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Lgucﬁ‘ devices have a w1 e range of appl?catlons and it would be beneficial in the art to

20 utilize and/or modify the characteristics of these types of devices so that their features can be
exploited in improving cxisting 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 systemn, 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.
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25  method comprises providing an intermediate device, providing a back-plate, placing the back-
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
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Figure 1. Figure 4 is an illustration of a set of row and colum voltages
that may b&¢i%ed to drive 30 an interferonetric nodul ator display. Figures
5A and 5B illustrate one exenplary timng diagramfor row and col um

signals that may be used to wite a frane of display data to the 3x3

interfé@donmetric nodul at or di spﬁaﬂmggﬁﬁéﬁmn@re 6A is a cross
section of the %‘FY&eC"i o & %%m% g ero ”E;?é{ % hdriof & 985 aBGhLRR QF AN

al ternative enbodi ment ‘of an I'n
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 is 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 1s 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. -3 Figure 6Cis a cross section of another alternative
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devi ce. ThélseitednifigyreRt ai | ed description is directed to certain specific
enbodi nent s of ﬁ:@?lres 28A and 28B are system block diagrams illustrating an embodiment of a visual

20  display device comprising a plurality of interferometric modulators.

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 designated with like

numerals throughout. As will be apparent from the following description, the invention may be
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cavity with at least one variable dimension. In one embodiment, one of the reflective 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
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25  interferometric modulators in a display application. Figure 2 is a system block diagram
illustrating one embodiment of an electronic device that may incorporate aspects of the invention.
In the exemplary embodiment, the electronic device includes a processor 21 which may be any
general purpose single- or multi-chip microprocessor such as an ARM, Pentium®, Pentium 1%,
Pentium II®, Pentium IV®, 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 inctudes a row driver circuit 24 and a
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general purpose single- or nmulti-chip mcroprocessor such as an ARM
Pentium PentiumlIl(r), PentiumlIll(r), PentiumN(r), Pentiun(r) Pro, an
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t he 20 i nt 8reflosioresis mindowowith atrmst nqpewdrealissipatiarh eEssottially ed correntdlopg detd the
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then applied to the row 1 electrode, actuating the pixels corresponding to the asserted column

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.
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states. In 2 Bl BA i : 3,3)
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then actuate pixel (2,2) and
5  row 3 pixels as shown in Figure SA. After writing the frame, the row potentials are zero, and the
column potentials can remain at either +5 or -5 volts, and the display is then stable in the
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



rel ease pixels (2,1) and (2,3). Again, no other pixels of the array are
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and colum 1 to +5 volts. The row 3 strobe sets the 25 row 3 pi xel s as
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members 14 (Figures 6A and 6B) and 34 (Figure 6C) of the MEMS elements 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

mmplemented.

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

9.
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back- pl at e ;121 4: %ﬁls%ﬁ%émﬁ?%ﬁ% n{sed for packages that have 15 either
; n
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interior Offor}nt]%e %g‘s(lzci%zaﬁgtemayl ari'tez%?a‘t(fvi% ygbei\a%n %g‘%ée? Yorm. These powders may be inserted directly
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).

-10-



a non-hernetic seal, a desiccant nmay be used to control noisture noving
into the package from the environnent. Generally, any substance that can
trap noisture while not interfering with the optical properties of the
interferonetric nodulator array may be used as the desiccant. Suitable 20
desi ccant mat er | Blepackaging gencedsumhayde acqvatplibiiediint €chctuan, presstire betsieemolagourh ap

si eves, surface .adsorbent.s bul k adsor bent.s, and chem cal reactants. .The
st comnt  rRIBIE FRUPY AP, DEHsaLetes MFSTIRE: A5 1 R egne
bei ng i n salrbddss fray Msot hrcaddemphdadiin AR )Endkdnelehabf Valed HA doarpPRdREh bondw
These powders may be inserted directly into the package or they may be
mi xed wit h REFFSHEHEaRsRe fe3hngpiprest at hephmay e adianiager ionscagng sy Mﬁagﬁﬂ%dﬂ%

the desisccapt, cﬁﬁa}gle_@?‘y 9T AR Eorinfh bl £ i L8R AbcSRAP e§imilﬁﬂ§i h}&é‘?aicie&%éiﬁg”'gﬁ{r&rﬁén_t

sheets, before being applied inside the package. The 'skil artisan wll
under st and maydte of b inde gpoat ambicoheendisionp Farlaging at atnlfiénd cenditiong pHowd for a tonust

nmbodi t, ' [ ' .as. . h :
another  ereareeat il foRnRaR -GBS el R MEVBSOHE Bhvifeifay bF
spray or a toingpoctedthroudh amhbientswhditioatve thbOtlaffeetynghibe epesation of thadspa: ent or

transparent substance capabl e gf havi.n hin film NS devi ces buil,t upon

1 oen tr ans par BT b0 SHEEDe eVt PR FHiE Rt i e dpslegt

plastiqp aneuéti@RadaiueBéntidP MR SonmERLinMEM e MERY dblide MBYrdGRFRHMtRERANIE ane

nodul at ors or nodul ators of the separable \tv%pe%The skilled artisan wil|l
e"'ieh

appr eci at e '@ Fasire the thgarironsment emping cagsiang Auipidity ygithin the apkascrrEeeses al |

such as gl a98vel BBLAL whibRbhrfacP @nYiBk fromRhARbistre beSoin&s it than BE rSEMLARIHST OF
materials (e.g., 'silicon). -10 The packagi nhg process nmay be acconplished in

a vacuum f eswiride Plemom énot sherao iu e ipserferometrie miodelptod il ghambiadletelqmeat may e,
or pressur anhi JP rOCes! F[i:az%f o
be acconpl :%ggﬁé% h‘ﬁ]méaﬂ%@nw rotﬁ%enﬁlhg?es'\b&grﬁ}eeﬁggdﬁ%qg%z?g rtggll%vg t%i Iglﬁﬁtgr o ¢
pressurlé dupitnghet fame polrrityngs the owesise clEhentevimnythd elemevantrag@éso tantmacktaghang
t he MENMB arr;@h/gi 111 5 in a conpletely dry environnent, but it is not
necessary. ‘S "AFfY, the packaging environment may be of an inert gas at

ambi ent condi t i QBSnotddablagh Agsicdantaidi Wised W@hirdlansistatel reddent Githia thOMEMS
cost process and nore potential for versatility in equipnent. choice because

the devi ce dfge 180 t Hawesor the diaeh rigl gh e el cli drdupssh &7 wHTlBtsd With &g i ng

the oper at i;apie@nthifif HaVHerReticCRAEH Frdviént hdisth A8 kb ABhE foth ME RinBsgRrd At
perneati on of water vapor into the package 10 structure and thus control

t he envfr odeenterionndithtMEMS dopivs1@fvi ce 100 and hermetical ly seal it to
ensure that thegpviy @@'}Edn{cﬁﬁ?w?mﬁﬁ?%@@é dinfdR60nd l&:@'gﬂ'rénlxgﬂiﬁe WelBhdd he

package exceeds a level beyon ch surtace tension fromthe noisture
becones hi gheaget tharnvitmmests wohiat tho MEMB clevico fl 0& bamvsththereels dese rrea( togtlacg rown)

