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creating new products that have not yet been developed.

For certain applications, interferometric modulator devices can be arranged in an array

configuration to provide a display assembly having advantageous operational and performance
25  characteristics. For example, these displays may have rich color characteristics as well as low
power consumption.

Interferometric modulator devices in such displays operate by reflecting light and
producing optical interference. Interferometric modulator arrays can operate by modulating
ambient light reflected from the array. When ambient light is unavailable or insufficient,

30 however, auxiliary lighting, such as provided by backlighting, is desirable. Thus, systems and

methods for illuminating an interferometric moduiator array are needed.

Summa
The system, method, and devices of the invention each have several aspects, ne single

35  one of which is solely responsible for its desirable attributes, Without limiting the scope of this



ot her display devices. 5 One enbodi mrent of a spatial |ight nodul ator
conprises a light-nodulating array conprising a plurality of
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to the In some embodiments, the at least one reflecting element comprises at least a shaped

25  feature and a reflecting material over the shaped feature.

The substrate of the light-modulating array may comprise at least one cavity, wherein the
at least one reflecting element is formed in the cavity of the substrate. The at least one reflecting
element may comprise a reflective material in substantially particulate form suspended in a
substantially transparent material.

30 In some embodiments, the plurality of light-modulating elements include a metal layer,
wherein the metal layer comprises a plurality of optically transmissive apertures. At least some
of the light-modulating elements may be separated from each other so as to form an optical
aperture region therebetween.

One embodiment of a method of manufacturing a spatial light modulator comprises

35  forming at least one reflecting element on a substrate, and forming a plurality of light-modulating

elements above the at least one reflecting element on the substrate so as to form a light-
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t he i3t er f er onebdd @nbodiment of the method, forming the at least one reflecting element comprises
depositing a composite material on the substrate surface, wherein the composite material
comprises reflective particles suspended in a substantially transparent material. The composite
material may be deposited at discrete locations on the substrate surface so as to form a plurality
of reflecting elements, or the composite material may be deposited on the substrate surface as a

30 continuous layer, thereby forming a single reflecting element structure.
In some embodiments, the light-modulating element comprises an interferometric
modulator element and the light-modulating array comprises an interferometric modulator array.
In other embodiments, however, other types of light modulators including other types of MEMS
structures may be employed.
35 One embodiment of a method of backlighting an interferometric modulator array

comprises positioning a light source proximate a first side of the interferometric modulator array,
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Figure 4 is an illustration of a set of row and column voltages that may be used to drive

an interferometric modulator display.
Figures 5A and 5B illustrate one exemplary timing diagram for row and column signals
25  that may be used to write a frame of display data to the 3x3 interferometric modulator display of
Figure 2.
Figure 6A is a cross section of the device of Figure 1.
Figure 6B is a cross section of an alternative embodiment of an interferometric
modulator.
30 Figure 6C is a cross section of another alternative embodiment of an interferometric
modulator.
Figure 7 is a plan view of an interferometric modulator array showing electrodes for
driving the interferometric modulators.
Figure 8A is a plan view of one embodiment of an interferometric modulator array

35 comprising a plurality of interferometric modulator elements separated by aperture regions.
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tnterferometnc modulator array. The reflecting elements may be positioned so as to receive light

25  passing through the aperture regions and reflect the received light mto optical cavities of the

interferometric modulators. The reflecting elements may have curved or sloped surfaces that

drrect light as desired. The reflecting elements may comprise reflective materials such as

aluminum or silver. In certain embodiments, the reflecting elements may comprise a base

material such as a photoresist and a reflective overlaying material such as aluminum or silver.

30 These reflecting clements may be formed on or in the substrate and may be covered by

planarization. The efficiency of backlighting may be enhanced with such reflecting elements.
These reflecting elements may also prevent leakage of light through the front of the display.

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

mnvention. However, the invention can be embodied in 2 multitude of different ways. In this

35  description, reference is made to the drawings wherein like parts are designated with like

numerals throughout. As will be apparent from the following description, the invention may be



contenpl ated that the invention may be inplenented in or associated with a
variety of electronic devices such as, but not limted to, nobile

t el ephones, w rel ess devices, personal data assistants 5 (PDAs), hand-held
or portable conputers, GPS receivers/navigators, caneras, M3 pl ayers
cancor der;$,..gaNe; Hansal.es. d Weld t | si on
noni t or s,1 Iea_t aneF1§ él sﬁf%ﬂi SC%Bﬁ ﬁgggplnﬁ]ﬂﬁ&@% W%ch%% %58&1 (a)g % e

odonet er i %fmoaﬂ,ry (ete S|l ipegdpirtd Ubﬂhqrdbisuairrd/ etoriadi smoaysartldllalpl a;ylsof
camera Vi gus 9 that Bk SR Af V. ct ronic
phot ogr aphs, mgﬁtgctt raE)nl C bll?t?éﬁbc?g%e g’g%}éme\s{‘?‘“’g% 8%?05%(%&8%?5 &Pé‘ﬁ OF%}%C&% i

st ruct ur elyicgsaekag by, nohiitedo angtihatl¢pboms, r\{alcetlw é%vu(ee pgrsonadi dep Iaawaotfs | mages
on a Bl eaepal), ieneldy be HHEMR u hed

descri be ﬁer gin can a 8 e g“?‘\éd&%ﬁ %n%{&éﬁ fglgg%%r fégc‘g{r Orrl\gPstBPi ' ds in

el ect r onicemswilerg riamg cawiee,e\srlst Oriéchesnclrckse cgamtos cteiepdioh atwitordi 89 rayel
enmbodi meng; i Yy

1 ust ratsaer Bl ol b AGIATE A, GonMe Befth B PeclgRRlo gor s 15
bri ght ordlaphwk dssplay ©f cémere Mewb(d gyhdispldyori'a rear Vi@pe:m‘ie)ra stzat/@uclct)heeoaibmpl ay

el ement h a user. When
in the dzfr EJO?&%% Seén‘%ﬁ ﬂgog)é@% i SI%I; E%A'{:ﬁﬁyhmﬁt Clt&éleml"er%e%’ltpta&aﬁ]%cfl S little
i nci dént avsstbﬂtlblseudturgfh(ce gt aliphg Otﬁsfearges De p erede ngjewnlry)hé\/IEhﬂSOi:tmmmf sitilee | i ght
reflecta I e “on" .and."of reye sed VENMS

pi xel s ngrﬁcg@re %)%cfsé d%dsfcgé C{{(-:?)‘C:Pf?lefc i a? %e g%c{rﬁnngél %ﬁa{@ }lFa%o éo ors,

al | owi ng ¢legkorac syolcmmgm@q@k ay i n addi t| on to 20 black and V\/m te. Figure 1 is
an isonetric cting t dj,acent  pi series els of a
U sual i spl ay PRSI AERD ol il LB p BB

nodul at orMEMA dsm}w eieewbtondhhmmtsd ma]ﬁgmrntler ﬁetheweiemces, madmteast m 1rde131pr| ay
conprji;ses anr g hese t Each

i nter erorl torvga& éal%f agn {he%}{léﬂd as A O%ﬁner S% e %? {IE }fgl%m areeregtS éar osi tioned
at a var |pahioe oﬁmddamwtsrbdﬂ lmbtoen Ldbxst\mmen fhe kg & oot hesed‘t)ctafeommaplmesonant
opti cal aV| t e abl e sion 0 nt, one
of the r e r?\éf\lle\é%l lgtle mc:den{il v151b enll hY% t}de %SCIE V\lgca:)en %on t('l)ig iertn}a%dnn nslen?,ﬂﬁeol th first
posi tion, reﬂeelfa@crer ;ardpames hértba homéisnnti Hefﬁ’ slagasey it atfﬂ,%dt hRIEMfoyiablk @ard byer i s
position [ n X flectlve
| ayer. %gnff%alre% to Feh@% pre narﬁhgd? gqﬁéc?ed% I%ﬁsr al{olwrrlfafoi A ccﬁ%odgs?){ 5' 11??11 di}lt}’(r)%?e cl osel y
adj aé@nt biagk trdievipar t i aI I y 30 ref I ective layer. Incident Ili ght that reflects
fromthetwol e 1 vel r. destr ndi ng on
the position of f%e'grr%lvlgé%‘g&c Y w{u%' Ngyaed %C“g o} gscllﬁnagéégH %eé‘xeé%&pover al |
refl ecti weudrdisphay; méflemctacl @ixst actr@rfseﬁr a @4IgWS pitréromdthe nitdplatot.edn pomn¢ i on of

