SYSTEM AND METHCOD OF | LLUM NATI NG | NTERFEROMVETRI C MODULATORS USI NG

BACKLI GHTI NG 5 Background Field of the Invention The invention rel ates
generally to a systemand nethod of illumnating a display, and nore
particularly to a systemand nethod of illumnating a display using
backl i ghting and one or nore reflecting elenents. 10 Description of the

Rel ated Art M croel ectronechani cal systens (MEMS) include mcro nechanical
el enents, actuators, and electronics. Mcromechanical el enents may be
created using deposition,g NAND I hi ni ng processes
that etch away parts of su %?@gies gﬁg¢%§néﬁﬁ%§§Q%y rlal | ayers or that
add | ayers to for mNIEREERGQMEIRIC MQBULAW@BIS&HﬁINQI BM@KLL@HTIP@M type of
MEMS 15 device is called an interferonetric nodulator. An interferonetric
nodul at or may conprise a pair of conductive plates, one or both of which
may be tPansparent and/or reflective Beckgesdd or part and capabl e of
relative nott on,ARAR-ARR 1 cation of an appropriate electrical signal. One
plate nay conprise a stationary |ayer deposited on a substrate, the other
plate may conpri $be averdioalr¢lites sarerlly e sysepeand trethodrafmlurhieating at disivar ynd| ayer
by an air g C f t
woul d be be?fg’%el %ﬁ%nlaﬁﬁqah%&g??x c?rg@tll}étﬁ‘,} ?ﬁgiﬁgﬂ : dlsﬁ% ?.%pé %aﬁgﬁégﬁﬁ?%g? gérjlljst ics
of these t ypescidctioesiéeas. so that their features can be exploited in

i mproving ex.ghihng LuRdUcEs @nd creating new products that have not yet
been devel oped. For certain applications, interferometric nodul ator devices
can be arranged Micragiecapmegiianieshpfsicns (MEMSH inclydpmisve mechanien] slsmans, aeuaion| v
havi ng adV&@&ﬁ&@%&ﬁmQp%ﬁé%h&ﬂ%hm@@ﬁnﬁﬁé%%&Wﬁﬂ%%mdaélgh@?ﬁﬁ%ﬁraéﬁﬁf%mﬂﬁor
exanpl e, these displays may have rich color characteristics as we

power consufie wrproqu%/lem araisey thet erefdavat oarts b vitestiates Andercdspenitep malpgal
operate by nghkeeihngidlihahto ahdh 1 RERAMHNGLRAdRAL cal &Etvf%EJ e@@é”'ﬁge of MEMS
Interferonetrfic nodul ator arrays can operate by nodul ating ient |ight
reflectdd fAwsetinellad wrapterfmapTiampidtier |Anghteriprameraparylail woromPHEU FIfCi ent
30 howvever, oawﬁu&atlaé %ﬂadeé Qht | bm,m @fwmharﬁaypaeq%%nmﬁd}aapéﬂw%m %1@ brSpart
desirabl e. Thus, ens and et hods for |l um nating an interferonetric
nodul at or a@lﬂ%gﬂpéﬂ%%@@aéﬁmownﬁw wplwémgyfw éﬁﬂwm%%@trwahag&évpe%@la@f t he
i nvention eaeh fadke § QYEmal I%P&?Bﬁwd B0a §Jb§‘cglltee the%&epﬂgtegfay\é&hﬁﬂe h$neBficel Y
responsible for its desirabl ributes. Wthout limting the scope of this
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section entitled "Detailed DESCFIPtIOH of Certain
these types of devices so that their features can be exploited in improving existing products and

ow

creating new products that have not yet been developed.

For certain applications, interferometric modulator devices can be arranged in an array

configuration to provide a display assembly having advantageous operational and performance
25  characteristics. For exampie, these displays may have rich color characteristics as well as low
power consumption.

Interferometric modulator devices in such displays operate by reflecting light and
producing optical interference. Interferometric modulator arrays can operate by modulating
ambient light reflected from the array. When ambient light is unavailable or insufficient,

30 however, auxiliary lighting, such as provided by backlighting, is desiwrable. Thus, systems and

methods for illuminating an interferometric modulator array are needed.

Summary

The system, method, and devices of the invention each have several aspects, no single

35  one of which is solely responsible for its desirable atéributes, Without limiting the scope of this
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Enbodi nents” one will understand how the features of this invention provide
advant ages over other display devices. 5 One enbodi nent of a spatial |ight
nodul at or conprises a |ight-nodul ating array conprising a plurality of

| i ght - modul ati ng el enents each having a cavity defined by first and second
optical surfaces wherein the second optical surface is novable with respect
to the firsvmmwbmiﬁahwﬁumﬁam@ntEﬁ@£$N@hmmmﬁﬂuﬁﬂu$%bb@ﬂbayAﬂﬂGmud@@naﬁﬁdeast
one opt i cal ARSLLRISa' By HHE redd)odihe G BUERA 83156 LHELAG]
conprises at |east’ one ecting e nent orne et ween a substrate and
the plurali tBynboﬂlmlemgh@wmélmnéqrwgl hwivethe fragireid tiie mivenjion etbvids adeangsigeseovei ght
passing throughhhe.ppid cal aperture region and to reflect at |least a
portion of the rg%gﬁﬁeds ght to the <cavity. Backlighting is thereby
facilitated in c@nﬁaﬁmbomwpﬁ@n@mtlalﬂh@t apodblates teoppises ef lighitrnvglatite pemt may
conprise at cl)ﬁﬁr?alm %ﬁluﬁtltyaéfl{@hpxﬂgaulﬁihé \éﬁﬁlents Eé&%bl‘l’!g‘a wqg’iltfjdefﬁgdjbf QRPGE: N
addition, the at Ieast one reflecting el enment may have | oped " 15 surface.
The refl ect isprgnd Priivelnturfpeey Whenga the sagprk enfied] apifaee ebmvwleg@l@h@smyt toghe frst
substant i al lofc.f OREBY CTREAMERbNIaFUEIP HIRAS 11 108 G SEAPLAIR KL e7hd N0
el ement may conprise sections i ntérconnect ed so as forma conti nuous
uni tary st r detturalulssineniy dgviprisrharapmprsesat fragioas reflyctior elemeggHermed defvaniang

el ement S19 Zgu‘t;EEl?re %Qcﬁ{hlﬁ: %lur% {@Wl@ﬁ?%{i@%tﬂ% emntg ‘alllid: élﬁh GO rzjec?e?ve% 51 I gned
with the at Ieast one ‘reflecting elenent so as to a% | east part’

obstruct a Virewghghe eiisalaaperiuse sagionrad tetefledt f ivgst &l nerontol thﬂm@lwééughtnfayhe
conpri se at cmgsga&hgﬁ&g ey (AR OBeailithoifiRaROT L1 ON OF the etalon may
conprise one of nore [ayers o partially reflective material and one or nore
spacing | ayers. fhe gbiﬁestemddﬁwﬁmﬁ glemer anayt compriat afolgast roag |og elumigne | sdrent
conpri ses attItJnﬁt?r?tgolﬂ SPaRgs:. %aéd%hueh@ a@l@gst Bnd ghbg%g le[athe ABES a3l 2 QMBLa t he
shaped feature. The substrate of the |ight-nodulating array nmay conprise at
| east orlé cawifacy:, wherein the at |east one reflecting element is fornmed in
the cavity of theysSubsLERt GemelhGuafthat e@%ﬁm&@@a@%h‘%&tge&gw}ﬁIo@q%%smml
conprise a reflective material in’ substantially particul at’e forn1suspended
in a subst&fitceel Egpmeinandigahemere e et jlegst ogorefleptigy glsmenhOel ARTRISS sedans
plurality o utérl:&maéﬁos@%%foﬁg aeckﬁmms%n&tsfgl ﬁ%@ei’f&’?d‘%l dr@UBEL 1o o MRS B t he
metal |ayer conprises a plurality of optically transn155|ve apertures. At

| east some lght-midslatipgiengttidul ati ng el enents may be separated from each

other sggas to fqhiAfa Rk El@(hulat@fgﬁiyt Mﬁﬁerrc@ﬂbr%@ atx%k%hg&ewm thOaeeRIhRdI ment
of a nmethod of manufacturing a spatial |ight nodul ator conprises 35 form ng

at | east onéeﬂeétmgeeéemeﬁbwéﬁéhaérlﬁastcpﬁrtlalhs%hm%t\f@w A A BATHoRYTeacqsing plalety  of

l'i ght - modul gt} pgsk %a?%ﬂﬁt@seag?qya‘?t § Bertidh of eAStaNend efel Retdnng | %ﬁﬁﬂtm@n t he
substrate so as to forma light- -2 nodul ating array. Each of the

| i ght - nodul &0WPTe encEivrslayseny rpsialdy Flscsive mefera adomg coppic segeing layers.

In some embodiments, the at least one reflecting element comprises at least a shaped

25  feature and a reflecting material over the shaped feature.

The substrate of the light-modulating array may comprise at least one cavity, wherein the
at least one reflecting element is formed in the cavity of the substrate. The at least one reflecting
element may comprise a reflective material in substantially particulate form suspended in a
substantially transparent material,

30 In some embodiments, the plurality of light-modulating elements include a metal layer,
wherein the metal layer comprises a plurality of optically transmissive apertures. At least some
of the light-modulating elements may be separated from each other so as to form an optical
aperture region therebetween.

One embodiment of a method of manufacturing a spatial light modulator comprises

35  forming at least one reflecting element on a substrate, and forming a plurality of light-modulating

elements above the at least one reflecting element on the substrate so as to form a light-



surfaces that define a cavity, wherein the second optical surface is novable
with respect to the first optical surface. The |ight-nodul ating array has
at | east one optically transm ssive aperture region. The at |east one
reflecting element is configured to receive light through the at |east one
5 aperture region and reflect at |east a portion of the received light into
the cavity. welliingatdye Bichl dabe lignenadelplinectlemeisetoameints falyandowpmi setical
deposi ting aj, Lc%éﬁltdﬁ 826 Yeavif! YWHLON R Sidn % caf &&n%&é Nov@AL Gin 0. £ RPRET -

and formng t he at least one’reflecting e nt conpri se depositing one
or nore nat ditplaipcal surfage. nTle lsahibypdidatinglafrgy lﬂs @p@@ﬁt snrr friicdly teanguibdteaanerinag | y
convex geontlyy A ficad B5! éﬁ&euﬂg Elxm&@ RERK R HRAT LY, ik RO, ARl TROT S,
formng the | east one reflecting el enent nprises formng a shaped
base str uct LAPertwhregine argd rpqck atleast wﬁrondéﬁeschwglght inefthewvithg material on
the shaped base ShfHEL WeCu 1HREMRIAOGTRInbH hh1CoriRRPLERSELLIIAD ofe GAVI 1Y
in the substrate, and " form ng the at ast one reflecting el enent

subst ant i al |3minume fsdves difamiym, gpids #nd capriss prdfoaming et kst rvarcfectingelenensmay
reflecting E‘Joﬁﬁﬁé’étdeé@hng%méﬂ R&e HERASL td B Qsdb@MﬁfaHQfsloFe%fs Bl d‘&b&ﬁk%ﬁ;} al on
the substrate and 15 surface treating the layer so as to Increase the
reflectivityonifd/ermewaet &Fidsgnisly cpEayetdomelry. nh somateapdiments fomupethe at
enbodi mept s 1e4smlen;%h&cagg %uhglneaongggép bty { HaBddBhsd sg&%@%hltﬁwsufb%w b ON
the substrate aligned With the at |east one reflecting el ement so as to
conceal the dpPasitise & rpleetingmagerighon thyihappd bReaBYCBhe refl ecting el enent. The

conceal i ng feat urg. TR, 08 QP HirSer éonEB?§é<f09ﬁqxn§ta LGash t%b%@teoﬁnda{@nﬁpg% Rt ng
material, a reflective matérial, and a transm ssive material. The concealing

feature rmy lesheneireflectingraientent aiheantighy imrthy e ofghesubiraisar isoRink ek lcanLes | al |
a_dye, chr O il A0CheTBloy ROSAHT Geb iSO T RIBPLRBRAL S B L BGRALLDGnd

feature conprises a netal I'mso as to form an etal on conprising the netal
fil m andlst heudgce| tesaidng f@ﬁéayr?re#q ectol ingreask dpersflectivife ausk/ o) sftenng obee elRstRgur ed
to appear tQuf.Mi ewer as a predeterm ned color. 25 In one enbodi nent of the

met hod, formng the at | east one reflecting el enment conprises depositing a
conposi te mat eri 4 sasif FHEIFERShamethad fufthrs omriiteT lerming heonseipe SPE atdber i al

conprises 1 efh&6klaMgeBith ikl £%.83PRMEGH - Rn@niSH RS ,aRhA tha/mgleﬁr}ﬁa@a{c@ bt
material. The conposite material nmay be deposited at discrete |ocations on

t he substr at'ee &lptepne rglscting degepbor eaopeting|fafuyje may cqgmrisee Matkelef BaBARS, or

the conppsi t@ HBh&fbidd riRMIDE HRROR ﬁq@c@n@nanhhaetr%%&&@%eaw B RSeafng 30
continuous |ayer, thereby formng a single reflecting element structure. In

some enbodi rfetit may PRIy MaTkIRET ol t irgstenerhsabor BlaTk TR w L any e hierfust skt ri ¢

nodul at or el giRRtnAN L the énmhﬁneﬁmyé &hbéﬂgngaﬂ’eﬁt@)é cEAPIREL S8StaPfim so as to form
interferonetric nodul ator arr%{ I n other 'enbodi nents, however, other types
1

of |ight moddlcElerempRunsidr mytebiimernd Poaideast owerisctiag ¢lermebr S8 titign Hey be
enpl oyed. 33,fRRrRTPRILIRN vilferds MElehdmBled BAGK! i ghting an interferonetric

nodul at or array conprises positioning a |i ghht source proximate a first side
of the i%terfer ofis enbediangntaal die rg_fpt]pqﬁiyformmg e at least one reflecting element comprises

depositing a composite material on the substrate surface, wherein the composite material
comprises reflective particles suspended in a substantially transparent material. The composite
material may be deposited at discrete locations on the substrate surface so as to form a plurality
of reflecting elements, or the composite material may be deposited on the substrate surface as a
30 continuous layer, thereby forming a single reflecting element structure.
In some embodiments, the light-modulating element comprises an interferometric
modulator element and the light-modulating array comprises an interferometric modulator array.
In other embodiments, however, other types of light modulators including other types of MEMS
structures may be employed.
33 One embodiment of a method of backlighting an mterferometric modulator array

comprises positioning a light source proximate a first side of the interferometric modulator array,
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and reflecting light fromthe light source to a second opposite side of the
interferonetric nodulator array. In sone enbodinents, the light is
reflected with one or nore reflecting elenents positioned between a
substrate and a plurality of interferometric nodulator elenents fornmed on
the substrate. In addition, the nmethod may further conprise masking the one
or nore 5 rehfl eciertmy Beherfeom dhet bighhisdec ke rsedoné obentfe @ﬁ@n@fnﬁlEfintgnfqrmh@w and
masking My GAIRE S OO RhodifaRE R BORLL Ohedka AaChR! ANBR! HRRAL] e
one or nore re ectlngeerrents and a vie In sonme e odlrrents 0

met hod, t he ¢lamghts ppsitiqned IbetW@da witstrataapl uplafalipyofofitedprowetesie enodulafol elemimy

el ements, a%%eﬁ'%n Heq trie &ldﬁl%iftl ﬁ&ﬁ?ﬁﬂod\%gﬁuﬁ c%pligg'h%sﬁﬁ hgﬁ é(ﬂgnore

el ements having slop ed sur aces. ht "may be reflecte one or
nmore convex r@@ﬁﬂl@c@ﬂﬂﬂﬁgtw kide e seﬂe@irng@k@mlt(fm@r vigrgrand cusldeamay @rrlpwtfpmgng
elements. Theldg %&P&aggmroﬁfblﬁ%énetﬁe WP BRG Ml bl 6L ERG, €l ements

conprising at t one of alum num silver, titanium gold, opper.

