SYSTEM AND METHOD FOR PROTECTI NG M CRO- STRUCTURE OF DI SPLAY ARRAY USI NG
SPACERS I N GAP WTHI N DI SPLAY DEVI CE Background 5 Field of the Invention
The invention relates to el ectronic devices. Mdre particularly, the
invention relates to a packaging systemand a nethod for protecting a

m cr oel ectronechani cal device from physical danmage. Description of the
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creating new products that have not yet been developed.
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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.



providing an interferonetric nodulator array on a substrate and di sposi ng
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FIG 7B illustrate an expl oded view and a cross section of an enbodi nent
35 of a2Wdi sghwmiedpesiftaige conprising a spacer. FIG 7Cillustrates an
enbodi nent of a ﬂc;sala

4 system block diagram illustrating one embodiment of an electronic device
incorporating a 3 x 3 interferometric modulator display.

FI(’} 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. SA.

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



-2 package conprising a recessed cap. FIG 7D illustrates an enbodi nent of
a di splay package that conprises a curved backplate. FIG SA illustrates a
cross section of an enbodi nent of a recessed cap. FIG 8B illustrates a
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device comprising disk-shaped spacers that span at least two posts in the array.
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.



rectangul ar spacer. FIG 17D illustrates a top view of an integrated

di agonal spacer -3 FIG 18A illustrates a cross section of an enbodi nent of
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an 25 packa@@d el ectroni c device that resists physi cal damage. FlI G 24 is
a flowmchart illustrating an enbodi nent of a method for protecting an

el ectroni c devi cBIG-Péthiitsirates a rrogssaetips of pp embodument oh g dovgs “éf"@“%‘?%%”&ﬂaﬁﬂdock

di agrams il {jishd RihafowP nRNRRL B! inREfe@méirRURbdulAds PIFeg. say | &lﬁﬁtrzﬁ&@&bé' ng
a plurality of interferonetric nodul ators. 30 Detailed Description of

Cert ai n Enbtsdiionerftas qmbodimeandica dewdeceemprising dniegraipd siskas famgdongehd pestn of
physi CaiO asﬁ%%e}oﬁfetr{corﬁocﬁlﬁm of dlffgfegp}?e’lghts and a second 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 2 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



tw sting, inpacts, pressure, and the |like. Sone devices are nore sensitive
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descri p&% Onexam ?c wrﬂgnentnlltg)g out Xn image on a computer display. Inadvertent contact of the display
P PO p P

also occurs, for example, on a mobile telephone display in a user’s pocket or purse.

The following detailed description is directed to certain specific embodiments of the
invention. However, the invention can be embodied in a muititude of different ways. In this
description, reference is made to the drawings wherein like parts are designated with like

30  pumerals 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,



i npl enented in any device that is configured to display an inage, whether
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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 12a 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 12b 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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general puripes@osi NOME exé?ﬁ IJF]’;;') lekdbo bRt mefeﬁéa%rﬁgﬁcsﬁ&r inSMGd @%oé’é&sd%@&/lwhmh
Pentium , 25 Pentium Il ( entium [ T1(r), PentiumlV(r) ent 1 un(r Pro
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m cr OprgceSFen[mI%Lif@h PEtinch ﬂi@lPtel?tmnis IIQ@aflento [ B1° Qf 8051, a MIPS®, a Power PC®, an
ALPHA®, or any special purpose microprocessor such as a digital signal processor,
microcontroller, or a programmable gate array. As is conventional in the art, the processor 21
may be configured to execute one or more software modules. In addition to executing an
operating system, the processor may be configured to execute one or more software applications,
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 amray

35  illustrated in FIG. 1 is shown by the lines 1-1 in FIG. 2. For MEMS interferometric modulators,
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25  lines. The asserted set of column electrodes is then changed to correspond to the desired set of
actuated pixels in the second row. A pulse is then applied to the row 2 electrode, actuating the
appropriate pixels in row 2 in accordance with the asserted column electrodes. The row 1 pixels
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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arrays of dozens or hundreds of rows and columns. It will also be appreciated that the timing,
sequence, and levels of voltages used to perform row and column actuation can be varied widely
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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25  does not display a viewable image. In some embodiments, the first surface 712 of the substrate
further comprises one or more 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

~-10-



702, and accordingly, the substrate 710 is substantially transparent and/or
translucent. For exanple, in sone enbodinents, the substrate is glass,
silica, and/or alum na. In other enbodinents, the subst rate 710 is not
substanti al trans ent and/ or. trans|ucent exa in a deyice 700
t hat di spl aié“ atper ﬁﬁ@%ﬂve.aewa%fwmﬂ th’es"%c%ﬂiﬂ’ g 45‘3310 0§ ROLPTRGAFF OF
700 that 25 ,408sa ReMhtildiSRpaMdAToY lc@NRIN, BylifdBH6ons] £LiROMRine A XBNES  In thge
first surface 712 of the substrate further conprises oné or nore

addi ti onal smbodimgptasthe fenl lsemﬂ@llbeor pibstagiallyompergiephie e lighid watergandior water
Iazd/sglr"reogt‘dljg%! rTLIIllt'l ggmff- Th%odlm{ggr ftg?l: geggs [i)a?tlaﬁg)lf”sﬁlgs?anﬁa/l 22 aél;rgeagfet Yr anxl}())r
nmechani cal logyegasds?4n €bibé @hbddirmeits the sedlsigiait |8 ofhed em&ﬁmmads Fﬂllidbéhlﬁﬁélasftle ot he
backpl ate 750. As _di scussed in, greater det ail beI ow in sone enbodi nents,
the mechani E@ftomeRcer Inyother embadiraentsy ths| ssak omprisesi ko) igidnansbelagtiq qr pplastomeric
|11 ustr at ed ehoghtPH Smeldifbodithis H0 PCFRed BE PAHPhAEL Wb Arid Ein
substrate 710. The term "perineter support" 1s also used herein'to refer
to the seal thizls@bstl‘an an{ier bashplatdi Tbe adhesivaisrtadhdseds ang of ableBny tipe keewal in7hd

al so acts to nt ai n a%(%redr?gt erm ned Sp; Cb g 35. bet ween t he bﬁckp ate 750
and subst raf® 710 PHE B0 K Hreh ™ Vs tT i“éea‘vfs SHESFCHE s&h™e 10
740" dogs nembitvents) oBPIEMBE JTURE hdMREIves!if t}ﬁﬂﬁ@lyaﬂmmm@%s embbBmseRElonéloes
not produce or outgas a volatile conmpound, for exanp hydr ocar bons,

aci ds, ani n&9re frhe f"r\’ésW‘islé%UVI‘Wr%donlﬂ sompsEbo iRt thf1t fh"él ’§é%ﬁfmi‘1§f Prafed ‘quﬁ‘y or
subst anti al Et}ﬁsfr:{w%ﬁcfwcﬁplﬁtg lHI gb’rhg emtﬁﬁlelﬂ@Q{xéjgear\@t $ebured ?oof% su!&sﬂat@ Q& or
enbodi ments, the seal partially or substantial nper neab to alr

and/ or 5 ot h@kplgamhanllqallgoﬁgmemm;mtstlse a tcmblsa;@h of merhogs for sdcnmcgttheseal
enbodi nent s he sea ast one | n ot her  enbodi nent.s e
seal conpri tsoet}s’e B ea"df 4 g‘“’%ﬂla P F%’ e tsa‘{sotné’ﬁrﬁorﬁ‘%nse g Srrpligoreer’ff'mgp’l“r’\hegeone
enbodi ment sthetshietrsreasl seﬁﬁmnesmsmo]mebaokplmlfﬁ eagihglsbyebermanpadingl e with the
substrate and/ or_packpl ate. The adhesive o adhE%l ves are of suitable any

type known in th&he SSFltcomPﬂseéé%S“étﬁlﬂﬁﬂﬁaWBﬂt re ey geedrstaitess Saf¥psses
IS pressureafi thabfesidnd A8MBuAD &){Jp&dhﬂema@ zﬁ@esd?diern?ﬁl?mglf &R, apiRsi ves
is thermally cured. 1n some enmbodi nents, one or nore o he adhesives is
UV- cur ed. | polyesmidese pplyalikensnt Bolyastses. pelypulfoses; elyptatens: proyiietbanes pofiacrylates,
Substrate a Kk S a e t he
cubstrat e a{:}%lgarcrﬁ & Epl a? epJ))Hes gglﬁgrg gbgﬁi)b%% rréoi%lrs%)rﬂgdc%ghbeop%né g('ii{ug(q;retng
combi na2é onstprhn&mxtdrdms ﬁaquexsetim icgble raéhw@esl cerimics, lpdass wbieh,raain€ng Al lends,
backpl at e. ments do nat co ise a seal, for exa where 15
Che Subst  atBopE BRIV EdmPr SERPytes BRRE BeeRpPapim e A gger SYERES: ol
vel di ng. The réftaicea i iot @@&p&ﬂﬁb@ylatﬂ&heaﬂm @IthtRic, fok @kanPI& B met @tbon,
steel, stai nI ess steel, brass, titanium nagnesium alum num copper

| ead, zi nc, bAeharoon gangrlss, mdsibpdike.oda pme embedimpnt thesseleped yeal waaial is
pol yesters, pé?@ehbysdﬂ'sfl&%ﬁanywizéﬁln\b&&{égble.p%c&’dﬂilﬁglk),aﬂes%me RBLYARIENS AhE Skl is a

25  semi-hermetic or hermetic seal. In some embodiments, the seal is less than about 50 um thick,

tin,

for example, from about 10 pm to about 30 um thick. In some embodiments, the 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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cyanoacryl ates, acrylic epoxies, silicones, rubbers, polyisobutylene,
neoprene, polyisoprene, 20 styrene-butadiene, parylene, U V.-curable
adhesi ves, ceramcs, glass, silica, alum na, and bl ends, copolyners,
al | oys, and/ or cOmp®sikps: mes eled refdrred S@ hazeie b o deape ot Sbackﬂla]eS’eﬁhesé et ae

conprises a reinforc for example,. fihers d/or a fabri

for exanpl e,Pofiniadedt f"éflt;le RosH9B 4t g‘ngﬁ‘%BWe %SWB%W tﬂ%&"dﬁ‘iﬁﬂﬁ or s Priepatiqn gt e
I'n some embqgl pRMALS700tiREIFS Gh @648 AmbE@nchBL BE badkplak 750a§1ueatlsltue @fray 720 from
substantially water inpermeable. Accordingly, in some enbodi ments, the seal
is a 25 semdamegmeﬁﬁcdlmssh«émh@te; some gmbodimenowk 28 rindematis, modwatere2 4t

| ess than about th| anpl fro abo 1 t

thick. | ﬁ sé’ﬁg”nnﬁ% Cbs‘f P l{y 1é:°1;lsa§>%l ml?s%?l}se uen ? ‘glﬁe gmbo'ﬂfl%&%iggu C??lgte

w de, for exsopkects merﬁnabcmo flonToorita2t abmwbreagnna‘a]ecaeindrdmdﬂg:r tcOmpdrents T amnd

FIG 7B, an enbodi nent of a nethag g for fabricating the illustrated seal
740 using a APRATELY SHMREISESORS armey dalclor sEemmlel RIS e 3B Boms SmbpdiMeRty e
the 30 bac ‘BQ&@Ia?e 750 p%‘&E‘c’té)rthéS YRS 1736 Srond Qiitds | ATirdHRARL KBRMorsD f&h@xa‘i‘:{pie,
for exanple, by printing. The type and anmpunt of epoxy is presel ected to
provi de a s dainidig Oneistite, disk chimgésin dmbienttpressirbiank hedike. and noi st ur e

per neat i,qQn propert| e te 750 . Substrate 710

t oget her18 and tr%e e%%d%i}e"csufne ﬁ y |erdre§1 ?gwgﬁa SR 5asn’ {ewﬂﬁlg%s ﬁ’&g“@’f‘d
radi ation. Aidt Y04, Girl backpiaty 73505is sxﬂisﬂfaﬁtﬁhlllySﬂaﬁ@at@hmiﬂﬁ/oﬁﬂﬂ}@]uﬂﬂ{t aAndief edbbdiments,
radi ation. Sonme enbodinents al so include a post-cure 35 bake at about 80
C. -11 The hechepplte 75058 ﬂP%suawyt?aFléfrérrSP*gamtaadfﬂreﬁr?ésSWC% Ip sogg pmbggiments, the
“backpl ane. ‘b, kBRRE7506! MRdeNrdin aMkterlaMhENIEndt Prddubd &r Jublfs QQﬁfaﬁleQ:Bmﬁ(gunti h@r
backpl ate 750 within the device 700, or the orientation of the device 700
itsel f. In swamplehmddamons.scids, W@llwcﬂﬂéIt@tléﬂﬂ%Smm@m@nqﬂﬁetmmwlamﬁﬂm om
damage. nod.ntgrfero

modul ai 8 7S GHEAE pBB e R TR RTRAAK SRS Bl Jopdr B RS bl e
i n some enboatikpiatetZSP id dubstb@zakp |1rap@mea"b&.0tomiroinébt sthehgasal rSmytat?lQ&lafamImfmahé act

with foreig bj e or. other co ne i.n an arat.us. conpri sing
the ‘ar vy JDe kPG, TRaHsioe TR HAPHET MG SHeh SRS G5 e Srivy gogmesiams
backpl at e 73Rmptud, €psIFmbM Eredii] A¥pokieH) fpbgmmm@epolsmuénrepn@Bl@&@érs,cgegmfoﬁas
for exanple, humdity, noisture, dust, changes In anbient pressure, and

the Iike. 19°1Vﬁyfé%8€fi9i‘fé‘rl?ﬁ'ées1 ROLXARTYENES PREYlensy Fesanive @lass, shica nana,ianﬁglénds,
vi ewabl g, foSaBn s> Qff i ? 9& 57%/ortcﬁﬁbm%9 df%}e%f?%Qari@ b&bﬁhgﬁlf (?ILQ,L ite

t ransparent or tr I n ot her enbodi nents, bac 50 is
not subst anmagkikly lnchahswrpeme Gl orilthafchuldaer Sydiems (Sap bﬁ@d@lﬁh}reﬁn somd he

Vol atife cofBBBoTs O CaPiere Sipdshafisondakonet BREREuTL R ARiorh .

