t ransparent electro a secon anspar ent
whore the gl asedhEohabEdRls T Attt ARERERERE 0B v % AFRLHPE port on
R My RIS G R
transparent erlngyc/tbreogedsirelc%%%asgt?sdta%?igﬁ; perpendicular thereto. [n both of the
10 cases, the movable mirror 1168 can be precisely contro.lled.
Fig. 17 depicts the schematic configuration of an optically
controlled movable mirror device 1900 (hereinafier, "a movable mirror
device 1900") of a projector according to a seventh embodiment of the
~present invention. The same portions of the projector of this
15  embodiment are assigned with the same reference signs as those of
| the projector 1100 of the fifth embodiment, and explanation thereof is
' omitted. The projector of this embodiment is different from the
proje'ctor 1100 of the fifth embodiment in that a movable mirror 19-08
~~ canmove toward bofh a driving' electrode 1910a and a driving'ele_ctrode
20 1910b.
: 'A'control-light optical systém 1.930 includeé a galvano mirror
: 1116 and a control light source 1950. - The co.ntrol light source 1950.
" includes first control light sources 1951a, 1951b, and a second control

" light source 1952. The first control light sources 1951a and 1951b

25'. supply first'coh-tr_bl'lights L3 and L5, .and' the seco_hd control light source
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are electrically connected so as to be at the sane potential. An

I nsulating |ayer 1905 is fornmed between the conductivity variable 15
portion 1204 and a support 1906 using the spattering technique. The SiQ2
can be ‘used for the insulating |layer 1905. The support 1906 is provided on
the insulating |layer 1905 and novably supports the novable mrror 1908.
The driving el ectrodes 1910a and 1910b are forned on the conductivity
vari abl e portil&921uppies asechadmesittdl digst bA. bdt masiwdator d$ provddedsn ti on
where the insulating layer 1905 is provided. The driving el ectrode 1910a
i s provided neachaidhedosheontrbl liiet souraes-18d@edndddsibeondhange th@08. The
driving electrode 1910b is provided near another corner of the

squar e- shaped intenyiaploé the firr cdMo8! ligras Lidages Lehgcsurgiplongn image novabl e
mrror 25 1908 and the driving el ectrodes 1910a and 1910b can be made of a

62 conductives EW@hé%ﬁ\t@le@'ﬂﬂ%é@%ﬂOffd?%’tﬁ:fplfi’ﬂpphé/ﬁl&lz appl i es
a predeterm ned voltage between the first Transparent el ectrode 1902a and

the movable MobARbl AL 3 1S Gndlihe dddoht LARASNRIANL SLEFIORRVERRF and

the first transpare ectrode b are rically connected to be .
t th - HAl e ¢ : l.-ned | t [ I

appl i od bot wont Phaeice o6 BYAE ol En e ST 50,0 "and t he movabl e
' 1908. Th nt, el [ | ectricall

Connect ed to the Gl BEROAL ERuGaSH oBeRuTHOZe et Rethed G

el ectrode 1214, a 10 reference ential of the second transparent
ol ectrode 190480SaieRb ElECters 193Remh are optically &ranveareish ot feimed ¢ he

second. transparent. el ectrode 1903 is different fromthat of both the first
transparent ©n aplane where the glass substrate 1201 and the conductivity

10 variable portion 1204 are jointed. | The first transparent'electrodeé
1902a, 1902b and trhe second transparent electrode 1903 are formed
with the ITO film. The first transparent electrodes 1802a and 1902b
are electrically éonnected s0 as to be at the same potential. An
insumﬁnglayer1905isfonnedbehmeenthecmnducﬁvnyvaﬁabm

16 - portion 1204 and a support 1906 using the épattering technique. The
SiO; can be used for the insulating !éyer 1905.

Thesuppqﬂ1906is;noﬁdedontheinsMaﬂngIayer1905and
.movably suppo.rts the movable.mirror 1. 90_8. The driving electrodes |
1910a and 1910b are forme,d' oh.the' ,cohductivity variable portion 1204 |

.20 at the positions on both sides of the position where the insulating layer
_1 805 is provided. The drfving electrode 1910a is f)rovided near one

corner of the square-shaped mova-b‘ie_mirror 1908. The driving
: _ele.ctrode ‘i910b is provided near andther corner of the squafe-shaped
: .'_'—‘mc-wable m\irrojr 1908 that face_é the one corﬁer} ) The movable mirror

.25 1908 and the driving electrodes 1910a and 1910b can be made of a

- 62



el ectrodes 1902a and 1902b. A light-shielding portion 1920 is formed on the .

gl ass substrate 15 1201 at the side that faces the control-light optical
system 1930. The [light-shielding portion 1920 is a filmthat is forned by
evaporating a light-shielding material such as netal onto the glass

substrate 1201. The |ight-shielding portion 1920 may be fornmed by bondi ng
a light-shieldi nenber to the gl ass substrate 1201. The 20 .

| i ght - shi el di ﬁ@”ggﬁ'v%ﬁuégwt}%%u agFAvIiReM{é9L that is formed at a
position through which the first control lights L3 and L5 pass and the
second control |ighf pawgassesly el apelies cepregizbe mainederqitagei kiktween
correspondingly to the novable mrror 1908 in the sane manner as that of
t he apert ures the fipstdnangyaenhetantoticey 19028 fand ihfet imoaatilet imérrsi 100825

enbodi ments. 63 A positional relationship of the first transparent

el ectrodes 1 ®fd2e, the RG2NMraupdrbet skeondet { 20Bpandrthedirecirangdpark@3 Wit h
respect to the driving electrodes 1910a and 1910b is explained. Fig. 18A

depi cts the cerfdtadeat 907 afre dMectiRY AP IcOnHELIY tHBYI £8hd W avbsemiall ewed
fromthe projection lens 1105 (see Fig. 10). If the novable mrror device

1900 ['s Vi ewesnbraigtd theshd@ctbmtHBdNdl AR fﬁ%rkrsgfdb%i%@géegwe%rﬁ' $helfyg movable

mrror 1908 can be recogni ze The nova I vots al ong an

R R T e R
R T R MR ST RIS e
square of theelectrode 1214. By grounding it with the GND electrode 1214, a '
10 reference potential of the second trans_parent electrode 1903 is almost
zero. Therefore, the reference potential of the second transparent
electrode 1903 is different from that of both the first transparent
electfodes 1902a and 1902b.
A light-shielding portion 1920 is formed on the glass substrate "
15 1201 at the side that faces the control-l.ight optical system 1930. The |
light-shielding portion 1920 is a _fiim that is formed by evaporating a
light-shielding material suc_;h'as ‘metal onto the glass substrate 120i;
" The light-shielding. portion 1920 may be formed. by bonding a
Iight-shieldi.ng_ member to the glass substrate 1201.  The
- 20 light-shiéidi_ng portion 1920 has an aperture 1922 that is_formed ata
pbsition through which the first control lights L3 and L5 pass and the
| second control itight L4 passes. The aperture 1922 can be provided
corresp‘ondingly to the movable mirror 1908 in the samé manner as thaf
B of the apertures 1222 and 1722 ,accor-d'ing to the fifth and the sixth

- 25  embodiments.
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gl ass substrate 1201. The both corners are substantially symetric wth
respect to the diagonal |ine of the square corresponding to the axis 15 X
of the novable mrror 1908. Based on the configurations of Fig. 18A and
Fig. 18B, the novable mrror 1908 noves toward the driving electrode 1910a
and toward the driving el ectrode 1910b along the axis X. Fig. 18C depicts
the configuration of the novable mrror device 20 1900 without the driving
el ectrodes 1910a and\ BOgibenahrelationsbisr oifinedfinsd traospArent dlestrodien vi ewed '
fromthe projection | ens 1105. Areas indicated by broken lines of Fig. 18C
represent the 1&6a, i1862b awktlee sheodditvdnspaeteice leaties e 1B withdre$pabb are
provided. As shown in Fig. 18C, the first transparent el ectrode 1902a is

provi ded in 25otthe dpivingd etectaatge$spo0diang 19100& dxplaimg. el Eigt ngde 1910a.
An area of 64 the first transparent electrode 1 902a is snmaller than the

driving el ectdepits 194 Qanfigheatlicn Bf 1RO Be6y e ASirid?® RALEPYobbeyvRgea at an

corner of the square of the glass substrate 1201. The first transparent

el ectrode §903kvied R HEBroctibf 1BAS 11081 s6B'KIESRBA! AYRE tbgy @l ving S

el ectrode 1910b. An area of the first transparen ctro IS )
smal | er than LoVt > i : occupy
the area at a?]m?g?#g\r“%gj?gg%gﬁ%&iﬁqﬁﬁ%ggfdaéséf g{le(bgfcggetégriﬁs tl??]% second
t ransparent. ro. 3 1. rawi,ded in an area  between t fi.rst
t r anspar ent e’ﬁhsfr 8&3‘?"%@3‘&5"@85 1%@32%3.'1 k@ rERBARIZEdo ﬁﬁ’%&."ag%e”ﬁrﬁar Fig.
18C, the drivi el.ectrqode 1910a is arranged so, as be superinposed on
both the fi rsf‘&ﬁ?é’ﬁ 3 ﬂFgé\rb€¥'§(?§@“1@ A “nten%ft@@cﬁﬂﬂ)a’}ér anspar ent
el ectrode 1903. Furthernore, the driving i :

. - Fig. 18B depicts the configuration of the movable mirror device

10 1900 without the movable mirror 1908 in the configuration of Fig. 18A
~when viewed from the projection lens 1105. The driving electrodes
1910a and 1210b ére provided in both corners of the square of the

glass substrate 1201. The both corners are substantially symmetric -
N with respect to.the diagonal line of the square corresponding to the axis
15 X of the movable mirror 1908. Based on the configurations of Fig. 18A |
and Fig. 18B, the movable mirror 1 9.08 moves toward the driving
electrode 1910a and toward the drfving electrode 1910b along the axis
X |
F.ig.- 18C depicts the configuration of the movable mirror device
-20 1900_Without the driving electrodes 1910a and 1810b in the
| éonfiguration of Fig. 18B when viewed from the projection lens 1105.'_
- Areas ihdicated by broken iinesof Fig. 18C represent the positions |
where the driving electrodes 1910a and 1910b are brovided, Aé
' s_:hown in Fig. 18C, the first tr.ans_pa-ren_t electrode 1902a is provided |n .

. _25 | __ the _position éorresponding to_ the driving electrode 1910a. An a_réa of
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el ectrode 1910b is arranged so as to be superinposed on both the first
transparent el ectrode 1902b and the second transparent el ectrode 15 1903.
Referring back to Fig. 17, the control for the novable mirror device 1900
by the first control lights L3, L5 and the second control Ilight L4 is

expl ai.ned below. The first control |ight L3 passes through the aperture
1922 to be incident on the first transparent el ectrode 20 1902a. By causing
the first contthelfirsi fansparant ehectheds 108Ai is \snaalboritianghetdsivamg | mage si gnal
to be incident on the first transparent el ectrode 1902a, electrical
conductivity ietectrpde tliddBaptntHe arcament svissytovesdlaly the Ppeatatomm tabter

I ncreases according to the amount of the first control light U The

portion is ]Oiolﬂt!&%@lsgmteiﬂafiﬂlé glady amssiagtent 2@l .eCThedRsilR9RSpardpt Wt h the
i ncrease in the conductivity of the conductivity variable 65 portion 1204,

one of the el @‘Fédtﬂ%1gﬁ2bh§8g@\‘/ﬁéd%ﬁﬁb>bd’%9t}3n ic%rrter%g%ﬁﬁmgct%' ihé &ennget ed

to the driving el ectrode 191 t hrough the first nsparent el ectrode

1902 d gh hgh ' b . L A4 f th

conduct 1 vi Ty Satalie Do, oA SR b Bie it ribarad e BN °or he

fi t trol ' [ ; _ g t t

el ot rode. 1003 oM frdh S PRREBRE oI UHh, b i SpRbasiRREEE " ne vt
trol 1ight ' lied,to th dri Vi I de 19103. A |.naly,

the vol t age. a8Earl HE BISE AL =R calfer &F sherduBrahitegias Sstb VAl

el ectrode 1910a. 10 The ot her, el ectrode of the gower supply 1912 is

electrically connebi®&eE8nEHEANRRA(BNE lAGtFasie 1808 is pyovdadiimgn #ear i r st

control light L3 to be incident on the first transparent el ectrode 1902a,
a between the first transparent electrodes 1902a and 1902b. As shown '

10 in. Fig. 18B and Fig_. 18C, the driving electrode 1910a is arranged so as
to be superimposed on both the first transparent electrode 1902a and
the second transparent electrode 1903. Furthermore, the driving
electrode 1910b is arranged so as to be superimposed on both the first
transparen,t electrode 1902b and the second transparent electrode

15 1903.

Referring back to Fig. 17, the control for the movable mirror
device 1900 by the first contro['lights L3, L5 and the secondrcontrol- |
'Iight L4 is explained below. The first control lirght L3 passeé through
the aperture 1922 to be incident on the first transparént electrode
20 1902a. By causing the first control light L3 with the intensity according.
| to an im_a'gé sirgnal to be incident on _the first transparént electrode
'19023, electrical cd_nductiirity.in a-portion of the conductivity variable

i - portion 1204‘ifhcreases échrding to the amount of the first control light

L3.. The portion is jointed to the fi-rs_t transparé_nt'electrode 19027a.

25 With the increase in the conductivity of the conductivity variable
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potential difference is generated between the novable mrror 1908 and the
driving el ectrode 1910a. The potential difference is generated 15 according
to the variations in the conductivity of the conductivity variable portion
1204. Ceneration of the potential difference between the two causes
predeterm ned force according to the potential difference, such as

el ectrostatic force I(2 ttractln faorce) F to be generated. Generatlon of
the el ectrost &Fidogd gé P”@zﬁfst Gi’ﬁ%”%@%t?ﬁé“?@%ﬂ@*r%’@%@@@ £dSnove in a
direction in which the side of the novable mrror 1908 that faces the

driving el ect Efdri¢alpgonsestedrtactheddtivngrelectiedeilfg Oalteceuahitha ftda. The
first control light L5 causes the electrostatic force F to be generated
bet ween t he nmireasparentreloctroded 90%d ahe thie icondgctiviée vaddele partiva1t04.n t he
sanme’ manner as that of the first control light L3. 66 Generation of the '

el ectrost at i ¢c Theramndructizity ed thbeomiuativity viariabte pBAHn 1 204hangesa
direction in which the side of the novable mrror 1908 that faces the

driving elgct Eod@fdlﬁ?.@@thé apidUracdfatietfirst BEnHbI Mgmgleh@vt (?Oﬁﬁssdcﬂlob- I'n
such a manner as expl ai ned above, the novable mrror noves toward

the driving eﬂﬁ*@hgﬁdﬁe]F%pﬁfaﬁﬁﬁalté?w%ﬂgcttrbéeqrg'O‘Q'ang T r@FdréOQE\IO]}%%b

according to imagé signals. The second transparent electrode 190
350, eSS [P R R0 oI IR 0002
et dEnt 3 R L S P SRR £,
1905, | electrjtal, SENIYEE LD D e A Sl 698G1Et 1 Vit var abl e
10 | The other electrode of the power supply 1912 is electrically
connected to the movable mirror 1908. By caljsing the first control
- light 1.3 to be incident on the first transparent electrode 1902a, a
- potential difference is generated between the mbvabie mirror 1908 and
the driving 'ele‘ctrode 1910a. The potential difference is generated
16 according fo the variations in the conductivity of the' cdnductivity
- variable portion 1204. ‘Generation of the potential difference between
the two causes predetermined force according to the pbtential
differen_(':e, such as electrostatic force (aftract_ing force) F to be
geherated. Generation of the electrostatic force F causes the movable
20  mirror 1908 to move_ih a direction in which the side of the movable
. mirror 1908 that faces the dri\fing electrode 1910a is attracted to the
- driving electrode 1910a. | |
| The first control light'LS causes the .electrostatic force F to be

- generated between the meable-mirror 1908 and the driving electrode

. 25 ' - 1910b in the same"'m_anne-r. as that of the _fi'rst contf_ol light L3.
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1204 increases according to the anount of the second control light L4. The
portion is jointed to the second transparent el ectrode 1903. 15 Wth the
increase in the conductivity of the conductivity variable portion 1204,
the driving el ectrodes 1910a and 1910b are electrically connected to the
G\D el ectrode 1214 that is connected to the second transparent electrode
1903. The el ectrical connection between the driving electrodes 1910a and
1910b and t he @ueratieptaidhe elogiosmticdoses Ft erusasathgemoratienmirgor A9¢8e
driving el ectrodes 1910a and 1910b to nove to the G\D el ectrode 1214

t hrough t he céndueye V1 aditeptioabnevhishrthieoside 2d4hamdoyddegaicomd! 4¢&tisdar ent
el ectrode 1903. In such a manner, the charge in the driving el ectrodes
1910a and 191Ghcesatheberividigselpatrgdd. 19Msis attractedds shdldeiving slactioger enove
the charge in the 25 driving el ectrodes 1910a and 1910b and precisely apply

a vol tage 6718d0br diinguth amdnmgasségnainddabbge dihevindgableeriisrodes 1910a
and 1910b. If the first transparent el ectrodes 1902a, 1902b and the second

transparent ehgoBragped BOBar thePlAVINgesicltroare ®fod BRdTBYARY %@H"riﬁfﬁffg 5
devi ces 1900, control with high precision is required to cause the first

control [|ight g'é‘?@mdé@%%EF"?@ﬁﬁggggmﬁggbahisgm L4 to be incident on

the respective transparent ectr ccofding to the present invention,
ot o oht (ophe SBbo AR B P ¢ ol Lerlpll 13 L
e L1t oyl GllechRal P B a0 AP Rr e R i S Ry chy e
transparent eel'.eeccc}nrdo ggnt%glol%&it EJ‘ %alsisgeb ttﬁrsorbig%l t?ﬂiengpgr?{nté (1)32% %g %epirn%}/deenﬁts
10 on the second transparent glectrode 1903. By causing the second
control light L4 to be incident on the second transparent electrode 1903,
e!ectrical.conductivity in a portion of the conductivity variable portion
1204 increases according to the amount of the second control light L4.
The portion is jointed to the secqnd transparént electrode 1903.
15 With the increase in the conductivity of the conductivity variable -
portion 1204, the driviﬁg electrodes 1910a and 1910b are electrically
“connected to the GND electrode 1214 that is connected to the second
transparent electrode 1903. The electribal connection betw.een thé '
~ driving electrodes 1910a and 1910b and the GND electrode 1214
20 causes the charge remaining in the dr.iving electrodes 1910a and _1910b
- to move to thé GND electrode 1214 through the conducti\)ity variable . |
- portion 1204 and the second tfansparent electrode 1903. In such a
manner, the charge in the driving electrodes 1910a and 1910b can be
. discharged. Thus, itris- possible to .su'r'elly remc.we' Vtr.le -charge inthe

. 25 - .d_'r'iving electrodes 1910a-and 1910b and precisely apply a voltage
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the first control light L3 frombeing incident on the position other than
the first transparent electrode 1 902a. Likew se, the control-light 15
optical system 1930 allows the first control light L5 to be precisely
incident on the first transparent electrode 1 902b and the second contr ol
light L4 to be precisely incident on the second transparent el ectrode
1903. The control-llg t optical stem 1930 may scan the first control 20

lights L3 and 49%°f%@ Irgegs rr’]%j todherrigengieleeiredes 18188iadidon  such

that the first cantrol Ilghts L3 and L5 are made incident on the aperture
1922. Scanni ng%&W.be perfornmed with the first control lights L3, L5 and
the second control light L4 illum nated, which allows the novable mrror

devi ce 1900 to be edistiheyfirsditanspheeint dlieetrodes|1 902225 902bcarsd the secornd
required so high. That is, the control-light optical 68 system 1930 is not

requi red to camspahenicelectrodel 1908 ard proviBedandnedof the mevhb@hiyrrer eci sel y
i ncident on the positions of the transparent electrodes 1902a, 1902b, and

1903 of the myealdes MHI00,0f0rdrMigiEh h&?@ogreagtonrreyre@;wee tohedetthefidsaci dent
on the position of the aperture 1922 As expl ai ned above, the |evel of

precision in "cBﬁtrBPﬁ%ﬁ!sOID@ wenm'he%ééb% &&mmk%ﬂt'@bwbé%ceém gRd L4

fromthe control t optical system 1930 are ihcident, is not reqw red

so high, thusy m@?@édéﬁt%mﬁé éﬂaﬂttekl@ctréeeveb'&c&ﬁdw g 141

According to the present 1nvention, even t'hrée "or® nore ?ge anspar ent
CoCausa . col BN Aok PR BB e Rkt
transparent ell96h I[é)?oe%e Erecnsel??r@denpon thg%lrspﬁansparenef‘ electrode 1802a
10 by making the first control light L3 incident on the aperture 1922. lf '
the first.control light L3 travels toward a position different from the first
transparent electrode 1902a, the Iighteshieldirig portion 1920 prevents
the first control light L3 from being incident on the position other than
the first transparent electrode 1902a. Likewise, the COntrolflight
15  optical system 1930 allows the first control light L5 to be precisely |
incident on the first transparent electrode 1902b and the second control
| light L4 to be precisely incident on the second transparent electrode -
1903 |
~ The control-light optical system 193O may scan the first contro.l.
20 lights L3 and L5 modulated a_ccording to image signals at precision
~ such that the first control lights L3 and L5 are made incident on the
eperture 1922. Scenning can be performed with the first control lights | '
L3, L5 and the second control light L4 illuminated, which allows the
movable mirror device 1900 to be easily controlied. The level of

o 25 " precision is'no.t'reqqired_so high. That is,. the control-light optical
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fifth enbodi ment. Thus, precise control can be easily performed w thout
degradation of inmage quality as explained in the fifth 15 enbodi nent. The
shape of the apertures 1222, 1722, and 1922 of the enbodi nents may be any
shape if the control light is allowed to be precisely incident on the :
transparent el ectrode. Therefore, the shape is not |limted to a circle and
a rectangle, and can be changed to any 20 shape if necessary. Any of the
fol l owi ng el er$temcHPbis neb@aued Wecrysathnaenisal |igmt9H{3rd{ﬁ1r3J‘élyhi01 of
the projector 100. The elenents include LED, a sem conductor |aser, other
sol i d- st at e |itgthe bighl preciselynpaidend wehthespositions efthelttanispaserint ( EL)

el enment, and a lanp other than the 25 solid-state light emtting elenents.
I n the opti caldigctcoes 6DD2d, d802beanéd 2Scof engovabldhmipoedenicei 8GNt i on,
anal og control is performed such that anmounts of continuous changes are -

represent ed usiubgnapchageshemodubainsidentondh8ddsitidimeftheshpoalife 1bRpever,
digital control may be perforned. 5 For exanple, the voltage applied to

the transparems @kiainearghof@sthenkyehoPphadi¥ionahUte oo birlvhicriith
gradation may be expressed by driving subfranes. Furthernore, not only

when the optigghirg ligﬁ’&tﬂiﬁ’,: I{.@,dér‘iit?‘i.hcf‘?oﬂrrstl'llése t?ﬂ-lﬁﬂoﬁtﬂia‘?%&ﬁem q@thoglrso

when the optically ontroll ed device 1s us I cal “switch

opti cal conmmuni I; I L.nyent i 0 > The present
i nvention is Qﬁr ?'@%’i‘%&??%&@%ﬁ%‘e’nﬁ'QY‘Cgﬁn Sr’or%a(\slwg%%t@ﬁ'ﬁ%%gpr ecisely
inci dent on each, of rr%ipr%r%pt i.cahbgocont rolled devices that are aligned at

extrenely evice
According to the present invention, even if three or more

10 transparent electrodes are provided in the movable mirror device 1900,
it is possible to cause a corresponding control light to be incident on
each of the _transparent electrodes in the same manner as that of the
fifth embodiment. Thus, precise control can be easily performed
without degradation of ifnage quality as explained in the fifth

15 embodiment. |

The shape of the apertures 1222, 1722, and 1922 of the
embodiments may -be any shape'if the control light is allowed to be
precisely incident on the transparent electrode. . Therefore, the sh’é’per '_

s not limited to é_ circle and a rectangle, and can be changed to ény
20 shape if necéésary.

