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PACKAG NG FOR AN | NTERFERQ VI ETRI C MODULATOR Backgr ound
I nterferonetriic godul ators, are spatial |ight nodul ators- typieally .
used in disptay’ ppl ications. These nodul ators use interference-
effects to control t f L seen by
a viewer. One examl%@éﬁ%kmmﬁéwpﬁﬂwﬁﬁv fl1VloD
enpl oys a cavity having at | east one novabl e or -defl ectable wall. As
the wall, typically conprised at | eaBadkstaundy of metal, noves towards
a front surface Q&ﬁér@%eﬁ@vﬂﬁd‘;&ﬁ*atdr&fa?é f&hﬁ”ﬁ&t%ﬁ&lﬂaﬁo& H%:c }rf £l Sin' BEpley

color of light viewed ront surtace. The front surface is

typical |y tamelicgtipnseddiesgiraqdalatorraisp piggisreaescihicny to qoatrel; the jutengifyfad the colge of

the i MQ i suatigh R by wv@we:d@ﬁeeﬁam ‘fe@htaﬁ:maxaﬁp@ HRGRIHY, L THRAIBB kRPlbys
as it is the portiion of the devjce thr a"é?e Q{Ymch the viewer vie t.he

i mage.  Manut BEETERL lapst pReTRAvRRIE Brfsflpdt A5 thsvalls tyBigeH famprised at least
simltar to mheds hatdesows tdﬂﬁkﬂs@@onfmﬂﬁéeaﬂ'&hﬂ@ﬁw htgTebemse oduins Iﬁm&Sffects the -

'iLE”hSVfLZ“M?' (L 5 Pl B, ko T S e YOI 8 s e e
| nt er f er oneielge ﬁ&d&#ﬁéﬁb@crappemasmewmbusracﬂmﬁm&aicesyst ems (1 s4EMB)
oo o e 56 oAl B PF ke L R 8 i

have m)%/q ng part g nu's
prot ected. Gews thamiagf; Mbndf@twfhﬁym intasfoton@Ive m!)élﬁﬁtoels sornevdpt mﬂéﬂr to other types

manuf act ur e et
consi derati %fn&s)%% 3&8&%@%@?@5 sﬁ@nsasqiqﬁifd%ﬁﬁi ﬁa}i&ggr e )gg{n%weggb 9 ‘(laeetg the
of freedom mqmmatbte@fthe dbmeepm@mﬁfﬂiemm@pm ethereonsidemtipeim| e t o

either LCDs or c%\iﬁl&@é are%hﬂo&-@ct%%amédi‘&ﬁfeﬁﬁ@%ﬁisﬂ bB&vices. While
nodul ators do not ave terial 1njected into the. gackage such as
the liqlid Geyueas Hlﬂrsﬁﬁﬂ?ﬁ%%t%mfﬁaﬁcqssth%%@ IrOmaviEg PRl Spd RuptdEv jopm;ig ove

many MEMS dﬁmﬁféﬁamﬁ%ﬁw‘c@a Okl wmdmbp&emw&nm&s hﬂy @re Pabiifactirbtbdn a
rub agai nst one ano . allevigtin oncerns ef nal particle
gener at i on. S"Bﬁaéﬂfth%&%ﬁfﬁ?qta’i?cﬁ?mﬁ ‘f?g“%"ag’\ﬂil g@m""t ‘5"i°‘ﬁ%s i nventi on
may be best underigkdee sdiye degel 6Tdrebdom dlaitableas it fewinicticraddalamacmt bailable
the 25 drawin erein Q a

i nt erf er omet %@er ‘EWYM&W%" aﬁ’ﬂ’é‘ﬂgﬁ?ﬁ’ ]\é:%rf e%ﬁ@%ﬂg{l O ot have
enbodi ment mbtesd] injadted fur thm&degecmd:hlaatharhmwwme 1ﬁateg1al fscin® mﬂsplw
fl ow chart of n od| 4L i
nodul at or s. g agﬁ%ﬁan e[r%od’ W%Ih%eo?%ﬁ%%ct ﬂﬁé QéTg;L{; fhiat b
recessed rewamsonaanother, anemmgc@c@mhgutmrmibqﬁﬂwama back pI ate
havi ng recessed regi ons for md&%@@gﬂé o the substrate.
Figure 6 shows an enbodi nent o acka aving a _hole for '
appl i cati on of d@es nvention nﬁv@eﬁ@tﬁn@@wg by yeading b daqlesugst wiffreference to the

interfen oft OF packagi ng having a non-35hernetic seal.
Det ai | e& Descrl pt| on of t he Enbodi nent s Interferonetric
modul at ors, such¥iggretlpand Nashpws ancgqmple gi g inferferoppisie sjpdilater e s

oper a::ll ng on | Lgh{r%fe&%hslﬁs 4&%’0@6@5”6% eﬁfbdﬁ%ﬁf@ﬁ&t&fﬂﬁnﬂcﬁﬁﬁﬁodﬁlﬁt&paokage
accordance w-th inmge ta 0 ctiqgn S such.a np ul at or.
10 are shown in FEiegErbsopsadlew 9 gjm'@{‘?’d%&lq’r%f‘ﬂd to ppckags WiprRgmeTio
surface woulghdligwoal t he ' bott oni of the pi cture, .as shown by the
viewer eye 14. The nodul at or d,on L r apspar ent
substraté 12. Ang &% éﬁ?wss'ine?ﬁ ‘%T’é‘gl}t(?f %&%ﬂ%‘?ng& gc?‘iF‘EV“%\ctive
surface that may Fim:easfsmem aknihyditnbye oﬁebamhplaiammm’edeyseémionefoawdfhaa&ama ‘
t he mechani cal 16?5”{‘{1 Su{)qme ayer 22. A dielectric layer 18 typically

protects thgp% rear ck layer. The nechanical |ayer 22 is
supported by posﬁmﬁﬁhowsm%bomrﬁ of figackage bavingra hole fpogplafiorofdesigednhe

i ndividual elene %Eg%rreof sHhiE 2t QRok¥ent of an interferometric modulator packaging having a non-
35 hermetm seal
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When the circuitry on the substrate, not shown, is activated in a
particul ar _regi on under the nechanical |ayer, such as that portion
that is suspended.over cavity 20, the nechanical |ayer deflects
towards the optical stack 16. As |t deflects the mechani cal | ayer
causes the portion of the opBetaied Des the Bmhodimenthe vi ewer. to

appear bl ack. ThefgieHeic lﬂ-)bdﬁgt@fs%@ﬂ &Qhet quaﬁﬂp&ﬁhteﬂf‘éfeﬁ@éﬁﬁc%p%mg

| mge data, an_imge would be seen e vie particul ar

enbodi nment ¥ ligkh nsige &ﬂrceww@tnﬁqdehmﬂﬂgé’f E‘ra°?fﬁ‘¥;gf)"ew}t‘é¥f%? daas Sroggsegtional
rrpn_o: ithic hfwgafflfs@amﬁl bm#mqrnmg@e Sbef i Mfkes Thhnd e rmqus aﬂﬁud%zﬁeﬁfi teing
similar 01 W r err ,- as,a ne ran erteronelri

