; e3eHkf f gDhF"ij 6] THkdoD200207130 1 5 M CRO-M RROR DEVI CE W TH LI GHT ANGLE
AMPLI FI CATI ON 10 Cross-Reference to Rel ated Applications This application
is a Continuation-In-Part of copending U S. Patent 15 Application Seri al

No. 10/136,,8dR7140i | €ed on April 30, 2002, assigned to the assignee of the
present invention, and incorporated herein by reference. The Field of the

I nvention 20 The present invention relates generally to mcro-actuators,
and nore particularly to a mcro-mrrot device. Background of the Invention
25 M cro-actuators have been fornmed on insulators or other substrates using
m cro-el ectroni c techni ques such as photolithography, vapor deposition, and
etching. Such mcro-actuators are often referred to as

m cro- el ectronechani cal systens (MEMS) devices. An exanple of a

m cro-actuator includes a mcromrror device. The mcro-mrror device can
be operated as a |light nodul ator for 30 anplitude and/or phase nodul ation
of incident light. One application of a mcro mrror device is in a display
systeWISAs such, multiple mcro-mrror devices are 200207130 2 arranged
in an array such that each mcro-mrror device provides one cell or pixe

of the display. A conventional mcro-mrror device includes an

el ect rost ati cal MICRO-MIRRORDEVIOE WITH IGHT ANGLE AMPLIFICABION an axis of
the mrror. As such, rotation of the 5 mirror about the axis nay be used to
nodul ate incident light by directing or reflecting the incident light in
different directions. To effectively direct the incident light in different
directigns, the angle of the reflected light nust be sufficient. The angle
of the ¥eflected | ight may be increased, for exanple, by increasing the
angle of rotation or tilt of the mrror. Increasing the angle of 10
rotation or tilt of the mrror, however, nmay fatigue the mrror and/or
produce sl ower response tqrﬁﬁngfWettﬂgqlﬁt?‘yﬁ‘Ppwa%Pn%e rotated or tilted
over a larger distance. Accordingly, it is desired to effectively increase
an angle of reflected Iight fromthe mcro-mrror device w thout having to
i ncrease rot at i dhisoapRiicationgs atGrntingatign-indrarbef qapending LbSnPateBt devi ce.

Summar y0f A lcéﬂfﬁffa@érﬁl%emoqﬁm%ﬁqg?filé’é oh ABriPSE 2008, AddifRHIteher OVi des a

m cro-mrror device. _ _ _ _
assignee of the present invention, and incorporated herein by reference.

The Field of the Invention

20 The present invention relates generally to micro-actuators, and more

particularly to a micro-mirror device.

Background of the Invention

25 Micro-actuators have been formed on insulators or other substrates using
micro-electronic techniques such as photolithography, vapor deposition, and
etching. Such micro-actuators are often referred to as micro-electromechanical
systems (MEMS) devices. An example of a micro-actuator includes a micro-
mirror device. The micro-mirror device can be operated as a light modulator for

30 amplitude and/or phase modulation of incident light. One application of a micro-

mirror device is in a display system. As such, multiple micro-mirror devices are



20 mcro-mrror device includes a substrate and a plate spaced from and
oriented substantially parallel to the substrate such that the plate and
the substrate define a cavity therebetween. A reflective elenent is

i nt er posed Jdgedomesdn the substrate and the plate, and a |iquid having an

i ndex of refraction greater than one is disposed in the cavity between at

| east the reflective elenent and the 25 plate. As such, the reflective

el ement is adapted to move between a f#rst position and at |east one second
position. Brief Description of the Drawings 30 Figure 1 is a schematic

Cross- sect izpranged irean atrby stictethah@achvaicesvinirdorrdeniceqirovidesone cell @f a
mcro-mrror deV| ce accordl ng to the present invention. 200207130 3
Figure 2 i Pixel gbthestishla e view illustrating one enbodi ment of a portion of

a mcro-mrror gesdry8nfiaPhfitr8Onifrer &é\ﬁce%a&@ég anh a»éeﬂbétarbaul}laawb@& is a
perspective view illustrating another enbodi nent of a portion of

m cr o- ni r r JRINQESURROTie Jor Igiatigntaboutan prie sbie MiFPenfis sHeh. 5°tPt'%P@hQ is a
schemat isC GhA®P aﬁ&ﬁtthgﬁﬁg nYdyae e n‘%dﬂml? idctferfright®y diredti clgeér 2 and 3

illustrating one enbodi nment 'of actuation o mcro-mrror device accordlng
to the pr eS’eﬂﬁCﬂm\ﬂéfhtﬁC@ﬁnt lmrtgm@ffgengdlaecﬁ@m@n‘é@ plectivelygliregttheonal vi ew

11 ustrat | igARAUTERSY dHeotding A 6 heferdindt IBhPrRsbS T O devi ce

accor di ng resent 1 nvention emati c
cr oss- sect isyifficient; &he ahgleso the refigctea dghtrrayiberinereased] fogxamplauPyat i on by a

convent f onah b e g1l SAAL o G o B YR, P AcABERARG apfiedss- Sect onal

ng” ano (e} a mcro-mrror
devi ce tccaotihtiog ot bt bﬁthepmeserhowewreMaydauguhﬁhanguoear&i/orspradmmemat| C

cross-sectional view ill]ustrati anot her. d t of t nodul ati on by

a conventi ohat® rFFEF?%‘S&tW%?rS"a‘é’x/‘Bgéﬁ'"%’i‘ﬁ@P& rngi?%d ‘getﬂ Hé’%ﬁf?garg?oss sect i onal

view il | ustdigthh¢s anot her enbodi nent of |ight nodulation by a mcro-mrror

?Ie?/:J(s:?rgfi(:ﬁ[:]dl()g Lo th?wrdg gqr}rteg tg:/eg‘gt | O‘}lngr%als:e h”aﬁgl%ooflrgﬂectedI Ilg%k di agram
from the micro-mirror device without having to increase rotation or tilt of the

15  mirror of the micro-mirror device.
Summary of the Invention

One aspect of the present invention provides a micro-mirror device. The
20  micro-mirror device includes a substrate and a plate spaced from and oriented
substantially parallel to the substrate such that the plate and the substrate
define a cavity therebetween. A reflective element is interposed between the
substrate and the plate, and a liquid having an index of refraction greater than
one is disposed in the cavity between at least the reflective element and the
25 plate. As such, the reflective element is adapted to move between a first
position and at least one second position.

Brief Description of the Drawings

30 Figure 1 is a schematic cross-sectional view illustrating one embodiment

of a portion of a micro-mirror device according to the present invention.



systemincluding a mcro-mrror device according to the present invention.
Figure 11 is a block diagramillustrating one enbodi nent of an opti cal
switch including a mcro-nmrror device according to the present invention.
25 Descri ptaggin7efo the Preferred Enbodinments In the foll ow ng detailed
description of the preferred enbodi ments, reference is nmade to the
acconpanyi ng drawi ngs which forma part hereof and in which is shown by
way of illustration specific enbodi nens in whi ch the 30 |nvent|on may be
practlced In this regard) directional termnology, such as "top,"

"bottom " "fronFiguré Rack perspeehvd vigw |||ustratmd oriGermbediment ofa péreion vf t h
reference to the qgrientation of the Figures) being described. Because

conponent s %mlqr%m'rrorzdﬁymmemnqﬁoetaeﬁfesem/'@mntm can be positioned in a
number of diff ey Jr grid 5Pk %véﬁﬂlu@fréﬁﬁérﬂﬁ%réﬁéd&ﬁ@ﬁt%% i's used for

pur poses of |IIu ration and 1s in no wa tin I's to be understood
t hat ot her mﬁtmmfraemmomlyomevmaqczéhhgmdh@praﬁenulnwnt@n | ogi cal changes

may be made Wit oo 4PAEhIald OBL4-0EBAARRe P ladn WL RIER( | TVent T on.

