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SEPARABLEMODULATOR BACKGROUND This application is a
continuation-in-part of US Patent Application No.

waidpdseB2, filed February 19, 2002, which i SPEI/US2004/026458

di vi si onal of application No. 09/991,378 filed on
Novenmber 21, 2001, which is a continuation of

application No. 08/ w9t bl er 19, 1996,

now abandoned, whi céﬁﬁé%%%ﬁﬁﬁmgﬁ?ﬁg?part of
application No. 08/238,7 j May 5, 1994, now

Patent No. 5, 835, 255, anggﬁ#ééﬁ&‘gﬁa continuation in

part of application No. 08/ 554,630 filed on Novenher

6, 1958is appligatiomisdgieatinuationtin-partiof Y Pate dippiisstion Ned

for imaging applications cone in many different forns.
18282 SilegF abrupny 49,3002+ whichiésg iwisianab)f applicationdye 09/991,378
nmodul ate |ight by controlling the twi st and/or

filed gnivvember 21, 280 BIwhicteisraedostinedtion o applisetiomNop8/%69,947 filed
light. Reflective spatial |ight nodul ators exploit
sraDecansbep 19,51998) nef hleamitdendd) whoohtis @ lkcomtimatomimparodf application
light reflected to the inmagi ng surface. Exanples of
Nuoi8/238, 7 5ecfiled on LS, 4094, ShowRdterd NJ. {83625 vandlvwiieh is a

and digital mcromrror devices (DVMD(tm). Another

SorditRAtRonah part P applthtibd BB! 08TSHIE I fled b November 6, 1995, now
interferonetric nodul ator that nodul ates |ight by

inhesdfarence, such as the i MoD(tm. The i MoD enpl oys a
cavity having at |east one novable or defl ectable

wal | . . [ ' .
o mopgtet BE Suterdd BL APl Yo RPN NidHs oo FR 3 nlY ol erem
LNt erference. gecur t, aff I [
IS SRAS AR ST ok actict 655D pioBufRet o fuiate B by
typi cal | he surface where the inmage see t he .
canDibe g bl i Pib S BUR e ea ot Fuglbehof s liht.
Currently, [MDs a constructed of menbranes for
Bitdoctiv sesisil gghtﬂfzé@wﬁ EFRISI YaROY WSHC%@W 3 pontiotthe amount
mechani cal el enents that conprise the picture elenents.
ehlight reflected to thej imagiag sprfage. %ﬁ%@m@ﬁéuq}i rgfective mogupters include
a display that sw tches betweenblack and white, one
feflo0i sl Il tanddightel winremipudigvices @MDY kel . In a col or
di splay, three i MoD el enents nmay nmake up each pixel,
one eAobthtoexamplk oftpr spatialdight tlodelator is an interferometric modulator that
modulates light by interference, such as the iMoD™. The iMoD employs a cavity having
at least one movable or deflectable wall. As the wall, typically comprised at least partly
of metal, moves towards a front surface of the cavity, interference occurs that affects the
color of light viewed at the front surface. The front surface is typically the surface where
the image seen by the viewer appears, as the iMoD is a direct-view device.

Currently, iMoDs are constructed of membranes formed over supports, the

supports defining individual mechanical elements that comprise the picture elements

(pixels) of an image. In a monochrome display, such as a display that switches between
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The individual i MD elenents are controll ed separately
to produce the desired pixel reflectivity. Typically,

w@2ushimge is applied to the novabl e wal |l of tPET/US2004/026458

cavity, causing it be to electrostatically attracted
black drel Whios) bne iMéR @lentdnatight correspoad tecrespikéle I alcolor display,
the pixel seen by the viewer. Since the i MoD is based

thp& IMb DTElieRts @nay 1ANRMEY eacks pikel, 0h¢ egdhi fond| gread fid laé.s
may occur around the edges of the elenments. As the

menbr fReindRAGRE IMoD el ey 478 chityiiled Sepdiftellytd Produce the desired
surface, it typically does not achieve a uniform
AR Ty PR ARl e (s AP TR (R ol e poH oY reeaty.