Any 'oft_he following e.lements can be Ause'dr for the illumination .
light source.‘ 1101 qf-the projéctor 100. The.eleme’nts' include LED, a :
semiconductdr Iaser,_'other soi'i-d-state light emitting elem_ents such as '
an e‘iectrolumin.escen_t (EL) e!émenf, and a lamp other than the

25 .solid-'staflje light emitting elements: In'the optically contfo!led device
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narrow i ntervals. Fig. 19 depicts the schematic configuration of a
projector 2100 15 according to an eighth enbodi ment of the present

i nvention. The projector 2100.includes an illumnation |ight source 2101
with a plurality of LEDs that are solid-state |light emtting el ements. The
il lumnation |light source 2101 includes a R-1ight LED 2102R that supplies
an Rlight as the first color light, a Gli ?ht LED 2102G_t hat supgl ies a G
light as 20 t REC8EdipadodbrATepeghinveli®na apalogrenireDsnerimmedsushppl i es a
Blight as the third color light. The illum nation |ight supplied fromthe
i | | uni nati on. lthghamevnts ef eaotinpass ebanpeswgh rapfésanded aisin@ ¥oBages be

I nci dent on a nodul ator 2104 of a spatial |ight nodulator 2120. The field

| ens 2103 has raodulatdd accafiingtedeaygei sighhls. | Howevat ditgtal 2ontivé nmapdul at or
2104, i.e., a function of making the illumnation light as 70 parallel as
possi bl e to abesgpérféeasa.and i nci dent on the nodul ator 2104. The proj ector
2100 fornms an image with lights fromthe illumnnation |ight source 2101 on

a positionsof an enFpABKEMMIRI the2#Oifapé agpnégﬁsq@é?%eds%{al%e@tlé’écﬂa@{ efore,

t he nodul ator 2104 is Koehler-illum nated w iI'Tumnation |ight

sure 20 TN AU b, A Shaoa O oAb ol
SYohem i BN habBarane #PAhLEBre h Lo Fle JRVBRE e
R A E R S R N e
substanti al ly_perpenlcularn 1o pach other) Lo khe plane of the modul ator
10 the presenf invention can be used. The present invention is
particuiarly useful when a control light is made precisely incident on
each of the optically controlled devices that are aligned at extremely
narrow intervals.
Fig. 19 depiéts the schematic configuration of a projector 2100
15 according to an _eighth'embodiment of the present invention. The
projiector 2100 includes an illumination light source 2101 wiih a plurality
of LEDs that are solid-state light emitting elements. The illu.minétion |
light source 2101 includes a R-light LED 2102R that supplies én R light
as the first color lighf, a G-light LED 21_.0.2G that supplies a G light as
B '2d the second color [ig-ht, aﬁd a B-light LED 2102B that éﬁppiies a B light
| as the third color light.' Thé il!umination'light supplied from the |
| -illu.minati-o_n light source 2101 basses t'hrough a field lens 2103 to be
incident on a modulator 2104 of a spatial light modulator 2120,
- Thé field lens 2103 has a function of telecentrically ittuminating, _'

25 the modulator 2104, i.e., a function of making the illumination light as
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noves the novable mrror 2108 according to an inmage signal, and reflects
the illumnation light fromthe illumnation [ight source 2101 15 toward
the projection | ens 2105 or toward a position other than the projection
| ens 2105. The nodul at or 2104 expresses gradation by changi ng the anount
of light according to image signals. The light is to be reflected by each

of the novable mrror 2108 and to be de incident, on the entranc upi |
2107 of the pPaaEEPISIIKE e PRAMRIL MRS HanRARe merilai A Wbr
2104 nodul ates_the  illumnation light fromthe illumnation |ight source
2101 accor di nd hedPraiectohddB0dpynalarf ipage wWidhiighs| fepmabedliumpiratiamtighal | er
2112 controls the illumnation |light source 2101 and the -spatial |ight
modul at or 21260uiEcdt @ ng a position nhgo aittarae. pamik 2006 A pmjetéors 2105+ _
projects the 25 Iight nodulated in the nodul ator 2104 to a screen 2106. 71
The control -1 legtst 2.1 cBhe mferenh2lid0dutatbuidess ds daetdecilmminated #1th6 and a
control light source 2110. The control-light optical system 2130 is

provi ded oh ttre dppdaatien $ighe sTu@P!Iibd frorajthetill@nin s AdRGsovwirch 21@Ispect to
t he nodul ator 2104. The control [ight source 2110 supplies 5 control |ight

L as a laser beam ¥h&ephaaniyht flodudief 242viiR8IIRY the HBHLRRSr eMDALI Ng
| aser device can be used for The control Iight source 2110. By providing a

modul ator in % gftgﬁ\ttfcﬂl-lyrl'iéi gtifég‘érg%f‘erﬁ%%o.thﬁwe" &Nsidre Qs tsugant rol

light L is nodu acc n 1 mage signa romthe controller

212 I SO% Elab i royaBle FAMAFS 2 oB ARl B, MBS ey e
mrror 2116 r|5)rtof"etc: Fonalle%-rs]gzPéf.detrﬁ[e%g\?gbitemrﬁir%resSZ108 are movable :
10 according to image signafls-. The movable mirrors 2108 are arranged
in the shape of the lattice in which fhey are substantially perpendicular
to each other, in the plané of the modulator 2104. The modulator 2104
moves the movable mirror -21_08 acéording to én fmage signal, and
reflects the i!iurhination light from the illumination light source _2101
15 tdward the projection lens 2105 or toward a position other than the
_-prc'Jjectic‘)n fens 2105. The modulator 2104 express_eé gradation by
changing the amount of light according to irhage signals. The lightis
| 't_o. be reflected by each of the movable mirror 2108 and to be made |
incident'on the entrance pupil 2107 of the projection tens 2105,
20 ~n the'above.manne—r, the modulator 2104 modulates the
| _i_,llumination light from the ilumination light source"2101 according to an
image signal from a controller 2112. The controller 2112 controls the
iilumination light source 2101 and the spatial light modulator 2120
' -_accc'wdi'ng to the irﬁage sighal.- ' The projection lens 2105 projects the

- 25 light modulated in the modulator 2104 to a screen 2106.
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that are substantially perpendicular to each other, and scans the control
light L in tw directions. Rotation of the galvano mirror 2116 is 15
controll ed according to an image signal fromthe controller 2112. In the
above manner, the control-light optical system 2130 scans the control

light L onto the nodul ator 2104. The configuration of an optically
controlled novable mrror device 2200 (hereinafter, "a novable mrror

devi ce 2200") is expgihg eeitrobiigHerpiicalisyrtaraZdiddhive! ydess galwmno migohovabl e
mrror device 2200 is configured to drive one novable mrror 2108. The
nmovabl e mirror2118eandt e @aomidight souros @dd0usiTig ¢drtroEighttapdioabbysem A
transparent el ectrode 2202 that is optically transparent is provided on a
gl ass subst r atZd 3228 Iprokiated sndhe aptposite] gidé tansearejectiphdtas 2r10Giwitd i n 25
parallel with the transparent el ectrode 2202. The transparent 72 el ectrode

2202 is fornmedespddt tartheTotiuldtor 2108ndqeiel ¢drtyoMaghtadigce RaN Disupphas3 i s
provided on the transparent el ectrode 2202. The control light L having

passed througldohh®l H§RNERA §Mhsél BEAMOUR SeRMcorditterfastirdfedhvideeahd a
conductivity of the conductivity variable portion 5 2203. The conductivity

T el o e affa€&inafy s dPageE Andhe e foP IR BARYI NEsAiRE" )
et hod, 20,8l Wby D 4 6o sHINRER sBhise 1 EREPL 2, 10
When the resi CNEOL pE fideSfiref Rt Einnodialiit arborfngTs rRIMAdEr 1 on- 2203
has a functi QQig%Zl ?rlog’loff%e %gﬁtfiﬁg}?ﬁ?z The control light L is reflected toward
10 the nﬁodulator 2104 by the galvano mirror 2116 and is incident on the
modulator 2104.
The galvéno mirror 2116 rotates along predetermined two axes
.that are substantially perpendicular to each other, and scans the control
light L in two directions. Rotation of the galvanoc mirror 2116 is
- 15 .cqntrolled according to an image signal from the controller 2112. In
| the above man-ner,.the control-light optical system 2130 scans the
control light L onto the modulator 2104-. |
The configuration of an optically controlled movable mirror
device 2200 (hereinafter, "a rﬁ.ovabie mirror device 2200") is explained
20 below with reference to Fig. 20. The movable mirror devic’e 2200 is
| configured to drive. one movable mirror 2108. The movable mirror
device 2200'caﬁ be formed using the MEMS technology. A
- transparent electrode 2202 'that is optically transparent Es_ provided on a
gléss substrate 2201 that is én optjcaily transparent plate provided in

25 parailel with thetransparent'electrode 2202. The transparent
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the insulating nmenber. On the other hand, when the control light L is
illumnated to the a-Si, the conductivity increases according to the 15
anount of the control light (that is, the resistance decreases). An area
where the conductivity changes, in the conductivity variable portion 2203,
corresponds to an area where the control light L is illumnated in the
transparent el ectrode 2202. For exanple, such a-Si as follows is used as

t he conducti viel§ctvede 2202 isdotmed Wid0an Mk fiRd. aAScomdisctivityueaiablef 25 nx25
mwithin a plane in parallel with the glass substrate 2201 and has a

thi ckness of Y@rtioo 2208 isrprovided bh she deaspasbenelditrodient2ad. [ Tadt L is not
made incident at all on the conductivity variable portion 2203, the

resi stance of coheroMight L%é\b?%tpaséeg tVR ughete tr*é‘ﬁsﬁﬁfﬁrft@led:t‘r@tﬂ'é 2kobs

i ncident, the resistance of e 25 a-Si becones about 0. MD. Therefore,

the resi Stanc%hﬁﬁﬁ/sg%léctﬁcal é8n§adin Shﬁtwgagﬁ&@ctﬁ?gfv%lﬂé%rﬁt?ﬁm 0.01

ML2 to about 100 An 1 nsul ati ng ayer on ‘'t he
conduct i wfy vaphabl e portion 2203 in a portion excluding for a
substantially central area, wusing the spatteri ng techni que. For exanpl e,

the Si 02 can be use Q a 204. . An_ el ectrode 2205 is
provi ded on the i“% c{orﬁi&cﬁi% %g'f%ilé pﬁr '%/??Hé %%E?P&%% E‘%fo tgra
directly provig F t he condue&a var able EBPE 203. ctrode
2205 and the P P%eﬁ'é’té‘teeefgradﬂ'e 10 'd¥nd ’ﬁe&t@ ¥ (?G@Pla tance
such as alum 2#% (eg %ﬁﬂV\hen t he el ectrode 2205 and the drivi ng eI ectrode
10 2210 are ViSWEQ grHeeG YR wethod smthaliteedilpy igrformed Witk th&own in
Fig. 22, the el ectrode 2205 is arranged so as to surround the driving

el ectr ode 221icknassi ofs fomexamgpleytd niemmeteral sgVhen dhgedniyol light b is

10  not |Humanated at all, the a-Si has a minimum e!ectrlcal conductivity and
- has a maximum resistance. When the resistance is the maximum, the
conductivity variable bortion 2203 has a function as aimost the.same as
the insulating member. On the other hand, when-the control light Lis .
. .‘ illuminated to the a-Si, the'con_ductivity increases according to the
'_1_5 amount of the control light (that is, the resistance decreases).
An area where the conductivity changes, in the conductivity
variable bortion 2203, corresponds to an area where the 'eontrol light L.
is illuminated in the transparent electrode 2202. For example, such
a-Si as follows is used as the cOnducti\tity variable portion 2203. The
: 2Q a-Sihas a square of 25 umx25 um wtthin a ptane in parallet with the
- glass substrate '2201 and has a thickness of 10'micrqmeters. In this
_ce'se., when the control light L is not made incident at att on the
-eondut:tivity var]able portion 2203, the ,resistance ofthe a—Si is about
100 MQ When the.control hght L is lnCIdent the res:stance of the

' ,2_5 a-Si becomes about 0.01 MQ Therefore the reSIstance of the a-Si
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surround the driving el ectrode 2210 in the sane manner as the el ectrode
2205. 15 A power supply 2209 is connected at one of its electrodes to the
transparent el ectrode 2202 and at the other electrode to the el ectrode
2205. Therefore, the power supply 2209 applies a predeterm ned voltage

bet ween the transparent el ectrode 2202 and the el ectrode 2205. The novabl e
mrror 2108 and a support 2206 that novably supports the 20 novable mrror
2108 are for nsxfinohe changeddarroteng®@25m TheuhBvHbME toriaboot 100080can be nade
of the conductive substance such as alumnum (Al). The support 2206 is
made of a conducti varfinsxidiirg layer @20 isdormedomdtied cued edtadty canadtler i al
(such as a netal spring). Because the support 1206 has conductivity, the

novabl e ni rropo2fios 2293andk bbetien extlueiey 2205 sabetadtidiyecemarng spehenti al
t hrough the support 74 2206. A resistor portion 2220 is provided between

the driving elsaed f@@pﬁt@éﬁn@@é’cﬁr‘i‘iﬁu@' eqidrc&(%rﬁﬁl%{h@%@%l&%htbé’ﬁs@d fohe

whol e of the resistor portion 2220, a nenber nade of I gh-resi stance

mat er i al 555U@ﬁ'eﬁ§sl.ﬁ§ﬁh$”%§értme A8 eggbﬁade%z% sV GRMnGE used. The

resi stance of the resis portion 2 I's any val u range between

e LT I A, R s aSE e BGERIERAAY
Do oo R R IR 5o A | TEn B M0 B Y 19
to the drivi ngriﬂn%céliag?r%d%22l2o1 Oaggntb%em%d%(:ct:frgocl;%ndaczzg\?e substance such as
aluminum (Al). When the electrode 2205 and the drlvmg electrode
10 2210 are viewed from the side of the movable mirror 2108, as shown in
Fig. 22, the electrode 2205 is arranged so as to surround the driving
| electrode 2210. The insulating layer 2204 is also arranged so as to
surround the driving electrode 2210 in the same manner as the
electrode 2205.
15 , A power supply 2209 is connected at one of its' electrodes to the
transparent electrode 2202 and at the other electrode to the electrode
'2_205. Therefore, the power supply 2209 applies a prédetermined
voltage be.tw'reen the transparent'e[ectrode 2202 and the electrode 2205;
| - The movable mirror 2108 and a suppbrt 2206 that mdvably supports the
20 m_ovabl'e mirror 2108 are formed on the electrode 2205. The movable
| 'm[rror 2108 can be made of the conductive substance such as
alummum (AI) . The support 2206 is made of a conductive flexible
_m_aterlal ora conductive_elastic material (such a‘é a metal spring).
-._Bécau_se the support 1206 -has cond_uctivity, the movable mirror 2108 =

S _25' and _the_elect.rode'2205 are at the same potential through the support |
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As expl ai ned above, the el ectrode 2205 has the sane potential as that of
the novable mirror 2108 through the support 2206. Based 15 on this, the
driving electrode 2210 and the novable mirror 2108 are electrically
connected to each other through the resistor portion 2220. It is noted
that the insulating |ayer 2204 and the resistor portion 2220 can be nmade
of SiM2. If the Si02 is used for both the insulating |ayer 2204 and the
resi stor porti%%'p@ZZO, they can be integrally forned, 20 which all ows
reduction in the nunber of conponents. The position of the resistor portion
2220 is not |imtedA tegisier pooken 222 Obistmiowtachketywvre s tieedbvinghe square of
the driving electrode 2210 and the electrode 2205 if it is a position
wher e the resigdedrogofilorand® ffdelsmirdue P20OSedAsm phe off onthegvkblecefr ode
2210 and the el ectrode 25 2205. For exanple, as shown in Fig. 23 and Fig.

24, a resi stothpoesistur poibioA42Z20vey member argrRdos e Hghiresietaimndedetial f our
sides of the square of the driving electrode 2210. In this case also, the

driving el gct 508R as?BdQumnitanage CBYAAIS, @iogpénalzqib Qanaik QB4 CalThy
controll ed novable mrror device 2400 can be electrically connected to

each ot her thg i I [ nl.aj in the
resi stor port irgﬁggéznf%, 6%%‘%5&%&0 Eﬁ) 6’? Egagr%lé\?/a?’ #g@%llug)é? r%%Z?%ﬂgﬁedj ![ he

el ect 1 ode, 220m @ tini HYAARE L Lhg HICLSRNBEOfeDRLE8N 3720 can be

adj ust ed by changi ng osrtron and - the 'srze © he resistor portion
2220 | e IS RS Ao MR MR el
according 1o Lhg mbsEbal ool S in' 3 Shn BAdaN 022 2 SHIRE B SaRELFC! O
10  the driving electrode 2210 and the electrode 2205, The resistor
portion 2220 is bonded to the driving efectrode 2210 and the electrode
2205. |
| As explained above, the electrode 2205 has the same potential
. as that of the movabie mirror.2108_ through the support 2206. Based
15 . on this, the driving electrode 2210 and the movable mirror 2108 are
,electricélly conn_ected to each other through the resistor portion 2220. |
1t is noted that- the insulating layer 2204 and the reé_istor portion 2220
| can be made of Si0,. if the’SiOz 'is used for both the insulating layer
2204 and the reéisto_r portion 2220, théy can be intégrally formed,.
20 which allows reduction in the number of components.
| The position of the resistor portion 2220 is nét limited torthe |
- positioh between thé one srjde of the square of the driving elﬁectrode.'_.
. .2210 andrthe e'lectro:clie 2_205 if it is é pOsition.whe're' the resistor pdrtion
" 2220 can be bonded to the driving electrode 2210 and the electrode

25 2205. For example,'as"s'how'n' in Fig. 23 and_Fig. 24, a resistor-port'ioh" .
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of the resistor portion 2220 and of the material for the resistor portion
2220 allows the resistance of the resistor portion 2220 to obtain a 15
desired value. Referring back to Fig. 20, the power supply 2209 applies a
predet er mi ned vol t age between the transparent el ectrode 2202 and the
movabl e mrror 2108. Therefore, the configuration of the novable mrror
devi ce 2200 is uivalent to an electric circuit in which the 20 driving
el ectrode 221P4AAHMADAGIANIEF AsrtobmBonded dp dewr piglgs|qf thesa@seed to
each other. The conductivity variable portion 2203 can be replaced with a
conponent i n VHitBA Hiiapaledtndecz2afd 4An Vhisi easiecalspethes dovingielgctroder anged
in parallel in an electric circuit as shown in Fig. .21. The resistor
portion-2220 iZ2H0epnc kel mvvable nciorgraiiddt of anwiptically @mtcdpdanbeable?2 and a
resistor R2 are arranged in parallel also in the 76 electric circuit of

Fig. 21. Ther efhioror,ddviee @d08dan be relectridaity c@na2@ted tf ekt otér thsough
equi valent to a resistance type voltage divider circuit as shown in Fig.

21. The coptr ¢he resistdrepdsrbivalli4pari rror device 2200 by the control 5 |ight
L is explained belowwith reference to Fig. 20 and Fig. 21. The novable

mrror 2108 is drivag dypianhedeissve NRdnk qesRtof B?rt@fﬁ?@%@,an %kﬁWh%?rbat | C

force (attracting force) according to a potentia ence ~between the
et od, 5 oo RSB cBRae IR Ao B ABBof O e FALARRERIELC,
b AUt R R e AL ST
intensity of {hréesﬁleec?ft t?)gsrte%}sitgr Lgltt?oen 5258% ﬂggeggary. Theréfore, the
10  position and the area where the resistor portion 2220 is provided are
| desirably changed, if necessary, according to the material of the
resistor portion 2220. Suitable selection of the position and the area
of the resistor pbrtion 2220 and of the material for the resistor portion
| 2220 allows the resistance of the resistor porfion 2220 to obtain a |
15 desired value.
‘Referring back to Fig. 20, the power supply 2209 applies a
predetermined voltage between the transpareh‘t-electrode 2202 and the
_ movablé mir.ror 2108. Therefore, the _configura-tion of the movable
mirror device _2200 is equivélenf to an e‘_lectric circuit in which the
| 20 -driving electrode 2210 énd the fnbvab!e mirror 2108 are electrically
| _Connected to_each other. The cﬁonductivity variable portion 22073 can
be rep[ace"d‘with a component in which a capacitor C1 and avvariable :
resistor R1. are arranged in parél'lel in aﬁ electric circuit as shown _injFiQ.
21.. ‘_'I.'he reéistor portion 2220 ri_s réplac_e‘d With a componenf in which a

25 capacitor C2 and a resistor R2 are arranged in parallel also in the

76



changing the voltage to be applied to the resistor portion 2220. The
position of the novable mrror 2108 can be controlled by changing the 15
voltage to be applied to the resistor portion 2220. It is clear, based on
the resistance type voltage divider circuit as shown in Fig. 21, that the
voltage fromthe power supply 2209 is divided into a voltage to be applied
to the resistor portion 2220 and a_voltage to be applied to the
conductivity \%‘?&gﬁl%r%'btr‘?ﬁ fig. 2403. Thayefoies éhe regvakye anigogideyiesma200

resi stance of the conductivity variable portion 2203, the voltage to be
appl i ed to t h@fFégi20 iy epuivailant te22oesistandsetyprarmjge divelerasecuihas e t he

control light L fromthe control-light optical system 2130 is not nade
i nci dent on tlséownaindpigr 8t el ectrode 2202 is first explained bel ow. 25
When the control light L is not made incident on the transparent 77

el ectrode 2202, theTkéewntiotdbr thRshiivaidie ntifror e vicengRed byi thy otidbl e
portion 2203 becones the nmaxi num Wen the resistance of the conductivity

vari abl e port light L293xpRaihE@ bERl AR réferOhsaes F‘i@._:ﬁ?ana@ﬂgi od_t qhche
conductivity variable portion 2203 beconmes the maxi num5 value. On the

oLner hand, ApyABld 1ot 0100 SUBN B0k DrLBE NS BrceD 1 8 R2D Decor
b 200 BRcBLERTAEL (A dd RUETBRESEARS 1y OSBRI ERBR St
2200 | o e R RL e EaBor TRE OBt Al B a0
substantiall yefpa}é%leldeellbg\?e,tt S r%ls?‘ssttsar|Salcjatr)t?(§nr %E?g_ozig %%ov-i%gdsbheotmeinnthlzei 9. .20.
10 driving electrode 2210 and the movéble mirror 2108. Therefore, the
| electrostatic force F is generated by applying a voltage to the resistor
'portion 2220. The intensity of the electroét_atic force F changes by
changing the voltage to be applied to the resistor portion 2220. Thé
position of the movable mirror 2108 can be controlled by changing the
15 voltage to be applied to the resistor portion 2220.
) Itis clear, based on the resistance type voltage divider circuit as .
shown in Fig. 21, that the voltage from the power supply 2209 is
div'ided into a voltage to be applied to the reéistor portion 2220 and é
voitage to be applied to the Conduqtivity variable po_rtion 2203.
20 Therefore, by chang_iné thé resistance of the conductivity variable
- portion 2'2(_)3', the voltage .to- be.aAp-plied to the resistor portion 2220 can
be ‘.ch'anged. " The case where 'thc_e control light L from the control-light
‘optical systém 21'_30 is not made -inciident on the transpa.rent_ eiectrode_-
- 2202 is first explained below. |

_25' o ' When the control light L is not' made incident on the transrparent
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The case where the control light L wth the intensity nodul ated according
to an image signal is nmade incident on the transparent 15 el ectrode 2202 is
expl ai ned below. If the control light L is nade incident on the :
transparent el ectrode 2202, electrical resistance at a portion of the
conductivity variable portion 2203 decreases according to the anmount of
the control light, L. portion . is bonded to the transparent .e] ectrode
2202, Nore sp&drsiads Eg,ﬁ% & plEptiFal B3 sHanss of dbe soaabelney vRasole
conductivi-ty varjabl e %ortion 2203 changes tends to spread over its

peri phery fromCatiPn ge03ihecamaatbe masnuen Vihen dpwresisiancetithe intensity
and the illumnation tine of Iight. The nodul ator 2104 scans the control
light L at hi gandpetdtly sadablecpeions2202 s the maximoem,raveltag dedet novabl e
mrrors 2108. Therefore, it is assuned that 25 the resistance changes only
in the vicini @ppbedttbéhaneaductividy tiaciabtnpodion 2308 ibgttonties thd Maximoat ed.
The voltage applied to the conductivity variable portion 2203 decreases

wi th reducti onalue.t Bnitkeictheneandf tHdeokans te bievapMisthtd &Y eesigtort i on
2203. The voltage applied to the resistor portion 2220 5 increases with the

decrease in thertisn DAY baRIMES tH ntiRRn GRNERIGE tNIdugh YerkageuRidient | oy 2203
because of the change in balance of the voltages in the voltage division.