Thefollovmng det=al t1on ere ore, 1s not to be taken in a
limiting sdngées Zradthidugitatipg oot-: emt@dpn@'mﬁacmmw amidre-mjepi ned by t he

appended clq,n&.4-El I ne enbodi nent of a mcro-mrror
. cﬁvf&% actbRH; 032%/ Léeé\%& ifbéntioR!

devi ce 10. cromrr IS a mcro-actuator which relies on
el ectrical to mEiguebiab stheraliv/earosi-sectivoalgdeve illasteatingf @recambadimeniuse

novenent or uat | . of d r_elenen odi_men s descri bed
bel ow, a plcﬁ §$tlrﬁ§&@$tlcfﬂ %ﬁ%gﬁ?%’r@m?gﬁ'? écci)&? '&é)go tggnzﬁsge&tj %mf m an array
of mcri@mrror F@Né édsa séBematw\croséiﬁecalbnalwlevf/ iloBeatingone embabitventes may be
used to for d| S . such, ,.ea cro-m,rr.or device 10 constitutes a
li ght rmdulog]ﬂal? &” ya? FRRyestion ‘?ﬁé“'ff@d?'"féd?w%t and provi des one cell
or gi xel OL t he Fijus@l7ay a stheraalil drosssedtionaloiew nlugtrratd@varmfhéo maydal SO bfe
used i n ot her 1N st e sSuc rojectors or prin , and may al so
beused { orpadiagn o iE LS R AMEATIGS! SrsnoBras e cai beam

modi fi cat i Qiresdrit ifv@atigiybodi ment, mcro-mirror device 10 i ncl udes a

substrate 20, a 20 plate 30, and an actuating el enent 40. Preferably, plate
30 is Ofiented fi%%?ﬁrﬁ a schematis grpsepeqtignal Wf"&é@atm #othaibstrate 20 and

spaced fromBpiddiReRt &gg@qga&uuéwwép@n@nggfvélwm%qnm%sh%men Act uating

el ement 40 1s Interpo et ween surtace substrate and plate 30.
As such, actuat |mer@Bmmhemaﬁ@crpwsedtlonaldnwtllhshnamﬂno}hﬁo 25 In one

erbodt ent orAKHRbANS IEREANaHh by ARGHINAG, S0 ESaAQyARY G gt ween @ fir st

posi tion 47"a seco I on ative and plate 30.
Preferably, pramntlatvbntjprel ement 40 noves or tilts at an angle about an axis

11 st 729t o as - BHYE 1018 Plock BorarR P rafin 8 dbdfell SFMSPRY narariel 1o
substrat e ystentindlidswgcomitroatirbi devicttacebrding tocthe pggsehiememuoﬁao is

;L![ EZE :’ g;egf a:cﬁ)_.e ?ag” egfpgﬁldﬁt%%] |Iﬁleg!at?ngtc?nefér¥1§od| otJ an op |caI Novement or

switch including a micro-mirror device according to the present invention.
25 Description of the Preferred Embodiments

In the following detailed description of the preferred embodiments,
reference is made to the accompanying drawings which form a part hereof, and
in which is shown by way of illustration specific embodiments in which the

30 invention may be practiced. In this regard, directional terminology, such as

“top,” “bottom,” “front,” “back,” “leading,” “trailing,” etc., is used with reference to

the orientation of the Figure(s) being described. Because components of the



relative to substrate 20 and plate 30 is described in detail bel ow
200207130 I n one enbodi nent, cavity 50 is filled with a liquid 52 such that
actuating elenment 40 is in contact with Iiquid 52. More specifically,
regardl ess gb2d7iee orientation of mcro-mrror device 10, cavity 50 is
filled wth liquid 52 such that liquid 52 is di sposed between at | east
actuating el ement 40 and plate 30. In 5 one enbodiment, cavity 50 is filled
with liquid 52 such that actuating el efrent 40 is subrrerged in liquid 52.
Liquid 52, therefore, is disposed between actuating el enent 40 and

substrat e Zfdesend invehtierecaralbé pasifiorgddh amunibet Of diffdrepkt atientdtonsTthes, |iquid 52
contacts or vve osite surfa of actu nt 40. Preferably,
liquid 52 idreg %I'WZEGEMOQVAE ugqgﬁ)r PP[R?&PW%@“%“@P@Q IBin WAV or | ess i n
the visi bl ginffiRELK I8 bbmr@dﬁbtédoomat J)thapérelb&ﬁmleﬁtsqhayrbéamlizséd%n@bl ein
electric fields, thernal stable with a wide tenperature operating range,
and phot oc Hdictusaljop |QQ'%P%3“9Q$ naaiipe mede Withgu dppstingfsorg thepseapg®dr pressure
and i s mron- 0 oiRRd il ectric
aui d B3, B BB e R B e e A a8 O R el ot
40, as desdekerda ainiting swmf, andifieyscopi of Bt presentiinyenton® defised bii gh

pol ari zabi lth P ?éfnbc fields and noves in a non-uniformelectric
field. In a P ectric liquid 53 has a |low dielectric constant and
a hi gh dipole rrﬁnmmﬁ illustratedianeembadiireertetf @iroicta-girrar degices Ogddistcal | y

fl exible ang C : I | |tablefor
20 use as Hﬁ CPe ?‘8 \Béecﬁ)?séf*ng&é?@@ltc}%%l&prﬁgélgﬁﬁgfeﬁggal 'ﬂ%ﬁ%?“c%rone or

bl ends 10i . e:onv@sloa togader‘étearcg):e apdheatydemuvmémies,actmﬂbmof@bedlg/br- sel en| des.

I n one |IIu i S gu for use as
dielectric ﬁ%’ﬂ%ﬁt ‘f@gﬁ?%gﬁg&ge ea[“‘p%ﬁ @%4 ?ﬁ 8%'? ?pk"l@@f °s’6‘& K IT%%138 and
olive oil. dévieeeraldry arrphgédetoIOrnm an artay ah spao-enitropdatices3 Asssuthathieuat i ng
el enent 40 | ective e anspar ent

ol ooy Ay pleoahidE eV S bR st o I et PR te Saahieabh L hasoar ent

mat eri al s, rhievgemirfar demice1© dedstitutebXaalight ARdalatar e maduratict ofahcidert! ude quartz
and pl ti (i Rechectj ve el enment 42 includes a reflective surface 44. | n one
embodi ightanderoviges opg cether pixeliof thedislay-ofn additians BIGFPMHBHTEF i al having a

30 sui tabl Qjewtelmhhyhrs}zs beQskainTbihet ln%ﬁd@s‘féfﬁé@@&wéé‘pro]@&?d?@b?s of such a
material include polysilicon or a netal such as alum num |n another

embodi nent ,prl,n.ggrqs A "Oéy alse heritsed Jor apticglraddiessingprisudtehings and/enotkerch as
pol ysi | i conypithibedm médifeLioh30

In one embodiment, micro-mirror device 10 includes a substrate 20, a

20 plate 30, and an actuating element 40. Preferably, plate 30 is oriented
substantially parallel to a surface 22 of substrate 20 and spaced from surface 22
so as to define a cavity 50 therebetween. Actuating element 40 is interposed
between surface 22 of substrate 20 and plate 30. As such, actuating element
40 is positioned within cavity 50.

25 In one embodiment, actuating element 40 is actuated so as to move
between a first position 47 and a second position 48 relative to substrate 20 and
plate 30. Preferably, actuating element 40 moves or tilts at an angle about an
axis of rotation. As such, first position 47 of actuating element 40 is illustrated
as being substantially horizontal and substantially parallel to substrate 20 and

30 second position 48 of actuating element 40 is illustrated as being oriented at an
angle to first position 47. Movement or actuation of actuating element 40
relative to substrate 20 and plate 30 is described in detail below.



6 reflective material such as alumnumor titaniumnitride disposed on the
base material to formreflective surface 44. In addition, reflective

el enent 42 may be forned of a non-conductive nmaterial or may be forned of
or include jgoepg@uctive material. 5 As illustrated in the enbodi ment of
Figure 1, mcro-mrror device 10 nodul ates |ight generated by a |ight
source (not shown) |ocated on a side of transparent plate 32 opposite of
substrate 20. The light source may incPude, for exanple, anbient and/or
artificial light. As such, input light 12, incident on transparent plate

32, passes throygbnd éﬁﬂé@iﬁfeﬁﬂtcapha&@ls&‘ﬂled Witﬁ LRjdid 52 Slkhahdt actudtthgr ef | ect ed
by reflective surface 44 of reflective elenent 42 as output |ight 14. Thus,

out put | i grelemantdisis s centact ithdiguid 82. Sdorerspesiiislivs Fraaigjass efdhe parent pl ate
32. The dirg ‘?%F\Hﬁen O rifetb Ritkrot @élhée @c‘a& f@d Erfme@ﬁﬂh%u ﬁ?é&h' thst by the

position of ective elene ective el enent 42
in first pdiguidiahis tispéed between at legist adtdating eiementt‘tmandwplatefim sin direction

ight | 18 1 onm bt B8 D R Din 82 3HE oy RO b Rertlnt 8" B0,

10 nodul at essuhsme@eamhqmdzwj Limoutd 52) thodrefors, pmdnsbogﬁutbétﬂ«egeaetuatrw by i nput

light 12. c t 4 ght i nto,
and/ or avana '?Clﬁ o?)l{% ee%(ﬁ%ﬁ%wgeﬁ?gﬁgtl%elgﬁﬁgkéﬁgﬁ%§%§%¢“ first
p05| tion 4Thus, I&qumbﬁ?. caﬂmtaphss:rwedmomosrtesumnesm aetuanagmlenﬁermnd represents
an "ON' state of &,I 2)2 ﬁVICEl |nthﬁ1t| Og%% ?reflected for
exanple, to a vPé?v@Fab '8‘1'1'9 45 fpesRassts A SuaN. IQUIGRa 988 hel ow.  Thus)
second 1@08ldo|dnés§&1 the v@’blé‘%?é@i&ﬁi Posdditionnliqlid 621d ednhivallysdtaieni 42 and
represents an " tate of mcro-mrror device 10 in that light is not 25

refl ected, Q"Qﬁt”“eﬁ%ﬁiﬂt@emi%yéta\ﬁ%‘“}é'? ayyide lpmpesatyrepperptingrapes. and gure 2

iITustrat e%%i&hﬁmﬂ%‘ﬂy SRible. oh dd%ftlbﬁcliquc?S?hﬁéTE'iBw $2porppédstrd hvgise! enent 142
has a reflective surface 144 and includes a substantially

rect angul arOSHRAFE§IVEut er portion 180 and a substantially rectangul ar - shaped
i nner portion 1§ond BrPBEinRIHRIGURESY inclugéd §@iélé@n<§lﬂ{lﬁ@5§ bftfedtdc f or med on

both 30 outer portion 180 and inner portion 1 ortion 180 has four
cont i guldus lisiuigdbpenhaneas agigatien efacialing elanagnihda, asi dgacalhed Seloyv.

