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I NVENTION 1) Field of the Invention The present invention relates to an

optically cont rohEedpdteid,y SORTROLLED leiRiE 8PhTiAL (IBigf! | cal Y

controll ed device, a spatial |ight ul at or usi'ng e optic

controll ed device, and a hEGt Si j | i ght nodul ator. 2)
Description of the Relat e@r(%ﬂr)wq'ﬁl’ t%Drélgﬁ)Jcﬁ@?pi are used for spatial
i ght nodul ators O projectors. The tilt mrror device includes a plurality
of novable mrrors forned on an integrated circuit board based on mcro
el ect r amechani - c c 8' Lrror noves its reflecting
surfacd ackbrd » e aPPLCALQNS 25 || unination
light. The tilt pmrror device reflects the illumnation |ight according to
the i mage signalllby aRRItGA8ION ighasrd HeeanaRd fiaimsy the beaefiobipriatits t he
illumnation light. The technology for this tilt mrror device is

di scl osed, redrthexpripl dapaness Patant Applsatinas 1022003-207765 filed on

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 invention relates to an optically controlled device, a
15 method of controlling the dptically controlled device, a spatial light
modulator using the optically controlled device, and a projector using

the spatial light modulator.

2) Description of the Relatéd Art

20 Tilt mirror devices are used for spatial light modulators of
projectors‘. The tilt mirror device includes a plurality of movable
mirrors formed on an integrated circuit board based on micro
electromechanical systems (MEMS). The movable mirror moves its
reflecting surface according to an image signal, and reflects 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 mrrors, 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 conplenentary netal oxide sem conductors (CMOS) or the |ike.
Therefore, the conventional tilt 10 mrror device has a conplicated

structure, e rdPGERVEe irhAge ish I%LW @dntr@ilfr@'fdﬁe AT alhe MEMPs Shhyct ure

have to be integrally forned, iC causes reduction in yield. Thus,

manuf act uri el ; ; i I A ; be used
for the ti ln?@%&l%?%fth%gl\f}ﬁ@gf‘at e“ggﬁ'i ﬁ%%eggﬁ%l?gllylfggt@[gvt?!gg“ﬁ??dri ven by

i nci dent | i ght : i i i sed, the tilt
mrror devia%g\lﬁccealnsf ggjcg%%bﬁofﬁftgé%g#\yﬂIécgrﬁgsﬁiai’éﬁﬁtﬁ%’_ %@%ﬁ?#er einafter, "a
control light") ccording to an.li si.gnal , ont 0. each of the optically
controlled devi kg%W?Y?bﬁtC%%?@é%ﬁnagﬁt rrg&o&&eryécq HéCEfBE‘?? @1y controlled
devi ce %or. the tilt mrror deyice, there is no need to provide the

i nt er cornedMtEEFORRRELIH 9rdes toStrivg the MQAble RiELys; gNEHBERRPABI e mirrors.
Therefore, there is also no need to integrally formthe integrated circuit
and the MEREBCiEiCALAEERES tohhne MAYZRIRsNiPSoiseirsvtiradh yifertbermpradher, the
novable mrror can be easily upsized, and therefore, it is also easy to.
real i ze hi ganvestibnal bih.msrarcédevine iasiuidesegoaabie oiirrons foinged iont ameeded,
cost of the tilt mrror device can be reduced and the tilt mrror device
can be dri wretegwatehiocitcany ored tusiicd icomplbynemtary hsdtahdxidel t age of the
integrated circuit. Furthernore, since the integrated circuit is not

requi red asénficghasstoral SMOE)aathedies edThigrefotdiehsubisivetrondlgt til t
mrror device can be upsized at |ow cost.

10 mirror device has a complicated structure, and moreover, the integrated
circuit and the MEMS structure have to be integrally formed, which
causes reduction in yield. Thus, manufacturing costs increase.

An optically controlled device can be used for the tilt mirror
device. The optically controlled device is driven by incident light. If

15 the optically controlled device is used, the tilt mirror device can be
controiled by scanning a light beam (hereinafter, "a control light")
according to an image signal onto each of the optically controlled
devices (light ‘addressing). By using the optically controlled device for
the tilt mirror device, there is no need to provide the intercc;‘nnnect 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 easily upsized, and

therefore, it is also easy to realize high resolution. Since the

25 integrated circuit is not needed, cost of the tilt mirror devicercan be
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5 However, the optically controll ed device possibly used for the tilt
mrror device has one side of tens of mcroneters. Because the optically

controlled 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 the tilt mrror device according to i mage 10 signals. It

is al so necessary to set a spot dianeter of the control light to about 10

m cromet er SrFHU c8H 3T, Fedﬂgi?ﬁir?&ed%]ﬂ%r&{n thﬂ vér{' St a?l& redpri@l Gt rode of

the opti cal y contr evi ce. t he han i'n order to display an
i mage, it | C I i eed. anni ng
t he cont roI ﬁ%%?w Vgl%d‘;ehgpbié]gjt%g%tgai?'r%ﬁpf i %H{tﬁeﬂ‘gOEeg %'QCFﬁg Scontrol
light to be rec S incident on the optically conitrolled devices.

Furt her nor é L’?qe?%i:wé IS 88&(?%"ng?ﬂdp@éﬁaﬁﬁfé%f&ﬁ%&a“ k% UGPEHOPr eci si on,
a scanning.s Uglﬁ the control ght becones slower, which nmakes it
difficult tBed It@}eath%t'ﬁﬁntﬁ[%ﬂ@@vcﬁrﬁ?db eﬂi@r'%@%laémﬁr@& se control for
the optically 20 controlled device is difficult. As explained above,

al though there aﬂ'@W%‘(ﬁfetb@@ﬁ&@@ésﬁ@ﬁ&il&%éevmﬁepmﬁblycwcbéorrTé@utiléd by
using the optically controlled device for the tilt mrror device, it is
difficult toirrgrdsiiselhascom: side ohéenpoif caickymetars: olBerhwkevitee. The

optically controlled device controls electrostatic force 25 generated

caused by @p}bi@bﬁptdoaitrcﬂiefdf@eeinea'slfmlomeamni@noeileefdﬁd,ddis fietessaryitag
(hereinafter, "a driving electrode") and a novable mrror that is a

movabl e uniitumandeds E¥BEof hehtreveptiee BhEEaNyY . cbhtrtohn@ldede\ﬁcas it Righ amount
of the potential difference between the driving el ectrode and the novable

U i ol EERIOF b e SBOAE IR NS AR A T

10  signals. It is also necessary to set a spot diameter of the control light
to about 10 micrometers in order to make the control tight 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
control light can be scanned With high precision, a scanning speed of
the control light becomes sIoWer, which makes it difficult to display a
high quality image. Therefore, precise control for the optically

20  controlled device is difficult. As explained above, although there are
some advantages such that the cost can be reduced .by using the
optically controlled device for the tilt mirror device, it is difficult to
precisely control the optically controlled device.

The optically controlled device controis electrostatic force

25 generated caused by a potential difference between an electrode for



bet ween the two cannot sonetines drive the novable mrror. If there is a
slight variable range of the potential difference between the two, only by
maki ng a slight amount of control light incident on the novable mrror,
the potential difference between the two largely changes within 10 the
vari abl e range. Therefore, it beconmes difficult to nove the novable mrror
to a precise position by changing the anmount of control light. As

expl ai ned cﬁrhnng,(hbr@nemeir,oed HMVR@‘&F&:Q:HOQQ“?%H'G@ rmsabﬂﬁrmiﬁdr%%k?s?abecause

it becones difficult to performprecise control over the novable mrror 15

accordi ng tQal e, Sk ool i al. diff ‘bet the two is
a slight anrﬁakfgggsfﬁl\}k)l&%@hglJ?ﬁEéﬁ%h@%ﬁPg\ﬁ’p%lrs gf:lt%%gigé%t% 0 he present
i nvention t : .n the conventi onal

t echnol ogy.397/18ﬁr’éﬁ%@*%@@gﬁﬂérigbq%?eg"n‘gebgég%%Rg’f'8{5\?8"&9 ST 305k i on
controls an _optical controll ed devj.ce that includes transparent

el ect rode Bﬂﬁtm%g‘%ﬂﬁ%"i’@% tlt'V' ?ﬂeﬁﬂ@ﬁ%{éﬁ?‘?mg goneiRe \)?1335‘?/3@1 te portion
that is_provided on_the transparent el ectrode, where electrical 25 _
conduct Pvi t%f”%%gggh%éée Ry enthenelestrostatiofarcslgeneatedassi ng
through the transparent el ectrode, a driving el ectrode provided on the
conduct i vi thetvgendibedwioeanbat samediraes drivei thet mewvabte mivabl elfitbese
predet erm ned position, and a support portion that novably Supports the
nmovabl e unii$ & Stightrestrisdde iracgedefsthienpetetnit iad differeooet betivdangtite o2 5

constant intensity into the transparent el ectrode; applying a voltage
modul at ed antpbgimgking arslighpemsugnal coefraekght ingideraptiemovatiiect rode

and the novable unit-, and noving the novable unit to the
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 changing 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 difference between the two is

a slight amount.

SUMMARY OF THE INVENTION

It is an object of the present invention to solve at least the
20 above problems in the conventional technology.

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

25  conductivity changes according to an amount of control light passing
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predeterm ned position by generating a force proportional to the voltage
between the driving electrode and the novable unit based oil a 10 change of
el ectrical conductivity of the conductivity variable portion Caused by the
inputting of the control light into the transparent electrode. A nethod
according to anot her aspect of the present invention controls an optically
control |l ed device that includes a transparent 15 electrode that is

optically trafopay ﬁ@grangg%9§ﬁyg [dctjdd, WPl PR RS AN, RBLq [y greovi ded. on

t he transpare ere e M cal " %CBn uctl P ges accordi ng

to an anount_ of trol a55| n trans nt electrode, a
driving el ecé]tr\'dél& o Y o r@é)dg RQ a %HHBE ﬁq'tt;;ﬁ is'l A QB&)&E Pon, a novabl e
unit that is vabl.e to a pr edet er m ned sition, a support portion
t hat rmvabl%fegD]EfHH%’F@d Ftch% 368@ éHPPortﬂ{Q’%H@ttﬁéém%@ ASUPPRBIR ti ng t he
control ght of an intensity nodul ated according to an input S|é;nal into
the transpaR@inovaplecitibde Neapstypsincudendtpyitingoiheagentsel bk
transparent el ectrode and the novable unit, noving the novable Unit to the
25 pr edét eraginséantpotensibnindy tyericanspargn eﬂen:tccadw applyinpaaloltage he
intensity of the control |ight between the driving electrode and the

novabl e uninotialséed accardingngeanfingltesignat bbtwean dbe itratypaoént he
conductivity variable portion according to the intensity of the control

l'i ght causededtyoddenidnhe inovabdé uhlite ateintioeing tighmdvitoe turet to aresparent 5
el ectrode; and resetting the driving el ectrode and the novable unit to

substantlalaradémlﬁeawélﬁénWg@@eﬁatmg@fwPly S)forfipRbl & thd ght is  being

input into the transparent el ecttrode. A optica controll ed device
according 05hk! betiU e BFRRTY electrode and the movable unit based on a

10 change of 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

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

20 predetermined position, and a support portion that movably supports
the movable unit. The method includes inputting the control light of an
intensity modulated according to an input signal into the transparent
elect_rode; applying a constant voltage between the transparent
electrode and the movable unit; moving the movable unit to the

25 predetermined position by generating a force proportional {o the



of the present invention includes a control light optical systemthat 10
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 anmount of control |ight passing through the transparent electrode; a
driving el ectrode provided on the conductivity variable portion; a 15

movabl e unijftdfagtl dfSnBRYSH61 |t‘.g?1tab@w@ec@$ ﬁf@ﬁﬂ@%g"@?&ﬂd&féaﬁd%@po”
portion that novably supports tThe novable unit; "and a power supply that

supplies ei f ] ¥ ignal and a
const ant vé—ﬁﬁ?‘g%tggt%rﬂ% éggtgragcﬁ]s%g(ﬂtgn@egﬁg%%Qgépg%%&)%%ﬂ!%?ﬁ/hescont roll ed
device is caontral.led by. t including inputting,the 20 control |ight
of a consta?(r)? dpﬁbgﬁgiV%la]%rl,ﬁopﬁgntarcgﬁigf g‘r?tﬁ% ' é??%@é??t%%ﬁpyﬂﬁ a vol t age
nmodul ated according .to an input. si | bet n.the rapsparent el ectrode
and the nov‘ggfé’aHﬁgg;byaﬁtF %ﬁﬁhagtfﬁﬂ%ﬁ&%\r’@ﬁ@jﬁim &"Ei HaNsPetiter ni ned
position by generating a force proportional to the voltage between the

dri vi ng® el St%tEeRe a0 ragetindalliedlining slestiddesabh the cnavarledinitt@ct ri cal
conduct i vi tyboI tt&{etycondumc:a\tgnttéééar'i abl 1?' porti onﬂguseg EI\; ;]Ee i nputting
of the contueklan $ane p A dspaden time md@n copmoopghtckl |y
controll ed device according to still another aspect of the present

i nventi on ibethadgsutantmibhe dlarisipgiienbptaataidesystem that 5 supplies a control
light; a transparent electrode that is optically transparent; a

conductivity var iAmbbgtie@ityt controhatl desvips acicdedingrtot 418 ahbEes A pRIE
el ectrode, where electrical conductivity changes according to an anount of

CTok ok TALPREESS HHSMEN R dcou e gharhiangysicn havi 9

10 supplies a control light; 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 control light passing through the transparent electrode;
a driving electrode provided on the conductivity variable portion; a

15  movable unit that is movable to a 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 optically
controlled device is controlled by a method including inputting the

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

the voltage between the driving electrode and the movable unit based

25 on a change of electrical conductivity of the conductivity variable

6



10 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 and a
constant voltage to the transparent electrode. The optically controlled
device is controlled by a nethod including inputting the 15 control I|ight
of an intensity nodul ated according to an input signal into the

t ranspar entpeatieatddrsd BpRh¥iinguRingPsstNEoNabl Aget hﬂé\eﬁ@rﬂrér’t&ﬁaaréhans par ent
e

el ectrode and the novable unit; noving the novable unit to

predet er m ngdcfpegeti on by generating a force proportional to the intensity
of the control light between the driving el ectrode and the 20 novabl e unit

based on a chan r qy?ﬁ LV €.t j Vi vari abl e
portion accordi %gl‘rftgp?%% r?ltogl?lljsﬂ”tgg 0 Fﬁedc%cg)ﬁ?{ng}fb ?E'g%ﬂggg%s%%ﬁ%%}dt he
inputtin f | j.aht . i et spar.ent.. el ectrode; . an
reget ti ng ﬁ]}‘éﬁ%ﬁ)‘r\%?%f g'iv&rltrﬂ%dgfc%%% %ecq{{)t&gblﬁ) tu?ﬁtfcsﬁd:‘ysi%gﬁﬁﬁti ally ﬁame
otential during a ti en,the control, ljight is 25 being jnput into the
Fr anspa entSUQPéJ%?raoaaHﬁRV@gﬁ{ii%ﬁ%ﬂﬁaﬁ{e%aﬂ?%yt%f@ 'é’@gcﬁ' @ipﬁ'gahb still anot her
aspect of the present invention includes a plurality of
opti cal | y- CGNSPATEBH HEQRBHELIVIRY VAHALHRPPEERN Hhdl S @ vifRthBNdhgi rror t hat
is novable to a predeterm ned position. Each of the optically-controlled
novabl e 5 #igdnspargel plasiradiwbiers alesdiicalotondugtivibpehaagesgsterdinpat
supplies a control light; a transparent electrode that is optically
t ranspar ent aa arondd of iopint §ol Vigrit tase i th ooy ht that triaaspamnitdedctoadehe
transparent el ectrode, where electrical conductivity changes according to
an anount aodriviogtelebtrodghtrovéded po thier osrgdudthetyt v ansiplar gavtiogl ect rode; a 10

driving el ectrode provided on the conductivity variable portion; a

10 movable unit that is movable to a 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 optically
controlled device is controlled by a method inciuding inputting the

15 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 proportional to the
intensity of the control light between the driving electrode and the

20  movable unit based on a change of electricalfconductivity 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; and resetting the driving electrode and the movable unit to

substantially same potential during a time when the control light is

25 being input into the transparent electrode.



novabl e unit that is novable to the predeterm ned position; a support
portion that novably supports the movable 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 15 optically-controlled
nmovable mrror device is controlled by a nethod including inputting the

control |ight of a const ant intensity into the transparent eI ect rode;
appl ying a vol ta%s HQI FOnf (5 r’%ﬂ:cto‘Pg% gtﬁ’ﬁ"an%kr%}a%]s the.
transparent el ectro and e novabl m)vab unit to

ol t hge. betllE SFHRI% | f@."wg’% DR, A SR PR ESR M’ on 0

change of el ect i cal onducti vi té f the conducti VI varl abl e portion
caused by trﬂ'érc?r XIEPRHGavey eHEOovERIs B’T'”Iol gh?t isn'iné’vta fq 8nspar ent
el ectrode. The novable portion _is the able mrror. 25 A spatial |ight

modul at or  &CBEPHTAYNEE pﬁﬁ'i‘@”an@tﬁ‘i@r(’fa’é}?e@@t'%nk ﬁ@nﬁfp@%rmwﬁb'@ntl on
includes a plurality of optically-controlled novable mrror devices having
a novabbe rmiriasrdaviges inclngeatd sontsoklight egticet aysted puati supmiesEach of the
optically-controlled novable mrror devices includes a control-Iight

opti cal sysoatol hight;suprdrisgsaranbetamttods thatghtgptacdllyanspsyaentes ect r ode
that is optically transparent; a conductivity variable portion that is

provi ded owmohbectivansvaaiadné poetiestthatlis pmheded elregid iraabpsmnductivity
changes according to an anount of control |ight passing through the

transpar entel&dtesdd Offfere @ledficyl ﬂ@n@h@ﬁ\hfpﬂﬁangg'ét%r@lﬂﬁtt*&eaﬁonduc'f! vity
vari able portion; a 10 novable unit that s novable to the predeterm ned

ng' gﬂpp%ﬁé{ﬂﬂ%ﬁcor&%ﬁ'lm pEKn MR gh SHORA D Bt BRI Yl t: and 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; 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 voitage modulatéd according to 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 proportional 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.

25 A spatial light modulator according to still another aspect of the



t hat supplies either of a voltage 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 15
including inputting the control light of an intensity nodul ated according
to an input signal into the transparent el ectrode; applying a constant

vol tage between the transparent electrode and the novable unit-, noving

the movabl G é8kht hivdrBPREARIEL BiERROSId AN Sone Efbd At phor ce

proportion e |ntenS| e co meen driving
el ectrode e trical

conducti vi ta"QO’lB‘#rh‘f%‘ﬂ%g%&?éw ?\?’%égfq gﬁf@)rgﬁs{]% Woé’(?? g‘? ﬁg to the
intensity of the cantrol put t f the control |ight
tothe t ARURGERDeE Resilidhe. EHICEH HebPfreltobiRgedi mevaal ana « ne
novabl e unit to substantially sanme otentlal durln a time when the 25
control |i dgR¥TQrAELHS '“‘P\‘HG?Sl31198”E"ﬁé‘“ﬂr"‘éﬁ@ﬁ&ﬁbﬁys@ﬂééﬁ&WP'TFﬁfea novabl e
portion is the novable mrror. A projector according to still another
aspect bf tqa@tm{é@@h,tattaﬂmreahe griradie shainisi optidliyaranspateght asour ce t hat
supplies an illumnation light; a spatial |ight nodul ator that nodul ates
the 5 ill urﬁamaimicdmityivgamtabdie:qs@rrtjbnghabiaaprdu‘rdgé o8l theatrahepargmut a nodul at ed
light; and a projection |l ens that projects the nodulated Iight. The

spati al |i ghtctrodel| ahere ietedtvidas canglotivity chaobespidooadi ing-teoatr ol | ed

novabl e m rror devices having a novable mrror that is novable to a

predet er m pedoPRSHL tomtro EREHt 94s4iRg tAPS U RLhY tRMYp=0bhed dBMRlY: & 10 mirror

devi ces | ncI udes a control-light optical systemthat supplies a control
l'i ght; d"f‘WrP@'éﬁEtftr@d@?%ﬂ@%dtmtthé %o‘ﬁ%hbﬁ@ﬁi%aﬂa%”é{ﬂ%rrﬁ@ﬁ g @
conductl vity variable portion i S provi on the transparent

10 movable unit that is movable to the predetermined position; a support
portion that movably supports the movable unit; and a power supply
that suphlies 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

15 including inputting the control light of an intensity modulated according
to an input signal into the transparent electrode; applying a constant
voltage between the transparen"t electrode and the movable unit;
moving the movable unit to the predetermined position by generating a
force proportional to the intensity of the control light between the

20  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 potential during a time when the

25 control light is being input into the transparent electrode. The movable



el ectrode, where electrical conductivity changes according to an anount of
control |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
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 ftragﬁjqp{jﬁq% tféé?ﬁ&(/%jl% mTrl?Sr 20 optically-controlled novable mrror
on

device is rol thod™ ‘including inputting the control |ight of

a constant i nten 1N r ent tr a vol tage
nodul at ed accor di EYQJSC;H{ é?‘fﬂ{ﬁi @P‘g%g C{tﬁsgﬁsf’ﬁgpf’? Qﬁengq%eﬂ}t el ectrode
and the novabl e.unit; m? g vabl e uq t to the predeterm ned
posi tion b)}”‘é%”té%‘hé?%{'t’ijﬁ@aé‘ Higeiga bPBrJlﬁ LisHyret8at REPRUPE 4fe bet ween t he
driving 10 ?I ectrode and the novabl e unit based on a change of electrical
conduct i vi t'ﬂ/“'ﬁf”altlﬂé‘ tahl e ePatiallighl mesiubates thabmasklaies the inputting
of the control light into the transparent el ectrode. The novable portion
i s the Povabieinatianolighbapceidinede an woage ¢ignaltle setiput aamodiéatedspect of
the present invention includes an illumnation |light source that supplies
an il um right,omnd iaghtojecaticpaenakhat gioecsdhleanoduldtatd igidul dthes t he
illumnation Iight according to an i nmage signal to output a nodul ated

l'i ght; andspapimbjight hoddietts ihbaldgy ajpdetaity lvé omidallatchitdlwy . The 10
spatial Iight nodulator includes a plurality of optically-controlled

et o o ASTSE I 89188 [y RIS o) TRl 0 °

predetermined position. Each of the optically-controlied movable

10 mirror devices includes a control-light optical system that supplies a
control light; a transparent etectrode that is optically transparent; a
conductivity variable portion that is provided on the transparent
electrode, where electrical conductivity changes according to an
amount of controi light passing through the transparent electrode; a

15  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

20 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
input signal between the‘ transparent electrode and the movable unit;

and moving the movable unit to the predetermined position by

25 generating a force proportional to the voltage between the driving

10



mrror devices includes a control-light optical systemthat supplies a
control light; a transparent electrode that is optically transparent; a 15
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 driving

el ectrode provided on the conductivity variable portion; a novable unit

that 1S Mableoko deuRy BISIBIORRCh RS thoRionangRAaKbeARaor L1 on that

novably supports the novable unit; and a power su that supplies either

of 2, vol tage RINLALeH AESAIGAS PGB o BRRel < And) B NSty Vol tage

to the transpare I"ectr y-contTo vabl

device i |led hy a. d, _including i i h | ..l ight of
an- i ntensi 1§ haaaiadas BTGz P S FaplBlel e MR PHahdpar ont

el ectrode;  appl yi n\? aI constant 11 vol tage between the transparent el ectrode
and t he movaEi@™Meyable MEi®hg the nmovable unit to the predeternined
position by generating a force proportional to the intensity of the
control 51i ght betwBEHEEHY acrardingtepbt anedeennsresleohiieablasaMi t based on
a change of electrical 5 conductivity of the conductivity variable portion
accor di ng toventéon imtledes @y duminetioordighdisauirgatthghaseplids anhe i nputting of
the control light into the transparent el ectrode: and resetting the

drivi ng el étumbdsicaniight; keespatiablightumiot ul atos tihst muidiudd ey thane potenti al
during a tine when the control light is being input into the transparent

el ectrode. iihainmuablight A6cd@itg ed arsiniige syedllte dathbuba. mAdutktcal |y
controll ed device according to still another aspect of the present
invention iRk Usies agp @peétioh 1dh DM atopid&ak thesheautdial light. The
10 spatial light modulator includes a plurality of optically-controlled
movable mirror devices having a movable mirror that is movable to a
predetermined position. Each of the optically-controlled movable
mirror devices includes a control-light optical system that supplies a
control light; a transparent electrode that is optically transparent; a
15  conductivity variable portion 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 movab[e to the predetermined position; a support
20 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
optically-controlled movable mirror device is controlled by a method

including inputting the control light of an intensity modulated according

25 to an input signal into the transparent electrode; applying a constant

1



supplies a control light; a transparent electrode that is optically
transparent; a conductivity variable portion that is provided on the 15
transparent el ectrode, where electrical conductivity changes according to
an armount 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

novabl'y SURRR: ik S lies either

of a voltage u*gﬁ%@%?%?ﬁ%%g%{%maﬁ%\&ﬁ'gf gﬁgﬁg%hﬁ%\c’ig&g lhcjr@ﬁstant vol t age
between th ranspar e t V. uni t,: and ,

i ght - shi eﬁH%"@@uﬁi tlapld @%ﬁ@?ﬁ%&%@@%ﬁ%ﬂﬁw@hﬁﬁ'ﬁaﬂsbpvaﬁsw%tgr%@t r ode
and the control-light. optical system t l'i ght -shi el ding unit including
2 aper t ur dorcmareitioaRLty She ARG Ty Be ddlio TR RS e 11 ght 1 rom
the control -|ight optical system passes through the aperture 12 to be input
into the trde{H’é’g% trefean *jn@. mm@%i%ﬁwtot?as%ﬁn $553ngg ofialesiliipg!t he
aperture is input only into the transparent el ectrode to generate a

predet ef ni rodMduetivdy Bdttihe «o nchetivity watip e dwartiosea cosddingeto thsvabl e uni t,
and the novable unit is noved by the predetermned force. A spatial |ight
modul at or actemsdiynef the santré! lagidt drrseabpgdheofputiing of Bseatniralegitti on
includes a plurality of optically-controlled novable mrror devices having

a novabl e imtorive traaspaentwiabiredepaad eseddigting dedimpseiddiade Eagh of the
optically-controlled novable 10 mrror devices includes a control-1ight

optical syshembhathlesufiPté esbatainosamiedhdtendial HARBRB BRte YRS fede t hat
is optically transparen conductivity variable portion that is provided on
the transpap@ffol light is being input into the transparent electrode. The movable
10  portion is the movable mirror.
An optically controlled device according to still another aspect
of the present invention includes a control-light optical system that
supplies a control light; a transparent electrode that is optically
transparent; a conductivity variable portion that is provided on the
16  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 the predetermined position; a support
portion that movably supports the movable unit; a power supply that
20 supplies either of a voltage modulated according to an input signal and
a constant voltage between the transparent electrode and the movable
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 controf

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

12



el ectrode, where electrical conductivity changes according to an anount of
control |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
novably supports the novable unit; a power supply that supplies either of
a vol tage nodul ated according to an input signal and a constant voltage to
the transp i ; i —~shiel di (AT LS provi ded
3bee hr@tﬁ%fd)ﬂ‘gei tr%’h@ggrér'\tg@ltecﬁ@d%. Ti%e %gln%I qlggg?fasérﬁg

bet ween the transparent ectrode and t control -11ght cal “system

he 1 iaht-shi . S . . _ . q
such that TSR BB TERITRED R onh Sa PR B A o %ZQESS
h h th i t.int t he t t trod T
control |1 RaLS PRy SR B aCH 98 PRSP D ST A eBiip5 e b e
transparent electrode to generate a 13 predeterm ned force between the

driving el dBPYIHE WHE @%?%\W&%Y%b'edfﬁ'f IS By ahRY kb Mbedei®imined noved by

the predeterm ned force. A projector according to still another aspect of
the pre8entf®rG&vention includes an illunination Iight source that supplies
an 5 illumnation light; a spatial |ight nodul ator that nodul ates the

illum nation |ightspaiakldgmgmiod udaiorr regerdingnial stilbaoathmitaspemddfitheed
light; and a projection |l ens that projects the nodulated Iight. The
spati al | i ghesendinvansioni includiesaplptalitalaftopticfallgptortadlled panvabéd | ed
novabl e mrror devices having a novable mrror that is novable to a 10
predet er m meidrgraga it @8 halkaed aoholvBBleOptiroalthat Bomovableth govable mrror

devices includes a control-light optical systemthat supplies a control
light; a traageriithe8REINIONe ERdh dstherbbGedity.cbhBBRRA B abIR
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 provided on the transparent
electrode, where electrical conductivity changes according to an
amount of control light passing through the fransparent electrode; a
15 driving electrode provided on the conductivity variable portion; a
movable unit that is movable to the predetermined position; a sup-port
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 transparent electrode; and a light-shielding
20 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 controt light from the
control-light optical system passes through the aperture to be input into

the transparent electrode. The contro! light passing through the

25 aperture is input only into the transparent electrode to generate s
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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
novabl y supports the novable unit; a power supply that supplies either of

a vol tage MhadLalfdnsagerdd %%t\glggﬁ’}hbrﬁ)ﬁvi_néLe?@?ﬂé?ﬁg%r%otrfé fRRZLARt Vol tage

to the transparent electrode; a light e uni S provided

betveen L bt ANPAIERa AL ANt eoplLaletigll, pppical eysten

the light- unit 1Tncludi ng & is arranged
such that the control. I jght fromthe ntrol-light optjcal system passes

t hrough the aper PBOJFS{%ea?%gfng E‘?Sﬁﬂﬁ(’gh%r ?gaﬁgﬁoﬁfﬁ}ﬁ PESNr ode. The
control light passing through the '14 aperture is input only into the

t ranspar en'gn‘é*iE B Hlfgug%s @éh@#&?'@agondﬁﬁﬂeﬁ%‘rrﬁ?ﬁ@at fUPREEHBween t he
driving electrode and the novable wunit, and the novable unit is noved by

t he preflet diwnmaiiaroliglt; anppatiel dart mogohtosithedmesiilaiesdbeor ding to still
another aspect 5 of the present invention includes a control-light optical
syst em t hatillusingiidrelglat aeeeiding It ghit image ségrsaidrenitpet acnoddéatedat i s
optically transparent; a conductivity variable portion that is provided on

the transpghénanelaeutojectéon vdres thatl miatectsahecondutdtedilightchdiges accor di ng
to an anmount of control |ight passing through the transparent el ectrode; 10

a driving ebattr nget proemilged iadludee & prgutty of byticallyadngrdierdt i on; a
novabl e unit that is novable to the predeterm ned position; a support
portion thajovEpalthir&UPRALES HAWBnEY ARMALY itrc? tRAVRS mavRBle td hat
10  predetermined position. Each of the optically-controlled movable
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 provided on the transparent
electrode, where electrical conductivity changes according to an
15 amount of control fight 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; a power supply that
supplies either of a voltage modulated according to an input signal and
20 a constant voltage to the transparent electrode; 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 to be input into

25 the transparent electrode. The control light passing through the
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supplies either of a voltage nodul ated according to an input signal and a
const ant vol tage 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 num

resi stance and a maxi num resi stance of the conductivity variable portion.

The contr oladdie kSypBPhIY (18 RS, 20 S s aptaglogbrgdad g generate a

predeterm n orce el ectrode and*t'he novable unit,

t he predet 1 or Lr i . he resi,stan of th

conduct 1 vi 19 C0aTs muPEteree bt RRY e b A bR R T B ey e 1 ne
predetermned, force. A spatial Jight nodul ator accordin o still another
Ppect Cof ikt st Fie @i it <R ovea: B RriieamingH force.
optically-control ] ed novable 15 mrror devices having a novable mrror that
is novable to a AUt 8BEEBHVICREY PSS deviRe aadig ihalilbpnptRen gsrResit r ol | ed
movable mrror devices includes a control-light optical systemthat

suppl i e§ a ofdbatpresent rentipn nohepes entordrelclighidepti¢alisyistermpihiatal | y
transparent; a 5 conductivity variable portion that is provided on the

t ranspar entsupglliesta cdsetroWlight @treoispiacant elecducts thatys olpdicgég according to
an anount of control |ight passing through the transparent el ectrode; a

driving el ecdnspdeent;ovicdaductivitheaciamdk poiriidh Yhakis glovidgohithe; a novabl e
unit that is novable to the predeterm ned position; a support 10 portion

that novabltysidrient slddifod®aRERe B dtiical BONGUCIPHBPENakded acBYRRhyes
either of a voltage nodul ated according to an input signal and a constant
vol tage tothhf HARRIRYTRUntRISRITt PHsiRG th R USRS GanBPaid M lectrode:
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 supports the movable unit; a power supply that
supplies either of a voltage modulated according 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
electrode and the movable unit, the resistor portion having a
predetermined resistance. The predetermined 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
20 transparent electrode to generate a predetermined force between the
driving electrode and the movable unit, the predetermined force
corresponding to the resistance of the conductivity variable portion, and
the movable unit is moved by the predetermined force.
A spatial light modulator according to still another aspect of the

25 present invention includes a plurality of optically-controlied movable

15



that is provided between the driving el ectrode and the novable unit, the
resistor portion having a predeterm ned resistance. The 15 predeterm ned
resistance is any value in a range between a mninmum 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 predeterm ned force
between the driving el ectrode and the novable unit, the predeterm ned

force corr aRpRIiElcEo Hdifh %Sr‘n%tv%BFeeH%@ otk GO %perm gLty variable

portion, novabl e un IS nove e pre e ned force. A
- projector an e S i pvention

i ncl udes aﬂ)qg%ﬁénﬁﬂﬂQ%SJ%% { éﬂ‘t g) %ﬁﬁ% %Ei%l&f C§Epr8ﬁ Slm%ﬁ?lﬁatl on light;
a spati al dul at or,  t hat |IIu tlonllght
accor di ng t c,m HEGe® é”ﬂHgFStaoC%HBEE'gEt ﬁﬁ?g? hq%gﬁ‘r{pp 32 a
proj ection Iens _projects the modulated |ig The spatial 1ight
modul at or iG9&L r@(ﬂi@%g %IW.#“&?H%"?”BP %’EQQ% hat. '§d}ﬁt|(@”IYéﬁa”~°rﬁﬁ)'§lﬁ'ftea mrror
devi ces havi n% a novable mrror that is novable to a predeterm ned
positi oh. E&F U@f'Vltt!hé’aélﬁtbﬂ%@loirS}O@dhﬂ 5 PRy iden 151 hestrangparedevi ces
includes a control-light optical systemthat supplies a control light; a
t r anspar entledteede, odbethaledtsiceprosdiithvity ahspgesratccoadingdodact i vity
vari able portion that is provided on the transparent el ectrode, where

el ectri cal aconshtcdfi sgrityolciigintgesssingdhdoungh tioe dmanspepent e l@fctioakt rol | i ght
passi ng through the transparent el ectrode; a 10 driving el ectrode provided

e e B e o B Sl Bl o v
movabl e Uninigy b BAUMH tHEHAR Mo ABfe 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 transparent electrode; and a resistor portion
that is provided between the driving electrode and the movable unit, the
resistor portion having a predetermined resistance. The
156 predetermined 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 electrode to
generate a predetermined force between the driving electrode and the
movable unit, the predetermined force corresponding to the resistance
20 of the conductivity variable portion, and the movable unit is moved by
the predetermined force.
A projector according to still ancther aspect of the p'resent
invention includes an illumination light source that supplies an
ilumination light; a spatial light modulator that modulates the

25 illumination fight according to an image signal to output a modulated
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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 predeterm ned resi stance. The 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

s 1nput [ Miche! BRaly BIBEISR1CAL 3AF BilRcLR 0 URARIAD iRy cdgier m ned

force betwe vi‘'ng el ectrode e novabl e un

pr edet er m for. i ot i gt 0 conductivity
vari abl e po%ﬁ)%tlgﬁ]’,I@g}]ﬁﬂ%c{]@a@@gﬂ%%sn?tmﬁgilﬁg\pzd)%g&%[ltyhéeorBF(gl!]eefer m ned
force. The ot her, obj ect features, and advantages, of .the present 25

| vent i on dnBVeecTEL Y1 M BRpi Mip BREMTREEHS BnEIRI0m om the 17
foll ow ng de aiﬁl ed description %ﬂ he_jnvention when read in conjunction

Wi th the aRiBaBMTRIRG dcRosiiAge. ECOR P NRODH O e DRAGPIGS b Fi g 1

is a schematic diagramof a projector; Fig. 2 is a schematic diagramof an
optical by dBitaroiedaesmielbdes acentel-teht eptiaateystenytha sugpliest @enbodi nent
of the present invention; Fig. 3 is a diagramfor explaining a method of
cont r ol | i ngoatrod pigind;ad Itka rsgrareot eattoeld teatascaptaially transperefitr st
enbodi ment; 10 Fig. 4 is a diagramof an exanple of a lighting tine and a
l'i ghting ticonadgctiity ERsiatde peatibndbbbis prahted Eingthebtrbaspasmitemat i ¢ di agram
of an optically controlled novable mrror device according to a second
enbodi ment edéctrbge Pivhsestelectrical conductivity changes according to an
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 voltage to the transparent electrode; and a resistor portion
15 that is provided between the driving electrode and the movable unit, the
resistor portion having a predetermined resistance. The
predetermined 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 electrode to
20 generate a predetermined force between the driving electrode and the
movable unit, the predetermined force corresponding to the resistance
of the conductivity variable portion, and the movable unit is moved by
the predetermined force.