Since the reskgb@iv&l 9hot ,etfﬁée)gﬁlb'ﬁérit‘gml iis‘étﬂgai o%o?ﬂ%tﬂéﬁbl%é‘ﬂténf%ﬁg es

according to the anount of t contr avi ng passe t he

cont ol 11gnt e T desRe phRT, WG PRl 1985 F o Rbghine

e hoor B L abuPARGEET (RRRE PR B g @
10  electrostatic force F is not generated at all, the movable mirror 2108 is
positioned. $0 as to be substantially parallel to the glass substrate 2201
as shown in Fig. 20. |
The case where the control light L with the intensity modulated
according to an i_rhage signal is made incident on the transparent
15  electrode .2202 is explained below. If the control light L is made.
incident on the transparent electrode 2202, electrical resistance ét a
‘portion of the conductivity variabte portion 2203 decreases according to
the amount of the control !Igh£ L.  The portion is bonded to the
'transparent electrbde 2202. More specifically, an area where the
: - 20 resistance of the cbndudtivity \'f.ariable portion 2203 changes te_nds to
| .sp'read over its periphery from a .[i-ght iIIurﬁinated position in proportion
to the intensity and the illumination time of light. The modulator 2104
- scans the control light L at high speed, and thereby sequentially |
controls adjac_:eﬁt moQabIe mi'r,rors"2108. Therefo're, it is assum_e.d that

' 25 the resistance changes only in the vicinity of the ‘area where the conitrol
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applied to the resistor portion 2220. If the voltage to be applied to the
resi stor portion 2220 is such 15 that electrostatic force F is generated
and the electrostatic force causes the support 2206 to warp, the novable
mrror 2108 noves toward the driving electrode 2210 by the warp of the
support 2206. The novable mrror 2108 can be in any positional state
according to the magnitude of the electrostatic force F. As explained
above, the 20 ligh§hiisutieminatede el ectrostatic force F changes
correspondingly to the nmagnitude of the voltage applied to the resistor
portion 2220. The \tiletagtagppppbddtothdeondgcttvity vadableopo2@202265 be nade
to change according to an inmage signal by the control light L. Therefore,

i nci dence of tdeersasyy ofithl jeghictibn iafthehiesizt anes BF the corGuomdy wdtbie
according to the image signal, on the transparent electrode 79 2202 all ows

the positionalpestich 2208, thﬁqmuﬂ%@arﬂslpméerto%ﬁe&ets%tsh?aaﬁm pgg@rding to the
| mge signal. The controller 2112 controls the novable mrror devices 2200

by synchr ogi Z'nﬂﬂeé?@s %’cl‘}f_&@ﬁefc%s@aﬂnvl%@;\/og[%dé Qppﬁ%&%w BFI t\;/%ﬂﬂg ation

of the control lig contr ol e respec l'i ght,

dovi ces 3200, TnAP RopFitdP250p beEAEERA RBIArEE DPrishi STHE SeTePbhne of

' t t th bl 1 I 210 dt d
ol ect r ode 2218*“&%3&@6%%’8 Yplolt: onnep 1B desisrenss ohaig endioiblr "So
bet ween the dri vi n ctr ge 2210 and the novable mrror 2108, V\:hl ch
| eads to a st %#ed [? é) @3 cBeHAEE ascPrrdtesenamoyakghthe control

uncontrol | abl ¢ because |t may remai n contacting the dr|V|ng el ectrode
light L having passéd through the transparent electrode 2202, a voltage

10 _ according to the amount of the control light L is also applied to the
resistor portion 2220. Since the amount of the control light L changes
according to an image signal, a voltage according to the image signal is
applied to the resistor portion 2220.

If the voltage to be appiiéd to the resistor portion 2220 is such

15 that electrostatic force F is generated and the electrostatic force
causes the support 2206 to warp, the movable mirrdr 2108 moves

| toWafd the driving electrode 2210 by the warp of the support 2206.

The movable mirror 2108 can be in any positional state according to

the magnitude .of the e[ectros.t-atic force F; As explained above, fhe
20 - magnitude of the electr'ostétic‘fbrce F changes. correspondingly to fhe
'magnitude of the vottage .applied to the resistor portion 2220. The --

' rvpftage applied to6 the resistor portion 2220 cah be made to change
- according to ah image sig_naf by the control light L. |

- Therefore, incidence of the control light L, of which émou_nt is -

25  modulated according to the image signal, on the transparent electrode

79



2210. Therefore, it is necessary to use any flexible nenber for the

support 2206 so that the novable mrror 2108 and the driving el ectrode 15
2210 do not conme in contact with each other when the electrostatic force F
becomes the maxi num Alternatively, the novable mrror 2108 may be _
contactabie wth the el ect r_ode 2205 when the tilt of the novable mrror
2108 becones t%gﬂﬁ y the electrostatic force F. 20 _Since'the

novabl e mirror gligwg t ﬁ@@l‘%’ﬁf'&d@teﬂf)@%mﬁé’abﬂﬁrwapf?mﬁéos(ii‘r?éﬂge
potential, they may not be energized or charged if being in contact with
each other. THRAEIAING topkpenimags aignahemTha cardraltert2 Miztcondeadsitoe her, it is
possible to prevent the novable mrror 2108 and the driving el ectrode 2210
f rom bei ng i n reeviaklet mitrehdedchs 2206t nesyaolraroziagdhd drive effthengalobhabl e
state of the novable mrror 2108. 80 Furthernore, if the driving el ectrode

2210 and the mowvedr 2118tand ¢he 2d6ulatienalfanerdaratdifighennedtirdcaitral Jghtt i on
other than the portion that is energized through the resistor portion

2220, a posentl fr thdirkbpeees RS thd' G hghﬁrhﬁdTﬁfQ.eBsiIg@ﬂ% stanfgd odeger at ed
precisely 5 between the driving el ectrode 2210 and the novable mrror 2108.

If the potenigiagh @hthé%eogere'ﬁlrr@rds Resai A éﬁd ggbrc@her %ééf‘ﬁg'.& to

perform preC|se control for the nova Ie m rror ore; the

i nsul ati ng W&Ier?%zé)ﬁfé@qw WhAsd 4 eo g rgg_héggrevent el ectrical 5108

connection betwee rorving electr and the novable mrror

3920 ke, 51" dep R iebCER G B BB A0 SRTbRR RBPRL hovani e
mrror devr Cee%c?rocfehfﬁ% %%ngé energlza¥|%%|c3er éTI]ercEr?c,ra!dc%arges to occur
10 | between the driving electrode 2210 and the movable mirror 2108, which
I.eads to a state in which the movable mirror 2108 may become
uncontrollable because it may remain contacting the driving electrode
-2210. Therefore, it is necessary to use any flexible member for the
support 2206 so that the movable mirror 2108 and the driving electrode
15. 2210 do not come in contact witﬁ each other when the electrostatic
. force F becomes the maximum. Alternatively, the movable mirror 2108
| “may be contactable with the electrode 2205 when the tilt of the
_mor/able mirror 2108 becomes the maximum by fhe electrostetic force
F |
- 20 - Since the movable mirror 2108 and the electrode 22035 have
mutually the same potential,'they 'may not be energized or charged if
being in contact with each othe-r Therefore by bringing them in
contact with each other it is possrble to prevent the movable mirror
2108 and the driving electrode 2210 from being m contact with each

25 other and to avoid the uncontrollable state of the movable mirror 2108,

80



2900") as a conparison with the present invention. In the novable mrror
devi ce 2900, the sane reference signs are assigned to the sane 15 portions
as those in the novable mrror device 2200 of Fig. 20, and expl anation
thereof is omtted. As shown in Fig. 31, the resistor portion 2220 is not
provi ded between the driving electrode 2210 and the novable mrror 2108
but the insulating | ayer 2204 is provided. Therefore, the driving

el ectrode 2210 and ﬁ@hﬁﬁﬂ‘@tﬁﬁelfrﬁherctfrVIlzg(%e@r@d@GZéDandihea!mwabiml ated
fromeach other. Fig. 32 depicts an electric circuit equivalent to an

el ectrical conment2 8 are elkeetniosiabtenntctedr atde pioctto 296k thha thenductivity
vari abl e portion 2203 can be replaced with a conponent in which a

capaci tor C5 gudtian thaf @hdreergpeistinbulh theaesRoepd RO PR Ablogéntia) the 25
electric circuit of Fig. 32. As explalned above, the driving electrode 81

2210 and the r¥éRIngeddopdin %%ﬁﬁrﬁagbeé-‘.@hap@' ot Otjéﬁférﬁfé%dpréd?sélg case,

It can be regarded that the driving electifode 2210 and the novable mrror

2108 may Dbg C%W?éﬁ@hé"'c{‘rﬂ: ity BRI zng\eenﬁ‘f ﬁt}b%h?é‘ﬁﬁﬁb $1paf iy te

resi stance. Thererore, the connection riving €lect rode 2210
and he Tovebige 5410 4888 A STABSHLL KIS ESREDEID il 1.2,
o Tror devt cePlf8E 3phfloyror B FEOARln bifief 2 07, THARRr Sl O § age
var i abl e por t |5 2285 Fprodidetto (b NscVais BREbRORDPCPE RENER mae
' ncident on t rﬂt% élrrl\?lrr%?;pee}ggtr}ode 2210 and the movable mirror 2108 at any portion
10 other than the portion through the resistor portion 2220.
Fig. 31 depicts the configuration of an optically controlle.d
movable mirror device 2900 (hereinafter, ."a'movab!e mirror device
2900") as a comparison with the present invention. In. the movable
mirror device 2900, the safne reference signs are assigned to the same
15 portions as thoée in the m'ov'able mirror device 2200 of Fig. 20, and
_ 'expianation thereof ié omitted. As shown in Fig. 31, the resistor
portion 2220 is not provided between the driving 'ele-ctrode_2210 and .
- the movable mirror 2108 but the insulating Iéyer 2204 is provided.
_'Thereforé, the driv.ing el_éctrode 2210 and the movable mirror 2108 are .
20  electrically isolated from each other.
- Fig. 32 depicts an eléctric circuit equivalent to an el_ectri'ca[j
connection in the movable mirror dévice 2900. The conductivity
‘variable porti.on 2203 can ber replaced with a component in which a
' -cap:a'citor C5 énd a variable”resist'or R5 .are- connected in parallel in_the' ]

. 25 'électrié circuit of Fig. 32. As explained above, the driving electrode
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el ectrode 2202, and the resistance thereof Is set to 100 M52 when t he
control light L is not nade incident on the transparent el ectrode 2202. 15
As expl ai ned above, the resistance of the resistor between the driving

el ectrode 2210 and the novable mrror 2108 is virtually infinite.
Therefore, the resistance of the resistor between the two is set to 100
G52 for conveni ence in explanation. The voltage fromthe power supply 2209
i s divided i nt2@218 aud (e myable neraiphlQgedre elechiécadnigatatedi t yn daisi abl e
portion 2203 and a voltage to be applied between the driving el ectrode
2210 and the casealilcannie regaic@Bihadtlike driving efdatiaddd R2Bho andi thenade
incident on the transparent el ectrode 2202, the resistance of the

conductivity wasvaé enirmer2 08 madlte iconfebtedMyith@rddistoptRaindiand, the
resi stance between 25 the driving electrode 2210 and the novable mrror

2108 is 100 Cggbstadliafy snimitd Radistand. t apReffOHd, tRE RANBELISHRtWe8R09 to be
applied between the driving electrode 2210 and the novable mrror 2108 is,

for examse. iyl SlectrBabld APANUIAL MBFaPRRIGUPPOY cafk 1 1 Lhis case

is divided at a, ratio of a resistance of the conductrvity variable portion

52203 Lo ¢ "ealstapsmbE RIS, KA, Sheskigresplos g bergmvall

mrror 2108. vol tage to be applied [ .
and the movaok gyt Sedbibeld iR LB EE AR HiSaqbRb i rahe L o
99, 99995 vol t INETBE, JERGORSBUS AR ANe FRbtAYIoMarorei s 88069and ¢ he
movable m rror1 izslggijivaleﬁt to a resistance type voltage divider circuit as shown in
10  Fig. 32.
The resistance of the cohductivity variable portion 2203 is set to
'0.01 MQ when the control light L is made incident on the transparent
electrode 2202, and the resistance thereof is set to 100 MG when the
control light L is not made incident on the transparent electrode 2202.
15 As explained above, the resistance of the resistor between the driving
e.lectrode 2210 and the movable mirror 2108 is v.irtL.:aIIy infinite. . |
~Therefore, the resistance of the resistor between the two is set to 100'
GQ for_convéniencé in explanation.
| The vo'itage from the power supply 2209 is divided into a
20  voltage to be applied fo the cond.uctivity variable portion 2-203. and a
voiltage to be applied between. the driving electrodé 2210 and the
movable mirror 2108. When the control light L is made incident on the )
~transparent electrode ,22-02', the resistance of the conductivity variable
| portion 2203 is 0.01 MQ On the dther hand, the re_éista_nce betweeh

25 the driving electrode 2210 and the movable mirror 2108 is 100 GQ.
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When the control light L is not nmade incident on the transparent electrode
2202, the resistance of the conductivity variable portion 2203 15 is 100
M52. If the voltage fromthe power supply 2209 to be applied between the
transparent el ectrode 2202 and the novable mrror 2108 is 100 volts, a
voltage to be applied between the driving el ectrode 2210 and the novabl e
mrror 2108 is calculated in the sane manner as that when the control

light L is naddSsuiaedbat aveltege frenmibisar ewer stpplyrda tobe 2ppHed100 Gn/ (100
GE2+100. Mb2) x100 V_99.9 V Therefore, when the control light L is not nade

i nci dent t her dstyeea t]het(mmngle[elu:tfroéeéﬂdﬁ aid Hooutovadl® nvioddr 2108 igefoar at ed
between the driving electrode 2210 and the. novable mrror 2108. 25 As

expl ai ned abowxantie, poDantlisal Alivbitayerfesmbpbvraret igpslyi2dowin 18& e4est r ode
2210 and the novable mrror 2108 changes only in a range from about 99.9

vol ts to aboutis AiQ89W vedticSof AhesMAnEd behé Boﬁﬂ'ﬁct[\ﬂﬁf\%ﬁé@lb prtibgr ence

bet ween the two can be calculated by the following calculating fornuta. 5

29 90000 EPOR0¥D HISRN e Y RIS ERMIHE PRKEENAYREL Y 2200 1o

be applied is 100 volts e variationn't otenti erence between
the d | I I't.
o s g S DS, e EYGRE OB EEBledbMub By AR 15,

oL e o P aLY SHOR Be e B A AR R P2
The novabl e ”¥otfo%nSec‘éH&‘,ﬁa?%g%?r%m rols the el ectrost at ic force .
100 GQ/(100 GQ+0.01 MQ)x100 V=99.99999 V
- 10 Therefore, the incidenée of.the control light L cau.sés a potential
difference of about 99.99999 volts to be generated between the driving |
electrode 2210 and the movable mirror 2108. |
When the _control light L is not made incident on the transparent
electr_ode 2202, the resistance of the conductivity variable portion 2203
15 is 100 MQ. If the voltage frorh the power supply 2209 to be applied
between the transparent e!ectrode 2202 and the movable mirror 2108 is
100 vo!ts a voftage to be applied between the driving electrode 2210
and the movable mirror 2108 is calculated in the same manner as that
‘when the control light L is made incident on the trénsparent electrode-
20 2202. | |
100 GQ/(100 GQ+1 00 MQ)x100 V=99.9 V
| : | Tﬁerefore, when the control light L is not made incident thereoh,
a pdte_nti_él difference of about 99.9 vo‘l‘ts is generated bétween the
- driving electfode:22.10 and the movable mirror 2108.

25 _As_explained above, the potential difference between the driving
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F generated caused by the potential difference between the driving

el ectrode 2210 and the novable mrror 2108, and drives the novable 15
mrror 2108. If the variation in the potential difference between the
driving el ectrode 2210 and the novable mirror 2108 is only 0.1 volt, the
el ectrostatic force F generated when the amount of the control light L is
the maximumis also a small amount. The smal |- anpbunt of the el ectrostatic
force F gener dlgatreds el Ssangthenszovahleaniriar 2id&phangenoniyrinog r21g9s. 1f a
vari abl e range of the potential difference between the driving electrode
2210 and the rvaREEUHIL.BVols(8 dlkows0SAEPRYamitsabdite Gardatian in trenl y t he
I nci dence of the small anpbunt of control light L causes the potential '

di fference betpedentialhdiffdrensenpetveen tiveltwd2th badakulated puedkslowingor
2108 to change largely within the variable range. 84 At this tine, If the

potential diffeal@iagnpédbmeenm. the two changes largely in the variable range
only by slightly changing the anount of the control light L, it is

difficult so controbgtdusyeymusmd gof=phozanyrol light L so as to nove the

novable mrror 2108 to a desired position. 5 For exanple, there i's a case

where the movabhén thé \Bltadd HorhIneBileel SugRY 30 & BANHHIRA Bdh volts, .

substantially mddle bet at'e Where the nova

substant 2l Y uhayBhbRhn i i 05 LTS PR SRR Bt dbbeslioe (°
R T Ry R S A
difficult to make the novable mrror 2108 nove to the substantially mddle
position. In ® ghbvalie-conrespending to 0.1% of the voltage from the power

10 supply 2209 can be set to the variation in the potential difference
between the driving electrode.2210 énd the movable mirror 2108.
The movable mirror device 2900 controls the electrostatic force
F generated c_aused by the potenfial difference between the driving
electrode 2210 and the movable mirror 2108, and drives the movable
15 rhirror 2108. If the vafiation in the potential differénce between the
driVing electrode 2210 .and_ the movable mirror 2108 is only 0.1 volt, the
el_ec’trosfatic force F generatéd when the amount of the control light L is
the maxim‘um' is.also a smail amount. The small amount of the
~ electrostatic force F generated cannot sometimes drive the movable
20 mifror 2108. |
If a variéble range of the. potential differen'c‘:e. between the
driving electrode 2210 and the movable mirror '2l108 is as small as:
ab,out 0.1 volt,f only the_-in'ci.dence of the sm'all amount of control light L
causes the potential differe-nc'e bétwee_n the driving electrode 2210 and

- 25 the movable mirror 2108 to change largely within the variable range.
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device 2900 of Fig. 31, it may be difficult to precisely control the
novabl e mrror 2108 according to an imge signal. 15 The novable mrror
device 2900 of Fig. 31 is configured to electrically isolate the driving
el ectrode 2210 fromthe novable mrror 2108. On the other hand, as shown
in Fig. 20, the novable mrror device 2200 is configured to provide the
resistor portigon, 2220 having a predeterm ned resistance between the
driving el ect r“otﬁél'Szfzmafn@et petesbiakgiiieacaibatyeen 1bg twonghagasalgssely be
applied to the resistor portion 2220 indicates the voltage to be applied
bet ween the drif Vi@ yasipbla ratge opby stightthehapging theremonnt 21 oee cwng'ol
resistance R, of the resistor portion 2220 is any value in a range between
t he m ni num r dighétaitde difficuitrto cdrdrofedberamonesostiencentRBl laghttlheo as to
conductivity variable portion 25 2203. Fromthis the follow ng equations

(3), (4), andni®je thd chdvabde midorR1SRcto Rideskd Rsifform 1 (where 0<nx_1)
(4) Rc:RO=n:1 (where 0O<n<_1) (5) It is noted that the conductivity

variabl e pgrtion 2203 BREmiphe, MMM cdsd fFleté INE nSlaMBeRiridi2 108t Of
the control light L made incident on the transparent el ectrode 2202 is the

maxi mum  Fur t hedge id“ﬁlov%%dé'?g:sﬁfdﬂavéréﬁ%ﬁntl?éﬂ RAG1RAPRwWeas 4 Reytgaxi mum

resi stance RD when the cont Ight L 1s not de 1 ncident on the

transparent gheet tRES A2 e rﬂyﬁgﬁo%’%é Mfn g{t@é&hhﬁ}l?%\%éﬂeﬁl{gﬁb?iQ@Ig%)y 'n

this case is divided at  a ra a resistance o e con
¥ﬁ;ir 2? L?el?oir ]E 5?[2%@%%?%@%% L grae %I{a?tteavvﬁgreR&eoifn otvre]l%ler (r:"nsilifrsétr % O%Ofrsti}t We 222.0"
closest to the driving electrpde 2210. If the movable mirror 2108 is in
10 the closest to the driving electrode 2210 only by the incidence of the
slight amount of control light L, it is difficult to make the movable mirror
2108 move to the substantially middle position. In the movable mirror
device 2900 of Fig. 31, it may be difficult to precisely control the
movable mirror 2108 according. to an image signal.
15 The movab!.e mirror device 2900 of Fig. 31 is configured to
electrically isolate the driving electrode 2210 from the movable mirror
2108. On the other hand, as shown in Fig. 20, the movable mirror
device 2200 is configured to provide the resistor portion 222C having a
predetermined re_siéta—nce between the dri.ving electrode 2210 and the
'.20 _ movable mirror_2_108. The voltége to be applied to the resistor porﬁon
2220 indicrates the voltage to be applied be_tw.'een the driving electrode
2210 and the'movab!e_rriirror,2108. The resistance R. of the resistor
' porﬁon 2220 is any value in a range betweén the minimum resiétance '_
RL and fche maximu-m fes'istar_ace _RD of the cond.u'cti.vity variable portion