.0, | SCGETRIAA ekt M RS ATHTRL 5, 05r D3
noi st ur e clitgr PEMS device 100 to be thinner, 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
mterferometric 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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15 up to the sane polarity as the novabl e el enent when the el enent cones
into contact with the coated surface. As noted above, a desiccant nay be
used to control noisture resident within the MEMS device 100. However, the
need for a desiccant can be reduced or elimnated with the inplenentation
of a her net illusteeal in Fegupr Bvetit alteiagively.ahd bagkaptateal2d | withgthe tip prattusiomd 2osphispe

nto 20 the Latert ool L e MEMBdeyl ee, 400, Jns,cant boyed. Loduel Lon.i 0
di spl ay devi c8 AT NSt oS TEST I 6t's avai T ablP& Fret hods * €8 nmanage thE
envi r onment canieidfour) tHebedy Krivim gty prousiéiDl 2 atoay 3t cddeer Oné SanlabdInalké @dretthaninace

a desiccant within_the evice 100, The elimi.natjon of .the need far a
desi ccant al*8G® 4} gt bi"%%ﬁ?&f@- dﬁm & %ﬁ?%o}d@g%ﬁ Fibo”, PR pigctures in
desirablse i{fe SR POGIBEENS-34) aE W1 B3 |didbusséd P iPAGKBIBECABEBE B Réhforcing
desiccants, the lifetine expectation of the packaged device may depend on

the |ifetindrugiuresan beformedbx leaying fhetorginglemateiad of thedbaglrplate 124 A phagsin spre
[ nterferorrelreéiioﬁsa ﬂMHﬁiﬁ%ﬁ"ﬁ‘qml&%%y fail as sufficient noisture enters
a

t he package Structure a mages the interferonetric nodul ator array.
Figure 9 ill ust ritegezmbichtbat therbadtipiaet2bfs geeniblegi tngha M devaceMERNBvithethe ce

100, in 30 i t he hack-nl.ate h rotrysion 125 such as |
ong T s cainaf Beiidts RERERS Uy 8T ol SaRLINE 19) Ropee it Rintichs,
Myt ol ep sty o gt el e p e ey
S S - . R
MEMS arr ay thﬁﬁﬁwﬁwf ﬁig’ﬁepﬁ te%ﬂé%wsee@\éﬁw tkﬂﬂfi&&@ﬁ@gesl Of Aﬁﬁ‘ius%tﬁil i"n%glaﬁ
bondi ng mat gy i@l bal;ﬁ-%late-rm?l will bbssty atcBh Ratkeha@t 6n 12y Whwillg tidid 1P gap 124
e

protrusion 125 can [k roduced by nmolding or formng.” 35 Alternatively, a
structure fWfierhigueting the MEMDuraysildar witk ogly slight toxeking hElepst he extempldersnimy| | y

flat panel, Hot.She ' i i ion
of "t he' back b areS 151 o dy MR ke 218G ontk BRECRY FRTpLPfhal IEuERCTH] B
t he baclk- plMEMS12thy Wil t.h Thdarder phepgaptl2dishobettep Brogeatiorafos dhe MEMSoarrayd 1y The
maki ng a recgess .,on rface of | at ,.panel... wherein tral. area of the
cur fage i s var BB R HRES liro el WPk RIRE by PR o B SENG Bl B g oo
One can al snaterik €2h0xleo, tileedizeariehe gapd 24 sanibe colwollel &y abjastagphathzkdd’d of thélis

has the effect of Ki i bs _or. reinforci structures in 5 the back-plate
(Fi gur es 16’1‘2“2')5“’%%?4?‘%6% ‘gﬁpg’c‘iﬁ}%ﬁe‘ﬁoY% eé‘?’m%ﬂrﬁgisai | . Here, the ribs or
reinforcing straefousiesheCap 122 frofetie dhdd WMHMSGEIE 1O® 2O Hisghsta, iTRIRE aByayof

the back-plate 121 in place in sonme regions, and form ng recesses
el sewheéfe. detirable igrhevepdpee sph fecaprseriighe kesplibiag ancrease insthy Syeralh tugkness ofifle

MEMS devi caiidg dalitd 100 &urtB@Pin MEMREEPHRS Qe difs hMENS, ﬁ?%@@fsp%]arépfﬂ)r&lﬂga gap
back-plate 121. However, no-ga[) constructions 10 (not illustrated) are
al so possi D24 betFaen HaplEMS agan! Praod ithecbagloplateg2d map mpbeffeapealnprotediheMiEMS of

the MEMS a&&r?%1%1%%r§)e§eiﬁ‘§'d%g§&.nﬁ‘éfe&% ECriBRRY ) Gl Qb FeLRE T BleBhS il 20

illustrate
particularly in a display having a large display area, is remote from the sealing/bonding material

25 123 that maintains the distance between the substrate 101 and the 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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10, the back-plate 121 will absorb such a force exerted on it by bow ng
within the gap 124 w thout touching the MEMS array 1 I 1 or with only
slight touching. Thus, the external force may not be transferred to the
MEMS array 111 or only a fraction of the force may be transferred to the 15

MENS array chifigurdih® wiBlligi@dasé the s@ffiesd 8fkhe bite-phed 16, THiOnehieaRtifitdss tebts MEMS
array 111. The size of the gap 124 can be_contral] ed by adjusting
t hi ckness drrefieg Attleghon feea §’é184 1%@1“&“"5&%@%@1ater13§151§fqaé¥hlcf2§s Al so, the size

of the gap 124 Cﬁﬁh@énﬁd&ﬂﬁén@hiu@t@at&%n%li RS deBfh JritClopass naf btz\?f% afet ﬂan

protrusion 125 and/ or the depth of the above-described recess: t hough t he
gap 124 prdhe@tfﬁletMEMﬁEimcqel sgaed OCFigye ditkreughoeidthe Bap 124. ridie termathy sleptR 0f

d bl.e t

overarl St i AR 24t BR06 JRRAEONaG.G nb N, LR bt Y YERESERE |1 bdGne

havi ng a | antgeordiusfabeayf e dack-plowe ni2hg Eulga:p théLBéIwé:dectmemsnmbtmnl\El\tBe hﬂdka}jfaté.ll
d the b | at ff ect the

