SYSTEM AND METHOD FOR PROTECTI NG M CROELECTROMECHANI CAL SYSTEMS ARRAY USI NG
BACK- PLATE W TH NON- FLAT PORTI ON Background 5 Field of Technol ogy The

di sclosure relates to mcroel ectronechani cal systenms (MEMS), and nore
particularly to protection of MEMS devices from damage. Description of the
Rel at ed Technol ogy 10 M croel ectronmechani cal systens (MEMS) include mcro
mechani cal el enents, actuators, and electronics. M cronechanical elenents
may be creat ed u5| ng deposi tion, etchi n]gg and or other m cromachining

processes that PD EPR PROTEGTING MIGROEIFCTROMECHANICAL
| ayers or that agﬂsfmrmel@smgemmmwﬁﬁhmmﬁwmrmﬁh devi ces.

One type of MEMS device is called an interferonetric nodul ator. An
interferonetric nodul ator may conprise a pair 15 of conductive plates, one
or both of which may be transparent aBagkgroupdf|ective in whole or part and
capabl e sof }'ﬁfﬁ? é‘f”re\éﬁn@xi on upon application of an appropriate electrical
si gnal . conprise a stationary |ayer deposited on a substrate,
t he ot her pl at e li’nay dclopré selagesnitd amicreslechendsheama! sgpemat @IEMS)manéemore
stationary | ch d VI ges have a wi de range of
applicati or?%t%)é P“r’}e%l"a gﬁ%%nevlwgfa I‘At45e art to 20 utilize and/or
nodi fy the characterl stics of these types of devices so that their features
can be exp 0|ted [ ying existing products and creating new products
seradt SPRle2Y | n desi gni ng commerci al products
utilizipg this N@h@ekaﬁhﬁe@hﬁwl syBRAK AAENE) irfeludd @@b aRekhnidAl Aenitd Sdt@ddrgn Of
the requirements of cost, reliability and manufacturabili té%l‘t The packagl ng
associ at ed i ehcrapesVENsTaesshawel glsrents dewy draeaed wngotrposiben Gicdins: 1ot ect
MEMS 25 eloﬂﬁ?%léo&ﬁﬁlmlﬁkeg&ges rrt‘ﬁgteé{c}p){wﬁ'}xgﬁ{sn@ ub@Fa68 Sind B sed thi¥rial
system nmethod, and devit t he i nventi on eac% ave several aspects, no
singl e one 1Uﬁrsvﬂmﬂ@:ah aidlayat & fprmebivel ddeldcemichanicd devieds! Onattyei dfUMENS
WO Lhout 1 B G 688 Bhhbayiie Y Bl RodRGR B ATRRM p
and parlfi Cwlfamddyctafbtc)&lltesr @rechir rbgthtdf&rlﬁcélohasob‘e tamtspat-dneahdf"daartﬁnche@lmmlmdrr orggarton of
pr ovi de advhFIES bIdiNE PR WP BPR A B PO R eIy OpLRHE
invention phg\¢bEfSscatibRey [6 depoiited 6€a sﬁB@t@at@tl&ﬂitli@lpla@e fevipriscofphilses a
substrat e havi ng a surf%0 111:}an ar rgy of m croel ectronmechani cal devices and a
IT-E

back- pl at &emprbe sepREREd & SRREEREEPY Bhtite4evi ces is formed on the

surface of the UBSE&HREEHARD PRS rd ge BagHiisHohaGRd [takduOb AMR¥fidiAIAMHeNS to
substrate. The back-plate is placed over the array and has an
20  utilize and/or modify the characteristics of these types of devices so that their features can be

exploited in improving existing products and creating new products that have not yet been
developed. In designing commercial products utilizing this MEMS technology, packaging is
developed in consideration of the requirements of cost, reliability and manufacturability. The
packaging associated with the MEMS devices can incorporate various features to protect MEMS

25  elements from being damaged by external forces.

Summary
The system, method, and devices of the invention each have several aspects, no single
one of which is solely responsible for its desirable attributes. Without limiting the scope of this
30  invention, its more prominent features will now be discussed briefly. After considering this
discussion, and particularly after reading the section entitled “Detailed Description of Certain
Embodiments” one will understand how the features of this invention provide advantages over

other display devices.



5 interior surface and an exterior surface. The interior surface of the
back-pl ate faces the back- surface of the array wwth a gap therebetween. The
exterior surface faces away fromthe substrate. The el ectronic device
further conprises one or nore reinforcing structures which are integrated

wi th the back- plQneeaspTtieofr b nifieantipm groyides ah uslentronid ddegice f f Hies slettoonich device
back- pl ate. . Loni i.ce, i-Stan bhet ween i he. i rior
surface of 1 hgn%gglg-g%lﬁg{eeh%glhg ¢ e%g’ur %Cg%('gfm %ﬂ%&g Sgisevifagltcgl °I8°Jr%13‘ T aglﬁ'ge
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curface: o BUCHORCROPERER AT AP (hR Rk ARl Dt v e ”

fornmed aon tilerigunehdeaing a8 Widetioesuafite. NTke Atebidkrfitd bAme thachlng fawaYhel taokn t he
substrate. The g ck-plate is placed over the array and has an interior

surface. THEMREEME st agep figrebatveane Theeieror sufics fces yravitre e sulsirdift h a

gap ther ebethaRRBroniN@RRGHK IR 3bBpikas ot drithdrk RESErcHR Hutred WARY ardihic3Fhea
thereof. Still another aspect of the invention provides an el ectronic

devi ce. Thevidthe packmlate. dBNA rewforelagrpiruchiens:add siffitest fodbebackmlate. r lyihelectronic
| nterfer OMdelite amﬁ'céb%svéerﬁxgg iferRR Gl Bf e bg&gﬂﬂé ik Surfl romfﬂﬂsula{ée
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substrate and has a bac ace facli ng away m t he substrate.
back- pllét e niay cRingp beas ¢t soxfese of He sabstratg. and has an interior surface facing

t he back-surfac he arr with. a bet n_ .t interio urf ace of
Lhe Dack. oi'n o Sartnet A5l e Whithc #80ucs " GG vl Tht SlecBbtid B8R:e0
further conpmpéses anebunatellaring aeveindet agnitrhdedtiotrecianicalsitialy ané adfack-plate. The

back-plate fromdirectl ontacting the back-surface of the array. A

Purt hor - agEEY Bdpiedan the siiorin PO LGS 4 WOt RO o erag Lo br SsfHRi o
devi ce. Thghe BRkipitb 3GPl4edbver 3Ry d 1k BY indiot AlrREEMicahRrislanifes, fadek i di ng
a back-pl ate, placi ng% t he back- plate over the internedi ate device and

bi ndi nd>t h&agaukasn Al ure Witk sapphsrsbaisen THs hapl-glatedys a thickngesva@eciingr i ses

a substrat g, aqed tRRedr ray of mcroel ectronechani cal devices formed on the
substrate. The back-plate has an interior surface and an exterior surface.
The back- pl at e iS§ll appthesgspeceef th mengpR POFidpAnelacaPRit ded¢m glhstetagienie deyickor ned

on at |east gne.of, [ e dOteriQl o?qﬁtgtg%&nﬁgc ubies ﬁf&taeﬁicfgylaﬁé!r flﬁgﬁrray;rﬁgt

back-plate Ts placed over the array t internediate I cCe suc

t he interi dermedph tesulpiratehed baclkbapt-aurfacet facieg aviefrdra tie-sgbatec §ho badkkpdataisr ay
with a,gap_,.there between, further of . the.inwenti.on provi.des an
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el ectroni c betexercthe iiStdidrlsudmetdielie tasipplate and tieHack-nxrfné bhihe prrow i Teselanronic

el ectroni c devigce, The device conprises .35 a substr ! rr f

i or oel ect FORERERT SAFPIE T doT P iREaIAS Pirbottes B bace vl e dispetye

pl aced overkodthging Hedyck-sibfacdeitke #fagtt € has an interior surface and an
exterior surface. The interjor -2 surface of the back-plate faces the array
with a gap ther eoBrtigrespectrafdheinrartippprovides apethpd elguakingan elgoirgpic dryce. The

substrase. pRudibABESs tﬁ%\)ﬁﬁﬁ@ att ferhBdi®k i RVics LHi-Jv%ﬁEg beaéﬂjﬁatlé?-ﬁlléciﬂé #le®aand the

plate over the intermediate device and binding the back-plate and the substrate. The intermediate

device comprises a substrate and an array of microelectromechanical devices formed on the

substrate. The back-plate has an interior surface and an exterior surface. The back-plate is

integrated with one or more reinforcing structures formed on at least one of the interior surface

30  and the exterior surface. The back-plate is placed over the array of the intermediate device such

that the interior surface of the back-plate faces the back-surface of the array with a gap

therebetween. A further aspect of the invention provides an electronic device produced by the
foregoing method of making such an electronic device.

Still another aspect of the invention provides an electronic device. The device comprises

35  asubstrate, an array of microelectromechanical devices formed on the substrate and a back-plate

placed over the array. The back-plate has an interior surface and an exterior surface. The interior



substrate varies across the substrate. A further aspect of the invention
provi des an el ectronic device. The electronic device 5 conprises a
transmtting neans for transmtting |ight therethrough; nodul ati ng nmeans for
nodul ating light transmtted through the transmtting means; covering means
for covering.the ne ein the coveri neans co ses an
interior grff%(? féﬁogae?k pjﬁet %F?s &% @H”éf é gaPHB ?l?‘?f"é‘:re?o FFEHRESY ei 6%t he
transmtt | G2 EAAS thel dubstategap difeiebRtveenhe nkeioe %inide Of thé Badkatfe hag iRy
away fromthe transmttin ans; and wherein a distance between the
interior 16VRYPEIRRESGFrOp g@@%h?ng means and the transmitting neans varies
across the transgrialrtnengs E@%@%e fivétibh provided REEI.ARRRCAevRE. TG cldOW&HM b&Re

provides a nethod of ma an el ectronic device. The nmethod conprises
provi di Ag &ﬁmphﬂteérarrgamsatﬂémaermae@ foih tremsesiRg rlighe shegethyoumy rraedalagingl magans 4orr ay

of m croel i f u h

further coﬁ%%%ggﬁfH?gﬁ%?%gﬂ§¥h9&§mt %?@gg@g?ét gﬁé??§§ﬂ%§mm%egfE?%r%%&wate
device wi t mcglulgtme b@@rweefhermhethbamrcnpg arteans] Smpmidest eheinmruoayurfafh@ncbam chtpdlaxt e
has an int r|or and a distanc .
htertor s P B AR o BEE e BPlunE el M nt B PRIVER i Berore,
aspect of tstudfacie rivodny aveay frqam oha ﬁlﬂsm&mngehmrmi wheglgy b Ghistgnco dewech thy ihittdor
fore90| met.hod %f maki ng such an el ectronic device. %O Bri ef. EEscrlptlon
of thel aﬁ)r‘%% ofihg gp&rige a“éﬁ“ﬁ‘@‘ mw%m%fnswd@'ﬁsmoasgt & BB TE S one
enbodi ment of am stinfughdreEEBsMth€infBididh dtoideslh sRtBY of Malihil 6M cldctriaadle.

reflective |ayer of a first interferonetric_ nodulator is in a rel eased
posi ti on ardednRATIMEriest Rretting &0 iaERedste devicscbhien FATRIFSTR R SHRYIRICAnd an

modul at or ia&aj B Iﬁfamefe&&@ﬁe%ﬁarp&? HévﬁééE‘ forded 5l B sfbskatk S The A¥EHE mrhk%pggéagr am
illustrating one enbodi ment of an electronic device incorporating a 3x3

i nt er f er ondermiing apagkipktcorveriihg pirew/of thy iptaraediate devicediifiyg gan tetwasn vhethaek-piater or
Posi tiqQ Versis .ARP!TRG 98s 1:OheeABesur ARk 98 MBan @ beBhken th
|nterfg?onetr?% n%PhTa ggpg%éFlgureel %ggure i?ﬁéagﬁp FQUSErgtign 8 g set
of row and igeriarsurfaceland ¢essubsieete yamlps biossShalsubstrady. i zexa’urttaﬁ@ agpect off the froemivst ri c
nodul ator di s ur e rate one %ggf r i.agram
for row an Coc1 urmefszctgom éewcew%?&c?cﬁb he'“{‘greaox{x% 1 §s¥ch nn%}?cgrgﬁ

data to thdedxs3 |nterferonetr|c nDduIator dlsplay of Figure 2. Figure 6A IS
a cross section of the device of Figure 1. 35 Figure 6B is a cross section
of an alternative enbodi nent of an interferonetric nodulator. -3 Figure 6C
is a cnoss section of another aghbfndaditiee oCbOdaviest of an interferonetric

Figure 1 is an isometric view depicting a portion of one embodiment of an
interferometric modulator display in which a movable reflective layer of a first interferometric
modulator is in a released position and a movable reflective layer of a second interferometric
modulator is in an actuated position.

25 Figure 2 is a system block diagram illustrating one embodiment of an electronic device
incorporating a 3x3 interferometric modulator display.

