ORNAMENTAL DI SPLAY DEVI CE Background Field [0001] The
field of the invention relates to

won@ecoadeert r onechani cal systens (MEMS). More PCT/US2005/033567
specifically, the field of the invention relates to
ornanmental devices including interferonetric
nodul at ors and net hods of fabricating such ornanental
devi ces. [0002] Description of the Related Technol ogy
[ 0003] M croel ectromechani cal systens (MEMS) include
m cro mechani cal el enents, actuators, and el ectronics.
M cronmechani cal el enents may be created using
deposition, etching, and or other m cromachining
processes that etch away parts of substrates and/or
deposited material layers or that add |layers to form
el ectrical and ORNAMENTALDGELAACHIEGEE One type of
MEMS device is called an interferonmetric nodul ator. As
used herein, the terminterferonetric nodul ator or
interferometric light no & efers to a device

Fielghat sel ectively absorbs and/or reflects |ight using

the principles of optical interference. In certain

enb[@ﬂﬂlie nt dhe dield rof ethe einvention i elatasdtol atlcmelnagonwhmcnaﬂ; esystems

r f cond % one_ or

OB N B B PR B (R Bt or e 0 ppemig] devioes
inclodidg bﬁterf%nfeﬁ{o&hédt&tmbh&ﬁeﬂ@@@oﬂﬁ&ﬁdaﬁﬁﬁ bR ofandtal devices.

approgrlate el ectrical signal. In a particular

one plate may conprise a stationary | ayer

DedAROSH $afle RBIafaSHPRIGY,e and the other plate may

conprrse a netalrtrc membrane separated fromthe
st a0bear y Miayoeleotbyn@hamwl gs&&ms%l\m&&)r iiidwtieh eiiedon nhethanical

nor.e d tail osition of on te in relation to
Sl pu 8ﬂ‘gr?bd§tffﬂﬂgs oWicmeqiﬁ@sﬁf HPORRE 183V PP fHgated using

depb&ifibsl &dhi) ahd6r 6tﬂér%1f:1%h&@ﬁihfﬂg%r6@é§l§ég AaPEtch %g}hparts of substrates
devi ces have a wide range of applications,

and{gs legoshied eaterial dayars drrfhatidddaxers to form|elestricahatidbelectromechanical
devgzgg. i ?gte tt{}:h e(? p 1@1%‘ (?el;/ c% é gzﬁlegfantnl&g em{l% csm&{ulagev' nlbsed herein,

eat ures can be ex I mpro

the eetivsintarfprqnere etodulated o€ frgteifdro@etnie iight ﬁid\dﬁlhﬁ)r trdfals t@ avRvice that
been evelo% ed. Sunmary of Certain Enbodi nents

selqg‘g%?&]a SPRRS a§1§1 &¢flec hblépmgaqha prBiplesaf oyticaljgterference. In certain
embdAnREtE, AR iRRABoNRUR BEHRE may comprise a pair of conductive plates, one or

both of which may be transparent and/or reflective in whole or part and capable of relative

motion upon application of an appropriate electrical signal. In a particular embodiment, one
plate may comprise a stationary layer deposited on a substrate and the other plate may
comprise a metallic membrane separated from the stationary layer by an air gap. As
described herein in more detail, the position of one plate in relation to another can change
the optical interference of light incident on the interferometric modulator. Such devices have
a wide range of applications, and it would be beneficial in the art to utilize and/or modify the
characteristics of these types of devices so that their features can be exploited in improving

existing products and creating new products that have not yet been developed.



aspects, no single one of which is solely responsible

for its desirable attributes. Wthout [imting the
WGEewpe3wi3 this i nvention, its nore prom nent fREI/USEE5/033567

wi Il now be discussed briefly. After considering this

di scussion, and particularly after reading the section

entitled "Detail ed Description of Certain Enbodi nents"

one Wi ll understand how the features of this invention
provi de advant age i vices. The
enbodi nent s descr?Sgé%%%&g?%&ugﬁégégxﬁQbackage

st r[0004ir e dhd swystemt hocthaf, amdnddvives Wi the iAvedEicK a@6eh have several
structure in a |ent cqﬂqltlons [ 0005] One_ enbodi ment

ISPRFEVIUEEE'S St Holoh iheirlygespAndbldrt e destebly atiibujes. Without
limtingPihaYschpe P th@rln‘iléﬁhgﬁfﬂ ﬁﬁ% ocfmﬂamq Uf’e?c‘n%ﬁ WGy be discussed

S|gnal recelver are prOVI he St gnal recelver
brigfinf Afen eodrsidering thay d@caﬂommé rmaicubrlgmﬁier reAdlpg cuhnemnon entitled

“Dé[taﬂe%oly%glélg%oonr &rgé ain E{négci g%n? gg%t hﬁ, d%g?fm]dﬁlgélg g ﬁeapﬁgs of this

1nvdmt8:m| ;ayvmas@uinmgeMee sther digdlaysdgnak., THOENBdBImLRE described herein
external signal is emtted froma controller

Pro¥islia RGeS cmﬁlrdoa methor f ananp{achiring prpskgeaitructure in ambient
corfd@pces to display coordinated i mages. [0006] Another

enbodi nent provi des an ornanental device, conprising a

di si083] havinegnetodingas provites amathiddesfonmiting en ondieatabdevice. A

' Th |
oo BeEARUE f SR el 00t L) e o s
recdif€ P COSRRSEN tol rScdkRI Ui Mrﬁ;g s§g9iap OR ik QRlessBP i d&ﬁl%d Atk BE display

di spl ay based on the external signal, wherein't
andethe signdlireasivgnallhe Brogessertie dortfizurado contral oh iraage on the display based

on %g@)f(ﬂeﬂlle{f ggn% ﬁ?rgltnrtﬂl: et lafj{ g%l'l tsy en%tte&) rfr[og'brrﬁe)%lﬁroller configured to

VI ces coor i‘mages.
conAobmphiraigy bboramémﬂrdeeﬁmd |dmpra§,r,co@ﬂuﬁfeﬂaﬂiagﬁsal devi ce
@ &élded The or nanental devices includes neans for

|nt p

r omePPIERFPYOHBERPER Yidks amiogramental devies. gpypgusing a display
havitRASeasBOEk AtRfRRESHE Hﬁ)d‘i’l@ﬁ)?,sd sig4f I B8 Whdd ;?Er‘:c‘g&%n% Iaérq}sle signal

for recel ving an ext erna St gnal . e proces
rec¢igerfip cordigutadab Irq:qegzea\n extmgbsigmalt fibe podessart i nglﬁmmzﬂsto control an
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a ophttoliet cénfigukedotoneuiial alplgavy GEorinditss Faiemesmpal%m;ah@&dmated
i mges. [0008] According to another enbodinent,

imagehamental article is provided. The
[0007] According to another embodiment, an ornamental device is provided. The

ornamental devices includes means for interferometrically modulating light, a receiving
means, and a processing means. The receiving means is for receiving an external signal. The
processing means is for controlling an image on the modulating means based on the external
signal. The external signal is emitted from a controller configured to control a plurality of
ornamental devices to display coordinated images.

[0008] According to another embodiment, an ornamental article is provided. The

ornamental article comprises an array of interferometric modulators configured to form a



ornanental article conprises an array of
interferonetric nodulators configured to form
wa@proegsamdrabl e di splay. The article al so i ncl uPEBEUS2005/033567
processor configured to maintain a video sequence
based on either a pre-programmed i mage or an externa
signal. [0009] In another enbodi nent, an ornanental
article is provided. The article conprises a
' tri I ing. . . .
prog%g%ﬁ?éo?ﬁ?lgfaﬂ% Jrgglg 'Xésgl Iéc%cir%r:g% rﬁrb%%%or%olé@pﬁ%écﬁﬁ)gﬁ%mam a video
seqperng based oarithe amre@manmgedmmgs of at externsitségnal. ng a
vi d equence on the di spl ay neans.  The_vi deo
seq@&@ B%%fﬁir GRbQfmpRy 2% OFaEIeRiab GFtgMisPIoNidg® oFhe article
seeaﬁ{daai tifig 8fd@hs fol AR MroRGHeNH BRI R £ displ
°°r§5n}%od| ment alag nmet h Soél) IS pr%w dedgllf or rml?%ng'Jh * forming a display
megsrfaheisplaying prageives andl ppiocebing yneahs fommmftenmm vide sequence on
d T ferometric nodul ato
the TR Pl Ehs i e S8 S PR i e e or an
extehnsitigpl. A processor is electrically connected to the
di splay for naintainingla vi deo sequence on the
s | s@ badeerraiedpamathen epbediperfq p ansiber isnprgeided fermmaking an
orn&hbRaN i 9nal - [ 0G1] OiAClﬁ@ltfgﬂOH‘ga‘f O SRRt fler prouided.  The
enbodi nent anl&eremmmrmlmLJMOrlspm
mteTf@eom@’ttle nf@ulatms miecponﬁgtubétrm an srrgyoiof fogu megotogramehiablel digplay. A
an irid ﬁ i mage g gg % 3 a first surface for h
PIOF&e lé‘t ‘?‘f ﬁa YIFPIIeGRE t8t R E6REY Lo PaniTip ar‘@f‘?"e%‘ft‘lflﬂb“ on the
disple@bdsed dheitifee & PRPpDPFkRRA 1hﬁge$&pa§1re'%§e%hlfs gﬁé]‘ the first
surface by a cavity. The first and second surfaces

nt et0PEHomeAceardingytonysd iAnather ingedimsnic lant interferpmpagrie mdulator is
pro?rigigd F;I?%H%{f&l%%ﬁﬁ hl%cahélgt%% ?gé]oglglg@é ttla %1 g?t ee{nf 1er1rd%scent 1mage and

congprized h festtsurface fontreftdoang [fgltt[ mm ﬂ@dﬂdh@@@fade&"opf@[‘éttﬁ@dhght. The
lay an irides T e interferonetric

di
scopBl i Eho EBHpicH feam feririsuringehiea FoitT dedirt 8¢ SPragHtsurfaces
1nt6'i‘fégorﬁ’et§@£1?r}ﬁ’od{§zﬁ@ $ightOfuch &ifd: %’f(;ré B6n! dng %ﬁtm-crp&léfu]]@ $LAR by the

second reflecting neans nterferonetric
mﬁﬂﬁ@hnﬂewuhdmm@w nor e than one di stinct coIor IS

nectFffing Blacenbehts “uhanaRwtSodRind, fb T -Erranh aufutator is

pro¥ided k® mlpmg aNiridedceh ﬁlﬁdggeﬂ'ﬂecmfé%wnﬂahw moﬁulfatdi‘ Sbmprises a first
reflective layer is provided and a second refl ective

megngyfer reflecng gkl anfl ¢ seeand Heeans fex reflegtingclighte TheyBrst pyd second
reﬂ@ctﬁl%\ﬂléa)ﬁs i&a@ergfngﬁfcal?}pgloﬁlﬁgtg q]%h{ ﬁfcl‘x Gt 'n{Ste Itl@ﬁe({n% distinct color is

reflected by the interferometric modulator.

[0013] According to another embodiment, a method is provided for forming an
interferometric modulator. A first reflective layer is provided and a second reflective layer is
separated from the first reflective layer by a cavity. The first and second reflective layers
interferometrically modulate light such that more than one distinct color is reflected by the
interferometric modulator.

[0014] According to another embodiment, a method is provided for forming a

display device. An interferometric modulator is provided. The interferometric modulator



nterferometrically nodulate |ight such that nore than

one distinct color is reflected by the interferonetric
wore@aloadeas . [ 0014] According to anot her enbodi PENUS2085/033567

method is provided for formng a display device. An

interferonetric nodulator is provided. The

interferonetric nodul atorconprises a transparent

substrate, a partially reflective |ayer and a

' I ti d . .

confES & Hhflstohs SRR bRl Y RencROF TP IA] by fBdpmialy retective
laydraspared apadiahd uspratéd bymicavityofromdthe pattiaHn SeTRcEN layer. A diffuser

substrate of the interferonmetric nodul ator and the .
filmrygs P s oy ?%nﬁpar@tﬁﬂ?wwrftf&gﬁ?@taﬁéweaﬂc Biofulion aag the diffuser film
is p@tdr&ito thPOddmieRcoeglance with yet another

enbodi nent, a display device is provided, conprising a

t r dA8Kdr enin asa@rdencetveitthpetiangther dnplyodimeit,crediapldy dedecisnuovided,

[ a first surface.for reflecting |ight. faorne ver
confifi £ uplsp R b P o i b FieGide BRe bR SR T el iace for
reflédting dip@t Famed @fvbembifig didgbt the aRdsard@kimiarda dedoht $8Fface for

film formed over the second side of the transparent

reflegimg light and pratigaeddifiuser filmciormed aymdheaseeend §ige of the transparent
I ; Ir st , 0 r
subfBAS  ae St 200 P R PHELERG ol b e JREANNSL i sccond
surfpegt isesepatediffoinu gter fifst burfdea dy ancavitparithetmitenied idiffuser film has an
%Oozgh Still another enbodinment is a display device,
o 3?% i“SP8Y: means for transnitting Iight, the
tr qo6r6)t t i 9@l AaMsr BavbMehent id BSYisFhP M08 SorEHERNE means for
side. Afirst neans for reflecting |ight forned over
trangpyisting lght, the gansittinganeana having a firsgsideantsa sesendside cd st means
r Ct.i 4 .ght 4 : i al L1 el
for ARG Bl SBRBRNEE e (hHaq & B0 AT AM T ot BAT Y Bond means
for redfebitg liglg isrestRaniisilysppatad te thef firsimeflbRingim&ins, wherein the second

reflecting neans by a cavity. The enbodi nent  al so )
reflghiug paregs %?P?%éﬂ%@i MReatiist Feflectinermeass by 4 9ayHy-, The embodiment
alsoMABIBE Y Biftfsidh inlddRd RE BANT: light RAtd&h @l?eddi?fﬂgné MeARis patterned
over the second side of the transmtting nean
and \(presrad evet the sdédnflisidernd thewrrsmiitisg awans, maoeit the diffisingmeans has
an 0Br i eé‘ taggisscr i ption of the Draw ngs [0017] These and
oL e Bé@?s of the invention will be readily
apparent fromthe follow ng description and fromthe
appended draw ngs_(not to scale), which are nmeant to
i|lustrate and noBuggDescrptionofdhq Biashngson, and

V‘h%@iﬂ These and other aspects of the invention will be readily apparent from the

following description and from the appended drawings (not to scale), which are meant to
illustrate and not to limit the invention, and wherein:

[0018] FIG. 1 is an isometric view depicting a portion of one embodiment of an
interferometric modulator display in which a movable reflective layer of a first
interferometric modulator is in a relaxed position and a movable reflective layer of a second
interferometric modulator is in an actuated position.

[0019] FIG. 2 is a system block diagram illustrating one embodiment of an

electronic device incorporating a 3x3 interferometric modulator display.