Doi g damadodt ek Pe e les® Rrgting D56 lfie L2 BR bt ah ToBmaloppe Wik e 'O

back- pl at e 12@4dr, gap @epthiagd kirihdtedsed @1fﬂie§sﬂif@h(e havbRe @15 aARIMENS phay1 18l ehis | S

renmote fromthe sealing/bondi ngg material 25 123 that maintains the distance
bet ween t heMYABEERGHS éesawce&ﬁaie hReiphegatasied el dapgedipcioradl dprgpseexeniad 9atths ns

the sizg of,,l1082838 1@ irl Re LRE oPAE 30K EPRRLIGERAS QN8 ﬁrhEs BYESed
8-10, there 1s no structural support to maintain the size of thé gap 124

in the centcpaﬂiguaartea pro@dest onchmedna dlr plesending 2l beciiptpty éromlyhrectﬂh weontading ghal
forces exer 6,

transt orr od EASRaT VLS PR bR FhenS ol Bl P8 MRER R M Bodor gty
seal i ng/ bordntag. material 30 123. Figure 12 |IIustrates anot her enbodi nent
of the MEMS device 100 .havin curved b il trated
orbod: mont -t he NOTFORE B AR e i Pk Rt i 4y ot 2303 Bove

out away trgeeraeff 10 cdiita$ ared Ban Glthy @theP @S- TRt WcH B, Qﬁ[déklﬂdd%b‘y evwlﬂeadage for
covering the VEVS arr%{ 111. As will be discussed in nore detail below, the

curved 35 Ry ARSI fQ0PS PPEEG Rt depentl gn %wowﬂ%waiéemtbﬁeomi

array 111 andsthe tQC"ﬂ%kIVI@w ﬁ-rayllall @hangaxrcés' &8li@f dn¥o iR ot 2e8N1F0al THAE 8% b
(Figure 11) of the back-plate ) ther, the curved -12 configuration

wi | I i ncr ed@8 ehet EMS: 4rtapyridd §0@¢8pomgotadke fﬂnatﬂearqazlj?& of th backmeééledvould be
stiffness Iy g?éf é).trgte t&i fr rb%ﬂlgccﬁglagﬁ%fﬂy rtc!rr?al férge[s & ﬁ)gésyLFP Eﬁg tl{eeéagé t;é e 3 @

flat plate ess enbodi me rated 1 n Figure

12, théOde;bad:kpjﬁteﬂhbexg‘eqmlnﬁé}ﬁoﬁﬁguxbé greater than that of the MEMS device

|IIustrated in Fjigure t hr oughout t ap.,l124. .The term_.t he pth.of . 5

the gap 124, rerbPduEs PG tRs fewed Srbate (11a f S o Paietor e h i

array 111 amchetiingtrafiel embodimsal! fhaGackoflate N1 Gkwid aile albdg H. edgein 83) e mayt e

bowed- out constr%tl on of the_ back-plate. 121la mag be deflected. | ess when
it

the back- pP&p&0Yed along the pdEe di%e g the srbodipent wdererths back-nlgte A2 ks boyed gaie gap

il ﬁ)t h atnﬂ bB& df BferR8&ed3 2hd 119)@RTad ofthecPRRlte PAd fie Lddes 333 b1 VEMS R1EAY
in 1S
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 12la. 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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enbodi ment is | ess susceptible to being contacted and danaged by external
forces exerted on the 10 back-plate 121a than in the case of the flat
back- pl ate enbodi nent of Figure 8. Thus, the curved configuration provides
one neans for preventing the back-plate fromdirectly contacting the MENMS
array 111 and al Be proditddeplatenBdasardf be madelot b vgridy ofrinmiemialsi ritpr tekample, the

i kel i hood of suc cont act.. reover,, i t he curved const tion.of th
bl pl oo TR R € BT | MAIEOEhect ok Mot G BRI Mkl el peihf
area than idlloys)elag pelymers.axidedbf nbrllb e kenfit @idactorAGateriall, Bgrhiics, e rPreforadly,

| arge disp]ay, an external force applied onto the cepntral area 126 woul d
not necess&_?%@tﬂaﬁsw@w% PRyROSE paies LT EEHRD NEVSITHF ¥ S aihepnor

forces applhedibortdio181NGoatNBEh AL 288ME3Gay TIUS, falrRBtedr gaam,? s bhQcVEMRtRET ay
111 correspondi ng to the central area 126 of the back-plate 121a woul d be

better protiededsdKOVAR bellosg vaisheiged 190 allvesomainisnNeasd o py peripad allpwane i n
the case of,dheflat 20 back-plate 121 enbodi ment of Figure S. A
perspective view of the curved back-plate 12 la is showing in Figure 13A

Al t hough, in tHéei ¢tdruslt bakepdate niddai caerite, ptodecebalmk apVatety P Teetheis.bolsedneonl y
al ong the edge,.133, it may, be |.so. ho | ong the edge 135. In_ the

rbod mont RREHEThEsERPl e uBuS ey SRE sRelRoRbRE: & 3w or st ihas 12
and 1350 t heoduadiht caived bhuek-plafe/ et i Thadubstgntialle flerdges mhd e aiitdect Bbshe@ forking he
25 sane. Theg, he back- pg{%%e 121a,_woul ﬁtiessenti ally conmprise a fragment of

{ ) ]
a spheri calof §Ramme: Ip gnother sinhedimenilysrated in Figyres f3yad I6F ﬁﬁ@S@&?%ﬁ@?@aﬂﬂ ong

the edges 138 nansh, ktexiame A odhfetL18Mhd 159 BMwRAL TSR T terial s SIRQMITBAES, Of
the invention, the back-plate 121 a is curved such that the radius of the

curvature (IR tviejnatsaals oh8redne layersVidr ywn vt hava differany freond refponshs farmpleat e
121a. In a 0 i - r - i a
flat sectigﬁ%QTtgméégggggg#gﬁﬁgn%%Psggﬁrgﬁggygﬁgép#g%ggégk%Fgﬁg?P§%¥§%§ht
50 nm tlo alswyed &@GiQuiatign dugdd Herdififarent drerred remponsss ef thomsteaals in thPtayéred Abingd,

t he radi us he curvature i ect from about 100 to _about 700 nmm
e "ont et hiRofitnRbnhRal e 3k SHL36 ) TR Hord By MR 2000 70T
al though not |i m t@fe einbetigéns, Bmehe fiaibayk-phitel A hinglneSgodwed irothe abetibly0. 4
mmto about 1.5 of ordinary skill in 35 the art_ _wl be e to

adj ust appmﬁﬁszﬁ{@mﬁ}%@%@%s{% _@KPW PR IRTE A BRI ed fhy p&ﬂﬁf@%ﬁﬁ@% in
consi der at igpmAfy duh®lechaast F@thShdriatcdbealing 1 7B4r€ Edrtlgirell Q i11Satddin Fiires 8

back-plate 121a. -13 The curved back-plate 121a can be nade of a variety of

mat eri a0 s. oFdr Tk iplimermepiate cppfigirationof thedeviprel We egrwmblyizawst afhasdeat eel
al Loys, in¢d yehifigioShRlinbargiakl #6huctld Q¥Sie %al#g ol FfihatcAll B $ar fnSBi6

pol yners, oxides of netallic or sem conductor terrals, ceramcs, etc.

