SYSTEM AND METHOD FOR PROTECTI NG M CRO- STRUCTURE COF DI SPLAY ARRAY USI NG
SPACERS I N GAP W THI N DI SPLAY DEVI CE Background 5 Field of the Invention The
invention relates to electronic devices. Mre particularly, the invention
relates to a packaging systemand a nmethod for protecting a

m cr oel ectronechani cal device from physical danage. Description of the

Rel ated Technol ogy 10 M croel ectronechani cal systens (MEMS) i ncl ude

m cr onechani [ '

ol erent o oy FOEMARDMEIHOY BoR morBE B MG TRy POREFRIIRLAY

m cromachi ni ng pr oCARRAY UBING SPAUTERSIN GAP VAITHINDISPLANBEVHIE!/ or deposi t ed
material layers or that add |ayers to formelectrical and el ectronechani cal
devices. One type of MEMS device is called an interferonetric nodulator. An
interferonetric nodul ator may conpri SBadkefdahd 15 of conductive plates, one
or both of which may be transparent and/or reflective in whole or part and
capabl e ©of gghakin gav@Ridnon upon application of an appropriate electrical
signal. One prate may conprise a stationary |ayer deposited on a substrate,
t he ot her pl at e Fwyincongrickies 4o elettrphici devicese More particdrdy, dteguventiomyelates to a
stationary |ayer by an air . vi ces _have a w de range.of .

2ppl | cat orfeciiing Yol aBh § Ry SLFRLERE £ R RoRedlyly (BN S prgvcstogi 1
t he charactdamiagé.i cs of 20 these types of devices so that their features can
be exploited in inproving existing products and creating new products that

have not yebeshfion deie RolBRE TednSypyrary One enbodi nent of the invention is a
di spl ay device conprising an_arraé Ofé interferonetric nodulators fornmed on a
ng

substratle. Thi s Miesslerimaprchimil sigleams AMBYEY inchde misramechapical sleaenty; acpipes
bet ween the, suRshiale AhhdiBadiaf Kmn@]&t?imﬁ?gbgr&éafkdtﬁﬁ)gsdé ésgro?lz t@mﬁﬂ@! %qgolfg'r ate

seal together to package the array o feronmetric ul ators-
nmor e spaceratheamicrdmegiusiag progessesetbat ¢iete away payts anf ubstrateh acd/pt depositedireateriah t he

one or 10" 6, ARAGSH 3B YSU e B REFICRLAY Sl A A0 ARRRT O GAR Rl

Anot her enmbddT e’ invention 1s a ne or maki
This 30 erdecidé Brfiledian ¢ltertlecmatiombdilatgr. ath inlifabnetio meidular Mag dbmprize adhir ay on
a substrate and di sposing one_ or re spacers on thz}rl?%]bstrate. The net hod

al so priovi ddgondugiiverplates, Ppeqr bpthiof whigh mayihe transpgiept apd eEidfer FYhale sy pay

devi ce, wheh@ichpabld®f RV mETRh QipsP aspiciion d? \uf Rpprbpidatd aekREA LBl ARe plate
contacting the array. -1 Still another enbodi nent of the invention is a

di spl ay devhayecomptise ajatiopay fagetdsgossed oz wibbteiias fiepther plasmpaycomprive ametaldie| at or
array on a xﬁé‘mﬁ{u{e%gﬁrﬁm:&ﬁ ﬁl%%ﬁitig&ryoﬁ?erq{y am{r%aﬁpgﬁ:ﬂ (d2viBll have a wide range of
applications, and it would be beneficial in the art to utilize and/or modify the characteristics of
20  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.

Summary

One embodiment of the invention is a display device comprising an array of

interferometric modulators formed on a substrate. This embodiment includes a backplate and a

25  seal disposed between the substrate and the backplate, wherein the substrate and backplate seal

together to package the array of interferometric modulators. One or more spacers are disposed

between the array and the backplate, wherein the one or more spacers prevent the backplate from
contacting the array.

Another embodiment of the invention is a method for making a display device. This

30  embodiment includes providing an interferometric modulator array on a substrate and disposing

one or more spacers on the substrate. The method also provides sealing a backplate onto the

substrate to form a display device, wherein the one or more spacers prevent the backplate from

contacting the array.



the substrate. The nethod of naking the display device also includes sealing
a backplate onto. the substrate to forma display device, wherein the one
or nore spacers prevent the backplate 5 fromcontacting the array. One

ot her enbodi nent of the invention is a display device. In this enbodi nent,
the display deviSed apetbérpabedimeaneinthe snvertiondsaglifphyy derige swide byt inethed of
therethr OUth%E‘ in %qﬁjlleﬁetri Délric %&paoi ag'l[a IEH%“E'I'I %‘Frziztg gnci &i %Eint Bl?énosrnnﬂilotré s chtrsthOUQh
the transm $Sve &ieans. The di splay evice also: Conpri eed"ovVers g neans
for coveri nghet dubstiated Uha niefigd o ankingnkt digady d@icerBo Sndiidepeabap 4 Oadiplhteaan, t he
transm ssive rregns and the coveri‘frigea ans 5}0 form a package. Alt;g, t he

di splay deWecubimt des & gRiPh e eratderty hh PRY BhPPIRGPRE RISENN B iPATkPREEans
and the govei\QGnABMABThe arfaPM contacting each other within the display
device. Brief Description of the Drawi ngs These and ot her aspects of the
invention will b&neethdi embedipent @f thef mwentipids 4 displowidergee. 1B thissamtiogimienty thend
from the appended. dLanings (AQL:GR SERL B ualliifhedlef RAMOLR ah LSiEgLe and
not to |imtPrheHivention: GV A TeCoetR BN e G ng a pgrtion
of one enbogienmItbr Bbdutdting tigknfagsnairrert thioogh e Ctutsatigdive Giedi. afhe idzpiakideiceaalso
novabl e reflective layer of a_first interferonmetric nodulator is in a

rel eased poSPRPHE SHENES M5HuHI% GE§TINgChe Redulapg mepnsjandasegling msensy digosidet ri ¢

nodul at @ | $etwBertfle rAfinAGive Mears AAShd ERBrind hEans do ftm3a ﬁ%ﬁ&g%mﬁmd?@ﬁ‘e dii;ﬁ’a@r am
illustrating one enbodi nent of an el ectronic device incorporating a 3'x 3
i nt er f er ometevies intudes apasingdingask d9r. preveatingthe snedutiting meansodndntbe aéNeangrimennsy
position versus ap }nl e (})l\ré Ieggigﬁéh%&i-isgg@ dg‘?ﬁgrpl ary enbodi nent of an

interferonefric nodufFa 0 4 is an illustration of sets of

row and colum vol tages that ey SL(I:SietdO ta drive.an interferonetric
nodul at or display. FIG 5A ill uﬁ—?@ﬁe&%ﬁe—é@% frame of display data
in the 3x3 inter ThisoARd biher aspaidibBihelinekntg @il Bd rdallily apparehl fomSke llowslgr at es
one exer‘rg)l ary timng, di acéfamfor r oW, anij col un&si gnals that may 30 be used
to writét hecserintion apd frpm Ere appendeq gravigigs (not lp scplpls ¥hich afq ranbio Hlyrraigapd 8 of
FIG 1. FlGgi6BtinsimefloaSs section of an alternative enbodi ment of an
interferonmetric nodulator. FIG 6Cis a cross section of an alternative
embodi nent of anFIGtles prisomrelrie viewrnsHigling oportign of ong pmbgdiment of amigterfefomsiricat e
an expl oded_ vi . i . i ITE .spla
package con&%?@%yﬁga ]agﬁgg@?c.ﬁ BI%F%%]?%@thﬁg?y?g?%gﬁgﬁﬂgﬁfﬁ%&e%nI?Odg’fa%g 1531?43 pl ay
-2 package odaadipkitign andr emesabédreflegive Rly&: of Alecdrdusterfatmstriameinhadinienin of a
di spl ayzgackalga? thaP conprises a curved backpl ate.

actuated posifion,

FIG. 2 is a system block diagram illustrating one embodiment of an electronic device

incorporating a 3 x 3 interferometric modulator display.

FIG 3 is a diagram of movable mirror position versus applied voltage for one exemplary
embodiment of an interferometric modulator of FIG. 1.

25 FIG. 4 is an illustration of sets of row and column voltages that may be used to drive an
interferometric modulator display.

FIG. 5A illustrates one exemplary frame of display data in the 3x3 interferometric
modulator display of FIG. 2.

FIG. 5B illustrates one exemplary timing diagram for row and column signals that may

30  be used to write the frame of FIG. 5A.

FIG. 6A is a cross section of the device of FIG. 1. FIG. 6B is a cross section of an
alternative embodiment of an interferometric modulator. FIG. 6C is a cross section of an
alternative embodiment of an interferometric modulator.

FIG. 7A and FIG. 7B illustrate an exploded view and a cross section of an embodiment

35  of a display package comprising a spacer. FIG. 7C illustrates an embodiment of a display



FIG 8Aillustrates a cross section of an enbodi nent of a recessed cap. FIG

8B illustrates a cross section of an enbodi nent of a backplate conpri sing
reinforcing ribs. FIG 8C 5 illustrates a cross section of an enbodi nent of
a recessed cap conprising reinforcing ribs. FIG 8D and FIG 8E illustrate

in cross se@edkege domprEing? wseseesiopi EltngDoillystmicean ¢mbogimenhola dighayipackage thts

di sposed. Fl | St a cross section of a double array device, which
conpri ses t WO pr%ﬁ%%%#‘é%&%%@??% nodul ator arrays. 10 FIG 10 illustrates a
Cross section of Fa@. BATiticktiaenta abssasectiompdiayn @alsidagmt cdapkesiedgap. KESISBcant .

FIG 11Aillustrates a tgp view of an e di mrent of . device in whjich_the
spacers ar e UsieAqaers ssetin A BEmendimany %?%éﬁ@”ﬁaerwmfigg Frinferciag nﬁ-@‘& 8C

i1 ustragesjfistRB ¥icR olctish of ¥R AHUEBRIenObf 2 FedQ¥d C8p IchmMHiNifghre] rﬂ&cﬁgé}ﬁﬁf S
are arranged in a randompattern. FIG 11Cillustrates a top view 15 of an
embodi ment #HIGBDjend FEGi SE\iHustratet inecress sfeetios hackplates eopeiding raavities ithwhicknt er

of the arraﬁésiccgﬂt%dis]p%ggdi | lustrates a top view of an enbodi nent of a device
in which the’spacers are nore dense around the center of the array and |ess
dense around theFper Bplastyites Al GossHEectibil S tar dduble @rrayt dgvice] ebichf codpriesbw@di nent
of a devi ce_con‘gqri si.n Mree concentric zones of spacers. HG 12A - FIG 12T
illustrate MG BOQHAUIIERSr s, 20 FIG 13A illustrates a top view of an

enmbodi nggit of a PRYI MENGHARE b HRIsRRGEETH emfa@imeﬁtﬂﬁr& cﬁéplzﬂy‘?ﬁ%gé YWRREES 1 N

the array. FIG 13B illustrates a top view of an enbodimént of a 'device

conpri si ng déstkanthaped spacers that span at |east two posts in the array.

FIG 14 illustragfs fal ks 16 vid o?%IPQHLJB?ﬂ}Em of age‘fi&vﬁlc‘s&i Otﬁplgéaéérpgre
spacers at least "as large as anm interteronetric nodulator elenent 1Th an
array. 25 Fhftingddbi a substimitialit egular faterny FEQv 1dB iHustretb o tiprevt ofidn enbdéimieaeof

conpri sing spacer.s .s tantially centered pover the S I G 15B .
illustrates?® e‘f‘??d“\?‘ihéc\ﬁ/q%ﬁpﬁ“r?rse%%’m% 4 aorfmdgm QTQWCSQ@T]E%?IGS‘?“S&W? Si%of
each spaser of s qftoldincan6th @vRE iR whRE the sphders akdbrrdngbdISrbiill (BS cahitdr P the\aki@yy Of
an enbodi rent of a device wherein no portion of any spacer is positioned

over a post FIG D Hlgstaiqs gsipp Jicwsolon Sppofiment of 2 d#yienathichete seiers afepPice
conpri sing 3HACHbMdthe cedfer B the Girfdnddsé Ause fbfd dhd Béﬁﬂhleﬁ.s Fi@! £ fﬂu]ﬁ.t fes 4l €W

of an enbodi ment of a device conprising a mesh spacer. "FIG 17B illustrates
a top view top view afah entbordiment of a devihe poprissngripict sinaenteic zomsofspatesr that i s

denser at the ceﬂ(g_ru{‘h_%ﬁthHﬁstpaggé&%ﬁ@enf;h%af%zc illustrates a top view

of an integrated TteCtangul ar spacer. Ustrates a top view of an
i nt egr ated di agoRHL. BAaidiestrates 3 tép Gew 1B An ielnboliineratof o device oaspriségtspatersathatan

enbodi ment of a device conprjsing a_fil acer. FIG. 18B illustrates a
cross -sect 3R 3 eaﬁr’f“’%r’i’ﬁﬁg})ﬂr‘r@ﬁt"r’g‘f' ﬁéd"ea]}caﬁﬁtfﬁ%rq ?anéevﬁOEF'f ﬁ"]“g‘%‘éﬂ‘c’:‘%r"iﬁ th a
non- pl anar g&@Rompdingditsk-shhfed sgddbrs tlat &pah hratREW poE®mthéAfdyl on of an
embodi ment of FIG. 14 illustrates a top view of an embodiment of a device comprising spacers at least

as large as an interferometric modulator element in an array.

25 FIG. 15A illustrates a top view of an embodiment of a device comprising spacers
substantially centered over the posts. FIG. 15B illustrates a top view of an embodiment of a
device wherein a portion of each spacer is positioned over a post. FIG. 15C illustrates a top
view of an embodiment of a device wherein no portion of any spacer is positioned over a post.

FIG. 16 illustrates a top view of an embodiment of a device comprising spacers of

30  different sizes.

FIG. 17A illustrates a top view of an embodiment of a device comprising a mesh spacer.
FIG. 17B illustrates a top view of an embodiment of a device comprising a mesh spacer that is

denser at the center than at the periphery. FIG. 17C illustrates a top view of an integrated

rectangular spacer. FIG. 17D illustrates a top view of an integrated diagonal spacer.



a device conprising a filmspacer in the formof a bag. 5 FIG 19
illustrates a cross section of an enbodi nent of a device conprising a
plurality of filmspacers. FIG 20A - M 20D illustrate in cross section
the response of an embodiment of a spacer with a triangular cross section
to an applied foFte. 184 ilpemi¢s 4 cross wetean efruneambodimenhef @)ﬁe\’l@@ gppieng wifilm a

t hi nner upper_ l;qpo n t hi cker or t.d an. illu strates a
cross 10 sedt¥8n o gﬁﬁ.eln%s%aws Bt 0 ?écggfog%eembo(at e"F ofia de‘aceoﬁoén P Sm rfglspond
di fferent!|y spaceravithaninipahar drovs eectio:| HG. Z&Qlllds{rhtsiafa'bﬁ$etaioﬁlb051861ﬁlﬁﬁlm@ﬂoﬁ)f_ an
enbodi nent of, a device in_which th@ %cgr ext ends between the array and
backpl at e. Rfeyicerpmppsipgafilmyspacer in the 8B on of an enbodinent of a
device ig which FiE SRAGEH S PBbAGESioh BEaPdltRYinRAL ofrt%vt@@ontaﬁﬁtﬁgla@ttﬁamﬂﬁ
21C illustrates a 15 cross section of an enbodi nent of a device in which
spacer cont dbnspatdie® backpl ate but not the array. FIG 22Aillustrates a
cross section of SiRbo evi.ce rksing int at spacers
formed over the gg(gts of %'ltlﬁe%l?tt?lfglrsﬁfétgé%toﬁ %n'gt%dur'a?s onse Ogg m%%%m eat b1

i Il ustrat esspmc@mamhs trispalat GidssGEction tcemnpﬁhenﬁntce OFIG. ZﬁE\Allﬁs&at@Qﬁfpd?mlﬁjdmg:nt of

i ntegrated spacers_forned over the & f 20 mterfelitlﬁ;trrg ri_c nmodul ators of
di fferent hasRATE:sViAfhe thinnee BRSHPYY gcgtis'%ercﬂ?rt%e é?attvétaate%wegr s.
FIG 226y | Lddgdd 6t SiSeRboind® oB 8 dcanwmt wregfmmiamﬁmﬁfmﬁer@w % CnCpPIl Si ng
integrated spacers fornmed over the posts of interferonetric nodul ators and
a second spiases that engages the integrated spacers. MFIG 23 is a

fl owchart iIIust &} t LA | 25
packaged el ect ronl c VI gséﬁgﬁg%ddrérggg%cgg.ﬁs m@%ﬂng flof %M%@&Mﬁéﬁﬂg cer

fl owchart i kdtergls baweanghamrayrind tackplate. dilGaZlﬂiarﬂlhnﬁteﬁ arcrges siceat ofiag eatbodiment

electronic d ce fro cal damm 25B e t em bl ock
di agr am;I ilP Vlervét?ll?ﬁ '&H%n%%‘ﬁ’f ﬁ?é"tlﬂcmgﬁ %{“\)’l h&?t tﬁed'?@%ﬂ g@@t %]3-'}/ ﬁlﬂﬂﬁ‘ﬁ #ding a

pluraliy ofrolsib&iohdr N@EEdne¥PEH RVRE fr whith t(RetpatdrRonthRSGE bikpRfk vaf ndegfet ai n
Enbodi ments El ectronic devices are susceptible to damage from physi cal

assaul ts, f#fYexanple, drops, tw sting, inmpacts, pressure, and the like.
Some devi ces ar exf@IBARikHiek ¥ Erokd e R0 Sy LABRIALIGE 2 dovideQomBHERPlnprailaV | CoS
wi th noving parts are susceptible to displacenent or breakag or

nmore of t hespacars fogmprdoves theSensts ofitler intskferometsivendrutitaal FiGs22mlluMEmS)a dessi ces
are -4 partjcul ar ) i se of t

di nensi ons oe’rc{ilttnl'uOtl ¢ é@) %%géteé‘}rﬁf ; 83‘%%%“1 %sm Fﬁ%%st%dzﬁggeer%?ogggggtfeernﬁyfﬁsps (ffl y
packagemd t Ointeefdtofretriz mgdubi@n bf difiidesi heéghtscﬂﬂtmbbmd spacer disposed on the integrated

spacers. FIG. 22C illustrates a cross section of an embodiment of a device comprising integrated
spacers formed over the posts of interferometric modulators and a second spacer that engages the
integrated spacers.