A



[0018] FIG 1 is an isonetric view depicting a portion

of one enbodi nent of an interferonetric nodul at or
waele@plozop43 n whi ch a novabl e refl ective | ayer OPCHUS1005033567

interferonetric nodulator is in a relaxed position and

a novabl e reflective |ayer of a second interferonetric

nmodul ator is in an actuated position. [0019] FIG 2 is

a system bl ock diagramillustrating one enbodi nent of

an tropj Vi incerporating a 3x3 .
B0 Bl B RS BRABb 0o B e soptt ol o
onedixamphny @fbsdiveadilof atrinterferorpesit iodnlatoe bs BE;.appl i ed

vol t for_one exenpl ary enbodi nent of an
! ntlOPPHr onBIG isrradirSREPn 6f apFice! rew PYopRyIYeliages fhet may be
use@fb ddiveblin@beRhetic AodfioCdisgigv and col umm vol tages

that nmay be used to drive an I'nterferonetric nodul at or

di sl0P22]. [ BB225AFNGstrdfek dhd wsemplteys frome @xéisplhprdata in the 3x3

. franme of di ay. data.li he 3x3 interferonetric
mteh{?&‘%?i’eé?%}“oﬂﬁ%gkféw ¥°H51é-52_. [0023] FIG 5B
i | | jog23]1at eFIRNSB SRaHRieR ke tekéﬂaﬁlgnﬁtiﬁﬂ{ga&fih%@ﬁa FRWoRMhd column
colum signals that may be used to wite the frame of

signajshatgpay Yeoped jo wiedhe BanaptFISBSAr e syst em bl ock
di [ napf i an odi t of a.visual .
di Z[‘gp%gs deﬁ(?:% %é?%:@sqrﬁ 5)%%;0% ﬁfgrﬁgﬁagvmg f111ustra%ilng an embodiment of

a viswil éishly deeite samprizthyl Aflambty If@G28rombac nfolulatord Cr 0SS
sec@i on of _the device of FIG 1. [0026] FIG 7Bis a
cr d892Yect Flih 7é¥is arosh sestipmes e devigoef IBnl- of an

| ntigpieyr oMpig i ?Emi)sd A5 sdHOE 7S Eh.(;altezgaia/? grrrll%&ﬁi%nt of an

t
section of another alternative e i ment
interfiatomrdinie wodtlpfoc nodul ator. [0028] FIG 7D is a cross

i, OBl 1C R S st sbpeies S ggigent of an

inteSfefoinmddic ®bd@ptoaddi ti onal al ternative enbodi ment of an
interferonetric nodulator. [0030] FIG 8 shows an
end8038tent FK§ 7Bnisi meweps sectiprtofiyet amutbraaligmatineembediment of an

intei‘ﬁleo?nettﬁc Royihde an ornanental image on a specul ar
Sur[03209? FIG. 7E is a cross section of an additional alternative embodiment of an

interferometric modulator.

[0030] FIG. 8 shows an embodiment of an interferometric modulator that is used
to provide an ornamental image on a specular surface.

[0031] FIG. 9 is a cross section of an embodiment of an interferometric modulator
having a diffuser.

[0032] FIG. 10 is a top plan view of a patterned diffuser on a transparent substrate
in an embodiment.

[0033] FIG. 11 shows an embodiment of an ornamental device including an
interferometric modulator for displaying an ornamental image.

[0034] FIG. 12A is a system block diagram illustrating an embodiment in which a
controller is used to coordinate displays on multiple interferometric modulator displays.

[0035] FIG. 12B is a top plan view of an embodiment of an ornamental device.



[0031] FIG 9 is a cross section of an enbodi nent of
an interferonetric nodul ator having a diffuser. [0032]
WO-@B6/036843 s a top plan view of a patterned di fPCEES20051033567
a transparent substrate in an enbodi nent. [0033] FIG
11 shows an enbodi nent of an ornanental device
including an interferonetric nodul ator for displaying
an ornamental image. [0034] FIG 12A is a system bl ock
il tiHat.
confURfl o, FRE 108 14 RfhaB Do TR RO micl Ml e deyice.
| nt[9037€}r orrEI(}l t3 nwdulcatsorsectiohpbfyag. ex[nﬂ&ﬁﬁ]anﬂ:bﬁanlﬁl&rfemmetric
pl_an of an, enbodi nent of an ornanent al
mo‘ﬁ% ’g configprs ]to play gnimage that apnsars iidsie®E an enbodi ment
of an ornanental device. [0037] FIG 13 is a cross
section of an enbodi nent of an interferonetric
modul at or confDqtﬂlkdrﬂ)eNﬂ“ﬂOBpf_@MEEmgmtﬁat appears

LGRS b, TR D B, 54, ey, e

emboﬁxrddarfte of e 1h<aenﬂ:leﬁt alowespe eief inCertizh @dh e rehfbo@i‘edtnh @ multitude of
i nventi on. However, the invention can be enbodied in a

differgpk VeXsddnhis desoriptiem reffzepee isppaderp she dawimep pyhsrein like parts are
0 Wi Ra

desfgﬁ%‘g@% :\gil%}g nﬁaltée gﬁlgxgra lﬁﬁ\%hg%tﬁe r&? %Vl% ?% Eagxﬁ%ljgftnk Froli tﬁﬁs following

desygptmppthe embodimemistrhay Hedinptementpd de sy dgyideahat ig «hmﬁgured to display

enbodi may. be inplegented in an Vi ce .t hat
an 181&3? Ivgl'g:?lbea b B"O\éf’% Eq %y 13?? 0 t@téon%ét%,es? ﬁ lﬁlafﬁﬁm whe%her textual
or pidtorShl, Mdrd @anticOlarl§!ittsicomBinplated- tBat thSrhbddith 8RO fhy bé 'ﬂﬁplemented
whet her textual or pictorial. Mre particularly,

in Qfo?ﬁ@%ﬁ%t“éﬂl o hatietyHef deavodiondsyioss fash Be huipioe rh@nteédo mobile
teleél{ijng‘hgg ge% a&e%% ¥V' h‘%}f’&&i’ ac{altaeta¥sbﬁ%nt§ l @iﬂl{sﬁfn 'hgndjﬁé{h C&° portable

compiutess, e(SBS dessineesgnavipatcss) namehaf MPBSIS]IaﬁéranctmoleBﬁss Jegame consoles,
hand- hel d or abl e conmputers,

wrijte WaiCHES sHRES: g&ica}aéors,cgqn@r*%@ rﬂﬂ:’%tobﬁ alydr gavel displays, computer

moﬁﬁﬂ@ Qﬁ@ecﬁﬁ)la}@%f? S@d?ﬁé?ér%pla\ﬁﬁ &85, c‘&@l&ﬁﬂ%%troﬁlaﬁ@/&sdlsplays display
cal cul ators, telévision monitors, flat panel displays

of qgommwews o8, dopky ot mardvxs\plcaylsra(lel agvehudelb sistieenic photographs,

i cockpit cont Ia S .
elec% g%l l’a%jb%ﬁla g Hggs \BT \eﬂ-%tor(sear fl?ecﬁ,}rgl ?q éwg,v'@&/\festhetlc
struCRPBRI(8 gl, display M i@} on @lpadet bﬂfbwélrpﬁ OMEMSi@th&ces of similar structure

el ectronic billboards or signs, projectors,

to theseKlepaibet hsreins p3n deq peysed jh aRBgishley apRbcaient sisbiag in electronic

switching devices.

[0039] According to embodiments described herein, an interferometric modulator
display is provided in an ornamental device. The ornamental device may have a patterned
diffuser formed on a transparent substrate to provide an ornamental image. The ornamental
device may also be a piece of jewelry or an article that may be worn. The skilled artisan will
understand that the ornamental device may have an attachment means, such as, for example,
a chain or a strap. The image displayed may have an iridescent appearance. A controller may
also be used to control images displayed on multiple ornamental device to provide

coordinated images based on external signals received or pre-programmed images.



structures (e.g., display of imges on a piece of
jewel ry). MEMS devices of simlar structure to those
walemesdsesl herein can al so be used in non-di spPERUS2005/033567
applications such as in electronic switching devices.
[ 0039] According to enbodi nents described herein, an
interferonetric nodul ator display is provided in an
ornament al devi ce. The ornanental device may have a
pat[g ed 6 ok f H'Rgrferf Ort'r":‘]g d laulgtotrr ﬁﬁﬁﬂ?r €Rbo H}%ﬁg c%hl nsmg an
i de"an of hAnent namen devi
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di spl ayed nay have an iridescent appearance.
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allqwms br péplordisplay Meldion 18 Blag avd Whight | s i |lustrated

bﬂﬂr e %lgukenl tx?ﬁf’ o %Mc‘if?e%v df:}ﬂ@tlr%'e fdé%eﬁt ﬁlQelﬁ m a series of

elt er ‘a bright or dark state.
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res@n%n{ \{1%5150 QI '\v@{}{s ne A8 %1rgeonrs]f 19 %ge I%b&%megli, one of the
%1¥ W%wwng

m nan ed cofors, or a co
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froﬁaé: BixBd bk aﬁ9 TRfidReS 18 VEND th@ L&hE REEbA) fj:f%mquéoaﬁéi‘ém as the
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actuhitsippesjtiono iy mwabla refpautivo layem isapasétioned mdressely adjacent to the
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conb@sdtitvbgn@ddedtru@iveBr dépeh@in@Rd BOPbLEiINLA @b |t1ﬁ3 oS48 G&lective layer,
fromeach other to forma resonant optical cavity with

prOQ'ecmge%tﬁler theveyall iedrtee or nemelgetivelstriotes cashtidelnent |
onuBl O ThE LA K5 MUBIR, 021 8y YA PR s
inteaferdningric elodnlathr v iridorpb. tIhethmvaM@neftﬁé bedulave 1Rayarthe left, a
moxifaﬁalép %ﬂegtllv%nlggeralt%a}s Elfulst%tlacy 1en| 3}1/ I‘(ng)ge%epoglltl%}l %? c2:1(:i‘oredetem‘uned distance
from an optical stack 16a, which includes a partially reflective layer. In the interferometric
modulator 12b on the right, the movable reflective layer 14b is illustrated in an actuated
position adjacent to the optical stack 16b.
[0043] The optical stacks 16a and 16b (collectively referred to as optical stack
16), as referenced herein, typically comprise of several fused layers, which can include an

electrode layer, such as indium tin oxide (ITO), a partially reflective layer, such as chromium,



froma fixed partially reflective layer. In the second
position, referred to herein as the actuated position,
wa b@onsosabl e refl ective |ayer is positioned noPEI/US2005/033567
closely adjacent to the partially reflective | ayer.
Incident light that reflects fromthe two | ayers
interferes constructively or destructively dependi ng
on the position of the novabl e refl ective | ayer,
r I N I e
and%oﬁ%#éér izt 1F1%%9g ta gi%g!egg% fél %e by Flggcﬁﬁlly %onductlve partially
traneiepéit taad padsity mﬁleﬂfvet ii’t&l naxed fahl‘lca:-lgd ifor eRpgpleebil deposmng one or
i ncl udes two agA acent interferonetric nodul ators 1

morgf ChoRovE PeRe b S PERETE FHISEA gl u BB B0 Re the layers

are |p%ft&med5‘ B ViaRAIR] lsBidseGhd ay BRI rol Rldcfodds! MSh IR, tevice as
a relaxed position at a prédeterm ned di stance from an

desayjbeeil daiithes belok. 18hs matalh réflectivedlexera 1gmarlth anayybe formed as a series
| ayer. hi inter [
ot Ry Ens' G e sl Gy B (Bl BB Plorks or 160,
16bb bepisttebe bpl 6T fBtsaAG! amataﬁdnteﬁ&hirﬂg(mcrﬁﬂjlaméﬂdl depdstted between
ptical_ stack 16b, [0043] The optical_ stac 1 a anq

the R%S {%oWhé’éfhexﬁémﬁCﬁ*’éﬁ@F?r@é 1Stec5°h§§ AFRY:ithamo¥q ‘?:’R" geyjve layers 14a,

14bra?é &, Qﬂl@e%q‘r il 1c£%9&cﬁ§i(§a¥ 169895 4 gad qye%aﬁlgfﬂ's}%ﬁgductwe
| ayers, can 1 nclude an el ectrode layer, such

and|rﬁﬂhc¢1m maten@ka;mtb as hhi@)mura nparttei used for e te@e‘ttwéayeay 1343 ,and these

i é h]r e’T traP gi?rent di el ectric. The

§ IQfﬁP"i% SPEHER &% Oges lﬂﬂglsg ¥ al 1y conducti ve,

parbofd)l Y WinsPapsidd dalthgpaihlel @ty 19efehR@dsi ¥@we@nthe movable.
may be fabricated, for exarrpl e, by depositing one or

refletive latert He aniovpuqabwéack Wt ovith theamgwfl@ meflestipe flavgt d4a n a
mec%gmc%dﬂrefe?agt@crl % % Q@{&rﬁted tgr th% %W e 22 : ng%l qr nﬁgwé\%} Owhen a
poteﬂmsp Hdferabey i< eplﬂféd d&%ﬁdldmﬁd fowr hie coltmahpthie dﬁbaacnﬂib\fainied at the
reflectlt?}(lela yers ma%/ geforms as_a seri
mtegpc%gﬁ gjrow apgd ﬁg mn e&ec&@ﬂ% tit ac%qsgynql%@?(eloli;ecomes charged,

and! AY&FR1afiOHROIBIRIthd RlbhEdek ABLAEC! IrOHlE Srofthgel BAnigh Gbugh, the
deposited on top of posts 18 and an intervening

mowdby reffiectivel layert &4 |1aldeﬂ>etp@<t ian@ds kf@ltcvcé@aam%ethp@@tlsal isgack 16. A
the s ter etc
iRk R b SR e Ry L ETET (ool ey horine
andtdbﬁtr@lpﬂhb S&flarsion CHstant® detwhkeh 1d3yrsal 4deii 1eds JRtrdted bApixel 12b on
gg conductive and reflective material such as
the gighhithGiguFray- Dehedisbavippis thpsamerperadlpssert) thy dplarity of Heqapplied

pot%mgf glef&!e%gz W fu%"y”}&%di ?0&19 Lo PHES cérﬂ cGntidl %194 f%)ﬂectwe vs.

no app t age, e cavit
nonrreftedtivs poet vieten it elagovain raarr}e‘fvhwdo ithed ubaymrcomﬂ@tland LCD and

oth%%slpfal?{ltgc%%gﬁ)lélegﬁa with the novable reflective | ayer

[0045] Figures 2 through 5B illustrate one exemplary process and system for

using an array of interferometric modulators in a display application.