Hiﬁgin% o0 tosewcﬁraﬁgti&\'i/\lg ia%ac%gftg rﬁ{eeis T tt QPIf]f&%ﬁfeffﬁn MXffE&Q fHe color

ront surtace, Yy

obj ectionable art.ifacts. Sin he, 1 MpD t vpi cal
SO Bish B8 55 R i Sresh Do DU o8 gt B riierdhe, gyever
t he vabl ortiqgn of the cavities, m e er at ed
S0 OO0 AL 8 9 RSN e SIS Dhag Rl chp the
This may, al so prqvi de nore freedom_in other aspects of.

bran dededty prrledprmstienards dis fEer susigeinpieshly does not achieve a
enmbodi nent of the invention i s a separabl e npdul ator
wriggrm; Ratness o Thepertigpyief the srembaaneshati cupveravay S thefully-deformed
froma flexible |layer over a cavity. The flexible
mgbranghpldightly fagrinstdhp font syrfaeriare apdisering distagcésmwayifeom the
mrror. An alternative enbodi nent of the separable
froohusuethor, whichhnaeossuit & the sbictierrablerarsfastsended over a
cavity. The mrror is supported by a flexible |ayer,
SuppoBinse iedMIPEPichlly AgictionsTdser diteekvievaddvitgcthe backsurface of the
t he supports and rests on top of the support posts. In

trldvgbl€e FHRIdh B8 HHe calities fldp e bberddtupoR wathbadridge@edglaffecting the
separately fromthe flexible layer. In yet another

ghige uatityV Q‘hm%%l@@ﬁlt@vi& RS fitbAdA it bfhet SspbQs BBe manufacture
above thé flexible |layer. The bus structure is

aordiso as to electrically connect to, and be
gﬁ@y cal fcyls/'gsupported by, all of or a subset of the

support posts. BRI EF DESCRI dfﬂN%EE,THE DRAW NGS The
i nvention may be best undéﬁg 00 y reading the

discl Oné E:r%b\évcllitmrén &f the ?n%%x?tignois a separable modulator architecture. The

modulator has a mirror suspended from a flexible layer over a cavity. The flexible layer
may also form supports and support posts for the mirror.

An alternative embodiment of the separable modulator architecture has a mirror
suspended over a cavity. The mirror is supported by a flexible layer, supports and support
posts. The flexible layer forms the supports and rests on top of the support posts. In this
embodiment, the support posts are fabricated separately from the flexible layer.

In yet another alternative embodiment, a bus structure is formed above the flexible
layer. The bus structure is arranged so as to electrically connect to, and be physically

supported by, all of or a subset of the support posts.
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the draw ngs, wherein: Figure 1 shows an enbodi nent of
an interferonetric nodulator. Figure 2 shows an

w@bdosomebe ve enbodi nent of an interferonetric PCT/US2004/026458
“nmodul ator. Figure 3 shows a cross-sectional view of an

i nt er f er onet r BRIEFDESCRIPTION OE THE DPRAWINGS
cross-sectional view of another enbodi ment of an

i nt erfiey iav@ition Gnayosibest @derstdod byareidifig) hedistlosure with reference to
cross-sectional view of an enbodi nent of an

the fEwiegeWBErE® modul at or havi ng address bussi ng
behi ﬂg@rc ef1l s@%wls A @fmbofingHnt Sﬁarpiﬁte@ﬁr&ﬂéﬁ% modulator.

Cross tional views of a nodul ator throughout the

ear | yF%{n%sthgtvs AR aft %e'%odﬂg ulfl g? %fr? grﬁér;]‘_&lerbﬂlemc modulgtor.

manuf a re |nter ero rrc no gur es

Tho. | edE L HERE PR e SRR PpebitaRi At

manuf cture mterferomatrl n

o1 an ST o derosersgnal WaY 8 5 E% ccitpdtfed of pna

| of .a rmd]g1 ator throughout the later steps of an
f%{v;?ﬂ%ﬂ? ¥ ocess to manufacture interferonetric

nodul ators without a planarizing | ayer ures 9a-9f
show Kigares>. shewsiagress-sostional Wewohan P@b@thrsepga%arbmteaferomemc
process to manufacture interferonetric nodul ators

madulaigr havingladdsess bssing behunsbaflerdlasiert | ex | ayer. Figures
10a and 10b show al ternati ve enbodi nents of back pl ane
suppdkigsret 6a-6g shewarabisectionsleri¢ves airempdwatop thubeghont the early
Figures 1lla-1 d show | ayouts and cross-sectional views
Qépsalftan fefitbodingene Do piodess tts mahufactuey inestfephetiic modulators.
nodul ators in which pixel color may be controlled by

f | exi Pig@rek IHIF sEvP PiRks-bR o] §ibwasof hdaodulstod BouERENY the later steps
cross-sectional views of enbodi nents of

SUnSIARIdRAE o § [{Q:@b!i 8 RS fAchurdt&ferbRBRCHEo RAMAS s 25 R a
used to nodify tphe el ectronechani cal properties of t ﬁe
ng@a&grpr and flexible |ayers.