25 2203, From this the following equations (3), (4), and (5) hold true.
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Rc of the resistor portion 2220 is a central value as a ratio between the
m ni mum resi stance RL and the nmaxi mum resi stance RD of the 15 conductivity
vari abl e portion 2203, the variation in voltage to be applied between the
driving el ectrode 2210 and the novable mrror 2108 can be made nmaxi mum
Here, the expression that the resistance RC of the resistor portion 2220
is the central value indicates that a ratio between the m ninumresistance .
RL and the resistante<ResR® equal to 20 a ratio between the resist@\ce RC
and the maxi mumresi stance RD. Wen the resistance RCis a central value
as a ratio between RiHecwinni fwherefi<st<ijce RL and t he maxi num resi{g)ance RD
of the- conductivity variable portion 2203, nmen=k (where 0O<k< 1) is

substituted in equiiRp~04) (vinereeQuation (5), and the follow ng qguations
(6) and (7) 25 hold true. 86 RL: Rc=k:1 (6) Rc: Ro=k:1 (7) Equation (2)

can be derived Ermotedqhat tn cohluamdtyedsaiblemdrion 238F RV tRPYAihu?) The

variation in-voltage to be applied between the driving electrode 2210 and

the novablg nrégiefandtOR, Mﬁ\@%m@hﬂﬁﬁlttb?'tﬁevcohﬁoltllQh?_Lcrﬁﬁ?% lﬁrﬂﬁﬁﬁﬁﬁhs" ance

Rc of the resistor portion 2220 satisfies th ation ol -l owi ngs

ar e expl ai nedyhgaptherditd BURRAQ SR RLARSABImOh t happndyel Lvi ty

vari abl e portion e maXl num'resi stahce RD thereof is

100 M). By _suBRdhdalily e Retd ¥R 2565 ROS IR AYBan fin' BGisPaas RO (2)-
when the control light L is not made incident on the transparent |
electrode 2202. |

10 A voltage from the power supply 2209 in this case is divided at
a ratio of a resistance of the eonductivity variable portion 2203 to a
resistance Rc of the resistor portion 2220. Therefore, if the resistance
Rc of the resistor portion 2220 is a central value as a ratio between the
minimum resistance R| and the maximum resistance Rp of t-he
.15 conductivity variable portion 2203, the variation in voltage to be applied
between the driving electrode 2210 and the movable mirror 2108 can
be. made maximum. Here, the expreseion that the resistance RC of
the resistor portion'2220_ i.s the eentral value indicates that a ratio
| between the minimum resistance .RL and the resistance RC is equal to
20 a retio between the resistance RC and the fnaximum resistance RD.
When the resistance RC is a centrai value as a ratio between
the mmlmum res:stance RL and the maximum resmtance RD of the
conductlwty vanable portlon 2203, m=n=k (where 0<k<1) is substltuted |
7_ in equat[on (4) and equatlon (5) and the followmg equatlons (6) and (7)

25 hold true.
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Assune that the voltage by the power supply 2209 to be applied between the
transparent el ectrode 2202 and the novable mrror 2108 is 15 100 volts. As
expl ai ned above, the voltage fromthe power supply 2209 is divided at the
rati o of the resistance of the conductivity variable portion 2203 to the
resi stance Rc of the resistor portion 2220. Therefore, when the resistance
of the conductivity variable portion 2203 is 20 m ni mum val ue RL=0.01 MQ by
causi ng the control RilBbekll to be incident on the transparent el e@)rode
2202, the voltage. to be applied to the resistor portion 2220 is cal cul ated
by the follow ng calRwiRgekrig formula. Rc/(RC+RL) xI OO V=1 MY (1 MOHF)01

M52) x100 Va99.01 V Wien the resistance of the conductivity variable

portion 2203 iByuadfo iRRHIAMR: Rt rRRYSTrog ég@aﬁ@rﬁ"{ﬁphndj'eﬁhfatibnfl?% to be '
incident on the 87 transparent el ectrode 2202, the voltage to be applied to
the resistor porti m#ﬁgQRi[gw@al cul ated by the sane cal culating fornula as
that when the control light 'L is nade incident on the transparent

el ectrode 2202. Rc/‘g +RD) x100 V=1 M52/ (1 MsS2+100 MS1)x100 Va0.99 V 5 The
variation in the poténtial difference between the driving electrode 2210

Formi s, 9601 V-0, 58e0EBEsS) WG B b3 bt hefvasdh LEHREne "R Mg
Dt el 2200 ROy 108 BB Mt e e g et 00
R of the res ol OBl Pasistance Bo ot the resistor portion 2220 satisfies the
equation (2). The followings are explained when the minimum
10 resistance R, of the conductivity variable pbrtioh 2203 is 0.01 MQ and
o the maximum resistance Rp thereof is 100 MQ. By subst'ituting '
R.=0.01 MQ and Rp=100 MQ in the-equétion (2), Re=1MQ is calculated.
Assume that the voltage by fhe power supply 2209 to be applied
between the tfansparent electrode 2202 and the movable mirror 2108 is
16 100 volts. | | | |
| - As explained above, thé voitage frqm the power supply 2209 is
: divided at the ratio of the resistance of fhe con'd.ucti_vity variable portion
- . - 2203 to the resis_tancel Rc__of the resistor portion 2220. Therefore,
when the resistance of the conductivity variable portion 2203 is |
20 .minirhum value RL=O.O1MQ by causing the control light L to be incident
on the tranép.arent electrode 2202,_thelvo!tageto bé a'pplied to the
resistor portion 2220 is calculated by the following calculating formula.
- Re/(RC+RL)x100 V=1 MQ/(1 MQ+0.01 MQ)x100 V§99.01' Y
‘When the resistance of the conductivity variable pdrti'on 2203 is

25 Rop=100MQ by causing the control light L not to be incident on the
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t he equation (2), the variation in the potential difference between the
driving el ectrode 2210 and the novable mrror 2108 is about 98.02 15 volts
when the vol tage applied by the power supply 2209 is 100 volts. Therefore,
by using the resistor portion 2220 of which resistance Rc is specified
based on the equation (2), an anpbunt corresponding to about 98% of the

vol t age appll b t he u 209 can be set gs the wvarjation in
the potenti aI @F%ﬁ’bgle\é\g eﬁé%é gryatass 19 ke@npliedtotbe redisiend t he
novabl e mrror 2108 The variation in the potential difference between the
two becones PREUGRXZAGNSIRIeWated Dy Abe seene seiatlatine frenWa ashihat sdien or
portion 2220 using the equation (2). The variation in the potenti al

di fference beth@eantrotlightldecnads éwidsnt te thediagtspacentRelecfrota 2 2282.
resistor portion 2220 is apart further froma resistance Rc that satisfies

88 the equation (2)RcRRCv¥RD)aldONV=NMME1 WOtage NMoykeoamo.egl \bet ween t he
driving electrode 2210 and the novable mrror 2108 is explained below In

this case,5t h@her\mfaitoﬁrnnﬁtﬁacp@ﬂ‘enttzfaﬂ?dif@"bﬁh@rbdmfe@nqiﬁe@?\ﬂn?%ﬂé@tf‘dd—’é
RLURCSRD (3) At first, in the equation (3), when the resistance Rc of the

resi Stor portzgmo?a%pthé M va® 1T rgH B oBNear Bb'%mgté‘dw?tthé%l Sdingol ds
true. RL (8) Wiere RL:Rc=1:1, and therefore he equati on (4).

The varl at | ong4ia appl i'ed between the driving el ectrode 2210
and the novable H\Ia{r}r O@/Rghggsl s expl ai ned bel ow when the mni mum resistance

RL of the conductivid y,ward gghpqppbiypn 2203 is 0.01 My and the

Therefore, when the resistance is Rc=i MQ, the variation in the
10 potential difference between the driving electrode 2210 and the
movable mirror 2108 is about 98.02 volts.
~ If the resistance Rc of the"‘_resistor portion 2220 is specified by
-the equation (2), the variation in the potential difference bétween the -
driving electrode 2210 and the movable mirror 2108 is abou-t 98.02
n 15 volts when the voltage applied by the power supply 2209'is 100 volts.
Therefore, by using the _resi’_stor portion 2220 of which resistance Rc is
specified based on the equation (2), an amount corresponding to about- :
. 98% of the voltage applied by thé'power supply 2209 can be set as the
variation in the potential differ‘_ern-ce bétween the driving electrode 2210
20 and the movable mirror 2108. |
The variation in the poten_tié.l difference between the two
becomes the maximum by specifying the resistance R¢ of the resistor
' [:-)o.rtion 2220 using the equafion (2.).' Thg variation in the potentié[
diffe_rence' between the two decreases as the resistance hc of the

25 resistor portion 2220 is apart f'urther'from a resistance R that satisfies
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maxi mum r esi stance RD thereof is 100 MSS. Since the m ninumresistance RL
of the conductivity variable portion 2203 is 0.01 My, Rc=RL=0.01 MO from
the equation (8). Assune that the voltage applied between the transparent
el ectrode 2202 and the novable mrror 2108 is 100 volts by the power supply
2209. The voltage fromthe power supply 2209 is divided at the ratio of the
resi stance ofhe peuationdi@dti vity variable portion 2203 to the resistance of
the resistor portion 2220. Therefore, when the resistance of the

conductivity var Thbharigiior indhe R8Rsge & B afpitt béween taudiivigg eheetrodet r ol
light L to be incident on the transparent electrode 2202, the voltage to

be “appl i ed t22w%ndrtﬁéhﬁivﬁbleﬁﬁfrﬁdr9"i0§?@@ Oﬁlﬁlmﬁ'lﬂﬂ\@t BdnicesBetreo! | owi ng
calculating forrmula. Rc/(RC+RL)xI 00 V: 0.01 |\/Q)x100 V=50 V

89 When the F taﬁ@é‘ﬁeoﬁhﬁt‘{égﬁ?&%ﬁ@éﬁ ?%é%ggﬁgr{%gbl e portion 2203 is RD=1 00

MO by causi ng the con I'dent on the transparent

el ectrode 2202, H ﬁ F&}ige to be applied to the reS|st0é3 portion 2220 is
cal cul ated by t he | culating fornula as that when he control light L

is made incident on the transparent el ectrode 2202. Rc/(RC+R(r))x100
V=0. 01 MY (OAUfirsivin trenequition d8), whendhe vesisiance &d aftthe redistor pertipp2280i al

di fference between the driving 'el ectrode 2210 and the novable mrror 2108

can be cal cubahechiisnuniehé ddilommgequatioruirhbhis trdeor mul a. 50 V-0. 01 V=49. 99
V Therefore, when the resistance is Rc=0.01 M) the variation in the
potential differgpnge between the driving el ectrode 22183 nd t he novabl e
mrror 2108 is about 49.99 volts. Wen the resistance Rc of the resistor

portion 222Quhgrd RERIBY!1THAY tHbrefore, m=1 in the equation (4).
The variation in the voitage applied between the driving electrode 2210
and the movable mirror 2108 is explained below when the minimum:
resistance R, of the conductivity variablé portioﬁ 2203 is 0.01 MQ and the
maximum resistance Rp thereof is 100 MQ. Since the minimum resistance R.
of the conductivity variable portion 2203 is 0.01 MQ, Rc=R=0.01 MQ from the
equation (8). Assume that the voltage applied between the transparent
electrode 2202 and the movable mirror 2108 is 100 volits by the power supply
- 2209. The vdrtag'e from the power supply 2209 is divided at the ratio of thé .
resistance of the conductivity variable portion 22083 to the resistance of the
resistor portion 2220. Therefore, when the resistance of the conductivity
| variable portion 2203 is R.=0.01 MQ by causing the control light L to be
incident on the transparent eiec;trode 2202, the voltage to be applied to the
resistor portion 2220 is calculaied by the following calculating formuila.-

Re/(RC+RL)x100 V=0.01 MQ/(0.01 MQ+0.01 MQ)x100 V=60V -
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the equation (3), the following equation (9) holds true. Rc=Ro (9) \Where
RL: RD=1:1, and therefore, n=1 in the equation (5). Since the maxi num

resi stance Ro of the conductivity variable portion 2203 is 100 MO
Rc=RD=100 MO fromthe equation (9). The voltage fromthe power supply 2209
to be applied between the transparent el ectrode 2202 and t he novabl e
mrror 2108 is l1Whemthegesivtanicetdfithe esndilctivibevarfableportion @208iisi ty vari abl e
portion 2203 is RL=0.01 MR by causing the control light L to be incident

on the transpgaee0 Ms@lb@Cdaugﬁp tﬂé%ntrblh@hvglnbaﬂﬁbé i?rc%n%ﬁ'th@ﬂahébér@rﬂ

resistor portion 2220 is cul ated by4he follow ng cal cul ati ng formnul a.

Cesi st ance b EHEeE gt P té%ﬁ%%P@Wtﬁéﬁ%%ngﬁ%aé%g o by

causing the ¢ ntr L not to be_incident on the trans

choct rode 22680upfRd by heiapind GRlsuRHRG forBiviA 8 i whed top SOTBOPBIN Ldf 2220 i s
cal cul at ed by the sane cal culating fornula as that when the control |ight
L i s made i ndPgedncidentiandhe tiansparanhelesirode 2888. 2202.  Re/ (RCG+RD) x100 V=100
MD/ (100 MQ*+100 MQ x100 V=50 V The variation in the potential difference

bet ween the driviRg(RCeBD)otl) V22.00 MQF0I01eMmavabIMQ 100V=R.00& can be
calcul ated by the following 10 calculating fornmula. 99.99 V-50 V=49.99 V

Therefore, wigvaifiohds e paeRtialdifferened bmeéﬂgeggﬂ/ir@}élg&rﬁl(#b ﬁf*ﬂ)

potential difference between the two 1's abou
cauati on' (3 e DevAE i 2R A B gﬁ@ﬁ%técﬁ??ﬁﬁfgﬂéﬁ%bm%%‘ﬁdﬁ
formula.
50 V-0.01 V=4999 V
Therefore, when the resistance is R¢=0.01 MQ, the variation in the potential

difference between the driving electrode 2210 and the movabie mirror 2108 is

about 49.99 voits.

When the resistance Rc of the resistor portion 2220 is the maximum in
the equation (3), the following equation (9) holds true.
Rc=Rp ©)
Where R :Rp=1:1, and therefore, n=1 in the equation (5). Since the maximum
resistance Rp of the conductivity variable portion 2203 is 100 MQ, Rc=Rp=100
Mg from the equation (9). The voltage from the power supply 2209 to be
~ applied between the transparent electrode 2202 and the movable mirror 2108
is 100 volts. When the resistance of the conductivity variable portion 2203 is
- R.=0.01 MQ by causing the cont[ol light L to be incident on the transparent
electrode 2202, the voliage to be applied to the resistor portion 2220 is

| calculated by the fellowing calculating formula.
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two can be set to about 49.99 volts when the voltage applied fromthe
power supply 2209 is 100 volts. Therefore, by using the resistor portion
2220 of which resistance Rc is.specified based on the equation (3), an
anount corresponding to about 50% of the voltage applied by 20 the power
supply 2209 can be set as the variation in the potential difference
between the two. The variation in the voltage to be applied between the
driving electrode RIMRGHRLYK&E00 K MDA TOOMQ1081 81@Mqil08i Vie@0 B8INdW. | n
this case, the resistance Rc of the resistor portion 2220 satisfies 25 -
4RL5Rc5R0/ 4 (1) 91Vbeii thetresistandweobtheatomdudtiyity wheablehmortiesi2@nise Rc
of the resistor portion 2220 is the mninum the follow ng equation (10)

hol ds true. RR#RION(MQ) bKWlﬂIsen@tﬁB@ﬁhtr@ lighdL te el BvcidBni/oh the the

equation (4). Assuming that the m ninumresistance Ri. of the conductivity

variable por tigipardd élechodt mzi,rmet\rtﬂta‘&xﬂ'o”b'@“ép?ﬁiieﬁhtéﬂgérBQstt&"rer eof is

100 MO, the variation in the voltage appli’ed between the driving el ectrode

2210 dt ii [ i ' 0),
Ro=dRL=0. 0ANQ Rt e 2P A b AR ER Loty Lo B e D)o

bet ween, e < HAAERALBIGR £3% H0d8e FR1G0 000, L RGN En L EERAE AR 5, 100
of ‘the resistor poreibe Sabet AN BRIREL ARG Paoiohafad Setide
TP IR R Ak e W R o R A
be appl I ed t02§1h§ and the movable mirror 2108 can be calculated by the following o
10 calculating formula. |
99.99 V-50 V=49.99 V
Therefore, when the. resistance is Rc=100 MQ, the variation in the
potential differenc':'e between the two is about 49.99 volts.
If the resistance Rc of the resistor poftion. 2220 is specified by
16  the equation (3), the variation in the potential difference between the
| 'two can be set to ébout 49.99 volts When the voltage applied from th'e-_'
power s'u'_ppiy 2209 is 100 volts.. Therefore, by-usi'ng the resistor
_portion 2220 of which resistance R¢ is specified bas‘éd.on the equation.‘ |
(3), an amount co_rreé_ponding to abdut 50% of the voltage applied by -
- 20 the power lsu'pply 2209 can b-e set as the variation in ihe boténtial |
~ difference between thetwo.r | | |
~ The variation in the voltage to be applied betWeen the driving | .
| electrode 2210 and the:.movab_le mirror 2108 i‘s'ekpléined below. I[n |

this case, the resistance R¢ of the resistor portion 2220 satisfies

25 . 4R <Rc<Rp/4 | S @y
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resistor portion 2220 is calculated by the follow ng cal cul ati ng formnul a.
Rc/ (RC+RL) x100 V=0.04 MY (0.04 M+0.01 M) x100 V=80 V Wen the. resistance
of the conductivity variable portion 2203 is Ro=100MP by causing the
control light L not to be incident on the transparent electrode 2202, the
voltage to be applied to the resistor portion 2220 is calculated by the
sane cal cul afl figt finine egualion ({a: wherethet resistancerkd of thehresistor portiond®220nci dent
on the transparent el ectrode 2202. Rc/(RC+RD)xl 00 V=0.04 MY (0.04 M+100

MQ x100 VsO. BAh¥ mifineunathiesfolioming requbton O Moldy trge.f f er ence between t he
driving electrode 92 2210 and the novable mrror 2108 can be cal cul ated by

the follow ng caﬁ&qﬁl}viong formula. 80 V-0.04 V=79.96 V (‘ﬁb refore, when the
resi stance is Rc=0.04 ., the variation in the potential i fference

bet ween t he | Qut, 7 ST _ | nce Rc of the

resi stor porwﬁgrr\é ?ﬁ%_ﬁé4’t%g%ﬁ%§é?&nlﬁhm"w£htégé%é{?§ﬁ’i:@( 1), the follow ng
ti 11) hol ds tr.ue =Ro/.4. (11) .where Rc:.Ro=1:4 nd t herefore,

ha17a (i the equASeyIng hatine FIARLER fesiEnas A at Megonchtt vatebBe. ¢ hat

the voltage fromthe power supply 2209 to be applied between the

t ranspar ent RN 280 0.6 Mﬁcﬂndtt}‘/l@ maximpmeresistange Ba gwreef is 000WMRL s. When

the resistance of the conductivity variable portion 2203 is RL=0.01 MO by

causi ng t he toenanation inghe voltage applisdisstiesh tive dtivingleleovdde22n0 atidahér ode
2202, the voltage to be applied to the resistor portion 2220 is cal cul ated

% ; |h80f g/lnlggny%\gwa\l/@ﬁhw 21088 pldivedbelbd! FrémRqudtiR (Yos M (25 M+0. 01
Rc=4R=0.04MQ. Assume that the voltage applied from the power supply
2209 between the transparent electrode 2202 and the movable mirror 2108 is
100 voits. The voltage from the power supply 2209 is divided at a ratio of the-
resistance of the conductivity variable portion 2203 to the resistance Rc of the
resistor portion 2220. Therefore, when the resistance of the conductivity
variable portion 2203 is R =0.01 MQ by causing the control light L to be
incident on the transparent electrode 22_02, the voltage to be applied to the

| resistor portion 2220 is calculated by the following caicuiating formula.
 Rc/(RC+RL)x100 V=0.04 MQ/(0.04 MQ+0.01 MQ)x100 V=80.V "
When the resistance of the conductivity variable portion 2203 is
Rp=1 OOMQ by causing the control light L. not to be incident on the transparent
electrode 2202, the voltage to be applied to the resistor portion 2220 ié
calculated by the same calcuiating formula as that when the control light L. is
made incident on the transparent electrode 2202. |

Re/(RC+RD)x100 V=0.04 MQ/(0.04 MQ+100 MQ)x100 V=0.04 V

The variation in the potential difference between the driving electrode
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When the resistance of the conductivity variable portion 2203 is Rp=100 MO

by causing the control light L not to be incident on the transparent
el ectrode 2202, the voltage to be applied to the resistor portion 2220 is
cal cul ated by the same calculating fornula as that when the control light L

I's made incident on the transparent el ectrode 2202. Rc/(RC+RD)x100 V=25

MY (25 MO+10@2VDentiOfe Vr@@blé rireon2i08atande calctlatedopyt thetfolidwidg f f er ence
bet ween the driving electrode 2210 and the novable mrror 2108 can be

cal cul ated byalchfatihglibemwiiag 93 calculating formula. 99.96 V-20 V=79.96 V
Therefore, when the resistance is Rc=25 Mb2, the variation in the

potential differe . € two is about 79.96 volts. 5 If the
resi stance Rc of Pﬁgl reg)tsd'}lg?{)br'éép]grtion 2220 is specified by the equation

(1), the variatiqon in the potential. differen etween the t an beset
Lo about 80 TBPIO Benia festiane® isfieOF G e NEragBine hBriab 200 s
100 volts. Therefore, by using the resistor portion 2220 of which

resi st ance Reiffesenoedwtween theabvis@bouh@d&guadison 10 (1), an anount
correspondi ng to about 80% of the voltage applied by the power supply 2209
can be set as- t heWhenitheiresistancé Re gf theerdsistor potitibh @220 ¢theahspdmum e t wo.
The novable mrror device 2200 according to the eighth enbodi nent includes

t he resi sftorthgtycﬁjaganéﬂg%é)@qm@%é L@tigﬁi(y{)%@@trgé.e_ctrode 2210 and the
novable mrror 2108. By providing the resistor portion 2220 between the

two, the potenti c-.f erence between the two changes qﬁqprding to a
vol tage applied to'the resistor portion 2220.

where Rc:Rp=1:4, and therefore, n=1/4 in the equation (5).
From equation (11), Re=Rp/4=25 MQ. Assume that the voltage from the
power supply 2209 to be applied between the transparent electrode 2202 and
the movable mirror 2108 is 100 volts. When the resistance of the conductivity
variable portion 2203 is R =0.01 MQ by causing the control light L to be
incident on the transparent electrode 2202, the voltage to be applied to the
resistor portion 2220 is calculated by the following calculating formula.
Rc/(RC+RAL)x100 V=25 MQ/(25 MQ+0.01 MQ}x100 V=99.96 V
When the resistance of the conductivity variable portion 2203 is
Rp=100 MQ by causing the control light L not to be incident on the transparent
electrode 2202, the voltage to be applied to the resistor portion 2220 is
calculated by the same calculating formula as that when the control light L is
made incident on the transparent electrode 2202.
Re/(RC+RD)x100 V=25 MQ/(25 MQ+100 MQ)x100 V=20 V
Thé-variation in the potential difference between the driving electrode 2210

~ and the movable mirror 2108 can be calculated by the foliowing
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The resistance Rc of the resistor portion 2220 is a predeternined val ue

in

a range between the mnini numresi stance RL and.the naxi nrum 20 resi stance RD

of the conductivity variable portion 2203. Setting the

resi stance Rc to

any value in the range allows the potential difference between the two to

change in a wi der range corresponding to the

change in the resistance Rc

of the resistor portion 2220. By using the resistor portion 2220 of which
resi stance Rc §&culgbipgffos@uitased on the 25 equation (3), an anount

correspondi ng to about 50% of the voltage
2209 can be set as t3%R9Gaf-28t\Von9.i96 Yhe

94 applied by the power supply
potential difference between the

driving el ectrode 2210 and the nopvable mrror 2108. RL< RcsRD (3). 5 Mirre

preferably, byTherefye! hheretiestayistpoicki iorR2220MID, Wi gdriati@sirsthence Rc is

speci fied based on the equation (1), an anpunt corresponding to about 80%

of the vol t agpaipplizkediffeyeidebpBMeEn SHERIY is AUt TANOHGoREL as the
variation in the potential difference between the driving electrode 2210

and the nogabl e m rﬂ%@ﬂé&%taﬁ@e%ﬁRﬁ%ﬁs{o}) orﬁHﬁ@ﬁOﬁ%ﬁeo@ﬁ@& S&abl Y

by using the resistor portion 2220 of

based on e eRuEHARoh . 8 FIRMALN £ 91 BORANTL N R0 Y Al 1 e

vol t age applied by the power su

Sl stance. RC I's specl

e set as the'varia

nmovabl e mrror

10

15

20

- 25

power supply 2209 is 100 volts. Therefore, by using the resistor

portion 2220 of which resistance R is épecified based on the equation-

(1), an amount corresponding to about 80% of the voltage applied by

the power supply 2209 can be set as the variation in the potential

difference between the two.