t he pi xel u ingcl ) t

nodul at or gl%iémgntsﬂcf nl’ﬁ% f%ﬁome?]ﬁe |&r§l Zorrf éegrl\gaﬁe? ri élgér%odu /?%lfrn%&%g% or?k'? 1IllcSe left, a
rmvabl e amdfdnorgdmg/moaﬁatmef IEecz}t mtca’eﬂoaxyieuc niodialaios ircludersd pat edreilevtize hapdreased
DOST o R SHEREL PR LT PSR, Lo BePAL R Bl gRAT ve | aver
hi ghl y r eftigotiinvee lechaypes vdridble idanenibni sth a edbadmean oa@tbfubet elcposiapiromayad] acent
to the fixed b

o8 Glove Eween ttvyo positions. In the first position, referred to herein as the released state, the

movable layer is positioned at a relatively large distance from a fixed partially reflective layer. In

the second position, the movable layer is positioned more closely adjacent to the partially

30 reflective layer. Incident light that reflects from the two layers interferes construciively or

destructively depending on the position of the movable reflective layer, producing either an
overall reflective or non-reflective state for cach pixel.

The depicted portion of the pixel array in Figure 1 includes two adjacent interferometric

modulators 12a and 12b. In the interferometric modulator 12a on the left, 2 movable and highly

35  reflective layer 14a is iflustrated in a released position at a predetermined distance from a fixed

partially reflective layer 16a. In the interferometric modulator 125 on the right, the movable
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In the exemplary embodiment, the electronic device includes a processor 21 which may be any
general purpose single- or multi-chip microprocessor such as an ARM, Pentium®, Pentium I1%,
Pentium I1®, Pentium IV®, Pentium® Pro, an 8051, a MIPS®, a Power PC® an ALPHA®, or any

30  special purpose microprocessor such as a digital signal processor, microcontroller, or a
programmable gate array. As is conventional in the art, the processor 21 may be configured to
exccute one or more software modules. In addition to executing an operating system, the
processor may be configured to execute one or more software applications, including a web
browser, a telephone application, an email program, or any other software application,

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

controller 22. In one embodiment, the array controller 22 includes a row driver circuit 24 and a
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lines. The asscrted set of column electrodes is then changed to correspond to the desnfcd set of

actuated pixels in the second row. A pulse is then applied to the row 2 electrode, actuating the
appropriate pixels in row 2 in accordance with the asserted column electrodes. The row 1 pixels
30 are unaffected by the row 2 pulse, and remain in the state they were set to during the row 1 pulse.
This may be repeated for the entire series of rows in a sequential fashion to produce the frame.
Generally, the frames are refreshed and/or updated with new display data by continually
repeating this process at some desired number of frames per second. A wide variety of protocols
for driving row and column electrodes of pixel arrays to produce display frames are also well

35 known and may be used in conjunction with the present invention.
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arrays of dozens or hundreds of rows and columns. It will also be appreciated that the timing,
sequence, and levels of voltages used to perform row and column actuation can be varied widely

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

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

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

extending supports 18. In Figure 6B, the moveable reflective material 14 is attached to supports
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i nt er f er oMY IEF LRSI MHAHT €188 e enent s 525 are shown, al t hough | arger or

,SAI mal | er arr ay&é‘m&mrﬁa)@ R & mfrmrae@plaéye%;&rfeﬂogkﬂcf @bwm&rr iareaynmu(Lnaa ors.
ternative CO uration 0SSl . or exa
i nt er f er SHEH by a3 Sty ﬁéﬁ‘{ IERE bR BEFHEC éﬁé‘ews@ AR shape

Zlnd need uliyats d¥enatéifal aRgRderhdl Mgbf&ﬂ maJer ele&ttbﬂas?mrnﬂls swial-2 anRd gh?ef rammdle

ternate e.s e ocgcupi.e i nter trlcrmuator el enment
525 at af %/é#r‘li G ga]g‘ﬁg?tf'cg Lﬁurﬁ @fﬁ‘ig}ép‘gc‘i‘? K 1B 2 82 E O r ode may
i nst ead GRNME ldeBleabthMj’eahﬂdtlywé}fmlhﬂi QiFh ek O EHolng) ﬂFBdttht’éﬂ af theintRedos sl | er
in dinension those ill ustrat diti naII 500 could al so
be 1 abr S VAR BT e SR g ToBred bbbt Gt 20T o one
for each coning$ SeroTeindl Biredubdtradeofowd 252 ANS femihg afin@irddritginenel seddiade 552
extendi ng. across_a row of interferonetric nodu The .di screte upper
mochall cHeTSHS RS e bR BeSt FElE 3T T ACb Ry RFOUTR: & SShar at e

| ayer, f afiteotangtie mobdlatiofsi OARtrhitive dpnfidurHins:s ok allshEpcShEleI I‘Klﬁeﬁax(‘qﬁe othe the
upper necha i cal el ectrodes 5 t hat i ndi vi lators 525 in
PP ow ey ARG BUOUET GFER SLBIRE TBAnCB I Ak “BY GRPF B S Bhs. 1y
provi de ca&mgecttiiz Ofﬂﬁmhedo\hﬂﬂﬁ dnhehohladrﬁﬂfreﬁf@nﬁﬁtll’crrﬁtclwdhﬂ gia0¢ &c&lﬁﬁd nariewer than

shown in _Fi%g -i[‘g qr row5 ectr.ode i ong C nnec i n(%[ i vi dual
nodul at or'¥® ?l“%ré" PECUTRL P B S e Erpf &7 13 rs%l ¢ R 8%H’EP§ cg¥ oY pad a row
I nt erder eietréde CmayDBlsteaY MRS ai plursidpe f entbrdabhend sodsladt setssedmazrenf ul |y

dimension than those iliustrated.
Additionally, the array 500 could also be fabricated with distinct upper mechanical
electrodes, for example, one for each interferometric modulator 525 instead of a single electrode
532 extending across a row of interferometric modulators, The discrete upper mechanical
30 electrodes can be electrically contacted through a separate layer, for example. Additionally,
portions of the electrodes (e.g., the upper mechanical electrodes 552) that connect individual
modulators 525 in a row may have a reduced width. Such reduced width electrode portions may
provide connections between the interferometric modulators 525 narrower than shown in Figure
7. The narrow electrode portions connecting individual modulators may be located, for example,
35 at the comers of the interferometric modulator 525 in some embodiments as discussed more fully