Bri ef Descripti o efme ¢nsbomhinzenss g shemingthode the light Brreflesederith ¢ pludiy depicettd ng a
portion of t%[ﬁq? n QNEL r n

whi ch a rmvg%%e 6lciilll g‘? I %/nngl ag%rt ?bé F%ﬁ‘?tésate&ll nt ee; rE%ng%Hreﬁén% ele%éﬁtPg%?é isin
a rel eased pbgéd jugaccandhedighb mabbereflestddedthi one of mgreconfex geilsetogretiments, or one

i nterfergmetyif.. MRANEALRLoSciddlnf ﬂﬁt%@& S‘lgy Bé)%ﬂthJ‘wnﬁ'oQé«'&em&e'réﬂe%tix?gy stem
bl ock diagram [ Ustrati ng one enbodi an electronic devic

i ncor por at i rprentgx@uiring pfleasberetof ilemiron Ldilbtrotitad iy Hokdy andX@pRIrgur e 3 is a

di agram of novable mrror position versus applied voltage for one exenplary
enbodi nent of an interferonetric m)dul ator of Figure 1. Figure 4 is an
illustration of a set of Hficd piiop adeavingsat nay be used to drive
an 1 neert eronel [ g AqUiALoridhaRl @yw 'ag a{ngs SO0 opEbrle! LIl 2N
exenplary timng di agram row an m1 si g a 5 that nay be used to
wite alpr art@er@fromtrsqoina@ﬂﬁtat@smad in Nélcsﬁanwblerrﬁbp@mel@yer of prbiei imderérongitiep| ay
of  FIoure Zuoqfh@ienielfiod pbidHout GChOARE AndBE HRYPE BlonfliflfSorderd™ OUT e
6B is a cross section of an alternative enbo an interferonetric
modul at or . mdﬁﬂf‘gmseﬂﬁ!@ctuste‘ép@rt@ss section of anot her alternative enbodi nent
of an interfer ong{ }e% 15%9Hérgto9)|ék ﬂlgérgﬁ{rlﬁus%atln ofle Qlln%lhr\ﬁérﬁWf QT el@dronic device
interferonetric |'at or "array show ng el ectrodes for driving the

interfer orretuirca_onoowbnﬂﬁ aBonterferfngue mo@uetdralisalapl an vi ew of one enbodi ment of an
i nterfermetric gl 3o, BLEAY o SRoGORPLERE HsifoPlbA! Lpfedlioltage for one
interferonetric ul at or errents separ at ed aperture'regions. -4 Figure
8B is a crossenrpay prorrdimept @fwn@ﬁerf@mqffmfé?dﬂl@ﬁ% igyre Inpdul ator array of

Fi gure 8A

Figure 4 is an illustration of a set of row and column voltages that may be used to drive
an interferometric modulator display.
Figures SA and 5B illustrate one exemplary timing diagram for row and column signals
25  that may be used to write a frame of display data to the 3x3 interferometric modulator display of
Figure 2.
Figure 6A is a cross section of the device of Figure 1.
Figure 6B is a cross section of an alternative embodiment of an interferometric
modulator.
30 Figure 6C is a cross section of another alternative embodiment of an interferometric
modulator.
Figure 7 is a plan view of an interferometric modulator array showing electrodes for
driving the interferometric modulators.
Figure 8A is a plan view of one embodiment of an interferometric modulator array

35  comprising a plurality of interferometric modulator elements separated by aperture regions.



showing illum nation by a backlighting element. Figure 9Ais a
cross-sectional view of one enbodi nent of a reflecting el ement conprising
nore than one material. 5 Figure 9B is a cross-sectional view of an

enbodi nent of a convex reflecting element fornmed in a cavity. Figure 9Cis
a cross-sectional view of an enbodi mrent of a concave reflecting el enent
formed in a cavi tigureFiByigraecrdsg-s¢osionp! giew s thednitifopmétriy medplabr airay of Fapotei §dg

el ement and g, ilﬁmﬁf?l%d ra%qcﬁh@hnrrr]ggle&@ﬁtceal the reflecting element froma
viewer. Figure Il 1s a p n view of an interferonetric nodul ator array

showi ng an upper FiggleeB4r sde dresyectipnt tveshetl one chbpdimantpplirateflegfingfelapni cal
aperture re of light therethrough. Figures 12A and
12B are sys?grﬁ}%rquior%{hgrgﬁfn@%rﬁpustratl ng an enbodi nent of a visual 15

di spl ay device c&igprei ¥} e aroptsaetihiltyevopf pmembodireniret # iconvir dfleetingredement

Det ai | ed Des L1 o qsgng Preferred Enbodi nents As discussed nore fully bel ow,
in certain p erre nbodi nents, one or nore reflecting elenents may be
integrated in a dizoysl Wy istaocresrseasiondl [vieyndirpat dmbadifnenimia doaciee rifgbiingtedemeatar by
20 interferoueLiiG Jrdul ator el ements. An interferometric nodul ator array
may include one or nore aperture regions through which illum nation froma
source of back | Fightei Wgispr opsigatiesal vidveo! apdlcetingeclonesyl enisa mask pefipwedhteed
bet ween 13dj agenh aleNt {negre(pgﬁeet]rﬁ(?ngggﬁ&ator el ements, for exanple. The one
or nore reflecting elements is forne bet ween a substrate and the
interferonetric Hmdwel bt or 2 arlanayiew THeanr afdriemtrcry mbdutnsart FTapEpoWRE pOSipPEONed
so as tore 1 I d ect

t he recei veg% ty()%ﬁ dy%agégedtjﬁifg g @fbg%%%@é&%&&&[&%&?ﬁgtﬁgﬁ?@& Ofggﬁéat ors.
The refl ect |th¢gzﬂe1n@hents may have curved or sloped surfaces that direct
it as desi redgole 1524 03 B9 SLATBRNS IR CRIRELAC &llGkhyf Wb | al S
such as al um num-or I'ver n certain e nts hereflect ng elements
may conpfi séisplapdeyee CmremigalpILEtJtEhO%stméerg!h@U@me@ﬂ@Qrs and a reflective
overlaying material such as alumnumor silver. 30 These reflecting el ements
may be fornmed on or in the substrate and may be covered by planarization.
The efficiency of backlightleta gECHE umanish refl ecti ng

el ements. These i L

t hrough the front E?Fhﬁ% nglg ﬂugm%ﬁhm g?ryafﬂggmtgrﬁg{%ﬁ%gﬁehﬁaﬁegg?l?%tr%ﬂggmgs
directed toetf;emrttarmyslpeloteﬁnatﬁdemo@mmntosdlwﬁt fllominaiiony Eprni aohackl-lcsh/etceneaﬂwhe
nventi on CatRRREROHL AR B | b UIGTOLuhd LRERb: YR Sua RABI Sie 35
descri pti on, erence is nade to t raw ngs wherein parts are
desi gnat ed w%dnpbmu(erqawneﬁlatush whichiymoution @rsnwrsctulrceb)é ba:]bplahtemwfnazmqs{ﬁ@
fol L owi ng desEhl kbRl % DUEN bAR.IRNL A o RrkIRLETCAbA: 1A IOy oo

that is con gure play an i nmage, €0)
example. The one or more reflecting elements is formed between a substrate and the

interferometric modulator array. The reflecting elements may be positioned so as to receive light

25 passing through the aperture regions and reflect the received light into optical cavities of the

imterferometric modulators. The reflecting elements may have curved or sloped surfaces that

direct light as desired. The reflecting elements may comprise reflective. materials such as

alummimum or silver. In cerfain embodiments, the reflecting clements may comprise a base

material such as a photoresist and a reflective overlaying material such as aluminum or sitver.

30 These reflecting clements may be formed on or in the substrate and may be covered by

planarization. The efficiency of backlighting may be enhanced with such reflecting elements.
These reflecting elements may also prevent leakage of light through the front of the display.

The following detailed description is directed to certain specific embodiments of the

invention. However, the invention can be embodied in a multitude of different ways. In this

35  description, reference is made to the drawings wherein like parts are designated with like

nurnerals throughout. As will be apparent from the following description, the invention may be
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or stationary (e.g., still image), and whether textual or pictorial. Mre
particularly, it is contenplated that the invention may be inplenented in
or associated with a variety of electronic devices such as, but not limted
to, nobile tel ephones, wrel ess devices, personal data assistants 5 (PDAs),
hand-hel d or portable conputers, GPS receivers/navigators, caneras, M3

pl ayers, camplomagedsin agadyice drsblceiguwd tedisniatao isage, ehadipk 8, magwh dug-atidos,

t el evi si on a folH , ni I ays
(o o+ " odomer apighdy, Gy P Ao, BlIAMME e GaTRE bRior B WGk Jur @b, 36) 2
of canera vicewsmglategthat ¢ Dptrayn oky be mxhsmvﬁeew @ameriated rith avedrte piegfectronic

el ectroni ¢ %999&%9&%@% o6l z% edQ@'anobHé déa%%?%% esSASs, pRERLLELL %?istants
architectural structures, packaging aest etlc St Fuct ur es

di spl ay &f i(Rages hod- 131dppre9@tabl‘e qoeweﬂ*atsyﬁPS NVEdE ethéavigeiersofansiayi MEB plasersuct ur e
to those descridash, NELELMGRY s QaRfies!SBlkel BBl sibhian BRRLLCAL paigy Such
as in electronic swtching devices. Bhe Interferometric at’or |splay
enbodi nent  clprs, svm@ltemnmmreraﬁl@rdyﬂmif {eeg., oNENBerdispfslyagtc. EIcecrmmcont@ls and/or

il lustrated 4, Vi: , gagiez&p% re . ¢ 15
bright or darsg g% g#gﬁy bt CJ E ﬁt%'e’(d}sg% O(I:F)Edh 5pen a§né??aal'ﬁe ‘%h]hes |sp ay

el enent ref Ipbetbgraghs) tdﬂgenlpcbnlthoards of signsc pragntorsy irshifpkrral |sg¢wurtsop@km andMhen
in the dg S ittle
| nci dont vt SrBRE FTaREist Aurhy 3 Bhfiee b pRLER Byiof RIS AL CERBIR 1y
ref | ect ance sprawerte |tlese ofsctibpgl Heomtt candlsd of fdsedsma!noelsilfmhiy dpeliatiyer wed as WEMS

pi xel s can reflect predomnantly at sel ected col ors,

al | owi ng fo%?egtréélg{g&&ﬁﬁggﬁvgcgsl n addition to 20 black and white. Figure 1 is
an isonmetric vi e\@ndeqntecfbuomgtric\/\m@dﬁtercéﬁpla)plewéb@miemt eor@;eisa'nesarofintpifexret@ricof a
vi sual di spl - [ C es t

nodul at or. Ihﬁymé[(%\r@é}sfagﬁggﬁﬂ 8 S%&%idn&l er ? er%ﬁ%‘%\éﬁ@v I?f'gdﬁf at cg%&é b Ei(}ther *
conprises a bri@wcudlatkm&atar ha@ne ofiglit{gmE or meef)fseirt@mlwtdwpdayn@duﬂnate@p@s al&agﬁh
interferonetyri dul of..r i oned
at a vari ablpeomg’ﬁrrp%l% \S1bllequhy§ S%nl%@1 mrl%grlﬁeg%té R her l%sgagﬁétrﬁtﬁiztge ?er% 3 nant
opti cal cawiwnwwﬂdwtsdttﬂd igaidtnt méle\/l&ht t@lsheeuseti. rieemsmm ot the enwdemdnodhiertight , one
of the refl %%ﬁect\ég Eﬁéé;?e s TB%ne P& MRY agffb‘é{a%é@% ‘é@e@e‘?ﬁht | AB8ts 1#)19@1% D& £d ISt
posi tion, erre rein as the released stat novab ayer is
posi ti oned a;pnf&ureéltfateﬂvelpgﬁdbramgelydtit ssicated golbrsoptionrintei fxteadeoprardisplal inyaddibh éct i ve
layer. 14 lﬂ’h e SRGARd position, the novable |ayer is positioned nore closely
adj acent to the partirally 30 refl ective | ayer. Incident light that reflects
fromthe two | ayé&ierd hisenf isprasiric vngtdepictiigveloyedprent gestsrinetsenel of mespresfdi ng on
the positioniQft &Gy aYEBLC. e HLECLINE: LAY RFnvBTAMMELDA L BRkAN 1o QU |
reflective of non-reflective s ate r eac pi xe éleplcte portion of
the pixel armhydicenifi guntsritromaci udeklatonodispdijyacemwtisdsnt ervf/edlometerriyc of these

nmodul at or s he. | t, a
movabl e and REgRgots Boo ik BelhRELShaNE oGP LB v ke B

posi ti or®sat pasipiedet ervaiigbéedardi wnigibblefditarca fibinxach péet foabiny aresohamt ppticel | ayer

16a. In the chxﬂ&%&ea’é %gﬁtoﬂé ‘S;arigﬂg 'tﬂn?et‘lg&l %%m@é}nﬁog&eﬁé, glt;let of tﬂ%ﬂémv&m'e?s mé,)ﬁ

be moved between two positions. In the first position, referred to herein as the released state, the

movable layer is positioned at a relatively large distance from a fixed partially reflective layer. In

the second position, the movable layer is positioned more closely adjacent to the partially
30 reflective layer. Incident light that reflects from the two layers interferes constructively or

destructively depending on the position of the movable refiective layer, producing either an

overall refiective or non-reflective state for each pixel.