FIG. 23 is a flowchart illustrating an embodiment of a method for manufacturing an

25  packaged electronic device that resists physical damage.

FIG. 24 is a flowchart illustrating an embodiment of a method for protecting an
electronic device from physical damage.

FIGS. 25A and 25B are system block diagrams illustrating an embodiment of a visual
display device comprising a plurality of interferometric modulators.

30

Detailed Description of Certain Embodiments

Electronic devices are susceptible to damage from physical assaults, for example, drops,
twisting, impacts, pressure, and the like. Some devices are more sensitive to damage than others.
For example, devices with moving parts are susceptible to displacement or breakage of one or

35 more of the moving parts. Some microelectromechanical system (MEMS) devices are

—4_



whi ch can damage to the device. In sone cases, the packaging itself is
distorted or deforned by external forces, which 5 cause conponents of the
packagi ng to contact, and in sone cases, damage or inpair the operation of
t he devi ce packaged thereln Accordlngly, di scl osed herein is a packing
system for pettiewanhosensitivielpi Idle@cal|aaﬂauksdbqqglswemecfermcwesr1810mhaf then@bmlnwnts
ngﬁ:rgz dcgg%cgalfee%f(t%’f) QIE %¥ aeﬁa a?ee t¥q_lcedﬂgcp§c]%%gonIocreguc%for eprclgr‘})e% esned congcts
enbodi nment Swhidi@.arﬁtﬂlﬁﬂ@é&)thﬂ‘ﬁ:vﬂ:@ﬂfl gur ed to prevent or reduce damage ari sing
fromcontacts 10 _between the arra rferoneté) dulator and the

backpl ate of a p Lk ROTRA £A§eSs e harkagi B"t‘ﬂt sprted gl fytempl forcgyavhich
enbodi ment s cxRe RBMpRAL ArShb FHCIRRINE "th loREctORRd A sORE QassPaGRlage o Smblll BRET
than an equival ent package di splay fabricated w thout spacers because the
spacers pepparatiogiof esievige P&ffbagbé&@}:ﬁﬂat@ccel‘dew dlSdO&ﬁHéﬂllcmtlelﬂfpefrkmmmm for
nmodul at or ary as_ di scuss rometrl o duI

devi ces disé g}s(de'cf arar ‘“ér“g“%m c‘:t%hhm HorPeEt 10N 5 dg sp r?ve" Or
devi ces. | nredodsconatto of cfm‘l]bﬁentshhﬂ)e(jjaslﬁbaydeﬂﬁérﬁkdlﬁE:Edaﬁﬂgeaﬂhé algctfifnic device. In

interferonetric rmdul at ors formed on a substrate, thereby producing a device
that is rel STSAmRpdimagis,the SR 8 tfiegired 1 RIRYRHOT A famee pHisingdzppp contacts

enbodi mggit sb%e&uﬁbaégyra%tw&&naﬁ@mamﬁe@tah@!he baékglaséqa‘fla%éuagfﬁ stédefopirat i on
by a force with a conponent that is normal surface o ? devi ce.
Sonme enbodi peset SCapsequently, wispme cmbediments aslagl@seﬂmimecqr@raeg@mmt move spirers
torsion. Thgs i ngs
bei ng equal : t? Hlég’dtzlﬁ é‘é:? fguélr’lﬁ%l? lﬂgek? %‘% %%‘Ql%:%ﬁa‘ﬁﬂ%‘?{f&?%%} té%%gm b%{:aﬁlse r%llcg:(res %{%gn

| engt h and/ permmddhphsmgthe beekplete icloger td-the avsferanketio/moduldtardeeg as distusstdbelewt i ons
and/ or defornmati gns ar not, .unu [ tahle el ec roni.c devi

forces arise in %d‘i‘fe PR #F&"éti'kg‘ﬁg dF‘BF“eS‘(‘&W Deggin jape é‘f‘%ﬁ o §'§(sed
i nterfaees. fabHEdiBRITOdiglay Bevices.C OATRdel @fibods@ints, iR Hi@plﬁ)h cBinpiNc®Sa Ahytdre
surface of a display, for 25 exanple, when pointing out an i1nage on a
conput er d| E‘fﬁ@?m#%ﬂ?@i‘%‘%thIE’SﬁP&étS“Pﬂ“aleh eigh% pre Yeinggd deyigscibstris relytiyply
exanpl e, ongg, (EHPAEJ 1@ 1d &t ﬁaﬂ%lﬂ Rfd/GH RIAYSonfR ehbYiflents oPAfK %Fru(%rcsoﬂé §1?sce hibk

fol | owi ng deta 3 escription is directed to certain specific enb (fmans
of the i nv@meﬂeﬂlonm\ﬂleWenatloum 3 fovaerwithom coyapenpi thattionidérend] fonthe syrfdce iof thie of
di fferent cr f.er th S
wherein |i \li\gé('pcaer tS gmar e é'gl?ngsn%%%g‘ anibwrel% %S%C%S tﬁH&%E?O%m%tE rnooﬁlgt mo? \Mlﬁgs w | |
be appag@nt skilledrin thanfmIllhmMmg;diﬁspﬂl qnhezrolnngst teingiequt/the deflention draleformation

i mpl enented | |cetha nf i t.o.di splay an i mage, whether in
rmrr?l on (e. g™ 1{1’6‘?’8 8)Wl 6'?"‘%‘?‘8% eBﬁEPsﬂ??fé’"g 8’? dfyics rrggegl and V\get her text ual

or pictorial. MFscRaikklyas imdhdeysuch BefieStionS QA6 Bt ehnt Bdtnok sl e pdriable MBY
be inplenmented in or associated with a variety of electronic devices such
as, but not lpstippicalgviess; Spepices atise Bpwhasreengppliqations, (e Grampie, ohissybiidnesedat a
assi stants ﬁiﬁ:,rﬁ?@%)xﬂhe“ﬂ&g D& c8mBion H’(Qrugép oeco&‘ﬂrgi’gfegsrcﬁ'x thERRface of a display, for
receivers/navigators, caneras, MP3 players, -5 cantorders, ganme consoles,
wrist watc hesamptr«L Bhwspoigag oul @t igvegs ont & bautir dﬁplﬁnnlrtad»restentfcloatpctwéﬂel display
di spl ays, UtC\?rI;; ergtlaltll]?{e on aaxggb?leqélgplﬂlm?gdﬁspﬁa?filga hse990 Ete({r pgrlsg.pl ay, etc.),
cockpi t con 7" 3nd

The fol}owmg detailed description is directed to certain specific embodiments of the

invention. However, the invention can be embodied in a multitude of different ways. In this
description, reference is made to the drawings wherein like parts are designated with like
30  numerals throughout. As will be apparent from the following description, the invention may be
implemented in any device that is configured to display an image, whether in motion (e.g., video)
or stationary (e.g., still image), and whether textual or pictorial. More particularly, it is
contemplated that the invention may be implemented in or associated with a variety of electronic
devices such as, but not limited to, mobile telephones, wireless devices, personal data assistants

35  (PDAs), hand-held or portable computers, GPS receivers/navigators, cameras, MP3 players,



di spl ays, display of canera views (e.g., display of a rear view canera in a
vehicle), electronic photographs, electronic billboards or signs,
projectors, architectural structures, packaging, and 5 aesthetic structures
(e.g., display of images on a piece of jewelry). MEMS devices of simlar
struct ure t canpusdess, game cpipoles herigi watedhan ddcks dleulawesg tdleyisignmanitop, dlgt panel

appl i cations, such as in Lect -G SW. L chi i . e | rferaonmetric
modul ator _diia Bl mel e ARNSIRE ¢ £ b HSBRE o oAt Sl GRS
el ement is idisplags, displag of tankdrCviedrs (4.4, dibpseofterchceisy chiiera [ih X etkicla), elettionid t her
a bright 10 ,or dark state. .In the bright ("on" qr "open") state, the
di spl ay el o PLSIPETRRIFY ecionis bi gis ;S’Brs’tgf‘gri’f‘a‘fc“?‘ﬁ&“‘g'é‘ﬁ%‘“ § gpugiuges) pagkagingoang
user. \When iaBsiehe s(‘i'&'fd?cs(('é.%f,fdiisgfyjr 6‘1’%9%@@5)&1 pidcR o8 jewelt§). dMIBIAYevileE BB Sinilar
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Incident light that reflects fromthe two |layers jnterferes constructively
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pi xel . The degﬂlﬁc_:ted portion of the pixel array in FIG 1 includes two
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ctuat ed poSiid it at Pt ey e fEepign 5T e, ap PEbE R RR AR e
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25  reflective layer. Incident light that reflects from the two layers interferes constructively or
destructively depending on the position of the movable reflective layer, producing either an
overall reflective or non-reflective state for each pixel.

The depicted portion of the pixel array in FIG. 1 includes two adjacent interferometric
modulators 122 and 12b. In the interferometric modulator 12a on the left, a movable and highly

30  reflective layer 14a is illustrated in a released position at a predetermined distance from a fixed
partially reflective layer 16a. In the interferometric modulator 1256 on the right, the movable
highly reflective layer 14b is illustrated in an actuated position adjacent to the fixed partially
reflective layer 16b.

The fixed layers 16a, 16b are electrically conductive, partially transparent and partially

35  reflective, and may be fabricated, for example, by depositing one or more layers each of
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property of ALpﬁﬁe, QFVa!nS? e§pe:c:1a] purpose microprocessor such as a digital signal processor,

microcontroller, or a programmable gate array. As is conventional in the art, the processor 21

may be configured to execute one or more software modules. In addition to executing an

operating system, the processor may be configured to execute one or more software applications,

30  including a web browser, a telephone application, an email program, or any other software
application.

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

controller 22. In one embodiment, the array controller 22 includes a row driver circuit 24 and a

column driver circuit 26 that provide signals to a pixel array 30, The cross section of the array

35 illustrated in FIG. 1 is shown by the lines 1-1 in FIG. 2. For MEMS interferometric modulators,



illustrated in FIG 3. It may require, for exanple, a 10 volt potenti al
difference to cause a novable layer to deformfromthe rel eased state to
the actuated state. However, when the voltage is reduced fromthat val ue,

the novable |ayer maintains its state as the voltage drops back below 5 10
vol ts. In t ke GYEApPaaguaiRIPiRes) fmayfake adyantage wa‘éh}‘ﬁéﬁi"a?ﬁl RIopesty of thesredevicst

rel ease comphgialyig HRSI3, DRy HHRATLARBIDS! O NAbiS: aFOREG b%allus 2

range of voltage, about- inthe exanple illustrated in
wher e t her e mewiti¢ Bya tmﬁafmr@ﬁ theppikasedistate ot thgectuatedisiate. Hivwskert Wken thkemltag is

stableln ei.th e released or a ated state. This erein
as the hyss[rg ué:gé {é}o% t]ﬁ é a};e (iihe m%\{agl[blllt}yq mamttama its state'z_\s {He3 Yo agéa%lr(é)s(ggﬁkr%g

havi ng thBe hysbiel esihe eﬂ&lﬁd}ﬁémﬁdcﬁmtlﬁbfm Gf thE-hiovabe laydaeoerscw’ ﬁ&hwmmpntewati on
protocol can be designed such that during _row strobi nglg pi xels in
strobed rowttidhe ¥oless gropabeley Fatols dpde it angs of volEetahentd M%W@ﬂ&c of

about 10 vol{supiaidstRtcseh FIGNRwRFEME® ePiis 'ﬁ%lﬁ(ﬁﬁve&‘ :f?)f)ﬁede&?&ﬂgéee\gltﬂlﬁ) wRick M 2g€
difference of close to zero volts. After the strobe, the pixels are exposed

to a steadydeviest & Ydie ayeitii fthe redereed of aciintad: stae VBt és sﬁiﬂmdtthdtereum@y theemai n
In what ever “ﬁ)}s? %c%‘lst BW txs?Rﬁlé)P %1{1%@?’“1 'f%r sgfapz ?r}a er t ]hy 5r ?saCh

pi xel sees a-“potential diftrerenc I'n the' vol ts
in thisiexaopreterstidsicd FIGashe rovakelsmi hetugviox eplrotﬁtﬁs capnbe dlelsigﬂéd’ Qick dhat dufdgG. 1

st abl e under the sane tage conditions in either a ted or
rel eased pr é“"é%f"?’t“ﬁn&}]x"g{)ﬁtt ’§¥?TJC' gléﬁﬁ Arede g"e‘l‘Ct‘B‘Fedtaﬁeee"PPsr‘f &1 ‘;]U % fence
nodul ator,  whabliero vbﬁs LiepiaQ thatl ReltoWe ré1QlQPRE SkpdbltE a vbitage 8FRAnEA ] Joséito
capacitor forned the IfJ| xed and noving reflective layers, this stable

state can beerpEpl. aﬁfteatm@'lr@l&g@emxmaw exposehie anjesdpstalgive tagg diffsvenes efrabautifost
no power di %élls%{:ﬂ ik tTth &g{zﬁd Al »L%te;}gr HE Eh%%w fslroMs n%dt et ﬁheAﬂe?'bgﬁg wrliteh 1€

applied potentia I'’xe typical applicatio I splay me nay be
createdlpy eamb @mel segs 4 ptergial différena|within the [‘sahility chimiow oa&ebvdtamélswxmhple he

desired set . of t uat |xeS|nt e first.ro i S
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asserted cobetidition?’n |dith@San heatad Dertesses gire-ofistigl ¢t ebided eadepixtlsof RN
changed to coréeq“ﬁzond t%qlt he |red set of actuated pixels |n t he second

row. A pul sSGrERmEie By theti2 the dpruated eicklegnsd Staé“et‘%&is?’ﬁ@ ¥ Resapacitor

appropri at e finXehystht AxédOMWd 2ndvihg3ERRAARNSS, Wid favid \Rar@ &mSetiRM £ @ VbI}e within
el ectrodes. The row 1 pixels are unaf f ect ed by the row 2 pulse, and remain

in the 30at thetydgresippindewtwithoalmay ingporpredissingtion. pHgsgatially Thicsrrend flops inte gheat ed

for the entirg PRk PhotkRWBis Q.2 Sequential fashion to produce the frane.
30 Gener al It/) ﬁ ?ﬁ’%e 0are 1rse EFeshed and/ or updated with new display data

by continually eppigtli apglictatii)rﬁ, pldisglexiramt nyyrte dedriydassarmipethe oft dircalvem per

second. A wid varl et r dri [,OW ,an ol U el ec r odes
of Cpixel ar PRt nBhe Nt B8 s s or UL AP Bnf RATR 0 S RE
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el rate gne Boeciolg artual on Rolocol, [ oL, Crogl LG B 35, APl i am
and row -8 actuated pixels in the second row. A pulse is then applied to the row 2 electrode, actuating the
appropriate pixels in row 2 in accordance with the asserted column electrodes. The row 1 pixels
are unaffected by the row 2 pulse, and remain in the state they were set to during the row 1 pulse.
This may be repeated for the entire series of rows in a sequential fashion to produce the frame.
30  Generally, the frames are refreshed and/or updated with new display data by continually
repeating this process at some desired number of frames per second. A wide variety of protocols
for driving row and column electrodes of pixel arrays to produce display frames are also well
known and may be used in conjunction with the present invention.
FIG. 4, FIG. 5A and FIG. 5B illustrate one possible actuation protocol for creating a
35  display frame on the 3 x 3 array of FIG. 2. FIG. 4 illustrates a possible set of column and row
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sequence, and levels of voltages used to perform row and column actuation can be varied widely

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

30 The details of the structure of interferometric modulators that operate in accordance with
the principles set forth above may vary widely. For example, FIG. 6A — FIG. 6C illustrate three
different embodiments of the moving mirror structure. FIG. 6A is a cross section of the
embodiment of FIG. 1, Error! Reference source not found.where a strip of metal material 14 is
deposited on orthogonally extending supports 18. In FIG. 6B, the moveable reflective material