Figures 8a-8d show cross-sectional views of a modulator throughout the later
steps of an embodiment of a process to manufacture interferometric modulators without a
planarizing layer.

Figures 9a-9f show cross-sectional views of the later steps of a process to
manufacture interferometri;: modulators having an address bussing behind a flex layer.

Figures 10a and 10b show alternative embodiments of back plane supports for a
separable interferometric modulator. '

Figures 11a-11d show layouts and cross-sectional views of alternative

embodiments of interferometric modulators in which pixel color may be controlled by

flexible layer properties.
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DETAI LED DESCRI PTI ON OF THE EMBODI MENTS Figure 1 shows
a side view of an interferonetric nodul ator. The

woraalssey 2 is arranged on a transparent subspPCEUS20240026458

"which is typically glass. A primary mrror is arranged
on t dfigmes &2a aldel2brshdw drdsatsectidnalveiews pf erdblodiments @f of
i ndi vidual elenments of an array of interferonetric

infegfet o 6 moduapesihewhiak tinding pady hleYusédtoansdigothdar y
mrror 16, which rests upon, or is part of, a nenbrane

cl@tronttRRAHidal propertied Bt SndvindR¥rréieand Flekibdé 1ab/B8. sane

| ayer as the nenbrane 15, support the mrror and

attach it ﬂ%kﬁﬁ%ﬁ@éklp‘i’lﬁ)ﬁ AP THE £ MBODIMERTSE

and the menbrane are flexible. This allows the

Seco nﬁgﬁﬁé 18nbHA% sid \ng ﬁ?ﬁ&tér%&n&tﬁ@ rr?cﬂlmatt%f. ]1;]}1’e m%dulator 21is
bringifig it closer to the primary mrror and thereby
affecting,.the intenference properti f th Vity. .
EERd A moparedl Bloaa ry PeB R blci, Qo Jf o) hiror 12
state,in which jt i way, fr the primrty,. n,rror,

SHeR! Waipbiten esspds BRF oot adFesde i Rolft Slemegts of an
the far position. |t must be understood that . the )
arggy; of datetterpmefgic Igmlétomﬁuagengﬁ@ e areary Lbis Sesppary mirror
than white. Any pixel made up of a nunber of

1 aivhishargsts upen. OF ispast afn meEbrangdl. Suppertiarmgfyigh ag h3jmay be part
bl ue, may appear white to the viewer as will be

ofi the sameldyénas ity membraat 15 bwippevt tharmewror i6 andettashyit torthe support
are separated, the resulting pixel in the inmage

el sSThetsupporbarn(ind \iemembrank 1 S gee flexitlpp Thiscillpws dressecondary
or the other mrror, an electrostatic potential builds
mitrdri® t6 d% imoved irdo the cvaynd 4 tbrmgiadocdser o therpriniary mirror and
towards the primary mrror. The novenent of the mrror
HBRBY affedtit the ildrfdréte pRipeftits of ieidayity. N a "near’
position, the interference effects cause the resulting

pi xel GtRerfify, BleaGKkondaly RirfBHASGIER AR uf48dne Rate in which it is away from
Alternativély, the néar position could cause the

48RS BREE VIR o S Rt R BleSuBlte APbr s ibosivon.
[P BE ARt B LS G088 PEORETL Bl S16: piher than

cavi e 1'mage vi ewe e

of.the transparent substrate.1l0,..the si 0 siteto

Fhise SBORRGRRAMS e RRtTiof inpal! FaRiise SPBRE st i red, ereen

For. .exampl e, a pi.cture el enent (pixel) correspondi.