Todul at of | ﬁ“ﬁfa%”“é‘i‘{)'é“r%‘ii%"i estog, 90t RishEe 67 5%%%%@8%%% (Tt modulator
modul at or sirawis forndd @ik ﬁ*aﬂsjmxeﬂt bubsizdte 10 rAn)dcsipﬁfH:ﬂ stat:]haﬁ foerab! 8 Eidst bﬁtﬁ:all@,i atfive
t o appear S Se e rom.t he support

b9 RPr e ot SRy PEREEE BY e SeRRE AT ety At esrspRiion pr ity per
case, the prkagdisldcticuyer 18 typallpoptotbat te optszalem‘achm dftednevhatcablepn AR is
for noi st ur%pf) mgp%vé?sesugﬂ‘§4<ﬁg @Jtltﬁ %tloc%% ‘i???ﬁﬂ%%ﬁ% ttﬂeqﬂtﬁﬂaﬁa? ments of the

substrate 1 as an assi ng cur trom
struct ut® odrrthe nodul at or. Iayers or package materials. It has sone

degrees of  r eedgin fe bhhin GPRE sibbifrd) BordRod AR S JHARREALSEh Rier

t he operation of e devicé and devi ces e packaged I n
anbi ent conff meghasical layer, sugh; % @a‘époztl e@#?égmrﬁéﬁty 29+ thg pnechanical layer

i nt er f er omefdhedis fSRekak &%@ﬁudalht@kmackﬁg&ﬂeéw memslkaagmaﬁr éaeﬁd:msé pbﬁbﬂ\@f&ﬁb
the transparent su stratg)yéﬁq wWth the Weec%e?fth f10 on %Iﬂ 1
side' of thePusHlsbrk at seep VeV GO PpREE! FHOr Y aqdrisig Tepenica
30. hThe 1§ alﬁﬁ@aﬁmriﬁmg&lﬂaﬁt pjidgewshld Bwseaf)%m:ls(heﬁrams (paﬂﬁﬁlﬂﬁ‘ q:ﬂgbdiﬁdlt of an
with a non- tic Se oi.ni n ac t. o.the su

‘to forma pRE ;#]ayt]??em%gﬁ‘{:@gaé a\/\V‘P‘F 1@5 fn;‘ﬁ?r 5138'5’5?1%'%‘;?? Fﬁerc
such as 34 'mmmmmaﬁ dnd ke dimibf td tewitiddukiired tars aymabtant hmeﬂﬁﬂolketnc
pl ate. This %.lll ws for control of, the noisture inside the package.
Desi ccants &F ed in other device packages, being a fairly

ef fecti ve neans honcaltetnriite @Sodipiestt afrag mtﬂ&rmhimocwmdmgm Delpwe Antike

may be Eéederpor z@%{éﬁ&ﬁ&? R}% Dl lﬁek %En& x&eéxsgasweﬁ ﬁ?ﬁ?fﬂ]e;siupqogt layer

Hermeti & sea ersto s
conpl et e, e@'pe'ﬂnamhx/bwefdnreﬂ égﬁrﬂdenaaib&modawdr hae. eln WGFSB{ thepackaga in which

devi ces wi t B3, AELAP GeafMhied HRS EL&RAE: zﬂsleuretlﬂsﬁueqﬁé babicafRRhd: §6h 1604 the

control noisture resident. 1 nside the package, package does not
have a her niseisparas gpbstrafe d@s pcwelhes ﬂ%yﬂ%@swéaatt%%?ﬁwrr Bpm iRy gvgiee of the

novi ng i nt Omfoﬁlﬁat&aﬁyéi‘ggr package mitéHalsh el RACYAS Vegb&iCort ﬁ'é%ﬂéi’@%{ ﬁﬂ{ there are no

substrate may . be any transp rent substa ce 21?45 capaq,g fg(g avi
thin filPh RENSES \Hméeé"éedd{}’ °E°R‘} ?P‘? %?‘é‘n‘iﬁ‘p CRETS I g Pakaged n amblent
_plastic, andoﬂdﬂia%par ent 5 pol yners S| mlarly, the [ nt erferonmetric

nmodul ators may b rane nodul gtors, . or or the.se rab
type. The ﬁ’ﬁ&fﬁr%ﬁ havs a0 gre % ept ?fn‘?p’&vgﬂ?m gar ”W"re‘?’? e
brought t og(pﬁdkegc mﬂaymabheewdeeﬂemmhmﬂgu‘asMc i, mmh\#hetmte!slafoo i 9rexcithe rback side’
bet Weenl ? Pg%&(ﬂ s?bgﬁte 1'018618? H}I tﬁt %EW M4 343 arbgcﬁc (iia?e 36r hﬂ-xebﬂ%ﬁéialgnt% 5 %)él'tl

gl ass , astic, dTeram ¢ or resmi con
-materi al3® sbhedk mﬂe toh tei Jblmd)mth”ﬁhmnéembtmalv&genmmaéhet agh pjater terffte subsirate to

substrate a

2P0, “pol v ps ARG  GRieRnF iFNachi it RRKYARARAT ARES! itvedl i ilSie
sol der, poI wﬁ&esnodahtbr iraw ccibe begkopieie. oThie plipws for contrglegfethe moipture; ingide the
desi ccant F&ﬁ%d to control npisture, so any substance that can trap
noi sture vvh ot interferi ng with the optical properties of the
nodul at ors nay b®etiesnts anesused Bygihes devigerparkaers. beleg 3 fagly eifepliveqngapy to control
si eves, gur fﬁﬁ@%ﬂ%hﬁ@%&m@ul BesRdfy BBANbS used 1o ?&éﬁi@e@ #lat €6 3F U RLShave

In ord to provide this_. type of package to interferonetrie
hermetic seals, Hermetic seal, as that term is used here, refers to a seal that is complete,

El.

especially with regard to air and water vapor flow. In devices with a hermet:g seal, desiccants are
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i ndi vi dual devices as well as after the division. Figtire 3 shows a
net hod of .packaging an interferometric nodul ator. A transparent
substrate-is. ProVided at 40 and the nodul ator array is. provided at
42. For faster processing tines, ! ‘as well as Mbore:eff.icient use of

t he manuf acyieallsgpnlies tasconirel meistup sesident iinsidp the packags: JE theagkage dnae kot Bfve a

plate at the Qad%el, h%&&thﬁ?b&ﬁ&ﬂ&%ﬁﬁ‘hoﬁﬂ%dvﬁg@ntom M@fe, this is
merely one optiqn and._is B’ét req U|re The back plate |s,qu§ow ded at