The depicted portion of the pixel array in Figure 1 includes two adjacent interferometric '

modulators 12a and 12b. In the interferometric modulator 12a on the left, a movable and highly

35  reflective layer 14a is illustrated in a released position at a predetermined distance from a fixed

partially reflective layer 16a. In the interferometric modulator 12b on the right, the movable
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highly reflective layer 14b is illustrated in an actuated position adjacent
to the fixed partially reflective |ayer 16b. The fixed | ayers 16a, 16b are
el ectrically conductive, partially transparent and partially reflective,
and may be fabricated, for exanple, by depositing one or nore | ayers each of
5 chromum and indiumtin-oxide onto a transparent substrate 20. The | ayers
are patt er nédghtyntefequize dytrel4bst iliyssstedamcannminated positiomadgdcenatto olcbelxet] padialth Spl ay
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an interveni a fi.ci.al g .t 0 en
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conducti ve Ct i [

def or mabl e %ﬁ%{}éﬁé{p&gﬁ%X%ﬁ@g?@{ %BC%HQSHH Q? ‘Sﬁin? vPcunﬂ ngtla}%tg rﬁgr glgbélogv alr% i splay
device. Wt hnm@blappdri; &th, I/4iol rnsa[g:e fonﬂaéascaa&mtswfb&ahémllpnsf héporehmehklayeayer s
14a, 16a an i I e_as
st rat o dqﬁ; ?%ﬁhogon(af awlenI!I]%_o'deI fba) f?sbf‘deggﬁégggﬂ %golré’%%%ean 1?t%r%%nuagl
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this Fi gurelaf?"ﬁr %ldth sésmagfon q éﬁl%}eg% {él%élﬁs\e{% erléevent shorting and
control the 20 séVIﬁaTant amﬂuedjwsltaancthf) caﬂyllplmamabﬂwedmytht heyesi Mel 1642ipd dire t he
right in Fi ha r. y of
the appli ed%g]f)ﬁn g 1a)I' ?‘f e%éc%%%&a%?rﬁg?)ﬁf%%v%aﬁlﬁr&gr\%ﬁ !(i:gﬁu%hrmg lxegtlgtg ghgﬁlg{]é ?hat
can contlsol Howevearefhact pm}teltwlsdlffnmnceriefamﬂi;ﬁitwe splietel rost atdesolunsn, dreadapgdos i n
many ways t.0 th u venti r t i es.
Frguree 2 ¢ HoBsoR b Hipskiol BERY «B) BhurCHeAtes D't BL AN ArF BBHET 0%
array of 25hmrgﬂdeaxfdeaimymmlcdom@dl]uﬂlah&)ﬂszmdﬂsaogdths:pIIéyheawﬁthgfeciahigbnnoughx dure 2
is a system bl o ‘iéﬁadér%gc{e?o ed Ind“ﬁorc"% ! “9% ﬁ%ﬁ?ﬁ%‘?ﬁ% g‘%fi‘ézec?r‘ic eneaI %EII %IC

devi ce that Tmay orporate asp i nventi on. In

enbodi nment , 1lhks3atesd mcihzs dizue mIaf\heciepqsmﬁI @dbsﬁ&dpawcwgmnMOMgmm crmatyolbl& any
gener al jurpose. si | £ 0 Pentium
" Penti u’ﬁq | ls%pafatlon% Iilcebas ql%‘flr tesl by S ﬁn]u%bl\??‘lr §I)e rléﬁ i F‘Eure al‘%e ghaé]gwi the

I\/I PS(r), a I%ameregEi@(eSS) Qf thm p@lhﬂRHA(f rhe, apmhecamzelﬂ@l éxffem;ncal ]nuthpoge row/column

M Croprocessof . on?hat can Bt Igne raillec{;svegvs nonR’e e%gf‘\?e p(i)%el stnile% {‘S%ﬁqgg()l{l&?lln e W?l{f

pr ogr ammabl e gaf conventiona h roces 21 may
be confi gur edthausecbxemzsmoﬂé%}andoﬁier cswﬁdymhmﬂqrgmm es. In addl tion to
executing an operatin st.e r r nfi e xecut e
one or nore soft \nf/agr 6 4 tﬁ%{m%h ?hlc?trsltéa% P%c%gﬁﬁ%g’ pé&\%%bﬁgﬁ‘ﬁ&% f(rg(lﬂsmggll o %U%hgfc

appl i catdSon,ntenferendiid n’pmduigpamn ordisphy applveriors oftigver @ apphkystat book d8raln one
control T er 2 FrRdE S EREaR i HelRat g R v PO B run Bl on
driver circunthe24erapidty ambodiment, the electronic dewce includes a processor 21 which may be any

general purpose single- or multi~chip microprocessor such as an ARM, Pentium®, Pentium 11°,
Pentium HI®, Pentium IV®, Pentium® Pro, an 8051, a MIPS®, a Power PC®, an ALPHA®, or any

30 special purpose microprocessor such as a digital signal processor, microcontroller, or a
programmable gate array. As is conventional in the art, the processor 21 may be configured to
execute one or more software modules. In addition to executing an operating system, the
processor may be configured to execute one or more software applications, including a web
browser, a telephone application, an email program, or any other software application,

35 In one embodiment, the processor 21 is also configured to communicate with an array

coniroller 22. In one embodiment, the array controller 22 includes a row driver circuit 24 and a
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-7 colum driver circuit 26 that provide signals to a pixel array 30. The
cross section of the array illustrated in Figure 1 is shown by the |ines
1-1 in Figure 2. For MEMS interferonetric nodulators, the row colum
actuation protocol may take advantage of a hysteresis property of these
devices illustrated in Figure 3. It may require, for exanple, a 10 volt
potenti al didolemahiver drguible thaseroddnegrls te alpaybrray 30d dho cress seofantdf theragkeased
state to th I a [ t hat
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accor dance esired set actuated pI xels In the firs _I‘OW. row
pul se i s trendiagpl inedthen an etupigdy of teleesed modexisting tstrg | rdnce heaclpipesl 9f the

corr espgzbd' n&e&ﬁm&aﬁ %aaat&e%%&wmhe &m@ oﬂ;@@a a5 Saft gd@ﬁam@fa e‘a L&ap

electrodes is t encane to correspon esired uat ed
pi xel s in t Hermedbpihg fm@WndAnw&geﬂqcévetIM@m @pﬁkab@dtaﬁ@aﬂﬁ@h‘ﬁéw aQVOétIi@chﬁklfde

actuating the, gﬂ%&%@%h&hﬁw% él?ﬂo& o'h ((3/91"\81251@%%@0&%&31”}%0 Wil ARG 1%%{?5 ted

columm el ectro he row 1 pixels are fecte he row 2 puls
and remai n ipixel Hehespplied potetial wéiked.-set to during the rowl pul se. This nay

be repeated for the cof é;{gﬁcﬁi@ﬁé Q%lsgfay 9 n'1 2 g ée%&ﬂ%@talséhmfg%emd? Br L oduce

the frame. Cenerally, franes are re hed and/or updated with new
di spl ay Hat eldsiodss it doperdanicy with é*ﬁé‘&%lteﬁgett%&@tu%ﬁmé%%mébe Bietmewd e's foverilss uhber

of franmes pefe, d@gﬁeadm o wwdfe31\4a{dd@ta>étu9ﬁng%9inqapk&esf,c%mgrte, meragse&%m

colum el ectro I xel arrays to produce display frames are al so well
35 known andmﬁ%yﬂl@eisﬁst@ﬂsqt af @Qﬁmruﬁ@,ﬂﬁrp@m ishethchapged pe eaeeptongl iy Epdesyad set of

actuated pixels in the second row. A pulse is then applied to the row 2 electrode, actuating the
appropriate pixels in row 2 in accordance with the asserted column electrodes. The row 1 pixels
30 are unaffected by the row 2 pulse, and remain in the state they were set to during the row 1 pulse.
This may be repeated for the entire series of rows in a sequential fashion to produce the frame.
Generally, the frames are refreshed and/or updated with new display data by continually
repeating this process at some desired number of frames per second, A wide variety of protocols
for driving row and column electrodes of pixel arrays to produce display frames are also well

35  known and may be used in conjunction with the present invention.



-8 Figures 4 and 5 illustrate one possible actuation protocol for creating a
display frane on the 3x3 array of Figure 2. Figure 4 illustrates a possible
set of colum and row voltage |levels that nay be used for pixels exhibiting
the hysteresis curves of Figure 3. In the Figure 4 enbodi ment, actuating a
pi xel involves setting the appropriate colum to -Vbl,,, and the appropriate
row to 5 +AV, whFghrepapndithesgoms rossihlsaougtionspraidol £6r gelinga disslpetamea y
Rel easi ng t e Bk %@l JrFiguRCL Ak @h@gmtgyaﬁssfmue@gt otfbau@ﬂmaqu@ﬁag o QLY
+Vbi as, and the appropriate row to the same +AV, producin ero vo
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t he Figupe 5A fr i
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and rel ease h 0 ed. To
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(2,2) and rel eageqpi 2 ( ) inR, f -t.he
array are affect %dthgl‘ji@ré 59‘sfrgsr)iem%ra%lrs @ 1§ (1 25\8(?22 (ts%)rellg‘E Q? )u%cﬁ;%@%agﬁd T% to -5
volts, and eelounkshthis, Juriiy a/dint §meTﬁer0rﬂowc®urQn9r bmﬁwgt tOhé volg, gwolgmpidx el s
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appr eci ated r r ens or
Pndr edaof *Fou Sha S ol kL aey HI(E1FAR (5 I SUF0LOl e PLADISL o RGPS
sequence, amtkels évibt srr&yfam/%ffe@fa@e"s'o st ey 1 & gseiredorammroivsarido cololfpmnaedlemitsi on
can be vari %nwﬁ%' % B0kl rd A GERR" ggmeﬁe,mwm b RE AR Y angan
t he above exanple is exenplary only, and actuation voltage nethod can
be used wit rﬁlqamlmse@émnd(h@bn%aa@nno qfh@ pdfelsaf the agfy arheffasted uBow P es wifilarly
nter{ et oMbl RN ARALS. 403t DRIAL AL LBNAR T IR0GE. Wiklow §URRILAGP, o
set forth abov vary w For exarrpfl I gures - ustrate three
di fferendf en@oapmrelm@hom tnr‘r“egum% ngfteriwritiog Tetiramet the ww }thglmle agAetosang ther os's
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is deposite

arrangement of Flgure SA It will be appreciated that the same procedure can be employed for

arrays of dozens or hundreds of rows and columns. It will also be appreciated that the timing,
sequence, and levels of voltages used to perform row and column actuation can be varied widely

30 within the general principles outlined above, and the above example is exemplary only, and any
actuation voltage method can be used with the present invention.

The details of the structure of interferometric modulators that operate in accordance with
the principles set forth above may vary widely. For example, Figures 6A-6C illustrate three
different embodiments of the moving mirror structure, Figure 6A is a cross section of the

35  embodiment of Figure 1, where a strip of metal material 14 is deposited on orthogonally

extending supports 18. In Figure 6B, the moveable reflective material 14 is attached to supports
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extendi ng supports 18. In Figure 6B, the noveable reflective material 14 is
attached to supports -9 at the corners only, on tethers 32. In Figure 6C,
the noveable reflective material 14 is suspended froma deformable |ayer
34. This enbodi nent has benefits because the structural design and
materials used for the reflective material 14 can be optim zed with respect
to the opti aathe cprapedly,ioassthantl. tth &igateraldc the i@k catlie séftpaticenthieral &4 is @hspendsed f or

t he deformahl e | 4 .can optimze ect .to desired
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nodul at or s. inftrérenemdr eio@lupxpermm@naham icodlgudfors| @ kisodessitan Hoe cedngddt thecal |y

contacted throu S I I I lL.e riigns of
the el ect rodn Om'%lc %E %ula%r eler&%g anFé‘gr@F’ glgéét‘ngg%%{ﬁl[ r}adtneggrl%%{e%t
i ndi vi dual arrmgadl art 0E1$1025251urrm15 amd dwwm;al hewse altmm@tﬂlaedlewpdctehoc@ej@chby dgibuced

wi dth el ect rIRg"?er(PO:tjrt I Oncﬁlla% é eﬁpij a% veﬂ?rﬁérs Qi (p@a u%l@&rm}e au]dha row

lnterferorretrlc u aors narrowe an snown 1 n narr ow
el ect r odé pelkettransnayoinstext ¢ongrisendipluirdiiaof m&tme@rosmnwatmeelhro@m eugllef or
exanpl e, dimension than those illustrated.
Additionally, the array 500 could also be fabricated with distinct upper mechanical
electrodes, for example, one for each interferometric modulator 525 instead of a single electrode
552 extending across a row of interferometric modulators. The discrete upper mechanical
30 electrodes can be electrically contacted through a separate layer, for example. Additionally,
portions of the electrodes (e.g., the upper mechanical electrodes 552) that connect individual
modulators 525 in a row may have a reduced width. Such reduced width electrode portions may
provide connections between the interferometric modulators 525 narrower than shown in Figure
7. The narrow electrode portions connecting individual modulators may be located, for example,

35  at the comers of the interferometric modulator 525 in some embodiments as discussed more fully

below,
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35 at the coners of the interferonetric nodul ator 525 in sone enbodi nents as
di scussed nore fully below -10 As shown in Figure 7, each colum 550A-Cis
el ectrically connected to a contact pad 556A-C. Each row 552A-C is al so

el ectrically connected to a contact pad 556D-F. Timng and data signals may
be connected to the contact pads 556 to address the interferonetric

modul at or  arr ay AsAsoweicrigbed. edsbvelumh §WA-Eris elebidcaiyirodiaredto 2 lcbuzt pat ed i s
exenpl ary | BsPREUMRARHLINRIC B SAULOUNRLLANSANL doRL0NS STR.rOT: LAY el
such as interferonetric nodul ator arrays wt ectrical contac

certain enbodingntls maphbe kivhegtiad tadhd wniagferddy %‘56@ B@F}W?Sﬁéheen@rfdpmpthawowﬁplrl sing
at least 0N NALILGHRMELGolRek! i fncBlieYi R0 ek A s Rhgr e
8A. In such c(a))}n |gursat| onsV 3 %Fnt e%eoroneetlrlﬁc tr?og %ketgaagg\rggt;{%(s)o may be
desi gned St o cpftaiatiensianl dpﬁlemamaarbefemw@mewbae ftergronggtricl Qodidntor\aimaysi wighosi de of
the interferopti.Gpdul ator array. In the array 500 shown in Figure 8A,
separations 574 between interferonmetric nodul ator elements 525 form opti cal
aperture regionsn exsteineahodiments.cbapidightinganigeg tosilld@ir@fe a dierlayr qoaprisifiha legsart  of
the 1nterf elaukle e abIUlALEES 530 Bah ol SolRRI BLECsANLTLONERS gsponds
to the rrecha%?‘caﬂe im%)ler 57 Ot'ﬁg% supporat‘so pgr m.hlr:r.uors (%ﬁatﬁﬁﬁom as
descri bed ab@véermﬁnicgme@tmbﬁpwmweﬁeggﬁééo 113266@ illpningticar freay th 0@k & 2
fabricatg %ﬁbieglngtsfd?&{thé)fnt PERAALG AL ang. 570 of ‘the upper mechani cal
el ectro or exdanple, one for each interferometric nodul ator 525,

i nst ead of a si ngl ée efractlp gbievsin Aigyree8ét. evpdiafigns 3¢+ bewean intgxferoetric modulator
'”terfero”‘?te{ehq%‘ntﬁ‘?%%o%%gécaﬁ ﬁtﬁ%"é@gmdsnas E&%&%Znon U@@S Qf?i%to&“%@%rrﬁkz Opgf the
mechani cal |ayer are se rat ed as form ar transm ssive
aperture regons thr ln?;ﬁa@elstrlgmdmh@rﬁew heleis. defiied dm §@§ue€t éAwpp@porlﬂeGhalm cal
20 el ectrod C g | Ly t A r § t er

for exanpl e%&%zg%s%??rbe h@ﬁ&\;@&% Int gaeglg}rggﬁd %03 Sgy‘g@d?sne%?ﬂe Iaﬁg‘%rglted in
Figure 8A rheedioscbifesupsrltiCorBisahray Ae) i fveratedraidhdistinglalr salattrootesSH70
create a grigyl L@gﬂ%@&nﬁw BRGHAG, D AERHle LRE bl LAk Al Cono iR | B OF S
525. The opti cal transm ssive apertures regi ons I'n the upper electrode
| ayer 25 57@nstray ofresimalibedecandd wiin sxtaddingdossta rmpémteaﬂeroanwcomodvlhewselmwncal
aperture regl 9@% %%h&s@@%bx%%m RS e Blan 041 60: 48 %Qﬁ%ﬁ@@ﬁ%@lf&}ﬁ tR@&dtﬁQ;J y
transm ssi ve. € spaces or aperture region in the interferomet

modul at or artrespisEe aaeernotgidns mrtspates t564 tirosbetvear. néﬁhebbitcwéf’enpneheneplnamehls ina
di spl ay ,gnd i

it or oo D g A e L EHR B G SRAGES: RELASIE obtthl blielhbed
within a 30apivzel . These sub- p| xel s may be used to provi de i ncreased col or
or Jrayscal e I angeuh bl ofiblifln e lcA; FEALAANS BlBYS poh BEPAGH HBLY - 11
sone enbodi nents ter eronetric no array rises on nor e
optical |y tmzrsyricsls r:lv@mé?}eﬁmmeea?’eegigmd -like shipsd nwedizmibetaeer alyeerntﬁfwd)rrmrrcr or

of one or MG hi3keht CiAIBhEd Sy FRRHLEY Lkl IR 578 in0he GHRP ek RROYSer tNe

one or
25 570 may be substantially devoid of material and/or these optical aperture regions may comprise

material which is substantially optically transmissive.
The spaces or aperture regions in the interferometric modulator array 500 are not limited
to those formed between the pixels in a display and may include, for example, spaces between a
plurality of interferometric modulator elements corresponding to sub-pixel elements within a
30 pixel. These sub-pixels may be used to provide increased color or grayscale range in multi-coior
or gray-scale displays, respectively. In some embodiments, the interferometric modulator array
comprises one or more optically transmissive aperture region in the mechanical layer and mirror
of one or more interferometric modulator elements. As discussed above, the one or more
optically fransmissive aperture regions may be substantially devoid of material and/or these