I n sonme enbeieEol Samplberldzaakddl adatbod HdrdnS cakBonsiaha s dnd kHeMike nper meabl e to
liquid water and/or water vapor In sone_enbodi nents, the_ backplate 750 is

substantial |y i nyetomeAmmhodimenis; the backple Tyl substeatially’ rigid.¢ &bptéerna?@mﬂ&r’@ f or
the 25  the backplate 750 is flexible, for example, foil or film. In some embodiments, the backplate 750

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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backpl ate 750 include, for exanple, netals, steel, stainless steel, brass,
titanium magnesium al um num polyner resins, epoxies, polyam des,

pol yal kenes, pol yesters, polysul fones, polystyrene, polyurethanes,

pol yacryl at asckppag sl receesed Ctheralby fosminglaaliage 354’ iaCthe patimsienal thanackplaenThe,. 20
copol ynmers, alloys, conposjtes, and/or conbinations thereof. Exanples of
sui t abl e cordedtewvithiissoptiguationds irared inas dsTecessed 92RshettiBi | abl e from Vit ex

Systems (San JoseprcCAY-illsRatsCiRrosE SHAGH ﬁ?éﬁb%dirrfeh@of;%%lfl&lg@]?gvé%?@ﬁ BEhRRing

conprises a reinforcenment, for exanple, fibers and/or a
f or . exanpl e,a giredyr bowedibackplaie 58, . o thenillugtrared embndimsni bpers 38" nteadidposed.

In sone enmbodi nents,. the backpl a /50 . .is.substantially rigid, ,I.n her
enbod et s Aeoe etipisar o B8 SBf 807 WL i UREVED et Yo Iedbliagpf BD e
In sonme enbedhdwepithdy, o MiRelkploatctntd&Othei Baclightor 7600 fafid Sufthiad @iRdgd] Naiher
configuration before and/or during assenbly of the package structure 70Q0.
As will be @mbedigsaly cpmpige dglifsreniconfiguraiop ghong ¢ BYPEPICHISO PPHSH e dis¢pesed

backpl at e Z’E% ehSr QUifOKIVE Nn sbfle 2mBYGMERE, R ba?lé;%t@ gg@”g A0RAA ihB i andh’ 8y

710. The bac ate /50 conprises an Inner sur an outer surface
753. | n soneonfifiratioirodn et smbodimentnnibe caed slgpe af dieobackplaer750Uri§ daomed byt he

backpl a further c ri se an r re additi.onal structure for.e | e,
st uctlr aler iRl OIEE S FRETARML PEERG U Fseol P i PTass TS TN t he
enmbodi nent  iFo} ebgabdpl) Bikoind elmbéaimés, dnhieraP AVICRIrakterfofSfletkis nSodbRioR s ifétnked on a
planar. FIG7Cillustrates an enbodi nent of a device 700" in which the

i nner sur f adebstraty 714 asydsgeribediabope, o4 seah material, fos cxaapdey a YUY ewably epaswnis appligd
fl ange 754 RS BB afn S0 LAt ] I's
configurati 6‘?1‘{5@@’?%1* g{ red t (;a as %Bﬁlr]%?’gé@heagé ?gp" ]ﬁne:tr}g vﬁg@ﬁ@&%%gw thih 48
i || ustrat es sibstrate 38" s€lxt bagkplatn 760b &dichamed,dor exapplek by comlpressim, ®OBE desired

I Si d. b d .back te.750". .Int il t -
erbodi Rt SepatPegE SRIE SuRBRE A e R it Rutdd siPly By aiaign
720", whi chtd orm@leatil?ed'’y cl oser to the backpl ate 750", and consequently,

nore likely to contact the backplate 750" and sustain darramg)q(:al. Q her
enbodi ment s conptE embadimerts dof the Jaekplaly atei Ppstgied H&- FA ndill- $bacEle 8A

Spacers ar e jifisR ks § §besskd cg; 850 1 wilRhahd B8l Qacd BB WBRMROMIER iffustrh 28
backpl ate 750" is preformed into the curved configuration. In other

enmbodi ment s embeimeniy the ihnerrafeced?d2 tané the puiepsuafaee §350ire pet pamtlple Cdpgequentlyetheli ng
or deforyin tanti f L.at Il S I f ge
et oo or ReBeSH BRIARY Ahbs  LELREERA SELy 0 L8 sto S04y ka5 GRS

I nt er f er oneumdeestand dihhtadtbersarrangdnoanne dreopossible S UDIst i1k @ated @mbadimd®s conplvieed 2

above. A seal .material, for exanple, a .UV curable epoxy, is applied .to the
per i phery  oPetpHEth G i P Peh aRde BRURP-iRaan beiveah HersuDuaiy et s E¥b:
| onger thangihRe 852135 tedteeesstdQap bIOPIRAC KPR LenlRRimdnSs, GRS HripRslal fifie 854

€
exampl e, by conpression, to the desired 15 size, and positioned on the
substrate 7igms avphstagigdlycontinupys stgctufegiroad éh?me@pheasﬁrtge weesseraianBFG nin other

25  embodiments, the peripheral flange 854 is not continuous. Other embodiments do not comprise a
peripheral 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 illusirates 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

-13—



to formthe seal 740". O her enbodinents for the backplate are illustrated
FIG 8A - FIG SC. FIG 8A illustrates a recessed cap 850 in which the
i nner surface 852 is concave. In the illustrated enbodinment, the inner
surface 852 camgriditpea @atigr 8 ufdraek o851 amer nuwfacp 852abf dle. baligrige duebdtiveen thie

20 recessed,c 850 .is thinner, at t cepter 858 than 59.
Emose i1 el mg s I Gesficot BSS SerBredt R dhe s B, G ARG an
possi bl e.  Thewbbdimeiior 8 rekse P BaB e mrﬁﬁﬁbﬁﬁﬁg fvo dagiiitP8FTiRtvhich aBgRaM 845

whi ch sets the m ni num spamgq? bet ween the substrate and the inner surface

852 of the rediepysed daphdsekpliments illystraigddn dfoo Blherd §1G¢ BE, Per desiseany 855
fl 854
of "t he r3ce BT Rk PRbATMn ALY SHEH8s3 LE e B ARG, PEIHRECE

i S not cont ispasan ﬂlsc&éddfelowThedsmrunswhlm bertveenodp hiirSeand bagkplated hﬁfea:hmédsamge

In FIG SB, he back te 850 co sz reinforcing ribs 856 on the outer
surface 853° ﬁhﬁcﬁ?‘ﬁégsiﬁﬁéﬂf"i‘rﬂﬁc% ““Pﬁ rf@%“?ﬁ‘ lerﬁg%re ?Oa » {5 ETOPATHS?

surface 852 pfhe QBkikRHtihe awntlar&%esqécaﬁth@ bo A&k Phakfeunt Bf ﬁ@fmr&e‘%@%ma Sne t he
reinforcing structure has andther shape, for exanple, a grid, or
honeyconb. Senme aftib@hdﬂ'em sthe grshanical @rapertios whitho hadkplateh@ad theelikar Syitaldo
For exanpl ey, Gue 20 hlol8! I Gl LHRRLIRIL Rlichid §65R2EHFBRE O &
concave | nner  Surf rernforcing ri er Surtace
853. Sone estilel inethé snorhlltalpprecldueshdtds ethebamk@liates tbx bivities 85Tpaayedifferent
properties, exanp stren cost, rigidity, trapsparency,
ease of nanﬁ‘?’%’@t‘@f“?’h or éﬁﬂnﬁlﬁe%flgtk’ew*‘{fgdt}“"gﬁséni’f‘dﬁ’ chagge” | The &y ’r"ﬁ?g ?ﬁ“é/
cross secti eribASKBY &G SmEMHP kSN dn ARE 28T [FOELmpRY Géiigl 1ebossip! 'sﬁ%ﬁ% to
contain a desiccant. FIG SDillustrates an enbodi ment of a backpl ate

-13 conpri sFmavapgearaﬂtnynsamqhog,rfeﬂlnérﬁatrd’féasrlmwlcam Shgpingsmddhe kilge In some

backpl

I A g R L
recessed caﬁarbamakmé aking %Gdlmswp,rwesamg ftmmg smwrmg,essxd herlilien Kok iexdmpde Sn smant
855. di d. Int illust d |G 8 FI.G | 8E,
the des: coarboagaens. Sohay ahPram Praetenh ot molspbting Rukpiisant HRaRE (Rrats

852 of the baekplt@t@m AeHaydiThgleyskilledan SiEt wilP afRFstand it USHBEatRE ONIREL
usabl e anywhere between _the array and backpl ate. The di mensions of the

cavities 85methpds apeyuitable i sbgicaedackpiaies athank AbhA featresiescaibed hereip, for
exanpl exq t hgy i%pﬁlébé late® b iRReAE FIGCAAL FI& M ARG, 8X -Gficdge! ccant to be
used, t 0e am?g{g n%?sagteureu oe be absorbed, the volune of '?%e devi ce, the
mechani cal pr opeRtfm@gcﬁgamh@ Elﬁ-kﬁB,athe sealn@4Q featehdskberw®oi uhal;ltlbstmta 710 and
desi ccants d for s rln de Lcc b pl

di scussed bgﬂcg@vate#gszn mileﬁ] t s °4 Sttm%aﬂﬁ) é\aﬁ%ﬁﬁe(‘%?’g@( fn 1‘31453 h ‘95F tll}
enbodi nent ssubtstbuﬁxangawnhplaay&saloshamear&ydrzof Bir'sefie em®odifnk bl i dnemsuré 006 ﬁmempl e,

| ength, wi dth, thickness, and/or shape. The cavities 857 are fabricated by
any met hod WRGHAM B tufeaielly lwfm&ﬁ‘aﬁﬁt) eliquith @ffeRg WalshyRAS; ARSYoTspattigiisn dor

25  example, dirt or dust. In some embodiments, the enclosure 706 is substantially hermetically

and/or semi-hermetically sealed.

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 pm to about 100 wm, for
example, about 40 um, 50 um, 60 pm, 70 pm, 80 pm, or 90 um. In some embodiments the gap
is at greater than 100 pm, for example 0.5 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  910a, on which a first array 920a of interferometric modulators 922a is formed, and a second
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engraving, machining, grinding, mlling, sandblasting, nolding, slunping,
and the like. In sone 15 enbodi nents, recesses are created by building up
t he non-recessed portions of the backplate 859, for exanple, using an

adhesi ve, wsblgirag 9192190 m@ichsﬂ sacandiarrgy 9Z20bcbitinterféroietric Fpduletoen§2é is formegionk

nmbodi t s| d t d d t k t
oo thace) Sped il sProdripjsadorBemt ey pl ol ey eyt T shh R

art will undes st aRered Baine eOWhicRaE badkplatfis FPREQI witied m&ﬁj lafeﬁe@h}%@msxwam%k e
for fabricating backplates with any of the features described herein, for

20 exanpl e, 2ie Anseipieh B prokagedevice 800 jsisampls of simultancorsly displayieg Fiis e -
FIG 8E.sRe d

Subst rat & 720 e GAR 9204 ot Ehontiimal i RERcohd BIIRD TP FATRUMIE 990,
backpl at e 73B¢ c@mdnsssezaéeaﬂm ab depetibradrabosu 3ispndd taltween ctenfpbteinel 92@nod eg&end he
array 720. In s enbodi nent s, é?@ &ﬁ&los%&g YQP &ﬁ%fEd therefromis
subst ant i al P24 1S BT WO SPAEY Spitabletype diselased herelpg/ o1 particl es,
for 25 exanple, dinldnbBdindHS1000 Ilmlsﬁa&ememf@doréeﬂ})ﬁses Taﬁ'@rr@f'?dﬁ)%’# hfterfd@indtSc
substantially hernetically and/or sem -hernetically sealed. In sone

enbodi ment s mogwatorsfepraedpnraf bwraes01Bs A isecstegchp begkplateotP6 B end scah H48 toggiher7 20.
In somg, enp ﬂtﬁ?ﬂ%&mtéﬁﬁn 'f&‘rHlear ca% bAGRI0ERP S‘?eﬁm@%ﬁ whit 9815130%909? ace%é%zg :