[0046] Figure 2 is a system block diagram illustrating one embodiment of an
electronic device that may incorporate aspects of the invention. In the exemplary
embodiment, the electronic device includes a processor 21 which may be any general purpose

single- or multi-chip microprocessor such as an ARM, Pentium®, Pentium 1°, Pentium III®,



mechanically rel axed state, as illustrated by the

pi xel 12a in Figure 1. However, when a potentia
walpdobesemre is applied to a selected row and cPCT/INRZ005/033567

the capacitor forned at the intersection of the row

and col um el ectrodes at the correspondi ng pixe

becones charged, and electrostatic forces pull the

electrodes together. If the voltage is high enough,

h | el4
Pen %rgc %neﬂuhm?telg rtot?é{ gyfll cg?ﬁﬁ{St ac I?O ggﬁ;i di egLﬁFﬂ‘l é%r any special

purposy ehnc{rﬂlﬁtbcetslsdru st¢tat zsd al rdigitil ssikhg)upscessbt, hinticrtbbmtroller, or a
optical stack 16 may preven& shorting and control t he
pm%@sa&aake. g3t Wt A¥ice CHRteER! e, 4 PigRESSPR21 20y be configured

to ekééuk@'&r{ea&rqgm@)éoi@xkrﬁ% Imokiéfes Oftn bt ﬂ)héxebtﬁmg aﬂ%@raﬁng I\%@em the

behavior is the sane regardl ess of the polarity of
Procas{oir mmy potosfigired tal cxebeﬂeeme @r jjore mfsvmypplm@wrtsoing}mﬁmg a web

b actu k g that1 ?n cont t he reflec%lu licatio
TOWRSH- & EIEP AU PRI B 2" ef‘%{ é°§°%r%ma?¥a?%8 %S“ﬁi‘F"‘ﬁ%ﬁP \ays-
t o [boef] USRCordenenssdaupdt:, 0B Frodebsor aNGs ol @bnfitusdd ﬁt)ycommumcate
technologles 0045] Flgures 2 through 5B illustrate
withoprearegsedrpienr3 @@éwodwnwb@ ey diver3? mgludps aFpwgrivar circuit

26 RSP TS0 B P BB EESRey 20

Theauessesebiidi ofitht anty dlusedted in Biguse Héviboenttyathe tinys 1-1 in Figure 2.

n or at ects of the ven In the exe
For RS oo r R Doy (NP BLronE GHEet FrERRICRhy tale
advgnta«%vef' Oy siPR¥is BRoRAY 08 BRES @dviky iIRRESed ilBiklre 01t may require, for
i -chi'p mcroprocessor such as an ARM Pentiun(r),

exammplet b Ufhvoli(nojentiflediffengned tolqange, Paavablevayer(te deform from the relaxed
Stat%L‘bl—h\? ngtugtgg 'Die. rf{o%/ % et va'len ‘[ﬁéS (vroita ¢ 1spl%ﬁﬁgedpt%1{1)thata{)alue the

r S8Ny Speci ar purpose r oprocessor su

moabledlagir@hdiRthing itg Bate a@ﬁl&ﬁﬁﬂ&@é dropk leidk(tﬁmw 00 elts, Iﬁltheﬁexemplary
pr.ogr ammabl e gate array is conventional in

emigdiment g Fgmge Jagpopble hw does eefrieiey Gpmpletely @%é@i&@lwg@ drops
bel N8 Rits Mh&e IOHLYR &&gg%@ Yhfise, b8buRgdd %'\Pﬁl e o24R1 tﬂ'h'[bgcated in

an operating system the processor may be configured
Figure 3¢ whengtthero neists o wmdceN sbzﬁupl\vad &olgppwithat whivh the device is stable in

eithi elrgl %lg?,raq\%ﬁlgga %et]‘luﬁ & 1e %‘fe@agﬁgreﬁig%l thg a‘%}(s eﬁésm Aindow” or

“stabﬁﬁffﬂndoﬂv OIFRr @ APy HRRAY hating (i BEREBR charadtctiStiod lof Pigure 3, the
configured to conmunicate wwth an array driver 22. In

rowsedunanheftitivarrotoetiecan be alpsignadysch At dpang epes steobyiggy pixels in the
L4 b P02 AT G RGBS, s
pixé9thal e t6besdasdald eposdd tohevatagaytitietdnusdf dosdoizaro volts After
the s’crgber %‘helplgcg’ls %peog\)gosbe)é tto haestclaaldges%ate vc::lltage dlfjfegence o% about 5 volts such
that they remain in whatever state the row strobe put them in. After being written, each pixel
sees a potential difference within the “stability window” of 3-7 volts in this example. This
feature makes the pixel design illustrated in Figure 1 stable under the same applied voltage
conditions in either an actuated or relaxed pre-existing state. Since each pixel of the
interferometric modulator, whether in the actuated or relaxed state, is essentially a capacitor

formed by the fixed and moving reflective layers, this stable state can be held at a voltage



For MEMS interferonetric nodul ators, the row col um
actuation protocol nay take advantage of a hysteresis
w@e@posdey3 of t hese devices illustrated in Fi guP€r/BS200$/033567
may require, for exanple, a 10 volt potenti al
di fference to cause a novable layer to deformfromthe
rel axed state to the actuated state. However, when the
voltage is reduced fromthat value, the novable | ayer
Wl’ch'f‘i'r:l FH%H@%E&SiSRﬁﬂ&JV@Wh 2fmbd 8o YOlEAUSsIHHBRS E%ﬁﬁal@%&d’ﬁrr%ﬁt flows
the exenpl ary enbodi nent of Figure 3,
mtorihmabblef tha}aepllﬁdlqw@nhdtls fis¢dax corrpl etely until t he

vol 2.volt re i s thus nge
Vol BT TS Belidut® hisnbdHeliasfe) P roded &Y Eerhe the st

of c&hﬁiﬁr&eo%nodmwa@cdrhkﬁfcé wetkithd Gestedhdl GOUctRdte@piRbls @bl the first row. A
voltage within which the device is stable i1n either

rowtidseris |thsteappdied de theaowd! slegirede, Fipafingsthe gixets egresponding to the
e I

asse\?\%@ﬁ gbﬂnﬁlsl'ggelrg él‘hg 35§'ste é&; §éatl ?)? g%/lﬂ %g%l?ﬁzgl%g%s% ‘;t’iga'éttdg%y%ed to correspond

to tltemersﬁed gatiof tactusted)bmlélsgm e Spotdnewr: odvipask isthemepplatito the row 2

tocol .can be desi gned,such t at dur
ctecipic g hePEPREEAERL: RGBS R PHipekap ah thp tigeried column

elec%&ééat'ﬁ{% 1B%e1 EXBR:EMudaPredted B tRABWH Hl1SE, BRE Ronfin 8DGY state they
0 volts, and pixels that are to be rel axed are

werewdg airing tie 1ol { akse.d Thisensneereppated &xdhe entire series of rows in a

sequetnégldf)z}sl@%%fo rogﬁlctest%rg%mF . eté%rglll %ﬂﬁe fr%(r)xg 'ﬁ‘x Qe "3 esdt eﬁl&ﬂﬁ updated
with féd dispry datamRicbntinalapesg thik piczedshe sdr@a/\déstréd)blﬁnlpmtof frames
themin, After being witten, each pixel sees

per Seroaflt i &1 WidP MREFRISTORENS Aot HéVing £S5 o tcglumqq%@%rodﬁ of pixel
arrays Xellwa b dl%)l%}lhﬁﬁ’mgsx@r%is% well ko CAldUh 8y H@b?eﬁ ih R8njunction with

esi g l'ustrated in Figure 1 stiable under “the
thepxamtapzphﬁicm voI tage conditions in either an actuated

o P BB Sht I i T SRS Bl s

crea‘hﬁh @‘(ﬁ@bl?ﬁ fhifle oh ShESELMN A2 Bigdre QAPRISh OF iTStFARCh ?cysmble set of
fixe noving reflective layers, this stab

cohgmawi l@ahV%@gﬁ tvels éhat may §F vsajciar PRFI cxbibiting dhedistsresis curves of
FlgWe %d oY Yﬂet ﬁfgﬁlle@ %%nb{;'c? n{%ﬁ‘y\%&ugﬁlfgs h B)‘E{e?] (i)ﬁbol\%? Ségtgﬁlk %é prropnate

Nno current
colqimﬁ MV@L and theé apebpriaQ48]to MAM wﬂndﬂinaﬁpqiﬂrespmd tons vohs and +5

may _be created b ertln t he set, of
volig 6?55 e T R RSBt D ¢ a0 e FRBpriag column 10

+viQf, 288 ttl&@ﬁﬁﬁo&ﬁial‘eenlo% fonhé Bgnd LAST pfodWkind alBM VM ﬁ&eﬂtﬁl difference
t'Hhen applied to the row 1 el ecfrode actuating the

acrqsp Kled glxclorlne@pmm@mgrmeoe thwerowsxecéﬁag@ds lecdd @hrerd ivabss theThixels are
sserit um € ctrode

staf Pty s et SR Bl PERRIces b PER FIRERT R ot + Vi,

or -WRE. S&¢ Qsﬂzﬂsd DWistrAe il Biguiess, liheill 8o Bppredated tHah @ok4pes 3f opposite

polarity than those described above can be used, e.g., actuating a pixel can involve setting the

appropriate column to +Vuy;s, and the appropriate row to —AV. In this embodiment, releasing
the pixel is accomplished by setting the appropriate column to -Vyiss, and the appropriate row

to the same -AV, producing a zero volt potential difference across the pixel.
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el ectrode, actuating the appropriate pixels in row 2
i n accordance with the asserted colum el ectrodes. The
w0 owe/03gpixel s are unaffected by the row 2 pul SECT/ESIH05/033567
remain in the state they were set to during the row 1
pul se. This may be repeated for the entire series of
rows in a sequential fashion to produce the frane.
Generally, the frames are refreshed and/or updated
w di.s dat a
or J00RA ", EEBIE 2 b ol Msibd o RS B el siguats

apphiedi® tha Bwhxya;oéf mgat Qﬁlﬁ‘hﬁl F10r reslnti nmthkgdlrs}my &lﬁﬂlgemblwmustrated in
el ectrodes of pjxel arrays o produce displa

TN R I R awwyﬂwvess’a% i Ve eﬁaeﬁ g iltustrated in

Flggf A5 ttlthe%ﬂf?él@ salbe innéﬁgrﬁa'té) Bnd {nqgﬁ%l(arﬁbﬁuélﬁﬁle:qmw?ﬁﬁe a80%olts, and
B7il'lustrate one possibl'e actuation protocol

all theemiunmyy are dit SP1@ytsf ri¥ith these epdicdxBltagesayll @ixera ga rseable in their

Figure strat S a possible set of colum and row
@ﬂﬁﬁgfg653?8551 e?ﬁ%f Smay be used for pixels exhibiting

t hepobyRt er gsise Fibure SAOCHrarde, Opikels 31,1h,n(1t e (f!Z}JU(BQ%Aand (3,3) are
enbodi ment, actuating a pixe i nvol ves settin

actugisk ot mpmpbdr thin dugng a%ﬁlea%me afd Tevd, aglpmquu aad argyet to -5
VOI{Se%npec | i F %‘ Equéa/ ;:3 %ft? f’]’gﬁg ﬁgéeslq‘lolt g?haa letthc'e f’ﬂg of gn})é@%ﬁ because
all thetpiXetsgemhm iapipy D vohtsebitioy windotwo Rb‘v@bl B;Sthans:lroﬂ)thth a pulse that

riate row to the sane +D roduci n ze ol t
goeﬁ(f? B tQy P folisefidebagk ey 2&ror 1 li) g%lé‘?tes Yhﬁ%tlﬁ% d ?b%)splxels and
relMBERR (L R§ phRY YR §iRdSpikds hethd adthy 4R AréRUL SFo §dd®ow 2 as desired,

pi xel s are stable in whatever state they were

colwmi giinsdt ltg/ -5 yoltsy angagodinesmss! aﬂd 3urestide 6 elts ol limsaniesstrabe applied
to rox}v/gw\%sl th%ﬁ actl\llb(e giﬁegfzé%? a?ﬂ lg)? PJIIX?ISS f%ﬁde @g’ggs I@Elglu{l(? oéxbl pixels

of thehAky kg alﬂlaatadt lR@se3 tegailideskt dhemeng astud@s 0wad,3 16.-§ volts, and
actuating a pixel can involve setting. the appropriate

coLEBR i DIy ThE rd s I HY ARl G ipyiga A After

wnﬁﬁ‘é %BW HEER apopcéﬂtl@ﬁsc&éq&rd h&d B{exc%llurh Vg&@ﬁ@i@éah%@kﬁgin at either
by’ setting the ropriate colum I as> and

+5 apgf wplts, ané thenvhsp]@y mh thes atuble- iD\the prr@tmgsvmenQOEFlgereOSAtoIIt will be

otentj.a dlfferenc acro th i.xel.[ 005 Fi qure 5
sorf SIS0 {HR ' AR Ao SPISeRSET SR oth Aottt hreds of
rows| Aldadcturdid)| ireeill ldohke aﬁﬁecﬁ;{técﬂ)(ha@fthé:hﬁﬁﬁ%e séqivdhcs hand levels of

wll result in the display arrangenment ustrated in

voltepesiipsed sperfprey wvazideotuan pitwation can be yaried widebeyithia the general
prlrf F{Jlé)sr oﬁtﬂ &f '(a:tédn\;ég ghd] %hg a@d@ é aln%feta%sg&l&%aptlﬁ?rgn ;aﬁgf@y actuation
volmgé bied rcamzse aged vaith tBe watehﬁ nantiiaklh dedosbediasins. ar e

+5_vol t Wth th e applie | t ages, els
e[(’g%?\aibl eis*“}gﬁrqsﬁg} and B are%?/stem%loc% élag(‘.i]rams 1lﬁlstrat nlgxan embodiment

of a display device 40. The display device 40 can be, for example, a cellular or mobile

telephone. However, the same components of display device 40 or slight variations thereof
are also illustrative of various types of display devices such as televisions and portable media
players.

[0053] The display device 40 includes a housing 41, a display 30, an antenna 43, a

speaker 45, an input device 48, and a microphone 46. The housing 41 is generally formed

-11-



exi sting actuated or relaxed states. [0051] In the
Figure 5A franme, pixels (1,1), (1,2), (2,2), (3,2) and
W@ 308)p3@ne act uated. To acconplish this, durinECHUS10051@33567
time" for row 1, colums 1 and 2 are set to -5 volts,
and colum 3 is set to +5 volts. This does not change
the state of any pixels, because all the pixels renmain
in the 3-7 volt stability Wi ndow. Rowl is then
frorf? b OE Vx\fi[e::)t}t’] g@ }ﬂ%ﬁu m}xngﬁgoggst%éss te}%gn wﬂ} kT;)Bwlhq 512%9 é)%‘ $kill in the
art, micXL&in% mipdtioe hatdsg tdnd adyud) fcmnxng InNaldéttone thefioveing 4ilmay be
the array are affected. To seél1 W2 as d@sired,.
madegi ity of & GEDT e maeelr. Bclucing PEbhofatied tonplodticamstal, glass,
rubbcbﬁt ankdQefamit, QthaSconHﬁ?atﬁ)ﬁ '{ﬁ‘eréc;fr %’%n@ Qxﬂbbcﬁﬁileﬁtothé %\ﬁs?ng/\mi kncludes
en actuate pixel (2,2) relax pixels (2,1)
rem@ﬁab:eg porfigas (mot stovar) hmt nrmy>€®| mtemhangvé veithr awelareelovable portions of
ed. Row et b tting colums 2
aieiip i BTt irdiohl i i, 8PER0hI 2. “The Tow 3
st rjos4) Set Bhd displ4PY0 3f Pteklfy aBpRh@eFice M0 fiag be@npAf a variety of
After witing the frame, the row potentials are zero

dispiaye, inpladiag |alh&rﬁtabbtdéwt14Yaﬁ%d6é%beﬁléﬁWh Iy pthey gmadiments, the display
30 1n§1u\ﬂ9§ L%at-?eﬂ‘g td;}?la ?g@g"’% }?1§sn{a‘ @L% &S Lt(ﬁf or TFT LCD as

arrangenen be appr eci at €d t hat
desdrited showe, pr a)menkﬂaepmh displag nsptloyed CRAr omthaytsb@ﬂevwe as is well

d ds_of d col
kol o BLioI U Chabe 1K (TG, SediERe, LAY Bo presen

emBYdin{Qk ! BgedspIsedot AcRassd A rﬂtél@é%ﬁ@t@lc CRbaTRoAClseRl] 8 described
can be varied widely within the general principles

hergdwt | i ned above, and the above exanple is exenplary

onl nd .any_ actu gl
[éﬂ%ﬁ e s@% i oner(%1 W ol B g&%gg Isr{gﬁ gpgi &g)r er? %118&5?4%3&;5 ce 40 are
sch&hﬂﬂ:ﬁl@ﬁﬂﬁéﬁre&ﬁﬁm@&gﬁé ®&BS )7[31% dsthted kxcthidgy di‘@lay device 40 includes a

|IIustrat|ng an_enbodi nent of a displa ce 40, The
hougipg il Apd ey itedudroaddiiongk Commﬂe%%ﬁiq% aaﬁ%})& fgfosed gherein. For

exagx;ﬂtsy ?ﬁeo ELERRNE, {ﬂ@v&&ﬁfé]h& Jlgpl%a&@n&m@ﬁﬁéssa REtwork interface

pllay device 40  or sli ri‘ati ons thereof are
27 thhismcubésumt ardtrinaet3ofhiehid mled)tp@stramfscedves p4l7 ayledvane@sver 47 is

s televisio a ort abl di a : 005
conSet RS e p bR o AL SR tRBe e 0 e reBHRE Fraphiay 3 The
condffionAB hFERRNS fdy bR BREAKET todfonditibn ialsiihal Qz@l ifiter él&gnal) The

and a m crophone 46. The housing 4 1 is general

condliioping harstwazn)?2 isfcoangeiad tetaysperkendih ache MUFTPPRP1S Héc ddig pgocessor
21 @séls? rcgnnvé@ eh ﬁ&é}g uf @evﬁ%@%% Gnd El gﬁgér{/cg%%ﬂ%ﬁtr ?g . ?ﬁflé dnvelr controller 29
is cadgled ton fratniteblliﬁﬁ&tSngnddftolthm,aiyrabelnver 22, which in tum is coupled to a
display array 30. A power supply 50 provides power to all components as required by the
particular exemplary display device 40 design.