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

Figure 4 is an illustration of a set of row and column voltages that may be used to drive

30  an interferometric modulator display.
Figures SA and 5B illustrate one exemplary timing diagram for row and column signals

that may be used to write a frame of display data to the 3x3 interferometric modulator display of

Figure 2.
Figure 6A is a cross section of the device of Figure 1.
35 Figure 6B is a cross section of an alternative embodiment of an interferometric
modulator.



nodul ator. Figure 7 is a top plan viewillustrating a MEMS array. Figures 8
and 9 are side views illustrating a cross-section of packaged MEMS di splay 5
devices. Figure 10 is a side viewillustrating bending of a back-plate of a
packaged MEMS di splay device. Figure 11 is a top plane view of the

back-pl at e of Filigwe 6€0is aF¢rgisr sestion2of angther] alternagive 2mbodiment2df- AGintarigropictis
views illusidftidg a cross-section of 10 packaged MEMS display device with
various constructions of the back-plate. Figures 13A and 15 are perspective
views il ustr at ifigpre hés ashplen vewtibhwstritingle- MEMSesrayised in Figures 12 and 14,

respectively. Fi S d.13 [ Lde views of a back-pl.at .
illustrating pr o}géifcr%i %n cg? g{éh‘p’é‘%‘b‘gl:(e: S-ﬁlﬁ)l?%at%gg Pl ?JS‘%tsefcglf’%3PP%CI§#&3¥@¥S1‘BSP}§%
13A. 155Fi glavies. 17A-17C, 19, 21 and 23 are bottomplan views illustrating

25, "rospecti vel i fiva e Vi e Rafts itk Bloing rosseenhMENS Grboss

to produce detiee.enbodi ments illustrated in Figure 26. Figures 28A and 28B
are system bl ock _diagrans illustrati nglT an enbodi rent of a visual 20 display
devi ce conpri si AdBUE b i§P 4R RIgnegtey ofiths task-platsraf Frgurol@ul at ors. Detai | ed

Descri ption of Ehedi BNYS 1¥ais oxs NebRbeTr Ble SAEHCHMERRing 28 b HRMHnOST 2
back-pl ate of MEMS devices. The reinforcing structures increase the
stiffndf8s ohckagrd MEMRS-diipkay devpriwitheriopoeoastpicionsof thethackpplek- pl ate 25 from
contacting and [ : : 1. :

rei nforcing structur égﬁgbﬁ;?? %ﬁﬁ%ﬁ%‘?ﬂ%%@%@ﬁ%ﬁ%p gthgﬁx%cfpt? tees;m%% "bot h
of the surffagues 12land &bkespdhieclpack- plate can be forned in various

configurations which .i,gpr the .stiffness thereof. aqr reduce the..likelihood
of it contacti n\g? & I@E%ggés(r:eﬁe ﬁee‘ﬁle‘ﬁ%fsﬁotéaéE'-ppal?ealtugé%lraémg Bb(i%g%tfonto(g ﬂ}fnbagk'
ext ernal f @laeillustrhled i€ Biglideg (2 @tdi I6As | ncl ude a curved back-pl ate, curved

surfac of the back-pl , ack-plate 30 having.one or nore recesses,
Vary g3t hi cknodts DA bnif 2Vhs 2P udpgromplsn b Rer g BRI GE g TBG g
the vari ousfgemnhdkgplitad iseds G@aReso®, CHOPRNER, fapdetivdiner prevent damage to the
MEMS array when an external force is applied to the back-plate of a MENMS
devi ce. The fol FENOY Het BpVeartdssepingan sremlanyinrgeselt Rreduce theasmpodiseatst i ¢
enbodi ment g Rfadde Figpyenti on. However, the invention can be enbodied in a

mul titude of different ways. In this 35 descriiﬁ}ii on, reference is nade to
t he drawi ngs wh&igres 28Akad 28Brase sysemddedkglizerans ipetrting ke embogdipet of a visual

{1 0ugBU e, Wk JFpARRES Py Pk Aorhthl ANbolescr T pLion, - the

i nventi on ma

Detailed Description of Embodiments

Various reinforcing structures are formed on a back-plate of MEMS devices. The
reinforcing structures increase the stiffness of the back-plate and therefore prevent the back-plate
25  from contacting and damaging the MEMS elements or array of the device. The reinforcing
structures are integrated with the back-plate on either or both of the surfaces thereof. The back-
plate can be formed in various configurations which improve the stiffness thereof or reduce the
likelihood of it contacting the MEMS array when the back-plate is subject to an external force.
The configurations include a curved back-plate, curved surfaces of the back-plate, a back-plate
30  having one or more recesses, varying thickness of the back-plate, etc. The reinforcing structures
and the various configurations can be combined to further prevent damage to the MEMS array
when an external force is applied to the back-plate of a MEMS device.
The following detailed description is directed to certain specific embodiments of the
invention. However, the invention can be embodied in a multitude of different ways. In this
35  description, reference is made to the drawings wherein like parts are destgnated with like

numerals throughout. As will be apparent from the following description, the invention may be
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i npl emented in any device that is configured to display an i mage, whether in
notion (e.g., video) or stationary (e.g., still imge), and whether textual
or pictorial. Mre particularly, it is contenpl ated that the invention may
be i npl enent ed in or asgocl ated w a grl ety of electronic devices such

as, but not™PFREREnERY deyisithat 15t"t?l“ 1splay o Frgage, hsitier Bsmoting (& 8n ¥ideq)at a

assi st ant s op staibid%y .(e.faREN hﬁiage)o'émp%'&tﬁg'l RxfaITBY pRictal. More particularly, it is
recei vers/ navi gators, caneras, M3 players, cantorders, gane consol es,

wri st wat cKeremplpted fhat the gventoarede implemented iBror Awasisied ¥ith g varety ghelpetronic

di splays, QeHRULE S0 Hef §m1t§i%0m961ﬁ:%l%nésewgeless%9ﬂ&t %Ers&la?@it@){ssmﬁhﬁ ),
cockpit controls and/or displays, display of canera views (e.g., display of

a rear Vi ex(xl’l%fﬁeh%tldrhtldaox/@hmﬂlee\;om@t%tG |rtcewgth@@*og¢t@rp,hsameé%eévﬂl??bntaxers
bi | | boar ds .ar.sign am ?cgﬁs%fets %ﬁst @thﬂ%%tc@&cwrc%lcuﬁtoé’%l%gﬁn F&ﬁﬁ&@ghﬂ%m@; 10

aesthetic Structur
devi ces of dsplm'd acrmput;rtrrmmﬂnmseattt@dtstbianse(e geséo‘mdmdldpmymm) ccackpalcsmzrd:leandé:ed in
i el.ectronic swtchin

non- di spl a t|o s such
ot er  or onSEPRE HRY 37 BrRHE isha gt EnBBHFnRhE ek v iy B TeReISTr deiBe s o
MEMS di spl @&ot&é‘rﬂﬂiﬁnéledt&nidBtllllidafcﬁt(ﬁidlgnﬁl projgetos, éh'chlfeﬂtufaln@ﬁ'ﬁ:nd&éllpﬁﬁﬁgmg hedd
plxels rein either a 15(§ ght_ or dark state he brig

‘open’ ¥t é‘t‘sg'et‘? Fracgires ey €P {ImAges |08 4 eSS q dF‘ﬁ orfEMs Y“’?Sn‘ttn SHB‘%‘
visible |igitctlr® t@ thtz€descHBEN hirBint B8 LA ke (se@fih' noAldispfly Osppdcakiond &ick,astihe
display elenment ref|lects little incident visible light to the user.

Dependi ng slsctrams SilsbiEe ABiRes- the |ight reflectance properties of the "on"
and "of f' stat egnEByebRrdnRURS %Qulawﬁ\@sp@iyx @Jnﬁo&tﬂghtbf'oor}ﬁﬁﬂl%' ?rg iREribBmbGE! ect

predom nantly at selected colors, allowng for a co ISplay I n addition
to 20 bl adEMPdisply elemer guﬁ@tratedsn Higuieslo mdln rthese dﬁtewsa@pm@tetsme tweithetipacent

pi xel's;in ﬁnﬁwgﬁﬁrk ftatc? ol b b?l. ?ru‘% erg’ ?tB aﬁte %ne%‘?? egt!s)%ellm'ge

conpri ses a I nter TSt T i c n somnme
i nt er f er onpértipc ofmcidd:rmtvtsrblajhgm tta;yuaeo ran‘lersmstheadarloOtllo&b Iou mtosaal 4] agateothetdtsph'tga

interfer orret ri or t ronetr | u

of et & eot FomeTtapes 180 kR Gk N o o A bl Soht Frob ottt 6 Befncc
from each eatttaaancte(prtq&msaofrtﬁsmxanancbmff ‘Cahtes Ay ibk revidrdeld. aMEMSapixelornan be
vari abl e di one, enbo of .t he refletlvela

roved bot WEBHIEIRE K5 Fe-PBETRRTY frae P Libiso TR oo alay ot A as
t he reheasgdcisimtvaitel he novable |ayer is positi oned at arelatively large
distance froma_ fixed partially reflective layer. In _the second pasition,

the novabl e | ay&i8uies] o¥ iSPHRER VST deniqtipe vy aﬁldff‘é‘é@ﬁf’lst% 3 5EeS 8% pirelf Py 230’

reflectiveylgy Qﬁspla'yn%'hgx‘%ﬂmt e:lchgd?iel tBAbrifesTal 191@1\@3 fdiQmrdherit WdlBMEr Sn some
interferes construcCtively or ‘destructivel y dependi ng on the position of the
a8

movabl e r efmbedithents, |agyferfeppmestiic meduletr isplazromptisss o Fow/edlime targy afrthese
o S P AT R O Sl MRy 2
| n t he2p nt eoditemedret a iverishbd edacantrolldde dwtatdeefrdmmfench atherotpaloite aamsbnimitgiplisal 35
Lffeldgftelr \r/neﬁl y amtht gﬂe% 0 :Cr Barﬁagfe][ tlngngtolnnlnaoge%lm%a&mentp c())nsei t’)[fl the reﬁectlve layers may
be moved between two positions. In the first position, referred to herein as the released state, the
movable layer is positioned at a relatively large distance from a fixed partially reflective layer. In
the second position, the movable layer is positioned more closely adjacent to the partially
30  reflective layer. Incident light that reflects from the two layers interferes constructively or
destructively depending on the position of the movable reflective layer, producing either an
overall reflective or non-reflective state for each pixel.
The depicted portion of the pixel array in Figure 1 includes two adjacent interferometric
modulators 12a and 12b. In the interferometric modulator 12a on the left, a movable and highly
35  reflective layer 14a is illustrated in a released position at a predetermined distance from a fixed

partially reflective layer 16a. In the interferometric modulator 12b on the right, the movable

5.



partially reflective layer 16a. In the interferometric nodul ator 12b on the
right, the novable -5 highly reflective layer 14b is illustrated in an
actuated position adjacent to the fixed partially reflective |ayer 16b. The
fixed | ayers 16a, 16b are electrically conductive, partially transparent and
part i al |y highly reBedtive layanmmﬁwllb@rafedbn iag atteeted positianxatigsket, toihe fagpbpartisling one
nore | aﬁg{ §Uﬁ%qg)fé 5 chromum and i ndiumtin-oxide onto a transparent
substrate ayers are patterned into parallel strips, and nmay form
row el ectrodes iThe dixed kiptray&:id\ibw as:tmbaﬁja mrtolachvfeupdrtlmély tbmhmmznt Izlnbparurablyabl e
| ayers 1l4a, ti]ectl?ve”aXd e ?% a..serl Z ob k strl q gogj ted
nmetal |ayer or rayer y( 6‘@% IESXWP row %ﬂo?-:l 0% Sed” Cge i%ef)s) “feposi t ed
on top 6f phsmtuni Sndmdivantin-atids mﬁmar@ns;&mt stihsteatab.o nﬁutena}ets aiepmtsdrﬁeednto

bet ween t he ts. 18. ‘When the sacri |C|al r|aI |s t he
Bt or bl o PN sk Ao B RS TUIG IR TRAre 1 i RLAeIcs s dsemtan iy e pab, The
defined ai imogafle hfers fda, mmhyb&faﬂﬂétrésla\é@n@wpmmdt @ﬁfbk ¥€a dapbatel Metad UGkt S

al um num may be used for the deformable ayers nd these strips may form

col um el edFddatopenabtodhsiom-plectadasdaa, lﬁ)tdtpfrtﬁecttwop eﬁpftﬁtﬂ I8 agd an jfrEveaing; t y
19 remai ns (PeRWGER RS dkﬁ.\éﬁédsoeﬂvée%n tlil:%st@'i‘@i wlttgn m@@i&tﬁeﬁphﬁehﬁxgémﬂea atvsy a 15

mechani cally rel axed state as illustrated by th ixel 12a 1n Figure 1
However? mﬁ@rde@np@itlemﬁahlaym #resenarates fragn ét@rﬂxr:@aleta laaersby edefegdpswapmhY A

col um, t hﬁgf@ GlilPbe LRI g&%c@tﬁe ﬁnﬁ@n 1LE! §se§1[u‘nﬂﬂ Ofa q); g? ub QR L & <‘§ rg'{lglt o

electrodes e correspondl ng plxe econes ar and el ec
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appl i cati Oﬂlsustra{tlrr]tg lorliléj értrtlbgodtmevr\f of an electronic device that may incorporate aspects of the invention.
In the exemplary embodiment, the electronic device includes a processor 21 which may be any
general purpose single- or multi-chip microprocessor such as an ARM, Pentium®, Pentium II®,
Pentium II®, Pentium [V, Pentium® Pro, an 8051, a MIPS®, a Power PC®, an ALPHA®, or any
30  special purpose microprocessor such as a digital signal processor, microcontroller, or a
programmable gate array. As is conventional in the art, the processor 21 may be configured to
execute one or more software modules. In addition to executing an operating system, the
processor may be configured to execute one or more software applications, including a web
browser, a telephone application, an email program, or any other software application.