The other objects, features, and advantages of the present

25 invention are specifically set forth in or will become apparent from the
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invention; 15 Fig. 6 is a diagramfor explaining a nethod of controlling an
optically controll ed device according to the second enbodinent; Fig. 7 is
a diagramfor 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 diagramof an optically controlled novable mrror device
according to a fourth enbodi nent of the present invention;, Fg. 9 s a

di agram f orfoRy @il Bl ABEBAELISH FARLTARLEAISH WhaPtEsRid XoRRINARIH ed

devi ce according to the fourth enbodinent; 25 Fig. 10 1s a schematic

di agram of & ' [?aqﬁq [ : fifth 18 enbodi nent of the present

i nventi on; \@lﬂgwﬁ%(\ckgh S hlégrac?lg‘éﬁ@qggram of an optically controlled

novabl e mrror device according to the fifth enbodinent; Fig. 12A to Fig.
12C are diagranms each for explaining a position 5 of a transparent

el ectrode L Vi rqode; Fig. 13 is a diagramfor
expl ai ni ng%@ ; ? OF; d control lights and an
aperture; Fig. 14 is a schematic diagramof a |ight-shielding portion and
apertures accor difg- 1 d5 @nechemeHcHB8A MeHta PI®CEIY, 15 is a schematic

di agram of a light-shielding portion and apertures according to a sixth
embodi nent of th&igrddedsehrivaticeiagram of an optically controlled movable

mirror device according to a first embodiment of the present invention;

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 lighting time and a
lighting timing of LEDs for each color light;

Fig. 5 is a schematic diagram of an optically controlled movable
mirror device according to a second embodiment of the present
invention;

15 Fig. 6 is a diagram for explaining a method of controlling an

~ optically controlled device according to the second embodiment;

Fig. 7 is a diagram for explaining a method of controlling an
optically controlled device according to a third embodiment of the
present invention;

20 Fig. 8 is a schematic diagram of an optically controlled movable
mirror device according to a fourth embodiment of the present
invention;

Fig. 9 is a diagram for explaining a method of controlling an
optically controlled device according to the fourth embodiment:

25 Fig. 10 is a schematic diagram of a projector according to a fifth
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Fig. 16 is a diagramfor explaining a position of a transparent el ectrode

and a position of a driving el ectrode according to the sixth enbodi nent;

Fig. 17 is a schematic diagramof an optically controlled novable mrror
devi ce according to a seventh enbodi nent of the

18A to Fig.

180 are di agrans each for explaining a position of a

present invention; Fig.

15

transparent el ectrode and a position of a driving electrode 20 according to

t he sevent rbrﬁ\gg@g,i]
e

according to an

(0]

according to the

equi val ent

to the opticglly controlled 19 npyable mirror device; Fig.
2 agr am fBPVAREIATE hECKGR SoTueing B Toe FRNGRTPOC I BR Rbnged: Fig. 23
di agram for expl ai ni pr:gf_\how a resistor portion is _ 5 arranged, Fi 3 24

di agram for expl &i%i hg AW iGhd 4e3re dirdH S raRNIfer explaiRtdda poisgions

schemati c di agram of an optically controlled novable mrror device

accor di Ag td atranppareHiarirede did aheogtiesafta diiginhesstiasie; Fig. 26

schematic diagramof the optically controlled

10

15

20

25

Fig. 13 is a diagram for explaining a relation between first and
second control lights and an aperture;

Fig. 14 is a schematic diagram of a light-shielding portion and
apertures according to the fifth embodiment;

Fig. 15 is a schematic 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;

Fig. 17 is a schematic diagram of an optically controlled
maovable mirror device according to a seventh embodiment of the
present invention;

Fig. 18A to Fig. 18C are diagrams each for explaining a position
of a transparent electrode and a position of a driving electrode
according to the seventh embodiment;

Fig. 19 is a schematic diagram of a projector according to an
eighth embodiment of the present invention;

Fig. 20 is a schematic diagram of an optically controlied
movable mirror device according to the eighth embodiment;

Fig. 21 is an electric circuit equivalent to the optically controlled

19

érptﬂé' j F emat i ¢ di agram of a projector
g tf’hthgel rel rretr{tﬁvﬁ?ﬁ(?ﬁ’e present invention; Fig. 20 is a

accorai ng Lo tne dogh 1s nsfihalie 98 o an BBLEINT oPhlpReaCl Cli

22
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novabl e mrror device when viewed fromthe novable mrror; Fig. 27 is a

di agram for explaining how the optically controlled novable mrror device
is driven; 15 Fig. 28 is an electric circuit equivalent to the optically
controlled novable mrror device; Fig. 29 is another electric circuit
equivalent to the optically controlled novable mrror device; Fig. 30 is a
di agram for explaining how a resistor portionis 20 arranged; Fig. 31 is a
schemati c qﬁ@@ﬁ@@“ﬂhT@Pd%@%Ecally controlled novable mrror device wthout
the resistor portion; an I'g. 32 is an electric circuit equivalent to the

optically controld.ed,,npvabl e mrror e i thout the resistor portion.
25 20 DETAI LED DEé%:R?%ﬁ &&é@é%‘l @?’f’&ﬁ%‘é‘@ﬁ’r@nﬁ@"sgd S%?ﬁgBBﬁﬁ!:%[f I3/ controlled
device, a nethod of controlling the optically controlled device, a spatial
light nod@AMEYand a projector according to the present invention are
explained in detail below wth reference to the acconpanying draw ngs. A
schemati ¢ confi glii@t 23 grdiagpam Keteawlanmg Houkpirgsisder Bertin &t n
reference to Fig. 1,and a nethod of controlling an optically controlled
devi ce accatandfdo a first embodi nent of the present invention is

expl ai ned next with reference to Fig. 2 and Fig. 3. The
Fig. 24 is a diagram for explaining how the resistor portion is

arranged;
Fig. 25 is a schematic diagram 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 device when viewed frorﬁ the movable mirror;
Fig. 27 is a diagram for explaining how the optically controlied
movable mirror device is driven;
15 Fig. 28 is an electric circuit equivalent to the optically controlled
movable mirror device;
Fig. 29 is another electric circuit equivalent to the optically
controlled movable mirror device;
Fig. 30 is a diagram for explaining how a resistor portion is
20 arranged;
Fig. 31 is a schematic diagram of an optically controlled
movable mirror device without the resistor portion; and
Fig. 32 is an electric circuit equivalent to the optically controlled
movable mirror device without the resistor portion.

25

20



10 projector 100 includes a light source 101 for illum nation |ight
(hereinafter, "an illumnation |ight source 101") with a plurality of |ight
emtting diodes (LEDs) that are solid-state light emtting elenents. The
illumnation Iight source 101 includes a red (R)-light LED 102R t hat
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-light LED

102G t hat WéiL@D@%UFQET@EN a third color light. The illum nation

| i ght suppl itTTamnation |ight source 101 passes through a
field lens 103 a IS 1.NGi . r%dgﬂl pat.i: i ght

nodul at or 120. Z%qclehnzplﬁ?glegﬂﬁé%@pirgé as gbﬁéﬁﬁ?i%gﬁft%ﬁetaeﬁ\}égét %i cally
illumnatin t he dul ator 104, . a_function.of makirp he

11 umi nat | dretioghel BamtrBliR g onle Db PariEl FUick # BRalLIIR nei dent on
the nodul ator ,104. The projector 100, for an image. with light fromthe
1T uni nat | GROFSIGHAT. 26607 BEOIRFIO DACEOTERY th GRS BeaR L IVEANES Boi | 107 of a
projection | ens 25 105. Therefore, the nodul ator 104 is Koehl er-illum nated
with the 2explainafriadesailineey wippeieencedm heeaseamina AUNGAWaWigES. sour ce
101. The spatial light nodulator 120 includes the nodul ator 104 and an
optical -system feschematiormardiguratinn qfrepevjeataretQ0 imersplatined bielemt
optical system 130"). The nodul ator 104 includes a plurality of novable
mrrors 108vittbreferémes saFigce, shdraenfethbdtoffaagsoltihg apr opieedliyon | ens 1 05.

The novable mrrors 108 are novabl e according to i nage signals. The
nmovabl e m pbat®ilde&iariee ardoangied ionatfiret phiveeliwlent lvé thegubator 104 in the

shape of the lattice in which they are substantially perpendicular to each
other. TheiiRiicH & edPhimednlext QftH RFetddsiMt A #id 0P alnddhfy. B3r onThe
10  projector 100 includes a light source 101 for illumination light
(hereinafter, "an illumination light source 101") with a plurality of light
emitting diodes (LEDs) that are solid-state light emitting elements.
The illumination light source 101 includes a red (R)-light LED 102R that
supplies an R light as a first color light, a blue (B)-light LED 102B that
15 supplies a B light as a second color light, and a green (G)-light LED
102G that supplies a G light as a third color light. The illumination
light supplied from the illumination light source 101 passes through a
field lens 103 and is incident on a modulator 104 of a spatial light
modulator 120.
20 The field lens 103 has a function of {elecentrically illuminating
the modulator 104, i.e., a function of making the i‘IIumination light as
parallel as possible to a main beam and incident on the modulator 104.
The projector 100 forms an image with light from the illumination light
source 101 on a position of an entrance pupil 107 of a projection lens

25 105. Therefore, the modulator 104 is Koehler-illuminated with the
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10 the illumnation |ight source 101 according to an i mage signal froma
controller '112. The controller 112 controls the illumnation |ight source
101 and the spatial |ight nodul ator 120 according to the imge signal. The
projection lens 105 projects the light nodulated in the nodulator 104 to a
screen 106. 15 The control-light optical system 130 includes a gal vano
mrror 116 and a |ight source 110 for control light (hereinafter, "a

control i QW&miﬁ%ﬁﬁgﬁggﬁéfﬂ%@?r&rﬂ%émlaHiﬂﬁ'ﬁioﬁ%%?%ﬁ%&ﬁBrf‘ 13@pks

provi ded on the oppo o the projection Fens wth respect to

t he nodul at - l. J e rol.- 1 i,ght

opti cal sysﬁ%&%%%gp@%@%ﬁ%?% ]%ggﬁqegﬁééﬁﬁoéé%tgig%laer?d)ghlogistéérd]beam wth
constant intensi A sem copduct.or | aser devic d surface-emtting

[ aser  deviUSTORN 30 ol RO IOWEUBRITEIE (G ieMisTesT PPYCaTRESER vano
mrror 116 rotates al ong predeterm ned two axes that are substantjally
per pendi cul 'Y ?-o iQ@H“BgHEﬁt,oréﬁ)& I@@thgeq F‘gm%”éﬁ%lﬂf evalple MERRTSol 0% i ght
source 110 in two directions. The galvano mirror 116 22 rotates according
to an i fag@nsthgnavrfeeedherrofcihat faceetha projechonHensaddve h@ner, the
galvano mrror 116 scans a control light as a beam fromthe control [|ight
Sour ce 110 oavablehsimodull 88 @re' mogabiehaceonding te aniage sifjnals. optheal |y
controll ed novable mrror 51: device 200 (hereinafter, "a novable mrror

devi ce 200'movsblexpirac redl08 kaavrangbad etles ehare tod the gnoQuialdre1 0dvabl e
mrror device 200 of Fig. 2 drives one of the novable mrrors 108. The

novabl e m thershd@e 6Ethe2iticdnn enipr aHE ¢ edle BagREa PNalh peMEIitgriinel ogy, A
transparent electrode 202 that is optically transparent is provided on a
gl ass each other. The modulator 104 modulates the illumination light from
10  the illumination light source 101 according to 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.
The projection lens 105 projects 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 light source 110 for control light (hereinafter, "a control light
source 110"). The control-light optical syétem 130 is provided on the
opposite side to the projection lens 105 with respect to the modulator
104. The controt light source 110 of the control-light optical system
20 130 supplies a beam‘iight, for example, a laser beam with constant
intensity. A semiconductor laser device and a surface-emitting laser
device can be used for the control light source 110.
The galvano mirror 116 rotates along predetermined two axes

that are substantially perpendicular to each other, and scans light from

256  the control light source 110 in two directions. The galvano mirror 116
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10 substrate 201 that is a plate provided in parallel with the transparent
el ectrode 202 and optically transparent. The transparent el ectrode 202 is
formed with an indiumtin oxide (ITO film A conductivity variable
portion 203 is forned on the transparent el ectrode 202. The conductivity
variabl e portion 203 changes an el ectrical 15 conductivity according to an
anount of control light L having passed through the transparent el ectrode

202. The cqatiat@%iéfédo\fdmg; i@ahqmégygig%%ﬂfmqa? rrcflﬁt 48 0f2 anprgplous

silicon (a-Si) or a p osensitive organic fi The a-Si is preferably

hydr ogenat g, o\@Nharirerf H{éﬁgl‘{%ﬁﬁ‘ﬂﬁomq @c’éjcia\?{s §?3:%Wtr%§‘lli§¥f"§%ra g?ﬁﬂ?i tion

(CvD. 20 en the cohtr I'sS not um nat ed e a-Si

functions gFC(f?'_rfgi_en&gHtf%'Q,@{t@m% W?F&W‘fﬁ‘%ﬁ%ﬁrg 14_conducti vity of

al nost zer ance s Vi On the ot her hand,
when the control _Light is. dllumnated to the a-S], the electrical
conductivity ther-ll&ﬁgcijﬂhgg%?st@ SE]EBr%qethé‘lg’oc‘?Wég]ﬁf%mﬂvagﬁet”Pu'éeront rol 25
light L_(that .is, the resistance decreases). An area where the 23

el ectri gal h%?@pv@ﬁyewtﬁes@ MoVaHe BFudeYiertd0Qars asplRipedti on 203,
corresponds to an_area where the control light L is illurninated in the

t r anspar entPedpwevitbdeferencedn Figsdl atThgy meyakrie 206resdé Geasdbet figen t he
conductivity 5 variable portion 203 and a support 206 using the spattering
t echni que. 2 dticesiofie ehhebmaysdde horrarae QdhsuT be inngv dlzlgenire@sdeviien t he
transparent el ectrode 202 and the support 206 are electrically connected,
a potenti al20di ¢debenseducead basgener ticell HidEweennalalyy, viAgraelseetrepde 204

and the novable mrror 108, which causes the novable
electrode 202 that is optically transparent is provided on a glass
10 substrate 201 that is a plate provided in parallel with the transparent
| electrode 202 and optically transparent. 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 transparent electrode 202. The conductivity variable
portion 203 can be made of amorphous silicon (a-Si) or a
photosensitive organic film. The a-Si is preferably hydrogenated, and
is formed using a method of chemical vapor deposition (CVD).

20 When the control light L is not illuminated at all, the a-Si
functions as an insulating member having the electrical conductivity of
almost zero (i.e., a resistance is virtually infinite). On the other hand,
when the control light L is illuminated to the a-Si, the electrical
conductivity thereof increases according to the amount of the control

25 light L (that is, the resistance decreases). An area where the
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10 mirror 108 riot to be driven. Therefore, the insulating |ayer 205 is
provided to prevent electrical connection between the transparent

el ectrode 202 and the support 206. The support 206 is provided on the
insulating | ayer 205 and novably supports the novable mrror 108, The
support 206 is made 15 of a conductive flexible material or a conductive
elastic material (such as a netal spring), The driving electrode 204 is

formed on felr@ctﬂeaﬂesﬁwbtwtw@hbﬁgbg npfﬁé 96n89§t|\hfy 2aR9Bid hoR 'T%E)@rent

fromthe position where the insulating |ayer IS provided, e driving
| ectrod tual |
Face cach 30" SeRaraSS o o Jr s Bl OBl o Wﬁééé A PRsgs  gpde val 1Y

el ectrode e,.0 conductive substance such as al um num (Al).
A vari abl e%%i\k@%?grﬁﬁglle% 28%1 i es a vol tage between the transparent

el ectrode 202 andg the t 20 voI pp d..is nodul at ed
according to an ?lﬁ’a Z%L{Eﬁ)% a)ferroﬁqff cﬁggf\g?enﬁgc JQ‘FEMHH ( G\D)

el ectrode 212 is provided oil the si de of the 24 support 206 with respect
to the YarVahe '%aa@#%&&& NG oS urROTt ZOSuRINGGhier SRAtETInée @NDABRect T ode
212, a reference potential of the variable power supply 210 on the side of
t he novabl d & $iQw cande esedrdaethaingualng Jeyer 205, aB\Mmm He to be applied
to the transparent 5 electrode 202 fromthe variable power supply 210 is

hi gher t hatranispare s elechos epdd 2 mnicalheoéuppertrdifble elvatrioally1 08,

el ectrostatic force Fis generated between the novable mrror 108 and the
driving el eohneded, 20gotentidieliffotdrageismoug ahechtadanstdices 4 @riaing mage

signal. The nethod of controlling an optically controlled device
electrode 204 and the movable mirror 108, which causes the movable
10 mirror 108 not to be driven. Therefore, the insulating layer 205 is
provided to prevent electrical connection 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
16 of a conductive flexible material or a conductive elastic material (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 insulating layer 205 is provided. The 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
can be made of a conductive substance such as aluminum (Al).
A variable power supply 210 applies a voltage between the
transparent electrode 202 and the support 206. The voltage to be

applied is modulated according to an image signal from the controller

25 112, A ground (GND) electrode 212 is provided on the side of the
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10 according to the first enbodinment is explained belowwth reference to
Fig. 2 and Fig. 3. At first, at a control |ight supplying step, the control
light L with constant intensity is nade incident on the transparent

el ectrode 202 through the glass substrate 201. The control light L nade

i ncident 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 elgaiddieabsRRAYELHYL b Ble 3 ggféégeww?%ru%yb?o.w@ ol light L is

iIlum nated, e conductivity varia reion i ncredses accordi ng
to the ano : |~ W t Enhcrease..in.. | ectrical
conducti vi t%, uﬁﬁ(‘ﬁ%ﬁ "gﬁ?@té’ﬁ%%'g?ggiechﬁéjev%??'agﬁske%&%%o‘b%?”gégﬁ\‘ @“%10 IS
electrically cqnnected to th i Vi el.ectrode 204  throu he

t ranspar ent‘yaélagjg?P@d\éerz?}épgﬁéﬁgnc@%dﬂg?i%tgﬁ PVRLIA g\lrrﬁggp}idﬁ 203. At a
nodul at ed vol tage ﬁuppl yi ng st] eg, T vol t age nodul ated according to an

i mage si gnd@fedmalmOsE RIS ol Ifer VRIBTRSIODD EPRHEHOberansPaIedtt r anspar ent
el ectrode 202 and the novable mrror 108. As a result the driving el ectrode

204 is Applalestrafe RO Eopvthayariabtupaned saeedy &ilRgstighrethamtfes si gnal .

More specifically, the area where the conductivity changes in the

conduct i vi trgferencemaeptiat pbthe o varidsmiroor $08 ealdchwstiatic sorperk Ehery from
a light illumnated position in proportion 5 to the intensity and the

i1l um nati gensratedbetwedn thd@meovmie! mimor 108 awhtte theimpsaldotlodd ght L at
hi gh speed, and sequentially controls adjacent novable mrrors 108.

Therefore, 204 by theyditage medeldtethadécdithe enduGhiadd yigadanges only in the
vicinity of the area to which the control light L1s illumnated. However,
the insulating The method of controlling an optically controlied device
10 according to the first embodiment is explained below 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 202 through the glass substrate 201. The control light L
made incident on the transparent electrode 202 passes through the
15 transparent electrode 202, and reaches the conductivity variable
portion 203. At this time, an electrical conductivity 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
20 power supply 210 is electrically connected to the driving electrode 204
through the transparent electrode 202 and the conductivity variable
portion 203.
At a modulated voltage supplying step, a voltage modulated

according to an image signal from the controller 112 is applied between

25 the transparent electrode 202 and the movable mirror 108. As a result,
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10 layer 205 is provided to reliably prevent electrical connection between
the transparent el ectrode 202 and the support 206 even if the control

light L is incident on a position other than the position corresponding to
the driving electrode 204. Thus, it is possible to reliably prevent the
nmovabl 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

oot od DAt WD eRAFOGO3D LT AN wihHR Pofaqd RARBEN &1 of I he

novabl e mrror S a ways zero e P el ence potential and is

constant. nt el e tro 202 from
t he vari abl %8}/‘3@?6@%8% ﬁ%%gfiﬂag tt“g%ret gﬁ%@é* ﬁ?@ﬁa‘Pgﬁ{gﬁ YhHE gf%r ence
potential of t en t he ontr made
et dent. ofiopHUCHTEY 2paRafs bitbersisicthey, Vatas %frqrﬁaa 8l 98 o the

i Vi I 204 f th bl e power s 210. Wth this
SLLY: cat ?oggtr%ﬁ*fg%#swa égf%%fgfrfrg%'@%@é Ilﬁm&%eémlb@)@ eniraportider t han
that of the driving electrode 25 204. Because the intensity of the control
light L5isledheintensitymndthe dhaniositivn mefoft ightconduct i vity variabl e
portion 203 becones also constant. The voltage to be applied to the
driving el ectrodéh20nodniatged Odostang thepaghtrobtghht.iairigh speedvandage by
the variable power supply 5 210. Therefore, electrostatic force F according
to the vol sageentialiylcanadis adjereartanhedablet mdeord hegdr iThgrgfakedtisode 204
and the novable mrror 108. The electrostatic force Fis attracting force

e ooe SRR ERanBE oy 3 sl orve v
area 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 controi
light L is incident on a position 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 that is
the reference potential and is constant. The voltage to be applied to
the transparent electrode 202 from the variable power supply 210 is set

20  to be higher than the reference potential of the movable mirror 108.
When the control light L. is made incident on the transparent electrode
202, the voltage is applied to the driving electrode 204 from the
variable power supply 210. With this application, the movable mirror
108 has a reference potential lower than that of the driving electrode

25 204, Because the intensity of the control light L is constant, the
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10 Therefore, the force is exerted in the direction opposite to the

el ectrostatic force F acting on the novable mrror 108 as if the novable
mrror 108 is kept in a state where no external force is applied thereto.

At a noving step, the novable mirror 108 noves to a predeterm ned position
according to an imge signal by the 15 electrostatic force F and the force
by the action of the support 206. The controller 112 controls the novable

mrror devidaqgdfyiy ofﬁme;darrgiyuc%;ivng Jal}?atggigvogg%réd;ﬁgg%e@gggwror 116 and

the nodul ation “the’ voltage the varia [ : “The control
light L for c'E%pa%,{respectlve R1light, the Glight, and the B |light scans

each of thé& novabl e m rror devices 200, and optical addressing is

t hereby perfor in one frame_ of.an, inmage.. By usi h vable mrror
devi ce’ 200 for 1t NESSPRTER 1§ PorepPisite hof vie Bieqipd s eafaiaioeo0. ¢ he
tilt mrror device can be controlled by the optical addressing. Wen the
opti cal ad&’r"g\ég?r%'gﬁsmﬁgub%té%ﬁ Bf &he vREapRtRY HuhMatableopowrESUPPOAl access
to the novable mirrors, 27 which is used in the conventional tilt mrror
devi ce,5i s 218 nderedore, mieetiestiadice’oree Faageondieg hedide vettagee i nt egr at ed
circuit corresponding to each of the novable mrrors is elimnated by
usi ng the opdwated ddenssitag, batneanctte dovinonelegtaldef 20 4rmnidotneof t he
integrated circuit and 5 the MEMS structure is also elimnated. As a
resul t, bynusiatde trhieromti$od Taecsledtrogtdtic fdree esetttadtmeefdricernin dt 1S
possible to use the novable mrror device 200 with a sinple configuration

and at | owdirestion iVatigieYiethe MBvEB|ehifrde 10BviabAter abtéd 86 tHEWEAN @00, it is
possible to obtain the spatial light nodulator 120 with a sinple
confi gur at btask 8b4.  Here, the support 206 is the flexible member.

10 Therefore, 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 state where no external force is applied thereto.

At a moving step, the movable mirror 108 moves to a
predetermined position according to an image signal by the

16 electrostatic force F and the force by the action of the support 206.

The controller 112 controls the movable mirror device 200 by
synchronizing the drive of the galvano mirror 116 and the modulation of
the voltage by the variable power supply 210. The control light L for
the respective R light, the G light, and the B light scans each of the

20  movable mirror devicés 200, and optical addressing is thereby
performed in one frame of an image.

By using the movable mirror device 200 for the spatial light
modulator 120 of the projector 100, the tilt mirror device can be

controlled by the optical addressing. When the optical addressing is

25 possible, the interconnect for electrical access to the movable mirrors,
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10 Il ow cost and the projector 100 using the sane. Fig. 3 is a diagram of
exanpl es of controlling the novable mrror 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 Ilight 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

nmovabl e m §IEh 398 sks lﬁet'h% c‘!@r‘nﬁenﬂd??él themifer 'ﬂ%f\/?deeg 58%%%’31%@6" and

constant. The potential of the transparent electro repreésents a

vol t age aCCFQIrfjdé} 38, %’éc?ﬁ%@ﬁpe%@f'fo?‘@@ ln‘?g%ﬂca{tgaﬂ'c,lnj&%|tV@t5r'r3$ﬁdﬁ?|?1&)ﬂ\ﬁer

supply 210. omn In age correspo

i mge sign r I of th tra rent

el ect rodes?é(?f%h gﬁi@ @ ?hléngmgaogg L %ﬂﬂﬁﬁggqchglugl% OQJﬁEFy 210 appl i es
a voltage of, zera volt in synchronization with a reset signal as hown in
(d) of Fi gadé"e?ﬂnﬂdh?% ngRd f%’é“f"i‘?@r@ﬁ? H{fgl%PP H& BHasrRjed SIEquit 2

signal._ 25 Th ductivity. riabl e portion 203 functions as an i nsul at or
28 when? t h&h§ @&h%@'uﬁ?ur?h'é 936%@“6”'”?? Asghresidl.thaHsigr et el ectrode
202 is stopped Therefore, the charge cau5| ng the electrostatic force F to
be gener at SFtBetvRaGPreing th the pecseicinveationolt iamdsshee towss te mirror 108
remains in the driving electrode 204. As a result, the novable mrror 108
can be mai maiaidd ratrraﬂﬁe\daer&qmmmhi@rsimpta/\eenfigutmmri ard widowtdwestcont r ol
light L scans once and witing is performed on the novable mrror device
200 and t h&ldreoeenhmnusing thentroalablié ghitrdr dedea08944 18 FoEhiMel fid Ng i S

performed on the same novable mirror device 200, This allows a high
qual ity i megeainaheasRARdiRGht PREGUIRedY 120 with a simple configuration and at
10 low cost and the projector 100 using the same.

Fig. 3 is a diagram of examples of controlling the movable
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 galvano 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 mirror 108 is zero volt
that is the reference potential and constant. The potential of the
transparent electrode 202 represents a voltage according to an image
signal applied from the variable power supply 210. As shown in (c) of

20 Fig. 3, a voltage corresponding to an image signal for each pixel is
applied to each of the transparent electrodes 202. As a resetting step,
the variable power supply 210 applies a voltage of zero volt in
synchronization with a reset signal as shown in (d) of Fig. 3, in addition
to the voltage corresponding to the image signal.

25 The conductivity variable portion 203 functions as an insulator
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10 to inmage signals to be obtained. However, the charge may soneti nes
remain and accunulate in the driving el ectrode 204 by conti nuously
applying the voltage fromthe variable power supply 210 to the transparent
el ectrode 202. If the charge remains and accunulates in the driving

el ectrode 204, it is 15 difficult to apply a voltage according to an i nmage
signal to the driving electrode 204. If it is inpossible to apply t he

vol tage acaghéhhBetifciiBRceidrane Sondl i [t ba Mkl tYéﬁ‘Qpﬂe%‘EterI@&?o It is
difficult to generate electrostatic force F according to the vo age

modul at ed. 44 istsﬂo?ge'd”poﬁﬁé@fs ¢, gL B Mg hRE st Al BICe F

according to the | S|gna the volFtage ca precisely correspond
L0 e | TGkl ol BB AUG 8 %&ﬁdg?%aﬁﬁéﬁ dBoVRER of ¢ ne
Vol t age beﬁﬁh{eo?rd&ﬁ5%%%‘9%&%@”9&&%%%%%4‘?@ "t ro30clEt Sgnal as
movabl om revasetisre ib.an e ahitabee fhie é‘%wégﬁlﬁﬁ%f@adﬁre%‘%i part of
the tine durlng which the control light L is incident on the transparent
el ectrode 20 .tingg yeen Hee genyiohdobt éc%q?&ﬂfeomﬁ aagdwiiiagnewaifarmed ror 108 5
reach al nost the same potential within the tinme when the control light L
i s i nci dentonothe iw viabég spancsritewte @00oaird 20 tinndaviedratiye cortral highgLand
accurmul ating in the driving el ectrode 204 can be di scharged fromthe
scans again and writing is performed on the same movable mirror
device 200. This allows a high quality image corresponding 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 and 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 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 modulated. Ifitis
impossible to generate the electrostatic force F according to the image
20  signal, the voltage cannot precisely correspond to the image signal,
which may cause the image quality to be degraded.
Before a voltage according to each image signal is applied to
each of the pixels, a perio.d is provided in the resetting step. During

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

25 reset signal as shown in (d) of Fig. 3. At this time, the driving
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G\D el ectrode 212. In the above manner, the variable power supply 210
applies the voltage corresponding to the image signal while 10

synchroni zing the reset signal and applying the voltage of zero volt.
Therefore, it is possible to precisely control the novable mrror device
200 and obtain a high quality inmge. As shown in (c) of Fig. 3, the timng
at which the driving electrode 204 and the novable mrror 108 reach al nost

the same 1%|petredéi2@4 hsd 3RE rRaVAbRY nifton 1bBearkl miyngaldt athineHstfhg Vol t age
nodul ated according to an inmage signal is applied for each pixel. As

expl al ned  <ahigy Potd iAAliAes pbot BPUR finfe BliARg WHch! el BRI IdntiiSignecessary

to maintain the novable rror 108 at t ane position en the tine

when writi r?rgciﬁﬁnPBﬁetp@Ft{rég%ﬂ%%nqrblégﬁoHB% e mrror device 200 and 20 the

time when the contro S again rncident and witing is perforned.
Therefore, if the.res i .step. i,S provided. after t volta nmodul at ed
according to the%'ﬁg%gﬁéidgﬂéﬁé ie@ec&tﬁ%&?%ﬁ ?'ﬁ%%h?)é@?w ﬁdﬂ"ﬁ?"a?@f‘of t he
novable_mrror, 108 is,released right after the wjting is perfornmed, and
theref oPe, MEAEN F0ast esans Dot et e ameavhenitHeceostral Hghs
position until the next witing. 30 On the other hand, if the resetting
step is préoviddent ghithedrapeprarent elptliede 208dinacdarge rapsiniag, anthe
novabl e mirror 108 can be nmmintained at the same position for |onger time
Until the @saurullalinglin theikivigaietectede & aarnl bandishbarged friony the
performed. Moreover, the 5 charge remaining and accunulating in the
driving el &NPalec20deci.sulrethe nboweadabeénrifetumiakié trayes mrswmpldi ng to
the image signal is applied to the driving electrode 204. Thus, it is
possi bl e t @1QoaplEs tHeevoltage corresponding to the image signal while
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 almost the same
15 potential is set earlier than the timing at which the voltage modulated
according to an image signal is applied for each pixel. As explained
above, in order to obtain a high quality image, it is necessary to
maintain the movable mirror 108 at the same position between the time
when writing is once performed on the movable mirror device 200 and
20  the time when the control light L is again incident and writing is
performed. Therefore, if the resetting step is provided after the
voltage modulated according to the image signal is applied, the
positional state of the movable mirror 108 is released right after the

writing is performed, and therefore, the movable mirror 108 cannot be

25 maintained at the same position until the next writing.
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novabl e mrror device 200 correspondingly precisely to the imge signals
and obtain a high quality image. 10 At the resetting step, the tine during
which the driving electrode 204 and the novable mrror 108 are at al nost
the sane potential is set shorter than a response tinme during which the
novable mrror 108 'is novable by the action of the flexible support 206
under no electrostatic force F generated. The electrostatic force Fis

di schar ged causedoyheltrad rmsid t i??hé@@?elﬁmtg\e/ﬁgﬁqtg r@%ﬂe,@pgh@bgfar\g ng

el ectrode 204 and the novable mrror 108, static force F
the f1oxi b oiags, TR e e Bl cl P e o B 0 i rror 108 1 s
20 i rect Rt fla A 6 o R8s HacktWa 1o EiBnd RS LE e Ren el BRE bt e |
bt ai 1 a hIGRO* BUGI4 Fabanofieh ErHB8ds ST oF frov LAV HOUABI i rror
25 ol CoRRT TR G Sl BREYMMAI e e GHVGTO ¢RE iispapd ZOobANG 31

the positional state corresponding to the imge signal is released at each
resetting SYElY r@moyeﬁa@ef@aagéedégke@cmcwd@mgfcthéhe mggectighat is. Theref ore,
the tine during which the driving el ectrode 204 and the novable mrror 108
are at al negpligthéo shewlrpon@miecirods 206t shug,dt is osbibhe theonspomse ti ne
during which the novable mrror 108 is novable by the action of the support
206. By setnavagls mirfoheleshies @O0 cotrbepodingiyngrediselyr odhe2Pdagan be
di scharged w t hout novenent of the
signals and obtain a high quality image.
10 At the resetting step, the time during which the driving electrode
204 and the movable 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 driving electrode 204 and the
movable mirror 108. When the electrostatic force F is discharged, the
movable mirror 108 is about to move by the action of the flexible
support 206. The direction in which the movable mirror 108 is about to
move by the action of the flexible support 206 is opposite to the
20  direction in which the movable mirror 108 moves by the action of the
electrbstatic force F.
On the other hand, as explained above, in order to obtain a high
quality image, it is necessary to move the movable mirror 108

correspondingly more precisely to the image signal. Therefore, if the

25 movable mirror 108 moves only by the action of the support 206 and
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novable mrror 108. The novable mrror 108 can nove correspondingly
precisely to the image signal w thout unnecessary 10 novenent that is not
caused by the imge signal. Thus, it is possible to control the novable
mrror device 200 correspondingly precisely to the inage signal and obtain
a high quality inmage. Lighting tinmes and their timng of the R light LED
102R, the Glight LED 102G and the B-light LED 102B are expl ai ned bel ow

with 15 r f i inG [ q i ghting
Hime and | 1Ot a8, St sbrSrnand PN BBRPME & RsAfT D 2626 “and

the B-1igh EDsn f. or lights
i ght up aéecalgﬁgierj?g?qﬁlgg ga%ﬁ’ I magea%g?QBH?A%Q%%%GEﬂgac%ﬁﬁ%ﬁaegieh@igﬂy(see Fig.
1). During each I I i e i gh t.he. G |light, 20 the B

7 aht i R - one TR T sl Eervblst e ML eletons R0 B e

novabl e mryor devices,. 200, To obtain a . projection.i e in it col or as
T whol o by tBEEFREETYRr spEarer tmSsthEsame MaehEl et Sharfer o B
light, it is necessary that the anount of light flux of the Glight is

cont ai néd 60635 £be §68pBRSE AEnuNrBCayypiftt thsy MavaRle migser 148 imey@blrit 25
amount of the LEDs 102R, 102G and 102B for the color lights is the 32 sanme
as t he nunbertheractips of $hesuggerio?08 he Byi sgitingl s theothrargefintthe G | ght
may result. Therefore, as shown in Fig. 4, a lighting time GI of the

G |ight CEDINg ekstieds @04t can orgiischagredwithooft racveémknt n§the me RT of the
R-11i ght LED 102R and a lighting tinme BT of the 13-1ight LED 102B,

Accordi ng ntovdble mitdwot0®f e poeserd mimeentdgooan hiwevarovabl e mrror 108

is novable to a predeterm ned position according to an i mge signal,
correspondingly precisely to the image 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 lighting time
and lighting timing of the R-light LED 102R, the G-light LED 102G, and
the B-light LED 102B. The LEDs 102R, 102G, and 102B for the color
lights light up according to each image signal from the éontroiler 112
(see Fig. 1). During each lighting time of the R light, the G light, and
20 the B light within one frame period, the control light L scans each of the
movable mirror devices 200. To obtain a projection image in white
color as a whole by sequentially projecting the R light, the G light, and
~ the B light, it is necessary that the amount of light flux of the G light is
contained 60% to 80% of the whole amount of light flux. If the output

25 amount of the LEDs 102R, 102G, and 102B for the color lights is the
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whi ch all ows the amobunt of continous changes corresponding to an anal og
signal to be displayed. Therefore, the lighting tines RT, GI, 10 and BT of
the LEDs 1 02R, 1 02G and 1 02B for the color lights nay be set to al nost
t he sane as one another, and the anount of the Glight |Iarger than the
other lights may be reflected fromthe novable mrror 108 toward the
projection lens 105. In this manner, the amount of light flux of the G

light may he g sf’@%renrqum%@r fq_Elgs,Sglgér?%éetof?efh%quihiﬁfﬁg(aén%@ggféf 0, eptically

controll ed nova rror device f el naft rror
devi ce 500" eg g}gl 0, met hod of controlling an optically controlled
devi ce accc! (!PI :ﬁ@ {%°% " second enbodi ment of the present invention. The sane

ref erence signs e assigned to the ions  as ose of _the

movabl e mirror dgr\ﬂerfé 6o 25 SHAPUN 7 Fdg ngngg'&thrtr@ﬂtt,'ménéqe‘?(fdlhéngﬂigm t her eof
is omtted, The nmethod of the second enbodinent is different fromthat of
the first efdodiOnis pat folHiaershen &t oft ddighiineridmeRbofithe R4ight r ol
light L is nodul ated according to an image signal and a constant voltage

i s appl Ped ULEPtIREZR aaﬁsaaagéhﬂgélre@tB"B@étlze)B !IgBt LEDn 1686t r dicdarghtg
supplying step, the control light L whose 33 intensity is nodul ated

accordi ng tto the metgs of theapresentadeenticn dérd maiviable Ingirtor arispiar ent

el ectrode 202. The control |ight source 110 supplies a beamlight, for

exanpl e, anhasssiebleampte daterhened piositidreactodngaoardirmggasigmsge signal . A
sem conductor | aser device and a 5 surface-emtting |aser device having a

nodul at or - gaicheesedtHobnidimt &Qﬂirﬁﬁiudds@@ﬁaﬁ@é‘é e8rrblBonbingto/ ght age
supplying step, a power supply 510 applies a
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 to almost the same as one another, and the amount of the G light
larger than the other lights may be reflected from the movable mirror
108 toward the projection lens 105. In this manner, the amount of light
flux of the G light may be increased.

15 Fig. 5 depicts the configuration of an optically controlled
movable mirror device 506 (hereinafter, "a movable mirror device 500")
used in a method of controlling an optically controlled device according
to a second embodiment of the present invention. The same

. reference signs are assigned to the same portions as those of the

20  movable mirror device 200 of the first embodiment, and explanation
thereof is omitted. The method of the second embodiment is different
from that of the first embodiment in points such that the intensity of the
control light L is modulated according to an image signal and a

constant voltage is applied to the transparent electrode 202.