[0056] The network interface 27 includes the antenna 43 and the transceiver 47 so
that the exemplary display device 40 can communicate with one ore more devices over a
network. In one embodiment the network interface 27 may also have some processing

capabilities to relieve requirements of the processor 21. The antenna 43 is any antenna

known to those of skill in the art for transmitting and receiving signals. In one embodiment,
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made fromany of a variety of materials, including but
not limted to plastic, netal, glass, rubber, and
W@ eraiBes43 or a conbi nation thereof. |In one enbpdi/me2905/033567
the housing 4 1 includes renovabl e portions (not
shown) that may be interchanged with other renovable
portions of different color, or containing different
| ogos, pictures, or synbols. [0054] The di splay 30 of
rdngt
the aS%fe?ﬁ(F t%{n’¥mg§ iaﬁhg' ce%e\é %ﬁ_sgé}‘rggfécc ¥0 ?I]ie ﬁ%]gsgg?l% %&ndard,
1ncluﬁﬁllgeIiEjEE 802. Iil(et)e (b)enb(ngl nNendmethet hmbddlﬁrehayheﬁ @ntermal itlla‘iﬁﬁlits and

TGCGIK@E{{% og%ac@@gs 12% t% élgec ﬁibgg%&glb—@ étaanrg L Ino'he case of a cellular

telepﬁ&{é featmdaned dé@,i%%% @Y rec@ivE @]ﬁﬁAaG@Bir NPt R ihdr WREwn signals
device, as is wel known to those of skill in the art.

that 4o wesrsto, cofnmruniaatpitlis aovirdesscell iphorp ndtorsy dderfransceiver 47 pre-
proce%%fuﬁlgree@ag rteE:1 G’ive%l %rgrln e3aote|nn§ ds%Sthgtnthen%rSaé%? %qgfveéi %y and

I'splay, as here n
furtheORBipeRated b@fth@ﬁ@c@ﬁm n‘ElliH trzﬁfsc@)@ i adoyproléeagds a}gnals received
device 40 are schematically illustrated in F| gur.e

fronmthe pocpsset 2 latealeenney by tianupiftess famvihe exaaep rraralﬁréréfsdeérwe 40
via Ui Ag 44 1 and can include additional conponents at
east partially enclosed therein. For exanple, in one
e ntﬂ@the nfly ah redtertivg Iemrbydlmes‘p |ty trdwi:i@er 4?) cam deungplgeed by a
el S B DS S R A R a0 o
imageQidnRe! fdich @ah RROIP 6O EERSAE inddge WM @Nbd Sent &N ﬂﬁcﬁlﬁﬁbsﬁdi 21 For
condltlonlng hardware 52. The conditioni ng hardwa

examplg, the inwes isgueegan decorigite] ideq discg D) & g. hopqqlise rdnge that
contamg m"i‘%&e dat-ggrgr a s%@g)a{‘é 89&&9}?@?}%&%%@ ‘Fﬁgge' &rLonnected to

m Ccro e processor 2 1is
aI 0B58P NNtk @bdessonN] gﬂmﬂllydﬁnir@le the@varatl opecitiow ef the exemplary

controller 29. The drjver, controller 29 is cpu gﬁ{ h
sl et 4By Tha prosassal fogei poi Sgh o emprsss gk St trom the
ne‘myggﬁ H)térﬁxcg o4l %guﬁe%e %o&i’c@  Rh@BrodEdsyihd Qata At PR im kay01 into a

provi des power conponents as reqU|red
fommarthataﬂlraardﬂemnrﬂsmdyln@n sfpv amagreditee WO progssser. 21 @éﬂs‘aiends the

The . n terface i.ncl ud nd
procERE it e VB PSR AP Tl SRat ) 280 rhel Raw date
typiSHYyi R BB Mneniavh that Rleiifidd (e ﬂn@‘eeclml‘c’&rlshmm ateeach location

over a network. In one enbodi nent. t he net

r k
withiim pie irhiegee Eo7 exgyplad stigh prgs %%tegftgé Sar g de color, saturation, and
gray-scale level.

[0059] In one embodiment, the processor 21 includes a microcontroller, CPU, or
logic unit to control operation of the exemplary display device 40. The conditioning
hardware 52 generally includes amplifiers and filters for transmitting signals to the speaker
45, and for receiving signals from the microphone 46. The conditioning hardware 52 may be
discrete components within the exemplary display device 40, or may be incorporated within
the processor 21 or other components.

[0060] The driver controller 29 takes the raw image data generated by the

processor 21 either directly from the processor 21 or from the frame buffer 28 and reformats
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capabilities to relieve requirenents of the processor
21. The antenna 43 is any antenna known to those of
W@ Rdoblo3dem3 t he art for transmtting and recei vi PQI/US2005/033567
signals. In one enbodi nent,the antenna transmts and
receives RF signals according to the | EEE 802. 11
standard, including | EEE 802.11(a), (b), or (g). In
anot her enbodi nent, the antenna transmts and receives
a o <
the i Bhga"lts AEpRRLRY. 1 bR e SR 038G ol Ber 22
Specifoaliy dkd thévaCOMirolIGSRA roRMRGtOthe ot démagendatn ingo grlaftasflavhhaving a

sed to.c icate within | es. |1 ph
s 7 e BT RRYSe U? heoh ShE fty BH ARGty amey
30. TRELNLETdr QBhikdIRr 20tRANRAHE Fodhtied Bhfoth@n BN Grray driver 22.
received by and further mani pul ated by the processor
Althqugh aFhiyer eantroler 20 puch s 4(14d perdiodles éssoftangpepciatadarigh fhggystem
procesgo%rglta}%ea spana (? %%teéatjed%ﬂrc{lg g@)téﬁg% Bm%llgnfshntéa[ e mﬁiéﬁe‘i’l’ced in

e exe play

manyt+dayd. 00Rhéy nliuy ladﬁelﬁbédelbdlaﬁ itheepootect 2ERt haidwere, embedded in the
transcei ver 47 can pe reﬁ*aced by améecelver

Proce&mftméxs sawéqen%&fr%m@%% A rrib e e diracs 27
ge er %Bﬁ' IRy Ay | FRGE B REIGE th¥ b ERHER SRS Hom the

e “dat a to be sent to the processor 21.
drwchmbn‘eodkrﬁDea,ndtﬂaﬁ)rmmgbe gidge cletaciate dpatalleli sgt phwaveloimes that are

apphagtngm DVD %eafsem ﬁﬁ dﬁltll’édd edﬁvat%dtsg%tetlc n{h%hgll%dé g?gegds coming

nerates 1| nmage
from[tﬁ@&@%la?@&%@@&&ﬁ@fxe& 1 general I y controls the

over operation of the exenplary display devic
ThE0§2bcede ope smbodiment, Hhesiriyst aontgqﬂehZQSaﬂ@as i?e&nd display

array 30 9f6 a%%{'o £ @%f‘fﬁ% e ol fa}@ﬁ@scggefpﬁeréﬁ IFR@Rample, in

source, d’ processes th “dat a o raw i mage data or

one btﬁb&ilﬁleﬁ’@ ItKHidmteh abntiadler 22dd b yoypreotams deplay tcontr@lwr ohade-stable
ta. The processor 2 1.then sends t proce sed

dlsp]lah; cppgoller ﬁ/%r ancigferiernmyedsic @gdn&fita{ BOWQP@ Eﬂﬁr\p °f 5gbo du%ent the

array Ex%é'il%z is RaWneakiond Yipivedd & biL R4 Gispiay dheerl (89 faﬁ&ﬁtbﬂ’étometnc

entifles the inmage characteristics at each
modhhﬁﬂtdl&pﬂayw Tihpre canbddiraers, thedrivancanpeléer 28Ut Mtegrge with the array

risti s can incl ude t
dnvedr %aéué:gl 3 erg oec*me 016§§1nn? T %ﬁ%l@fél%ﬁ%%}éfeﬂ éy@t@ﬁls a6h as cellular
phor¥s ORSIBRA ardl dihériiglatides dsplysr e bnathérembodRidnt,ahe display array
Ioglc unit to control operation of the exe

30 laaémlea) digelay cran ot a bretablispiaygiian 4° FaP GHEPG §9%ing an amay of
nnmg 1¥o&f%%ﬂﬁes anplifiers and fllters for

ing signals to the speaker
[0063] The input device 48 allows a user to control the operation of the

exemplary display device 40. In one embodiment, the input device 48 includes a keypad,
such as a QWERTY keyboard or a telephone keypad, a button, a switch, a touch-sensitive
screen, a pressure- or heat-sensitive membrane. In one embodiment, the microphone 46 is an
input device for the exemplary display device 40. When the microphone 46 is used to input
data to the device, voice commands may be provided by a user for controlling operations of

the exemplary display device 40.
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45, and for receiving signals fromthe m crophone 46.
The conditioning hardware 52 may be discrete

w@ovposems s Wt hin the exenplary di splay devi cCBCHO0$2005/033567
may be incorporated within the processor 2 1 or other
conponents. [0060] The driver controller 29 takes the
raw i mage data generated by the processor 2 1 either
directly fromthe processor 2 1 or fromthe frane

bu I, 28 -and reformptst he.r i mage dat a .
ap b ¥ o R oSt PRl E e aeFy R sren stomee dpvsgy as re
welldkionar i22he SAECFbE @akhple, ihend renib@ting@nt el pdver 28pply 50 is a
reforngts t he raw inaggﬁdata into a data flow having a
. rechprgesbls batfegy spelt Ane nickeleqadmppm beifern g5 adithipmeiobgliery. In another

. : .
e R crar P A0 o [ o " 3g° bl S aXahfiol dr a solr cell,
inchidiigna plastiosvlarcetlhadaolaygeltpdivierin280thét ¢rhlondirnerd, e ipower supply
.cont.rol l.er 29 such as a ntroller, is often
50 QR HET St SRV ROTNE Eon e B BRessor 2 1 a a
st pdspl ong sobdeemipiRshtdions Wbhtrd | fedgramfabil®P Msideb,| & escribed
maybe 1 nplenmented in many ways. They may be enbedded

aboviepin y drigereatelby vhich ¢p Wedpenins @ scuerplerlaked in fhedhestronic display
r - . AV N .
s i OS50y koS IRG R o) X L G102 Mo o s
in tHehat wilt agcogiizy érat #i2 abeceiasesbddheptindrativhtreay befmyplamented in any
fromthe driver controller 29 and reforna”§ t he video
numger; of bapvgrg anglior spftapre cgmpgje B V3ROUS RST8] | ed

M0 MeSTHREdetARGIN e Litudhite P UREEEHeRRANSAMRbIS RS operate in
t housands of |eads comng fromthe display's x-y

accomence withfthppriwiides {e0f8thjabove romevaybodilyrelfnr exahpledriguigs 7A-7E

. ontroller 29, array driver 22 ..and,di. . .

s i pErr D PR aip R iegenig Bk TO NP, PLGRY 1 upporing

struéles.! Fipagh TRl drosskedtioRXd MRl einboidiindn of Righedi, mhste,a dufifeof metal
driver controller 29 is a conventional displa

matesiphtl f d% Aenosised ep aﬁth%P%kyeeXEﬁnéiﬁgéyp%w%ﬂwrof\(/p@?*@ 18. In Figure
7B, Iﬂ%ﬁ)l%é(’(%%&%h %Jﬁﬁ/e riagy Il@ifoafttagl%ﬁttB Qi) strubRr&NRLARKe corners only,
enbodi ment, e array [ I

rirver 22 a conventi ona
on tethérg 82. du Feguls 7G ttadbinevadblepbioptide layer 14(ie suspended from a deformable

o T e BV T A TR
indiflcliy.elo @R subdfedic 20 ABRROUREMNrinhderCOMMRNGdfontabBhlayer 34. These

integrated systems such as cellular phones, watches, :
congastionst keer heraiml teferredatodiss purpgs . stiugtuyest o RBTH dg. The embodiment

oGRS O TR 9 oy b e 8 i o
defdrpablediafig 3N ratst a¥ho inovablenéfgctnelayer 1dnembiat englended over the
cavity, as in Figures 7A-7C, but the deformable layer 34 does not form the support posts 18
by filling holes between the deformable layer 34 and the optical stack 16. Rather, the support
posts 18 are formed at least partially of a planarization material, which is used to form
support post plugs 42. The embodiment illustrated in Figure 7E is based on the embodiment
shown in Figure 7D, but may also be adapted to work with any of the embodiments

illustrated in Figures 7A-7C as well as additional embodiments not shown. In the

embodiment shown in Figure 7E, an exira layer of metal or other conductive material has
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[0063] The input device 48 allows a user to control
the operation of the exenplary display device 40. In
wor@eesdsazli nent, the input device 48 incl udes BCREYPOH)33567
such as a QMNERTY keyboard or a tel ephone keypad, a
button, a switch, a touch-sensitive screen, a
pressure- or heat-sensitive nenbrane. |In one
enbodinen}, the m crophone 46 is an input device for
X ' yiqdeni ce i
been 4% §BER bl Meaf@lest 2YHE Sls SRRL G AERDBIIAGG of the
interfe@ynchie podulitdedelbyinatingsenuhiosr of @lectroddsiting nogyertbdrivgse ave had

f the exenpl ary_display device 40.[0064] The power
to be f fgn gy sg ?’fr%t%%(?'ude a variety of energy storage
deyde§S an @hbodiBbhts KOs itkbst NBoRhtin Fighre€XaihB| @terfefbmetric
one eibodi ment, the power supply 50 is a rechargeabl e
moduftrders dunctios @e diragi-viewn devdeds, mauhicly imiess peer yiewed fom; the figpy side
iqQn batter [0 ot.her..e L rent p .
ot o SRR ety 200HICTiE TRRARO ot I PRI BPRb o i
arran8&dl. ah 18 Embbditlents] thgredlepivaddyiet 14 optauallg shiklds asrde portions of the
~ solar-cell g@lnt. I n anot her epgbodi nent, the pgwer
interfgrgpeie SRApRIoR itfuridl Afothe dERFPEC PBVE OPPPYIh ﬂiewﬂibﬁtrate 20,
inclu&H% gt deférgﬂﬁﬁ] I?PLB[P 3§9§Etﬂemk SRRl Lk ON%isCBYE e shielded areas to
progranmabi 1ty resides, as described above, in a
be califigusd amhbpahieé rupahieithawamegasivelycafifesting the dpagequality.  This
pl.aces in the. electronic displ st.em
sepuBgphotu P gRRIBE Sey o Sl GFHE apd PG, SERCRr e
electrofecHRRE affectikdrd thi Noptibe Bpdctanbt ther odgapz o bhatlettad and to
above-described optim zation may be inplenented in any
funotfrumipdependentizrod westeothera Mpreg st tha FEIPE SHHSBRHP YN 4R ik 7C-TE
L.OUS