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

controller 22. In one embodiment, the array controller 22 includes a row driver circuit 24 and a
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browser, a tel ephone application, an email program or any other software
application. 35 In one enbodi nent, the processor 21 is also configured to
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frame may be created gg assertlng the set of colum 25 electrodes in
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corresponding'to the asserted colu [i'nes. The asserted set of colum

el ectrodesplxsllfthenpldhépqewaﬂwﬁx@drespond to the desired set of actuated

pi xel s in the secqnd. r I e,
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the frane. 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
30  are unaffected by the row 2 pulse, and remain in the state they were set to during the row 1 pulse.
This may be repeated for the entire series of rows in a sequential fashion to produce the frame.
Generally, the frames are refreshed and/or updated with new display data by continually
repeating this process at some desired number of frames per second. A wide variety of protocols
for driving row and column electrodes of pixel arrays to produce display frames are also well

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



Generally, the franes are refreshed and/ or updated with new di splay data by
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arrangement of Figure 5A. It will be appreciated that the same procedure can be employed for
arrays of dozens or hundreds of rows and columns. It will also be appreciated that the timing,
sequence, and levels of voltages used to perform row and column actuation can be varied widely

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

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

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

extending supports 18. In Figure 6B, the moveable reflective material 14 is attached to supports
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actuation voltage nmethod can be used with the present invention. The details
of the structure of interferonetric nodul ators that operate in accordance
with the principles set forth above nay vary wi dely. For exanple, Figures
6A-6C illustrate three different enbodi nents of the noving mrror
structure. Figure 6A is a cross section of the 35 enbodi nent of Figure 1,
where a st rdt fespmgisealy. steBesaR. InFigyre gbpths mosepbisrredectiogatgsal 1y is sxpeadedi ng
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mat eri al d%@%hg({ﬂﬂdetc]@ﬁég@ﬁg‘ll ng, and etching steps. 10 Figure 7 illustrates
an enbodi nent of MEMS array 111 forned on a substrate 101. The NMENMS array
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subst ant i alBagh MEMS eleingnt 403,d0Gld7 cTFItn@pettdts tethe ldtcrf@@naﬁenméulateptksve ritlb the

arrangenent, o; I n l,]

el enments i r*hetﬁggﬁtalgefla lg%ﬁ’ ﬁg@e@ stelae ?ﬁrmo%\agﬁ% regﬂar a%'ﬁe anoteher

enbodi nent linedViry/ifo eép&mmtthe mian'gheen’t/EK/BleaMEth éllélrﬁernmyInhmm:ndxoﬂ]hemenﬂ oftlees.
As depicteq it eenlar VS arr t he
o emontld. 108 PGSR PLIE Pl b et Mk B i o B e | ¢
t he el ementMAR ciemed®fof FRAMBYVISSIray (1 6) mag hgkhbffirag spest As aéincted%tﬂhwa@ﬂgedl n
the illustrated enbadinent, the osts 118 are regul arl arrangi_ed W th

subst ant | amogﬁoméﬂyd\@%%aﬂaw(kh or, ¢rapglenths elsments L P3endHy arsd¢imed PyEsPBns of
the posts %8 adightbhify BbsttscIilﬁvhhettwaemtmhewmelcghmrngr(@%&gﬂt%mg REstdVE/E

array 111 and its elenents 103, 105, 107 form a robust construction. For
exanpl e, alAlfoveiningbpillssteedembadimentnthe psintisare Feeriagy preanged wiinsubsipntishy the C,

the poshs 18 g,@ch Eaag dm%ﬁ% e VYRS iR %Ja &Eeoq e ggotgg r}ﬁ‘*‘&ﬁ J’t”hﬁ? esttaARbeRTheS hOWN

i n conparison (verti ca | stanc orizontal
di stance) afighbreingaeits 18.19. Thus, a force or pressure on the nenbers 14

(FLgures 5% anc SEMBO 5y FLBAL s ol 0ol R 8L S0NE LAAELDE P
pressure i sximogdesibough dapicstbchgl rerroWkEdBmes mriégniresdr, 64, §R4rtd Gih t}terpested)& 18" and
Never t hel R ntlar)].rl Be cro%?txuu%%ed%o %2 rr‘x%.tcﬁ lilv% (tihan as shc?'\g{ Ial'-ycojﬁ%)]a'rison to the depth (vertical
25  distance) and width (horizontal distance) of the cavity 19. Thus, a force or pressure on the
members 14 (Figures 6A and 6B) and 34 (Figure 6C) of the MEMS ¢lements from the top would
not easily break the members 14 and 36 unless such a force or pressure is focused on a single
MEMS element or a portion thereof. Nevertheless, this robustly constructed MEMS array 111
and individual MEMS elements are still susceptible to some strong forces that can be applied
30  thereto. Thus, in the packaging of MEMS devices comprised of an array of MEMS elements,
features to protect the structure and integrity of the MEMS elements and their array are
implemented.
Figure 8 illustrates a typical packaging configuration of a MEMS device 100. As
illustrated in Figure 7, a MEMS array 111 is formed over the substrate 101. An image or
35  information can be displayed on the bottom surface 109 of the substrate 101 by the operation of

the MEMS array 111. A back-plate 121 is placed over but not in direct contact with the top
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and individual MEMS el enents are still susceptible to sone strong forces
that can be applied 30 thereto. Thus, in the packaging of MEMS devices
conprised of an array of MEMS elenments, features to protect the structure
and integrity of the MEMS elenments and their array are inplenented. Figure
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ot her 18nbodi medt some diebodianenisnige EWWWWS devienr itinaludse a [desicegnt] (potsheven)

enbodi nent NEMS [ e ' wn)

confi gur ed%?%ﬁéraﬁg Egg&%gﬁegl? ure wﬂf{ﬁ tﬁee%%ggéba‘gi irf;llléj@}f% #ﬁ%h@ﬁg%%ﬂ%& tﬂ?‘lg gn

will appr edchenttdmammbe tesskaay &mta hemnyetinally sbaiedrm:cle&s,abuympbe deshrabrlertcontall | y
esi
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Che. packagd ot SdeaTURr HETRotRR o bl SR AR SR lPRRL R
VEMS ar r ay thelMMEMSdartayel 1h aad thl meprh%lllee}xdsme@m BayTey uded fuspakiges thaahdvages
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Wit hin the ypiaBy 1RE t@fontlBEmpBGlicagdent Rithia GleagSoMA e Yackade N pablRigEEtavBgSeal ,
a desiccant may be used to control noisture noving into the Fackage from

t he envi r oAMERHCTMeH 85ah (2| desiceprimay be pegA drcantgl melawrct PAYnEHI the Packass fremnot
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array may be used as the deSiccant. Suitable desiccant materi a i ncl ude,

but are novptidahpropattiesmt theointerfewmetripphedulptagrarey marbe uspdref Aecdeaigeror b%mable
bul k T t
ul k adgor hent 5. n%.@eg}ags*elgah%htxg g dglaxfatt ABkRd 1o] DR Sh g&p}r é{éﬁgf b&?fabe{‘%ﬂbrg&ﬁi en
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package. into the package or they may be mixed with an adhesive for application. In an alternative

25  embodiment, the desiccant may be formed into different shapes, such as cylinders or sheets,
before being applied inside the package.

The skilled artisan will understand that the desiccant can be applied in different ways. In
one embodiment, the desiccant is deposited as part of the MEMS array 111. In another
embodiment, the desiccant is applied inside the package 100 as a spray or a dip coat.

30 The substrate 101 may be a semi-transparent or transparent substance capable of having
thin film, MEMS devices built upon it. Such transparent substances include, but are not limited
to, glass, plastic, and transparent polymers. The MEMS array 111 may comprise membrane
modulators or modulators of the separable type. The skilled artisan will appreciate that the back-
plate 121 may be formed of any suitable material, such as glass, metal, foil, polymer, plastic,

35  ceramic, or semiconductor materials (e.g., silicon).
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The skilled artisan will understand that the desiccant can be applied in
different ways. In one enbodi nent, the desiccant is deposited as part of
the MEMS array 111. In another enbodinment, the desiccant is applied inside
t he package 100 as a spray or a dip coat. 30 The substrate 101 may be a
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hum dity level is too |low, the noisture charges 15 up to the same polarity
as the m)vabl e disantsdaboeen desirsanineayetuselmeantich mpistan resilenwvithin thedIEMSat ed
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devi ce 100 because there is | ess. ar desjccant within t he MEMS
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Typically, in 25 packages containing desiccants, the lifetine expectation of
t he pack agé‘lf M@M£@e%y108é9@ﬁdhwr which is desirable in some embodiments. Typically, in

25  packages containing desiccants, the lifetime expectation of the packaged device may depend on
the lifetime of the desiccant. When the desiccant is fully consumed, the interferometric
modulator device may fail as sufficient moisture enters the package structure and damages the
interferometric modulator array.

Figure 9 illustrates another embodiment of packaging used in a MEMS device 100, in

30  which the back-plate 121 has a protrusion 125 such as a lip along its edges. The protrusion 125 is
connected to the substrate 101 by the bonding material 123. Use of this protrusion of the back-
plate 121 creates the desired space or gap 124 between the back-plate 121 and the MEMS array
111 while reducing the necessary thickness of the sealing or bonding material 123. The
illustrated back-plate 121 with the lip protrusion 125 can be produced by molding or forming.

35  Alternatively, a structure forming the lip protrusion 125 can be attached to a substantially flat
panel (not shown) along its edges, thereby creating the configuration of the back-plate 121
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the lifetime of the desiccant. When the desiccant is fully consuned, the
interferonetric nodul ator device nmay fail as sufficient noisture enters the
package structure and damages the interferonetric nodulator array. Figure 9
illustrates another enbodi ment of packagi used in a MEMS device 100, in
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111. The larger the gap 124, the better protection for the MEMS array 111.
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Figure2il, 1pheaCRRhbals (R &ftaddGeRicet IR sBREKreP0Rt8d 82 back-plate 201, and therefore
maintains the size.of the gap 124. In the package constructions shown in Figures 8-10, there is no
structural support to maintain the size of the gap 124 in the central area 126 of the back-plate 121
(Figure 11). Thus, external forces exerted onto the central area 126 would be more likely to be
transferred to the MEMS array 111 than other areas that are close to the sealing/bonding material

30 123,
Figure 12 illustrates another embodiment of the MEMS device 100 having a curved back-
plate 121a. In the illustrated embodiment, the curved back-plate 121a covers the MEMS array
111 and bows out away therefrom. Thus, the curved back-plate 121a provides one means for
covering the MEMS array 111. As will be discussed in more detail below, the curved
35  configuration will provide a larger gap 124 between the MEMS array 111 and the back-plate
121a, particularly in the central area 126 (Figure 11) of the back-plate 121a. Further, the curved
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particularly in a display having a large display area, is renote fromthe
seal i ng/ bonding material 25 123 that naintains the distance between the
substrate 101 and the back-plate 201, and therefore nmaintains the size-of
the gap 124. In the package constructions shown in Figures 8-10, there is no
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126 of the ba 1 ernal forces exerted onto
the central® r%lér{lg%l ‘&l;lg&m%?rc? é‘éengrooarderelfitl %ft ‘P kbteo nrméar{sflflerr%d to the MEMS
array 111 than dﬂﬁmrenﬁ)bélﬁ&nﬁlﬁaitra&den Eigomaztmeﬂépsh sftht gy Bangi egereandr gltanal

ﬁgwlﬁg aFiz %SE&I%WE %"{’i?efal Tﬂ’ft‘% m hg“feh %19‘1'“% F}gtgééqg‘}rbl\%—%s dev&ﬁc%ﬁé‘()%urved

back- pl 8t e tHe2dapal IO YEES tb Hige MMieadetvidén tHeltbp A0HadRQFSh® MEMSaYray NET ahd G
Thus, the curved back-plate 121 a provi des one nmeans for covering the MEMS

array 111. TAEAIGKiSH acl’ié’fdh%é%?i‘spé"de il Al aofuethere thei howseoptponstiistipy pf g bagk-plate

confi gurat iiofy Wy be RIRUEIR s Ewh tBEGacRPR1 Do RELWRER T é)(%l afréYwih thel and
t he back-plate "12l1a, particularly in the central area 126 (Figure 11) of

t he back- pllaige gap depth mdthh@mreasqdestléfufrsveﬂthsbgclemm il i amMEM&arnayulhbmethse the
stiffness

reduced de &e{):‘??lgﬁ féssoégé‘éeﬁt\}%t%ﬁ%a Fa %g%?%&‘%d%& %{eﬂﬁg écreg Sl m+

t hi cknd8s. bhak- nldctelératibdi imlnetcasd d»fuhdﬂaiﬂnec[k-plate Emgmmmerﬁﬁf th’me 8d €fituky tkm‘cmhd gap
124 may be r than, that of in F|

hr oughout CTHEFEE Poyerioaf musbhy T pbipihe B itisrip R et ol Sl B ¢ e
di stance beiRwWSnarhNell ol A4 pracidesof medne fdvEducaigrod nihikdizifg thetlireliidot @f bRk
surface of the back-plate 121a. Further, the bowed-out construction of the
back- pl at e ©®¥%ta may be deflected |ess when the back- plate 12l1a is subjected
to an external grE&er, W ctui8d cdrBir@®on 8AMe B8Righ@nthal I depte e aRedp $14 £f ness
of the back-plate 121a, the MEMB array 111 in this enbodi ment i s |ess
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130. Thus, . the ?r ea  of the MEMS arr(fl 111 .corresp fﬂl ng. to.the centr area
Y 3&1

126 of t he &gl Fatﬁ%cff fHsuhe Des Plaie {4 1as pevgd ong Bneds Hg-

ext er nal farss%waf amﬁgeﬁl@léa@ tann itk dhRdeReewhire tteatk-plate 202 lmsdweala% 12_1
enbodi ment of Figure S [ﬁers pective view of the curved back- gl ate 121 a is

showi ng i nbrh@h p]'@ edgrA 13 hprchbBijgthe radii of the curvature along the edges 133 and 135 may be the
25  same. Then, the back-plate 121a would essentially comprise a fragment of a spherical shell. In

another embodiment, the radii of the curvature along the edges 133 and 135 may be different

from each other.
In embodiments of the invention, the back-plate 121a is curved such that the radius of the
curvature (R) may be constant or vary over the curvature of the back-plate 121a. In another
30  embodiment, the curved back-plate 121a may include a flat section. The radius of the curvature
(R) is, for example, from about 50 mm to about 5000 mm, whether it varies or is a constant.
Preferably, the radius of the curvature is selected from about 100 mm to about 700 mm. The
thickness of the back-plate 121a is from about 0.1 mm to about 5.0 mm although not limited
thereto. Preferably, the thickness is from about 0.4 mm to about 1.5 mm. One of ordinary skill in
35  the art will be able to adjust appropriate thicknesses within the described ranges of thickness in

consideration of the characteristics of the materials for use in the back-plate 121a.
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in the illustrated enbodi nent, the back-plate 121a is bowed only al ong the
edge 133, it nmay be also bowed along the edge 135. In the enbodi nent where
t he back-plate 121a is bowed along both of the edges 133 and 135, the radili
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for exanple, two ﬂigers 137 and 139 of two different naterial's i s subjected
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Fi guregs8 since the back-plate 123 and substrate 101 are firmly integrated with the cured seal 123.