rectangul arp,g g &88&&.89%5%Qg%gfaé@@%g@%nzaﬁmf Hﬁ%ﬁth@ﬁ@l%%ﬂ&t' on 184 is

positioned w t&El n’’'openi n Irnne I'on I's positioned
symmet ri calrgves it lai noneéiormelecdt: fidlds brasiditivinodieleetric, liquiddsd haoa law nges 186
extend bet rtio Q 80 . Hi 6 extend
from oppos:,}f@ggtlhggg'r‘sotfgﬁt écﬁd ‘Ph'éﬁébﬁ) I nwgﬁ] g‘érﬁ%&ﬁﬁ@gﬂ&?%cggj@ge 3]1§pp05| te
si des or ec@mraﬂfy ﬂeulbbramlbhlas i releb®0ns vafablealﬁmmm& efrliqpinistsiuijablem is

suppor hi nges 186 al Ny axi S S |y, outer
or ¢+ orft e difRerE datu i Tndlue didyPhnte B A n BRI p et & o
opposed edgkantiteie)f phehyl-suiptided)iangos pﬂa&@l-fselenldesallreommmsteatlveof
reflective el enpnt 142 betwe i osjition 47 osition 48,

first SEeco
e descr | beammURETY Fraples of foudssutaBBder vias isRchiclguE ERCHEER | ¢ ar e
movement of pdHahyIRAREH (Ppe;gecrb@é 08988 hhd slivedeisi tion 47 and second position
48 relatlvetomner porti O 8
Preferably, plate 30 is a transparent plate 32 and actuating element 40 is
25 areflective element 42. In one embodiment, transparent plate 32 is a glass
plate. Other suitable planar translucent or transparent materials, however, may
be used. Examples of such a material include quartz and plastic.
Reflective element 42 includes a reflective surface 44. In one
embodiment, reflective element 42 is formed of a uniform material having a
30 suitable reflectivity to form reflective surface 44. Examples of such a material
include polysilicon or a metal such as aluminum. In another embodiment,

reflective element 42 is formed of a base material such as polysilicon with a



I n one enbodi ment, hinges 186 include torsional nmenbers 188 having

| ongi tudi nal axes 189 oriented substantially parallel to reflective surface
144. 15 Longitudinal axes 189 are collinear and coincide with an axis of
symmet ry ofzopmizhsecti ve el enment 142. As such, torsional nmenbers 188 tw st or
turn about |ongitudinal axes 189 to accommopdat e novenent of outer portion
180 between first position 47 and second position 48 relative to inner
portion 184. In one enbodinent, reflecfive element 142 is supported
relative to 20 substrate 20 by a support or post 24 extending from surface

22 of substreaéawa@naté«im euerpes'afdmmmbr tmmm amcmmwsba on'th@bagerti on 184
of reflective el enent such, pos ositioned within side

portions 1gnatgfialdgferm ﬁﬂp{:tiv@rﬁuifgge 44‘hd§ad@lﬂrb|ref five elgmegbddmaydiE ecti ve

el enent 1430!@@6@96&66%5%9% Ri2fdrialdr IIH¥¥ Bk #&tfed i or inchudel pure 3
illustrates anot her enbodi nent of reflective elenent 42. Reflective el ement

242 has a re®nfuetiveyeatetialf ace 244 and includes a substantially H shaped
portiong280 and g r‘étéﬂfln%@élﬁwﬁa&h@h{ ¥ Ei§ L?r’e &r%rm H&?ES\?‘C@%“ ons 284. In

one enbodinent, re ectl ve surface oth H shaped portion

280 and r ed’t‘%@iﬁ&i'gfﬁt@@étﬁt%by pdight SZBIIICG (Hoéﬁm\‘m lcmt@d onazge Qfas a 30 pair
f d | bet
gpa(S: ggcfeg t@rsp?r%hls Bg? %g e‘?)f SNt é@ngﬁ)é)ﬁgL t%gr’cﬁ%né‘;?%‘élﬂggé\gr atraeween

rectanqgul ar-s ort’ ons
posi ti oned &mnmtq;@mm@tandé% adﬁlC@bthcAsanclpomputhghm inpidenten spaced | eg

200207130 e ns 284 are
posi ti onedqrsa&rrhe'leﬂp@a% gg%s:%gog}gﬁégnggérrgﬁgﬁ %Zg'ngog%q"tgﬁgec |srslg portion
282. | rﬂOonereﬁemmibyrmﬂectnm suface 246f eoftective tlement4? as outpagligliri4shaped
portions 2 and H ortion 280. Hin 2 extend from.a,side or
Bage 8 of -+ duBanEEIPE T8 pBSSds Rl of fvies58 G bk duBier Bperefan Pifres o
edges of camecting portion 282 of Hshaped portion 280. Preferably,

H shaped portioQ 280 is s d by hinges. 286 al on is of symetry.
Vor o Spect 11 cal 18 diegtorplipRiRt Foi 48 gereming s P Rio I e RosHPR t hat
ext ends t hrapuéftectiVe eldhféit 22 OFoP@RMHAE AitloRAestive GMSHGRI42NE fiR pbsiatn 282. As
such, hij nges 286 10 facilitate novenent of reflective el ement 242 between

first posi t4/oRutpyt kghl 14de dirertedin 4 firshdirpliond4ae Slowener Wb seiectivg gure 1 ).
More speci fdigabhtaz iRisBE6 péftidnead, 'ohEp%gg?HTq\ﬁéraﬁéct ih $6&ngd portion 280

bet ween first position 47 and second tion 48 relative to
r ect angul ardireRtgretipofhyso AY¥creguairror de\(l@ﬂa“énwmamr vaniea hesdiegtion at | ude

t or si onal K t

substanti al |@ hﬁht]z'ﬁ@?é}fegétrggpﬁncé ts1tjb2(rjf/{?guc§4%%e%%’% %Hngl n‘gﬁd axes 289 are
col l'i near M@dltmsteﬁellghtt"htoamdm @Naﬁfr@ymoptwabﬁnagmg systéme el enent 242.
As suc torsiof r axes 289 to
accom‘rtob ate novg?mén?smpgéﬁ]eﬁg%%\%g%&'? ﬁg%ﬁ%égeg{?@&ks’tﬂ %ﬂé{.ﬁ%{(}gel tion 47 and
second posidierent#2 arel @prasentscar QN stafelchmicrbaniedr @evigo10 incthat 8. | n one
enbodi ment,. refl ective ele t 242 1S sSyppo d relative to.supstrate 20 by
2 oatr of o LECER it BamPlRy b s Siefet Br SR sy Lipdh atiesusen,

spfelci fical IQel)ovmoiih&szfgcmmmittonrméahmd:g.?tedsb@sm&m ﬁOéﬂédWé e%&'ﬂerﬂ)ﬁz -
reflective el enent osts a i, 0 on 0 p05|te si des
of connect ity rggreﬁgptﬁlagn’é;g%%& ﬂﬁ'@ﬁr%wé‘g(ﬁ V@E dptthagﬁghtzgfo Thus,

H shapab poefléated, Z&Cbminme:ftbeaﬁem ot batentispiéy sbnseeaupported from posts 24

by hinges 286. F ustrat S one e u on. of
mcro-mirror devi @ée ?(buushﬂ e&r?é’e %?'P nﬁ#%ngﬁt]eci"ée(l ncl udi ng
refl egt ive eeaémemmtgsz Hed2a mlﬂdct%&hrraee rmzlvedd tmtualeera §Ubl§t|%htiﬂﬁ/5l ti ?n 47 gnd60
second positi,o app el ectrica nal to ap el ectrode
formed on §ﬁ'5t§f‘9é?r% 80&’1‘¥ rpg %?Pé’rﬂ sut@%rgpﬁy)g@twufag- 8P#Ed on
surface 22 igterpobrdn’ rde Iﬁ%né@nﬁfo@ﬁﬁerﬂﬁeﬂ@&w@%uﬁﬂ%@i bsrfSH'n&P&h péthel enent

42. Appl ication of an electrical nal to 200207
30  outer portion 180 and inner portlon 84. Outer portion 180 has four contiguous

side portions 181 arranged to form a substantially rectangular-shaped opening



el ectrode 60 generates an electric field between el ectrode 60 and
reflective el ement 42 which causes novenent of reflective elenment 42
between first position 47 and second position 48. As such, reflective

el ement 42 dggporoed in a first direction. 5 Preferably, dielectric liquid
53 is selected so as to respond to the electric field. Mire specifically,
dielectric liquid 53 is selected such that the electric field aligns and
nmoves pol ar nol ecul es of the liquid. A8 such, dielectric liquid 53 noves in
the electric field and contributes to the novenent of reflective el enment 42
bet ween fi r82. prssuohQimnér p@tion smwvbsniwedmmnmﬂ:anp@maaommtmabmn of the 10

electrical signal, Thus, with dielectric |i d 53 i avity 50, dielectric
liquid 53 éﬂ'PﬁirR?é%O”aw“a'étpﬁ’é'ﬁ'PW yspmetrigally Wi 'Bﬁp?'é'f‘g gé§1 ve el ement 42 as

descri bed, for W@H@bﬁrboh%én?'ﬁﬁﬂoi‘ﬁuﬁespﬁﬁeéﬁterﬁo@é%éﬁ'irﬁiérﬁ@ﬂ‘tlbﬁ' No.