below.
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bel ow, -10 As shown in Figure 7, each colum 550A-C is electrically
connected to a contact pad 556A-C. Each row 552A-C is also electrically
connected to a contact pad 556D-F. Timng and data signals nay be connected
to the contact pads 556 to address the interferonetric nodulator array. As
descri bed above, however, the enbodinent illustrated is exenplary in nature
as other 5 comfsi Bovmairn bigsre a dactie®lugmsS SAyC be:mmhldweﬂmemmh aaSmtact pad
ebodi meny & e { ey e oS R Hoee a3 e e R G o
| east rfbtalsrgpels fray deeenmegedriodhe eanmct muds ay6 ©00drsssche m@r@fummma mlDdElag:mr e 8A.
dosi gned 15 1 an it iberk, Voue 8 B LEEORRA RS A IR 8T of de of
the i At erchefiguratitusi and modgrsatarbeampdoyed, Ismchtahentaﬁarayetﬁaﬁlosthamnarrams Fitharte 8A,
separati QRS RA4.Hetveen interferometric nodul ator elements 525 form opti cal
aperture regions, as seen froma non-view ng side of the array. The part of
the interfer ofetariain qurddingt s meBBtingiamsdadgo depiicied dlspia)FccgnprmngAt ket r esponds
to the i.cal 7 rt{s .t URRer [ror ot shown) as
descri begﬁ % %\?%Po%ﬁtrf??@ﬁ%@gﬁ@b\?ﬁ#ﬁ?%ow g %&reg% uCs A rgﬁélaggﬁt)t%? s
f abri cat egerfirerhetul wbdulater apmay é@(bma)abeedeplgnetdl to nseiby Dlumdfativth o pigeackyechani cal
nat end apgiellng SR PRl ARG BT 0 e oss a row of |
interferonetr ihcthnaxdm mooh@vram &gtmxm seprardfiogrUY /e b?twea'rhmgefemmetncmmst_w of the
per tur o Jrasibass BRSBTS Blal e e BT e B e s i cal
20 el ect rp@ttﬂ@ﬁ tlfe?ﬁitecfemmbwceh@mﬁamreéﬂﬂ ;hat:@ndleaccteédntf’mgm@h @usgpadsabehd ayer,
Frour o Shepam 8T iR sBRHE ws: Tok PSS o S R A TBR e oot 570
creatlé a comiectiohivkib Fadvagdeb(s pHus angy Hed mmmcatmwntmﬂlammrcnmm portiome d@d at or s
525. The of; res . regions t he er,.el ectrode
| ayer 25 g% %E‘l'r ‘ﬁé’%"ﬁ‘%ﬁﬁﬁ% ﬁelfa 3 g‘ offglsrgme@a?gr”ftgr e'rome /lc P lﬁge%é)egzgptl cal
apert ur e irsegd ofrrssmmelmm stsleextmdtngracrais anhw ©h mltesfewtcstcamdu&tdrg/amMWmal |y
transmssw 'J]'h spaces af.apertiure regions in pglnt rtf metric
modul at or ai ?rg gbﬁ gre rﬁs’otmlol m teahanica %}ﬁ{)args Pormed” et ween t t”‘mlyxel sina
di spl ay anntmyfeiamtundquldnerorespmplﬁ4 tbqwaee@eﬂoetmghsmete obrar ahacha;moaf
W b a BB e e R PR R TR P B PR S o
or graysebkdve. range in rrul t| -coI or or gray-scale di spI ays, respectively. In
Sore emhod! e B oG LALEATELELE TP ILALR 18U SATRL LARS,BR2, OF more
optlcallytransmssweaetu chani cal ant
of one omepwneali citcelroﬂ@sr Oifeteraat mmmo&hamﬂemmg bew;&eldltbﬂcunssmme the
8230?5 gu]?tgllp ;@g?a %tgcgp p"anssg*fls\sﬁ%e ;Qertures regmn 91749 thg?igper ele?tlrjo%Stla%fntl all'y

25 570 may be substantlally dev01d of material and/or these optical aperture regions may comprise

material which is substantially optically transmissive.
The spaces or aperture regions in the interferometric modulator array 500 are not limited
to those formed between the pixels in a display and may include, for example, spaces between a
plurality of interferometric modulator elements corresponding to sub-pixel elements within a
30 pixel. These sub-pixels may be used to provide increased color or grayscale range in multi-color
or gray-scale displays, respectively. In some embodiments, the interferometric modulator array
comprises one or more optically transmissive aperture region in the mechanical layer and mirror
of one or more interferometric modulator elements. As discussed above, the one or more
optically transmissive aperture regions may be substantially devoid of material and/or these

35 optical aperture regions may comprise material which is substantially optically transmissive.
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35 optical aperture regions may conprise material which is substantially
optically transm ssive. -11 In one enbodinent, the interferonetric
nodul at or array may conprise one or nore substantially central optically
transm ssive aperture regions. Certain enbodinents of an interferonetric
nodul at or device can conprise optically transm ssive aperture regions in a
conbi nati on of Int fre ﬁhﬂﬂﬁwdesmihhﬁﬁnhﬁﬁﬁtm&ﬁﬁmﬁnﬂmQQﬁ&iQMMﬁki©ﬂ§orﬁM&h as
optically SSIV re, re i ons both bet en a

ra er

i nterferof ?t‘?’rlg TroaT toc?Pc lIye IE“?S% dPTHRTE R Wechaf t%’éler‘le‘g‘%‘i’“ i rror
of one ormﬂm&@nwmtem6@Mwmemwmecmmdﬂh@m@rqﬁkﬁneahsmmbﬂeQ@ﬁnﬁﬁb@ﬂmﬂﬁﬂ&, t he
optlcally trans nl&%thjag qhg |onsd57 have a eneraJH§ constant w dth
W, The wi dth W'HaY Bedetr eFm i &Ocﬁ O KB R e R PRI DB MY fer

desi gns quemen@umhaxﬁahWt@aﬁmannpmmﬁem&nwhmmgﬁneemhmuthﬂispﬁ@edﬁﬁﬁmbetmeen
adj acent pogtl ns of .the 10 CP i' (fy? F?O for different

i nt er f er oRBY Fi cmlﬁrﬁaﬁﬁoﬁf&gmrg LI TRE R U S B6%Si bl e so as to avoid
wasting any pilxelne afibadimdite thel qhtituliy tfhﬁ:ﬁmssh&V\@‘éﬂlﬁrﬂ rbgodi SHenent @apandi ng,
e.g., on the siz and design of the di devi ce.or other factors and is
not 1im t S th Wgﬁ%‘&éjﬁ“ﬁ%%{?%’é&?}?% g%y% PP fep oS o2 &y e desegy

exarr]rpl e, ITuh:e off pliel mahcaa'pnemtddm Ineginaal, Siedspaad V\Bﬁﬂetﬁltdﬁt ddzbnt RRFonO BS tHdaf t he
mechanical |a 570 arger t nlninu Ssize jn order to

i ncr egjse THa* ‘}I/%'*‘ Lfrq{;?%fd‘ “’F%ﬁtﬂte{fiﬁwggﬁé’é‘“ é‘f;foﬁsr%ad%ast% f)P‘?S@B“’ SQPEPt ur e
regi on 57aﬂfoﬁlﬁidlsﬂid’gaahy piell alﬁf,laedhethW Oari h@vevbr{lb@dhff&iéﬁtr&f)d’nldﬁgf’ﬂ);jLHnalﬁdlﬁzee| enment s
525. In vari,ous dth rture 574 ranges
from bet VB8 RB ¢ efp %Vg 8“‘1%“ e’:ﬁa 8&5‘%‘5\&0@{1}? eAbt ed‘é”?‘?ﬂegts e ]??dare
possi bl e.andAilhadated heddin. F&re:xhzemgttﬁb apticdl Aperaperelith 674 Qgh e tistidd phibges fr om
bet ween agout 10. I%%gths outside this ran

ou
ool oyod- TSR GIHeEha7q B hat e fa TGRS SEb gl e §7ATHEGE ot be
const ent amantnE)ighethyt dakkeothgdughl thetdpacah bpedtyire £ gbn 6XunAl tRat it BjeceOMits @k | 1 ght
| evel s at. different |ocati i array 500 Acco dingly, the size and
Shape.of BREEOTRE BrRBHb EFTEROA 3t OFOF SRBAT EegS S a o S A FERF g
portions efiokssT4 MRQEARINS 8btwbay®but 2 (0h arielsd.n) Qtthdi@h widthosulsi@nehs fye wary. For
exanple, in certal n. enbodi ments, the size of _the interferonmetric nodul ator

el ement s B98EbIf o Hititior s lengin BT (e RBraTefeRiARNY 74 TSRS frombatEd phorel) KB 25