In other embodiments, the back-plate 121a may be formed into a bowed configuration by
use of a substantially flat panel that has a single thermal expansion coefficient as opposed to the
flat panel 136 having two or more layers with different thermal expansion coefficients. The
single thermal expansion coefficient of the back-plate material may be different from that of the

30  substrate 101. Preferably, the thermal expansion coefficient of the back-plate material is smaller
than that of the substrate 101. As with the embodiment described previously, the intermediate
configuration in the assembly process is as illustrated in Figure 8 or 9 except that the sealing 123
of a thermally curable material has not been cured yet. This device is heated to a temperature
slightly below the curing temperature of the thermally curable material, which will allow the

35  materials for the back-plate 121a and the substrate 101 to expand without firmly bonding to the

sealing material. Then, the ambient temperature is elevated to the curing temperature, thereby
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20 or 9. This is an internediate configuration of the device 100 in the
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wi || cause the Figuggs 1dzané|l5tiBusraie anptheroembiedingsoireldthe dask- Rgi@ﬁrealtf!llh)m 2eSOGNSAN | n

Figure 12. g gl tzéanlP %E € ﬁkﬂgs : ﬁbacﬁplafeqt%?‘lg fn{ﬁg} é{)ﬁg&ﬂ@ﬂe@.?gbﬂ% tﬁpt\?&%ﬂ

assenbly process Is co igure ustrate
t he seal i ng331.23he back-plate/ilbghith canyiag theckmest eravales whe Uiaanssfulbs:tVaMg &b IMIEM&aI S

10°phadba riealidnd e LT ettt e PR T e af T o AR BRREG, °
t he insi decade BBeIn uhﬂtlmsmmeﬂ caﬁlmddl&m de. mtancrr(serfﬁdaezw\hat fagh;tth@M‘EMﬂ majfatlerl al
substantially seals the perjneter t he the pressure o si t he
Govt Ca i 11 ThERet s UG Rhairatg Wi E dhs Fepor HE ieisron e, L Inof Bypy <
| ower pr es%hﬂk%lﬂbltlglbdﬁ bhfg@d deyé ﬂﬁ‘ckh@s%‘fhhé%a&l@plaféﬂﬁlﬂ%téﬂl@alw llnbre@sayﬁemtdae flat
panel (Fi gure or bow or curve outward. Then, the UV-|ight curable

mat eri al i €79 of It E‘l&ee@-?’mﬁr{dhth%émﬂﬂa]&’pﬁ?cf%%ﬁsltBWaréf thenpther fnd AfHBF €dee Liter eby

fi xi ng,the peifyiad %@th@flmés@%f Qfé%cl@fal%%l@lﬁ é%ffrc% Qﬁdﬂ@b){ i kb bbout 9 nH?eané”
wi |l appreciate ap riate nmet hods avail % for producing the back-plate

121a.  Fi genoespreiar }'x opsationt ¢ mantoabeii dtSHem dhb i endpmof e badkelaatMdbploage
121b in ac ?l%rqupﬁﬁe thinnest portions) have a thickness preferably from about 0.1 mm to about 3.0, and

more preferably from about 0.2 mm to about 1.5 mm. The center of the back-plate 121b (the

thickest portion) has a thickness preferably from about 0.4 mm to about 5 mm, and more

30  preferably from about 0.4 mm to about 3 mm. The thickness of the back-plate 121b and its areas

may not be limited to the above-described ranges. One of ordinary skill in the art will be able to

design appropriate thicknesses of the back-plate 121b and its areas in consideration of the
characters of the materials for the back-plate 121b.

The back-plate 121b of Figures 14 and 15 is made of various materials. The materials for

35  making the back-plate 121a of Figure 12 can be used for the back-plate 121b. The back-plate

121b can be produced by various methods. In one embodiment, for example, a substantiaily flat

-15-



with the invention. In this enbodi ment, the back-plate 121b has varying

t hi ckness al ong the edge 133. The back-plate 121b with varying thickness
provi des one neans for covering the MEMS 20 array 111. The thickness is
greater in the mddle area than both sides of the mddle area al ong the edge
133. In the illustrated enbodi nent, the interior surface 129 that faces the
MEMS ar r ay Pl suchas ths opedhopg in FighisStinmeshier yo preyite tis sensgustion;sbarvivgifiaureshe

opposi Ng exhighii 95 SHLAARS e%%gdlafemt g ba@l@?llét'epllﬂ-ﬁ of Fahlsi19 huligad prolila&d by
t hi ckness of the back-plate 121b gradually increases fromone end t he

edge 133 amebldipgnOrg efderdinpgy saélcméhg@'éthbmrqglatewéatcﬂmn@pn@tﬁ@ethodsz Pr& 3@@@@13133
25 Pref 1
rerer a@%@%ﬁﬂﬁ%‘&&@gﬁé 191b ;ﬁ/s?%%fmﬁ @k ‘ﬁlag)e_%%fe%nt gb&é 95%8;@&?9&21% m

to about 5 nore prefera rom about out The
two end§ of the Iﬂo&cbﬂbbé;mntlﬁlfbgtad:sowgandtlﬁethedgﬁh()f the gahﬂ%ssabomdm papresds have

a thi Cknes%l&P%FtLe et%l?odY gnrto abo"étlfegll.tée me ng'pol?sta{%thg and at e dfgtﬁﬂt))ff : abl y

from about & 7CENt
t hi ckest p@#sj i 2Inh tﬂrra&naaltalaeacdfml&s&cbpafeelrzab isyabbuitahe ﬁh@lﬂs 110 thfé dﬁﬁ&hmaaﬁaﬂatt 5

mm and nore 3 ferably fromabout 0,4 to. out .3 mm The. thickness of
(e Back kP S et e (e Bty OF b aRE TiOfE At s dh DS Qe | bad

ranges. Oneaddpiae dnn;a;sm@h@rllylm ke rhid@le afda. Wikl thB@ncadabel diidfnesd @8 tiMmidPpaRr | at e
t hi cknesses of the back-plate 121b and its areas in consideration of the

char actl8r s 29pg thedgml B rha|b§clﬂeiﬁtetlﬁ@ A%k sysreptible to extpralfiqreen aicessugesered| b of

Fi gures 14 yandny 1o calaf§ 4ete kel bk B2 WL bl efabodi Hﬁntrm&s%ra{eallﬁﬁgﬁ)rre 8. Sﬁmgmkl ng
t he back-plate 121a of Figure 12 can be used for the back-plate 121b

back- pl at ethelmngahcmsmp@ﬂme@aorbprwaiﬁ ons mm*%yrewentlméleeb@bbﬂlamﬁvm for
exanpl e, a t 8 is
machi ned torgf%ér?l B@ut@ﬁetp{ec%ﬂn ruc |@2q’§ 8&#\8%{%% %ur ar?snﬁifgag%}@g &%ﬂﬁ{lﬂg{g ot her
enbodi ment thetltkelilivad kf pichtentdc1b of Figures 14 and 15 is produced by

nmol di n One of ordlnar Skl i.n.the h ropriate
met hodg5 are avail 3Bre™ Lso(a?f lll’f‘nsgaEeﬁ‘ih"ﬁmiéﬁhﬁ SD(E}réEelfiaf% ph’% ﬂ}lgéﬁ%&cfo’ Wﬁ of
the mat eri @héasly ofr@feptt&e ﬂrnoﬂléleedﬂ@ﬁiﬁteﬂisa(h@ ilhatrhatad,) thel back-PRtecthioRithissraad vary
Figures 14 and 15, dept h th 124 is aboyt the sane a ,ht

the enbodi HoRE T5rOter 5@% 35 l"‘ﬂl“s‘llﬂl‘e ‘g‘ﬁg“eé% Ry C%&%Srtailf‘%ﬁ% onFEPY iR g’a%?ﬁ:‘

the depth efbddifentdaRdt HRAwR} NR iAST @Rl 29 i9bulsh® ek tel MERIS1RAR 1|1$
about the sane as in the other areas of that back- 1|oI ate 121b. However, the

const r uct i Sftilpfheexterios sarfass §3) emaims subsantialis Sat. ¢ fall dn jeppthers embsditgns (not
back- phgt e nﬂ%&Qe&)ﬂ;&m spéh@mtahdr @mffdee 159 g &te%@arrfaw {4 LD eudOCERRSRA each

stiffness in the mddle area 10 along the edge 133, the back-plate 121b is
| ess susceptheb| & pee eksush reaibodigenie sheomaympmsdistence oeeer thet interien and exterior

particul ar %ﬂdg& it E}ﬁtgggée}‘ﬁér%k #h %Cégt@ hﬂ?ﬂ#cﬁr ehidg ﬁgpto%tmgnfeu)rus%}fac%tﬁg In

Fi gure 8. ness con |gura I'on’ provi des one neans for
prevent i ng athextac kurﬁcaﬂéo ime (amvedihkeetd:lt bybaiomtrdof Figgret I2evIVENS: tirakagss 8f the and

o 20,1 O, 855 PPN 0 o SRA00 B0 g D8 B | el hood of e
back- pkat e 121b InveyneCdmabiaginents, the back-plate 121b of Figure 15 may have one or more recesses
formed on its interior surface 129 (not illustrated). The back-plate with one or more recesses
provides one means for covering the MEMS array 111. Also, the one or more recesses provides
means for preventing the back-plate 111 from directly contacting the MEMS array or means for
reducing or minimizing the likelihood of such contact. For example, the one or more recesses
30  may be formed on the central area of the back-plate 121b. In such constructions, the depth of the
gap 124 in the central area 126 may be greater than that of the other areas. In one embodiment,
the one or more recesses may be configured to facilitate retaining a desiccant therein. In another
embodiment, multiple recesses are formed such that partitioning walls of the multiple recesses
function as reinforcing structures or ribs, which increase the stiffness of the back-plate, as will be
35  discussed further with reference to Figures 16-26. The one or more recesses may be formed by

removing some material of the back-plate 121b that does not have a recess.
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linearly or stepwi se. In other enbodinents (not illustrated,) the back-plate
t hi ckness may vary along the other edge 135, where the thickness may change
gradually or stepwise. In still other enbodinents (not illustrated,) the

interior surface 129 is bulged toward the MEMS array 111 while the exterior
surface 130 rendiiggesslfbat dlustratg pdditianak exemplary embodppeaishadrthehasbdlate identifiest 20
|| Tustrat edhy ot fio eIt Ag! fflh%H&flﬂQ%:l:g&ﬁ%H%ﬂ@i\kﬁMS rra Wi { 26 0. are

curved away from each n one of such I ment e maxi mum
di st ance beatlatesel?le,H@1d,ALés angl 124 hFigieselbi23p aregeinforesd forims of thet agk-plaigti@ta @ﬁ t he

back- pl ate.g t Y ter

exterior sur%’"g%zz 1%8 02?%’ ‘%ﬁ%\?e %FB{E bapﬁggtenggad%aﬁgﬁtwerzaﬁ%%ggﬁég Nl e t he
t hi ckness afesdrihed fuldhcrkmm refeecnvatol Bgured I6AL . tAls, ﬁdgmcléﬁstedﬂlﬂo(mg’umﬂﬂahéIﬁdges
133 and 135. .25 In so .the. back-plate 12 Fi re 15 may
nave one. oy S PRI B GH 1 PG TR preufty dbe s ke d o

i 11 ustrat edjriatiohe teaek cfl B eonWitdd WItEthe fealiRé 6f the ARSEHEtPusidar AR¥éries aBive wilans

for covering the MEMS array 111. Al so, the one or nore recesses provides
means for pF&LFasH Pk smked B%F@ROHW@ 91 {Fhese; bagk-plates diithyrein faRping STUSHIreS PEOENS

array or m%?t@%eﬁr%rfor dofEH I tROMEMSHrRAl T 21 Ao, ta.baml bé@sérne@% &ftmw@h@i&@mx@ct
For exanple, the one or nore recesses 30 ma formed on the central area

of the Waclkipttureepropide pne merns s tpreverting thecha nlgte fravecanggsting the MEMS agaypl 124 in
the centr alorﬂ{eﬁrg 52800l R S iERLShe i Rod *lﬁEuc‘PlchﬁtQ& other areas. In one

enbodi nment one of “more recesses may e con ured to facilitate
retaining a desiRefamtg tori?eglarcsnIG I X tlanbmhg}ates éabodlﬁmerhtle andlltZilbhaere rgclessgs are
f ormed such t at part.i ni malls t | e.reces tion as
ol nfor oi nguiiee BRs' GO, PE et R e HRLAGHEFFREER P e

back- pl at e,envsdindeht ofbBigies dﬁsmdsweahef ttﬁﬁfdsxemgvurhdsturreefoeﬁrﬁs\dem and-il Tr egenll6- 26.

A i SRR e A R Ry T s SR

addi tional mxespl yndems)dhenﬁm&cm strh@uﬂamk?apdnatlmb icebR§ bachi ®kkr aBgbol? i,
121d, 121e, 121f 121g 121h an li, in packaglng the MEMS array 111. The
®

back- pl at &§ntgrofdhe haskplate Bilg. aﬁ«idlhismﬁed inFiguie d4Aq the yejnforging WW?%rleéadaqdor e

of the backy,pi %Et@rldjwalllﬁn Qﬁly aFﬁ(QﬁHneof]tgc bﬁlklplé?é 13e AMRidALdeNS Rbwhben Fi
back-plate 121 a can further reinforced in the ways as 5 descri be

further w tliBr&e eqﬂefn@élgts@vwrgml%?@ a6 128 may exendifiven treedes i the @pnBEmg c(g <gfur es
14 and ,}5) ; i at € r g@xm
Nbreové% a?fa£¥bkﬁ%¥25fgh d%@gﬂﬁ%g?#ﬁ&eﬁ%lf |0%§J?ﬁére§?£%%%)g conbi ned
wi t h the fabteindorahg sthetir¢spl 232 aid LSb ony desert tbeplora'&mv:é thei prhtrusicmf 126 eimn¢ @ret O

t he enbodi ure 9. These ck- te ei. nf or ruc es
o ovt o onEou clare; B Fating s Ao RRRCRpE aty 1 RefeRink, 8 H R E ik
descri bed ireinfbedigy $tructufed 1224 BADIATbRgosd @acht dthie tatid E&mP4 @nd dteucme $ene of fher
preventing the hack-pl ate fronlco tacti the MEMS arr or ans for
P educt g o HICH STRBTHES TREE Fohdn SPEs She CBHHe o ekal e PRgPRE Bigur cs
16- 23, ashe wamelothet Rigsrcihg touctukesllay do21TRe Albed il deR@M ot fdin@dr&ihf Gructures

structures or ribs 127a, 127b and/or 127c forned on the interior surface
t her eof . | n2{%@d 127b can vary and be adjustable depending upon other design factors.

In the embodiment of Figures 18 and 19, the reinforcing structures or ribs 127a and 127b
also cross each other at about the center of the back-plate 121d. However, the reinforcing
structures 127a and 127b extend in substantially diagonal directions of the back-plate 121d on its

30  plan view (Figure 19). Although not illustrated the diagonally directed reinforcing structures of
the back-plate 121d may have variations such as the extension to the edges thereof and the grid
structure as shown in Figures 17B and 17C. Similar variations may be applicable to other
embodiments of the reinforcing structures that have been described and will be described below.