\Y% nf i [ il .
rov U3 SO0 MRt € AP GRLoRf 7 | il B o
reflebtivedeferdapan iwiméchtiieal propedies) whickate ¢asrieth ovibley the dgfprmable

v S eGSR L AEED HSLr DU B 14

ithBYEith 4R tb tife SHREOFDHIGesS hid bt WhreGuraFi@ipneandAndtarias used
Oplcrosslsegf’?ion of ?ﬁegggf%diﬁeﬁi of Figure 19g

for tist deifqn‘mablelrmyea B4 mcab?ptmm@m,ﬂgregmgb@i Qeéiaeddﬁechama%rp(reopaerties.
or onal ly extendi ng s Ster : _ :
" l00B8ET ¢ P K R U ST Bt AR o AR RalSh tha i

useddb bRANRGn RnfhdHefihadd. Thi6h tibsdih8ntatn inkefeconatae grodwlpter 125 is
on‘tethers 32. In Figure 7C, t

the | f.l ect.i
conflgayedr tol bei speeulai ertle MiFPoRKea 18%?%mﬁﬁglﬁa‘2“sga§9§ P %ﬁﬁ“l’a\f “for many

emb@?%?ts@in%&@&%éﬁc glnf)élu?zﬁ R egegtaly, ahhgitdRkahembd Bodulator is

connec rectly or indirectly, to the o
speclabaiid aiile apPeany dififosk if haliffiesidnmaterialds ugadeo ghinge Hgosharacteristics

of tlllea%/e%rect%g'lig-ll;‘laeszg portion 120 of the specular surface 130 of the interferometric
modulator 125 is covered or patterned with diffuser material (as will be described in more
detail below) to provide information or an ornamental image to a user while the user can use
the specular surface for other uses, such as, for example, shaving or applying make-up. The
image may include any type of information or image, including, but not limited to, news,

stock quotations, logos, and ornamental images. In other embodiments, the interferometric

modulator 125 is configured as a mirror on a vehicle, such as, for example, a rear-view mirror
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connections are herein referred to as support
structures or posts 18. The enbodinent illustrated in
wWO-2@enss6FD has support structures that includeP@DE82005/033567
pl ugs 42 upon which the deformable |ayer 34 rests. The
novabl e refl ective [ayer 14 remai ns suspended over the
cavity, as in Figures 7A-7C, but the deformable |ayer
34 does not formthe support posts 18 by filling hol es
t
or o Y HERE, i R LR WMo o Al o by T ARG SRS usctl
mfonpaimﬂ talthe/drofer,augh arnthe dwalnceotn dbm'mtmm behitd tbh carsvhenddcking up

f orm support post gs di t .
ecefp G2 AREROT 11 PGP 7B 55 28 A5 PERBY AR Grgsyed from a
videoS@Wh inAhddgyr e 7D, but may al so be adapted to work

with any of the enbodi nents illustrated in Figures
7A00@]as e npted sbextdibeinaiars ofrmp deferferamsirisonoditigos arq pecular.
h 6./ r
peco RGO TR SRR A5 G A B B i
1nter1fd§édTb6tWﬁeIlS él&t ﬁlﬁ}ﬂ?}d devidet andl theSV1a\k/¢roﬁﬁ/SprSV1gel al dispdastetl rigpage. The
ng .t he ck of the interferonetrijc du
i B PG S RIS ot PR S s TRy Tgculator

after li}eﬁ)\ffacamp 1R QfudP HIRYs %feﬁﬁﬁy R8s A4 BoldPher {iﬂﬁ) @Zl]:h hdpolyester

nmbodi ments such as those shown in Figure 7,
or pollyb&rbdrem;rmlﬂr iscprebulalilntaboet HOmER iwm thiskdi ﬂ‘é@tmﬂie@\/\ﬁmsan will

on ST ET PR, MU BRLR 4By e

DifiRPRATIthie tige drb&howpam thWhdrE ind flso omduibhafon rexamplay L@Dged. OLED
In these enbodi nents, the reflective |ayer 14

appliggfiangal | y shi el ds some portions of the interferonetric

¢ h@“bﬂtor F%ﬁéé ggs i 46 sa%ctwﬁ@l bl §CHd WeerkeROtRELiO RRIBIE 1000

str i nc Ing the defornmable | ayer 34
compxising Haalrpsrest subgtate £1004an Fptice! sddkold§01 Fmo¥tile miiser/mechanical

areas to ur ed and. era
tayern 0, 1 TP A S e e P b0 s fgmed over
the t{]ﬁgfﬂréﬁt %ﬁbﬁfa@l toBCt Algsofdrlt @pkicdl ReviBt 1300tk hajwede $hegcrpt1ca1 stack
and materials used for the el ectronechanic

120Gl th enaypble mnodgp@@pyab]@yqrﬁéog@ dthehexght pgthg 1cacl cavity 1500
is Sefi/fﬁi %eda %?ﬁlchﬁr CHQ;% PAQIRPENGE B kne féflax%é‘%n@lhb@r In other

enbodi nrents shown 1n Figures 7C 7E have
arra@%ﬁiehtsoﬂﬁferdﬁe pgfifiésshaverdifférag Heights tohmodieecupltiplegdifferent colors,

e optical propertie he reflective layer 14 from
SUChl asgednaEasarmdal ueprbﬁé?*i}PéLSpHWﬁyﬁ $fMare carried out by

Iﬂ(ﬁﬁ or gﬁ%eell uStY ﬁéd %bodﬂi‘xbﬁ el A¥EbINRirfmehatiall layer 1300

Ign and materials used for the reflective |ayer 14
alsotfﬁndnxbnsapﬂ i mozveide wiftehtivelbpaor scc@nd lgtectspde; grg thus may be referred to

as a%g%%altcgleﬂyer a de onnaglterlggetr ua{n ore escltI%He.a%e %‘h%?/hﬁl:ﬁamcal layer
1300 may comprise a fully reflective, flexible metal, as shown in Figures 7A and 7B, or it
may support a separate mirror, as shown in Figures 7C-7E. Other suitable materials for the
mirror/mechanical layer 1300 include, but are not limited to, aluminum, chromium, and other
materials typically used for the electrode. The mirror/mechanical layer 1300 preferably

connects, either directly or indirectly, to the transparent substrate 1100 around the perimeter
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for the deformable |ayer 34 to be optimzed wth
respect to desired nechanical properties. [0068]
wWOoe@anse68 shows an enbodi nent of an interferonetT/U82005/033567
nodul ator that is used to provide an ornanental inmage.
In an enbodi nent, an interferonetric nodul ator 125 is
configured to be specular, e.g., mrror-like, instead
of diffuse, as is typical for many enbodi nents of
of the HhiFdel ARL LAl %})@qu(?(ﬁt Qfssshogv?‘ﬁ N& rﬁ%ﬂr&{ 9, or/mechamcal layer
Interferonetric nodul ator 1's specurar an y appears
1300dsﬁlippsﬁedbya1ppon°cfshumhcrns herial is used to change t he

characteristics flected, | 1

or P8 <pabtiofied srradadd ae B umecRbion Ml rabf P Be of any

type ﬁp&m ﬁlttﬁé at2Porl eﬁcaﬁq }éeﬂl%d)pﬁéal BRtE e20vataywd tmeh b Wkedptical stack
material (as wl described in nore detail bel ow)

16 shogrmpipdlUgwres 74xf/Br ﬂ“ﬁ\? Tr@mp@renbwbetrmﬂrm mky boridgaed of material, such
fH}tSE}Ean\Miél agsh glhgac‘ ea[lurﬁ Q. Uge ’htﬂ:] tr§1’1)s§% L@gub§fﬂ£tre 31(:18? 19 %referably
S as, anpl & a I ng

es, suc o? ex ving or app
formtm k@ bu mboﬁtrms i~ emtreiitick n CTheckkilgadyartigapewidif apprécmtmlta't, dan some
|ncludin ,. bu limted to, .news, stoc )
embesienie: B ganﬁpsrga“ssu Llrﬂﬁaﬁaémea Hﬁnﬁrag%ssdlsﬁ“ﬁsef}eﬁ%w fhe opticat
stacke VRROIyPR AP corfftfied Bvefal GHOIREA bf filted WysdksOmcihdm F' aSfirst electrode
s,

configured as a mrror on a vehicle, such a
1ayerexmhFﬂSéT0aa pe@aﬂmeéwtmerlammuclaasqﬂaemrﬁm ead 2 dweqﬁ@c layer. The

fer tr| ul at or. t ol.oay, h I
vy SRR 1, PR RSP S5 IRGAEY sy o e o
electﬂd&b al’[‘?fﬁlcilw, ﬂfbﬂb&d@bf hesphie Isiaek 1200 madepdsized bato khm@ansparent
p (received froma_ sensor in the car

subsEbje 60, BRSFIFRLY GARSSIE DY EBEPIBRHL (B IO AR Bie] a5 some
fortﬂI ﬁt{ Eed}?tglﬁ%hﬁlpaq 6/%% & Hﬁﬂﬁg aﬁ@%ﬂ@mlcﬁlh@apﬁi Héﬁ?fsﬁloﬁf(C@‘D) The

& nodul ator s are specul ar. Because the
dielaviricar oys afrthe sptimlibtack 1200dis fpkefswbly foumddl efssiliqoprdioxide (Si0z). In

exanpl e, dfue.f'l .is typical nt
PR R
optiéHad |1?1M@;Qe lofB.3R - mdideetétt fsfodsSByerk it Protsett §ipi apdikdlystack 1200 from

applied to the transparent substrate of the
subspme@teteh@mrl c nodul ator after fabrication. The

g Li@dﬁég r p];IIflly renmlte Sen{%rogfcn?en bl d; %%{&3 4466 ¢ nﬂnll&gey I&hitfuld ffhnsparent

er or ycar onhat e, pre erab y
or tﬂi&h@m&erﬁopolﬁﬂerm‘ébmhlsﬁ& ad,héor sdsiatnipied p@t}tesislarp(ﬂwdatbonate polyvinyl

apprematethat t hi ck i ffuser f|Im| est
chlogger APV )i BbRERdidsRe ¢ HE{OB‘H%'pI %@ SRUICc o POBRY RS sp(rg?'ethylene

y t Rl &7, llﬁ%@ e lembo@fments, th
tereﬁlﬁha?iatfe ﬁcﬁ{v%Dtﬁaxlﬁsn QW ¢ dea{%lglgrls Sgtbllihﬁg t%[r0070] Frln ot o9 nllesn s, the

diffisser rld;@(s is&compoite omrrwwsmg sapolymeerediay asrdescribe afigh one or

more o?her components. In some embodiments, the other component is inorganic while in
other embodiments, the other component is organic. In some embodiments, the other
component provides diffusion to the diffuser 1400. For example, in some embodiments, the
optical beads are dispersed within the diffuser. In other embodiments, the diffuser 1400 is
monolithic. In some embodiments, the diffuser material is inherently diffusive. In some
embodiments, a surface of the diffuser 1400 is patterned to provide diffusion. Either the

surface of the diffuser 1400 proximal to the viewer, the surface distal to the viewer, or both
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conprising a transparent substrate 1100, an optica
stack 1200, a novable mrror/ nmechani cal |ayer 1300,
waraeas@id f user 1400. As shown in Figure 9, theCDP$1008033567
stack 1200 is forned over the transparent substrate
1100. A resonant optical cavity 1500 is between the
optical stack 1200 and the novable m rror/ mechanica
Iayer 1300. The height of the optical cavity 1500 is
are pzfr% e%t %%me?fhb%dlg?eg&s'tﬁy Lz @5mﬁﬁgf1&1eoﬁ£es%% flﬁﬁfotnqgec‘ﬁ%l%s lsllch as,
rel"axed con I'n other arrangenents
for extinfple n@mﬁn@m/sutﬁa&soﬂma\nﬁlecbrﬁl& diffintvemedtgiris t 0 pr od uc e
nultl ifferent colors ﬁuch as. regd

(e dP sIms e@g gEntsy dbe ﬂ1ff111 ! ee@o is an inorganic
mateﬁilchﬁleQﬁlg dn eRRedh BN itrideNSucHRY, 30} SxaMpid, QflicABE RaMial In other

l ayer al'so functions as a novable reflective
embodinyents, she Borgenid redtestl isoupstaling] Toragidl q’ﬁafsr egbodiafeatss Big ipeyganic

ani cal | ayer, a deformable |ayer, and/or
Inmm@ﬁé%??@@ °“*The nirror/mechanical |ayer 1300 nay

cquprsIse Actdilliny tbesfdn%CEmb‘@hmfeh@)( itlel @iffiedral400ais siphiadh to the

in Figures 7A and 7B, or support a separate
transparerptoyubsigate SHOMrpLCH fﬁi?rgca‘il% of e ntedpmeitic, FRGRAr 100. The

diffulBu 260 ¥ p?‘rgife% 3‘ %%1158 L A RGEAN. CAI sohR¥eBibodBRts, the adhesive is

i ncl ude, not |n1ted to, alum num chrom um
pre- aaplmbdotbrthe diffuser ilaloghet ymb@@meytsu@;e ddlesivetih eprdicd ¢ thedeansparent

Th i h
s I8 D L TREASOLEBL A 399, SLELOR o ReSkdng o an

embcti#RSh! &6o-pAPRIREPs RGiséd) en Raich lﬁ&Irﬁrc@fnpbfﬂ@t is applied to the diffuser
m rror/ mechani cal |ayer 1300. in Figure

1400t 41wl prisepand/ ersaneamitcia) appligfeto ﬂl@d@arasgargr&p%f%ed 1130 *'The skilled
artlsaé)n'%ﬁ prém £ G tflroﬁx%r %Qﬁo of %{(ﬁlgg %;(f r;@}?bé’ §e'dC§Jch Sk edssuke Qéhsitive

ror rechani c any type

and Hf&ﬁ%bettﬁlgt fidedvds, llﬁ(lsronﬂxemhaidﬁneﬁth dhc) pdhe@aﬂe oytresait abowambient
e.simlar to the o

pt.j cal ck. 16 _shown in
tﬂm$mﬁﬂﬁe§1 hﬂfﬁm@ﬁﬁﬁﬁ%HWﬁﬁ@F@WHSE@EQPPﬁP%H1100 maybe
si F d59g) of TRl &iiledl artl@ﬂc\bﬂﬁ§ndeer£ndeﬁ1§ﬂ'ﬁieed1f@be&SBLOO may also be

|ca alum na, etc. The transparent substrate 1100
fabricated nnaﬂmrtw&nsgarm suistiated 10 Easseemplesin.some prybailippenisyan uncured

The ski.ll |
polvBibBa T AR o pateiear ARG Bl 8foosTe 8 Fepdaring. The
olyhla RRBTis tHa cdteawmdh@&@ﬁa@ar mb@ optical stack 1200
i cally conprises several |ntegrateg %ﬂ
| ay7d] i fdgwailfds atam plan Vet 4 pRileme );iéfffusersi qpa transparent
subs{‘ra‘g 11@8 91?%1 co?ciallé/e X'Efﬁﬁ Iar?&{ﬂ% cﬁan"ﬁy N5 shSWh i BSufM00 e dififuser 1400

ric layer l'ayers of the optica
is pﬁfeﬁ(ﬂd td Ml@r Est@icadreamdital mnaget eTh%dmﬁmﬁnia]pgragp lisedisplayed in the

gt e ISR 5095 BAFE s 1 B o
that i AASEREE&NE the diffuser 1400 may be altered to create the ornamental image. The
okilled artisan will understand that the diffuser 1400 may be patterned into any desired image
or logo.

