DEVI CE HAVI NG A CONDUCTI VE LI GHT ABSORBI NG MASK AND METHOD FOR FABRI CATI NG
SAME 5 Background Field of the Invention The field of the invention rel ates
to mcroel ectronechani cal systens (MEMS). Description of the Rel ated
Technol ogy M croel ectronmechani cal systens (MEMS) include m cro nechani cal

el ements, actuators, 10 and electronics. M cronechanical elenents may be
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Summary of Certain Embodiments

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
invention, its more prominent features will now be discussed briefly. Afier considering this

25  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.

In certain embodiments, an optical device comprises a substrate. The optical device
further comprises an interferometric light modulating element disposed on the substrate. The

30  modulating element has an optical characteristic which changes in response to a voltage applied to
the modulating element. The optical device further comprises an electrically-conductive optical
mask disposed on the substrate and spaced from the modulating element. The optical mask is
electrically coupled to the modulating element to provide one or more electrical paths for
application of voltages 10 the modulating element.

35 In certain embodiments, a method provides an electrical signal to a plurality of

interferometric optical elements of a display. The interferometric optical elements are



an electrically-conductive optical mask to one or nore interferonetric
optical elenents. The nethod further conprises applying a voltage to the
optical mask to activate the one or nore interferometric optical elenents.
5 1In certain enbodinents, a nmethod fabricates an interferonetric optical
device. The nethod conprises formng an electrically-conductive opti cal
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Fi gure 1. characteristic which changes in response to a voitage applied to the modulating means. The

25  optical device further comprises means for absorbing light. The absorbing means is disposed on
the supporting means and is spaced from the modulating means. The absorbing means is
electrically coupled to the modulating means to provide one or more electrical paths for
application of voltages to the modulating means.

Brief Description of the Drawings

30 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.

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

35  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.
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-2 Figure 4 is an illustration of a set of row and colum vol tages that may
be used to drive an interferonetric nodul ator display. Figure 5A
illustrates one exenplary frane of display data in the 3x3 interferonetric
nodul at or display of Figure 2. 5 Figure 5B illustrates one exenplary timng
di agram for row and columm signals that may be used to wite the frame of
Figure 5A. Figure 6A is a cross section of the device of Figure 1. Figure 6B
is a cross section of an alternative enbodi nent of an interferonetric

modul ator. 10 Fi gigie 4§Gniilfusiatih SSSetSeoW i cllimnAdRighethat alay 6¢ ad o avearbodi ment
of an interferonetrjc qndq}a&or. Figure 7A is a cross-sectional side

el evat i onal WEgmsiic popglplerdispi¥ny| ary interferonetric nodulator in a first
state. Figure 7BFigsre 3ACillosates ond éxomplhry Stathe ofIdBplag danal theievidrfetoi@tric
interferonetriqtnqpuhatgﬁ Eﬁz 15 Figure 7A in a second state. Figure 7Cis a
cross-sect i SIPAPE GRALPINENS Bnal view of second exenplary interferonetric
nodul at o5 i n a f Figet SBilbbietes Bhagrxemplaiptingig diagrnndg-rewe atd ohal sgndetha ey at i onal
view of the.j Qée?[ofvﬁ{té)ﬂ?frinifuecof lsgt or of Figure 7Cin a second state. 20
Figure 8Ais a top view of a portion of an interferometric nodul ator array
illustrating noFigerebAisa aosesestionehthailavicagt Bgwalkt ures included in a plurality
of pixels. FigurgegB de ifatQRs QWAL GRalitedh® QiboimRRr & AN ifdrfeRthetric
interferonetric nodul ator array illustrating non-active areas containing
structures iMPEtefed in a plurality of pixels. Figure 9 shows a cross-section
t hrough 1@ MEMS dpighe Cha i di@s SeciBSEf Mbthbd Motainh Sabiiineht 5 ak §GirRfdmetic
accordance w th one enbodi nent of the invention. Figure 10 shows a
cross-sect i 8WYH%%not her enbodi nent of a MEMS device having a mask or

| i ght - absor bi ng Figgre GA i 1 crasesedtidsah gide vieviationalnddvhelra frslachplan inteferomagic
invention. Eiqure .11.] cross-sectional view illustrating various |ayers

t hat can ber$ﬁ§?§a%aﬁ?ﬁmﬁh MEMS devi ce having a conductive mask. 30 Figures
12 is a cross- seEgwrofBlis ¥ e seftionpl sifagjevalionak hiev plpthe ntecfergmeirio modulNEME devi ce
havi ng gsCcopgiet7iavie. RSK slale! UStrating a reflective chrone | ayer deposited on
a substrate. Figure 13 is a cross-sectional view of a stage in the

manuf act ure of aFREREC derqrese-sectonp! sits clevaiionrd diewiol eccprdaremitlary, dterigtomalgic t he
reflective eloagim: ih afisfsta@®f Figure 12 with portions of the chrone |ayer

removed. 35 Figupe 14 i.s a cross-segti.onal vi.ew a stage.in e
manuf act ure of aﬁiﬁg ds&/ Frgg—secﬂona? side elevational view oto th mterfgrogletnc moau ator of

Figure 7C in a second state.
20 Figure 8A is a top view of a portion of an interferometric modulator array illustrating
non-active areas containing structures included in a plurality of pixels.

Figure 8B is a top elevational view of a portion of an interferometric modulator array
illustrating non-active areas containing structures included in a plurality of pixels.

" Figure 9 shows a cross-section through a MEMS device having a mask or light-absorbing
25  region in accordance with one embodiment of the invention.

Figure 10 shows a cross-section of another embodiment of a MEMS device having a
mask or light-absorbing region in accordance with another embodiment of the invention.

Figure 11 is a cross-sectional view illustrating various layers that can be included in a
MEMS device having a conductive mask.

30 Figures 12 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask illustrating a reflective chrome layer deposited on a substrate.

Figure 13 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask illustrating the reflective chrome layer of Figure 12 with portions of the
chrome layer removed.

35 Figure 14 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask illustrating additional layers applied to the embodiment shown in

Figure 13.



having a conductive mask illustrating additional |ayers applied to the
enbodi nent shown in Figure 13. -3 . Figure 15 is a cross-sectional view of
a stage in the manufacture of a MEMS device having a conductive nask
illustrating a patterning and etch step performed to formrecesses for
supports. Figure 16 is a cross-sectional view of a stage in the manufacture
of a MEMS device 5 having a conductive nmask illustrating form ng supports
in the recesses shown in Figure 15. Figure 17 is a cross-sectional view of a
stage in the na'nﬁgvactlﬁmsea abssesewﬁmvttmfcaestaghfauihngnawfmnduba MEBEMSréeyice -

illustratin i cal |
enbodi nent gﬂ&r{%mea +‘éu"?a§k ?@9 }clﬁtiga?f%@}n EJ;Q‘ESL;C i’y ¢l a(f %qurf/ng{&%g%:’g gr m an
air gap. Fi g‘wpe;ﬂS18 is a cross-sectional view of a MEMS device illustrating

an enbodi nent of plgme %9 Iscmgg%etmx %@kofwrg@d @I@sae ?Aaﬁq&cwr&@ﬂ d WER aévk@'
connection is forned between ayers (0] and a novabl e

nmechani cal HegREaRductivp glas(kéllufgatmg fosmisg grppors ébtfl‘? '6??&‘435 Wﬁwﬂ(ﬁlg“aﬁ WEMS devi ce

illustrating an gERedy R NEro@fsecliondt URAUS b e FREK mbh\RicRirast £MEMY beGik | Y
paral l el connection,is formed between both |ayers of the mask and a

non- novabl e hEMEct PBHEIE a5k ﬂ?“i‘sanﬂﬁ rEvibef qeroshing p gechagiedl mepRine MHelE of a
MEMS devi ceembdduﬁehrmwmg F@nreaﬂbmﬂtmmg aGhcrificialdecko €drin e aingpk Wher e an

el ectrically paral connection i first re tive |ayer
of the mask and g rr%b/ Blee Ry c‘g 1 g ggﬂwﬁ (}mﬁe ﬂ“s(r%am?la" eg'bg‘;'me'ﬁ ot &
Cross-satt i omaictivé myskothem aVENSrickdly pudlel tdnostignait fmgecabtnmmbdh teyers obthe a
conducti ve %nm%‘%@g}eﬁaﬁ%%ﬁg{aky paral l el connection is fornmed between
a first and second

ective | ayer of the mask and a novabl e nechani cal
menbr ane. Fi gur eFigpe {%isa W%}S@U@é’cﬂ‘#"bﬁfaq MMS\ierite HugvElyR agepbediment pfiat r at i ng

an enbodi meplnativmask Whehd Gh icMEridhBp bardREERnR oSk Eribd BeBbdeY bRRTAES 6 the
connection is forned between a first reflective layer g the mask and a

non- novabl e™atk&eq # panqvaRieslectpde Ia¥eht her el ectrical |y paral l el connection is
formed hetween aFigREoNH arcist-@eiidnylevidwaytes MeMstdaacerriﬂsdﬁa@igcknanﬁmmm efa

hani cal 23B bl o
btk R R e T R A e e
plurality ofayemfmﬁlmk@prbetmcin@blnmddiaatad)mmbrﬁim ai l ed Descri ptl on of Certain
Embodi ent s The &l o Al ALlehdnididPocs Bhs Udyit uggng&gaﬁ%wdlﬁ bk N

speci fic enbodi ne I nvention hi's descri ption erence is
made to thecarfugiivengaskhere @n gletigally paplielconpestionds fogn%fltl@avcersa figgt ed spgore

numer al Szothreﬂetﬂmwemﬂ%fﬂsﬁamm&aﬁlbﬁ;@chﬁmﬁpﬂmm&l on to "one enbodinent" or
structure

T T b LA LR L e Bl 1

at | east oneondudiedinisk Ntheefantevetrically giatalld rRonndhien apfoaradtanesan offirst Fedledtiie ase "i n

one layer of the mask and a non-movable elecirode layer and another electrically parallel connection
is formed between a second reflective layer of the mask and a movable mechanical membrane.

25 Figures 23A and 23B are system block diagrams illustrating an embodiment of a visual
display device comprising a plurality of interferometric modulators.

Detailed Description of Certain Embodiments

The following detailed description is directed to certain specific embodiments of the

invention. In this description, reference is made to the drawings wherein like parts are designated
30  with like numerals throughout.

Reference in this specification to "one embodiment” or "an embodiment" means that a
particular feature, structure, or characteristic described in connection with the embodiment is
included in at least one embodiment of the invention. The appearances of the phrase "in one
embodiment” in various places in the specification are not neéessarily all referring to the same

35  embodiment, nor are separate or aliemative embodiments mutually exclusive of other

embodiments. Moreover, various features are described which may be exhibited by some



enbodi ment” in various places in the specification are not necessarily all
referring to the sanme 35 enbodi nent, nor are separate or alternative

enbodi ments nutual ly exclusive of other enbodi nents. Mreover, various
features are descri bed which may be exhi bited by sonme -4 enbodi nents and not
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textual or Hjuﬁfaﬁrdnalcmbdﬁﬁﬁeﬂt it is to be understood that the invention covers other optical devices

such as various imaging display and optoelectronic devices in general, which have non-active

areas which are required to be light-absorbing, but which do not include interferometric
30  modulators (e.g., LED and plasma displays). As will be apparent from the following description,
the invention may be implemented in any device that is configured to display an image, whether
in motion (e.g., video) or stationary (e.g., still image), and whether textual or pictorial. More
particularly, it is contemplated that the invention may be implemented in or associated with a
variety of electronic devices such as, but not limited to, mobile telephones, wireless devices,
35 personal data assistants (PDAs), hand-held or portable computers, GPS receivers/navigators,
cameras, MP3 players, camcorders, game consoles, wrist watches, clocks, calculators, television

monitors, flat panel displays, computer monitors, auto displays (e.g., odometer display, etc.),

5.



particularly, it is contenplated that the invention nmay be inplenented in or
associated with a variety of electronic devices such as, but not limted
to, nobile tel ephones, wrel ess devices, 35 personal data assistants (PDAs),
hand- hel d or portabl e conputers, GPS receivers/navigators, caneras, M3
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such as in electraonic smntchln . devices. One interferonetric nodul ator

di spl ay %nbﬁﬂ?ﬁﬂﬁ?“?Bﬁ%?F§Pﬁb Snterferometric MEMS display elenent is
illustrat ed in F(I)r@l.iﬂﬁfeﬂomeiria mob@ser dikplay Ekﬁlﬁ)dmtehﬁzombﬁ@{g&naﬂeefeioﬁ]eﬁbl\dms a bright
or dark sta gl ement
et locts a Tuiyalpen euRu h pedn o o dPaRs el Hegh AR SUPBR IR 1 1 he
dark ("off'stoe. Hhaeiedsighd (on'sordbeen”)ishie, die digplayclapieetreftects mddrgeg@tton dDintidant | e

i nci dent vi o} endi | i ght
reflectanceéhgkg éﬁ??gg}o?&gﬁmqﬁg&nkgsg s Q&d??gﬁ%?wﬁ%@ﬂﬂgﬁ@%@gﬁ%%ﬁ VENVS
pi xel s &&n ke ingwgnt yispbieglight to Wefuﬁ@cthmr@@emnrfhmemens dheelighe gflectines s

al | owi g f Ofrofnfe@bPlhc dind R Yot Nl hdy! RedeRed)] k1R kls Ytk Qondulite 1 s an
i sonetric V|ewdep|ct|n tvvoa acent pIXG|S in a serjes of EIXGSO

visual 15 Gﬂ%cbprag%omw%\f #i Sﬁk@%dc‘FP‘%% BB P cles disPvERR dfiHeetorAck ARt 1 i ¢
nmodul at or. Wkitesone enbodi nents, an interferonetric rmdul at or di spl ay
conprises a row ese II’I C. ach

m arr interf
Rt e omat 1 o e Rl o2 g s St B TE s PP 6% isel T b
at a valj abdisplaanovhewint pagh | pikl ecodlpsiearmedEM&nmeé@rhmﬂtlhenodmatof or hn someesonant

opt i oal cavisbunt Nk E8RUONGANALS BBLS AIRRS O kllnfNapTPAdLTeNt, one

of the reflective T'ayers nma position I'nthe first
posi tion, rigkderpreig moqvtﬂf%ﬁ nEaezb intesfsTome|rie Arpdyfatet lattledesmelr ofrisfletbveclayesyer i s

posi t i oned SHsitinel 8 aVafidbRIa}d LodfrSRbId S ka8 E8m i @BtR: b kot d riddahi BlidaVcabigf | ecti ve
| ayer. In the second $05| tion, the novable | ay erﬂfe‘ﬁff Pe%SI ti oned nore closely