Pr ef er abl y prodt¢pe arcatved tenfiguratien dueds ¢he diffoentttheowel responses ofitht beyenyel B7 endodsi on

coeti ¢ eILE DaTBIENES a8, S, QHARL P Rinean il 6D L0V
being cured, and the curvature remains even after the structure is cooled to room temperature
25  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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i nclude KOVAR(r) alloy, which is an iron alloy containing Ni and Co as
principal alloying elenents. The curved back-plate 121la can be produced by
a variety of nmethods. In one enbodinent, for exanple, a substantially flat
sheet is subject to warping or stress so as to 10 produce the curved

back- pl at e cuZifgtheFhading masdriahindeirmyy fotegtatiag dﬂtsub’ﬂﬂyteti@lssﬁhiji@ahattrﬁnl shieatd the

formng or draw ng. | not her..e di nent lustrated in Figures 13 and
150 o sobsthatd fir A aR RS " R eviFo s BB Rom SiPT ayE Dus

and 139 of thwaifthidnbeieihe thanal &xdassidrSca i€ RS raR et the bI&l@plhﬁAQﬂmiaaa) al s
of the two Iayers 137 and 139 have different thermal responses, for

exanpl e,  diFiRg e fhaR dp subsiaiendil o Aings theiskhshrad el ?Qﬁ‘tté"sﬂat,m’ﬂﬁl% fignlnseeratss. t he
flat panel tﬂr@&eﬂéros@}lﬁlt@a%e% the S@A&M@@opwnf drERE alekOR tgéjﬁat:]pgnél henici Mlﬁraﬁgetthe

t hermal responhses of e materials in the layers 1 . I'n anot her
enbodi ment ﬂaﬁh@efﬂoaipfOpamaﬂheb@\ﬁedmyﬁgur@tiqndlesmmenﬂwm 2w0 Iayer s. In sone

enbodi nents, forym duced the.

process of t he I\}E %r;ev cgﬁﬁ%ﬁérﬁ a%l rr?%deme nt %1%55513131?? es&éi%%%%ﬁlat
panel 136 andllwtratethéer Fgpuley8 oup il \ehwdat}rermﬂingflas 1§ hmghﬂmﬁ'ﬂﬂe ﬁﬁﬁhﬂlrmgmdlzB
are configured as_ ill rated in Fjgyres 8 20 o IS rrredlate
cont | gur at OBt BETIRHD Q41 ek A PSP Rl SR D v
appl i edot 0 fikes ih it SHaFREY, AV1CH O MGdct @ a%&@@ultehmreh%aaadhb%p weaialslae of the
material, the flat (g:gnel 136 produces a curved configuration due to the

di fferent tipemipdiate dsyisenSwse B Q\Fréghltaw@b@ maseriah ppstpiaplly sy the osrings ¢irfbe
13C). In thegicP &&C&&%uregﬁéﬁ‘é WVRUAE Gitl ﬁot@ﬁtﬁﬁhﬁﬁlyaatffe&*}g elihdi% thdevikeal

123 i s bei ng cure e curvature renal ns éven a e structure 1Is
cooled to rwpwm%munﬁldeZE@mceelatm tcbthc, hls;dleaﬁtxlé catgstlarﬂjtt puishfigures 001

are firmy 9&%%@ aBreglbr‘x’r‘éthuJaPoe ffﬂ[r?dthéeﬁv 1 ourdle Qlall Ll %"E.\?l 'c”?éat Riih tﬁ‘e

back-pl ate for red G a bowed con |gura
subst anti alabp'hcfahat ofaamighmattohasreay Siking Itie dulmmn‘abfmmacﬂsplm mefof bxﬁnrmryt as

opposed to | at .panel .136 havi ng two or re layers with diff nt
Rt ekl bl Rl ARG rat Sorra e Tt BV HBF Fanr o Re e Gt T ot
of the back pl atFegui@t By irdl 1smwsdaae gliofHee eAP3dithé@BF thbABacRplatd £2180n Stddsdabad €
101. Preferably, the thernal lganm on coefficient of the back-plate

materi al i SVidyiRg ngention.nkthis gmpogimentyihe bagkglate } 2 bhay varnae thigkhess glong s sdsement
descri bed varrﬁy%&cyop&t@@ztb%ﬁ{ vﬁ%gttﬁcm%&fﬁrbﬁa%s%'e%ah@fo& ste@ag ebl¥Ms

process is as illustrated in Figure 8 or 9 ‘except that the sealing 123 of
a ther 2l | yrext Hb|Tée thickaressas grheter in e niddla arse thed bytbisidedof the thisld]ecreea) adonigélzet ed

to a tenpergf 8. 1 hlsgﬂ}slré’tfcfgdqﬁ Qx‘[? tﬁe“@}fﬁgr PE Z%tttﬂt?ac%%thte 'REE%Q%{%@MY

curabl e materi a eri a 121a
and the sulisformtdid® Subbsengaipafidt confifostionf whikd the ppabinggextaviot herfacs elaD iofighe

reter 2 b 15T STRSE AL 5 o p el oL P! Sl A, SHELDY com on
i ntegratingnd RE tsdibgder 833€ arkl then SERIuINg dBRERES Bhwald theabiflert BRI of kit edganss. for
the back-plate 121a. The integrated device is cooled to roomtenperature.
Due t o025  Preferably, the thickness of the back-plate 121b ranges from about 0.1 mm to about'5 mm, and
more preferably from about 0.4 mm to about 1.5 mm. The two ends of the back-plate 121b along
the edge (the 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 substantially flat
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the difference in the thermal expansion coefficient, the material of the
back-plate (flat panel) shrinks Iess than the substrate 101. Since the
substrate 101 and the flat panel is firmy integrated, 5 the greater
shrinkage in the substrate 101 will create stress in the flat panel, which
wi || cause jahe sucfH atthqocmaehovtrmlnd@gm Bnistmachined fopreddeahedongticaibn shivwasn Sipown | N
Figure 12. ]n anot her enpodi nen an inter iate ev' .in the
assenbl y pr]g1 s rsmcaélﬂ bﬂ?‘é‘?ﬁhm%{’ér@? I%ﬁfé(fﬂlﬁ‘f ééﬁ% ??Elgg'tfﬁ %i? & progucghP¥h
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The back- plhadiepldid Hirie@falonk Giére@ge 13 oansathlaﬁme%dgmd% &fd \sarious materials. The
materials for 35 neki n t he back-plate 121a of Fi gure 12 can be used for