44 and the desi d&s@kpsn aF%’a"ﬁ‘@m %?)F‘%%ﬁainﬁﬁa’@?a?ﬁé“ pectiuad i capable
, may be ac Cﬁﬁwmcﬁlmjmmmd@ammm@p@ IQfElﬂaﬂpleﬂ ngudd s, phatd, aédarah@arent

o P e, SHRRSR e RSt PSSR o b

vi ewer 14 qaifteisepatable2ypeof the transparent " 30 substrate ard, seal ed
i n anbi ent condi f K A %’%QI nt n on S_us
here nean anyner%enactﬁﬁ%%e a'?c{?gtr? iﬁ%ﬁg&g@ﬁ%h asg’i0 h%?o %hureafhﬁr%es ?Jsrgeg
or envi r onmegiomsl or cmtma/ffomd it bmedndheamwhdnethpmduliafoa#rray@ sl k Abebavk hlste
types of d :jc]ih:gér ALt o) 1otk Sich as.
-*| eant con??ﬂere a tea%[ﬂg'o# I't laswemx fse Hadc{or\é%%g%?hm =

S of roomtenperature an

pr essur ¥ woriliegn. oa‘bweab\bqtﬁweghn ansprrept sbpvatesind the back PSRy becapaappptiased
the packagi daﬂesgkos-?ﬁgs ryarwepogp&ambl e BimVinteR1 Qveld, Alghiangpid- &ir’]\’glass solder,

pressure ri sequend? Tail'ed to a hi gher pressure during t
seal i ng pr ow&Eers, WNasticredmReQTRW the : fornation; of a good seal
bet ween the sub&ﬁdhaaﬂsy Wd&ﬁ&m@ﬂ@&sﬁ't@%@nﬁoﬂﬂﬁlsﬁ:&@%&% SWBMansd &Hat cadl trap
vaauum reach i nter me ressure and, t
W’ﬁrﬂ@%

pressure; ?Stgliea‘f’]i‘ eqfot nfeg ORSFRY Pé?i’e’fhﬁs & nl?"gﬁ’@?‘ﬂ%?rés@@ b Bseth
any cony nagiafplel holubé Yemtites, Ableddan Sikver,Slnface abidrhafie,Sillk Aistibynls bad ¢herdical
a first pressyre and then vary to a |low pressure. Alternatively, the

packagi ng p‘ie't‘fgaé‘ B may be acconplished in a vacuum preSsure between 5
a vacuum up to dndoriierctougionige ahisi tgpet of pekager to, inriepresisumedulitglegost and

t han anbient p e_an I BC e T g
or low pres%"'trjg Lex%ﬁ%ecr?énet cglllea |F1Ttglspg’ fdéé%blle f may g A \glgek %32%8 &
to packagi ngoctulta@rapm &y trimspagent @tﬂptr%me‘bsly meybaekmla’@e(méréhm sphifuthe pubsirate into
not necgss I

i ner't ggg :itiﬁ{m |géb1 @eer‘:n’oﬁdm ¢ P%ﬁg'%{ér% a% d£ to pac age Fﬁfe&%e@ﬁg%%mm
i n anbi ent mdwdllaltd@n@sa$1vdll\?§aﬁ@frﬂ1%ﬂlﬁﬂ@h Iower cost precedure and
potential 10 for%ms %aéhblwg Taymetﬁbae&;gaa&gag aft HREARoSRE SholillRold X SRsRRRt

be transported throug nmbi ent itions without effecting the
operation ofubgfentg 1§@tov1dedai40 end the modulator array is provided at 42. For fastef processing times,

as well as more efﬁcwnt use of the manufacturing lines, it may be desuable to process the back
25 plateat the same time as the transparent substrate. However, this is merely one option and is not
required. : 'I'he back platc is provided at 44 and the desiccant applied at 46. Apphcatmn of the
desiceant | may be accomplished after the process of joining the substrate ‘to the back plate,
- fypically by a process of injection, as will be discussed further.

The back plate and the backside, relative to the viewer 14 of Figure 2, of the transparent
30  substrate are sealed in ambient conditions to form the package. Ambient conditions as used here
mean any,combmauon of conditions, such as temperature, pressure or envmonmenial, in which it
would not bc practtcal to package other fypes of devices, More than hkely, the variation from
what is typlcally considered anibient conditions of room temperature and room pressure would

oceur wn‘h rega:rd to the pressure.

35 Fc;_)r '..xample, the packaging process may be accomplished w1th a startmg low pressure

subsequently vaned to a higher pressure during the sealing process, which may aid in the
formanonl of a good seal between the subsirate and the back plate. The pressure may start at

3-



Many vari ations on pressures used during packagi ng coul d be enpl oyed.
For exanpl-e; sealing the baCk plate could be acconplished in-an
enV|ronnent ‘having a initial vacuum where environmental pressure
"increases fromvacuumto a higher pressure as seallng ‘Cccurs such
that, as 13aquuestathcn intermediatemaesune and then akighes presrare may st @b loyopressire

i ncreased %ﬂa/gmamﬁ&%esaﬁ@sﬂ% coribilBtion in bethEbnt ABBhARGIY O BiRckuReRY start
I n anot herr exanpl €, back te could be sealed in an environnent

“having a i ﬁ?%ﬁ%‘lpfesﬂﬁ‘?%“é’mﬁl %ﬁ HF#E® vacuum up to an incl udi ng
anbi ent pressur ghemiBes, mspadcmrmmca&s messwmﬁpﬁshedtﬂmemadﬁmngﬁmureb@z@n

hi gher presaure than the | 1] pressure as s such
That " a8 e deuipp 1 and iomids'aBienRGRRH b itk Biher tohn BB ENEDrnd sl
reduced vo Immmg|mabmédmmed wgneriow MBWM$M seEng proc,qssa dftieregnay be

d Seal ;' I
gngg(r)m r gﬁ&%tﬁanaﬁequ rPta(%t%gg &1%?4 ﬁl 2 t.:‘le:’llél’?o ni en | nggng QQ%iﬁtﬁﬁe@&salzf'
t han anbi erﬁmbchﬁhwwkagm;@nmmﬂm he pireodneezesat apbleswtbhqnhe ; dyility to
| ncreases h:%{kﬁ%t A0 8dvidE HSbidat &osaﬂoﬁs@ﬁom& h ahf(lpfo%asab&@praeaﬁ@ ghd Pl

occurs Suc as pressure in 1" age inereases’ due t

r educedovolfmsaﬁlmiln@a@e‘aeﬂé nlwcremﬁeths ésva F@stsma%spawéhm%%ﬂ@m nglﬁons

good Seat tehamhgﬁwoaggﬁﬁopéﬁﬁples a partial adhesive curing
process in con%

ination wth the vari tlon on prese ffect
the shape of th&gs¥ewiagens Wﬁ%%awﬁrfg Wﬁ@“ﬂ%%%%epﬁn@i ‘? 9T PETRALe:
t he packag@ediing ieitagd Iﬂaabambmoﬁmmdma@awm@awmgamﬁhﬁpmmm

partial ad rég%}o\xé%sg rplrers réj fﬂ:r:reas S goni vacuum fo a higher pressure as sealing ocours such that, as