35  optical aperture regions may comprise material which is substantially optically transmissive.
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optically transm ssive aperture regions may be substantially devoi d of

mat eri al and/or these 35 optical aperture regions may conprise nateri al
which is substantially optically transm ssive. -11 In one enbodi nent, the
interferonetric nodulator array may conprise one or nore substantially
central optically transm ssive aperture regions. Certain enbodi nents of an
interferometric rodot abediddey, te igenerouy t®dulopt kol gy tomprisi s o enore
aperture re 0 i t he scribed | gcatio
configurati %h‘ss%%nilp &mgl ”%3[1@9@'; tr(‘)“!?Stm S%Hg n%p?%?\gle%%ga er q?lél ?rrgbclggrhengbof?ﬁn

bet ween adj ameﬁarommneﬁoeulmﬁpvlw pandeingtiey OBﬂICeﬁIENItaBSDaWCI arpetuhre getiani < al
layer and m f ul eIe

enbodi ment {{llglqiatm{x 0?%% a%g‘{epga«‘%gcglﬁ%d;fg?%mx?g e%qec%l[lﬁ raqgﬁjs s&ﬁn a%'?ﬁmﬁ ggn%mmsenrf]ee rall y
const ant Swi dbértue regihm bmﬁdietwemn mdagpetmntctédr@nmmmddmoxteﬁmerﬁs randmrrhla‘reaheumceb si ze
or other de r |;n general, the space 574
bet ween adjzieﬁ¥ﬂﬁg? ﬁ%§%”%9%¥%%g%é%§é& gﬁ?@%ﬁ %%mgr 570 for different
interferonetric fwdud atlpdsndsRShd sptazslhsrrmsmisalse pmeStrEbteeiosto 5&8 hztva a genahllly
wasti ng any h h di ng,
e.g., ont hézeggl(an WladE’;md Fglkés‘lgldw‘g?a‘{ ﬁ,e e 'S m ﬂf\é‘%\l}?%rémnc}r 0 b Sszcf0 g%%?‘%nd i's
not I i mtedriys bhéleefmﬂmalmqntewrbgsﬁés(gmebé,dthe apmte 574 bstweat ediadzetr portions Fedrthe
exanple th tic apef pstinct portians of . the
mechani cal ﬁqg:%lg mcggl@/eﬁg dl?felgn ter@erome[til %grs SﬁIZSS 15 r?ﬁ ?ﬁnaslloas é:ossn 1€ 50 dxs I'go to

i ncrease t havdla wasting Aty mel hieghThetvhidth wpas,ﬁewetdnrb@tdgferetnhéep@phng;ag aptbe tigr e
regi on 574 an that ected i Nt er { t ment s
525 In vari 0% csiesgn éle dlsﬁl%\y gev%c:ﬁ or gﬁie f cltqor? arid 15 noat‘fhrenlg F%T?ye {he emgmdd men%g% Am%ede

f r om bet weennéblysitatd hmeem cFothxampleathb Iopm:ghapmmtb mlanuiﬁé |bdte/e¢rh<ihstmlcawgtemaoé

possi bl e. addi t th o he ture regi.ons 5 r from
bet ween aboglil hamca'l" 13 8 mayg%el Tﬁ%l}éﬁerl tg%g'!til SToUtSTdE T (ger & % % the

enpl oyedls Th&lO\Mtdﬂf Ihglanlmht I[)&Bﬂ@tth@ughf tht h@icZOapapet ragica Sr‘/'égnabthst 15714ecﬂmledtonhrt be
constant and ry Lhnuahout .t array, for rol .t ght

| evel s at df?$§¥%ﬁ? g?%lgdﬁgmﬁéﬁﬁ e'a%}g%m%bsmmjé%%?ﬁﬁﬁd%gﬁl@ﬁgéa'%e and
shape of theegidnatses faegn vt heovarpdiudual om aell éfremt sithb2sh wrdths coride Syxomaierng

el 6. i nPCBTIG T ERbOa R o ReereliEE o AQ AR TEFONET PRS0 at or

el ements 525%nd 000 Jdﬁfaftlaj'uglﬁlten@ﬂbmﬂshdé&hxs rafbd thhyﬂbaaenﬁjldyeﬁ "ﬂllieemdthtah@[eﬁgthiﬁthe25
provide jncreased col of rayscal e | evel s. ure 0ss-sectional

vi ew of ¥he PHIET F&PBEE Weﬁgﬁﬁﬁilcﬁf‘wt and my ‘S‘i’% ‘f“g%—*?ltj eea”‘"@Aor £5REIF: 8 ong

l'ine 8B-8B. chhtehfight &Re1s BOWTcrON Qoceith di thetay\ser tdbrdndacid shﬁhhd Ehépe 6fShe
positioned proxi mate a non-yiew ng side 577 of the interfero

I rst % ric
modul at or arFEFTEBTLe PR Pt SEIREEPRE FEB Al PG EHEY 8BF iy
| i ght upon tnh@i ﬁhtfa‘earxﬁnﬁn Red tmasanfsryof Férh&aBPle "RCHAEINCatboliayas, BéQizand ﬂaehr ough
optically transm ssive ert re regions .?74. I ce[taj n errb? nts, this
backl [ ght sQUPREPETEs Edlitntetel 17 Bhel G BP@ I mai? 8™ e B5Ek 9 ght
source 545 @M;ﬂd&aﬁdgmﬁ)em@&ysﬁmﬂmgr, is exenplary, as other types of
backl i ghti ng sources be used. . .
g g F?gure 8Bn1%¥1 cross-sectei\onal view of the interferometric modulator array 500 of Figure
8A, taken along line 8B-8B. Figure 8B shows one embodiment wherein a backlight 575 is
positioned proximate a first, non-viewing side 577 of the interferometric modulator array 500.
This backlight source 575 is configured to spread light upon the different portions of the
30  mechanical layer 570 and through optically transmissive aperture regions 574. In certain
embodiments, this backlight source 575 is elongated in one or more dimensions. The backlight
source 575 shown in Figure 8B, however, is exemplary, as other types of backlighting sources
may be used.
In some embodiments, the backlight source 575 may comprise, for example, discrete light
35 sources such as light emitting diodes. The backlight source 575 may also comprise a

combination of one or more light emitters and optics, such as a waveguide, configured to transfer
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In sonme enbodi nents, the backlight source 575 may conprise, for exanple,
discrete light 35 sources such as light emtting diodes. The backli ght
source 575 may al so conprise a conbination of one or nore light emtters
and optics, such as a waveguide, configured to transfer -12 or propagate
light fromthe light emitter to the interferonetric nodulator array 500. An
optically tor plestgrsdighidrdnnipe tightemestyd forthe iatﬁrf@;smetrih@oslulnfayarmﬁoﬁraﬁn oftigelly
exanpl e, be (ysadss lgemvgl%gqéoss%e %@osnl ,ﬁ&ptehee hgag &t E%QJ&E]EE o

modul ators 525. The emtters may pose at hi's "wavegui de
to inject | iceinie light forfbe w@v@@meaé m@ﬂh@fﬂsﬁémﬂm proiftpry g bsslspcpsnd orthkerdee of

direct Ii ghttmgg,%g 1@&0%%!1%2“&&1(?9}%& 64275 to optical cavities 584 in

respective inte ronetric at or 525, one or nore light reflecting
el ements3 572 ar ésisherudddgurnsy,he Otﬂlﬁlstpldayct lighidrone il dedkiiglhj selrem®Eitto Rzal s

configured tcgwﬂces‘ fsk@ gl el thWe EQIL NS mBAGKLE g% on® Ulr B6re ﬁ%ﬁtergﬁ}&ﬁitlga?l‘}l&ESOUQ h

t he optlca ytransms ve aperture regi ons et ween rtreronetric
nmodul at or elFéhentivgbin tendsplaf Toetetlergngtlemen b 7hiasordignusf kerfléch ehs Grhalse 573

that 10 di " gkl N6uld 960,40, 000 LA, G LERRIG. LLLAG/iBkar] BLOMRLL ©

rmdulators |'ect’ ng al so be re errecfto as

a "scatteri mujerérammt hoduldtieimants 25 r@felrébtﬁmgg:l@meemﬁ@ rglegting syrffiog 57 et

- configurgd i o fill
tho cavi'D) eSectl bt uPlonthRles 4 e hOlflonlf, BRLLARL S8 ik 18R il
exanple, a g}t%mdntIS'/’kela}' gfd eoeieryl elaemtaatttetinpeleman®’, vberainithpreteciiing ¢eradnes72

optical ly transm SSIALG ARELIME 6 JBGk A0S ind the REENPEDiHEOS A0 Fiy QNS
?Ifggﬁ PC] @%B@; ?tar %%5 may, fo

interferometric o el enent's hi's un structure
exanpl e, comprti se col umar or el ongated reflecti ve sections aligned

parall el to the nguerand, eoburns, oL RAHLALOLSmeR20 L ALLR. AR, DGR

cross-section of uma tions orm part
of such la grs dighekwith @fel @tivallygrasbrainevet apsRe rdgiqye ﬁé4 EBwstowduntigd edwedt i ng

surface 573 ;,0f &40 04&3{.1' e‘?&ﬁén{%gsrzﬁeeﬁ?s”ﬁmé%zstﬁ&glfe'597‘ir ag gcgse%r%ﬂgtcohgg@ | nto

the optical cavities he I nt rometri ul at or 1vely,
a pluralitycofimnahpl dotgerg relcelmeeationzPiguxdpprallgitnthe révorand xelmpheof nepdpletarsal ity

of discretes . ch& g§§§howaf1{o%§_se@95n of%zusﬁaq%; agﬁgeaghmgﬁ %gsel%ag éﬁaiomnbe

used. These structures

ridges haV|ngmahmaﬁﬁddthkwsmuﬂammtSEheﬁgﬁeﬁéhhewiﬁngﬁéMemﬁwM®x5W2Oﬁﬂw be
posi tiongd e uni e RS ment .
The. ref Phct B me SRt s bk o dele OIS el codkBPBOML i B L AIBRTE
well. For emawwbESZ& grid-like pattern may be segnented into shapes ot her

t han col ums and S

shapes are possi 6‘? %%thvgf? %ﬁl’umhp Oééf/%{eﬁtértg etle%tg%{gﬁg% g#ﬁ%&g’ o e’é pi i?(gl {yt ern.
As descri bedf dibavte strltmlm@pb a$ dots onepeRiclingEntslios wined esed efﬂheetdnsnrgte 30
el ement 572 Ry, J.% pris 5%10 s M@ 8108 Broed D& lreg&&h@gsu%c%mme 572

i s disposed on a su atween the substrat
interferd netrﬂrﬂecimgmihlﬂleatso‘ir72ehza’mp®ltiéﬁﬁ. inThegnlef (vadbim gr efreguint(e.g., random)

arrangement. The reflecting elements 572 may have more complex shapes or geometries as well.
For example, a grid-like pattern may be segmented into shapes other than columns and rows (e.g.,
“+” or “L” shaped elements). Still other shapes are possible that may or may not together form a
grid-like pattern. As described above, however, in some embediments, a single reflecting

30 element 572 may be used.
As shown in Figure 8B, the reflecting element 572 is disposed on a substrate 554
between the substrate and the interferometric modulator elements 525. The reflecting element
572 may have sections located proximate the optically transmissive aperture regions 574 between
different portions of the mechanical layer 570, Accordingly, the corresponding sections of the
35  reflecting surface 373 are proximate the optically transmissive aperture regions 574. In one

embodiment, the reflecting element 572 or sections thereof are aligned with the aperture regions
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572 may have sections |ocated proximate the optically transm ssive aperture
regi ons 574 between different portions of the nmechanical |ayer 570.