the badR-pl ate Ipipme em Rodiagnts, BTed%aék'Plﬁtflllg”%%Fl%ed GRRYHSYE BYF FARPTH fRsesses
met hods. | 3,018 o8 TRAMAB M urfab O12L%BMIuSrard) S YRS HLAALHAL With drRtor 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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-15 panel such as the one shown in Figure 8 is machined to provide the
construction shown in Figures 14 and 15. In another enbodi nent, the
back-plate 121b of Figures 14 and 15 is produced by nolding. One of
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means for reducing or mnimzing hood of such contact. For
exanpl e, t hsaighalag tmmmse@@ge%omlemyk -petef gl oreRebavinehte BigwerldC, mubipleof
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R e I R O
127a and 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



function as reinforcing structures or ribs, which increase the stiffness of
the back-plate, as wll be 35 discussed further with reference to Figures
16-26. The one or nore recesses may be forned by renoving sone nmaterial of
t he back-plate 121b that does not have a recess. -16 Figures 16-26
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parallel to the edges 133 and 135 of the back-plate 127c respectively.
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In another embodiment, 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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t he 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. Sim | ar
variations may be applicable to other enbodinents of the reinforcing
structures that have been described and will be described below In the
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t han concentric circles, including network Sntgymes es F | ustrated).

The connectréipfyraing Jomgtuzes Ag7asanduey ‘mh@@ thipknes lbfélbﬁel!@t@éiy tﬂt? spme throwgbowtudt i on
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121f illustrate ure protrusions or space 1
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smal | f ocugedestRabaok-plakel 2V Momadohaytinkliie MEMEuArfalyplle TI‘B@Edck@:[hSe B1d can also
t herefore reduc thelnggt of suchforc;;s to the MEMS ?/ 111. In the
i 11 ust r at ed®EnbBRPFRENEION 36° ef sgmop igire s Agw oLlish &urms o 3 o THNE FiTprdEes

general |y nﬁgtuears&d/mt fisaiafifidtiot beihs Walidnifte Qb1H. NRlso! Bk HEAFGIRY 0B §abled WEES
127a and 127 tqlg}sl:protrum ons or spacers 131 may be distributed with
PIE

di ffer@ht dang iges 22pefl 23 ety ke added toThis cpRBUPHPS; ons or spacers 131 nay
have the same OFI‘hegéxﬁifoF‘c'irf'gnstt?@t‘ELeQQBc%zﬁ B ﬁ*th@ﬁa@fzhﬁ?é PNe, OaSPAEehSs, ]@1#/

be fornmed on all or parts rei OI‘CI ng structures 127a, 127b’an
127c in t her baldkma et fegneiXicanligtanediits strucpura)for tisitersplote. IQBncspaTmcehmenLiQr may

be forned an tlfe ¢ emfr' 0 surf aces 129 of tthlatg wlql at es 21a 12

anot her ent564i e BRTBeY nisdirg senigieeg hRiE 38T W8T 6 ”F%%’é“t‘“egd
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when e)iger r}])ﬁlllte {201201)(30 uces t?xg bacﬁ(-plate 121c, 121d, 121e, 121f or 121g. In the curved back-plate
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 121¢c, 1214, 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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to the back-plate. In this enbodinent, the external force is transferred
substantially only to the predeterm ned portions of the MEMS array.
Preferably, the predeterm ned portions are the 30 portions of the MEMS
array that are not likely affecting the operation of the MEMS device even
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127d and 127e may be in various shapes. Although not illustrated, the protrusions 131 illustrated
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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 52701,
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 is capable of being released later. In an embodiment, the sacrificial layer is formed of a

-20-



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, 12le,
121f, 1219 materidl 2ibh ad 0 palpmedyositlonghiks, of oxide Xalgdkelledarddannkll bpre@adihactiet o

renove sone erial in so 30.reqi ons ile | eaying the erial .
e O A b o e v bt el e i e
structures bald e sefRRBl ©-sepdtats el thindIRL hek-pRALRA] fRNthe MIENIS @%a8y7P1 1€, Intdae
back-plate wth the reinforcing structures and/or spacers is produg d by

. . . . . . . e
nol di ng or oyt teracificial deydr iadeposiiRi 19 a thickness i the repge|of appt 890 do 10
appr opr isat yal i h ack- plate, reinforcing
struct ursesqﬁnﬁg}'@?’g?ﬁgceraé&qﬁﬁégn%?ﬁ%gg%@w%rt%éﬁlg?ng reinforcing structures
and 35 spacers Rraseetiog trssicp $2708,Hie swertifoal dayef is prttaiued ang s¢lbaiveiyptobediwayse on
125, and vigce versa. .-19.The materjal.s, for.use in the foregoing.rei.nforcing
structures f(é’:lrrné JEFEFS é&"irﬁﬁ‘i’@ %sdrllgyRféc?%lﬁho%?pggst,“}?éc}uﬁ?ﬁ cae rﬁgﬁsiﬁsg{m%%g i 1(’*}etée of
metal | i ¢ orsagefiviat (yetiart QEedmta@icalvs to Mk the FeigfbR G &Fuctinel 137d and 127e therein.
phot o- pat t er, nabl eiegroalé%/rrers ilrgg_lley rs containing desiccants, etc. The

r ei nf or ci ngtEtIFEFRE fored B Bf SPIRS WHHRenhQ ehepts)the BINPIRESSHERLISE at e

121, 12%a on7d 2401200 Weghid bep rovgf QREkRGsses Biel MEddUKRE ARtchior R hrmThe
materials for the protrusions are, for exanple, polyners, gzlass, ceram cs,

metal s, oxirg@Pryng staichrgsi 1@7dandskede.c Shrogfueingretrusivres] 1974 apd RL7gmmay bagsetype
frits, photg- AVA S ] C I I :

Pr et or abl y. SWHA P RAGRLE BPLNTEL b, BRHIBES::- QBLE, HIAlS, QphAS AP pRefoft

t he rei nf orcompggits tratrrialsr €3onfiRideg totRe HepaPi06  thaPd thirofilnwbdckiplatdh €2 1i pr deposited ons

f d. 10,The.rejnf i ng..st t t he .pr.ot [ b d
of one or ifbFe"netEaRrge AR SE R RER ARG FRRO i GRS Tl oksrg pIed

struct usal wiei ®e intiteBials fog heainf@tiifetscurEOIATdRgd DR, heabik @idbdighents ! tHE thik €S
with desiccant will elimnate or at |east reduce the need for an extra
space and/fg’?l ba%lﬁ*f&izhlema Ureny e cuie! th‘ﬁi“ﬂpeﬂi‘éabﬁfa?ﬂ?ﬁ&@pb‘?bl%H‘éCH“d_mg’

di spl ay, WhiuEhbt Nigfitdl 66 RicRelMGininYim, SRAINGRL ltyge®of MSHIS Bnd REIsPTAP BN AREHEY hign Of
the MEMB nechani sms. Any of the desiccants 15 descri bed above can be used.