The movable mirror device 2200 according to the eighth

embodiment includes the resistor portion 2220 between the driving :

electrode 2210 and the movable mirror 2108. By providing the resistor

portion 2220 between the two, the potential difference between the two

_c'hanges_ accordjng'to a voltage applied to the resistor portion 2220.

The resistance Rc of the resistor portion 2220 s a predetermined value

in a range between the minimum resistance R, and the maximum
resistance Rp of the conductivity variable portion 2203. Setting the

resistance Rc to any value in the range allows the potential difference

: ,"betweén the two to 'change, irn a wider range corresponding to the

change in the resistance Rg of the resistor poftion 2220. By using the

resis_tof portion 2220 of which resistance Rc is specified based on the

equation (3), an amount c'o'rréspo'-nding to about 50% of the voltage

94
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|f a variable range of a voltage applied between the driving electrode
2210 and the novable mrror 2108 is wide, a variable range 20 of the

magni t ude of electrostatic force F generated between the driving electrode
2210 and the novable mirror 2108 beconmes wi de. The increase in the

el ectrostatic force F allows the novable mrror 2108 to be easily driven.

I f the vari abl n f the electro |cf rceF i ncrea

cor respondi ngl %/?pé %‘?ﬁﬁ%&ﬂ&’@ﬁ%%@;@@ F SH @S ¥ajfa 533" InEe L it
is easy to cause t H@ abl e rror %08 tQ nove to a _desired 95 position.

Therefore, thd ¥R ﬁ{ rebeR PEIWERRRNCIdrhdRd Béettnde dRT@@nduhen preci si on
| ower than that when the resistor portion 2220 is not provided. Because
the amount of PEMERISI MiTeME1@8.nay be controlled with |ow precision, the
novabl e mrror device 2200 can be easily 5 controlled. Mreover, the
increase in the varifasRe<Range of the electrostatic force F also &)l ows
the position of the novable mrror 2108 to be precisely controlled

accordi ng 6o conti nlbere prefegddy,iby ubmgatheurdsistor poedn @R20igfwhich Thus, it
is possible to precisely control the drive of the 10 novable mrror 2108

according to aesistande Rpdsabeelitbd bagbd @mthe &qaMiom ¢ idnyamoahect i on
image. Particularly, the novable mrror device 2200 is novable to a

pr edet er m ned cpeRishioRBirRF &PaHbHYSH @f‘tﬂé@gﬁa@é %’&%hed B’V"!hfehpéﬂlvleia‘é@ pl
continuous variations to be displayed correspondingly t an anal og gl gnal .

15 Therefore, z@bgtearnsefse?amﬁet\}e.éﬁd;fﬁmuPeephf‘e%t%%%feen%gqetw%%'t'hby

proj ection image precisely correspon e analo can edsily

be obtai ned. é?rvﬁ@@%%%d@ 34 Qﬁdct?i%em\gg%ﬁe iGof E?bﬁt or
10 4R, <Rc<Rp/4 - (1)
Further more preferably, by using the resistor portion 2220 of which
resistance Rc is specified based on the eqUation' (2}, an amount
~corresponding to about 98% of the voltage applied by the power supply
2209 can be set as the variation in the potential difference between the
15 d'riVing electrode 2210 and the movable mirror 2108.
Rc=(RLxRD)"? |
@
Ifa varialble range of a volt'age applied be_tween the driving
: electrode 2210 and the movable mirror 2108 is wide, a variable range
| 20  of the magnitude of electrostatic force F generated between the driving
: electrode 2210 and the movable mirror 2108 becomes wide. The
‘increase in the-elect_rostatlc force F allows the movable mirror 2108 to
be easily driven; If the variable range of the electfostatic force F
increases. cerrespondingfy to the change in the ahﬁoUnt_of ihe cont.ro_l.

25 lightL, it is easy to Cause'the movable mirror 2108 to move to a desired
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portion 2220 is not provided, the anbunt of control light L may be
controlled with | ow precision, which nakes it possible to reduce the 20
cost of a power controller for the control Iight source 2110. Thus, the
proj ector 2100 can be manufactured at | ower cost. A difference between the
m ni mum resi stance RL and the maxi numresistance RD of the conductivity

vari abl e portion .2203 EE %(Fﬂ ai ned bel ow. Assune that the m ninum
resi stance RL P&HORn AABEI8re HEenamiomiinof €sntichight Rmaybeccantioliedd that a

di fference between 96 the m nimum resistance RL and the maxi mum resi stance
RD is 1 digit.Withnjacisim loweirthandhak whsin Hgerasistoe papidn 832046 weén t he
driving electrode 2210 and the novable mrror 2108 is cal cul ated. The

vari abl e rangePTo¥idesuiBaahdser thepaoiduyit ng conérol tighst ange beccaftrdieal 5
resistor portion 2220 based on the equation (3). RL_RcSRD (3) The variable

range of -the wath &ye papgibiond thetmeeablehairdsi dévige 22l0ectdwde 219 and the
novable mrror 2108 is cal cul ated as about 40.9% The explanation is based

on an exanpl e domtigiiedh the 10 mi ni numresistance RL of the conductivity :
vari able portion 2203 is 0.01 Mi and the nmaxi mum resistance RD thereof is

100 M52 and a di {1 enRnesyoehuaREAS i MoR41ASr3ha0%H 1R Addridepmxi mum

resistance RDis 4 digits. At this time, vari a range e vol tage
P |20, bet eRIY Hd X10Ws e idien BRI, A RIS 2008 3,
e £, SBHON AL e Sorbh ot bhgh R S R0
control light L. Thus, it is possible to precisely control the drive of the
10 movable mirror 2108 according to an input signa! and to obtain a high
quality projection image. Particularly, the movable mirror device 2200
is movable to a predetermined position according to an image signal,
which allowg continuous variations to be displayed cdrre_spondingly to
an ané!og signal. |
15 ' Therefore, by using the movable mirror device 2200, a high
- . quality projection image precisely corresponding to the analog signal
can easiiy. be obtained. As compared With the cas-é where the resistor
portion 2220_i_s hot provided, the amount of controi light L may be
controlled with low precision, which makes it possible to reduce the
20 cost of a power controller for the control light source 2110. Thus, the
_ prdjector 21700 can be manu_factﬁred af lower cost.
A differehce between the minimum resiétance Rt and the
m_aximUm resistance Rp of the co’ndu'ctivity variable portion 2203 is
explainedbelow. - Assume that the minimum resistancé Reis 1 MQ anrd |

25  the maxim_um resi's'tancel Rp is 10_' MQ, and that a difference between
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conductivity variable portion 2203 is reduced to about 1 digit, the

vari abl e range of the voltage applied between the driving el ectrode 20 2210
and the novable mrror 2108 is made narrow. If the difference between the
m ni mrum resi stance RL and the maxi numresistance RD of the conductivity
variable portion 2203 is small, the variable range of the resistance of

t he conducti vi h§ var.i abl e .gorti on 2203.is narrowed. I f the varjable range
of the resistaAEdNUMEB R&ISENCE Re AP thg MaxMm MRS IsianenRoals Wfidiler ence
between the drjving 97 electrode 2210 and the novable mrror 2108 is also
reduced. The VBF‘%P[“:’I fangee0ld Modiagrcle br erbbnd bedwaenithadrivéryd st ance RL
and the rmaxi numresistance RD of the conductivity variable portion 2203 is
smal |, it may Sbectirde 2eiPtandthe suivedly miotr 24108 isecatoviabéd nTheor 2108 5
according to inmage signals. As a result, the mninumresistance RL and the
maxi mum r esi stvan@éleREngehisr mafuisedforexpeaifyihg thdeesisianee Rhavithng a
difference nore than a predeterm ned val ue. Assune that the difference

bet ween t hg niresiston getivatZAREbREed AMtHhequBtdATY®). r esi st ance RD thereof is
two digits, and that the 10 mininumresistance RL is 1 MQ and the maxi num

resistance RE) is 1R0<RMRAS a result of calculating a variable ra@ge of -
the voltage applied between the driving electrode 2210 and the novabl e

mrror- 2108, an a”’Ph‘é”va?n%'b!f@%’ﬁgé“oWhéQ/oﬁ%ggina?eo‘?%tga%%en-r% ag{/fin bl e

range is required for specifying the resis ce | e resistor portion
2720, 12 basecefuiole SAMTLAANE VTl BIARE R Dbt SABEBRRRERE BEPLES “ole”,
di ff?r ence of 4¢ o3 9 ﬁ‘ﬁeoéqugﬁgfioﬁrrfg%’asie& oinsaﬁoei‘séimbpl)lg hwiSieRhs 2 |
10 minimum resistance Ry of the conductivity variable portion 2203 is 0.01
MQ and the maximum resistance Rp thereof is 100 MQ and a difference .
between the minimum resistance R, and the maximum resistance Rp is
_4' digits. At this tirhe, the variable range of the voltage applied
| between the driving electrode 2210 and the movable mirror 2108 is an
c15 afnount corresponding to about 50% of the voltage app!iedr. - Therefore,
even if the equation (3) is satisfied, if the difference between the
minimum resistance .R;_ and the maximum resistance Rp of the
conduct_i_vity vériablé portion 2203 is reduced to about 1 digit, the
variable range of the voltage applied between the driving electrode
20° 2210 and the movable mirror 2108 is made narrow.
| If the difference betwe‘en the minimum re'sistanbe Re and the
maximum resistance Rp of thé conductivity variable portion 2203 is
small, the variable range o'frthe resistance of the conductivi’fy variablé
portion 2203 is narrowed. If thé variable _rahge of the resistance is

25 narrow, the variation in the potential difference betWeen the driving B
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wi de vari abl e range of the voltage between the driving el ectrode 2210 and
the novable mrror 2108 and to precisely control the drive of the 20
novable mrror2108. It is noted that the lighting time and the |ighting
timng of LEDs for color lights are the sane as those in the first

enbodi nent and explanation thereof is omtted. Fig. 25 depicts the
25 controlled novable mrror device

schemati c confi,quyat,i f an ticall

2600 (herei naf?igp,mdﬁ%&aﬁﬁgtﬁﬁgr‘?ﬁ\‘abiéénﬂé% < B kpaisp rgskisedi ng to a ninth
enbodi ment of fhe present invention. The novable mrror device 2600 can be
used in the pr J%’@'?er@ Fihe diffecones hgtween hee aigitoumerasietaneatRL ame thene.
reference signs are assigned to the portions the sane as those of the
nmovabl e mi rrorM8Xigewnoesztance Ko ehthepeondudttty2atablanb rdapl22®dtison
thereof is omtted. The novable mrror device 2600 is different fromthe
nmovabl e ni rr orsmalévit oe 2R ifficuitttbep neciedy contrdaL Ok movabpointitros @408t hat a
novable mrror 2608 can nove in two directions, toward a driving el ectrode

2610a and 5t owmcdraingriovimageesigaalndeA2 Glsuitl thd\mihBuhaidditahay g, 2604 is
formed on the conductivity variable portion 2203 in a substantially

central porti emd henaakimus Rsidtahce RAtIALLArs PER8Y S0 HEYalBXaP! €, Si 02
can be used for the insulating |ayer 2604. An el ectrode 2605 is provided

on the i nsul ahia0hg b WAErcHRA4NOFOTH S v RSICRL EfifeAdRa 3810 and the drivi ng

el ectrode 15 26100 are provided on the conductivity variable portion 2203
R el e e B
: and the maximum resistance Rp thereof is two digits, and that the '
10 minimum 'resistance Ry is 1 MQ and the maximum resistance Rp is 100
MQ. As aresult qf-calcu!ating a variable range of the voltage applied
between the driving electrode 2210 and the movable mirror 2108, an
amount corresponding to-49% is obtained. The variable range is |
required for specifying the resistance Rc of the resistor portion 2220
15 based on the equation (3). Therefore, it is preferable thét values of-
‘the minimum resistance Ry and the maximum résistancé Rp thereof
have a difference of 2 digits cr.mcre. Tﬁus,_ it is possible to ensure a
wide varia_ble range of the vo[tagé between the driviné electrode 2210
o and the movable mirror 2108 and to'p.recisely control the drive of the
20 _ movable mirror 2108. |
It is noted that the lighting time and the lighting timing of LEDs
for color lights are the same as those irfthe first embodiment and
explanation thereof !s dmitted_. |
- Fig. 25 depicts the schematic conf_igurat}dh of an optically

25  controlled movable mirror device 2600 (hereinafter, "a movable mirror -
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2605 can be made of a conductive substance such as alum num (Al ?. A power
supply 2612 applies a predeterm ned voltage between the 20 transparent

el ectrode 2202 and the novable mrror 2608. Fig. 26 depicts the
configuration of the novable mrror device 2600 when viewed fromthe
nmovable mrror 2608. The configuration of Fig. 25 is viewed fromthe

di rection of neFlg. 26 In the, , configurati of Fig. 26, the
novabl e mi rro?aé\gg/%éidsorbrEﬁg(@%@?%ﬁoﬁn%%ﬁgﬁ %%Eréeﬂtr?ﬂiesﬂﬁag%wye €A t he
novabl e mrrordevice 2600 is , 99 vi d fromthe side of the novable
mrror 2608, thi BIRENSFEEsevice 2%‘65\&%961%%@ thernieiecder 419Quar e and
Is also provided in another ~corner of the square that faces the one
corner. The sqREPEdiNG todihgeRighth emhatimandct %b@e@amawaferEHQeaigm acg

el ectrodes 2610a_and 2610b, 5 resistor portions 2620 (explained |later). A
support i ncl udS$igned 19 tre pedim:tte aameras thodemof {He mpapbR6AdroThe pil | ar
2606 is provided on the electrode 2605. The torsion bar 2607 is a slender,
thin flexibl e deivicee2B80ifogthe projectarvd 100, Pt bxehaatioh thBredfds Dngittedar 2607
are fixed to the two 10 pillars 2606, respectively. The pillar 2606 is a
conduct i ve pi [Ther moeabis miffbe dewicabRe0nis HiferdA0&ohs thOhivambhid tnitdee torsion
bar 2607. In-this manner, the novable mrror 2608 is supported by the

pillars 2606 danikel 2200 76 ilRNp RAEORAHOCPRCAWSENILH IR DidyabRe #16r and.

the torsion bar 2607 are conductive, the novable mrror and the 15

el ectrode 2605ahg\ved ,mgyﬁaﬁﬁg%gﬁﬁeéﬂi@ﬁdsétt%%gg% ghgipg%l'gggﬁgﬁez%ﬁ(fa[‘ggdt he

torsion bar 2607. The ectro cor ner
of the toward a driving electrode 2610b.
10 An insulating layer 2604 is formed on the conductivity variable

portion 2203 in a substantially central portion thereof, using the
spattering technique. For example, SiOs can be used for the
insulating layer 2604. An eléctrode 2605 is provided on the insulating
layer 2604. The driving electrode 2610a and the driving electrode
15 .2610b are provided on the conductivity variable portion 2203 in
positions 6n' both sides of the insulating layer 2604. The movable
~mirror 2608, the driving elecfrodes 2610a and' 26105, and the electrode
2605 can be made of a condubtive_'substance such as aluminum (AI);
A power supply 2612 applies a pred’eterm‘ined voltage betWeen the
20 transparent.electrode 2202 and the movab[e.mirror 2608.
Fig. 26 dlepicts the configurati_oh of the movéble mirror device
2600 when viewed from the mo-vabl_e mirror 2608. The configuration of
Fig. 25 is viewed from the.direction of arrow A in Fig. 26. Inthe
- conﬂ'gurat'io'r'l _bf Fig. 26, the movable mirror'260.8. is removed for

25 convenience in explanation. When the movable mirror device 2600 is
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square that is near one corner of the square novable mrror 2608 ' and.

that is different fromsecond corners of the square where the el ectrodes 20
2605 are provided. The driving el ectrode 2610b is provided in a third
corner of the square near another. corner of the square novable mrror

2608 that faces the one corner. The resistor portion 2620 i s provided

bet ween the dnjj¥iyag f?érﬁothfe%q@e?@%ﬁ@ rgg\game RE&C G@Q%%ggér 2608t gﬁe”

the driving el ectrode 2610b an trodes 2 own in

25, the resist I{-0 to be in
contact with t}:ﬁbv |dvf|nn%h%? H‘l Jpé %Egggghg '?r?ggi Peé:‘ﬁ?%@lgn a%’gg%&;nd ina -
position so as th t drivin ode 2610b _and the
bl ect r ode. 26039 AP B It FREHEsY e B Prib e 26008 Riersi Sk
potential 5 as,,t t m,rror 2608 thr h the 2606 and
the torsion B4 QE’D? %%deeﬁ%fﬁbh@es%\ﬂaste CEiranes %Hgoatq{@ b’i"ng '

el ectrode 2610a or 2610b and the novable mrror 2608 are el ectrl cally
connect ed Po &8RIRtY PRItiong<iZth(pdaings) laten). pdy surnerberdudes atpidlar sane
manner as that of the resistor portion 2220 (see Fig. 20 and Fig. 10 21)
accordi ng to 2R@6aarthaHoestbodiardhingeis2@0har Thefpiltar 2606 shptayided onhe

resi stor portion 2620, a nenber nmade of a high-resistance material such as

barium'titanathe e&fdmctsZGS‘o'.OZ, and ZhO can be used. The Tresistance of the
resistor portion 2620 is any value in a range between the m ninmm

resi stance ‘and the Thaitorion @sir IGOTCE &ldriverlihiadrRatimeipiateyhadingabl e
portion 2203 in the sane nmanner as that of the resistor portion 2220 (see

EIO%'[ r g? and. Fegnd@dtlvityThesandnidd of e 1d18idAP¥aPLEOTdTE Fixedety e #RP0 by the
10 pillars 2606, respectively. The pillar 2606 is a conductive pillar |
| member. The movable mirror 2608 is jointed to .the torsion bar 2607.
'In this manner, the movable mirror 2608 is supported by,tﬁe pillars
2606 and the torsion bar 2607. Because both the bil[ers 2606 and the
torsion bar 2607 are conductive, the movable mirror 2608 and the
15 _e!eetrode 26_054have the same po_tential thr_ough the pillers 2606 an.d .
the torsion bar 2607. |
The driving electrode 2610a ie provided in a first corner of the
square that is near one corner of the square mevab[e _rhirror 2608 and
| that is different from secend corners of the sduare where the 'electrod_es
| 20 26_05 are provided. The dri_\)ing electrode 2610b |s provided ln a third
corner of the.squere near anofher_corner of the sqruare movable mirror
2608 that faces the one corner. The resistor p.ortion_'26_20 is provided
between th"e driving electrode 26103 and the eiectrodes 2605 and |
- between the dnvmg electrode 2610b and the electrodes 2605. As