Accordi ngly, the correspondi ng sections of the 35 reflecting surface 573 are
proxi mate the optically transm ssive aperture regions 574. In one

enbodi nent, the reflecting el ement 572 or sections thereof are aligned with
t he apert ur é74.egi ongbe vidiBle Brdughaireciperaye teeions wheblveweh fromgle toheieaierstda 5&7

regi ons whe t he non-viewi ng side 577 as shown in Figure 8A
The refl ect :Lﬁgﬂog}lﬁgl%ﬁ%rgg]% is configured to receive light fromthe backlight
source 575, pOSIT[hp orflectingretexientad 72tip canfigurab to-rodeensilight foom fherbstklightdeurof 515he

i nterferonet o i ) Yy IS

| ocat ed (dedr ety BE RBLyB oy of SHIRLELE ok M RGRAR EbN By 26

aper t ur e ’r egitores: 67 aneclndalt loyar 670 ectoctiére(devgreiedét drioghi?7h, shrmughetbonpticsiide 579
of the int tr r i . . i hi nd

ci de 579 of PREEPrErCREBLTE. aRLERIK B RGP Bk, ElEona L 37°HERD
viewer, is oppégenari¢ medilitorstrag ivididlegh atvivever. nTle's $egoroineder 378 of Hhedutbddranctay r ay
where the b h s. |0 d. I qnal | ws the
10 opt i cal - aRrER bl WHEE 7[Rk ARG s SE S BB AL bL BTl IS 1
formed bet vvemdulatmr appevherntherborkl§tlmuex bEN G Ingitddr dhgwrh 8B méthhmailﬁalho“tsabﬁer 570
and a | 5 57 or.nmed Qver t he
subst r a?l\geSé)ghga i 5814r n g?r(t rge\l}ée}lgdtrl I‘h&luhator gler nt%%el:hr el?Form a8bc eersl aII; ¥p§) <L 573
on the refl edtromny letamdng HF2h¢ medharifal gmre?do taml alefvmenm'roaﬁﬂb@ommaigt ®g.d i ght
into the i D enho t

813, the rePFeLePRr Bt Bl pblil SaPTROG BN e, SR AN el 0

Wit h respectsutfape tSFrié o8 tissieflesting §6dent A2 oy ehinfiglryd tot théecc rody- weitr ilight igh thehe
reflecting %EG%F&R" ? 48l oped on opposite sides with portions of the
reflecting s ac t% 3'inclined toward the aperture region 574 and facing
adj acentlt he opt ibedk eobadinndneglugsued i higuredBl e tiflgingslenfalcd2 573 sihgamalls
curved. HOV\%% ex cfo@sesegt?o%r@{tj}{ }[6519 ct {ohl%e s@sgﬁﬁggépgéﬁé& %Sthf? Zt%ss' s%ctﬂ)gtof %ﬁ)e
limted to t iITustrated and descri erein as o eonetries are
cont enpl at edeﬂelimg elemcatip blepedtoneppasitt aédsiwily peltoneeittke wﬂyctlhamfaf:d aB lmhngil anar
sections th (o) I t e t

Subst rate Sor PR i B R b hER e A R Cine e

O her shapesurdce 53} §hp“p101§s:|ub'leé Hotwevasr s earedityi Intherasfletitne Sscanpl ¥/2be not

subst antjyal I%mtem@%v% S ear blbataaRne o S8E! LORRAL dheuteldact | pe

el ement may elongated. Al ternativel Y, §ections nee

el ongat ed sushnpds themeﬂeh@lmntsfmamhmdbt orbﬂmrplssectmns thet maxwrinegty npele tiltad osone
embodi Ment s eGSR Akt £ Lubarlys Sy TELELGAL. thé\lntogsrga@t il dhay BB RLECtiNg
el emrents nay have a Ron-uni f or m geonetry. e r ective
surface 573 shaped hOWr alspsidss rhnbslbley Tmetshectnohenawefm @@mlﬁebesaubﬁméﬂmy be
rough. The r, ctiv f ¥:) 1 des above,
reflection f?%ffet Pg drgsg géica? ?‘\%e&gtﬁor ? gf:%é %@g&% ]Blj:é %ﬁ? ? ﬁggﬁa%ﬁe épgéﬁ%zﬁgly

The ref |2ct ithrgseetlogsraet sonmyelaigaied bish suinftaeense pfala@@ds thompner edswhickfriaeot i VI ty
and scatt of i edudeRl b Benchf o AR Frenb fEe.” RhLRELL Ve RHELAL BeRA £3N D

m cr o- etcheé SO as to cre
have a non-uniform geometry. A}so although the reflective surface 573 is shown as substantially

smooth, the reflective surface may be rough. The reflective surface may be stepped or jagged.
As described above, reflection from the reflective surface 573 may be diffuse or specular.

30 The reflecting elements may also be surface treated to increase reflectivity and scattering
attributes. For example, the reflective surface 573 can be micro-etched so as to create, for
example, more surface area, roughness, and/or ridges so as to increase the deflection/scattering of
light. Alternately, the reflective surface 573 can be micro-etched so as to smooth the reflective
surface 573, thereby increasing the light concentration and possibly improving the uniformity of

35  the backlighting of the interferometric modulator array.
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exanpl e, nore surface area, roughness, and/or ridges so as to increase the
defl ection/scattering of light. Alternately, the reflective surface 573 can
be mcro-etched so as to snooth the reflective surface 573, thereby

i ncreasing the light concentration and possibly inproving the uniformty of
35 the backlighting of the interferonetric nodulator array. -14 In one
enbodi nent, one &r omprebedihtnicbingr eloemeledingortpninge comprist er inmlerivh whh @

subst ant i al Ly fhai; ﬁa&aﬂﬁtmgﬁ SrodBthnhlC [ Gicf AHEONSS ' e
reflecting el énentyrratt elrpl al "may g &{gler&)@&% ed a ée?m ? ?ﬁg\gﬁggﬁnﬁt&&

| ayers by amg¥ bedegsitedgnd ifcmpdmle@e@t mmerigyersmear pratess Bphiagiides gichiandhomal
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etching, control osition process, and/or tribufes of the materi aI

I n ot her 5err19@hnlgrémt@10 p@fﬁtlwr@eﬁs@Fliﬂ/etaetirlrbgtesea‘rféh@nﬁtsrl%?2 conprise a
substantially OBl i@ inbobfRARSTbRSINEERL Rk (B il ¥ Bl ecti ve
particles suspended in the transm ssive material. The reflective partl cles
preferably epmpliy Senmirdicemrialc e iagnhedint of refifcrieg tpagliskes onuspsadadt ar the

I nci dent 11 ghtonidRe MaacHs Sefl AURe RRRIONEATRNERIET] REEHNGREERENLS Y
10 have a uni tsglrly eétrauclture such as %11 an{bl t::nuougm alflér ang/ or toh% reffDectl ng
el enent s nayefleempd/Proeatir inpident JEhit yhs éfsmtsiseﬁ@b@leeth@@mmreergﬂecmh@elereﬁntsenm ve

| ayer My CoIRLSE Bd 808 L8 do¥ufibhlaled iy hald o5

enbodi nents. The p%rglstta%&on and structur ea% Elgi r@ 1né§]e£ﬁist1?d e rls|erailg

el ements 57pluwdity didiserainispianaese d he sfleciyye ta@erowlcmnzresetah@bStan@EﬂIy@Umhkemtm in
directing | Qodigd Nnterferonmetric nodul ator cavities 15 584. The
reflecting Ig(QhwlhQl%leorrent ts572 may be positioned directly beneath the optical
aperture regi onsTBWDS!tlnn sulrsruewb O nbertes of the eAeligh ciementy BIcechd mayipelatatent

may be | ocaledt fiobhatebh Virdtventlih virddin Pl HEDALIMERromdlie F&ﬁd«ﬁ%&%

el ements 572 are e enoug and sh ape SOt substanti a I'1 ght
f rom t hd3 baékd i Ghet reBesnp lighickrepenthy Guegy heh@map@dtdme@lw@gmﬂn@ewncahm@rtu@o

ref | ect ed | Bltnl DR 68¥hd L0%aRAAOlinbll VRLLRE MR sy RS B ARLAX

el ements 5257 In sone e ment s e reflecti ng el ement 572
may vary baged upon the size of the angular distribution of light fromthe

backl i ght 575 h d
ackl i ght paﬁlséad%%n’}b'a&%& tﬁe@@ﬂé&ﬂg%&%&t{]??ies t%ﬁég noubPbng %ﬂpé&“s%%!lt' mat e

backl i ght source (i.e., comng throu rough™a w de ran
angl es), t hésentady ofl Iuahé fropf 1hed1aplﬂxghte$7énmtm§moq@hythbepﬁmfmrr@mbﬁ%faret he

di stancef r?é?%%[@c?m@ooﬁx'étc%ﬁ esrﬁgloqr}hezéltc%@.ro §1cr Jdu eqrcﬁgjé%ieﬁl@?tptﬂ§7% som' S

di stance may ~determne for exanple SS O t he upper
mrror 571, emhehrsqwelth?gww@rt gieen refleeting ¢1¢rmnt 572.1_ Hamdfawhb%ﬁbﬂw@ctﬂw wige ef dwent

572. The ;; &Me}lb& ontohﬁ%msmwb%cmgm ngﬁ%s?itzxgtmlnﬁle%ﬁerg@e g bacHer pgs wel |

as the range of angl e of enterin rough aperture region.
VWhen |ight eowssllittaicd bapklighy sousgsdi-¢ LromengSirgughtthaholdsithrowghd widngeseod! apgigl.es,

the reflect i%‘{églzg lo?ﬁ@ gfﬁﬁé fé%el%tr?fb ln’r?iE/ %Qunc@orpg}qheeﬁmﬁrgle %Hlﬁhe &p@ﬁur@ ?efgkcﬁCt Ing

el ements 572 have a w subst an greater t e wdth w of the
aper t ur @5 r etyi bawlieTiag clament 572 f Eriandibtyncy m@abedet@rhvmd,:fw exprplons tbffﬂh@lsimeﬁmft t he

the upper mirror 571, the spacing between the mirror 571 and the reflecting element 572. The
width (w) of the aperture regions 574 may also be a factor as well as the range of angle of the
entering light through the aperture region, When light comes through the apertures 574 at a
limited range of angles, the reflecting element may be smaller,

30 In one embodiment, the reflecting elements 572 have a width of substantially greater than
the width w of the aperture regions 574, and preferably greater than 3w. In one embodiment, the
reflecting element 572 extends a distance of at least w beyond either side of the corresponding
aperture region 574.

Extremely wide reflecting elements 572, while effective in blocking stray light, may

35 reduce the amount of pixel area available for the reflective state. Thus, a trade-off exists between

selecting wide reflecting elements to deflect more light and the pixel area available for the
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reflecting el ement 572 extends a di stance of at |east w beyond either side
of the corresponding aperture region 574. Extrenely wide reflecting

el enents 572, while effective in blocking stray light, may 35 reduce the
anount of pixel area available for the reflective state. Thus, a trade-off
exi sts between selecting wide reflecting elements to deflect nore |ight and

the pixel area available for the -15 reflective state of the
i nt er f er ometiileetivientin Atlsr ingrfepppric gpdulatmetiqrgat $23g Refleisaelsmans Reyaydave a

width of abgl'w’ldtﬂl o'fr‘a?sd%t @‘QL(PI{J{O a%gutni‘() pB‘?f k%%ﬁﬂégelé?ﬁeﬁg%ﬁﬁ %18.? %gver%é(ss Q@c‘ﬁ@ns w1th

cross-sections with ﬁ%er or smaller widths 1 n other I ments.
refl ecting éﬁf@frﬁ?ﬂmagwl § intpalies egbddanegt of bet ween about 200 A and about

1000 A, 5 al t hoygh,Hal e sieRktiS g} méahagt%f@cﬁ;@eengﬁo% BdeA a;m%o&%@m Ry
al so vary W|th different sections ©of the feflecting el ement 572 |l ocated at

different pésivgbrucabysite dys prcardropdiet Fiedieighduyatlvransgh dfferant seitibher ent
| ocations i Bf Eﬂaereﬂ)gcflr?@/ elégtglt @%’ '10@9:6:(9 'atf Jlﬁér@{ﬁtpogﬁérg mﬁut thl@EeIrfﬁggll‘lgﬁé h!a&ﬁﬁble”em

572 preferabl % conprises one or nore reflective materials and may 1 ncl ude
at | east oné2ofr aaflifficpipgatians|in e arrgy 308 hiring digab heightel copper, for exanpl e.

QG her 10 materigs re’ﬁ%é‘tm@eele%{él? Oeletels m&tclaﬁéﬁaeg Bne Bxhﬁolreerﬁzh&ﬁ% ngteﬁité?@‘t S

572 can be either specular or diffuse feflecting optical elenents
di scussed abwyénclydpat feast|oae of plgmaumpaiver, Sirppivms gfﬂér WCFOQPPYI fee exmivdst r Qther 554

bet ween 1yt Ne,GHBSHLALE ng‘t{etdhq:uhﬂéxﬁ&feeﬁ@g@ﬂtsgtln o[ 34D, n%%ﬁﬁmec%?or The

substrate 554 may tﬂﬁave a hi ckness of a 00 mto a or about 2
into to abo@tffuﬁﬁWﬂ?ctlﬁmpﬂéﬂémeéts or may be 15 larger or smaller. The

reflecting el enent %15575@%@% QLR Y e1@ndnfY B i @M@&l%t@%ﬁﬁ%ﬂ%@@&%&' ly

transmissive material such a$ a planarization materi al . Thi's layer may
have a thi cKiseybstigte anébhmtnfelfemmff@rm@%w?pIe@meﬂ'ﬁhé% pabke ﬁﬁ’s%’ﬂéft ﬁ@eﬁl&}t h&erd nor

571 dth ted t
The thi oknebhigprEFHLRH ARGt 2mm SEEL 2 By dd TRIPERS MG, S G R CE 1O
enpl oyed3i nlager er naatlhex/eT@rnbﬂwtmmnltmentszUZ@m@?mredie tiyat eff fubstantielly vmwally

modul ator el eBNLS. RaRriaCRGH @ﬂ?@gg&f&gﬁ%%bfﬁb. 1! 15;9‘3??@ A ﬁ[o&ess%f'md

above the planarization materi ese interferonetric nodu
el enents 52But by, ifmexamploplhewihcing batkess88: hgrondyl o thheeflpitug aleimzriti7dn

mat eri al 58%' ch\’qg ﬁ@%@sgh ng\%pﬁ rgl%e o Ih@(fllﬁclélgg &F Q%ﬁl%arﬁﬁﬁatﬁﬁ n?alte?ﬁf 5 @deo ayer

580, a netal such as chrone, and ectric or oxide layer
576. The el @@terlﬁid@ayMp1%®llwdin@ﬂm@e@b@dlm®ﬁ&juct| ve material, such as indium

tin 25 (%' de (I T@}le Oﬁ:not?el 1Hﬁrf91>6fngtﬁc %‘&QLM El%erﬁsx t:.'f?:h el rn{ﬁ?gy oﬂ?%al cav1tzes

substantially optica transm ssive or part y transm ssive. The netal
| ayer 578 may, @@rfptmeéebwe et pdamiatifatipthaateria 5$9efT1@@etmR¢€ersme¢r~c awdulgtar dereentsy her

netal s may ahsp, eem%p%qmﬂ gsavf%a glaﬁ ﬂﬁrﬂ@aql%%ﬁm aatem%sflmﬁemg Sgtgyler 580

ngﬁ
has a thickness F¥1cilent conductive an | ayer have
a t hi ckness stagyf8pceinpires @rosltféméﬁkﬂrqrém yt oragdl |1ae(extﬁ7w$esuclrﬁﬁechéqr@cﬁrrdmélq@§r@r 580

and et al '%e/@&deﬁzy%r TRy TﬁeQ[ecé&eqmo%omQﬁs\éf?aEcmdﬁé?ﬁg%ﬁ%ﬁalogucﬁ-gsph{ﬁmﬁ-nqgl Ato
about 1 m and the dielectric |ayer
25 oxide (ITO), or zine oxide {ZnQ), for example anci may be substantlally optically transmissive or

partially transmissive. The metal layer 578 may comprise a material that is reflective such as
chrome. Other metals may also be employed. In various embodiments, the electrode ayer 580
has a thickness sufficient to be conductive and the metal layer 578 may have a thickness
sufficient to be partially reflective. The eclectrode layer 580 and metal layer 578 may, for

30 example, have thicknesses of about 100 A to about 1 pm, and the dielectric layer 576 may have a
thickness of about 100 to 2,000 A. The dielectric laver may also comprise a multilayer dielectric
optical film in some embodiments. Alternative configurations are also possible. For example,
layers may be excluded and additional layers may be employed. Furthermore, the thicknesses
may be outside the ranges in other embodiments.