25 At a control light supplying step, the control light L whose
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constant voltage between the transparent el ectrode 202 and the novable

mrror 108. If the intensity of the control light L increases, 10 the

el ectrical conductivity of the conductivity variable portion 203

i ncreases, On the other hand, the voltage applied to the transparent

el ectrode 202 is constant, and therefore, electrostatic force F according

to the intensity of the control light L is generated between the driving

el ectrode Ad irnar [ 108. : t - vinhg 15
TGN o gty SeRb LR S AR BRLl el hEReME L]

step, the nova ot a predeter accordi ng

to the ima Lgnal . Fi depi,Gt,s exanpl e,.of, controlJing_the novabl e
mrror  dened abparpht Blasuiit2hanna s oRer g S80sE 1 SHpplgs

enbodi nent as sho jn Fig. 3, the t hod_of this enbodi mnent 20 i ncludes
The T eset t PRGTEHBHT. 18E SCRBIRIS A 55T GRS § OB the Ko iR Bhl By GO
control light L is set to a maxi numvalue max in synchronization wth the
reset signaP adsinad@ngignal(dy? semisendectopiatgr dedaetaisl anaxi mum val ue nax
set, the intensity of the control light L is nodulated according to an

i mge s$gnaurfacenemiiéingoaseodiesicelhavingsa asodhlaber ¢an pe)used firgthes, t he
voltage applied to the transparent 34 electrode 202 is set to zero volt in
synchr oni zabntnol Wghhsbohece é$6t signal The voltage applied to the
transparent electrode 202 is always a constant val ue VH except for each

period of the reggeta solgage supblying stepsetddvigr stEply smabﬁti@@%\i ty of the

control light L is made to the 5 maxi mumvalue max, and therefore, the
conduct i vi kynefarithe iGRrAbet i ¥d i Yhe YairspRirénPelddt Ry e2882 heeofRs a maxi mum
If the voltage to be applied to the transparent el ectrode 202 is set to

zero vol t BSSWBIBIrRS 108.  If the intensity of the contral light L increases,

10 the electrical conductivity of the conductivity variable portion 203
increases. On the other hand, the voltage applied to the transparent
electrode 202 is constant, and therefore, electrostatic force F according
to the intensity of the control light L is generated between the driving
electrode 204 and the movable mirror 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 500. In the same manner as the method of the first
embodiment as shown in Fig. 3, the method of this embodiment

20 includes the resetting step. As shown in (a) of Fig. 6, the intensity of
the control light L is set to a maximum value max in synchronization
with the reset signal as shown in (d) of Fig. 8. Other than the
maximum value max set, the intensity of the control light L is modulated
according to an image signal from the controller 112.

25 As shown in (c) of Fig. 8, the voltage applied to the transparent
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intensity of the control light L is the maxi num val ue max, the voltage of
zero volt is applied to the driving el ectrode 204. The potential of the 10
novable mrror 108 is always zero volt that is the reference potential and
constant because it is grounded to the G\D el ectrode 212. Therefore, the
driving el ectrode 204 and the novable mrror 108 reach alnost the sane
potential, and the charge remaining and accunulating in the driving

el ectrode Z&égﬁaaﬁ%?i§§@ﬁfcggéra U8Mik %ﬁ‘@ﬁ%ﬁﬂ?ﬂgﬁﬁ? tHe r@ée%%%ignal.

Furthernore, 1 n the same manner as the rst I ment as
shown in Fi Wy ' ' re the timng
at which t h%%gﬁ{t%gg EH%L%@L@%%%H%g{é@%?%@c%ﬁgg?@g%t%@af‘seﬁiwrégigsi gnal is
illumnated, The tine in ich the drivin 0 electrode 204 and the
movabl e ni r¢BPERsY ’P&d\Zf' %’?‘?ﬁvj\[k%ltf%{ﬁ@c a’?r%”o?ﬂ?éﬁ?irﬁﬁeﬁ %'gé‘ﬁgrteF % an the
response tinme durin tch the novapl e 1rror 108 is vabl e by the action
of D1 exPaedid, pkadhsaters e heccalabiantl s sradoi 2 art ven by t he
optical addressing, the need for the interconnect for driving the novable
mi rror s5108NR3IMWNY e TaAEdaNdihefHO TPk ® eordich dhr af theoeonduelivitt t he
integrated circuit 35 and the MEMS structure is also elimnated. Thus, it

i s possi bl earmhiggortine 303/ hbcemsisra onaxiswroe Dthenvelhage 0 el @pplied
configuration and at low cost. Furthernore, by providing the resetting
step, the dbdhgdramsraent efedtnodd @0 isviatgoetarot valtlas@0dhigthde di schar ged.
Thus, it is possible to control the novable mrror device 500

cor r espondiingnsitypsfetbiesebiytro oligint L i ges shgiadurnd | e@haan thehigtagaiafity

imge. Fig. 7 depicts an exanple of controlling the novable mrror
zero volt is applied to the driving electrode 204, The potential 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, and 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
embodiment as shown in Fig. 3, the timing of the resetting step is set
before the timing at which the control light L modulated according to an
image signal is illuminated. The time during which t.he 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 action of the flexible support 2086.
Since the movable mirror 108 is driven by the optical addressing,
the need for the interconnect for driving the movable mirrors 108 is

25 eliminated, and the need for integral formation of the integrated circuit
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device 200 for explaining a nethod of controlling an optically controlled
devi ce according to a third enbodi nent of the present invention. T 10
configuration of the novable mrror device 200 used in the third enbodi nent
is the sane as that of the novable mrror device 200 of the first

enbodi nent (see Fig. 2), and therefore, the figure and the e explanation
thereof are omitted. The nethod of the third enbodinent is different from

that of thed fird NETASKHERNurE s 2100 LNiRHEY. t NPRUL NP IS Bob SRR 16 GeStep 1
As sho ) of Fig. 7, a Vv

not included thereln. wn in (c , ol tage nodul at ed
accordi ng i i i |, J,: t - el ode 202
concurrent }tge\?\ﬁ%\ﬁ %gmiﬁég?raélﬂ% gﬁ@ VY_Iﬁ?g ﬁm%&ghﬁlagﬁﬁigbpx% ISM’he
vari abl e power s Ly 210 applies.pnly, the voltage ul ated according to
Uhe | nage’ So5hal FEBTERR R ARl sPRisiRG Xpt dE st finddesnane Waide he novabie
m rror device 200 whose dr.iving speed | slow i s uysed, or_when the
conduct i vi t'"?n'\?é'f“ingb'lnet?‘ of Y69 %@Frﬂ\ﬂﬁi@s%& cag8i kg E!Féi‘ﬁrgeﬂowﬂ@lsuété&, t he
char ge renaininq in the driving el ectrode 204 gasses t hrough t he
conduct Pvi PPSeHE dBI@NERItthenMagablg fHrrer fevicassdSteodigsnoiyieglyct r ode 204
and the transparent el ectrode 202 eventually 36 reach al nost the sane '
pot enti al , paddiseheteRarig@densigial dnidvobigielachighogiealtpdmagd.ess accumnul at ed.
Therefore, the novable mrror device 200 can be controlled correspondi ngly
to the i nage si gfrag. 7 wiephaistamekangplearfmaltrafing hee chavajgerrmmaomi ng in t he
driving electrode 204. If the reset operation is actively perforned after
the writingeivice 200 for explaining a method of controlling an optically controlled
device according to a third embodiment of the present invention. The
10 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
explanation thereof are omitted. The method of the third embodiment
is different from that of the first embodiment in a point such that the
15 resetting step is not included therein. As shown in (¢} of Fig. 7, a
voltage modulated according to an image signal is applied to the
transparent electrode 202 concurrently when the control light L is
incident on the pixel. The variable power supply 210 applies only the
voltage modulated according to the image signal to the transparent
20 electrode 202. |
When the movable mirror device 200 whose driving speed is
slow is Lised, or when the conductivity variable portion 203 whose
resistance is low is used, the charge remaining in the driving electrode

204 passes through the conductivity variable portion 203 with time.

26 The driving electrode 204 and the transparent electrode 202 eventually
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performed once, it is necessary to precisely synchronize the tinning at

whi ch the driving el ectrode 204 and the novable mrror 108 reach al nost
the sane potential and the timng at which the control light L 10 starts
illustrating the pixel. If a period during which the driving electrode 204
and the novable mrror 108 are at alnost the sane potential is not
provi ded and only the voltage nodul ated according to the imge signal is

D oui y (R ARk e IR EROn8, AR SXBNn ke ETRETRD Sont Ot

preci sely synchroni zing € supply an the control
light L is not, proy.ded. Therefore, it i 0ssi bl to control the novable
mrror devie(!%Ctﬁgge ?&r%'r '35'88%%%6\@“'5‘}%@1 silhgr?f??reaﬁ‘q Fﬂi’d’@%é‘? JHEICTwi t hout
provi sion of the chanism Fi 8 depicts the configuration of an
optically é{?rYﬂ(F%IZBEoca 96&9@"%’9@ 6PITe8PPEEINgdY te ke dnqgetEenal a novabl e
mrror device 800") 20 used in a nethod of controlling an optically

cont r ol | ed ViERGWea @ieorainayat of te ehptae eampaininent the drivingeieainede
invention. The sanme reference signs are assigned to portions the sanme as
those of tR@&4movable nmirror device 200 of the first enbodi nent, and

expl anation thereof is omtted, The nmethod of the fourth enbodinent is

di fferent fromt lifetheetdsed apferabiontie datively patfodneeinafténthae woiting isuch t hat
the novable mirror 108 has a 37 reference potential higher than that of the

driving el petrfoode04chyitas neeleshnpte pBddself sitthroalAr grRcemneg ent i al  of
the novable mrror 108 is set to higher than that of the driving el ectrode

Che o naEPAShS g ok cadany ghediiipseae R IaNERT o 00 o
signal . Fi gim3sAfRl hmeAPofA shPine ARRG!dt vt chRe TR ISigRt Lr OF
10 starts illustrating 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
if a mechanism for precisely synchronizing a voltage supply and
16 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 of the mechanism.
Fig. 8 depicts the configuration of an optically controlled
movable mirror device 800 (hereinafter, "a movable mirror device 800")
20 used in a method of controlling an optically controlled device according
to a fourth embodiment of the present invention. The same reference
signs are assigned to portions the same as those of the movable mirror
device 200 of thé first embodiment, and explanation thereof is omitted.

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

25 the first embodiment in a point such that the movable mirror 108 has a
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devi ce 800 for explaining the nethod according to the fourth enbodi nent.
As shown in (a) of Fig. 9, the nethod of the fourth enbodinent is the sane
as that the first enbodi nent as shown in F 9 10 3 in a point such that the
intensity of the control light L is constant. As shown in (b) of Fig. 9,
the potential of the novable mirror 108 is mamintained to HV (H>0). As
shown in (c) of Fig. 9, the voltage to be applied to the transparent

el ectrode i - - atial of th vable mrror
108. By rraﬁlgﬁedeﬁﬁéoéé}%%{'bgﬁﬁﬁﬁt%%%%%ﬁ%@%ﬁm ?heecq[c?%%gfgg%eyn?nel ectrode
202, a volt fro he riable ower. s |y, 210 is plied to the
driving el @2%&6‘&%8 %? V\%:ﬁ}% r@tﬁ]%ge qq“@”ﬁ%@ﬂ%“@ morvra(pﬁlg{r@grqr& Q%a\?e t he

ref erence potential higher than that A of the driving el ectrode 204.

Ther ef or e, S8t &R 1YRRRA that theseibgndiglgetregeidid \aipetigatatisdioree &d i s
generated between the driving el ectrode 20 204 and the novable mrror 108.
The el ect ré%géneéatﬁ@rb@tvme%ﬂg@ﬁm\aabé@ rHretOdpng thet énvingl elegirpter ence
bet ween the driving electrode 204 and the novable mrror 108. Therefore,
in ordef t@Odolye at hatage addulated accagingnotameirsage sigainer as t he met hod
of the first enbodinent, as shown in (c) of Fig. 9 25 a voltage needs to be

applied to the tFagnspalepittsedreekangede 202 onth®lidG thelmhagsblesnardrect angul ar
wave upside down with respect to that of the chart as shown in (c) of Fig.

9 based ondehtcevebbage eklAainy RS fI@N6E -adddréihg &AM fRUMEr as the method
of the first enbodinent, the resetting step can be included in the nethod

;31‘5. t Bgl {gg%mbmmems shewhSinS(@Wt Fif. 6CihOmdthdd chtnkhBuy@ tage of HV
embodiment is the same as that the first embodiment as shown in Fig.
10 3in a point such that the intensity of the control light L is constant. As
shown in (b) of Fig. 9, the potential of the movable mirror 108 is
maintained to HV (H>0). As shown in (¢) 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
15 incident on the transparent electrode 202, a voltage from the variable
power supply 210 is applied to the driving electrode 204, which causes
the movable mirror 108 to have the reference potential higher than that
of the driving electrode 204. Therefore, electrostatic force F according
to the voltage modulated is generated between the driving electrode
20 204 and the movable mirror 108.
The electrostatic force F is generated caused by a potential
difference between the driving electrode 204 and the movable mirror
108. Therefore, in order to move the movable mirror 108 in the same
manner as the method of the first embodiment, as shown in (c) of Fig. 9

25 avoltage needs to be applied to the transparent electrode 202. The
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synchroni zation with the reset signal as shown in (d) of Fig. 9.
Application of the voltage of HV to the transparent el ectrode 202 causes
the driving electrode 204 and the novable mrror 108 to have alnost the
sane potential, which allows the charge in the driving 10 el ectrode 204 to
be di scharged. 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

befor e 1 he VAT MRG0 [elghlln byHALS SoagspEiLD 0 an

204 and the novable mrror 108 _are at alnosi the sa potentjial is shorter
than the r GXEBhas oM LIRS T chDeREY MBVEA WOIRSE FY 3808 515 7%abl o by

t he action of the[\ flexible sugﬁort 206. Because the novable mrror 108 is
driven by the optldBf SaiRMeaRNAGasthe Meldwd of thebrstirrabedineet ther
driving the novable 20 mrrors 108 is elimnated, and the need for

i ntegral fderatingnsier ¢me bieninelrdadin Hie sipthodmf thecdfovrvsERbOgiNENt is al so
elimnated. Thus, it is possible to use the novable mrror device 800 with
a sinplé& denshgwnani(ch odifdga®, trewobsge dFiYhemapplied iby providing the
resetting step therein, the charge remaining in the driving el ectrode 204
can be 25 diyschesmedtiofiwish the resepsoigsiablae shmweomt (¢) of Fegy.Mvabl e mirror
device 39 800 correspondingly precisely to the image signal and obtain a

hi gh qual iAppliontige. oBolchvelt 8¢ e tH\E 46 teatrdf¥pareaneleditdyd yoand an
alternating current (AC) power Supply may be used for the variable power
supply 5 Zhlsedth®dthahie¥irbleRI£ERAGR AL ABIL inidbr 308 thheafeourth
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 resetting step is set
before the timing at which the control light L modulated according to an
image signal is illuminated. The time during which the driving

15 electrode 204 and the movable mirror 108 are at almlost the same
potential is shorter than the response time during which the movable
mirror 108 is movable by the action of the flexible support 206.

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 need for integral formation of the
integrated circuit and the MEMS structure is also eliminated. Thus, it
is possible to use the movable mirror device 800 with a simple
configuration and at low cost. Furthermore, by providing the resetting

step therein, the charge remaining in the driving electrode 204 can be

25 discharged. Thus, it is possible to control the movable mirror device
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enbodi nents, if the DC power supply is used, by setting the reference

vol tage of the novable mrror 108 higher or |ower than that of the driving
el ectrode 204, the nethod according to the present invention can be
executed. If the AC power supply is used, the potential 10 difference

bet ween the novable mrror '108 and the driving el ectrode 204 becones zero
at the instant when the phase of the voltage changes, Therefore the DC

Pover 2UBP IO ESTHCER 7 TRRNARL o B Brals B LA BB g i o

conpar ed W|th he response time 15 for novenment of the rmvabl e m rror 108.
Thus, the fB{ABY M3 ror 108 can nove without being affected by a change
in phase. Furth even if the polarity of the voltage changes caused
by the change inws%d'r@ﬁécaaﬁeé}tt( )ra@W%ﬁéﬁeb/ pet weedltematiigvabl e
mrror 108 and the driving el ectrode 204 does not change. Therefore, 20
the movabl €WTeHOAQDBOVST BEPPAF Mt BE Uppc fes thRamjiakla paveepoipRlvty of t he
voltage to be applied. As a result, by setting a difference between a

ref erenbe ptitentAalexpiainkd wibh abferemicertorthe0i@ shad datheafosioihut e val ue of an
anpl i tude of an AC voltage of the driving el ectrode 204, electrostatic
force F carerbboginenial édhreD@epowehaupphaly esed rivpsettiifthebefandntde
driving el ectrode 204. 40 Since the AC current is always with transfer of

charge, aceUgleadl Wz miodadlé haetoror@highardaoneriheianteds tige stabl e a
voltage, and the voltage can be applie Furthernore, by providing the

reset ﬁl 2883{@%?%&??@&% 200 mtéhe rﬁéthwmsc@ée%@ @9%8%@@{% ltn%nﬂ‘%ab' es
potential, the Tharge remaining in 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 zero at the instant when the phase of the voltage
changes. 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 response time
15 for movement of the movable mirror 108. Thus, the movabie mirror
108 can move without being affected by a change in phase.
Furthermore, even if the polarity of the voltage changes caused
by the change in phase, the potential difference between the movable
mirror 108 and the driving electrode 204 does not change. Therefore,
20  the movable mirror 108 is not affected by the change in the polarity of
the voltage to be applied. As a result, by setting a difference between
a reference potential of the movable mirror 108 and an absolute value
of an amplitude of an AC voltage of the driving efectrode 204,
electrostatic force F can be generated between the movable mirror 108

25 and the driving electrode 204,
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driving el ectrode 204 can be surely discharged, which allows the optically
controll ed novable mrror device to be precisely controlled. Any of the
foll owi ng el enments can be used for the illumnation 1|ight source 101 of
the projector 100. The el enents include LED, a 10 sem conductor |aser,
other solid-state light emtting el enents such as an el ectrol um nescent
(EL) elenent, and a lanp other than the solid-state light emtting

el ements. |11 Lhe STRLDeH, 9l SORRIL NGl 0GP BeRL] ¥y epatgeol | ed devi ce

according to the present |nvention control Ts ormed such that

amounts of ¢ ch S resent ed t ages, nodul at ed
according Uhhuaépﬁgwﬁ eﬁ?a%ﬁ 9&?“?9?%%{%&&3@ ?saﬁﬁlf JelngRor esent

i nvention for d| co . _For anpl e the vol t age
applied to et?‘ter g’-ﬁ%‘?&ﬁf‘ %@ ?Bee ?M%EHQEO@HI%V &]%M%w fal ue of on and
of f, and gradatjion may be 20 expressed by driving subframes. Furthernore,
not only wheseiting Stéﬁtfi’fcfﬁslegl?t“&%rﬁ‘f‘?(ﬂrl"é@ﬂ @é@ﬁté‘édﬁ’ Ogseid the 1hevaRlsj ect or

100, but also when the optically controlled device is used in an optical
swi tch §or noiptarcdl8 taatmosi tet same poientiel Hbe cargediargainong e the esent
invention can be wused. 25 Fig. 10 depicts a schematic configuration of a“

proj ect or UiiehgldledotadPAg ¢an hefsurely eisbbdrget which Akowsdhent i nventi on.
The projector 1100 includes an illumnation |ight source 1101 with a

plurality optichfpsohbatiear e ovabis ritret eldvighto esl jidcige¢lcomentiied. The
illumnation [light source 1101 includes a R-light LED 1102R that supplies

gnl IRglhlt 92}S fhgs hrg o thet fotiehv@hgldi8fentd cBnl b & ik ebEEr 1HOZ2B hitadtiorippl i es a

light source 101 of the projector 100. The elements include LED, a

10 semiconductor laser, other solid-state light emitting elements such as
an electroluminescent (EL) element, and a lamp other than the
solid-state light emitting elements. In the method of controlling the
optically controlled device according to the present invention, analog
control is pefformed such that amounts of continuous changes are

15 represented using voltages modulated according to image signals.
However, the method according to the present invention may be used
for digital control.

For example, the voltage applied to the transparent eleetrode

202 has only a binary value of on and off, and gradation may be

20 expressed by driving subframes. Furthermore, not only when the
optically controlled device is used in the projector 100, but also when
the optically controlled device is used in an optical switch for optical
communication, the method according to the present invention can be

usead.

25 Fig. 10 depicts a schematic configuration of a projector 1100
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second color light, and a Glight LED 1102G that supplies a Glight as the
third color light. The illumnation light supplied fromthe illum nation

| i ght source '1101 passes through a field lens 1103 and is incident on a
nodul at or 1104 of a spatial |ight nodulator 1120. 10 The field |l ens 1103
has a function of telecentrically illumnating the nodulator 1104, i.e., a
function of making the illumnation light as parallel as possible to a

age w th Tgeas o The AR d g FaReen CBPRLRET0r s, 2 posi 11 onof

an entrance_pupil .of rojection,. ens 15 1105., Therefore, th

nodul at or H&?Dqtgr ii@ﬁ“%?lygﬁglﬁ# ﬁﬁtrawa\}‘\h%“qfﬁesowmﬁu}ﬁ%wi' e Ipﬂﬂﬁﬂ'%éuppl i ed
fromthe illymnpation light source 1101 . The spatial_light nodulator 1120
i ncl udes tr?éli%aﬁl‘f%%@fqg@hdﬁafeal'%fn%métltmgi EMYPSi cdinsslsreiArli?no. The
nmodul ator 1104 includes a plurality of novable mrrors 1108 on the surface
t her eof thadight seesce Hé01zocgtdﬁ5e@tﬁ-ﬁht &hD 110BR thiaé swopibs @mirlights 1108
are novabl e according to i mge signals. The novable mrrors 1108 are
arrange@ i as theefisshaptonlightha BdightdeE Dl \WRR thatheypmies sdbEghings ahéy

per pendi cular to each other, in the plane of the nodul ator 1104. The

modul at or kE@éndnmleslight amy abGdightriBED 11008 dcstoswbpiges @ Gightage si gnal ,
and 25 reflects the illumnation light fromthe illum nation |ight source

1101 42 tomedhrrrb%dwpii@tt.i OMhé @R r Bgier siplredlfiogeth@n ot her than the
projection |l ens 1-105. The Mdul ator 1104 represents gradation by charging

an amount ‘i’lfurhir%FonaﬁﬁWQélﬁ‘r%etﬁ@ﬂpia%§é§i%gﬁ@]§ |éhght1obsand?§'ect ed by

each of the novable nirror 1108 to be na ent on the entrance pupil
1107 of the,guahesh LhddIStor 04 of a spatial light modulator 1120.
10 The field lens 1103 has a function of telecentrically illuminating

the modulator 1104, i.e., a function of making the illumination light as
parallel as possible to a main beam and incident on the modulator 1104.
The projector 1100 forms an image with lights from the illumination light
source 1101 on 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 faces the
20  projection lens 1105. The movable mirrors 1108 are movable
according to image signals. The movable mirrors 1108 are arranged in
the shape of the lattice in which they are substantially 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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In the above manner, the nodul ator 1104 nodul ates the illum nation |ight
fromthe illumnation light source '1101 according to an inage signal from
a controller 1114. The controller 1114 controls the illum nation |ight
source 1101 and the spatial light nodulator 1120 10 according to the inmage
signal. The projection lens 1,105 projects the |ight nodulated in the

nodul ator 1104 to a screen 1106. The control-light optical system 1130

| el udes a @@laraNAeHb{hion bR #1166 & 6P LN LAY oBRU BENIHLO.  The

control-light optic ystem s provided on e opposite side to the
proj ection 110 i 5 dul ator, 1104. .. The contr ol

| i ght Sourcder%!z?cf%%] %ﬁ]\g‘ tﬂ%% Zﬁ?ﬁf%%&ﬁﬂf BEPHB?BH?S%Q}&@%‘%TTTT d a second
control light source 1112. 'Fn.e fi rstaé:.ontrol I.ight source 11'%11. ﬁu lies a
first controldNGEHENAMONAt of HGhL SeGREFIRgHRr 3 INAGRtS'BAk cel N Yig Eﬁ‘gpl ies a
second contr?l light L2. The first control |light L1 and the second control
light L2 arEIBeieH Py Sacd obihe giovakigmnieror WS topba feada iredesbAduct or

| aser device and a surface-emtting |aser device can be used for the first
and t heSsedBadntevie BHPII 1R ebinecerciegtian deas 11852, By providing a

nmodul ator in the first control light source 1111 , the intensity of the
first control |idhtthélabove maduledt e aochiaiongl 108 modubetgs teiegnal from t he

controller 1114 to 25 supply the first control light L1 with the intensity

modul at ed. iMiraifatiat lighBfreantlekllUrighationlliginds d e est@ndceorfifi@lto ldrght L2
are reflected toward the nodulator 1104 by the galvano mrror 1116 and are

i nci dent onnfage sigRdUfrahea dditdolddr Predet ergideardirtrerMal sntihe tgal vano
mrror 1116 rotates along predeterm ned two axes 5 that are substantially
per pendi culiRimirtRACHg Rt H61li e 5 eRBStHeNSp AtidiSTght modulator 1120
10 according to the image signal. The projection lens 1105 projects the
tight modulated in the modulator 1104 to a screen 1106.
The control-light optical system 1130 includes a galvano mirror
1116 and a control li'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 modulator 1104. The control light source 1110 includes
a first control ‘Iight source 1111 and a second control light source 1112.
The first control light source 1111 supplies a first control light L1 and
the second control light source 1112 supplies a second control light L2.
The first control light 1.1 and the second control light L2 are beam lights,
20 for example, laser beams. A semiconductor laser device and a
surface-emitting laser device can be used for the first and the second
control light sources 1111.and 1112. By providing a modulator in the
first control light source 1111, the intensity of the first control light L1 is

modulated according to an image signal from the controller 1114 to

25  supply the first control light L1 with the intensity modulated. The first
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control light L1 and the second control light L2 in tw directions.
Rotati on of the galvano mrror 1116 is controlled according to an i mge

signal fromthe controller 1114. In the above manner, the control-1light
optical system 1130 scans the first control light L1 and the second 10
control light L2 onto the nodul ator 1104. Al though the galvano mrror 1116
is singly used to scan the first control light L1 and the second control

light L2, I r first
control | | g(}%{nftﬁq%éqﬁhéﬁggggl C%@?ljt ¢%§?F§hp%%§§esp§%%%ﬁﬂ% tIq(%ewever
when the respec ang mrrors are u can. th edr|V|ng
of the gal \}Hﬁﬁ {ﬂt 6?@4 @’ge {Vﬁé‘op'?“éféi’%i% cRiol “\’/ﬁ#ﬁe each ot her.
The configuration of an optica I controll e? m)vabl e mrror device 1200
(her ei naf t éPod ugt%%@fr@t,ﬁrp%;e JEPPEENISY8'S i s expl ained bel ow with
reference to Fig._ 11 and Fig. 12A to Fig. 12C. The novable 20 mrror device
1200 i s confi gur dda& gayeingemerier fdvasptatesraleny predetermisefdwab®%E s rr or
devi ce 1200 can be formed using the MEMS technology. A conductivity

vari abl & pdhat are $204tardiadyove emdicular tgleasd oihest and ecanethefust i s
optically transparent and is a plate provided in parallel with the

conduct i vi topntiar iligihlt & 1pand itbe sE204d dortrolslightsl2 irmbspalientioelsect r ode 1202
and a second transparent electrode 1203 44 that are optically transparent

are provi deRbtetioa ¢f theegarane rhireogll 655 is Sohabliad &ckdddingnd dMemage
conductivity variable portion 1204 are jointed. The first transpar ent

Thest P BT, sonaRel 1P At Stk hndzife e AR 1, 20
optical system 1130 scans the first control light L1 and the second
10 control 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 light L1 and the second 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 optically controlled movable mirror
device 1200 (hereinafter, "a movable mirror device 1200") is explained
below with reference to Fig. 11 and Fig. 12A to Fig. 12C. The movable

20  mirror device 1200 is configured to drive one movable mirror 1108.
The movable mirror device 1200 can be formed using the MEMS
technology. A conductivity variable portion 1204 is provided on a
glass substrate 1201 that is optically transparent and is a plate
provided in parallel with the conductivity variable portion 1204. A first

25 transparent electrode 1202 and a second transparent electrode 1203
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el ectrical conductivity by the first control light L1 having passed through
the first transparent el ectrode 1202 and by the second control light L2
havi ng passed through the second transparent el ectrode '1203. The
conductivity variable portion 1204 can be nmade of a-Si or a 10

phot osensitive organic film The a-Si is preferably hydrogenated, and 1is
formed using the CVD nethod. Wen the first control light L1 and the second

control |i j j | ). the a- S j

nsul at i ng Hekers SPRARY aratErant ok RebyidbBofabiantlihe RS,
(i.e., aresjs IS 15 virtual intini . .On..the er_han when t he
first cont rsybﬁt“?ag%ﬁ %qs‘ aﬁﬂ th?hce%dé‘z%w ycvoe}{iaf%p quaﬁf' '@QP&GH'P ‘nated to
the a-Si, e electrical onducti vity increases according to. the amount of
the cont ol g Gratdrafsitsient S1ostads d2ha A Thaaa-BR0dENSi5areRt ca whor 6t he
el ectrical conductivity changes, in the conductivity variable portion
1204, 20 céreekpandsd3oakhiened Wiy antf® filmst control light LI is
illumnated in the first transparent el ectrode 1202 and to an area where
the secbnd contrldle cogthuctivity saripblinpaticed12R4tinecassedrie echangptrent

el ectrode 1203. An insulating layer 1205 is forned between the conductivity
vari abl e pai¢cioical 204dantdvidy bypber firsi 206ind ilingt 1. Hehmpay tpasseg RSouebhni que.
The Si 2 can be used for the insulating |layer 1205. The 45 support '1206 is
provi ded onhéHest rankpbiag ¢laybbdelPDE2 and Mpviedkgcosdrpetics light LPovabl e

mrror 1108. The support 1206 is nade of a flexible material or an elastic
mat eri al (Wﬁ\g’i@aéséﬁt’tﬁfo@gjﬂ t@kecOnd transparent electrode 1203. The
conductivity variable portion 1204 can be made of a-Si or a
10  photosensitive organic film. The a-Si is preferably hydrogenated, and
is formed using the CVD method.

When the first control light L1 and the second cont.rc‘nl light L2
are not illuminated at all, the a-Si functions as an insulating mémber
having the electrical conductivity of almost zero (i.e., a resistance is

15  virtually infinite). On the other hand, when the first control light L1 and
the second control 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 light L1 is illuminated in-
the first transparent electrode 1202 and to an area where the second
control light L2 is illuminated in the sepond transparent electrode 1203.

An insulating layer 1205 is formed between the conductivity

variable portion 1204 and a support 1206 using the spattering

25 technique. The SiO; can be used for the insulating layer 1205. The
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driving el ectrode 1210 is fornmed on the conductivity variable portion 5
1204 in a position different fromthe position where the insulating |ayer
1205 is provided. The driving el ectrode '1210 and the novable mrror 1108
are provided so as to nmutually face each other. Both of the novable mrror
1108 and the driving el ectrode 1210 can be nmade of a conductive substance
such as alum num (Al). 10 A power supply 1212 applies a predeterm ned

mrror 1108 Pep 12630 BRbVRERFRERE ?@%@%ﬁﬁ%823&&59%@%2@%0“%?@“23'nﬁucf v
f1 exi bl ial d ' ' ' .
121 rmy BOPEBHRdRONBEEH ok ‘D ot 1% AHEBAFoIROCRoRa R 202 and 1 he

15 support '1206. |If the support '1206 is made of a conductive material.
t he suppor tﬂeiﬁﬁ% @ﬁ@rt%@frﬁgé&%'%ﬂ@%ﬁah&%@%@% 2 ek N Dhe Bane
potential. Therefore, application of a predeterm ned voltage to the

support 1206ViNg slgctiarte pPdddsdpmaddony dhe agaduetiviéy yppebiirpdiathe novabl e
mrror 1108. 20 The second transparent electrode 1203 is electrically
connect®d GRD4ehexprsdndifikreBy frpnodingipogitien wihdretthe icsiDadingclayede 1214,
a reference potential of the second transparent el ectrode 1203 is nade to
al nost zer d20%he prefiatezhceTheldrageg afettheds d@ddat d ahs pagesth e reirest r ode
1203 is al nost zero, which causes the reference potential of 25 the second

transpar enti1eBenerpeeideddotas hentlitlibay ¢ate fozem dthat. oBothef4Refir st
transparent electrode 1202. A light-shielding portion 1220 is forned on

the gl ass gyhsddiatRirdd Ol (i ahbanel @evihbad cbaeas 190 gah\RNmadB bf gr 1116.
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 conductive 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. |If the support 1206 is made of a conductive material,
the support 1206 and the movable mirror 1108 are at almost the same
potential. Therefore, application of a predetermined voltage to 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 reference potential of the second transparent electrode 1203 is
made to almost zero. The reference voltage of the second transparent
electrode 1203 is almost zero, which causes the reference potential of

25 the second transparent electrode 1203 to be different from that of the
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The light-shielding portion 1220 can be forned as a filmby 5 subjecting
the gl ass substrate 1201 to netal evaporation. The |I|ight-shielding portion
1220 may be forned by bonding a light-shielding nmenber to the glass
substrate 1201. The light-shielding portion 1220 has an aperture 1222 nade
at a position through which the first control |ight L1 and the second
control light L2 pass. The position of the 10 aperture 1222 is explained in

et ol oy 28 st aRESA AL LB LAUsl B el ey RSO,

| ai ned. ; Fig, 12A depi j i on of th ble_m devi
"1200 " anero e TS el Teh Pl 08 ey 1 8704 e 15
novabl e mrror device 1200 is viewed fromthe side of the projection |ens

1105, only PRVl e nirror 1108 can be recogni zed. Fig. 12B depicts the
configuration of _the novable mrror device 1200 wi thout the novable mrror

1108 in the confilger kghtophisidippgrortion e candiefomresnasthalngrid] ection 1 ens

1105. Fig. 12C depicts the configuration thereof 20 when viewed fromthe
control 51 i ghbjepinctie glassesmiataate $2@1 tp gnetrdevapvhetiennf T§er ati on as
shown in Fig. 12Cis.the novable mrror device 1200 of Fig. 12A when

vi ened fromighhshiddmgpddiarhd2@ofmapdesfovwmed byfoandigq,a tibet-hiedsding
transparent el ectrode 1202 and the second transparent el ectrode 1203 are
arranged sondérbertbele 2Pasespbstraveltpodccufhe Hgrashiitiaignesrtion 20 di ng a

square of the glass substrate 1201 on an x-y plane with a diagonal |ine. As
shown in Fih@s an aperture 1222 made at a position through which the first control
light L1 and the second 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 from the projection lens 1105 (see Fig. 10). 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 configuration of the movable mirror device 1200 without the
movable mirror 1108 in the configuration of Fig. 12A when viewed from
the projection lens 1105. Fig. 12C depicts the configuration thereof
20 when viewed from the control-light optical system 1130 (see Fig. 10)}.
The configuration as shown in Fig. 12C is the movable mirror device
1200 of Fig. 12A when viewed from the rear side thereof.
As shown in Fig. 12C, the first transparent electrode 1202 and

the second transparent electrode 1203 are arranged so that they

25  respectively occupy areas obtained by dividing a square of the glass
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12B and Fig. 12C, the driving electrode 1210 is arranged so as to overlap
both the first transparent el ectrode 1202 and the second transparent

el ectrode 1203. Referring back to Fig. 11, control for the novable mrror
device 1200 by the first control light L1 and the second control |ight L2
is explained below. The first control light L1 passes through the aperture
1222 to be incident only on the first transparent el ectrode 1202. By

causi ng t hes fijsh &dte W1 Bh dr 9{3} pleheMyith é@ﬁ%élﬂir@coﬁgis@%&@ir@ﬁgﬁmige 10

signal to be incident on the first transparent electro trical

“T20a that T8 PERTRGZY ReRILE T PoublE TRl BEe S o g "