adj acent t oVith¥ Ig5slyqnp Xpriable dimepion. In\pge eogbodiment, jopg PR layprm2y B | ect s
from t heg t waoled p&ttveeni tib @dssitﬁﬁsesmammttrpaﬁﬁdny&feyre@ro heeb@iSasrthecieiensed ytatela@endi ng on
t he p05|t|on Q refle tlve 25

dyc
overal | re fﬁn E)le Eaéer is posli?}onm(iz'l alfalrelat{v Iar% tdlns?‘a% fronj3 zI H ﬁparp glglre e?ﬁr‘é lager In

nAoN-Te ate for eac €pi cted
portion of tﬂlheecpm(msman,rtaty mopable) Qyerds positivoédidiers ttlwglya@dyamem the rpastipltyer omet ri c

modul at or's éﬁ&q@cnﬂye]-zqnmdeﬂt fidhe tﬂame%cftsefr&ﬂ‘%ﬁé bofo ARG brifdrffes %grﬁtr&ﬁvefl)}"ﬁr left, a

movabl e and hi g ﬁ' reflective layer 14a is 1llustrated 1n a rel éased
position at deamm efegending ety Besiive of theoRevable irsdlsgtive dayiet, i papduging ethiled | ve
| ayer 164. év@rah%eduﬂé&ﬁ]f)@feﬂmﬂwdtﬁeMbﬂpﬁie@r 12b on the right, the novable 30

hiohly reflect! ve |ayel it bnd bLISHLAl Bl SRR AL PRRIELQRAY acent
modulators 12a and 12b. In the interferomeiric modulator 12a on the left, a movable and highly
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
30  highly reflective layer 14b is illustrated in an actvated position adjacent to the fixed partially
reflective layer 16b.
The fixed layers 16a, 16b are electrically conductive, partially transparent and partially
reflective, and may be fabricated, for example, by depositing one or more layers each of
chromium and indium-tin-oxide onto a transparent substrate 20. The layers are patterned into
35  parallel strips, and may form row electrodes in a display device as described further below. The

movable layers 14a, 14b may be formed as a series of parallel strips of a deposited metal layer or

layers (orthogonal to the row electrodes 16a, 16b) deposited on top of supports 18 and an
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reflective layer 16b. The fixed | ayers 16a, 16b are electrically conductive,
partially transparent and partially reflective, and may be fabricated, for
exanpl e, by depositing one or nore |ayers each of chrom um and
indiumtin-oxide onto a transparent substrate 20. The | ayers are patterned
into 35 parallel strips, and may formrow el ectrodes in a display device as
descri bed further below. The novable |ayers 14a, 14b may be fornmed as a
series of parallel strips of a deposited netal |ayer or |ayers (orthogonal
to the row aeesningzherificiab matetig ldypositsp besivecadheompitoop 11 WhanphosatrfichBmaterial an . -

| nt erveni n;S@fddabbiRlo bl nitlal ARROM Lo RRINRRDRED HoBHARAHS g When the
sacrificial materi a i's etched the deformable netal” | ayers are

separ at ed f fibgaptife 4 highly copducsive vléyef?éguvswa&neléﬁ@hﬁédlumwm maersed for he ghl y

conducti ve adistmbif laped, hﬂﬂ&hd@@m@slﬂayfosau@&lmalse@uudfesmmgﬁﬁydmeused for the
def ormabl e | ayer and t (ese strjps olum el ectrodes in ‘ﬁ%dl spl ay

ma
device. 5 Wth n ‘“éﬁiblaﬂé’ﬂ voiea gl Caf’Wng(:Wa’t"f/%i@e‘?‘e%?aﬁ%rs B B Bk | ayers
14a, 16a andcférhﬁblc thedras ﬁﬁbhechhxagaﬂy relaxed $lat@ adBiGrand Bﬁhﬂe)pmreelnmmgs&:at e as
illustrat ed the gl xel ten]hZIadl pot ent i

di fference P&¥EEHM E) seklr ‘E‘F&%‘ apgwjdétﬁ Sgig? W tow gﬁ COIé“é'Ba ‘r’f‘g’lﬁm’f ormed at
t he i nt er sefrmarat tit ntl&lectlomwfandovcexidlmhmeIebatqd@dae@ea:brrdsmdmg)pwcés)pmnﬂs ng pi xel

becomes _chahes nfitkyShEE 503 e JLORARSHRULL it lIE GheelrgdeaolRogt her I

the voltage 1 eno nmovab ayer 1Is is forced
agai nst 19 hemﬁ‘i’ﬂkleéFYPfasléqfOWlad Hday fersed deaingie dixpdlpyen s digeciris maisrial whpqh issot at ed in

this Fi gur ejg@Meds tﬂemﬁ;etne? beraeﬂoaed bh e dixd EMURE cotﬁev@ﬁtemm 2 Sbdrongle and
control the separation distance) as il]ustrated %‘% g ;(l))_#xel 12b on the
3

right in Fi gfa%rew& distape) psaifiustratest by the piged 12050qthe Fght &y e behwigpdhs ity of
t he appl i edsapetrefidesd oftihé bammemeIappltemlpswmaydxfmxewécqh Wi wa Ghwsadlimn t hat

can control he reflectiv on-ref ta es IS analo ous in
nmany ways 3 PR G ustg)gthleﬁe q‘ﬁeesn onorﬁacpl'_ecﬁg&'l é‘%e fﬁné’ S o L o

t echnol ¢§i e@ maﬁsgime@wentiohﬂlw@hmﬁc&mr Hispigttechbadogine exenpl ary process and
t f I
system for usi nq: lﬁ’bpe %rtﬁla'b{ghojfB 111115@'&@5{1 ee!’xgrﬂiggr ' I’ oS ngjI ﬁ?gtgﬁ Tor ugn%arpérﬁﬁp oftY

application. e 2 1s a system bl oc ustrating one’” enbodi nment
of an el ectW@FfPfem@E‘i/iﬂt?é“WPFatm rfafishlayc epppeHen: e Figyped tis aofystea blockvdiggranbn. | n

t he exenpl amysuarHaQa ma.meam aleéle,ﬁ&:ﬁ@mee me%aqendo@sﬂawmc@omﬁ@ﬁeawr 21
whi ch may be an e: multi-chip ;. CI opr ocessor

20
such as an AARY yxﬁ@ﬂ?&ﬁﬁg‘?‘?‘ne”gur o %ﬁ?"l?‘% %?‘fe m‘:ll‘-‘%cﬁt"‘lpfﬂ‘ff’sls‘?rlz(lr"j ich R’irﬁﬁl‘llﬁi N(r),
Pentiune) gmerl @mipo@liple- ar ih1RShip )mcrépr&&!mfsuaﬁ(sra)l ARM, ]AhlﬂiﬂzQ( Pntiv@i®any
speci al pur ﬁnﬁ ﬁlggﬁe%ﬁ n??\?ﬁ% um%“f a%sso% Q'Nﬂbéﬁaxswg%b AR A PHAS W any

m crocontro ‘arra I S conven o’nalml In the
art, the prmdsmmzelnmgprmsseroﬁﬁhwredhaﬁel Slsl)@émmcessenenmconmﬂer sofs war e

modul es. rgggmb@ergateonﬁ% eﬁk‘is'c&gre%nﬁﬁ’@{h@-raﬂt &k ﬁ¥&§s§m1 hllSeiontRuRE RSSO MY
be conflgure to execute one or nore software applications, including a web

browser, a PEPERMSHY BYpISYEEEG Brdules ]érP&F‘I‘“”bFOoﬁﬁc%'Pg F OBFIYING SHUG, SBF t war e

appl i cabs Onproécéhoﬂﬁey esToatigEredto, exmle e O @SSO Foftihrel HHplathSs, GRIMdingUd @b t O
controll.er 2

t L th
O L Copghdei  flaint Sicint o G Pyefid, i hp S s owaee dppicaion. {1 277 8Y

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

controller 22. In one embodiment, the array controller 22 includes a row driver circuit 24 and a
column driver circuit 26 that provide signals to a pixel array 30. The cross section of the array

30  illustrated in Figure 1 is shown by the lines 1-1 in Figure 2. For MEMS interferometric
modulators, the row/column actuation protocol may take advantage of a hysteresis property of

these devices illustrated in Figure 3. It may require, for example, a 10 volt potential difference to

cause a movable layer to deform from the released state to the actuated state. However, when the
voltage is reduced from that value, the movable layer maintains its state as the voltage drops back

35  below 10 volts. In the exemplary embodiment of Figure 3, the movable layer does not release
completely until the voltage drops below 2 volis. There is thus a range of voltage, about 3t0 7 V

in the example il]ustrated in Figure 3, where there exists a window of applied voltage within
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colum driver circuit 26 that provide signals to a pixel array 30. The cross
section of the array 30 illustrated in Figure 1 is shown by the lines 1-1 in
Figure 2. For MEMS interferonmetric nodulators, the row colum actuation
protocol nmay take advantage of a hysteresis property of these devices
illustrated in Figure 3. It may require, for exanple, a 10 volt potenti al
difference to cause a novable |ayer to deformfromthe rel eased state to
the actuated state. ‘However, when the voltage is reduced fromthat val ue,

t he rmovabl ewhiglyte devige Asiabledn ¢ither th rleasedher achated i adis ighrefeped baerinasthpel ow 10
vol ts. In tRgexa iRy PEbIEN Wirdbw.Fi Oikbr € Jispihyh %nggo\nemge teaMRleresi®eS nNot

rel ease conpletely until the voltage drops below 2 volts. There is thus a
range of voFtREGETstgYdiews %8‘670‘\’/001}“?1“ peiation prAiRFol can) be sletigngdl sneh it driger e 3,
wher e t her ergxdubbify, pixiih MARVIOBed app thaedl 16Ok ha@Rd WictcRposed-td a WhliaghdifférkiRe devi ce

is stable in either the released of a ted state. This.|s referred to

hor o nad t AP i st R PRI R a7 bo BT E Probeed ' vllhnaitefegte S S oy
array havi ngerd fudts. hmmeesﬁlﬁ the piadlant epbet toosstady figuoltegeJjfferdne: afabwucH| unm
actuation prg e . d n n n r sirobing ixels in
the strobed" r%\?\‘/1 ?h‘aﬁe "oﬁgvgga‘ge?m ?&Wotévr%%%)?ﬂ{)&swe"gmt é%gtrb\?m hen %fdgf erence
5 of about Rl@elwwbﬁgotelalnidilfiﬁrm withii the “sabdity ‘Gmb(e‘f”rléﬁé’a@éﬁmahlem@mpbsws to a

vol tage di f fG6RNGKeOthe %kx@lsgesi%g EELQ, Mqilg‘ﬁe 1 AhbIET n&eb% gala@tap lieh R61 éxe' S are
exposed to a steady state voltage difference of about %s such t hat
they redfi ncanAitightalnetfBFr &t apwatadher Fedtredt RToBSIIBRItSatch e Finch cackf pigdl detbhg

witten, eaghrfenXgd m‘éﬂiﬂ:ﬁor;’iwﬂaﬁeem i@l acilacéd @ l@lafs@d Wik ik @sst:rhﬁll ﬁrcfiﬁabﬂol' ty

wi ndow' of olts ip this ex e, This ature the i xel design
et ar edbreaty giised s M ing FARRE 1 tis ‘s P i U % AGHUROS DB ¢! ons
in either ameagtaiakedndow witl abageto pover @isdigition gEssdndilly. noSiunene fleacintophecel  of
the interfer tr whet her in the actuated or rel eased state,
is essenti a?lf‘{/mghecg%aﬁrﬁfq&hg Otfl)xlrc?red by the fixed and noving reflective
layers, 1¥his st dbltepicsh applécaiams Dhdistiol fchmgtmay beoratad by wisttingmithe stiof hyloner esi s

W ndOW Wt heigh 8RS tn &a)r&gc\!%ﬂﬂlh§§ésﬂég§ep& actﬁ%&sﬁh kné £RQ r&&”A% fideQWs into
the pixel |f the applied potential is fixed. 15 In _typical ap Flcatlons a

di spl ay fr aten #Rljedge theyrawledechodepaciuating the Pikele cmppopding: 'h‘h?fser’éﬁ sy des in
accor dance Iveb. NThehgsel@Sdet Edofmh em&maestlua]tﬂedmﬁgewi Sorredpohd @ tHel deSifcd k@WE A row

pul se is Ile tothe ro trode, . actuat i xel

cor r espondi f ':S“a&egg He g ge Séﬁng(ﬁo XLPHJF?G 5t cﬁeagqmq'f‘?etg%ré’g'ejr%]%goge?& @‘T um

el ectrodes appropispivdisain ged2 tn@caz:manwspthnht asritdolugesiertedes €the ofw 1 pigdluat ed
pixels 1N 1 NEuSEEAND il ow ApBil B8 beiaid AM ARAR Gl B b BFink Wy PLAG T 0,
actuating the 20 app o riat |xe S 1nrow 2 1n accordanc e asserted
col um el ecTHpmasbe mte‘i' fnthe eB‘i“S‘(é‘ff@s offpws nrfaequsttiabfasiign tp peodps\ihedrangl se, and

remain in tBeesipiR fhReYard¥ef@hdifhd/biQipfid Wil nbW BisfiAWMath bp%rﬁlﬁaauy Jé?easngmy be
r epeat ed for the entire serles of _rows in a sequential fashion roduce

the frame. MEIREFaRsRe epfEed Ppmbrpefl fmes peg poedh Agvidnariey OfLPﬁ‘H"a“PEcE‘“\ﬂH‘PS new

di spl ay28lat E:wby(d mnmiuenweddbyofpﬁplemysn@pmmm disphiy Gam&sarddlsos@Mend@@sind ey nunber

of frames p r lggor}lqmcu%nwtﬁjﬁlevraegén ,yengon protocols for driving 25 row and
1o produce display franmes are al so well

col um el ectroaes o p|x
known and may aguees eddl SArané éﬁj lllmtntp one mwﬁe edventipr pownel fomereating @ display

frame on the 3x3 array of Figure 2. Figure 4 illustrates a possible set of column and row voliage
levels that may be used for pixels exhibiting the hysteresis curves of Figure 3. In the Figure 4
30  embodiment, actuating a pixel involves setting the appropriate column to —Vi,, and the
appropriate row to +AV, which may correspond to -5 volts and +5 volts respectively Releasing
the pixel is accomplished by setting the appropriate column to +Vy,, and the appropriate row to
the same +AV, producing a zero volt potential difference across the pixel. In those rows where
the row voltage is held at zero voits, the pixels are stable in whatever state they were originally in,

35  regardless of whether the column is at + Vi, 01 - Vi,
Figure 5B is a timing diagram showing a series of row and column signals applied to the