Pr ef er abl y e dppradcefiineingdatps dagleding bat notolimigsdaiep pilicompioside| dpmingmerxids, or
i ncludin LRl . CAal.Gi i i ' .
' udi ng al4Fy e%ﬂ%lﬁ%ﬁhmﬁfﬁa%%c Erlrxq_'@%f aéﬁﬁ}e%lgﬁla&?@l. %Ht?ﬂg pT(rlmﬁ%})ée and

nano-tubes. One of ordifary ski I'n the art apprecl ate
anmount €0of nstariabstinrlade pobtrers, alch ab, Horexgmple FOEMEAG epitxseszand osganeat awrgaoic spise i n

the reinforcgin ures .and/ o rotrusi,ons i re.26,ill uystrat.es MVEMS
e be i C IR RSO btk SR B Ofn RS o, el Cal bt 118110 3nd

127d and 1Zeieforaiigegued:fd 12Tddnati07e iy wformssttad dieemé matehiel. t hin film
T ustrat od enbOUR PG Ebria G Coer Abied 1 8 PR ERBOAFABHE P St ed
in Figure 2Regyeaepithibhat the Bﬁzkgﬂté PGS The e filnPhSk-bide f1i InBY Be flrihbrPatterned
back-plate 121i are directly deposited (without a seal 123) on the surface
of the28yubgn¢ grosespeyt to allow electrical connections and contacts to the MEMS array 111 and other
parts of the device. Continuing to step S2713, the sacrificial layer located between the MEMS
array 111 and the back-plate 1211 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 (T1), 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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P mcludmgpa bi-stable display, gas described heremg In other emrll)odlments 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
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on glass (SOG type materials. In sone enbodi nents, the thin film
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di agranms illustrating an enbodi ment a display device 2040. The displ ay
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software module that generates image data.

25 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. For
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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formed fromany of a variety of manufacturing processes as are well known
to those of skill in 20 the art, including injection nolding, and vacuum
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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
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phone network. The transcei ver 2047 pre-processes the signals received from
the antenna 2043 so that they may be received by and further mani pul at ed
by the processor 2021. The transceiver 2047 al so processes signals
received fromthe processor 2021 so that they may be transmtted fromthe
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that geper ab@follerWHRh dat Be 102§eﬂn%@e$a%ao8&%lhaewoaicIdyspra@rsyrtoh Shntsh@e 0a6y al |
operation of the exenplary di spl ay device 2040. The processor 1

recei ves d&pRirol piagrrmamabdyrsilss wdhe mrryedriyar 2028+ dhoseiod s rndielart Wil resogniete
2027 or an nt o
o format{Far WP eiGrbANPUREARERSAD Kk RplRkRal I i M BORLEALE ol o1
t hen sendsswheupp@muogmdmdunamun@cmﬁEmdmpmer controller 2029 or to frane
buffer 2028 for a |caI s.to the 3 |nfor t|

that identifi esI eolﬁ’eaunﬁa dﬂaé fh |s n|Sc°s %fffl[ ?ﬁ’ ?Pé’é"é’{.%n“g& A A ah |ﬂ§1)§age.
For exarpm?mm&?cmmmwagenoﬁ%nﬁﬁkesmmtmﬁﬁvmgnmenﬁhudmecahﬂm,F53muranomn and
gray-scale |ev ne e i ment roces 2021 in¢cl ude

m cr ocont ré“rcreﬁmg]eptbe Qg isCTntien 1t © < aBfierriond By pd eisingq A2 feahige g’i%l?rsb‘feary
di spl ay dewieRed48PErsorfsrGlitl i:Pihk @ﬂ)rbﬁ[a%"ﬁfseanagégasgl@rﬁﬁﬂgaﬁﬂoﬁ thel iRMeenHEIES
anplifiers and filters for transmtting signals to the speaker 2045, and
for receiving 35 signals fromthe m crophone 2046. Conditioni ng hardware
2052 may be discrete conponents -23 within the exenplary display device
2040, or may be incorporated within the processor 2021 or other
conponéhts. The driver controller 2029 takes the raw i mage data generated
by the processor 2021 either directly fromthe processor 2021 or fromthe
frame buffer 2028 and reformats the raw 5 image data appropriately for
hi gh speed transm ssion to the array driver 2022. Specifically, the driver
controller 2029 reformats the raw i mage data into a data fl ow having a
raster-like format, such that it has a tinme order suitable for scanning
across the display array 2030. Then the driver controller 2029 sends the
formatted information to the array driver 2022. Al though a driver
controller 2029, such as a LCD controller, is often associated with the
system processor 2021 as a 10 stand-alone Integrated Circuit (1C), such
controllers may be inplenented in many ways. They may be enbedded in the
processor 2021 as hardware, enbedded in the processor 2021 as software, or
fully integrated in hardware with the array driver 2022. Typically, the
array driver 2022 receives the formatted information fromthe driver
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controller 2029 and reformats the video data into a parallel set of
wavefornms that are applied 15 many tinmes per second to the hundreds and
soneti mes thousands of |eads comng fromthe display's x-y matrix of

pi xel s. I n one enbodi nent, the driver controller 2029, array driver 2022,
and display array 2030 are appropriate for any of the types of displays
descri bed herein. For exanple, in one enbodinent, driver controller 2029
is a conventional display controller or a bi-stable display 20 controller
(e.0., aq&éﬂéfgggégﬁgiiié%nndulator controller). In another enbodi nent,
array dri i nventional driver or a bi-stable display driver
(e.g., an interferonetric nodulator display). In one enbodinent, a driver
controller 2029 is integrated with the array driver 2022. Such an

enmbodi nent. i s SopketronigdeieshFgmprigingyr at ed systenms such as cel l ul ar phones,
wat ches, and o r |l .are I ays.,ln ye .her enbodi nent, display
array 2030 is %éﬁ%gtﬁa}t?:g@n s §§%£§R%F¥§r§/d %Srecén&nﬁu%s%?%bl e display array