- 25 '-shown in Fig. 25 the re3|stor portlon 2620 is provrded ina posmon SO
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light L is explained below Referring back to Fig. 25, the novable mrror
2608 noves in a direction in which it is attracted to the driving 20

el ectrode 2610a by electrostatic force (attracting force) Fl according to
a potential difference between the driving el ectrode 2610a and the novable
mrror 2608. Furthernore, the novable mrror 2608 noves in a direction in

ohich i€ Ts atdd acbet Lankt i WS Bl B LI RCH D thEDLARAL o

force (attracting Torce accor a potentTa er énce bet ween

the driving el ode.2610b and the poyahle mrr.or. 1 2608. Fig. 27

depi ct's. how ¢ FETLARBIS SR BPN 58085 14 bRy s e Wih ERE Irimd plRFtaBe r ode
2610b by the electrostatic force F2. The control light L fromthe

control -1i ght 4830bcand e elanteodm2688e Fig. 25) is made 5 incident on a
position of the transparent el ectrode 2202 corresponding to the driving

el ectrode 2610b. |f AsteXplainedoabeygHihe elgctrade R0mhandhe gameceeteditial to an
I mge -signal is made incident on the transparent el ectrode 2202, an

el ect ri cal 5r esissthahoé thenmovadi ¢ invinrosf260ethovondhdhe willar 26G6 aaditbeportion
2203 decreases according to the amount of ‘the control 10 light L. The o
portion is joitmtséeh bar BBE7tthahfram ¢éiné seppotic odeod2thds, Metdritihg decrease in
the resistance of the conductivity variable portion 2203, one of the

el ectrodes of eldwtrquaes164iRR2612B12nd She ehedtibaalrtor 2608186 efbdtacalhe
driving el ectrode 2610b.through the transparent el ectrode 2202 and the

conduct i ity anhabled BOsAdPBiRA%RrodGh Bes A8sietd I BBREAG. Vi el t he

conductivity variable portion 2203 changes according to the anount of the

CopL oL, L 3nt shridAaRALPasIAd: of B0 ¥8ist 5 drtiBRSR P e LFRE DPERd £192. 2
- 10 21) according to the eighth embodiment, as a part of or the whole of
| the resistor portion 2620, a mémberrmade of a high—fesistance material
such as barium titanate ceramics, SiOz, and ZnO can be used. The
resistance of the. resistor portion 2620 is any value in a range between
the minimum resistance and the maxirhum resistance of the |
15  conductivity variable portion 2203 in the same manner as that of the |
resistor.portion 2220 (see Fig. 20 and.Fig. 21).
| The control for the mﬁvabie mirro; device 2600 by the control
_fight_l_ is explained below. Referri-hg back 'to Fig_.' 25, the movahle
- mirror 2608 moves in a dir'ecti_oh in _Which it is att'ra_cted to the driving :
20 e!ectro.de 2610a by'elecfrostaﬁc force (attracting force) F1 according to
| a potential différénce between fhe driving électrode 2610a and.th'e _
‘movable mirror 2608.. Furthermore, the movable mirror 2608 moves in |
~a direction in wrhich it is attraéfe.d to the driving electrode 2610b by :
electrostatic forrc‘e _(éttracting forc_e) F27accord_in§j- to a pot-entiall _

25 . difference betwee_n.:th‘e driving electrode 2610b and the movable mir.ror -
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anount of the control light L is applied to the driving electrode 2610b.
Therefore, the voltage according to the inmage signal is applied to the 20
driving el ectrode 2610b. As expl ai ned above, the driving el ectrode .2610b
and the novable mrror 2608 are electrically connected to each ot her
through the resistor portion 2620. The power supply 2612 applies a
predeterm ned vol| t age between the transparent el ectrode 2202 and the 25
movabl e mirroré®808. Based on t hi s, by.causing the control light L to 102
be incident on the position of the transparent el ectrode 2202 :
correspondi ng to th&Eigrd%degics savw dir mpedle miner 2598 igatiactad 9 thene
novabl e mrror device 2600 is equivalent to an electric circuit in_ which
the driving eldrttinpeteor®e 2640bHy hevelectioataticoforee 0. arEherestipl ight y 5
connected to each other. The conductiviity variable portion 2203 in the

el ectric circuifroimstireepd rtceld ightt dptical syisteror2 R4b(seenFign 28) ésmdde circuit as
shown in Fig. 28, having the resistance according to the anount of the

control |ight ikcideAhenr£position gfothiel pansif@nt electiddic 2A0Nidoinres poasingg or
R3b also in the electric circuit of Fig. 28. 10 In the sane manner as that

of the driving,eheelivaifekiRitie bE1052UH the ddiRraIqhtal withahe iktdnsithe
incident on a position of the transparent electrode 2202 corresponding to

the driving el A i N i féntequi val ent
to an electri é%eéf‘:ﬁﬂgit?%%ﬁ’%%ﬁﬁwﬁmﬁ%’{% %:(131??8&@@5%?%%32& t he :

ToVabl e M 11 OidotO0B0a &n SEEh LA ALLYIGRANAY Brk6h SREM EbRekctyh

conductivity e eleciric circuit s repldced
with a resistor i BAa ba 9B YR LIBLESS GRS T Brt U IraRb ot Ui ¢

10 Iigﬁt L. The portion is jointed to the transparent electrode 2202.

With the decrease in the res_ist'ance of the cbnductivity variable
portion 2203, one of the electrodes of the power supply 2612 is
electrically connected to the driving electrode 2610b through the
transparent electrode 2202 and the conductivity v'aria-b!e pbrtion 2203.

15 Because the conductivity of the conductivity variable portion 2203
changes .accord"ihg to the amount of trhe control light L. having passéd
through the transparent ele‘ct.rode_2202,.'a voltage acc;ording to the
‘amount of the controf light L is épplied to the driving electrode,2610b.
Therefore, the voltage according to the image signal is applied to th.e

_i20 driving eléctr'ode_ 2610b. B | |
As explained above",r the driving electrode 261 Ob and the
' -mo{/ab_le mirror -27608' are electricall_y_co.nnected_.to gach other through
the resistor‘-'.portioh 2620. The power supply 2612 applies a .
| -pr,e'determined voltage betwéen the tra_nsparént electrode -2'2'02 and the _

25 movable mirror 2608. Based on this, by.c_éuéing the control light L to -
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Fig. 28. The resistor portion 2620 is replaced with a resistor R3a in the
electric circuit of Fig. 28. Therefore, the novable mrror device 20 2600
is equivalent to the electric circuit, as shown in Fig. 28, in which a
first portion with the resistor R3a and the resistor Rda serially
connected. and a second portion with the resistor R3b and the resistor R4b

serially connected. are copnected. in r.al T causin e control .
light L to be%len'@icbcgerﬁ ch‘n{hengoﬁ' N f&ﬁegl(éﬁ%qoar{aﬁgé{ercgﬁosc{)eg%%? el ectrode
2202 corresponding to the driving. el ectrode 10b, .a vol.tage,.i s
applied to th&FESPENGINGIR EW%Hf'ngoe'@&E"wéér?@lﬁﬁﬁgﬁi%M@Ué?‘é‘%ﬂ PEHE 26100 |
and the el ectrode 2605. Application of the voltage to the resjstor portion
2620 bet ween t”l‘u‘é"%ﬂ'?\iﬂ&ﬁ@”éf%‘é@?é’@@o iseivaleat thahggstricotiEcWhiiowpighses a
potential difference to be 5 generated between the driving el ectrode 2610b
and the novabltke griving eleztugle 3AH0 @nd thieemorvabteamicof 8188 arg slectfigaligby
generated. On the other -hand, the control light L is not nmade incident on

t he positibn cbnhbeted anspch ether! Sidte oded 2&DAtywvanasleqrattiog 2283t indhe
driving el ectrode 2610a. Because the control light L is not nade 10

i ncident, a resdcttientreultiistrbplguesi wWithra cdsistoe RAMAYcin eldcyrivaircaiblas’ portion
2203 corresponding to the driving electrode 2610a is the maxi num value. In

this case, thkRowAShStignge, aavimeineadisiedcasaderting pubstanbum biithe
infinite. Wien the resistance of the conductivity variable portion 2203 is

L o emen SRAUTIL e, PhoPLABRS bAoAy A ikted Ry, o1 on
causes a pot eplal o fif L YE&RLVERof PF‘g.dZé.Vi ng el ectrode |
10 In the same manner as that of the driving electrode 2610b, by
causing the control light L to be incident on a position of the
transparent electrode 2202 corresponding to the driving electrode
2610a, the movable mirror device 2600 is equivélent to an electric
circuit in which fhe driving electrode 2610a and thé movable mirror
156, 2608 are electrically connected_to éach other. The conductivity
variable portion 2203 in the electriﬁ circuit is replaced with a resistor
R4a having the maximum'resist_ance in the electric circuit as shown in
Fig. 28. The resistor portio'n 2620 is replaéed with a resistor R3a in
the electric circuit of Fig. 2'8.- Therefore, the maovable mirror de\}ice
20 2600 is e_quivélént to the electric circuit, as shown in Fig. 28, in which a
- first pbrtioh wifh the resistor R3a and the resistor R4a serially
'connected;ahd a éecond portion with thé resistor R3b and fhé resistor -
R4b serially connected are connected in parallel. | |
' By ¢é-using the control light L to be incident on the position of

- 25 the trans'parent'electrode 2202 corfesbonding to the driving e'lectfode" _
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2610a .and the novable mrror 2608 not to be generated. Therefore, the
el ectrostatic force F1 is not generated between the driving 20 el ectrode
2610a and the novable mrror 2608. As expl ained above, only the

el ectrostatic force F2 acts on the novable mrror 2608. Wien the

el ectrostatic force F2 nakes the torsion bar 2607 (see Fig. 26) warp, the
s in the.dire on i ftracted to the

novabl e m rror 8 nov i which it I

riving el ect rb Vesos i 2REUSHILE e FrototioarTinp 4820 bEMES IR ng 't o

t he image signal .in the above nner. 104 In the sane manner as_that of the
driving el ect rg8dNg&lero § 25D uhtheorlactigde 2605 nAaelicatiomehthdon the
position of the transparent electrode 2202 corresponding to the driving

el ectrode 2610%)/tageeto thiecwsiser aprtton 8620 etwesndbscdritiog elegifedat i on of
the electrostatic 5 force F1 causes the novable mrror 2608 to nove in the
direction in 2@iGbhand the edactreds 2606causesdr potergicddiff¢rende t26i0a. By

scanning the control light L, nodul ated according.to an i nage signal, onto
each of thHe menebhedbstwrerdthd dasing6e ctrodehZs Hilouadthe mesvakdptmicedr
addressing can be perfornmed. 10 Wen the control light L is not nade

i nci dent ont o 2608, pesi theoslectrbbiaticeRir6s FICR Bk réhe genBelteli vity variable
portion 2203 is regarded as a substantially infinite resistance. From

this, the conductivigytheabirb! anddehbimtrA M@nt !I‘ﬂ%tﬂcgriﬁaé‘éjr?ciéé‘ﬁf gh such
that it is energized when the <control light L is nade incident thereon and

b i sconneed BAoMiETof s d3nEoidiRlerbemlle bath ARt gRARIhAL) B!

thereon. In the electric circurt” he resi .orresponding'
to the conduchiyiielafioal £ ALY BBcadédthe Bni%i TigRL g Aot idusm tches Sa
10 incident, a resistance of the .position of the conductivity variable portion
2203 corresponding to the driving electrode 2610a is the maximum
val.ue. In this case, this resistance can be regarded as'being |
substantially infinite. |
When the resistance of the conductivity variable bortion 2203 is
15 substantial'ly infinite, a voitagé is not applied to the resistor portioh'
2620 between the driving elecfrode 2610a and the electrode 2605,
~ which causes a potential dif_fefence between the driV-fng electrode
: 2610a and the movable mirror 2608 not to be generated. Therefore,
the electrostatic force F1 is not ge.nerated between the driying : |
20 electrode 2610a and the movable mirror 2608. As explained above,
N only the electrostatid force F2 acts on the movable mirror 2608. When
- the eléct_rostat‘ic force F2 makes thé torsion bar 260.7 (see Fig. 26) wafp,
the movable mirror 2608 moves in the direction in which it is attracted __
to the driving electrode 2610b. The movable mirror 2608 moves

- 25 according to the image signal in the a_bbve manner.
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shown in Fig. 29. Therefore, the configuration of the novable mrror

devi ce 2600 of Fig. 27 is also equivalent to the electric circuit of Fig.
20 29. In the electric circuit of Fig. 29, the switch Sb on the side where
the control light L is incident is on, while the switch Sa on the side
where the control light L is not incident is off. By sw tching an incident

i ving el ot rode. 2¢108° e Ryl a5 thel, b ilTeg HARERE Gp Mo MG *
el ectrode 2610b, 1 abl e r.raor 0 an be.controlled in t

manner as o (it B faarefe iHakeBbonded i%&%ﬂbe‘r?ﬁépamtcm g

bet ween the t swi tches Sa and Sb allows the nmovable mrror 2608 to nove
toward the driS/PR§ORs eelPoeRiToRlinadotbrattyirmeledrads JPheaelhéct r ode
2610b. The novable mrror device 2600 according to the ninth enbodinent is
equi val ent t o aleirestediefpicecFil daigeneasteshovienaration obie ¢lactraptalic t he
first portion with the resistor R3a and the resistor Rd4a serially

connect ed &and foroe Bt candepdheiroovablelmirher 2688 $0 ono\RSn theddiréetioredi st or 10

R4b serially connected are connected in parallel. O the first and the

second porti omghiclreisadttrialeted twthtdtisirandicchedet per0nneBppeasningthem t hi s,
the novable mrror device 2600 is equivalent to the resistance type

vol tage di vi debnériol fight Lsatiutfted ddvdriimy 'ahGhRgeignar!dngs _ala! of
switched so as to el ectr| cally conduct correspondingly to 15 either one of

the driving ehehicUinigpiorantidde 80 \h e ARkl Bdfner Giftkal BY setting a

resi stance of the resistor portion 26 any val ue
addressing can be performed.

10 When the control light L is not made incident onto the position,
the resistance .of the conductivity variable portion 2203 is regarded as a
substéntially infinite resistance. From this, the conductivity variable

.portion 2203 functions as a switch such that it is energized when the
control light L is made incident thereon and it is disconnected when the

15 controllight L is not made incident thereon. In the electric circuit of
Fi_g. 28, the resistors co_rresponding to the conductivity variable portion
2203 can be replaced with switchés Sa and Sb in an electr'ic. birpuit aé
shown in Fig. 29. Therefore, the configuration of the movable mirror ,
device 2600 of Fig. 27 is also equivalent to the electric circuif of Fig. -

20 20, |
. In the electric circuit of Fig. 29, the switch Sb on the side where _
the control light L is mc;dent is on, while the SWItch Sa on the Slde .
where the control tight L is not incident'is off._ B'y switching an Incideﬁt |
bos_ition of the control light L between a position corresponding to the

_‘ 25 driving electrode 2610a and a position correspohdihg to the driving
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in a range fromthe mnimumresistance and the maxi num resi stance of the
conductivity variable portion 2203, the novable mrror device 2600 20
allows a potential difference between the driving el ectrode 2610a or 2610b
and the novable mrror 2608 to be changed in a wider range, in the sane
manner as that of the first enbodinent. If a variable range of a voltage

to be applied l?et ween the drivi n% el ect rode. 2610a Br 261?Ib and. t he novabl e
mrror 2608 i £ioFede 2609pi Hin Bqvable Mifro 608 FRN Gecastralied 181188t r ost ati ¢
force F1 and F2 generated between them 106 increases. |f the

el ectrostati c Seeie EFNems Faitafiagdretpean the twe swiishes Seeandvilbl eTherror
2608 can be easily driven. If the variable range of the electrostatic
force F increasdkching betiveen tle twWe sotitetyes Ba arteShralionts e m®viehée cont r ol
light L, it is easier to nove the novable mrror 2608 to a desired

posi tion. Themnsit@re60thid movertbwairdtthe driving eledtrgde 261 0@ anetowardtthel | ed
wWith precision |ower than that in the configuration without the resistor

portion 2620, dwhimhelaRierld s6pmssible to easily control the novable mirror.
devi ce 2600. 10 Moreover, with the increase in the variable range of the

el ectrostatic forceThe hbgapeThirt@d&fickBBIPYER RINY fd Bl ARAR can be

preciserICOntroIIed according to continuous changes in the amount of the
O 1! i SRR Sgulield R 58 AREIACORESE Se Lo, 2Be ! e
n ah aunls BB AR G E SRl S R (B eRRS: kg Y
the first errbggri”qgc te'ci e-lrnhde{heé (s)égéncil tpoirtslorﬁ)(\)nﬁtsni meereté?stiorr]%{%agﬁd the resistor
10  R4b serially connected are connected in parallel. Of the first and the
second portions, one of them conducts and_the other one opens.
From thié, the movable mirror device 2600 is equivalent to the
resistance type voltage divider circuit such that the two switches are
altern_ately switched so as to electrically conduct correspondingly to
15  either one of the driving electrode 2610a and the driving electrode
2610b.
- By setting a resistance of-the‘ resistor portion 2620 to any value -
ina range fronﬁ the minimum resistance and the maximum resistance of
the conductivity variable portion 2203, the movable mirror device 2600
20 -allows a potential difference between the driving electrdde 2610a or
 2610b and the movable mirror 2608 to be changed in a wider range, in
the same manner as that of the fi-r_é.t embodiment. |If ;a'varia'ble_range
of_a voltage to be appiied'between tﬁe driviﬁg electfode 2610a or =
2610b and the movable mirror 2608 is wide, a variable range of

25  magnitude of the electrostatic force F1 and F2 generated between them
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the variable range of the potential difference between the driving

el ectrode 2610a or 2610b and the novable mrror 2608 in the same 20 manner
as that of the first enbodinment. As shown in Fig. 26, the position of the
resistor portion 2620 is provided between the driving el ectrode 2610a and
the el ectrode 2605 and between the driving el ectrode 2610b and the

el ectrode 2605. However, it is not limted to the positions along an
outer. peri phéﬁ’%fe@?eﬁfs the conductivity variable portion 2203. For exanpl e,
as shown in Fig. . 107 30, a resistor tion 2820 b tovid as to
cover all the port%dh@ edﬁ“t"ﬂ%"%‘&rf%ﬁ%é)%i@@/dv r?rgb@rﬁg'}/"b%‘ﬁ‘?brhcr?fg% @}%her o
than the positions where the driving electrode 2610a, _th? drivin

el ectrode 26T0vaklgdirms 2808ceande oadly diveny olfitheyariadie angs ng‘%bove,

the 5 novable mrror device 2600 can be regarded as a device in which two
switches are gledrosiatit foroni f iheeasesaccosdisgdet thechangeciBniiigcamount of
correspondingly to either one of the driving el ectrodes 2610a and 2610b.
The novabl & nithe aontielligiet R600s aksmrsoahere the ahdyabie miiners260®Hto a
correspondingly to either one of the driving el ectrodes 2610a and 2610b.

Therefore, evaasirbdtiRiti®si sSTReraford,ithe &A30nt of fhreoydiuted! lighet wesay béie t wo,
the driving el ectrodes 2610a and 2610b are prevented fromelectrical :

connection t hE@HB‘BIIé@@viﬂﬁgiﬁgbnﬂ@wﬂﬁaﬂ&ﬂ@t in fhe eheuratiohivgith@i theven.
if the resistor portion 2820 is provided so as 15 to cover over the portion

other Lhan ¢ hRegB)dohian Yaske yilien dhakea plshobIBdRgIARANAs2010b and

the el ectrode re provi e to confrol the novable

mrror device, 7% FHELPELIRIL2608.

10 Moreover, with the increase in the variable rahge of the
electrostatic force F, the position of the movable mirror 2608 can be
precisely controlled according to 'continuous changes in the amount of
the control light L. Therefore, it is possible to p'recisely contfol the
drive of the movable mirror 2608 according to input signals and to

15 obtain a high qua[i-ty projection ‘im_age. in the resi.stor portion 2620, a
range of its resistance can be specified in the same manner as that |
explained in the first embod_imen't.- Therefore, it is possiblle. to incréase _
the variable range of the pdtential difference between the driving
electrode 2610a or 2610b and the movable mirror 2608 in the same

- 20. " manner as that of the first embodiment..
As shown in Fig. 26, the position of the resistor p'ortiorn 2620 is
- provided betWeen the driving electrode 2610a and the étec_trbde 2605 |
and between the driving electrode 2610b and the electrode 2605.
" ‘However, it is not limited to the positions along an outer. periphery of

25 the conductivity variable portion 2203. For.example, as shown in F_ig. e
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t he same manner as that explained in the first enmbodi ment, changes of the
position and the size of the resistor portion 2820 allows the 20 resistance
thereof to be set to a desired value. Any of the follow ng el ements can be
used for the illumnation |ight source 2101 (see Fig. 19) of the projector
2100. The el enents include LED, a sem conductor |aser, other solid-state

light emttin el enents such n_EL el enen and | anp_ot.hgr than the
solid-state Z%Q'iag'ﬁs' R POt gé@ﬁd’ﬁ?g_berﬂ@‘%‘%%‘i’ MEERY oc%‘?rI‘Perroqlr devi ce
according to 108 the present invention is especially effective in the case
where the andosboroANItBE Gandystivey wadiabie PexipaiRdld By an H® anal og
control is perforned such that continuous variations are displayed using
vol tages nodwlositemsayberalthey drivindalpstidgn2® t0a,Nbecbidng ele@drefically 5
controll ed device according to the present invention nay be used in any
devi ce that p@&6fl@brandithetedécirode 2805 areapoividexh t Astehglainadapaenthel .

For exanple, a voltage applied to the transparent electrode 2202 is set to

only a bi narynvaldide ohin@r devicoB00agih beadghided eam deview pn egdell tivy
driving subfranes. 10 Furthernore, the present invention is also applicable

not only to &hstchasarahgicenamly salilohetosd beltbesedigicafgTonatecr ranged in an
array and are used in the projector 2100, but also to an optically

controlled dgyhe8pHREH fl)ffo eftRBr BXaTHY e dHViRGldIEatroded DeROR GNPt i cal
comuni cat i on. ParFl cul gr y, Inthe optically Controlled device 15

according to % qeopr esent invention, even if the amount of control light is
hard to be confrolled with high precision, a novable unit can easily be

control ed. Ther ef ofigy o115, 9816841 de 88460 SR USBURSTY bt the

10 correspbndingly to either one of the driving electrodes 2610a and
| 2610b. Therefore, even if the resistor portion 2820 is provided

between the two, the driving electrodes 2610a and 2610b are
preVented from electrical connection through the resistor portion 2820.
As shown in Fig. 30, even if the resistor portion 2820 is provided so as

15 to cover over the portion other than the positions where the driving
electrodes 2610a and 2610Db and the electrode 2605 are provided, it is
possible to control the movable mirror device 2600: Furthermore, in-

’_ the same manner as that explained in the first émbodiment, changes of

the position and thé size of the resistor portion 2820 allows the |

20 resistance thereof to be set .to_ a desir'ed.value.

Any of the follbwing elements can be used for the _illuminatioﬁ
light SOQrce 2101 (see Fig. 19) of the projector 2100. The elements |
_include LED, a semiconductor Iasér, c.>ther‘sr-3Eid_-state‘ [ight emitting

o elements‘s_uch as.'an EL element, and a Iamh other-fthan the soiid_—staté

25  light emitting elements. The bpt'ically controlled device according to
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present invention is useful in a case where an optically controlled device
needs to be driven outside. Furthernore, the optically 20 controlled device
according to the present invention is useful also in a case where anal og
control that causes the novable unit to continuously drive is required.

Al t hough the invention has been described with respect to a specific

enbodi nent for_a conplete and cl ear di ure, 5 clains are
ot Lo be t hudhEiFEPER /e TaPE It & ettty Binbars HGeodial |

nodi fications and alternative constructions that may occur to one skilled
in the art whidRlegicenirof i pefpimed. trPesséshamcbabﬁvegthnearalﬁgmtroﬂ ¥ th.
110 WHAT IS CLAIMED IS: 1. A nethod of controlling an optically controlled
devi ce that ipeifardes auch Shaipcondimuaisecaniatiens aea displayrd gaingyvoltages
transparent, a conductivity variable portion that is provided on the

transparent 5 nebduataaccotng telimagei sighalsondiotdonietrythehaptipsdlyaccor ding to
an anount of control |ight passing through the transparent el ectrode, a

driving el gct coderofledealéce aacbiiingaoduetpresént ivengbhengpiblel wsed I novabl e
unit that is novable to a predeterm ned position, and a support portion

that novably %%Pmetlréettll‘i@t BOMBRhE digithl, cORPDI hShddtiod QoltRBWHAHIBG coh€rol.
control light of a constant intensity into the transparent el ectrode;

TP P o o SRARATEA, ARSI EHI0LS B0 gpilart! koo s s
to only a binary value of on and off, and gradation can be expressed by
'driving subframes.