[0078] According to another embodiment shown in Figure 11, an ornamental
device 2000, such as, for example, jewelry, may include an interferometric modulator 2100

for displaying an ornamental image. In the illustrated embodiment shown in Figure 11, the
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substrate 1100, preferably deposited by conventiona
deposition techni ques, such as sone form of
W@ puwbO&wieg, physical vapor deposition, and cheei/vsi005/033567
vapor deposition (CVD). The dielectric |layer of the
optical stack 1200 is preferably forned of silicon
dioxide (SiQ2) . In other arrangenents, the dielectric
| ayer is formed of other insulating mat eri al s and can
- ' I tch S ers to
el 08 PP B Bh i he BB oL S ehbsco. he
1nterﬁ@pg:nc [r@njﬁl@tomﬂl(ﬁ)opref@am Hagreid Sr nioh@réile@faﬁ%ﬁm@é‘so Qvherein a

mﬁa%fﬂﬂl a, suitable trapsparent or transl ucent

TP PR, 2oUHH HE0UER Gr AR, ol sl in one mode, the

dlsplﬁjb loyt CtBé B@fﬂﬁhﬁﬂﬂﬁ%a‘ﬂvﬂeﬂé’dt acﬁllsp§e't de sé1BYCd colors, an wthen the switch
ol yvi nyl i dene chl ori de, polystyrene, ?yatry

240 |a9t@gtﬁ frresecerdemnds é\lll@ailﬂ)la}p@i the rpelldaahéZOOamﬂ reﬂeot a second set
of ccﬁ&?o'h}( %ﬁ{e§ 2@80(9%%% Sth% *&‘F EEI on t 62,86:’11[ tng@"d' ?nonte tc1hean two

fuser 'S a conposi

modgsesiAxconlngl és cini batodheme tha @ﬁlaﬂ{tﬁtaq) rdeRRE ezm)hﬁ&s an automatic
onents. In some enbodi ments, the other conponent
sw1tq%§n

TR QeYCle {HORRM VO ciisaTenEes Velisee dten drterferometric
mod@@mgnﬁr%ﬂé&s DUERRINE sor SAE f&‘@&?ﬁin%gl L ust he ot her

conponent provides diffusion to er 1400. For
ex@ip?le, Ascerding terﬂnodlﬁnanbcshmbﬂtelloqltalte{dain Fig@dsli 2Ar @ controller

mnth In other e nments, .
so0oinEP} RROSEI MR Sshliob T Fin o Pk B EEUr R, fovelr,
belt bl ivfafdhS @F offiet eypealf dnsanieme dRp ;y Y 3800, f3§§(') v& dlsfﬂay €08 Rinated

enbodi nents, a surface of the diffuser

imaggs,t A ho ™t B Fiewsi 38, gndhr edsihe prnamentad rdemes %m& é@@O ofeferably
comﬁrﬁ@s di f1ﬁfé§f§{?n‘i'eﬁ‘9cp nﬁrdgfé{o?%lmé %a{/ilﬂg théﬁ% dﬁ&g fif A Samental

distal to the viewer, bot har e
dev1ce:m§ d)@ﬂ 3200 prefiseblpalso ndnnpra;klaqmoaaﬁsot Bés0efod bdrttoflingran image on the

T L T T
in thé QIh&AARA RHMRdini®Rn IS Figl hecd 'Tfh% lﬁ&fesslaff QQ0d Predtabiod gcﬁﬁigﬁred to

material conprising an oxide and/or nitride, such
contrpbthedmagmee thelisplayabased el aisizred reqewe@tbtyréhe B dicret 500 Ina

r cryst n still
prefetn%g ééﬁb%dgﬁgﬁt eéol%ﬁgﬁegla%@g 1ﬁact03$glgre@ %% eg%?ﬁ\%’&é Whlgh can be
receip @DRAE] sigwt modivags 300 siGheoranhedhinrnics(s) 3 108, sdof user
14og§|s applied to the transparent substrate 1100

af &80T apf ememberdiprent fe qrpgraental dsvise £19¢ 3208 mayrabyo include a
sw1t01109600-rﬁﬁ e@'ﬁ(ﬁt fhe %ﬂ%ﬁ (}) %@r dﬁéﬁ% tﬁéj s%ﬁl:lp 3680 is also
rrent eslrve

hesive. In s S,
connected to the processor 3400 and can activate more than one mode of the display such that

the display reflects a first set of colors when a first mode is activated and reflects a second set
of colors when a second mode is activated. In an embodiment, the switch 3600 can also
rotate the display through multiple images.

[0081] According to another embodiment, the ornamental device 3100, 3200
comprises an array of interferometric modulators 3300 to form a programmable display.
Preferably, each of the interferometric modulators 3300 comprises a signal receiver 3500 for

receiving an external signal as well as a processor 3400 for maintaining a video sequence for
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pre-applied to the diffuser. In other enbodinents, the

adhesive is applied to the transparent substrate 1100
w@bdoen3deabri cati on of the interferonetric noduP@r/vg2005/033567

1000. According to an enbodi nent, a two-part adhesive

is used, in which a first conponent is applied to the

di ffuser 1400 and a second conponent is applied to the

transparent substrate 1100. The skilled artisan wll

an m@gﬁjrh% aﬂe%tog otf 1%6 8 lﬂx%r d1%ﬁ4§g ﬁasg% f}qg%%o}s{%? rg(:%}‘feg Srdi? glq 'external

Fessure sensi her

sourcagduel as/asextérnalsml ﬁﬁh@eﬁ fean b sonttdier a@mag» the sighul @scener 3500.

about anbi ent te ture. t her enmbodi nents, the
In somg I‘?E%)P@’élePQ ?hﬁaiil 1Rage él@y%[e%es;eé]onmg @Ryt oF dgpre-programmed

w1thc§'hrt fréc%ﬁgh o el,xtéilHQ% CF%tdla neh, R Aot Neudt fay$eTanik4d geé’l’%ﬁ/ an image to
al so abricated on the transparent substrat
be dlﬁniayeé)berrtm et;namnntsbdmﬂ@nﬁd:rdwhﬁnd srtlsanwuhcmemﬂar}ddhgtrtb(r image(s)

dlsplwﬁhﬁ]agg%teatﬁgr s&aﬁlc K9y g%aglig.it ﬁxgan arrn% \éﬁ & bsd%@«glétftrl%% I%h%gltaﬁéédnlmage
is baé‘ddr&ldthé AeteoedniiRraidelof sigs er&&@ﬂner[t@ﬁ&&ﬂndlﬁimé erﬂhﬁhehﬁﬂ device.

glan view of a patterned diffuser 1400 on
For expls pHHBMenVETgBRIERtHS ey ey fre shisolsp ek irEreehbihades of colors,

such %@&Péﬂﬁe& e%ASAﬁJ HIMY el af' iffthd Qﬁxﬁroﬁglen{ &) éJo‘P SR ikl ed 1rnage
pattern display a static ornanental i nage.
1naybeﬂmﬂﬁnﬂhhemﬂmgﬂuas di splayed in the areas in which

LoDoR v T e idre Pt A i S anedt R pCee o e The

omaﬁbﬁtﬁl‘@&[ce%@@ 1Y RS B Enbded @ A SadrBaltsderco) rsmanramb abmputer
image. The skilled artisan w || understand that th

for prigdruming. WOGT may downjsad fiombel comPWCIGFaRdBREE O] %&}@/ on the
8
oo Bt SO0 340 ek S R07 IR EERES FER 1 DRty oo

softward | Rsigh GHE lihiyges Ny theneinimieer girior rib eitohmﬂ@ﬂmgr fhe 1mages to the
nodu] ator 2100 for djspl a an or nanent al

omapeia} fAgvikst 3190632 Vbl REHEDS Hwe: HAE ‘M’Pl@adl GRSt fmages from

SB ElhiafadReu 186 0h0@100 has a display and is
HWC%HﬁhE&ﬁ{ nt 2236'on a chain 2300. The interferometric

m)(imlsal or Agzmmlr;g eberapthyr readodimeensr agpskowief inedtighee 13, an

mterg[%p]aa‘r&ﬁ I%Odé%tqrgﬁog Asofp%rﬁggr:ed é&‘ilﬁ%l ¥n Rgag%%z{t\é%%gs 1r1ﬁescent. As

showht ﬁpf ?Mreol@ b RstRendané (i2 20 Gpaedn st’aelﬁ)| EHOO ia fdrined tovered tradsparent
sel ected col ors, and when tﬁ switch 24

00
substrate 2208ewdriel senserscd fipe @ﬁ@ﬁ%ﬁlee‘ﬁoqeh@oﬁém%%sg%‘gﬁpﬂ% cavity
240(¥ ef l e Swii oF %ﬁﬁd Sl &bo télgcg%ge b%@ﬁ@ﬁﬁp&ﬁﬁ%‘}' sUBpYrBstructures

sﬁfay pendan ave nore than two
2500. '

[0084] In this embodiment, the first and second electrodes 2100, 2200
interferometrically modulate light such that more than one distinct color is reflected by the
interferometric modulator 2000, thereby providing an iridescent (i.e., varying in color when
seen from different angles) image. According to this embodiment, the image displayed
depends on the angle from which it is viewed. Therefore, when viewed from one angle, the
image will display a first color and when viewed from a different angle, the image will

display a second color.
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nodes. According to an enbodi nent, the ornanenta
devi ce 2000 has an automatic sw tching nmechanismto

w@e ywb@e3doy ough two or nore nodes where the PCT/US2005/033567
interferonetric nodul ator 2100 reflects a different
set of colors for each node. [0079] According to
anot her enbodi nent illustrated in Figure 12A, a
controller 3000 nay be used to control the displays of

h o : g .
o 00R "V AR o L SEplaforine sl (e BEfihved by he
interf3idifketri@ 3®Aulhor despiayn dedraight af € daniy 6., ths distaovmbdtween the
. Figure 12B each af the ornanental devic 100, 3200
opticp} B GBI oC B G e R AT G BIFBES PECh DO AL Posbgd the
mirr(;}alégélg (Rcdhids Be@rodefyac h1iowill e wideAMRAt @ht Qet%())i%ﬁls intk@Pometric
320 preferab]x al'so conprise a processor 3400 for .
mod@ater prsidupasg dightlyrirédesesnt trrrgedind ) diffusearngpesialivgmthicker one, will
.. recel ver 0., r.ap.:an of,. . i - -
mltlgé‘%t gl}en gﬁldeg?eglgafi(fgftg asIns 6%63%%8?%%% heusfér%gcteié%g of the image is
“increfdedi Aedvkdihg t6iag. erdBddimdig thr Gieeesed” IddEcgt efppealnicy of the
. is._configured to contro he .i nage .on th i spla
displgw deaphisived; by plisrine Pebeizh aégg}lem calicg 5 $400 3R efonter than the
heiglﬁ‘rfgpproPﬁhiﬁg Aol athe SRIMRALARR will EcERMarRAtliBhe 3O8t 7 of the
I's confrgured to emt a signal, which can be received
cavitlyy2480 $§ ek, the oérfesom@ B0 Mnasiylatdre2069 alwelast mges/thee eag distinct
3100,. 3200... [ 0080] In an enbodi nent. the or .
colofy prehy mEIRgT e P Ak B PRt TR bt P RBA] the heieht 2
of theGhiMARA0Nds hated ittfal But 0.5 yBONR epfefeedrembsdinteht the height / of

sw tch 3600 is al so _connected to %he processgr 34Q0 dul
the eatly 24P0 acahoph ¢ e 2 isierre smbpdiaept the,mtgiferppegye modulator

200(5# Himiddabitodfa gfgﬁ%f@ﬁ thé {rﬁlﬁgﬁlént%uﬁétfa%_ 15 8h aREm&ReVnshodiment,
en a first node |

s activated and reflects a second
the isetfeinetiid odulathe08 is fonnd with declaidvedicthinlaya@! diffisen

embodi pent, . the switch 3600 .can al sp rotate.th .
G SRl el herion s Pt agEae o o Rhe et s poined
out ARRE Refur&ndrasd {fﬁ@ﬁtionteﬁ%p?ﬁé@tﬂ%ﬁ&hs AdgRerdd, @OwilBROOnderstood

conprises an array of interferonetric nodul ators 3308 ,
that tveribusr omiasipnso grbstiintions aadsyprges it OrmINg, detadls 1pf dhe device or
the interferagnmetr.i I . ' . i it of
prock g JireasBbP e RCA R AH PR BRTpE Lo oiece
the AFerRtiod! QESBIHe B46hifea) thepiesttiinienjommay e embedige mithin a form

that féggﬁarp% [@20%3{;5{ 5\211i (;fglé%fegg{ggedsfagfg mterlg]%?seg%? g{rﬁ\iegeg% %lﬁ g«gr}'lg e%ﬁ.ﬁes may be
; i ved f trol l er 3000
use(ﬁt?/r @%éﬁgq geﬁg@{elﬂr&ﬂ%'the&@cel ved froma controller

recei ver 3500. In sone enbodi nents, the
di spl ayed i mage nay be based on user input or is
pr e- programed
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wi t hout receiving an external signal. For exanple, a

user may be able to design an imge to be displayed by
wao bweosdeasrent al device. The skilled artisan w PECT/US2005/033567

understand that the imge(s) displayed may be either

static or dynam c hi an alternative enbodi nent, the

di spl ayed image i s based on the detected tenperature

of the environnent surroundi ng the ornanmental device.

For exanple, if the environment is very warm the

di spl ayed i mage nay be shades of colors, such as red
WHAAS DASt ernatively, if the environment is very
cool, the displayed i mage may be shades of the col or

bl ye. [Q082] In qther enbodinments, the displayed i mage
Ardrbad

may " be SFEEE CORRLISR%anent al devi ce 3100,
3200 nmay dpBlasABRBShAShd R 188 SXLREIR LU ESSYch as a
computer, fof progranm ng. A user nay ownl 0aa°% r om

t he conpeigad! reesiteaconfigmeegds rdceive dh sploayl fgnal:ad
or nanmen vice 3100, 3200, The skilled artisan wll
under st éﬁgcf O?f%?ﬁr ?%glg‘ﬂfg 410 antrgl an dprgqeenethe (ligplas Gased on the

t hextermalsign0whdein GRNPERE Pl dhRucOEhL 0adhBs
inggfs to the ornanental de3%8e53100, 3200. lénﬁnﬁgmﬁdto
Al

ol piplrapiy of eraamentpl desicetiowispbadoesdimtddrigagerages

fromthe conputer to the ornanental device 3100, 3200.

[ 0083] According to another enbodi nent, as shown in

Fi dure 1By omamewtleicl e ofi€laimhd, Whetsinathe brn2@6fkal device is jewelry.

configured to display an i mage that appears

iridescent. As shown in Figure 13, a first el ectrode

(i f an OBt PRAMCURLIRoeRf HRm, L rhecpogpeising a switch configured to
activafcARS BRpBPL substrate 2200 and is separated froma

second el ectrode 2300 by a resonant optical cavity

2400. As shown in Figure 13, the second el ectrode 2300

i s4supp®he ednamentlipievict ot €ladh US,ewh@bR0the[ SOBA] is| Sonfigured to

.t hi s,.embodi nent,, the first and_second el ectrodes, 2100,
wcty 3 RS PHEROHG eh € ator)S ioda PATE PG, et toh e RBRects
first tsBIAGF EWI6rs Gvifeh! tAE Eirst Phddle ib Schivdtddesiaate B¥splalSeflects a second set of

interferonetric nodul ator 2000, thereby pfoviding an

colofsywhradheseeond made isgetivptadg i n col or when seen from
different angles) inmage. According to this enbodi nment,
the i mage di spl ayed depends on the angle fromwhich it

| SSvi ewglk ofiverenfadrdeyicehaNClaie Vi dwhérei MBesvarll B, cdif@ured to
i di splay, a first color and when viewed from

.' |
actlvlg’pequEqa\émtr ebh{st 098¢ él}d 3 pp@opqirg@ge @f fhe display, wherein the display reflects a

first image when the first mode is activated and the display reflects a second image when the

second mode is activated, wherein the first and second images are different.

6. The omamental device of Claim 1, further comprising a memory device in
electrical communication with said processor, wherein the processor is in electrical

communication with said display, said processor being configured to process image data.