(e.g., a displayartay@if udiroeletfontdchaicd devitdsdointsdasimhé fitst surtdebther s) . The
i nput dev%&g 2048 allows a user to control the operation of the exenplary
di spl ay trate vehsrein thegmisrpslesipmeshapingl devispiare genfigsgedio aBeAudes a

keypad, Sbif‘%ﬁ oé’es@mﬁligh@%@iﬂéﬁt%ﬁ{es@c&@'sﬁr@&%{‘e keypad, a button, a

switch, a -sensTtive screen, a pressure- or heat 30 sensitive
menbr ane. | n omeackbate plaeat gver e amay anbhone @0d6ribssuaface aplan ekéarioce f or t he

exenpl ary dj.spl ay. devi ce.204 n the m crophone, 2046 i.s ysed to input
Gata to | et ialerior S S o b e iy BRe T BURG B Byeoe ety ssh

control | i ihg eRRAbAukABSTaBIng bRy BoRIAL Sibstrate SPhE¥in tREEYHCRDIROAQ onf suppl'y
2050 can include a variety of energy storage devices as are well known in

35 the ar so asmef toctzansmitdight mvelvimgdhhenticalentocesyingel the operoglectomgechaniepl
rechargea&kgxgattery, such as a nickel-cadmumbattery or a lithiumion
battery. Th arot her  embodi nent , power supply 2050 is a -24 renewable

ener gy sour ce, wheréiafpRCintedior sitfaca i@bﬁﬁn’tﬁﬂ%amilﬂ% thdl segord sptfasd dfehesol ar
cell, and solar-cell paint. In another enbodi nent, power supply 2050 is
conf i gur edrbsiEate.cad whergipthe exterighsusfaggisicurvgdit | et. I n sone i npl ement ati ons
control progranmability resides, as described above, in a driver 5
controll er which can be located in several places in the electronic display
system |2 sonthedst®nicalenice of clpino g whnargihithe dxyerioe surfkes of thetblaek-platedy dri ver
2022. Those gha kKill in ghe rt wll recognize that the above-descri bed
opti mi zat #BH" }oﬁﬁdﬁﬁﬁy 8™ any number of hardware and/or software
conponents and in various configurations. It is to be understood that
persons of skill in the appropriate arts may nodify the 10 invention here
descr i bed3whi | Ehesalgdttongcdeiviee iohglainm &, Wherein atslistance befimesn thie inthrier surfeent i on.

and the array varies across the array, and wherein the distance is measured from a point

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

4. The electronic device of claim 1, wherein the exterior surface is substantially

smoothly curved.

5. 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 defined between
the interior and exterior surfaces that is generally greater in the central area than in the

peripheral area.

6. The electronic device of claim 1, wherein the interior surface of the back-plate is
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Accordingly, the foregoing description is to be understood as being a
broad, teaching disclosure directed to persons of skill in the appropriate
arts, and not as limting upon the invention. 15 -25 WHAT IS CLAIMED IS: 1.
An el ectronic device, conprising: a substrate conprising a first surface
and a second surface; an array of mcroel ectronechani cal devices fornmed on
the first surface of the substrate, wherein the m croel ectronechanica
devices are configured to operate an optical processing with |ight
incident to the.s nd surface; a back-plate placed over the array and
BrARIg e Cor s ’

. S . . .
havi ng an™i urface and an exterior surface, the interior surface

of the back-plate facing the array with a gap therebetween, the exterior
surface facing away fromthe substrate, wherein the back-plate is

configurell solheslisgeniclevicansenim |ivdierein Hipdpok-pigtedeapsises TRIPpietessi ng of
the m CrOS{taﬁ-EiH QH@?&H{?&%& tgﬁl\éhgﬁﬁ'd%’bq Mﬂ%&f—%ﬂit he interior surface is
ally I'e H (e:l ur]g t

subst ant i ar a to the seton ace o e substrate, and wherein
the exterior surface is curved. 2. The electronic device of claim1l,

wherein the exterior surface of th ck-plate is nerally bowed away
from the &rrayhegleckRaicdruce prien v cgwpmlas hoce? et bedregh oo ance
bet ween tﬁﬁsﬂ'd‘ﬂé sid Qe ilﬁéﬁcfr%ﬁﬁace%%]gteﬁées‘%ff'ﬂﬂ%nié%f §urfag&l 0SS the array, and
wherein the distance is neasured froma point on the interior surface to a

cl osest point of the array. 4. The el ectronic device of claim1, wherein

t he exterjor rface is substant.iall smpgot hly. curved. .5. . The el ectronic
devi ce ofé'cl ai ele?ec%ﬁgﬂpéllgwc? ﬂ@‘r’liﬂm r‘%/}lffelgﬁPfeéL%oﬁﬁﬂgaﬁ gg@‘ega REES  area
and a perapharsabstaitRdy taoachoher ei n t he back-plate has a thickness defined

between the interior and exterior surfaces that is generally greater in
the central area than in the peripheral area. 6. The el ectronic device of

claim1l, er ef LAterd ! - - i .
substanti % yeif‘lféa%lé}%9w'f]ﬁ{é§cgpfé§?ﬁ %ﬁﬁ@w@gﬂ]@ﬁntﬁ?&ﬁuﬁa ?né %th%aé:}(- I %te the
back- pl at fatcobsantiskby theoyghottr usi on  extendi ng toward the substrate al ong an

edge of the back-plate. 8. The electronic device of claim1l1, further
conprising a seal |ocated between the

11.  An electronic device, comprising:

a substrate comprising a first surface and a second surface;

an array of interferometric modulators formed on the first surface of the substrate,
wherein the interferometric modulators are configured to operate an optical processing
with light incident to the second surface;

means for covering the array, wherein said means comprises an interior surface
and an exterior surface, the interior surface facing the array with a gap therebetween, the
exterior surface facing away from the substrate, wherein the covering means is
configured so as not to transmit light involving the optical processing of the
interferometric modulators; and

wherein the interior surface of the covering means is substantially parallel to the

second surface of the substrate, and wherein the exterior surface is curved.

12.  The electronic device of claim 11, wherein the covering means comprises a

curved back-plate.