15 pressure m the -package i increases due to reduced vqume, increased enwronmental pressure gids
in creatmg a good seal.
In another example, the back plate could be sealed in an environment having a initial

1€ .than vacuurn up to an including ambient pressure, where enw::onmental pressure

pressurc_m
A ) . . . _
then increases to a higher pressure than the initial pressure as sealing occurs such that, as pressure

\.:_I

20  inthei packiage increages due to reduced volume, increased environmental presmrc: aids in creating
a good sea] Lo

In another example, the back plate could be sealed in an enwronment having an initial

envuonmeil;tal ‘pressure higher than ambient pressure, wherein the environmental pressure then

mcreascs to a ]:ugher pressure than the initial pressure as sealing ocours such that, as pressure in

25 the packag s mcreases due to reduced volume, increased environmental pressure aids in creating a
good seal

In the abave examples, a partial adhesive curing process in combmatlon with the variation
on pressure could affect the shape of the package, For example, the mcreased pressure inside the
-package dunng scalmg may create a convex backplane shape by partial adheswe curing during 2

30 penod of ume m which the package is at the higher pressure.

C)nce the back plate and the substrate are joined, there may be 2 hatdemng of the seal, In
order to dlﬁ'ereﬁuate between the seal between the back plate and the substiate, and seals that may
be apphed after d1v1smn into individual atrays, the seal between the back piate and the substrate is
referred to here as the back seal, This is the seal that may be hardened, if necessary

35 Once t‘hs seal is hardened, 1f necessary, the substrate is scribed or othemse prepared for
lelBlOIl = The wafer may be mechmucally goribed or laser scribed. The substrate is then broken

into mdmdual ‘devices, This may be an actual breaking process, or may gven be a sawing

e



30 period Ote in which the package is at the higher pressure. | Onee
the back plate and.the substrate are joined, there may be a hardening
of the seal, . In". order to differefitiate between the .seal. between
t he back pl ate and the substrate, and seals that may 1!:i. be

apPl i ept afpraeeds) dnoing bther dxmiypies. Mpmndnlyaﬂionaherﬁglsgs wel es gtber| fadives, Wesy bedome

N A e e O
the seal i sndsssl @@murefe;rﬁd foce % aRERips Wﬁ@%@t@%@@%@ﬁﬁtﬁ@ ap fhe use of 2

"ot herwi se BEGRAQEHhQEr séat in cofbfiaiiiRlh 2HBY iPfe BRE ﬁJEH G lahply §1§éﬂd§b§ﬂo€ﬂé
| aser scrl bed. The Substrate is_ then broken ;"|'- i nto mﬂa i ar

devi ces 5 ThpekepRhiavelre salingthe W%E‘HPQ’R}“EF%%@’-' Sﬁﬁlmg Hhigrols i e late,
sawi Ng  pr G@fshever RABIMG a9 tildRhdsext gép! es. Depending upon the Sal, as
wel | as other f tors cone. nece after e .division:to
appl y an end. F’I’ttﬁfef%"b’a%ﬁ‘:ﬁ%& wil g Erﬂﬁlbﬁee%l’gmtdﬁ’é‘ tB%E ent §ybgirate and
endseal Carthé)'gackqﬂﬂd’ Wil bé @ecBSeditd @paithodgteithe Mndubitbre rand desicant tahd abays the
peri met er t he use tinu

Ponbi nat 1 oniaipiefrss® AESe s Fachor Ak BBl BT v Fldle 5 mpy ol
5 paci ciige pmdmgwdﬂawie phitzahiving zeteeset) abgons nvlﬂmewﬂwhutheméﬂfes@mcomodulator

seal ing the ho%a le ﬁﬁﬁ%t{%ﬂs}ﬁeﬂsﬂﬁ e W &0 %&arﬁ;ﬁe@ﬁu‘s%h@@nﬁ&@guéﬂ The

endseal porlTl eronetric m)du ator w genera
formed on thaek pmné(béﬁ%m@gl@&biﬁt thait are greressed aedins kin pykiehe th mpd%%ﬂrs will be

recessed tq acconmm ‘F&ﬁnﬁ@%ﬁ%&ﬁaﬁﬂ%n%ﬁ&ﬁ@Bffﬁ@ﬂa@ﬂ:&r&%tﬂ:&ﬁtc 12

nodul ators to: cont nue to function. For exa di ng

plate in FlwheWBbYrﬁV shadod rapions . pbe Prefinipie 16&’@1935? g@?ﬁ?ﬁﬂﬁé’%m‘m and
recesseg r qgéﬂ&ﬁna%rmb Bodktt &hind Restelkdicheseni ¢ nmodul at or

manuf act ur ed- hei.fransparent bstrate will ﬁPAn eé z hft%lms
is shown in Ti gl}F ugi be "Bﬁéﬂ"eﬁ}’%‘?@"@@eiﬂgn‘?"%ﬁ?% gt By, #ﬁ ©
recessed rww&vfcs \F&l fﬁ@h&alﬁensrmdy&eamﬂﬁchvuaw rebgeed hfehmas;(mﬁﬂmhie]i e ekduce

é 1r a-rl;g gar Lgﬁhg%%g%é %ediihe bar;gg Pltea;[:ﬂ% Tlot vt ?eeoess%c TR

accomphshcd? y application of a thicker seal material, or an external ﬁllet Howcver since the
20 seal maten al dog
contamma'r;fs €
' Th: éssed regions could be formed in many different ways. One examplc would be for

reglons olthe recessmg could be

i

exa.trqﬂ; wgiﬂZl be to printing a seal matenal on the back plate ina pattem to form the ribs. The
25 ribs could ﬂe d!'g':f)osﬂcd, ot stenciled. The recessed regions could be formed i m the back plate itself
i ins of the back plate, such as by sandblasting or stching.’ The back plate could be
rnolded or Esagge,d to form the recessed regions. The back plate in the oonﬁ nrratwn of Figure 5

but it is not necessary as the intermediate frame creates the cavmes

rnative, shown in Figure 5, an intermediate frame 58 could 'be mounted on the
30 substrata 12 or:the back plate 30. and then the back plaie applied. In this mstancc the recessed
regmns are formed between the transparent substrate and the areas of the framei tha{t do not contaot
| the backplate

: 1’In the altcmahvc, the recessed regions could be formed as a funchon of the transparent

substratc rather than the back plate. For example, the transparent substrate could have integrated