35 14 is attached to supports at the corners only, on tethers 32. In FIG. 6C, the moveable reflective
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30 and pr OX'-,?}'anho.acw}&nﬁg,chﬂ's%&m% 0 BSubliSHYRS ?rgnégﬁkeﬁf ﬁﬁ{;)?rtraqﬁﬁc%htl. bl ow

in sone enbodinents, t nmechani cal |ayer 724 1 s susceptible to physi cal
damage. | n tekanpld, | nstomst exdbalirhant, ntha tsehstrata eis sglads, Filli0a, sedior edurhine bhc kiperat e

750 to the substrate., 7 t.er is alsp.used herein

to refer to “FRE "é’%:'é?’ thfél%'.gs-“ia;rll; Qs n(r)epn%osgﬁrnbraemr%: t%}rntsﬁageg"?g% "ér “’i“‘ﬁluﬁ"%forféf‘m? Fre
seal 740 al $0a éics 70@thardisplayt in Anggé eB@hlde fromeltt sspmdistig 7848 ob &f Avkeite TOEthat
backpl atZg 750e ahnd § Lfi? Sa} \I;ig}.'a le711n(1)a' e.l Pn stogl% erenrlpoj 1glierr1{§ nt e %nl's% Eu?'}a{;ea’sl%dofitﬂ]e & Cti e7 G
t he seal 160 s not display g R substrat
B further comprises one or rhore additional structures, for example, one or more structural,
protective, and/or optical films.
The interferometric modulators 722 are of any type. In some embodiments, the
interferometric modulator 722 comprises a mechanical layer 724 distal from the substrate 710
30  and proximal to the backplate 750. As discussed in greater detail below, in some embodiments,
the mechanical layer 724 is susceptible to physical damage.
In the illustrated embodiments, the seal 740 secures the backplate 750 to the substrate
710. The term “perimeter support” is also used herein to refer to the seal 740. In the
embodiment illustrated in FIG. 7B, the seal 740 also acts to maintain a predetermined spacing

35  between the backplate 750 and substrate 710. In the embodiment illustrated in FIG. 7C, the seal
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740" does not have a spacing function. In sonme enbodi nents, the seal does
not produce or outgas a volatile conpound, for exanple, hydrocarbons,
acids, amnes, and the like. In sone enbodinents, the seal is partially or
substantial[y inpermeable to liquid water and/or water vapor. In sone
embodi ment s,740hdoes @al have apspreingfungti: By seseagmiodimepts; Hseserredass sottRsodic or

and/or 5 ot ot

enbodi ment s%{ %Q?g%tﬂe mgﬁmt ?’gggghﬂgr}gg?gﬁgﬁc né%ﬁnﬁgergh&ejr%ol{}fhéﬂg é‘?e t he
seal conpri sedothohis,s ﬂlglsdal inpartieliyast substantially ampmnblc to tiquith craeEmtagd/of WatBDITE
enbodi nent s, the eal conpatiple with
Substrate anapdy Badwprappunss & fels BPy I5AERIEINSPIR Rl o disiBaiahy
type Known ighet Bades. dilsomé emScdifBerfYRAbIRYigid. Rthed EmbBRiiMer®, tHehealadhasit ves i s
pressure sensitive. In sone 10 enbodi ments, one or nore of the adhesives is

thermal |y celsiomers, &npbersmbndimets te splecompriserdioth Hgids md dlahie oF plastomeric
UV-cured. | My cTaby I

substrate ar?:d]/?l Btg?k)'g%at e. ﬁ%gmgegﬁeﬁggn%%)g?nn%ﬁﬁmt& élogéemﬁg?‘éésgg%ﬁﬂl b(f w:th
substrate anby substratm:lﬂifyr backplatec Hhe rdiwsiveyor @bweenm@dsmhlegnuwe anmrrilmthrat | on
of methods f% ec%é rellgbcgcp men%se aolne otro ctargeof tHe a{iﬂe@itvg %ndr/es%r ens lp ive. ?

enbodi nents "do conprise a’seal, Tor exa r eSS ?Hé Subst ?% e i's
secur ed 1di reﬁibb(}im't:ﬁls tdne obmlepcbfaheadﬁeﬁvesax ﬁﬁﬁhzﬂ],y dw:dt hersomt emBddimeags, oddrer seal
conprises any sujtable materjal netal s, steel tainl ess

oy exa
steel, brasdore pfthy ﬁ‘i"l?ﬁ’]"esn‘ééWeg'FEJn Ir"asPEP nﬁ‘ﬁ?ﬂ‘mﬁ’ﬂb (Sbs Seal 15 rﬁhc“l“%lfi’ob"“ﬁ?dn‘e the
sol der POl XhRratt GR4/05 bacBPRE] R somP BEdTEIRS , thd Mal & e8NES 1o MOlsWIREHE afd/or
polysulfones pol ystyrene, golyurethanes polyacrylates cyanoacryl ates,
acrylic epobﬁ@@lat%m el emd erabasimenis upe 3 6omMbipaton of mqt:b@féfr heecuring the seal
pol yi sopr en% thg 9ub§{1' £ Qﬂh%r%?ékﬁglee "$Gme gﬁ%{duﬁ%ﬁs d(H‘lO\l/CO SQQ s&l q %ﬁﬂlﬂ]@ 3
ceram cs, gl ass, | ca, a na, an copolyners, | oys, 57
conposi tiés nlieesmmme is wcwodmreeﬂbmdhmmqte tirecxaroplk, l:fyuhdﬂnelrwaidmg)rl ses
rei nf or cenent,

for e
et oot it S Rapfincs'an Sfibie FalTERE o R, el ot iR, Sts%ﬁlﬁpss
enbodi nent s titdnkien smh@eimd sRalinuigt @ppa] tins leapAkint ahdlyeropolsmlaﬁtr@ms; apdxyesyat er

i nper neabl e. Accordl in sone enbodi the seal is
seni - her et PRIY#pid ﬁ%rm&aﬁ‘enféea?lyes feF> 8 lﬁﬁwohfémege M@’?B%S’l@lxaé'@?‘eﬁ’han
about 50 m thinekorylatQrachtie dpbes, fsﬁl%@b%eéopm&&u%@&@t n&Qréﬁstélﬁ&prén@ Sone

enbodi nents, the seal is from about 0.5 mmto about nm w de, for exarrpl e,
from abd@t EWWF‘PB“’@!E%P”@CW Revpbléiadbesives, P&rremz/slaémﬂw @lunip, apghblends,

embodi ment &2 Q_g szﬂﬁlo]; g«ﬁgj F?ets't ok NB soink lefﬁ%(ﬁfﬁtﬂﬁ 13:%@!11 AR U(%Bﬂlg

UV-curabl e e cribe e epoxy 1s appli to the
backpl at e 75061afq>@#ementsf9bstanaike fipdrg, ajmpshgarnlévamsfabmom exa‘mnlheglaas,tmeta‘lmarbon

exanpl e, by bg{ohn{:aﬁbcgldré Qt?lb%y\%ad dﬁﬁqﬂ([e ns:[om% em%%gfl(l}/ n{s th%rs%lsecteg attenélp Lovi de

a seal 740 w hi CKITess” nor sture

properties. p'a’ﬂnﬂl)bacdﬁbétaﬂﬂlyw&eambeﬁnﬁasw at&orafhglyafnesobfeceu@bﬂmieﬂg,ethh sdal is aand
the epoxy cured by jrradiat,ion i t.abl e source  of adi_ati on,

t ypi cal “@poR§™y rm?flfr"é%""ﬂ?f’ﬁ@eah %F’t’?n’é hestealjy ! ?Samaata{; 58 B‘rﬂé“’k

enbodi ment s g &@mpiB Cordiil @bt PO fibr tﬁlﬂ)&lt ﬁinb&k&. ah s&h@U&b&ﬁngﬁts,iﬂe]seal is from

about 0.5 mm to about 5 mm wide, for example, from about 1 mm to about 2 mm.
Returning to FIG. 7A and FIG. 7B, an embodiment of a method for fabricating the
illustrated seal 740 using a UV-curable epoxy is described below. The epoxy is applied to the
30  backplate 750 and/or substrate 710 using means known in the art, for example, by printing. The
type and amount of epoxy is preselected to provide a seal 740 with the desired width, thickness,
and moisture permeation properties. The backplate 750 and substrate 710 are brought together,
and the epoxy cured by irradiation with a suitable source of UV radiation. A typical epoxy is
cured using about 6000 mJ/cm® of UV radiation. Some embodiments also include a post-cure

35  bake at about 80 °C.
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The backplate 750 is also referred to herein as a "cap" or "backpl ane."
These terns are not intended to limt the position of the backplate 750

wi thin the device 700, or the orientation of the device 700 itself. In somne
enbodi ments, the backplate 750 protects the array 720 from danage.

di scussed above, hskeckelsolidiersarelired fp haiginag @‘r“@ﬁ%?‘r Toackplaed aT'I?Fe *7’2129 ¥e 5
potenti al 'y (anRagd iD%mRlShdsitbon §§1§§Hicic§late@§6‘§fﬁﬂﬁiwde¥me 700, %Pﬁi'é oﬁéﬂ?&%h@m S,
t he backplate 750 protects the array fromcontact with foreign objects
and/ or ot herthe devpridtitselfn lasomegphedimens, sharpadkplateg? Ohpotacts gy #9,720drom
exanpl e. Further nore, S o th backpl at e .750 t S .t he
array 720 f r‘%ﬁﬁ "ot her désr?\'ﬁs'?‘?(;ggn%v%t a?’gecgﬁgofm%"ﬁss%f f0r lme]?eromem d%fa?o&eﬁh are

noi st ures dystentidliyadagaged by pliybicfnksaphe sSonsequestig i Etend éﬂﬂﬁ)dnﬂtﬁts ﬂleaﬁ‘aqghtérent S
in which the device 700 di sgl ays an |mag[e viewable framthe second side

704, the backpipatests7ty amay Jab diogneqniact with fargign oisgls aAQr GHhet PRMRINEREHE a0 |
ot her enbodi, F{Eﬂitﬁa cmﬁﬁ?ﬁm@%mhﬂ} G20, s 'e§an§]5i’é %Hﬁérﬁﬁie' A Ldnd ERADSRALRD lthe
and/ or transfucent. I'n some enbodi ments, backplate 750 is made from a
materi al t hebad@b@es Thbtprggect tise 2wty G2 gfmsn a)th;coleatnmr@eo@hpgumt@bns,f & exemahpl e,
hydr ocar bon gl ds n odi nents, the

backpl ate 7 tyfgmsm%]é g?ﬁ: tl'agiﬁ‘fg ih ngbwﬁt:égcs ulrp E‘PthﬁéJFd wat er and/ or water
vapor. |10 soma el etibodimems in hhach bmaieplcaﬂm Hﬁﬂayssanauhget aiedvatad Frgmi thipescombbl e

to air and/or terial kpl at e
et ude. 1 omdes e taineT s sbdanialy e ang pemslumL I8 B R

magnesi um R BAekpRMET5I0R |n}fm§ixbst£rﬁﬁl}ﬁ§ans§£&it lafdor RAkMEM. dRSomB @badilens She
pol yesters, é»péclﬁlsu' fones, polystyrene, polyurethanes, polyacrylates,
c

paryl ene, agesT503¢ made from pimagriabthatopsnot gradues aseutgas »golalilp spyprund, for

al I oys, CO”EQaﬁheﬁlg% d@&%o?lg Gﬁgtﬁ'lﬂ?ﬁets'a%ﬁhe &r %gom@@m#nmﬁtsoﬁle %ﬁﬂkizﬂ%l B0 is
conposite r|a3|ncuecorrp05|tefllm; aval |l abl'e from Vit ysSt ens
(San Jogs, @bstantxadlysmmnne@hlbddllmm watet land/rawhist a[appr75m $omret hebodanﬂm itkes a
rei nf or cenent i bers an /or abk i for |l e a
metal . car bgﬁdkpkjg 15 %@Ft ﬁtlaﬁl?(' %e[rmB e to alr dm{l/fﬁr oﬁimerk%lses ﬁﬁ%?nggtﬁ%%lg for{g]ie,’[ s,

t he backpl atbackpht 159 iaclbdd, dort dxainply, mbglsﬁstedl r‘stﬁhllasrstc&tmmg neadiGm, magnesitig,
backpl ate 750 i.s flexi ble, for exa or fi some enhodi nent s,

the backpl ap@miusgn. PlvEer JFsEy FWx'nglpgléf%‘f”é’FSm H‘é‘&allfd‘ﬁ%u GRS ron PRETEPReS:

and/ or durinpg s’;\Z R4TpblyuRthahdd pddAGKBES, Sulryiehet &brfiniéd) Qlas\Silid, lalunfis, dhFBBRREdD 1N
greater detail below in sone enbodinents, the backplate 750 is an el ement
in a sy§9emc¢nﬂlyﬂpﬂrw8%ts| FRIMR9SIAE QRIS Combingtions fherepd) wlﬁafeﬂ@wtﬁxlfecormsne
conprises a rs I
enbodi m&*ntsqm;t gﬁllﬁﬁg gﬁﬁ‘oglc%ﬁgﬂr}g?‘%?al%ﬁf@& gﬁé’{ ggsge%sféa 1'8% ac [ate fntlthher
conpri se onembedimemss, ehearidklato 750 fugheriromprises a rfinforcemantploe exampds, fibers andigr,a
protective, nica / o) he enbodi nent
illustrated faiI ﬁmga mf'é’ @%‘3 rﬁ%%lk&d ﬁad%bhméo snﬁggt’t'%g’fﬁngh%ltk | anar. FIG 7C
illustrates an erlib@cdmmmiodﬂﬁena; dﬂ\had@la?d)'EBO ik mumhnﬁhlytr@dl nnahersaﬂbfoammZ,SZ

of t he -g%Z Qtﬁgkpg‘é%'ﬁ?l 1%5%%;%% or exAmglerf%H 1811 n}n sgme em O(P xggnts? 5tﬁle bac latQ ?50

peri met

is deformed in a predetermined configuration before and/or during assembly of the package
structure 700. As will be discussed in greater detail below, in some embodiments, the backplate
750 is an element in a system for preventing damage to the array 710.
The backplate 750 comprises an inner surface 752 and an outer surface 753. In some
30 embodiments, the inner surface and/or outer surface of the backplate further comprise one or
more additional structures, for example, a structural, protective, mechanical, and/or optical film
or films.
In the embodiment illustrated in FIG. 7B, the backplate 750 is substantially planar.

FIG. 7C illustrates an embodiment of a device 700' in which the inner surface 752" of the
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backplate with this configuration is referred to as a "recessed cap" herein.
FIG 7D illustrates in cross section an enbodi nent of a package device 700"
conprising a curved or bowed backpl ate 750 In the illust rat ed enbodi nent,

spacers 730" are disposed g nea{gpghe per ,h%ry of an arr fy 20", which is
relatively clapPte jsgeqerssd dherly Qming 5 a“g aioneermert olyhe hiskelaeiRBY At o
contact the haghhl Alfthi@nfigidion USiekBd Q@%gﬁces@mﬁu hegdfpodi ments conprise a
di fferent configuration of one or nore spacers. Spacers are discussed in
greater detail eﬂ'lﬁAﬂDIIHPSEI@Pﬁeméfﬁé%)wm@mbpﬁmemaéhmhdiaee Jeyre 70%" ompiisinged
into the cury n r. t f
t he backpl at e&ggg 09% bv?d(; icg‘gt%y'lsg I; H] HH‘SSE%?%EEQ‘}H‘?#?{Q %Cés:rggés{ ? ?%Bi?)?&)f | at
precur sois dmcamgneq&ﬁﬁmsbj i aﬁ a'trhﬁ 7pa't;k\algeh ereladiecly @bser toFthe tmﬂqﬂmd 50", nngone
enbodi nents, an array 720" interfer aﬁiﬁﬁ rm,gq%l“at ofs is fé)r med on_a
Substrate 7Remeguenindmpredife abtﬁ?véomaets 81 PATERIYF | P Susiaifpfagagy (ther

curabl e epoxe)hboﬂxﬁaeﬁt@@bhﬁ‘ise aldErdrBR BRI JuPIneh ¥t & & 1§d#@§ﬁa@é}§' 8pdc¥rs Ql’ea(ﬂ%ussed
backpl ate 750", which is wi der and/or |onger tha substrate 710". The

backpl ate 730 erepter grsdibhelan, Infsome esahediments, [ihe lwsknwegéll olnpretf@nteﬁ@t@iémcnwd 15
size, and p Y, 2dy | e,
using W ra%?hiﬁé“%%gt ggfogﬂr%% %ﬁélé]g]g eu}g%&veddllﬂgr %ol%ﬁcﬁpel%? sﬁ f)ohmgd(gyp
backpl atl® arbendihg orsdefoming alhitStanB84Uy flaf pfecur8iE.duffhgGiss@ubly bf thel §ﬁdkageaii:vﬁe rec'essed
cap 850 in ich the.i nnerglggé.f ace 852 izzoc,t)P?cav In_.the.illust ?Pgt e(fl

enbodi ment , ChETRIfel" VIF FRCRUEEYS. A TH &pterfsomelrig medulatgpsds fpred on a
paral l el . Cagsaaeany 3, debdniBe4botv@ CA SEdt chateaill, f? Oxdnipld, RIUWEIrait efda®, i6 Gptied 858
than at the edge 859. Those skilled in the art will understand that other