RNt R A L W

as a black pixel, if ) .. . .
en the two mirrors are separated, the resulting pixel in the image appears white

or ON. When a voltage is applied to one or the other mirror, an electrostatic potential
builds in the cavity and it draws the secondary mirror towards the primary mirror. The
movement of the mirror changes the dimensions of the cavity. In a ‘near’ position, the
interference effects cause the resulting pixel to be black, in a monochrome system.
Alternatively, the near position could cause the interference to result in other colors of

light, such as red, green and blue, as will be discussed further.
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t he i mage being viewed on the front surface were
nmonochronme. For col or images, there nay be three

wo niospimponet ri c modul ator el ements for each pP&EUS2004/026458

viewed on the front. This will be discussed in nore

det ai Chdngingsthe Aserfaendegropeeticsiaf tled aneni 4 allows fHegomage tiewed
there is an area where the curve of the support arm

fioy thaftom sadewttld RehsParshiesubsardiel Oyrkdsildeppisitety that upon which
mrror and the secondary mrror. This varying distance

1B Ynddlakd#i§ gﬁﬁttotcﬂﬁlgeml:%f ERmE e REBRAéhas (pikel) Ne
cavity around the edges of the observed pi xel s. It IS

ARRShdng 8 tﬁfﬁ%&%&mcmmrem&ﬁ B %ha ghem Rat¥ack pixel, if

support to alleviate this problem As can be seen in

r n

(i g% Veind B BFGERY S @%*rf%%&&sﬁfségé#éﬁg P odMiSnages, thre
%#g@é[hg \MEO e'roS E@g;& ore | 6128 tg)ggz{c%tplxd Iijeéhlz%rdZOnzthe front. This

r.ovi de bett.er co of the fringe effect that
@eﬁ ‘S‘S‘fqﬁseéldﬂfr?odﬁa ﬁé)‘ﬁ%r such as Figure . In addition,
the elevated |ine 28 .0Vi an opportynity t

posi t A& RaN PreSeEB it ¢! greni effigide he{ﬁqlgag 1l the curve of the
substrate, thereby |ncrea3|ngﬁthe avallable active
SHPEArt ABR MAYXENss HYArying distanes Reteiersy thegutmaary mimor and the secondary
Cross-sectional views of alternative enbodi ments_of _
infrreyy fibisovasying distange may dn sirn kffect theointestsrdpee praperties of the cavity
performance than the current inplenentations are shown
arouid theredgesf the ahiserved pixelskilgispessihle tmshsbertdathe $&®ndary mirror
conprises a mrror 38 suspended over a cavity by a

fremily taick sdighortitb allgviateshis pheblemt e 30 has forned upon it
an electrode layer 32, and an optical stack forned of

a et Ak chrfy@deen SUE1ZUAS2, GHE ©0Bndadfmanét 2as Sudpdedddayer the primary
36. In this enbodi nent, nenbrane 40, which may be a

ol 1 8, IBdcRlsupptit 34) e’l"lﬁ‘éC Qbrdt€HE 1Y LlardsiRBeSuBsirdid) ‘§uch as glass

fl'ex Tayer, cones into contact with the optical stack

é@%a Tiﬁ:é)é rggrfﬁﬁﬂ RRSWn RO I%&fﬁﬁ)(@@bﬂtﬁ?&ﬂ{r@f the fringe

as support post ugs suc

gf‘?ec'? thvgtI o<(::ct&rst 1*11 8151%&3& 13%%& If'gs I‘Elg'?ltesl. Ilggdlﬁhﬁ MRE efé?%tag line 28 may

remal nS susp en over t

he f.
s Spoeln ‘éft¢°$ i awf%rl%gﬂsﬁem@ﬁ%%%an%ﬁowa% substrate,
Rat her . t he ort osts ar.e

nd. the opti st.a S
%smw oL he A DL aFbYF B Pels abgppsTgasive SbSrate

di scussed in nore detail |ater.
Cross-sectional views of alternative embodiments of interferometric modulators

that provide better performance than the current implementations are shown in Figures 3,
4 and 5. In Figure 3, modulator 100 comprises a mirror 38 suspended over a cavity by a
membrane 40. The glass substrate 30 has formed upon it an electrode layer 32, and an
optical stack formed of a metal layer, such as chrome, 34 and an oxide layer 36. In this
embodiment, membrane 40, which may be a flexible metal and therefore referred to here

as the flex layer, comes into contact with the optical stack layers forming support posts.
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In Figure 5, yet another enbodi nent of the
interferonetric elenents is shown. This particular

weedwedissent of nodul ator 300 is based upon thePCT/US2004/026458
~nodul ator 200 of Figure 4, but nay be adapted to work

wi t h Iaicoheast,ahodibator2ifoeti Figurt ¢ 1he Support3@6t plags sueh s 42, upon
ot her configurations of the interferonetric