10/ 136, 719, assigned to the asslgnee present invention. Preferably,
when t he el*@dtandcwterswcgtmw&, Hinges 486 pxiend &oarepnpngie sUles Prefggy efct i ve

| t 42 5‘9‘;% h of t
'?’hg?ggf tsgr |Rﬁ‘é t‘ﬁ?’ %‘%‘ﬂgg@g& F re ftggﬁ:eéleopgfjé%eéﬁgub |nc+ﬁ1cﬂi§ﬂng, of orI i
exanpl e, huFHg@ga%m &7 pputien 380 igisdppentaskly biggeg HB3Galoag 2 s ef or return
reflective MW éret efcIfE:éliSBE?%'rgbREn‘%go |éo éhpfﬁ%ﬂe&%g(%gﬂéf?%str%tcond“c“ ve

via 26 is f In an ex en uctive via 26 i s

el ectri cal |extersisghretgh the middieof Qm)oeedaadg‘&s mgre@ﬁdAs suche hingesitBbcal | y,
conducti ve ive el enent
42 (i ncl udlf%ghtrgé I ec?rk(\a/'];et glra‘Fec'tl\YeeeI%IZ@'ﬂF%Z é%t%epﬁ f'PS?r%BS'd&?A'l{\%één first
posi ti o) 47%emond pesitiord4$ ces desoribetBatimyved Piguya hg Mmreeslpecf callyahlngesgnal to

el ectrode 6 flective C el ectrode 60 is
25 energi ze‘%safgc'gtﬁg @PE%'P?W Oilou&elpgﬁfopéls%ﬁ"'?%éﬁé{) ﬁkﬁﬁe '?fgt erial of
refl ective sslcon®pbsitiéh #8 retatbredo ratbr portiondisf er ent el ectrical potential .
Application of one eIe trical oten al t | ect rode 60 di fferent
ebctrcal pot et Paf SFBoREr L RRYS tHeheife Brigi Sdmiers SR8 RBor i ¢ 16l o
bet ween el aaﬁgnmﬂmaﬁaxwmg@fdmdsu&t@inawe;saram td\/fuﬂ@btumemuerrent of

reflect{'rqve 30 el enent 4ﬁ betweepn first positiqn 47 and second 805| tion 48.
Di el ect¥d ¢ Yangliveinaxes 187 i@z c@lingas apd coinpide yathianaxis af YaPetneok| enent 42,

as descri ber@ﬂ@éiﬂlé%lemerﬁqqao%%QjcﬂQOH‘bn%Pﬁfehﬁierseﬁ@@mléﬁ?tturnra%Bh?Ct' ve
element 42 (including reflective elenments 142 and 242) is noved between
first posi t@@ﬂﬂ@'!‘%ﬂ’éﬁ%&%tﬁcﬁosg@md@w mevenperam@pytengoannélwdxetwm si gnal
to reflecti t riggal S|gnal is

appl § ed to TEa RGN AT dbs sckBhF paRRE b Kt tolfer BoRiEhTIARS! | 207
conductive via monﬁembgdmmé,treﬂemlvml%mm14apq:>$upp@rte@neleﬂiveatn el ectrical

si gnal r f causes
rmverren%o0 b g?ﬁ%c \)gA g@r@nﬁé?gg% &%ﬁﬁm | rﬁi&ﬁﬁa?b?z odrﬁ%hgs"m Qecond
position 48\/Ior|a smleedﬁt;allyc pbst@4i slipp8ris mner partiore 484 of tdﬂectlm\maaant #2.refl ective
el ement 42,, as descrifed above. Addi ti onal di pen ctuation of
m cro-m rrdal’S ﬂé‘&/j}i 883t 3PS %%‘?fir\f"@l:"al s'#cﬂ”“@?ﬁr@ﬁg? OFE"FP (@U S. Patent
Appl i cat i orTHas! bater portiod 080 36refiébliveasiemgnicti 2o suhmrms'rmpesm4 thyne present
i nvention. lL.n on nbodi ment, as illustrated in Figure 4, reflective

el enment 42 r?ggefﬂ ‘'nmoved in a second direction opposite the first
directizin. Mre F@eeisfiim’ates anbther efribadinmert o tefligetiie él@mest 4mved bet ween

first posityd 47 and a on_49 or t an an to first

posi tion 47‘*‘%&0%%%[7}?@ g# é?%g deé’h‘fe %‘f%ﬁ&ﬁ“? gd"@ﬁ’%?ﬁ‘? 8‘(5%“85 %rned on
subrs]trat](cal z&sadpatiﬁanuomasggp@slﬁa& (ﬂBdbﬁéntﬁﬂig@e&éng("jlﬁélmbedﬁoﬂlbﬁgent 42. hAs
suc reflegtive el enent noved i con i tio osite the
first dire H"W%ﬁﬁﬂd&?’?t WﬂSﬁo‘thgﬁUQ‘P@%E‘?‘} [§§P"§?Cbﬂ% Oﬁ?‘ Ba%qp‘gct rode 62.
Appl i cat i orporfiort 280 ehefictdrgalarshaped pdrio 284.119@8aped pEHieH 2B6Haga el ectric
field between el ectrode 62 and refl ective el enent 42 whi ch causes novenent

of ref1¥t iRAY YISPAESH egPOoRiaNR<8 and agonnseting RATtioy284,axteRding position 49 in

a_manner sipBtlvaén spadeaved pbishs b8 Ré@ﬁ@mrecﬂgngma%&%ﬂi&né'%@t position
47 and second 25 gosml on 48, as descri bed above. is also within the

scope of t Iffeppraidieprd P'P\QEPR%"‘G&'%MP@'F’P%@PP 9eﬂ@n@§8mefw-zert%p%9éewu rectly
bet ween second position 48 and third position 49 w thout stopping or
pausing at first position 47. In one enbodinment, liquid 52 (including
dielectric liquid 53) contained within cavity 50 of mcro-mrror device 10
has an index of refraction greater than 30 one. In addition, air which
surrounds mcro-mrror device 10 has an index of




refraction which is substantially one. As such, regions having different

| ndexes 200207130 11 of refraction are forned within cavity 50 of

m cro-mrror device 10 and outside of cavity 50 of mcro-mrror device 10.
Because of 2obaw7diof f erent indexes of refraction, a light ray nodul ated by

m cro-mrror device 10 undergoes refraction at the interface between the
two 5 regions. Modre specifically, inpuf Iight which passes through plate 30
and into cavity 50 undergoes refractionh at the interface with cavity 50. In
addition, output light which is reflected by reflective elenment 42 and from
cavity 50 tﬁurtcimgmadlel‘trefeﬂﬁbly;rrde!ag@dar-sl'a’pedcpn'rtimns@84tan@p0$iti@'refdace Wit h

rave an i ndER e IReRAGR ‘ea BollBh PAF T coRadili PBnleD R oF ' i qui a 52, 1

addi tion, a thi akoesembbdipent Q\l@ésIRG%klt@id’cﬁétwaéﬂ\ vedtdﬂgulamhbpédwat
refractlon atﬂﬁfl ate 30 is negli nmbodi ment, the

t hi ckness d&© "ét?@"'sﬁi‘dl K- SQ%E)‘?Q)R‘?%’? 239 Bi Ongr?Sﬁleg&“Qrf%"P A S&Siﬁeorlqdﬂﬁst rative

embodi mgnt , of rélar ea%ﬁ@ﬁsIzemt&adjbeém'ogpéatms% MRfediof hi n cavity 50
of mcro-mrror eV| s in a range of roximately 1.3 to

appr oxi mat éopnecting HBE%Qﬂ)?%?sdd'ﬂ Sharps Rt 8% oPETerabl Hshapdd Pewice 52
i ncl ude di piaeny susldiel by iRk 86 AbRY b B%is oP@WﬁH'efF?t Rire Shediicang, or

tetraphenyl -t et ranet hyI -trisiloxane.” These and othéer |iquids suitable for
use as |i qdﬁ-éhgzedap@‘t'@légw isgrgpportent akowd @plaxis that extendspihraugh theypl i cat i on

S I 9 20

Aopl | cat | or ol BpBEEd Eac  Bhn a8 A S s 2 B o h
filed d eacilitdate movementiof neflestivd eglraent %42 betwees fitat pesition 4hangr esent