provi de i5gneRs8chGolAler@ths ShaHS hal rende @O S emﬁbgéar Th8RidiS 2 164889 SeCt i onal
view of the interferonetric nodulator array 500 of Figure B8A, taken along

i ne ¥B- SBEF igioes SBF BISAIS BheoneAl Gaf stV S wHBoREIRuGhE ZERY, ifgfHixamms

posi ti onedn®s WhiTBLE Rdifferesit 1ocaROR-iY HHRWHRES® A€ c&dihgOf tht Bige m&tsﬁ&p% gr@metric
nodul at or. array 500. This backlight source 575 is configured ;ﬁread

i ght updhtetitamefrie moddier PeRTFons 8¢ cairersdingaetan Aahe m%f%ﬁc%*mer B through

optical | Yuetd 3BSH S8io¥E RBGHIV WY €8F SRSpRT4n cbihirf 8hb&Mitent£MROLIBNtGS, this
backl i ght source 575 is elongated in one or nore di nensi ons. The backl i ght

sour ce 57BCEHERATF Fopiigiar slepsms Shv{he Peferent subsiisstp M 2 %}§EId‘F%éﬁthef°§iﬁ%s of

backl 3sght i BG4 SRUHESEScol N BY erRRcdiSBehls. | N sone enbodl ments, the backlight source

575 may conprise, for exanple, discrete |i g%
Figure 8B is a cross-sectional view of the interferometric modulator array 500 of Figure

8A, taken along line 8B-8B. Figure 8B shows one embodiment wherein a backlight 575 is
positioned proximate a first, non-viewing side 577 of the interferometric modulator array 500.
This backlight source 575 is configured to spread light upon the different portions of the
30  mechanical layer 570 and through optically transmissive aperture regions 574. In cerfain
embodiments, this backlight source 575 is elongated in one or more dimensions. The backiight
source 575 shown in Figure 8B, however, is exemplary, as other types of backlighting sources

may be used.
In some embodiments, the backlight source 575 may comprise, for example, discrete light
35  sources such as light emitting diodes. The backlight source 575 may also comprise a

combination of one or more light emitters and optics, such as a waveguide, configured to transfer
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35 sources such as light emtting di odes. The backlight source 575 may al so
conprise a conbination of one or nore light emtters and optics, such as a
wavegui de, configured to transfer -12 or propagate light fromthe |ight
emtter to the interferonmetric nodul ator array 500. An optically

transm ssive | ayer extending across the array 500 may, for exanple, be used
as a wavegureesitolight duopl the ligfhghtxitteraoltltceintienﬁtranétéq: ooedlatbicarp dO0. adioesic8RS. The
he. vavegi gz et REBIERAAL oS (B8R0 bl 5 AREE b e B ¢ PRREY T Bt e
backl i ght cogplafight 6 7% 1t1torf€rpmwtuatnodldavustSREST&Bm:itm meg pedisposed atm}teadgeewforret ric
nodul at or 1 of | ecting elenments 572 are included in
t he di spl %185\%%%%% ]% gr%lgmeﬂ{legpn%avﬁ u(lac{§72 is configured to reflect light from
the BacklightAsguween bigbrerils g1 cngerttdndimmghgm friemajt belighy séur@rihiis sitiea

aperture [ %Qj O 1n7rélsru]?c%§/e m‘leerfe}'o e rw td%{ators %gct)r{el %ﬁ%? Eg@trofzfc%ngr gglgeg?é >25

The reflectln ing sur t he
light to ﬁﬁtarecladclucdﬁavm thedspE?ﬂhcneﬂeh@g didnenf ﬁ‘aosmﬁgm-emmdeﬂleatlﬁghsfr&ﬁ&e The

O £ oTB 0l PR R al AT S0 o PRSI

scatter antede‘binetm: rdodgfator elnmmstﬂé ape reﬂadtmg akeintntdigs Hrblettmg furkdee Enethﬁaw ties
\(;]Mr ;[ 2 }dl Ikg n%:c Eeq ﬁtet]:) Ogtﬁ:célfn%igltn ﬁl;{E th,[ gltarfe etrlc r%uia%atr%S{Sorgh%E%ngeélle?t?g

transm sselmnaio@rmayraesoroegafarﬁ to#M ‘hettomrere] mhujnmlseram chereflasti@felement 572

I nterfer On?&nﬁl%rcco P gtulreccﬁu I§matt orr& c? I1 ré%&nto dtlhe %ylfm(!iltca‘gl f:sSSt74'fl {'ﬂlll[he czgiltaear\,{r?%

exanpl e, ‘conprise FYVE et i'ons
par al | el ltghtthe rows and col urms of nodul ators 525. Figure 8B shows a

Cross-section C ar 9 ely ated refl ecting Lions, that fo part

of such a gri f%cnn e {5n7g & gcr’m?ﬂseée?rzemﬁ’l&@r%l g% §‘%g\/véngteﬂ5m?t t%ﬁmectl ng
sur f ase S?allpfed tvshe tBE) optejallﬁmramsngsseh epmme Ezzﬁnscﬁmf begprter cbotuanngliatie swsldfght i nto
the opti cal cavities.o ators 525. AI ternatively,

a pl ural i P EPTFEF PRUFH ﬁemE’Ft%Eent S %ﬁ%“"’t‘ge e . "For B RSB OB ur al ity

of di scr ebobinsbr arelaigesi lieﬂﬁzltlv@.ﬁecﬂtms shgfmrzd peikl otbe ﬁ)lm lagnatcéummf modigatoray be
used. Thes':jg gl scrg%t and

structures rise nds

ri dges having®a™r efﬁ%g 1§ 7&5SETR ace ngr 1°r“§?tf LiE ecgtmgs”ﬁ?r%r% €79 my be
posi ti oned sith agidgkd @fledtingicfeorin)s7or anureemlslmm(t& gﬂgzctmgrsdtﬁmz 57apf @angenment .
The refl ec have r 0 e netries as
wet1 2 poehite SEERRRYT oitRlo DREFUHR i JRBNEL sTRRRET e BAEREREL ot her
t han col unsisiaandszsows (e.g., "+" or "L" shaped eI enents). Still other
shapes are possj bl e that not t her form.a attern.
ae Bescr ! ben anlsget b acidity hBRte Sty ramrbrr S E s E e efiBg | 50
el enent Sfddiswky decuseduchAs c&tsoammamtd:elgnga& s&B;ont Itte.y rbefdsatt‘flﬁbge dékeeent 572
i s disposed o substrate 5504 bet vve n t e,su

RN

i nterfer ol RO FOBE ST “&r SHERY " BOgPY avm a reﬁ%ﬁ%v?@ﬁt{ace 578 may have
sect NS rkOwdie defenx MRy tbhq)oﬂﬁdsnectaxh Iayfeguiar(smfosm) me 1mgelmt (tree meiyindns 574
bet ween arrangement. The reflecting elements 572 may have more complex shapes ot geometries as well.
For example, a grid-like pattern may be segmented into shapes other than columns and rows (e.g.,
“+” or “L” shaped ¢lements). Still other shapes are possible that may or may not together forma
grid-like pattern. As described above, however, in some embodiments, a single reflecting
30 element 572 may be used.
As shown in Figure 8B, the reflecting element 572 1s disposed on a substrate 554
between the substrate and the interferometric modulator elements 525. The reflecting element
572 may have sections located proximate the optically transmissive aperture regions 574 between
different portions of the mechanical layer 570. Accordingly, the corresponding sections of the