ar r angenent g0 iedeppfissy of asubstppgially plagar baclpliteetifodiviiehis Widaranop tonger than the
peripheral flanae 64 114\411)4& 186 750" REucMREAUR SRABINBy P&Lﬁﬁ@&fbnt taethé sty ate
and the inner surface 852 the recessed cap backplate.
enbodi mdat s sxzbmdpemmthémathefsﬁlmgte 7864 Thegpony lacmmétoramamalbi lysmgdﬂ( radiatiors
structure aroun tﬁes%al%ﬁ" phery of the recessed cap 850. In other 25
enbodi nent s, e peripheral flange 854 is not continuous. O her enbodi nents
do not conprise a)thepe:lmbpﬂiﬁremh fod tha gdackplate Eﬂe(illus&&edt]ﬁ@ lsmkﬁﬂ@t «BCSSEIG. 8A
conprises re nforC|n ut er 853. er,
orbodi mont  SHEes &R T, S50 5 YD Bh e e BSL iy ftEeeass OF e b
surfaces of etpedik@skik ainér suhﬁcesssmn@ naia@dteﬂaﬂfase 833he ﬁ&'pﬂifaﬂEIC|Gﬂﬂse§ﬁJnﬂ§ttHé e
has anot her shape, for exanp or hon?dyconb Sonme enbodi nent s

g

conpri sé%a desisesesh sam $59 I%W’“W‘Ffefg éhef"éa'tehﬁ%tha’!%@ theopdee BaPpThose skitipd @che art will
illustrates uﬁ&éﬁmofﬁ?ﬂ”fﬁﬂﬂ& eran@elﬁ&ﬁseﬁéeﬂosﬁﬁlg 85Rk Wlut_;tl?at@d %ﬁe&ﬁeﬁ@m a%@hses a

surface 852 and reinforcing ribs 856 oh the outer surface 853
enmbodi ment s pefipherat flanges#o wbivh rais ke atimimuexipading bﬁtwwpcroﬂnobupstopemdn g infeDr

exanpl e, st rel@zg’:yb l%lh}eﬁesge%r_x%a bag%ﬁaé t Yxhv,oé %ﬂﬁs ShentiC Yhe ﬁe?‘%%ﬁerglf flange 854

manuf act uri ng, and TUST T at n CrossS section
backpl at es Gmralsabmnﬂlyemminum eructdfr a@md theq:&nplfem‘ mfgher edestal cap 85I In other

desi cca 8D il] ust rat odi nent of |.ate 850 -13
conpri s %g 5“‘?3‘?)?’?9}5 8 f‘Bl?e SSHES nohfPErmUaYs- f§'(t,’ dppenis (i "B%ﬁf’ﬂ?l“é"t ®
i.e. betweenefifiRral flange. In FIG. 8B, the backplate 850 comprises reinforcing ribs 856 on the outer

surface 853. In other embodiments, the reinforcing ribs are on the inner surface 852 or on both

surfaces of the backplate. In some embodiments, the reinforcing structure has another shape, for

example, a grid, or honeycomb. Some embodiments comprise a combination of these features.

30  For example, FIG. 8C illustrates an embodiment of a recessed cap 850 with a concave inner

surface 852 and reinforcing ribs 856 on the outer surface 853. Some embodiments of the

disclosed backplates exhibit improved properties, for example, strength, weight, cost, rigidity,
transparency, ease of manufacturing, and the like.

FIG, 8D and FIG. 8E illustrate in cross section backplates comprising one or more

35  cavities configured to contain a desiccant. FIG. 8D illustrates an embodiment of a backplate 850
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backpl ate and the array. A desiccant 855 is disposed in the cavity 857. FIG
8E illustrates an enbodi nent of a recessed cap backpl ate 850 conprising two
cavities 857 in which desiccant 855. is disposed. In the enbodi nents
illustrated in FIG 8D and FI G 8E, the desiccant 855 5 substantially does
not extend [SAEPTISAgea Chid: 3K formedon i Wper WEags8320phathe bagkpli te. dgtveen ihee
sane  SpacelzadiyChi Hechrig! WudicEank BPL GiBRANBLTR REL'EAN FOCERIARMAN
backpl at e. gl mensions™ of the cavities 857 are sélected according for
factors knombodlmbm of arecessédorap émkpbteeﬂSO chrepipinggep cinates 857 int Wisclddssiccana 835, t he
gquantity of .desicc nt t be used. t un f |st e absorb t he
vol une of tﬁesa%‘{?‘r“? n % embo %lem?:é “Sggtg%é“r EFIIQS 821)519 ar’[dh 'a%]gpt?%tdgsmcﬁﬂt g%h

| i ke. Subt abﬁtﬁtaiﬁhzﬂasemmt&]md theinhaderfice 853 6CME bingphted @statiasy, the sane
backpl ate are discussed bel ow. Those skilled in the art will appreciate

that in ot h&Prceraisesird helow qrpusableanywhese batweardlarmy dind packpiate: The dimegsipnst i on,
for exanpl ey 1 Bgfdbs 889 & Qele&éu&wﬁﬁgformwr%om%pﬁm art '¥6r St fe' S pOperidy ©
fabricated by any nmethod known in thé art, for exanple, etch 8 0SSi ng,
st anpi ng, eﬁ@p desiqegnt, thaqdrﬂnmyn@ desgmmndw b@usemthd amaunt gfanelishmge btn@sonlvm dheng,

sl unpi ng, the .1k ses creat ed

bui I ding up dlﬁg'e Oénth? %g‘é“s:es}e 6%3?: %lnbcﬁs PSP ¢ F’ns "'ﬁ%‘é“k%@? geB%@r the lbl?e eg%‘ﬁe

usi ng anoadieasicws ameindlhag; fok l$8duﬂgg aneEIE@hI fi0a bacmﬂiatehae |dls|é&sed:w10v€X6mﬂS§ee in
sone enbodi rrents a slurr is sprayed onto or

backpl ate afklihis & at il f"HE‘é‘&a‘Sr‘ha‘ dp Aiher embadiments, theacavitigy §§7 halVﬁ@s‘@ffEIIEPtl | ed
in the art WildeudBoe of %ﬂﬂnﬂl@afen%iﬁ)mimtﬂlﬁﬁr%SQfanhm%ﬁapemt'[ﬂt?clﬁwﬁéseSﬁ R
suitable for fabrlcatl ng back es Wi th any of feat ures descri bed
herein, for fabzgatwamrle meth@d tka@krplnattbes at] ffqrsexempleg efohing| @nbgsaing, FtagpingD and

FIG 8A - fa t ween
the substraf @“ﬁ% and B Eg(il ﬁ?%ggg’%a{’:#ﬁ%rémomd%ﬁhltngﬁq?ﬁ%é% lg(lr]bsnt ra

710, badkpl ambodiibénts, maebs@emd crgatél hydgéting np tlsmb&taedsecﬁ;bdﬂyomomhb bﬁdkblyteéﬁzl ose
the array 7 | n . sone enb di ren e.encl osure 6 refromis
Substant. al R KR ABES R SO A d s SRy Sod J, 8 FEF bl 1 origs.
for 25 exanmphbBodifintd, a Slarrgl ubglassligspfayeEoRBOHSITRIGrSthe bdtRplaB GhDEHE slem? €Bed &
substantially hernetically and/or _sem-hernetically sealed. In songe

embodi ment s S P HOTEY 2 §qYity o Jdosesskillsdl ip fhe %Ta&'ﬂbvraﬂ@@ae% thah eprabipgiignyph these720.

In  sone enbREAGAERL Aso dultsoié fH?@Jbrféanfg%S&pl%&@ u@'tﬂ%ﬁy Bthe &Qﬁlve@%geﬁ@é‘a ]ﬁfe'inﬁ)‘orno
In sone enbodi nents, the headspace between the i nner surface 752 of

t he bacRkpl attﬂlfmﬁﬂslﬂ@h@kalﬂﬁawmeq ig Fie. TAa F1G3D a9diIG- 88 —-4n 8KH.n sone
preferred enbodi aprch Sk 0 f

exanpl e, about 4%}[&%04%% O?Irr(;;' ;% e %@ Ho fé,ﬂe I%W%%qu’ %Ql%trL[A?r}gogldrrents
the gap i sbakplgieddd.cin sdueenenil®@ingeints, thfecnbsa‘xtarﬁ'n{i,ebaﬁk;ﬁaterﬂso Bbndregal G40 geebdrer .

I n some enbo ead ce betwe inner. sur 2 of
e Dackol aS R ranifel Fhoof e RS PRR R Fromi iy o efi BT
enbodi nent  @lerckBm RagkbagRiall VilpermRAMle 06 NMRfuids iWa@r,awhibr ShposURRIIDT afa@icled f@10a,
on which a first array 920a of interferonetric nodul ators 922a is farned,

and a ségonframpie, é‘Hbg‘t fugt- o Im §eme embpdiipenis, the aelosie 786 issrbyoniglly hermetically
i nterferomeld s oRdd-AliRhly Q5L 1 s formed. A

In some embodiments, the inner surface 752 of the backplate contacts the array 720. In

some embodiments, the inner surface 752 does not contact the array 720. In some embodiments,
the gap or headspace between the inner surface 752 of the backplate and the array 720 is at least
30 about 10 um. In some preferred embodiments, the gap is from about 30 um to about 100 um, for
example, about 40 pm, 50 um, 60 pm, 70 pm, 80 pm, or 90 um. In some embodiments the gap
is at greater than 100 pm, for example (.5 mm, 1 mm, or greater. In some embodiments, the gap
or headspace between the inner surface 752 of the backplate and the array 720 is not constant.
FIG. 9 illustrates an embodiment of the package device 900 comprising a first substrate

35  910q, on which a first array 920a of interferometric modulators 9224 is formed, and a second

— 14—



device with this configuration is also referred to herein as a "double array
device." Such a device may be viewed as one in which the backplate is
replaced with a second interferonmetric nodulator array. Accordingly, the

package device 900 is capabl e of simultaneously displaying a first imge 5

on the fi rstsulwr?taw%zeawawa agecond gy PIPAgE ideraroractde mgfiEatars 929h GlomedTive
package devig gﬁce%?ﬂ, mRlet AIRBA 153.% raeéﬁg% nd 285 “EARBR HRE HeAROV uch R BRes ed
bet ween t he rst array Oa and secon array 920b 1's one or nobre spacers
930 of any smytbabicwed yspme di whitlothe HadkplaiinteplasedovithodienmdtintéB@Omettit metvlabed | n

FIG 10 conprises an.arr 1020 of. i rfer r.ic med on
Subst rat o 188y e irhl B packaie Rich PO FHBE L it ualP et St il imedy °
Wi th thessulpstieist aH}02604n@ aseCandiifnfigeOsn 1B CdcOBEETHI208. THO Packibeaiich 9005
di sposed one or nore spacers 103Q. In the_illustrated enbodi nent, the
backpl ate 1850 cempfises zwal Wes descrkedabeys; (sngsed btveen the disyiarray$2a ang gecond
desi ccant ﬁsﬁﬁoﬂ% dhe Bﬁﬂ%%ﬂac%@B@bﬁ%y%;ﬁaﬂie@yﬂe%cﬁ@é&'tfé  space 1006. In
sonme enbodi mernit a package of desiccant 10557is secured to the inner
surface 1052 of t%hre:mbbémicpﬂ 08 illusmateceindiiGl. 40 comprings amalazdfhlél?,ﬂ \so’ejntdrfmnmid Y,
and/ or nechanl Iy Sui t abl i 15 into i.C

suitably heln}:?d'é Qrs fauned on St“ g}%{"‘ﬂﬁ‘ﬂl Eﬁlgr Gaied P P %ggp 1@%‘?%"3 Claiobtﬁ? 1qegilgr
W th a nesh wstiilodubstrae 1020 fermad @duy: ﬁﬂé:ﬁloﬁﬁl’spa(& 1986 mmdleh fig’ disposednie GE 8dtee

fabric or cover stock, and I n. ot her enbodi nents, the packaging is
a sheet of &Pt a0 dn fP&tﬂélforath glebftﬂlea“ ge P%‘Eplatsgg FORPEISES( P OBFAFEINES Ofusi ng

a pressure- §eRgihhMASAIMRShReant MaR iR SRR FRRuRy wihf RAGIRR& spase 1006.
non-dusting, i.e., resists releasing dust. In sone enbodinents, the

desi ccant i & sowsexiehodinients am pabagernddesiecanty 1055 is fegured joaifip inner alrfeeﬁ P rof thesi n,
dth
and the ssSgbiy SREUCA SoblEy LIS, LR oM 308, FIBOHL IR

backpl attg. Imo wbick aeﬂaﬂmudntrmmnmblythlam aneakiewingh tlferarmnmiurlkngt foe cheanqitg laabataih@50 i S
fabricated npr i a desi cc odi nent s back | at e
conpr | ses. avgaeshfuragt s PeRe R Criach T SEGPE AR Bt B St ke s, a
| i qui d desi gpeht 1Y, I8 ofheSéntoditientd] 56 pAckedn®is aaﬁeesusmﬁtﬁiﬂ@lmaﬁnal sswrédabh}ﬁ.
liquidis aBplled to the backplate 1050 and baked thereby form ng a_ |l ayer
of desi ccan nior pepEpls, BYIRE & Prsesurersansifivs @AhesIYE o i Al nbodimeals; (e aapkages
m xed w th anoh! rﬂﬁéﬂngqe Péalsbéqaéasfn%%ﬂ N rleEmbBUide s GhARRIcL AT islembbdtRed in an
backpl ate 1050 and cured. The deSiccant Is any suitable desiccant known in
t he art 20f ofnegcamot. &or eremplE, aopalyfees resin ahd theressssoblyesecused Iouthi: owedwrfageolliSe.
anhydri de, h t QX I

nmagnesi um surr? Qﬁ%ﬁ g{r%i g‘éldfqﬁ%caﬁe fo3s isHllfJCﬁ% écure%%gfééé lﬂf?n&ai(?%?,f thr‘raet al
hydri des, sbd:kplm&ohn&vpdr emlm;hmm, thm inytdmldqu Iw:tmthamaakplam: rmﬁﬂ livy €hbticheed

silica geI actvate alunl zeo r sieves hosp or

et Al sal t sCTTRIHGE AEPRT o R SPE S fiEis e e e, BB ACRGT Qe ing
combi nat i ongesideait€ For eXARiplY, Mi Rnet EmBokifmentsAa AigdidFdeSiccatBor fAdekicen diSauEsad
above, in sone enbodinents, the 35 devi ce 700 defornms on a pplication of an

ext er naPS f opusgendghigesuiiable liquid i applipdiodhe bagknlate 1305 paked. tmedmmfafmmg #1ageime
enmbodi nent s ¢ (ﬁe@ﬁcﬂ?&?(hm&ﬁgte%gd Th @t Embd?hrﬁ&ltsaa Ig¥GecRht i9nbe8 W bh Fhcured

novement

polymer resin and the mixture applied to the backplate 1050 and cured.
The desiccant is any suitable desiccant known in the art, for example, metal oxides,
calcium oxide, barium oxide, boric anhydride, phosphorus pentoxide, metal sulfates, calcium
30 sulfate, magnesium sulfate, sodium sulfate, metals, sodium, lead/sodium alloy, metal hydrides,
sodium borohydride, sodium hydride, lithium aluminum hydride, silica gel, activated alumina,
zeolites, molecular sieves, phosphorus, metal salts, magnesium perchlorate, zinc chloride, carbon
nanotubes, and combinations thereof.
Returning to FIG. 7A and FIG. 7B, and as discussed above, in some embodiments, the