3x3 array of Figure 2 which will result in the display arrangement illustrated in Figure SA, where
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Figures 4, 5A and 5B illustrate one possible actuation protocol for creating
a display frane on the 3x3 array of Figure 2. Figure 4 illustrates a

possi bl e set of columm and row voltage |evels that may be used for pixels
exhibiting the hysteresis curves of Figure 3. In the Figure 4 30 enbodi nent,

actuating a pixel involves setting the appropriate colum to -Vb;.,, and the
appropriate row to +AV, which may correspond to -5 volts and +5 volts
respectively Releasing the pixel is acconplished by setting the appropriate

colum to +Wate,d,nmel§m9 nopeetiagiiye-o Priar 4g writing\ihe fsnmet ifbustraiedqin Figmy SApthedbixels ng - a

zero volt peifstih aly sthief Lﬂrnemg%xﬁﬁm@aﬁ th: RvsRE4eb vollsNantl AR 8L cHIBN:s RLE  the
row vol t age |s helg at zero volts, the pixels are stabl e jn whatever state

they were orPii Mthtipsq applied yeftages allnifclsaw SBPlewrfE%anéwtﬂtgr?@"eeﬂwﬁlﬁa?eé Stales- 1\

or -Vbias. Figurm ﬁBHgSrcaSA |frmnag)mmsagr1amlshqmﬁg3a ﬁﬂl’(B e)s a®faciu@vd. amel col umm
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set to +5 vo sane strobe app en actuat e pi xel
(2,2) ard r etrasgeswent ofiFiguresSA 20t Will berapprediate) thatAtgeaﬁame precedyegar bapdmpddysd f9f t he

array are abff¢beshzelfOWhuhdieds &irohd MoKl PWill A8Wela e&a@édttma%w?mﬁ@ 3 to-5
volts, and colum 1 to +5 volts. The row 3 strobe se the row 3 pi xels as

shown in Fi §graEcesand lnwlsof velages pird i preform wppeend f%‘é“"rW‘ﬁ’(B‘tCé‘h'fﬁ ried V&Fféy zero,
and the coblimn tua(gheml pﬁicﬁ)leﬁaﬁl}lﬁeﬁﬁmvﬂ aall tlRiabdVe lexahipleGs excmpMBl dnfy, andndy t he
display is %q% nvoﬁ e ‘t:ag%elSd‘%lrﬂg%nﬁrgrggtr}Itweof Figure 5A. It will be
appreci at ed THat SEme” P oe&alre” Cah™ oyed for arrays of dozens or
hundr ed€0of r owsTigmekaidsaif mmB'ucMnt ofvit¢rferaieyiy nbelulatppnletbmtaedn adrertarchiwith | m ng,

sequence, aﬁlg hﬁeéﬁésssepiormqua% W58Hda P&réx%ﬂ} rﬁg%ea%k OISt 1 On

can be varied w hin thé génera rinciples outlined above, and the
above exanpFiéery e&?@‘i‘?’ﬂf"ﬁ? of @ﬁwgpvmanﬂﬂarng}mctarét Lfaglif"oﬁA\)thC&@% ssgimefdbean be

used W th tbfbdanREEHT Fizity aNtwhed.a lp -Bh%cd&?tuﬁlchﬁl of 1stcfé§osﬁédr &cbﬂﬁo@m@ﬁy

interferonetric nodul at hat PRer ate cor dance wit i nci pl es
set forth abBf ‘“%ﬁ‘iPP?fﬁls 3&%%‘1’?/6 RSP F C"‘ﬁl“&ﬁ“é]s”é%a‘%@eé [ Sﬂ&i"?%lte t hree
differens emhhwdiome:nbslyoi]tettlkees oW FignrewC, tlemmatablectflertieve nfafegalrie isGhspeigied Cr 0SS

section of On O&Lpﬁ%em@ P&)f This Obuirent YRSE foif b%gaggcp?@@@m a%es%taﬁ&'a' 14

i s deposite ogo d%/ extendi ng supports
nmoveabl e refkigdaly ved rfor de ireflectivg haerial d4 e de optimigqsdpwith sespect to the optical

properties, and the structural design and materials used for the deformable layer 34 can be

optimized with respect to desired mechanical properties. The production of various types of

30  interferometric devices is described in a variety of published documents, including, for exampie,

U.S. Published Application 2004/0051929. A wide variety of welt known techniques may be

used to produce the above described structures involving a series of material deposition,
patterning, and etching steps.

Figures 7A-7D illustrate certain aspects of the two interferometric modulator structures

35  described above. Figure 7A illustrates a simplified functional diagram of an interferometric

modulator 50 in one exemplary embodiment. The interferometric modulator 50 comprises a

substrate 20, an optical dielectric 16 upon the substrate 20, two supports 18 and a mirror 14
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25 at the corners only, on tethers 32. In Figure 6C, the noveable reflective
material 14 is suspended froma deformable |ayer 34. This enbodi nent has
benefits because the structural design and materials used for the
reflective material 14 can be optimzed with respect to the optical
properties, and the structural design and materials used for the deformable
| ayer 34 can be optimzed with respect to desired mechanical properties.
The production of various types of 30 interferonetric devices is described
ina variety of publ i shed docunents, . including, for exanple U.S. Published
Appl i cat i on cOBEFDYFAGDBPortR 185 as ariewl fise ‘%P‘a“q(ﬁéfv% P%%E?hfﬂ Hoderilly be
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di el ectric P8O66HE A Figws 7&41“1 wmf@&? dnirpor 1t and gpfigal dislegirig 1E€ﬁfwaﬁv priicaly
rel axed firshvigbgte so that it reflects incident light when the
[ nterfer%rretrl c

1S see . Q. roma,yi ew Qsi ti 0. The
di st ancelbet vveenFigFféL}%a'i“iS‘éaé‘iS g '@%‘H%P%m?l T%gf%maf¥ g'teﬁtlgﬁ%}ng cTﬁd‘ﬁ‘ﬁm# ned such
that only | ishdwn th@resEe‘l whdre the wainrer! Hnig/inha scsondestatee CindtigurelTHig; tibemhiaiot 4 isof t he
nmet hod of s t rd. j e ta|I in
The " af or enae o FEoH A MelcchE 5 88 ABLGIL AL SuRlia ST REoF 1061
Pat ent Appl impatd hpigding 8901566 peiamial baveen glastedas/couplprbtosthip peror 94 28d thei r . or

14, and opt iop@hi dEi&lfRak BE mbfingRt | hﬁH%r iwmqraadomtate AU & Xontret wiltPorlit Gésee 7B
illustrates a sinplified functional diagramof the interferonetric nodul ator

50 showd | rRWl“@Ur‘%"‘B%P%&PEC‘Fﬁé‘S > oAl propeytigs ‘?frﬁheam‘%‘é’tf‘aﬁ’dﬂcs‘f"é‘t"ét°' Y Fi gure
7B, the m rmrse&oéhd isGite 410 Wiegkdt foomd fird the tfhe stmt I Kigtht rdﬂeeﬂeembfnl e Iuaeyﬁfouﬁﬁc

col | apsi ng t cal cavi ing a
vol tage pot eh i F %e V\ﬂ/]e':esﬁcoé'?)étag ese](I:3 U éﬁer%né}c?lﬁrem?ﬁ' 0 retﬂ% ﬁ'
optical di ellre@fermtntﬁnodaytonﬁﬁ/mg}c thine stafer rI@ronqmrlflguraﬂosemdhd sesolait &te{ that is in

contact W t R gf. bl &4 ﬁié ‘i‘igﬂﬁis RE&?‘&JﬂhEtyfr&ﬁ’ tl‘iehﬁe&‘iﬂé lpﬁsf}tliondh%' tﬁgtuLérféro;]anct he

opti cal e_leoro perties of th& interferonmetric nodula e second state
are alt ed“foﬁ@i?\‘?ﬁaﬁp@?ﬁéla?'i rst state. Light reflected fromthe

interferonetric Fi@&éﬂvﬂ(ﬁéneﬂDmslrﬂe rdBereRbOditlent bBdnantérddrahbi® nfddhlatobecan di f f er ent
nodul.ator_50 in the

I t han | flect terf
o Lo o g gl S5 L, S BBt S SR o
the |ight i snoghulabr 9@rdvivat anfindemsddhsabld minbirsye posinipand tlihcrtvgimemtsbovnan onet ri ¢
20 modul &t Ol ARO9R AR . Hecnfl UL Eille A fhed B b5 A G PP UGB O TN

of an |nterfF onetric no ator cl osed"
state, r&spemvidingmpxinim; rsﬂceménvﬁedﬁtvwfngtph‘eﬂqn e bcfcetrse they pie dending into the

collapsed optical cavity 55. Comparing the mirror 34 in Figure 7D to the mirror 14 in Figure 7B,
it can be seen that the mirror 34 in Figure 7D occupies substantially the entire area corresponding
to surface area of the optical diclectric 16 in the optical cavity 66. In the embodiment shown in
Figure 7D, the reflecting surface of the mirror 34 can be used for the reflection of light because it

30  is not needed to bend the mirror into the collapsed optical cavity 66 when the interferometric
modulator 60 is actuated. In Figures 7C and 7D, the substrate optical dielectric 16, two supports
18 and the substrate 20 remain unchanged from the interferometric modulator 50 shown in
Figures 7A and 7B. Details of the structure and fabrication of this improved structure can be
found in the aforementioned U.S. Patent Application No. 09/966,843.

35 Figures 8A and 8B illustrate an example of a portion of a display with display elements
that can incorporate a conductive mask. Figures 8A and 8B illustrate an exemplary portion of a

display that includes an array of interferometric modulators. A conductive mask can be used in
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nodul at or 60 provides an increased usable mrror size as conpared to the
enbodi nent shown in Figures 7A and 7B. Referring back to Figure 7B, there
are areas of the mrror 14 which are not 25 providing nmaxi numreflectivity
towards view ng position 110 because they are bending into the collapsed
optical cavity 55. Conparing the mrror 34 in Figure 7/Dto the mrror 14 in
Figure 7B, it can be seen that the mrror 34 in Figure 7D occupies
substantially the entire area corresponding to surface area of the optical
di el ectric 16 3y thpwn Eftiguee|SAciad PByang & any dype wbdighayordicrrehis vssd fhmask off i gur e

7D, the ref Lgainligs Stuhd ﬁﬁﬂ’aycﬂonﬁbﬂnem 1tgho£nd3&n%ruelaﬁcm@@taﬁe@Eontlétamt &fahection
of light because it 30 t needgg 0 bend fhe mrror into the cqollapsed

optical cavFESrEbasHbR °rPéSP At BBPE wsialuralityRfipirels 12 gighs araycFigwe 88, 1 n

Fi gures 7C ahsbs Kﬁ)exatnble ofsupfdrts a8 Gocarpd orciad pidiiaky eﬁlhidlsmfi}ﬁ,aniwm nﬁafemfetrﬁ 18 and
t he subs%ra (ﬁ 31 n.unchan ed forvg tohe nt erf ergnet rf godu at

shown in> Fgivaies i cancli’e'?ﬁs © H’u TERRORE ur & REY 1 Wpé?ftelagn of

t hi s i npr ov eplicgltrespatselfee., centragheof tlfedupldy fitrean lmieafablemmtrmm"ltgdt refleSled Parb ent
Application, [ le of a
port i on of S ain S A A s P R AR i LGB o REGHER
conducti ve ﬁfa@kdlslﬁygu rﬂt@siﬂ’éwa@rrén Bmpikpd eff (et alisppring)aangsk betyeandha stgeturef a

di splay thagyd ﬁg.t [Tre oI Etﬁb areff@ft{matc metmtryﬁ :IBlaék AREAUL atdgm indeaSOfpduct i ve
mask can be used |n-§ he array shown in ures 8A and 8B, and in any

type of Wi spmpst WH&P@WF‘P af@ctw%%lrnme‘ g anag%ma*ff pixelp Spipe, pirfhe preas dhappanib o
di splay f romaa:a&noemadtalggh‘sly afiett therdispRN nﬁlueé;tbﬁl ﬁahdjtymﬂﬁd &, Inﬁt cmwmﬁl on of

15 of the apigomene nogifer PR Sbdth 5 SotBs & Bonigus o, he
plurality ofayps mh@tmg‘totahéoramuaythgﬁuppmselﬁt@d@mbﬁmeﬁmmbhllmtrmlsyetstvét can be
masked 10 | DPIOYE, érfé?on{%%'nﬁﬂl.lat&@%@ﬁf}gﬁ%@&) tTRE mdikSRh ﬂeydls 4! IJT%EP%{:@as

optical response (e.g., contrast) of"t esirable to

m ni ni zd5| | §atit Sepread eragt fambibe n@éabteamwo’a?feta% lr@ﬁetowetnaﬂwavatorp(rwg aPdhptof an

i nt er f er omehdbiént MR LhPhrBFagdtdBland REER 2ORASHd MEvabIR IliRGIRANGE areffotfehBaling pl ay 1 n
t he dark state an be ms& POSI ﬁgca mask bet ween .t he

Structare. BREOR AR unrEREhont Fflii i BhORE Kb AT dorCue AP bl ack
mask in or dmnsktad)artasc‘rmaseeats tet dkOmavbat vaa bé refeatd © abElonealve anast dtcast ddy pi xel
and an unac t t
advant ageougéfg sragct t“ﬁ%S%& Sp %‘i/drelrﬁﬁc ugﬁémﬁ}? Iél(rggg?t%?b %ﬁé(eg a&C"‘:‘row cuts
bet ween 20 nb@?@@l@%@@lemmdtﬂeéﬁ%h@t oL I(fﬂtl@lﬂﬂe og fpre ﬂﬂﬂﬁélcﬁiwp'ﬂ)bﬂ'@tscaﬂae bendi ng

areas of thg.pyapl eptmnretea{em |I§)§§ﬁh§ eﬁﬂﬂﬂ@c@ltﬁ' mg ntagk eaaoueqmpasre@u@%at fige supports
18, and areas between novapl e rror acent interferonetric

modul at or s ?'éenfl?frﬁﬂll%fe’é’ﬂfmc?ﬁgulﬂ%fsf?ys(?&‘ﬂ e'EJ'Er @F g’ﬁ*‘é‘%‘b eg 45 the gropablgmaizrer- 4y 15 t pat
it is Spacedﬂ]a[aﬁlb&dnfld’n&mﬂdﬁﬁam’dab:lfﬂ]elibr[ fdtive Hfas bl @naskatier f eronetric

nodul ators, e.g. ht can 0 ate .to and refl ct from
the movabl e mirroF rf’:’)'[tejtalpt h'é:hgdrs 3 elte't“ﬁn resr?‘)?(ﬁ[o b VoVEBTS O PE ar% masked

i nhi bi ti2hg ambiat@nandlca@hltanterqﬁmep@ﬁmldmts (ng formoami aﬂnymsqlqcuoxtcs)rcasymmh&dmc mas ked
ar eas. Thesﬁigxﬁ.is‘%@ﬁe HxE}ﬁ-}y e‘i’cﬁx{%n@&ﬁlé‘agsug%%é%@w&e% ﬁtaEg%%lsLst%ﬁd foPBQﬁ R&uluye areas”
because they are static, e.qg., the areas do not_ incl he nmovabl e mrror.
I'n some enb8iaysdemandybatibetesivange olghyeontseliieichy ltremtl@dml’ﬂq thtsz &8t litde t ed
light and powititeOneeRE HDEMIRIBEL 6 Bhalsigaat s tWhad nGARiIAM the amount of

additional passive optical contents in a display. One way to decrease the resistance is to provide