35 spacer posts or the integrated spacers could be on the back plate. The posts Would be positioned
to be betWeen the multiple modulator arrays on the substrate. Another exlample would be to
prowde' i Back ﬁlate of a flexible, polymer sheet that can be flexed to allow the oﬂ'sct between the

i
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are shown by the shaded regions 55. The back plate 30 is sealed to
the transparent substrate and , 15 the Modi datorsare encased in.the
recessed regions-56. . .'l.; It nmust be noted that recessed’ fegi ons .
are not necessary, but may lead.to a longer lifetime i of the .
divide. r, WVeok phpppnddhy substots. nTheyeboermsawhiesce haly dtenddd eeckabrples taindrass not
or in whichy, %ﬁgﬁq&mthﬁﬁtcéﬁgﬁoffhgmv%gﬁﬁggyw,;,he back plate may not

have recesse rglg Sai ng coul'd be aceom li sliedhy
appl i cation of aRetyniagstFigesp therreqcrf%ﬂf appbingysigsanpsyalsofhayq ssyeral variations.

m\é\é;/ﬁlr . k: Ir F&%xiﬂ‘iﬁe, ihe é’e@ic&@.atoume%pleh afl@?qke ﬂﬁé&afeﬁ&lmmﬁm#e%ﬁﬁé land
O ent ers ¢ nsighoh 200! Bt Gt Vrje i paok Bl ek B lpstnecigncoapiso b ected
Zhe rlec esseftgdtgghﬂﬁﬁf uslCithvide be;ktgaﬁ NEicthik enmamnb ?lséaﬂ:eg €atbabieyylste tﬁge subsualt(e
xanpl e wou e.fo rec i pns ng. i hs. on a
pl ate, suc halsa“s"’%‘ﬁre%ﬁﬁ @ A, Ogé Ee%#o@ﬁg‘fq c\émPP{er@aﬁﬁ”@q\W h’ﬁ@ CIQ@?W
pr |b nt i nﬁ a adahe suhmwltaformnhetﬂaekabadhﬂﬁd atteetherdemep&tmmhnnhaﬂe teanrabeo fvditate
ribs. The 25 rib l[ﬂl}h Q s(eal CéS@mEDg iO%le % qF d i th
regi ons couf §¥15€ %rﬂﬂ %he t}’%?“{( ﬁ% roé ity dns -
of the B&c kpqniuatee sea!r,udh fmﬁoomeefanfcatﬂub@'@ie mgd brckenlait haxipg thbﬁé h@b&:kﬂ qbpm &
cou d be . ikdo b im R &%ﬁﬂaﬁegggftspmmteémteﬁ&ﬁ&&amﬂ%m The

back plate | uration Figure 5 |:1 can’hastie receabes
but it I's not neBiessdrsplpay enveayingt kanseegvern &or ergmplocanashesive mag be used in the

caVities. grdas between the modulator regions that allow the subsirate to be scnbed and broken without

:I

causmg 2 break in the seal that rcqulres an end seal process. In an m1t1a1 nen-continuous seal

15 preeess the adheswe may be a material that can ‘flow’ such that the hole is filled in by the
emstmg adheswe ' In this embodiment, the seal would be self- healmg, where self: healing is a
mf}chamsm where the adhesive is allowed to flow to close the hole that was m1t1a11y present as the
baek plate aud substrate were joined The adhesive or other material may move to fill the hole in
amblent condmons or with heat application.

20 In an altemauve to avoid the end seal process, the seal lines of joining the back plate to
the transparent substrate may be formed to be exira wide, When the substrate is broken, the width
of! the Seal hne would prevent the seal from being broken. This may use up too mmch of the
transparent substrate in umlsable space, when compared to the cost and complemty of an end seal

prc;cess Th’e c osts and benef ts may differ from process to process and the ultimate selection of
25 whmh 1s more beneﬁmal would be left to the process designer.

In' t}ns manner the packaging of an interferometric MEMS modulator in ambient
condmons 15 prowded As mentioned above, the adhesive or other j joining material used to join
the subsl:rate to the back plate need not form a hermetic seal. A desiceant may be applied fo
hm1dIe any mmsture from water vapor that enters the package. As can be seen in Figure 7, the

30 desiccant 34 absorbs the moisture that travels though the joint between the adhesive and either the
ba .k plate or the substrate as well as through the adhesive itself,

For example it is desirable to keep the package as thin as possible for viable portable
dxsplay apphcatzlon while still allowing enough desiccants to support the hfetlme expectation of
the dewce § One test predicted a reasonable lifetime of over 10 years at 40 degrees Celsius and

35 0% relatt'}e humlchty The adhesive seal was between 10 and 30 microns of thickness, 2
mtlhmetersgm \width and a water vapor permeability cosfficient of 0.2 to 0. 4 gr-mm/m’kPa-day,



In anal ternati ve, shomn in Figure 5, an internediate frame 58 could
be inotnted.on the..;.:!1; 30 substrate 12 or the back plate 30 and

t hen the hack. plate applled In this instanCe, the recessed 1's :-- =
reglonaarelfornled between the transparent substrate and t he afi eas of
t he nauat ei Thebresonditions@re faomorg ausgediiian fpitel Ppezatiog environmenty, puttvege indicative of
aIternat|veme&Q&mggyﬁﬁ%ggg,geglons coul d be formed as a function of
the transparent substrate rat her than the backaIate For exanpl e,

the transparent Hubslthonsh e has Reop desoribedyip Fhis ot gpagioniap pmprdipegt Br e
the integr a&aﬂodsaﬁ%ﬁa&aﬁ@ lfd)ldpab&gﬂl@ ihibEerdiasiiic pballforEE iPast SieMdud| bt Rech

t dt t t h dul
DUbst r At ARGEORCSRETIP SRS = UIAion Pt e deoes o ML BRL L eigpe frsof

fl exible, palsytiathistedolldwisdcldman be fl exed to allow the' "of fset
between the back plate and the substrate. The above exanpl es are
only intended as exanples, and are not intended to limt application
of the invention in any way. -Rettimng to Figure 3, the process of
appl yi ng desiccant may al so have several variations. For exanple, the
desiccant could be applied after the substrate and back plate were
aligned and 5, joined. A small hole could be left on the back of the
back plate, allow ng desiccant to be injected into the individual

devi ce packages. In this enbodi ment, sealing the back plate to the
‘substrate also requires the application of a seal to the hole to
conplete the joining between the back plate and the silbstrate to
formthe package. In this case, the desiccant injection hole can al so
facilitate a continuous perinmeter seal process elimnating the
typical LCD-type endseal hole used in the 10 perineter seal: An
enbodi mrent of a substrate and back plate having these holes is shown
in Figure 6. The holes 60 in the back plate 30 would be sealed after

i njection of the desiccant.

e



.. The end seal may or may not be necessary. For exanple, an
adheSi ve maybe used in the areas bet\Wen the nodul ator regions that
allow the substrate to be scribed and. broken wi thout ;: causing a
"break in the seal that requires an end seal process. In an initial
non-conti nuous seal 15 process the- adhesive may be a material that
can 'flow such that the hole is filled in by the existing adhesive.