In the back-plates 121c and 121d (Figures 16-19), the surfaces of the reinforcing

35  structure 127a (or both 127a and 127b) facing the MEMS array 111 are substantially flat.
Accordingly, the thickness of the reinforcing structure 127a (or both 127a and 127b) varies as the
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enbodi ment of Figures 16 and 17, the reinforcing structures or ribs 127a and
127b extend 15 substantially parallel to the edges 133 and 135 of the
back-plate 127c, respectively. Referring to Figures 17A and 17B, the
reinforcing structures 127a and 127b cross each other at about the center
of the backntptiertserfa21@9 oftheiblatkislate 42 brkndi2H gu:nercd?Mor«t mcirﬁea'tllyt thechicigess
structures . 127h t.end n onI Qrtio e I te
121c. A teror%g}f %Slgipggfm%sémg og\/évil‘zg“1 ?n\r? lltg% re? e?@ t ﬁ%ntrrag?n S%icljlierl?ac liEF‘%J)C Ur es
127a and 12nAb 134y tlemtientle fpedpherah aeadgehemaft He oﬂmombn@nedget}mftha&quhef the

0y i pr ovitEit ens HBREfnrar arng L PuBbLIe reabatintl F3analoe obiRanedhe

portions ofsufffie qirtd bzwitlpﬂme 1350ﬂ1aa&mm3nentspﬂﬁtteﬂ1q&lspﬂgy u:wmwmlwgme@ges of
t he back-pll%te 121 Referring to Fig 17C, nmultiple reinforcing
struct ures HAroyEhouhe re: ‘HC’(‘}%%%C“E%SCW?%?WZ“F 12/ forma grid structure. Sone of

the reinforcingn $ervack-HhRS 2T8MIuSHd QN Higod0 28hn8 39 CaddRich MG ARRARE gtaw%%e of
t he back-plate 121c, 25 while other reinforci ng%structures Qg;jgnot

nunmber and lééméfﬁt#d@ftotthmcqﬂé‘imﬁheﬂ of #g baek-plate U éd (Figwy 4 9hnghe dé%litfovmgy and
b dj ust
€ adj us a%h@ﬁg? j hzgrg rggxlE’eg{ll LAEIn e SR LRAGLOES to g@ o&lgl:? SHRY rg‘li e]f

Fi gures 18 an rcing structures or a and
cross déch 18Thard RIb ab‘buteimfhmﬂgesmleuremﬂﬂcme framéd gﬂnataﬂy 12 thet . cerimhveree of tftehe

reinforcin st,r.u r 127a and 127b end in subs ant a
i ootT one Bap iR TatE. Ptheh&hbrGBS A Eikbes 11 SBntcfln? RSP lihints PhR4R0 R
not il 1 ust madyed it e/ ﬁn&gnmltﬁayi cdndeﬁmbedclése|rmfuﬁrng|negvoslhﬁgjmbslfee&oafllustteﬂmel)

back-plate .12 rra hav vari ati ons uch tension. to_th d
her oot - ot remERhg TR ried denad YT PoadiPl ot Sapcaion Sk it e,
vari ati ons saRy21ReFaRRS I Tatl @)t o ot her enbodi nents of the reinforcing
structures that have been descri a be described below. In_the

back- plldt es 121dn ddPagiopigle( ﬁléﬂ}"é@tiﬂbﬂlﬂf}wfe&t Feand it} aeesops ohepares A bAei ng
35 struct urggmbd i ﬁl@rrellﬂﬁiran fgendld 122700 12261 9t0nd REnsEMBRnasH Bk blate 818

substantially flat. Accor gl y, the thickness of the reinforcing structure
127a (or bcﬁflﬁurzziﬂaora}?dd@ml ar Tesspratusions or yrpcerpd @f pay disftibyte dercepZat gfayt he
back-pl ate f the
rai nf or oi g ErRroR rete e SHIN B REEoERERIENS Brlyfh 1 OB CIRRSR ot | 0
back- pl ate thczafo:re reduce th2 iropachefisushfotchetopimr MpMSraatey af bds theidndmfed emhodmbrey

enbodi nt th ckness of,.the re nforC| structure d/o 127b
e OoarD | TheoteBEutiots & TFRErO131 1€ el sPterR e U o Bt TSR BREC 8 1t

back- pl at e reihforodighefuciardy ddVaramdt 27bt Tae phutakiness spajerd i3 IStibs badisiribhited with

const ant oughout . the reinforcing.structures 127a and/or 127h. In the
back- pl at e \a7erS WS e arepsyul s PrOBUSIY 05 FPacsitd | BHAIAYF SenPBE A g

struct ur es diffedel heights2dSiRlart Protri@orEQISdphdiest 1 ANmMAY bk MBrmRACKT Al At @ards?dthe
(Figure 19). The added rejnforci ng/ structures 127c are %ener all'y concentric
Ph

circles coﬁﬁé@fqlrrggsnwefuﬁeﬁéﬂat kel apdphi’dF i thy badkrlidtesul2ds- 136 ¥5I50 PERRYSIOBAS. The

rei nfongi ngys Errsqﬂ h'1539§e Af&d G tRe &%1@?&1@&:@@2%1* the bdkiplEesQ9M.-[Ab, area of the
back- pl ate H he” rei nforcing structures 127c connecting the other
structures 127 a I@n@pthegﬁmbodlment the protrusions or spacers 131 are formed or located such that

they contact only predetermined portions of the MEMS array 111 when external force is applied
to the back-plate. In this embodiment, the external force is transferred substantially only to the
predetermined portions of the MEMS array. Preferably, the predetermined portions are the
30  portions of the MEMS array that are not likely affecting the operation of the MEMS device even
if damaged. Additionally or alternatively, the predetermined portions are portions of the MEMS
array that are less susceptible to damage by external forces. In still another embodiment, the
protrusions or spacers 131 may be formed on only certain areas, for example, the central area of
the back-plate 121f. As discussed, the protrusions or spacers 131 provide one means for

35  preventing the back-plate from directly contacting the MEMS array 111. Also, the protrusions or
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may be in any forms other than concentric circles, including networking

nmeshes (not illustrated). The connecting reinforcing structures 127c may be
added to the construction of back-plate 121c and 121d (Figures 17 and 18).
15 I n the back- pI ate 121f illustrated in Figures 22 and 23, protrusions or

spacers 13Fpace® 13{ grovisls oppmesns foredisinlyitiag frices eprited i the backmlata Arsl/aropp mspnst he

constructi qf: Bhika6K oPheRtiddditmagt fo tRUNEMS rra@r 121d (Figure 18). The
protrusions or spacers 131 can distribute fortes that may otherw se be

exerted onto a Feirting odiges2d theghark of the badknmte i 2 1ayis slightly differeht frgrh éhose of
| ocat i ons %Ed?ﬁcf( ?ﬁ'ﬂe@f@[ Gn ng?lgcl%ﬁ h?heI @Qﬁﬁitﬁ:ohl?lﬂscmmnglr 158 E&n&f‘ﬁei\@ gfdr ray
are

111. In the | trated e I ment e profrusions or spacers
provi ded gesepletal greae il therkof. t’IrhllscnhgjwutommmdsmH tacecinibrciﬂgestmcte]iemﬂb?aclwg

S S St R e R R E

may have t herigigre aﬁﬁs tigH defrdisreing sﬁﬁitlgb’d 527a8n@11tmadarsarﬁlebslt@ﬂ& wek-pprcelg 131
may be formed on all or %Egi of the reinfgrcing structures 127a, 127b

and/ or 127@ FROFREY ARG Lask-Riabs1 21 8 fremeosily bending foward She MEMSamay 1 11 o8nxofheer o

131 maybe froddiRdHRReih PR iANHRELRE nay b A8 % hRLoRtrubltR JPaEMbBl-AhRS 21 Larsd 2! b.
I n anot her enbodi nent, the &rotrua ons or spacers 131 are formed or |ocated

such tHAt theEgirustons arcapacse lpﬂléaét@émrﬁlma 23apd Phmay bt addad toviEvEoRsiRetipn] k1
when external fgige. b5y QatésegM%SStdQﬁccb@ aﬁhﬁs&ﬁmﬁwﬂﬂaﬁ% a@@t | 3B Gyt NE

external force is trans erred tantla erm ne
portions ofreitforcingENBichresay27aPndf é?'/'abllnytgrateﬂethngdetfhfr ﬂvarrlemiatpoithlh ovithoat thet he

?g p(l\)/lrz}\/lsogzelgttoré@v WWEIY:%? "T‘%’faa rirléd ggﬁt gé?r}i(lgcglfe,% :ﬂjralt<% s?{bs? n{tigl? nanga ti t%ro% S ? tIlnon of
pr edet er m nigsl embasdlman,sthardeptbwfttha)g@ D# ik hise &ﬁh’a aréd bﬁ;l’letHadt-plall’eel 2I1b$1fay be

or ot b onameir SPAT Rerfieta ne® s  BieriBiiagiy & ey BEFTEs FeRPEA 24 B 18 c.

the centralHoakea, @é relﬁfb@ui@as&&crpﬂeauE?alaa&fu?b%siddnﬁ“ﬂssgsda@le baquamé QL TISndOAAs OfF
spacers 131 provi de one neans r preventing the back-plate fromdirectly

cont act i ng PEERtteickaplpteyi 2ia _ﬁfomgiP’étSCtmﬂ khe MEMSaray dhs Br baalsplgﬁsée& @nplse
provi de ong.yeAns pfodsidh 333 hdsHobdn fF%ﬁse@ ﬁHPHh%fjfohﬁs bhee RagkordiBichand/ or

one neans for mnimzing or preventin 0% e to the MEMS array. Referring
to Figure 2ugy b@n@ecbmatb@ C@TlStltuh@Oﬂb%fctke bt tpéateliz 1. i Alsey| they rotrysiefistar spashts 1Bl om

those b tigehagkTokeLes ddd ga0udalis AL conligelc pl ale 1219 1S thi nner

in the centra area eri pheral areas 0 thereof. This shape is
conbined with t Ffée mmfm‘cmgcstrnqulss pudidrsp@srs bf e, bat_lleﬁlbteaadic 127k 12N, tlhkfug?dgt he

back-pl ate 1%}1% may, & fformn%y ba% urlliern?ed%a?enggrulctﬁ‘%tfoit?? rPga?tiszgone %‘ilm]re? I,]fcttrl‘]e

peri pheral %areas, Pthe reintorcing structures €ss to
t he back- plegingpld Zﬁsgmterrﬂfniihtc strucptr e v@iiriséshebdoaplatepivitie ddez Ingt have e edvitbrying

bendi ng towar Mg arr Hé other forns reinforcin
St uct ar oo STHPERTEEY P AaRBHETIERE DHeBrenE BHAte P RaIETEges o so,
10 t he 2pr Otplatks | DB préfucEPBE Bhdk-pladd 121d, ugtd; abrd 121¥ drl QUE.In a% abad D3cipixte be
added to this constructian.
constructions, the reinforcing structures may be attached onto a substantially flat panel or sheet
prior to bending it or after bending. Alternatively, the reinforcing structures and/or spacers can
be produced as part of the manufacturing process of the back-plate 121c, 121d, 121e, 121f, 121g
or 121h. In an embodiment, for example, a blank is machined to remove some material in some
30  regions while leaving the material elsewhere, thereby producing the back-plates with the
reinforcing structures and/or spacers. In still another embodiment, for example, the back-plate
with the reinforcing structures and/or spacers is produced by molding or forming. One of
ordinary skill in the art will appreciate appropriate methods available for producing the back-
plate, reinforcing structures and/or spacers. The methods of producing reinforcing structures and

35  spacers can be used in the methods of producing the lip protrusion 125, and vice versa.
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Figure 25 illustrates a MEMS device with a substantially planar back-plate
121h with reinforcing structures 127a and 127b integrated thereto. The
back-plate 121h without the reinforcing structures 127a and 127b has a

thi ckness that is substantially the same throughout. In this enbodinent,
the depth of th&hgaptetizld formust livethe dntgadg @indaciof strdveurboat -fpt atamptb?_ﬂsﬁyma; be
15 smal |l er ihan t he per%‘?he%@ﬁ% é §ldue to.th& tthIC ne s of the rei g_ﬁorm ng
struct ur es S £RHFs FFETS FbeAlfeor BT HmEET e Rl 4 127D
add sti ffl’l@ﬂi&toip@ttdd%léi}ﬁﬂ:ﬁmqﬁd @blgrn&ﬁ]:gntalaiﬁg desfidtantp)le®V ETHe rblhﬁ)rhﬁglknﬁfuadsenagﬁl g

from cont acgt M5 arra 1 e ba plate 12 I h c SO ave a

lip protru i?gefﬁssag’ﬁd%ﬁeqa f(ﬁlté?.lpfé:lﬂgjlat % c}lzrf’ef’r Fgbngn 1‘:lhI‘F e FRipcBEci ng

structuses strmesbereumﬁkd NTh infutef @R Sfof Wt profusinsthe ﬁaa%isarﬁm@tmﬁ&w gladd, SO,

t he protrusions or ts]'rﬁ)acers 131 20 illustrated in Figures 22 and 23 may be
Ia

added t o t F@MigENBEtRiscPTidss. of TReallig on PeRicPINycier matstiglp ePitpiilatses faePiGf t he
back-pl at e ;@él'&able]&)%ersl%gﬂ?mel%%%ntammﬁ%lgcca% &c,zlpreg%l)b%efrgﬁlfﬂ?gné)wﬁres

i nt er medi ate structure for the back- I'n one dinent, for exanple,
t he i nt er matti made of the u@m@metendrfmths@mfmma@kuqmre@t B7hi2¢h antibersl 2hoen Whivkethany
reinforcin C ornmed thereon. Attaching reinforcing structures on
a surface %f()@%ulgﬁ%ia% %’r?l%rrecgl ate back 25 plate 121a produces the back-plate
121c, 121d, 121 Tés rejﬂﬁnfclrrgrstrﬂl&mgs andtht p@trosionsedayiiseciornpddadfene opmsterdesitdantas,
the reinforcing structures be attache a su stantlallyflat anel
o sheet BTG bR T o5 o5 FIoEs SR duerals DER &L PUBRYS Fraine R

r ei nf or ci n@eisfofcitplsti@breaith AesiGRRAGAN SlifidfAte QL }emelme@lthasleamf arDéxtialiBace
manuf acturi ng process of the back-plate 121c, 121 d, 121 e, 121f, 121g or
12 1h. In andemberiiiaiesstior ¢ desicegninpithin the napkagg of éhenﬁ%Wnéﬂu%horeﬁléWé\hémsd&we

material i QoMo Ihufe HeORSpathipeitibe Y it MEMES MRdcBididhs. €laAsgWIethe detibargby
produci ng the back-plates wwth the reinforcing structures and/ or spacers.