In some enbo I ments adspace ween the I nner® sur
t he backpl aspcanti0i0hdn dmnﬂl;stritﬁd)embotﬂrhedt,eths bacBfla@l1058 cdbfibrises doe of @I units of

preferred emqodi ne is from about to.about 1 for

exanpl e, gﬁf“%@"t(}ﬁﬁs Sﬁipes‘?ﬁg mmmf’é)“srﬁ re ﬁlrg“’B ‘tﬁd"“ﬁi t'Iﬂ ’é‘g‘?fé o %ent s

the gap lsmgongre%ﬁfroeﬁnemaa@p&e@&emf deQEcafiXBUBB iEsclured MMhe Ind¥burfice YR Qhe | N

sone enbodi nents, the g E or headspace between the inner surface 752 of
ay

t he backpl abaskelpg, fonex sippan pdheyivg. thesnalyaard/ompeshageglly) (battable packeging
enbodi fo ien RAEHARE IGNLAS nIA%LRITA iR ok ilchicle, RHRRLAALS cofRindf 02

on whic Irst array 920a o erorretrlc nodu orned
and a s econuhth a Inksls siviate, atperf@i@b condainexhy bdg mads dwond pameahle BBOO onfover stock,
interferonetri a is,formed. A device with this

cont 1 gur ot + B eI dh S{ngt ptpdipeals e PRSI . S DT f mypiBlsepuca oo
devi ce nmaybdeRpivte oL ekadPlepiing Nprebiueidterehardsplealesdnte drRlRGRE, We hckage
second interferaonetric nodulator array. Accordingly, the package device
900 is capaliPen-grstiag.fgy fféﬁ@éﬂ%ﬂswgépﬁpiwmgnaoéwgtﬁ %@g@cw srentoaddeq in gy
array 9zpa gpd cﬁnéle@é?QQadq?r@Q?cﬁy}nérh@snﬁ SRPOE ehBly 22084 10TME iRBLKALE fiRY! Cce

900 also conprises a sea as described above. Disposed between the
first arraylnoRow embgdimeaioniie desiecayt WPl disecn eeayredriortke mperc@rfgce%m@ﬁ theny

suitable tyﬁ’% aéﬂit%.d I%Bsg)gaeggﬁnqb?)d é{a th%n;% tghzﬁe fn 3m CYQ 0 Iell%a% pla tg t ?gﬂl fa%lng?itedlo

conpri ses an array rone ri'c 6% orne
substrat e 1fhhthrisd. i dedcamd dzaporbaekxpdxﬁmémi%e backplse abmprihéd) at l@gﬁtd’fefpphe]:lo

with the substrate 1010 forma cavity. or en Iose ace 1006 in WhICh i S
di sposed on‘geswa% Far %’ﬁg*e@ry SepscembcHinyenis. B ARG desibGaT b JeRGrEbdIsSpiFgd o

backpl ag 1Q3Mn8QITRG sHiRB1ABIAA appREELoURY BaskfRte 1050 and baked, thereby forming a layer
of desiccant on the backplate 1050. In other embodiments, a desiccant is mixed with an uncured

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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a desiccant 1055. The desiccant maintains a reduced humdity within the
encl osed space 1006. In sone enbodi nents, a package of desiccant 1055 is
secured to the inner surface 1052 of the backplate, for exanple, using an
adhesi ve, t hiestmal doyne @ntsbdidientse chradifaralation wBlirdsalblie rglabkeag differditial M@embritch
a desiccant is suitably held are known in the art, inc[udin%, for_exanpl e,
a cont ai ner befiieeh the agash 720, apdy e bagkplade 175P at Wasassnembas@pents, Thiges Hbede 19 Pem a

per meabl e f %Qéduﬁfﬁ% i R ClormdI ek ﬁth@ﬁgliéehﬁ)ol foX Exanddl d%g @%[Cﬁggmggdnwﬁesdevfcpgr

packaging is a sheet of a suitable material secure ckpl at e,

exanpl e, usi7Ag imtherissdiatiar ddhsddvios 00 thhasippaatus, or Sotire nemdad diend mesdevick 200,
package _is non-dustin i.e., resists releasjng du I.n sone odi nent s,
Phe dosi Scadte Puttiies dieess fosreg st ahs PERpREGl0 o 43 firee st iier
resin, and th@paemewlly isegetbmetrit AnddiRtor DB fob Wkdndf€ tHORdechanichll BAFEI24, are
enbodi ments, the desiccant 1055 is directly secured to the inner surface

1052 of t he susseriiklsl tadamagepnspiysicad epaiast mévpsequante, indhese embodiments, e backmae
aokplat e 1050 T : . o _ ) |
ackpl ate 195§ &1&@12% ﬁz%f‘gg th&&(@r%zggaﬁd/oﬁln@eg@&&?ﬂé mohﬂat@%ﬁzqmddr{miq{l‘ S

t he backpl ate conprises a layer Ied siccant. ~ exanpl e,
sone enbodi memtasusea | i qui d desi ccant or a desiccant dissolved or 25

suspend inasuyitable liquid s applied to the backplate 1050 and. b d,
her eby or i ng 3 Pgesbogeats Ese MRS 70 bhErearpH o Boraoctss of fhoti 700
enbodi nMent s areduARfEhCORise ithe a0 W EdAtadthé PEUPRER 7500k MiORTy, §i€% inBaraRdechiee
m xture applied to the backplate 1050 and cured. The desiccant is an

sui t abl e desf be hrrkpRisoRM andharray e 28 For exgpplextbesp skilledyintthg arbwilld@siserstaachuhgﬁ, @i
oxi de, bari i e a h i i Q- I es,
ol &1 um o U E ren B Lo RN i RAGBERAIGE BEBLA AR indlELE (i P

| ead/ sodi umemd/droy axeseds alluseatdd i o dIG. gAY thenrdjativehyolrenetet, bswekinutire hayrdy i72@ and

lithiu | um num ride, silica | ,, activated al ymna olites,

ol ecul b s Pasyiate Plcullin octefi, A daritfivinarshiali oA fioen ol RS dor
chloride, catalfple, withréi0i8 siza BAk/Safiibees iR fitdrR@n@dic mBelIA®I7RY il Ge hky 7A
and FIG 7B, _and as di scussed above, in sone enbodi nents, the 35 device
700 def or s /2h ApmeRofitohione sl ts epeuntersdda thempsmal usgof thecievise 7O WAl ¢

Wi Il recognyggee o tRtibd‘@btion thatSAMRaRE BRI fSthe SR 20O ESHRIC R vitiplard BBU! T
inrelative or differential novenent between the“array 720 and tﬁe

backpl at e 78@reby potediaily danirgitigronn psmork of the éni¢rfdrahsiric mothdators /782 inthedayitei In t he
nor mal € ggmet eh el:’;l)gx%}/elngsethrz. ?rg?{eage%r]ik?ff]%ﬁg lo? ton'tar}:t B%&e%qgés grl;alﬁf% And %Hce btac Dlate

devi ce 00,71 n e 1 nsta ion o device in an-apparatus, or in
t he nornmal ©30eis @buritdigctadichyi iaereadfig, thbdisthmre ibaswetd theiagtiy 72Mamclabs Badkpiete d50.aln 720

to contact the backplate 750. As discussed above, so C onent f_ an
interfero nemecer%ﬁgfrea%ﬁhe ?fZasqdd&eléli?ﬁgrﬂ?%?mﬁch'éeWHg%?%% é‘?& g’“%&‘?]“éﬁ e
suscept i bl e74(0is ¢GRI by SishR! (hE RNBIRCSE thERASRMIO Mok ¥xaniple, tikE&SBstrate 710,
enbodi ments, the hackplate 750 is unlikely to danmage the array 720 and/ or

i nt er f er onmebackplatad 8 land/errssal 749. Mathpdscforingrggsingrigidityraspknongdn the art, and include,
25  for example, increasing the rigidity of a component, modifying the dimensions of a component,
changing the shape or profile of a component, 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 858 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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10 I n other enbodinents, forces likely to be encountered in nornmal use of
the device 700 are sufficient to cause the array 720 to contact the

backpl ate 750, typically, at or near the center of the backplate 750 and
array 720. For exaoptieglyf svoseensiodinhents dfrthd Heyiar00woinprisenehercs tnaned sfabat 73@ |

ther thi | | engt h / i dt h t he device 700
Cherease ( anisnged e By 30 seddne, Baipiisafil e Shaeri) 200 s configed ¢
relative mﬁﬁmtan&?&lr‘é\ﬁﬁg c@d@et Bét{’zv@% the QN0 %had h@%&pﬁ&@mewé dedc8 900,

i ncrease. e length and/or width of a device 700 will increase, for
exanpl e, wi ishsiiestadad mgdefplzlenerfdrcer thﬂﬁmephr@mattnlgearr%rerqdeqalmmﬁgp to the
modul at 0§ S %e%fe% ettrrllce e u%YOrS 7 8[5@ eon%?gﬁﬂen% tH 81'( lehg ! ')'50t o nses
encount et ed" i n e norrra use 0O the eV| c€e Wi | dce” a’rel4

noti on that ingigllaritaus deaboes farasxhmple, telrdoraing aips Zﬁaoﬂdzsmmt pﬁikagehl,&sbﬁﬁzklbé(ﬁt e
750, thereby potentially damaging one or nore of the interferonetric

modul at or s #P¥ei Ah¢ fpace 00@6"%aﬂzﬁregblﬁetwﬁ#aahr%ﬂwon%eg.%%%bgréel layer
li kel'i hood ¢4 GQpt Afly Qﬁ{ei’\@i?&ﬂ&g@ afh'é%ﬁtuzggor@dﬁgn% e spRek R ﬁ{aﬁect}39§l Some

count eracted by 1 ncréasing the stance between the array 720 an
backpl at e 7&ber patt ofsthadbackptated condavting thehspacemcpreenting Hhekfedtineoipein gbntaaing dlct

bet ween, t he ar he bha Iat 750 i nt er.act ed ncre
the ri g}% ty G %‘?}Ly&emg f"fﬁﬁ'e o? orsee%(“gbr?&mems tﬁ‘esusu {tﬁ Sepa?efg%pom ?Fa
750, and/ or the exray 7740 .is Mﬁisfaﬁ@lﬂiyf ﬁlioolth’JClhea@hd’lgmbddghditst, yheas;ec&mom dismbhheanart

and i ncl ude, 25 for exa i pcreasjng the ri d|ty of _a conponent,
modi fyi ng t ¥elied fefkei & ngbbfm%vceg 6 nikefihood . thain ien fpréen Filk Hlapagso Ay, PRiEYY of

a conponent iy At RbdMaWrTRYE Bbs exdRfiel R&ohk kRibodifestONEspSiEP 980 HBRbSes duhe
i ncreased |ikeli hood of contact between the array 720 and the backpl at e

750 is counapphied tierge 69 thhmoetas’lZﬁgOﬁ fikee mtesfemwéndomer% rberelryr asme?m alnd
inner syrfa I d
backpl at’e 8§gCh§1£1§al?lll ?rat e &Q @Bgﬂnéﬂ?%&%?éﬁ?%%ﬁﬁéﬁ %ﬂ%}s %é{ra ea"%l:ne

i S concave, fréh eslaby latﬂalrceamga:gxat hletmh bettvamehdmtawem afidvieackplen 780, f@&&amﬁle,t he

backpl ate and _the array 820. Refer i ncreasin e di stance
bet ween thab ¥ e aad(prglline o For yamp c‘l? P‘affg 57%52 eﬁ'ﬁad’fnﬁ’étsé ?%&9&7% HAISEend

t 0 i ncreaseydeld® motdlowkRERS sBiffackd) CindBMk €RbJIMentd) Mel dptdek Bisl AYcilchlafQBRQARBHS 1N
the device are also nmade thicker to increase rigidity. In sone

appl i cat i onfor expmpig, @lephergienfode Apotisquased, iigrsiteradstail belopg imeerag epbrilinentss Hive
embodi mpnt S pgéertd?%?géys %3} Z:Q%%Haﬁppgfeg?[}gso% ﬁ(ﬁmsgigﬁl?[l?n%%g %ﬂfeé ReREd

between the array 720 and the e spacer
confi gured Moreoyareavemtf thenidtcerwerethtaemagonpactitybetinederombigic amadalptors 22 am thet he

Chr oy ol | TIHAEP AL FBred Beei BB Fbo st A1 € F o PO g o

modul at or s uwééithan ﬂhrﬁd@%orﬁ@ibﬁwdneratpamcmaﬁe@m lopthataéray 320, CRINGgder $@Bodiments, a
irregularities qrsfeatures, for exanple, reinforcing ribs and/ or desi ccant
packages, SPasts 0 Bedrsizanh i comgepirale, {he, damaesqtop e%'*Ht nypber 14 el tsrigiometficor

f eat ur esf r oM &GRS e'}gmfﬂ@ Sy R ?%m: 6ot QYfeErs 7306t Hariidifir §bL é’n\ﬁror ShabbSFor
directly (e.g., the feature confacting the spacer) or indirectly (e.g.,
sone example, in some embodiments, 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 2 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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ot her part of the backplate contacting the spacer, preventing the feature
fromcontacting the 10 nechani cal |ayer 724). In sone of these enbodi nents,
the surface of the spacer 720 proximal to the array 720 is substantially
snoot h. | n sdwangallyatovegosts 1126 tiepaederomeé@io nttidslaroirsbudtse;hawn inctpyl FE& 1flArice,

t hereby redu the likelihood that the force, any particul.ar

i nterferoneth 5‘? gq ‘Sa}tlg a’?ég"sgﬁt(?‘?mel?g’éﬂ‘&“em ‘?‘ﬁ il g%n%%f%@ﬁt ss?’aczir i@c‘%r
730 di stri bybegostidnePHRE @Sy pBdtag26.0 14 E&n@&ﬁﬁoﬂuﬂ&@s e dpA&rd I'mra‘r@ b RInkd C
nodul at ors, thereby protecting the 15 nechani cal | ayer 724. In sone

enbodi nment s abeye dhisarsmy 1134 P’e‘iﬁ?ﬂ@éﬁlbéi’mﬁmé,v‘éh§@Cﬁaﬂﬁ§gﬂfapp%ﬁlmd irf therypace 1@ i ve
| ateral pr r 4 a r
examl ¢, 9 b%&ga?&(f}hé Hra ;zb W Pﬁaiﬂfﬁﬁ ?ongexé;‘n%élthn?egltsh&g Oﬁ%&}é?hﬁég éc?s?tioneé’
enbodi nment s poth heo&pme eﬂaﬂ 3mmﬂﬂpmtbaespaco el (0betwEsnethe amayl 1120t indnhe sual AB40S .