I n t hi Whatdsclpimedis: t he seal woul d be sel f-healing, Were
self-healing is a mechanism Were Me adhesive is allowed to flowto
cl ose t;h I ) initial as |
and1sutex rapf ofehBlealif i Bloblfc it B E3RaYs 5 DR FTBE D Bhleng. o 1
fill the hoP®ViHRI alpwPeRt steRtERi ti ens or with heat application.

201 n _al t er rabifi@uring inkarfeicthetrid encaistorseals @v DRk side bt stibdtatel | nes O

j oining the I ;1 r the transparentlsithstrate May be
formed to bggg'%ﬁ?gb%@éa&amhen the substrate is broken, the wdth : of
‘the seal | RVYBaREBYEFENt the seal from being broken. This may use
up too much sediing the bhckipidte to the Btk of fitte stbdiatervdthe Hatk seal) sehlbe fatpiag altiple
when conpar t . i : .proceas: The
Gost's. and bErpyie WerkiPhy ARSI A Ikt AR 888e. 0 Che

ul timate sel@@erinaihdbachseah jicli is MOM beneficial would be left to

t he process scgigaieatubstraterticiweies matipla packagehmanpackagi ng of an

interfer onetbgggkih@}(ﬁs@g L A Phaiidlapddient conditions 14 provi ded As
menti oned above,” the adhesive or other joining material used to join
| the substrate to the back plate need not forma hernetic seat A
desi ccantThamettoe cfiplaim ¢diht andttand ddoepiisingYéddsttguin enof-amhbiemedoeditiona@era tdnatlled
enters . : in Figure 7, the 30 deSi ccant 34:
al i Sor beém{%ﬂ@%nléﬁ%t%ﬂé&{aﬁg%k%?ge gh't hough the joint between the
adhesi ve and either the ba' k pla.Mlr the substrate as well as through
t he adleeTherecthddsEkibim 1, tHermathoghiatiet @mpridingt spptyégian ald eat to tHedmividublalevices.
package as thin as possible for viable portable d.thi)lay apAcation
while still allow.n ,enough desi ccantg 5(0 supgort the lifeti e .
expect £ iTh% msthod of claim 1, wherein providing a bac plate ‘comprises providing a back plate having

recessed regions.

5. The method of claim 4, wherein providing a back plate with recessed regions comprises forming ribs on
the hack plate.

8. The method of claim 5, wherein forming ribs on the back plate comprises patterning ribs onto the back

plate.

7. The method claim 5, wherein forming ribs on the back plate comprises printing a material onto the back

plate.

8. The method of claim 5, wherein forming ribs on the back plate comprises stenciling a material onto the

back plate.

9. The method of claim 4, wherein providing a back plate having recessed regions comprises eroding the

back plate in those regions to form cavities.



the device. :0Ono test predicted a reasonable lifetinme of over 10
years at 40 degrees Celsius and i112- : 35 901%rel ati Ve humdity.

The adhesive seal was between 10 and 30 m crons of thickness, 2 |2

1. millimeter's tin Wdth and a water vapor perneability coefficient
of 0.2 to 0.4 gr-mm nk-1cPa-day. ; These conditions are far nore
rugged than typical operating environnments, but were indicative of

t he sud@eRws method kiclgim dkuitpeein providindii bask platethiayugyleceshes regipresrompidsgs providing a
descri lpgek pifte hdving mpRiingtregiorgar ti cul ar enbodi nent for a nmethod and
apparatus for packaging interferometric nodulators, it is not

intended that such 5specific references be considered as |imtations
upon t H&. Bedpsthagfol elaims4, whereintrrQyistingachepit Pt hadng rgpesary regiensicampripep mopHiag
f ol | oWangantd ¢ aWat badk platel WhérkiaitReflarhes defibes davitied badledi stpacdags figne and the
i nt erfql[agsrgggergs%b%gem ator arrays into individual devices, conprising:
provi ding a tr ansparent substrate; manufacturing interferonetric

nodul at or arrays on a back side of the substrate; providing a back

pl at e; 1prOWeBLOE packadgifg eCpRHerometdat mb@uldtdarhacknmpikiag.e t o t he backsi de

of the subs i al, thereby formng multiple packages,
wher ei n sai %Fog'tgﬁf’\ggtgastpgfegégésa{%ged i nside said mul ti@ﬂl e packages;
t

har deni ng t M@nWaswing digrierametriciodyaipharagtiprsd pagk sldp et Rst#if t i pl e
packages; ameviahgakbtipidthle substrate into individual devices. 2. The

nmet hod of cl ?Jvﬁ]néad%ggﬁaﬁew()d conprising sealing in non-anbi ent
conditions as a controll ed environnent of one of either inert gas or

dry air. 3. syliag et brsly rétte &1 WP rhrgkside 1ob theetuheiERts Wit Adtacle &%abr e Pygforming a
appl yi ng an petdgs abbrein@aitidesidcactiiv/seda insidesdic@rkage,
wherein providing a back plate further comprises providing a sheet of foil with integral spacer
posts such that the spacer posts lie between multiple interferometric modulator arrays on the

transparent substrate.

13. The method of claim 1, wherein providing a transparent substrate comprises providing a transparent

subsirate with recessed regions in which interferometric modulaters are formed.
14. The method of claim 1, wherein providing a back plate comprises providing a flexible, polymer sheet.

15. The method of claim 1, wherein providing a transparent substrate comprises providing a fransparent

substrate having integrated spacers.

16. The method of claim 1, wherein applying the desiccant comprises:
aligning the transparent substrate to the back plate;
joining the transparent substrate to the back plate; and
sedling the back plate to the transparent substrate.

17. The method of claim 1, wherein applying the desiccant comprises:
applying the desiccant through a hole; and

sealing the hole.

18. The method of claim 1, wherein sealing the back plate to the transparent substrate comprises sealing

the back plate to the transparent substrate with a self-healing seal.