In stillf adetcrbad dwmegrmnbatused oFreéseahip | appliqebls dssistants| ae.efor \grample,yaolecular
reinforci ngle§ésnff&£dfﬁgeauﬁ&qfnoaon®&|§§semcxhﬁ IR UE a0 BbEh R RhubdO NG One

of ordinary skill 1™ the art appreci até appropri ate met hods avail abl e
f or produciorfipanhekibae khe gt atle apprediaié dreclnn@ sdragpiois ey sandm@lr meistigle g casthe

e hods, of GRL@UHEMILLSLALALE e SHEHGI B el can be used in

t he net hods ucrn VI ce ver sa. -19 The
materials for u§guren2& hlastfansfs@gMEMs quafvw}ca tign $itm bedkeplas 1atieyith cinfexappl e,

pol ymer, ,¢s,. metals, oxides of talll n r.

nat er i gtﬁs @‘ﬁ%ﬁ 11295 @g%@e mggfa'%g,ther%tﬂog‘b e ﬁﬂﬂ ?}ﬁ‘g}’%& Pg”g y%érs
cont ai ni NQ hee:s thiekadsk Froneitout Fm@mrtehbﬁwnm . SIHeuHﬁﬂttﬁﬁeﬂ efibydimbR: ifresifigatedt he
same material for_ the back-plate or 121b, on which the reinforcing

5 struct ur 8UgF K %?Iﬂwmerﬁél%%@fwf ! e’icﬁé that ierngaphsral partigns profdiinnp) e,

pol yners, gi'lrﬁ%%k—pleﬁ@[ﬁ”h&%lireéfﬁrt(ﬁﬂ)c%zted)ewlﬂgﬁ aQkal T8l thCsuPhcSEMh LRt 101]
material s, spin-on- g asses, frits, photo- patternable polyners, polyners

cont ai ni ng “@é@utbfz: S aré@tlllnsewtef%ﬁq/ Aitheugh giohflsteatery 08¢ PUBLTY BETVERINE nade
of the gﬁat PR of 'b%'saﬁﬂlcﬂeﬁ%emw Ha éﬁhﬁgra‘f OB ASofiRd fhin AR Ba@Qili0§21121C

on Wwhi trusions are
and the substrate 101. In the 111ustrated embodiment, the peripheral portions 141 are preferably

integrally deposited with the central portion of the back-plate 121i. The reinforcing structures
127d and 127e may be in various shapes. Although not illustrated, the protrusions 131 illustrated
in Figures 22 and 23 may be added to this construction.

30 The embodiment of Figure 26 is further described with reference to an exemplary process
flowchart of Figure 27. Depending on embodiments, additional steps may be added and/or some
of the existing steps may be removed while the remaining steps are unchanged. In step S2701,
the MEMS array 111 is fabricated on the substrate 101. Next at step $S2703, a sacrificial layer
(not shown) is formed over the MEMS array 111. The sacrificial layer may be formed of a

35  material, such as, for example, molybdenum (Mo), silicon (Si), tungsten (W), or titanium (Ti),

which 1s capable of being released later. In an embodiment, the sacrificial layer is formed of a
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10 The reinforcing structures and the protrusions may be fornmed of one or
nore desiccants solely or in conbination with one or nore structural
materials such as polyners. Formng the reinforcing structures with
desiccant will elimnate or at |east reduce the need for an extra space
and/ or a cawteaiahenchiase nelyares spinaan glegist drionideh dhp aldRedyastienn wileppiiceipte 4at thehi ch

requires h‘éE@/Kff‘chaY ayé‘r%ﬁ 59 behoRitdd'S eedegl% ﬂfch&gé a@?e%?c‘i&é%@ o?fhetsﬁtglf'k/ﬁmyer

mechani sns esiccants escri can be use
Preferably shmbcbbe wmxmtd@sapemmrths tham 8]m bapk-pata il end thel MEMISaarray dil by bsone

i ncl udi ng a 1.0 xes, cal ¢iu zeol ifes and.
nano- t ubes. m%(r%mgép &’gn%n%cmﬂag?(r T ﬁeporsln&et%ﬁ% agﬁlgknessl R thc ran el at a%Du b@BO t0(115 and
amount s5of pﬂt,amtnﬁm'eakefemﬂﬁmea{aSgeidﬁanca:seOOO(ﬁemlIcmnts are sel ected for use |n

the reinforcing struqctures Egﬁsor L.r usi ons strates a

devico with & tRRFTaBEosER S h R s e e ot ftpae 1o

and 127e i mé0rabek {nBEEIRIWY) dsiﬁgqjhetoﬁn%gdpmrﬂéchmhm t’nwrd‘cbdsee hagkt f ake
121i has a thi ckness from about 10 gmto about 100 gm illustrated

embodi ment Stgifigghlygyresed & aseative ig nthlf@ ﬂ@rf%&ﬁ%&qmcruraslt%@%lﬁﬁ thergiiyr e 25
except thatryt hgRes hr@%ﬁﬁ’eld RQhd Héﬁ?l% and dhaBf sifikiBnt tB'clréﬂebﬁ’i@ I?elﬂfo?&@gbgi%tui'esar e

directly deposited (without a seal 123) on the surface of the substrate 101
where tlhe NERdSaed d33e. 1 Ther, snrrtap $Hi0Aethe tagesivs Lagh filled with agnateriabde formether

nore inter Ltions
Ta1 of |t he heRTe Tt NSRBI 1 5%, TRRUERGR ELIRPTYIIRIRTH RAPISLy A

i |1 ustrat edf entzdelis rilmhtd,ing; het lﬁreumdahewahcqnwctqmnmeteﬂlsl]allaya pplyeksratplastics and
integrally de the. c n_of a | i he
ot nforci ngnpete et Sobitinie s 3lerrid, B o A BESCHR 3R hferkiisli nor
illustrat edyertth\eermf@ﬁmmaxr@tmsmalﬁg thd dubatateatoadthelsm:rmcgmne@rer i tha ebedsSesnfiliedbe
added to thi onstr ion. 30 The enbodinent of Figure 26 js._ furt

descri Bod WigHAT @P@Péﬁﬁ"eﬁﬁaﬂa#%r TF R 6?‘865’3?7‘31‘ %bm?reboafmqﬂfs H}eéhlﬁ?
Dependi Ny @ifin 8dRAHAEE DL Snay ¥ dhy tyPE 8F matkN Shat BYinPemadsie dr afﬂié;%blsqaaud@g the
exi sting steps may be renoved whil e the remaini steps are unchanged

step S2701 but nok Bmpeg. Biekehpluminum.and gfer yagse ﬂaﬁ?w@ gilfbsthedhia limnam&skt at
step S2703pe 3, 3R8 rdffahclhahatéramrudmgneﬁt &fa@m)ed It silwomﬂ%ealum%m " ay

111. The sacrificial layer nmay be forned a 35 material, such as,

exanpl e, noitydrde Aliemgtinsly, thmthm(ﬁbn negiby formafhgfsat renmgahje maerial Satﬁbl@me(mﬂa)ﬂe
which iL,§ c | e Se ci al
ayer 8 1 SRaEn iRl Bcl i P for Bhe PMUA B0 S Rkt bV RAAL i

oxi de. The oslgldst 8DQ@r typs antenials| Ia[:spmeccnmbdamtﬂltatthe then fdradm:lt-pkatealle alydethecan

be deposit eq Lot hﬁ}lq}n’ Lﬁta hllg}mes;, fThe H}ckness of it he sacrifici al
| ayer sholi o BEESUIFYER % &%V 3 2R % ?f‘f‘“flqlaﬁ?rback plate 121 i and
the MEMS array NkitatkRpGRBII, &ﬂblﬁldlﬁll]fﬁrbﬁck lﬂdnelzlaﬁzsrp:afmeﬁueahnd aMeﬂ td ﬁmdaptesstt ed
to a thickness in the rapge of about glé@ ]Ibp referably
in a range 8t oﬁﬂﬂﬁfhri‘fﬁé‘dg%b gp?teglr%h F;Fjllﬁ:c,t 11%3“% lgtFég E ermed
sacri f igi aknd p¥BEssddStoRALIENRBELaRPHNERIRE hldv@InacB s igdvaEney altr@ 1 Ifloidﬂﬂ dmgesses
(not shown) using photolit hograPhl c techniques. The recesses forned in the
parts of the device. Continuing to step S2713, the sacrificial layer located between the MEMS
array 111 and the back-plate 121i and/or the reinforcing structures 127d and 127e is selectively
removed. The gap 124 is formed where the sacrificial layer is removed. An etchant is supplied
via the opening formed in the thin film back-plate 121i. As the etchant contacts and reacts with
30  the exposed area of the sacrificial layer, the sacrificial layer material is selectively etched away.
For example, to remove a sacrificial layer of molybdenum (Mo), silicon (Si), tungsten (W), or
titanium (T1i), xenon diflouride (XeF;) may be introduced into the interior of the MEMS device
through the at least one opening. After the sacrificial layer is removed and the gap 124 is created,

the opening in the thin film back-plate 121i is sealed. One of ordinary skill in the art in the field

35  of semiconductor processing or photolithography will appreciate the process described herein and
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sacrificial |layer are used as a negative to nmake the reinforcing structures
127d and 127e therein. The recesses are fornmed in the depth and shape
sufficient to create the reinforcing structures 10 127d and 127e. Then, in
step S2707, the recesses are filled with a material to formthe reinforcing
st ruct ur es deRmeinaPropPiZE. pafmetareionrodust thy tetl-pleteU2éiswitlp e rainthrdiey grushyesbe
any type qbsymlghrbals including, not limted to, sem conductors, netals,

al I oys, polyners or plastics and conposite materials. Continuing to the
step S2709, theiln ahe loregofing embadhenss, giagtichRily these defpBigitee dl 6-26y alie tddorinizi r €

structure ipcludin he substr 1 cr|f|

recesses fr{{llrl ST BT AR SHE %r?tjlg Pactk %ﬁ% %%ﬁcg?t%f)née%’ts%c?ﬁr %C‘E?Ltzofd and

127e. I A seisardaoﬁheratefﬂrteﬂ byTtllitEwilhlolﬂ surfactsoflieaknfrdh@esthidiurds formedloe tierbacit-y pe
rophobpi c, includin but not limted

of materi al i S | rreabl e or

to, nickel Pla %Sﬂt}ﬁf mattﬁeqﬂrtt%ﬂso?éte PRERCLY & SARISFGFY Blledriih oRf 9F TP m may
also be f QEs{'@dntQEhaﬁéhnl a'B§d1|i> afF molddGledstinBihed RHEMIN@E d sblﬁhh@ﬁcé OI'heSielecsaﬁta

di oxi de, al um num oxi de, nitrides. Alternatively, il mmay be

formed of &OPuPsAERHIcdopkst errrre@ﬁss arghfi Gualisy einfererihyisinecte! svgpgh P%ﬂ %lftnﬁe lof the
pol yners, $uGh a8, THOEmERMmRSf Fi 1261@ &80 B ERNY fsi@ant Espfo%ﬂg 9

spin- on glass (SOG type nmateriad enborments the t
back- pllat e layeréf thn destclqaslt onghqingarior ﬁgfast ﬂlﬁb@iﬂxebackaﬂde AR, 12Tbe(nptalugteatedbr med

of the sam?\lfg&taﬁ hﬁa C?IN? ?ér B con I‘Hli% Zejstlcc;mtt H‘S EQ ko@m{: Lﬂh@%ﬁ%ﬁ'ﬁ&l a%ﬁi!)? Lis

patterned an orm at one op LAl n rou h at e
121 i. Thebtdhkiptaté.i | m back-plate 121 i may be further patterned 25 and

processed to al l.ow eI tr' connectj o and nt ts to t ay 111
and ot her partletgf‘lr é/?glém(% H?Cﬁgla%‘m&g‘ﬁtr g $3 emp fﬁmg%t":}/sfd?@aér

| ayer IOCaHetdcd)HIZMIBeThet &l@leENﬁweaz(M&)baﬁ:bE foR @xdrsle, b el hupdr air @ncb2id iteleghdhedr t he
rernforcrn structures 127d and 127e is sel ectivel renpved. The ap 124 is

f or med [he POVEHE g SpIE jcempenentsy of disnlay, deviss 940 Q5 ﬁs@h‘aﬁlﬁure tg?fﬁ‘ﬁl?%d 0via

t he openi ngk@sR At Vol ¥§pdstiit Qishlia} BRVARS KuchhfeRvikDhé andPorthhe nRliG Eﬁ?éts contacts
and reacts with 30 the exposed area of the sacrificial |ayer,

sacrificial |aydhe fapley dayicq 2049epdedes peioysing dhfde = sigalpy 20 rane%@éﬁﬁrm é043; a
remove a S@,%tefrlz@w'an AN Jte?tt:e @Ayaﬂaagﬂt§yme 29hd.i §R0 h(n%'u‘)g’ zmr}gg&ea]lgw

or titanium (Ti), xenoh l'our 1 de ( XeF may be introduced into
i nterior oformhé frvENBY d€viverety phmeudirturing paacessenss arp mell dpewi tﬁgthowquélﬂlltlhe

i figi I S dp th
thin £ m SR Fighe TORRER oo blE IR Mopids? S RERLSE, e U BT e 11
the field 8hadofroseny clonduetyamf nmmbsmblu«yn@butmhohmitedtbq;gisaplrgetarlugjtdss ayhpeeci at e
th i bed h d -21 det t t
produce.  naM SR pI%GE SOOI P POy B P S EPaEE AP s a2 7e.