I i cal I\ i d t of the first
cont ol 11 SHETEE b4tk ik PERE R AR RIS R bR BT T Sefentionauct fvi ty
variable portion 1204 all e of the electrodes of the power supply
1212 to be HIHRAF/ Slq"‘@r%&ﬁ@@ged to the driving el ectrode 1210. The

el ectrical connection is realized through the first transparent el ectrode
1202 and the comRIBIING PACKAL; g d 1psPPTehfante mavabidRdUer idavise of t he
20 conductivity variable portion 1204 changes accordi n? to the anount of
the first da@d by the finst cantiablight bhsgsdthensetrd chetriof tight L2daspar ent
el ectrode 1202. Therefore, a voltage according to the amount of the first
control |ighplaineddedppl i elcha &rstheordroMigty lel paessesehdh thasapertuesul t,
the voltage according to an image signal is applied to the driving
1222 to be incident only on the first transparent electrode 1202. By
causing the first confrol light L1 with intensity according to an image
10  signal to be incident on the first transparent electrode 1202, electrical
conductivity increases at a portion of the conductivity variable portion
1204 that is jointed to the first transparent electrode 1202. The
electrical conductivity increases according to the amount of the first
control light L1.
15 The increase in the conductivity of the conductivity variable
portion 1204 allows one of the electrodes of the power supply 1212 to
be electrically connected to the driving electrode 1210. The electrical
connection is realized through the first transparent electrode 1202 and
the conductivity variable portion 1204. The conductivity of the
20 conductivity variable portion 1204 changes according to the amount of
the first control light L1 having passed through the first transparent
electrode 1202. Therefore, a voltage according to the amount of the
first control light L1 is abplied to the driving electrode 1210. As a

result, the voltage according to an image signal is applied to the driving

26 electrode 1210. Strictly speaking, the area where the conductivity
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25 el ectrode 1210. Strictly speaking, the area where the conductivity 48
changes in the conductivity variable portion 1204 tends to spread over its
periphery froma light illum nated position in proportion to the intensity
and the illumnation tine of light. The nodul ator 1104 scans the first
control light L1 and the second control light L2 at high speed, and
sequentially controls adjacent novable mrrors 108. Therefore, it is

assumed t hath dhifes HARBUSS A AW iGNEARGESI0Bb Nidn™ B8 1¥hEd B khrdd herarea to
|gl‘?1t " 1s ?Lﬁ é '??1

which the first” control LI" i l'um nated and in e vicinity of the
area,  secont GebRsty el bt Byt 4B Efondp Bl By e of her
fiver trandp@nsiy eie e RIS a3 bgRE Cai ttrence i s generated |
ot ent 1 al i 11 er driEemad eiegr ddi b dhofr a5 Heo\htde | 9T HS: he

conductivity of the conductivité_variable portion 1204. Ceneration of the
potenti &l @eCPEEHIEYigdidr ehaighsregdsasd saamuitiallyi ¢@trelsr ce accordi ng
to the potential difference, such as electrostatic force (attracting '
force) F t@djecepinvoasbte nitrere188t r obenefere, ot seassursedtthatthd ng force in
a direction in 20 which the novable mrror 1108 is attracted to the driving
el ectrode I2bhductikiy ehanigessupyantth&206inity dfhidef drea ta @hientier ficst t he
el astic nenber. Therefore, the force repulsive to the electrostatic force
F i s gener ajedrol light L1 is illuminated and in the vicinity of the area to which the
second control light L2 is illuminated.
10 The cther electrode of the power supply 1212 is electrically
connected to the movable mirror 1108. By making the first control light
L1 incident on the first transparent electrode 1202, a potential
difference is generated between the movable mirror 1108 and the
driving electrode 1210. The potential difference is generated based on
16 the variation in the conductivity of the conductivity variable portion
1204. Generation of the potential difference between the two causes
predetermined force according to the potential difference, such as
- electrostatic force (attracting force) F to be generated.
The electrostatic force F is attracting force in a direction in
20  which the movable mirror 1108 is attracted to the driving electrode 1210.
Here, the support 1206 is the flexible member or the elastic member.
Therefore, the force repulsive to the electrostatic force F is generated
in the support 1206 as if the support 1206 is applied with no external

force. At this time, the force acting on the movable mirror 1108 by the

25  support 1206 is exerted in the opposite direction to the electrostatic
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in the support 1206 as if the support 1206 is applied with no external
force. At this tine, the force acting on the novable mrror 1108 by the 25
support 1206 is exerted in the opposite direction to the electrostatic 49
force F. The novable mrror 1108 noves to a predeterm ned position
according to an imge signal by the action of the electrostatic force F

and the force generated in the support 1206. In this manner, the novable

mirror 110%@@@;{)3% IR SBHE HitgP 108 RGeS BAL pPb ORI m med B STIRYAD! @

mrror 1108 11 represents a state in whi e electrostatic force

v of PP A LE ShERI DR A ob e S anbupROmerEed, Lhe

novabl e m r1or 871'S posi 0 the gl ass
substrate 1201,,. synchroni zi.n t he drii f the galvano njrror 1'116
2nd-the. modtiatieoRr6E G A i Tee cURPPH 1798h: I e ThRERoRbPol T or 1124
(see Fig. 105 controls th& novable _mrror devices '1200. The first control
light L1 ndobyakledniEeinl 493 GanoPe shiveRadecydymhlo theimage s1g8akcti ve R
light, the Glight, and the B light, is scanned onto each of the novable
mrror 8evices 1J0® Mavabdpmicalr 1 dddebEi. g Teprerentshg shaker vr which n one
frame of an image. 15 The novable mrror 1108 and the driving el ectrode -
1210 come the atesirastativifoncedcis noheengmtedus¥Vearthe adectoastaticdloece ri cal
charges to occur between the driving electrode 2210 and the novable mrror
2108, whi ¢hisl matdgeteraed die movaltie ahirtdrel 108/ @bp esitionedrin1108 may renai n
contacting the driving el ectrode 1210 and nmay be uncontrol |l able. 20

Theref ore, substentneRepaalle! k6 thegylagy stibekbbd @ 2menbay EghchfgisHgport 1206
so that the novable mrror 1108 and the driving el ectrode 1210 do not cone
in contact tMé thiv@asitn@t BER andemit-8e 1€ & Gndogicatiod | & &€ oF the first
10  control light L1, the controller 1114 (see Fig. 10) controls the movable
mirror devices 1200. The first control light L1 modulated 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 optical
addressing is thereby performed in one frame of an image.
15 The movable mirror 1108 and the driving electrode 1210 come
in contact with each other to cause energization or electrical charges to
occur between the driving electrode 2210 and the movable mirror 2'.108,
which leads to a state in which the movable mirror 1108 may remain
contacting the driving electrode 1210 and may be uncontroliable.
20 Therefore, it is necessary to use any flexible member for the support
1206 so that the movable mirror 1108 and the driving electrode 1210 do
not come in contact with each other when the electrostatic force F
becomes the maximum. Alternatively, another member having almost

the same potential as that of the movable mirror 1108 may be provided

25 in a position in which the member can contact the movable mirror 1108

50



beconmes the maxi num Alternatively, another nmenber having al nost the sane
potential as that of the novable mrror 1108 nmay be provided 25 in a
position in which the nmenber can contact the novable mrror 1108 50 when
the tilt of the novable mrror 1"108 becones the maxi num by the

el ectrostatic force F. By bringing the novable mrror 1108 in contact with
another material, it is possible to prevent the novable mrror 1108 and

Lo o o A 8 ERST CEUREO bolaP H0eeBlafs A RBAERAIF e 11 og 4

el ectricall potential difference is generated between the
driving el é%{ &?Qgt%i%e%?'%%g the novable mrror 1108, which nakes it

i npossible to driwve, the. novable mrror. 1108. 10 The insul ating |ayer 1205

i s provided to rél BBP?n&ré\?emo"@bé%t”ﬂ‘fr@élﬂOcso‘r'f'n%%'ﬂtla&ﬁ“ﬁ@t ABeW & he driving
el ectrode 1210 and_ .the noyable mrror 1108, By stopping the incidence of
the first CoRAEr@L itiyRresppledomievent the n"t%ﬁbéwlémr H0&epddee1202, the
conductivity variable portion 1204 15 functions as an insulator. Therefore,
t he chaf ge drivitg glardreded 2 Refrom eeingost cantact vritbeeschotheren the dri vi ng

el ectrode 12 10 and the novable nmirror 1108 remains in the driving

el ectrode ' 1210. FBythesimige, ifhihe, ditivegraleabbdeni2tbeand 168 mamabk nai nt ai ned
at the same position between the tine when the novable mirror 1108 noves
by the firstin20 cdd®t amd eléaghitallyl candetteal triovpovdramitdifefdncst iscontrol 1 ght

L1 is again incident on the first transparent el ectrode 1202 of the sane
novabl e  nMgehetatéevhetvde¥bhe Hhivsndrekadrdde ROI8I HE RO nfUYI® ImirRg movabl e
1108, which makes it impossible to drive the movable mirror 1108.

10 The insulating layer 1205 is provided to reliably prevent electrical
connection between the driving electrode 1210 and the movable mirror
1108.

By stopping the incidence of the first contro! light L1 on the first
transparent electrode 1202, the conductivity variable portion 1204

15 functions as an insulator. Therefore, the charge that generates the
electrostatic force F between the driving electrode 1210 and the
movable mirror 1108 remains in the driving electrode 1210. By using
this, the movable mirror 1108 can be maintained at the same position
between the time when the movable mirror 1108 moves by the first

20  control light L1 and the time when the first control light L1 is again
incident on the first transparent electrode 1202 of the same movable
mirror device 1200. This makes it possible to control the movable
mirror 1108 correspondingly precisely to the image signal.

However, if the charge remains and accumulates in the driving

25 electrode 1210 by repeating this operation, it may be difficult to apply a
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mrror 1108 correspondingly precisely to the inmage signal. However, if the
charge remai ns and accunulates in the driving 25 electrode 1210 by
repeating this operation, it may be difficult to apply a 51 voltage
according to an imge signal to the driving electrode '1210. If the

vol tage cannot be applied to the driving electrode 1210. it is difficult
to generate electrostatic force F according to the inmage signal. If the

el eCt 1 oSt aldtal @l SEHTaRAE brDn 6081 Ao thBRI KGR Ecbae A BLOG!S, cannot

precisely corrésponds to the inmage si y cause gra atlon of

g qual i o5 eaan be aRRLeY o gt QURAA0R! 5 Oy Ay Or der

rennve rehar ni he dr|V| second
control ht L2 s.thro t he_apert 222 to be incide 10 only on
The second Pranies A e e el ) H%éﬁ&trﬂageé&wd ol 17 ght
L2 to be incident on the second transparent | ectrode 1203, ctrical
conductiviﬁge?%€$%§§é?”§%§:9@”%%t?%gﬁﬁgraﬁﬁbdﬁ?'BPV@%@'§HE%h&?Q ntrol Iight
L2 at a portion of the conductivity variable portion 1204. The portion is
j oi nt ed5t o GERACE PEBRIGEY aAFEaPEAES 19 thpdatadsdsl gnzo3whighemayeatsenduct i vity
of the conductivity variable portion 1204 increases, the driving electrode
1210 is el slegradation tfdovagscaeadlityo t he GND el ectrode 1214 that is connected
to the second transparent electrode 1203. Wen the driving el ectrode 1210

and the G\D el ecflihadeed@id tra2@parenketkectddeal 288 nnecb ededtineordeatge
remaining in the driving el ectrode 1210 noves to the GN\D el ectrode 1214

through t heegvaudle yhingevasrhahlieg pethé arivlZ§4iedtdodda 296c0mhd r anspar ent
el ectrode 1203. The
second control light L2 passes through the aperture 1222 to be incident
10  only on the second transparent electrode 1203. By causing the
second control light 1.2 to be incident on the second transparent
electrode 1203, electrical conductivity increases according to the
amount of the second control light L2 at a portion of the conductivity
variable portion 1204. The portion is jointed to the second transparent
15 electrode 1203. When the conductivity of the conductivity variable
portian 1204 increases, the driving electrode 1210 is electricaily
connected to the GND electrode 1214 that is connected to the second
transparent electrode 1203.
When the driving electrode 1210 and the GND electrode 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 discharged in the above

manner. This causes the charge remaining in the driving electrode

25 1210 to surely be removed, and it is thereby possible to precisely apply
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charge in the driving electrode 1210 can be discharged in the above

manner. This causes the charge renmaining in the driving electrode 5 1210 to
surely be renoved, and it is thereby possible to precisely apply 52 the

vol tage according to the inmage signal to the driving el ectrode 1210. The
second transparent electrode 1203 is not necessarily electrically
connected to the G\D electrode 12,14 to obtain the reference potential of

al most zer qpK h rode
1203 10 hi aner s FR R 5 The Pl FanAf fthe driAReRRicBad 2507 00
1202, the second ran eI e 0 hav a reference potenti al
di fferent fromt ﬁtaﬁe 8%8&@ (%%PgﬁgepciF C%? naéﬁéﬁtr} d’@cfféﬁr'&l’he second
transparent el ectrode 120 h ar injng in the driving
el ectrode PIFBITICEYYICAUES %?Cﬁ% t&@ﬁ“@n‘étecgﬁcgnﬂgiﬂ %té'”l %\ﬁer pot enti al
than that of the first transparent electrode 1202 by setting the reference
potential t8felepsedrateatiabpf ﬁ&meﬁt zefq.onfr PheXaaw e hey sRHEtS thenaepandnt

el ectrode 1202 ~ The intensity of the second control light L2 may be such
that the devsmerenhalgrirede 180édorivgbel posentinl thise thet of hiye dirslct r ode 1210
can 15 be electrically connected in order to discharge the charge

remai ni ng itrendpardnt elenyradedfbadehd 2&0ond ttarespavBne beadtrantte 12234may
Therefore, the intensity of the second control light L2 does not need to

be nodul at ddhveas cofatenge tpotantiahddferenffraim tiratr digreniinse trdiyp apest ti on of
the light-shielding portion 1220 is not limted to the top surface of the

gl ass 20 suhsitréde 12201 lThéTsebanaeﬂré{mrtemeﬂéét$éd@ﬁ@0t3h9ar$?@r%de

transparent el ectrodes ' 1202 and 1203 and the control-1ight optical system

'1130.  ThenpediarheReRfaihitg i G asbingl SieReroRer {2 PH rdg4R1688 oG changed as

10 higher potential and a fower potential than that of the first transparent
electrode 1202 by setting the reference potential to a potential different
from that of the first transparent electrode 1202.

The intensity of the second control light L2 may be such that the

second transparent electrode 1203 and the driving electrode 1210 can

15  be electrically connected in order to discharge 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. Furthermore, the position of the
light-shielding portion 1220 is not limited to the top surface of the glass

20  substrate 1201 if it is between the first and the second transparent
electrodes 1202 and 1203 and the control-light optical system 1130.
The position of the light-shielding portion 1220 can be changed as
required if the first control light L1 and the second control light L2 can
be made precisely incident on the first transparent electrode 1202 and

256 the second transparent electrode 1203, respectively.
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required If the first control light L1 and the second control |ight L2 can
be made precisely incident on the first transparent electrode 1202 and 25

t he second transparent el ectrode 1203, respectively. 53 A relation between
the first and the second control lights L1 and L2 and the aperture 1222 is
expl ai ned below with reference to Fig. 13 and Fig. 14. Fig. '13 depicts
the configuration to cause the first control |Iight L1 and the second

control light L2 iAMEL - Y i n «dgyices
1200 of the spat iﬁé?epﬁ'gdﬁ? Beflfdtn Mo fETaRd ﬁféggs,e%o RGPS aHUCeS |

mrror devi : | ali A T vabl e ,m rror
devi ces 120 %Péztggr%é]%ggﬁelegzggég%xﬁl'ng?l?%r?“{)ﬁ”tﬁ#eef%%it| aloalﬂggﬂt
nodul at or 1120...The, fi pst trol, l.ight L1 em.tted fromthe.first control
aht 10 SHESTH FikE Yehiagh® inniasERlinh 36 cosde ot renidn on
the first transpar el ectrode 1202 of the novable mrror device 1200.
The apert ur'@'ﬁgﬂzaf‘gr}bfﬁoﬁﬁ%ﬂj a?ﬂ%{%ﬁghft ‘-érﬁoﬁﬁzﬂ‘cﬂ%%ﬂt emeachrfithgont r ol
light L1 reflected by the galvano mrror 1116 can be nade to pass through
t he apeft uridoygble eidonsgyicasci deAtofdeysratialHightimeduledor ﬂéagpamﬂe,

el ectrode 1202. In other words, if the direction of travel of the first-
control |idie units oftheweadvaipleougnot Hevipesr t20@ ate28eddnl lye ekplaifedst
transparent el ectrode 1202 is recogni zed. Therefore, when traveling in a
di recti on didlew. t Rdwe trivvadile eciriarndeviees 11208 &re strangednapgaeent el ectrode
1202 is, the first control light L1 is blocked by the 20 Iight-shielding

portion 1220redViurenvere spheaf ligist moantatekr 1Hi2ght L1 is prevented from being
erroneously incident, for exanple, on the second transparent el ectrode
1203 or on a trangRafigittcAitesitiipda 1 ehdtted fFOmaRE first control light
10  source 1111 passes through the aperture 1222 to be incident on the
first transparent electrode 1202 of the movable mirror device 1200.
The aperture 1222 is provided at a position such that the first control
light L1 reflected by the galvano mirror 1116 can be made to pass
through the aperture 1222 and made incident only on the first
156  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 recognized. Therefore, when
traveling in a direction other than the direction where the first
transparent electrode 1202 is, the first control light L.1 is blocked by the
20 light-shielding portion 1220. Moreover, the first control light L1 is
prevented from being erroneously incident, for example, on the second
transparent electrode 1203 or on a transparent electrode related to any
movable mirror 1108 different from the movable mirror 1108 that is to

be driven.

25 The second control light L2 emitted from the second control
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nmovable mrror 1108 different fromthe novable mrror 1108 that is to be
driven. 25 The second control light L2 emtted fromthe second control 54
| ight source 1,112 passes through the aperture 1222 to be incident an the
second transparent el ectrode 1203 of the novable mrror device 1200. The
aperture 1222 is provided at a position Such that the second control |ight
L2 reflected by the galvano mrror 1116 can be 5 made to Pass through the

aperture 1athialis A1 PIE LRI 1ABLEN RIS na e P28 o SRR EN, & ect! ode

1203. In ot rect on O ravel he secon contr ol

el oot rode ?B%fee. AL BaRPa et o BRERLIL 209 O fhe MR BRI BB St Ton

ot her than cti on, whe 0 the se d tra arent el ectrode 1203 is,
Che seconn 1 L oTRE apatls @21 5 8&%38@%‘%@%1 SEeh 4l 06 porti on
1220. Moreover, the second r ol ght L2 is prevented from being

erroneousl )ﬁqqq@,do@qﬁtrolflgght Ie&é ?%tEdo*Piym% omil vato pHERE gdd ErkarePact r ode
© 1203. Furthernore, scanning can be carried out with the first control
light LP an’aatﬂﬁéom%ef&@ﬁuggdh@ranerwr@hi22% and meideainettienitidy araltes it
possible to easily control the novable mrror device 1200. Fig. 14 depicts
an arr angers@eondftrahep ansohdlede ofrode 0L 0henln eihewedo fdso i thisedicectiomiof | i ght
optical system 1130. Here, the arrangenent is explained below. Two units
of the novakelmifrtherse2@ndevoctes NPOOL 2 s vievead dhreeth tie apdrtliree Units
thereof in the y direction are arranged in the shape of the lattice, The

apertures 1222 ey thé @ecead tranOhsren®-<086tr60& MEIRORARY nYEdd) the novabl e
m rror devices
Therefore, when traveling in a direction other than the direction where
10 the second transparent electrode 1203 is, the second control light L2 is
blocked by the light-shielding portion 1220. Moreover, the second
‘control light L2 is prevented from being erroneously incident, for
example, on the first transparent electrode 1203. Furthermore,
scanning can be carried out with the first control light L1 and the
16 second control light L2 illuminated, which makes it possible to easily
control the movable mirror device 1200.

Fig. 14 depicts an arrangement 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 y direction
are arranged in the shape of the lattice. The apertures 1222 are
provided in one-to-one correspondence with the movable mirror devices
1200. Therefore, the apertures 1222 are provided in one-to-one

correspondence with the movable mirrors 1108.  As shown in Fig. 14,

25 the shape of the aperture 1222 on the x-y plane is substantially circular.
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1200. Therefore, the apertures 1222 are provided in one-to-one
correspondence with the novable mrrors 1108. As shown in Fig, 14, 25 the
shape of the aperture 1222 on the x-y plane is substantially circular, 55
The aperture 1222 is provided in the position which overlaps the first and
the second transparent el ectrodes 1202 and 12010 to al nost the sane
extent. As shown in Fig. 14, if the first control light L'l is nmade to pass

5 through tig apettd 223%2% o ide Pl RfHd Bgsﬁiorne\%ﬁi&ﬂo{/ﬁfe?%é ke fitsdi rection

to the +y direction with respect to the z direction, Irst control

l'ight L1 g%g&' i e b4 t I trode

1202. |If t%ﬁ%stg%on codnprr% gg%%?%h?é%f?ﬁbsée%a?eb% %Egaigﬁﬁggﬁghsf Hg&aperture

1222 in a ti direction fromthe +x direction to the -y direction
s3uRy Sty

with 10 re he z direction, the second control |ight L2 can be nade
incident only on,the secand..trans e | ectrode 3. As expl ai ned above,
the aper ture’ " 1985 SHOUNANEESpd v tiba Hist CORLORHGM Lo RRBEAR HARSCh ¢ he

first control light L1 can be incident on the first transparent el ectrode
1202 an® t RerasiEdoe epattHEg T22ghn 3 slargina dirgetipRdreeriheorx diectieiond
transparent el ectrode 12011). Therefore, the Eositi on of the aperture 1222
i s desirably tie¢agdideeléo madds segnectdegbad dyestonhtha fiesialordraldightons of
the first and second control lights. LI and L2. The position of the
aperture 1222carsbeanabennte®rntonhen hesiitstdracsparespeletitnoda 6202.
substantially the central position of the 20 novable mrror device '1200.
As shown i Iif fhiegsecdrid cohiofifight UPeis IRdde tomadzethpooyhdrd Alertueos222 on

different fromsubstantially the central position of the novable mrror
devi ce 120¢h aR¥iawtifg UiredtidBoAPEd Wik&irection to the —y direction with
10 respect to the z direction, the second control light L2 can be made
incident only on the second transparent é!ectrode 1203.

As explained above, the aperture 1222 should be provided at
the position through which the first control light L1 can be incident 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 of the aperture 1222 is desirably changed as necessary
depending on the travel directions of the first and second control lights
L1 and L2. The position of the aperture 1222 is not limited to the
position corresponding to substantially the central position of the

20 movable mirror device 1200. As shown in Fig. 13, the-aperture 1222
may be provided at a position different from substantially the central
position of the movable mirror device 1200. Provision of the aperture
1222 corresponding to the movable mirror 1108 allows the first and the
second control lights L1 and L2 to be precisely incident thereon,

25 respectively, for each movable mirror 1108.
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1222 corresponding to the novable mrror 1108 allows the first and the

second control lights LI and L2 to he precisely incident thereon, 2,15
respectively, for each novable mrror 1108, 56 In order to cause the first
and the second control lights L1 and L2 to be incident on the first and

t he second transparent electrodes 1202 and 1203, respectively, by using
t he conventional technol ogy, high precision control is required. In the

(O ti altt [ ' I th
present Inven :?gtﬁtotr?%r f%ﬁgggé%e f!rQF'FanBPchb. c%&@ﬁgﬂlﬁﬂsﬁj affe the

first control preci sely incident on rst transparent

el ectrode 120 BY ifRUBHIS. e /5 e HULE0nd bMliglete b Ogipy/daesdent on the

aperture 1 Irst™ “contro travel's™t ona a position
different fr t he first transparent el ectrode 1202 he | i ght - shi el di ng
port on 123808 E0EARI3L 6oPRECH T4 8t DEARHGINT FoRLCDHOPALIRAIAOTREN nei dent  on
a position other than tile first transparent el ectrode 1202. In the sane
manner as tHAY PESCIEIRN CONIel ISERAYEIC.| | ghtha Rresafdn¥ester ©6¢ntrol 1ight L2
can be nmade precisely incident on the second transparent el ectrode '1203,

The con®r olcontightigbpointisr! sysiesmTd 39oalimys seadirsheonirekligiidat telbe 15 1i ght
L1 according to an inmage signal with precision to such extent that the -
first cont poecisebhincidentaon bee Khglketrpnepassityeleattodent2@hby s uspeg the e

1222. The second control light L2 can be nmade precisely incident on the
second t r afisptaceito leligtt t btle bE2@@identhouthe apgiridee i &2 2 | If ghe ifingt ti m ng of
LED. The level of precision is not required so high. That is, 20 the
control -1igbhtrepligadl. 1stysteg bkl 4 pobion eidlére AOfrom Eaisiestt he control

lights L1 and L2 to be highly precisely incident on the positions of the
transpar entrflspaté RdeRcliee #nd2 18{231igRuUshiBdingapseicnhe2 2o REPentsi ght's

10 the first control light L1 from being incident on a position other than the
first transparent electrode 1202. In the same manner as that of the
first control 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 control

15 light L1 according 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 required to cause the control
lights L1 and L2 to be highly precisely incident on the positions of the
transparent electrodes 1202 and 1203, but may cause the control lights
.1 and L2 to be incident on the position of the aperture 1222.

As explained above, the level of precision in the positions, on

25  which the first and the second control lights L1 and L2 from the
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L1 and L2 to be incident on the position of the aperture 1222, As expl ai ned
above, the level of precision in the positions, on 25 which the first and
the second control lights L1 and L2 fromthe 57 control-Iight optical
system 1130 are incident, is not required so high, thus, the novable mrror
device 1200 is easily controlled. Mreover, accurate optical addressing
can be perforned even if a scanning speed of the first and second control

lights L1 ) ) N} i | -11ght
opt cal syt B JRloel SORERR, 1 RoTaRE FiiEnt b reah e RN L' 2 ana
L2 at a sp required i spl . Holg) ity ] e, t first control
Tant L1 oantsets bEGRS miaR Biicd S YR YortRERe: eMorgPkEls ode 1202
and t he second c&mtrgl I%(g(gt L2 can be grfeci seI%/ i ncident on the second

t r anspar ent? USRS BRRCEHIHAESENIRAE PG PETOrPEssF vk Mt d SeaaNINg $Re¢Sr m
preci se control w thout degradation of 'image quality. Since the lighting
time and t K thedhst agdisarady epntrakligttssl t ¢nd ka@ieduitdedaeedt he sane as
those in the first enbodinent, explanation thereof is omtted. 15 Fig. 15
depi ct s5an Hrarafgyemsvendf the woatincktight proicabsyatemriddéciaansatheofithitng to a
si xth enbodi nent of the present invention when viewed froma control-Iight
optical systrehtheThecsmdreopbrd ilighss &fl andé2pstop epeed refyuiteidstoedisptiyrent are
assigned with the same reference signs as those of the projector 1100 of

the fifth enbigh gealkity ievaheGhexivsaérantan ligheLdofan eorekcisdy ifdigept oj ect or
of this enbodinment is different fromthe projector 1100 of the fifth

enbodi ment dmtHehAtstaranaReehtietedirdde a o2 4hd e SBicahdidithtRANIgHN.21720 is
rectangul ar.
can be precisely incident on the second transparent electrode 1203.

10 Thus, it is possible to easily perform precise control without
degradation 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 dépicts an arrangement of a modulator 1704 of a
projector according to a sixth embodiment of the present invention
when viewed from a céntrol-l]ght optical system. The same portions of
the projector of this embodiment are assigned with the same reference
signs as those of the projector 1100 of the fifth embodiment, and

20 explanation thereof is omitted. The projector of this embodiment is
different from the projector 1100 of the fifth embodiment in that an
aperture 1722 of a light-shielding portion 1720 is rectangular.

Fig. 16 depicts an optically controlled movable mirror device
1700 (hereinafter, "a movable mirror device 1700") when viewed from

25 the control-light optical system 1130 (see Fig. 10). Itis clear, as
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Fig, 16 depicts an optically controlled novable mrror device 1700
(hereinafter, "a novable mrror device 1700") when viewed from 25 the
control-light optical system 1130 (see Fig. 10)~ It is clear, as conpared
with the novable mrror device 1200 of the projector 1100 as shown in Fig.
12C, that a first transparent electrode 1 702 and a second transparent

el ectrode 1703 are different in shape fromthat of the first and the

second t raflﬁ:‘?ﬁgﬁﬂid witﬁ%re%%%g%?@%nﬁw R0 17b8 51‘&%%&@3%&&6?51%6%

el ectrode 1 702 and the second transparent el ectrode are arranged so

t hat they rﬁﬁqﬁg-' y. C - I |, | i dividihg a
square of the gl lcjirl's‘st? 'u%%@fgf% %5'8%5%% %;nge%_tfq’%ﬁ;tgﬁéngﬁ% %r?é{lai éF’]ééécg-l)q:necti ng
bet ween ce |._.poi nt f_si of t square that .fac each ot.her. The
driving of bt el Bhb R ttody f2hactredtedHEEohdes ol ThafRF thechist oo
transparent_ e| ectrode 02 and the second sparen el ectrode 1703.
Referring ﬁleosﬁ?ﬁﬂdlz@insé’%ﬁgr?lﬁ%ﬂdqerseﬁ é&?éﬁd}?#)%et \Ilggnf'rtsﬁe nmovabl e
mrror device 1700 and the aperture 1722 is explained below. The novable
mirror sS11488RERATEP} 8IRFAP IS 1Y RE aMhpee seCPAE transnatent gleradew 1dPBect i ons
substantially perpendicular to each other on the x-y plane. The aperture
1722 is a redetangnged batthaddhey sespeefitaldiotslupyiateaspermpratetabtained a
direction in which the first transparent electrode 1702 and the second

t ranspar entbyelliztdingdesdu8B: af thagiasgedbsinatepdpall lcgl the xly pack withex . The
aperture 1722 provided in the 20 light-shielding portion 1720 as shown in

Fi g. 15 hadiniet sonmegingibeteéesicadatral pdife of sidesaifitns suksbankt fddey
perpendicular to the y direction in which the first transparent el ectrode

1702 and t kexchesrRd t TABSPR/iABtelcltredl! PEIED 7 AR AR d3dd a8asthidyfpr al | el
wi th each other. The aperture
10 both the first transparent electrode 1702 and the second transparent
electrode 1703.
Referring back to Fig. 15, a positional relationship between the
movable mirror device 1700 and the aperture 1722 is explained below.
The movable mirrors 1108 are arranged in the shape of the lattice in
.15 two directions substantially perpendicular to each other on the x-y
plane. The aperture 1722 is a rectangle that has its longitudinal side
perpendicular to a direction in which the first transparent electrode
1702 and the second transparent electrode 1703 are arranged in
parallel with each other. The aperture 1722 provided in the
20  light-shielding portion 1720 as shown in Fig. 15 has its longitudinal side
in the x direction substantially perpendicular to the y direction in which
the first transparent electrode 1702 and the second transparent
electrode 1703 are arranged in parallel with each other. The aperture
1722 is provided corresponding to the movable mirrors 1108 arranged

25 in the longitudinal side of the rectangle.
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1722 is provided corresponding to the novable mrrors 1108 arranged 25 in
the longitudinal side of the rectangle. 59 In the sane manner as that of
the aperture 1222 of the projector 1100 according to the fifth enbodi nent,
the aperture 1722 is provided at a position such that the first control
light L1 can be made to pass through the aperture 1722 and be precisely
incident on the first 5 transparent el ectrode 1702. The aperture 1722 is

provided at the |RafkidLRe THEANENAS thB?oﬁﬁ?@Qﬁe%%ﬁ@'ﬂ' oOtHe projEdfdbrbe made
to pass through the aperture 1722 and be precisely incident on'the second

transparent 1%'0‘3&&6&@%; ir%@ﬁe fﬁﬁ]t ﬁ%‘%uﬁq%n?‘ t%%%;gertwb?z Q%% p98{?ﬁéie‘i’i' |1 ght

L1 is made to pass roug e aperture ing direction
fromthe +y r | ows t he
first contf%%*pséwongﬂﬂ%hngiﬁépﬁﬁ% t%ﬂ?§%6gj pyﬁggﬁéﬂé At ent
el ectrode 17 02. The second trol t 2 .18S. t hrough the
aperture 1%5?%9{‘ H‘esﬁaﬁft“ﬁ% 17@%@@8' Cd?ﬁ HBC'C{}E}@ @\qpﬁ[r??w th respect
to the z direction, ich 15 all ows the second _contr ol ght L2 to be
i nci denf oAf3Nsharenke 1FpansJatreeﬁpeepé%ﬂr78aer81pf@3'd%abthq he position
of the aperture 1722 is not limted to substantially the central position
of the cor PESEHUBAGN thal Hir eeapnd eondwiilight 1:200an Digemagdsi toi RESDHT t he
aperture 1722 is desirably changed, if necessary, depending on the travel
direction déhr@@h the apesure dni2ohnd ioghprecisaiydncident mavikle skeeud i on of t he
second control light L2. For exanple, the aperture 1722 may be provided at
a positionratishfaeerntldotadd h@08ubstantially central position of the
correspondi ng novable mrror device 1200 (see Fig. 13).
As shown in Fig. 15, the first control light L1 is made to pass
- 10  through the aperture 1722 in a slanting direction from the +y direction
with respect to the z direction, which allows the first control light L1 to
be incident only on the first transparent electrode 1702. - The second
control light L2 is made to pass through the aperture 1722 in a slanting
direction from the —y direction with respect to the z direction, which
16  allows the second control light L2 to be incident only on the second
transparent electrode 1703. Here, the position of the aperture 1722 is
not limited to substantially the central position of the corresponding
movable mirror device 1200. The position of the aperture 1722 is
desirably changed, if necessary, depending on the travel direction of
20 the first control light L1 and the travel direction of the second control
light L2. For example, the aperture 1722 may be provided at a
position different from the substantially central position of the
corresponding movable mirror device 1200 (see Fig. 13).

The aperture 1722 is set to the rectangle whose longitudinal

25 side is in a direction substantially perpendicular to the direction in
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The aperture 1722 is set to the rectangl e whose longitudinal 25 side is in
a direction substantially perpendicular to the direction in 60 which the
first and the second transparent el ectrodes 1702 and 1703 are parallel to
each other. Therefore, the first control light L1 and the second control
light L2 can be made precisely incident on each novable mrror 1108

W t hout providing the aperture in each novable mrror 1108. Thus, it is

poss! 1 1 QR85 the T AT 61 SaCEl o h0ccr e, AP g fer 1102

The directionin secon and L2

are scanned, may. b directipn supstantially.parallel .t e | i tudi nal
e or tneragaralpEe y58F GiRBray T BE0H be) iR o8kl Lt LTy T

per pendi cul ar thereto. | oth of the 10 cases, the nmpvable mrror 1108 can
be preci selss‘?C&’BHt(‘rQﬂtf@dfgr}lfﬂgé Can l%?eﬁ?acciespf‘?fésg'dﬁéﬁﬁqrﬁ YoRffuration of an
optically controlled nmpvable mrror device 1900 (hereinafter, "a novable
mrror devi@wallagpirioiod 18 pridjaHtoviinetarmpars e i9esash MaARei nent of
the present invention. The sanme portions of the projector of this 15
ermbodi nent AN rakidiégnetihvg t it is ressHne to efasilymefeingmseaiset drdeoldor t he
projector 1100 of the fifth enbodi nent, and explanation thereof is :
om tted. Thiee pmmoyadeaonirodr t h08. efibeddinection & dilidletieafirdtr amad tie proj ect or
1100 of the fifth enbodinment in that a novable mirror 1908 can nove toward
both a dri gesgnel®eitraldryht®10aanod Ratk seangeelresy bede did@tida1l0b. A

control-light optical system 1930 includes a gal vano mrror
substantially parallel fo the longitudinal side of the aperture 1722 or
may be a direction substantially perpendicular thereto. In both of the
10  cases, the movable mirror 1108 can be precisely controlled.

Fig. 17 depicts the schematic configuration of an optically
controlled movable mirror device 1900 (hereinafter, "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
projector 1100 of the fifth embodiment in that a movable mirror 1908
can move toward both a driving electrode 1910a and a driving electrode

20 1910b.

A control-light optical system 1930 includes a galvano mirror
1116 and a control light source 1950. The control 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 control lights L3 and L5, and the second control light source
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1116 and a control |ight source 1950. The control |ight source 1950

includes first control light sources 1951 a, 1951 b, and a second control
| i ght source 1952. The first control |ight sources 1951 a and 1951 b 25
supply first control lights L3 and L5, and the second control |ight source

61 1952 supplies a second control light L4. A nodulator is provided in
each of the first control |ight sources 1951 a and 1951 b to change the

intensity Wi C i nd i : image

si gnal froﬂ%%%@hﬁ% %&‘%ﬂﬁb@@gﬁﬁbg@lo# ﬁf‘ﬁﬁﬁ%’gl'%’fﬁlﬁ'ﬁ?‘i st 5
control [|i n o) tr, | L ght scan th vabl e
mrror devi cea‘lggH“%ar@h‘g"@E@v@‘ﬁﬁ s%chrrﬁgg 1?%11(? aﬁ&ﬁgﬁtbr nglb%ﬁ@%?ﬁ)%l ect rf)fles
1902a, 1902b, and. a secopnd, transparent el ectrode 1903, which are optically
t r anspar ent' M t&{}SAY %f%@dﬁr%r?oﬁﬁﬁﬁ@?m%nghé PRI K APdMA9®01 and t he
conductivity 10 variable portion 1204 are jointed. The first_transparent

el ectrodes SXQ'@@'Zfé?m tf%?%ﬁtdﬁ ef Ad14deend gy ALt ply edhediist' 1903 are
formed with the |TOfilm_ The first transparent el ectrodes 1902a and 1902b
are el eftricoatrg) lghinéd &P saddberseasadagonthel ligitel pocantthaimowabliensul ati ng
| ayer 1905 is formed between the conductivity variable 15 portion 1204 and
a support I906rugtvigetTROGputthergalganechiniaquel16The Si O2 can be used for

the insulating |ayer 1905. The support 1906 is provided on the insulating

llayer 1905 and rRirdtlilgnspgreot tdedthedewta0ka, roobrard®@sectme driving
el ectrodes 1910a and 1910b are formed on the conductivity variable portion

I1204 20 at ttdrespReeht BtErade hoLB, sidels 208 dm@:am?qiréﬁ%r%e,r&et femegwsul ating
ayer 1905 is provided. The driving electrode 1910a is provi ded near one
on a plane where the glass substrate 1201 and the conductivity
10 variable portion 1204 are jointed. The first transparent electrodes
1902a, 1902b and the second transparent electrode 1903 are formed
with the ITO film. The first transparent electrodes 1902a and 1902b
are electrically connected so as to be at the same potential. An
insulating layer 1905 is formed between the conductivity variable
15 portion 1204 and a support 1906 using the spattering technique. The
Si02 can be used for the insulating layer 1905.
The support 1906 is provided on the insulating layer 1905 and
movably supports the movable mirror 1908. The driving electrodes
1910a and 1910b are formed on the conductivity variable portion 1204
20 at the positions on both sides of the position where the insulating layer
1905 is provided. The driving electrode 1910a is provided near one
corner of the square-shaped movable mirror 1908. The driving
electrode 1910b is provided near another corner of the square-shaped

movable mirror 1908 that faces the one corner. The movable mirror

25 1908 and the driving electrodes 1910a and 1910b can be made of a
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corner of the square-shaped novable mrror 1908. The driving electrode
1910b i s provided near another corner of the square-shaped novable mrror
'1908 that faces the one corner. The novable mrror 25 1908 and the driving
el ectrodes 1910a and 1910b can be nade of a 62 conductive substance such as
al umi num (Al'). A power Supply 1912 applies a predeterm ned vol tage between
the first transparent el ectrode 1 902a and the novable mrror 1908. Here,

the first td@@%@ﬁﬁérﬁutﬁétéﬁ&é%@%hlasgﬁﬁﬁnﬁ‘ﬁﬁnt(hﬁ first transparent 5
el ectrode 1902b are electrically connected to be at the same potential.