30 one or more electrically parallel connections to the control lines. A dual-purpose mask can be
provided that increases contrast ratio, and at the same time, acts as a bussing layer for the driving
signals. For example, in one embodiment the conductive mask can be used to form an electrically
paralie] connection to one or more row or column electrodes of an array of display elements, for
example, interferometric modulators. It will be appreciated that the electrically parallel

35  connections can be designed in many ways, depending on the application and the type of display

elements.
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used for the optical elenment. In sonme enbodi nents, the mask can be di sposed
so that light entering the interferonetric nodulator falls onto either the
masked area or the novable mrror. In other enbodinents, at |east a portion
of the non-active areas are masked. 'T he rate at which display el enents can
respond to drive signals can depend on the 25 resistance and capacitance of
the control lines (e.g., row and colum el ectrodes) carrying the drive
signals to the display elenments. The desire to view video on |arge displays
and for high resolution displays denands that the resistance of the control
lines be nininizEgure ﬁo‘FO"(Sh‘EE‘éSSrSé%@EﬂHé"cwl‘{f aj simplifiedk epragspiationgpliarispley 480:¢ he
conduct ance aaa‘olrdtdgeo Srle@MBbdithind e"ghe\/hﬁdpla? cOHhfHisd¥i o qglcmganﬁmwmﬁf are, aiflist i onal
passi ve optic contents in. a a e.way to decrease the resistance is
Do ot ovi do. SEED o icdnph M 1. oA dFrte Simdeeromuc o mpflEont « o
lines. A dualhw@un(pb@ezpm% anmgexhan omﬂmn‘defdmi fh&itpmdlﬂﬁﬂ'a'e&&&ﬂ optiral egpdbser at i o,
and at the s S|n ri.vi.n S| nals For
exanpl e, gl n %ﬁne thee nBvaglc a&lv% are?_llg%l(':l\écﬁlzo (?. 3 gl%ntéast Z énna %rectlon mdi c;(a%d?orn% N
electr|cal|906ﬁHwakaﬂommnmeetmgnmt%mcn@cammmnwekwgmﬂ©4h@dkunh&ah@onrodes of
an array of y 3a) Ry, LLBHEN! fu EAE o, EKATR! fimehRI0E RLBEROIcTREYLAREY S

w il be appreC|ated that th ectrical ‘é paral Il el 35 connections can be
desi gned i nimefspmaisy soddepre ﬁ@ﬂ ngyPisAll: Hds depipsble dlipt the romprgive iees ke lght-di spl ay
el ements. - hisofsing WF %dﬂncﬁmllgaocﬁ mgsso&mdwmlewer %Uk%t tik ddpAp |10Cf_rirr]&1‘iia |
representation [ ording.to one e nt e displ ay
conpri séd t \%"’%‘H’[‘f‘%‘&fﬁd Bg g'ﬁgﬁ‘g 8% @ tli‘%l?pé‘gal Fpapsfi pLod “?ﬁgbg? rometric
interfero rretnroﬂﬂawmidﬂd:eau(MnSnol Qebradésbydbsefldctiencht &hlﬁiMﬁ lighit @ n}feabmmaw dréas

modul ator  qgyi | Siborenn Calfﬂrﬁﬁs! ir%Gn ée”deg{n{}\aﬁ%%”%%e 12h-a tﬁ:‘; WRG 108 Srith 1 rel N1

produce a destred respon € active area I's driven
towar ds a seresk ffert exa@@? Engena reﬂ rdust iyollowi, wm)ctahfedhﬂyyblmkr olls galhO@lditigkpd gener al

oper at i on Offunt:thﬁaﬁ:?gﬁ'ﬁﬁ E@Eﬁ&?%&&sﬁ@g%ﬁﬁﬁéorfé%}/ln&%%orﬂdq‘ﬁlvbﬁﬁte@ﬁ@@h gribed in

U S Pat. 255. In Fi gure reference nuneral s 108 indicate
non-act iNe K¢ ewaecis tq girguiry iy ths FiepiayrOP adusea thele 6F 18 PIO I, PraxdsiBaPIRore j ¢ s
desi rabl e t br&ridalmisdan-acti ve areas 108 be |ight- absorbing or to function

as a bl ack mask o t hat when .a 0 e disp|]a a 10

di rection indica @ f A& E\'/clméevﬁr?lag%grni‘ag&/ ﬁﬁm eflhgmorfﬁt?rplél M?Cigﬁ%h%v@ *br oduced
by the int ED[)tEHIGCSﬁQmQ ehichnabstulbsanr attenabess ilighe s OlOet moge of dite makaginia ded tdXybrickie
reflection gf nﬁ&ﬂ%eeé?%dcﬂg%ndﬁ g A&%mﬂl &ﬁ)éb%@nt%f%qnverl‘lg)ﬁ arbﬁlig)g&%ﬂ

enbodi nments, it can S| ra e to I’TB. non- active areas

col or ed 20mad3m-{chivsrarai@hemede frieasd as p é‘ﬁCk o phipefilmg.e For gamplsy, @n ope B‘F‘PPéF“e!l'nan

bl ack. To gaicRuddstithih Qﬁhﬁ:jmayfddﬁﬁﬁdeQ?@h—llﬁl?{-afﬁs&@ﬂfgtﬁl&ﬁctﬂ@-ﬁa arghmldﬁas%{v&gmt
conprise one or uctive ma al s ich.c e.connegt e o}
circuitry i gt faﬁ @“’Tﬁ y&’ﬁ’cf‘sd"é ?Wemgﬂ%scrbqﬁgpﬂo‘ﬁé? PhErSMEPRT e one or
nore el ect the c@h-adivis aress . 108\ nmap Skmprise asingle Hayacsfi organiaroe anoigdffic mmridle whialbr i cat ed
from mat of | By bEBLAHL i, 1Y 5 8hr, CRLI Gl SAPROER BLE ARTALES o

at t enuat es ricate  the mask
are el edfricall yFlg‘Glnél‘Eueﬁ the drawings grods ﬁgﬁfﬂ@bseemdhrp@msmgferQWQ medglator on, a

mask for eagfiice 200 in accordance with one embodiment of the invention. The interferometric modulator
device 200 includes an active component comprising an electrode reflective layer 204, an oxide
layer 206, an air gap 208, and a mechanical membrane 210 disposed on a substrate 202. As used
herein, the phrase “disposed on a substrate™ is a broad phrase, and it indicates, for example that a
30  referenced structure, layer, optical device, interferometric modulator, bi-stable device, electrode,
film stack, support, electrode, mask or other referred to feature is located on a substrate, and can
but does not necessarily require direct contact with the substrate, unless so indicated. The
mechanical membrane 210 is supported in position by supports 212. In use, the mechanical
membrane 210 is driven to contact the oxide layer 206 to produce a desired optical response when

35  viewed from the direction indicated by arrow 110.
The supports 212, the areas of the interferometric modulator 200 on which the supports

212 are formed, and other areas that are not part of the active component of the interferometric
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20 non-active area 108 can be fabricated as a stack of thin filns. For
exanpl e, in one enbodinent, the stack of thin filns may conprise a

non- | i ght - absorbing dielectric | ayer sandwi ched between two |ight
reflecting chrone |ayers, as will be nore fully described below In other
enbodi nents, the namm-active areas 108 may conprise a single |ayer of
organic or inorganic materials which attenuates or absorbs light, and a

| ayer of a conductive material such as chrome or alum num 25 Figure 10 of
t he dr awi ngodHuedioncemplegrespingicaid by sparlgth argss 23Mcar Peapaskadivithe comsldelivat or

device 200 ifskab pRVAIRBCEINGE th rR&ioR BPRGH [1BR tihe@ arfadd §/nich 8N SthePWise ihldRere
interferonetrjc nodul ator device 200 i ncludes, an active conponent

conpri si ng M de desirpopticyl gepponse qf the aptiys diterspmetrie mogylatgrcompopsals. Bhygnasky 5

%ap 208, ﬁndana)e HEeibaddi o€ alstadTesTimimy) emﬁéhﬂg aki l&@l&ﬁedleﬂﬁbgﬂy &lﬂbtﬁ:ﬁﬁgaﬁlﬁ; 22ted As used
erein, e e spose s.a br rase

i cat 8. POPCRHF O RS s e By e uiab Predpd Sneligis Seugpfidce,

devi ce, i nt encfeabodimént.i Themmekudanboformddion ghe aldiseatd20Zipder, o bhmog thoabgiye oplital m st ack,

support, el 9{% Qqu of E@%ﬁfgﬂ%ﬂl%%%ﬂdﬁlﬁgr@ rarcgo >é)to oﬁi?‘ér}ﬂ;oﬁl e§t lﬂg %gﬁtﬁ%%@ With the

substrate, an oS o RIS require |rect C
substrate, ehlhes@‘?@@mehmmle@f 20fhean pedermasaversll f“mélﬁlbr akiest, 2cosuppors Zdport ed in

posi tion by r3LHIRO trieckehiZal duPpots Gor b SncVREN aREHaRLal HERHRLANS0. 2K cond, €L Vven to
contact the oxide |ayer 206 to produce a desired optical response when 35

vi ewed fIP onUPPRtSil? SttAIeyifie aﬁ&lee‘af“éa"”aEF“%? Fo e eppructivg doagky b fuppats 212  pe
areas of t heonphiteinfeRtccanty wﬂudﬁn@lmhtaiamrpoz%n@n WhinGRugpoR 2514P pehinécted 12d 2 ar e

fornmed, and o hcﬁr gre hat ar e, $ 4 part otl 2 a:[pz% ve CO. onent of the

i nt er f er omefPHIEIYe BYFSAT M5 58P0 1247 20 Bifnsprductiy kg cff"bgr%' BY B ¢l ed
areas 230) -eleqwidakpatim ®lapply voltagesdo mommmln\nehanmmmbampiwvamubennuseretad:e t he
reflection ﬂxffol' W@tﬁ 99 tlReg8 8L 82 which can otherwi se interfere wth the
desired optica onse of the active interferonetric nodul ator conponents.
The masR5 can beA¥showr ig Fisag 18 the antegfegpmetris fmoplptas200 inglufiay d icongudive maskdhat one

el ectr It cal } b’otr)lﬁﬁ&gHGthékQﬁ thfid AR, bﬁ%h@&ﬁt?dmémzme %Qﬁ%ﬁﬁ%e&i%&'ﬁeﬂ@éﬁe tkismopt i cal
property of bein or nd conductive, accordin one

enbodi ment . 1#$5é! %ﬂé‘?@g‘g ‘E“e‘aﬁbk%gﬁFFC?'}‘?éefgﬁ‘b‘@tdf"a’f“’e layes 320 (5{5‘1’“?“8“‘1“6‘? mng the
active opti matbnalmﬁpmemh@daﬁfohhmemﬁsm Feraample,iic antdt bralodintent, &ea@skli Nng to

one enbodi nent suppor s 232 f t Lnter onet 200 can
perform seve:ka es1‘aunc |fg[ﬁ’§] fh "Epm'l? 3c£r§me laryf;r 515,1551 ¢ dl:an (Iﬂggayg?ZB fo ¢hani cal

suppor t $0f oexamble, $10a).apd en mnm I%Qilﬂhﬁhbm&rfem@itﬁc m8daym @00 intlades @nothéppor t s

212 can pr 08;!1&1;%3;@&2@b&&&éﬁ'tl&%‘xldegﬂfaﬁﬁyb@o bR thd dMRirGRAGGHVE Ger BB Konebf T he
supports 212 nglrl se an electricall'y conductive material. For exanple,

when a suppBPE %f cally copdiRivet laxgrst of e “Eﬁ}h&m‘c‘?ei crangcied ofhen compopetssffior t 212

and the congugtiomeri¢ ap@ilatet2200a prgeide endecoiosl K, HF exanple@ el hBRIcarp8d hs to
apply vol tage t he rmvabl mschanl | nmenbrane, 210, as will be .

PP ULty at edcounssien 6 P Ry ot Ry g™ BG RG0St el et B i
Figure 28 t bmndcttao fibr eatodd cefioiteliaeo20200 viasc?ddbs @mpdsedac tieawraliipsk t hat

conpri ses a.ghatl fferh il Me@ﬁonsleﬂm%% tﬁ%ﬁﬂ%‘g of t Jl:%ndﬂ@%g&&r% ap S 2

first reflective chrone |ayer 218, an a second
refl ective HIungpgs qnsaay@}ectggg_ usgm@pet@cﬂqdm:qt\ga@lar apphcatlon n some embodiments,

the electrode reflective layer 204 includes electrical separators 228 (for example, gaps or non-

conductive material) located in various positions to electrically separate conductive portions of

30  the interferometric medulator, for example, the electrode reflective layer 204 or the supports 212,
and suitably configure the mask to exhibit the desired bus functionality.