10 Furthermore, the present invention is also applicable not only to
the case where optically controiled devices are arranged in an arrary
~and are used in the projector 2100, but also to an optically controlled

~ device used for, for example, an optical switch for optical
~communication. - Particularly, in the optically controlled device
15 accordi.ng to .the present invention, even if the amount of control light is |
hard to' be controlled with high precision, a movable unit can easily be
-.controlled Therefore, the optrcally contro!led device accordmg to the
, present invention is usefui in a case where an optically controlled
. device needs to be driven outside. Furthermore, the opt:calty
20'_ con_troiled device according to thel present invention is useful alsoina -
case where analog control that causes the 'moveble'unit to continuously
dnversrequued B |
Although the mventron has been described wrth respect to a
specifrc embodrment for a cornplete and clear drsclosure, the rappended

) 25_-,' ' claims are not to be thus limited but are to be construed as embodying -
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novi ng the novable unit to the predeterm ned position by 15 generating a
force corresponding to the voltage between the driving electrode and the
novabl e unit based on a change of electrical conductivity of the -
conductivity variable portion caused by the inputting of the control 1ight
into the transparent el ectrode. 20 2. The nethod according to claiml1,
wherein the nmoyvabl e.uni.t has .a,.reference potential, Il.ower than that of the
drving el ect rAERIeCHHHian fad EFREhEDEPa8R i tha WAL b8 8 oau ac e
i S generated etween the driving, el ectrode and the novable unit. 25 3. The
met hod accor di%ﬁ% incthg ﬁ*\'tl"}’h'\ﬁlhécggf%?%'h\g‘tﬂﬁ\/mﬁ bagifitearhiog hereinsekrerence
potential higher than that of the driving electrode so that the force

cor r espondi ng feBht he vol tage nodul ated is generated between the driving

el ectrode and the novable unit. 5 4. The nethod according to any one of
claims 1 to 3, further conprising resetting the driving el ectrode and the
novabl e unit to substantially sane potential during a tinme when the '
control light is being input into the transparent el ectrode. 10 5. The

nmet hod according to claim4, wherein the support portion is nade of a
flexible material, and when a force corresponding to the voltage . :
nodul ated is not generated between the driving el ectrode and the novable
unit, a tinme for resetting the driving electrode and the novable 15 unit to
the substantially same potential is shorter than a response tinme during
whi ch the novable unit is noved by an action of the support portion having
flexibility. - ' -
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6. The nmethod according to claim4, wherein a tinmng at which the 20
driving el ectrode and the novable unit reach the substantially sane
potential is earlier than a timng at which the voltage nodul ated is
applied. 7. A nmethod of controlling an optically controll ed device that 25
includes a transparent electrode that is optically transparent, a 112

conductivity vayrag & goiMED {hat is provided on the transparent.
el ectrode, where electrical conductivity changes according to an anount of -

control |ight passing hBEUEB EBRLrbI Qﬁb%ﬂbﬁﬁ!/%%h’ir?)g%d cgev'gé kYding

el ectrode provided on the conductivity variab novabl e unit
that i bl ' it ion,: . 1 t hat
movabl y suppor (2o /ERES BFARPEERT Bledifias LERt s B HRTARE e ol T gh
f int ity dul. d di t ol t. i | into the,t t
el ect rode;  appt9PAECUGKatahE potbaDalis pedideR ot e BAFRAROM ect rode
10 and the nova novi ng the novable unit to the predeterm ned

le unit; g t L.
posi tion by’ g@%&?ﬁ%ﬁq%d\’@efﬁoﬁléétr&ﬁl CORYHREVIRY ChangRe JeREEHNSTI 1 t he

control light between the driving el ectrode and the novable unit based on
a change of el agaunt&f coalidldight pegsioy thiieugh e dtansipayeniagleatiodel8 porti on
according to the intensity of the control Iight caused by the inputting of

t he control |idtivingnelectrhdetpraniizal entthelceaduotieity andablepettioma t he
driving el ectrode and the novable unit to substantially same potenti al
S:Jre ictngogeFi e mabtdwann@néf Bl mbigble tesa ﬂ?@iﬂ@garhﬂﬁ@tl podlittor, hend Banspar er},t
' support portion that movably supports the movable unit, comprising:
10 inputting the control light of a constant intensity into the
transparent electrode;
applying a voltage modulated according o an input signal
between the transparent electrode and the movable unit; a_nd
moving the movable unit to the pred'eterminéd pos_ifion by
.15 - generating a force -corresponding fo the vbltage betweeﬁ
the driving electrode and the movable unit based ﬁn a change of

electrical conductivity of the conductivity variable portion caused by the

inputting of the control light into the transparent electrode.

20' 2._ The method according to claim 1, wherein the movable unit has
a reference potential lower than that of the driving electrode so that the
force _corresponding to the voltage modulated is generated

between the driving electrode and the movable unit.

- 25 3. The method according to claim 1, 'wherein the movable unit has
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20 8. The method according to claim7, wherein the support portion is made
of a flexible material, and when a force according to the constant voltage
is not generated between the driving electrode and the novable unit, a
time for resetting 25 the driving electrode and the novable unit to the
substantially same 113 potential is shorter than a response tine during

whi ch the novall peferdiice p&tamRieeAidherdRadChizp bf the WRQiny BRRElode0sd bigat havi ng
flexibility. 9. The nmethod according to claim7 or 8, wherein a timng at

which 5 the drpyi | ectrod D) tanti al |
ic e Juhyipgee! cotrode anoBenamh] fabaseRfudilf st antiall y

sanme potential 1s earlier than a ti e contro 1 ght of the

compri i ng: 10 ST EoRer o R itk <(RIrBRE AR e FRERS MR T T

light; a transparent electrode that is optically transparent; a
conductivity variable portion that is provided on the transparent

el ectrode, where electrical conductjvity changes according to an anount of
control light Passingherdreihpd asrordingto anymneptelainad o8, WItheNi ng

el ectrode provided on the conductivity variable portion; a novable unit
that is novabl oRpriging eersttngithedrporg wlegirode endgbetmpwablieownit it nmovabl y
supports the novable unit; and a power supply that supplies either of a
vol t age nodul aseblstantiety diame potemtidl mpwingsa dimaé wareh thecoostrantighviolst age t o
the transparent 20 el ectrode, wherein the optically controlled device is

control I ed by beimgtingdt into the transparent electrode.

10 5. The method according to claim 4, wherein
the support portion is made of a flexible material, and
when a force corresponding to the voltage
m,odu['ated is not generated between the driving electrode and thé '
moVable unit, a time for resetting the driving electrode é'nd the movable
15  unit to the subsfantially same potential ié shorter'than a respﬁnse’time
durihg which the movable unit is moved by an action.of the support

poriion having ﬂexibi!ify.

6. . The method according to claim 4, wherein a timing at which the
20 :d.riving electrode and the movable unit reach the g ' S,Ll,b,ét,antiail'y ‘
' same potential is earlier than a timing at which the voltage modulated is

applied.

7. A method of controlling an optically controlled device that

25 ' _'inclu,dés a'transparent electrode that is opﬁcally transparent-,'a
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including inputting the control light of a constant intensity into the
transparent el ectrode; 25 applying a voltage nodul ated according to an

" input 114 signal between the transparent el ectrode and the novable unit;
and noving the novable unit to the predeterm ned position by generating a
force corresponding to the voltage between the driving electrode and the

movabl e unit baspduetivity ¢HARSR B(f)rt%é\eibr%‘i?ig?&hdﬁewmé H‘?hiﬁﬁﬁifeﬁt_ e

conductivity variable portion cause | nputting o e control |ight

into the tr ansggé,ﬁmc,ee'vﬂ? ,{eog%tclt,—(?:%ﬁ|_C%'ﬁqulBt[ibﬁﬁg:b%gggglta{cgglrgﬁlgq‘avéﬁe i ght;

conprising: a control~-lig 0 ( system ontrol |ig
vari abl o port | AT @ PRt pRsRa Eoudn e e IR R o e ekl e o
passi ng. ¢ hr ougATIG FlekleRamamvidadn bacondUaRv Yy g BbLL PPEURN A ovi ded on
the conductivity variable portion; 15 a novable unit that is novable to a
pr edet er mi ried pEYiEbiednitdhatispmovapls to arpredaterminad ppsdi®podd 2t he novabl e
unit; and a power supply that supplies either of a voltage nodul ated
accordi ng to asuppphposiiondhatamdvabtyosisppoerts e mapaite urike conmsprigagent
-el ectrode, wherein 20 the optically controlled device is controlled by a
met hod i ncludi ng i npptttingothHeneostoal Kght ofi amintehsity maod@ased wcoodlihated
| an input signal into the transparent electrode;
applying a constant voltage betwe_en the transparent electrode
10 and the movable unit;
moving the movable unit to the predetermined position by
gene'rating 'a force corresponding_to the intensity of the
- control light between the driving electrode aﬁd the movable unit based
on a changé of electricél conductivity of the conducitivity variable
15 pbrtion according to the intensity of the control I'ight caused by the
3 inputting of the control light into the transparent electrode; and -
resettfng the driving electrode and the movable unit to
“substantially same potential during- a time when the control light is
being inp“ut into the transparent electrode.
20 .
8. The method according to‘claim 7, wherein
the support portion is made of a flexible material, and
when a force according to the constant voltage .is nét generated

" between the driving electrode and the movable ulnit, a time for resetting

25 the driving electrode and_thé movable unit to the substantially same
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according to an input signal into the transparent electrode; applying a
constant voltage between the transparent 25 electrode and the novable
unit; 115 nmoving the novable unit to the predeterm ned position by
generating a force corresponding to the intensity of the control [|ight
bet ween the driving electrode and the novabl e unit based on a change of

el ectrical con bV t IVl b Ve M ard : | g to
the intensity gfﬁﬁ% ﬂe/a"c'%ﬁﬂ’éqe’?ﬁhgﬁ%dt%tgé’eﬁbﬁifmtgrﬁe‘ﬁm%"ﬁﬁf%é g#bvt%%gé)ggﬁt r ol

and the movant & TAVES o skerERtial B ‘R RuppEREANER tlindikdifg When’the

control light-is being input into the transparent electrode. 10 12. A
spatial |ight nodulator conprising a plurality of optically-controlled
novabl e m rror devices having a novable mirror that is novable to a :

predet erni ned Positi bie MPIECE 2dHDHI0 Eigémoher SamRaredhatbningainghish e
mrror devices includes 15 a control-light optical systemthat supplies a
control | ighttheadfivingstlacpdeandthomoveabia ung repchdbel y transparent; a
conductivity variable portion that is provided on the transparent

el ectrode, where el estivsteatiatiprdnte peiantial lisegelbe raihaor ditingingGattwhiah thsount
of control Iight passing through the transparent electrode; a driving

el ectrode provigitebldight e thendtisityl mpduriteabs dlurpprtean;

10. An optically controlled device comprising:
10 a control-light optical System that supplies a control light;

a transparent electrode that is optically transparent;

a condu_ctivity variable portion that is providéd on the
trans‘parent e!ectroae, where electrical conductivity changés according
to an amount of control light passing through the transbarent electrode; -

15 | ‘a driving electrode provided on the conductivity variable portion;

a movable unit that is movable to a predetermined positioﬁ;

a'support portion that movably supports the movéble tjnit; and

a pdwer supply that supplies either of a voltége modulatéd
édcqrding to an input signal and a constant voltagc_a to the transparent.

- 20 _eie‘ctrrode, wherein
| | the optically controlled devic'e is controlled by a method
~ including
| inputting the control light of a constant intensity into the
tra ns. parent electrode;

- o applyihgavoltagé modulaied accordting'to an input '
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a novable unit that is novable to the predeterm ned position; 25 a support
portion that novably supports the novable 116 unit; and a power supply
that supplies either of a voltage nodul ated accor di ng to an input signal
and a constant voltage to the transparent electrode, 5 the
optically-controlled novable mrror device is controlled by a nethod

i ncluding i npu;;?cgtn%g gtet\ﬁeéﬂ%é%aﬂép%*ﬂfenpéle%tr‘b éﬁ@gh accch{égzllel(m'ltma?ldt he

transparent ele applyrng a tage m) | ate ng tO0 an input

10 signal between the transpars heelln?ﬁtakf and tﬁ?%rgﬁ hﬁngaghsng 19 force

nmovi ng the novabl e unit to tThepredeter pos ener
corresponding to the vtol tagF bet ween the dr| vin ode and .t m)vabl e
unit based on Y GFERGRYYY TIELtrical cordRIEETRA 3 V(%tﬁgﬁctf?

AR e R S B o
A spatial |ight nodul ator conprising a plurality of optically-controll ed
movabl e mi & orelgelical comshichiyity ofdheisoadurtiviy vapigblepertian aaveed Sytibea
predet erm ned .posi tion, wherein each of the opti cal ly-control |l ed novabl e
mrror devi cesmpnttin.gjeétheacontmtbcj;hﬂ nnghth@prtansa)larsmselentmdat supplies a
contr ol Ilght
11. An optically controlled device comprising:
“a confrol-light optical system that supplies a control light;
10 a transparent electrode that is optically transparent;
a conductivity variable portion that ‘is provided on the
“transparent electrode, where electrical conductivity changes according
to an amount of controf light passing threugh the transparent electrode;
a driving electrode provided on the conductivity variable portion;
15 a movable unit that is movable to a pred.etermined position; B
a support 'pertion that movably s'u}pports the movable unit; and
| a power supply that sunplies gither of a voltage modulated
- according to an input signal and a constant voliage to the trensparent _
.'etect_rode, wherein
20 the optically controlled device is-controlletj by a method
including | |
inputting tt_te control light of an intensity modulated
accordi_ng te an input sig'nal into the transparent electrode;

applylng a constant vottage between the transparent

 2‘5 : electrode and the movable unit;
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a transparent electrode that is optically transparent; 25, a conductivity
variable portion that is provided on the 117 transparent el ectrode, where
el ectrical conductivity changes according to an amount of control |ight
passi ng through the transparent el ectrode; a driving electrode provided on
the conductivity variable portion; 5 a novable unit that is novable to the

predeterm ned position; Wme ﬁﬂg\;émg ,_frmago Y dYat Hﬂl’ﬁ%‘érdtﬁoéﬂén

novable unit; and a power supplies elt a voltage 10

modul at ed accory g[té]@ndéel%tl?nﬁeé EEH‘FE si gnal angoﬁFEQBﬁHﬁgbtlovtﬂlet|ﬁ9§nst Q/eﬁpfhe

transparent el e |caIIy contro e mrror vice is

controll ed by ud| utt con r ol
intensity rmdupgpg"g? “Qgt h‘c’:@%‘? %ﬂg F 'E 6%‘3 h¢ m%"’%qﬂﬁ L{W%\ﬁg?)%‘?ent
el ectrode; applying a constant voI t age betvve t he transparent el ectrode
and the novabl enu%Pgan%ﬂfrﬂe@tﬁ@ahﬁ%&@hwm et the eaRdyrt Bﬂ&\éﬁ’rﬁﬁ’w&d position
by generating a force corresponding to the intensity of the 20 control
|ight between PhEieR pocailieg ée thedeteasityafdhammniad light capaeddyoihea change
of electrical conductivity of the conductivity variable portion according
to the intensiinpufing o tbeconblol lipghintodhsddamspareat elaqucta regicbf t he
control light into the transparent el ectrode; and

resetting the driving electrode and the movable unit to

substantially same potential during a time when the control light is

be'ing input into the transparent electrode.

10
12. A spatial light modulator comprising a plurality of
optically—controlled movable mirror devices having a movabie mirror
that is mbvable to a predetermined‘position, wherein
each of the optically-controlled movable mirror devices inclludes
15 o a controI-IigHt optical system that supplies a control

light;
| a transparent'electrode that is optically transparent;
a conductivity va_riable portion that is provided on the-
'transparenf electrode, where electrical conductivity changes according
20 i to an amount of contrbl light passing through the transpa_rent electrode;
| a driving electrode provided on the conductivity variable
| portion; |
| ~amovable unit that is movable to the predetermined
| - position;- | |

- 25 a support porfion that-'m'ovably supports the movable
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resetting the driving el ectrode and the novable unit to 25 substantially
sane potential during a tine when the control light is 118 being input
into the transparent el ectrode, and the novable portion is the novable
mrror. 14. A projector conprising: 5 an illumnation |ight source that
supplies an illumnation light; a spatial |ight nodul ator that nodul ates
the illum nati omitt kgt according to an image signal to output a nodul ated
light; and a projection | ens that projects the nodulated |ight, wherein

the spatial |ight nodul at%ﬁgu{gr%@ﬁtlﬁ’ét"é@ lfééttﬂgl'tléfpof%’%ﬂgplgy-control | ed

novabl e mrror devices havi e mrror is novablfe to a

Gevi ces 1 nol udr g e B8 adardirtisd 45 spPRLHERA Kl hope e yPREEs B Bkt vl
light; 15 a trﬁgﬁgare%ﬁéﬁctrode that is optically transparent; a

conductivity v BRE % hat is provi ded on the transparent _
el ectrode, where electrical conductivity changes according to an anount of
control Iight passi ﬁé%%&ﬁ?@'ﬁ"f%@”%ﬁ%@ naired deyifee Isscapirgliag by a

el ectrode provided on the conductivity variable 20 portion; a novable unit
that is rmovabl @etlpd iclpdiedet er mi ned " position; a support portion that
novabl y supports the novable wunit; and ‘

: ' inputting the control light of a constant intensity into the

transparent electrode;

| applying a voltage modulated according to an input

10 ' signal between the transparent electrode and the movable unit; and
| moving the movable unit to the predetermined position
by generating a force | correéponding to the vbltage between
the driving eiectrode and the movable unit based on a change of -
electrical conductivity of the conductivity variablé. portion 'ca.lused by the
15 -'inp‘utting of the control light into the transparent electrode, and |

the movable portion is the movable mirror.

~13. A spatial light modulator comprising a ﬁlurality of
' opticafly-dt‘antro.lled movable mirror deviceﬁs havinga movable mirror
.20 ~ that is movable to a predetermined posiﬁon, wherein
~each 0f4the optically—contrbl-led movable mirror de\(ices’inclgdes
" a control-light optical syStem that supplies a control
light; |
o é t'ranépareht electrode that is optically tran_s-parent:

25 | o a conductivity variable portion that is provided on the
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25 a power supply that supplies either of a voltage 119 nodul ated
according to an input signal and a constant voltage to the ' transparent

el ectrode, the optically-controlled novable mrror device is controlled by
a nethod including 5 inputting the control light of a constant intensity
into the transparent electrode; applying a voltage nodul ated according to

an i nput  si gn@angégﬁ%d%llﬁt‘?o?%,a?ﬁgﬁé el tﬁEQF&Sr? R 5%%\/%&8& L

and noving the no e predeterm ned posrtion ating
a force corres i v.ol it t iVl [ d the
movabl o uni ¢ baead Aol oot A s Brobigh e oAt Higto T 1
conductivity variable portign caused, by, the . inputting of, the. contr l'i ght
into the transparent el ect? 8Hg{ngaﬁlgc{rﬁgen%r\pé“ﬁ%§)88rtl'xpg:ﬁr\délcpp{gymtgﬁ}lee
mrror. 15 15. A projector conprising: an illumnation-light source that.
supplies an il PRHOMation light; a spatial |ight nodul ator that nodul ates
the illumnation light according to an inage signal to output a nodul ated
light; and %20 a proj ecti or@ @vyabléanitghsf scnovehés the aredetergined wher ei n
the spatial |ight nodulator includes a plurality of optically-controlled
novabl e m rrorpadtiones having a novable mirror that is novable to a:
predeterm ned position, each of the optically-controlled novable mrror
devi ces including a support portion that movably supports the movable
unift; "and '-
a powér supply that supplies either of a voliage
10  modulated according to an input signal and a constant voltage to the
transparent electrode,
the optically-controlled movabie mirror device is controlled by a
method including
inputting the control light of an intensity modulated
15  according to an input signal intd the fransparent electrode;
applying a constant voltage between the transparent
electrode and the movable unit;
moving the movable unit to the predetermined position
by generating a force ~ corresponding to the intensity of the -
- 20 control light between ther driving electrode and the movable unit based
_4 on a change of electrical conductivity of the conductivity variable
_ portion according to the intensity of the control light caused by the
inputting of the control light into the transparéht'electrode; and

resetting the driving electrode and the movable unit to

25 substantially same pote_nt'ial'during a time When the control light is
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25 a control -light optical systemthat supplies "a control 120 light; a
transparent electrode that is optically transparent; a conductivity

vari able portion that is provided on the transparent el ectrode, where

el ectrical conductivity changes according 5 to an amount of control |ight
passi ng through the transparent electrode; a driving el ectrode provided on

the conducti vi tagivguinmklifito BY trafBparerTaBr6daNihgt hat is novable to the
predeternm ned position; 10 a support portion that novably supports the

movabl e wunit; and atﬁg)wv_a%lp@?byﬁé@gﬁtt%l VabFe ﬁ‘lif'r}fb‘?r of a voltage

nodul at ed according to an input sign nd a constant voltage to the
transparent electrode, 15 the optically-controlled novable mrror device is
controlled by a nmethod including inputting the control |ight of an

intensity: rmduh?t ed accorgi nﬁ to an input signal into the transparent .
el ectr ode; yi ng & LR LHEPTPEEIME e bet ween the transparent 20
el ectrode qngd t he rmvab‘e unit; nmoving the novable unit to the
predet ermi red posi t i & llW)inadios bghtkpurce dhabsupplies aorilumination light;
intensity of the <control |ight between the driving el ectrode and the
novabl e unit based ®#apPatighighifemetuigter thatonpdutaidsdhe Wiumiratiorhkght
conductivity vari abl e
-according to an image signal to output a modulated light; and
a projection lens that projects the modulated light, wherein
the spatial light modulator includes a plufality of
10  opticaily-controlled movable mirror devices having a movable mirror
that is movable to a predetermined position, each of the
optically-controlied movable mirror devices including
o ‘a contfdl-light optical sysfem that supplies a control
' Iight;
15 | | a transparent electrode that is optically,transpafent;
a conductivity variable portion that is provided on the
'tra-nsparent electrode, where electrical conductivity changes according

to an amount of control light passing throug‘h the transparent eleétrode'

a driving electrode provided on the conductivity variable

2 pértio'n;
| a movable unit that is movable to the pred“etermined
position; o
- a éupport portion that movably 'supports the movable
unit;_ and . |
| 25 7. ', - a poﬁvef srupplly thatsupﬁlies either-of a voliage
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25 portion according to the intensity of the control |ight caused by the

121 inputting of the control light into the transparent electrode; and
resetting the driving electrode and the novable unit to substantially sanme
potential during a time when the control -light is being input into the

transparent el ectrode, and 5 the novable portion is the novable mrror. 16
An optically conbd@hlesadedidity &0 AR hpuPgigral &Rt d ebnsiaghloRBlcdl theyst em
that supplies a control light;” a transparent electrode that i's optically
transparent; 10 sg,gr,) chib¥irbyeVvariable portion that is provided on the
transparent el ectrode; ere electrical conductivity changes according to

an amount of control ,|i . ssin hrough_the tr ar ent I ,.a
driving el ectrode er{ﬁ ggﬁ“@ﬁ"?‘ﬁ@%@ﬁ%u ‘?Y%/?’?J“Ué‘%i ‘geg\ﬁ'ée bsof’\gl-'ﬁﬁheagﬁn%vabl e
unit that is nov Blg.to t he predeterm ned position; 15 a support portion

t hat novably sﬂ'b‘% PEdNelHEMgvabl e unit; a power supply that supplies
either of a voltage nodul ated according to an input signal and a constant
vol tage betfween the trandpBriing Geceenisaklighidof & eonslaahintamnsity; inkhihe

|l ight-shielding unit that is provided between the transparent 20 el ectrode
and t he controfranspaterdti¢ctaddesystem the |ight-shielding unit including

an aperture, wherein the aperture is arranged such that the control Iight
fromthe control-Iight optgptghgsysbitagpassédsiatdd acgbrdihg taer inpne to be.
input into the transparent electrode, 25 the control |ight passing through

the aperture.igighBPEbtwdRY tHdlrAnsparent electrode and the movable unit; and
| | moving the movable unit to the predetermined position
10 by generating a force correéponding to the voltage between
the driving electrode and the movable unit based on a change of
electrical conductivity of the conductivity variable portion caused by the
" inputting of the conitrol Iight into the transparent electrode, ahd

the movable portion is the movable mirror.