Therefore, the p t rst
transparent el ectAregg r@&@)‘%ﬂy‘é%&fﬁﬁpl%\/g ed%Péf)rmﬁgf%Y?ﬁbépse%%rd 4
t ransparen I t nected to.the el ectrode
1534 By gﬁgﬁr‘iﬁ%ﬁgﬂgpﬁ?’%ﬁ%'%3’?”&%% 1929 FBgaETVaR Sl 4508, potnt
of the sec L rent el ectraode, 1903 al nos Therefore, the
ref erence %E‘?"&mtﬁ%? g’&trﬁﬂgpgg@g ePFfaa Q@ﬂ an ﬁbgtfzrgég’apgggr@% di ff erent
fromthat of both the first transparent electrodes 1902a and 1902b. A

i ght - shi elERHEOPRBIE0SR a@zelwr*?@ﬂ%anaﬁcft%tcgbaﬁ iBasamanotentali2ol at
the side that faces the control-light optical system 1930. The

| i ght - shi elldeigigser theprade@rminad Molimgeniatalps Frlirsdbetwearps fitstng a

|l ight-shielding material such as netal onto the glass substrate 1201. The
| i ght - shi eltdinsgapent e@ctrotB2 09680 el the med/dbje oincdirtPGE. | Thét - shi el di ng
menber to the glass substrate 1201. The 20 |ight-shielding portion 1920 has
an apertur eet8ad ttdnadparent electdodd 1803piesdlettricdilyr corghestbiab thBeGNID st

control lights L3 and L5 pass and the

electrode 1214. By grounding it with the GND electrode 1214, a

10  reference potential of the second transparent electrode 1903 is almost
zero. Therefore, the reference potential of the second transparent
electrode 1903 is different from that of both the first transparent
electrodes 1902a and 1902b.

A light-shielding portion 1920 is formed on the glass substrate

16 1201 at the side that faces the control-light optical system 1930. The
light-shielding portion 1920 is a film that is formed by evaporating a
light-shielding material such as metal onto the glass substrate 1201.

The light-shielding portion 1920 may be formed by bonding a

light-shielding member to the glass substrate 1201. The

20 light-shielding portion 1920 has an aperture 1922 that is formed at a
position through which the first control lights L3 and L5 pass and the
second control light L4 passes. The aperture 1922 can be provided
correspondingly to the movable mirror 1908 in the same manner as that
of the apertures 1222 and 1722 according to the fifth and the sixth

25 embodiments.
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second control light L4 passes. The aperture 1922 can be provided
correspondingly to the novable mrror '1908 in the sane manner as that of
the apertures 1222 and 1722 according to the fifth and the sixth 25

enbodi nents. 61 13 A positional relationship of the first transparent

el ectrodes 1902a, 1902b and the second transparent electrode 1903 with
respect to the driving electrodes 1910a and 1910b is explained. Fig. | 8A

depi cts the conflguiaitdiy¢ |étnﬁqsrma%bltﬁ¢%§fﬁﬁpegéie&ﬂm%ggﬁoweerl vi ewned

fromthe projection lens 1105 (see F g. ) e mrror device
M rror 1008 oSy e ana O e o rBDSRRE I e s B e ot B et
o the movaBibeHTEe AEc et BB i GRS o o g 1008 1 n the
i vi ng. ol GERiSsds e aueu et Joton TaHabl U SAEDIPROCHRRBT s of The
square of the 8uass subi}tate 1201. Thg both corners are substantially
symet r fc  WEVAC feepdbe proiedionienfonaPoI(pae He. A stfubeenevaklesponding to
the axis 15 X of the novable mrror 1908. Based on the configurations of-
Fig. 18A dndrdidgviced®OQ iseviemegbfromthe sidelodharpreisctiondeds tIN@5dr i vi ng
el ectrode 1910a and toward the driving el ectrode 1910b al ong the axis Fig.
18C depi ct oninéheomdvghieatiroor ©908 oannpe abtegnizedor Teyhwerable mirror
1908 pivots along an axis X on a diagonal line of the square.
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 1910b are provided in both corners of the square of the
glass substrate 1201. The both corners are substantially symmetric
with respect to the diagonal line of the square corresponding to the axis
15 X of the movable fnirror 1908. Based on the configurations of Fig. 18A
and Fig. 18B, the movable mirror 1908 moves toward the driving
electrode 1910a and toward the driving electrode 1910b along the axis
X.
Fig. 18C depicts the configuration of the movable mirror device
20 1900 without the driving electrodes 1910a and 1910b in the
configuration of Fig. 18B when viewed from the projection lens 1105.
Areas indicated by broken lines of Fig. 18C represent the positions
where the driving electrodes 1910a and 1910b are provided. As

shown in Fig. 18C, the first transparent electrode 1902a is provided in

25  the position corresponding to the driving electrode 1910a. An area of
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20 1900 wi thout the driving electrodes 1910a and 1910b in the configuration
of Fig. 18B when viewed fromthe projection |lens 1105. Areas indicated by
broken lines of Fig. 1 8C represent the positions where the driving

el ectrodes 191 Ca and 1910b are provided. As shown in Fig. 1 8C, the first
transparent electrode 1 902a is provided in 25 the position correspondi ng
to the driving electrode 191 Ca. An area of 64 the first transparent

electrode 1ng9g: trﬁn§ﬂ§érﬁheIEBﬁBdEhﬁ3@Zé & E'Htallglr‘t'ﬁéﬁ?ﬁ@dr iadga. and i

arranged so as are of the gl ass
Substrate rst tran eIe rode bIS rowd in the
sosi t1 on cSTTaLdnagar e S SRR0ERY o5°ef Xétorcgagv 8%68@% 687" (e
first trans r ent elec de 11902h snal | er e driving el ectrode
1970b, ' and o ShE BREEaT 466 @t supkEars Tehd” arUE BrtiARRAENTof the square
of the gl as? substrate 1201. The second transparent el ectrode 1903 is
provi ded i f'efireged” OBEtiReRVidRd n tha p??ti‘(%‘p‘é@féﬁ%p@'l“é'@@rf@d@§ d99Pg and
1902b. As shown 10 in Fig. 18B and Fig. 18C, the driving el ectrode 1910a
i s arrahgeéledirede d940per |A¢p@§e@ obhedirat traesprrent eleatrepar i2teisect r ode
1902a and the second transparent el ectrode 1903. Furthernore, the driving
el ectrode $810leritbaartharypdngelastrodebld Hipaardrjpossdngedisat Astthe fir st

transparent el ectrode 1902h and the second transparent el ectrode 15 1903.

Referring backpy eh&iagealat,ant bermamdf tle §quatehef the ghiss sabsgteatededd te 1900
by the first control lights L3, L5 and the second control Ilight L4 is

"1B88 15 e v TERIUE LofebarinlamOlelt gy eplarguen dfaraperure

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 1203. Furthermore, the driving
electrode 1910b is arranged so as to be superimposed on both the first
transparent 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 control fights L3, L5 and the second control
light L4 is explained below. The first control light L3 passes through
the aperture 1922 to be incident on the first transparent electrode

20 1902a. By causing the first control light L3 with the intensity according
to an image signal to be incident on the first transparent electrode
1902a, electrical conductivity in a portion of the conductivity variable
portion 1204 increases according to the amount of the first control light

L3. The portion is jointed to the first transparent electrode 1902a.

25 With the increase in the conductivity of the conductivity variable
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20 1902a. By causing the first control light L3 with the intensity
according to an inmage signal to be incident on the first transparent

el ectrode 1902a, electrical conductivity in a portion.of the conductivity
variable portion 1204 increases according to the amount of the first
control light L3. The portion is jointed to the first transparent

el ectrode 1902a. 25 Wth the increase in the conductivity of the

conduct | vi tSerkBhi ARe &% BPId ANdRftes BITODLE Sl radessol the power

supply 1912 is electrically connecte to t el ectrode ' 1910a

var i able. Bﬁ%’%#ﬁ%ﬁ%&mﬁ‘e@ B ."v'ﬁ?%'éﬁ"%ﬁee‘@ﬂ&ﬁ?{?@é‘ﬁiﬁﬁéﬂ%ﬁl -
U3 havi ng. RELGHR SRR cf%ibﬁﬁﬁsqncﬁﬂi%gaa Q%&'\‘?@gaf'@bheeﬁéa%ﬁﬁﬁer'efgo?e

a voltage _gccording.to t a t of the fj st contr light L3 is applied
to the dri en@%ﬁ“é w%ep%éan AEEWFHVHBPbePHEt'%ﬂ Q4 ESSding to the
i mge signal is applied to the d el ectrode 1910a. 10 The ot her

el ect r ofle @chfJﬁ@ndeethes@@muWpéibeufgstep@@&ral k@t L3 hayinkeasaeto t he
novable mrror 1908. By causing the first control ht L3 to be incident
on the fi réhrqugémts‘mf@tttr@nwne@cﬂ@lectg@@@19@2apotﬁmrieg¢redla‘ Yeltzapee is

generated between the novable mrror 1908 and the driving el ectrode 1910a.
The pot ent iaglcoddihbepeheeans ugénéithe doistléomicobligihtnig3 i® appéedanpitati ons in the
conductivity of the conductivity variable portion 1204. Ceneration of the

potenti al cdiirn‘vﬁre%; ensutrditd wea0a. t icdomimfysiee wolesies ecobnifgftertee accordi ng
to the potential difference, such as electrostatic force (attracting

force) F tombge HIGAST AL SFpIILENSHRE IRVIRY cld@r@ieabrogtatic force F causes
t he novabl e
10 The other electrode of the power supply 1912 is electrically
connected to the movable mirror 1908. By causing the first control
light L3 to be incident on the first transparent electrode 1902a, a
potential difference is generated between the movable mirror 1908 and
the driving electrode 1910a. The potential difference is generated
16 according to the variations in the conductivity of the conductivity
variable portion 1204. Generation of the potential difference between
the two causes predetermined force according to the potential
difference, such as electrostatic force (attracting force) F to be
generated. Generation of the electrostatic force F causes the movable
20  mirror 1908 to move in a direction in which the side of the movable
mirror 1908 that faces the driving electrode 1910a is attracted to the
driving electrode 1910a.
The first control light L5 causes the electrostatic force F to be

generated between the movable mirror 1908 and the driving electrode

25 1910b in the same manner as that of the first control light L3.
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20 mirror 1908 to nove in a direction in which the side of the novable
mrror 1908 that faces the driving electrode 191 Oa is attracted to the
driving el ectrode 1910a. The first control |ight L5 causes the

el ectrostatic force F to be generated between the novable mirror 1908 and
the driving electrode 25 1910b in the same manner as that of the first

control Iight L3 66 Ceneration of the electrostatic force F causes the
novable mr i IeC i f e
novabl e m rdrggir% 1908 tf] é”ed}ttghg f%ﬁf%dﬁégﬁr O@gﬂl?@]eigﬂﬁog 13@% acted
to the dri t I , the
movabl e i ﬁbé*%?é?@@é@‘?gct'&ﬁif@&v,awé“ the %ﬁ?ﬁ@%ﬁ%@%ﬁa@éﬁ*r?@”ﬁ%@ﬁ@%‘fow d
t he dr|V|n ' a nal s. cond

t ranspar ent B”'l@@%?jtgo?ﬁ g@qgg;dis?q}gr@gmn%go “t%‘ﬁ "G § Cr ning in
the drivi n ctrodes 1910a and 1910br}?&h second contr ol ght L4
passes thr @d@ ‘helNapiélt 6rrBang8s asRiaings akaye 10 omove I%@w@
transparent el ectrode 1903. By causing the second control light L4 to be

i nci denf or Q%”@é’@éﬁ@“ﬁ"drf@ﬁaﬁ”é\ﬁﬂgeﬂléélrpééé YdpBanddpwerditBaidrivdnduct i vity
in a portion of the conductivity variable portion 1204 increases according
to the amo@hectspde HE Idbcancbrcdng tolimaiggsighals. The portion is jointed to

t he second transparent el ectrode 1903. 15 Wth the increase in the
conductivity of (e secahut tianspargar eEct®depdd0B dn pt@0idedttoeretnove ng

el ectrodes 1910a and 1910b are electrically connected to the G\D el ectrode

1214 that itse ohangstrechdinindhie srcondingt slaasioakcent 9 edeahgon® dR03Théhe
el ectrical connection between the driving el ectrodes 1910a and 1910b and
the G\D el getbadesdididl light L4 passes through the aperture 1922 to be incident

10 on the second transparent electrode 1903. By causing the second
control light L4 to be incident on the second transparent electrode 1903,
electrical 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 second transparént electrode 1903.

15 _ With the increase in the conductivity of the conductivity variable
portion 1204, the driving electrodes 1910a and 1910b are electrically
connected to the GND electrode 1214 that is connected to the second
transparent electrode 1903. The electrical connection between the
driving electrodes 1910a and 1910b and the GND electrode 1214

20 causes the charge remaining in the driving electrodes 1910a and 1910b
to move to the GND electrode 1214 through the conductivity variable
portion 1204 and the second transparent electrode 1903. In such a
manner, the charge in the driving electrodes 1910a and 1910b can be

discharged. Thus, it is possible to surely remove the charge in the

25 driving electrodes 1910a and 1910b and precisely apply a voltage
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20 causes the charge remaining in the driving el ectrodes 19, 10a and 1910b
nove to the G\D el ectrode 1214 through the conductivity variable portion
1204 and the second transparent electrode 1903. In such a manner, the
charge in the driving electrodes 1910a and 1910b can be discharged. Thus,
it is possible to surely renove the charge in the 25 driving el ectrodes
1910a and 1910b and precisely apply a voltage 67 according to an i nage

signal to bb@od:lihgitagarﬁlrﬁﬁ%é@i@ﬁaﬂt%lﬂ% anding9didktrodlest 1 dd aal transparent

el ectrodes 1902a, 1902b and the second transparent el ectrode 1903 are
provided i Rgqpg of the novable mrror 5 devices 1900; control with high
precision is required to cause the first control lights L3, L5 and the

oo o ccol e ey kn o BRL SRRYibe | 98K °FRGSY Atfl PR T!

el ectrodes. According to € "présen Inventto opti cal

93 || ' | light. L3 isely.incid
Che first PARGALSENT Cel oker bR PaBALoY sl imaRe R ERENSTARE UK ol 11 ght

L3 incident on th erture 1922. |f the first control light L3 travels
Covard . paeviesn S readrel WHBdshereefien 'S Femapad éncaustdbedist 1002a,
the light-shielding portion 1920 prevents the first control l[ight L3 from
bei ng i nci 88RCoHIRtPeLDokP tarshtitt pegontgantrohdight kdttotbaingideshenel ect r ode
1 902a. Likew se, the control-light 15 optical system 1930 allows the first
control |yt regpadivectrpnepatityelecitoddent Ameordiagr forthte presespar ent
el ectrode 1902b and the second control light L4 to be precisely incident
on t he seconentioanspacentrodliett rapdisal $96&m TIEScahdwelthkifght coptrocal system
1930 may scan the first control
light L3 to be precisely incident on the first transparent electrode 19023
10 by making the first control light L3 incident on the aperture 1922, If
the first controi light L3 travels toward a position different from the first
transparent electrode 1902a, the light-shielding portion 1920 prevents
the first control light L3 from being incident on the position other than
the first transparent electrode 1902a. Likewise, the control-light
15  optical system 1930 allows the first control light L5 to be precisely
incident on the first transparent electrode 1902b and the second contro!
light L4 to be precisely incident on the second transparent electrode
1903.
The control-light optical system 1930 may scan the first control
20 lights 1.3 and L5 modulated according to image signals at precision
such that the first control lights L3 and L5 are made incident on the
aperture 1922. Scanning 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 controlled. The level of

25 precision is not required so high. That is, the control-light optical
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20 lights L3 and L5 nodul ated according to image signals at precision such

that the first control lights L3 and L5 are nade incident on the aperture
1922. Scanning can be performed with the first control lights L3, L5 and
t he second control light L4 illum nated, which allows the novable mrror

device 1900 to be easily controlled. The |evel of 25 precision is not
required so high. That is, the control-light optical 68 system 1930 is not

required t o aauser $5¢ i ARt FOAuirtdNtb Sehde 2 cAMolfunitq 99 4P Vo ect sely

i nci dent on the positions of 'the transparent el ect es’'l 1 902b,

and 1903 o use th mto be

i nci dent on t h@“?tg) %ﬁg‘e3;fr[]c'gg%gﬁdﬂigopldﬁtég'%O@%i%“&lpﬁé% tabove t he
| evel of t|o ch the  control h 3, L5,
and L4 frorﬁ?ﬁ of5 oA R e 4P O3 b raasab Il phgeuih 1598 hor
required s t hus, easil cont rolli n the novable mrror device 1900.
Accor di ng t ’ﬁ@y&aé@@rﬁ"eﬁh\t/% i B! %‘Ve‘?ﬂ e PRedLLA! Hift 8resure d93gar ent

el ectrodes are provided in the m)vabl e mrror device 1900, it is possible
to causé aAOPXRERRSEARGVEolte deVeli grrrecisipe indbedmmitions, eashiol thae
transparent electrodes in the sane manner as that of the fifth enbodi nent.
Thus, precicoatsdnighés LSah Shensk# Ifyorpdhioranddol-hghthapticadegstetat 13830 of i mage
quality as explained in the fifth 15 enbodi nent. The shape of the apertures
1222, 1722araridcitié??, ofndthequerdabdo iégh sthey desilgmorghdpegithet he contr ol
light is allowed to be precisely incident on the transparent el ectrode.
Ther ef or e, mhbealslBaparot deiek 190dted to a circle and a rectangl e, and can
be changed to any

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
fitth embodiment. Thus, precise control can be easily performed
without degradation of image 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 shape
is not limited to a circle and a rectangle, and can be changed to any

20 shape if necessary.

Any of the following ellements can be used for the illumination
light source 1101 of the projector 100. The elements include LED, a
semiconductor laser, other solid-state light emitting elements such as
an electroluminescent (EL) element, and a lamp other than the

25 solid-state light emitting elements. In the optically controlled device
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20 shape if necessary. Any of the follow ng el ements can be used for the
illumnation 1light source 1101 of the projector 100. The el enents include
LED, a sem conductor |aser, other solid-state light emtting el ements such
as an electrolum nescent (EL) el enent, and a | anp other than the 25
solid-state light emtting elenments. In the optically controlled device 69
according to the present invention, analog control is performed such that

amount s of acc%frdhﬂgqlé.sth%hﬁf&%ao%@eﬁﬁ&ﬁ S3EAEEColRaGs YRliatagss sAul at ed

accor di ngI to " wever, digital cont ro or rreld 5
F X

ooy e Sueb AP RGRRLRGE S, ﬁg@@%es%@;%mwg@g%sfVf’zgy :
subfranes. Furthernore, not .onl i cal troII d device is
ey T R B oG AR ag Al o oo et TRl e &

used in an optical switch for optical connunlcatlon 10 t he present
i nventi on ®8P®EO(NBEH. The present invention is particularly useful when a
control light is made precisely incident on each of the optically
control Ped devi cEQriex@mplee the ivphegcaarriied ok transpesent alesinegles. Fig. 19
depicts the schematic configuration of a projector 2100 15 according to an
ei ght h enbddisneny birdiy yalesafton andmif,cand Fhadatpomjpeayt be expoossed!| udes an
illumnation Iight source 2101 with a plurality of LEDs that are
sol i d- st at @yl driNihgeyuliftamesel dhetiermdize nolt lamty néatsrothe bptibaliysour ce 2101
includes a R-light LED 21 02R that supplies an R1light as the first color
light, a GcbheftiebElR\Ade02Gskhian theppldjestor Kul A8btwASN the optically
controlled device is used in an optical switch for optical communication,
10 the present invention can be used. The present invention is
particularly 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 depicts the schematic configuration of a projector 2100
15 according to an eighth embodiment of the present invention. The
projector 2100 includes an illumination light source 2101 with a plurality
of LEDs that are solid-state light emitting elements. The illumination
light source 2101 includes a R-light LED 2102R that supplies an R light
as the first color light, a G-light LED 2102G that supplies a G light as
20 the second color light, and a B-light LED 2102B that supplies a B light
as the third color light. The illumination light supplied from the
illumination light source 2101 passes through a field lens 2103 to be
incident on a modulator 2104 of a spatial light modulator 2120.

The field lens 2103 has a function of telecentrically illuminating

25 the modulator 2104, i.e., a function of making the illumination light as
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20 the second color light, and a B-light LED 2102B that supplies a B |ight
as the third color light. The illumnation |ight supplied fromthe
illumnation |ight source 2101 passes through a field lens 2103 to be

i ncident on a nodul ator 2,104 of a spatial |ight nodul ator 2120. The field

| ens 2103 has a function of telecentrically illumnating 25 the nodul ator
2104, i.e., a function of making the illumnation |light as parallel as
possi bl e t%a&aﬂ&l@slp%mm@qolélﬁuaiﬁrﬁeém érmelrfm@éwaé@rthg ﬁdulawxeﬂ’@@l ector
2100 fornms an inmage with |gtsfromthell um nat i on Source 2101 on

f

Ehe modul argle BRIGEIT AR it o Hfady Wit QNS Aomiinerly aﬁﬁ%ﬁ??lﬁﬁ‘fe
lied f I t t
oonul ator | SPUET R 1%*“3“%@@@&&%@ SMASRE Rh 20 BPb b0t cal
213 d 4 I bl

2106 on- 1 heR e aBe (AT Ra?'rﬁﬁeﬁﬁa?%a%% Ia,@an%ﬁwaia@ﬁw
rrpvabl e mrrors 2108 are npva e‘wi? according. to i nage signals. The m)vabl e
mrrors52, i@%l@r@"@ﬂ%b@wsmpk wﬁ@edwumﬁ@tm{Igebswr%zz;% they are
substanti aIIy peTpendl cular to each other, in the plane of the nodul ator

2104. The nodul atlbe saatial lightesodkiatan?dBOdnaiudesrthe1ogdadaior @194 to an

i mge signal, and reflects the illumnation light fromthe illum nation
| i ght sour @ad2d eontrodligbherodiciahe ypteo) &dtdton Thasn@dWator2 toharcludeposi ti on
other than the projection |ens 2105. The nodul ator 2104 expresses

gradati on hypluchlitggfrgot bbleamiunts afl OB @hthacaofadient er@of tirgdaségniaé s. The
light is to be reflected by each of the novable mrror 2108 and to be nade

e & e RELETISHE P, THS ghc Reprgpees s hanauiico. 20 In e

10  according to image signals. The movable mirrors 2108 are arranged
in the shape of the lattice in which they are substantially perpendicular
to each other, in the plané of the modulator 2104, The modulator 2104
moves the movable mirror 2108 according to én image signal, aﬁd
reflects the illumination light from the illumination light source 2101

15 toward the projection lens 2105 or toward a position other than the
projection lens 2105. The modulator 2104 expresses gradation by
changing the amount of light according to image signals. The light is
to be reflected by each of the movable mirror 2108 and to be made
incident'on the entrance pupil 2107 of the projection lens 2105.

20 In the above manner, the modulator 2104 modulates the
ifllumination light from the illumination light source 2101 according to an
image signal from a controller 2112.  The controlier 2112 controls the
illumination light source 2101 and the spatial light modulator 2120

according to the image signal. The projection lens 2105 projects the

25  light modulated in the modulator 2104 to a screen 2106,

71



illumnation light fromthe illumnation |ight source 2101 according to an
i mge signal froma controller 2112. The controller 2112 controls the
illumnation Iight source 2101 and the spatial |ight nodul ator 2120
according to the inmage signal. The projection |l ens 2105 projects the 25

i ght nodul ated in the nodul ator 2104 to a screen 2106. 71 The

control -l1ight optical system 2-1130 includes a galvano mrror 2116 and a
control light Souffecdderdl|ighhspaent §Mtahi gh80REILCR! s
provi ded on the oppoglgter sflge tg tﬁe %gﬁect?on Fé‘%%sﬁé?ﬁq%%ﬁggpect to

the modul atoy g2, 194 < JiEo LR tr%unjcie%t %?ufﬁg c%%&@il@gﬁg&ﬁgﬁgléyg%%ml

light L as a |I'aSer beam ~A'serni con aser

f - emd,t) I [ o} d, f th trol lj.ght
2110 By pPICHedy oY st oY, PR e SRBhis Bie prgnetebiths 23 ¥onifhe "
from the cOREPBFY Er N1 TRAUIRIDT G4 ol TNE GRETIOI G SUEER &4 1DGWAMSR0 the

nodul at or 2104 by the galvano mrror 2,116 and is incident on the nodul ator
2104, The g’r&l”\fﬂé?rhzgghﬂ—r%‘i ajaser beEAl esAFYRF OGS elasens@vigmaades t hat
are substantially perpendicular to each other, and scans the control [|ight
L in two disue@ceonsittiRgtlaseonesica heandm vagd foi thecoatroblight 36urment rol | ed
according to an imge signal fromthe controller 2112. In the above
manner, the&1d0ont i} ptogdingptmodlladysirethe2d86trecight sbgrcecht @ ofhel i ght L
onto the nodul ator 2104. The configuration of an optically controlled

nmovabl e m imtensitdexithe GHbI(Igtd rakieiulaledl aoyelicy 8 Bhom4teyi ce 2200")
is explained 20 belowwith reference to Fig. 20. The novable mrror device
2200 is  signal from the controller 2112. The control light L is reflected toward
10 the modulator 2104 by the galvano mirror 2116 and is incident on the
modulator 2104,
The ga]véno 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 galvano mirror 2116 is
15 controlled according to an image signal from the controller 2112. In
the above manner, 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 rﬁovable mirror device 2200") is explained
20  below with reference to Fig. 20. The movable mirror device 2200 is
configured to drive one movable mirror 2108. The movable mirror
device 2200 can be formed using the MEMS technology. A
transparent efectrode 2202 that is optically transparent is provided on a

glass substrate 2201 that is an optically transparent plate provided in

25 parallel with the transparent electrode 2202. The transparent
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configured to drive one novable mrror 2108. The novable mrror device
2200 can be formed using the MEMS technol ogy. A transparent el ectrode 2202
that is optically transparent is provided on a glass substrate 2201 that
is an optically transparent plate provided in 25 parallel with the
transparent el ectrode 2202. The transparent 72 el ectrode 2202 is forned
with an ITOfilm A conductivity variable portion 2203 is provided on the

t ransparent (2?% 202 eont L Lght [ D, hr ough t he
transpar entelg @é{*?o e%éoérm%Wét@s%|[§@t##I@a| Aléco%dcc?ﬁl\'/tgﬂésrg%l he
conductivity wvari .portion, 2203. The conducti vit | ab portion 2203
can he. ma@05B BUEPEINTEY SR0HE 1ROSe g eclort 22 "aT G s
preferably hydrogenated, and is formed using the CVD nmethod, so that the
filmis fo gr‘\ﬁ@ﬁ?b—hléav'ﬂﬁi ”HP}JQM?Weéiéﬂ%‘?’%{éﬂi@‘@ﬁfé%@r@t@ﬁs, When
the control light L is 10 not illumnated at all, the a-Si has a mninmm
el ectri cal SBandgetslertricad f@ndugtivily mixhmaandssitisitanciablaarorting resi st ance
is the maxi num the conductivity variable portion 2203 has a function as
al rost $heZ28% as the insulating nenber. On the other hand, when the
control light Lis illumnated to the a-Si, the conductivity increases

accordi ng to theThe eomdundttiofy vhasablenporion PR08 darhiad nmsde ifie-Besr st ance
decreases). An area where the conductivity changes, in the conductivity

vari abl e pphotese2ide ccganrspendsThe miaggaewiab@ hy¢roe@matol hhght L is
illumnated in the transparent el ectrode 2202. For exanple, such a-Si as

fol I ows isidipthed ubhy arndnad invdihody 3l @t ehBaNAT RMfo?#e3: witheng0 a-Si has
a square of 25 mX25 umwithin a plane in parallel with the
thickness of, for example, 10 micrometers. When the control light L is
10 notilluminated at all, the a-Si has a minimum electrical conductivity and
has a maximum resistance. When the resistance is the maximum, the
conductivity variable portion 2203 has a function as almost the same as
the insulating member. On the other hand, when the control light L is
illuminated to the a-Si, the conductivity increases according to the
15 amount of the control light (that is, the resistance decreases).
An area where the conductivity changes, in the conductivity
variable portion 2'203, corresponds to an area where the control light L
is illuminated in the transparent electrode 2202. For example, such
a-Si as follows is used as the conductivity variable portion 2203. The
20 a-Si has a square of 25 umx25 pm within a plane in parallel with the
glass substrate 2201 and has a thickness of 10 micrometers. In this
case, when the control light L is not made incident at all on the
conductivity variable portion 2203, the resistance of the a-Si is about
100 MQ2. When the control light L is incident, the resistance of the

25 a-Si becomes about 0.01 MQ. Therefore, the resistance of the a-Si

73



gl ass substrate 2201 and has a thickness of 10 mcroneters. In this case,

when the control light L is not made incident at all on the conductivity
vari abl e portion 2203, the resistance of the a-Si is about 100 Mg. Wen
the control light L is incident, the resistance of the 25 a-Si becones

about 0.01 W. Therefore, the resistance of the a-Si 73 can be changed in a
range from about 0.01 Ms? to about '100 Mk?. An insulating |ayer 2204 is

[ o on (2, BERMUTHN v Y2RGI S AR PB13A0%d BoByPRObIA, exe! et O

for a substantr al erl ng t I‘que. For
exanple, the Si0O h | atin 4. An el ectrode
2205 is provi ded%brﬁwgt'hl@i%éa'p?%%a %y@%% (95’ th% ﬁ&}@l‘qb\” I\é%”?%l&e 2210 is
directly pro t he c nductivity arl abl e 3. The el ectrode
2205 and tt?é’ %2283 iy @(ﬂcrr g8 E’Zﬂ@d'@&n e ﬁ‘éﬁ%taé‘%ai\[ &%ﬁiﬁgtqr?@ subst ance
such as alum num Wien the el ectrode 2205 and the driving el ectrode 10
2210 are vﬂ@h%“?‘?’ éﬁ\aftﬁémgl @ehpiayhe RBUEBREVRIES Fifr SIQogandee §RBWAOI n  Fi g.
22, the electrode 2205 is arranged so as to surround the driving electrode
2210. The ithsunawlanggllayer 22964 iAn gleddrede 2R§6ds swoxigadondber ound t he
driving el ectrode 2210 in the same nanner as the el ectrode 2205. 15 A power
supply 2209n$gatiogriegeed28d. ofedoiing slestmoter A6 i ditevély pnoaidgrhoent
el ectrode 2202 and at the other electrode to the el ectrode 2205.
Ther ef or e, théeopawetiviyyariat22 @D rappld2ds. a Pheddteroidaed0s5vahd dige bet ween
the transparent el ectrode 2202 and the el ectrode 2205. The novable mrror
2108 and agsuipeteci?ée Phat cavakl MagBiros tenbl6tive substance such as
aluminum (Al). When the electrode 2205 and the driving 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
2205. Therefore, the power supply 2209 applies a predetermined
voltage between the transparent electrode 2202 and the electrode 2205.
The movable mirror 2108 and a support 2206 that movably supports the
20 movable mirror 2108 are formed on the electrode 2205. The movable
mirror 2108 can be made of the conductive substance such as
aluminum (Al). The support 2206 is made of a conductive flexible
material or a conductive elastic material (such as a metal spring).

Because the support 1206 has conductivity, the movable mirror 2108

25 and the electrode 2205 are at the same potential through the support

74



20 novable mrror 2108 are forned on the el ectrode 2205. The novabl e

mrror 2108 can be made of the conductive substance such as alum num (Al).
The support 2206 is made of a conductive flexible material or a conductive
el astic material (such as a netal spring). Because the support 1206 has
conductivity, the novable mrror 2108 25 and the el ectrode 2205 are at the
sane potential through the support 74 2206. A resistor portion 2220 is
provi ded bej n the driving electrode 2210 and the el ectrode 2205. As a
part of or the whole of the resistor portion 2220, a nenber made of a

hi gh-resi st ance i h riymtit e ceram.cs, Si 2, and ZnO
can be used. The%trrg‘géllsgraﬁ%@%g]f2?%%?$g£$\§'tci%g %{%ﬁqe&ﬁﬁghv‘n@ any value in a
range between . the 4d.n mu esi, st ange t he maxi resi stance of the
conduct i vi't eGHPBSb%{Be{HpBPEtEﬁ %‘Qﬁ%_"gﬁ%mﬁ?rﬁ RAG.OT t%[eh\gﬁp&spgt or
portion 22 R is provided in_a _position between one side of the square o 10
the dri vi-né BI'ESISIBHRONIAD 24k AHECEIRG: MGde PLadigiThasistaner Bratepat ti on
2220 is _bonded to the driving el ectrode 2210 and the el ectrode 220 As

expl ai n@d &BENeas PREIUET 8t HECOROH ChaS Phed thd Poasme asedas Tihgat of t he
novable mrror 2108 through the support 2206. Based 15 on this, the driving

el ectrode 223Gtance ohéheveaister portir 22208s any vallednra caldey bebmeect ed to
each other through the resistor portion 2220. It is noted that the
i nsul ati ng thayeini2204 residtdiee neditheanapontinores?@a@ceadrthbe nade of Si O2.
If the SiQ2 is used for both the insulating |ayer 2204 and the resistor
portion 222&ndukeyitgamrizdié poegorld20F ora8&hown in Fig. 22, the resistor
porfion 2220 is pfovided in a position between one side of the square of
10 the driving electrode 2210 and the electrode 2205. The resistor
portion 2220 is bonded to the driving electrode 2210 and the electrode
2205.
As explained above, the electrode 2205 has the same potential
as that of the movable mirror 2108 through the support 2206. Based
16 on this, the driving electrode 2210 and the movable mirror 2108 are
electrically connected to each other through the resistor portion 2220.
It is noted that the insulating layer 2204 and the resistor portion 2220
can be made of SiO,. If the SiO; is used for both the insulating layer
2204 and the resistor portion 2220, they can be integrally formed,
20 which allows reduction in the number of components.
The position of the resistor portion 2220 is not limited to the
position between the one side of the square of the driving electrode
2210 and the electrode 2205 if it is a position where the resistor portion

2220 can be bonded to the driving electrode 2210 and the electrode

25 2205. For example, as shown in Fig. 23 and Fig. 24, a resistor portion
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20 which allows reduction in the nunber of conponents. The position of the
resistor portion 2220 is not limted to the position between the one side
of the square of the driving electrode 2210 and the el ectrode 2205 if it

is a position where the resistor portion 2220 can be bonded to the driving
el ectrode 2210 and the el ectrode 25 2205. For exanple; as shown in Fig. 23
and Fig. 24, a resistor portion 75 2420 may be arranged so as to be bonded

to four S'WZ@FnéWSesél‘Fé‘ﬁ@ed%‘b ideo %%ﬁwe@'ug%up@i%e% 2188@0@@8 case

al so, the driving ‘el ectrode 2210 and the nova mrror

O oot od (NG TEE e 221407 |RHL T8 0000 Ak BAVBIEIRIS Y

connected to ea er throug e resistor expl ai ned
above, int ere the r|V|n Iectrode
2210 and ¢ HEE S éﬁbﬁhgemﬁzéé'e PR a5 %fa%ﬁ%p*%a'wwt@%a V38K Fon 2220
can be adjusted Sltl o ze of the resistor
portion 2228'¢r aé\ﬁ' gwg?ﬁg}%g %”C? C?@”BBE@’C{ F%ﬁaﬁlﬁ(?”f'ﬁ%th%fpéa wher e
the resistor portion 2220 is prOV|ded are desirably changed, if necessary,
accor di Ag tt tgetrﬁé'%f epPTten 8A20ne resistor portion 2220. Suitable sel ection
of the position and the area of the resistor portion 2220 and of the
material for the A%gxltaome%cabtqwnm:kfzameallsw\/\sorttm £dgilsaarceaorhense
resistor portion 2220 to obtain a '15 desired value. Referring back to Fig.
20, the povbe dippy\elecioda@s itkand thpraddetredai 2 wod iragentzet weien -t he
transparent el ectrode 2202 and the novable mrror 2108. Therefore, the
confi gur at ithe rekistbeporti@ble20ncan be atvs e B?%aln@n@glme'@bentort andn

electric circuit in which the

the size of the resistor portion 2220 if necessary. Therefore, 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 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
predetermined voltage between the transparent electrode 2202 and the
movable mirror 2108. Therefore, the configuration of the movable
mirror device 2200 is equivalent to an electric circuit in which the

20 driving electrode 2210 and the movable mirror 2108 are electrically
connected to each other. The conductivity variable portion 2203 can
be replaced with a component in which a capacitor C1 and a variable
resistor R1 are arranged in parallel in an electric circuit as shown in Fig.

21. The resistor portion 2220 is replaced with a component in which a

25 capacitor C2 and a resistor R2 are arranged in parallel also in the
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20 driving el ectrode 2210 and the novable mrror 2108 are electrically
connected to each other. The conductivity variable portion 2203 can be
replaced with a conponent in which a capacitor Cl and a variable resistor
R1 are arranged in parallel in an electric circuit as shown in Fig. 21,
The resistor portion 2220 is replaced with a conponent in which a 25
capacitor C2 and a resistor R2 are arranged in parallel also in the 76

el ectric cigigdirlc l@ffrCL'ﬁit &f Fag: oTheraifbyre! e Wﬁﬂlééﬁ];;f@e\ﬂﬁgi%@zoo of

Fig. 20 is equivalent to a“resistance type voltage r circurt as

shown in Fig g21snT | ] 2yice. 2200 by the
control 5 c%i %‘ﬁf QI(_) '??@g%%ﬂ%ééo‘%éﬁ%%\%%\éﬁgpgf\g(}'léérééédﬂge{éfgl.rgéigggnd Fig,
21, The m)\'fﬁRi .mrror, 2,108 is driven by predeterm ned force, for
exanple, é€lec 'fbﬂ:réi'i%”or ce (attracting force) according to a potenti al
di fference bet n the driving el ectrode 2210 and_the novable mrror 2108.
As expl ai ned a\t,)\ﬁﬁbe, C?HEOF i@%mﬁ/&ﬁjﬂﬁ BN S VI 8?9&%31%6?%% the 10
driving electrode 2210 and the novable mrror 2108. Therefore, the

el ect r o8t atlidhtilolscexmtajne g baEIUMELT F5TespRFS tRF IS XBIAMGEIG @t helh@si st or
portion 2220. The intensity of the electrostatic force F changes by
changi ng t HBOVableagéreb2ne8dppinean by pradetassiisedfops, tfoorxaagie, The
position of the novable mrror 2108 can be controlled by changing the 15
vol t age t o ehectapplatiedoroee {Adradsigfacepactooingd2a0a pbtentsaldiffarendeased on

the resistance type voltage divider circuit as shown in Fig. 21, that the
vol t age fr drativeenpbweedrisingpdiecl2@e 2310 dindi thedmiontiblamiabor 2098t o Ae appl i ed

to the resistor portion 2220 and a voltage to be applied to the
conduct i vi taxp¥@iheabd for0rthieais?t8B portion 2220 is provided between the

10 driving electrode 2210 and the movable mirror 2108. Therefore, the
electrostatic force F is generated by applying a voltage to the resistor
portion 2220. The intensity of the electrostatic force F changes by
changing the voltage to be applied to the resistor portion 2220. The
position of the movable mirror 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 from the 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 variable portion 2203.