Whidhl ktad fexslaydriaOtrésts. €THrOEIrro2 138 réfifins aukpendeddveethe kavify as in the
netal or other conductive material has been used to
Previbhembaslafol, b€ tHerfRx44yer 8BésSnobifdrim e ls@¥poti g3 by filling holes
routing along the back of the interferonetric

PERdedrAhO fisx 18SAiddhé B{)ﬂcaﬁgﬂa&i. Rith&gihe 50 osffare formed of a
el ectrodes that nay otherw se have had to be fornmed on

RGOS SRS, EELA b BE DA 3k erhifute200 and 300
ave di . erent CO!’] I gurations, .Ut. fave SOone
Pr 0 &3 54:00 81 0% bcC QMRS ANl RLoRLO BRAER S Bbwn.

to fo rrous configurations are shown |

R R R
ST ) S e SR BE 23055t st

formed on a transr%;rent, substrate_30. The view n&z
enfigprationt ofithe interigierpatrie modylatersy I theiembgdimeng 300, an extra layer
"bottom of the substrate, the opposite side of the o
efubgak artother isapductisie mateoial hdsibehn used te ferot 2 bepestaugiire 44. This will
optical stack |ayers are formed. In a process not
al loowwi gied reytinighadong the baakd thendtarferahettia yedslaBits, podsiBility

are patterned and etched to form el ectrode col unns,
¢limmating Dhinaberws efedtrodds alpe snayotheroyisehade had tofbe foinsgal aaythe glass
design. Formed on top of the netal |ayer 32 and
dubktrateg 1 n the gaps between the patterned el ectrode

el enents are an oxide |ayer 36, a first sacrificial

| ayer THEmadslatohke1 00, 20 ind B0 avk BRirend ohfigdratiins ot Bave some
The first sacrificial layer 46 will determ ne the

BB Aol SIREREY | e AP pHRESD: LA SO L
ggg%gﬁgggpg& |s%sseed ag%vr/)e, coT or rmd(trfnatgrs Oumgy be

. i r lat :

osPaEREeids 2 Bt AEEP el P TS ACHrRRTCh of an lectrode
nodul-at or t he dinensjan of .the cavity det i nes the..
eGP o teiortials Bpisni SRt pd Eheilorifs GFOhHER gh OBtica
noving the mrror fully towards the optical stack in a
TRt BTk et ShetAsaTosme.c St avariallire Ratped ghpdranpigrent
turn "black.' Simlarly, .
substrate 30. The viewing surfacé of the transparent substrate is on the ‘bottom’ of the

substrate, the opposite side of the substrate than that upon which the electrode and optical
stack layers are formed. In a process not shown here, the electrode and metal layers 32
and 34 are patterned and etched to form electrode columns, rows or other useful shapes as
required by the display design.

Formed on top of the metal layer 32 and filling in the gaps between the patterned
electrode elements are an oxide layer 36, a first sacrificial layer 46 and the mirror metal

layer 38 in Figure 6b. The first sacrificial layer 46 will determine the dimension of the
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noving the mrror partially towards the optical stack

may result in the pixel color changing to val ues
waledosormme from t he qui escent col or val ue. OnePeEURINN4/026458
~of formng color pixels is to construct cavities of

@ity evérmehidethehsirou issuspeatied. has dissuss¢datioveuiobmgredulators may be

colors fromthree different depths of cavities are

foatled By asng thiek mbdidatoil Elemients #o1f catle pixel prthosstltans imige. In

the cavities are directly affected by their depth. In

iftedfRforh éri@frloB6latdré) eRLdiMRNYbA 9 the\caliyy Qétemnlfdsahe natlferofehe
| ayers of sacrificial layer 46 nmay be deposited. A

ﬁ'xte"rt%?enk@yﬁﬁ dWechdsedFredRRNS] th6ting MRSKEFbr M RAMaF®tAEHptical stack

thus defining the area of one of the three nodul ators

gepos@%"@eﬁ na- ma atfd ﬁg\/\%% g&%ﬂﬁ:ﬁnﬁﬁgf tgp&u{il' Pl?o Stlﬁularly’
B e a%?lﬂ%%»@ T -

%faﬂ%ws? e PP Episcb R Bl alRa be. appi i ed.