Vet on 33hd BEGHAPAE I RUAEELT e POBHET SuoBYoBERLAN, hifghd Our e 5, o

a light ray 1ntefsecting a plane sur w hol ds that:
25 nl si n(AZBG)faqlltaﬂa momm@)t oerbsImpeﬂ podmm’w'hetwemrnshuesdtlmﬁ ehd acti on on

a first si %%08% E’E&'ﬂ rsfel 3?0%'854? s@‘%ﬁgd @& |oﬁ$5 Eents t he incl uded

angle for sur € interface between
the Ii ght ray aimlone bmbedmmmmbesmwnndzlodé twsmhaimmmhﬂrfsaes hawingr f ace

b ouoheR AoAHor st el LBl 5l APl Gt | e ece
Longltudlnal axes 289 are colllnear and coincide with an axis of symmetry of
reflective element 242. As such, torsional members 288 twist or turn about
longitudinal axes 289 to accommodate movement of H-shaped portion 280
between first position 47 and second position 48 relative to rectangular-shaped

20 portions 284.
In one embodiment, reflective element 242 is supported relative to
substrate 20 by a pair of posts 24 extending from surface 22 of substrate 20.
More specifically, posts 24 support rectangular-shaped portions 284 of reflective
element 242. As such, posts 24 are positioned on opposite sides of connecting
25 portion 282 between spaced leg portions 281. Thus, H-shaped portion 280 of
reflective element 242 is supported from posts 24 by hinges 286.
Figure 4 illustrates one embodiment of actuation of micro-mirror device
10. In one embodiment, reflective element 42 (including reflective elements 142
and 242) is moved between first position 47 and second position 48 by applying
30 an electrical signal to an electrode 60 formed on substrate 20. In one
embodiment, electrode 60 is formed on surface 22 of substrate 20 adjacent an
end or edge of reflective element 42. Application of an electrical signal to



200207130 12 pl ane surface interface, and A2 represents the included angle
formed on the second side of the plane surface interface between the |ight
ray and the |ine perpendicular to the plane surface interface through the
poi nt wher egpdpe1dol ght ray intersects the plane surface interface. 5 Figure
5 illustrates one enbodi nent of input light 12 passing through plate 30
into cavity 50 and being reflected as output light 14 fromcavity 50 back
through plate 30. In one enbodi ment, a% described above, liquid 52 within
cavity 50 has an index of refraction greater than one and, nore

speci fi cal |gfecti@te®0ejenkhads hhelediric fiel sétieew tlechydd §0 aAd réfiectivech, i nput
| ight 12 undergoes 10 refraction at the interface th caV|% 50 as i nput

light 12 eripentdwhigh spusesdmeNamsant of eiRetiveslenart PERFEtion at the
interface Vtﬂo%fﬁoﬁ‘i‘?'én)d s%goﬁ@PBélﬁ&MS'AQQgcrH RAVESleRiRNt K?’ isfAovédlinone
enbodi nent, an angl e ornmed out si cavity 50 between input |ight
12 and a Had@sewﬁﬁhd@d perpendi cular to an interface wwth cavity 50 15

through s POl nt eplierb, BRiKad il 321d AEHSPES S I Vechii Pl AEBlociRal o AL

therefore represents -a atron an I nput I'n addition,
an angl e Adfieids Vorenspecificaliy, dledmmctlyquws%etammd snwbtthatitgmelemlca"ww the line
ext ended p r h t he point
where i nput(:a”{I Ipﬁgﬁ?&%% Pglra éﬁ% écﬂ[ %leﬁ;]afhe %c’ége‘\)@ht Yietel ﬁéﬁfcﬁ.hlﬂ@?or e,

r epr esent s ragveslin the elactrio rfielzlt}andefonmbtutesrtoalrrfgmevgmenmfueﬂeqtlgmelemnt As

ey eet Ty M2 Hswab At podili a7 And Sedehl RSN 4B UpBH Bficatb Ak el 7Y, 50
o el Oou dhestrical sighall ﬂrtr??? W&“ﬁ'ﬁmg?m?? Al e o' oot
"Toht 12 | EROGRS & Aeilatn Pireaing n pesum cRmBDt g SaRERetRpY |1 ght 12

is reflect e;iampléaf+e¢aéumabaaﬁtmpp418atuoﬁr@érelma 10/h86 7119/ ssignepresent s a
reflection an Ie of ht 14. In addition, an angle A4 is forned

ou
out si de of 184 ??9“%%°M%$RE§H”'GY MOt i ght 14 and a |ine extended

per pendi cul ar t @raBrdbfy, WheAse é!ebiﬁlcﬁl ?ﬁa‘hs’i@nfobé@ﬂgh de@fidetep)her e out put
light 14 intersects the interface. e AMd, therefore, represents 30 an

exi t ar§l e reflectiye glemant gRpersists Byhalgﬁrswq@ mtioeé&fghmmr@ﬂkof i ncl udi ng
refraction ipfe tﬁ?eer&é?f Fe%?&.nyf rj?,e§6f’|‘etﬂ¥c3§@ e?é}ﬁergﬁl&' .ﬁah F reflective

el ement 42, exit angle A4 can be derive 071 varylng tilt
angl es of rexamptg, |hmee|1§ﬁéﬁlguza22 angigriegasA&6d Figuredppd! ﬂHetLtﬁhd differing

i ndexes of f j hin cavity 50, represented by index
of refractﬁgﬁ&ﬁgggﬁgﬂﬂggzgé d90§§$ﬁhfthe i ndex of refraction of air
surroundi ng m clmong embpdident,cecangluctivepria 26 s fotmey in antbextends tbfaugbt i on n1,
is sub nt enbodlnent
of rodc atldé% &{ ﬁoﬂﬁlfctwg'v%“é&%regqc%&ngcb%dlé{ﬂor r%h& eelé'rﬁgrggiza%rﬁ

respecti velryoreesplecﬁually bmducgvamatendew reﬂeotleé IeMerWAZgrASMh t han one

di d wi | ] d f .l ht b

o oPosed vispfedv Bleriaht A8 inchAMoGefertka Sinetis T48R0d a8 S bl oot on
gr eater6t haetweesn ﬁi‘lgﬁ PexitRsh 4V ahd &&gumbmul&@wbg atpbfylrfgwt hbatrmfal gi ment of
| qur e av oes n | NCJ ude er i ncludes air.
reaten’” ¢ i8 Haciiads 6P Sharoiatve Rleiern i Klade Shealipally Seaiora SO0, | Y one.

Si nce t2l5e | gheegized tor el @6dthicH) p@tﬂnﬁalcbhd(lﬁebb@ddﬂtl% fhaftéridl of refléstivee i s al so
substantiall one refraction d g not §g g; the interface with cavity
50 15 assurf$igertfsis energizadia aditierep %{?‘3” Preendighst antial ly thin, as

descri bed aboveApbﬁcattubﬁ w&ﬁeele@frwamdieﬁuammeafoda DA & diffekdriam nati on
angle Al of in ht 12 is ees and ti l.e A5 of reflective
el enent 42 §lect @cadeg&egagl tO/B%ﬂ%H%e'eE?@Pt 4%186'1‘%93&& %fe'%%f"bﬂ?dlqe&ﬁenm is 25
degrees. Fiditit@dé 60 dridsrenédtie ot abiiiciPEadses Movaihedt 87 fefgctivier r or devi ce
with a 20 Iiquid having an index of refraction greater than one di sposed
wi t hi n 3avialgment 42 betwgen éS@éﬁ@ﬂil'@ny4?aﬁ%§$¢ﬁ@ﬁtP°§%OFl4§u elgctrig iquidy 50

| ncludes | ighdhtiidd heHolnhPbrshsdive oididil 423)s BayirBRa aBolaidex of
refraction of 1.65. In addition, for comparison with Figure 6, Illumnation
angle Al of input light 12 is 15 degrees and tilt angle A5 of reflective
element 42 is 5 degrees. Exit angle A4 of output 25 |ight 14, however, is
32.5 degrees. As such, with the sane illum nation angle (15 degrees) of
input light 12 and the sane tilt angle (5 degrees) of reflective el enent
42, a larger exit angle for output |light 14 can be achieved with Iiquid 52
di sposed within cavity 50. Thus, for exanple, a 30 percent increase (7.5
degrees) in the exit angle of output light 14 fromcavity 50 can be
achieved 30 without an increase in the tilt angle of reflective elenment 42
when cavity 50 includes liquid 52. This increase in exit angle is referred



magni fi cation. 200207130 14 Figure 8 illustrates another exenplary

enbodi nent of nodulation of light by a mcro-mrror device without a liquid
havi ng an i ndex of refraction greater than one disposed within cavity 50.
In the exempbsyryscenbodi ment of Figure 8, cavity 50 does not include |iquid
52 but, rather) includes air. The index of 5 refraction within cavity 50,
therefore, is substantially one. Since the index of refraction outside of
the micro-mrror device is also substafftially one, angle magnification does
not occur at the interface with cavity 50. In the exenplary enbodi nent of