One embodiment of fabricating a conductive mask is disclosed below in reference to

Figures 11-17. Figure 11 is a cross-sectional view illustrating various layers that can be included

in a MEMS device, for example the MEMS device shown in Figure 1, having a conductive mask

35 402. Only a portion of the MEMS device that includes the conductive mask 402 is shown in

Figure 11, the remaining portion of the MEMS device being indicated by the dashed rectangle

203. The conductive mask 402, indicated by the dashed circles, is illustrated as being fabricated
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materials can al so be used to formthe mask. For exanple, in another

enbodi nent, the mask includes a stack of thin filnms conprising a chrone

| ayer 218, an oxide m ddle |layer 220 (for 20 exanple, SiQ2), and an al um num
| ayer 222. The interferometric nodul ator 200 includes another oxide |ayer
226 between the oxide mddle |ayer 220 and the el ectrode reflective |ayer
204. One or nore electrically conductive |ayers of the mask can be
connected other conponents of the interferonmetric nodulator 200 to provide
an el ectri cah abupstrate202. T anagh 492 corparisepetrke lepoms & dilm,govhnlng tadist refleatimelaysr - nor e
col umm or 1 94, & GEJBHPS0 ohdla QRnd BIRAAICTREE 222CHHORR: kA, 182228 8nd e

connect ed to the ectrode reflective |layer 204 Vi as that conprise an
el ectricall Wm@o‘ﬁ@ﬂ%‘t“’l Igxsr gt @picamprisy mateagh halcars reflagiiye P'&fhcqntitlct“ﬁ’efm

confi gurati egnipfe, dhineCANEIHEH, oY SitVeR Hor SohelchBSdiménts, Tt BEHILGNS maAk 48Pc8lbeCt i cal
bus can depend on the &3rt| cul ar application. |n sone enbodi pents, .the

el ectrode r&frpediya sy latef%aetvﬁalp that scppligpred sq daLi a%tvgeszg%“tet or
ei<arrpl e, lgiangu Qg Aftars 61aEK US bihtt@miibdiEnsa thy c:{cnﬁﬁc&ibedadkmﬂﬂad’nlb@@t&xcﬂ&ﬂlﬁ hons to
el ectrica arate con rti.ons.of 30.t erqQnetric

oaul tor | Pl e ey B8 PRGN PR Sioitta oG, e Sl R St ppor t <
212, and stktaidugtiveondsk 02 eart he thvasikoe tfomexhichide tided iclaelsi fabudbathansof the
functionali scl osed
bel ow i n re%gfgl(é@gt"?d%g@!it ur espgﬁefts wugliﬂd ?gh %gﬁlgqgc&éé \ggsgglgg olrtllg Vi ew

i |lustrdfi ngarvmtqrs:taiabnepfe'h@mﬁkavd @anlteb‘eromntet DddudatorjcpmponiRsyvShd swridegsive f or

exanpl e t heMeMoy @.ﬁ.vdecaeeds@pmde gedferm%ﬁm}m tn@wu &eﬁan&%%damrmxhc 35 402.
Only a portion of the MEMS device that includ es e conductive mask 402 is

shown in FrigRipedeyice apd, delp migimize rsisiance ob rflegirical tfé'%ﬁl\@"&'%% &'E“atfe'i"n‘ﬂe
i ndi cat ed bynettbemetastleﬂodeesjz ﬁﬁ@ﬁlﬁg elmauyﬂaﬁnﬂeﬁlﬂmbﬁs\t@: thasdeald02, i ndi cated

by the dashed ci cles i,s illustrated as_bein fabrl e a substrate
26, The. mack aciecipr st in e BREDTR « spidihr Bl O i e MR B

reflectilye wayewbeQ$&;beaw1tbwfecbecdtayeureQQZGI'iand a second reflective |ayer 222.

The first refl ea]f %u‘(@ # AVLross- %&uﬁrﬂijw%&’%f a%ﬁgeo 4 fl ga%tu!ra"& d i f*,féfs Gt Ca”

corrpr| se nateri at are | ectiv con cti ve, exanp
chrone, al uliving e copsfuctive magk illustigingsifinst rallEshgi Iﬁvéhtager &lﬁéer@émemws%%sk 402

can be 5 st ppsChlQRlimRal ﬁepstaaﬂ geﬁﬂte@mft@ergamtw@z ﬁgftytrat fbrrek,ta fe, dIe%n&tonf' gur ed
ac n ot her

so that it mn| mZes r ef ear s

enbodi ment s 1EHE %‘ﬁdti*ett Eﬁsa‘éﬁ 3‘?3 bipe e o &'3“’3? A agping o

i nt er f eGNEbIitei embodilet.db ofie dxbraplary efbeidtedt, tHeglitknas obfiseketiednsblagsr 218The il s
whi ch nake up, Eli&%&)?ar@qgc%d ve mask 402 can be the same filnms which are used
in the fabrication of interferonetric nodul ator conponents, thus naking
it possible to USgurg heisgamss-stetinnali vigvoef a10egp i beteeyiaturooff thhMEMSt dsvithe nmask

and the int ﬁarvtngaemtéﬁv@mmdnus@m%m@@&p@ﬂ&atémasm@er@@stgm b/ £ willRsfaif 02 can
be used to provide greater flexi in the rodti na{y el ectrical signals
&r

around the Pfat*fglﬁrWVﬂ’e\F%@*SafﬁlalCH@Ppaftﬁ the firsyellycdey Brskluer PP ivfepestted as

circuitgspr thvﬁlmngagsltegmltse iRt kdfective Magk ta@aomtm;ﬁm@heacanamtessopba/ ufihgoVi di ng
electricallx0 ar.al | el conne ctlﬁsfor t esi%%l S}Ie var,i, us stages in the
) > of s

manuf act ur e “BF PHORGRBTELT RlHE S F oL Phe XA CW YT fow be
descri bed webdse lagh &r e thochilingtaél whichssrvdsas 4 whask.
Figure 14 is a cross-sectional view of a stage in the manufacture of the MEMS device
having a conductive mask illustrating additional layers that are fabricated on the embodiment
30  shown in Figure 13. As shown in Figure 14, an oxide layer 220 is deposited on the substrate 202
covering the first reflective mask layer 218. In one embodiment the oxide layer 220 is about 300
to 800 angstroms in depth. This layer can be applied by sputter ceating the $iQ, onto the
embodiment shown in Figure 14. The thickness of the oxide layer 220 can depend on the quality
of the color (e.g., black) state that is required for the mask, and it can also depend on the desired
35  color of the mask.

A second reflective layer 222 is deposited on the oxide layer 220, and the second

reflective layer 222 is patterned and developed to form portions that correspond to the first

-14-



Figure 12 is a cross-sectional view of a stage in the manufacture of a MEMS
device having a conductive mask illustrating a first reflective mask | ayer
218 deposited on a substrate 202. After an initial preparatory step wherein
the substrate 202 is prepared, for exanple, cleaned, a first reflective
mask | ayer 218 is deposited by sputter coating it onto substrate 202,
according to 20 one enbodi nent. In one exenplary enbodi nent, the thickness
of first reflective mask |ayer 218 can be about 60 angstronms. Figure 13 is
a Cr oss- sectdfloctxt laydr 818, Gfiming 8 tagectiveymisk eommising a thinfile swék. tThen dviev8e tiewri ce

having a COEQfﬁﬁtd SitclT B e sLJoH@Ieh@LIu‘/J‘ﬂ%Jr h&. foésSi rc%f %@@hﬁe‘ﬁ% MR $iial g%(er 218 of

Figure 12 tain portions reno rication, t he
first refl edtt spetharmgckld reflpcive iy 22%636@9%\*1@% to wmst @ﬁdmxpmplmagetmn 12, the

first reflegtpyge (@ekectiay %ar%&é 1S cdt EEMBEH RN HRY RlaPRR 1 ?é'z[lg which

conventional techniques to | eave two or nore portions_or oufcro chrone,
whi ch caf sérdreosifed omth gxide Jaxgred26 Jihe glégtiops, ’ciﬂF‘l“ﬁ‘i By 4 niveikly §0as a

mask. Fi gur @nghtlonksSthidk, Gis @&t mﬁﬁels@mig dépeaténObn e $dqaBR un@hthége of e uﬁnﬁ%ur e of
t he MEMS devj ce havin

ductj ve Kk |II trat n |t|onal | ayers
that are fafFFehedimshays i sdatie o-pky & 4@7%@ Bggaaand i n
Figure 14, atlizaton@etht ayﬂlictn?fﬁﬁask@odmpmﬁltﬁeeﬂctﬁﬂest foEexsmbls,ttheadlmré’cﬁzeﬂmiwerl ng the

2bout 300 80y Thset PER ey IR Rk n® SR B L
coating lﬂher@h@ebméﬂﬁ he enbodi nent shown in Figure 14. The t hi ckness of

the oxide layer %%Qaﬁérsndﬁﬁmqer%s Liea élUﬂidai myer%g 1D%s d&%@g gﬁtegcom@l ack)

state that is required mask, and can al so he desired
35 col or of o8 KWelarade feﬂA“%’é(‘?ﬁ?fd?O?‘ eﬁeéﬁiﬂeweq?&?é?" ‘?E‘E"ﬁ%ﬂ'ﬂfé‘rﬂﬁqetaé‘ﬂ%r‘?et he
oxi de | ayer 22030036 800 HEstSRS Mk, a&@ﬁlhgaidnvembmm 2P sh&ifigial Tkt D@Ceagnd

devel oped to form rtlon that corres first -14 reflective |ayer
2T8. For i ng S R BRSSP AP B AP 2P RS HER R oxi o
| ayer - 1226td®eeieqmdmehed on the second reflective |ayer 222. Vias 224 can be

formed in the oxy ‘?e 1§‘¥ éﬁmz’%%(@cngr%l L6 o?gcs%gguhtﬁé h.%&&éc}{@: bRy ME@&@ gan be

connected to a su ectri cal
separ at or s Ewgmnmﬂvﬁwaﬁbﬂﬂwﬂw@a&@m prsirechystep Iperéﬁnvbtolf@rwethe Ze4ses whi ch 5

i's deposit egh Qpphipe ﬂfé'ﬂﬂ@erﬁ]@@/ﬁfd aa?eﬁhmgfa@p%l SEbERES foih r&BLLehibiPhd 204 'S

typically about 60 angstromns I'ts exact thickness belng dependent on
the requir e ek @ﬁ?ﬂ%"s‘éy%?zqtﬂg‘emaﬁ F?f’a‘i“é thegpeopd tglective lpysr Atfepcopn %P el ding a
bri ght erodi SxﬁllxﬂynenB&Bﬁdla@UZi e bel@sineeEl 1:00xide Gyeal2b Q8 tha Rebohd 1R flectitd layez at | on of

t he conduct sk rtions o I od r_exa t he el ectrode
reflective gge ﬂ&%déo ? HEPE r{ 215}}&?‘35?’1 hg“ i gér ﬁ) 2 1 e?%é"ﬁél SE8H&" or nore
separations b@@&ﬂlthv sedvad efflettive by 222 0f lhetdnémvwreaSk al}cbmomaélpart‘blﬁéméﬁm&r an

oxi de | ayer 4 gf e R AGh I'rﬁ:énﬁjlranle %y(?gho%ﬂqn 2 @rer@@e@%%oéﬁ'ﬂz SHULtss coated

on to electrode, T ective layer . The oxi can conpri se

silicon oxi dheough the vian21Bdo the ssend f@@@“’?éﬂﬂ@@ QF@Q%WBFWP@Q@‘%C’@@M‘MQ to one
enbodi NBBt . edRRAnSKAS iHe Vi 1284 ark 3Rk B08e 688 layer 226 and are filled with an electrically

conductive material which is connected to the support.
Figure 16 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask illustrating forming supports 212 in the recesses shown in Figure 15.
The supports 212 provide a structure that supports the movable mechanical membrane 210
30  (Figure 17), and can be formed in the recesses by spinning a negative photoresist material over the
thin film stack, exposing it through a suitable mask and developing it to form the supports 212. In
this embodiment, electrical separators 228 isolate the supports 212 from the electrode reflective
layer 204. Such separators 228 can be used to isolate the support 212 from the electrode
reflective layer 204 when the support 212 comprises a conductive malerial.
35 Figure 17 is a cross-sectional view of a stage in the manufacture of a MEMS device
having a conductive mask, illustrating a mechanical membrane 210 deposited onto the

embodiment shown in Figure 16. The mechanical membrane 210 is deposited by sputter coating

-15-



conprise conprising nol ybdenum and can typically be about 0.2 to 1.2 mcrons
thick, according 15 to one enbodinent. Figure 15 is a cross-sectional view
of a stage in the manufacture of a MEMS device having a conductive mask
illustrating a patterning and etch step performed to formthe recesses for
supports. The patterning and an etching step is perfornmed to formrecesses
whi ch extend through the oxide layer 226 to the vias 224 and the second
reflective |ayer 222, according to this 20 enbodi nent. The vias 224 can be
formed in t kentoticdarificigidaye?8. Boretften theceuifidiaklafc 209tis emovedyi@ring 208 man be
connect ed ! 90 17 HRRAbLG dirfcr tﬂeﬁn&mwmﬂn&db&ué ﬁoﬂcﬁ)npm@an (ol T%]@ﬂqalﬁ%eﬁtﬁ pheal
connection etmeen e second reflective [ayer e cohductive nmask
and anot her rgeral obtheispaifivehyer PA% a8 erir(gsp g08 lstﬂq@leﬁéhfﬁ'éﬁ‘ill which the msehanieal 210

shown in Fi gidiBradesl6 bfes SHRNHE fteddrdmOATmEN 0P acthdidgough the vias 212 to the
second reflective layer 222, according to one enbodi nent. In another 25

embodi meft, the E}%J&Q‘&O shows g epbepipet Pﬁ@ plggtreral pampestiombeavesp dheseeond | | | e
with an el e&uédncaiajmy 22%; 03 Qigpbiitsva 2, el mémabhawbdl @lembRnCI0N 614 & the tebndubiRe SUPpPOT T .

Figure 16 is a.crass-sectional  view of of a MEMS
ot ce.  hay At SR R eRty et (0T s P al SRR IRE % " he
recesses shawrondreflécgeer leyel 322, tlﬁhmasl@pﬂom-sctﬂé_areqmr(cﬁaxledanp& ﬁtermp;tous ém) hat
supports th 0,(F

formed in tﬁ’é‘i&:a ssem%;}g@&aﬁéﬁf gg‘n%ﬁ‘ﬁg‘g‘%‘t?d?‘%e“é th!érr%gén?ggnalk cfagrl a over t he
thin fillth sehaere, sibygip alyinivgmior 2 diglegitieblack sg thiat eglg|loe mateg themehtegiely ased it fogmi t to
formthe SU&QQ{angiS&gg)ledf@ondﬁdahéelgdmgl ment, electrical separators 228

i sol ate the supports 212 fromthe el ectrode reflective | ayer 204. Such

separators 228 dArhihempdient dhg matkais @ RoR@oN e Sti9) ipterferpreide Blement r ode
reflective tonjigired20¢h mﬁmads&emmp@@me éﬂ@m@@tmnt eAsctsaniG@ANIET ind @ppamt er i al .