35  device 700 deforms on application of an external force. Those skilled in the art will recognize
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between the array 720 and the backplate 750. In sone enbodi nents, forces
likely to be encountered in the nornmal use of the device 700, for exanple,
in the construction of the device 700, in the installation of the device
700 in an apparatus, or in the normal use of the device 700, 5 are

i nsuffici entthaﬁ,oinc@uls'feemh@éiwtsaﬁw?@@rm@ﬁ@owﬂla@sult kre relidiok (oir aliféergigial magement

di scussed ag)ove%rf_la €. am]yC y %Sbagké)lﬁe 7"’56]t 4 fs?m[n(élrmtt{oldxm ngdltlorces llkeér ?d b]c or

exanpl e, ni ca Suisce rTH e on physi 2al
cont act . Comﬁ@ﬂmeﬁﬁ lity the indrrhad emfah@@@umo Sfor mﬁpramkmé adsxetruczﬁﬂ of thewatickel y
t o damage th&array 720 anotl/ interferonetric nodulators, 722 in the array
in normal in th stallationent thedssisr ihingan apparatess of indhy gormal vse ob e devitet®d i n

normal use Qfe hARHAGY & Euddfe aRELTRAMD cbith& e SRKAALIS0.! Ja@daarseaa ai,a@e §6he
contact the backplate 750, typically, at or near the center

backpl at e 75®nymldntarof ay imageroegtric encdniploe 722, Hos exagipid, Itbdmﬂqhamt:dida)ar t724m| alrd
under st and t hat her th|n S, fiemin equal ,, as the.|en d/ or
width of thé&" Sa%lb% O%laaﬁenoélrpe gE t%crtlgtf)?lsegue" rﬁ‘j}hese %/mb 82 ésggqelqa\%}g)ﬁa?eat ed
in FI G 7A) 756 Beunligélptd uaﬁmrga\tmmy notaweﬂmtehﬁroaretra:ymaaﬂht@@dzﬁm beckay af e
750 will also increase. The length and/or width of a device 700 will

i ncrease, fBPrm"’éRS&rrpl e, With increasing size and/or nunber of the
interfepgmetric mmkmoalﬂe%?s foRceb 'ﬁﬁelﬁ"icf B encé@flered i RARE lfg%mhe d%ut«,pﬁsoe
likely to be encountered in the normal” use of the device 700 w | I nduce a
rel ati ve notiecnffickat togaise tlvaus@ 7§%r¢e00pacttth®ba0kmteé(60 aypidly, ator omtﬂamtentehe
backpl ate 75 t here of ent i-ahl ¥ danmaqi 0 re of, the

interfer omaf’? hgb%ka%fe%grg%cf 7% %l(ﬁr e ﬁl 21% efrkln S AL “85?%“&@?" the

i ncreased | el ﬂhh@@fknﬁimﬁgoé’t}i.lﬁchs theleﬂ@mrand/hlewﬂmayhaa’@mammirkweabaa@l@mgaieer 750
is counteracted by |ncrea5| ng ﬁéﬁ tance between the array 720 and the
backpl at e 7880 y,axes allusits Gs7 ihtae f%%vearg%vamﬁwk'&wwadae arrax 4t ard

bet ween % hebﬁ’dic?l@bé 7580w iNo! e REC Kbk arth Jrﬁ%r'vﬁdtﬁ%f@t &vRetRE Wi ihddGkEasd NY
the rigidity of the device 700, for exanple, the substrate 710, backpl ate

750, and/ or expenple, VAb induessing dise presh/ori myeberaafi theyinterigtogrietne meduldtors AR2 imihe rsayar t |
and i ncl Ude @gAI Qormc.eﬁ%WA ce lﬂ&h{?@%‘ Qgcog.lnt%ﬁd ngltlgl r}o%‘lﬁaqfuss of 81@%%0@95?0 TJ]]]

nodi fyi ng the di nensi‘ons’ of a corponent ape or protile of
conponent, addéengreladvenfnotiaeth@mill casd sd:dnfepdrl dfehe :irray§dﬂnso mﬁmdthmbmdkplatet 130,

i ncreased |ikelihood. of .contact betwee r 720 a | aje 750
i s count er al¥E YB?}e’f ¥8%{2‘1%‘¥’ﬁ8“8?’§f’gw ‘ngf He pade %{?nggf‘ﬁge%ﬁgf h‘n
sur f ace 20 75gord editd@irRAGK Mk dicPeasedqiKelilob ofltoneidt seméenttﬁearehg\mzo @ndI8R backplate
backpl ate 850 as illustrated in 30 FIG 8A in which the inner surface 852 is

concave, t hétbisyorneacedhygereasingdhedisiance bpstesio s s 72Gu:ths bgkgatg75¢.h1n
backpl at e agg,d Gbodiddk, $eSherddsddaliccliddd Bf)ccﬁ'la@t be?@cen'tﬁ@ﬁrﬁ?sflﬁ dnd € bgﬁf)h?ence

between the i nner surface of the backplate and the array 720 tend
to i ncrease78hi comrmmnqﬁaﬂﬂgéhﬁwdl@eofﬁbﬂdevgarlﬂﬂcﬁgt exampld, thecobyoreldfs i n

the device ar -Gl e &l dnerease r| j i &
applicati ong>l %ﬁlatteﬁlg%’ker gﬁséa‘ti\)l cé % oflss UndesTed y arel%w)sfé' é%ﬁlg ih tﬁ“f} mcéué]ﬁ‘e
enbodi mesit s faafexdnysle, daoréasing NRGigiditypfiasemporenn moﬂﬂyleg geali@emionS0f a chmsgpassd
between the arra h72}? and tple ?ack | at et Zig hfe spacer ]2 171<30 are
configured £ ¢ghpnging the shape or profile of a co ponen adding reinforcement, and the like
In some embodiments, the increased likelihood of contact between the array 720 and the
backplate 750 is counteracted by increasing the distance between the array 720 and inner surface
752 of the backplate. Some embodiments of the device use a backplate 850 as illustrated in
30 FIG. 8A in which the inner surface 852 is concave, thereby increasing the distance between the
center 838 of the backplate and the array 820. Referring to FIG. 7B, increasing the distance
between the inner surface of the backplate 752 and the array 720 will tend to increase the
thickness of the device 700, particularly if components in the device are also made thicker to

increase rigidity. In some applications, a thicker device 700 is undesirable.
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prevent and/or reduce contact between the array 720 and the backplate 750
when the device 700. is subjected to a deformng force, thereby elimnating
and/ or reduci ng danage to the 5 interferonetric nodulators 722. In sone
enbodi ments, the backplate 750 conprises irregularities or features, for
exanpl e, rei nf or dicemdinglipssosmdibodidesis of dret deyine K8 esmpriss ode vt molpegpaceahBife.

The spacers 730 vent an irrggul arjt r,.f e fro acting th
nechani cal F'ﬁ%ﬁg E’%ﬁe"o?he ey e??ﬁaa\yg déei ?ﬁ%&?l"‘a%@c eySp("éeij %ti A& ‘ng@‘ﬁ? el0
contacting pheer RRFGTEdUE conbddt bewtdnythd Srdy.720 SfMe badkpRie 730 wthe® theldBBce 700

backpl ate contacting the spacer, preventing the feature fromcontacting the
10 nechani c#i sybigeisd tepa) deforming, farcef thepeby cclisppnding nandfos | redurings dumagsetoothet he

spacer 720 i : ryay 720 | ant i al AzhN

enbodi ms%t s?ﬁ%gd@gé%g?os&@%&a cﬁzg't r i%u?‘selﬁcaﬁe%g%gﬁl%’d t'i%rbgéel%aﬁwhgrs gbﬁ/ educ ng
t he |i kel i horogulnatitds or Heatfresy G ewathple dmimfigengnys palfdridesitant packdgey, fag desesledi C
nmodul ator 722. F exa , I n sone e dinents,. a spacer 730 distrjputes an
Dbl i o f of 8% The AL rsne i TRENRAY oF Fapradts FETro 0B i tanah Bty
protecting theothhe MRGhaNeEdkectipyLs., the featukdlconfbEn oD GRALIP B Mdirddtl RAE Somé30
reduces or prevents damage arising fromrelative lateral or tangential

not i on bet welder pareofathe bockplate eenipchag K5l RecsT, Pseyenting: the fexiyse drom peptagtingtheg
and/ or 1] ¢ | € o | i e 30
compr1 sty | EaghanEInBLRW, ool of BRE o AERE, (FF UL onle? T2ERARRRL 6
spacer has theGirmg RAns svbstastidlgcimooth, Inf srmeesrsbndingntsa thepdpacees @30 distibutésan

di scussed in greater detail belo i nbodi rents,.. the 20 spacer .or
Cpacor s vaoumines At PEREY rREpEre dtkeBRER Grom) Breartl frBue Hy BCEpB) | ed
force. Mr g@¢Rfome@iSfodulatdr1e2.f B6CHa P CintsOmel amB@mentd) lapatkd 130 ddtributes an

interferonetric nodulators 722 in the array 720, in sone enbodi nents,
damage di st #Rpbied dercopverthe mestarRayof7the inerierimetriso modeaiprse theseby pratsetingt Mian
damage f?ncﬁ@é}{aﬂﬁ:ﬂ‘i?&mL AA'sbi€ YinBSdimEat QNpRtr TiiereAlc&Yr }Yrg‘gentsldﬂmgéehﬁ{sin

enbodi ments, a spacéer 730 Is designed to concentrate the damage to a s?rall
nunber of i frommrélativeratemnl ar tan@Bntizbohglien kstween flprargax 32 ansl babkplaie 7y fagemaneple, mor e
spacers 730, 0f..a particylar.size al/ S e. For,.ex le, in ne .

enboa ment o™ TiDeRRb A8 8! GEnBRun Knf 0ORG: BaRERT Mo i srerng an
i sol at ed pi #lorinforaNoty fricioncedhlee IGoma edbaliiniany, theApaer klsagliryylar diosk Besion,
enbodi nents, the ace 730 .concentrates damage to a single pixel rather
than to a gl§ > AP ‘bBrr'ioﬂg A5 ‘ﬁ%ﬂ“?eé WhFEHer IbG.IOB’e “hf)‘iq?ecjﬂgtlﬁﬁ@“ﬁnﬁ’ thee end
user. 38 Fl (Bacelldd dpfice®s Y30 acki RWMi&:, theRbEQAWIARngl Afor hikiribhiindt A eprhib® f68d.at i ve
positioning of the spacers and the array. As discussed above, in _sone
enbodi ment sMorageers¢yse eithe forgvEcee tordamagg ¢ Blyrality) of igenirpmetrip egidwhaterss/22 fiwthe
spacers con t Rbak L LBl e £5RP tH an b

cont act the‘rnga r7a2?’m§ﬁ§ﬁgﬁeh€%§ﬁ%%g€ gl%léb'l'ﬁet deh\equce gﬂfg;g,q %?rzr%trl{‘lgsesé%g&gpﬁrt%ﬁi ty
of spacers stBthan damagegedeitraial is alpsttaninr migioy of thg uiray 7kt Inether emboditaentaar ay

1120 of int erfer,jc;;‘raetri C. ITDCPI.(H ators ?f5 %%)rdrred on a su strahtfe illto. I n tt.he
i 1| ust r at ed PREB o ninteSiEPHt ' SOUGEPUAS {56 dapase gt (PR ™bEY, o JBEHUREFEE| v
above ppst Smbdidfios]fot dx@mple} B dsRiz@AE b h6re BFudets ABOES. paARuBNGY and/or Kiabd) ForG

11A in which the posts 1126 are illustrated in g)hantom in the illustrated
enbodi ment , e)gmgba@espmi smppdiments, the array 720 comprises redundant pixels such that disabling an

isolated pixel is not noticeable to an end user. Accordingly, in these embodiments, the spacer

730 concentrates damage to a single pixel rather than to a group of neighboring pixels, which
would be noticeable to the end user.

30 FIG. 11A is a top view of the device 1100 illustrating the relative positioning of the
spacers and the array. As discussed above, in some embodiments, the spacers contact the array,
in other embodiments the spacers contact the backplate, and in other embodiments, the spacers
contact the array and the backplate. The device 1100 comprises a plurality of spacers 1130
arranged in a substantially regular pattern over an array 1120 of interferometric modulators

35 formed on a substrate 1110. In the illustrated embodiment, the spacers 1130 are positioned
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not positioned over every post 1126. In sone enbodi nents, the spacers 1130

are positioned above the array 1120. In sone enbodi nents, the spacers 1130
are positioned in the space 110 5 between the array 1120 and a seal 1140. In
sone enbodi nents, the spacers 1130 are positioned both above the array 1120

and in the space. 1110 betwe t arr 1120 and the seal 1140, hose.
SKi11ed in SHBGSAY AP Pﬂﬁﬁgﬁéﬁ’gﬁﬁ “E‘H%O’Bitﬂ‘éwoé‘gﬁeﬁsn Sﬁ?W‘BPO‘ﬁaFFfEefﬁ%mf or
the spacer s whiBthe RS 1BRSSE MhBirathd & phishin] il iMSHLALRSY Sbb@iheX, 8\4REr ARQEher
enbodi ment of a device-1100 in which the 10 spacers 1130 are arranged

subst ant i al gt positidend grengvery pesé 1826: alp spreembiodiments, SwispatiersetdB0 gfe pdsdionaflevi ce

1100 illustrat i I 1 : r I de d .1the cepter of
the array ﬁofg?heba&a?%o 0. alaj(c)galr?g eﬁﬁg&%gé%g%e ?.&r%iﬁfe%eaﬁ%go ?{r’?g‘%l!{]mot%le ?pﬁue:e glteovi ce
1100 i || sist bertvesh therarkdyG124 1id a @ahf140.S Bssome @aibsdiments ) tangpacen1130farspaitiefiql 1130

around the center of the ray 1120 and sparser. arrangenent around the
periphery. Y98 2BRiSIAT ABME P10 oridn e dpeee RO Fefroen aher sraacl it ans the sl g

conpri ses t H&e seARERNh it wiPHRRsBhd BRAGHESpAARR M/ bPpdifRfk 88O epadG 0 130y
towards the center of the array 1120. Those skilled Tn the art wll

under st and eta@pssidier arrangenents are possible. The spacers are of any

suitabl e size, s ' rjal.. | e | S, all . the acers
are of the sane F%‘?l@ﬁset{mé%ﬁ%@%‘ﬁ%’ notrilsag %ggnﬁ rrrlﬂ;g gﬂ{g ]bqg?r}tear gevtl)cfc 1& ﬁé f“e?vglﬁ}t' ﬁi%y pes,
for 201exaspkas 1M0fafccirangedsubemtialyhapiomly aved fherarapi 200 dh the embedipeuiitof ¢iel ar

di mensi ons for cer wjl d on f ors kno in the art including
the materi aPe¥ie }“étlﬁz’.t%,gn’é‘ "é’g'ﬁgi > YP8CHat ?’alr%%"o‘”ﬁ\é\gﬁfgb%‘é‘e SN e HEY ar r ay
and the backploabif nottdiGinil MegRARNAPRel endbdifnd Ffihd d20ice it B0¥ iflYs1RRE kAPR;. 11BNd
the like. In sone enbodinents, the thickness of the spacer is simlar to the

headspace prmRusesna dersen sreangemmeny of sepced 13 atapndithe. cepier of ther areaybdP readitos,
the thi ckne%%rsgxf ar}arﬂ%]n?egﬁgx%[md fhe! %ﬁg}er}%ﬂs{%ﬂb dﬂﬁexﬂ%?%pd’egﬁe ti?éﬂ‘ﬁgx&raté&einar ray

and the bac at e. e di mensi ons t he adspace are I scussed above
Sui t abl & nma¥FHG.i lAEsofnprises tieeesqacmitrg zones| o deacess dil3D with excieading demeiityotowards the

| ast ' teri.als. di ts, .th ' teri
capabl o of -SSP HRgay 130, TRGe SRR G wil Ao BRI I Breieern Py

exanpl e, bypstsher mati on. In sone enbodi ments, the spacer is elastic 30 and
returns to substantially the oriqi nal, shape after the deform ng force is
f 1

renoved. | n ot hefhe PABEATFRhIY sufithle dffashapepof mataial | Ip Qeesmbgdimgntallntfhi ng
the force applyeesthesah sankXGPR! Other GhbsthdROLGnPIRL St 9t uitelHdE EE?rrf&}' S,

steel, stainless steel, brass, titanium_ magnesium alum num pol §/Jma
resi ns, 2@posdiample, gifflereandickesshaprsi andiok exesialsp dihy fpationlondikendens fpol yrstreriy,
pol ysul foneg,, .. P8l Yagttogsrlgxgﬁh if? RleYalf ﬁélpﬁﬁgﬁre &8{;1-}2."1‘?[0){1' %ﬁfgﬁ ’thecsggcaemscén?deg hidss:
silica, alunina, an | ends, copolyners, alloys, and/or ‘conposites

t her eof . | nheadspecedrivaen hentay aidibe behplae, ths inkendahgppltation for 118 digilayepasiagt.e,

gﬁbﬁg:‘j: %2? Sa?ndct%{: ?ikgf Ir? ggmg%}ng(gdir%!ants% I’% € &ic(f((n)%g Io? Qheogpagerllrolg rgfigilar Iton th%ohrggdspace

between the array and the backplate. In other embodiments, the thickness of the spacer is less

25  than the headspace between the array and the backplate. The dimensions of the headspace are
discussed above.