20 Therefore, by changing the resistance of the conductivity variable
portion 2203, the voltage to be a.pplied to the resistor portion 2220 can
be changed. The case where the control light L from the control-light
optical system 2130 is not made incident on the transparent electrode

2202 is first explained below.

25 When the control light L is not made incident on the transparent
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20 Therefore, by changing the resistance of the conductivity variable
portion 2203, the voltage to be applied to the resistor portion 2220 can

be changed. The case where the control light L fromthe control-Iight
optical system 2130 is not nade incident on the transparent el ectrode 2202
is first explained below 25 Wien the control light L is not made incident

on the transparent electrode 2202, the electrical resistance of the

conducti vi tejeyarbtiatd 22 nﬁételeatr&%}%b%@@ﬂ@@ of Fige BNVt aﬂabh@
resi stance of the conductlwty vari able portion 2203 is the maxi mum a

vol tage toﬁzgnoﬁmnéo@eeben%éwﬁeg%mwyvvﬁé A GoliOfdA c%no?ﬁ&g becomes

t he maxumm val ue. On the ot t he votageto e applied to the
resi stor r e division.
As expl ai ned a o]\\/ﬁgﬁgﬁbgg FHW| H[E!he ¢ond h@t%\vgn?ﬁg%l bi"e menber or
t he conductj v | astic Wien e el.ect tic for tao such an
extent t hatt e CsGppT (S 1y REMablE P8 208 Becbands i mANes
el ectro tat for S not ener at e t he vable mrror 2108 is
positio ed bd" Ete QUﬁt 1atlhley"(355f‘%€? %|bet%oql;f$)5:’ e regiparate 2201
as shown in F| . 2 The case where the control light L wwth the intensity
rodul at ed pé’éE@Pdazr?é) becamesnage st igndn Yalufdeo sty abage slivisins t rAnspar ent
15 el ectrode 2202 is explained below If the control light L is nade
i nci dent o®XpPheined atypar dhe sipart 8de62sche airstiativeallexibls steanicer at a
portion of the conductivity variable portion 2203 decreases according to
t he anount tio¢ coimeluctime radbastic ghe mber ThéVipen thorléctrdstatiedotar Fhte such
transparent el ectrode 2202. Mre specifically, an area where the 20
resi st ance a0f exteet ¢lomdihet s vppyrt\VEI0RE Fapesd i®RoLIRBcehmaA0SStHeNdS tO
10 electrostatic force F is not generated at all, the movable mirror 2108 is
positioned so 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 image 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 at a
portion of the conductivity variable portion 2203 decreases according to
the amount of the control light L. The portion is bonded to the
transparent electrode 2202. More specifically, an area where the
20 resistance of the conductivity variable portion 2203 changes tends to
spread over its periphery from a light illuminated 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 adjacent movable mirrors 2108. Therefore, it is assumerd that

25 the resistance changes only in the vicinity of the area where the control
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spread over its periphery froma light illum nated position in proportion
to the intensity and the illumnation tinme of light. The nodul ator 2104
scans the control light L at high speed, and thereby sequentially controls
adj acent novable mrrors 2108. Therefore, it is assuned that 25 the

resi stance changes only in the vicinity of the area where the control 78
light L is illumnated. The voltage applied to the conductivity variable

portion 22q-§;htq_e r i4h reduction in the resistance of the
conductivit var?’a@?gﬁﬁsi{)&r{%i on 2203. The voltage applied to the resistor

portion 2220 5 i e i 1 r age .apphi to the
conductivity vaIrqlﬁ{z’ieoﬁéﬁ%%&%tpgwegg@gﬁbeggﬁg%&t@f'Wﬁ%ylgh%n‘g%mioﬁ %%@gnce of the
vol t ages Id? t he vol t.ﬁge cﬂLib%‘isi on,, Since, the rfeﬂj}ﬁit ance of the conductivity
vari abl e p&Sa6AS22 Y4t RAELLEL B RSt cenel HifbGARdvetiitevaidableol 1 ght
L havi ng passed through_the transparent el ectrode 2202, a voltage 10
accor di ng tROTHAB Zafblint TBE oH@dCorrp B d (9 §he resissorpediofndt?ed to the
resistor portion 2220. Since the amount of the control |ight L changes
accor di Ag tCIERsesayidhdhgrtgcreasedn thgecdlegsr apmiied &o the condgetivitgnal i s
applied to the resistor portion 2220. If the voltage to be applied to the
resi stor po@ariadme p220on L208checaddsa kathelchangesinabalanterafdhE vicdtageser at ed
and the electrostatic force causes the support 2206 to warp, the novable

m rror 2108n how esltagevdivisidhe Ginee tige et sistancke o2 PHH chydtbgviar p of the
support 2206. The novable mrror 2108 can be in any positional state

hover! 18, -30e0Ie om0 292 oAge: soapaej e Aacos B s convn ne
correspondijgat y. h&hB%assed through the transparent electrode 2202, a voltage
10 according to the amount o‘f 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 applied 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 movablé mirror 2108 moves
toward 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 electrostatic force F.  As explained above, the
20  magnitude of the electrostatic force F changes correspondingly to the
magnitude of the voltage applied to the resistor portion 2220. The
voltage applied to the resistor portion 2220 can be made to change
according to an image signal by the control light L.
Therefore, incidence of the control light L, of which amount is

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

79



magni tude of the voltage applied to the resistor portion 2220. The voltage
applied to the resistor portion 2220 can be nade to change according to an
i mge signal by the control light L. Therefore, incidence of the control
light L, of which amount is 25 nodul ated according to the imge signal, on
the transparent electrode 79 2202 allows the positional state of the
novabl e mrror 2108 to change according to the inage signal. The controller

2112 contr gz BRowsRKaH &iffbhALSt 48 Ur GRE 1133\9%I*éym?r¥6'rc§'199it6i rigee drive
of the.gal vano mrror 2,116 and the nodul ation of the control |7 ght L.

1
The contr Olaéciogg'ﬁng fo {h%rinﬁ%&%][s?@rﬁﬁf:“ Eghirgnér oyhs c%’nltlioqg%%and the B

light is scanned onto “eac e nova mrror devices , and optical

betwoen { R RERAIIETRY: PEHC35GE200 By i PORAE «BF dlROGre A0 R e

energi zati on. or ctri,cal charges to_gccur 10 he en_the drivin

el ectrode ﬁ'ﬂ?raﬁﬂ ﬁadﬁﬁ(?a[BPaUﬁﬁ%rOﬁbe gl%é?”f}mi Bﬂht eaaléf"% %O%trghé\&?et in

whi ch the able mrror 2108 may becone uncontrol|abl e because it may
remain éon{[g rithg rereeativeimyobl dbergdightoand ther lisghbiescapngd ondeessary
to use any flexible nmenber for the support 2206 so that the novable mrror
2 108 and tagehdefi thiengoypbla niger tevioa® 2d60nendoapticd| masiasaitiy it h each

ot her when the electrostatic force |IF becones the maxi mum Alternatively,
t he novabl é¢heietryopede08edrinyorirefraome afaabingage.t h t he el ect rode 2205 when
the tilt of the novable mrror 2108 becones the maxi num by the

el ectrostatic forceomtact2@tBeraaheheoraabheror 2rieg 21d8handividg el ectrode

2205 have
electrode 2210 causes energization or electrical charges to occur

10  between the driving electrode 2210 and the movable mirror 2108, which
leads 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 thé
support 2206 so that the movable mirror 2108 and the driving electrode

15 2210 do not come in contact with 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
movable mirror 2108 becomes the maximum by the electrostatic force
F.

20 Since the movable mirror 2108 and the electrode 2205 have
mutually the same potential, they may not be energized or chargéd if
being in contact with each other. Therefore, by bringing them in
contact with each other, it is possible to prevent the movable mirror

2108 and the driving electrode 2210 from being in contact with each

25 other and fo avoid the uncontrollable state of the movable mirror 2108.
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mutual ly the sanme potential, they may not be energized or charged if being
in contact with each other. Therefore, by bringing themin contact with
each other, it is possible to prevent the novable mrror 2108 and the
driving electrode 2210 frombeing in contact with each 25 other and to
avoid the uncontrollable state of the novable mrror 2108. U Furt hernore,
if the driving el ectrode 2210 and the novable mrror 2108 are electrically

connect ed at a_pariiABBRALT AR LR RALIIAN 2bHBta I uRIRIIARd ¢ hr ough

the resistor portion a potent er ence accordi ng an i mage
signal is t recisely. 5 between the drivin | ect.rode 2210 and
t he novabl g%ﬁ]gr(gfgfﬁgfggéﬂaﬁﬁmtaﬁlg Cp%'%%%(it\ié\ﬁlaqoq Ppéﬁj%'?\géh%st%ﬁ&th&enerat ed, it
may be difficult to perform precise contro] for the able mrror 2108.
Ther of or e, RO UAK 3 PREIS PRGN 299 ThS 6P SIPHRATED 262D aBIRPIBRES LNt

el ectrical cgnnection between the driving electrode 2210 and the novabl e
mrror 210 ’%?r%ﬁ‘ﬁﬁ PEFRIWRG ta@rvtrage hamak s PYode iatethpeegiEethe resi stor
portion 2220. Fig. 31 depicts the configuration of an optically controlled
movabl e 5nmi rreivegdiheed190g ¢lestreidsa? €@ andatheoratyiae leriiror 2d08.cef 2900")
as a conparison with the present invention. In the novable mrror device
2900, the dhawatehbabdidfershgadss aé gessErghest] it mdyhbe shifeult3oppetfoons as
those in the novable mrror device 2200 of Fig. 20, and explanation

t hereof is praciseedontfs! ®irae movab mddor CNO8: esTisdreforep@hié iivsuldtag i s not
provi ded between the driving electrode 2210 and the novable mrror 2108

but the ingalat 2ng4liaypesvidd@do lRLYY pdedent dleREEEAT@nriddei oM hotien
el ectrode 2210 and the novable mirror 2108 are .
the driving electrode 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 controlled
movable mirror device 2900 (hereinafter, "a movable mirror device
2900") as a comparison with the present invention. In the movable
mirror device 2900, the same reference signs are assigned to the same
15 portions as those in the movable mirror device 2200 of Fig. 20, and
explanation thereof is omitted. As shown in Fig. 31, the resistor
portion 2220 is not provided between the driving electrode 2210 and
the movable mirror 2108 but the insulating layer 2204 is provided.
Therefore, the driving electrode 2210 and the movable mirror 2108 are
20  electrically isolated from each other.
Fig. 32 depicts an electric circuit equivalent to an electrical
connection in the movable mirror device 2900. The conductivity
variable portion 2203 can be replaced with a component in which a

capacitor C5 and a variable resistor R5 are connected in parallel in the

25 electric circuit of Fig. 32. As explained above, the driving electrode
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20 electrically isolated fromeach other. Fig. 32 depicts an electric
circuit equivalent to an electrical connection in the novable mrror

devi ce 2900. The conductivity variable portion 2203 can be replaced with a
conponent in which a capacitor C5 and a variable resistor R5 are connected
in parallel in the 25 electric circuit of Fig. 32. As expl ai ned above, the
driving electrode 81 2210 and the novable mrror 2108 are electrically

| solated. 19y {dbRq ifgfoyhhie ﬁ“rrBEeﬁ%aér‘ée etifail R oMbl NnGhRCL T 0de 2210

and the novable mrror connec a resrstor having a
substanti al f S| ef or he, ¢ ctl bet ween 5 the
driving el éa%ér 05} cl:aﬁ&)% " ?9 r?%QQﬁgB 'Pﬁr}grg 03 22&8 | aced with a
conponent in tor and resi stor ing a substantially
oo te r dbpeiceFERa0b iREuda ROMACueRath FrrRnSIGMEITBG cont i gur at | on
of the novabl e mrror deV| ce 2900 of Fig 31 is equivalent to a resistance
type vol t agd bgtantirlly afindte tesdgtagicdwn Thﬁrei@emt@e copnethenrkeiwe®dhce of the
conducti vi t%ﬁvarl abl e portion 2203 is set to 0.01 M when the control
| i ght L5i s thedevingiedretrods 2240 andibpanevablegngcer 888 zzo2be and t he
resi stance thereof is set to 100 MSS when the <control light L is not nade
i nci dent omepleeedraith EacempariaadtinodeicR202apabitéds CéxahdianedistooRE t he
resi stance of the resistor between the driving electrode 2210 and the
movabl e m hawin@ 208ibstantialiyahfinité nésistdrece afharreingree, int herallesi st ance of
the resistor between the two is set to 100 GQ for convenience in
expl anat i omheFaR reot@@e nfiafati e o eNE M SHPEYMAZOOdevicdi Mideds Fij o a
31 is equivalent to a resistance type voltage divider circuit as shown in
10  Fig. 32.
The resistance of the conductivity 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 MQ 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
electrode 2210 and the movable mirror 2108 is virtually infinite.
Therefore, the resistance of the resistor between the two is set to 100
GQ for convenience in explanation.
The voltage from the power supply 2209 is divided into a
20 voltage to be applied to the conductivity variable portion 2203 and a
voltage to be applied between the driving electrode 2210 and the
movable mirror 2108. When the control light L is made incident on the
transparent electrode 2202, the resistance of the conductivity variable

portion 2203 is 0.01 MQ. On the other hand, the resistance between

25 the driving electrode 2210 and the movable mirror 2108 is 100 GQ.
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20 voltage to be applied to the conductivity variable portion 2203 and a
vol tage to be applied between the driving el ectrode 2210 and the novable
mrror 2108. Wen the control light L is nmade incident on the transparent
el ectrode 2202, the resistance of the conductivity variable portion 2203
is 0.01 M On the other hand, the resistance between 25 the driving

el ectrode 2210 and the novable mrror 2108 is 100 GO 82 Assune that a

vol tage fromdhaeRaweh & o 1M hd 0%1%&:1;&!?%20@%0"‘6@%@?%{1‘1“‘” ng

el ectrode 2210 and the novabl e mrro 2108 1's exanp 00 volts.

voltage 1 QiR PANPEIRPLILRERR b81 b i RS oyahidlift A *e R K811 O of a

resi stance e COI’] ctl |ty varil a e por

bet ween t he o] 2 d the novabl e 8. The
voltage to e&%% glgg)l g‘gﬁ\e &‘ \f(ﬁ \plnhéheglogvce[rr r&%g;g 'r'i‘dt HE&3RBvabl e
mrror 2108 i calc at ed the follo cal culatin forrrula 100
GS?/(lOO eé%?@ u%)af%% RPI9596§ 3{%% SHRANEBHE VR TRDIERSMdRce of ¢ he
cont rol %gzt causes a potentl aI di fference of about 99.99999 volts to
be gene?at %t%éﬁste‘r‘@”%|t\ﬁtW§e“etlh§c‘i‘ﬁ4W6€ glegtodadP2 HeareMEBl e mirror
2108. When the control ht L is not nmade incident on the transparent

el ectrode ZQQQabheHéHﬁf@l"sn?égéncéﬂ’tﬁV@'rﬁégtcbﬁdl@cﬂpml%@'b\ebaweabltbeprm\tmgn 2203
15 is 100 V2. |If the voltage fromthe power supply 2209 to be applied

bet ween t helectandp 2k artl dbemodea220@imod2t 08 iswadbileted byahe2108 is 100
volts, a voltage to be applied between the driving el ectrode 2210 and the
movabl e m folbowRiP8alcs et idmtgid. i n the same manner as that when - the

control light L is made incident on the transparent el ectrode
100 GQ/(100 GQ+0.01 MQ)x100 V=99.99999 V
10 Therefore, the incidence of the control light L cau‘ses 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
electrode 2202, the resistance of the conductivity variable portion 2203
15 is 100 M. If the voltage from the power supply 2209 to be applied
between the transparent electrode 2202 and the movable mirror 2108 is
100 volts, a voltage 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 transparent electrode
20 2202.
100 GQ/(100 GO+100 MQ)Yx100 V=99.9 V
Therefore, when the control light L is not made incident thereon,
a potential difference of about 99.9 volts is generated between the

driving electrode 2210 and the movable mirror 2108.

25 As explained above, the potential difference between the driving
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20 2202. 100 G<_> /(100 GQ+100 W2)100 V-99.9 V Therefore, when the control
light L is not nade incident thereon, a potential difference of about 99.9
volts is generated between the driving electrode 2210 and t he novabl e
mrror 2108. 25 As expl ai ned above, the potential difference between the
driving 83 el ectrode 22,10 and the novable mrror 2108 changes only 'in a
range from about 99.9 volts to about 99-99999 volts, The variation in the

potential dibéesance fiehnaaneliioyhdl Aatobe 108! GulatedoRy g eyt owing
calculating formula. 5 99.99999 V-99.9 V=0.09999 V" Wen the voltage from

t he power I I t 9’% S, [ atl in the
potenti al j@ﬁe%be(ﬁ%g@%g&mﬂgsn%t)ﬁébgg?g?ng e gg[t%'odghterz\gal%ﬁadnlgw e novabl e
mrror 2108 | Lt Lo this ca onl slight, val ue .

corres pondﬁ)ﬁféép@QB&&%%\&YQF%W&%FHB&WQ %ﬁ?ﬁ?&%ﬁ@%tefo&gh&?@w%ﬁg can be
set to the v riah.i on inHiﬂr;e potential difference between the driving

el ectrode ffT?)UIQ g9+'REM able mrror 2108, The novable mrror device 2900
controls the electr ic force F generated caused by the potenti al
differ eace bet m@@-gﬁé%ﬂr\ﬁ@ﬁrﬁgvﬂ-@@g%% 2210 and the novable mrror 2108,
and drives the novable 15 mrror 2108. If the variation in the potential

di f f er ence YHBENBA tH@gedfrom Hip epwerrsotd e 220 %atedbe lep phiedais| ) Ghivolter 2108
isonly 0. 1 volt, the electrostatic force F generated when the anount of

t he cont r ofthé ivghiatiioni i thiehgo temtiaindiffe re nalesle tavesarathe driwimy eleBhedemal |
anount of the electrostatic force F generated cannot sonetines drive the
novabl e 2210 and the movable mirror 2108 is about 0.1 volt. In this case, only
a slight value corresponding 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 and the movable mirror 2108.
The movable mirror device 2900 controls the electrostatic force
F generated caused by the potenfial difference between the driving
electrode 2210 and the movable mirror 2108, and drives the movable
15 mirror 2108. | if the variation in the potential difference between the
driving electrode 2210 and the movable mirror 2108 is only 0.1 volt, the
electrostatic force F generated when the amount of the contro! light L is
the maximum is also a small amount. The small amount of the
electrostatic force F generated cannot sometimes drive the movable
20  mirror 2108.
If a variable range of the potential difference between the
driving electrode 2210 and the movable mirror 2108 is as small as
about 0.1 volt, only the incidence of the small amount of control light L

causes the potential difference between the driving electrode 2210 and

25 the movable mirror 2108 to change largely within the variable range.
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20 mrror 2108, If a variable range of the potential difference between the
driving electrode 2210 and the novable mrror 2108 is as snmall as about OA
volt, only the incidence of the small anount of control light L Causes the
potential difference between the driving el ectrode 2210 and 25 the novabl e
mrror 2108 to change largely within the variable range. 84 At this tine,

if the potential difference between the two changes largely in the

vari abl e r 3ngeni9RinYe DY tisd ipdite hifa CaReIE RS brewaBRURE 1fo &I’S‘@n%@é‘iér@bl y | ight
L, it is difficult to control the anmount of the control L Soas to

move the mwat%evdﬂémgrra%#%%mg B ggﬁhﬂﬂhagglﬁd 8 amdiit o‘?’fﬁmo‘ﬁtr&lher eis

a case where the nova rro 0 nove to a position at
substanti aI r is | n
substanti al 'gi/ﬁtpar g'ﬁ %Fﬁ%%ﬁ?ﬁg%&?@ztstﬁe ‘?4389& %Pﬁ'ﬁ”@%ﬁﬁhﬁhgﬁ%%% \%vgere t he
novabl e mrraor %é IS bn t he g ﬁﬁgtst t0 th dri.ving el ectrode 2210. If
t he movabl d"f'F f”ﬂ?f)% lesmifog Oct (giggg{e tRP%Hagr i VI ng el ectrode 22' 10
only by the incidence of Leg sl i ght anount of control ght L, it is
difficuPt to make AHE*3OREbIEERS /T ércasﬂwﬁ'eﬁ%\meﬂaov%’esmb'é@fa%ﬂQ%Wy mi ddl e
position. In the novable mrror device 2900 of Flg it my be
difficult tBagedeinery techpesitiamat asdastantialiy arid I@OBe%{tQﬁﬂ gifigtea o an
i mge signal. 15 The novable mirror device 2900 of Fig. 31 is configured to
el ectrical Ivyheersaoﬂ'@t movadlelmiviarg B & it imoslebotantially qrareHel teothebpkassi rror
2108. On the other hand, as shown in Fig. 20, the novable mrror device
2200 is cordubgpgrad 320 pandiastdtbevhems fteomavabie onir22201 tais imgthae
predeterm ned resi stance between the driving electrode 2210 and the
closest to the driving electrode 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 movable 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 2220 having a
predetermined resistance between the driving electrode 2210 and the
20 movable mirror 2108. The voltage to be applied to the resistor portion
2220 indicates the voltage to be applied between the driving electrode
2210 and the movable mirror 2108. The resistance R. of the resistor
portion 2220 is any value in a range between the minimum resistance

RL and the maximum resistance Rp of the conductivity variable portion

25 2203. From this the following equations (3), (4), and (5) hold true.
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20 novable mrror 2108. The voltage to be applied to the resistor portion
2220 indicates the voltage to be applied between the driving el ectrode

2210 and the novable mirror 2108. The resistance R of the resistor

portion 2220 is any value in a range between the m ninmumresi stance RL and
t he maxi num resi stance RD of the conductivity variable portion 25 2203.
Fromthis the followi ng equations (3), (4), and (5) hold true. 85 Rc_RD(3)

RL: RC=m 1 (vvhereFQg %RDRCSRC.:nil (where O<n_(5) It is noted th@’t t he
conductivity variabl e portion 2203 has the mninum 5 resistance IQQ

when

t he nount of the tral.li i ncident on the transparent,,el ectrode
el uPere D), 4

2202 is the maximr

ductivity variable portion

203 has

t he maxi num resi ance | when the,control light L is not made i ncident
SREFRt rhErSDssth)

on the transpare

0 A voltage fromthe power (SSL)Ipp| y 2209

inthis case is divid at ratio of . a.resistance of the conductivity
vari bl e nlriel BaSeanst faf konduchihs yRuiahie Sorine S0 Bas Ene G OIDH 220
Therefore, if the resistance Rc of the resistor portion 2220 is a central

val ue a% a'?HflanaseRuddhen Hee mewithwhihesprirahightie mage ingiderhgNnum

resi stance RD of the 15 conductivity variable portion 2203,

the vari ation

i n vol t ageth® e spgpe ntedlle chodaedA02 e the i@ xmumnectrustier21® and t he
novable mrror 2108 can be nmade nmaxi num Here, the expression that the
resi st ancecladuottivitheariablesportiqgo2208nh 22 #te nsaximinceasistdneaRee i ndi cat es
that a ratio between the mninmumresistance RL and the resistance RCis
equal to 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 conductivity variable portion 2203 to a

resistance Rg of the resistor portion 2220. Therefore, if the resistance

Re of the resistor portion 2220 is a central value as a ratio between the

minimum resistance Ry and the maximum resistance Rp of the

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 expression that the resistance RC of

the resistor portion 2220 is the central value indicates that a ratio

between the minimum resistance RL and the resistance RC is equal to

20 a ratio between the resistance RC and the maximum resistance RD.

When the resistance RC is a central value as a ratio between

the minimum resistance RL and the maximum resistance RD of the

conductivity variable portion 2203, m=n=k (where 0<k<1) is substituted

in equation (4) and equation (5), and the following equations (6) and (7)

25  hold true.
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20 a ratio between the resistance RC and the maxi numresistance RD. \Wen
the resistance RCis a central value as a ratio between the m ninum

resi stance RL and the nmaxi numresi stance RD of the conductivity variable
portion 2203, nen=k (where O <k----.1) is substituted in equation (4) and
equation (5), and the follow ng equations (6) and (7) 25 hold true. 85 RL
- Rc,=k : 1 (6) Rc : RD=k: 1 (7) Equation (2) can be derived from equation
(6) and equati on 7,){ KRe= =(RL,RD)1/2 5 (2) The variation in voltage to be
appl i ed between t 8r| ving electrode 2210 and the novable mrror 2108 is
expl ai ned bel ow. _Ef case, the resistance Rc of the resi st\%r portion
2220 satisfies t ation (2), The follow ngs are expl ai ned én t he

M ni mum 10 esi sta RL of 'the nducti vi t ria orti 2203 is 0.01
W2 and wi%m@? Bt R csbitiod (B deruBOB RS  futi ng

R, L=0. 01 M~ and RD=100 W|ln the equation (2), R="IM- 2 i s cal cul at ed.
Assune that the Vat(Rge Ry r‘hhe power Supply 2209 to be applied between the
transparent el ectrode 2202 and the novable mrror 2108 is 15 100 volts. As
expl ai néd above, (2he 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 Tiheevarsiicn on vedapedco 2220p|ieddrafaean the driving

electrode 2210 and the movable mirror 2108 is explained below. In
this case, the resistance Rc of the resistor portion 2220 satisfies the
equation (2). The followings are explained when the minimum
10 resistance R, of the conductivity variable portion 2203 is 0.01 MQ and
the maximum resistance Rp thereof is 100 MQ. By substituting
Ri=0.01 M and Rp=100 MS in the equétion (2), Re=1MQ is calculated.
Assume that the voltage by the power supply 2209 to be applied
between the transparent electrode 2202 and the movable mirror 2108 is
15 100 volts.
| As explained above, the voltage from the power supply 2209 is
divided at the ratic of the resistance of the conductivity variable portion
2203 to the resistance Re of the resistor portion 2220. Therefore,
when the resistance of the conductivity variable portion 2203 is
20  minimum value R =0.01MQ by causing the contro! 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+RL)x100 V=1 MQ/(1 MQ+0.01 MQ)x100 V=99.01 V
When the resistance of the conductivity variable portion 2203 is

25 Rp=100MQ by causing the control light L not to be incident on the
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when the resistence of the conductivity variable portion 22031 is 20

m ni mum val ue RL=0.01 MQ by causing the control light L to be incident on
the transparent el ectrode 2202, the voltage to be applied to the resistor
portion 2220 is calculated by the follow ng cal culating fornul a.

Rc/ (RC+RL) xI GO v="1 W/ (I M-+0.01 [\A 100 V=99. O V Wen the resistance
of the conductivity variable portion 2203 is 25 RD=100M by causi ng the

control |ighindpareht eedifodercdenth®noltbgedd B& appRabantihel eelstofe 2202,
the voltage to be applied to the resistor portion 2220 is cal cul ated by

t he same c to 0, | i de
i nci dent o?ﬁﬁgﬁtzrzazg)s%aéﬂrﬁk Paélégc%){]g%eegg%zééIE?)%&@+E%R%E%EHFNVEB%1

M>+100 M 123 ‘cohPd| ié?t %?'Pgﬁgdzggiﬁﬁﬁ ﬁ{eb h’%\pggﬁr@&?&gur@gf%ﬁfr ence

bet ween the driving ec e mrror can be
cal cul ated by the, f ' l,cul gt r 299 V-0 V=98.02 V
Theref ore, when ﬁ?éaéégm%?@@a\/gwé@@fwﬁ?mbwﬁﬁ &i,\/q%ggﬁé 10
potential difference between ,the driving electrode 2210 and the novable
i ror 5108 N AN 05 15 ppce Pl SiterAios 8fupghdbErivIas QRGeS ot or
portion 2253 (IS %ﬁecified by the equation (2), the variation in the
potential diflPedashéiee BrevaRkle mHEor 4198 iGan ke &dgWatedbydhardallewingrovanl e
mrror 2108 is about 98.02 15 volts when the voltage applied by the power
suppl y 2209alailathng feragla. Therefore, by using the resistor portion 2220 of
whi ch resistance Rc is specified based on the equation (2), an anount
correspondi ng to%adbul/-0.99 V=98.02 V
Therefore, when the resistance is Re=1 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 R¢ of the resistor portion 2220 is specified by
the equation (2), the variation in the potential difference between the
driving electrode 2210 and the movable mirror 2108 is about 98.02
15 volts when the voltage applied by the power supply 2209 is 100 voits.
Therefore, by using the resistor portion 2220 of which resistance R¢ 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 driving electrode 2210
20 and the movable mirror 2108.
The variation in the potential difference between the two
becomes the maximum by specifying the resistance Rc of the resistor
portion 2220 using the equation (2). The variation in the potential

difference between the two decreases as the resistance R¢ of the

25  resistor portion 2220 is apart further from a resistance R¢ that satisfies
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98% of the voltage applied by the power supply 2209 can be set as the
variation in the potential difference between the driving el ectrode 2210
20 and the novable mrror 2108. The variation in the potential difference
between the two becones the nmaxi num by specifying the resistance Rc of the
resistor portion 2220 using the equation (2). The variation in the

potenti al %{1} &l {2? bet ween the two decreases as the resistance R :; of

t he 25 re ‘# on 2220 is apart further froma resistance RO t hat

satisfiesthe uat .0 ariation e vo e 1o lied

ot ween the dr ! w&r'@f’@éﬁ@&evo?@gﬁéoEﬁ@qn'r v i fund sGyBR8

expl ained below, In this case, the resistance Rc of the resistor portion
2220 sat i 881@8ndihe grevablomireyr 2408 isiexplained balovedndbissiasesie when the

resi stance Rc of the resistor portion 2220 is the mninmm the follow ng
equat i on (e3)stbotel Rotof dee reditoRportivhé?220RatiRed: 1, and therefore, mrl in the
equation (4). (8) The variation in the voltage applied between the driving
el ectrode 2210Rpem 4Me novable mirror 2108 is explai ne@)bel ow when the

mni mum resistance RL of the conductivity variable portion 2203 is 0.01 MQ

"osi st anchreCHRMEBRGRRT G ThbA M fsisdnge Relt B @ob GIohA 2 -y <0. 01

MQ fromthe uat | hat, _t | t age applied between the
t ranspar e'ﬁtthe@'lﬂﬁﬁ"f“r”ﬁd@%')%@w@ﬂ Prrf@bﬁq’[g lﬁ‘i'ror 2108 is 100 volts by the

power supply
Rc=R_ (8)

Where Ri:Re=1:1, and therefore, m=1 in the equation (4).

The variation in the voltage applied between the driving electrode 2210
and the movable mirror 2108 is explained below when the minimum
resistance Ry of the conductivity variable portion 2203 is 0.01 MQ and the
maximum resistance Rp thereof is 100 MQ. Since the minimum resistance R.
of the conductlvity variable portion 2203 is 0.01 MQ, R¢=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 volts by the power supply
2209. The voltage from the power supply 2209 is divided at the ratio of the
resistance of the conductivity variable portion 2203 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 electrode 2202, the voltage to be applied to the
resistor portion 2220 is calculated by the following calculating formula.

Rc/(RC+RL)x100 V=0.01 MQ/(0.01 MQ+0.01 MQ)x100 V=50 V
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2209. The voltage fromthe power supply 2209 is divided at the ratio of the
resi stance of the conductivity variable portion 2203 to the resistance of
the resistor portion 2220. Therefore, when the resistance of the
conductivity variable portion 2203 is RL=0.01 MQ by causing the control
light L to be incident on the transparent el ectrode 2202, the voltage to

be applied to esi stor portion 2 LS. cal cul at fol |l ow ng

cal culat ing. oV heXeBsRad Y S BBR W ET 'eﬁ%fcwﬁmg%é%m =58y oo
When the resistance of the conductivity variable portion 2203 is 00 MQ by
causi ng t Re=t8AMSIbY Gausing thesontrgl M‘tll-n'&‘?td@rhe 'Bﬁ'dﬁﬂbo'ﬂ I EBBTRAHE el ect r ode
2202, the voltage to be applied to the resistor portion 2220 is cal cul ated

by t he sagiectratie @200 thg Yoltage/ta besappiied tottenradistocportion|2220d6t L is nade
i ncident on the transparent el ectrode 2202. Rc/ (RC+RD)x100 V=0.01 MY (0.01

MSS+100 Mgisdiated e el same Barukaingdbirlal 4k thaewpehané icehtrdi ifigheLegce bet ween
the driving electrode 2210 and the novable mrror 2108 can be cal cul at ed

by the foﬁl'ﬁﬁ‘é"iﬂ&d&@&% I‘?fr%pa{ mé&rod@&/@ 01 V=49.99 V Therefore, when

the resistance Is vartation in the potential difference

et een the o . S 09 AT op MoP R BT VIR1 220" < “The.

maxi mumin the equatlonoé the followi ng equation (9) holds true. Rc= RD
(9) Wher eThe vagationin thad mleéﬂﬁieéenq&qemenﬁbe@qlum gactede 2&10ice the

maxi mum resistance RD of the conductivity variable portion 2203 is 100 M)
RC=RD=100and the movable mirror 2108 can be calculated by the following calculating

formula.

50 V-0.01 V=49.99 V
Therefore, when the resistance is Rg=0.01 MQ, the variation in the potential
difference between the driving electrode 2210 and the movable 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 MC, Rc=Rp=100
MQ 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 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.
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MSS fromthe equation (9). The voltage fromthe power supply 2209 to be
appl i ed between the transparent el ectrode 2202 and the novable mrror 2108
is 100 volts. Wen the resistance of the conductivity variable portion 2203
is =0.01 MSS by causing the control light L to be incident on the
transparent el ectrode 2202, the voltage to be applied to the resistor
portion 2220 is calculated by the follow ng calculating formula, 90

Fest stance of ¢ he eangudtu oy Var oo hed matd MR PA R H
causing the cont gl G rdeidfol oEofiee BG4AIEHRN 415, LrASRAT#AGa fl oot ode

2202, the voltage to be applied to the resistor

cal cul ated Qy_ cal cul at.i ng_ formul s that when,6 the control [|ight
L o mde i Rer WORATEEY FRUS NP fantolia it s heal Sréio) 100
V=100 Mc?1(,100 M -O+100 Msi 00, V=50 VY The variation in the potenti al

di fference tB%‘EWI\e%ﬁ"lt ﬁge‘af?Q%%O@I!éE?rv@dtégezt?l@emi'teﬁeton%‘@a’lﬂségtﬁfr ror 2108
can be calculated by the following 10 calculating fornmula. 99.99 V-50
V=49. 995V TH¥tieNot2:0 thealaumaledery dhaseas saRtaog lomuleeasy ghatavhen in the
potential difference between the two is about 49.99 volts. If the

resi st ance tRe aintidldighddi &t aradsoindidentoeeohe 4rasecrenedldnyrodes52262. equat i on
(3), the variation in the potential difference between the two can be set
to about 49.99 vARE/SRORED IO Y=t1@GeMappl 0@ A0 a0t Me)) < Podar=5uppl y 2209
is 100 volts. Therefore, by using the resistor portion 2220 of which

resi stance MRe vasatipadhfthehdraned! arffdre@cedstiiedn the3driviAg @BetBte
correspondi ng to about 50% of the voltage applied by
2210 and the movable mirror 2108 can be calculated by the following
16 calculating formula.
99.99 V-50 V=49.99 V
Therefore, when the resistance is R¢=100 MQ, the variation in the
potential differenc;e between the two is about 49,99 volts.
if the resistance Rc of the resistor portion 2220 is specified by
15 the equation (3), the variation in the potential difference between the
two can be set to about 49.99 volts when the voltage applied from the
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 amount corresponding to about 50% of the voltage applied by
20  the power supply 2209 can be set as the variation in the poténtial
difference between the two. |
The variation in the voltage to be applied between the driving
electrode 2210 and the movable mirror 2108 is explained below. In

this case, the resistance Rc of the resistor portion 2220 satisfies

25 4R <Rc<Rp/4 (1)
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20 the power supply 2209 can be set as the variation in the potenti al

di fference between the two. The variation in the voltage to be applied

r 2108 is

expl ained below. In this case, the resistance Rc of the resistor portion
2220 satisfies 25 4Rr<_ Rc-RE, /4 (1) 91 At first, in the equation (1), when

th . _ : y . i
Fol | ow ng oisnane eabitir s 3heh e aitnpe i oIt SO b I 4228 o o or e

1/4 in t uat | 4 10) As ' hat .th I Ni i st RL of
the. condustngip oW 1 B0l edFten 38 hoBSsaveS and the mexi mum
resi stance RD thereof is 100 MSS, the variation in the voltage applied
bet ween the drBor#igLel ectrode 2210 and the novable miPbr 2108 is

expl ai ned bel ow. From equation (10), Rc=4RL= 0.04MQ Assune that the

vol t age awfhere® fRerh:4 andgthesefosepps1/4 2208 etjeatiere ()t he t r anspar ent
The voltage from

between the driving electrode 2210 and the novable mrro

el ectrode 2202 and the novable mrror 2108 is 100 volts,

the power suppAysiEaing that tievhitirdust redistaideoRObf tHeecondestiv
conductivity variable portion 2203 to the resistance Rc o

Prhe

b the

resi stor

portion Zigflon ;ébgFg%@g@, I\’%"ﬁﬂd iﬁ?ﬂa&ﬁhﬁmgﬁtﬁcéﬁﬁl@eﬁé‘%gﬁiobi N, var i abl e

ortion causi ng the control
p y

t Lto be "incident

" osi otor BVETBI0R K5tE OIBGR AFPeH Falyot NS BrIDR ARG RBP4 ARG or mul o

Rc/ (RC+RL) x100 V=0.04 M. 2/(0.04 0.01 Ms2)x100 V=80 V
( r?’novable mirror 2108 is e&plainedl\é%ow. From equation (10),

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 volts. The voltage from the power supply 2209 is divided at a ratio of the
resistance of the conductivity variable portion 2203 to the resistance R¢ 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 2202, the voltage to be applied to the

resistor portion 2220 is caiculated by the following calculating 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 is
calculated by the same calculating formula as that when the control light L is
made incident on the transparent electrode 2202.
R¢/(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 100M52 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 sane calculating fornula as that when the control light L is nade

i ncident on the transparent el ectrode 2202. Rc/ (RC+RD)x100 V 0.04 M2/ (0. 04

e dri vi A6 PR, e sicebie HEeL 2P ka e A IRRHEVRE 1louiha *LC"C2) il ot e

by the followng .calculating fornmula. 80 V-0.04 V=79.96 V Therefore, when
the resi sPﬁ'ﬁ\é\k"’ﬂgfﬁé‘—"@?‘o4 MQ, the variation in the potential difference
between the two is about 79.96 volts. \Wen the resistance Rc of the

resi stor porti88V>00% Ys79.86 Mraxi numin the equation (1), the follow ng
equation (11) holds true. Rc=Rc/4 (11) where Rc:RD =1:4, and therefore,
n=1/ 4 i n Theredoreaihen thé resiblanceds Rat-004 MO the RardiRDndinibe pRtentigbune t hat
the voltage fromthe power supply 2209 to be applied between the

t ranspar egiefd pelel-PRpie) H& 7y bbgs M rror 2108 is 100 volts. Wen
t he resi staﬁcerﬁ%;ﬁtﬂ% con%&@?i%v?%y var?aglﬁse portion 2203 is RL=0,01 MSS by

%Z‘BZL”?PElhliof?%*ee?"tfla5L{%H&g%wc%gicf’ﬁgfh?ﬁrégﬁfgéa%@%é‘55%¢ HBRHI AL il at ed
| ' , : RL) x100 V=25 25 M5?+0.