In some enb |rren the s has .a circul ar crosés;%sectl on, . for exan&

a sphere or 1peg skifled @ tg?:ﬁ‘ég" “F‘}?rséqngélf"’é ptheetrarines iR Patiemssighibe spaser i

the 20 spacgf pdsiphPacers 730 are resilient, thereby absorbing and/ or
di stributing an applied force. Moreover, even if the force were to danage
a plurality of i Kir¥& dpstratdsa tap dligvaafomsth@nanbiodindne of adevge 1180 in imhichcohe

enbodi ts di stri array, 720 i ss, not,i geab 0 a
Cror S NI S spaBTRE 1 bk Bl b b ey 12 T o IERELG e
ot her enboddévdet 400 ﬂlusﬁmatﬁrm(ll(:f;‘spﬂeﬁt. gmmhrt: Prosddac anfuhdtie dehter 6taﬂrfagﬂa3t 0 a

smal | nunberu% interferonetric 25 nodul ators, for ex usi ng one or

e snacor L1t Gor Soupd the Reripiey-o T eriogingmt a6 tevice JH00 Glesiraddn Fr

embodi nent Scorﬁﬂ?ﬁes% denker’ APanE R 08 8FactRAUBOIANunBI KLt Wt Mnd BRLy dHahliiNg
an isolated pixel is not noticeable to an end user. Accordingly, In these

enmbodi ment ssparshiearsapgenesnt arp8ed therpeaphernt dbe dahedjment f dhes dwgzleellﬁo xlélstratad frer

than to;a ggﬁgﬁéﬁfcﬁﬁhi&g lﬂgQ{ &%ce%in%%eéﬁcfs %E&gm 1‘&'96%%3 6'%“9’??% iy ?mJaP ttpe

end user. op Vview o evi ce \ ng
rel ati ve posdnter ofithagrnaf 112e Tikpasidlal ante thevilrundatstaristhaki cslmnsasxeﬁgeabmveye in
sonme enbodi rrenbs, t he spacers contact the array, in other enbodi nents the
spacers conP&e et he backpl ate, and in other enbodi nents, the spacers

contact the arr ayhepacethfe BRSKNuRERe siZd)8hARYVindanad) GOMRTE n@BdmneRlsUsIRbS t Y
of spacers 1130 arranged in a substantially regular pattern over an array

1120 of i nt e FRaceRrere olcthersama HPor OUss CmbRHBEN D FOTBPTER BB ST PR it
|| ustrgy ed, %ﬂggdhlﬁf&hﬁ s&e'aeshﬁ Cldfor hatitiaR! f}:%hIchBPSﬁ'ne Siduf t%PQ%%aQ:Ert Hﬁ' Ly

above posts e |nter eronetri c nodul at'ors. inb
11A in whi dﬂpextd’ml faototssknbWR 6n dreenri inbluémg Slieedatenial pﬁhmnwtmh tlnensphm 1§ nlades threat ed

embodi mont SMAPERedRmeE? 0% b Hke RERPboRe i ELyBEE Rk daiSipectiel SO

enbodi ment sandtthe hﬁ@aqﬁrs&né-lﬁﬁocﬂﬁl&ltﬂqm tHickned dfithd BRic&DiaGanilat Qo Shebmbadpase t he
array 1120 and a seal 1140. In some_enbodi nents, the spacers 1130 are

posi ti oned babwten thisiax and dhehapkpjate. 1hmthﬁ&mbﬁdwet55fﬁa@a°@18f@f st Smaesh it e
array 1320 gndmk tﬁ@ad%ﬁ@k bdehalh 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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Those skilled in the art will understand that other spacings and/or
patterns for the spacers 1130 are possible. FIG 11B illustrates a top

vi ew of anot her enbodi ment of a device 1100 in which the 10 spacers 1130
ar e arr angedosaxbmpiadonmpkibiyig & asrd ofrbiye oaterial iiba evarisy ofldhdther. | In sbine ebdaddeéntent
of the device 1100 illustrated in FIG 11C, spacers 1130 are provi ded
around the dBnEReFEIGFOMPREes 3 Ay of 12 sigid Beseriglofor LXME 2 F‘i‘étabe"}“fip?né‘?aﬁl!‘g than
enbodi ment  QfasfohEridRticnS), bt Ohnigid, YblyRef thsinD 1 bdthe It ddintRPh Wik 43 iRSRSEr
arrangenment of spacers 1130 around the center of the array 1120 and a
sparser arr aiege@blenthrangbuthd bdvkplpter itithepacersThe émispaiemtent tofslnteat. deln cemd 100

illustrated i 5 FlI HE conpri ses. .t hree concentric zones of spacers 1130
wWith i nc%ea§Wﬁ&&5’§?{§ﬁvp?%ﬁaa?%%le$rﬁ%“yS%Tﬁf’%tfvebf the array 1120. Those
skilled in the angsotddmbsomens! @espaichiatomiried dadidcan @€ ANy Fe Blovn i B8 Sttbiog.

The spacers are of any suitable size, shape, and material. In sone )
enbodi ment s gxapnle, getali gyides,eaicipy ogide, berivmhexides bari¢ i drids, phpsploRss FHeNides

conpri se sp?,%?:drl §u194‘°tes,‘jé'afcﬁuﬁﬁ Sﬂfgteltbg;rg siufnos:ulfatg,osoﬁ?ﬁﬁlrmhﬁt];, i o8, Rhd/ERiium

shapes, and materi al s. I cular dinmensions tor a spacer w
depend on f ali¢y nstakimchwdes, sodivnebaeltydride kediem gydride, lithitmralwhindm dpdride; sitfva gble

spacer Ls nmade he .headspace between the array a t he backpl ate,, the
Pt ended? ap B EEY PORPo ARG BORRY oy Rt AGET R B E e . MRAET T GE RO
enmbodi ment s zint RBlotid, CKBES Sardtubbd) @n® PaBkIhatiolis Hlefbbot. aln §dnel HBLIABRATD 86 Bpacer
bet ween t he arra@and t he backplate. In other enbodi ments, the thickness of
t he spacer Pubstaplially Zomprisen a dpsiccprta d pRiercenodimeals, thp 8PasP QIR atp@posite in

backplate. Thg,dhieRstans iCh Joﬁlggﬁh‘r%ﬁd_s 2 el fibodthtU SRE W A0QNCis Aktiibabd ©

materials for the spacers inclu Igid materials and/or elastomeric

mat eri al s. Hmoughgrtheaainpaiiter i sthertembodipmoter the desimpant ssecoacemtrbted inadne pagabbe of
absor bi at, | east .a portion of force applied thereto or exanpl e, by
e or et on eisFRE i B P “Teredhel SoffRen &7 etlEinen ipoh S ForF B amy
subst ant i al kyitabls nakrial iftrodxamplape afatedialstdirlodarf Moht BYsuitable or SspactDILebmd N
ot her enbodi nents, the spacer pernmanently defornms in absorbing the force

appl i ed t hefEbosiments, fon exampis; ins gbodypentiy it which |the $RICIT [QBPHERS A desicginb gpre,

stai nl ess shg@ler nPRRS forl dxhAPle UMcodTRY RSS! N desHctiTl RUMnateRA! HATEE pEBRABIS to
epoxi es, polyam des, polyal kenes, polyfluoroal kenes, polyesters,

pol ysul f onewater gngloy swater aaper, thasehy fralitatingthe apsorppiae pf/waleeky, the desigerwis In gimess

her oot 201 nORBRinERE o SRR coMpiS R YRR orkhfh or R0 mERHABLITR B

conpri si ng evating er oironghetheabautaaturian graess oaft the gpakr, ao gleteit .comtact d@teen the

enbodi nent s, .the.stgacer CdOH\Pri ses a core of arigid material, for exanple
a metal, anfesieea i hoi" a[. a 'Tlggla@??é?}?eée'natgri al, for exanple, a polymer
resin. In some egRRek MR ndndficrydd Glin@MndtiBaY Rnbvn in WeeMBIRVIBH RiPUERNd Bfon

backpl ate, the spacers are transparent or translucent. In sone
factors know in the art, including the material or materials from with the spacers are made, the

25  size and shape of the spacers, the tolerances for the spacers. In some embodiments, the spacers
are applied as a fluid, for example, 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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5 enbodi nents, the spacers are electrically conductive. In sone

enbodi nents, the spacers conprise a desiccant of any type known in the art,
for exanple, nmetal oxides, calciumoxide, barium oxide, boric anhydride,
phosphor us pebbdixicots, the spptalcomptlifeat @hiralitabicvoidy Sukfanpd, amapmesil wncksddfatle,

sodiumsulfate tals, sodium .| ead/sodi . all ne rides odi um
bor ohyar | de Toaa i apd BE- e SRR ARSI SR 2RaR EG. 0oL et e
activated alcyinRRiallyeMbildfsin FRLSGHCRT arkljo? \RSystyRAeS PRATdtampRELRALs fAlshiped

magnesi um percltlorate, zinc chloride, carbon nanotubes, and combi nations
t her eof . | nsBIAEs weispamesiwlly availblesfiam aNippap Blsetant Glass| Go. dOnyr Shigs, fapan) in

desi ccant. | | p, i - 0sl] in . which
the dest ScalPriche SEHARIES s beiRRORERY, TALBE \SRRA [BRIREL bophheilty
di st ri but ed avidilableufyh exsimplel) éromaSissi Clemidah Cot (OBikag Mpaiimdiabsterst dfefraaie shoacant

is concentrated ip one portign of 15 the spacer, for exanple in_a core. The
ot her conpoi&hi® é‘po"éo}’?ﬂoh’@nt OMR "t"#@d’&fﬁﬁo‘éﬁet%’Cgﬁgacﬁﬁy%&rs‘ﬁ?sf’%% aﬁﬂ{aé&fyal,

for exanpl eupfligiBhRIbratcit. di GBeOSRFesARAY BxatipleS WhlAR! fudf Bfci®, ARALIEE reddlly
sone enbodi nents, for exanple, in enbodinents in which the spacer

conpri ses amesfeenahiand sreased ipadenurbodimestsi al, for exanple, a coating over
e SR T B9k B RSFRAR R B R e,

vapor, fhereby fac sorp wat e [ccan
sone 20 enbédiexempls, ast festeacedt in FJGC AN+ FBS. RTe Or sdifey émigyddinig she projections

exanpl e, made, by, abrading the coating or through th nyf act uri.n rQcess
of the Spacald/on BRI PR TR YEHEHE DU RIRE DRP AR SLUFRSER ¢ ho
anbi ent  at N"pERREARai] BBRE EInSsotic@nibBMeRE! HE BbjddSbRGndBE ROSStRONE dedighed ¢
art, which will depend upon factors know in the art, including the

mat eri al or abparbept kast spig pf \ibe Foremariipddethe devicenpbe, cxample, samesiempodipents
shape of<th t . h agRl s . odj nent s,
t he spa?zser sg%lﬁlge}%g%%ﬁ?geaqgéfh%h? {eupg?ﬁ%ﬂzg(a?pﬂ%e?, P%’ I F’a‘{ﬂ‘?d a ‘é‘% , an gér a

past e, whi chrojesti¢nseas ibustretdd iroFEH AN Fi6. 120aaerHG. EXBnplidsare flisqusddabkmatet ui d

" the art W CoRter CEGHTRTREE! BPTIRS Borar A Bee R oo LR a7 ot ar

material, aenthtivab vZbd. t hermal curing, photocuring, UV curing, and/or
radi ati on curing. 30 In other enbodi nents, the spacers

( [ | p are
pr e- manuf act ur ed ! gehpdimsat dlugrated ia a tap s e Sl e PA phicwaeer 4330 shapydttlsast ed

in Fl G od 2By, Foste 1336 35 thd BRSL13261 Jr iR drdmdtAE nRbi1atbs! I NPk SEaRMLbAAENL he
illustrated shapes are exenplary and that other shapes are possible. For

exanpl e, i nthschatestrivoutitardhefshe spaecr d3Hbie pileast bout MagpUhasHaging Haplagen tha petie

embodi MeNt S 3G yicf BAGEL haPhE HUAIIAN LALL Y1801 il pol D1 a6  SIOAHoTRRL,

t he spacers cCohprise one or nore vol ds.P 35" For exzfrrp €, i N sone

enbodi ment Sthespeing @b GomabOR B0 s@stoabeut 80 wny k@ ckahplgwbsue G as 40 hm, SOpr, 60- 19

enbodi ments, the spacer conprises a_pluralify of voids, for exanple, aryj
n’g Pgd[ﬁ%ﬁlarasa p to

open- cel | oPMcTo0dip-clajother grgbadments, the spag Topexpymele-dip e & mm, or
i1 Tustred edpil) AlsQischbl ABVe ifGsore dmbsBHPRE tthy @lr¥y 1808 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 D 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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commercially available in glass, silica, and/or polystyrene. For exanple,
gl ass rod-shaped spacers are commercially avail able from N ppon Electric
G ass Co. (Osu, Shiga, Japan) in 5 dianmeters of fromabout 1.5 pmto about