13.  The electronic device of claim 11, wherein the covering means has a recess
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substrate and the interior surface along edges of the interior surface. 9.
The el ectronic device of claim1, wherein the exterior surface of the
back-plate is curved substantially throughout. 10. The el ectronic device
of claim1, wherein the interior surface of the back-plate is flat
substantially throughout. 11. An electronic device, conprising: a substrate
conprising a first surface and a second surface; an array of
interferonetric nodulators forned on the first surface of the substrate,
wherein the interferonetri dul ators are configured to operate an optica
processingwm$;?$ﬁ$?ﬂﬁ?mrﬁg%ﬁgﬁPf?ﬁ the second surface; neans for covering
the array, wherein said neans conprises an interior surface and an
exterior surface, the jnterior surface facing the array with a gap

t her ebet wibn, Theeclectrppisdenice elielpiat bl, diereiythaRayeringansanh bassyagng at e, wherein
the coverjng peans is configured so as not to transmit [ight involving the
optical processing of the interferonetric nodulators; and wherein the
interior surface of the covering neans is substantially parallel to the

second surface_of .the supstrate,. and wherein the exterior surface is
curved. 1 ThEheslestiops e&wa@@?legl b vheginihe integiprsuelace qtile baskplatal means

conpr i sesaa subddntigly BRGlgnBh@t . 13. The el ectronic device of claim 11,
wherein tﬂe 1éover]iﬂ}g,; nmeans has a recess -27 formed on the interior surface

thereof. 14. The el ectronic device of claim1l, wherein the covering nmeans
has varyi thi ckness. 15. The el ectronic device of claim1ll, wherein the
interior E(grfgi‘gén‘%tf‘)%toﬁén%&@@"ﬁ?ﬁrtgf”icéie“f’?’ﬁfm’gﬂﬂgganti al ly throughout. 16. A
met hod of mak Liﬁ]ﬁyiﬂfhg%hQﬁ'tEfr@él‘ﬁ&e AN LRMPFIOMB aisibshGite, Mheréirthd SulRfate
internedi ate device conprising a substrate, wherein the substrate

conpr i sescamprisest st purface arthel segondastage, shg miprmediptdeyiae Brrthetisampristheyi ce
further c I Si 1 Cr ctro ical ices. formed on
the. 11 st SLFp R atao Rt et B Brtd TR AR s i PR E e ca

devi ces awhereianhd givrededt@nphinidatd@vices pid waligyred aesgRtdiganbitital | ght i nci dent
to the second surt@fe' and form ng a back-plate over the array of the
i nt er medi Bogesiag i lighhimcidgaido theeeondrsurfase; interior surface and an

exterior surfageminkheabilhd Qler HéTahAF 6f e B ddlife &Y the back-plate

having an interior surface and an exterior surface, the interior surface facing the array
with a gap therebetween, the exterior surface facing away from the substrate, wherein the
back-plate is configured so as not to transmit light involving the optical processing of the
microelectromechanical devices, wherein the interior surface is substantially parallel to

the second surface of the substrate, and wherein the exterior surface is curved.

17.  The method of claim 16, wherein forming the back-plate further comprises:
providing the back-plate having the interior surface;
placing the back-plate over the array such that the interior surface faces the array;
and

binding the back-plate with the substrate along a periphery of the back-plate.

18.  The method of claim 17, wherein the exterior surface is curved substantially

throughout.

19.  The method of claim 17, wherein the interior surface is substantially flat in a
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with a gap therebetween, the exterior surface facing away fromthe
substrate, wherein the back-plate is configured so as not to transmt

|l ight involving the optical processing of the mcroelectronechanical
devices, wherein the interior surface is substantially parallel to the
second surface of the substrate, and wherein the exterior surface is
curved. 17. The nmethod of claim 16, wherein form ng the back-plate further
conpri ses: providing t he back-plate having the interior surface; placing

t he back- Iat Iﬁrlthe argﬁy such that the interior surface faces the
array; afﬁmﬁlﬁﬁ? Bl a9 bl ate with the substrate along a periphery of
the back-plate. 18. The nethod of claim 17, wherein the exterior surface
is curved substantially throughout. 19. The met hod of claim17, wherein
the inter?br sihermethod af daimsh7amthprsin the backeplate has a vargingdhikness.y central area
t hereof. 20. The nethod of claim 17, wherein the back-plate has a varying

t hi ckness. 21. The net hod of clain117, wherein the interior surface

conpri ses2la certerméthad efclandl 7, svhpein qhb ﬁrta{oraméme camdnwmraehmaltam andck- pl ate
has a thickness define et ween  t r. . and rlor s rfaces that is
general | y? Wi?‘@?arie% apﬂ 8"%6@‘1‘1 &ﬁlbmg? %lﬁte cl'i“ﬂmﬁﬁéieg‘ Difween the JHQIIr 25 The
met hod  of aifell Rtdiof durfabbeihed i géﬂb%als»%:&rtmﬁ tm@ﬁ@ﬁ Grédithdn iR tRAgipR&EL © 1S
curved substantially throughout An el ectroni c device produced by a
met hod coags-i sing: providing an internediate device conprising a substrate,
wherein the substrate conprises a first surface and a second surface, and
wherein the internedi ate device further conprises an array of

m croel ecty. ometeanétied ofd@MhCER wherelieWe eftefibteuffadedf thabdcRGRate Rfculved
substrate, wherein the mcroel ectronechani cal devices are configured to
oper at e afbstapallydhropghotbssi ng with 1ight incident to the second surface;
and form ng a back-plate over the array of the internmedi ate device with a
gap between the back-plate and the array, the back-plate having an
interior 2urf akeeclaeinigdévire modryd Bynd medodesmprisiag: surface faci ng away from

the array, wherein the back-p e.is confl ured so a transmt
li ght invol vi riﬁOYIHE‘gdﬁt“i‘t%‘Pedﬂﬂi%é%’é%q REwEFn B ReuinaioBheel B BN Cal

devi ces, anshrishes ﬁfsﬂs&rﬁ%e bﬁﬁ £5dcBhd SHaEQGRA WheletEthD A EmRUAIEddve _
substantlally parallel to the second surface of the substrate, and wherein

the ext erfutherswnipaises dnsareyof eucrogldctrofivshatiend teviers douledi apaho first burfase 23,
wherein t gtethe su gtrralxtg rwl%e%gl ?l(l:eemﬁ:(r)omf)ecltrgglgchanlcaeln&ewces are configured to operate an
optical processing with light incident to the second surface; 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 and
an exterior surface facing away from the array, wherein the back-plate is configured so as
not to transmit light involving the optical processing of the microelectromechanical
devices, and wherein the interior surface of the back-plate is substantially parallel to the

second surface of the substrate, and wherein the exterior surface is curved.
24,  The electronic device of claim 23, wherein the interior surface comprises a central
area and a peripheral area, and wherein the back-plate comprises at least one recess in the

central area.

25.  The electronic device of claim 23, wherein the back-plate has a varying thickness.
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area and a peripheral area, and wherein the back-plate conprises at |east
one recess in the central area. 25. The el ectronic device of claim 23,
wherein the back-plate has a varying thickness. -29 26. The electronic
device of claim 23, wherein the interior surface conprises 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. 27. The
el ectroni c device of claim23, wherein the interior surface of the

back- pl at 56.! S Tt];el e%ctr%gll%s e%rételo clzllai¥n %‘,rw%‘é%i‘r? Hlte 'intér:fgr 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.

27.  The electronic device of claim 23, wherein the interior surface of the back-plate is

flat substantially throughout.
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