This third,l need not .b atterned, since
thi ckﬁﬁggyemo%?mlw OFRRISIR AP CORHIHELOBAE 6 dlff'eﬂng depths

nmodul ators form ng each pixel. The three indiyidu

wish St thegesulipnt quighsent cploautroms thregdiffeaen depthe BE%%’éIFqSIaEF red,

be of the same thickness. This would result in one )
groendnst Wve. 1 Bhe iateefergsicg propprigh afjths cavitiekare sireetbnaffastad by their
of three layers, one nodul ator having a thickness :
daptibi Ineudastto affiect lzpe varyirgrravioy dimandionsithree fayeisf sacrificial layer
thi ckness of a single sacrificial l|ayer. Wen the

4memay be depdsitedyA firstdayer mall be depositedyovaskled aridepattasnied yhus defining
di mensions will vary according to the various conbi ned

thi lafds e 96€6f tht thirbembhtla®rsfemhidg catkpixeR uaesondr g Moulithen be
in three different colors such as red, green and

Mpasitdde tAl Edtond ndask WoGMItBerfbe apblipd &3 misqayr&t arlddy ®butibeipatterned
deposited and patterned appropriately he structure

ﬂosdeﬁﬂg meesoﬁm%daﬁeaddf%@ﬁﬁ%muﬁa&? d@ﬁ&édoib%% 8l wam ﬁ@ Recond

formng mrrors on top of sacrificial islands 50

xgxegl\ggtl& ?od'ﬁ'f %’ia%h ggcel 1?1@% n58 gefc'rlfﬁ'c%% ﬁxjyell @ 9 vl %Bf)]ﬂ:%n This

ot oresi st en ap
Rﬁ_nrgd%]yeer %%e r}oq bg a; uelrrrfécla Isf’flllce 1t? Mlgc:]kgggsfwi?lﬁbtetlgclu fid mg%l three 8f the

sacr.ifici aI Iayers have been et ched avvay

WBS‘?IBEOFM%BJE%FB% PEflch as 54b for support posts

The three individual deposited layers described here would not necessarily be of
the same thickness. This would result in one modulator for each pixel having a thickness
combined of three layers, one modulator having a thickness combined of two layers, and
one modulator having a thickness of a single sacrificial layer. When the sacrificial layer
materials are removed, the cavity dimensions will vary according to the various combined
thicknesses of the three sacrificial layers, resulting in three different colors such as red,

green and blue.
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and 54a for supports, and the photoresist |ayer has
been stripped away. . At this point in the process,
wo besoessbods of manufacturing either nodul at orpdD0ST00M6458

Figure 3 or nodulator 200 from Figure 4 diverge. The

nodul RétamindX0 FagurEi6g,uar hoforhs stilayer 4R és dapopitad and gatterned

pl ugs 42 has processes as shown in Figures 7a-7f. In
dﬁg&ﬁrﬁteYya, Thd@ngture! Bithéreetdieddi dated bl tigLphotdresiN pattern, forming
added to it a planarization |ayer 56. The planari zi ng

RS bRttop dflshérifidia id126R50R ShSdm irtFigurd. Al B&ond sacrificial layer
pl anarization material is partially renoved as shown

6 s Eﬁ&“ﬁ\ﬁﬁ?%ﬁd if PIgH6k. S $istP5t tHhUgsliabo tﬁ@&cf)ﬁ@gﬁlcriﬁcial

ayer, may al so be referred to as the nechani ca

b ot R GRR, S Q4RI M AR oSk, Mo, 51,
B B A B U oy KRS S Rgor s

I r 40 has bee atterne Th ffects of the

o5 e DO e AP ToC B s et Srgee SXBE  ona

vi ew shown here. A back vi ew_ of the nodul ator. el enents
showi At iiprtha Rroggss themetheds phganuiactusing citheg mpgdpator 100
be di scussed with regards_to Fi g.ures 10a and_10b. i
fomdiigyre 3jor m@umsmﬂ dramy figurg 4 divergse Tihg appdutater 200 of Figure 4
sacrificial l|ayers are renoved, typically by plasna

avirtg the suppioghpost plfigs 42hkasimeeeesscss ag shﬂyduind%/igmres Thalke Fagure 7a,
cavity 60, in which the mrror is suspended over the
thptsiroethresis alidwn Reffigurei Ggchas eddédguiite @anarizatoplayerc®s i Tig

for the nodulator 100 will now be di scussed. Instead
planapiigmatgrial fillsahaldcatiorg J4ayed S4s Thoplassdtiommbiesial ie partially
7a, the netal layer 40 is applied directly to the

o8l assHokninfih Figire Vﬁmﬁnﬂﬁ@uﬁﬁwﬁ@dsﬁﬁﬁlﬁ5 48 Tnhelfl&dayer, which
asis shown in Figure 8a. This causes the flex layer to