60 um Plastic sphekd GRodERAE ARStrAERinCRIGTESBA] &lch Ypacay 85308 |s@bstahQilyeotarRide,
from Seki sui Chem cal Co. (GCsaka, Japan) in dianmeters of fromabout 5 p.m

to about 35@Vpint PSHAR6e Bk erebadimens dlustiied wdbed8Bs bleastetarasiian effeach spacer
avail abi 11t y539 E%%iﬁ&{éht&ée .a@/})‘é{ £926C 5 e e%g;ﬁﬁaerﬁ?ﬂﬂﬁéatecf Bémﬁ;ﬁfig@,{]@rpoﬁ%ao&es

and circles, are“also readi manuf actured, and are used i
enbodi ment s.ecadGpheer $3308s prsbiodeéd®rt s post hE26s Grlee embatipents @st ilineraed, indnde any

proj ectigns angd/ ot %gﬁntati ons, for exanple, as illustrated in FIG 12N -
FIG 1277 | fogshpioe PR e proj ections and/or indentations engage

a structure or feat¢mnBodRedtt? 1R ddice AB00 QlustbASKR! #1E, 1@&&&@@@%&% 1630 of
greater detail below. In sonme enbodi nents, theggr oj ections and/or

i ndent at i ondglifferent gfessipgsivencd subsippiadlyipverntht aepytl63bme of the force applied to

t he devi ce. For nge] . i nent s . j ri. ) .
T ustrated i FeonepypostgiR SBEs Bnde ERR 3FecBR S vstuone grin g
as i || ustr atesbingtion! «ath dhbl, spabérs dis2lsedalndeif] FIGLATA ihdtakes aneenttiogipitgseflai n

greater __detail below The enbodineni__illustyrated in FIG 12T conpri ses
both pr &Pecfimﬁ'sP@ébatammnﬁwemaa%ﬁ bab in Sigaformn ﬁ?&nme%mtwam oYef |thestantet ed

in a top Vi g¥ibh otk arkd/1720.NEIG N8BS Iusk3RParSRMdindnt bCARYice 2P00EMA PRFiss 4326
of the array 1320 of interferonmetric nodulators. In the illustrated

ermbodi nent , meplhwpacsd7Iltbat iglflepsertasqunphthefcentptharpaiewnd thepoipheralapportiana JIGa bt

twice the s i . A I r t er
alviys. opantsya ) RobAIRER o QeRAsn i igth e BED 038 Bl ok feBRAE G
i s from abosibs@ttiginctoeradovet ths Grrpyr 7200 F16 xHiTpillestragds an emBodiannt 040 deniceITOQUM

60 m 30 u I.n ot he nbodi nent s, . the spacing d. is.|arger,_for

exanpl e,?g up™ ‘Bmfh e, SPRSET EJF%HB S%’S?B"ﬂﬁﬂ ‘_le edd'i”ggﬁélézga”%%ﬁ/%e aﬁ?‘?’ LB In some _
enbodi Ment s emb&iEmatd, e shac? isCOBIREH iS Dhe bNindfel BEBABAN thinndFAH Bh@ bOhSre kd@ens t h
di fferent dinensions, for exanple, w dths, and consequently, the spacin

bet ween posFer examplesip sompgisraRadipentss the spaseiofrtigkeinibsoeentglgegion B hinger grpun

uni form Co 912&1% b &;ﬁ%ﬁ&d’&%‘nﬁ’émoﬁxie LSt7 | lsRBant) ab Ji the
| ar gest di splgﬁc yt'wggn the out er’pogﬁg 1%62g&n0é}lsgged{§égen%n ’ia%ltlesg%sééflggrré{efi c
nmodul at or s E@2Zamplacin eoho emprsiiment, tieuspicenh/3@rcompygene rorei o aJ@sicdahtussiromided] i n
FIG 13 in which.the posts [1326'. have.a different, desiqgn, t.han those

11 ust 1 21 edby Y O EYeR S0 SRRRPIFPRUIE LT |9 stper pbodnents SilspiecAnt i oqded
enbodi ment  jdid WS bpaddrashtdial. F1 G 14, the spacer 1430 is at least a large as

an interferonetric nodul ator 1422 and _consequently, is positioned at
| east over one pBarmwbadgent| 1§00 sllstrated KL, B4 Campigd Aspieer 1838 18 fisderm el

|5 @ per { o flpesRARSmech Meda§ 12k o SREHE18%. 13fhe SRR AL AOMHRGH IFE]

spacer 183ﬁO extends 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 pm to about 20 pm

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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In the enbodinent illustrated in FIG 15A, each spacer 1530 is
substantially centered over a post 1526. In the enbodinent illustrated in
FIG 15B, a least a portion of each spacer 1530 is positioned over a post

1526. In t hergerbmaheTRAich abdokBsst leattREmb Bf fhk Gefolibg 1616 WA doRiprédfed tRAWRHN the
spacer 1530 is positioned over a post 1526. Ot her enbodi nents, not

i |1 ustr at ed,amandBtjendathy ba@})@éﬁd-ﬁSﬂat These ghilledhiasles art wilheeletstnd that @on-planar
enbodi nent th Vi Fi [ cers 1630
of differ e(r%flmsllsgﬂe“lsggeﬁotg? |one E‘L'sIJ gﬂéﬁa%gr ith oJlge‘arSO%‘%ee%lﬁg& gfﬁtiﬁ%pﬂ Sothe™
enbodi ment s compRides aRaOBEVADYingrpropertiey, é@rﬁhmﬂesm&kmg cofpbdieuns Y& g0l cahposiees R
In conbinatigon with other spacers, disclosed herein. FIG 17A illustrates

an enbod? nmeProigatioss, “ﬂ?)mdté‘?ﬂscé“dltf'ed‘kf hdp othshsmbediments,sqps a5 ot fagesi of the blm o m
of a mesh paghyet 9&%5@&’ E'Jdnidﬁﬁl @@&trseés R fvk ch% fopgxa%{p'i@{he]sz)g&rs fﬁh&ateﬁﬁ

il lustrates an enbodi nent of a device 1700 that conprises a nmesh spacer
1730 that i FlGehder F&Goljﬂd hlr'ﬁen@embedxmthmnhaﬁhmmd spmrsm fqmmgdalanpmegmmh
FIG 17C |IILt|sfr tes an. % % Q ‘ﬁl acer
1730 is roudf'y a8 °r“8%’{a Fpé‘c"‘%u‘b Bh‘?? gﬁ’f‘ff‘ ege?ﬁifaé?%}&a’b 8}’“’? Wea S
1720. FIG %up uh |stesit eRbeSEmais, anbmn e pérf@ited devixample/ Minel Bmbdlindiitc o hbe

spacer 1730 is substanti all def i ned by the diagonals of the array 1720. In
some edBodispases dilusiraed dm Ky 174 apdyfTGel 7R arepsgopfed fims. TG dAS iHppratenpmner

in one or mé{n%o&ﬁgﬁt%swmcf% PR is™h SANE b%%ﬁﬁ&%s”f?g"& %olukﬁaeofsg%%% osk®
thicker in the central region and thinner aroun eri phery.” I'n Sone
enbodi nent s betveen tsbpacw 182p3@nd dlen:bml@me bﬁsﬁés ffhwsarskﬂlethsl thé sxrcuslk exflemboy ¢hat

For exanple in_so e 8 17 r e of a
s coant St BRAEGS58 SO EhRy it ateteafBet dopend pn BB iRk AEMSodtr e |
ot her enboditEEmingits Mechaficsl Gadperties, 1@@@%@&1 corlfighatibn) eheSiRadspliceBBIvRER B arrdy)
enbodi nent 1800 illustrated. in FIG 18A conprises a spacer 1830 in the form
of a filbm andhrskleie.sad heantivipaediss althe disklavpagkaskie backpl ate 1850. In the
illustrated embogly mtembbmﬂ)cnéﬂﬁgﬁfm MIS%&QIG&HP%Q&HC Elgﬁod%ﬁérﬁy ineqAf-is | N
ot her enbodi nents, the spacer 1830 does not 25 extend beyond the array
1820. In somﬁemmdllmfhpsembm@méwrfﬂmm ekampe; agpodyimear ag¢sinyfilng deimpesgsited
with the ar t ver
the  entir e@g@g ]a%&%?gt tn %ﬁ‘g{he &F&%@ %éﬁ]{; Sfﬁxﬂ%ﬂm&?%g%nﬂlilng’agarbcgfdgapc%&l tﬁzﬂ
flat film kﬁbaﬁ@tﬁdﬁfﬁb&dm}ﬁﬂhﬁngiﬂmlymérlrbsﬁn Is fromabout 5 smto about 50 m
t hi ck, exanpl.e, about 10. mto abqut 20 m 30 thjc In oth

eitbod mBt 5. ¢ ho SPRF PRI RUFPASE A PBB BT Hernect VbR arhy P bortion
SUff i ci ent | yhekddt fkorded tSHBRbAB Eirddsloer d thiget 41a. SRA68e BAbNEEENS, RBe B h¥ ofRd
backpl ate. In sonme enbodi nents, the filmconprises a resilient material,

for exanpl e Spaﬁef$ é%méidqsﬁl keseip 218PBEHINPE rl?fﬁ%”eelt the fijrg arrﬁ theBackplate capdior hgfweemdhe

exanple, a I di ments, conprises
perfor atlons Fn qQt ﬁ’r | rrranfysoyvhllegéh 1’|§|d§ns(8 i fferent shape. FIG

18B illustrates EIG.pbﬂ:éhlstrates an embodiment 1900 compnslng a plurality of film spacers 1930

25  disposed between the array 1920 and the backplate 1950. The film spacers are as described
above. Some embodiments comprise a combination of a planar film 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 Jeast 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 FIG. 12T as projection

35  1232. A tnangular portion of a spacer is illustrated in FIG. 20A. The triangular portion is
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35 1830" in the formof a filmwth a non-planar cross section, for

exanpl e, corrugated or an "egg- -21 crate" shape, which absorbs at | east
sonme of the deform ng force when conpressed between the array 1820' and
t he backpl atr€atib8hGuscegtibieste saikil Hifemnationd, heillagtiatediit FIGU208; biit dacbniek ficreasingly

ebodi mont s STER 1 95RTEp B T oty shorgr Dk FHG A b ek ol

exanmpl e, thi,gkRERsnt imﬂiepaiets%&@ﬁzds@hgs twoTOIBRSELE Sohich Radd QkLEH @YBnse 1o an
i ndentations, and the |ike. 1Tn other enbodi nents, one or both faces of the

film furthepplicdrfprce:seghinnkdi wpipen abrtiop 20824 ard adibikeri loedr pbdive, 2084 drdhpl e,

the spacgrs illustrated in. - FI 2T. | n sone enbodi.nents, the
1 T ancs spaebped Bihusdin B 200 fleapicst 200 g bR 58 EwRER EHEBAMIEEL

t he spacer s @@ 2032 ha ihd dEative Bt Meke SORIpadeCAnd A0Gel L0803 tiht SRNEkAF Sy
step. In sone enbodi nents, the filmis perforated. For exanple, sone

enbodi nent slesf veifeparg dbaeras empediments, pICEr FHNATISES @ CHRPOSHYY tlgrgov@vssa &ragded
per f orat ed jésg . FIG 18C illustrates an enbodinent in which the spacer
1830" is a seal ed bag enclosing a volune of gas di sposed between the array
1820" and t he babkginzt emtidditiénts, PThoose mekd bf 8d spacetshis sacurediid fhe wder 31 atbelr

that t particular filmselected for an application wll depend on

f act or s no PO T an st b Sfecer S 3R B el dniotst SBPOmA aue
its shape apdméeNfigpadetsal secufR@ 16 Bal IRAGERYRBE WRSACKDMe. Al @Ner ehbodifdnts, a
backpl ate, and the anticipated use of the display package. In sone

enbodi nent sfirst sdof ene o BSFeTPRESEYS secHed I BaaTay, pi SBREdSFRfnerannare spasersfs | m
is a desic odi : il :
GRfYed td fhe %g(?reaéee.ﬂ% %&gﬂ%mm{en@, Sile! mdr@ by Ff?é%?ﬁéeﬁ is ngtg%.kaegaf{o

resin film 1s Inpregn esiccant. In sti er e I ments,
the fil m coeiher hesmay dritherbatkpjate. lnfemPpedimentaint whiblat spaser iesecapd tol the @thy ahdor

exanpl e,. usj n pelymer rtesin. . 20. Sone e i ment.s conprise_a planar film
Cpacer 1" clPaRe” R Hen i S SHreNE TG FRP dBf (o AP e 1
di stribute idhegasnmeshically, addgebyafeking. | N sone enbodi nents, one or nore

ot her spacers as disc]losed herein are positioned between the filmand the

backpl ate, and/ of® BROHEERS UHES 2F PIIFFEAEDE Remaierdlcsivebls BRUTIP dheATipy grd/ehe
spacers desgidhad RRQURy riefisd iidwnl inURL LAl &9 AinGEbOH ey i OpRithg! NG

a plurality of° filmspacers 1930 25 di sposed between array '19
t he backpl ateatatopintinghandfth¢ hike p Acepaser 2 spassrsde theniapplied talsbe edhegpgren some

enbodi ts_conprise inatj | anar, .f,l cer.an non- pl anar
film sn%d;c e?tf?bogg?engsk g’%pﬁ%g%\?vi I?Eb@ﬁdeq{)) Ithgnsﬁ?gf’iwhﬁ% ﬂslﬁar%infgpf olﬁ? gocﬁ]f %@r % ﬁréd?cérr ray
1920 as deskackfiste, fob@xanple,Soyrepreyihg dioliiapt mdividupl ajgpdicaion) edd thet Mie. nnetpéranar

filmspacers arranged such that the spacers do.not_ nest, for exanple, a
pair of cor{ERfdtRLS S’F TRACHP P%frfd%“&ﬁdtlﬁaﬁlﬁga GB‘F‘PQPQ%EHPBH@‘GSF@T brseeagred. 30