Suitable materials for the spacers include rigid materials and/or elastomeric materials. In

some embodiments, the spacers comprise a material capable of absorbing at least a portion of a

force applied thereto, for example, by deformation. In some embodiments, the spacer is elastic

30  and returns to substantially the original shape after the deforming force is removed. In other

embodiments, the spacer permanently deforms in absorbing the force applied thereto. Examples

of suitable materials include metals, steel, stainless steel, brass, titanium, magnesium, aluminum,

polymer resins, epoxies, polyamides, polyalkenes, polyfluoroalkenes, polyesters, polysulfones,

polystyrene, polyurethanes, polyacrylates, ceramics, glass, silica, alumina, and blends,

35  copolymers, alloys, and/or composites thereof. In some embodiments, the spacer is a composite,
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t he spacer conprises a core of arigid material, for exanple a netal, and a
coating of an elastoneric material, for exanple, a polyner resin. In sone
enbodi ments in which an inage is. viewable through the backplate, the
spacers are transparent or translucent. In sone 5 enbodinents, the spacers
are el ectri édlerample ramprisinga cqrﬁofswaéqmbmdmwg of lgeotBgsa e sosmecesthorimsats.a
desi ccant o Y. e, a i ci um
oxi de, bari I[Jhr?] x?‘%eceg'l égr}?\(lzgn%dﬁﬂfggl é@ﬁ %@%hfgfé%@éeﬁ? olgelpt%jl L"mmréretg %ﬁlgsu%lrnat es,
cal ci um sul thttemeritagaersdl Uiy sanpht epolsmeh resim.s ol sfomk:embndmﬁhts ,m whidh arnimage is

| ead/ sodi um . al .oy, neta sodi um bor ohyd um hy r| de,
it hi um al ufieHadF h?/"fﬂ“lgla fhe n?/af:#péag SgHNe, SPRGCTS ATF AT 'ﬂ’?u‘?ﬁ ?f lf&’?ﬂ gssome
nol ecul a§  SkRAYEEmerX) ARRPREMSre IRIrRAILE@hligrivéragnesi um perchiorate, zinc
chl ori de, carbon nanot u es, and conbi nati ons thereof. In sone enbodi nents,

t he spacer subsirawme&mwd@@%rthwgceas @éwrl&aaéﬂswcanﬁoﬁﬁnméypeéﬁbwmbws fort he
spacer COW%&& &H@f&%% tcﬁlclug] oVl §rid %X%Sb&f&aﬂ.ﬁu r eapl?ogé%glgﬁ{%mmldg Some

enbodi nents, t esl ccan stri’bute roughou e ' co
ot her enbodmeah txﬂfates helctessudfa@nmagresigi nalfand, sedisd sulfatg me:tqho sédiom, ledd/sdduimhe

spacer, for exa in.ac e .ot her,. co t..or co th
conposi te a?‘g" E‘gm ly&flfk'ébslo “H’alloéql]’iyg‘i'&e T°8f““b‘§?§‘ﬂ8? gth“f’ﬂéh'ﬂ’g‘?“é"rnl?y f‘g 6‘? 8Os ed
above agg SUhdtRe® afuliinad z&dliRs Sholedular SvEs, pﬁcsgpmsiw@mas salfsQ maBueBRR Serchidiate,
enbodi nents in which t he spacer conpri ses desi ccant core, another

material , foinc eklargs, sartbep pawgtbesy arasl/@mtvw@m&etbfre@farip somg embadiments.cthe spvser i s
permeabl e t gy, ﬁt\ﬁﬁﬁ glcgrggés%a Ec%mVﬂP&ﬁernjglﬂs&ﬁQMs tﬂecgtph&ér%d@%ew@o S e on

of water by t n sonme 20 e di ment’s e coating conmprises one
or nore opewhithshe fdesiccantaispi epmperdat. byin sbme dimgdintests, (ﬂwatiesmga:mris tdmmg;ki t he

manuf act ur i ss _of the, spacer ermt .conta

desi ccant ﬁ'g?"%é gg‘re SORRFIFH D ﬁfb R?&"gf sflbeh%Plgfané‘ﬁﬁglngtméer in H‘%Wéé‘t%r ed
usi ng nmesg hOdﬁ spdteNVibr ieRaripMeinar dore. e @thenédntpof&p encbmppashts i) thedsbinPosSte afOayi N
the art, including the material or materials fromwth the spacers are made,
the 25 siz&iahg %ﬁb fsrexpmple.sifa maiesals diglojed) abp weraseuitabl far Respagsh claysome

sone enbodi gRRYdSmerkd) forSB@mBISin hkbaRAtY ROwRSh thel dphided co&ﬁﬁse@&ad@m:&nt Sore,
liquid, a gel, and/or a paste, which is then cureg formthe spacers.

Exanpl es of anpifier syiatesial Farj edample.ca Fopting pes |theidesicrant, 1e>aanqs¢real that! iepsirpenblegnd
phot or eS' st ater an@%? @va&E'v;; thénﬁ) tfpc‘?ht%r%g ﬂ% Aqsorﬂﬂg?#%ﬁ%qﬁ JH@B ﬁ:H:Inlt N some

condi ti ons depend on the pdrti cul ar erila Rermal cart ng,
phot ocu2® ngemhbddiments, rig,coating/compriged ioat Dmonewpem@s B0 exampid, meade byrblodding the s,

th t d. Enbodi f d
(e SPRCet o B R b3S b RIS, Shelt 5, oV SRLY e

under st and Hdaatark fiethé tdréiSidrRd bie ARRSphares exerrpl ary and that other shapes
are possible. For exanple, in some enbodi ments, the spacers are |rregularly
shaped. In some SPASE8iaffemeaufaghyed ug%e@k@d%k@%ws%m Fihjch wig| degend) ypopt her

enbodi ment s, {oR8BRAR BleSarC RIREINS SheOfte i oFH{af%nXIQ'fQﬁr wr'?'l'?th':%gac@f&%'i@)ﬂnﬁ‘de e sone
enbodi nents, the spacer conprisés one or nore | ow regio sone -19

25  size and shape of the spacers, the tolerances for the spacers In some embodiments, the spacers
are applied as a fluid, for exémple, a liquid, a gel, and/or a paste, which is then cured to form the
spacers. Examples of suitable fluid materials include, for example, adhesives and photoresists.
Those skilled in the art will understand that curing conditions depend on the particular material,
and include thermal curing, photocuring, UV curing, and/or radiation curing.

30 In other embodiments, the spacers are pre-manufactured. Embodiments of pre-
manufactured spacers are illustrated in FIG. 12E — FIG. 12T. Those skilled in the art will
understand that the illustrated shapes are exemplary and that other shapes are possible. For
example, in some embodiments, the spacers are irregularly shaped. In some embodiments, the
spacers are substantially solid. In other embodiments, the spacers comprise one or more voids.

35  For example, in some embodiments, the spacer comprises one or more hollow regions. In some
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enbodi nents, the spacer conprises a plurality of voids, for exanple, an
open-cell or closed-cell foam Spherical and rod-shaped spacers illustrated
in FIG 12D and FIG 121, respectively, are conmercially available in

gl ass, silica, and/or polystyrene. For exanple, glass rod-shaped spacers
are commer cicEbPYimantaitheippeT FPBRRSKE HPYRIE of Foids dorgamplecen opemeallor cipiedrsell
Japan) in 5 {: 0 cal
Spacer's. ar o " ONENE fld o 3RloRs Bkers e SR KRGOMD B TG MaEShpRIAE &
(GCsaka, Japaohmemiatly miabhsmoglasf.sr eﬂmabmd/pr 5olysty1teme abfoutexBile, rglasScmd}shaped
enbodi nents _use such s%ace

and/ or cost PR SHR %r§13ﬁ¥ 3val rrp(fné al?lgc rig g.’gasﬁlér I(%tsqu ;Pf‘%%) in

readi |y smaisheruiseton a.aanarfumaedabbm fmtmﬂr PERDO HiheRAN Spacdi® aferlcoslﬁﬁmcmuy
enbodi nents, the spacer conprises one or nore projections and/or

i ndent at i ongvailablgy osplce fromsSekisvi fhemigabo-i(Rsakp.dapan) iy diampgtess of frgm abautsHne
enbodi ment s, .f Be 10501 BB 4ANS So aﬁﬂ@fﬂbdlhﬁ%ﬂﬁétsh&m B9age réaséisr&tcwn&@;,

f eature on tu e array and/ or |scusse In greater detal
bel ow. In smnﬁormntb,oahdfmnctasl; tOtberpsrh@peechroexsmahdbqnareb reald nditgtes,oms absoereddilyi gned

to absorb at t.he for 42 lied to the device. For exanple,
sonme enbodi r‘ﬂi’ﬂ?fec d@Bﬁ% |“§eéhgﬁtihfr°§§ '31[5%’9 Bllustrated in FIG 12P - FIG 12S.

Sone enhodi ment s ICQR bBdinRte) tBE{patd Som@ised drieWs tiodd c}ﬁdjed:trmnﬂrfa/orm&naﬂn@,
120, and FIG 12T, which are discussed in g@eat er tail below The

embodi ment {9 xamples #dillpsirated dp FGT 12N mFlG 2Ty ol sope smbedims s, the projectigns
i ndent at i ongpdha3ddent aﬂoﬁ%uﬁ@%tﬁgﬁﬂe drlfl:dt'lﬁtﬂ: oA lfhrtal aﬂd/Bpﬂaclfﬂ)lﬂ‘éV dsrlhzf hs@cd A

t he spacer 1330 spans at least 20 two posts 1326 of the array
interfer orregreﬂtgr Mdhlbeémbr b soing emipediientg she m‘mﬂmﬁbnrmrnﬁmtatlomsme éﬁ@ntdemt

di anet er ar . t ,,ab t spaci n be ween
t he posts 0‘?2 %V\i?sgﬁgéﬁio gﬁ]ges h’?%ea%ppklﬁ(g%s thf“‘c{i‘a)alrﬁlr & &%}? x}mﬁén’ e Igl?iogfmctn
posts 1326. cdampriser@negxbfadnmsnh@d in tHIE. sl|a30+ JGd 12S. mem ahtboﬂlmBﬁ}s [ofipti

ebodi ment s POVSESR el i Y UG TRy Ficy a8 pd b B2, i ane s ingrted oo

nm  As di SCU§#iEUeldWOVEhe dnibodii¥ht BRRAKATRNIE. 120QoRbhRY bbBRoR QRS 133 and
interferonetric m)dul ators 1322 with different dinensions, for exanple,

wi dt hs, and"@é‘ﬁ%‘&&ﬁl ty, the spacing between posts 1326 for adj acent
interferometric P Rt Bt 1Hqttoﬁ101k\§z% @‘IG%%%?QH Y330 PamOUi Feast

enbodi ments, the dinension D1s at |east the [argest diStance between the
out er pé8t stwdBRs 1326 afiihaewan 1320t0f nlftefemmqtm wodnidesafroths ihaeaed @nbodiment

enmbodi nrent qf su r nmen 0 | trated.in FI.G
t he posts lg’féﬁo esuﬁame?e [?Q%Eee??t Eeagslo%s altt asPSb[ %évécelt els@s?l ‘ti%%ween tﬂ 13A
and the spacmsswﬁiBB@nsuﬁs eladmskpas&iams spafis @ ealtiizo goswelB26. I sm&ﬁreaibedimems,Fl G

14, the spacer 1430, t alar as an erfer tric nmodul at or
1422, and cHRSBHiRgis Om.@%@m lgB 50 Pive B8 xR ot 52, U i O e
i |l ustrated #ﬁﬁm TR N otHeNEnBdRRR@ks, thé 3fhcing 43s RR%S, %r%kﬁﬁblé qg@d £mm, or up to 5
Interferone ric nodul ator 35 sizes are di scussed above.
mm. As discussed above, in some embodiments, the array 1320 comprises interferometric
modulators 1322 with different dimensions, for example, widths, and consequently, the spacing
between posts 1326 for adjacent interferometric modulators 1322 is not uniform. Consequently
in some embodiments, the dimension DD is at least the largest distance between the outer posts
1326 of adjacent interferometric modulators 1322. One embodiment of such an arrangement is
30  illustrated in FIG. 13B, in which the posts 1326' have a different design than those illustrated in
FIG. 13A and the spacers 1330" are disk-shaped.
In an embodiment illustrated in FIG. 14, the spacer 1430 is at least a large as an
interferometric modulator 1422, and consequently, is positioned at least over one post 1426. In

the illustrated embodiment, the spacer 1430 is a perforated square. Interferometric modulator

35 sizes are discussed above.
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In the enbodiment illustrated in FIG 15A, each spacer 1530 is substantially

centered over a post 1526. In the enbodinent' illustrated in FIG 15B, a
| east a portion of each spacer 1530 is positioned over a post 1526. In the
enbodi ments illustrated in FIG 15C no portion of each spacer 1530 is

posi ti oned over ost A, 1526. (X her e I en not |I strated, ncI ude any
DO by et on ot Ty e emoaiigigidates TG b iston dnterdeoy Fefibiiaw &

i 'l ustrat edobdd aflofe 1526, TP inbEEmERANRGted G3P1GQS 158 afif L1 £PbrtiSh 3fe§ac9@§acsﬂ oned
subst anti al I%ﬁbver the -array 1620. Sonme enbodi ment s conpri se one or nore

i ntegrated $pHdepasitionpd per 2 e d S oldhombodimentsiiistrateil shFifp-t 1 Connpertiapelcer s
di scl osed h i Q f 00
that conpri Ceg sbreaisf0 ibféyhie s FRARIRRIon) o kb A0 Hfif &
center p@rtcmﬂamn‘tmhhﬁthemraayngtﬂlé‘ﬂs. FIG 17B |IIustrat es an enbodi nent of a

device 1700 that,_gconprises a_  _nmesh s er, 1730.t i,S denser arou t he
center than arou;qge gﬁ@"ﬁ%“t"f B%@Fé‘?“ﬁ%?@ﬁdhumﬁtle%m ;@é IFICPWB?‘?E&P%”&H%O &
enbodi ment  gfifern0@Mk pRitbAADsubRamAaiLe Bver iR afiR@Le20. 1730 is roughly an open
rectangle substantially centered over the array 1720. FIG 17D illustrates
an enbodi ment of Semejapbedimanty compgis PnoRT E19Te tegEtRdcwaCeIS7 3gharsused, plameaprt inal | y
defined by LfichithiBH G ind sphddh Bdidita helh: ISP unSHRACLITERbRuiml Bf SPACET

is thicker I'n one or nore r glons inner in one or nore regions.
exanpl el@i ndsmwel7mlunﬂicnnpm$$ atdpaeces }@¥kem the forni ok emesn pbitored miverathe n:agcron

comr i ses. Pl s ey 408, LT RN RaPneER, Bic Ol BRESmonts:

embodi ment Smeiﬂbpa@pmrthaws?&n@e m‘pnncsms céhte? CHaf affund thd@siigieai borsih.r PI@1ded 20
by an outer Iayer for exanp mer .resin. In_other enbodi nents, a

desi ccant .guetrﬁaf‘éaaé'aboqlrﬁ%'ﬁt)f h%e"écﬁalg in ehichthe gpacen 7 30rip ERehig AR opegGertangle

|11 ustrat edgjpRiafilafty cchffediRBEE 228 F26.PRREN7D8RR1rhiBs dEndoRInBnPSt atevikd 1700
di sposed between the ar rl%é 1820 and the backplate 1850. In the illustrated

enbodi mtht , intwch @pana@ﬁr 8ds substeniiadly lde@mddwtthﬁedlagmla@ of grarray 17} hlar some
enbodi nent s a 5 n he arr 1

sone enbodi ?r%éﬁragm& s Ba%@?g %glg% ”Pgﬁes%bs q'fggélﬁlc%'é%( enS| 0\5?0\%? ?eﬁwp Tie
array 1820. Fdrrtxam[lsle;rm snizchibodintests, mh@asqrmhrcke‘r&smeda&&l region@od thinnkh@oundnt i r e
array 1820. .In s i" nbodi nent.s, %’ﬂF fil mllls‘ﬁ) subst antj al | a | at ‘$I Im In
some enbodi ERTY el'tyh SOFe SHROP S P ST L IPB LY ctofﬂpflﬁesa"ﬁ%ﬂ?ca TESFERT #0VEf or
exanpl e, frpsncakaplt, id Soneenitddkats) the Gpact 073G Coriftiseda cdrdloDd H@Icc:ﬁ&ﬂhﬁﬂhmﬂt s,
the filmis thicker. In sone enbodinents, the filmis sufficiently thick to

subst an£l al Px/at quter layst for sxample, GRAFEKT fo30- 4P PHlgr rediaiept disiccant i cpdded
embodi ment Sind BEspabdr MAeFQIMPr i S€s a resilient material, for exanple, a foam
I n sone enbodi rrents the foam has a covering, for exarrpl e, a non-perneabl e
pol ymer, which |M9@h@l@%d8%@ﬁ%t@tedcmﬁi¢u Hescompaisésor e 1830 inrthofamaof a
enbodi nent s spacer
35 1830 | niphaorg BT of off LE0G0A o2 ARRR e v, iR bind WSl B0
corrugated qmcarISSI!Eg!gendQ beyond the array 1820. In other embodiments, the spacer 1830 does not

25 extend beyond the array 1820. In some embodiments, the spacer 1830 is substantially
coextensive with the array 1820. In other embodiments, the spacer 1830 does not cover the
entire array 1820.