35 As described above, the mechanical layer 570 supports a mirror 571 over the electrode,

metal, and dielectric layers 580, 578, 576 to form the cavity 584. Other configurations are
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t hi ckness of about 100 to 2,000 A The dielectric |ayer may al so conprise a
multilayer dielectric optical filmin some enbodinents. Alternative
configurations are al so possible. For exanple, |layers may be excl uded and
additional |ayers may be enployed. Furthernore, the thicknesses my be
outside the ranges in other enbodi nents. 35 As descri bed above, the

mechani cal Ipagséite. 37 Gonsgopoditrents, aniliseussed Bidve ghemedhngca lagat 370 ded the mztoab71 and
g: gl e?agl golc @rs% ogig(()n’ m§t7e: dptn?ﬁ?)ig&}ansm1§51vg]atgehr§l Cavllﬁ)éscéo % (9%0 aﬁ[ow %I‘}[E g::lla':::;f)ns
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COmPr 1 Se 8 ArSBSLER D A b A0S SEIECFBLEE kB (BPG/OL, ML GRTRELSC
plurality of PEUbSC AR cf ransnt Ssive res so as aFls

transm ssi on wmfity mfgintmneéérbxeeitw lrr@dtﬁlaﬁomlemelt ofrhﬂe Hentures elredtscm@deh emmdieﬁaﬂi nto

a cavity of hgrgmla 0t erferonmetric nodul ator elenent. These features are

di scussed in nore detail hereinafter. The reflecti ng el ements 572 may be
formed using a plTue &Iﬂled:tmg@temm‘s h@ﬁmaklhc)\fmnmbmusﬁrtma pliflityedhmohadg ymovanid tig

nunber f e Iar ar e d scusse n.reference
to Figur es)%gp am gefTI BStT é’ Y glletﬁ?% affl licu (%Elletg%eerrrpfemrﬂ fir I%felfee%lc?ﬁ?

el ement str lﬂ:guwsem mdwhxﬁlonmmtratemspluﬁantyt bfee:enipmcbl reelatting| ¢leradnt a&%remarﬁi gur e
9A, the refl.ectjn i . a ed.f
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is covered blyapacn faaves, gy al ta;y@womﬁ’bnﬁ@mfrd b?eisflgxateﬁfill @ch asng pm&ihezr i Bllis shapehl as

al um num 1§ea um nu refl ect

ayer e
wavel ength if mtr%eﬁ\}F Skl %F a%méeﬂay faygr %511 FF‘\‘r/’,léigrrrea egtﬁqgawaterfahsuc}?g%éﬁmg nﬁm num

may be usedTheeichinas,layer Y4, m@réﬂbetrl;ght, lfd:rammpma wiyb b avedengthoo ppeisiblekahgay @r of
Lhe pase mLaridl HRY PR deRashiet.And, PRLLENNEd, LD Lor MLDG NP 102,01

ot her desiré I ve materi ited on
the pol yner chase Anstest taé bidse nfa@riah mi}eberdafmbse;ed andeaaﬁe/reed ayfexfm th2(Bu1|np1 Tohe

nmbodi t illustr d Ei B t
Form a - cavity SOBCTER £ GUBsr TN D ralr Dhanr 3 terstd. Sl roraAr: | ©
reflecting elaeneint fcﬁﬁZhdrsﬂe‘cGVermrdrlayar the cavi ty 706 by depositing reflective

t I h
T ™ e B SR P AL R BRI A ey L Y R oo

subst ant i al leyvityCo6iwek asulssiaagdlytriesngilar crmdemosuhstmnm@éiéryenc G)Tizvxeforgled)met ry
convex su face in

![ f]ef g;\r/r:e '(tj y?xléjﬁ%ﬁ%%&éé%?p?méeg reﬁ%"“ﬁ)’%%“%‘ieﬁ?qgfc R ”Tcﬁtlla 8 SeboSt Pﬁlﬁtcomief( gettdted in
Fi gure 9C, dorsubsplgnti &d ﬂoptpadomda\cevxt_r,ramﬁt ia o 8mbsdithear rtedcavltylhishesusatdnsalryat e
OB T AN IESIITE CERRE RN 8 S
concave 0r eerviekveilhd aaecxfedicdiethe cavhy. Oiefgeom@desan: jdigblsubstrat e t hat are
not in a cavity, Irlc t%E: er%%(oadrimelm?ﬁlu?t}/ate%ti 1gut% 9tCha su lélttz)lr?tgarll?tcgncg\rr]edcavxty 708 is formed
in the substrate 554 and 2 layer of reflecting material is deposited in the cavity 708 so as to form
a substantially concave reflecting element 572. Alternatively, concave or convex surface features
may be formed on the substrate that are not in a cavity, for example, by etching the substrate and
30 the reflecting material may be deposited on this shaped surface feature. As noted above, the
reflecting element structures, geomeﬁries, as well as position tllustrated and discussed herein are
exemplary in nature and other structures, geometries, and positions are not to be excluded.
Exemplary methods of forming a reflecting element as described above may comprise deposition
of a material, etching, thermal annealing, radiated curing and combinations thereof,
35 As discussed in reference to Figure 8B, the reflecting elements 572 may be covered by

planarization material, which has a thickness of about 1 pm, for example. The planarization
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30 the reflecting material may be deposited on this shaped surface feature.
As noted above, the reflecting elenent structures, geonetries, as well as
position illustrated and di scussed herein are exenplary in nature and ot her
structures, geonetries, and positions are not to be excluded. Exenplary

met hods of formng a reflecting el enent as descri bed above nmay conpri se
deposition of a material, etching, thermal annealing, radiated curing and
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by a substan y transparent [ayer _ ecting el enent I's then
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mat eri al confi cea €1e¥dnSisP) € seklect Lng
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transm ssiv ari Lt i §e o DB¥ri isenyRlerials
such as chrgrria‘lH%&ﬁ&wf @%ﬁrggfﬁggﬁtﬂ%@% Iﬁb%%ohgg% g’gbr/] rﬁggk% yglg,rg%ta?:. In}ug{artai n

enbodi nent s, (CHomoledanh EVlo) ¢rebonbikk, dSQFZétﬁal}ﬂ_ cetmp ettt &r esimple, haredl al s
(e.g., spin-ggn n{a?%é{ﬁér)sc pRObY T8RS RHOT sraﬁmlnqésist%gagga@esc?hf&%ymr@?aynwd/ or

pol ymer materials ch™are either inhérently substanti al optically

absorptive 20lorrsyakiopeelymer repterighi vdtehtnayather inkerently apbstagiipdly oadcay phsemtive
particles (&yYefiechRl RONnPE ALK a nfIRLA suddBst dafilofi Spartlolds | €ES ABM Bfaciy RSt
i ncor porate t_%er el n such that the mask 802 Is substantially optical lY
absor ptive oerticles, |fillems endéoridyes neorpraiedihereinisuthrtha theanask fy2 ip pubgtentially pptically

enbodi ment s, L g, 0BY RALALL B)imdiSible 3EhGHEGIm A Rel MG QLBOHALAY tlethAerlallg fRSK
892 in anounts effective to prOV|§e the resulting substantially optically
absorptive seppot endsinceroeratee Wip tthe anapl 88k inappettsapidestivovty prvidetke ralttee 25

design are QQ&%@#@-oph&xslg%somgg@mtm&ﬂ@ “rmkb1&€e%p§amaEé.se§da@iﬂns%%eon or

portion of an etal on. ecifica , one enbodi nent of the nmask 802

conpri se¥ a dedignsare prasibleal |y reflective/partially transmissive layer, such
as a netal layer £QEprdbbiithent® 1 maSROMHMrisBNdn Aha1d LIS oARE dO¥EE1RN.

Specifically, one embodiment of the mask 802 comprises a first partially reflective/partially
transmissive layer, such as a metal layer comprising, e.g., chromium, and at least one layer of
cavity or spacing material, such as an oxide or planarization material, so as to form an etalon
30 comprising the first reflective (e.g., metal) layer and the reflecting element 572. In another
embodiment, the mask 802 further comprises a second reflective layer between the spacing
material and the reflecting element 572, wherein an etalon is formed by the first and second
reflective layers below the reflecting element 572. The first and/or second etalon reflective
layers may comprise the same material as the metal layer 578 in the optical stack 583, In certain
35  embodiments, the etalon resulfs in a predetermined color at the visible or viewing side of the

interferometric modulator array and masks features which are undesirable for viewing.
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cavity or spacing material, such as an oxide or planarization material, so
as to forman etalon 30 conprising the first reflective (e.g., netal) |ayer
and the reflecting el ement 572. In another enbodinment, the nask 802 further
conprises a second reflective | ayer between the spacing material and the
reflecting el ement 572, wherein an etalon is forned by the first and second
refl ective | ayer ésbddseribed mboyef the cinferigromttapenedulRe . arfdye 56¢ rest twndffiolentyecond
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Figures 12A and 128 are system block diagrams illustrating an embodiment of a display

device 2040. The display device 2040 can be, for example, a cellular or mobile telephone.
However, the same components of display device 2040 or slight variations thereof are also

30 illustrative of various types of display devices such as televisions and portable media players.
The display device 2040 includes a housing 2041, a display 2030, an antenna 2043, a
speaker 2045, an input device 2048, and a microphone 2046. The housing 2041 is generally
formed from any of a variety of manufacturing processes as are well known to those of skill in
the art, mcluding injection molding, and vacuum forming. In addition, the housing 2041 may be
35  made from any of a variety of materials, including but not limited to plastic, metal, glass, rubber,

and ceramic, or a combination thereof. In one embodiment the housing 2041 includes removable
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devi ce 2040. The display device 2040 can be, for exanple, a cellular or
nobi | e tel ephone. However, the sanme conponents of display device 2040 or
slight variations thereof are also 30 illustrative of various types of
di spl ay devi ces such as televisions and portable nedia players. The display
devi ce 2040 includes a housing 2041, a display 2030, an antenna 2043, a
speaker 204%ortigrs (npishevieldldt cwy 20 48erchangkdavifi adfren phieyebl oarBonsTHidiffeuséohy, 2041
is generalI$rmkg%gﬁﬁiﬁ&ggyﬂﬁypg£K& %@%h&hy of manufacturing processes, as
ose

are well known t S SKi'l e art, including injection nolding,
and vacuum f or mi Age dismasaddl of @i?mpiaﬁ’edlmsiewge 204 marery abyeoi3evanpdef fisgamsany of

a variety Oflncmh%rd 3]-8abid '38{)199' i%gdegéilpf)e@%[‘:rel | rﬂ toﬁgr Ref?lb&:{nﬂ é he qﬁ%lgy 209)' ass,

rubber, and ceramc, or a conbination thereof. I'n one e I men

housi ng 204 includes 4ifieiParet disnian|sech aspirspariil, SAED, SEN [Hown T FM&D waiyscbbed
interc hangegbcwetd? Qi %Et ﬂaﬁm‘l@f}ﬁ% &ufPdst '(ﬁ@lsorq;theg 'tufbg @&f?&l:t asclglvglli knouﬂrto g}ose

containing different |[ogos, pictures, or sg . The display 203
exenpl ary diosgilhip toreayt: c,févwzmrofomwcbes fdgscy math@ areﬁ@tt grvesfdinging @emlay 2030

i ncl udi ng anQ;'mdéstﬁ%t@rféﬁ&rﬁé&@%od@a’ia%ﬁ%'aQSéécﬂ%'a%ﬂam I n other enbodinents,
the display 20 includes a flat-panel display, such as plasma, EL, O_ED

STN LCD, or TFT E@Dzoa@om@wffpbfe@n%mt of@rceraﬂmﬁwplmatlevmﬂ@w ¢ sobtraa}walbfuch as

a CRT ormot hlﬁfstrété!ﬁﬁ ng% 198; Tﬁ&uh&mmlekmmﬁmsﬁ@y ae*m@mo%ch%&eghhod Robhg art.
However, CEur poses describing t present” enbodi nent di Splay 2030

i ncl udes an afcheanrindyds wé@lfle@l PRYCRPN O 1@&5&%@}1}’ cagosd ghereith kb esaresiion in Tite
conponent s QfpQfRGef Qi?@&'eﬁﬁl&ty Rdp1a§ BRI Ry nﬁl!aﬁ@é z?é/et\g@r‘ré & 2096) 735£ mlcludes

schematically 10 illustratéd in"Figure 12B. The illustrated exenplary
di spl ay devireanion4d043ndiddesovpleppsiatere o247 aRi teasreiverA0d dis candeted tothsl

conponent s %%océs@cﬁ%z B QJh'ic'hfi‘é é&ﬁn&%' t8 %&‘rﬂﬂ?oﬁﬁ% Shlwark %bszex"ﬂwbﬁdltxdnﬂqg%ﬁware

enbodi nent, "the exenplary di splay device i ncludes a networK I nterface
2027 thdf i ﬁ@:ﬂm@sbe enfiginedeterrandionse silnat ke g. éﬂt@bwg@@ tGegonditgygdiardsrrc2047.