I n the for egtibmynerehoehnBmntfay Heanietcbitgad bvythbhﬁﬁﬁn@fvaﬂﬁ potties of @iffbent thler,
rei nforcin struct es and the interiqr surface of the back-plate form
pocket s or E‘é‘%’é%‘i ferfat I pROERIEMGS OF M08lSess ar eas are defined by the walls

or surpac es of trhedkRhnPEGIrBYerSildry Alspla @ dei@r R0l n2D bt BRy Qﬁ&%rﬂélyaif Qisplalls, SO
enbodi ments, part or all of the pockets or recesses are filled with one or
nor e mcludmg a bi-stable display, as described herein. In other embodiments, the display 2030
includes a flat-panel display, such as plasma, EL, OLED, STN LCD, or TFT LCD as described
above, or a non-flat-panel display, such as a CRT or other tube device, as is well known to those
of skill in the art. However, for purposes of describing the present embodiment, the display 2030
30 includes an interferometric modulator display, as described herein.
The components of one embodiment of exemplary display device 2040 are schematically
illustrated in Figure 28B. The illustrated exemplary display device 2040 includes a housing 2041
and can include additional components at least partially enclosed therein. For example, in one
embodiment, the exemplary display device 2040 includes a network interface 2027 that includes

35  anantenna 2043 which is coupled to a transceiver 2047. The transceiver 2047 is connected to the

processor 2021, which is connected to conditioning hardware 2052, The conditioning hardware

22



desiccants that can absorb water nol ecul es contained within the display
devi ce. The desiccants contained in the pocket or recess areas further
reinforce the structural strength and stiffness of the back-plate. The
enbodi ments of Figures 12-15 may al so acconnndate a desiccant by formng a
10 | ayer of e des ant on the interi rface 129 t he _back-pl ate
121a, 121b P%fw ‘F&@{ﬁrga’ieéd‘j condpjon ey figha (Feﬂ ;}L ilter;a é@?&‘hl g c PIOE’BﬁngidH’Prﬁg a
desi ccant mBy2 hecdnaEdi@dicon s éaeerl TU48TdnQra Sibréphese 0f4d hehe Pakkspl 2028. is hlgur es
28A and 28B are system bl oc %grans |IIustrat|n% an_enbodi nent_ of

: a .
di splay déoreeedtum inpucleyics g4 anden siter sommlleradf2Be The Griverconfelier 2429 is
cel lul'ar orokpkith @ tlaflk SRIIQB28 arkbro mvu@aég Grivdr h@zﬁ YIRNGR ROREBES L adipRyaY
devi ce 2040 or slight variations thereof are also illustrative of various
types of diegpy HP0déviopessupniyR0a’ proeidessosicoienliznuppnsntsab reauieditiathppaieras. The
di spl ay de L : sing 2041, a display 2030, an antenna
2043, a séé g%9§g%g?&%ﬁg?%%€%£§%Vice 2048, and a m crophone 2046. The
housi ng 2041 is T@enetwaﬂd wterface 202d ifialwles &mantaﬁnaazaﬂarainétthc msmuﬂ@ft?taorthmg

rocesses as are se of ski 20 t he inclu
P et o B B RS it tich 2od R camﬂuawaaa“@. bk o e fitrer hF 905 ey be
rr:ade f rom a:nyrlméml?i)d\ma'nt ﬂieyrijeaf/orkr&ﬁtaﬁacalzsﬂ magz lalsdibage mrﬁf Ibt@&esﬁlhgfbipeﬁhﬁ@ to
p asti met. a ass er m¢c, Or co | natl n ther
P e el FuRYe By B aters PR SaB o 20 A B b At p B i @ﬂmﬁ)

that may bekillh HeGRaBOeshsHbtiRe ﬁidh@é’enﬁﬁgmgfﬁi%' eIn la@é édllglﬁlﬁné?lft tﬂé idi@me lﬁhnscﬁﬁdsor
or contalnlqg di fferent Iogos pi ctures, he dlsylay 203
i

exenpl ary ar&isFayesfd\eals 2000dinglp tlbeeméﬁ@éﬁlganﬂ&ﬂ étcyldmg IHEE P2 4a), (b), o

i ncluding ggbi %@@Eﬁexﬁ&&iﬂhé}ﬁt’ th@%nt@f%ﬁct"rdn%ﬁs bed flcBives! ﬁFQ&éH%E @JBP&% RERES

t he displ ay 2030 i ncludes a flat-panel display, such a | asma [, OLED,
STN LCD, oBLﬁﬁ‘fOE@B agnd@@sclmthfe@se abd gadlulap telephpem el menpfamdesm@ﬁpa;ceﬂ@uch
as a Cg Obrﬁ&$%sﬁu£ﬁp§%¥b&§r @%n 51 A’i@!hht 0008 t QorkelRS nc%te \91fth1§l§wnjelﬁésrl: fihe
art. Fbmever purposes 0 escrl I ng the present e di men élsplay
2030 30 i phéngcevoan Thet tearkenen@dd’i me-podesbest the sxgmmeagzyedafsorm&scamebwﬂt\‘ér ei n.
The conponen f one enbodl exe pl ay dev 4

schemat i cals? b t%flf Ill}s¥ Pl ved yﬁnag?rgleﬁglagp%%d Q)( ﬁluéjf ¥ Smaidgie%ng? g?rifc%‘fesrpl ay
devi ce 204004mﬂkwpt65esa:s hcgnslls mg:eﬂr@eﬂfronﬁﬂhd peRessomn2i2ude th?eddhetyl axyabe canRmorent s
at | east p rt| I sed therein. For exa , in one enbodinent, the
exenplary ?yH@G I@@%%V¥5§P@d3§ggmﬁgF€gb ‘interface 2027 that

i ncl udes 35 an JirNRMaB CASnbYAisdRL, it €ALRIRE2040 can bE APREE] Bied redéidef. InThe
transceiver 2047 is connected to the processor 2021, which is connected to

condi t i oni ARPUA RYGREREC Ao dimeR® neBRRF ITISREN d0Haraker tplages e image spuce,

confi gur ed ypQheandbleiop Qerféra&' gl de(tz?togoe sfeﬂtlté % pRocBds@NA2) . Fdh&ampIading | hﬁl{%b ng

hardware 2052 is connected to a speaker 5 and a m crophone 2046

processor 202% ¢ag bel %élglt@o‘ﬁ#@c@@d( Whtr ¢ hprdtdlsaeiﬂve éhap Gagaiag dmage dlatay eF a

controller 2029 is coupled to a frane buffer
&Qﬁa?e mddle ﬁ{gﬂ %éﬁérat%%r%agé’ ha\l/\ﬂ . P

2028 and to e array driver h inturn is coupled to a display
Processor 2021 generally controls the overall operation of the exemplary display device

2040. The processor 2021 receives data, such as compressed image data from the network

interface 2027 or an image source, and processes the data into raw image data or into a format

that is readily processed into raw image data. The processor 2021 then sends the processed data

to the driver controller 2029 or to frame buffer 2028 for storage. Raw data typically refers to the

30 information that identifies the image characteristics at each location within an image. TFor
example, such image characteristics can include color, saturation, and gray-scale level,

In one embodiment, the processor 2021 includes a microcontroller, CPU, or logic unit to

control operation of the exemplary display device 2040. Conditioning hardware 2052 generally

includes amplifiers and filters for transmitting signals to the speaker 2045, and for receiving

35  signals from the microphone 2046. Conditioning hardware 2052 may be discrete components
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5 array 2030. A power supply 2050 provides power to all conponents as
required by the particular exenplary display device 2040 design. The
network interface 2027 includes the antenna 2043 and the transceiver 2047 so
that the exenplary display device 2040 can communicate with one or nore
devi ces overithin the examitary displap devien{d8i oremty Yeheconmratat withintter fracesso? 3221 eray

al so have s ing capabilities to 10 relieve requirenents of the
processor fﬁgﬁggﬁﬁﬁggitenna 2043 is any antenna known to those of skill in
the art for tramidrivemgnanilerrd®2e itaken the yhvg rimbhge. ddta ganeeteeintiyo the pesviessot PE21

antenna transmis ,apd receives i gnal s.accor di t he | EEE 8Q2. 11

S andard. | CHR iery PG Bt e orozt (o onpd e ol 2fist A8 BRBUETEAY. ¢ e
ant ennast r amsdé dat ppcbptifelgi feligiRkpesd gRahtssdt ¢OtheiafRgy UAvdr 2022 BEIFOHihe
standard. In the tgg e of a cellular tel ephone, the antenna is desi gfned to
recei ve 15 déml&,o“ E‘/{ 2R efognaty fhs gaw Wﬂa@i‘ﬁﬂéldétatﬂ?é‘f haying 3 gaalgr-lgkg format,

comuni cat guiM thdtlithad a \WrleQr &S SuifBle! for RBAS d&ﬁ:tsy‘ﬁl'élﬁispfgg%rrﬁf BEKIC AR R Fhe AbI et
pre-processes the signals received fromthe antenna 2043 so that they nmay

be recei vedonipllgh@0Pusendrethe formaped ifersnatign tohthe ey dsizgr 20282 1Althphgh a driver
t ranscei ver i I I : 21 so
Lhat they o2 SAaPEAORES oSy Bofed SR AL B00RE 30N <32 P
ant ennd02048nd-21ond mtegratal CecruntadCy suchrrbutdillesntay behimplanzmden weny 2047 Tlem be
repl aced b%rﬁ:a reegrgti) M§a inl eyertc ss%?%??ras %laltdgvgxrc]aate;n gdd%nqg qf.lcrreznotcé sg]reidﬁ? ral§
interface ﬁ?b cEn He rep ack eby ani nmage sour Ce, i"CH cANCEYar €' %r
gener at e | gefypearelar diltyontbgratse it hatdwatdweitipthe aessdive22. For exanpl e, the inmage
source can be a_digital, video disc VD) . or a hard-dis¢ drive_,tha ant ai ns
Conge darn, or - AT b BRI 2RR i Re 5 BEmiil B oo S6M ke 8L oy
2021 gener gbitblle02620ng réfdAndY e dlideo ARAN igfol DparBlie] tteofe¥RBRIMAS thatlirs Pbged
devi ce . _2040. The processor 2021 receives data, such _as _conpressed | mge

h

data friém (RBY AiBteRdFk Seopi & thsduindgdsy anst somstimgs dhovesnds o lead aorﬁ%cf@gség t he

data into Hﬁ?{ay@a%gg;(@fﬂgel;_nto a format that is readily processed into
raw i mage data. The processor 2021 then sends the processed data to the

driver control | & omgepodiment therdaiver dontreller 2089 graycinver ¥R3gad dralgy gaen2030
typically rgf Qtel bORRr BBL 9P 4 helentdd h&sint ol TRGAGIe, |
characteristi glgsp%t ga?:ﬁ? fhgcati on%tﬁ?n Sglﬁhl mage. For nexacr’rpl e, SUC cfnfrage
char act er i stbedmemndiivec [coatenlico PGS, is satonventivo disphyl cgntaglles onkeifsiebleldisplag one
enbodi nent, th 0cess.o 021 incl s a_m.crocontroller. .CPU or l.ogic
ottt a8 S A R el BpgREDC SR AN Fhtoalrich, ey WAR:
Condi ti oni aghardeaventdafi2driyener albi-ytable Ablad @sivanielgl, faneingriamothefricl thatutatdror

transmtti ignals to the speaker 2045, for receiyi 35 si.gnal.s. from
the mecr opﬁgﬂ%ykgﬁé’.m %‘HB‘F’E“F‘Bn? Vh &P Freﬂggészmﬁe&{ﬂt%iew’&}? g@raé”?é%t?gﬂgék nts
- 23 Wi t hi n stficareetmttalndny istiofiihoRyin AeMiyCiBte QAR syMEmIRYh BE cdlNGO HPeHea tvafches, t hi n
the processor 2021 or other conponents. The driver controller 2029 takes
the raw i maffeotbesgegara i vy yetfaoprdedsdiens gin'ey array 2030 is a typical display

25 array or a bi-stable display array (e.g., a display including an array of interferometric

modulators).

The input device 2048 allows a user to control the operation of the exemplary display
device 2040. In one embodiment, input device 2048 includes a keypad, such as a QWERTY
keyboard or a telephone keypad, a button, a switch, a touch-sensitive screen, a pressure- or heat-

30  sensitive membrane. In one embodiment, the microphone 2046 is an input device for the
exemplary display device 2040. When the microphone 2046 is used to input data to the device,
voice commands may be provided by a user for controlling operations of the exemplary display
device 2040.

Power supply 2050 can include a variety of energy storage devices as are well known in

35  the art. For example, in one embodiment, power supply 2050 is a rechargeable battery, such as a

nickel-cadmium battery or a lithium ion battery. In another embodiment, power supply 2050 is a

24



either directly fromthe processor 2021 or fromthe frane buffer 2028 and
reformats the raw 5 inage data appropriately for high speed transm ssion to
the array driver 2022. Specifically, the driver controller 2029 refornmats
the raw i mage data into a data flow having a raster-like format, such that
it has a tirenevahlelerersisonmspl acaperitos @aanplagcel cinelyding A @lagiic glanyrelrang yoloost).
Then the diLyery, £ORE Qhldime? TRweeAdEnt 380 HOLMRbLELH «d RLALIBEQTdna WAR
array drivgﬁ 2022. Al't oug{na’ﬁgiveggﬁébntré fer%%%gé, sucﬂB%s a LC%
control | er outled. often associated with the system processor 2021 as a 10

st and- al one | nt ] 1T CUl ] Ler . i hpl. din
many ways. They%gﬁg%ﬁggg%%%g%%ggbﬁ%ﬂPﬁgggp%@gls%%dgb%Tﬁg%ﬂﬁg?ﬁ&gfggﬁg%%edded
in the processtcr @ cansbe ls@tddviaseverabplataslih theickcrgriativplay systear. dveone oasesh t he
array driver 2022. Typically, the array dri 022 ives the formatted
0 of mat 1 ORTPORCEREVP Do e Rt i 27 R PERR S e W e A o
into a par alat €le sb6te-@hcriva @bmhi¥etidn@ky B En@@idnteddin ahh niBYr 4l HiBEvaRLindfoecond

to the hundreds and sonetines thousands of |eads comng fromthe display's
x-y matri x STFVaET SErRenentiand i VAo eAEHELOShe driver control ler 2029, array
driver 2022, ang gi gplca¥nRikcar RA3RrsoR Sf ARMAI APhE ?Tagﬁrof:ﬁ’ite any iy hbgntwpes of
di spl ays described herein. For exanple, in one enbodi nment, driver =

cont r oltf er iyeuten; serg desarledt wdHa st ephiexing dha rfavorable gesults hof- Sugppeentensp| ay
20 controll ; . i I I nol e 1 s er
erbodi ment a7 S oe SR MR AFEAGEL R TR (ERE S bR ek LSRR

di spl ay dr idreted(te persqns afskilhinghé gnpoopeiateiads, mndindtat bmitingiuppi thy jnvedtipnone

enbodi ment, a driver controller 2029 is integrated with the array driver
2022. Such an enbodinment is common in highly integrated systens such as

cel lul ar phones, watches, and other small area displays. In yet another
enbodi npent, display array 2030 is a typical display 25 array or a bi-stable
displag?array (e.g., a display including an array of interferonetric
nodul at ors). The input device 2048 allows a user to control the operation of
t he exenplary display device 2040. In one enbodi nent, input device 2048