7. The ornamental device of Claim 6, further comprising a driver circuit

configured to send a second signal to said display.
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di splay a second color.[0085] In a typica
interferonetric nodul ator, the specific col or
waele@plozosexl by the interferonetric nodul at or dePpenus200$1033567
the height of the cavity {i.e., the distance between
the optical stack (first electrode and insul ating
dielectric forned over the first electrode) and the
mrror |ayer (second electrode)). It will be
understood that a typical interferonmetric nodul ator
produces a slightly iridescent imge and a diffuser,
esbeci alhoyormampntek deviesnef, Clairh |7, mittereggattiee tdierolled thesondighred to
£ ..t s enbodi ment ,..the iridescence of the
Send?ﬂlaegsgtaff)ghtalnr?gfs %géne%ga'da%étg8?18idH§ert°6r°‘a\‘ﬁ' embodi nent, the
"increased" iridescent appearance of the display is
aggievegﬁgy altering the height h of the optical
cality omagepial Jeuse of Clam & hiarther gomoprising an image source
modié Bk | isan will
understgﬁgg?ﬁgﬁgygh?ﬁg&ﬁ%?g%%hﬁggg&#he cavity 2400 is
| arger, the interferonetric nodul ator 2000 wi ||
r ect.nore than one distjinct color,  thereby
o 8 GG BfsimERg REst g G Squbiein s pRies iource module
comprised £1éhRt ohe dfaGedtdledfantbeRbr, bR@ eRAWittdr, 2400 is greater
than about 0.5 mm In a preferred enbodi nent, the
hei ght h of the cavity 2400 is about 1 mm In a
praf err ' . j rfe ri ul at or .
26@0 iéﬁg6§ﬁg%g&?fﬁ%ﬁ%égﬁaFg%ﬁsér%%ﬁE{ﬁ@g?ggﬁgd%?gﬁwi(hvme
configuied to mbeive inpuadatabitdan vamimveicetei3aidiinmn data th&id processor.
interferonetric nodulator 2000 is forned with a
relatively thin | ayer of diffuser. [0086] Wile the
abpve dehiilRbrARRET RlRih S dSHMBompiSgss:| Ped, and
poi nted out novel features of the invention as applied
t o var imosdegcdpiyingingian iMprifdropetrigmatsivbtand t hat

2000453 U A48 08 SR

forma evi cess

may be dvapkndy pro@ser SKith theddisplayt Bed @fet sighdl Fedsiver, wherein the
departing fromthe spirit of the invention. As will be

r SEBLITY 8, conpfientpd de sArtrql Apeiags Pintyy Heplahbisad o the external
Wi & b t j -

oD oL B md QRO bl et BBl figured to comtol o
f qdunalityofioenanipatal dedcestto gispley caedinstedhemagesl y from

ot hers. WHAT IS CLAIMED IS: 1. An ornanental device,
conprising: a display device having at | east one

| nt3er f erenh@héd 6f ORBWY L AReiei@he ool enta® 8&HNEE jewelry.
configured to receive an external signal; and a

processor configured to control an inmge on the

di Kpl ayllisagetiodnaf €lagn 12, further comprising coupling a switch to the display,

wherein the switch is configured to activate the display.

15. The method of Claim 14, wherein the switch is configured to activate at least a
first mode and a second mode of the display, wherein the display reflects a first set of colors
when the first mode is activated and the display reflects a second set of colors when the

second mode is activated.
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external signal, wherein the external signal is

emtted froma controller configured to control a
w@bkwerabdesyy of ornanental devices to display cope™hUsBDEM3567

i mages. 2. The ornanental device of Claim1l, wherein

the ornanental device is jewelry. 3. The ornanent al

device of CAaiml, further conprising a switch

configured to activate the display. 4. The ornanental

deyg ce i %Ee{ ' m}}(} ' s..caonfigured to

act i vatgﬁgtga?{gg??d% |r0§?éhﬁ gegl\r%ﬁ)glgggzaorﬁlgamde of

t he, di SRL%&}?@@@?]%V%J Q?em%s lay reflects a first set

of colors e fifts ‘is activated and the

di spl aymoéilhtny mesns SaaaneesaitrRbilg Abaiiati Ghtt he

second node is activated., 5. The ornanental device of

O ai m 3CCRHKBE 816305 fo& reshivingranicstepshsizealyad to activate

at | easirogesting SheaDAE AL :

di spl ajl,grovvﬁ.elréi n the gi spug1 arq@? gg%t&gﬂge lglgdrhg%}%ignnﬁ%ags based on
whidin ekisenat sigeal, woadeinitise extdrnal aiged ineditted érogi & pdraydlling means for

oLy AR PR ER S1E BSE BRSSPt o

different. 6. The ornanental device of Claima1l,

further_conprising a menory device in electrical

cohfruni Thgt ?@ﬁlnﬁﬁltﬂﬁd%’éﬁedofﬁlm $5ovhergip dhefageiving means comprises
an af&RGessor is in electrical communication with said

di spl ay, said processor being configured to process

i mage data. 7. The ornanental device of C aim6,

f urQ. her Tieo opiainghiag daviek iof €laifi 17 Wi t18¢ el iR pfReSBIROmeans

a.second signal to said display.8. The ornanental
COMPYERGT BOGPSSe ai m 7, wherein the controller is

configured to send at | east a portion of said inmage

data to said driver circuit. 9. The ornanental device

of 2@ ai Fheeornpmenthledevizemb Klainny, 48 or Agehseiuticemvddalies means

nfigured to send .said i mage data to sai d processor.

Coml%gg.es gteégﬁ(gﬁ%tﬂfgpd}ﬂ@ 'ce of aim9, wherein said

i mge source nodul e conprises at | east one of a

receiver, transcejver, and transmtter. 11. The _

or fanently omayesial deviey af Flagm ¥udBhd? of @fpmihsteiry thencontrolling

' devi ] ed to receive input data and to
meaisgbgn#u&ﬁlg%zﬁ%%gg?@@%g{h data to said processor. 12. A

nmet hod of maki ng an ornanental device, conprising:

22. The ornamental device of Claim 17, further comprising a switching means for

activating the modulating means.

23, The ormnamental device of Claim 22, wherein the switching means is
configured to activate at least a first mode and a second mode of the modulating means,
wherein the modulating means reflects a first set of colors when the first mode is activated

and the modulating means reflects a second set of colors when the second mode is activated.
24.  The ornamental device of Claim 22, wherein the switching means is

configured to activate at least a first mode and a second mode of the modulating means,

wherein the modulating means reflects a first image when the first mode is activated and the
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providing a display having an interferonetric
nmodul at or; providing a signal receiver configured to
w0 eweis@4mn external signal; and coupling a prBCEESHNG/033567
with the display and the signal receiver, wherein the
processor is configured to control an inmage on the
di spl ay based on the external signal, wherein the
external signal is emtted froma controller
moduf Rl HLE geﬁe@tscaoéyo&gi irfagR Wil thd YecOhd BloR@RRM:Rhted, wherein the
evices to display coordi nated i mages. 13. The nethod
first apfl s@omi images avehdifledent. t he ornamental device is jewelry.
14. The method of Caim 12, further conprising
coupling a switch to the display, wherein the switch
i £2conf¥ ?}’P@ae%t%‘ agtt’:cﬁ‘? \?B’Flgnflﬂg di spl ay. 15. The nethod
of O aigy alfhy higfetfefonidifc Sikibltord SorFRRfddgler emt © programmable
activate at 'least a first node and a second node of
t spdaysprchy, wherein the display reflects a first set
of colors td
di spl ay %gogtctggﬁg%é%gon %’1 fin 85’ 1(%%I o%ﬁ?ehmﬂox?% &lgﬁay’ wherein
S ehieRidetBdd@encs mpﬂelfpmgrﬁdmladi or Bsedomameri¢radl sigmal.ce
formed by the method of Caim12. 17. An ornanenta
devi ce, conprising: nodul ati ng neans for
| deer f efinatiEle Gl ¢ il Ui Sorhr iy o 5RGEI Mebfiger@AMigured to
for receiving an external signal; and processing means
receifothecaietnabignalg an i nage on the nDduIatlng means based
on the external signal, wherein the external signal is

emtted froma c rdlln nmeans, for. [ . .
ol &tal 1 TR 8B RdEn P uaur Rt t, Sl Qs °8ﬁ’§8?"’asya switch
conflpRRIadh RA4E thel dIREBSthrokSh thER@lcsB@mReY. al  devi Ce of laim

wherein the receiving neans conpri ses an ant enna.
19 The ornanmental device of Claim1l7 or 18, wherein

ﬁ% f%s Slﬁ(r:]lg omr?l %O %‘ége%eﬁle %'Stf&fqu S5mRbted 49 an y&@mal source

évice o wherein t
ﬂmpﬂgﬁg&@ﬁmyg means conprises an |nterferonetr|c
nmodul ator. 21. The ornanent al deV|ce of daim1l7, 18,

19 or 20, wherein the control] %
29.  The article of Claim 28, wherein the external source is a computer.

30.  The article of Claim 25, further comprising an attachment element whereby

the article may be worn.

31.  The article of Claim 25, wherein an image presented by the video sequence is

static.
32.  The article of Claim 25, wherein the video sequence is dynamic.

33.  The article of Claim 25, wherein the video sequence displayed is based on a

detected temperature of an environment surrounding the article.

34.  The article of Claim 25, wherein the video sequence displayed is based on

image data received from an external source.
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means conprises a driver controller. 22. The
ornanental device of Claim17, further conprising a
waeMobokiomyy neans for activating the nodul at i ngPEEESRNG/033567
23. The ornanental device of Claim 22, wherein the
switching neans is configured to activate at |east a
first node and a second node of the nodul ati ng neans,
wherein the nodul ati ng neans reflects a first set of
colors when the first node is activated and the

?‘;3;%9' b rt%?ea&SCIaSI &f %h%fe% Fh%%%ﬂ(ijer% Glwaddn, COl Or's when

SGCOI’] IS acC € or nament aI

devi c the swi.tching neans.is. :
cotte | gaeciia ea%tz(ﬁe {08, Fifhet SEmiing & MBI Shyifeqin clectica
comﬁﬁﬁ@dﬂi@n@i@? sAll PrdtRsITBAWh@tih NEe FRABSEOr WIBI 8bdiriédl ©ommunication
nmodul ati ng neans reflects a first i mage when the first

with sesd displey.ceeid nrencewr heing eonfiavend taprosgssimagsdaief | ects a
second i mage when the second node is activated,

ei n.t he flrst nd se ent .. 25, . .
e RSt B0 S5 TR e e AP i
confikiie@td &M@ BbEdnd sipRBiub atiadspronf i gured to for m a

programmabl e di spl ay; and a processor configured to
nalntaln a vi deo sequence on the display, wherein the

O REreiafe doRIbIRA is configured t
exter nal si gnafﬂt;1 (gé;’%%ﬁgqga ticle ofrel d ai m025 fLljsr(tmr]{lellrgure °

send apblpstiapiortipnaof said mahgerdatetoseid deigerf diguited t o recei ve the
external signal. 27. The article of Caim25, wherein
the article further conprises a switch configured to

roigit e TRe ofiamih@y deNEOWEITILAE 36] G@thes @amprisiag an8imapeesource
article of Caim?25, wherein the article i s connected

modvlg canfigiwediorsand sl image flof i PIeRsFsty. 29. The article
of Caim28, wherein the external source is a
computer. 30. The article of Caim25, further
conpr i STh oatindhiadcleneatofeChine rito, Mﬂmr@bysatdwnm f@iree module
may be worn. 31. The article of a|n125 wherei n an

d
complﬁﬁ&g at 1575 QB P CRRIV T HEATGF D 400 GARFTRIESE

41. The ornamental device of Claim 36, further comprising an input device

configured to receive input data and to communicate said input data to said processor.

42.  An ornamental article, comprising:

modulating means for interferometrically modulating light for forming a
display means for displaying programs; and

processing means for maintaining a video sequence on the display means,
wherein the video sequence is based on either a pre-programmed image or an external

signal.

43.  The article of Claim 42, wherein said modulating means comprises an

interferometric modulator.
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static. 32. The article of Claim25, wherein the video
sequence is dynamc. 33. The article of O aim 25,
wob@re8Ge43 he vi deo sequence di spl ayed i s basedP@RUS2005/033567
detected tenperature of an environnent surrounding the
article. 34. The article of Caim25, wherein the
vi deo sequence displayed is based on i nage data
received froman external source.35. The article of
Caim2 j -he ' ' watch. 36. The . ,
ar ﬁ'cl eﬁ%ﬁ‘ X%agsir%%%%ﬂl ﬁﬁ 325‘%8%63%%@?‘&8&5 AR pIpprises a video
displaavi ce in el ectrical conmunication with said
processor, wherein the processor is in electrical
conmuni cation with said display, said processor being
cotd.i guriedartiéle PF OLEHSI2 AR i dai HER -
. device of Claim36, furt hgf4%§$n}%ﬁl€izaﬁ%ig§%g§fn{%er g@!)mpnsesa
driveg comtgplier.conf i gured to send a second signal to said
di spl ay. 38. The ornamental device of Caim 37,
wherein the controller is configured to send at | east
a 4for t i Tre atickadfdCianmge, dateint hewaiide dildeecosipfisddi 4 switch for
rot t39. Tﬁsle lortl?larregt a d]ée%L e of Claim36, further
atigg ths (Rl thigen apdualis of 1eAsibdul e confi gured to send
said imge data to said processor. 40. The ornanental
devi ce of Claim 39, wherein said inmage source nodul e
cohfr i sEe agticlp eh€laim 48, whergintecdiplay mesmsansodiguan, to disglay an
. ' . 1. The ornanental device of C aim 36,
lmag%EggtgﬁgP%%rr}%?uﬁSi ng an input device configured to
receive input data and to communi cate said i nput data
to said processor.. 42. An ornanental article,
cotfpri s Mthadodarekine g ommeapatal ayticlen pepprésingiet ri cal | y
modul atd,fgdlr.G lurfaﬁ’tsl of ﬁgéﬁé?&n&rig RRLRYfreans for
di spl ayi ng prograns; and processi ng nearns for
mai nt ai qeinfigurangy i thle oingefypuendec omotitdetodd siploayanneang, to form a
wher ei n ti}ﬁ%}éi qeo sequence i s based on either a
prE2PPOTIRMEP Pt or an external signal. 43. The
arti cl esl@diridallii dondediinghe pRlcEsssatd D Gidpiad fHInTBANSIng a video
conpri ses an
sréguence on the display based on either a pre-programmed image or an external

signal.

49.  The method of Claim 42, further comprising electrically connecting a signal
receiver to the processor, wherein the signal receiver is configured to receive the external

signal.

50. The method of Claim 42, further comprising providing a switch for rotating
the display through the plurality of images.

51. The method of Claim 42, wherein the display is configured to display an

image based on user input.
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interferonetric nodul ator.44. The article of Caim42
or 43, wherein said display neans conprises a video
waele@plozops3 45. The article of Caim42, 43 or 4BCT/US2005/033567

wherei n said processing neans conprises a driver

controller. 46. The article of Caim42, wherein the

article further conprises a switch for rotating the

di splay through a plurality of imges. 47. The article

of5,0 a4 [ [

0% oy oy ren i) 18, R, S BRARE @R, B hRkle © an
externdl somke fog paogrammangent al article, conprising: providing

a plurality of interferometric nodul ators; configuring

the interferonetric. modul ators into an array to

prigr ankhesn ghef} eptiym 4dnwheriadhs meaaawd;»sp?a@fﬁﬁf M%S?f{;%a detected
tempBEREESSAY ol Rolit Gl Alrdihg kB wiBLNL AT NI Ng_a vi deo

sequence on the display gased on either a

pre-programed i mage or an external signal. 49. The

metdnod Tfe mbthodw#iQlairh d2.t fagher comprisisg prpvelieg 4 attghing means for

con ctl ceiver to the processor, wherein
attachipg t Cg? vﬁ@gqg%\?lgq,arp E’F gt'td to receive the
external signal. 50. The method of Caim42, further

COSEN | SHGBHAY bECREn 83 We%&lhthfe%aéh@ﬂg’@r\rhbﬂ@ cbﬁﬁnggs SRhaM.

through the plurality of 1 mages he net hod of

A8 M 2%n ARl il fajrn%elb?ﬁgiﬁetfliﬁcpgi}@lﬂn‘? pto displ ay

I'mage on user in of d a|m

£y O RO SIS 00 R O

G ai m 425 0Rf8k fortérfectindehttnapl ayed is based on a
detected tenperature of an enviraonnent surroundlnq(}%
articl ea s&gond heageefon seflesfinglightnihepsecentd sExce separated from the

CORRY Isurfyc% l%lr 8Véa9ft§‘ gwl?é?elﬁlttﬁca‘f’pét NGq"Bas fifaces interferometrically

modulate light such that more than one distinct color is reflected by the

interferometric modulator.