Sone enbodi gREkSis GEPIRE toifle @tayl M Re HodA BAGVER! BNSMamblel BY SRAGRHicH. Wxhlpies of
pl anar fil mspacer disposed in-between thereby preventing the non-planar

spacers froftitade liquids inglpdedlower algebelsi feerample; methagohedianels andgprpronapali asnvell
t her eof ZShasasaotﬁé}a%?atﬁlee ﬁhlgﬁk? God Qxample, 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 FIG. 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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provi de a graded response to an applied force, for exanple, a spacer or
portion thereof with a triangular cross section. An exanple of a portion
of a spacer is provided FIG 12T as projection 35 1232. A triangul ar _
portion of a spagelembsdimkhtsiSh rvttie thenspgabdas aflAmallehefdr I dxample! HithPQEdsi i@NhE S
-22 relatively susceptible to small deformations, as illustrated in FIG
20B, but be8vfremelrhér durdredg) of minremeteruFanee: othelepeicth ars fanvendentlyit RditiopedrpG,
20C and FlI . F 20Eal 44l USE S h [ i n '

spacer 203(233‘f1sés %n\ﬁoﬂh&elgllgo%g Pﬂde%éc err\?\:ﬁlﬁcﬁ@ﬁg% @E &F%ggér%gngtﬁér%s g)oﬁh\ségdrfag até‘?&
appl i ed f or b&kplate} for exudiple, pp praying dnddn sP0 8@aingnth entelrmblodimenywhe fipidrcairion
2034b. Inp the 5 ephodinent illustrated in Fl G 20F, the spacer 30" al so
has two? esﬁ&’é‘ﬂn%ﬁ’éﬁéﬁl Yarﬁmwﬁ_efm e?ﬁé@lt‘oﬂ%sfzcu"fm%ﬁd/qr&yﬁﬁgﬂqge| s yf
nore voi d spaGBle Rehs3art QBN riﬁghé)'Hrt29134{nc1hﬁhaﬁov&t?§-5alJoﬁ!)l@t(le.?.e,|r)(ethein%ﬁ SthaRbid
space. In sone enbodi nents, spacer conprises a conposite that provides a
graded r esiseprepanol).n hydsesarhend delE-sramepane, ousangy pensans),olialegspateth sempennils (e.g.,

secured 10 HSeAAY: N AbRAorodh@IO00 TERk oo ARG RLATRLS of diiecaRReeTS

is secured n er’ enbodi men one or nore o
spacers i s Bgkahibch@ndptthert ljeg.anetyl ancbutyletieack@hytether,| Btraiyi@ifuran), esters
enbodi nents, a fi rstwiﬁ%"oof one or npre spacers is secured to the array,

and a sHtontfs&s&thybiced n¢sdp-&-> ag5ineh and combuatiopsdbered {mthy smbpiimens, ﬂp%

ot her enbodjifBR SgasOREeAMPIDLR oPhitbh&. IRIGEE SmbodihGs, BRGYSRH £ to8ihdlftn t he
array or the backgl ate. In enbodinents in which a spacer is secured to the

array and opositionpHerkly seivent i ieenogesh evan apsenbaddethdbesiveg any et hod known in
the art, for exa ' d ' ' | / I Nng.
| nembodi ment o (b togte AR, RUEEY Gre SBAOAQIERNANY ARL0 B 41, B2
array and/ ogxamprchypinadkingtbé irga emnyhiek tiiecedalkinfonmed durinlgeheapiplicdtion ofwharpdcers.

i thogrgphical]y, inkjet printing, contact printing, dthe like. A
spacer B oBeatbel ebadingns e ShBY e S Stk o T b ot BRSO <.
t he adhesi V@vics, BPRlab@l, b tRarSGRAGHKich WBis&all is Brrhdd¥eNn 3R bEMedeQnitBBinRhtk Y

and/ or backpl ate, for exanple, by spraying, rolling, individual

appl i cat i onthe gipagers lso fafing the|thicknepief theseplp thefebin Providinige wifaee seal fidknesss Bended
in a liqui QORI S the,Adhes) o he S LAn:.Qf b i ed
to the arr o aRR {ifie i SRSk KRl o SUSREISHARR e SARGEE Snt SRl OO
of  sui t abl with ihg spades proeideckesehlohieknesd ddfipins, f or exanpl e, net hanol ,

et hanol,, and i sopr nol, .a |, 25 as other volatile liquids, for
oxanmpl € acet oncht RRRSE i FIE VLA Fradtte Sttty St of monc!ShaRe spndl, 210,
above, in safeaderEMoetn RtrGy 28106 backplbe 23P! (ILdle babalihedt Musired h FIG. 2hgn

applied to the array and/or backplate. In sone enbodi nents, the spacer is
i ntegral tdb¢ercEy F%@é gntasiscibe agpy 21205 bay does nferaniart e backplaty 2130° Imdeow,

Spacers ar epiRaitarinhratddsn PREORCAME sﬁ&%&rrﬁwu&ﬂa@t@ ?ﬂe@a&%laﬁé Fidpal,y fRE hads.
30 In sone enbodi gents, one or nore spacers are not secured to the array or

t he backpl atoatact the array 2120". Some embodiments comprise a combination of these configurations.

25 The embodiment illustrated in FIG. 22A is similar to the device illustrated in FIG. 6C.
In embodiment 2200, the spacers 2230 are integrated with the 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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For exanple, in sone enbodi nents using | arge spacers, for exanple, the nesh
spacers illustrated FIG 17A and FIG 17B, the spacers illustrated in FIG
17C and FIG 17D, and/or the film spacers illustrated in FIG 1SA - FIG

18C, and Fl Ganlf@etufeNst BRAMRYRroRleRicS MEBhINoROZ2D! BRCELARIric B 1BE AV fGHHLAE
backpl ate in the assenbly of the package device. -23 In enbodinents in

whi ch t he spadelrorsa2282.endiledike. for exanple, with sizes in the mcrometer
to hundreds of mcroneter .range he spacers are veniently positiopned by
suspendi ng themmih"nso<'§1n S5l mcegg’rtlheeronélﬁt né)gp eySP %ﬁrstzggwgﬁ@%%%adelé t}geppa{gceeﬁssﬁl *b
the array amé/ formindatdpir@heric tduletomrexahple SIE pioicely dasaldsadlr in SPSNPLRGANONY.
In sone enbodinents, the fluid carrier 5is aliquid that is easil

renoved, > f oP-2%&irpl &0 (RBRIey AJUE BN aTF bt Mieatharsy. MEREHDE é@PQﬁ‘e‘}/%i‘P”abl e
liqui ds ar e ;KBoWRal 19y ck 38248 dfor® R dvALdFUAG RN maRHEGRR ol Rou mgtﬂh?‘%wty
but ane &-‘In ane),

et hanol, isopropanol), hydrocarbons (e.g., propane, ,
hal ogenat ed begwegothe dsrrére. Jhe spdckulbyayaa then rshed tol formp fheundividaal lsparsys 2230. In

hydr ochl or of | uor ocar bons, . chl or ocar hons ydr,ochl or ocar ons ethers (e.qg.,
oty ¢ or ¢ <5t GROGBRERS e SreR S He PRty KRG o i+ i eltiog gy
et hyl acet atehmuk&ition s edcl.@vity ACAL 419)2220 64 inteRInRid RB&uIiHEiERfmed N'TRE her
enbodi nents, the fluid is a gas, for exanple, air or nitrogen. In sone

embodi it s cavithés thpeferned byapmoYies the psrificikmatenss thrqugh thefpesaee: he sol vent s
removed, even abgeni t%@lﬂﬁe@lts?%%ﬁﬂe%‘rﬁrgd 'gllfhrcglg% RoRA ik g’solgchﬁlat%ﬂ Gt

are applied substantially only over , for exa y masking the
area on whi gipdt shepes exddntips thadrisrwdt ehsily mgmplessedppgh isome ieorpodifnentheths peteaiab is 15
I n ot her enbodi ts,.the spacers are applied, over.the array as well as

ot her  por {1 SHE ST DO ;P HFe COPnE ok ARTIS, Gss. Pifistes BEPOIRSHn AT 9TE i o
is fornmed. hatefgEEspif-oft RRSE aleibiRAdS, therbdfe RMPSMRY SmBddiend frhd1€pakdre are

t hi ckness of the seal, thereby providing a uniformseal thickness. For
exanpl eld di ¢pEsaly comsivptivep dhateskilied i the ari avil undersiand thag imilat pragpstepare useful

substrate apd,hpg i%%rate&”séé&er%ﬁﬁﬂﬁ%ﬁ%u’?fa@é SAGskAseal thickness of 20
m 20 As illustrated in Fl 21A in sone enbodi ments, one or nore of the

spacers 2130 exAeridlsstiatedwire ¥1Gh 228 riay sande? @mapdimbrts k eanmay? 2320' tomprises

enbodi ment i|lustrated in Fl weelhe spacer. 213Q' cont acts. the .ar
2120 . ot HscRhispeCRabuen 227 f s df 18REn Gy R0 RngeiiC R 6V
i Il ustrat edspaterd-R230" Zdfaperishie fopdwrelkieighl Aifferared, abdrébyt pr@vidiagkd bait@m2piadorm but

does not_  contact the arra 0". Sone enbodi nents conprise a copbi natjon
of thesd coﬂ’PPﬁU?%TeF‘H’rﬁ’ssPa“fé ﬁﬁé ‘Eﬁ%ﬁ?ﬁ’éﬁ‘%ﬁeg PRAYET ot Sc; Sppbefigents the segond

simlar to §hgrd8I0C e iskdubkalth MeLhst dpaderS InQfher etBoBABAL i tHRREIRAZB berst 1260"

spacers 2230 are integrated with the array 2220 interferonetric
nmodul at or s. arp potishenrgd tp thetfirgitsparesnibbte pehedimemn dlusisaie iy BIG2 220, the seconskspedrsover

e st 200, Sy e SRS Sy i 1 o |
process, and i s FHG.ejratacflowdhtt ifuseatprgoc esgiod dor harfdchging hepackuged Blectomizt ri c
25  device with reference to the structure illustrated in FIG. 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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30 nodul ators 2222, for exanple, as disclosed above and in U S. Patent No.
5,835,255. In sone enbodinents, a spacer material is deposited on the
mechani cal | ayer 2224 prior to the renoval of the sacrificial materi al
(not illustrated) in the process for manufacturing the interferonetric
nmodul at or s ZA%A. thel iterRRaGdiS aZad8 Qs abtginght Spicee dradidpstd b&Fedn Msttigats pacer
material usin met hods known in the art. Those skilled in the art w |
under st and PreAPlateris disarseedcabess Pratsbtfonmned bessecaaseherramnd deckplaie ssriscusspthg
the particu teri " r i i

24 manut act e BRCE RTRE R btcl COR i bl LS hRe RRa o b e The

t he i nterf eimividual packageddibadysrage 2@229m ahal périee ubing @ny Inmetl®d nfmoentio dhenmnt for
the fornpation oﬁ hge ?@Fcers 2230 is integrated in the process flow for
formi ng 1 nt BRI P8nodul at ors, for exanple, the process disclosed in
U.S. Patent No. FiG5248R5% BAwchahiGllufBAPh netifod! ﬁyﬁfote(cﬂﬁ’% a® RRWIniOfeviddewith
spacer material is deposited on the nechanical |ayer 2224 before renoval of
a sacrifici mferense & theptrychise lgsttaad)in LG Ul g iCh @Be dw ptey 2419t drvigs comerising
mrrors. Th r V. i i ngdivi | acer
2230, 10 oohE LRt iRy a Rk 0P shRra 70 A OGN TS BREREC D

t hat a passsige2420] e on gnagaspacao amdispeat ibetwetothe anmtbrfanettiy modulator 222 @ tR220
of interfero trig dulators is formed. The 10 cavity is then formed by
rennvinH;thQEE@@F'?‘cial mat eri al through the passage. In sone enbodi nents,
the integrated spacers are fabricated froma solid material with good
shape retention that is not easily cORPAMPLE] | n some enbodinents, the
material is sel geteg nin Qroob Hem HAHRoRAAS IkhiNGr AbaydBieAtaSricatiod8S680 mm x
nitrides, photoresists, other organic materials, Spin-on glass, and

conbi nat i on880rmglef substrates ohrelasssbord icfrieinresessehenps,Yammrtbickr?d2 bin 362 mmi, O | y
conductive. _Those skilled I he agt,w Ll und tand thaf,. sim rpcesses
are useful ™" Fabr? ch aflegjganl%n‘%neeg‘r aJ'i&etgl "s%é"c%ggedég) ‘?cr%leccafnrtlgelr %lzsqéunlz%3 (Z{{ieé‘)) 8t Phe
backpl at®. Bsndoh,|US)tiE agptiedd tathE kdCesse? Billyicire8 0ana pedpaeed] BRI Sy vblageatdpapsion220'
conprises interferonetric nodulators 2222' of different heights, In the

i | | ust r at ed®fefptRfRBAtEr PYlEwyTeneTed spagys EKisuiohsmical bRy Osakas lapfig in 1spRICIEPIght
di fferencesi sﬁr@ferd%b%lp&%y bHdiDASk pRutd MRk QK AY 18 BV Pl o2 asdPRPIE kitehcS SRl
spacers 2260'" of any type disclosed above. In sone enbodi nents, the second
spacers 2260¢casetvecebie Fasessesare e nigskest Top epiopano] is rgndved b htpdiag ael®PSC ferhe

second spacer 60, » Iy e l;

cmbodi mont 1§ 1TRer o SoRh SV S5 fitad IR, NaBL, PRIETN5R iE abplB o e

i ndent a20 ongeripR3is of thatecessgdgep ahiepldtes il thpshear dighcd3d/er thEls@strai3. Peesaure is
devi e wi ¢ FRPLFLP aHLT G PRAEEBEE of BHY POLGY ren Hof CCRAT st P 275,
In step 231Qyeddy ishbfingat 60001L/QHF 350 inf (aBdut R RbifktES BEPAking B0 &G0 mir2

has been fornmed is obtained. In sone _
Six interfefometric modulator packages are cut from the resulting panel.