35 Figure 17 isS Cross:section i h nuf.acture of a
MEMB devi ceP@Favi P gca?laﬁ%ucé gvgonﬁlas ?—F?@s’ g&?%d{](&}rhgcé’gglﬁi @a‘fr o:}#’gf’rbrane
210 depdsi t mekexnls witht fimilar gndpediesreilie @ﬁ@m layer KSi igpicadly ¥@med ifremrfd@hanitieal
menbrane 21Q .S ted BY (SRUbL &SR ERbed i 0 r ci al

| ayer 209. $ﬁ%°rﬁ_%cg§? gr?ls 'ﬂje sécrﬁ%i citgyl? F’ta ol %nlarsum?{egl}r?o\?iggﬁuggé\?ldﬁ%k an air
gap 208. |meefiemapdslei ment, the nmechani caI merrbrane 210 conprises an

al um num al [ oy. B fhilich thernﬂﬁp%ﬁthatchoﬁlé}ﬁeﬁiﬂ%rebtflba@y aéndh@qy@ﬁma%md%ngl r gap
208 is forned th@r‘r@ﬁ% ich the H{N cal . menbrane noves when t he

i nt er f er onetHPIE" Pogtl Gponpelions i g 4Fsuef 0% "‘F—‘f/ﬂlﬂ’l@m_’l?le%ﬂ"g‘(’) Fawcan ke wihodi nent
of an elzectrolraabe monmamtce ohthbﬁimme,br tohennsbenstd. Fdr efdngpbd if‘deoddagmé magk?, the
supports 212 rane th tive mask
el udes o GoERBR PS-ETERRTRE {LEIb G ety bRl SPOEHFRDYRC L5 o
oxi de | ayer mpduftors; thd cordu@eemmit cpiebd aéﬂ@tbr: vied by endyzfion laxehmtdcm‘kssnmrice
non-active @frraaw& Chlurfr ARb&s tHal e SUPRULFrathhrry s‘%@ﬁ]%%ﬂm@m?ﬂiaty clepnf t he
active areas sonme enbodi nents, the conductive nmask_ can conprise 10

chrone, sil %"@F“’n‘af“tﬂﬁaﬂ%ﬁ cglumgs. g Incthis empadamest, ik Weis crerisd g diglecipnd28 1of t he
mat eri abs usedd ©rek@s o theRpBRSK 2 iafid SR @netket LR sEebdNENeiRalyel 222 Y.

which is part of the conductive mask. It will be appreciated that there are many other possible

embodiments to utilize a conductive mask. In some embodiments where the mask comprises a
first conductive layer 218 and a second conductive layer 222, both conductive layers can be used
as an electrical bus. In some embodiments, both conductive layers can be used as part of the same

30 electrical bus. In other embodiments, the conductive layers are each used as part of separate
electrical bus.

Figure 18-22 show various exemplary embodiments of a conductive mask in an
interferometric modulator to provide an electrically parallel connection to an elecirode. The
embodiments can be fabricated using similar techniques as described hereinabove for the

35 embodiment shown in Figure 17. The conductive masks illustrated in Figures 18-22 are
configured as non-movable interferometric elements, that provide one or more electrically

paralleled connections for application of voltages to the modulating element. Figure 18 is a cross-
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In this enbodi ment, the mask is a non-novable (e.g., static) interferonetric
el ement configured such that it causes the interference of light so that it
reflects mninmal |ight and appears black. The optical |ayer can be forned
fromITOC, ITOM, ITOTi, C, M, Ti or other 15 materials with simlar
properties. The dielectric layer is typically forned fromSi Q2 or other
dielectric materials, and the reflector is typically forned from al um num
chromumor other netallic materials. By fabricating the nask so that it
conpri ses amcéthieb‘tiw cfad MEMSodirttige tliuytentinga tre emntadingnidef wsiondyctiva ppmso phéra e y -

pl aced conngehiQis phflicR clfishibR & EAARREL Kol HIER 6f BEUhRFGnd Nomdvagk can be

used 20 to uce t e resistance of the row and/or columm el ectrode. For

exanpl e, if macl@@mg@mbr@@ nta diigurectSn the gapleepmpesen iy refledive dayerAlBend the s used

in an array s&&ﬂiﬁéﬂc@ﬁv@%yé} b, Ul"lﬁldlatsﬁt’foﬁf\s dn@te&ﬁéaﬁfl Ed?ﬁfefdoﬁnecﬁﬂﬂdéuh@-in@ﬂﬁmcaﬁ he
conducti ve mask can be al so be used as a cond f?ftl on yer decr eas

resi st ance M5NbaRso10,2gmig of o5¢ of{be slqcliedes 1 g dniy &m%céﬂod%af ?Sd“d(“f"i‘@dg)fray to

carry signatss dlagorkinelindil s@hsayrhe e et Give Rydr@I® M clebtritMWSombeddob Ueakssams. | n
t his enbodi Vi a | ectric. 226,t0 25 ide a
ocose for (R R Pr SiSmeriR 288, PR SR bt Sh iR PRI Ot ve
| ayer 222, examplehonesofplr tonddctivchmatcrputsddesdribvd hereig kand late euinhdctetheo dppr@od at ed

that there %Emg%%?r%ﬁermé\%ﬁﬁﬁe {an tor§’ %Qkélﬁdﬁﬁys isbiBte ‘{ﬂe' %dpﬁoer‘tsazﬁg@g.%é' ve

mask. In sone e ment s rses Ive | ayer
218 and 18 sdeamd: e8ectivrclaysr 208 ayBe sporprts Bb pre @gm%t wvrée Impyahles mechpnitsk used

as an el ect pkg@hne48 so Ik RORR: LAREA! 155%9@1% an@q{eue&%dﬁ&hwsy& Y Efomm &N be
used as part of the sanme 30 el ectrical nbodi nents, the

conduct i ve PRy Rirlel sarpcigs wih e %@@Cﬂfﬂ@éﬁ&?@?e eI ectrical bus. Figure

18- 22 show vari Cltigurtel@i‘maloﬁfsyseeﬂiﬂﬁﬁldhdﬁemaSMﬁMsadeﬁWh&Eﬁnan FmGHditnéht 8Ma
interferometri,c .nodul at.or to el ec gﬂara | el '@nnection to

md € mas € tri a?[rl etrlc?o %/ € .
an el ect r od & Y ™A %f r’raé'netl§ c?%{ Il?é £ SPICEUEP R TR B NS SR Y A ORI BRI ques as
descri basl hhyas sfabomskearidohe riohenc3dblecaldztyotic iavat 208 h dmnfirsteflectiyea layer]lZA8 ardbe

conduet | ve IRSScAbNAL B oFLOUGERY DRP o B AR, Afedigr movabl e

interferonetric elenent rov e or nore e ectrlca y paralleled

connect i onslaye ﬂﬂ‘hpbm@éﬁdﬁamhqﬂwgmﬂr &@f‘és’i‘eﬂ% The dirshrisBedtizg lryeg 21 is plegyicallyri gure 18

IS @ Cross gohfeck@Gs iHoNBdond re@MRE l@ermydﬁﬂdeﬁt@rsubi Uattichadidon@ntty ®&BRdI ment  of
a conducti ve _mask wher onnectl on i,s forned

el ectricall | 1 el
bet ween bot ?ﬁ%k&er&ﬂgl“% FraeRn f’i’ge‘%l“"'rr{vﬁ‘\v/% to the eegrde ArlepYAIPEN S | n
Figure 28, EBharabsfaraanpes dasicaleisdlie i sipbieiifon thaylatrodlSflatv lijee second
reflective £@yer 222. The mask forns an electrically parallel connection to
t he nechani Cal 5 nenbrane 210, a portion of one of the electrodes in the
interferonetric Ifmnhﬂ(m@rcmsafscmndlw ok MUMStdaeiceditlestyaringlah pmbodimaadt efreas. The

first refl esinaaesvel U h%.%%nle&cﬁkﬁstpmaﬁalchaﬁe&i@ﬁl%efaﬁ.?eq teveld$ ARERAAGve
reflective | ay by connectors 229. The supports 212 are nade of a

conducti ve Hﬁﬁrgﬁ ?Iﬂhe %k andghepeypkle “‘S‘H’é“‘%i‘i memrane Ay Eheifiye reflagtivg laxar 21%escri bed
her ei n, 26ndofaihe ket R E1bRIGLatyP cdrieetsd 6 OREl mebRhibA Ghimbfunt 2y@ rby Zl?ezconﬁﬁcﬁﬁfl rical

separators go%ﬁec%'r S&I wln%ha ln!n¥ tlirgu%Il %eesu%po% Zslgp pI?lg tognnze(::ligr {34 1s 1solated from the

support 212 and the second reflective layer 222 of the mask by electrical isolators 232, which are

formed from a non-conductive material. Electrical isolators 228 isolate the support 212 from the

electrode reflective layer 204, In embodiments where the support 212 is not formed from a

30  conductive material, electrical isolators 232 and electrical isolators 228 may not be necessary to

electrically isolate the support 212 from surrounding conductive material. In this embodiment,

only the first reflective layer 218 forms an electrically parallel connection to the mechanical
membrane 210.

Figure 21 is a cross-sectional view of a MEMS device illustrating an embodiment of a

35  conductive mask where an electrically parallel connection is formed between a first reflective

layer 218, a second reflective layer 222 of the mask and a movable mechanical membrane 210,

This embodiment is similar to the embodiment shown in Figure 21, except that the first reflective
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10 el ectrode reflective |ayer 204. The supports 212 are connected to the
novabl e mechani cal nenbrane 210 so that the first reflective |ayer 218 and
the second reflective layer 222 forman electrically parallel connection

wi th the nechani cal nmenbrane 210. Figure 19 is a cross-sectional view of a
MEMS device illustrating an enbodi nent of a conductive mask where an
electrically parallel connection is fornmed between two conductive 15 |ayers
of a mask and t he non-novabl e el ectrode | ayer 204. The first reflective

| ayer 218 ahwtertZhis seroentad to e sesendireflectivaaser 222by thoelentrical cenrsetpr23g.alteirspar al | el

connection {Redide 15kECo1s arbemt ablae tréikttive 8L 22200 eB&ridaicGAL&MG RYmt he
di agonal ly-lined areas. The first reflective layer 218 is electrically

connect ed t &eshagical meBbrane AP by leqige! fogprsior 33p fogping ghetestricalraradle fonnggtior g so
connﬁct It hebét&véestbom][ lﬁi«dreef itnéecohaweoaas‘& aglﬂdlhd Iﬂﬁc}ﬁﬁi@zlﬂﬂﬁ'enﬂﬂfnb exd.i wg thigyer 222
to the elLectrode re ectiv er 4. El ectri.cal separ at.or

L eot i oar T piRERent othf REPREE VDT e Figma GaouliGopr B PEHRMRYS 2 | ayer
204. Fi gur ealBughSshéwicfop slsrtg,eeduldmabe vicessarpio dedvieMly iskdaté the soppbrti 812 fadok Ng an

enbodi nent of a con%hl&l;,%%gter.r@sk where an electrically parallel connection
f

is formed bé "\/‘\)/'é"é]h"gaco feflective | ayer 118 of the mask and the novabl e

mechani cal menbrEgee 228 2 cTisesekiignglt vigve 6f] eMEMPedevigy/ dlpstatg @Tmbbdiméne ohmsk i s

el ectrical | ¥, Gannemt&dvieR dhEeciBah A8 colBORE N B rmetObeR¥eed B irt LG | Ve
connector 234 which runs throu he sug&grt 212. The connector 234 is
AYeT

h
i sol at edOf r bysrt2A& of e m3dh %ndzllezgefﬁadeti ahindiceted lacthp disganalyelined pmasof ¢ he
mask by el eghéthes lecti@ fdrfMkScormionVil fofedak fveed DEIBRMA réfleaife FayRQA 1 QREICT | Ve

material. Electrical jsolators 228 isalate. the, s or 12 fromithe

el ectrode r &3t mowd eé‘ﬁf&'?“"‘fﬁﬂ“.em%ﬁ“"e%ﬁoaa?Wﬁ?@bﬁ‘gggs‘“’%‘h‘é'eé ﬁ‘ﬁﬁo?’]ﬂg‘ﬂ‘? i s not

for rred_ fr one3 tid(ire anokirally ppaalietebieritiah js fedned by élmiaaliy&mhx&btbi_g%em reﬁétﬂive

el ectri cal iaSé?lZ?g 8}! tl?e %%ﬁt We]&gtr)d ti%e%ﬁ%ﬁgl@&l%af nne%!o?s%%d;.l ﬁg‘c!trl'ch 'Iso§a?clrat e the
(? 5 u I'n thi's er’rf)od

support 212 from surroundi ng con tive terial. Iment, only
the firdb r¥f iedaté the clegiyade 14348208 drops the qondhasive suppert Pi2. pEleciiidakelsolgermddtt i on to

the mechani gghie HIRRBAGNRED: 240 fh B Sdonk SefRetvh RS 2564 hORRk. WG a MEMS
device illustrating an enbodi nent of a 35 conduCtive mask where an

el ectri cal | feqyicrldy pasallelqopnestian; iy fermed Pipronpeqtinpathiasspndyreflociive layea P20k g e | ayer
218, a seconekiiht 8ppdrda2 |vahyohlis conntcted toliftncdMsicalaftchband®abl e nmechani cal

menbrane 210, This odinent is simJar to .the embodi nent sho in Figure
T entept that TREesEERar P bied bioh Biarie bl GERE St men sl e g O
second ref | dayice \284(. aYier diph3 doyicd A0 ahe b, riprcadamplenn edlular o2@8hile Télephbner st
refl ective 8 e i | gyer.,.2 I i cal l

v i-IQVV T, %#escaﬁxgcémk&ﬁlelﬁseﬁg@%gﬁg éekrﬁgtﬂ)%e & ﬁ_vaa%i%nsa{hgre(ﬂ &E 515(136, y

connected to the hani cal ne ne 210 by electrical connector
form ng an Breetyeiofyrioyyrss eleksplRpivicerperns tﬁi/féﬁwewdaeftahlem%plgye@f t he
conductive mask ARGishBE dvRe o ﬁahdegﬁﬁ@ﬁsﬁfg‘QOZﬂ;Q-dislpﬁrtZl‘BO?a@arﬁdﬂ?pwt, t he

support 212 is not formed froma conductive teri t hus isolators 232,
al t hough sh¥f#EF oFcanaPry 9?“%9?% PG “15%0%8’&2%%& ¢ houging 04113 ggeplly sol at e

the suppdrt forded floOuny ofalMafia@yloithan@iaaaring pobdsses asvmd e¢ll labwn to those of skill in the
art, including injection molding, and vacuum forming. In addition, the housing 2041 may be
made from any of a variety of materials, including but not limited to plastic, metal, glass, rubber,
and ceramic, or a combination thereof. In one embodiment the housing 2041 includes removable
portions (not shown) that may be interchanged with other removable portions of different color,

30  or containing different logos, pictures, or symbols.
The display 2030 of exemplary display device 2040 may be any of a variety of displays,
including 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
35  of skill in the art. However, for purposes of describing the present embodiment, the display 2030

includes an interferometric modulator display, as described herein.
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Figure 22 is a cross-sectional view of a MEMS device illustrating an

enbodi nent of a conductive nmask where an electrically parallel connection
is formed between a first reflective 10 |layer 218 of the mask and the

el ectrode | ayer 204, as indicated by the diagonally |ined areas. Another
electrically parallel connection is fornmed between a second reflective | ayer
of the mask 222 and a novabl e nechani cal nenbrane 210, as indicated by the
cross-hatched areas.” In Figure 22, the first electrically parallel
connection is fcFhewempepenty edong qr@aﬂllmym@éﬁn@el@iy niiplehéevice 2640 araefchenmti¢alle - | ayer