58.  The MEMS device of Claim 57, wherein a height of the cavity is a distance
between the first and second surfaces and the height of the cavity is at least about 0.5 pm.

59. The MEMS device of Claim 58, wherein the height of the cavity is about 1
pm.

60. The MEMS device of Claim 57, wherein the first surface is insulated from the

second surface.

61. The MEMS device of Claim 57, wherein the MEMS device is configured as
jewelry.

62. The MEMS device of Claim 57, further comprising:
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attaching the article, whereby the article may be
worn. 55. The nmethod of C aim 48, wherein the
W@eaaokiomyy nmeans conprises a chain. 56. An or nBOEOSBNN5/033567
article formed by the method of Caim42. 57. A MEMS
device configured to display an iridescent inmage,
conprising: a first surface for reflecting |ight; and
a second surface for reflecting light, the second
sur f ace %ﬁ@&?s%tre%at FAMif NGedihft oc‘lﬂﬁaftlﬂl‘égtl&y Vit Aghlid Yarray of
wherein the first and second surfaces
i niherfwnwnxt modalatoys, meidutratessdritghtg enfigutefidc pnavess {nhega data;
one distinct color is reflected by the interferonetric
mf¥di ator. 58. The MEMS device of Caim 57, wherein a
hei ght  9fmdnktey @avict ¥n eRc@icAll ohaRacich WEBNsdid @rdcedsst, wherein
and second surfaces and the height of the cavity is at_
| ethe Praggesar ispinseleptical gommmaicnivsy e aid eligiayopsifl prapgssor being
wher ai e ' fifhe cavity is about 1 mm 60.
Tﬁgmﬁéﬁgagggpgégo aéé%#ﬁh 57, wherein the first surface
is insulated fromthe second surface. 61. The MEMS
device of Caimb57, wherein the MEMS device is
cogd.i gurigdviasiy ewedd of.C18a 627 atiVEMmplam Lo d@fer ClradifRonfigured
57, further conprising:a processor that is in
to seaq asgcpné signal sorpaich Pt olonteiprometii o dlaieRy. of
interferonetric nodul ators, said processor being
configured to process inmge data; and a nenory device
i n6£l ecTlid MEMS deviaerifAiinoG3, whetsinsthe dongrodleris sonfigured to send at
wherein the .processor is.in electrical conmmunication
least Rogticnpigaidiimpee,ata anﬁalflsd&"(‘?’é‘@?él r being configured to
process i nmage data. 63. The MEMS device of Caim62,
further conprising a driver circuit configured to send
a 6BconthsMRMS device af Glaan Gy fusther prrapHigoRfpimage source module
dulators..64. T evi of Caim63, wherein
config).)gée%c% ﬁ?r}dgﬁa}dﬁ 1age H;ﬁa u&géﬁis?&.

1
er rs contig 0 send at

66. The MEMS device of Claim 65, wherein said image source module comprises

at least one of a receiver, transceiver, and transmitter.

67. The MEMS device of Claim 62, further comprising an input device configured

to receive input data and to communicate said input data to said processor.

68.  An interferometric modulator configured to display an iridescent image,
comprising:
first means for reflecting light; and
second means for reflecting light, wherein the second reflecting means is
separated from the first reflecting means by a cavity, wherein the first and second
reflecting means interferometrically modulate light such that more than one distinct

color is reflected by the interferometric modulator.
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| east a portion of said imge data to said driver
circuit. 65. The MEMS device of Caim62, further

W@ vp03@ieng an i mage source nodul e confi gured POT/BE82005/033567
said imge data to said processor. 66. The MEMS device
of Claim 65, wherein said inage source nodul e
conprises at |east one of a receiver, transceiver, and
transnitter 67. The MEMS device of Claim62, further

COBE" RSB SRABENCAY ELH 8 LRLRCELY Bkl o

refleqtin@ ¢ighscimpris: a st tefle@ivb@dyemmet ri ¢ nodul ator confi gured
to display an iridescent inmage, conprising: first
means for reflecting light; and second neans for

r efg ectiyagndei e ¥NBb&ilfkol HECHES 8B Gr 68 WRGEih RYIdTTREIA means
is separated fromthe first reflecting neans by a

for reflgetinteylighhbenmisas & besofid reflectitiedayecond refl ecting means
|nterferonetrically nDduIate l'i ght such that nore than

0 inct color.is d b .nterferometric
ol at B RSP S e FP TR PR St TR Sreish: o Ry is @
distaR&@ be‘fW@e’th@ﬁ&@hl‘iH $echiid refB@ng thns bl the tkighfof theBivity is at least
conprises a first reflective layer. 70. The

about @b awf.er onetri ¢ nodul ator of Claim68 or 69, wherein
said second nmeans for reflecting Iight conprises a

m) | at o lg}%% éo\é}%rq{ifg%leéﬁ 1} céf %ﬂlm ‘7?%91#%85 Meﬁéh@ of the cavity is
about $ pd. di stance between the first and second reflectlng

nmeans and the height of the cavity is at |east about
0.5 mMm 72. The interferonetric nodulator of Claim71,

wher ei npf ne: el GO holiiGiof 8 tlamics, #h&UH the APt refRcting means

The 'interteronetric nngu 'ator of Cl'aim 68, wherein the
is indulatsd fromfiheetomigrefieding niegns.nsul at ed from t he second

reflecting neans. 74. A nethod of form ng an

interferonetric nodul ator, conprising: providing a

figgt rafh&rdd MSon@He bn idétbrometric modulator, comprising:
providing a first reflective layer; and
separating a second reflective layer from the first reflective layer by a cavity,
wherein the first and second reflective layers interferometrically modulate light such

that more than one distinct color is reflected by the interferometric modulator.

75.  The method of Claim 74, wherein separating comprises spacing the first
reflective layer apart from the second reflective layer such that a height of the cavity is a
distance between the first and second reflective layers and the height of the cavity is at least

about 0.5 pm.
76.  The method of Claim 75, wherein the height of the cavity is about 1 pm.

77.  The method of Claim 74, further comprising insulating the first reflective

layer from the second reflective layer.
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separating a second reflective layer fromthe first
reflective |layer by a cavity, wherein the first and
waewonshonef | ective |layers interferonetrical ly podusad®033567

i ght such that nore than one distinct color is
reflected by the interferonmetric nodulator. 75. The
nmet hod of Claim 74, wherein separating conprises
spacing the first reflective |ayer apart fromthe
second refI ective layer such that a height of the
cayity | tanc ¥ d
R R S g
| east about 0.5 nmm 76. The nethod of C aim 75,

wherein the height of the cavity is apout 1 mm 77.

THE- methigthef otioEnnErs ISPy qepisrs 9?81?6\51“& ng insul ating

the fi f})?&vi&iﬁé Le Qﬁtbl’fﬁ'oﬂn@ﬁh%rm&d@ﬁblt éjtrﬁl%fpbl%ﬁi édb@trate a
| ayer. interferonetric nodul ator forned by the
mpetiedly offleClied layerand agubstantelinisdlesiverlavertrrgedarariar agparated

d f
ti g BB ey P By Ao e "Subscrate, o

parti a'fbﬁ‘niﬁ%fd &Eﬁlhéteﬁlhﬂjbﬁ rthenengpasdnb stissnticadd the interferometric
reflective layer spaced apart and separated fromthe
pamduéﬁwfya?‘bfl ective layer by a cavity; formng a

di ffus R G A0S RAVSAlreHRSL atrgu0f L he

interf ro ator; patternlngthe di f fuser

fi Imto have an or nanent al effect 80. The net hod of

h | |
ST TR AT BT R b SR Bie b e

film 46 FSRA A YppSiie sldeabLthe Bdnspdieat s'mﬁtl‘mﬁ of C ai m 80,
wherein the diffuser filmis applied using an

adhesive. 82. The nethod of Caim 79, wherein

di $ 1. us €The indethoidsoff Elaimd8Gnwhereint ﬂ’ﬁn@lﬁﬁi?ﬁ‘é s LPoéPHﬂ&Eieusmg an

wrior to fabrication of the interferonetric nodul ator.
adhegi¥e. The npthod of Claim 82, wherein the diffuser film

is formed on the transparent substrate by

SPRAN- Cophd REkthd¥d of KNGImTEtONOGhedéin Ghai diffdser filur tiheformed on the

conprising providing an attachnent on t hg
transparent substrate prior to fabrication of the interferometric modulator.

83. The method of Claim 82, wherein the diffuser film is formed on the

transparent substrate by spin-coating.

84.  The method of Claim 79, further comprising providing an attachment on the

display device whereby the display device is configured to be wormn.

85.  The method of Claim 84, wherein the attachment comprises a strap.

86. A display device formed by the method of Claim 79.

87.  The display device of Claim 86, wherein the display device is configured as

jewelry.
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di spl ay devi ce whereby the display device is

configured to be worn. 85. The nethod of C aim 84,
wab@se3de43 he attachnent conprises a strap. 86.P@EI/US2005/033567

di spl ay device forned by the nethod of Caim79. 87.

The di splay device of C aim86, wherein the display

device is configured as jewelry. 88. A display device,

conprising: a transparent substrate having a first

sigle angl & gigf‘(;tf\%{)féesbiogﬁ%’isi? first surface for reflecting

light for er the first side of the transparent
subst r at ensparsetcahdragiabnge firsrsideafliectiond stdeght , t he

second surface bejng_substantially parallel to the
first s"hﬁ SHEW aﬁ%ﬁjﬁ%‘gﬂwt% 1g§5t051ﬁ53 svierfthe Srst §idg @ Hiearangparent
framstidtg first surface by a cavity; and a patterned

diffuser filmforned over the second side of the
t r anspat 84nd §deqealioe refighdnglightt e fpaoidsnéde diefuusibstantially

fi ta ign. 89.. The display, deyice
IR . SRRl S5 1B LB LB AN e
t hiucloelssa cBty; difde di spl ay device of Claim 88, wherein

the diffuser fjlmconprises a polynmer film 91. The

di spl ay* #BYSTRY Gfifierrafiti Jormsgheyei thettseonsopigaeat e transparent
| SsuBSkHE SHHREein lﬁ%-pa&&lﬁa{j&iﬁﬁée@ﬁkﬁ%ﬁé ofhm&hia (gki%?"he

wherein the polymer filmis polycarbonate. 93.
di spl ay device of Claim90, wherein the diffuser film

f h ' ti .b ., 94. The_.di spl )
e R MRS Y -

thickaesdpri ses an i norgani c conponent. 95. The displ ay
device of C aim90, wherein the diffuser filmfurther
conpri ses an organi c conponent. 96. The display device

?TIT?(Q ai B ﬁispfw it b1 &é‘,s%ﬁexfeinl mei ﬁifﬁp@ruhlré %ogh%%ses a
polymer film.
91. The display device of Claim 90, wherein the polymer film is polyester.
92. The display device of Claim 90, wherein the polymer film is polycarbonate.
93. The display device of Claim 90, wherein the diffuser film further comprises

optical beads.

94.  The display device of Claim 90, wherein the diffuser film further comprises an

inorganic component.

95.  The display device of Claim 90, wherein the diffuser film further comprises an

organic component.

96.  The display device of Claim 88, wherein the diffuser film is about 50-100 pm
thick.

97.  The display device of Claim 88, further comprising;
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thick. 97. The display device of Claim88, further
conprising:a processor that is in electrical

W@ ormsheant i on with at | east one of said firstP@ntsS2005/033567
second surfaces, said processor being configured to
process i nmage data; and a nmenory device in electrical
comruni cation with said processor, wherein the
processor is in electrical conmmunication with said
di spl aysz p&REL - [ L.qur ed. rQcess.,. .
e dalaGg HAPESERecEL hub R R ) & BER9RE B¢ cid rs
f udndrseeondnppdesi satyl jrochssor deing iconfiguiredoio pidogsrriatet datsemnd
a secon lgnal . to at least one of said first and )
second g urﬁéfng% Jevyg 1n f#?égﬁﬁlsm%}mamoeeww saifl yreReeRgt, Wherein

white @irsvetsoe i ingleatitA lcomsn@Ratid0Wig Sald0disnd sah ﬂr&ci%%or being

a ortiog of said image data to said driver circuit.
10wnligwEd i Biorey imasa dag- of O ai m 97, further
conprising an i mage source nodul e configured to send

sapd | e1: sald_.pr ssor. 101. The.displa

G co DR A GBs R B PR SR coturbina b it SRl s izured
to sendbaprcosdsigadl 1o etdsist omeofehiddiriteae saohd sifRBSCei ver, and

transmtter. 102. The display device of Caim97,

further conprising an input device configured to

regei VerhdWsfilayfi@h e e 1din) 9%9%&@110(3@ Eontfdl1eh i @Qﬁﬁgﬁj&f@ send at

to said processor. 103. A display device, conprising:
least gwgritpnfod saif imagadats forsgidldriybit gircitie transmi tting means

having a first side and a second side; first nmeans for

reflecting light formed over the first side of the

t r B00S i THel digplaedaace seCRiE onERREe! mprRigas! inhge k& &hd module

substantial ]y parallel to the first reflecting neans,
contighrer 49 pendpaiddwaghdpts irldresessofreans is separated from

the first reflecting neans by a cavity; anddiffusing

nmeans for diffusing |ight, wherein the diffusing neans

i sl(dat t Brenaibplayd dévacored Chin 100e wkwoeindsad deagé dohme module
com%is%%%g'ﬁ:{sg{)r?eg%fg\]? rgaeS\?er, ra%gc%v%r,tagg trglglsfn];i grl ng means has an

102.  The display device of Claim 97, further comprising an input device configured

to receive input data and to communicate said input data to said processor.

103. A display device, comprising:

means for transmitting light, the transmitting means having a first side and a
second side;

first means for reflecting light formed over the first side of the transmitting
means;

second means for reflecting light substantially parallel to the first reflecting
means, wherein the second reflecting means is separated from the first reflecting

means by a cavity; and
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104. The display device of Caim 103, wherein the
first reflecting neans conprises a first reflective

wo agen3@myl t he second refl ecting means conpri SBGI/HS2005/033567
second reflective layer. 105. The display device of
G aim 103 or 104, wherein the transmtting neans
conprises a transparent substrate. 106. The displ ay
device of Caim 103, 104 or 105, wherein the diffusing

means c rises a diffuser film.107. The.display .

dovi e Seng Hieale &0 1Tt lehnindis g A R g patterned
hasand fotavet @Fet kieCYda6isd sidd @8 theltignsaliiGiph aveal§VWwh&eiafthe diffusing
Claim 103, 104 or 105, wherein the diffusing neans
coRsAISies 23 ogyMeRBE desigim  109. The di spl ay device of

G aim 108, wherein the polyner filmis polyester. 110.

The di splay device of O aim 108, wherein the pol yner

fillpd.i sThotligplay Bevied ef Claibd 1037 méhertirsthe diystoéfleCling med@3&omprises

o relSEREhTe UG 8 B NS PN Ry s G wer
wherein the diffusing nmeans further conprises an

inorganic cogfonent. 113. The display device of O aim
10805.whékedisplayedeyidef ofs Cldmnianer £t Wegrein dhp rifageamitigg means

com@ﬁ%$q&%8&%ﬁ&99ﬁ§&§%14' The di spl ay device of Caim

rern ffusing nmeans i s about 50-100 mm
t hi ck.

106. The display device of Claim 103, 104 or 105, wherein the diffusing means

comprises a diffuser film.

107.  The display device of Claim 106, wherein the diffuser film means has a varied

thickness.

108. The display device of Claim 103, 104 or 105, wherein the diffusing means
comprises a polymer film.

109. The display device of Claim 108, wherein the polymer film is polyester.

110.  The display device of Claim 108, wherein the polymer film is polycarbonate.

111. The display of Claim 108, wherein the diffusing means further comprises

other optical beads.

112. The display device of Claim 108, wherein the diffusing means further

comprises an inorganic component.

113. The display device of Claim 108, wherein the diffusing means further

comprises an organic component.
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114. The display device of Claim 103, wherein the diffusing means is about 50-100

um thick.
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