FIG. 25A and 25B are system block diagrams illustrating an embodiment of a display

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 njection 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  orcontaining different logos, pictures, or symbols.
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enbodi nents, the interferonetric nodulator 722 is part of an array 720 of
interferometric nodulators 722. In step 2220, a backplate 750 is obtai ned.
In step 2230 one or nore spacers 730 are disposed between the

la?sq

interferometric rmdidispiapRo3et ROHEPIAHQDARG iBHiad R46 3y tenp bEPvARADS d&
seal 740 is forned beS?wgen t he gg%srpr és?e§7101 and thg bagipl a¥e %)OO. Fn sone

enmbodi ment s induséngyp dugtable odisplaye apreistsribed bereing Ipother smbpdmantpathe | dipbwpdld8i ng
a pluralit f kage di-spl a | ngi;vi | e displ ays. are.then
oo bR DRI 58] SFRTIA0S e Y3 Ak

i nt er f er onetabdve, srachonalaoparet digplay, sschfag b ORT @tiar Gibe gvce, S4B Siel &h@w 1BakRer

gl ass), as discussed abgve. A _sheet conprising a pluralj tdgﬂlof backpl at es 35

(typical Py &ftiall inthe prtyeveven RMpaRosRs OF fesFidhiig the Breprsd enbrdamentythedieplay 2030

di mensi oned ; aNideSRARRMeloRetricamIBICE BishiRE ab BlsGifcAmeRL ric arrays is
obt ai ned. Spacers are di sposed between the substrate and backpl ate as

di scussed above. TBeadmpammems dlomeeobodimem of exxaphradisplyy davite 284Kk pk athematically

i or T or omeE RV HLTET aF o Py GRS ST e Ao ey @ 20,

fromthe pasgl canShélgdendiditioRil ROMpieaMnt leasttpafiaRy bncldsed theRei XBéx@mplbYin one
scri bi ng. FIG 24 is a flowhart illustrati ng a nethod for protecting an
el ectrotf c g@bediment) thp exemplasy display feyiqerF84Q inelydes i network inderfage 2027 thatipclydey A

and FI G 7By L flerth 004329Hibh is QoI 16 § uGRERVAr 3080 THR Mrahddb S6T B0P RRLAdeCted to the
nodul at or 722 tormed on a substrate 710 and a backplate 750 1s obtained. In

step 2420, pmwecssor 2031 evtiginis somected todiopgitisng et wee 3032h eTliervoedifieningisrdvwage
nodul ator 7 and the .10 ckpl,ate 750., EXAMPLE 1 Si.x 250 n X 300, mm
"ot er fer o et aftred i &BuRhs a Sty ERAMIGT e g baPonkus PR e
substrate. 2032 Bs@nfdtedttof spehker 2088 35€d MiRRPhoné 20461 MTleKprodkeshr IMORK is3flgo MM
0.3 mmrecess, is cleaned and_dried. A thin fil trznﬂg; a CaO desiccant (Hi
Cap 280¢&° cCopwesdse toay ipp dsyice E!k{s and afisen eantroller202).  Thediiver contipllen 2029 i

and prepar eghupfid 178 BYmY ShfiTR0S SR G QRay @fveld 022 Fhidl Bl B IPRIRUYS £MSpIEPd
spacers (Sekisui Chem cal Co., Osaka, Japan) in isopropanol is spraye

evenl y over amdy@08chApoaeiesupy g0 renddes gowente plh gemprinertp asciequired iy theeasignlpmce.
The seal a A ses are not masked. The isopropanol is
RERpRr OUR e RE DRSS

removed by 'seconds. A bead of a UV curing epoxy
(H5516, Nagase, Thkyaworkdmarijcei262Appludecthé anttine 20483 pet thp vendceigerd047 bethat
recesseg ca&Fback | at es ar;nid A hg@heet al i gned over the Slﬁbs,trate. Pressure
is appfl edtS* T fERIY 196Vt S dE" SOPRYBratO VIR GRS MPEHER TRV 20eFdle
t hi ckness. [hehcaRbeliniehit the he®riDntdrfat @0t h0alds hAQQBmEPprehRing 2Apdbilitied RO UL
2 mnutes), then baking at 80 C for_30 mn. Six interferonetric nodul ator

packages ar Eligvptrequismenin ef the pracessei?03knEhe antanap 26454s ampnanps kpewvnsly shaspof
bl ock di agr & iﬂ. l]hL Hﬁtf(gr%ainﬁgittﬂ@ aﬁﬁ?&gﬂv{ﬁﬁ@}gnm. h me%mbgﬂ'iment, the antenna transmits
and receives RF signals according to the IEEE 802.11 standard, including IEEE 802.11(a), (b), or
25 (g)- In another embodiment, the antenna transmits and receives RF signals according to the
BLUETOOTH standard. In the case of a cellular telephone, the antenna is designed 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 signals 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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25 devi ce 2040. The display device 2040 can be, for exanple, a cellular or
nobi | e tel ephone. However, the sanme conponents of display device 2040 or
slight variations thereof are also illustrative of various types of
di spl ay devi&g& &M A8ightalwddosdi@n@amdopohiraialse dreliiat ROANMEY fragd eadbsp! ay
devi ce 2040 includes a housing 2041, a display 2030, an antenna 2043, a
speaker 204%ftvene magie thetagneraieomege d3hd a ni crophone 2046. The housing 2041
is generally 30pf as
i eSenr | khoun s BEREBCE! SRR Bl HELLELY oLy RO IRSHUINAY IUAGTERES
and vacuum 2m0m Tk pﬂonesaﬂonOtZl GEt;eMeheIath,Omh rag cefigrkssadymbee davademf the neavoyk of
a variet 433 |nclud|n% Ht not m.t ed tgﬁglastlc neta% gl ass,
r ubber, anH’ °r P AR IBIChHAD (S’FPCF‘ﬁ‘éSr pfiata o FfemAsh JaiR ok o ¢ figmat
housi ng 204d,i 8 ?éaHﬁlf" robQSEAVAR By iRfPelda@NThé BﬁEes&t}QW@]) theR Sdna 1% pk&essed data
i nterchanged with er renovable portions of different col or,
cont ai ni ng mthtf érn\@ncomtrQQ@@OZprrdp drame buber 2898 ivn btorage. 2Raw Hata mpspﬂ}ay:fezaomhmf
exenpl ary dl arie f Sp
including a E Qgébﬁﬁl? s§$§ ?Qa¥m§bg%§¥%9%m eY &m.&¥ % %? enb3%$
t he di spl ayexafpR, such ﬁhagdebarﬂctérisﬁés-qaﬂmmddt(S@L ﬁmratﬁjnpihd%saypﬁcﬂs mesvel. EL, O_ED
STN LCD, or TFT LCD as_ described above a non-fl at - panel dlsplay such
as a R or ot helP A EBDAETFREtE Foorsonalp] el TPisTcRREilen CEL> lOPEF BiiAta he
art. Howeveéontrgloc;peﬁﬁf)np gfe eﬁ’ém}ﬁlifﬁ ‘afsbﬁ{r Qevide1R40T @5%0&@9%%@&052tééﬁerally
di splay 2030 includes an interferonmetric nodul ator display, as described
herei n. Theinclodgsompiifisrsoid diierselob drdhsmaiing sfgndx énpleaipyakef éﬁbéayﬂdjémm@‘@MO
g.r e schematj, Cn%isz%o tlLf:I x!dfc% %BnedZ 8. Fdo%dm%xgg he-xl;tma 2'0&g H ghs%é? Xc s

i spl ay devi'® I'nC es a ous n can |n ona
conponent s withih @Sdxefplaiyl display demict mMﬂd of ey & mcorﬁﬁrﬁteemml the pnoaesmeomor
enbodi nent, the exenplary display device 2040 includes a network interface
2027 thkx i% Vﬁﬂ@%ongﬁ antenna 2043 which is coupled to a transceiver 2047.
The transceiver 2Afivep cGNGCI02Y thiQs iltCrawPhREE 8589 et Prdd byMHe ProdeSsor 2021
connected to conditioning hardware 2052. The conditioni ng hardware 2052
may be conféiger digectly fr@mngp tPrasesser 302d | frque thy. frame| busfer 20248 ydateformaty ghe raw
condi ti oni L §: . r n -] hone
2046, The peReUtBiSepr i o gk A il dbodo TGS el o Sp L RO S
driver contdret emtrdllz 2029 eéorohats vier rawombgeadatacinto20R6h flesw hzmmgxi mstent Iikeefoﬁma@,rre

buf fer 2028 to . the, arr ri 2022, whic urn i o to a

oot 20 oyl thaty® s il G Slantefor SRGe 155 theidhplaiafay 30 et oot <
as requi r eceoaitolledd 20PREdndS teaform#e Mifomfafiolits meaaﬁagiwwslezmélomd@sgm drivére
network i nterface 2027 includes the antenna 2043 and the transcel ver 2047

so that 2ccontelles 2@ Ppsuch gs HLSBIcagradiet isalten assoriziethwith hssyicempracstsar RS aor
nore devi C&g,,3%fine IntPEhid® Crcuit Q&) %{1& SFROHRRY bl nﬁ—‘plélﬁén\aéarlk nhaRy %?@C%%OZ?

may al so have somg processing capabilities to relieve requirenments of "the
processor 20&lbe 'Embedlhd amribe EM@S(MSZ(Eﬂlwsamt@m carbedurdtio thh psmessbr 2021 as

25  software, or fully integrated 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 interfercmetric modulator

35  display). In one embodiment, a driver controller 2029 is integrated with the array driver 2022.
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skill in the art for transmtting and receiving signals. In one enbodi nent,
the antenna transmts and receives RF signals according to the | EEE 802. 11
standard, including | EEE 802.11(a), (b), or 25 (g). In another enbodinent,

t he ant enna Suelnansenhodineantl isrcomaionan higblyshiggraled spstany tichgs ¢edlutah phonBi. WETHEST H
standard. In case of ,a cel llul ar tel ephone, the anten ) S designed to
ecerve ot et aRa Bpe A nt i g’ P AP e Al 03y
comuni cat e amhyt lir na di-whablel dsgayCelrdy (phone didghvdndudidh@nt iredys 6€Iimeferafiédic
pre-processes the signals received fromthe antenna 2043 so that they may
be recei ved MYUaiRE)f urt her nani pul ated by the processor 2021. The
transceiyer 30 2647 ;50 vRi 9088 SiftvsS] IRLS Jﬁsle'w%g S i 021
so that they mayqﬁe"?r ansvm' tted frsom tﬁe cé;(lenp ar erdtlﬁspn% atyéag%\q}&cg?%@%gvi a
t he ant ennad@@432040n Imonaknmbediatrit,viepw ovide 2848 incluties 4 keypst; silchess 20WERTRN be
repl aced by a,receiver. |In yet ther alternative.enbodi nent, netwark
interface 2bpo gr‘?r f)éeﬁerpE?)’Ted%wdbia/ﬁg ™ ar%@}”s%@}’@és,emm S(‘fﬁe%zi‘r}’r%sf‘ﬁ?'e&g’r"’at'
gener ate i NEgEitidahRnibeanbe mese dntboliR@nhIRE H&0HhoRO 2046 KO xRk Bee thahe

i mge -27 source can be a digital video disc éDVD) or a hard-disc drive

that cont ai peemplaaydisplay devicsr2040. When the meicraphnns d04thiaiusegdn dnpat dxa jonthe devikst a.
Process 202 er al r j

i spl ay Mevr s R ity SOPLRLELE RPIR BrlciBBEERHIER: & ng BEBRETBAALY
i mage data fevim208@& network 5 interface 2027 or an inage source, and
processes the data into.r i mge, data or into a format .that is readil

P ocessed i nto r Ravirmugny A0 FaSh Sublephndisd soreE Rogbds s R IRORR Iy oo
data to th@editi ¥erexmple/ialoh€émufdgtend pover fupANROSNLEE b eEch2 QB ]d Hfter§! RERGE
Raw data typically refers to the information that identifies the inage
char act er i sPiFked-cadming batiery eng Hithiymipr hatisranniapeth embedimerty payysr suppbirdf0 isage
charact gf i sfl j Hae . col.of t L1 PR e 18 I LG In
one enbg%i n{eeh%?abﬁée% e%?)g!():ess’gr 9523020{, ?ﬁdc#&ggés ‘a Crrllﬁi c oag%?l%{lrcgﬁ?)e%}l’ %eﬁl,da{)%&

| ogi ¢ unit pant. dorhothdr egphediaeito povedr stpy d&¥his|canfjgudkidstp [recpive poiveefre® 40wvall
Condi ti onin ﬂhfardware 2052 generally includes anplifiers and filters for
transmtti n'g’ §‘gnal s to the speaker 2045, and for receiving signals from
the m crophone 20(4&meCanléméntationg céhtrot peogeantfdbitiaysidee, 8§ 8&E6lied MotRARaNnt s
wi thin the exenpl ar_yl di spl ay, devi ce 2040, or nmy be incorporated wiithin the
processor 28T HTOHY Vg b IRGURe eyt RbCey P\ SIRYRRIF GISPIaY SytmY It sness
the rawg ”%@es%hﬁol%@?ﬁxﬂh@ﬂli@%e&i&% iRHRCERSUrivaDZ022. eitlebs il §F teYard #HM
the processor 2021 or fromthe frame buffer 2028 and reformats the raw

i mage dat a wpyengp thatthe phovesleschibesroptipuzation man Brimpddneasteddn anyenumbengf hdrdwarer