35 reflecting surface 573 are proximate the optically transmissive aperture regions 574, In one

embodiment, the reflecting element 572 or sections thereof are aligned with the aperture regions
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different portions of the nmechanical |ayer 570. Accordingly, the
correspondi ng sections of the 35 reflecting surface 573 are proximate the
optically transm ssive aperture regions 574. In one enbodinent, the
reflecting elenent 572 or sections thereof are aligned with the aperture
regions -13 574, and may be visible through the aperture regi ons when

vi ewed fr & iddendydn-visidahivggisihel @pebtdré regichs sihewwiew ¢l fringthe @oBAewihB eide €f71 ecting
el enent 572,is configured to receive light fromthe backlight source 575,
posi ti onetf B?orklfl%gq”%l ‘the non-viewing or first side of the interferonmetric
nmodul at or ar r ayhe5eflectibg weeisA2 tsh:enﬁ@ffldam teeale hg?yé:ronﬁtﬁebi@hg}m@tam—cectﬁ

(desi gnat ed oW 577 t hr.ough t ran

regi ons PR Oéer?cp pXmplp ¢ Bee’crfont%ewng% ‘Ihrst % fgﬁ'ot i erte%m%e& ?ﬂf ég)ﬂé %g)%of t he
i nt er fer onkdrein Chenmebtibidtad Nayar B'Hyls\ld)(ﬁtebl(&stgﬁatai by enew S7Thisougkckenehtisilge 579 of
the interferonetric_ nodul atar arra jch i.s Vvisi etoa

oppos! 1o FEPTTSIBraa e Fee i erdherrtd b Srom iy Uahre t ne

backl i ght inetfeometrid Amdulatol aeat wdble kd Quiteer8Bhaddichi eidalsty oStheowserfefoemeftd opti cal

cavity 584 each interferonetric. nodul ator. el.e hat 1s formed
bot wean aRPRErTo THE S SHE Ak Hehg® PPOFHA HE TRRCHS Tl Mesy@reBr0 and a
| ower m rmeduldbof bibrag omipieitsd Beagklight Gourceas 75 Metoahted. aygnre%addﬁdﬂiﬂ@z oves tHehe

b t bed ab ti f 573
on T hiY 1 GTRBRETRS BT Biier 572 o S BT ik P T aF S0P B PPSr 11 ght
i nto the mopt fTalextedig fyord 8 metimnical 1ike S Brdao dilsven nifrdrl ST$H codipeiging, R.gFlagur e 8B,

oapect BOPEEBUCAL Eie SRR o haly o TRE FDee e SEP Bhor EHEE

refl ecti ngrfedeei@nin ths refleapectiomenoPfros ichidigatedes revﬂctmanmxr tsa:anta:shghi irftd éhe
reflecti n(ﬁ)ﬁ.sqrfvacg 4—373 inclined toward the aperture region 574 and facing
adj acent PRSPV & cavities 584. The reflecting surface 573 shown is
curveth. Howevdhn xhetehﬁo@aemmnlrsyated intHigure &, Itlmbﬂe@gn@élemamﬁgz € 2 sutstanidiiy 20
limted to ‘trhat ill ISt r & Fegs a esc étl%edst] écgrda}lslggher eé)crgetr%%s are
cont enpl at’8d* EBFdhmpt'é pf © M Ry e RIS VECFPLP OF pl anar
secti ons refiatingrelymant 1srsmped1mt oﬁpesmemld'emlt}oportus'isalﬁthedeﬂmhrtg sugspecl intinetihe
substrate 55 For exa , ross-sect ion g aped.
Ot her sh atﬁeaér atllgeeapge ure te 1gr§ 5%{3 15 c1ng ad agesn %kg:c%prtmyl av1t1%§ k?z{' lil{aea elﬂeé%q
subst ant i satfhog 57Gcnhcsa1ves cwxseddeﬁwwbnedheammtry e diei @ﬂs:tmg etehents éﬁz @ctatng
el ement e elan e t the S& S t
el ong%t e(rjrla es{lltf(la:htoatlélgllﬁuttr %dcagd C%SCTH m)unglx as ersgeomc %5 gr% vﬁggﬁﬁla{%gy Ef)og some
enbodi menixsmple, tlgaerraﬁercahg ylememmhﬂmwyﬂapmmarls@abns thdt trew maney yot be higedreef | ect i ng
el ements nm e nonz uni.f oRetr flective
surface SS%YCFSWIS revﬁ%aagj tg%l%uqs ‘F oo e% B{Nhﬁl% %%Sf’sgc e(‘ﬂaﬁ\l}g trslaﬁn lgrge may be
rough. Thebageef |Cﬁbdrls‘hﬂaesaﬂefa@epdﬁabde bﬁhstceapqaadtimmp)aggedamplﬁe d@stantlaﬂied above
reflectlonfro t ective surf.ac i r .
The refl eC n%m Cbﬁenbfé above H %O ehesreﬁﬂr ?tm eew%ga @gbe P %8‘?&1%%%5%# ectl VI ty
and sZsat ttee semgons atddriob it elsngatédrsuélxeampﬂe casehoé moefidsetnipseorsiotsfvaned Big3ncan be
m cro-etched s exa ness,
o or °r 1 Ages B et s AR Beub e SRMRISRL TRF Rl s Pifes By QYD

have a non-uniform geometry. Also, although the reflective surface 573 is shown as substantially

smooth, the reflective surface may be rough. The reflective surface may be stepped or jagged.
As described above, reflection from the reflective surface 573 may be diffuse or specular.

30 The reflecting elements may also be surface treated to increase reflectivity and scattering
attributes. For example, the reflective surface 573 can be micro-etched sc as to create, for
example, more surface area, roughness, and/or ridges so as to increase the deflection/scattering of
light. Alternately, the reflective surface 573 can be micro-etched so as to smooth the reflective
surface 573, thereby increasing the light concentration and possibly improving the uniformity of

35  the backlighting of the interferometric modulator array.
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light. Alternately, the reflective surface 573 can be mcro-etched so as to
snooth the reflective surface 573, thereby increasing the |ight
concentration and possibly inproving the uniformty of 35 the backlighting
of the interferonetric nodulator array. -14 In one enbodi nent, one or nore
reflecting elenents conprise a material with a substantially flat or planar
structure and Lmoae (ban‘oodngianteme m/rmmreiraﬂetcheg reefﬂeet@tdoﬂ@ned enaatriaretier kal My

be deposit one or _nore SS tha |ncludes
otcntng. FHEPRAl f-LRTESe Tehs 1 p el E Pact PSS we e
mcro-r ouag:lyrbesispm'aqd atmé fmmatnednebgt nre faers 5y &tpﬁchbsmghat anideotciodg, &ledﬂpom tion
process, and tributes he na one or
nore ref '8¢ | HF‘?Q am{/oerr%éri% & ’cor pri gl hg TBeP: 5°n”tgf“?;ﬁs°f ?a}rjg?)fre (ﬁ’yyrhmm'

t ransii sstchmgrmhmlloai d@ndtuam grrbmsahndt‘oy amibu:esbfrhetnateaalpart i cl es suspended in

the t The 1 ef f er abl
Cerial  cont MyUPEA CETPaP SH ohfuio ke BEMeT Ry AaErT gt AT o s cussed

mat erial confi gﬁ
above, thetiale wmsmBsie mafdrattandgs elemnt & radycth® pavdesa swspérddad Vin Sthé uct ur e
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i nterf er phedlity 6f dxpet sati@tires Efletréf@stiveldyeblidy cofipeises £fubattiangerid-ghtpairenent 572
may be posi ttl on%anﬁ %l retctly beneath the optical aperture regions 574 in sone
enbodi men? € 2RITHBUYH Y he refl ecting el enent may be located differently as