4. The nmethod of claim 1, wherein providing a back plate conprises
provi ding a back plate having recessed regions. 5. The nethod of
claim4, wherein providing a back plate with recessed regi ons
conprises formng ribs on the back plate. 6. The nethod of claimb5,
wherein formng ribs on the back plate conprises patterning ribs onto
t he back plate. 7. The nethod claim5, wherein formng ribs on the
back plate conprises printing a material onto the back plate. 8. The
met hod 19f THel rdtiBdDf ciivhher, Ghéteih QE4lihe the bhikI ot r R erP B RatE MKt 2 Q8aling
stenci | in hghrr%t I‘L({ﬂ onto the back plate. 9. The nethod of claim4,
wher ei f BEIVIG; cg‘paeback pl ate having recessed regi ons conprises

erodi ng the back plate in those regions to formcavities. 10. The
met hod 70f A GkMbdbibackeling RtcreRmeli HoMdatst ARaFdevRbALEMAIBMENY T ecessed

regi ons conpri %%sa raowadl ng. a Eack pl ate having nol ding regions. 11.
The met hod &F°VENSRRZPAAETRY 0 ovi di ng a back plate having recessed
regi ons conprangfeguring interferpjedicirogiietonbairays ¢n aback sidk offheguestralgier ei n t he
frame defi ngrpveRyikibbasSidgt ween struts of the frame and the

transparent substrate, 12. A nmethod of packaging an interferonetric
nodul at or arpF°é"y',nggoﬁ%?ﬁag ng: providing a transPar ent substrate; _
manuf act ur i rgRingtherpet isteta the bepbeids eftties subistiala dthapagk preb ithessoy &rHing fyliiple
SlﬁbSL ra}( e, | REERALEH, WEEréin bag Hespkart @;sefledivéidl 3@ rulthesiacikaged;; and seal i ng
t he back p 1Q t cksi : strate with a back seal,

t her eby for%Erﬁb'?gghep%gﬁ%%e%%ﬂvﬁ%grrﬁhﬂ%Egﬁkg&%éésr{dccant i s seal ed inside

sai d packag®reafingheiskbsiipginteineydupl #pYERS. pl at e further conpri ses

provi di ng a vwhbeetseafingfibd badkipldie iorthe garabare acistratp @sinprisesl Gimibf atsetitioe wide
spacer post i t l. ] i I I arrays on
t he transpafeglr)&gﬂs?tq ﬁ?@é@' '%L%&L@héémrpgﬁ thégﬁg%lisgﬁcm&%%%@g%}' n
providing a transparent substrate conprises providing a transparent
subst r at1eTivd rhdihddet eaiset] whegineasing thewhtiCiate totter frawsomet: sibstrame derhpib e ssaling
are for . |. Al ; el i.di ng a back

pl ate ctggrrgarcrg[éé t%iﬁg\%ﬁ%ﬁ?%%&%u?{tg%i"g%r{e%,n%%%‘ y@%blgg{é&t&w&w. The net hod
of claim1, wherein providing a transparent substrate conprises

provi diarg The hictids pPALEAT 25 WS ethbe e tuenprigiice gniataohg Spagausm pidsurd irethe
met hod %ka%ai m 1, wherein applying the desiccant conprises: aligning
t he trapnsp fent substrate to the back plate; joining the transparent
substrate to the back plate; and sealing the back plate to the

t r ans paxseAtmethab st yaakaging 2 intefla@maeit hodulatbr, adrarisimgt, wher ei n appl yi ng

t he desi cca%ov%ﬂggrtiaﬁgp%}en@mlstygtgg t he desiccant through a hole; and
manufacturing an interferometric modulator on a hack side of the substrate;
providing a back plate;
providing a desiccant; and
sealing the back plate to the backside of the substrate with a back seal, thereby forming a
package, wherein said desiccant is sealed inside said package,
wherein sealing the back plate to the transparent substrate further comprises sealing the back
plate fo the transparent substrate in an environment having an initial vacuum, where
environmental pressure increases from vacuum to a higher pressure as sealing occurs such that,
as pressure in the package increases due fo reduced volume, increased environmental pressure

aids in creating a good seal.
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sealing the hole. 18. The nethod of claim1, wherein sealing the back
plate to the transparent substrate conprises sealing the back plate
to the transparent substrate with a self-healing seal. 19. The

met hod of claim 1, wherein sealing the back plate to the transparent
substrate conprises sealing a hole in the back plate. 20. A nethod

of packaging interferonmetric nodul ator array devices, conprising:
provi di2dgha mathed opelzierit wherps sealinethe heghplaiecte dhei tragsraranbsubelratmeampriges sealing

nodul attieybadk 51k %o tadltrahsPAEH stistate A antdi@rob MBS hBANE prvds0ns oflhibigkr Bhak @dium up

pl at e; t(g)govirgculd siccant;. sealing the back plate to the backside

d r']‘g ar%bld pressure io form the seaf : .
of the ‘SUBStTat8 W th "o Back seal: o1 ereby formng nultiple packages,
wherein said desiccant is sealed inside said nultiple packages;
scri bi ng. tHanawdasd cRine 25 afneranthewetho kémpreXagingining ik hgrea kieb@rd ljLto and

substrate into iiEI'ﬂ%ie\éing Ithedpea\éj(afggs, wherein sealing the back plate to
t he transpa enP SUDSTT at € conprises formng a seal |ine w de enough
such that the seal is not broken when the substrate is scribed and

br oken.26. Rhethdd\& paEMabingl arhtefbramairid moduiidradompseat | Ng t he back plate to

t he transparp(;oratdm?gl?%;isrpgltegt3%9%{'Lses sealing the back plate to the
transparent "substrate I n an envi ronnent havi ngq a vacuum 22. The

met hod of clM@NWRGtYring @n dteretomelic fMedyiptatoncEd#p $149 H¢PerpPs¥ERi ni ng t he
vacuum pr esgtvaing @ bhhiepig@ckage. 23. A nethod of packagi ng an

interferometr| e mdulatar, conmprising: providing a transparent
substrate; ror‘{b%nggturll n ‘g’étnr(\:i interferonetric nodul ator on a back side

of the substralifie thepbastidptnlp tebaeieidgcathe sussieig Withg backi &l chelpky: formieg a
seal i ng t he phaiale, phat® shia dedialtacdealed Bsioé sdidyeackagbstrate with a back
seal, there r I i i JriSeeS

"nsi e sai ﬁgahf;ﬁaé%'fh%ﬁee?%?@%?& b B8 EheR AL AT EP B EesS B back
t ranspar ent P&ifolt hgttensrayenh SHbsEdiRR i35 VERRRINIAVINE EnpRER| RIPSSE et Han
t ranspar ent vatiostupab @n indluding embient @resBund, whanei eagroamentaliprdsalre Weo ingrsases fo a

where envir %g;g@ @slsurg HER I lgla%:l %ﬁa{sﬁg? ?ésaé;aﬁr%rgc&ﬁg Mtﬁa?ta% g'%lsgjgf g trée package

pressure as seal'l ng occurs _ Ppressure in the packag
i ncreases dUfET38eSBIE iREHUSHD I AUYTRS: NCiRated SEUPRERRIR! PERTPHER BidY I 51ealy Fragod seal.
aids in creating a good seal.

27. A method of packaging an interferometric modulator, comprising:
providing a transparent substrate;
manufacturing an interferometric modulator on a back side of the substrate;
providing a back piate;
providing a desiccant; and
sealing the back plate to the backside of the substrate with a back seal, thereby forming a
package, wherein said desiccant is sealed inside said package,
wherein sealing the back plate to the transparent substrate further comprises sealing the back
plate to the transparent substrate in an environment having a pressure higher than ambient

pressure to form the seal.