218 of the ﬁﬁ?ulﬁteﬁ ﬁlﬁ@@e @hae%é m@&:alc@)!ﬁfnplg%zspbéy @évﬁ:@b(!izloqﬁéludemﬂﬁﬁﬁﬁoﬁl 240.
El ectrical i1solators 228 isolate the électrode | ayer 204 fromthe

conduct i ve ¥§FE® F'Fluéel@deI""éE‘%‘?ﬂoﬁ%'Fs gt é‘“‘éﬁt Sy epdeped P@GlﬂatFé“ EXEPE BEG i cal
connect or 26;9bofdmm thb exes;@ﬁ@ruispiagfdk@&tzomm&meeﬁ newadrk Gterfabe207 S8t indiltRs Second

electric ara nnect nis connect i the d

Pt ot | e nerasd whdinEubkobe Gttt i dueng rser 208 & et iGRoct ed to
t he nmec hanl pxad:cssaemn,amﬁchﬁamndaegw ﬁﬁdlﬁ&ﬁlg&ﬁﬁﬂwﬂfﬂlom enﬁy:sﬁdﬁmmiﬂg bebwkd agr ans
illustrati NGys ?n errbodl nment .0 0% on SB alyc @tcdg\slll c e Condmo s 5" 2y devi ce
2040 can be; S exa e uI arcor fobll & fel’e ﬂo%ve t he sane

conponent s ¥52ds sqmnagcdde\m apeak@OHBS a@nd g| mighphoya PG48t |Bwspr@dq®plea¥21 as eIStaI Yo}
illustrativ | S and
por  abl o medra cul PP WARS0R il S eckY B0 MRS LA 005 21
di spl ay 1®03epupk war&a@ﬁhl&fez%m to thesaakdrverya; whigh i it codeled le@ 43P, and a
m crophone M@usmepommgz@@ﬂﬂwﬂd@s pBREas &l dovhpordis horeqiRdd by MPpARMIOT 2

vari ety of manuf act ses as are well known to those of skill in
the art, i n@ﬁeﬁalﬁrﬁé"s ‘{é]’g‘F?%HBﬁﬁgﬁl ng, and vacuumforming. In addition, the
housi ng 2041 rrayrhbaetwmdﬂerfacommmyclmf:s the mernhaez(ytmﬁd e tredsceves 2047136 khadi ng but
not |im tedtht gxegll ! ] v1c %Owgzlinaf:%%mum% 1h’one afr}I(lj C I;’lacgg o(\:fer %Iv:atwork Tbi nati on
thereof. In one & (ﬂ'n)é t ousin 41 hel udes T erovabl e portions
(not shad¥n) onelembodirpapt lbemmwbm@kfmw@@%ﬂ mytaho bavh eqmerpegrossab Capalplities fogelgveo f

di fferent Colemonsi o prQRlinR. Niho g 6Rls L3 AR EmaRhithiHb Ghee g HIDOO! S-

The di splay 2030 of exenplary display device be any of a variety of
di spl ays, thher & treesttipg wsdtram‘f@gcﬁ@ﬁlﬁ ay? ongsempadipeqty e apfefaaitinsyity agt her
elrrbodi rreré}_ smc&déem bl@lﬁlsayco?(m%(io thlle: 1@%@31 a%lrfdhra,tmdgmn@lns%ig &l 13, (OUsg)as

pl asma, as scribed . aboye, or.a

non- f | at - palef™ s SPlﬁvmechlﬁ gucenga GRsmip rg?e’vtcijgig 8W¥c§°,°°r31§gitg el | known
t o t hos20 35BBYERKITH standartlhén the tase ploaveritalnr, telﬁmlpnqoﬁmpmsm indesigmsige idodiveg t he
present enb dul at or
At MOREMAR A5, APs B Rk Rod Qdfts il e ggegﬁﬁ B HBL LERRITLELS ol

exenpl ary dPl@m @Weifexﬂihe Banygiver ?&%prg@ww the siepals requPchfsﬁnp the anienny 2043 gm e 23B.

The i || ust r @htapkyas R r@tedhyShayeeMhdfiddy thdbdcles2@1 NausiriiBeRe41 and
can include_additional co onentg at |east partially enclosed therejin. For

exanpl e, i n*Bhals® BRESHE s reqepad Gt %[PS‘/‘SSHT i &5 “Hb\?f”t’é‘a&b%@‘“?‘w&,‘?%des a
net wor k23 ntﬁdsxﬁa:eexeaxqaﬁﬂrdlisbajrdeivﬁelzmde&ﬂ&amanmananna 2043 V\/m ch is coupled to a

transcei ver 2047 Tl]{e trans ed ver q nec ed to rocessor 2021,
ematlvc iment, the trans 1ver @ tf.]r;'lace Celver.. th
which is connect ed" t6Mmeondrtt oni ig hardwar € e co TFoni nd’ ar dwar e

another alternative embodlment network interface 2027 can be replaced by an nnagc soutce,
which can store or generate image data to be sent to the processor 2021. For example, the image
source can be a digital video disc (DVD) or a hard-disc drive that contains image data, or a
30  software module that generates image data.
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 réadily processed into raw image data. The processor 2021 then sends the processed data to the
35  driver controller 2029 or to frame buffer 2028 for storage. Raw data typically refers to the
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.
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2052 may be configured to condition a signal (e.g. filter a signal). The
condi tioning hardware 2052 is connected to a speaker 2045 and a m crophone
2046. The processor 2021 is also connected to an input device 2048 and a
driver controller 2029. The driver controller 2029 is 10 coupled to a frame
buf fer 2028 and to the array driver 2022, which in turn is coupled to a
display array 2030. A power supply 2050 provides power to all conponents as
required by the particular exenplary display device 2040 design. The

net wor k i nt er f ac& &6 2aibadinedny deprackreor2A2leindlale OB ragondroléicCRY, anbgie initio - 2047 so
that the e&slm%l exmsh anﬂ@eseﬂ@x.g%p@pé&& 3540C QI fin thgrdmrr: aoﬁ;ggne?zmym e

devi ces over ne enbodi nent the nefwork i ntertace 2027 may

al so have sG'Fﬁéldﬁ‘r %5'@}%'5% apfl Blgsa fr (tpasmittng sgnals |t dhpepeakiefd0fta rah iy redeivinge

processor 2Qglas F4f tRNhiSORBnL 0. | ConddhiRHRRER 26510MEy bOdilAS&nPbnedlsi |1 1N
the art for transmtting and receiving signals. In one enbodi nent, the

ant enna Br arfétiinite "éFfHPIarV dispipy, dryicRp040; ¢ may de incergeraipdyithin the proceset20H . 11
standard, i R@kudinpgenEEE 802. 11(a), (b), or (g). In another enbodinment, the
ant enna transm't a d recei RF signals. accq rdin BLU H

S andard. | 1n t he TRaUNeLfoREOIEE PR afEt Paita rotes o mEeaied dM I FecetBs Pted 1 o
recei ve CDiiher %Mly ﬁMn?Slmpro@BsheEozlirwm:nsthcgfmhesbxtﬁeaﬂozaraed uS@ohats thea@®wTUNi cat e

W Ehin a W el ess, el b BDONG ASLIR  Kuopl0E, LI ANSASIMAT 2904 L REERY geesses
ot dieh speed edusipplin (o) ' gHaT by 2022 Sptie

the signals'recelv recei ved by
and furt¥er drieeniconirplier é@?%‘;fom thfrr@velsmg dat@ @ZQL& da’m‘@“t haamg aeisteelike @MY al so

processes siggilapit hRGEmeEH et Exf?t%l& ke s&ﬁ:@:@%%%%ﬁhez@ d} i@)@(‘i FHRE Yhe WRYer D€
transmtted 25 fromthe exenp devi ce via the antenna 2043.

In an al t er Seftples ?Q?Poﬁfa%%@ﬂnmé "Efié‘%g?f’e%\}@r a%wszfa?ﬁi’-?oeA}*@ﬁslae divasy a

lr3 ecei v?er g@%ﬂﬁﬁﬂer 20090dubteds a&l(ﬂﬁd’oﬂ@cﬂlbr\/ﬁﬁﬁéﬂh@ﬂ»hm%th tﬂ@iy‘é@ﬁﬂﬁr&cﬁ&&&ﬁﬁ(&682027 can
e repl ace n rnmage s | C an st erate I ma ata to
b ent 0o sl b 1B S5 Go ph SRR may R Sraiimst S0 Bufig e obn 5. o

di gi tal Mi deay desmbéddDin Ge prochasrd2(di sc hahiwate dnibadded dntlri paccessoraR1 dat a or a

30 software mdul e ﬁ?lﬂ%t %ﬁ%g‘?ﬁéﬂﬁ&g %%?%rgioggessor 2021 generally

controls the overal atlon I1'splay device 2040. The
processor 2021 rEmkbeshedaraa driyerc P23 geceiyeppthe Jermdtiqdiptgemagion drofor thendtivee net wor k

interface 2Qgnofk 285 Anﬁﬁg&nﬁe%&ﬁdeoad’éﬁ b Q%ﬁﬁé%ettd?%vadéf&ﬁls'um Gre aBMcl MROE
data or into a format that is readily processed into raw i mage data. The

processor 299y {ilenPes &5fgd foptBe Byndreds %’é’ds"ﬂ’ﬁ?‘ﬁestth"“ts"ﬁ‘és gﬁ\;lcgﬂs,cg@pgg@m thel | er
2029 or Mo lispaes byinhiek o, f or storage Raw data typically refers to the

i nformation that |dent|f1es h cteristi ach | oc
within an i mage. "P5F cubedien & Eh g‘%‘ff‘(r:ﬁ%go ggﬁzg’har?%%rfvé :lfng% %S%p;aﬁ al"Wc?OBGe col or,
sat ur ati on, aenappgpinje §u zing dfehreltypes 8D displays ndesceibdglo biéreie nt Kor tel@nple, csemgor 2021

i ncl udes a I of the
exorpl ary. drLaeaAL e il Rp (Gl b hon G B3I bIAREK Hep P

i ncl udes arrp‘?fl"f’ f'él(ng affdinefyremetdc F‘B‘i‘“latlclif ;gé%ﬁm i Hgﬁ\i\llg‘;g’ rﬁ&lbgduﬂl@ﬁl,t ey §p@aker
2045, ang f 0or G RbMWeRBnalSdi9aa s i@ kRl isePRNONE iR BomdeRNbdulaRi NY
har dwar e 2052 lg%y mbgnecel:l %0 ng:gn? a &QE{ controsler 2029 is integrated with the array driver 2022.

Such an embodiment is common in highly integrated systems such as cellular phones, watches,

and other small area displays. In yet another embodiment, display array 2030 is a typical display

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

30 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-
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,

35  veice commands may be provided by a user for controlling operations of the exemplary display
device 2040.
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5 wthin the exenplary display device 2040, or nmay be incorporated within
the processor 2021 or other conponents. The driver controller 2029 takes
the raw i mage data generated by the processor 2021 either directly fromthe
processor 2021 or fromthe franme buffer 2028 and reformats the raw i nmage
data appropriately for high speed transm ssion to the array driver 2022.
Specifically, the 10 driver controller 2029 reformats the raw i nage data
into a data flow having a raster-like format, such that it has a time order
suitabl e for scaffVehiyPely 2e9<an ineludy ssysriety 0%‘?“?‘5!} stoRg e viTsten are sl pawpdn -

control l er 3038 B&RgpleNR choimfuinRe:, pdweogdﬁpzplz@sm it pre&ﬂaageﬂﬂenﬁuerﬂrsh&%a2022
Al t hough a drl%ald control |l er 2029, as a LCD controller, aﬁfften

associ at ed WekeheadpmamRalery ;1 H‘B‘E’@é@'&a“% apqtheg emdieat, pevh PPl 2RS? e
Circuit (I C)cnev&ibléhnﬁ@fﬁoﬁmé Ia&a;slmmwrb@olmrmﬂ aiBiding cl plasticsany cellpand soldthely 15 may
be enbedded Lo roc dded in t ssor
2021 as gjsof’? War'éano %?‘mem Oé”gef zsi'fpgpa?‘lb%d,\aa:?@\ﬁ/an?% re‘fcﬁvetpﬂ‘é’e%‘raor"gy I’?I ver
2022. Typicadtley, the array driver 2022 receives the fornmatted information
fromthe driver j,cont, pielng( :i%Qﬁc%m?d‘gmgﬁ&Béﬂlﬁt&m sﬂibseasvde&%’ed%%‘@ ih e
paral | el set of wavero at are I'ie tines per second to the
hundr eds anepngellee whigheeantbp dngaiethig sevsral P@&ﬂﬁl lhfo‘?ﬁcﬁgmqf dignhaytshivemn. Jpsamegpieny' s x-y
matrix of pbaﬁ@blzuo aﬂmﬁﬂiﬁt oRRin TR Mrray tifi@r 82k €hosE SNKIIGH kR fart 4R RcoghizE Y
driver 2022, an i spl a ray 2030 are appropriate for flny of the types of

"
di spl ayd0 el P gvrls] bt meigeafiorciet & mplmHE b BtPiFE AL P, o
controller m&eb&n@nmuemtvhmabonﬁgﬁmoﬂsy cont roll er or a bi - st abl e di spl ay
controller (e.g terfe tric r ot her
embodi ment, array o ?BLI] evag?vefgtaﬂfgg‘s PR %Sn%wé'h?l %'ﬁ’a dio pom?e omrnovel %‘a Y§t abl e

di spl ay dr i vighe ifrenigpn,as applichtoerpricais qnmdme@lsnbddilbammersttmd shal ayidus ofnfssiorse

enbodi ment , ggqibye d%ﬁ)ﬂ%&‘.% Jh@fon@%%e!aﬁs df'E}Ie%%& ?{S’roc‘!}z‘séxﬂ tebEad ALy R¥nalld | VET