Fi g:Jr eAg :c | umlnﬂahbtﬁér erﬂgbtﬁméiaz géflécﬂ@euélefﬁeghnz @Jﬂclhﬁlné%ﬂbﬁgveeshand It it .
angl e of reflective e nt i S such,. without |i qui
52 di sposed!MentsHl4eandidt g‘é 'Hﬂ@q/\?the?%g‘%éBﬂ%t"?ﬁﬁﬁ'i‘qlé??%}q %&'PB (15

degrees) ofad ppHsp N{Ih@ Bh e]e?otnéaps@ﬁél%?éﬂe%ﬁ\!ré el@ﬁﬁh?ﬂmw@?e Spedrithly,i ght 14

with the sane eX|t egrees) as illustrated in Figure 7, tilt
angl e A5 ofthe efacticeal sﬁgn@u%ﬂmhedthcm@tctlmmaﬁﬁ,rraéa%@ﬂe@twe@l%eraié@r%s Thus,

for exampl gy ;aofl%neegt%% b6 #r6 @ﬁpés?zzf’ %%Eﬁeﬂighbé’nénhﬁafn'éléctﬁfyé' e of

reflective e errent is 15 nee uce sanme exit an of out put

light 14 fr%@naim/tetﬂycm e,lﬁaﬁnfcﬂeamrw@esaogﬁotrmfaldmwhl@b@ausemu d 52. Figure 9
| 'ust r at
|11 ustratesy gé?bl iy %@%&%Iﬁm@@%bé@%n%st %Hbﬁh Bc&dqg&sutib\ﬁ a

m cro-mrror urd havin ex o ractlon greater

t han one di4dddietectrictliguid &aamrttlybtﬁels tolthemm/eewehpﬂ raﬂw’t&vatedﬂnemm a$ Figure
9, cavity es liquid 52 (including dielectric Iiquid 53) having
an i ndex O%@es%ﬁ?%d; 4’%{% of 1.65. In addition, illumnation angle Al of input
light 1M is 15 delglitivaal emisodimehts ofiattuatiorof rdlc&?-nnhr@mm/eﬂ f0nareavity 50 and

exi t angl o SBroHped st i e tE s KRt OiCe e SN 25 degr cen) as.
i |1 ustrat ed10/136;7 1B r=@signed td ﬂwe@@gubﬁeé\sfmia ﬁr@éénenﬁ/emmr% el ement 42 need

only be 2.9 degrees. Thus, for 42 per nt d creas 2.1 degrees)
T Thect it anglons MRS ILripsst in B8 A, (5 GRS PHENCS exi ¢ ang! o

of out put |él§k5‘h10ﬂ;édfrf@§%é‘@1‘d'duﬁécﬁ&\ W@It@% ﬁr}ét(ﬁ%chm'%%sﬂ)édiﬂd:bﬂ& 52. In one
embodi nent, as jllustrated in gn%ure 10, mcro-mrror device 10 is 30

i ncor pokat dafiectivg elgnagnt e is pove swenﬂrgt;ﬂogsﬂoa e 1abh ashid pReltion d8 a 1 ght
source 510, oripdd s &Péd{éto’sﬁlrgtv pd%ltiohglbtbypé ?lﬁl Sfc}'btrﬁ:gﬁ ?ﬁ%l k¢hp>14, and

projection optics 516 rocessor es nu e mcro-mrror
200207130 1adectrode 62 formed on substrate 20 adJacent an opp03|te end or edge of

reflective element 42. As such, reflective element 42 is moved in the second
direction opposite the first direction by application of an electrical signal to
20 electrode 62.

Application of the electrical signal to electrode 62 generates an electric
field between electrode 62 and reflective element 42 which causes movement of
reflective element 42 between first position 47 and third position 49 in a manner
similar to how reflective element 42 moves between first position 47 and second

25 position 48, as described above. It is also within the scope of the present
invention for reflective element 42 to move directly between second position 48
and third position 49 without stopping or pausing at first position 47.

In one embodiment, liquid 52 (including dielectric liquid 53) contained

within cavity 50 of micro-mirror device 10 has an index of refraction greater than
30 one. In addition, air which surrounds micro-mirror device 10 has an index of
refraction which is substantially one. As such, regions having different indexes



devices 10 arranged in an array such that each mcro-mrror device 10
constitutes one cell or pixel of the display. The array of mcro-mrror
devices 10 may be forned on a conmmon substrate with separate cavities

and/ or a copggarsavity for the reflective elenments of the nultiple
mcro-mrror devices 10. 5 In one enbodi nent, |ight processor 514 receives
i mge data 518 representing an i mage to be displayed. As such, |ight
processor 514 controls the actuation oft micro-mirror devices 10 and the
nodul ation of light received fromlight source 510 based on inage data 518.
The nodul atgtdefrddibh ar& foried witht &4t 80 loP micr¥inGiieF déVicedTd andodiskielaly screen
520. 10 In one enbodinment, as illustrated in Figure 11, mcro-mrror device
10 i s i ncorq¥ityp@af micrenmitipk devige thi t chi ng system 600. Optical switching
system 600 i ncl i ; q } troller
612, and at Ieagé %%%% "lr)#etggih{%%i@.eﬁ%?gﬂt%fr%lr:%ggﬁg&%?ﬂdrﬁtﬁgg one or
mor e mi cr o-micra-mirrafelevice s OlMhdergoies gefraation @t thel isterface bgtwiiendbe twa ght to

Fiber  Pasaroioftoord Sl iR torulidy s hBlof BRIP s Eandihdl ' ,CYi ..o

f or producioayity bpundérgges refiactidteaicthe éntelfdek witty cavity [50ddn afiditior)cantplte, an

dovi ce. 1 n 1Ghswhich RreleRBu BV 28R e Sloripy 2 A LoRElq i 55 el Blar'S: 22 and
a 20 second0rwalergess réftddtionst tleuinterface glith qavihe 88.s br orélémbadient, @ act uat i on

of mcro mrror. device_ 10 and the nodulation. of |ight received fromlight
Sourco 010 THRTAAE 30 gt S B ehafe, A nges gt BfaclitfipTatalVer ooab.
ler hexﬁm eaquahterthat %fﬂiQuiEI}B_Qr. an adeiibs.ea m&ghissi of ;sglatéisos& sigtaiitiatip thivut gut _

i ght ais direct to first_receiye a and, en cro-mrror device
10%Ts i a Dol oBatoR ah bl 30 BesiGiieg i Ona S emPAY @BbaUTERt thong
recei ver 6lAiekneds of pldie 301 AfprbxifatdlyE bhé ahiliinetegm 600 controls or directs
light with mcr\(ﬁémrror device 10 for use a i.n _gptical

f ) for exanple, i
addr essi ng or s Pa&lIHgiratie embadiaentqtheiindaxpizefractian of ligwid 5di el ectri c

l'iquid 53) dpmwind withih BEGHy 5 of BicFRMirr@edic8a08s if dpdhge? Wi thin cavity 50,
an exit angle of output light 14 from30 mcro-mrror device 10 can be

i ncreasl®d APPEXIMAtEEt 3dP aRRGKIMAElY Ay - t Bxamples alliguidssuitable fargeasof

reflective : ' Sl j : ight 14 from
mcro-mrr A@h@?\?ﬂ ﬁé\glﬂ%d W‘ﬁb?%ﬁ% @Pgﬂﬁwgg%tg ﬁt@?@ﬁl{gﬁy&%ﬁx \%%’ydrrmdul at ed
200207130 Zletraphenyktetrbmethyl-thisilexaned Thesphed ether tiquids duitabigpfoeuee psof f t he
proj ection i f > dj sl vice. G ' r. rati o of the
di spl ay o Rl 2o adkDfbdl 1Y Réme g‘d@ist'i&%ﬁe,%%‘ p%‘?%@ﬁgeﬁ%ﬁg“desi red exit
angl e of output [i glhavibhg attoowey Slooketmumber 200209446 candl0.SviRdterd smal ler tilt

angl e re i ve. el nt 42, the apparent til ngl e tive

el emengo42 '{Afﬁg%tgn;eéﬁ? &% {—haﬁ—t—heer}:?e’ﬁ@a? q@qwd%&f%&g?er%pﬁgéé e el enent

42. Thus, fowth fled oagven sateherawithiadssignet itorthe askignies bbthel presentdevi ce 10 can

be achi eved since reflectiv JPerre t 4? can be rotated or tilted through a
CE‘%{&U §'g"

smal | er di JPVEIEEN,@9 iBcrpprate fCe%esired exit 10 angl e of out put

light 14 from nmiReféiAg [dPif(;u £y if6€a fight rapintd?SdIRG @ plaR & §eHA¥eiRtaFaseVi ce 10
may be subjected to Icejss atigue since reflective el ement 42 can be rotated
or tilted tHEIFHAY RRAISHAL er di stance while still producing the desired

exit arpgl e of output light 14 frommcro-mrror device 10. Although

speci fic enbodi nents have been illustrated and described 15 herein for
purposes of description of the priekEPAdd=dIR¥ent, it will be appreciated
by those of ordinary skill in the art that a wide variety of alternate

and/ or equivalent inplenentations calculated to achieve the sane purposes

may be substit ut@rg Bt ramesenelierindexafeimation s alisthwidantthadiane bed wi t hout
departing fqimaté hﬁer;?éé‘éf)m Qéprbgéwtmrf’esiﬁahdéd"?!ﬁgrlé :r&medﬂ?\qas fn;!rt]%tae%f' Il in the