28. The method of claim 27, wherein the method comprises maintaining the higher pressure in the

package,
29. A method of packaging an interferometric modulator, comprising:

providing a transparent substrate;
manufacturing an interferometric modulator on a back side of the substrate,

-11 -



24. The nethod of claim1l, wherein sealing the back plate to the
transparent substrate conprises sealing the back plate to the
transparent substrate in an environnent having a pressure of higher
t han vacuum up to and including anbient pressure to formthe seal.
25. The nethod of claim 23, wherein the nethod conprises maintaining
t he hi gher pressure up to and including anbient pressure in the
package. 2@rovidingebpekblal® packagi ng an interferonetric nodul ator,
conpri si ng: pwﬂmbdidsgccamtgransparent substrate; manufacturing an
Iantjg.::{(erplogfégelxhﬁ? WPedty c%é%te é)nthg‘ bga(%lée o%' q% &{)stfape wi ug Eg(%{a’l tﬁ ?D fgllcr)nq
t he backsi d@aespge, w@ersmﬁgltﬂﬂawawst%a!ad lﬂ&é@(s%dé@lckag?hereby form ng a

package, Wheiherel sealing th@ﬁdcﬁ(p&lﬁ toItISe fﬁ@ﬂbﬁd’\t istisstrate ferthiedcdhpeikeagaling the back
sher ein seal ol Be. BAGkehl b8 op! DEFARRRER, SRR ABhA Bl

corrprl ses Sg th%
envi ronment high®it g@p aﬁb'wﬁ.ptqswre m*@mihe enY'@nr@?ntﬁl Wéﬁfswaé‘iﬁuﬁ?wsw%aﬁwhlgher
i ncl udi ng aphis@né tHREES Wity pwhtire agR¥aling PRI alchphats aslpbeessliein the package

i ncreases t ?r}cﬁeggés%g to REGSS Wiftnd m%ﬁela%n‘tr%h%érﬁél I%Eé?:?éél&sﬁu%aﬁﬁ% é;g&‘gse .

occurs such as pressure 1n the age I'néreases e to réduce
vol une, increased environnental pressure aids in creating a good
seal . D7TheAndiiddhd dlainf 23p adraig &H&gnmSédﬁ;ﬁredfsﬁerimttmd eackagd dlidgeealing creates a

conpri § MX b Jkgl\éﬁéjéélgﬁeaﬁ\/ ;5ern@ap§cfﬁ@ %1 urﬁd‘%ﬁ.@h ?E?rﬁg iﬁ%f&ﬁ 'tl'réq:a@f{ége is at the

interferonetr t'or on a strate; providing
a back fahatREessWEovi di ng a desi ccant, and sealing the back plate to
t he backside of the substrate with a back seal, thereby form ng a

packagey; yher&hty ﬁ‘aézﬂﬂ qgs\klﬁ?@rmhe I&re%géc‘ &gss'uﬁésihs%% tﬁ@bﬂit{’@&h@ggalm? creates a

wher ei n sealn transpar ent substrate
conpri sce@veé@a?@ﬁge giage B&eﬁﬁ'ﬂaat'%"'?éu’mé’lif"ﬂ Bei9f Qhtme l!i'ti’é'“t"}hdf'eecﬁ"ﬁy 'ér?t the

envi r ortighei préduieng a pressure hi gher than anbient pressure to form
the seal. 28. The nmethod of claim 27, wherein the nethod corrpri ses

mai nt ai ni ng the hi ghe ressure in the package 29. A met hod
packagittg’ W?‘MWF@%@?@WPW&'"MW’%B‘F pre%sﬂf?dgﬁ'%el th@PﬁCbﬁ‘g&ngﬁa‘&g creates a
t r ans padoevex batkpahe sttage byrpaid adHesive agn@during b @edodrobtiee inivdichtitiudagkage isghthe

a back rﬁéhgreprQJsuFehe substrat e;

33. A method of packaging interferometric modulator display devices, comprising:
providing a display panel comprising a transparent substrate, a plurality of interferometric
modulator arrays formed on said transparent substrate, and a back plate sealed to said
transparent substrate by a back seal to form multiple display pane! packages,
hardening the back seal;
scribing the display panel between the multiple display panel packages; and
breaking the display panel into individual devices.

34. The method of claim 33, wherein said transparent subsirate comprises glass.
35. The method of claim 33, further comprising applying an end seal to said individual devices.
38. The method of claim 33, wherein said backplate comprises glass.

37. The method of claim 36, wherein said transparent substrate comprises glass.

-12 -



provi ding a back plate; providing a desiccant; and sealing the back
plate to the backside of the substrate with a back seal, thereby
form ng a package, wherein said desiccant is sealed inside said
package, wherein sealing the back plate to the transparent substrate
further conprises sealing the back plate to the transparent substrate
in an environment having an initial environnmental pressure higher

t han anbi ent pressure, wherein the environnmental pressure then

i NCcr easds Thieomathbd @helkinpBES@tren bdriding tthee displayt pale! pongsises ecribisg steatranagarent
occurs §heghet hat, as pressure in the package increases due to reduced
vol une, 1 ncreased environnmental pressure aids in creating a good
seal. 30. The nethod of claim23, wherein the increased pressure

i nsi de 3Bhehepatiod geclam 138 Nghessradcribigy e diatlaypancl conwrises fabikpihahackphépe by
partial adhesive curing during a period of tinme in which the package
is at the higher pressure. 31. The nethod of claim 26, wherein the

i ncreased pressure inside the cavity during sealing creates a convex
backpl ane shape by partial adhesive curing during a period of tine in
which the cavity is at the higher pressure. 32. The nethod of claim
29, wherein the increased pressure inside the package during sealing
creates a convex backpl ane shape by partial adhesive curing during a
period of time in which the package is at the higher pressure. 33. A
met hod of packaging interferonetric nodul ator display devices,
conprising: providing a display panel conprising a transparent
substrate, a plurality of interferonetric nodulator arrays forned on
said transparent substrate, and a back plate sealed to said
transparent substrate by a back seal to formnultiple display panel
packages; hardeni ng the back seal; scribing the display panel between
the multiple display panel packages; and breaking the display panel
into individual devices. 34. The nethod of claim 33, wherein said
transparent substrate conprises glass. 35. The nethod of claim 33,
further conprising applying an end seal to said individual devices.
36. The nethod of claim 33, wherein said backplate conprises gl ass.
37. The nethod of claim 36, wherein said transparent substrate
conprises glass. 38. The nethod of claim 33, wherein scribing the

di spl ay panel conprises scribing the transparent substrate. 39. The
nmet hod of claim 33, wherein scribing the display panel conprises
scribing the back plate.
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