2022. Such an e iment is common in % i nteq rate _l{stems such as
cel | ul ad3 phbntbese smﬁ%dclné%e art \alﬁﬁmd%epﬁéﬁmgsfm the sgigit-of aieslb‘rea%l ip sgpae ofdhot her
embodi ment , inlinG@ BYinddated by m%pbr&iedi chaitiRi eldr BinSpH/ ﬁy for@g’ofr@)’de%ptﬁmmA]ﬁt abl e

di splay arr e.q., ads i ncl. udi rra erometr

nodul at or s) ayaﬁgs T‘ﬂgh ALt 18‘8\}}{ cg’e;ﬂ’(%Sa“gqf"@ﬁ/so §q‘U r“qi 8 &'Sr‘f[ainbsl arg Iﬁ‘bl"bper ation
of the exenphtaicyd ditlgipthelyscogevi ce 2040. I n one enbodi ment, input device 2048
i ncl udes a keypad, such as a QAERTY keyboard or a tel ephone keypad, a
button, a switch, a touch-sensitive screen, a pressure- or heat- sensitive
menbrand® I n one enbodi ment, the microphone 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, 35 voice commands nmay be provided by a user for
controlling operations of the exenplary display device 2040. -20 Power
supply 2050 can include a variety of energy storage devices as are well
known in the art. For exanple, in one enbodinent, 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
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renewabl e energy source, a capacitor, or a solar cell, including a plastic
solar cell, and solar-cell 5 paint. In another enbodi nent, power supply 2050
is configured to receive power froma wall outlet. In sone inplenentations
control progranmability resides, as described above, in a driver controller
whi ch can be |located in several places in the electronic display system In
sone cases control programmbility resides in the array driver 2022. Those
of skill in the art Wll recognize 10 that the above-described optim zation
may be i npl SALSLLAIMERS:nunber of hardware and/or software conponents and
in various configurations. Wile the above detail ed description has shown,
described, and pbi nt & Wl YiFeFoPEsPgir es of the invention as applied to
vari ous enbodi ments, ashbswatk:! be understood that various om ssions,
substitutions, and changes in the for d details of the device or process
I ust rat ed mmy be dfemsgerene B oA SEn dodes ' photkileok i ng
fromthe spirit médulahigg Elowenthindsg anl bgics cubjrectoftid Wwhich iclmgatih eespémse tongli cat ed
by the appended cl.ai ns .r r t.har t he foregoi ng description. Al

changes whi ch co‘?ga%a?‘ﬁllc%%ot eemor(riggﬁ'}g%émgﬂhan?ange of equival ency of the clains
are to be enbraced wntkitricalhedinductivenptical @ask dRposilgiThe sEbs@hiApMEPrcEdETOM .  An
optical device CRURLIHiRDcleméht, HEVlcaPinSk eﬁ@tril:a'ﬂ% Shupl RL hbfudihgBtmdPdul ating
el ement di sposed on the Substrate, the nodulating elenment having an opti cal
characteri stic wRiRYidsipangegorerelsctisy adie farspplicating| of ygkkageip9l the modulptipg e

nodul ati ng el emegidmengnd an el ectrical |l y-conductive optical mask di sposed on
t he substrate and spaced from, the dul ating el enent, the optical mask

el ectrically coupl edarg'f)g"tvﬁéo A ar ragn b %ﬁt‘"aw‘&cﬁé‘gf‘{}%a@% bB}?k'nDr e

el ectrical paths3.for Tappdvice af Claitn Ofwheinttgescal matkhiecaifighuddab appgar acblenent . 2.
The devi ce ﬁljwerg\a:afi}g(':kl’ wherein the optical mask is configured to appear

bl ack. 3. The devicé of Claiml, wherein the optical mask is configured to
appear a col or %t herTht Karicehpfa€leim 4, fafther champirising af collimi plecirodef gletfially

conpri sing @ouﬁﬁb MR opli@LhdsR ol SGiebhicAl bitancFQHRIEH. L0 the optical mask to
forman electricall yc_lﬁar allel connection. 5. The device of Claim1, further

conprising a row-el edf diyise af aipy ], fustherromprisiie ddow gectipfreelesipcally spuplrddk to form
an el elct ri CE;k:blyﬁcﬂaﬁaalldowm?ﬁflaﬁ@dahp{(hmua.coﬁﬁﬁaioﬁlevi ce 011: 8 aim1, merei n tEe
optical mask conpris i stac 7...The. devi.ce of. im6, erein the
film stack corrpﬁ? seselie ?ﬁvfg?%@?'lalegw%mf %‘g’éﬁ etk Comprises a Flm Stack.

7.

The device of Claim 6, wherein the film stack comprises a first reflective layer

and a second reflective fayer.

8. The device of Claim 7, wherein the first reflective layer is electrically connected
to a first electrode and the second reflective layer is electrically connected 1o a second electrode.

i 9. The device of Claim 7, wherein the first reflective layer and the second reflective
layer are electrically connected to the same electrode.

16 The device of Claim 1, wherein the optical mask is electrically coupled to the
modulating element by one or more conductive vias.

11. The device of Claim 1, turther comprising:

a processor that is in electrical communication with at least one of said interferometric
light modulating element and said electrically-conductive optical mask, said processor being
configured to process image data; and

a memory device in electrical communication with said processor.

12. The device of Claim 11, further comprising a driver circuit configured to send at

least one signal to at least one of said interferometric light modulating element and said

electrically-conductive optical mask.

13. The device of Claim 12, further comprising a controller configured to send at

least a portion of said image data to said driver circuit.
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and a second reflective layer. 8. The device of Claim?7, wherein the first
reflective layer is electrically connected to a first electrode and the
second reflective layer is electrically connected to a second el ectrode. 9.
The device of Claim?7, wherein the first reflective |ayer and the second
reflective |layer are electrically connected to the sane el ectrode. 10. The
device of Claiml, wherein the optical mask is electrically coupled to the
nodul ati ng el ement by one or nore conductive vias. 11. The device of Caim
1, further conpriski ngthe devigef Eatp A1, tfirther dompiisingeandmageiseurke meshrepaifizated on wi t h

at |east one of Qalfd JdifinRs AT brbeesshi. ght nodul ating el enent and sai d
el ectrically-conductive optical nmask, said g‘r ocessor being configured to

) _mask, said,
process i mage dabia; b dgVigrehdilaim ddyFhegin sideimags sopce modyahiparissstat Kastwi t h
said pr oces%s_or. &goférﬂa&iyégﬁh&&i\?f,aﬁ@hmidel_, fulrther colrrpri sing a ]gri v_e(r]I
circuit configur tq.send a eas ne signal 1o at .|least one of. sai
interferonetric qugh%hﬁﬁﬂ?ﬂeg% Flage ’é‘ﬁ&‘if" g A7 lﬂp“tgf"é??tcf”?f@éﬁe? PresN8uct i ve
opti cal masknputiidia ankdhe cabéminivete efid iohiadan h2qid pracesdoer conprising a control | er
configured to sep,d atAm!:tﬁ(?dsotf %v%?nrgﬁancfl%gls?ﬁll%éﬁggﬁ gﬁitn% S Smetf dtid Iver

e 8f B TP @t her P eonpri S

{
circuit. -22 14, The ‘devic im |rr1;g an"(ior'?age sour ce
modul e conf elgumentscof atdisplpribe isigifetometigenticd tlaments igdividually eceatablerby ap@lyingine devi ce

of O aim 14, uhsi&ld R3hthol PRGRisAQUr ce nodul e conprises at least one of a
receiver, transcel ver, anq trangmgtter. 16. The device of Claim 11, further

conpri sing an i nput &&FFiedy COpRing IR elfcigplly sendpgive optigglimagkatogong iy rese
comruni cat e sai GinieAfbthetlaiphcal Qedidtsdan@r ocessor. 17. A nmethod of providing an
el ectrical signal to a urality interferonetri tical, elenents of a

I f C 0 .
di spl ay, the i nterforBRHERE 0GRl g PEPLIRASK o AR IF B TG EFHAPEDY o by
applying a vol tageltibmenat o, the nmethod conprising: electrically coupling an

electrically- conﬁ?]c_t i’l'Yu?mQtR&{ &ﬂaiﬂ?‘?@h%&m%% t%ll:ﬁ%w mgills G EtS’Jg?t ric optical
el enents; and applying a voltage td the optha mask 10 activate the one or
nmore interferomet%ic Themethed| of efleime A8, swhetedn thphBlmystadko pmpfrisesl aicondactive wher ei n

the O_pti cal (Bgike 2101000 WhiiSa aolﬂ(a-gé i@aﬁﬁi@@{ﬁ-ac te tﬂ-c!ﬁe %?h@&qnt%er&@idﬂpgiél wher ein
the filmstack conprises a conductive reflective |ayer to which a voltage
is applied flgmeist i vate the one or nore interferonetric optical el enents.

20. The et hod ofo. C ghénmkihod \Wh €lairh N7} Rer€ip tieCaphicdlasdsk COnfistsS@R @NRor®r NOr e
interferometric elements.
21. The method of Claim 17, wherein the optical mask is light-absorbing.
22, A method of fabricating an interferometric optical device, the method
comprising:
forming an electrically-conductive optical mask on a substrate, wherein the optical
“ mask absorbs light;
forming an interferometric optical component on the substrate spaced from the
optical mask, wherein the interferometric optical component has a driven state and an
undriven stale, the interferometric optical component changing between the driven state
and the undriven state in response to an applied voltage, each state having a characteristic
optical response to incident light; and
electrically connecting the optical mask to the interferometric optical component
so at least a portion of the optical mask provides a bus for applying the voltage to the
imterferometric optical component.
23. The method of Claim 22, wherein the cptical mask comprises one or more
interferometric elements.
24. The method of Claim 22, wherein the optical mask comprises a film stack.
25.  The method of Claim 24, wherein the film stack comprises a non-light-absorbing

dielectric material sandwiched between two light-reflecting materials.
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interferonetric elenents. 21. The nethod of Caim 17, wherein the optical
mask is |ight-absorbing. 22. A nethod of fabricating an interferonetric
optical device, the method conprising: formng an electrically-conductive
optical mask on a substrate, wherein the optical mask absorbs |ight;
formng an interferonetric optical conponent on the substrate spaced from
the optical mask, wherein the interferonetric optical conponent has a
driven state and an - undriven state, the interferonetric optical conponent
changi ng bet ween2f he e imethad of Gl 2arvderciene ndmery ehths dightgcflentingemptoinse to an

applied vol Eﬂﬂﬁmes‘%ﬁ’&h Rhhuf, HMLRGA characteristic optical response to
i ncident light; and el ectrlcally connecting the optical mask to the

interferometric ®pti AHlingdsipanisapticaldevige forracddy thg medod piglaigflot he optical nask

provides a bus fgy applneHeg dfhﬁbﬂe@th aﬂﬁ tRalt fWice |cﬂﬁ1ﬁisfr@rﬂn13$sf lofe Q@ivk cal
conponent. 23._ The nethaod of G erein the &(%Pnask conpri ses
one or rrore‘““iﬂi‘i’t"g‘fe‘f’%?ﬂ’r‘?‘ﬂf?‘f“?f’"‘é‘it @anﬁgfparﬁ’ﬁé“ ﬁ‘B"f"h TPHIE  wher ei n

t he optical mask COfTﬁdidnﬁl@Blganfatdarﬁnsma&lbstra%mat'rh@o B&El@ﬁdbs@fbm@l\ﬂiemrﬂdlc wher ei n
the filmstack c £8s, a h abs di el ect.ri e

sandwi ched betmegﬁEF a$a“;@wm“ og%téﬁﬁ natégg%f@eaa§§'¥%¥“$ﬁgmﬁ%$ﬁ%d of

Cl ai m 25, mherelﬂmmmenbmmnnre of the light-reflecting materials conprises
silver, alum num or g ), YO ok LRLSHE S & G AP f or med
by the net hod of Clalﬁﬁ%%ﬂk g&] veﬁ%tdﬂl? % t???%t%ng aﬁk%g%?c ¥b§€V|ce
conprising at | etasibrisptiog dba ?tv]éﬂst PR iFe RO mPIEC eplicel eqmperash orhersin her ned on
a transparent S%&diﬂ;ﬁﬁaséoﬁ&ct@@{oh&%mmﬁeﬁﬁﬂa&co ticat®@Bhpdn¥itNg an area on the
substrate that is to_be |ight- agé?gbln wher fhe |dent|f|ed area is
lateral |y offset?¥ronkf Heelipd oo einy, ‘] 'H’F"ér‘?‘?’%‘?“bci@?ti“?]c CYPRONEA
conponent ; amﬁbn‘s@lalpixaamrg;.t-a)s&ﬁingweibmgahmgﬂtorc&bﬁgxhbplm opt| cal mask on the
identified area or, 19 f by g at t he t one.

interferonetric %rptl caf’ corr%l of ent bgq"herm 'ﬁ% Flalbnca rfﬁcomé’r'scs delf("smis‘g ?:(gﬁsﬁect ed to
the active hﬂtﬂﬂ&@m@hﬂvpndwgwﬁﬁ%aﬂqmawW@memﬂﬂnzgmmmhdmhgnhBMﬂ@ﬁmdmmrn28
wherein t heb%,tpgeﬁgéhﬁé g&t Eﬂdcdegcmtfng %Ee&i?&fﬂgﬂ %Ectmg %@Hrdnstﬁé néh- I%E%sorbﬁl

|'i ght - absor ar ea an areéa bordering t e nethod of
Cl ai m 28, V\ﬂ'élr:‘é‘l'“‘rllal%ew‘?"é’?m PIE ¥ (MOEE %fdh€pﬁfﬁts<é§cfeé<b8§1tﬂﬂﬁﬁlna laﬂfFrrlé flectrically
l'i ght-refl esdningivd. ayer on the substrate, depositing a non-Iight-absorbing

Second |1 ght -1 ei Voot Mol p Shf b Wret TP ap i B - AERRS byer® ©

comprise metallic materials.
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32 The method of Claim 30, wherein the non-light-absorbing dielectric layer
comprises an oxide layer.
. 33. The method of Claim 28, wherein the light-absorbing optical mask comprises one
or more interferometric elements.
34 An optical device formed by the method of Claim 28.
35. An optical device comprising:
means for supporting an optical device;
means for interferometrically modulating light, the modulating means disposed
on the supporting means, the modulating means having an optical characteristic which
changes in response to a voltage applied to the modulating means; and
means for absorbing light, the absorbing means disposed on the supporting means
and spaced from the modulating means, the absorbing means electrically coupled to the
modulating means to provide one or more electrical paths for application of voltages to
the modulating means.
36. The optical device of Claim 35, wherein the supporting means comprises a

substrate.

24-



dielectric layer, wherein one or nore of the first or second
light-reflecting layer is electrically conductive. 31. The nethod of C aim
30, wherein the first and second light-reflecting |layers conprise netallic
materials. 32. The method of C aim 30, wherein the non-Ilight-absorbing
dielectric layer conprises an oxide layer. 33. The nethod of C aim 28,
wherein the |ight-absorbing optical nask conprises one or nore
interferonetric elements. 34. An optical device forned by the nethod of
Claim28. 35. A7 optThe apticibddvice of Gigdn i3§) wipreinmga nsodflaingSigapo tdrpriges an - opt i cal
devi ce; neanqrﬁg&mbﬁgﬁﬁﬁﬁgonetrlcaIIy nodul ating |ight, the nodul ati ng neans
di sposed T he supporting neans, the nodul ating neans havi ng an opti cal
characteristic wh ch Thelmhgkdevige of ddgimnide whorein thoblsaypg apphs ehprisss ahe

nodul ati ng IRARSIy-2RdudiRARRca Miskabsor bing light, the absorbing neans

di sposed on the supportlng means and spaced fromthe nodul ati ng neans, the
absorbi ng neans electrically coupled to the nodulating neans to provi de one
or nore electrical paths for application of voltages to the nodul ating
means. 36. The optical device of Caim35, wherein the supporting nmeans
conprises a substrate. -24 37. The optical device of Caim35, wherein the
nodul ati ng nmeans conprises an interferonetric nodul ator. 38. The opti cal
devi ce of C aim 35, wherein the absorbing nmeans conprises an

el ectrically-conductive optical mask.