I\/%) ;180 %@&%qwﬁa(ﬁghgm@%%@?@%ﬁ%ﬁgﬁ% s té‘z‘)‘%'(lduct i Vi tyw\?lagi abl e ;or?ilon
2203 is 00 MO by causing the control light L not to be incident on the
transparent  Rc=Rp/4 (11)

where Rc:Rp=1:4, and therefore, n=1/4 in the equation (5).
From equation (11), Rc=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+RL)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.

Rc/(RC+RD)x100 V=25 MQ/(25 MQ+100 MQ)x100 V=20 V
The variation in the potential difference between the driving electrode 2210

and the movable mirror 2108 can be calculated by the following
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el ectrode 2202, the voltage to be applied to the resistor portion 2220 is
cal cul ated by the sane calculating fornmula as that when the control light L
is made incident on the transparent el ectrode 2202. Rc/ (RC+RD) x100 V=25
MBS/ (25 M+l 00 MQ x100 V=20 V The variation in the potential difference
between the driving electrode 2210 and the novable mrror 2108 can be
calcul ated by the following 93 calculating formula. 99.96 V-20 V=79.96 V

Ther ef or e, et istance is RO=25 MQ the variation in the potenti al
di fference %met vveargﬁ%t]{ﬁgﬁtu\?\% is about 79.96 volts, If the resistance Rc of

t he resistor portd 2Q /S \fied by the equation (1) the variation in
AR SN e Y

the potential dif nc the two can beset to about 80 volts when
the vol tage.applied fromthe power suppl 09 .s '100 vo|ts. Therefore,
by using RRAL STy Mhe'ﬁm Fesissaee Bt ﬁ\ﬁﬁééﬁ‘%%ﬁ“@t%@él%'ﬁ Speci fi ed
based on the equatigon 10 f n anount correspondi ng t o about 80% of the
vol tage apflatentigldifiesepeadietwes ipetmisahoBk 78616 48ltshe variation in the
potential difference between the two. The novable mirror device 2200
accordi fig to the lethfhiesisi@nsedRoedftthien@isintes poriéon €228t isrspemifiedvy2220
between the driving 15 el ectrode 2210 and the novable mrror 2108. By
provi di ng tthe amsitetrofl), poe tiaoimti222i0 thet petentish diffeven cehestpateenttiaal
di fference between the two changes according to a voltage applied to the
resi stor padwbican B226t to about 80 volts when the voltage applied from the
power supply 2209 is 100 volts. Therefore, by using the resistor
portion 2220 of which resistance R¢ is specified based on the equation'
10 (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
15 electrode 2210 and the movable mirror 2108. By providing the resistor
portion 2220 between the two, the potential difference between the two
changes according to a voltage applied to the resistor portion 2220.
The resistance Rc of the resistor portion 2220 is a predetermined value
in a range between the minimum resistance Ry and the maximum
20 resistance Rp of the conductivity variable portion 2203. Setting the
resistance Rc to any value in the range allows the potential difference
between the two to change in a wider range corresponding to the
change in the resistance Rc of the resistor portion 2220. By using the

resistor portion 2220 of which resistance Rc is specified based on the

25 equation (3), an amount corresponding to about 50% of the voltage
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The resistance R - of the resistor portion 2220 is a predeterm ned val ue
in a range between the m ninmumresi stance R and the nmaxi mum 20 resi stance
RD of the conductivity variable portion 2203. Setting the resistance Rc to
any value in the range allows the potential difference between the two to
change in a w der range corresponding to the change in the resistance R
of the resistor portion 2220. By using the resistor portion 2220 of which

resi stance liddBb§ RRE IfdviRst HaseY or0d Bendr s8UAL A vartio® unt
correspondidr?gplto a%out lC)f50% of thg vol tagg 94 appl iteg V(baif;battlt?gI Iggt\/\%gr supply

2209 can beightapghiie et ifth@Rn' el (v RGI SBEIBlL0bS {FLRAGRSDE! veen the

driving electro and the novable m“rror Mor e
pref erabl vy, i) sistor portion 2220 of which resistance Rc is
specified bnaggﬁg%n&%ﬁépgaégti on an amount (3) corresponding to about 80% of

t he vol t age appl iFggé)y I%%he power supply 2209 can be set as the yariation
in the potential "th @rehce between the drivi ng el ectrode 2210 d the
novabl e _mrror 21\88. 10 4RL<Rc- RD/ 4 (1% Furt her nore preferabl é by using
the resPstor por Y8 BEIE 2R IYWRY Using Eip Jeaister pertian 35%@i0ffi‘fé|ﬂi'c ased on the
equation (2), an ampunt corresponding to about 98% of the voltage applied
by the powdESstpptsy ReoBospecificsdasad e thaequaticn (nannameenpot ent i al
di fference between the 15 driving el ectrode 2210 and the novable mrror
2108. 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
driving electrode 2210 and the movable mirror 2108.
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 driving electrode 2210 and the movable mirror 2108.
Rc=(RLxRD)"?
(2)
If a variable range of a voltage applied between 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 electrostatic force F allows the movable mirror 2108 to
be easily driven. |f the variable range of the electrostatic force F

increases correspondingly to the change in the amount of the control

25 light L, it is easy to cause the movable mirror 2108 to move to a desired
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RO=(RLxRD)1/2 (2) If a variable range of a voltage applied

bet ween t he

driving electrode 2210 and the novable mrror 2108 is wde, a variable
range 20 of the magnitude of electrostatic force F generated between the
driving electrode 2210 and the novable mrror 2108 becomes wi de. The

increase in the electrostatic force F allows the novable m
easily driver. If the variable range of the electrostatic f

rror 2108 to be
orce F

i ncreases wgiﬁéﬁon%@gé%répmeggnrdmgﬁ édhtF&]qigqg‘i.g@?atféEe%%tr%%tdr ol 25

light L, it is easy to cause the novable mrror

nove to a desired

iti . b [l ed
wth o EL?S’F%ﬂ'ﬂf%@égf%@fw%@%%ﬁ%@Féiﬁ%&%@gﬁéﬁﬁ% nE‘%%Q%ﬁ%i“ not. teh |
i . f i ; t ow
P ol o on, ATRAHRS, arfeSHTee the ol Suetp @il ign ThasY pEartiRlleel | eq

Moreover, the increase.in %he var'&gle range. of the electrostatic force F

al so al | ondVthePWREEISRN oSOV
controll ed according to continuous changes in the anmount of
L. Thus® itconéraligssibl e to precisely control the drive of t
mrror 2108 according to an input signal and to obtain a hi

BliEoRdevize 2208 qah Be egsil¥ci sel y

control |ight
he 10 novabl e
gh quality

proj ecti on i mage M@govietulhgringrease imbivaviaeiabie rangeleditoe e22c@ostiaticnovabl e

to a predeterm ned position according to an inmage signal,

whi ch al | ows

cont i nuous feae Rtdlems |ibessbih edpepitiayedf her mevpohentigloy 21@8 &nbanal og si gnal .

15 Therefore, by using the novable mrror device 2200, a hi

gh

precisely controlled according to continuous changes in the amount of

controt light L. Thus, it is possible to precisely control the drive of the

10 movable mirror 2108 according to an input signal 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 allows continuous variations to be displayed correspondingly to

an analog signal.

15 Therefore, by using the movable mirror device 2200, a high

guality projection image precisely corresponding to the analog signal

can easily be obtained. As compared with the case where the resistor

portion 2220 is not provided, the amount of control 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.

projector 2100 can be manufactured at lower cost.

Thus, the

A difference between the minimum resistance R_ and the

maximum resistance Rp of the conductivity variable portion 2203 is

explained below. Assume that the minimum resistance R, is 1 M and

25 the maximum resistance Rp is 10 MQ, and that a difference between
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quality projection inmage precisely corresponding to the anal og signal can
easily be obtained. As conpared with the case where the resistor portion

2220 is not provided, the anount of control light L may be controlled with
| ow precision, which nmakes it possible to reduce the 20 cost of a power
controller for the control |ight source 2110. Thus, the projector 2100 can

be manufactured at | ower cost. A difference between the m ni mumresi stance

RL and the thréamnmnmmerésﬁsttgﬁ@@ FRDa 94 th@@néf@iﬁﬂjmtﬁe\éiétﬁn&é”ﬂcﬁ%'@dﬁ’%&t' on 2203
is explained below Assune that the mininmumresistance RL is 1 M} and 25

the maxi W%rﬁfﬁ@%ﬁﬁgggf'fvéﬁaé@%o baéqggf)h@a b%t\ﬂ%ﬁeﬁ@% tween 96 the

iR .
m ni mum r esi st ance I mum r esi stance is 1 dg t A vari abl e

range of a : bl e

cal cul at ed. d k rgggaﬁﬁﬁ%éaﬁgﬁﬁ%gga&gaﬁﬂ?é? rlss%ﬂlsm‘e\%% Qﬁ'g resi stance
RC of the tor partion 2220. based ion -,- Rc --
R D e appl G HEPVEEHS OB G G P e i el Raig T dhet he vl t age
appl i ed between the d el ectrode 2210 and_the novable mrror 2108 is
cal cul afed &8’ BBGP”'Q@\&@&% ‘if?ﬂl g‘ﬁa@‘?‘b‘ﬁ“‘?% (Based on an exanpl e in which
the 10 m nimumresistance R - of the conductivity variable portion 2203 is
0.01 W and the ResRertffvresi stance RD thereof is 100 M and a dif3)erence
“between the m ninumresistance RL and the nmaxi mumresistance RD is

The variable range of the voltage applied between the driving

electrode 2210 and the movable mirror 2108 is calculated as about
40.9%. The explanation is based on an example in which the

10 minimum resistance Ry of the conductivity variable portion 2203 is 0.01
M and the maximum resistance Rp thereof is 100 MQ and a difference
between the minimum resistance Ry and the maximum resistance Rp is
4 digits. At this time, the variable range of the voltage applied
between the driving electrode 2210 and the movable mirror 2108 is an

15 amount corresponding to about 50% of the voltage applied. Therefore,
even if the equation (3) is satisfied, if the difference between the
minimum resistance RL and the maximum resistance Rg of the
conductivity variable 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 between the minimum resistance R and the
maximum resistance Rg of the conductivity variabte portion 2203 is
small, the variable range of the resistance of the conductivity variable
portion 2203 is narrowed. If the variable range of the resistance is

25 narrow, the variation in the potential difference between the driving
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4 digits. At this tinme, the variable range of the voltage applied between
the driving electrode 2210 and the novable mrror 2108 is an 15 anount
correspondi ng to about 50% of the voltage applied, Therefore, even If the
equation (3) is satisfied, if the difference between the m ninum

resi stance RL and the maxi mumresistance Rc, of the conductivity variable
portion 2203 is reduced to about 1 digit, the variable range of the

vol tage apmleeﬂoastmahb%érmbvamee}rﬁﬁbrQd@s%@ Ad4Gc806ef he movabl e
mrror 2,108 is nade narrow. If the difference between the m ni num

resi stance fo @hghel he henaﬁfér@ﬂbéqﬁtmmeﬁﬂ ARG SAIINEL Y Lyq YRLT abl e

portion 2203 Is e vari abl e range o e resistance o

conduct i vi tr}{a%%lilrﬂqjgglstaﬂ%'l% of 48 coﬁdu%é(;?y %‘Iﬁy‘%% gtrl.‘%/'?g?-%gl ;gf range of

t he resistance the vari at’ erence
bet ween t he 97 e rode 2210 vabl e rr.or is also
reduced. ﬁ'g?léf'hfrga ypeqi Ciﬁ Lkiﬁj‘% BF%(f{é%@b%‘?%@thteH@ Pﬁaﬂ errmlrfrpéél‘ggance RL
and the_ maxi num resi stance, RD of the conduct|V|ty vari able portion 2203 is
smal |, Pt m&FORRING I eRee SiPqIPeci sl Yol e Mk wpviEsItanre fr 2108
accordlng to image signals. As a result, the m ninumresistance and the
maxi mum r einst K@ aMUpRFevstance Rediieree ae mouidits behaliag a
di fference nore than a predeterm ned val ue. Assune that the difference
bet ween t hdayimg suhiffecencs amere Wan agdedhtermiredwmaluesi st ance RD thereof is
two digits, and that the 10 mininumresistance RL is 1 M5SS and the maxi num
resi stance RE) i @\sk0bne th&) thasddfareaut thedfveeal thel miningim reaistahte R ange of
the voltage applied between the driving electrode 2210 and the novable
mrror 210&ndathe maximum resistance Rp thereof is two digits, and that the
10 minimum resistance R is 1 MQ and the maximum resistance Rp is 100
MQ. As aresult of calculating 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 R¢ of the resistor portion 2220
15 based on the equation (3). Therefore, it is preferable that values of
‘the minimum resistance R. and the maximum resistance Rp thereof
have a difference of 2 digits or more. Thus, it is possible to ensure a
wide variable range of the voltage between the driving electrode 2210
and the movable mirror 2108 and to precisely 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 in the first embodiment and
explanation thereof is omitted.

Fig. 25 depicts the schematic configuration of an optically

25  controlled movable mirror device 2600 (hereinafter, "a movable mirror
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anount corresponding to 49%is obtained. The variable range is required
for specifying the resistance Re of the resistor portion 2220 15 based on
the equation (3). Therefore, it is preferable that values of the m ni num
resi stance RL and the maxi mum resi stance RD thereof have a difference of 2
digits or nore. Thus, it is possible to ensure a w de variable range of
the voltage between the driving electrode 2210 and the novable mrror 2108

and to pregicsfley 2600ty skchiEngtd EnifintdiBbodMarvablife PTésré?{t iﬁ%@ﬁtioﬁt s
noted that the lighting tinme and the lighting timng of LEDs or col or

lights areﬂ@@g@@@@g@@etzks%of%éﬁ%eeu@@dﬂimﬁ% fxﬂgcto‘?xﬂ@d'ati on

thereof is om epli cts the schematic co guration of an
optically |l : l.e mr. dewi ce 00 (:hereinafter, "a novable
mrror 98 %\9?@@1588&%% %@é@?&h@#'ﬁ%ﬂthi mthe gﬁﬁ&#@ﬁ%nc& SRS ?)rreesent
i nvention. __The vaphl e mrror device 26 can used in the projector
2100 accoﬁaﬂgd"etr%tot ﬂhﬁ BRI E‘?ﬁ)éamﬁaﬂ?%?ﬁ% Osf?ﬁ@ rP%Y%*?'@n‘@é”%’?gns Sr e
assigned to the rtions the sanme as those of the novable mrror 5 device
2200 fo? t H@Vtﬁeo%@@ dPT NDProigsires pPBnaRY GXPIFA &N theresiiy peittedThe
movabl e mrror device 2600 is different fromthe novable mrror device
2200 for tH&epnevakteominociavice 26680rs difiefentHaematheovaablenftivrer 2608 can
nove in two directions, toward a driving el ectrode 2610a and toward a
driving el deviaed2208fobtha oraiectors2i1 @R ima paipeisuzBGhat s rhovakeld mirrohe
conductivity variable portion 2203 in a substantially central portion
t hereof , u8b60§ ddremmairt Bvd Kifretctiohs| (ueard-ardrédagEiectrSi&2eci@a hedused for
t he
toward a driving electrode 2610b.
10 An insulating fayer 2604 is formed on the conductivity variable
portion 2203 in a substantially central portion thereof, using the
spattering technique. For example, SiO; can be used for the
insulating layer 2604. An electrode 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 on both sides of the insulating layer 2604. The movable
mirror 2608, the driving electrodes 2610a and 2610b, and the electrode
2605 can be made of a conductive substance such as aluminum (AD).
A power supply 2612 applies a predetermined voltage between the
20 transparent electrode 2202 and the movable mirror 2608.
Fig. 26 depicts the configuration of the movable mirror device
2600 when viewed from the movable mirror 2608. The configuration of
Fig. 25 is viewed from the direction of arrow A in Fig. 26. In the

configuration of Fig. 26, the movable mirror 2608 is removed for

25 convenience in explanation. When the movable mirror device 2600 is
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insulating | ayer 2604. An el ectrode 2605 is provided on the insulating

| ayer 2604. The driving electrode 2610a and the driving el ectrode 15 2610b
are provided on the conductivity variable portion 2203 in positions on
both sides of the insulating | ayer 2604. The novable mrror 2608, the
driving el ectrodes 2610a and 2610h, and the el ectrode 2605 can be nmade of
a conductive substance such as alum num (Al). A power supply 2612 applies a
pr edet er m néewedlftaydhiesivieest thikemnozebte anypa2é&t, éhectecided26958d t he
novable mrror 2608. Fig. 26 depicts the configuration of the novable

m rror deviprevid2@O® shemovhenefl afsoqarehendriy aldoeprovided 2608thdhe
configuration of Fig. 25 is viewed fromthe direction of arrow A in Fig.

26. 1 n the cotpsf bgtHakhoar@thl thcedbhel dife BBY Y. € ThE 6QUarSPBidringdnoved
for 25 convenience in explanation. Wien the novable mrror device 2600 is

99 vi eved fv&tﬂmﬁé‘%lédtp@dé’é 260s, E‘Pé’@?iv%d‘bfé&hc?e@%mﬁ%rﬁi eghppde 2605 is

provided in one corner of a square and 1s also provid I'n another corner
ol cct r odes aoh PRATH oong (EREAdTEes T“efa;qmm%g%r W o
For i on bar e A0G Shen GRE (ineRyPe8R06 TAS RIS B b! eI, Fode”

2605. The rsion b 7 is a slender, thin flexible plate having
conduct i Vi 36 &HO@%@?%% the torsion bar 2607 are fixed to the two 10

pillars 2606, reipectl vely. The %I | lar 2606 | s a conductive BI | I ar nmenber.
The novable mrr mezt);tsslqnsbﬁb?ﬁp dStdositenserothdn diexiple pigtyhaving thi s

manner, the novable mrror 2608 is supported by the pillars
conductivity. Both ends of the torsion bar 2607 are fixed to the two

10 pillars 2608, 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 the pillars
2606 and the torsion bar 2607. Because both the pillars 2606 and the
torsion bar 2607 are conductive, the movable mirror 2608 and the

15 electrode 2605 have the same potential through the pillars 2606 and
the torsion bar 2607.

The driving electrode 2610a is provided in a first corner of the
square that is near one corner of the square movable mirror 2608 and
that is different from second corners of the square where the electrodes

20 2605 are provided. The driving eléctrode 2610b is provided in a third
corner of the square near another corner of the square movable mirror
2608 that faces the one corner. The resistor portion 2620 is provided
between the driving electrode 2610a and the electrodes 2605 and
between the driving electrode 2610b and the electrodes 2605. As

25 shown in Fig. 25, the resistor portion 2620 is provided in a position so
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2606 and the torsion bar 2607. Because both the pillars 2606 and the
torsion bar 2607 are conductive, the novable mrror 2608 and the 15

el ectrode 2605 have the same potential through the pillars 2606 and the
torsion bar 2607. The driving el ectrode 2610a is provided in a first corner
of the square that is near one corner of the square novable mrror 2608
and that is different fromsecond corners of the square where the

el ect r odes &0t@b65narontpciowittidtie dinandrélectigdel 28tGandad28&0Heckogeovi ded in
a third corner of the square near another corner of the square novabl e

mrror 26Q80%ahdfiacepos hienose agoones in Thataasiish ahe poMihPe|2626dé s
provi ded between the driving el ectrode 2610a and the el ectrodes 2605 and

bet ween t hegfiy hAg thkagbedaed@h and the el ectrodes 2605. As 25 shown in
Fig. 25, the resistor portion 2620 is provided in a position so 100 as to

be i n_contact wi (A, £1giafié iahhvel s eERrgfd B e SShae pbasiai605 and

in a position so as to be in confact with't riving electr 2610b and

the el o8t r aflegQf aspByRbRl REtloPIRYS G ElR6 LM, 8603 el he same

pot enti al e nova Ie m rror ar 2606 and

the torsiqn bar t_formthe rt - Fro t.he drivin

el ectrode 28™188 b&r%y%at fr?f(ﬁmtﬁ@ @@ﬁ IEIr {P"%‘ {5‘@ g”\émgl ectri gal |y
connected tqQ each qth r th reS| st porti n the sane
ranner as (SlatoRe A Taar SBIPBARY i P le Faut ¢ G056 s A rigg s )
according to the eighth enbodi nent, as a part of or the whole 9 the

resi stor pcﬁqﬁn&ﬁ?t%g@ eaghnethes th asgh Bre éefﬁﬁEjH rasiost 26w@ niit €18 al

same manner as that of the resistor portion 2220 (see Fig. 20 and Fig.

10 21) according to the eighth embodiment, as a part of or the whole of
the resistor portion 2620, a member made of a high-resistance material
such as barium titanate ceramics, SiO., and ZnQO can be used. The
resistance of the resistor portion 2620 is any value in a range between
the minimum resistance and the maximum 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 mbvable mirror device 2600 by the control
light L is explained below. Referring back to Fig. 25, the movable
mirror 2608 moves in a direction in which it is attracted to the driving

20 electrode 2610a by electrostatic force (attracting force) F1 according to
a potential difference between the driving electrode 2610a and the
movable mirror 2608. Furthermore, the movable mirror 2608 moves in
a direction in which it is atiracted to the driving electrode 2610b by
electrostatic force (attracting force) F2 according to a potential

25 difference between the driving electrode 2610b and the movable mirror
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such as bariumtitanate ceramcs, Si 2, and ZnO can be used. The

resi stance of the resistor portion 2620 is any value in a range between
the m ni numresi stance and the maxi mum resi stance of the 15 conductivity
vari abl e portion 2203 in the sane manner as that of the resistor portion
2220 (see Fig. 20 and Fig. 21), The control for the novable mrror device
2600 by the control light L is explained below Referring back to Fig. 25,
t he novabl eggg rror 2608 noves in a direction in which it is attracted to
the driving 20 el ectrode 261 Ca by electrostatic force (attracting force) .

F1 according to pmgpoyedisls dhiftacaneeabrt weeor pBosdsiatiragtel extirode 261
Ca and the novable mrror 2608. Furthernore, the novable mrror 2608 nobves

in adi rec&ri\ﬁﬁ%ie@eg\’?éﬁg olgH dbsbﬁgﬁé%ﬁ &dodtaticherck iFel norid éﬁhf@dﬁ?ﬁﬁlob by

el ectrostatic rce (attracting force) F2 according to a potential 25
di fference betwe AL b deth mrror 101
2605 Fig. 290Hbgre ORHEl BhE BB AR 2IP R T BT AEE (0 < ne
driving el ectrode 2610b the electr ic f r light L
from the cOREFBRIAGhPosHa LA 10 Seiaran! Flesdlet 2208 Foresiisao 1 dl Gent
on a position of the transparent, electrode 2202 corres iLn t o, the
driving el é@tthédér"QBQ@d‘?Ctlrgg?r?gﬂccﬁ’nt r@ltﬁ?ic&ﬂ roﬁ l\ﬁ%ttljr Wﬁﬁqﬂﬁt'ﬁheéﬁ?&)’
according to an image signal is nmade incident on the transparent el ectrode
2202, an elassorded to aBiiR@ecEING! 5 PHAS BEIdent pie RS ARISPAPYY  vari abl e
portion 2203 decreases according to the amount of the control 10 light L.
The porti orelestrpde 2P, tan elestricahigsastencedner ppoiden 2hive coNEHCHKEY decr ease
in the resistance of the conductivity variable
variable portion 2203 decreases according to the amount of the control
10 Iight L. The portion is jointed to the transparent eiectrode 2202.
With the decrease in the resistance of the conductivity 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 variable portion 2203.
15 Because the conductivity of the conductivity variable portion 2203
changes according to the amount of the control light L having passed
through the transparent electrode 2202, a voitage according to the
amount of the control light L is applied to the driving electrode 2610b.
Therefore, the voltage according to the image signal is applied to the
20 driving electrode 2610b.
As explained above, the driving electrode 2610b and the
movable mirror 2608 are electrically connected to each other through
the resistor portion 2620. The power supply 2612 applies a

predetermined voltage between the transparent electrode 2202 and the |

25 movable mirror 2608. Based on this, by causing the control light L to
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portion 2203, one of the el ectrodes of the power supply 2612 is
electrically connected to the driving el ectrode 2610b t hrough the

" transparent el ectrode 2202 and the conductivity variable portion 2203. 15
Because the conductivity of the conductivity variable portion 2203 changes
according to the anount of the control |ight L having passed through the
transparent el ectrode 2202, a voltage according to the anount of the
control |i g incidentappthegdosdtidef tie tiangperect eledtro2@12Z®H?2 Therefore, the
vol tage according to the image signal is applied to the 20 driving

el ectrode ?e@lcﬁélafo‘?ﬁji@gmb aheeftiahg e clirbee @B 10D ghelweifigadsti@6 bdbhand t he
novable mrror 2608 are electrically connected to each other through the

resistor popbyoRe2diPor dBGICROYEE0 BRLW AENLD ARRIIEEFicirdUiEHEWAIdH ned
vol tage between the transparent el ectrode 2202 and the 25 novable mrror

2608. Based,gmif/ihg e/ @r 6L PG SNE @6 PApI Alitol2108 Hhe digctrigigent on

the position of t ransparent el ectro corresponding to thé driving
el ectrode 26 , i gurati 0 - hovahl i { Ois
cqui val gne Tnasted T EAch el Pher o G A AR SR 48500
the novable mrror. 2108 are electrically 5 nected to,each other. The
conduct i vi t8/€GHIG GHFW %F%anﬁegiﬂ ianrets%%orgo ! 8fercérﬁ? tC'rlcé'hraespl aced
with a resistor R4b, in an electric circuit as , shown in Fig. 2?t havi ng
the resi st SREVMELEIHi4Ry 1Y IDALNaFsSHL2BES A%ECTEIBA 100N e FTHRE ML OT 1A
resistor portion 2620 is _replaced with a resistor R b also in the electric
circuit of gangroldightio. | Ahehesisies PeaHae 62 ishapiaged Methya iresiséClel ect r ode
2610b, by causing the control light L to be incident on a position of the
R3b also in the electric circuit of Fig. 28.
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 equivalent to an electric
circuit in which the driving electrode 2610a and the movable mirror
15 2608 are electrically connected to each other. The conductivity
variable portion 2203 in the electric circuit is replaced with a resistor
R4a having the maximum resistance in the electric circuit as shown in
Fig. 28. The resistor portion 2620 is replaced with a resistor R3a in
the electric circuit of Fig. 28. Therefore, the movable mirror 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 R4a serially
connected and a second portion with the resistor R3b and the resistor
R4b serially connected are connected in parailel.

By causing the control light L to be incideht on the position of

25 the transparent electrode 2202 corresponding to the driving electrode
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transparent el ectrode 2202 corresponding to the driving el ectrode 2610a,
the novable mrror device 2600 is equivalent to an electric <circuit in
whi ch the driving el ectrode 2610a and the novable mrror 15 2608 are
electrically connected to each other. The conductivity variable portion
2203 in the electric circuit is replaced wth a resistor Rd4a having the
maxi mum resi stance in the electric circuit as shown in Fig. 28. The

resi stor pdaidn 2620ags is eppleddonibehresistesipsirbon RB20 petviden Eiectric
circuit of Fig. 28. Therefore, the novable mrror device 20 2600 is

equi val ent drivihbelettecd e i2s 10 anilttheasestiods 26051 gapRReation whileh a first
portion with the resistor R3a and the resistor Rd4a serially connected and

a second paidii 1 {ife HWstRYditieh S BRAVELR theRARS eldtfoserial ly

connected are connected in parallel. By causing the control light L to be

| nci dent omd g, BASIhL Q) Ve{rodé%d@cgaeg&ggsig%hngh Bftdaneea8de

corresponding to I'ng electro age is applied to the

resi stog pQ
el ectrode %@qgﬁﬁgé‘gﬁﬁﬁgf&mng% Qg%eét 0 th%'%éﬁ?i‘% &gg rH}g%r 2620
between th el ectrod 10b ectrod 605 causes a
pot enti al %ﬁ%re’éﬁgw Fed;é %%agﬁg?'éﬁe h&%@ﬁﬁ% SR 9 ng el ectrode 2610b
and the novable mrror 2608 aaqthe elﬁz lZtatlcforce Féls t her eby
generated. On t h&pihecthanhandhing santral lig b S notdnade IRt RBI dent  on
the position of the transparent el ectrode 2202 corresponding to the
driving el dbersgdtiosohihe B@fbﬁf@éeﬂhélﬁﬁimd&)?m?g}wf@;sn@dmﬂ fdabe 10
incident, a resistance of the position of the conductivity variable portion
2203 cor r esiiotiog edectoodd@6di0avi rdeed uss thrieonBobight Ltibanateméadem
10  incident, a resistance of the position of the conductivity variable portion
2203 corresponding to the driving electrode 2610a is the maximum
value. In this case, this resistance can be regarded as being
substantially infinite.
When the resistance of the conductivity variable portion 2203 is
15 substantially infinite, a voltage is not applied to the resistor portioh
2620 between the driving electrode 2610a and the electrode 2605,
which causes a potential difference between the driving electrode
2610a and the movable mirror 2608 not to be generated. Therefore,
the electrostatic force F1 is not generated between the driving
20 electrode 2610a and the mbvable mirror 2608. As explained above,
only the electrostatic force F2 acts on the movable mirror 2608. When
the electrostatic force F2 makes the torsion bar 2607 (see Fig. 26) warp,
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 above manner.
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value, in this case, this resistance can be regarded as being

substantially infinite. When the resistance of the conductivity variable
portion 2203 is 15 substantially infinite, a voltage is not applied to the
resistor portion 2620 between the driving el ectrode 2610a and the

el ectrode 2605, which causes a potential difference between the driving

el ectrode 2610a and the novable mrror 2608 not to be generated.

Therefore, the éhehérsashatmanher as tiridt oStheotirigegee eicéddee? Gve@nm if hiee dri vi ng
20 el ectrode 2610a and the novable mrror 2608. As expl ai ned above, only

the el ect r qeiatdi gighelLcie rﬁad@cm&nd@httdwtmgabit@nnwﬂr@rtraﬁgﬁare\fhen t he
el ectrostatic force F2 nakes the torsion 2607 (see Fig. 26) war the

movabl e mi ren@étraég%zr@g@&regpéh&m@]troemel @fving Wit del 28 fodltheacted Lo the
driving electrode 2610b. The novable mrror 608 noves 25 according to the

i ving 2?;% PePot TR P e nerbéa’ I HErafpR Aot bl Zént he
b ect r o JRHGSF (GRS & oSy Wﬂ%w?%%é tilo r&%"@“ﬂ ré%énf*éfnat on of
t he el ectrosta i.c. 5 for

th 2608 t th
direction MNCHHE i@ tan déf’ttﬁau fg\ﬁ”w‘?‘?%ggﬁ?\%“ F%\EPPBHQ”%SQ%%E my

scanning the «control lig nodul at ed according to an inmge S|fgnal onto
each of t KON AGINE Lm”f‘%lﬁlaél%@na&égrdmédolqﬁ!rﬁégﬁﬁd%&“n&rﬁ‘ﬁ%ﬁ CHRf cal
addressing can be perforned. 10 Wien the control light L is not nmade

i nci dent orib® ropeaplesnirendevices 2630 §t threabevetRanashdidiGali ty vari abl e
portion 2203 is regarded as a
' 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
substantially 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  control light L is not made incident thereon. In the electric circuit of
Fig. 28, the resistors corresponding to the conductivity variable portion
2203 can be replaced with switches Sa and Sb in an electric circuit as
shown in Fig. 29. Therefore, the configuration of the movable mirror
device 2600 of Fig. 27 is also equivalent to the electric circuit of Fig.

20 29.

In the electric circuit of Fig. 29, the switch Sh 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 switching an incident
position of the control light L between a position corresponding to the

25 driving electrode 2610a and a position corresponding to the driving

105



substantially infinite resistance. Fromthis, 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
control light L is . not made incident thereon. In the electric circuit of
Fig. 28, the resistors corresponding to the conductivity variable portion
2203 can be replaced with switches Sa and Sb in an electric circuit as

shown in Figect?8de Teroaf, ahe, mbhebleomfiirgu2a0Baambetdumtraeabinethe rror device
2600 of Fig. 27 is also equivalent to the electric circuit of Fig. 20 29.

In the el eclgnhé Rkl bs Qlwifdrng P2twkBa 1AW thihswhchBs i afi®p Whghe the

control light L is incident is Oon, while the swtch Sa on the side where

the cont rolsildthg lodifeBAl et ¢'8Rltch8s 4 anBs6 Uitoall e AfbvaRe dent

o e
position o control Tigh et Wween a posifion corresponding to the 25

ol cotrode 016D, 2300 hovany LORRT bl SRy ERRIANE 281 bR iFtcadi e o o

manner as sw tching be he two switches Sa and SID. The swtching
bet vveengt h& PRI ?\;\?‘fté@l é%%go nd Sb allows the novable nirror 2608 to nmove

2610b. The movabll@e VG @EU 68 U0 500 GRS MR *enbodi ment i s
equivalent to the electric circuit, as shown in Fig. 28; in_ which the
first porticonbedimentis eegiatestt trdhealactiteciresit.saoshRWA 8efigaldBy in
connected and the second portion with the resistor Rib and the resistor 10
R4b seri al whicbrthediretipariéom avittetheedesistordR as lagid thef rasistof iR4a saridlly he
connected and the second portion with the resistor R3b and 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 this, the movable mirror device 2600 is equivalent to the
resistance type voltage divider circuit such that the two switches are
alternately 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
in a range from 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 electrode 2610a or
2610b and the movable mirror 2608 to be changed in a wider range, in
the same manner as that of the first embodiment. If a variable range
of a voltage to be applied between the driving electrode 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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second portions, one of them conducts and the other one opens. Fromthis,
the novable mrror device 2600 is equivalent to the resistance type

vol tage divider circuit such that the two switches are alternately
switched so as to electrically conduct correspondingly to 15 either one of
the driving el ectrode 2610a and the driving electrode 2610b. By setting a
resi stance of the resistor portion 2620 to any value in a range fromthe
M ni mum r esh&learee. and the maxi numresistance o the conductivity variable
portion 2203, the novable mrror device 2600 20 allows a potenti al

difference betweenhge@tiostagc &bt F 0262 aelovdéd 6b irndatbetimmvabl e
mrror 2608 to be changed in a wider range, in the sane nanner as that of

L ?HP\?&B[EW”?H ﬁﬁ@S&%rni BOlRsigngReRl B tHONARD |4 Pahge @BRhEed

between the driving electrode 2610a of 2610b and the novable mrror 2608 is

wi de, a varhal & aags ol L2 Eald YeEoRfinh 8 (iR SHATRE Alire Adoantlst and F2

g(rage;ia]t g\?ve rheen the thl ncre'ases. . he el ectr .st atic force F1 and F2
fhe var bapies 2ange) JRT e 1t & ERY BT DS Pl FROBARTARARA L 8 10 o the
Tovabl e i e eagoRs g JdiTPLd ook aronenaer brafolRENER SR BT i he”
conf | gur at (oIS nRECISIBIBNEF UBbH {F ok BE0co iR GRUPAREETS! Wbt bl e
to easily control the novable mrror device 2600. 10 Moreover, with the
i ncrease | mesistonvpoitil 862Anydiol makes it possible to easily control the
movable mirror device 2600.
10 Moreover, with the increase in the variable range of the
electrostatic force F, the position of the movable mirror 2608 can be
precisely controlled according tolcontinuous changes in the amount of
the control light L. Therefore, it is possible to precisely control the
drive of the movable mirror 2608 according to input signals and {o
15  obtain a high quality projection image. In the resistor portion 2620, a
range of its resistance can be specified in the same manner as that
explained in the first embodiment. Therefore, it is possible to increase
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. 28, the position of the resistor portion 2620 is
provided between the driving electrode 2610a and the electrode 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 Fig.

107



el ectrostatic force F, the position of the novable mrror 2608 can be
precisely controlled according to continuous changes in the anount of the
control light L. Therefore, it is possible to precisely control the drive
of the novable mrror 2608 according to input signals and to 15 obtain a
high quality projection image. In the resistor portion 2620, a range of
its resistance can be specified in the same manner as that explained in
the first emhodiamstor porebaf2820 ndy be grosildul sotas foncoesasall thehe vari abl e
range of the potential difference between the driving electrode 2610a or

2610b and tfRtigRY AN ﬁx@téﬁ@gctz\ﬁ%vhﬂabreeﬁﬁﬁm 200BBAN6r tiem that of the
first enbodi nent. As shown in Fig. 26, the position of the resistor portion

2620 is prwigied the,ifdgiafi ghedTpfandelPanardedtheqe! ect rode
2605 and t&%ﬁkeen Bﬁ]tg\egsﬁsidgg\”g?eéé??gge 2610b 'and thengl e%trode 2605.