15
| 15 A projector comprising:
én illumination Iight source that supplieé an illumination light;
a spatial light moddla’tor that modulates the illumination light
,acco,rd.i_ng to an_image signal to output.'a modulated light; and
20 | | . a p_rojection lens that projects the modu.lated light, Wherein
e _rthe spé‘tiél light modulator includes a plurality of
R op,tica_lly—éontrolled 'mov.able mirror é!eviées having é movabie mirror
fhat.isﬁm'ov.able to a predete.rmined‘ position,l eéch of the
opticaily-controlied movable_mirfor deviées,includi_ng‘
 25 L o awcpntrol—light'optic'ai system that -s-upp!ies"a_rccintrol o
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122 the transparent electrode to generate a predeternined force between

the driving el ectrode and the novable unit, and the novable unit is noved
by the predeterm ned force. 5 17. The optically controlled device accordi ng
to claim 16, wherein the transparent electrode includes at least a first
transparent electrode and a second transparent el ectrode, the power supply
applies. a predg Eﬁ gm ned voltage between the first transparent electrode
and the novable~unit, 10 the second transparent el ectrode is provided so

that a reference potentral rent. el r 1.S.

i fferent fromthat of thatrﬁnsee‘??rﬁﬁﬁegﬁw@’a P I BPhest FRBE8r Mo 11 gne
includes a first control and a seco cantr li 15 th aperture
is arranged such that the ?%Pé‘fj”{? Htt)’e{rafiﬁggwoﬁmﬁ@é g e¥idgd IRl 1 ght
pass through the aperture, the first control light is input- only |nto t he
first transpar &iRnserentreaetrogndwhese ﬂ%@ﬁ'&ab%fﬁqﬂéﬁt’wﬂy ginges ARgRRding| y
into the second transparent electrode, the first control |ight passing

t hr ough t heS apte aorampgn nfpcmnﬁmltla':ghtzrmasstegﬂhmu;rtt’rertgeamaterel%emtrwe to
generate the predeterm ned force between the driving el ectrode and the

novabl e unit, and the secomdrieiny elcitddghprovdsesd bg theranrghudtivityapaiablee i s
input into the second transparent el ectrode such that the driving

el ectrode haspbphpr:ef erence potential. 25 123
a movab!e unit that is movable to the pre"determined
~ position; |
10 a support portion that movably supports the movable
unit; and |
a power'supply that supplies either of a veltage
modulated according to an input signal and a constant voltage te the
transparen't'eiectrode, |
| 15 ~the optica!l}controlled movable 'mirror'device is controlled by a
' 'methed including | |
inputtirtg the control light ot art intensity modulated
ac_cordirtg to an input'signal into the'traneparent electrode;
| applying a constant voltage. between the trans\parent
_ Zb elect'ro_de and the movable unif;
movingthe movable unit to the predetermined position:
| bygenerating aforce | corr'esponding to the intensity of the
'centrol'light between the-driving electrode and the movable unit eased
on a?cha_.nge_of electrical cortductitrity of the conductivity variable

o5 pert'ion according o the intensity of the control light caused by the‘ -

121



18. A spatial light nodul ator conprising a plurality of
optically-controlled novable mrror devices having a novable mrror that
is nmovabl e to a predeterm ned position, wherein each of the
optically-controlled novable mrror devices includes 5 a control-1light
optical systemthat supplies a control [light; a transparent el ectrode tgaé
Is optically tg i i M4 Viahi AP QLA . IS provide
on The. LT anspar e e e S B gt

according 10 to an anpunt rsoegg‘q%rtﬂg_dri’%ﬁpﬁﬁ%&gahmﬁgq@?&%em@gﬁgar ent

el ectrode; a driving elec rovi de e conductrvity vdriabl
redetermn sition; 15

portion; a nov | bt Is,.novable.to the p d' .

a support port?ghgﬁﬂﬁﬁlpﬁ&%?foéﬁ%tb%]rqtg"?Q@ HEG mied E%FPPSHI BS&‘Q‘P supplly
[ ' I di t [ t sigha

and. a const anbeU gk i P trRREBh e S Abde. and 20 &

light-shielding unit that is provided between the transparent electrode

and the control - | i ghtheoiovekle pogidmis Hgemovagha mdfpesl di ng unit i ncl udi ng

an aperture, the aperture is arranged such that the control light fromthe
control -light optical system passes through the aperture to be input into
25 the transparent el ectrode, 124

16 An optically controlled device comprising:

a control-light optical system that supplies a control !igh‘t;‘
-a transparent electrode that is optically transparent;

10 a conductivity variable portion that is provided on the
:transparent electrode, where electrical conductivity changes accprding
to an amount of control light passing through the transparent electrode;

a driving- electrode provided on the conductivity variable portion; .
a movabié unit that is movable to thé predetermined position;
15 asupport portion that movably supporis the movable unit;
| a poWer subply that supplies eitrher of a voltage modulated
accbrd'ing to an input signal and a cpnstant voltage between the ..
-fransparent electrode a'nd.the movable unit; and
o a Iightfshiélding unit that is. provided between the transparent
éo electrode and thé controi-light optical system, the lith—shielding uni{
: ihcrudi_ng an aperture, wherein |
| | the aperture is.arranged such that the control light from the
control-light optical system passes throdgh the Iapé}thre' ‘_cd'b'e_inpﬁt"into
' fhe transparent ejectrode',_

25 R 7 the control light rpassing-through-the épeﬁure is ihput only into
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the control |ight passing through the aperture is input only into the
transparent electrode to generate a predetermined force between the
driving el ectrode and the novable unit, and the novable unit is noved by
the predeterm ned force. 5 19, The spatial |ight nodul ator according to
claim 18, wherein the aperture is provided on a position corresponding to

the movabl e m th@kranspiredh8leehdidedb ddrlFatdBdefctsmiinea 8idpbaved i m 18,
wherein 10 the transparent el ectrode 1ncludes at least a first transparent

el ectrode and @&8@¢RML brﬁmgﬁéﬁ%}g@w&ﬂgwﬁtg ality of the novable

mrrors is.arranged in a lattic manner “in two directions

The apor ture has b r S8 MRS ERTR TG G B nRGRRETRE TEfe T 77

direction substantially perpendicular to a direction in which the first
transparent electrode and the second transparent el ectrode are arranged in
paral lel. 20 ZJ[. A projector conprising: an illumnation |i qht source that
suppl i es arPil il (i nafhBPRticgHy confrodlgsidevice agrordipgdpalaim (gawhasain at es
the illumnation light according to an inage signal to output a nodul ated
light; and a proj ectlihentrasspancnéelgutngdeinciudes mbdedsitaetirstittanspanaet ein 25
the spatial |ight nodulator includes a plurality of 125 _
opti cal | y- cont electredenava lal seaumd ivansiparient @ ldetvodg, a novable mirror that
is novable to a predeterm ned position, each of the

' the power supply applies a predetermined voltage between the

first transparent electrode and the movable unit,

10 ' the second transparent electrode is provided so that a reference
potential of the second transparent electrode is different from that of
the first transparent electrode;

the control light includes a first cbntroi light and a second
control light,

15 - the apérture is arranged such that the first control light ahd the
second control light pass through the aperture, the first control light is
input only into the first transparent electrode, and the second control
light is input only into the second transparent electrode,

- the first control light passing through the aperture is input into
20 the first-transparent electrode to gener_ate the predetermined force
between the driving electrode and the movabls unit, and
“the second‘colntro_! light passing through the aperture is input
into the second transparent elecirode such that the driving electrodé

| __has the reference potential. -

25
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optically-controlled novable nmirror devices including a control-tight
optical systemthat supplies a control 5 light; a transparent el ectrode
that is optically transparent; a conductivity variable portion that is
provi ded on the transparent electrode, where electrical conductivity
changes according to an anmount of control |ight passing through the
transparent el ef8.r odes sptial fAthBEuRIEEEbRARISHTPY SIahIRp drhe conductivity
variable portion; a novable unit that is novable to the” predeterm ned

position; a supﬁgrda”wdmgméchﬁ{grvgy@m]yrﬁ%8,%53?% ﬁﬁg{%ﬁ@a%,e ﬁrr’fﬂi t; a

power supply that supplies eit a voltage ccording to an

I nput signal a e val : tr: P nt. el ectrode; and a

| i ght - shi el di ngﬂaﬁfst H‘ﬁl’é?‘% tso %rpi)r\glggteéd’ﬂﬁép%eoﬁl (ﬂi‘ ‘ﬁégret'ﬁjansparent_ el ectrode
and the control-1ight _opticcal system the  |ight-shielding unit jncluding
an aperture, the apeftd eOfﬁgeé%Fﬁ&ﬁg‘Xac‘y{}é?F% OVtai?éeBHHPF%ie"I"?E‘g"n‘t" YR8 t he
control -l1ight optical system passes through the aperture to be input into
the transparent el ectrode, 329ndrd-lightopdical pystenp Hal supnliesongantied
aperture is input only into 126 the transparent electrode to generate a

pr edet er m ned ighte between the dri viing el ectrode and the novable unit,

and
a transparent electrode that is optically transparent;

a conductivity variable portion that is provided on the
transparent electrode, where electrical conductivity changes according
10 to an amount of control light passing through the transparent electrdde;

- adriving eiectrode provided on the conductivity variable

‘portion;
| a movabl_e unit that is movable fo the predetermihed ’
| piosition; |
15 ' o a support portion that movably supports the mbvab!e-
“unit; - | |

a power supply that suppliés éither of a voltage
modulated according to an inp'ut signal and a constant v'olta;ge.to the
transpgrent electrode; énd | |

"_2_0'. - a !ight_—shieldiﬁg unit that is prbvid‘éd between the
.fraﬁspare’nt electrode and the control-light optical system, the
; Iightlshieldi.n.g unit including an aberture,- |
the aperture is arranged such that'_th‘e control light from the
‘contrqf--light optibai..system passes through thé aperture to be i‘nput intb

e 25 " the ffarisparent electro'd_e','
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t he novable unit is noved by the predeterm ned force. 5 22. An optically
control |l ed device conprising: a control-light optical systemthat supplies
a control light; a transparent electrode that is optically transparent; a
conductivity variable portion that is provided on the transparent

el ectrode, where electrical conductivity changes according 10 to an anount
of control |ight passing through the transparent el ectrode; a driving

el ectrode provi ded ontheneorisablight passing dhfcghetheoapenbure isanpot ablydntmi t
that is novable to the predeterm ned position; a support portion that

nmovabl y support $he transpatdnteslenirode ta ganeratesappbgetemmiinsd fpiciecsetaicener  of
a voltage nodul ated 15 according to an input signal and a constant voltage

bet ween the tr tesdeiving elelctoideosied divel mMdvabl®waly andni t; and a resistor
portion that is provided between the driving electrode and the novabl e

unit, the resistor poihd @ovapld Daitds MEER pyThe PledéRFTASH fSrcenher ei n 20
the predeterm ned resistance:is any value in a.range between a m ni nrum

resistance gnd a maxi numresistance of the conductivity variable portion,
the control light is input into the transparent electrode to generate a

pr edet er m ned f@g_ce bﬁﬁg\@ggtigpﬁ%ﬁ%ﬁgﬁ‘?&gg%%E{)&qﬁ%?g%lémﬁé9,2@]}1%?%@%3 unit,

the predeterm ned force coOrresp he resi nce

oy eder er m nocl 1 opEHufe,B bR BA% bRSHIER Ao bl dinb R TR SR KRR e i m

22, wherein

20 The spatial light modulator according to claim 18, wherein
10 the fransba‘rent electrode includes at least a first transparent
electrode and a second transparent electrode, |
a plurality of the movable mirrors is arranged in a lattice-shaped

~manner in twe directions substantially perpendicular to each other on a

predetermined plane, and )
15 'the aperture has. a rectanguiar shape having a longitudinal side

in a direction substantially perpendicular to a direstion in which the first
transparent electrode and the second transparent electrode are

arranged in parallel,

20 21.  Aprojector comprising:
an Elluminatio-n light source that supplies an illumination light;
a spatial -Iight modulator that modulates the iliumination light
according to an image signal to output a modulated light; and
“a projection lens that projects the modulated light, wherein

25 the spatial light modulator includes a plurality of
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5 following condition is satisfied 4RL<Rc<RD'4 where RL is the m ninmum
resi stance of the conductivity variable portion, Rb is the maxinmm

resi stance of the conductivity variable portion, and Rc is the resistance
of the resistor portion. 10 24. The optically controlled device according
to claim22 or 23, wherein follow ng equation is satisfied Rc=(RLxRD)v2

where RL is thedfidalBiifs|ed Aldva Tb?’é HJFeH%r QRIS b ih ga“ adb\ﬁatl?nl!@nﬂﬂro'i-' on,

15 RD is the, maxi numresi stance o con uct|V|ty |'e portion, and
Rc is the resi e [ _ | i ght nodul at or
conprising a pﬁh%ﬁ%&bgpg td g%ggpf%{er@ﬁh%bgﬁsgﬁﬁ?m%ﬁgf H}aér ror devices
havi ng a novabl [Lor novable to a termned position,
wher ei n each ofo%t“ﬁ@ lgﬁoné%(hle;q '?S'(S’Hfiﬁtﬂ T"ér(f‘)ﬁg@‘é'&leé 'EF&C@F deV| ces includes a
control -1ight opt ical systemthat supplies a control (1 a. transpar ent
el ectrode that is opticall¥ W@ﬂ%ﬁ@*'ca%yaeﬂbﬂéﬁ}&q RRISF & £PNHI
portion that is Brow ded on the 128 transparent el ectrode, where _
el ectrical ®ondi@BEivity changes according to an anmpunt of control-|ight
passi ng t hr ough the transparent el ectrode; a driving el ectrode provided on
t he conductivity vari abl e aparspanenbelecinvdalthat immbptichly tiahspaverdit e to t he
pr edet er m ned
a conductivity variable portion that is provided on the
transparent electrode, where electrical conductivity changes according
to an amount of control light passing through the fransparent electrode;
10 | . a driving electrode provided on the conductivity variable
portion;
a movable unit that is movable to the predetermined
position;
a support portion that movably supporis the movable
18 - unit;
a pbWer supply that supplies either of a voltage
- modulated according to an input sighal and a constant voltage to the
transparent electrode; and
_a light-shielding unit that is provided between the
20 transparent e!ectlfc)de and'the“cent‘rol-light optical system, the
light-shielding unit including an aperture,
- _ the aperture is arranged such that the control light from rthe
| control-light optical system passes ‘through the aperture to be input into

' the transparent electrode, - -

-  25 E . the control !ight.paesing through the apeftu’_re is input only info
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position; a support portion that novably supports the novable wunit; a
power supply that supplies either of a voltage 10 nodul ated according to an
i nput signal and a constant voltage to the ,transparent electrode; and a
resistor portion that is provided between the driving electrode and the
novabl e unit, the resistor portion having a predeterm ned resistance, 15
the predetermn val ue in a range between a m ni mum

esi stance is, any
resi stance and g“%%’)ﬁﬁ?ﬁﬁf?%%?'@?ﬁﬁé@ tefgqrﬁ!’a&)ﬁcﬂf@ﬂﬁtﬁrﬂy“e@éﬂ%ﬁ?@‘ﬂfﬁﬁﬂ i on,
the control light is input into the transparent el ectrode to generate a
predet er ni ned f Sk @rivingwlastiods and thegaevakderwde andd the 20 novable unit,
the predeterm ned force corresponding to the resistance of ‘the conductivity
vari abl e portion, andthensiovabddluaitiaimovad byvbe gredetermineddéorrer ned force.
26. A projector conprising: 25 an illumnation |ight source that supplies
an illumnation light; 129 a spatial |ight nodul ator that nodul ates the
illumnation light according to an imge signal. to output a nodul ated

l'ight; and & pr@gectiAn dmmalllyfmntwltweﬂé\‘zicéhfbmpﬂsihgt ed light, wherein
the spati al light nodulator includes a plurality of optically-controlled

T o nee pact o CRUHIEH SRIGH it St s’ SONRSI Rt <
a trangparent electrode that is optically transparent;
a conductivity variable portion that is provided on the
transparent electrode, where electrical conductivity changes-according
10 to an amount of contro! light passing through the trahsparent electrode;
| a driving electr;::de provided on the conductivity varlable portion;
a movable unit that is movable to the predetermined position;
a support portlon that movably supports the movable unit;
a power supply that supplies eithér of a voltage modulated
15 éccording to an input sighal and a constant voltage between the
transparent electrode and the movable unit; and
a resistor portion that is provided between the driving electrode
and the movable unit, the resistor portion having a predetermined
resistance, wherein
20 the predetermined resistance is any value in a rahge between a
minimum resistance and a maximum resistance of the conductivity
variable portion,
the control light is input into the traneparent slectrode to
~ generate a predetermined force between the driving electrodé and the

25 movable unif, the predetermined force corfesponding to the resistance

127



optically-controlled novable mrror devices including a control-1ight
optical systemthat supplies a control |ight; 10 a transparent el ectrode
that is optically transparent; =~ a conductivity variable portion that is
provi ded on the transparent electrode, where electrical conductivity
changes according to an anmount of control |ight passing through the

transparent el geti@dBndactiityyAdakasdiRfe apigovi ded on the conductivity
variable 15 portion; a novable unit that is novable to the predeternined

position; a support i : x?tpl, r ] unit; 20 a
power supply that supp thnggQgH]ﬁ@rt@S a %dopyggg F}rir;rg%%?gtrﬁgé{d@g%@gfdi ng to an
i nput signal and a constant voltage to the transparent el ectrode; and a

resistor portion that is provided between the driving electrode and the

novabl e unit, fhe resjstor. portio avi .a 25 predeterm.ned.resistance,
130 the pr edet &9m nebhs oaiisB contollgddeise S5RTNG 4 GIRBb ae SHEXE Mt i rum
resi stance and a maxi mum resi stance of the conductivity variable portion,

t he control5 | i ighowisg icapditiamissatisdiad ansparent el ectrode to 5 generate a
predeterm ned force between the driving el ectrode and the novable unit,
t he predeterm ned ftReReRE4ponding to the resistance

where R is the minimum resistance of the conductivity variable portion,
Ro is the maximum resistance of the conductivity variable portion, and
R¢ is the resistance of the resistor portion.

10
724. The optically controlled device according to claim 22 or 23,
wherein following equation is satisfied
Rc=(R.xRp)'?
- ‘where Ry is the minimum resistance of the conductivity va'riable portion, |
15  Rpis the maximum r'es-is'tancé of the conductivity variable portion, and

" Rc is the resistance of the resistor poriion..

254 .-A spatial light modulator corﬁprising a plurality of -
opticalfy-control!ed Vmovéble mirror deviceé having a movable rhirror
20 t'ha-t is'movable to a predetermined position, wherein
| _each. of the:Op‘t_icaily-contro!l.ed rn:'ovable mirror devices includes
a control-light optical system fhat supplies a CO_ntroI
light; | | |
o a transpér.ent elecirode that'is optically tra_nspareﬁt;

25 o - - aconductivity variable portion that is provided on the
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of the_‘conduct ivity variable portion, and the novable unit is noved by the
predeterm ned force. 131 : :

transparent electrode, where electrical conductivity changes according
to an amount of control light passing through the transparent electrode;

a driving electrode provided on the conductivity variable

| portion;
5 a movable unit that is movable to the predetermined
position;
| | a suppor_t portion that movably supports the movable

unit;
a power supply that supplies either of a voltage

10 modulated according to an input signal and a constant voltage to the

.transbar—ent electrode; and

a resistor portion that is provided between the driving
electrode and the movable unit, the resistor portion having a

predetermined resistance,

15 thé pred_eter_mined resistance i_s any value i-n a range between a
~minimum resistance and a maximum resistance of the cond'u'cti'vity |
: variable portion, | |
| _th'e control light is input into the transparent electrode to

genérate a.,prede-tErmi-ned forcé between the drivingielectrode and the
20 m.ovable unit, t.he predetermined force corresponding fo the resisfancie

of"the qo_nd'uct_ivlity variable portion, and | |

~ the movable unit is moved by the predetermined force.

26, .Aproj,ecfor comprising:

25 ~ an illumination light source that supplies an illumination light; '
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10

light;

.a spatial light modulator that modulates the illumination light
accbrding to an image signal to output a modulated light; and
a projection lens that projects the modulated light, wherein
the spat-iéf light modulator iﬁcludes-a plurality of
opticai!y—cohtrolled movahle mirror devices having a movable mirror

that is movable to a predetermined position, each of the

- optically-controlled movable mirror devices including

a control-light optical system that supplies a control’

a transparent electrode that is optically transparent;

* - a conductivity variable portion that is providéd on the

~ transparent electrode, where electrical conductivity changes' according
to an amount of control light passing through the transparent electrode;

a driving electrode provided on the conductivity variable

15

20

25

portion;
a movable unit that is movable to the predetermined
position;
| a sup;ﬁort p&ortiron that movably supports the m_ovable _
lunit;' | B |

a power supply that s'upplies-eith'er of a voltage . -

‘modulated accorﬂihg to an input signal and a cOnst.an't voltage to the

transparent electrode; and

 a resistor portion that is provided between the driyihg

; électrbd_e a'nd the movable unit, the resistor portion having a

predetermined resistance,
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the predetermined resistance is ahy value in a range between a
minimum resistance and a maximum resistance of the conductivit-y
variable portion,

the control light is input into the transparent electrode to
generate a predetermined force between the driving electrode and thé
movable unit, the predetermined force corresponding to the resistance
of the conductivity variable portibn, and

- the movable unit is moved by the predeiermined force.
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