In some embodiments, the film is substantially a flat film. In some embodiments, the
film is from about 5 um to about 50 pm thick, for example, from about 10 um to about 20 um

30 thick. In other embodiments, the film is thicker. In some embodiments, the film is sufficiently
thick to substantially fill the space between the array and backplate. In some embodiments, the
film comprises a resilient material, for example, a foam. In some embodiments, the foam has a
covering, for example, a non-permeable polymer, which in some embodiments, comprises
perforations. In other embodiments, the film has a different shape. FIG. 18B illustrates a spacer

35  1830' in the form of a film with a non-planar cross section, for example, corrugated or an “egg-
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crate" shape, which absorbs at |east sone of the deform ng force when
conpressed between the array 1820' and the backplate 1850'. Those skilled
in the art will understand that a non-planar filmis thicker than the
correspondi ng planar film In sonme enbodi nents, the film spacer conprises
areas of varSatpigshpeeo plichiabsorossag jeagt semmp plthe defoeping fuce whymrogiprepsst betpaenythe
conposites), I | ' at : ' }

cbod: ment &, A GAY Sl IRkl R0 TRRS Haals il biCundt Rl L non-piae
spacers as discisi thizllerathay ehe ¢omesperding lpbpart film. s facems embbdimentst thel film sphdeG.
12A - FIG 12T. .In sone, enhodi men S t he fi]I nggagd spacer s arg f or ned @g)f an

i ntegrated GMPESSS AFFRLPHEFY BRBOATHER (U THBPIGRIERISS LRTPTIM e FRRPTIER: ed
separ at elsy giejedtiohd) flichiatiéhss pthatike. Th @fher bMbSIHNENE A0 Gir HOML BeestdI@hd Filni | S
perforated. For exanple, sone enbodinents of the 10 spacers illustrated in
FIG 17A andurtescompses pdditinnal spacerseds depqribed almve fon granipie, thetspagessillpgiyated in
enbodi nent i hch e a o dil | of
gas di spos edIPI 'e%&meelﬁ&f gﬁa&%’#%g’g%qﬂngﬁﬁ ﬂ?tﬁgilnﬁglg %g%gtgg?élfg%%s%g@éggg?l | ed
in the art winitl Inothieembadnentihthie spacére apkfiln ageifabricatad|sppasadl e endgdinédin agpparate
application will, depend.on factors. includi the thickness of, the fil its
nechani cal ﬁx\éBpelPts ‘8‘% £ b?cgmgﬁ%ptge §Hﬂ 'S(:B?{?qrﬂ% a? TP S0 SHREA FREPHIEntS G B
the array kpaRROlAGKDIATFEG. ATA h FIGNLTE bReddrattacilok. HIE. 486 plldiateagk age.
I n sonme enbodinents, the filmconprises a desiccant. In some enbodinents,
the filmis embodimentciaaphich the sppaseA8¥hbisdh traled dag epdosing dvolpme ob ganpiseosed;

pol ymer resiyflekd e abrdy 18907 G40 tleSdckplhd 850" d€Rdst SRNEA in!the £t Wil uffeRBRd that
enbodi ments, the filmvconprises a thin layer of desiccant that Is

encapsul at edhe pagiiculax dilip sefectedsfon gn applishtiomeyill depdnd ondect@e insludingdbl fidkness of
conprise a plapar .fil ' t, Wit r rtiQn
Choreor i n Orah it g RepRAG Hhnckdbs SRS o obiteh Ao o HeaRby el B9 aray
enbodi meist s,and heekplate nand ¢heainfidpatedspackths diggaydpaskdgesed herein are positioned

between the film.,and th ackpl at and/ or between the filmand the array,
for exanple any dF S‘f“i‘?eeng’ﬁ ’(PEI“E’ @%EB’? Fepuys %é‘?““\ﬂf-dt“ 5q9ge F'f‘"‘li‘é‘f‘?‘éﬁ’ Qﬁ%’é‘ﬂ s
enbodi ment  LORGc&RTPhIoftien BmBoddhents) et fiimO for fekAripls PasoBmser 1880 & idipraased

between the array 1920 and the backpl ate 1950. The fil m spacers are as
descri bed aBthadesicet BFHY Ahsbrmleodumany the dilly comptien athin yerof desiccantdhatis | m

spacer and a,8801RbARR xdnidldusifPRF@ mer&in.€Xanpl e, with the planar film
spacer cont agt igng t he g}r(raﬂy 182% gs{’rggsrcrl? bed above. Sone enbodi nents

conpri sélat | eastSomasmbodimphts pemprise b plaopraitiar spacer iragrgitadt witkc the afray ot hporigacer s

do not n.eSt ’thgr%%rf ine%(rﬁ?r (l) ﬁi’slin%ut@ (ié%esgvercaolra%lgﬁgae. dInfslnlngsém%Ji Q eccj)n%lvci)rtg?r% hﬁ‘;er
corrugations at rig angl es. one ‘enbodi rent's conpri sé at 1eas WO
non- pl anar fspaceis apdiectssed Wertin ase gokidoex] bEtwlesn Sip &itre ind e Bjakpled, dnd/obbitwemnhe

t her eby preventi t he pon- pl anar acers fro esting. In sonme enbodi nents,
t he spacer ot™38 \"ﬂ’é‘?’i’?"dﬁx "r@’éf‘iﬁ‘(ﬁ@a&e@ﬁ&sﬁg{’%@?ﬁned to provide a graded

response to an agpi @9 ilRiRes af GRMbAKALHRI 1900 BoBRAGRT a Plurdif bi A HEEEad3eN t h
a triangular cross section. An exanple of a gortlon of a spacer is provided

FI G 12F5as dipesed betvsen g5 army A92hagd th hgehipkate 40 i By B wpagqsnemsrasidgscribed
illustrated abgve!:b@ne %Q&dn}[é}ﬁs &HpﬁMoﬁfbitﬁgsﬁ 6tQﬂJldnﬁr ﬂl%?spacer and a non-planar film

spacer, for example, with the planar film spacer contacting the array 1920 as described above.

Some embodiments comprise at least two non-planar film spacers arranged such that the spacers

do not nest, for example, a pair of corrugated films arranged with the corrugations at right angles.

30 Some embodiments comprise at least two non-planar film spacers with a planar film spacer
disposed in-between thereby preventing the non-planar spacers from nesting.

In some embodiments, the spacer or some portion thereof has a shape designed to

provide a graded response to an applied force, for example, a spacer or portion thereof with a

triangular cross section. An example of a portion of a spacer is provided ¥IG. 12T as projection

35 1232. A triangular portion of a spacer is illustrated in FIG. 20A. The triangular portion is
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relatively susceptible to small deformations, as illustrated in FIG 20B,

but becones increasingly difficult to deformas illustrated in FIG 20C and
FIG 20D. FIG 20E illustrates another enbodinent in which the spacer 2032
has two regions, each which has a different response to an applied force: a

b rent P feh iR capd Seftatpfi SiudaRa sp Bl 4B GRS el et

regi ons, an &ppEf to E&GORs ARSPated HAFIC.S200A5nd EIG 2018 FIGDREE VQisthat&Pabmher and
a lower region 2034' that has relatively ||ess void space. In sone

enbodi ment s embpdipent it yhish itheepacsr thnpasodegions: cash shicd éés pdifferspdesporsedpnse.
In some e”b‘r%gblgﬂnfoﬁce QNGinREr B prfnoL %ﬁao%@r SthicRerS ROAMF %Qrtg)f? iﬂ@& arl;l e I N
other 10 enbodi nents, one or nore of the spacers Is secure

backpl at 6. lemboditment il vro il meEI(é,ZQFnéle sgatcemb%@' aifo hisetwopespens reﬁomeauuwdr to

both th backpl at e.
o mor e spadere T2 if B Pafleuma Rl Bhos e ol Bicn dod b bt "
spacers i s |&eabKkiegade0 IhRembambaldimb@s, spiteOtdipriseTd osthoRé shat PRCideN a gRE&I Of

the spacers is not secured to either the array or the backplate. In
enbodi ment s '¥RORAi ch a spacer is secured to the array and or 15 backplate,

the spacer is seguigd. Eﬁb&ﬂmﬁﬁé’ dﬁ?toh%nkﬁpm dpheet R s@&ﬁed {oOthe GXATPIE othblS| NY

an adhesive, nechanically, and/or by welding. In enbodi nents using an
adhesi vdf oreabodimenss, @nadrhe@e véthe smcap il seeued to tlteH:@cIaJiattayInaDﬂutt embodiyaenitsp bret e

using any rretho r, exanmm i thogra al | 1 nkj et
printing, quge Tpncf'ers 1s sgcu? 3 t? fl%gt Ithfi<a ay Amg ’t}(;at‘:cbealgkpgzg SPnaotg & ‘s’d’{"ﬁ'é 5 a

applied to tfimsadheﬁoramrd @aMsQﬂreﬂlﬁ)mdhﬂDy)hﬁdaiebelcbﬁhﬁ‘&‘dnvarm&eaﬂbkrkm to
t he spacer, which is then ap E{'Otﬁ?fd‘iﬂgqot he array and/or . backplate, for

exanpl e, by S&redyP Hhy, barkplqte. dipents 95151 97 Bare 8 thesRererHs nph seeured fp

ot her  enbodihE® HeSirray HARSPRRAAS. ﬁare%xbsuﬁ@ﬁt@whlwaepal:érqygeém@@fmrlé stta F?Qn&&e
adhesi ve. The suspension of spacers is applied to the array and liquid

r enoved,13f obacdkplatepithe, spaser ds, sgsited tising . anpegiisidelnoyh ingthe agbfos expraple, o‘§ﬂign@l ude

| ower al cohQlySgif %ecgme d gﬁ% et hanol, and isopropanol, as well 25
as ot her vol at ?J]V QIFelcqw ?/ xarrp{1 e, acetone, nmet hyl t-butyl ether, and
et hyl acetate. Adn enbglioustasingaondhesive, Cslenemerctnddésmmssqpphqﬂaoehesaray endippl i ed
toafilm thena d to. the array o]

enbodi ment s PR itecs; BN Bfplavim B afle F o BpMer FnpcBtfat il PR, | peq
in greater dettai Ipnbteigomd ﬁeaiker A gaers@aplicett it Ghenhpphalciophatdhesisd. Nth some
substantially simlar ds. 30 In sone enbodi nents, one or nore s acers

are not “Bec GRbefipents. (ihe athsaV BraPplird 1B ABaPRSF W hich iy then, applied to fhy aggpand/or

enbodi nent s pikbiae, k6 G8mPRAGE sPrayh@) roB¥@MRdRidda 8ppiRatd SEﬁ’&ﬁ{Sllt”HxSBt'hé’JEd
FIG 17A andh&FG 17B, mEe s%ggrel}rusgl rI‘DI ﬁ%trat (lad inpﬁlylé " ar‘ladI £

and/ or the #mbqoﬁlmslﬁeé@rseaqersmeauﬁmlé@ ing ligpd, compgrising thp eiheilse T@smrsxren@n qf9
e o s AP G2 IO Bl AL S0 BN TG
smal l er, f Olsmelhhtrhqhd$ inglutidlosier geohiols, fohexample, methanol, ethanol, and isopropanol, as well
25  as other volatile liquids, for example, acetone, methyl #-butyl ether, and ethyl acetate. As
discussed above, in some embodiments, spacers are applied to a film, which is then applied to the
array and/or backplate. In some embodiments, the spacer is integral to the array or backplate, as
described in greater detail below. Spacers are secured to the backplate using substantially similar
methods.
30 In some embodiments, one or more spacers are not secured to the array or the backplate.
For example, in some embodiments using large spacers, for example, the mesh spacers illustrated
FIG. 17A and FIG. 17B, the spacers illustrated in FIG. 17C and FIG. 17D, and/or the film
spacers illustrated in FI1G. 18A — FIG. 18C, and FIG. 19, the spacers are simply positioned on

the array and/or backplate in the assembly of the package device.
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m cronmeter to hundreds of mcroneter range, the spacers are conveniently

positioned by suspending themin a fluid carrier and applying the suspended
spacers to the array and/or backplate, for exanple, by spraying and/or spin
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et hyl acst ae) lighi€@ AR %ail: @moveds Rk eRBlple, aRGer GAERINAIIR®S Helt@ige HxambRs ei her
enbodi ments, the fluid is a gas, for exanple, air or nltrogen I n sone
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formed. 16N $OfFeIR adebtfd SkeiibO@ig st de), aﬁd@nﬂaﬂﬁﬁ&is&ha&ﬁ’oIrdﬁﬁér@ﬁ:bbd‘lﬁ;eiitﬂltﬂekneSS
of the seal, thereby providing a uniformseal thjckness. For exanple
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backpl ate  y&kbnl e HO&HRAEIs Pern%(rledj%enaab&%ﬂin dddbLdnesw. of 20 m 20 As
illustrated in FIG 21A in sone enbodi ments, one or nore of the spacers 2130

ext ends bet ween {meomg pmbodaags, ahmSlba@kpteammhgdwovstamnﬂllwmhen‘msdhmmy, for
illustrated,_] I h t
does not con’fa%lgfe’tg%g% églgk%%: 3‘?%%‘3?@%& tl?eljsﬁglt FO%E% rﬁlg tp ?p%h{xﬁust% %é’tg es%ac?rﬁ FI G
21C, t hes spacather2éndiddinentss aletspactfsembapﬂhpdi ave tBd 50y, ashwtll doethempiitiasnfalet t he
array 2120"., So errbo i ment ri x:) ation of th

cont | gur at | BFASE 6, R R o1 Vs eGP AR o SomOT e mbpdimerts ¢ ne
device ill Uﬂfe"sﬁic@ﬂ als® dEﬂir@theﬁt@icknds@oﬁH@éHﬂl MRRby $Rling HghiHRA & auacaé’s@ a6:€
integrated with the arra%/q.iZZZO interferometric rmodulators. In th

i | | ust r at edcERpididaesng $0yamspacees within gty sealoard rontegting, by suisgatg sad @acz@b@ of

the interfeqangfs b&egg,%k&mema%%&s s bboSQEe enbodi ments, the process for
formng the spacers is athin-filmprocess, and is integrated with the

process2@or for mdagllusheted in ElGe2bhen some 80bodientntane 1 200¢ of fher spegeanBl¥, as
di scl osed a ' . 5 di a
spacer mat erglaéa/t S%m e'ﬂg?siar?agdf g@hbgu%éat%%%i%cg’fa?gmégd@g}giMSEate rilgﬁ?%g&
renmoval of tltet‘@a@aailw icontadts thataery 2A12¢'nbit dokd usit a:oataedbhellracltﬁlm plsmesm tifeor
manuf acturin e i erfe nmodul s 2222. The 0 are

ot terned anibeirs e R RICAITG, uF Sasp EhB0T oG e BRI ot doen St
art. Those sditdct @6 airdy 2106". 88dmeWWlboditRAE cohARE a tch@binktta of 8letd &thrradm hod

wi Il 35 depend on factors including the particular spacer material used, the

other m&erials Uheembodinmanpillustratedain FGo244 is sypilar e the devies dlugmtadrin FIG. 6C.
modul at or s a@%%boénl}ﬂ@nt%@ae{h@'s%&e%f 2330tk rﬁh@érfaéﬁoﬁﬂ ileC array 2220 interferometric

modulators. In the illustrated embodiment, the spacers 2230 are formed over the posts 2226 of
the interferometric modulators 2222. In some embodiments, the process for forming the spacers
2230 is a thin-film process, and is integrated with the process for forming the interferometric
30 modulators 2222, for example, as disclosed above and in U.S. Patent No. 5,835,255. In some
embodiments, a spacer material is deposited on the mechanical layer 2224 prior to the removal of
the sacrificial material (not illustrated) in the process for manufacturing the interferometric
modulators 2222. The spacers 2230 are patterned and etched from the spacer material using
methods known in the art. Those skilled in the art will understand that the particular method will

35  depend on factors including the particular spacer material used, the other materials used in the
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nmodul ators 2222, and the like. In some enbodi ments, the formation of the
spacers 2230 is integrated in the process flow for formng interferonetric
nodul ators, for exanple, the process disclosed in U S. Patent No. 5

5, 835, 255. For exanple, a |ayer gnot shown) of the spacer nmaterial is
deposi t ed ormansactiiecefa ifiecile Wyt podulgers 4282y tivoseameties £f Jbi interfesqmgtric
mat eri al i the cavity between the mrrors. The spacer
| ayer is thglr#lc’dg{a%#%ﬁ%wgbrérlnﬂghe i ndi vi dual spacers 2230. In sone
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manuf acturin acka Iectronlc 25 devi ce th.reference to the
structure |I"?{‘}E’t"133’t‘%’3 spacess g1 the qnief g4 a‘?elé’fﬂl‘ér,'n\gaglfpé‘ﬁ ‘2310, a substrate 710

on which an i ntemfsenmmeml 6a MEICGU| ZBHOT in7 dodnd) @Eabb@ientt 0 EHEE rrdyS 208" abdaflised N
sonme enbodinents, the interferonetric nodul ator 722 is part of an array 720

of interf er deterometric magilafprs 2227 xf diffeient theightso Jny thea.ﬂlbsa@r@ﬂleatbedlms@t the first
obt ai ned. ﬁﬁ@ﬁ@zﬁ%nﬁ%aﬁrfoWﬁ@héBﬁ%ﬁéeJé@ thé&% gﬂoﬁlﬁgn?eéjuﬁiwlﬁ Redehe

interferonetric nodul ator 722 and theé backpl ate ep 2240, a 30
seal 74@0i s s¥ppering sisendiwearers 23%60'soflvoy tvat disdlewd abayet hesmmbd%mnti’,a@e seconds one

enbodi ment s ’spa{[c%}g 626({2911%(:%%9&1 tl%hffe ﬂg a&% ufn fugg E t!s $hel se@o 2 acers% hsi ng

a plurality o age di s I ndi vi age di's s are then
cut from t harep@anebured to the fivet spimu;f an:tlmlemhgdlmmamaate a Pl I22CJ thtyseﬁiﬁnd spacers
i nt erferomeé?@q nodul a substrate (nother

gl ass) leggle'ascawﬁ%amﬂszﬁé Tl Sienes e RestSpRTA0 T v ot | backol ot o 35

(typically equal Fig. BIEbE lowehatNRusiARY 4 SlcORB 6 Mmanitirl; Qrpadkazay slkctronic
di mensi oned and spaced to -25 match the interferometric arrays is obtained.