However, itsd.%.0Qt JiJ1 L.t l.on on } of 25
t he conductzld\;li by%vné!rtﬂz;go{age%ééoﬁ% g§0§%§_¢®or %‘i’anﬁ??ypgghgﬁo@ﬁ\%egnﬁ%. 107
310. a resistor, portion, k2820 i ) cover al e

port i ond o eREbBIRIGEL HEVES S0 ABnapererbistoadd BEHER FuRchuly®
positions where the drjvin | ectrode 2610 the drivin | ectrode 2610b,
and the el M‘F%@é" %’@)B't‘éF’@qEﬁﬁY"&&g?S&O @ﬁﬁ%'ﬁ@&“@ﬂ&?@%@ﬁg novabl e
mrror device 2600 can be regarded as, a device in whi cEt swi tches are
al t er nat el FCOSiGSRATEHNGlY taseitibepreafitbgIdNY B8 fieeT0d8S @é\é\%o@{bgmngl y to
either one of the driving el ectrodes 2610a and 26 -10 b. The novable mrror
devi ce 260@&l0kays el ectrically conducts 10 correspondingly to either one

of the driving el ectrodes 2610a and
The movable mirror device 2600 always electrically conducts

10  correspondingly 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 2610b 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 embodiment, 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 following elements can be used for the illumination
light source 2101 (see Fig. 19) of the projector 2100. The elements
include LED, a semiconductor 1aser, other solid-state light emitting
elements such as an EL element, and a lamp other than the solid-state

25 light emitting elements. The optically conirolled device according to
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261 . Therefore, even if the resistor portion 2820 is provided between
the two, the driving el ectrodes 2610a and 2610b are prevented from

el ectrical 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 261 Ca
and 2610b and the el ectrode 2605 are provided, it is possible to control

t he novabl ehgigresentipMictrio?bR0es fedib e efiziceiveiin theheassawheramtiner as t hat
explained in the first enbodi ment, changes of the position and the size of

the resist %nﬂ@%%ioﬂ@ro?%%e@fdrﬁ%d.t hes 2plsinkat A ttherafflog ederaies to a
desired value. Any of the follow ng el enents can be used for the

i Ilum nati ' r - EirGtio o =Tty . The
el emont e (e SREMEAEL EORENUREE v fions Mrenysph o hRELMNAEET:
emtting I ) : a t n the
sol i d- st at gngg&l%%%%%gﬁfﬁﬁgﬁ% 'E’:Fae%i‘e%@{.glﬁ'heﬂgop%ogg 'l QQC%E%%WM devi ce
accordipng to 108 the present inventjon is especial.ly effective in the case
Shere t Ra by dcamiie sqcorie B Hifie e RraRlint 698 Ueditihnal og
control is performed such_that continuous varjations are displayed using
vol tages rodudlayYica Bat pralAEs 8@%&@!@?@%@%@ éBJE?,a"{E’A%B&ﬁ{”ﬁEﬂi ly 5
control |l ed device according to the present invention nmay be used in any
devi ce t hattPepforae, @ ypitage cpmlied to heddanspaientelepleoand8y Sofklr ol ~ For
exanpl e, a voltage applied to the transparent el ectrode 2202 is set to
only a bi ndoyniplausinafy valusmef oif andued’, gmadarddaiictanahdeesxrressed iy
driving subfranes. 10 Furthernore, the present invention is also
appl i cabl e ditin@supfrtatnes.
10 Furthermore, the present invention is also applicable not only to
the case where optically controlled devices are arranged in an array
and are used in the projector 2100, but also to an optically controlied
device used for, for example, an optical switch for optical
communication. Particularly, in the optically controlled device
15  according 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 optically controlied device according to the
present invention is useful in a case where an optically controlled
device needs to be driven outside. Furthermore, the optically
20 controlled device according to the present invention is useful also in'a
case where analog control that causes the movable unit to continuously
drive is required.
Although the invention has been described with respect to a

specific embodiment for a complete and clear disclosure, the appended

25 claims are not to be thus limited but are to be construed as embodying
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t he case where optically controlled devices are arranged in an array and
are used in the projector 21 00. but also to an optically controlled
device used for, for exanple, an optical switch for optical conmunication.
Particularly, in the optically controlled device 15 according to the
present invention, even if the amount of control light is hard to be
controlled with high precision, a novable unit can easily be controlled.

Ther ef ore, dih@oafidzaidrsyaselievhbide doviste cicnertdangmdyotder toporsent
invention is useful in a case where an optically controlled device needs to

be driven Quhirddify tHeHEENGRIERN Ruirly 81 QHHiIS 2hb b adlc 60adHiRy IRIefeybce
according to the present invention is useful also in a case where anal og
cont rol thq&nﬁauses t he novable unit to continuously drive is required.

Al t hough the 1 nvention has been described with respect to a specific
enbodi mrent for a conplete and clear disclosure, the appended 25 clains are
not to be thus limted but are to be construed as enbodyi ng 109 al

nodi fications arid alternative constructions that may occur to one skilled
in the art which fairly fall wthin the basic teaching herein set forth.
110 WHAT IS CLAIMED I'S: 1. A nethod of controlling an optically controlled
device that 1includes a transparent electrode that is optically
transparent, a conductivity variable portion that is provided on the
transparent 5 el ectrode, where electrical conductivity changes according to
ail amount of control |ight passing through the transparent el ectrode, a

110



driving el ectrode provided oil the conductivity variable portion, a

novabl e unit that is novable to a predeterm ned position, and a support
portion that novably supports the novable unit, conprising: 10 inputting
the control light of a constant intensity into the transparent el ectrode,
appl ying a voltage nodul ated according to ail input signal between the
transparent el ectrode and the novable unit: and noving the novable unit to

t he predet ayMATRES AAIMBD gy 15 generating a force proportional to the
vol tage between the driving electrode and the novable unit based on a

change of e ectrigaethb@MtUdrt¥dilig@n bhecsPNedRtrovblHeaacd abhte portion
caused by the inputting of the control |ight into the transparent

el ectrode. 20 gelleyaRLhac ACEREHING {13t 1 Spicd iy WhtisHllehfia Movabl e unit

has a reference poten 'ower than that ving €lectrode so that
the force pr ti.0nal . ol - j bet ween t he
driving el 52’@%@%@%&28’%{@;&%;@0@%?@ th%?fs H%H@éﬁ $%e{h%e€§@§5%ie?grdi ng to claim
1, wherein t]he navab e unit has, ill .a r.e}erﬁnce got ent i .al thi er than that
of the dri ARG RFeCIPEHR SdoctiGal copAUCHIIE ENBPBEAICORAN!S The vol t age
nodul ated i s generated between the driving electrode and the novable unit.
The ot hod BRSSP PEREO MG ToRBSTRGNER YA e &3S PRI HBIECEOY ot ng
resetting the driving el ectrode and the novable unit to substantially sane
potential dUhing electioge whieniderdeor dhe conductMity ivariapis RErieLR i nto the
transparent electrode. 10 5. The nmethod according to claim4, wherein
movable unit that is movable tc a predetermined position, and a
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 to an input signal
between the transparent electrode and the movable unit; and
moving the movable unit to the predetermined position by
15 generating a force proportional 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.

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 proportional to the voltage moedulated 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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t he support portion is nmade of a flexible material, and when a force
proportional to the voltage nodulated is not generated between the driving
el ectrode and the novable unit, a tine for resetting the driving el ectrode
and the novable unit to the 15 substantially sane potential is shorter than
a response tinme during which the novable unit is novable by an action of
the support portion having flexibility. The nmethod according to claim 4,

wherein a Fﬂf@&ffée hicidihggREr thdiving ol teetdodegasidetrbde movitaite uni t
reach the virtually same potéential is earlier than a timng at which the

vol tage mogul 3had biondthBhafth 1 VBIAGE MbAGRALE S e rate dopéindd y

control | ed ‘déevice I'ncludes a transparent el'ectrode that is

optically Eﬂi%ﬁr%@f@%ﬁ%@?%‘ﬂ%g%”a‘% Eﬁﬁ!e portion that is provided on

the transp wher e el ectri conductivity changes according
to an anount of control |ight passing through the transparent el ectrode, a
driving el ectrode provided on the conductivity variable portion, a 5

novabl e unit that is novable to a predetermn ositjon, support
porti on5t hat rrové_m%/mﬂibﬁ‘érat@otrﬂ'é‘gnﬁ/%'ﬁyé’nl?n‘?f&aﬁ'ﬂﬁﬂrl%?nB’.ﬁﬂ%'ﬁputti ng the
control light of an intensity nodul ated according to an jn ui(i signal into
the transpaoenprisingciesetténg thedyiving gledmdaand Pt'&&éaglﬂ a}é 10t he
transparent electrode 10 and the novable unit; noving the novable unit to
the predet esutistautizibssaimenp bientipd serig agine Mdrareths 6potel Ball sto the
intensity of the control |ight S

being input 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 proportional to the voitage modulated is not
generated between the driving electrode and the movable unit, a time
for resetting the driving electrode and the movable unit to fhe
15  substantially same potential is shorter than a response time during
which the movable unit is movable by an action of the support portion

having flexibility.

6. The method according to claim 4, wherein a timing at which the
20  driving electrode and the movable unit reach the virtually same
potential is earlier than a timing at which the voitage modulated is

applied.

7. A method of controlling an optically confrolled device that

25 includes a transparent electrode that is optically transparent, a
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between the driving electrode and the novable unit based on a change of
el ectrical conductivity of the conductivity variable portion according 15
to the intensity of the control |ight caused by the inputting of the

control light into the transparent electrode; and resetting the driving
el ectrode and the novable unit to substantially sanme potential during a
time when the control light is being input into the transparent el ectrode.

20 The et homhdqesiondivegidide poatioh thawhepeividédi@nsthepoahspardriton is made of
a flexible material, and when a force according to the constant voltage is

not gener atggd.het¥esnctdeiditivangoptgetiviedenanget ke conyiable amit, a tine
for resetting 25 the driving electrode and thé novable unit to the

substant | aldofosags ddBPHGAL ggx{,séihgyrﬁggﬂ%ﬁ&hé@%s%arrsﬁp%%@mtderr% during

\r/]vhi ch tPIe rr_oval_ un|th I ction of 'the support portion

avin exj hi.lity, i - i : [ tim
at which tfﬁgﬁafgve?f%g?r%?%ﬁ‘m@%d:%@?}ﬁ SR BT R R BB A M Bl 1y
sane otenti [ lier th i m whi t he,. |, Iight of th
"t ens! By BaUPeadtT et uhpAaP Rt S realte el i uER AR e device
conprising: 10 a trol-1ight tical t t hat [ . trol
lght: o (SRRABLPERIOBINAL FEUEDBHEY PRQTDR0T CAPYIP IR UG faraRts g
conductivity variable portion that is provided on the transparent

el ectrode, wher e ipeiting g C‘é'ﬁrﬁ@lh&@h‘t\/ﬁ”tpﬁn imengdy rmeediaded gecesding Wnount of

control light passing through the transparent el ectrode;
an input signal into the transparent electrode;

applying a constant voltage between the transparent electrode
10 and the movable unit;
moving the movable unit to the predetermined position by
generating a force proportional 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
15 to the intensity of the control light caused by the inputting of the control
light into the transparent electrode; and
resetting 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. |
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 voitage is not generated
between the driving electrode and the movable unit, a time for resetting

25 the driving electrode and the movable unit to the substantially same
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15 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
t hat 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 20 el ectrode, wherein the optically controlled
device is controlled by a nethod including inputting the control |ight of

a constant JqikgNSH fyshdt@r it atrlea8PBRIE Qithe ARRY AERSHh BRPIUVEGIA Ul t age
nodul at ed according to an input 114 signal between the transparent

el ectrode 4@%6&%1@%{;@‘%&&% of M¥lsuFBYHNSHABR HEKAR RxHty. L0 the

predet er m ned positi generating a force proportrona t he vol tage
between the driving electrode and the novable unit based on a change of
el ectrical conductivity of the conductivity variable portion caused by the

i nput ti f th trol light into the t t.electrod A

opt i cal 1y cont r ol MBIMA0PE AL GETY T 3RE 10 Eyhe SHDIRER! &0t om ¢ hat
|| trol light; 10 a t t el de that i ticall

{1 nspapenthodORAREFEES A IEMOBOIT L0 RGN e (FPIMSITR the

transparent el ectrode, where electrical conductivity changes according to
an anount dfotentiak isl eanlighthpasstingng @t syahithe qardrd dighé o theect rode; a
driving el ectrode provided on the conductivity variable portion; 15 a
nmovabl e uniintertsitty meduiatatlie itlemingheddet er mi ned position;

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 conductivity variable portion that is provided on the
transparent electrode, where electrical conductivity changes according
to an amount of control light passing through the transparent electrode;

15 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 that supplies either of a voltage modulated
according to an input signal and a constant voltage to the transparent

20  electrode, wherein
the optically controlled device is controlled by a method
.inCMding
inputting the control light of a constant intensity into the
transparenf electrode;

25 applying a voltage modulated according to an input
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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 electrode, wherein 20 the
optically controlled device is controlled by a nethod including inputting
the control light of an intensity nodul ated according to an input signal
into the transparent el ectrode; applying a constant voltage between the
transpar entsigal isdiedarotiee andshbbesnosiekt@denatd tid momableqtihearmpvabl e uni t
to the predeterm ned position by generating a force proportional to the

intensity of the contrgholinghthe PetvuBRNULRGodhEW rBdetd RehEadANENt he
novabl e unit based on a change of electrical conductivity of the

conductivit i i i Ghisin i trol
TCont causdy FaheHRirs Bblce BraiRbhialth tnd 160kt B e ant

el ectrode; god paselld G LIS Vo slarbrodenand ihe mavanie unit to

subst anti ally sane po uring a € con l'ight is being

R e O e T

having a novaple mrrqr , .that is novable to a predeterm ned position,
wherei n ea tBF Ct%r%gtgrﬁém%/m?oﬁﬁpéPPE\WtrﬁJ@ﬁHP €nirror devices includes
15 a control-l1ight optical systemthat supplies a control

11. An optically controlled device comprising:
a control-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 control light passing through the transparent electrode;

a driving electrode provided on the conductivity variable portion;

15 a movable unit that is movable to a 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, wherein |

20 the optically controlled device is controlled by a method
including
inputting the contro! light of an intensity modulated
'according to an input signal into the transparent electrode;
applying a constant voltage between the transparent

25 electrode and the movable unit;

15



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 20 to an 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; 25 a support portion that

movably supports the mpnebing themeniable ant ta thevpiedsupphiieth@dsisonpl i es
either of a voltage nodulated according to an input signal and a constant

vol tage !0 ghgentfANRPAITBRe BIESSMRARI t6 thot@RKigalitecamiralild movabl e

mrror device'is contrtolled by a method including inputting the control
ol s o ERUSEA BAGRELIlke, A nd SERREE Shagh LR ranEly 0 2
ol ectr ode, MG P EARGHL o 08 00 R AR b RS, g
e S b a5t 5 S PR TN b e BB P e SREBREC e
i nputting %%h?ﬁnﬁpﬁmfﬁgkgggnLh%Qgchg&g;228 transparent el ectrode, and
resetting 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.
10
12. A spatial light modulator comprising a plurality of
optically-controlled movable mirror devices having a movable mirror
that is movable to a predetermined position, wherein
each of the optically-controlled movablie mirror devices includes
15 a control-light optical system that supplies a control
light;
a transparent electrode that is optically transparent;
a cdnductivity variable portion that is provided on the
transparent electrode, where e[éctrical conductivity changes according
20 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;

25 a support portion that movably supports the movable
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the novable portion is the novable mrror. 13. A spatial |ight nodul ator
conprising a plurality of optically-controlled movable mrror devices
having a novable mrror 20 that is novable to a predeterm ned position,
wherein each of the optically-controlled novable nmirror devices includes a
control-light optical systemthat supplies a control light; a transparent
electrode that is optically transparen 25 a conductivity variable portion
that is proy %g] n the 117 transparent el ectrode, where electrical
conductivity changes according an amount of control |ight passing through

the transparent electr %gﬁéweﬁSggbm%f‘ée\ﬁ&ilfe%d@iﬂ%lo& é’%lt@get he

conductivity vari abl e I'on; nit that 1s novable to the

predeterm ned position; suppor t i t r he novabl e
e o e SROTA Ry R RHBPSh i PPLL bR hie's, FRNe veheeer e o
according to an input si %}gelh and a constant voltage to the transparent

L t

el ectrode, .tfﬁ‘féSRfd?PE&iqq rolled novable mirror device is controlled by
a method including inputting the contr i f .an.int ePsi t& bnygul at ed
o a

15 accobding to dheianspallyremrolied BWQW%E?FB&E’%&?%‘HF%? &ONFQYE plying a
const ant vol t age between the transparent
method including
inputting the control light of a constant intensity into the
transparent electrode;
applying a voltage moduiated 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 proportional to the voitage between the driving
electrode and the movable unit based on a change of electrical
conductivity of the conductivity variable portion caused by the inputting

15  of the contro! light into the transparent electrode, and

the movable portion is the movable mirror.

13. A spatial light modulator comprising a plurality of
optically-controlied movable mirror devices having a movable mirror
20 that is movable to a predetermined position, wherein
each of the optically-controlled movable mirror devices includes
a control-light optical system that supplies a control
light;
a transparent electrode that is optically transparent;

25 a conductivity variable portion that is provided on the
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el ectrode and the novable unit; noving the novable unit to the
predeterm ned position by generating a force proportional to the intensity
of the control light 20 between the driving el ectrode and the novable unit
based on a change of electrical conductivity of the conductivity variable
portion according to the intensity of the control |ight caused by the
inputting of the control light into the transparent el ectrode; and

resetting tthenghydrennelaitesde odhendlddtecabyaibd ectivityt chan@és sobstdingi al |y
same potential during a tinme when the control light is 118 being input into

the transpabesi afl QeI NntAddigMaBadtRrdquH ifetradsphreitabiredsi rror.
14. A projector conprising: 5 an illumnation |light source that supplies an

| [lunination 1ignt- a spafilly Lleelfodohided e cOMIGAG Vatiable
illumnation |ight accorcil ng to an 1 nmage signal to output a nodul ated
light; and F?qr%ﬁj ection lens that projects the nodul ated Iight, wherein

the spatial”1ight nodulator includes a plurality of 10 optically-controlled

novabl e _m rror devices having,a. nyv, ' ' v to a

pr edet ePni ned posi ti on,? @é’é"ﬁ%(lﬁ uﬁﬁet%%g? %(g\qu{}eé%nﬁ%oqr?ggp%ﬂ@hgpe mrror
devi ces incl udj, nrg_ a control-light optical systemthat supplies a control
light: 15 P954¥eparent el ectrode that is optically transparen

a support portion that movably supports the movable
unit; and
a power supply that supplies either of a voltage
10  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
15 according to an input signal into the transparent electrode;
applying a constant voltage between the transparent
electrode and the movable unit;
moving the movable unif to the predetermined position
by generating a force proportional to the intensity of the control light
20 - 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
tight into the transparent electrode; and
resetting the driving electrode and the movable unit to

25 substantially same potential during a time when the control light is
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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 el ectrode; a driving

el ectrode provided on the conductivity variable 20 portion; position;
unit; and a novable unit that is novable to the predeterm ned a support
portion that novably supports the novable 25 a power supply that supplies

ei ther of @eVeY tRae ihlS tHS B npedepEerdiote, tancan i nput signal and a
constant voltage to the transparent electrode, the optically-controlled

movabl e mirror deyk 6eo|shie Pl Hish! i8dnkYmavabRE Refotncl uding 5 inputting the

control light of a constant Intensity into the transparent el ectrode;
appl ying a voltage nodul ated according to an input signal between the
transparent el ectrode and the novable unit; and noving the novable unit to

t he predeterm ned position 1 . generating a force proportional to the
vol t age beﬁv‘xj'/een &ﬁr%?i’ﬂﬂfﬁgorgaﬁg%‘%rode and the novable unit based on a

AT I TR SRS T SN R
el ectrode, and tgespneﬂ\ilaa}blilg%tpn%éhl%%li’ %hettthn%o%}/aa%gls(?Ehcreﬁiﬁtz%riﬁat%OSn light
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 plurality of
10  optically-controlled movable 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
light;
15 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 control light passing through the transparent electrode;

a driving electrode provided on the conductivity variable

20 portion;
a movable unit that is movable to the predetermined
position;
a support portion that movably supports the movable
unit; and

25 a power supply that supplies either of a voltage
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15. A projector conprising: an illumnation |light source that supplies an
illumnation light; a spatial |ight nodul ator that nodul ates the
illumination light according to an inmage signal to output a nodul ated
light; and 20 a projection lens that projects the nodul ated |ight, wherein
the spatial |ight nodulator includes a plurality of optically-controlled
novabl e mrror devices having a novable mrror that is novable to a
predet er m naddprRséd izeaordiaghtoodn imeut sighatahtya constaolt vedageviabihe i rror
devices including 25 a control-light optical systemthat supplies a control

120 light; taaddpareRaERIirsdect rode that is optically transparent a
conductivity variable portion that is provided on the transparent

| ectrode, wh o=\ (VA ] cor di t of
el ectrode ereé@%ﬁ%‘tfe‘aﬂ&gﬁﬂﬂﬂ% H’d\}a\bléWﬁl?ﬂﬁfdé\ﬁ&@ﬁ@b@ﬂgl%ge.aw& 0

control light pa thr e transparent el ectrode, riving

Oﬁﬂcﬂwihge conductivity variable portion; a novable unit
0 the

el ectrode R, QM
that is nova 5 € redeterm ned position; 10 a support portion that

of 2 vePtage. modul at el adtaedir e n AR coBE iRl R hER I v ol 1 age
to the transparent electrode, 15 the optically-controlled novable mrror
device is éEﬂ{FSrP(ﬂrP@HekﬁFt‘%P €
applying a voltage modulated according to an input
signal between the transparent electrode and the movable unit; and
moving the movable unit to the predetermined position
10 by generating a force proportional 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, and

the movable portion is the movable mirror.

15
15, A projector comprising:
an illumination light source that supplies an illumination light;
a spatial light modulator that modulates the illumination light
according to an image signal to output a modulated light; and
20 a projection lens that projects the modulated light, wherein
the spatial light modulator includes a plurality of
optically-controlled movable mirror devices having a movable mirror
that is movable to a predetermined position, each of the
optically-controlled movable mirror devices including
25 a control-light optical system that supplies a control
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met hod including inputting the control light of an intensity nodul ated
according to an input signal into the transparent electrode; applying a
constant voltage between the transparent 20 el ectrode and the novable unit;
novi ng the novable unit to the predeterm ned position by generating a
force proportional to the intensity of the control |ight between the
driving el ectrode and the novable unit based on a change of electrical
conducti vi tighef the conductivity variable portion according 25 to the
intensity of the control Iight caused by the inputting of the control 121

light into the transpagephnsheedntedectrand thesrt dpigaltyheadspuriarg; el ectrode
and the novable unit to substantially sanme potential during a tinme when

the control light is é)olg Hjﬁrﬁ,@@r@ g‘ |heatdrpgls and the
novabl e portion is the cf/}gjbl'?éeimnﬁyr\?ré(ﬁ rnI opti cal yocont roll ed device

compr | ST NGrehspant Pégg‘tﬁﬂlfet%ér%a%le%ﬁ%ﬁr%&ﬁlﬂ}ct R SRy BOBMg | ! Ot

a transparen Iec I's optical ranspar a conductivity

el eotri fal ta AT €] ol éé@ﬁ@@%ﬁhﬁi&ﬂ@@ﬂ%ﬁ TRt B ol g
E’ ﬁZSLSEdLE‘I "ty vari ra%“ b1 /sR50s RIVALON e AT GRS ot he

pr edet er m ned position; 15 a support portion that novably supports the
novabl e uniPOtio®; power supply that supplies either of a voltage nodul at ed

a movable unit that is movable {o the predetermined
position;
10 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 fo the
transparent electrode,
15 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 voltage between the transparent
20 electrode and theimovabie unit;
moving the movable unit to the predetermined position
by generating a force proportional 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

25 to the intensity of the control light caused by the inputting of the control
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according to an input signal and a constant voltage between the
transparent el ectrode and the novable unit; and a |ight-shielding unit that

is provided between the transparent 20 electrode and the control-Iight
optical system the light-shielding unit including an aperture, wherein
the aperture is arranged such that the control light fromthe .
control -l1ight optical system passes through the aperture to be input into

the transpapenintg! et t-ofsparnttdiecteents ahdl i ght passing through the
aperture isTinput only into 122 the transparent electrode to generate a

predeternined force belyeamnqtie @filingheleetrdebr Ae Rnehdipieuvable unit,
and the novable unit ig m)\'t};gg Hb“y trl1e| gredetern‘i ned force. 5 17. The

opti cal |y coptiold A dvCeomteR SLARlS (FLAWRetPIdBEREbNIghie transpar ent

el ectrode i I'rst transparent el ectrode and a second
transparent el ectraode he . power | i a predeterm ned vol tage
bet ween th e”i’gr]%'i"”t'P&%iib%tt%ﬂw@réﬁfglt%@%gﬁed aﬁﬁde novabl e unit. 10 the
second transparent el ectrode i that a reference potential of

d S p i ded
the secénd transé*&?é"r‘\‘?V%l?léoqqué'%@p'rﬁgwﬁi'Te"'%f%gﬁ M 8M t hat of the first

transparent electrode, the control light includes a first control |ight and
a second control light, 15 the aperture is arranged such that the first
control light and the second control |ight pass through the aperture, the

first contri@ |i gtit opfcally controlled device comprising:

a control-light optical system that supplies a controi light;

a transparent electrode that is optically transparent;

10 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 transparent electrode;

a driving electrode provided on the conductivity variable portion;

a movable unit that is movable to the predetermined position;

15 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 voltage between the
transparent electrode and the movable unit; and

a light-shielding unit that is provided between the transparent

20 electrode and the control-light optical system, the light-shielding unit
including an aperture, wherein

the aperture is arranged such that the control light from the
control-light optical system pésses through the aperture to be input into
the transparent electrode,

25 the control light passing through the aperture is input only into
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input only into the first transparent el ectrode, 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 generate the predeterm ned force between the
driving electrode and the novable unit, and the second control |ight
passi ng through the aperture is input into the second transparent

el ectrode g hrdiaplart hee HdtMdtEheakrftden pheGetchmingd é6eaceetimemtial . 25
123 18. A spatial |ight nodul ator conprising a plurality of

opti cal | v ¢t LA ISERNGHL Sndl thedhod8¥iCRRithaKkNg a rovabl e mirror  that

is novable to a predeterm ned position, wherein each of the

opt i cal 1y cont ol eth SPMALG 14 Filucion] 66 oragliipmed gaat ol -1 i oht

optical systemt supplres a control ransparent el ectrode that
is optically transparent; a conductivity variable portion that is provided
on the transparent el ectrode, where electrical conductivity changes

accordi ng to anmount of control, |ight passing throu t he transparent
el ect r otle; ]ﬁa dr %?n@o@%& pg@goﬁggﬂed@ge 898?'@”889&]&'{@ %t VWIFAFI™bI e
portion; a novable unit that is novable to the prede},erm’ ned os'{ti on; 15
a support portiothg Hanspavan! §lestinss inclygrs ableanta first transparen

electrode and a second transparent electrode,
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 control light and a second
control light,

15 the aperture is arranged such that the first control light and 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 generate the predetermined force

between the driving electrode and the movable unit, and

the second control light péssing through the aperture is input
into the second transparent electrode such that the driving electrode
has the reference potential.

25
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unit; 20 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 light-shielding unit that is provided between the
transparent electrode and the control-light optical system the

l'i ght-shielding unit including an aperture, the aperture is arranged such
that the control light fromthe control-light optical system passes
through t hegaper ruseatial lhghti mpdulatot eedipidiegta phephtyeot el ectrode, 124 the
control light passing through the aperture is input only into the

t ranspar entop@lcafi IR dIR ORIREANE rdir iresisliesshaethd areevHislewegior t he
driving electrode and the novable unit, and the novable unit is noved by

the pr edet gf i RaflolabP1o A%relaferRakbolitight wHRAMlrat or according to claim

A ;
18, wherein e aperture provi ded on a position corresponding to the

movable mrror.  gon iangPase Al baRkollBE Al 861eaRH ILBgickS ifLRIdES!S

wherein 10 the transpa ode inclu I'rst transparent

i rror <ol s arranged i el SO IGNSHEIE i faPstoRliehi Bt ©

substanti al | % perpendi cular to each other on a predeterm ned plane, and 15
t he apertur“@ has a rect angul ar shape having a longitudinal side in a

direction substantially perpendicular to a direction in which the first
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 electrode;

a driving electrode provided on the conductivity variable

portion;
a movable unit that is movable to the predetermined
position;
15 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 voitage to the
transparent electrode; and

20 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 to be input into

25 the transparent electrode,
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transparent el ectrode and the second transparent electrode are arranged in
parallel. 20 21. A projector conprising: an illumnation |ight source that
supplies an illumnation light; a spatial |ight nodul ator that nodul ates
the illumnation light according to an inage signal to output a nodul ated
|ight; and a projection lens that projects the nodul ated Iight, wherein 25
the spatial |ight nodulator includes a plurality of 125

optical | y- cont r olthedombnbight massarg denviugést heaxpaduee inglolt @nhy intor  t hat
is novable to a predeterm ned position, each of the optically-controlled

novabl e m rRentrAeM fent enedtbsle 8o geteniteoh Priabterdfhbgabrsy Beamémat
supplies a control 10 light; a transparent electrode that is optically

transparentpe &iﬁf«?@%ﬂl&étm&é%n\eﬁm@m&awtuinw,l agngat is provided on the
transparent el ectrode, ere electrical conductivity changes according to

an_amount of CO”EHQ'me%@g @rﬂifﬁlﬂ%\}é&f BgQHeFd?SdBférﬂﬁﬁga%Fce?! ectrode; a

driving el ectrode provi e conductivity variable portion; 15 a
anabIe5unit that is novable to the predeterm ned position; a support
portion“that novably supports the novable unit; a power supply that

supplies e|1t9her ci'fheasggtliéialg&t modulator according to claim 18, wherein the

aperture is provided on a position corresponding to the movable mirror.

20. The spatial light modulator according to claim 18, wherein

10 the transparent electrode includes at least a first transparent
electrode and a second transparent electrode,

a plurality of the movable mirrors is arranged in a léttice-shaped

manner in two directions substantially perpendicular to each other on a
predetermined plane, and

15 the aperture has a rectangular shape having a longitudinal side
in a direction substantially perpendicular to a direction in which the first
transparent electrode and the second transparent electrode are

arranged in parallel.

20 21, A projector comprising:
an illumination light source that supplies an illumination light;
a spatial light modulator that modulates the illumination 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 inciudes a plurality of
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nodul at ed according to an input signal and a constant voltage to the
transparent electrode; and a |light-shielding unit that is provided between

the 20 transparent electrode and the control-light optical system the
light-shielding unit including an aperture, the aperture is arranged such
that the control light fromthe control-light optical system passes

t hrough the aperture to be input into the transparent el ectrode, 25 the

control |i ghticRgsiongrdlFor@vabhe napertdevces hianpig aombyabletmirt@6 t he
transparent electrode to generate a predeterm ned force between the

driving el egiy RdporAgId fif ol &rhinel, p@dilohheaBRUAlthe unit is noved by
the predetermned force. 5 22. An optically controlled device conprising: a

cont ol -1 | gticanti ke IR BIVERAS nHHRRIdicds BAbiply i oht:  a transpar ent

el ectrode t optically transparent; a conductivity variable portion

et v, Brov 9o on (g canpReRSRCR S et gL PRl

conductivity changes a g 0 an ‘anou
t hr ough thT %&ansparent el ectrode; a driving el ectrode provided on the
conduct?vi'? ariable portion; a novable unit that is novable to the

predet erm ned position; a suppor ortion,that nova supports the novabl e
unit; a power supply @Hé@ngg%aqtt@ge%tir? %rthﬁfl'saol?/wggégaﬁggﬁf%ﬁﬁed 15
according to an input signal and a constant vol ta?e bet ween the transparent
el ectrode and the novaBl@nigtivitynerahlegietion thatis 8rOYIHEE 95t ovi ded

bet ween the driving el ectrode _ o _
transparent electrode, where electrical conductivity changes according

to an amount of control light passing through the transparent 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 supports the movable

15  unif;

a power supply that supplies either of a voltage
modulated according to an input signal and a constant voltage to the
transparent elecirode; and

a light-shielding unit that is provided between the

20 transparent electrode and the control-light optical system, the
light-shielding unit including an aperture,
the aperture is arranged such that the controi light from the
control-light optical system passes through the aperture to be input into
the transparent electrode,

25 the control light passing through the aperture is input only into
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and the novable unit, the resistor portion having a predetern ned

resi stance, wherein 20 the predeterm ned resistance is any value in a range
between a mnimumresistance and a maxi numresistance of the conductivity

vari able portion, the control light is input into the transparent el ectrode
to generate a predeterm ned force between the driving el ectrode and the

25 nmovable unit, the predeterm ned force corresponding to the resistance 1

of the conc{Héttra/népar\éat ealdteo otd igemerareda tredsteratihed foide betwesrd by t he
predeterm ned force. 23. The optically controll ed device according to claim

22, wherei npg drw[hg\@lél&r@@@@ﬁdm irfovellé Shitend4RL=Rc- . <Ru/ 4 where RL is
the m ni mum r esi stance of the conductivity variable portion, RDis the

maxi mum r esi st an(iﬁe%O\tr%'k?le%ﬂ‘f“t‘e??ﬁd’déd’b%%b?ﬂb@eﬂé?*n‘ilh@a forpsl RO is the

resistance of the resrs portion he optically controlled device
according to claim22 o wherein follow ng equation is satisfied Rc=(RLXRD)
1/2 where RL is the mninmumresistance of the conductivity variable

Porti ond ame R A% OPREBTESPEIRIEY St AERePhelefir "portion. 35, A spatia
| ght rmdul ator Caoggtrltlrgi ﬂght oBLgélas;'/sttém hat supplies a control light;
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 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;
a power supply that supplies either of a voltage modulated
15 according to an input signal 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 resiétance 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 electrode to

generate a predetermined force between the driving electrode and the

25 movable unit, the predetermined force corresponding to the resistance
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optically-controlled novable mrror devices having a novable mrror 20
that is novable to a predeterm ned position, wherein each of the
optically-controlled novable mrror devices includes a control-Iight
optical systemthat supplies a control light; a transparent el ectrode that
is optically transparent; 25 a conductivity variable portion that is
provided on the 128 transparent el ectrode, where electrical conductivity

changes ace@kik egndtiotiainy aapuble pbridomtamd | i ght passing through the
transparent electrode; a driving el ectrode provided on the conductivity

variabl e portionihdnfovENaRift Wiinbvehaly tife FRY@dteenived hercpr edetermned  a
support portion that novably supports the novable wunit; a power supply

that supplies either of a voltage 10 nodul ated according to an input signal
and a constant voltage to the transparent electrode; and a resistor

portion th IS V] e Vi GLT d vabl e
unit, the ?ésist@bgﬁ%ﬁﬁ%%ﬁ’%%@?ﬁ%é%ﬁegﬁg%g?g?ﬁﬁﬂ ggf%%ﬁg?ghgggﬁﬁgpthe
predet e niﬂﬁﬁH&BSiSta e i.s an%.vglue in a range between a mninmum

resi st ahce 09 GBAHIRN 1R SAPLRe of the conductivity variable portion,
the control light is input into the transparent electrode to generate a
pr edet er ni ned foﬂBeﬁﬁeﬁﬁbéﬁ the driving el ectrode and the

where R_ is the minimum resistance of the conductivity variable portion,
Rp is the maximum resistance of the conductivity variable portion, and
Rc is the resistance of the resistor portion.
10
24, The optically controlled device according to claim 22 or 23,
wherein following equation is satisfied
Ro=(RucRo) " |
where R_ is the minimum resistance of the conductivity variable portion,
15 Rp is the maximum resistance of the conductivity variable portion, and

Rc is the resistance of the resistor portion.

25. A spatial light modulator comprising a plurality of
optically-controlled movable mirror devices having a movable mirror
20 that is movable to a predetermined position, wherein
each of the optically-controlled movable mirror devices includes
a control-light optical system that supplies a control
light;
a transparent electrode that is optically transparent;

25 a conductivity variable portion that is provided on the
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20 novable unit, the predeterm ned force corresponding to the resistance of
the conductivity variable portion, and the novable unit is noved by the
predeterm ned force. 26. an illum nation |light source that supplies an
illumnation light; 25 a spatial |ight nodul ator that nodul ates the
illumnation Iight 129 according to an inmage signal to output a nodul ated
light: and a projection |lens that projects the nodul ated |ight, wherein
the spati altrangldrembeldctode i whkreleeariphucahdbgtivify cloptgeskbcgentingr ol | ed
novabl e mrror devices having a novable mirror that is novable to a

predet er m ngcarpafduminuf @Atfoldightheasong tealdgh grtraakbareimyablredsl rror
devices including a control-light optical systemthat supplies a control 10

light; a transparent elae&ﬁm%eenfe%%despma@@Iolnythterﬁ&mtﬁmty;vaﬁable

conductivity variable portion that is provided on the transparent
el ectrode, epR- el ectrical conductivity changes according to an anmount of
control lidght passing through the transparent el ectrode; a driving

elect ode prov ded on L SRS WRIRE 90 Bhe el Tk O
nmovabl y Squ%%rittlgn;t he novabl e unit;
a support 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

transparent electrode; and

a resistor portion that is provided between the driving
eléctrode and the movable unit, the resistor portion having a
predetermined resistance,

15 the predetermined 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 electrode to
generate a predetermined force between the driving electrode and the

20  movable unit, the predetermined force corresponding to the resistance
of the conductivity variable portion, and

the movable unit is moved by the predetermined force.

26. an illumination light source that supplies an illumination light;

25 a spatial light modulator that modulates the illumination light
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a power supply that supplies either of a voltage 20 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. 25
the predeterm ned resistance is any value in a range between a 130 m ni num
resi stance and a maxi num resi stance of the conductivity variable portion,

t he cont roladcoghing t® amputagensigneh bugndparmeduletesttigbijeanido generate a
predeterm ned force between the driving el ectrode and the novable unit,

the predeterm neg H@jeeticons s pomdiingette theenbdalsbanemt, whetdia
conductivity variable portion, and the novable unit is noved by the
predeterm ned forge.sphdhl light modulator includes a plurality of
optically-controlled movable mirror devices having a movable mirror
5 that is movable to a predetermined position, each of the
optically-controlled movable mirror devices including
a confrol-light optical system that supplies a control
light;
a transparent electrode that is optically transparent;
10 ' 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 transparent electrode;

a driving electrode provided on the conductivity variable

portion;
15 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 ofla voltage
20 modulated according to an input signal and a constant voltage to the
transparent electrode; and
a resistor portion that is provided between the driving
electrode and the movable unit, the resistor portion having a
predetermined resistance,

25 the predetermined resistance is any value in a range between a
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minimum resistance and a maximum resistance of the conductivity
variable portion,

the control light is input into the transparent electrode to
generate a predetermined force between the driving electrode and the
movable unit, the predetermined force corresponding to the resistance

of the conductivity variable portion, and

the movable unit is moved by the predetermined force.
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