well. In one embﬁdltiasmaﬁd sttubt@rer egl gapd) dYthe keleritz 2 1cméRts 37 Bcanibe enasipdstgh  and
shaped so that
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wi dth of the reflecting el.e 57 r ased upo i ze of the
Angul ar GG F LT OR STTIIE Fhet e et GEmerd et thvdlgh the
apertureweggi ons 574. For an uncollimted backl | ght sour ce (i.e., comng
t hrough the hol es trg)fu ge range of SIZ % rkg
reflecting el grhﬁ g"%&ﬁ; e’ e?tﬂﬁcgfﬂ(?ﬁts 3?9%16 W(ﬂl g‘?}?\e ie"8berture
regi on 2 5utsantidne aﬂeﬁgrﬁcﬁdnngxeehemght 5B Bassﬂi@ltlirodg%ﬁﬂﬁr@ermy@orﬂeﬁeram ned, for
exa ckness he u m nor ci-ng bet vveen t he
mrr P 57%}/%(3 ‘r’tt(ﬁg’e @YFEL? (@f é "??f m‘f‘?‘lé‘gc’l\/\i‘r&y ?"’(Wﬁ;{? %29,t he *dPerture
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entering |ight throu th |on. VFF CONES h the
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substanti.al | reater .than gﬁw th f t{] rture ions 574, and
ot of er abl s e R Srent gty ReddRireht e RGPSt LEPRE e bnt 572
ext ends & dk sdflatiing eRhemt572 e This distabeyrouythe @btbtn@neds fod exaadpld, bethe dridkespondi ng
the upper mirror 571, the spacing between the murror 571 and the reflecting element 572. The
width (w) of the aperture regions 574 may also be a factor as well as the range of angle of the
entering light through the aperture region. When light comes through the apertures 574 at a
Himited range of angles, the reflecting element may be smaller.
30 In one embodiment, the reflecting elements 572 have a width of substantially greater than
the width w of the aperture regions 574, and preferabiy greater than 3w. In one embodiment, the
reflecting element 572 extends a distance of at least w beyond either side of the corresponding
aperture region 574.
Extremeiy wide reflecting elements 572, while effective in blocking stray light, may
35 reduce the amount of pixel area available for the reflective state. Thus, a trade-off exists between

selecting wide reflecting elements to deflect more light and the pixel area available for the
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aperture region 574. Extrenely wde reflecting elenents 572, while effective
in blocking stray light, nmay 35 reduce the anount of pixel area avail able
for the reflective state. Thus, a trade-off exists between selecting w de
reflecting elenents to deflect nore |light and the pixel area available for
the -15 reflective state of the interferonetric nodul ator el enment 525.
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optical sta rlses n C e I 580 y 578, such
as chrone, fnﬁﬁ %sﬁ:u OVF Tt relatgc} ?00% ic 0? %%anaﬁamre‘l%téetml 0% I(éﬂ]/’er 580

conpri sesmatcmdmdabcltﬂmlqyad mrailtahanvsumhodascutmdl umtin 25 oxide (1 TO, or zinc

oxi de (onO) f exanpl. ? subst ant Lal | tical I JLhans 1. SSive or
parti %1 ly t ran(g?n %rsrlng;g emmetflc}é ‘ﬁamr QWE 52% ayCh Bmgmwg Rt aelrcﬁg “*that is
refl ecti ve8dsueliorasd atgive grplan@idagen mﬂeraall 582rrei§heal 13tarfd:remarrp hto;hdetor dlemengr i ous

enbodi nen the el ec I r 5 f|C|et to be
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| ayer 576 may have a ot abou e di'e ric
| ayer Zimyoadedﬁl“ (b)ommncs)g:da (it fot ay.mpleda,né [rmag e substantially optically transmissive or

partially transmissive. The metal layer 578 may comprise a material that is reflective such as
chrome. Other metals may also be employed. In various embodiments, the electrode layer 580
has a thickness sufficient to be conductive and the metal layer 578 may have a thickness
sufficient to be partially reflective. The electrode layer 580 and metal layer 578 may, for

30  example, have thicknesses of about 100 A to about 1 um, and the dielectric layer 576 may have a
thickness of about 100 to 2,000 A. The diclectric layer may also comprise a multilayer dielectric
optical film in some embodiments. Alternative configurations are also possible. For example,
layers may be excluded and additional layers may be employed. Furthermore, the thicknesses
may be outside the ranges in other embodiments.

35 As described above, the mechanical iayer 570 supports a mirror 571 over the electrode,

metal, and diclectric layers 580, 578, 576 to form the cavity 584. Other configurations are
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optical filmin sone enbodi nents. Alternative configurations are al so
possi bl e. For exanple, I|ayers nmay be excluded and additional |ayers may be
enpl oyed. Furthernore, the thicknesses may be outside the ranges in other
enbodi ments. 35 As descri bed above, the mechanical |ayer 570 supports a
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in the substrate 554 and a layer of reflecting material is deposited in the cavity 708 so as to form

a
a | ayer
a

a substantially concave reflecting element 572. Alternatively, concave or convex surface features
may be formed on the substrate that are not in a cavity, for example, by etching the substrate and

30 the reflecting material may be deposited on this shaped surface feature. As noted above, the
reflecting element structures, geometries, as well as position illustrated and discussed herein are
exemplary in nature and other structures, geometries, and positions are not to be excluded.
Exemplary methods of forming a reflecting element as described above may comprise deposition
of a material, etching, thermal annealing, radiated curing and combinations thereof,

35 As discussed in reference to Figure 8B, the reflecting elements 572 may be covered by

planarization material, which has a thickness of about 1 um, for example. The planarization
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reflecting el enent structures, geonetries, as well as position illustrated
and di scussed herein are exenplary in nature and other structures,
geonetries, and positions are not to be excluded. Exenplary nethods of
formng a reflecting elenment as descri bed above may conprise deposition of
a material, etching, thermal annealing, radiated curing and conbi nati ons
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transmissive layer, such as a metal layer comprising, .g., chromium, and at least one layer of
cavity or spacing material, such as an oxide or planarization material, so as to form an etalon
30 comprising the first reflective (e.g., metal) layer and the reflecting element 572. In another
embodiment, the mask 802 further comprises a second reflective layer between the spacing
material and the reflecting element 572, wherein an etalon is formed by the first and second
reflective layers below the reflecting element 572, The first and/or second etalon reflective
layers may comprise the same material as the metal layer 578 in the optical stack 583. In certain
35  embodiments, the etalon results in a predetermined color at the visible or viewing side of the

interferometric modulator array and masks features which are undesirable for viewing.
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each T nt o Faroie: 11 iBaor aror: B et es 38 et al b AT ol “otne
el ectr ode foayernlbally af al:xenumEf@oanS?Lt lsleroumﬂmg aicmntefeeomuncSm&Matorptmntde
el ectr C§£5 C%nrrz!g\xgtlo {c]mbe% WeEl Er eﬁ ayer {)er ng%trl:slo? tﬁmdu' stitgrr %bmen‘tsgSZ along a
row. Thes& naff oW psrt fons o P e%ﬁ rode Tayer are drs ose pr oxi mal
t o post stovidetel¢rteisal sOGheshavirtwenn 2o 1Et1@ind5reetﬂtﬂ.mofﬁhﬁoqs,| g azhlmtgya miv dpesecal | y
transmssweaertu n enabl e I| to the
reflecti HaTé’“l% Eﬁ‘ofﬂe%ﬁ% o 55378 Are Py Xneatlg oogtemlaf—mggrg%t&g ‘and 12B
are gyst el dick Tde ayrais of loburatly aﬂansn—gssarn aendumdirmnﬂs o# matdc $ightatp bedevi ce
Egﬁgphggerogég%%d%ythe re}llec%%g glgégnt nabrt]sh%\ew’n) 2 as c?éscrq% ov@ cellular or robile
Figures 12A and 12B are system block diagrams illustrating an embodiment of a display

device 2040. The display device 2040 can be, for example, a cellular or mobile telephone.
However, the same components of display device 2040 or slight variations thereof are also
30  illustrative of various types of display devices such as televisions and portable media players.