Spacer s Zar e defigpwuk seftercreihe HEckp dlustaied BnklG. 7A and FIG. 7B." In step 2310, a

substrate 710 on which an interferometric modulator 722 has been formed is obtained. In some

embodiments, the interferometric modulator 722 is part of an array 720 of interferometric

modulators 722. In step 2220, a backplate 750 is obtained. In step 2230 one or more spacers 730

are disposed between the interferometric modulator 722 and the backplate 750. In step 2240, a
30  seal 740 is formed between the substrate 710 and the backplate 750.

In some embodiments, the product of the manufacturing process is a panel comprising a
plurality of package displays. The individual package displays are then cut from the panel. In
the manufacturing process, a plurality of interferometric modulator arrays is formed on a single
substrate (mother glass), as discussed above. A sheet comprising a plurality of backplates

35  (typically equal in number to the interferometric modulator arrays) dimensioned and spaced to
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backpl ate as di scussed above. Seals are forned between each array and

backpl ate as di scussed above, thereby form ng a panel conprising a
plurality of interferonetric nodul ator arrays. The individual package

di splays are cut fromthe panel using any_method known in the art, for 5
exanpl e, by Wh the Apjerforpraetio Arrays 15 optaiged: i Spacers jarg disposed hggWeennthe Auhyirate and
protecting aRclaRCldRhGedHOVE esMid fe fIrREELERNES dabh bty sl HHAHIESLa! didcistd at ed
in FIG 7A and " FIG 7B.- In step 2410, a device conprising an

i nt er f er ometabovs, thowgby formimg a2and! gpmpasinge plusalitysif iptedergmetia mydelatonarkgys.ailbe 750
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mm x 300 5mmekarhde, besaiviigr i ¢ nodul ator arrays are fabricated on a 680 mm x

880 mm gl ass sub ate. A _glass sheet, of six recessed caps, 7 mmthick, 252
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i sopropdfol backpher®S0ed by heating at 100 C for 5 seconds. A bead of a W
curing epoxy (H5516, Nagase, Tokyo, Japan) is applied to the 20 peripheries
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devi ces such as tel evisio an ortabl. dia players. The display, device
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25  device 2040. The display device 2040 can be, for example, a cellular or mobile telephone.

However, the same components of display device 2040 or slight variations thereof are also
illustrative of various types of display devices such as televisions and portable media players.

The display device 2040 includes a housing 2041, a display 2030, an antenna 2043, a

speaker 2045, an input device 2048, and a microphone 2046. The housing 2041 is generally

30 formed from any of a variety of manufacturing processes as are well known to those of skill in

the art, including injection molding, and vacuum forming. In addition, the housing 2041 may be

made from any of a variety of materials, including but not limited to plastic, metal, glass, rubber,

and ceramic, or a combination thereof. In one embodiment the housing 2041 includes removable

portions (not shown) that may be interchanged with other removable portions of different color,

35  or containing different logos, pictures, or symbols.
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i ncluding a bi-stable display, as described herein. In other enbodi nents,

the display 2030 includes a flat-panel display, such as plasma, EL, OLED,
STN LCD, or TFT LCD as described above, or a non-flat-panel display, such
as a CRT or other tube device, as is well known to those 5 of skill in the

art. However, fofhpdisples2B0sf expaplary display davice 2PHbmay beyodiarvariety of dieplaisspl ay
2030 inclu r r S y (o]
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transcei ver inzbde ‘1“§"‘§'f§?1ﬂ'§%‘ﬂ661°@‘83‘9’r1‘@51’1% trcdss@ibpd gl which is connected to
condi tioning harq§@5 fBH@ qh&ﬁ

configured to conditi 3%’9‘?1%3? gna &ﬂ ?ﬁ% P]Ia%r Sl g ev,@Q gqg%sﬁgﬁﬁngarﬂ ng
hardware 2{b&trated iod?ﬁﬁebilhdl'heollestlspéaml@ﬁdﬁplwdevwerﬁﬂéﬂ uphdn;ea R0difg 20/e

processor 2021 is also connected to an i t VIC 204 and a dciver
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standard, ift¥P ﬂt%ﬁy?’ﬁﬁﬁlf%ﬁgﬂf §1 ‘@?’ @gf ﬁﬁ“rﬁﬂfoct"ﬂ@? ﬁ‘ﬁent
t he ant ennaarkdyosen A%oﬁ%uﬁ;ﬂﬁm%%ﬁovﬂis Fé\ﬂdﬂ&’d Al @ﬁﬁﬁﬁﬁﬁm éirbdBy thB

standard. In the case of a cellular telephone, the antenna is designed to
recei ve CDMEemphRy dippiprgiegice 2949desighown signal's that are used to conmunicate
within a wirel esgnelibork RtORRe REIMRAEKdes HiCartdnAN 264 MRMh2AEcdNeE 2047068556
the signals received fromthe antenna 2043 so that they may be received by
and f ur eher thegrémplaradisglap gevitee24P sereecsmmunik@RIwitlTéne darmme delicee pva@@ 2OWTk.al so
processes s | S .r LV r r

transnittedhp?%onﬁPﬁégg&ﬁg P&BHQ&H@% deﬁzzégiﬂég%%ﬁ§$?% hsg" %ﬂﬁ¥n§323 In
an al t er nat teﬁeveeaqlmdmmnbf tht pcdssar2dziei Teran2odh/208d s Hg anepihasicedn iy thase of

recei ver. | ther a Iern@tl Ve, errbocil , ngt wrk interface 2027 can
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digital video disc or a hard-disc drive that contalins image data, or a
25 (g). In another embodlment the antenna transmits and receives RF signals according to the

in

BLUETOOTH standard. In the case of a cellular telephone, the antenna is designed to receive

CDMA, GSM, AMPS or other known signals that are used to communicate within a wireless cell

phone network. The transceiver 2047 pre-processes the signais received from the antenna 2043

so that they may be received by and further manipulated by the processor 2021. The transceiver

30 2047 also processes signals received from the processor 2021 so that they may be transmitted
from the exemplary display device 2040 via the antenna 2043.

In an alternative embodiment, the transceiver 2047 can be replaced by a receiver. In yet

another alternative embodiment, network interface 2027 can be replaced by an image source,

which can store or generate image data to be sent to the processor 2021. For example, the image
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sof tware nodul e that generates inmage data. Processor 2021 generally controls
the overall operation of the exenplary display device. 2040. The processor
2021 receives data, such as conpressed inage data fromthe network 5
interface 2027 or an inmage source, and processes the data into raw i nage
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wavef or st #REe dipappmpripiely fonRigh speediiransguission do iy dray, dnyee 2Hiim dinstfbicallygthe

soneti nMes t farsandsiQ 202LRemEe Mesh ih PN dafSnto didaial R Baviigh BREIKY 1Qfnat,
pi xel s. 30 I n one enbodi nent, the driver controller 2029, arrg¥ driver 2022,
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driver 2022 is.a nven 'onaJ3 iver or bi - st abl e displ.ay driver .fhe.g. ,
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wat ch e32,5 software, or fully integrafed in hardware with the array driver 2022.

Typically, the array driver 2022 receives the formatted information from the driver
controller 2029 and reformats the video data into a parallel set of waveforms that are applied
many times per second to the hundreds and sometimes thousands of leads coming from the
display’s x-y matrix of pixels.

30 In one embodiment, the driver controller 2029, array driver 2022, and display array 2030
are appropriate for any of the types of displays described herein. For example, in one
embodiment, driver controller 2029 is a conventional display controller or a bi-stable display
controller (e.g., an interferometric modulator controller). In another embodiment, array driver

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

35  display). In one embodiment, a driver controller 2029 is integrated with the array driver 2022.
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and other small area displays. In yet another enbodi nent, display array 2030
is atypical display array or a bi-stable display array (e.g., a display
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progranmabl {yﬁ,’il des in the array driver 2022. Those of skill in the art
w | | recognl ze at the above-described optim zation may be inplenented in

any nunber of haPaheaspply2080 o isdidevevagiely mipomgniteragandivices ascaré wels known in

configurati he emhodi nents illustrate n escri bed ve are provi ded
e exanp o5 by For xR M OE et SR R A SRR e
enbodi Ment SnigietsRARIGH bAIRFEIrA Hihiuh iGtStRittersd IS Mot HeLembodihdhe, pawtr sippli Q080 is a
departure fromthe spirit and scope of the teachings herein. -29-
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spacers di sposed. b d e or
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recognize that the above-described optimization may be implemented in any number of hardware
and/or software components and in various configurations.

The embodiments illustrated and described above are provided as examples only.
Various cl:anges and medifications can be made to the embodiments presented herein by those

25  skilled in the art without departure from the spirit and scope of the teachings herein.
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t hrough the transparent and/or translucent portion of the substrate. 3. The
di splay device of Caim1, wherein the backplate conprises a recessed cap.

4. The display device of Claim1, wherein the backplate conprises a gl ass
backpl ate. 5. The display device of Caim1l1, wherein the backplate conprises
a desiccant. 6. The display device of aim1l, wherein the seal conprises a
hernetic seal. 7. The display device of Caiml, wherein the seal conprises
a desiccant!ﬂﬁilﬁﬂﬁﬁﬂﬂﬁﬂlﬁg device of daim1, wherein said one or nore
spacers conprise;a dgsi . 9, i splay device of Claim1l, wherein
said one or nDreLspacgﬁgggfgg?%ﬁﬁﬁéagygspaced. 10: The di spl ay device of
Claim 1, wherein sai danmay of intenie @nepiasrdalaairefotmedaginl sabdivite; M spaced. 11. The
di spl ay devi ce of Clain1&, further conprising: a processor that is in

el ectrical comuni cat?AFRPFEh said interferonetric nodul ators, said
processor being confi :thral?ﬂi_s;%daed)ﬁ@@@eﬁsthé OERatél @b Pihe AACkpRtd R HR Y B8 \Shtssfatk N

el ectrical communication with said processor. 12. The display device of

Cd ai m 11, f urt hemdbochplateserldogsthgr jowpaekags the aray of dmi¢rfegemeide modulgenyoandt | east
one signal to said inter I Cq: I I . i vi.ce .of
Caim12, further Coﬁ%ﬁféﬁﬁﬁpﬁﬁégﬁlgﬁﬁﬂg?kﬁﬁﬁﬁréﬁﬁﬁgmf%g5§§hﬁ%a?ﬁvg§§?9a
portion of said oneegmottapacetsprevantdhadrackieate from comtiicting ¢he afae di spl ay devi ce of
Claim 11, further conprisi n .i mge, source, nodul.e configured to send said
i mge data to safd p?ﬁ?ei‘é}g% %9Y§€F i’g.eC}al*ﬁ’elﬂdl"‘@ffle’é?ythaeﬁ}‘g%’é'teo ) &hYh ppRally

wher ei N sai gadspRGe afit tRfsIiRRAY bl GO Mricf@fetdd moliBASE 1R\ @nlfuréd ﬂb%ﬂcyﬁ‘%ht
transceiver, and transmtter. 16. The display device of claim 11, further
conpri si ng @pushibe tragparen and/eifangluecatipariéon of fiesubsiatenput data and to

comuni cate sai dthinp -Sal C y&%ﬁg f j a

di spl ay device g%npr?QFng%ﬁyg?géﬁggﬁg&ghgﬁﬁﬁéFT@%%‘ ngC #%ﬁ%fg%%%ha ray on
a substrate; di4sposifg disgaprdevior of SPaiges vdwuregnitld badsplreatanpriassda sg@mb i ng a
backpl at e ont ghe substrate to forma display device, wherein said one or
nor e spacer%wgﬁ%%ent the backplate from contacting the array. 18. The nethod
of C aim 17, whes.ei n Bridiphy ldstiteadf€ldim 1aivhdreiasie askplataddmpribdsarisgiadannt

and/ or translucent, and the interferqnet rLc Jmodul ators are configured to
reflect light t hq“ougf'lnlcﬁésmay device of Claim 1, wherein the seal comprises a hermetic seal.

7. The display device of Claim 1, wherein the seal comprises a desiccant.

8. The display device of Claim 1, wherein said one or more Spacers comprise a
desiccant.

9. The display device of Claim 1, wherein said one or more spacers are regularly
spaced.

10; The display device of Claim 1, wherein said one or more spacers are irregularly
spaced.
11. The display device of Claim 1, further comprising:
a processor that is in electrical communication with said interferometric
modulators, said processor being configured to process image data; and
a memory device in electrical communication with said processor.
12, The display device of Claim 11, further comprising a driver circuit configured to
send at least one signal to said interferometric modulators.
13. The display device of Claim 12, further comprising a controller configured to
send at least a portion of said image data to said driver circuit.
14. The display device of Claim 11, further comprising an image source module

configured to send said image data to said processor.
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transparent and/or translucent portion of the substrate. 19. The net hod of
Claim 17, wherein the backplate conprises a recessed cap. 20. The nethod of
Claim 17, wherein the backplate conprises a glass backplate. 21. The nethod
of Claim17, wherein the backplate conprises a desiccant. 22. The method of

Claim17, wherein.sealjn backpl at.e. onto .t he substrate for a hernetic
seal . 23. The me??md ﬁ"e %Fpi?yﬁﬁi§?°%@%?% WhEEETLEA1] iTags SOBfeg “nglfﬁgmgrﬂﬁ‘i%%trs
conpri ses ajeadl@fd SGABLciver dranstéiGerBidhadsngfie:Cl ai m 17, wherein said one or nore
spacers conprise a plurality of regularly spaced spacers. 25. The net hod of

Cl ai m 17, wher ei hsai dhotierlardepiss af dymdldr BrtberprmpEEnGapinpit sleyies confgured ta

I rregul arl yae,%m‘[cﬁgmgaaﬁﬁaé,-co.%ﬁmm/ém@sﬁ@lnﬁm daMb Gha pRURsRY the method of O aim
17. 27. A displa evi ce conprising: transm ssive neans for transmtting

l'i ght therethrough; mbdedtiadiofigpakmgndisplay devisdgbmpiismg:| i ght t hrough said
transm ssi ve neans; cov.gri ng. eans ef or 1():T@Y(?ri ng sai dbnpgeul ati ng neans;

seal i ng neans di sposeﬁ“’%l PR PTG ERUATT Y RS he cover i ng neans
to forma package; andisgpiag ondori®aaIspats of¥akMakdtiakgaidne nodul ati ng neans and
the covering neans from contacting each other wi thin the display device.

28. The display devi c¥abis adragkniato onto ficsppstiateda forma display; dexicg,avhsgedhspid one

conprises a tragSpak @;S}Eer%hlé%‘nf B Backplate feom cohB¥etish Phpy. devi ce of O aim 27,
wherein said nodul ati ng neans conprises an array of Interferonetric

modul ators. 30. The dikphetodieiflaim b, vdersimsaitlzsubstiatea isiah legsiipdrtioby teispgenteans
conprises a_ backpl . : i i i Ln i d
seal i ng meaz’r‘]nsfj Po(g grﬁgsr]‘?}se)gtsang#he ;zla;g 5%?\%@0?%%lﬁﬁyﬁ§sm %%f%]?eg g%) E%.%T eg‘g@\%ﬁ E@“’é’?ﬁ %eai m
27, wher ei niragpaiers padforngnsiaintpononpf the esbsaatepacer fabricated on said

transm ssive neans or,said co i.ng._neans. 33. Tge di spl ay device of Claim
27, wherein the overﬁfd“ﬁ%‘gﬁg%i%ﬂ*g?ig}&e‘%the ke Eeé‘a‘_“l?g ?gé‘?f.ess“’l‘ﬁ‘?l’di spl ay
device of Caimazay, wherdthoddi Claaa\ewitgilhebackpRIFtoinpAss a gladAstEant .

21. The method of Claim 17, wherein the backplate comprises a desiccant.

22. The method of Claim 17, wherein sealing a backplate onto the substrate forms a

hermetic seal.

23. The method of Claim 17, wherein the at least one of the spacers comprises a
desiccant.
24, The method of Claim 17, wherein said one or more spacers comprise a plurality

of regularly spaced spacets.
25. The method of Claim 17, wherein said one or more spacers comprise a plurality
of irregularly spaced spacers.
26. A display device made by the method of Claim 17.
27. A display device comprising:
transmissive means for transmitting light therethrough;
modulating means for modulating light through said transmissive means;
covering means for covering said modulating means;
sealing means disposed between the transmissive means and the covering means
to form a package; and
spacing means for preventing the modulating means and the covering means
from contacting each other within the display device.

28. The display device of Claim 27, wherein said transmissive means comprises a

transparent substrate.
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35. The display device of Caim27, wherein the sealing nmeans conprises a
plurality of evenly spaced spacers. 36. The display device of Caim27,
wherein the sealing neans conprises a plurality of irregularly spaced

spacers. -32 ) . . ) . . .
29. The display device of Claim 27, wherein said modulating means comprises an

array of interferometric modulators.

30: The display device of Claim 27, wherein said covering means comprises a
backplate.
31. The display device of Claim 27, wherein said sealing means comprises an

adhesive seal.
32. The display device of Claim 27, wherein said spacing means comprises a spacer
fabricated on said transmissive means or said covering means.

33. The display device of Claim 27, wherein the covering means comprises a

recessed cap.

34. The display device of Claim 27, wherein the covering means comprises a
desiccant.
35. The display device of Claim 27, wherein the sealing means comprises a plurality

of evenly spaced spacers.

36. The display device of Claim 27, wherein the sealing means comprises a plurality

of irregularly spaced spacers.

-3 -