The tr ansce'ZMﬁ“s%Qrﬁr?ecfe& t& 9@%@%4%0&nﬁkhemw?5}ﬂ&%s§ﬂ% 2’9%1proé/@9§0? QOiisls é&”eCt ed
to conditioning hardware he condi tioni ng hardware 15 may b

confi gured P@lﬂé‘ﬁ‘?ﬁdﬁotaﬂldﬁpu&d@‘ﬂ@r@% erd ydriver pensoller W2ndhg d“VFhéOPé@H%Il 2@?%??4 ng

har dwar e 5.%1&15!0 £ onReGiRA2(28 1Ad RREAKEY 1A04202NdhRh M &HOP E&BEd PAfspralhe
processor is also connected to an input dévice 2048 and a driver

controll er 2@%9203 fhé pavervarrle NP peTvider PERY alleompeiap atiregred by fhamertipniet er

2028 anqotOeiépfﬁ,la@};&lglyay@’ehg@fmgg%n which in turn is coupled to a display
array 2030. A power ‘sup 2050 provides power to all conponents as required

by the particul afhe Q@W@Qéﬁf‘ff@w yOdi isghndgy thiearicars 2092 ond dsitgpsoeiThie Omesonbrik
interface 2927 xéxﬂ;%rk'@%ﬁla& H@m%%%‘@a% SkanRnd vJﬂ}H%nE 6@&%;%%%@55 A4 nefork hat

the exenpl ary d| spl ay device can comuni cate with one or nore devices
over a netwdr kue enfhedigiget tém@ﬂpﬁ’ﬁelmeffﬂqﬁe?oﬁ'émﬂb@léo ihateejomg GEcRHE capppiliibs® have

sone processiiig CaRRLAL bt RS ploBessdr 8b3 1€ Ve GBI Rlafly 9&&9%%@8%@& 2021.
The antenna 2043 I's any antenna known to those of 25 skill in the art for

transni 2 ngliBiinithe e éirviangniting aied woeiving geralse i ol Wlmeﬂh@eaﬁ‘t‘ﬂ@fwﬁ@ﬂm%m mts

?E(é Er gggl \ﬁ? (%3': C-Z‘-\l gﬁfﬂs@nf?}&&%{éhﬁ'% O rEtR0h FFG.A0% hindhandal ¢he. 1hag mding

(g). In another embodiment, the antenna transmits and receives RF signals according to the
BLUETOOTH standard, In the case of a cellular telephone, the antenna is designed fo receive
CDMA, GSM, AMPS or other known signals that are used to communicate within a wireless cell

30 phone network. The transceiver 2047 pre-processes the signals received {rom the antenna 2043
so that they may be received by and further manipulated by the processor 2021, The transceiver
2047 also processes signals received from the processor 2021 sc that they may be transmitted
from the exemplary display device 2040 via the antenna 2043.
In an attermative embodiment, the transceiver 2047 can be replaced by a receiver. In yet
35 another alternative embodiment, network interface 2027 can be replaced by an image source,

which can store or generate image data to be sent to the processor 2021. For example, the image
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(g). In another enbodi ment, the antenna transmts and receives RF signals
according to the BLUETOOTH standard. In the case of a cellular tel ephone,
the antenna is designed to receive CDVMA, GSM AMPS or other known signals
that are used to communicate within a wireless cell 30 phone network. The
transcei ver 2047 pre-processes the signals received fromthe antenna 2043
so that theyoursycahde redeial edehylisafidVPLpt hdrrdminidput Haedortying imegpide es sor
2021. The t%&%pe%(y e tha%%élgm@ssrgﬁgrd%esses signal s received fromthe

pr ocessor 21 so t e transmitted fromthe exenplary display
devi ce 2040 via Pﬂ@eesmﬂ@%ﬂn@nmﬂbeconmlsaw b oprattioveof dwtzsdinpremitdisplendevice
transcei ver ,2Q47 y reeel.Vv t,
alternative %@nbog&ﬁgoggsoagta %F"Eg?’% dea?df 5%2 éfocg%prceg%d %@5%6 é‘l%ce ghetworkmage
sour ce, Jwhinthfaea?(23 top pe inmage gees atdeprprsigethdalbia itto r%belrmntlatti or tntrea frmgessor
2021, For exampl gl B6c TRI: vAlhaBOUECIHE Bb RS Bh AlaYidB0dlaG.LDVD)

or a hard-disc dri hat contains I mage d twar e nmo
gener at es i tvethedidiat epntrﬂ&eoé@@smrto Por1budlendiZa ifdrptocaant R@W datp hypicelsenefels to the

operation of,fhe: eXamP élg‘{tﬁfieg [y gﬁ%ag?\ﬁc&%s 1% 04 Uacr T REaRG R iy 9&% 1319& ceives

data, such as conpress I mage romt network 5 interface or an
i mage sour cexamghedsuoh mss‘@sactehélcdmnanqltr@teeolplawmrmte;geardataa’-mle lemtlo a for mat

that isjeadily pracessedh I, faWbrane 8L, , Te.Brases el 308k Lieg sends

t he processed data e driver control or to frameé bu 028
for stor ageconRaWpdatlw @iytpq: eahiplary Sfmaysevioe 2046 Cioncﬂlmmwlneodwatrm%ﬁ52lgd®mﬂb/fi es

the i nmage CE% uﬁé-\gt % 11%1&]3 GRd %ﬁter@%ﬁtn}n@rﬁ%r{g %] \Qfs tplt%ué}gaﬂe@% Igp For rgc)égglgl €

such image characteristics can Inc ation gray-
| evel . 10 | ﬂgr@ﬂsefrtemd@dnmphonﬂilﬁ@ pfociéssue hZﬂmrel H6? vde de dismictr wopmens| | er,

CPU, ~or | 0g, Gt ey %}a iéx&/;&?sgfaggg\g&eio% A 8fbe L8 54 ERLiAl %h?{ar%?ég&% zgﬁ"drce

2040. Condi tioni ng genera I'nc u es arrp ers and filters
for tramsm ttherrgmgengmial s to t he speaker 2045, and for receiving signals

from the I cr Ophefle, 2040 Condsd QAL DAY UL 9.3 GRZIBY oD B ALRSLE! B2y

conponents Wi thin exerrp ary ISp ay device e 1 ncorporated
wi t hin the pthecdissty 202the procesid WEher frgmrﬁmfwnt QuffeTriélfﬂmd/efomumthecrhWer

2029 tak

direct 1y T r EE R B A BBl R RSS20 S eI o ot
the raw i T dm&allaﬂpi%@fm@te the révormage giia speedais flaw daviss: Gtﬂtert -idketihnaar r ay
driver % 2 ZSUCFB%? !15 A rhy Ordér leta.bfy’flmy &hnnt QE{O?&! b@e Eh]s}%%agi %Eg < UC hte raﬁwirr aw

i mge data in ow havi ng aras that it has
atime or decomilftrézlﬁllﬁe SEfndsr tlscfammttngmé@m@tssl tohke eiraplrayr &3 2ayAlRe3h aTIheem t he

driver CO”EJ 01[6?30279051%11 %z?zpﬂ?? %ﬁ%ro 19 ggéén aQSoc egmtﬂt%%stérgﬁlto f(ﬁ&()ﬂyasgr I ver

2022. Althou river as a Is often
associ at ed vwltdlcalctnhéntsgrsttsceﬁlrprito@@s swh cmllelasnaa be srtnelnmerad:d)mendnmmgs' atted

erbedded | nPhEY SSERRL o tsohted B 081 WIRBNER Sibl bR MRS AR e
as 25 8bft vdimere, arfulfulkieyraien indgrdtaedviththharagdare 22 h the array driver 2022.

Typically, the array driver 2022 receives the formatted information from the driver

controller 2029 and reformats the video data into a parallel set of waveforms that are applied

many times per second to the hundreds and sometimes thousands of leads coming from the

display’s x-y matrix of pixels,

30 In one embodiment, the driver controller 2029, array driver 2022, and display array 2030

are appropriate for any of the types of displays described herein, For example, in one

embodiment, driver controller 2029 is a conventional display controller or a bi-stable display

controller (e.g., an interferometric modulator controller). In another embodiment, array driver

2022 is a conventional driver or a bi-stable display driver (e.g., an interferometric modulator

35 display). In one embodiment, a driver controller 2029 is integrated with the array driver 2022.

Such an embodiment is common in highly integrated systems such as cellular phones, watches,
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Typically, the array driver 2022 receives the formatted information fromthe
driver controller 2029 and reformats the video data into a parallel set of
waveforms that are applied nany tines per second to the hundreds and

soneti nmes thousands of |eads comng fromthe display's x-y matrix of

pi xel s. 30 In one enbodi ment, the driver controller 2029, array driver 2022,
and di spl ay aad payr s2@B@rea d'rsplagasp;jn ol fehte; Ll etfnbmdnamr d@blay least 3058 $s a0thpichl gipplayy S
descri bed herein. Faqr driver controller 2029 is
a conventionary d)rsap%aStegé%ﬁsrpoﬁ’yl %rfayop %5 %.@%’ ol n(%lug’mgpef amycoﬁt DEIERTS. g

an i nt er f er omeliiziocs).nodul at or control | er) I n anot her enbodl ment, array
driver 2022 is convent I Qng | t abl e..di S dr| ver. g.,
an mterferonetr:?rc}‘:lel modu ?evf %%91 “}é user o cfn%r%?]hee %H)ah%n Pthf%xempdaq dlsélay
control | ér 2098 E&O| Mhege amécn:ﬁlmmrt hnmd’uele‘acrermﬁz% dwdludes a REDAd, suSutha QWERTY
enbodi nent i.s n.in h| rate ch as cel l.ul ar nes,
wat ches, ) yboa or telefpho VB’ ]Bu%g? Sa Slwac% nggee s1 1()3"% % en apere suralaﬁglﬁ%

di splay arr arynsﬁﬁa(hamiarmet ylpi cmalenﬂxo&pieay theamrcmphm Wabiis satlambm devispkoaythar r ay

(eg,adls i ncludin f_int rfe S

i nput devi ce%'fb%%yq Pla%evgceﬁzgé(? ?@chtg‘e HEtP eiogggsrlés ‘?tc?nm%“gﬂ%tﬁé ttﬁei é%'bcieary

di splay 5 deitt cemB84®dmay he pmeidedﬂmodusmfw contmpmg ofeviae o204 8xdmpddryi diesaa
keypad, I%uch as ﬁmg)/\ERTY keyboard or a tel ephone keypad, a button, a
switch, a toucﬁ Sensitive screen, a pressure- or heat- sensitive nenbrane.

I n one enbodi mentPpwtdsepmly é@S@mamnelum)ﬂ@ariesr @dnrnérgpsoragedevoes fsare wileknoex enpl ary
di spl ay devi 0, gn. t he used to i data to the
devi ce, v0|t§eear%%4rcr’ﬁ%xa31§ ) Onf)em Ordtl)rge%gg’ ‘f)rzsu%{’ ){JéS%IQ S'farechar 3 bqgﬁ%tte Su(CJIE)ae‘q’raatl ons
of the exerrpmlicdtclycadthmplbayery ﬁaﬂa hhémm:len BOAG. IxPaxw@mr sulpinen? 5Qercapply HOD ike a
vari ety of tora Vi C a

exanpl e, | n%'o%\révgl% T1eT L1y sgur{:éj G\ %{‘%or éra ﬁoﬁr \é\%lsalcﬁ&% ias ca%ogaga {tandb fa{-cell

such as & meokeln-amadien mnmoblatemepywmsu@u Eﬁﬁlﬁuumnﬁ@weﬂ)m teegiye pdwer &nmtahea'll
enbodi nment , Power supply 2050 is a renewabl e energy source, a capacitor, or
a sol ar ceII |nclud|ng a plastic solar cell, and solar-cell 15 paint. In
anot her embodi et $0rrpoxmal|emstu¢p>h§/cma@rmgalmmbihtgmsiécﬁ tsolepaibed abevpoveedtiver om a
wal | outlet I t r as
doscri bed atsaestes B LR IHRRL 3085, (M f e RUAGHELNAS, bhick. 1ol ERe. |

pl aces i n t hentall geiraowiakiligi repdeayn @ysrtramrwbrrﬁo%nﬁhqsasé@ﬂl iodimt arowill recognize

pr ogran‘ngabl ltﬁatt){ %Sled o rledE) it t‘? ¥na§rb @f;lel%?n% ina E‘[?%ﬁmggr o?iﬁht]dl)vaIJEQn&/Qle art
will recogni ze 0 that it he apove-desc I'mza enent ed
in any nunbepftwdrebrampdma:ﬁsanéhd#adpus csm‘iqu@mE corrponents and in varl ous
configurations. 'ﬂlt gsl;] a?:Haf h%l du tors ¢ r% r151r}0r PRt %ﬁulﬁgr
interferonetric no "Bite n? ave c]‘1 50vE, i not her
enbodi nent s elemtehterhate/pﬁs defcribedy hwwﬁoldetiaEtlengodlmhrEWm’mes tydeatof flightrmddpigting

i ght - modul alieme s Aat R t@%gh?—%o&%&n%ya%gys nﬁa%rr Xn%n(}veg FQII &%ﬁlpltey&ﬁé t&es of
25  MEMS structures may be employed in other embodiments. Other types of structure not based on
MEMS technology may also be used in certain embodiments.
It will be understood by those of skill in the art that numerous and various modifications
can be made without departing from the spirit of the present invention, Therefore, it should be
clearly understood that the forms of the present invention are illustrative only and are not

30 intended to limit the scope of the present invention,



25 MEMS structures may be enployed in other enbodi ments. Qther types of
structure not based on MEMS technol ogy may al so be used in certain

enbodi ments. It will be understood by those of skill in the art that

nunmer ous and various nodifications can be made w thout departing fromthe
spirit of the present invention. Therefore, it should be <clearly understood

that the forns of the present invention are illustrative only and are not
30 intended to limt the scope of the P& t invention. -22 CLAIMS Wat is
clainmed is: 1. A device, conprising: a -nodul ating array conprising a

plurality ofWlai ghtimddul ati ng el ements each having a cavity defined by
first and second 1 0P, I sai d second optical surface novable with
respect to the f| rs d%%teiC%Htpilgu%fac at | east one optical aperture region
in said |ight-nodul at ahgxtarroﬂaiyt;ngandy ettmplrieiaga plorditrdfiggebidatied @enents emr med
bet ween a substr and a of ht - modul at |
configured to regéevﬁn Ta'véﬁ%ﬁ%e%é}f }r‘%rgjé %/nﬁl Secon?’n ?tf'fa] Surfdcesaﬁald Sg%oélgtattceaf Sru(raécleon and
to reflect at Ieastrab&vp@rmspoﬂtwmefbeopnedeunﬁeed; Ilght to said cavity. 2. The
device of Caiml, wh ast _one o ure region is
positioned at a subs tonF Pgﬁcg ﬁ’?r?ur Foca |%ﬁlgﬁ§mtcﬁlﬁ)&%@ arﬁaty m%dul ating
array. 3. The device n:tflez@i menneﬂe;ctmgtelmcrm fgrimed attwle@amub@mme pref the plurahiey &l errent
conpri ses at Ieat of alu tita co
The device of O B tafe, ST s tal o sk BlaChe il hur BRI REE
sl oped surface. a;&rtuﬁh@cd@miiﬂ:e-eﬁﬁct (ﬂl@strmpbrtlomoéﬂneraaeitrdftﬁi@ttolsaasawtgme
reflecting el ement t.ant i e try, 6. The
Claim1, wherei th hlg af A eeoas an(l)qrqé %er ggtal??ea& PQOQ% aﬁ’érsm r%treﬁ%sstpos%{ll a(?i
concave geonstsupstanfiallyfdastral®eaton mthe @gtatrrmddlatutgwmher corrpri Si ng a rrask
al i gned V\nththea ast reflecti.n ment t o at
partially obstr uct ergle\%/‘lf%c\’/?/ Ooﬁatuﬁl " llééhggt geﬁgo?ee PSC% ﬁiﬁmee téc?r%?ttses atéeaStTh
devi ce of Cbtaaoﬁammmndrresxmmutahemngﬂ& ambofqpperses at |east a portion of an
etalon. 9. The dgvice th orti of t
conpri ses one org ﬁ‘ CPYI%F@ gm p\é\t’;ﬁ rf)’lglt S atr%? S8 V& aktmenﬁ’as &oped
transm ssi veurfmat.er i aI and one or nore spaC| ng Iayers 10, The deV| ce of
Claim1l, wherein_t erefl cti t
shaped feature andhlgle evf“ieeogtﬁ WY g A e OV%FO ngﬁl'scLrétgpfg{?]’}?efneaatsur gbsmﬁftia%Th
devi ce of Chaiven geomwher ei n the substrate of the |ight-nodulating array
glogpn'[alntse?s ?E)r lngt?rStThgpeVé(%g)aw%{m 1{)?]96{?111 L 6 1easE (f)]n% e ecltng %emenp gas%%&b's%%tﬁalll
concave geometry.

Iy

7. The device of Claim |, further comprising a mask aligned with the at least one
reflecting element so as to at least partially obstruct a view of the at least one reflecting element.