The display device 2040 includes a housing 2041, a display 2030, an antenna 2043, a
speaker 2045, an input device 2048, and a microphone 2046. The housing 2041 is generally
formed from any of a variety of manufacturing processes as are well known to those of skill in
the art, including injection molding, and vacuum forming. In addition, the housing 2041 may be

35  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
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However, the sanme conponents of display device 2040 or slight variations
thereof are also 30 illustrative of various types of display devices such as
tel evi sions and portable nedia players. The display device 2040 i ncludes a
housi ng 2041, a display 2030, an antenna 2043, a speaker 2045, an input

devi ce 2048, and a m crophone 2046. The housing 2041 is generally forned
fromany of a variety of manufacturing processes as are well known to those
of ski |l PPYyong (Ret shpyn) tPfHdTﬁéid%er\@feficmné%*?‘w&hothmrm*%@‘?‘e@ﬁﬂwvmflﬂa%r%mwrmg. I'n
addi ti onor tdaGuiiRUE FaEnt 26044, piBMeD6r ssPpémde from any of a variety of

terials, ingludi b t limted t | astic, t al I .. rubber, d
Coram &, o A EORBIRGEIBAT CHERUBY s GB: SMIGEPHERES ohe THOUSAPoDaL

i ncl udes incRimMgab bestabld Aisplay,t 4088 c{HRAOtLEROVIA )otheh mbi@h-RE, hotdpahanged with
ot her _renoyabl e_.portions of different_col.or or. containing different |ogos,
pi ct ur es g%y Anfaee! crplay-gi TS&%E%@%L’&PLEQ@W LEY 4ildpi P arede@c2040 may
be any ofabdveVital ohYlaOfanélidaplagySich ad NCRTIGH ABer ubRide St € wall KRdvYto tidSe

descri bed Qggeip. Iqéother enbodi ments, the display 2030 5 includes a

f 1 at - pan@f St SoPa3F HQrencralr Brradiinet detcriveg E Presy embesimet edisnlapE03

descri beghcaleyvs, inteiferamfmbiiddtotiRly, Midsftved heuch as a CRT or ot her tube
devi ce, as isggg%{ known to those of_skill in the art. However, for

pur poses of d MR H e FRREHTenb M e disp ek degreIr e sersmaticelle | udes an
i nt enb er aned4téCin FRG 1@BOThel il Bipk234, ex@fiplae AGplaP s id3enal AcluddIe ne@mgenent s of

one enbodi pent, of  exenpl ary di spl ay device 2040 are schematicall. 10
1T ust 1 B s O TBe SRS Rt By ERaR A1y i 1 Sy evE 68 2040
i ncl udes eabduisit, NG AQdplaryadighlagaldvitd 240 haddi hétoaalinte:@Ep aDEMhs ludeLast

partially enclo t herein. For exanple, in_one epbodinent, the exenplary
di spl ay dediEa? %%%OV h‘%df ERFBE Y 3P HEANGTRT 1M o F RTS8 2 Wh 5rco EtF‘gE‘?éEe an
ant enna 2R4a&sMeh whichGOeRh&tkdtto canditloAg Geidwede 2804 7TTheldsaditisamsicedwagy 2047 s

or o o oy S oREGHe BrBHNG heFTAR S TS D085 el etfen EoMma Bt o

condi ti omdisi Qfibted @ @. spbdkkd em45a%nai agﬂﬁdraphoié’lﬂo%g NThd bx@ﬁﬂsﬂﬂ Joar dwase 2052

is connected to a speaker a a m cropho 46. The processor 2021 is

s Bt TR A AR grLe d30m ST oo B din B G 03050 The

gr i ver codiplealtd £fraddRSet 3028cAdIRI tRelart29 davdrane whithfiefur?@28 paado 4 dsgiie array
river 2022, ich in turn_j s coupled to di spl a array  2030. A power

Supnly 2050 2950, K Bt sttt 2458 phR R Bt el Eibrer s o mutrasy SeraBuRe | oul ar

20 ezenpbasyplel Gpllayedeyvioae 2040 design. The network interface 2027 incl udes

t he antenna 2043 and the tr%&ﬁpeHé§%t2047 so_that  the exenpla%§bgjsplay

devi ce 2040 cibf MOMTMTEee 20t RC ranfrpre’ie vt 88 TBOwFive A8 B In one

enbodi nent: ek&iepl S EWPRK dévideENERER A inITRY wadhSRe BAMBreSRIRe sHVOCLEF kY.
capabilities t% _reliﬁve rqguirenents of tEe processor 2021. IQ& ant enna
2043 is Fn{PeSHORHAKAOWITVPT PIFER% OF7 28y 2RP IRYS PP HEC ST P2t i5h i t t i ng
and r ecejbRGeqii@ReitSof thélprofsce TDIdi THR RhtendalP@4 ARt N Briterdnk &ASH th Shos@srd
receives RF_signaIs accarding to the | EEE 802.1 standq%d, i ncl udi ng | EEE
802. $A(agkill miys ag for Wapytipg AXHSEHERS BHHOi Pt STHOREN R ERE 4 HAEHY s and
recei vesafre&i@nAF SighlCREHRAG td @e IHBE 802.11 standard, including IEEE 802.11(a), (b), or

(g). In another embodiment, the antenna transmits and receives RF signals according to the
BLUETOOTH standard. In the case of a cellular telephone, the antenna is designed to receive
CDMA, GSM, AMPS or other known signals that are used to communicate within 2 wireless cell
30 phone network. The transceiver 2047 pre-processes the signals received from the antenna 2043
so that they may be received by and further manipulated by the processor 2021. The transceiver
2047 also processes signals received from the processor 2021 so that they may be transmitted

from the exemplary display device 2040 via the antenna 2043,
In an aiternative embodiment, the transceiver 2047 can be replaced by a receiver. In yet
35  another aiternative embodiment, network interface 2027 can be replaced by an image source,

which can store or generate image data to be sent to the processor 2021. For example, the image

-20-



BLUETOOTH standard. In the case of a cellular tel ephone, the antenna is
designed to receive CDVA, GSM AMPS or other known signals that are used to
comunicate within a wireless cell 30 phone network. The transceiver 2047
pre-processes the signals received fromthe antenna 2043 so that they may
be received by and further manipul ated by the processor 2021. The

t ranscei weiirce 284 ald@ﬁlalpﬁdﬁbecﬁseﬁ)\ﬂj))gﬁai Bard-@i6e inedthhy ematRampsogesspt 2021 so
t hat they be .transmtted. m t he exenpl ary display device 2040 via the
ant enna fﬁ%‘gé}eFﬁdlgﬁ%ﬁfﬁeg?rﬁtﬁstwg‘g%odl ment, the transceiver 2047 can be
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processor_2021 or fr frame buffer. 2028 and reforppts.t [a i mge
it ano B AE AP OT ST e R JBE TEPmsin e oA Eo R 1S 2By e dRrUrie0Ds.
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t time order

a dag fl haV|n a raster 20 s hat é h
Uit 801 o T ML R® APCUh B SRRRRay S M Dasa TR T e ey
cont r ol | esnt2d0&92026 rseksis tehee fohvatratitfognatind e mataian dticertA0e2. awtayugﬁ ra ¢teer 2022.
Al t hough a %b gé QE ontr ten
associ at S TOrhe S BePhPBEdee s b ot A R R e PRSP o
Crcuit ¢hédslosiahRgaedtdioli €Ch staycdagollaphamenigitnentedanyanayss. They nay be
enbedded i n the ‘f e.sstF 2021 a harcl\ﬁ/adﬁv \R}glge ded |tn t he 18) Bgfsor 2021
as 25 sOFYdr SUBHErEI T, POREay APAdS WA RS AUBh fyer 2022
Typi eal | yoftidag oBfull@jntedrataden h2Beze vah ¢eursy drtver fooz.mat t ed information fromthe
driver Typically, the array driver 2022 receives the formatted information from the driver

controller 2029 and reformats the video data into a parallel set of waveforms that are applied

many times per second to the hundreds and sometimes thousands of leads coming from the

display’s x-y matrix of pixels.