9y Db BE rSHRRPotas RS Echatear Bydri40fis tHed a#;ﬁl‘i&f dvRPhehPport post
and to formthe back supports where it fills |ocations

: Thi s approach has the advantage of
%ﬂggrhnﬁfgg%gc't he pl anari zati on process, which may

) Nl S PR R s st

FEDb12hte PuBRCRBTER oy o PG e e P B eBed MgpepfBatmea.
'?}?é € éc%scgg t g galltteerr]:ixrlg anretn%it fc’lot\llciegt\“’e ixtl Hl% c];‘cLs% )éectional view shown here. A
back view of the modulator elements showing embodiments of the flex layer patterning
will be discussed with regards to Figures 10a and 10b. Finally, if no bussing layer is to be
used, the sacrificial layers are removed, typically by plasma etch, in Figure 7f. The
resulting modulator 200 has a cavity 60, in which the mirror is suspended over the optical
stack.

Returning to Figure 6g, the processing for the modulator 100 will now be

discussed. Instead of applying a planarizing layer as discussed in Figure 7a, the metal

layer 40 is applied directly to the second sacrificial layer 51 and locations 54a and 54b, as
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| ayer 40 has been patterned to create the unique
nmechani cal properties of the nodulator that will be

walewsuosser further. Finally, in Figure 8d the PCT/US2004/026458

sacrificial |layers have been renoved, formng the

sabowy irbBigure 8w dlhistansesitbOfled hayehto fommnthedupport posts) where it fills
back bussing structure was used. An exanple of the

REaRS 545 hadvd fofm alkdbdtl sappvas kvHersis ifillg 1edatios sutk as 54a. This
shown in Figures 9a-9c. The process shown begins with
AppRosth hHE theraBvArRadeRSt elithifdtiag teSpldfarAtoBprocdk ! Which may simplify
patterning of the flex |layer, but prior to the renoval

th tiEmaREdthrintd fbcdsQURY fhe rgﬁ'itaﬂti shalmfd. ON pur poses,
t he nodul at or configuration having the support post

plu Voo ﬂg@ tﬂgi( 2%:?33 e ah?lsié@v\ﬁgpog%sis? gyl g t@@é{f@%{} %15 flex layer

appl i odi € No support pos!
8.5 o i s " T Pl B Ml 551 SR P SO sy v the e
BBl e e relsBle e Rlsin ol Rt aienPPRBoT: oo modulator
Baiices Jeubted tipe, Tomtpeindygnr Sd B oI Abaxen Bats been

between the bus |ayer 68 and the flex I|ayer_ 40 through
o VeS| farpiog thegayity 68 in medulatos d 9. Buthiscshadimensnnasack bussing
that signals on the bus |ayer 68 can be used to
gowturowas bigedi | ex | ayer 40. In Figure 9d, a photoresi st

| ayer 70 is applied and patterned. In Figure 9e, the

bus | Anerarfigleiof thegqirdeass 8 dwdodadslingwebhckbustimgestmictge is shown in
renoved so that the renmining portions of the bus

Fiyes 968 cf @heptdvessuhiswatbegint with tHd stfctire arfred 3 Figubes 7e and 8c,
Figure 9f, the sacrificial |layers are also renoved,

5fes Phattérfibhgl oF tHEOARH 1311 bid QPior otk éndas oS the dadrificeal #3érs. For
cavity 60. The bus structure is possible because of the

@Rk ssidh pafoSésdiHaGn SHuPMb AR RN raliBehiNifg e sﬁﬁﬁd&?ﬁé’bt i)ﬁh?s as in

view ng side of the substrate and the back of the flex

AR 5T, RO, g ot <8085 1 sopor s
[ optical properties, inproved by the use

g@g?kg{sgaﬁérbe 1éedg)(‘lr‘ri rror 38 in any of the enbodi nents,

are s rat ed

frr,om t he.el.ectro-nechanica operties
such 0t I aer AR G ey fhe Plegile o
E}?oatlgreglgtdlgygesf%%qg élpp-mald ?n ﬁ%%?er 9ai>b| "lehenrﬁx%lflclrgsﬁsotrlayer is then patterned and

the structure etched to form holes, such as 69. In Figure 9c¢, a conductive bus layer 68 is

applied providing contact between the bus layer 68 and the flex layer 40 through the hole
69. This provides electrical connection such that signals on the bus layer 68 can be used
to control the flex layer 40.