i ncl udes a keypad, such as a QNERTY Kkeyboard or a tel ephone keypad, a
button, a switch, a touch-sensitive screen, a pressure- or heat 30 sensitive
menbrane. I n one enbodi nent, the m crophone 2046 is an input device for the
exenpl ary display device 2040. When the m crophone 2046 is used to input
data to the device, voice conmmands may be provided by a user for
controlling operations of the exenplary display device 2040. Power supply
2050 can include a variety of energy storage devices as are well known in
35 the art. For exanple, in one enbodi ment, power supply 2050 is a
rechargeabl e battery, such as a nickel-cadmumbattery or a lithiumion
battery. In another enbodi nent, power supply 2050 is a -24 renewabl e energy
source, a capacitor, or a solar cell, including a plastic solar cell, and
sol ar - cel
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paint. In another enbodi ment, power supply 2050 is configured to receive
power froma wall outlet. In sonme inplenentations control programmability
resi des, as described above, in a driver 5 controller which can be | ocated
in several places in the electronic display system |In sone cases contro

programmability resides in the array driver 2022. Those of skill in the art
w | | recogq&ggTIggi%ﬂhﬁgIgpove-described optim zation nmay be inplenented in
any nunber 0 ardware and/ or software conponents and in various
configurations. It i sAntdedyongneers taogistigat persons of skill in the

appropriate arts may qggﬁ%%_the 10 invention here described while stil

achi eving the favoraBleé résults of this invention. Accordingly, the

f oregoi ng descri pti orniafay of rhierodizchesnsdchemibabdevizes fogmed dar thashbsttagahd ng

di sclosure directed to persons of skill in e.appropr.iate. artg, and.not as
i ting pon the. | nidRERBHE PLECORNET Tesriey AR BRI (BEHg B GCTR 3 FECGRVT oo
conprising: a skl &t Gitertdd saifdcd)of e vRcICpRR! f@&ﬁ%}ﬂﬁ&ﬁﬁﬁ@itﬁfﬂ gadl QNdréR ek Med

on the substrate; and a back-plate placed over the array and havi ng an
interior surfacdhefiFransuelkeeierine avaifqmahs sttshate nteri or surface of the
back-plate faci ng the ardiay Wibheabd@Ben! e GRELVGERce SNBie BBl atiliteace
facing away fromthe substrate, wherein a distance between the interior
surface of the Isalskatg| aries aeness thesubsgetbst rate vari es across the substrate. 2.
The el ectronic devic f I: - in,t 1 G{.oel LGal...devi ces
conprise interf 2? orreteTrth' ¢ le%%lﬁpg%%?e\é\é}egﬁﬁ#ﬁ’e\pgﬁrg%ﬁ }Eeoﬁllhcg& g\%ﬁ?g&gﬂb%%gl?n&l,
wher ei n t heomptieennterfersmetfiaceddatopr i ses a central area and a peri pheral

area, and wherei,n the.di stance,is ter i.n the central .area than in, the
peri pheral areas 4. THS CEFEANS SIS SHEUIT b e e o SHEFE FANPRE Belpl at e
i s gener al layeabdd@operipheayl dré)and hbeinr @y dishincelRegredt@ch hntahtrdiesmeL tadfin Heai m
1, wherein the distance is neasured froma point on the interior surface to
a cl osest [B&! m%?“%he substrate. 6. The electronic device of aim1l
wherein the intarior Therel@fbnit Yewitd st alirh al WheresMBRIHALY-plte ¥ 8&nerdily TdhRd

el ectronic device of Claim1l, wherein the distance changes substantially
abrupt |y a@wpeHem thsigayocation on the interior surface. 8. The electronic

device of d ai mSl’ \M’[%E %ie%éﬁf@d@ic%to@@ﬁ%nil,swﬁéilgﬁtﬂ?crﬁi.ét%{cle Ys ﬁgﬁm%@%m a point

on the interior surface to a closest point of the substrate.

6. The electronic device of Claim 1, wherein the interior surface is substantially
smoothly curved.

7. The electronic device of Claim 1, wherein the distance changes substantially
abruptly at least one location on the interior surface.

B. The electronic device of Claim 1, wherein the distance is substantially the same

in at least a portion of the interior surface.

9. The electronic device of Claim 1, wherein the back-plate has a substantially same
thickness throughout,
10. The electronic device of Claim 1, wherein the interior surface comprises a central

area and a peripheral area, and wherein the back-plate has a thickness that is generally greater in
the central area than in the peripheral area.

11. The electronic device of Claim 1, wherein the exterior surface of the back-plate
is substantially flat, and wherein a distance between the exterior surface and the substrate is
substantially the same across the substrate.

12. The electronic device of Claim 1, wherein a distance between the exterior surface

and the substrate substantially varies across the substrate.
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in at least a portion of the interior surface. 9. The el ectronic device of
Claiml, wherein the back-plate has a substantially sanme thickness

t hroughout. to. The el ectronic device of Claim1, wherein the interior
surface conprises a central area and a peripheral area, and wherein the
back-pl ate has d3t hi Reedestropiatderise gelbnim |1l yurther seraprising onehps @ treinforcingea
than in th j i i i } rein
the. exteri arianet annd il e ik pr (P BEPREREPKE ARy et B R B lBRL S 1
di st ance bet ween4t he Bwtedciromic demideaafeClaimdl 3 bersintys tarladagon sn theubstiamduifadel vy

t he sane acrh%sesatrgg osclilrl?Stsrac': e. isl%d Tg\ethgld%(t:trconsj C devidc§ of gﬂ n}mil, \ﬁ{?er ein
a di stance 'between t{ﬁe EXFEMTSIS SUPFRCES LHET Ao SRS B08 A 0%t 5N PSI ey
vari es acr qsisfotdiey subtertatte.substatel3. The el ectroni c device of Caiml,
further conprising o or nore .reinforcin tructures fornmed on at | east
one of the | nterPor SUFFESEONRAPTSFoiRRat P e DESSHCR HEES QUR. B BEo! 14,
The el ect r GRY igtefl6iVduffBceOhetd @) rinfotcinytRicRikdlis 8rmad.| ocation on the interior
surface where a reinforcing structure is forned, the distance is neasured

froma distal erf of ¥R&lecheninfeicohlaimlyphere thobackwlai aprisese protusionh o

el ectroni cegéxaiﬁ.fto%d%@éuwa%e 21WEmeR: Stk wibSbafice varies over an area of
the interior surtace where no reinforcing structure is fornmed. 16. The

el ectroni c devi dé of Theelasiranic dbiaeecotiClainel. Hather gpapwses o spalilecateddepreon thesi on
ext endi ng t I I - back-plate. 17. The

el ectronic S%ﬁ%éﬁﬁeﬁg_fo&n@?&? %P?%%ﬁ@%%ﬁp@?ggér S%chgal | ocat ed between the
substrate and tH8. i ntlkeiekrtraur dexce oA amy 1 ogies cafiprising: | nt eri or surface. 18.
The el ectronic device of d ai ngil furt hqr compr i s"grﬁ: a protgessgr that is in
electrical communicatti FROHPh T8 diSart af°BF ntEPBETLEPR o8N AR c AT eli ces,
sai d processor batmogeanictiggicalddvizes) sad piRedsorigtngtabAguraht @odeeiniaye dayi ce
in electrical co nication wth said processor. 19. The el ectronic device
of Caim1, further conprising a driver circuit configured to send at |east
one signal to said anfmdmd¥ ddVi&iPelkastd esmahankicalvitd oMl pRsessa0. The

el ectronic device of Claim 19, further conprising a controller configured to
send at |east alPortilhs elrirans devigeer Claat la fyrthes eamepriging pedrivey ¢lecyitconfigredThe
el ectroni ¢ (geyi 68l ofd stnt b Said hitkyf dTekicoQBRIchRLicAleldBge sour ce nodul e
configured to send said 1nage data to said processor. 22. The electronic
device of O ai m201, vitherckimondadayiderwdféainddr wghsrrdmbrsichaperitober configured to

send at least a portion of said image data to said driver circuit.

21. The electronic device of Claim 18, further comprising an image source module
configured to send said image data to said processor.
22. The electronic device of Claim 21, wherein said image source module comprises
at least one of a receiver, transceiver, and transmitter.
23. The electronic device of Claim 18, further comprising an input device configured
to receive input data and to communicate said input data to said processor.
24, A method of making an electronic device, comprising:
providing an intermediate device comprising a substrate and an array of
microelectromechanical devices formed on the substrate; and
forming a back-plate over the array of the intermediate device with a gap
between the back-plate and the array, the back-plate having an interior surface facing the
array, wherein a distance between the interior surface and the substrate varies across the
substrate.
25. The method of Claim 24, wherein forming the back-plate further comprises:

providing the back-plate having the interior surface;
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at |l east one of a receiver, transceiver, and transmtter. 23. The electronic
device of Claim 18, further conprising an input device configured to
receive input data and to communi cate said input data to said processor. 24.
A nmet hod of making an_ el ectronic device, conprising: providi n% an
i nternedi ate devi ce &baPpEihsihsek-plalseerthearey sud thay theriptggjorsprface taces the array;

m croel ectromechapi cal devices fornmed on the substrate; and formng a
back-pl ate over the array of the internediate device with a gap between the
back-pl ate and t he abinding thetachaleie-piahesubsivateajonas nenipkary of the backale. f aci ng

the array, whepgin I i r] :
substrate vari eg&acr g‘ggh?ﬁgﬁ"&f;% ﬁ?‘%ﬁ@&egﬁﬁé {#feOﬁgﬁgﬁggﬁg%\gﬁﬁ\cg%?d'Mer ein
form ng the bacRk?pl aflge fnethotief Ctaim26) shsein therioteriol sugfatdhis rixaesked pl agerehadlyi ng
the interiaor trsﬂrfatgeé f-27 pl aci ng the back-plate over the array such that
the interi §7 du¥fac& taces the array; and binding the back-plate with the
substrate al ong2a permhehgdthodobf Tembas; kwighdii @he bZdk-platb thatret Adetamiall samen 25,
wherein the interior surface is substantially curved. 27. The nethod of

dai m 25, WASPES PP nt erior surface is recessed in a generally central

area thereof. 289 ThehdiRkMedoOflafd 29, WhéRin SR mtéMQabﬁg&Fmia&esshas a

substantially sane thickness throughout. 29. The nethod of C aim 25,

wher ei n t he bacR0pl affee mgdod of &1y wheteiktbs siterp surfdse cABPIGE 2 Gpntal aictn 25,

wherein the, A‘L&{?ﬁa%l atkd, E@&%P&Qimﬁé %ﬁ-pﬁt&}%@%ﬁkh@ﬁs&?m_ i@@&e?all?gﬁafépﬁ{@lls

area, and erein the back-plate has a'thickness t i s“gene y greater
in the cemntral argarthan inftizrperipherdl@regeri pheral area. 31. The method of daim

25, wherein the,backs [ r i .32, .hod of
o ni e ner e K TBl ARl BT ES WA K EeRBlold Bfhorif& a T FIFHC
substantially fBat pahemethod vAChimgl, vdreinireviding hiecbaok-pkleaiompddes subjettieg n

providing th ck- te conpri.ses: providing a substantially flat panel
conpri si ngaf‘%%é@é{%?p%li%ﬁgﬁ’% different heat expansion rates; and

appl yi ng heat t @3t heTs¢iRsthadbf @hkiny3 I, Whtrepaneliding e b&dkyplfé éabpridgs: a curvature
in the panel. 34. The nethod_ of C aim 31, wherein providing the back-plate
conprises providing BrO¥HgSHbsantially flptpangleaprisiagbte Lysig WiEh hayg ditlerentach
| ayer having a heatxfxdidaiednnpate that is

applying heat to the substantially flat panel, thereby creating a curvature in the
panel.

34. The method of Claim 31, wherein providing the back-plate comprises providing a
substantially flat panel comprising two layers, each layer having a heat expansion rate that is
different from that of the other, wherein placing the back-plate comprises forming a layer of a
thermally curable material sandwiched between the substrate and the substantially flat panel
along a periphery thereof, and wherein binding the back-plate comprises applying heat sufficient
to cure the thermally curable material.

35. An electronic device produced by the method of Claim 24.

36. An electronic device, comprising:

transmitting means for transmitting light therethrough;

modulating means for modulating light transmitted through the transmitting
means; and

covering means for covering the modulating means, wherein the covering means
comprises an interior surface and an exterior surface, the interior surface facing the
transmitting means with a gap therebetween, the exterior surface facing away from the

transmitting means, and
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different fromthat of the other, wherein placing the back-plate conprises
formng a layer of a thermally curable material sandw ched between the
substrate and the substantially flat panel along a periphery thereof, and
wherei n binding the back-plate conprises applying heat sufficient to cure
the thermal |y curabl evheegiepidatancg Getwagn € defeniayshtacgenfithe corenulimedhs ppd thse

nmet hod of C aim .36, i i rising. transmtting
means for transntf”?‘?‘?“ﬁ%%f?égﬁ%%ﬁ%ﬁ%ﬁ?@&‘gﬁ%%‘%ﬁg@ng means for nodul ati ng
i ght transm tted.t hribeghectrbmc deacesofi Gleinntp, wieminsthe aagkngvme meags qvemrisesfaor
covering t[}g g?lge%l aéiS nage means, wherein the covering nmeans conprises an
interior sUrtface ahd ah exterior surface, the interior surface facing the
transm tting neass WTHe éegmpict Hodebel \ObaR, 34 e 3TXtvieredi thalmicdaRtidAaieng anay
fromthe transmtti na% neans, a ‘f' -28 wherein a di stance between the
interior sUPFREES P N @rQPEF\?éCr‘PWE‘ HEFH&Yand the transnitting neans varies
across the transywitting deaRfic &lice ldTeCRIeSE! INie TheUiHeriP itheCblefhg freans
wherein the transmtting neans conprises a transparent substrate. 38, The
el ect r oni ¢ gBYTEe 268 ved BckPBE- or 37, wherein the nodul ati ng neans conpri ses
an i nter fer omet rjo¢ MOdlefthni@adyibe-of &fkim SBEyRIAF I Qblind SkbCoRbrild BhIBr6,
37 or 38, wherein the covering neans conprises a curved back-plate. 40. The
el ect r oni ¢ mwgepdoroing GlredtyresBibiegtabed tlesirato.t he covering means conpri ses one or
more el nfor i ngStr YRk UnGRol N EALALERIRHC el me TR REERLLOME, JRYICE Of
Claim 36, wherein the covering neahs has a tecess foPhedeon the i nterior
sur f ace t hdvmef on 42 inféhie setfaetthicosnifc devi ce of C aim 36, wherein the covering
means has varyi 3. t I]Ilh%kerllgéﬁ?l'%r'lic device of Claim 36, wherein the covering means has varying

thickness.
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