30 In one embodiment, the driver controller 2029, array driver 2022, and display array 2030

are appropriate for any of the types of displays described herein. For example, in one

embodiment, driver controller 2029 is a conventional display controller or a bi-stable display

controller (e.g., an interferometric modulator controller). In another embodiment, array driver

2022 is a conventional driver or a bi-stable display driver (e.g., an interferometric medulator

35  display). In one embodiment, a driver controller 2029 is integrated with the array driver 2022.

Such an embodiment is common in highly integrated systems such as cellular phones, watches,
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controller 2029 and reformats the video data into a parallel set of
waveforns that are applied nmany tinmes per second to the hundreds and

soneti mes thousands of |eads comng fromthe display's x-y matrix of

pi xel s. 30 In one enbodi ment, the driver controller 2029, array driver 2022,
and display array 2030 are appropriate for any of the types of displays
descr i bedniethei mallRor dsphrpl b yet anotbereembedriventi dienity, ardy 20X is g omicrlolidply 2029 i s
a_conventjonal. gisRl.ay QMY Ahbele ol Aalhias iRl dhsh Lg% (e 9.,
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enmbodisnermeint. pbvisethsupphoginEps @over wpply @hdvatsprelisarsd g yecsige pewer fwpncapaldi t or, or
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25  MEMS structures may be employed in other embodiments. Other types of structure not based on

MEMS technology may also be used in certain embodiments.

It will be understood by those of skill in the art that numerous and various modifications
can be made without departing from the spirit of the present invention. Therefore, it should be
ctearly understood that the forms of the present invention are illustrative only and are not

30 intended to lirnit the scope of the present invention.



MEMS technol ogy may al so be used in certain enbodinments. It wll be
understood by those of skill in the art that nunmerous and vari ous

nodi fications can be nade wi thout departing fromthe spirit of the present
invention. Therefore, it should be <clearly understood that the fornms of the

present invention are illustrative only and are not 30 intended to limt
the scope of the present inventio LAI CLAIM5S What is clained is: 1. A
spatial |ight nodul ator conprising: a |ight-nodulating array conprising a

pl ur alghtadis @hinlel @t - nodul ating el ements each having a cavity defined by
first and second optical surfaces, said second optical surface novable with
respect to the first optical surface; at |east one optical aperture region
in said |i §ispatizblight smoidwlgtomgompyisingnd at | east one reflecting el enent forned
bet ween a substrate and the plurality of |ight- nodul ating el enents and

configured to receive |light passing,through the optical aperture .region and
to reflect? ht['%‘%f@a\/lgg B%%‘t f9 rlalpglaﬂ)éurgg%gﬂ}@ﬁ—n}ngﬁ{mg( %e‘g%[{%ﬁe"’t‘fgbi"f‘@g, wher ei n
t he atavitgdsfinedbe firehhdscomigpoptied ertits, bas saosd afties saideatrabl2 witk hi@papat i al

| i ght qu‘,JI ator of Claim1l, wherein the at |east one optical aperture region
is pBEISHEE U S pst antial |y central location in the |ight-nodul ating
array. 3. The spatial |ight nodulator of Caim1, wherein the at |east one
refl ecti ngaméRIRRLPEAMYcHE@Fegidin Eaﬁ@ﬁ%ht-‘ﬁ{b@ul%ngadrﬁma‘ﬂﬂum silver, titanium
gold, and copper. 4. The spatial |ight nodul ator of Claim1, wherein the at
| east one reflecting elenent has a substantially convex geonetry. 5. The
spati al |i ghleasioug| rgflenting fele@ient dormed ivoveed 2 substradg ahddiset ploradityr of llightt i ng

el emepl,qha 04 - had 1€ ' | i
rodur Span Aean RS O Ehiel 1 REERY R BAREE oy R D BRBAR el oy
one r &f teBedt iah fpas | aepretivin sfgha seceipedatight éasaid pavityi whdrgin dbsatrlerst o eflenngf t he at
| east 1 | L ement. 7. The spatial |ight nodulator of C aim 6,
V\heref’.n;ﬂ?lﬁgg{éfg ?:(%gr{{)ar%%'ses at least a portion of an etalon. 8. The spati al

| i ght nmodul ator of Claim?7, wherein the portion of the etal on conprises one
or nore | ayesmtialflighambidhtby of €hlned) wherein pleer dtiledst ynet salsimpsdiry exgivatier i al |

and one.or re spaci | ayers. .-23.9. The atial light nodulator of Caim
1, V\hB?Sétfoﬁec{T‘?%é‘S lfspaing%@t%e‘gﬁ%%rc@fqné%ﬁ’f’Héhtéﬁ'oélﬁ@ﬁﬁg Ubhprises at |east a shaped
feature and a reflecting material over the shaped feature. 10. The spati al

l'i ght 3nodultad @atiftflighd RbdMalor SMRGERT NWhdEN SRS lhAbRe RT1edtg clem@Mtcompadss at | ng
array conprises at |east one cavity, and wherein the at |east one

r ef | e@tipashons|ob paminiyng, siharilapiym, sokle2ndLopRey

4, The spatial light modulator of Claim 1, wherein the at least one reflecting element has a

substantially convex geometry.

5. The spatial light modulator of Claim 1, wherein the at least one reflecting element has a

substantially concave geometry.

6. The spatial light modulator of Claim 1, further comprising a mask aligned with the at least

one reflecting element so as to at least partially obstruct a view of the at least one reflecting element.

7. The spatial light modulator of Claim 6, wherein the mask comprises at least a portion of an
etalon.
8. The spatial light modulator of Claim 7, wherein the portion of the ctalon comprises one or

more layers of partially reflective, partially transmissive material, and one or more spacing layers.
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of the substrate. it. The spatial |ight nodulator of Caim1, wherein the at
| east one reflecting el enent conprises sections interconnected so as to
forma continuous unitary structure extending proximal to the plurality of
| i ght-nodul ating el enents. 12. The spatial |ight nodul ator of daiml,
wherein the plurality of light-nodulating elenents conprises a netal |ayer,
and vher ei Fhetshatiahbighi modulater offalaingl.pthgred the gt ledst ostreidesting/elemenn semmgistsy e

t . [ el jm1, wh [ t | t
aper a!n'rle%f‘tia Sﬁ%ycg%ﬁré&ﬂfa'réﬁeciudﬁétemwﬁfe%ﬁag@é fegél?é m erein at |east some

of saird ulating elenments are separated fromeach other so as to
forman optical aperture region therebetween. 14. The spatial |ight
nodul Ht or Tfe sghigal hglit, modhérteeion (ldve latwhereasthe eubstrate bt the tlightgmedudatepntirrgonpr i ses
a reflective terial .in ﬁ2§ta iall articul ate form suspended in a
SubstSTPFATY FPy Shs Sueripd gty & eabeShepicclingotbment iy opved AR By o
Cl ai mfihe snbemei n t he sl oped surface is curved. 16. The spatial |ight
nodul ator of Caim1l, wherein the at | east one reflecting el enent has fl at
or planar secti?Ps tilted m@éh_resqfct to the substrate. -24

11. The spatial light modulator of Claim 1, wherem the at least one retlecting element comprises

sections interconnected so as to form a continuous unitary structure extending proximai to the

plurality of light-modulating elements.

12. The spatial light modulator of Claim 1, wherein the plurality of light-modulating elements
comprises a metal layer, and wherein the metal layer has a plurality of optically transmissive

apertures.

13. The spatial light modulator of Claim 1, wherein at least some of said light-modulating

elements are separated from each other so as to form an optical aperture region therebetween.

14. The spatial light modulator of Claim 1, wherein the at least one reflecting element comprises

a reflective material in substantially particulate form suspended in a substantially transparent material.
15. The spatial light modulator of Claim 1, wherein the sloped surface is curved.

16. The spatial light modulator of Claim 1, wherein the at least one reflecting element has flat or

planar sections tilted with respect to the substrate.
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