2022. Speci fi.cal Lver.contr reformats the raw i mage
data into aingg) zsaéfﬁaé%/v%é’\??éﬁ]és agldrmagat%élrls?(%o%ﬁém%gor%gat, 20 such that it has a
ti me order suit abieeembsdnnend illusgatead rapd lesduibedliabipleayre agroayed @3 @xandpien oiilhe

L ver | CONGEoLL o 2920 SR L8 o OLTBLACE DL OLIRLL Al A B wdld v

25  skilled in the art without departure from the spirit and scope of the teachings herein.
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controll er 2029, such as a LCD controller, is often associated wth the
system processor 2021 as a stand-alone Integrated Grcuit (1C, such
controllers nmay be inplenented in nmany ways. They may be enbedded in the
processor 2021 as hardware, enbedded in the processor 2021 as 25 software,
or fully integrated in hardware with the array driver 2022. Typically, the
array driver 2022 receives the formatted information fromthe driver
controller 2029 and reformats the video data into a parallel set of
wavefornms that are applied mnmany tines per second to the hundreds and
soneti mes thousands of |eads comng fromthe display's x-y matrix of

pi xel s. 30 In one enbodi nent, the driver controller 2029, array driver
2022, and display array 2030 are appropriate for any of the types of

di spl ays WeRAT iDEHANAEDI IS: For exanple, in one enbodi nent, driver
controller 2029 is a conventional display controller or a hi-stable display
controller (e.g., an interferonetric nodul ator controller). In another
enbodi nen a conventional driver or a bi-stable

di spl ay d%lveﬁ&?%pg&ngﬁgfﬁ%ﬁﬁ?%@%netr|c nodul at or 35 display). In one
enbodi ment, a abramagof coerferahbteic nitddfitars farmedgn abwdtrates h t he array dri ver
2022. -28 Sucqﬁﬁgmenbodlnent is common in highly integrated systens such
as cellular pHb at ches and other small area displays. In yet another
enbodi nent, di asgehladispi%é@wet@@éﬂhe §ubatr£t¥ BhE Rk bﬁé@ﬂ)&t@xvhe?éiﬁ )% s@bsttedi - stabl e

di splay array (e.g a display including an array of interferonetric

modul at orlyi)CkplsteTitml seaipugethﬁeva@@gezmgrray pbimerigramsesric modeletors; ehd t he operati on

f th I mhod d
'ncl udes a keyBi chios SERGERR e B BRToBMREE Bk b LB o T2

button, abazWplhe whéeihQt astonesf ﬂie\spacmrﬁmmsahwaeﬁplufeqmn@&odimhg tieensi tive
nenbrane In one enbodi nent, the m crophone 2046 is an input device for the

exenpl ar yaTEiYs mda\yheaev itheeat Jeaoone\iassT dogs nef Qﬂ“@ﬂ%@‘ﬁé’fmﬂ@ckﬁlaﬁs@é theg i nput
data to t evi ce, 10 voice commands nmay be provided by a user for
controlling bperations of the exenplary display device 2040. Power supply
2050 can include a variety of energy storage devices as are well known in

the art. , _in one_.e r 2050.is a
rechar gea I e Eﬁ'ﬁ%? ly RagKage ol © gbmﬂr}? gf“n& Eltﬁqt% i‘i"f}p&ﬁl Ylithiumion
battery. drahsﬁa}eﬁtfaﬁa/o?mmceﬁmnd tHQYiRérfe?Mﬁ&hM nfafdtdr$ard cdRfigie@riabl e energy

source, a capacitor, or a solar cell, including a plastic solar cell, and
sol ar - cel teflegsight thraugh sretansparentisndiontesslucedwertion w fleysubgBee. i s conf i gur ed
to receive power froma wall outlet. In sone inplenmentations contro

programmabil ity resides, as described above, in a driver controller which
can be | ogat edThatigh¥epaRkadel AAeRSm i1Nwhéieingh&bdckplatecotlipsibdsayresassddasap. | N sone

4. The display package of claim 1, wherein the backplate comprises a glass

backplate.

5. The display package of claim 1, wherein the backplate comprises a desiccant.

6. The display package of claim 1, wherein the seal comprises a hermetic seal.

7. The display package of claim 1, wherein the seal comprises a desiccant.

8. The display package of claim 1, wherein at least one spacer comprises a desiccant.
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20 cases control programrebility resides in the array driver 2022. Those of

skill in the art will recognize that the above-described optim zati on may
be inplenmented in any nunber of hardware and/or software conponents and in
various configurations. The enbodi nents illustrated and descri bed above are

provi ded as exanples only. Various changes and nodifications can be nade
to the enbodi ments presented herein by those 25 skilled in the art w thout
departure fromthe spirit and scope of the teachings herein. -29 WHAT IS
CLAI MED 1% dispday| nagkass ok slgim & owkareigithpppacass are regplasty spagedr f er onetri c
nodul at or s for rred on a substrate; a backplate; a seal disposed between the
substrate and the backpl ate, wherein the substrate, backplate, and seal

t oget her Jackale didptaygracleageof claiih ¢y Whdreinelia spacaroaleliméguistly spackdat | east one
spacer di sposed above the array and between the array and the backpl ate,
wherein at | east one of the spacers prevents the backplate from contacting
the arraj, awn-}@ﬁﬁﬁ%{lfagﬂ&uﬂ% Id%&%pggﬁg,gg&ﬁﬁqsuggaes not contact one of the
backpl ate and the array di spl ay package of claim1l, wherein the
substrate is atrmrlélastanpaeltﬂtrambkylcmmm@nempnamdbmtetransl ucent and t he
interferonetri rs are bog { (geflect through t he
transparent an 71)8?111%?5?1%5188%&?“558?% h 8?“?%8“ PRORTRPE %yanfll?e di spl ay
package Ofackpladefand, Wherein the backpl ate conprises a recessed cap. 4. The
di spl ay package of claim1l, wherein the backplate comﬁrl ses a_ gl ass

backpl ate. 5. srelnadhe packplateantathe sebstraiedp fﬁn_p a diprlpxepackegre whareinitat e
conpri s esle?st ﬁ&é&ﬁ[&é‘%ﬁacers ?revlﬁ}g tt%h Zaagﬁé‘ce Pr%ﬁ]kc%ﬂﬁaﬁf?%%ﬁ' ghgg( dnd wqe%ﬁ' . the seal

conpri ses er e wherein the

seal corrpdsneaemoac shasere danbt codtacildre cdltlsqdiaalgplaxaekcage aghycl aim 1, wherein at
| east one spacer conprises a desiccant. -30 9. The display package of
claiml, wherein the spacers are regularly spaced. 10. The display package

of claimi We%flh&d“@fc?ﬁﬁicﬁr Whéfef dafd QBSHAL Is%t I%Q&%%ﬁ'rany @rlns%)é' et hod for
fabricating a display package’ conprising: providing an Interferonetric

modul at orand:‘qralymsim:eat enxbﬂmnntteﬂ'womemomdm@tmeremonﬁwred tsprtlestdighbove t he
array and, bet WeeN a0t 58 oPihs et 5HRN A Bie s3hdrate.

13.  The method of claim 11, wherein the backplate comprises a recessed cap.
14.  The method of claim 11, wherein the backplate comprises a glass backplate.
15.  The method of claim 11, wherein the backplate comprises a desiccant.

16.  The method of claim 11, wherein sealing a backplate onto the substrate forms a

hermetic seal.

17. The method of claim 11, wherein the at least one of the spacers comprises a

desiccant.
18.  The method of claim 11, comprising a plurality of regularly spaced spacers.

19.  The method of claim 11, comprising a plurality of irregularly spaced spacers.
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seal ing the backplate onto the substrate to forma display package, wherein
at | east one of the spacers prevents the backplate fromcontacting the
array and wherein the one or nore spacers do not contact one of the

backpl ate and the array. 12. The nethod of claim 11, wherein said substrate
is at least partially transparent and/or translucent, and the
interferonmetric nodulators are configured to reflect light through the
transparent and/or translucent portion of the substrate. 13. The net hod of
claim11l, wherein the backplate conprises a recessed cap. 14. The net hod
of claimaikl, i late conprises a glass backplate. 15. The
nmet hod ofﬂO}:I aﬂg%ﬁap%‘gééggﬁﬁﬁés%ckpl ate conprises a desiccant. 16. The
met hod of cl aiamairhy ofiiesrireinstdaodglatrdoeied o @ subatratef he substrate fornms a
hernmetic seal. 17, The nethod of claim 11, wherein the at |east one of the
spacers conpr i%¥&kpiategesi ccant. 18. The method of claim 11, conprising a
plurality of TGkl allokeSRAGER GOABEHHe andde gla%h@am%ﬂhe%h@m 11,
conprising a pluralrty of irregularly spaced spacers. -31 20. K di spl ay
package dmckplatsj ang:sealrogethreaypadkigé the errheobinterfieromatmeinbdilatoss; ik ned on a
substrate; a backpl.ate; a_.seal disposed,between the substrate. and the
backpl at e, V\hearraﬁ?glfcl’{é’rg‘i?ﬁg?g &‘Fé‘fray M@BP%‘?‘B&%&‘&”%&?WW@? ghehackage t he
array of disfoséd So08BeranGy ARG btAe& the aftiiardl tAEBabkpfaf, wERUEME bRYedtig array
and the backplate fromcontacting each other disposed above the array and
bet ween tmeansdeesynos pentadi enpektkp modelatingy@ewisind the qoverngmeang. neans does not
contact one of the nodul ati ng neans and the covering neans. 21. The display
package of claim 20, wherein the substrate is at |east partially

t ranspar e2it. arifhealisplaygaskage@fitlaira 0, wihveein tHeaubstracie at least padiallat ors are
configured to reflect Iight thrgugh he transparent andﬁpr tr ansl ucent
portion ofenspasen gpder gnslucont, anfiihe wterforometye medplatoss are capirgussl ouher ei n t he

backpl at eeAofihbhSfifdugh IRABRSR et 3R/ or sluI&ﬁpéézt%HIo%er%as&ﬁ%&e of claim 20,

wherein the bacCkplaté conprises a dessicant. The di splay package of

cl aim 20, wherein the nmeans conprises a plurality of evenly spaced

SPacer B Ip TRl RS 8 P B0 HIGh Sl RGBS oo

manuf actured by a process conpri sing:

23.  The display package of claim 20, wherein the backplate comprises a dessicant.

24.  The display package of claim 20, wherein the means comprises a plurality of

evenly spaced spacers.

25.  The display package of claim 20, wherein the means comprises a plurality of

irregularly spaced spacers.

26. A display package manufactured by a process comprising:

providing an interferometric modulator array on a substrate;

disposing one or more spacers above the array and between the array and a
backplate, wherein the one or more spacers do not contact one of the array and the
backplate; and

sealing the backplate onto the substrate to form a display package, wherein at

least one of the spacers prevents the backplate from contacting the array.
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providing an interferometric nodulator array on a substrate; disposing one
or nore spacers above the array and between the array and a backpl ate,
wherein the one or nore spacers do not contact one of the array and the
backpl at e; and sealing the backplate onto the substrate to forma displ ay
package, wherein at |east one of the spacers prevents the backplate from
contacting the array. -32 27. The di splay package of claim 26, wherein the
substrate is at least partially transparent and/or translucent, and the
interferonetric nodul at or s are configured to reflect Iight t hrough t he
transpare r str The di spl ay
package o cI al mé%’tl&g%a%i(y la?rg 2%1 ‘81?65 1|nttl§/e SO]b Sstra e efif} 3%6%1 spacers.

29. The dmrsbayntraadﬂoagalsdﬁceﬁd, amhnha tter€edomaéttis Irr[t@uhtdi!i arie@bhfigured tol rregul arly
spaced spacers, ‘ggy-The i spl ay package of claim 1, wherein the at | east
one spacefeiledhisht gh thq teansparery gad/enianslucens gpgioadf ths SYP¥AYe a gr aded
response to an applled force. 31. The nethod of claim1l, wherein the one
or nore spacers conprise at |east one spacer designed to provide a graded
response 2% anTlxphéplgdpackageenf chidn 28hengirsipgayplwakityadecgutarlylsaaced 20, wher ei n
the preventi g means i s designed to provide a graded response to an
appl i ed LS 33. The display package of claim 26, wherein the one or nore
spacers conprise at | east one spacer designed to provide a graded response

to an applied force. -33
29.  The display package of claim 26, comprising a plurality of irregularly spaced

spacers.

30.  The display package of claim 1, wherein the at least one spacer comprises at least

one spacer designed to provide a graded response to an applied force.

31.  The method of claim 11, wherein the one or more spacers comprise at least one

spacer designed to provide a graded response to an applied force.

32.  The display package of claim 20, wherein the preventing means is designed to

provide a graded response to an applied force.

33.  The display package of claim 26, wherein the one or more spacers comprise at

least one spacer designed to provide a graded response to an applied force.
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