8. The device of Claim 7, wherein the mask comprises at least a portion of an etalon.

9. The device of Claim 8, wherein the portion of the etalon comprises one or more
layers of partially reflective, partially transmissive material and one or more spacing layers,

10. The device of Claim 1, wherein the at least one reflecting element comprises at least
a shaped feature and a reflecting material over the shaped feature,

11. The device of Claim [, wherein the substrate of the light-modulating array comprises
at least one cavity, and wherein the at least one reflecting element is formed in the cavity of the
substrate.

12. The device of Claim 1, wherein the at least one reflecting element comprises sections
interconnected so as to form a continuous unitary structure extending proximal to a plurality of
light-modulating elements.

13. The device of Claim 1, wherein the piurality of light-modulating elements comprise a

metal layer, and wherein the metal layer has a plurality of optically transmissive apertures.
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substrate. 12. The device of Claim1, wherein the at |east one reflecting
el ement conprises sections interconnected so as to forma conti nuous
unitary structure extending proximal to a plurality of [|ight-nodulating
el ements. 13. The device of Claim1l, wherein the plurality of

| i ght-nodul ati ng el enments conprise a netal |ayer, and wherein the netal

| ayer has a plurality of optically transm ssive apertures. -23 14. The
devi ce of O ai m 1% Wiseleeinobflaimehstherons lokt wak df biighghtmpdulaid signeaiserent s

are separ atsﬁgrat:erd A otﬂér@gss tﬁ%)rﬁl%nk%lcfa%gﬂtﬁ@r Bftg)hlt}fé?ébe glturer egi on

t her ebet ween. 15. The devi ce of aim erern e at ast one reflecting
el ement conpri sed>. aTher@fVIC@@f iQampiateiere therpt depisengntefledting eppanent eamipaises & or m

suspended i R SMOSLAM iRl iANSPAE Rt RSl L6 s&ﬁngﬁylt&ﬁsﬁienﬂ aim

1, further conprising: a processor that is in electrical conmunication with
sai d pl ural imerig | i ght- nodul ating el enents, said processor being

configured to pregegs ¢-NBAS cdala; fuﬁggc@nélgﬁm%ry device in electrical

communi cation with said processor e device of Claim16, further
conprising: a driver gibregiser 88hfs gueleddriceb coramenieation gait Saﬁheluswh@naﬂ lighy sai d

plurali ty of i g%aulm‘g%le%htgg;m@lpﬁ)@&@&r%cmg-gonﬂgtk}@d Q%chgg 191]:10693@ Ra17, further
conprising: a controllér configured to send | east a portion of said image

data to said driver eme@giydeviqan GW%C%W@‘@I%flofOV@inJ}BOWF&QH her

conprising: an |Wgﬁle§194ggecong%:j%quﬁgp@dn% kg to send said imge data to
sai d processor. 20. The device of Caim19, wherein said inmge source nodul e

conprises at |east onedgfer cicuitronfigused torsertha desisene sigapldtotspid lity ef ligh»1. The
device of O aim 84 flbtREEnEOMPrising: an input device configured to
receive input data and to comunicate said input data to said processor.

22. A nethod of kanilkdetieral fdpim 1 gathentonporighe: nodul at or, conpri si ng:

form ng at |east one 5@&%9&"09{9‘1@46@ RPALd ANed asﬁ%nr(ﬁtrsﬁd 1r§a%g k9 Ecmaﬂ‘[gin@er

plurality of Iight-nodulating el'ements on the substrate above the at | east
one reflecting eFiewEnt so as to forma |ight-nodul ating array, the |ight

modul ating arrayg h[qigldggceq,tfclla%sfg R QRphiGaL! y transm ssive aperture
regi on, each light nmodulating el ‘emrent cogm sing first and second opti cal
t

surfaces that define & iEasd soyree Bigivic waign Oé?ndﬁ@;lénm@eriﬁta@esaﬁﬁv@mser wi th
respect to the fj S 9%66%'C1§1Hr1§,%rem said image source module comprises at least one of

a receiver, fransceiver, and {ransmitter.
21. The device of Claim 16, further comprising:
an input device configured to receive input data and to communicate said input
data to said processor.
22. A method of manufacturing a spatial light modulator, comprising:
forming at least one reflecting element on a substrate; and
forming a plurality of light-modulating c¢lements on the substrate above the at
least one reflecting element so as to form a light-modulating array, the light modulating
array having at least one optically transmissive aperture region, each light modulating
element comprising first and second optical surfaces that define a cavity, said second
optical surface movable with respect to the first optical surface,
wherein the at least one reflecting element 1s configured to receive light through
the at least one aperture region and reflect at least a portion of the received light into said
cavity,
23. The method of Claim 22, wherein forming the at least one reflecting element
comprises depositing at least one of aluminum, silver, titanium, gold, and copper.
24, The method of Claim 22, wherein forming the at least one reflecting element

comprises forming a substantially sloped surface.
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wherein the at |east one reflecting elenent is configured to receive |ight
through the at | east one aperture region and reflect at |east a portion of
the received light into said cavity. 23. The nethod of C aim 22, wherein

formng the at | east one reflecting elenent conprises depositing at |east
one of alumnum silver, titanium gold, and copper. 24. The method of Claim
22, wherein formng the at |east one reflectl ng el enment conprises formng

substantial |y sl épethestpthefcal Clom 25 whersin fsphgdihefat dyai Are elledting redgment

form ng the c%prhs@ﬁﬁ;hmﬁ@@sd*o@tﬁﬂt%ﬂ{r b&ﬂeﬁée@ﬁﬁ@tﬂl conprises formng a
substantially convex geonetr é .. The nmethod of Caim 22, wherein formng

the at |east oneZ2f-efiee®therg© ICéarﬁ%n% AGTREY femdes 6F fi ﬁij‘sbo%euﬁéﬁ%iﬁﬁl%qn}e?t

concave QeoRBhprises g&nln%’b@bmﬁt{ag}gc@lﬁa@g@dd@ 2, wherein said at | east one
reflecting elenment is forned _on material formed on said

substrate. 28. THé HerHIReof C@%P%ﬂ“ﬂ‘?m“fiﬂdt%‘iéfi“té’&?rﬁlﬂﬁ%tinﬁ@l%’f‘trﬁ fogmeg on a

conceal i ng figat MGl hided of vhs tubatee. al i gned wth the at | east one
reflecting element so as to conceal the visible fpresence of  the at |east

one reflecting ePenERtme!yY, offaimyet Hdh<o romrting BTN Gh SPRFHIEHE EBAB R | ng

feature coOMBuds6RS alfnBBSkKh B aBleadt @ASTelc BN e1%erala§9§tlalceﬂceﬂ&h@m@le pRBGc@of
reflective material. 30. The nethod of aim 28, wherein the concealing

feature comiiiabias ansfalictifeS/anenbf at | east one of carbon black material, a

dye, chrom um and T@'ﬁéﬂﬁ@ﬂﬂ@ait@i&? whb@in s J&ﬁ@taﬂ;’;g f@t@%@brﬁﬁwe%i&ioﬂatqéﬁ@t
conceal i ng feature con;g f’i?ﬂﬁlatrﬁ tal filmso as to forman etal on

conpri si ng CReCiFRIOAINS cclye PYE- one reflecting el ement. 32. The

met hod of C ai m 34, Theletet Bf CREn 28, /IheBinRidScofcch it GRS SorbfiRts LAMR BFerlon gt
etalon to reflect a coI or. 33, The nmethod of Claim 22, wherein forn ng the

at | east onéFiOpf BiEibAY blatkapistal adgtshiowae. g el ﬁ‘ﬂie%u“%haped base structure
on the substrate3).and ndepost @aﬂgzawma%ﬂnem‘etdo&garﬁ@tfaﬂmrahom;ﬁme;Jlﬁetaiﬁaﬁeaasbase

structure. 34, The t hod of aim urt conprising formng a cavity
in the substt‘f@f"éa“%{ﬁg”"l“}ﬂ“ﬁfl% e el g&“?“é at%ﬁ%“‘ﬂ%ﬁh"é@??%&“@l Fement

substanti al l'y i n3theeGavol ¥t Ohairh BE vHidRsi thadiglon Bh . tibresRhd 0shsef thdItabimo22,
wherein for mfgg the at |east one reflecti ng el enent conprises depositing a
| ayer of reft&Et4Ay mterial on the substrate and surface treating said

layer. 36. The pethedn@hodCbRCMmiIR22, WierkRl RrhdEthag: lhe &e Ileﬁaﬁhg Qﬁﬁlent
reflecting el errentfocongrl ses d%‘gom ti n‘? a gﬁjﬁﬂgom t mat.eri al 2 1
substrat e sGPFREE OFRBF 8FHPEHRAST FHBY e F5 and EFpHTSEE P BetTge
particles suﬁﬂﬁ@ﬁt@diba@e arsufest antially transparent material. 37. The net hod
of daim 36, Wherf 'Hle me%mﬁ rtr%?asnlntﬁ Pa Eleerrclor%pmsl,lr?g ong (r)lg Iatog\gltyal;[l tl%l s% srtrg}eeand
forming the at least one reflecting element substantially in the cavity of the substrate.
35. The method of Claim 22, wherein forming the at least one reflecting element
comprises depositing a layer of reflecting material on the substrate and surface treating said layer,
36. The method of Claim 22, wherein forming the at least one reflecting element
comprises depositing a composite material on the substrate surface, wheremn the composite
material comprises reflective particles suspended in a substantiaily transparent material.
37. The method of Claim 36, wherein the composite material is deposited at discrete
locations on the substrate surface so as to form a plurality of reflecting elements.
38. A spatial light modulator fabricated by the method of any of Claims 22 to 37,
39. A method of backlighting an interferometric modulator array, comprising:
activating a light source proximate a first side of the interferometric modulator
array; and
reflecting light from the light source to a second opposite side of the
mterferometric modulator array with one or more reflecting efements positioned between

a substrate and a plurality of interferometric modulator elements formed on the substrate.
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| ocations on the substrate surface so as to forma plurality of reflecting
el ements. 38. A spatial light nodul ator fabricated by the nethod of any of
Clainms 22 to 37. 39. A nmethod of backlighting an interferonmetric nodul at or
array, conprising: activating a light source proximate a first side of the
interferonetric nodulator array; and reflecting light fromthe |ight source
to a second opposgitBesnaedaf Qldim 39 whetihelcohgt s eflanadulidt opluatityayf dvctele one

or nore refI ttl ng el enents positioned between a substrate and a plurality
ingclefent

of interferGABETIC Modul ator el ements formed on the substrate. -25 40. The
met hod of CI ai m 38, Thatvetteid ref (Cheém | 30 giterdis thedighteis reftboiad tithanpg bumedeirtflecidg

di screte f faav% %Joge al {Ses 41 The nmethod of C aim 39, wherein the |ight
is reflect e§ h'one re reflecting elenents having sl oped surfaces.
42. The net hod ofi2. d@lmtmﬂ,of\/@iamﬁ% whirginl thg hightiis reflstied etitbdbnwiot Imoone@nesx nor e
convex ref I nts. 43. The nethod of C aim 39, wherein the |ight
is reflect e(lﬁ%&%“%%g%gﬁgf nore concave reflecting elenents. 44. The net hod
of d aim 39, whe#diThetrpghddiofKilaims39 evhéreio ttkedligiit ishre@eredowitinomeeorrradrt eatcavry

el enment s co | east one of alum num silver, titanium gold, and
copper. q%!:tﬁ{r%g%ﬁ%tgs ‘of Claim39, wherein the light is reflected with one
or nore ref | ect i Ag Thelreetiwrto$ Claamd ke hetlight imetilvoidd fith tohe pr wompeilesies

maski ng t he I I i i | ecting el enent
rom vi'ew, - S8Reatp o e AT R o R by g at | east a
portion of an et af.cfe npgtodeéflathed onerar thadight is efflceied with oat ermpere sefrithea

viewer to p%feingﬁtgna§%ger %Ingégflodl}%‘thef%oq{gﬁ@s %s ébr@oﬁ]g‘lgéﬁg&ﬁ?% eﬁ%ments

nodul ating l'ight dis os on a substrat nmeans for pro
pr oxi mat e athhIdﬁstbe @ﬂd@n@ﬂemﬂéﬁn@a’wfor nmodul ating |ight; and nmeans for

reflecting said hé Ok n{e'E}BH]of"Cpa%ug'fgﬂhep@&ﬂ{ﬁﬁﬂl %ﬁ%&tﬁ@a&ﬁa Sifor fonWRARAS  TOr

nmodul ating light formed on the su stratetoasecon opposite side of the
means for ReEeindhd ¢ng of inglﬁtfefESEmgPF?@eHﬁSg'm pyevel taapeaform 7 mgdiegei n sai d neans

for nodul ating 'hﬂh&dﬁﬁmoh?ﬁﬁnga plurality of interferonetric nodul ator
elements that forns at I'east a portion of an interferometric nodul ator

array. 49. The di spl ayes faohaivrdg lichivesesed os aidbsiiieins for reflecting
conprises a pluralityyef,s i 860R0E 18 hEakhRS BLENBNbSthe means for modulating

light; and
means for reflecting said light from a position between a substrate and the means

for modulating light formed on the substrate to a second opposite side of the means for

modulating light

48. The display of Claim 47, wherein said means for modulating light comprises a
plurality of interferometric modulator elements that forms at least a portion of an interferometric
moduiator array.

49, The display of Claim 48, wherein said means for reflecting comprises a plurality of
discrete reflecting elements.

50. The display of Claim 49, further comprising means for masking the discrete
reflecting elements to hide the reflecting element from view.

51. The display of Claim 50, wherein said means for masking comprises means for
forming at least a portion of an etalon between the one or more reflecting elements and a viewer.

52. The display of Claim 48, wherein said means for reflecting comprises one or more
reflecting elements having sloped surfaces.

53. The display of Claim 48, wherein said means for reflecting comprises one or more

convex reflecting elements.
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50. The display of Caim49, further conprising neans for masking the
discrete reflecting elenents to hide the reflecting element fromview 51.
The display of O aim50, wherein said nmeans for masking conprises neans for
formng at |least a portion of an etal on between the one or nore reflecting
el ements and a viewer. 52. The display of Caim48, wherein said nmeans for
reflecting conprB&esmam@M@mfnmmﬁ48;ﬁ&iﬁ@tmmgmﬁhemﬁﬁﬂsmh@v&mgﬂsd@ﬁednmm

surf aces. Wﬁ @y o& Claim 48, wherein said neans for.-reflecting
conpri ses oﬁ@mgﬁr FE'E LOMEx reflecting el enents. -26 54. The display of
Cl ai m 48, mherelnssnmdmm&amﬁ(j@mzmewmﬁﬂmk@@nﬁﬂﬂﬁﬁhﬁ&&h@@&x@ﬁmﬁumeor&mﬂnave
reflecting e5F (f means for

reflecting 56ﬁﬁ“ﬁ§§§w8ﬁgng¥“Wﬁaa&wﬁ%?lg@IPmum‘$%%é% %u% 5t P SBP | east
one of al um num S&iTheepstiat iiglanhadulateg of Claiand, etpp@rsaidsbeand e gpatkingllighi ght

oast “one of BB kb ET ACH O TP/ OPESRaR e e e o "0

i ncandescent light. -27