20 chem cal, nechanical, electro-mechanical,” electrical, @ conputer arts
will reRdi Ithe plapessrfageintertace tietveandbe fight ray and iadinemegpandioutasitethent ed in a
very i de \iiieeduiaeb RBHSH BRAIch-a JSWARE LRI OB, infor cover any
adapt at i on\,ﬁ%r vari ations of 1 eaé-e_?erred eng%él 'n%sté |§@%§gﬁ€herei n.
Ther ef or e, Sufapginigifaceen? rgpresanisdiedndaxf refiaction Phenseaondisidel of the ed only by
the clains and the 25 equivalents thereof. Wiat is Cained is:



200207130 17 CLAIMS 1. A mcro-mrror device, conprising: a substrate (20);
a plate (30) spaced fromand oriented substantially parallel to the
substrate, the plate and the substrate defining a cavity (50) therebetween;
a reflectivgomizemment (42) interposed between the substrate and the plate;
and a liquid (52/53) having an index of refraction greater than one

di sposed in the cavity between at |east the reflective elenent and the
plate, wherein the reflective elenent s adapted to nove between a first
position and at | east one second position. 2: The device of claiml,

wher ei n t hel@ie sk imaﬁaée?@aaokmpietsbm@ thélmrddedfaadleafbrm&sd amtlee to the
first position. 3. The device of claim1l V\/ner the reH@\ctlve el ement is

adapted to sespnggide of o plang etlwgrqu:q]hq;tyeea ghe ray 2nd the; I'§"'3adapt ed to
i ncrease an,dexdddicinsH ﬁtr(e“ﬁl)ané’g?rtf%’e lhfeﬂ‘QEe tHreugH the Cr!bﬁ'g:y\ﬁrﬁcéré fMe I%hgl‘a‘fle” tilt

angle (A5) of the reflective el ement. 4. The devi | 'ai m wherein the
reflective I@ﬂeeaeststthe@lamaqwedetrﬁerfaqel ect light through the liquid, and the

[ guid lgs adapt g0 SRRRARS, e ihdoidBRld e o1z sl douth fom t he

cavity correspo to a SRRt ECiNE e greater than
an actual tplate 3@ngﬂoe:a(/us'6$0 ahd bhingrefléatent asxeuteutelmhhﬂ“@m gavily 8@ \biack of claim

L wher el n g g 3" \f 814 BEbEAMAHL ANEsbi ghdi3, idlafss AR O

appr oxi mat e appr oxi na cI alm 1, wherein
the refl ectaavey 80 basah lmdaxmibefeaogenl greatértbanh boeiaod, mom@"ﬁww 18 7. The

devi ce of claim f ri_sin ast ect e (60, 62)
formoa on (B8t fianht BP Syt CaTES0 B st T ERENEIA RS Con 2 rove
lln reSpIg)nS&etr@ctimpitlthmainte?fac@fwmrbaeityesm Bb orput Bgrgnaldermstcbat;aso hedist one

el ectrode 0 Cro or. devijc

compr | 1 ng:Op e EE: HonrferaesR PPdqR e Bidrtare ity vy 30 &5 CHE it

subst ant i al14y|e§@ésa¢dvqy 5p0 t he subst rate and spacing the plate fromthe
substrate, includin f|n|n et ween t he e and the
substrate; int ew’ﬂ)Bg ﬁ ’lgieé\/é?réﬁg‘ gﬂEFd@&f\ﬁéé'Ff%@he@{‘?ﬁgtrate and
the plate; jane nghﬁppémdla life bkﬁﬁd@b pérpehditulBA dHdinfifface ety cality 86 ract i on
greater than one in the Cavr@@{p bet ween at |east the reflective el enent and

the pl ate, tW?é'ﬂBlarPQ"HéNl?eéﬂ gt e itgesectsithe iderfaced Angledle bet ween a

first positthgRfore, represents an illumination angle of input light 12. In addition, an
angle A2 is formed within cavity 50 between input light 12 and the line extended
perpendicular to the interface with cavity 50 through the point where input light
12 intersects the interface. Angle A2, therefore, represents an illumination
20 refraction angle of input light 12.

As described above, input light 12 is reflected as output light 14 by
reflective element 42. As such, an angle A3 is formed within cavity 50 between
output light 14 and a line extended parallel to the line extended perpendicular to
the interface with cavity 50 through the point where input light 12 intersects the

25 interface through a point where input light 12 is reflected by reflective element
42. Angle A3, therefore, represents a reflection angle of output light 14. In
addition, an angle A4 is formed outside of cavity 50 between output light 14 and
a line extended perpendicular to an interface with cavity 50 through a point
where output light 14 intersects the interface. Angle A4, therefore, represents

30 an exit angle of output light 14.

By applying optics fundamentals, including refraction at the interface with
cavity 50 and reflection at reflective element 42, exit angle A4 can be derived for



and at | east one second position. 9. The nethod of claim8, wherein the at
| east one second position is oriented at an angle to the first position.
10. The method of claim@8, wherein the reflective elenent is adapted to
reflect |i gbgobiwoough the liquid and the liquid is adapted to increase an
exit angle (A4) of the light fromthe cavity for a given tilt angle (A5) of
the reflective elenent. 11. The nethod of claim8, wherein the reflective
element is adapted to reflect |ight tHPough the liquid and the liquid is
adapted to produce an exit angle (A4) of the light fromthe cavity

Correspondivlagjiﬁqvtnaaﬁ%éé ofreab&tivefeldrientr42f teprédentedcbyeamyié AGr ead er than an
actual tilt angle cSA) of the reflective. el enent .19 12. The

A 200207130
met hod of diffaringandexes cérefracken phiisid o WP CaKIY oh rﬁPreFﬁ@e%i%éM'i‘ Xisin a
range of appyaddiBh AbY Ajs-d%fsf:ﬁbéboé’dd%' fﬁ%tiﬁdékbc;f-rgfra&i%n of BR siRbiRgIn®f claim 8,

wherein interposing the reflective el enent between the substrate and the
pl at e i ncl udige-mirmrsieyicad Ot rapressntaschy index-pefactiannt, ifesybstantially 14. The
met hod @f ¢J@im8, further conprising: forming at |east one electrode (60,
62) on the substrate, wherein the reflective elenent is adapted to nove in
response to appFigises 6andf7 ikustratecene exemplary gmehodinenttas madulatigaof one

el ectrode. | : i | i o 1 ] devi ce
(10) inclu %ﬁtgb)g\a ﬁ{ujﬁgﬂ;{rr{&&gﬁ\gf}%ﬁn@wgutﬁg)@ﬁ?hﬁ%ﬁ%ﬂ(&@d@éfg%@gfﬁ g:n recei vi ng
| i ght at t liedexdfirefradtion geeatertan caadispesedwithingavieS0.i Gigura®t h t he

reflective gl t. | di.na, di y : i . . Fould (52/53)
havi ng an i'ﬁ%grg‘ae%fm?@]&iog\‘M!'ﬁhg*%%ﬁh¢r8%ﬂ'é@?8%‘é%;%’5ﬁ%(r%gglgiﬁaéﬁ) '%’gr face
wi th the | iiadexdof rafigctionyreatecthan e idispobéd ivthinfoaeitgb0.t Imethe exemplace Wit h t he
l'iquid includes, refr ing the light at the interf with the liquid. 16.
The net hod %?b@"HquaL}%quggr E?Yﬂtyr‘r’gf ét’\oiulj‘ciuﬁ@t"m"a%%ebé{t’ "BHE" nterface with
the |iquidiheiGhaise ASBLEH, Mheidax ofefractiorolithiv talityesd is ghbstantamyt he | i qui d
for a given tilt angle of the reflective ebement. 17. The mat|hod of claim
15, wher ei Peef$iReq Nedndereofireiationoutsine offpe PHE[eamitor ACYERSIARLI d i ncl udes
exi ting theyrk@itially &8, Fdifactibfldbés Mbtidtcanatané intéabesvith davitp 80r espondi ng to
an apparent tilt angle of the reflective elenment greater than an actual
tilt andl e gsagming theha thigkness of MateciGigsybstantially thig, agdercabed abevg- m 15,
wherein thgg,i o frid 18 6! iaMirthtibs al
! FigUte 6! nakirhtiba ahBleAn T 8NESutdight 12
appr oxi mat gwﬁqggerﬁ%la pprﬁgﬁlwgﬁteﬁy Ig g '%05'8733@620 19. &Jl'hg met hod of
cl ai m 15, fisgrbdegressmanditit angle ADof reflective alementcd? is & dageerstADReen a fir st
position ang; e So?:-,s i oriented at an angle to the first
posi tion, P%ét%ngéenéihfé}@@?ﬁ%??ﬁ'e |g%9r8|£'sri a first direction when the
refl ective el endigured iilustrates rhoduatiqrosfilightdsy amicrdimigot texjce wh i ght in a
second g} r L refl 1LV t 1Sl At one second
posi ti g /(EI@E\J)WQ\W Fnlagx of Ieﬂ%ﬁﬁén Sreg{e?ﬁ?aﬂ\ orle dléﬁbstelfl%vnﬂn J:ﬁﬁt?tso.
In the exemplary embodiment of Figure 7, cavity 50 includes liquid 52 (including
dielectric liquid 53) having an index of refraction of 1.65. In addition, for
comparison with Figure 6, illumination angle A1 of input light 12 is 15 degrees
and tilt angle A5 of reflective element 42 is 5 degrees. Exit angle A4 of output
25 light 14, however, is 32.5 degrees. As such, with the same illumination angle
(15 degrees) of input light 12 and the same tilt angle (5 degrees) of reflective
element 42, a larger exit angle for output light 14 can be achieved with liquid 52
disposed within cavity 50. Thus, for example, a 30 percent increase (7.5
degrees) in the exit angle of output light 14 from cavity 50 can be achieved
30 without an increase in the tilt angle of reflective element 42 when cavity 50
includes liquid 52. This increase in exit angle is referred to herein as angle

magnification.
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10% & () - s Math the GamBNe%4n§le( (B2 036 gt ds) alsiims ttateti G Figire 7 1iltdidle AB&F

mocr)lfbglgg/ | gﬁ%%“&e@ ﬂ{é{%génysét})ei@%%& §t?> 81%8%eég Thus, for example, a
10 610% & (ﬂ&paba.ﬁ%c%eéae@wsw@mwmﬁm%& EDreBddive &ldmertt 4210967 6"& () -y

10% & ( ) Lne%agtoad to él)oduce the same exit angle of output light 14 from cavity 50 when
cavity 50 does not include liquid 52.

Figure 9 illustrates another exemplary embodiment of modulation of light
by a micro-mirror device with a liquid having an index of refraction greater than
one disposed within cavity 50. In the exemplary embodiment of Figure 9, cavity

20 50 includes liquid 52 (including dielectric liquid 53) having an index of refraction
of 1.65. In addition, illumination angle A1 of input light 12 is 15 degrees. As
such, with liquid 52 disposed in cavity 50 and with the same illumination angle
(15 degrees) of input light 12, to produce exit angle A4 of output light 14 with the
same exit angle (25 degrees) as illustrated in Figure 6, tilt angle A5 of reflective

25 element 42 need only be 2.9 degrees. Thus, for example, a 42 percent
decrease (2.1 degrees) in the tilt angle of reflective element 42 can produce the
same exit angle of output light 14 from cavity 50 when cavity 50 includes liquid
52.

In one embodiment, as illustrated in Figure 10, micro-mirror device 10 is

30 incorporated in a display system 500. Display system 500 includes a light
source 510, source optics 512, a light processor or controller 514, and

projection optics 516. Light processor 514 includes multiple micro-mirror
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representing an image to be displayed. As such, light processor 514 controls
the actuation of micro-mirror devices 10 and the modulation of light received
from light source 510 based on image data 518. The modulated light is then
projected to a viewer or onto a display screen 520.

10 In one embodiment, as illustrated in Figure 11, micro-mirror device 10 is
incorporated in an optical switching system 600. Optical switching system 600
includes a light source 610, a light processor or controller 612, and at least one
receiver 614. Light processor 612 includes one or more micro-mirror devices 10
configured to selectively direct light to receiver 614. Light source 610 may

15 include, for example, an optical fiber, laser, light emitting diode (LED), or other
light emitting device for producing input light 12. Receiver 614 may include, for
example, an optical fiber, light pipe/channel, or other optical receiving or
detecting device.

In one embodiment, receiver 614 includes a first receiver 614a and a

20 second receiver 614b. As such, light processor 612 controls actuation of micro-
mirror device 10 and the modulation of light received from light source 610 to
direct light to first receiver 614a or second receiver 614b. For example, when
micro-mirror device 10 is in a first position, output light 14a is directed to first
receiver 614a and, when micro-mirror device 10 is in a second position, output

25 light 14b is directed to second receiver 614b. As such, optical switching system
600 controls or directs light with micro-mirror device 10 for use, for example, in
optical addressing or switching.

By disposing liquid 52 (including dielectric liquid 53) having an index of
refraction greater than one within cavity 50, an exit angle of output light 14 from

30 micro-mirror device 10 can be increased or amplified without having to increase
the tilt angle of reflective element 42. By increasing the exit angle of output light
14 from micro-mirror device 10, incident light can be more effectively modulated
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rotated or tilted through a smaller distance while still producing the desired exit
10  angle of output light 14 from micro-mirror device 10. Furthermore, micro-mirror
device 10 may be subjected to less fatigue since reflective element 42 can be
rotated or tilted through the smaller distance while still producing the desired exit
angle of output light 14 from micro-mirror device 10.
Although specific embodiments have been illustrated and described
15  herein for purposes of description of the preferred embodiment, it will be
appreciated by those of ordinary skill in the art that a wide variety of alternate
and/or equivalent implementations calculated to achieve the same purposes
may be substituted for the specific embodiments shown and described without
departing from the scope of the present invention. Those with skill in the
20 chemical, mechanical, electro-mechanical, electrical, and computer arts will
readily appreciate that the present invention may be implemented in a very wide
variety of embodiments. This application is intended to cover any adaptations
or variations of the preferred embodiments discussed herein. Therefore, it is
manifestly intended that this invention be limited only by the claims and the
25 equivalents thereof.

What is Claimed is:
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& ()-0!No! 100/&1b§y'ate,ggghlme|aﬂBMSubstrate def ining a cawty (50) therebetween;
a reflective element (42) interposed between the substrate and the plate;
and
a liquid (52/53) having an index of refraction greater than one disposed in
the cavity between at least the reflective element and the plate,
wherein the reflective element is adapted to move between a first position

and at least one second position.

2. The device of claim 1, wherein the at least one second position is

oriented at an angle to the first position.

3. The device of claim 1, wherein the reflective element is adapted to reflect
light through the liquid, and the liquid is adapted to increase an exit angle (A4)
of the light from the cavity for a given tilt angle (A5) of the reflective element.

4, The device of claim 1, wherein the reflective element is adapted to reflect
light through the liquid, and the liquid is adapted to produce an exit angle (A4) of
the light from the cavity corresponding to a tilt angle of the reflective element
greater than an actual tilt angle (A5) of the reflective element.

5. The device of claim 1, wherein the index of refraction of the liquid is in a
range of approximately 1.3 to approximately 1.7.

6. The device of claim 1, wherein the reflective element is submerged in the
liquid.
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8. A method of forming a micro-mirror device, the method comprising:

providing a substrate (20);

orienting a plate (30) substantially parallel to the substrate and spacing
the plate from the substrate, including defining a cavity (50) between the plate
and the substrate;

interposing a reflective element (42) between the substrate and the plate;
and

disposing a liquid (52/53) having an index of refraction greater than one
in the cavity between at least the reflective element and the plate,

wherein the reflective element is adapted to move between a first position
and at least one second position.

9. The method of claim 8, wherein the at least one second position is
oriented at an angle to the first position.

10. The method of claim 8, wherein the reflective element is adapted to
reflect light through the liquid and the liquid is adapted to increase an exit angle
(A4) of the light from the cavity for a given tilt angle (A5) of the reflective
element.

11.  The method of claim 8, wherein the reflective element is adapted to
reflect light through the liquid and the liquid is adapted to produce an exit angle
(A4) of the light from the cavity corresponding to a tilt angle of the reflective
element greater than an actual tilt angle (A5) of the reflective element.
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13.  The method of claim 8, wherein interposing the reflective element
between the substrate and the plate includes submerging the reflective element

in the liquid.

14. The method of claim 8, further comprising:

forming at least one electrode (60, 62) on the substrate,

wherein the reflective element is adapted to move in response to
application of an electrical signal to the at least one electrode.

15. A method of controlling light with a micro-mirror device (10) including a
reflective element (42), the method comprising:

receiving light at the reflective element; and

reflecting the light with the reflective element, including directing the light
through a liquid (52/53) having an index of refraction greater than one and
through an interface with the liquid,

wherein directing the light through the interface with the liquid includes
refracting the light at the interface with the liquid.

16.  The method of claim 15, wherein refracting the light at the interface with
the liquid includes amplifying an exit angle of the light from the liquid for a given
tilt angle of the reflective element.

17.  The method of claim 15, wherein refracting the light at the interface with
the liquid includes exiting the light from the liquid with an exit angle (A4)
corresponding to an apparent tilt angle of the reflective element greater than an
actual tilt angle (A5) of the reflective element.

18. The method of claim 15, wherein the index of refraction of the liquid is in
a range of approximately 1.3 to approximately 1.7.
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moving the reflective element between a first position and at least one
second position oriented at an angle to the first position, including directing the
light in a first direction when the reflective element is in the first position and
directing the light in a second direction when the reflective element is in the at
least one second position.