In Figure 9d, a photoresist layer 70 is applied and patterned. In Figure 9e, the bus
layer 68 is patterned and etched or otherwise removed so that the remaining portions of
the bus layer 68 form the bus structure 71 of Figure 9f. In Figure 9f, the sacrificial layers

are also removed, resulting in modulator 300, having bus structure 71 and cavity 60.
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architecture allows nore freedomin the use of the

back of the nodulator, as it prevents any processes
w@eosoraserl on the back of the flex nmenbrane orPCT/US2004/026458

structures added fromaffecting the optica

per f dihedms stradture hepossithid Ecause oPdwsipiticel shixidieg ppvideddy the

on the back of the flex nenbrane 40 are shown in

nhirt@u betsvedd) theasdlvih@ bide bl dmasubstents amal the backofithefleakayerofThis

t he nodul at or, which nmay al so be seen as the top of

préadesade! hﬁh@fts sepHeNte thebpjtias! dndané eludrd-mgtlanscal prdperties of the
Figure 10a, the sacrificial |layer 52 was patterned to

rh&ultbh enteqtpﬁealgﬁweeﬁesb oPeIROE uddoSiHE 5&9&%@1 Ri¥ror 38 in any

four small supports 76a-d that were subsequently

ofithd &tbddinOts, fakEXeph VR it theldi&et! gglégéhgfﬂféaﬁﬁ%neﬂ%h he

patterned and re ve fromthe e nbr ane

atd? e§§§§£rﬁf fhe 'xﬁo %stﬂ?ﬁ r@smt?x%‘f‘rp r add %s%%&r 'I% Qjalglg trréodulator

Se suspen e ntrror suppo

72D0. er na n 1Qb he Ler
S o f?%efffgt‘ﬁqft‘ i 18 ot L8 oA or b0 Fgufflor, @4Phrovents
connected t 0 ost 72a-d. The stra s ar
S5 DA P T PPt e@&mglagﬁat pr spctupyadlef figm
aIternatlves anDng others, may affect t he
affeciing ihe optica) pertemanss O%(tﬁé mpdafar. and the det ai | ed
mechani cal characteristics of that novenent. In sonme
casedossiblepariems peednn thebagk efdle flromembeang 48 arg shopmen Figures
col or nodul ator exanple given above, three masking and
1dapod il 0h.fiheps vicws e the ragk a6 thetmodudaten, witiahgnay also be seen as
different cavity depths. As an alternative, the
thetopi df dlek medidatotrscshbwa ha theqirevioss ﬁgmesaflntFﬁtglré 1exithd sacrificial
| ayer, the support structure, and the interface
18¢dr\6R evas ipatterhbdto fofiy @i larn@ cehter BackpapporpPssiBrauddedy four small
altered by the various design and process paraneters.

shppitsT G Gat Were SABRqEMAY Filled Vh by fleR 1496r 43 €Thd @Yer 40 would only
pi xel s ofdifferent colors. The various design

HAABRLE L PRGN FoPE SRR e RORbIhOR barlfit Hoft BE adjacent

wi'thin the cavity upon rehoval of the sacrificial

PR PR AP BB R iy e
the f/{l(t)m ?tlsvrléré{,] %aﬁ: Fig lth)e %%&tl%)%} ?sfpa?tﬁ%eté§ R Z,Egear straps

Of ni ne ree or ea ol ors

Begflondadedls e@?%gt?%g TaodoRedl, Thdsiplag il .°8$‘P1g‘§té‘%“°r by

three di fferent colors be achi eved
center support 74. el'hese two alternr;%yfes among many others, may affect the freedom of

movement of the mirror and the detailed mechanical characteristics of that movement. In
some cases, this may be an advantage.

For example, in the color modulator example given above, three masking and
depositing processes were needed to form three different cavity depths. As an alternative,
the detailed mechanical characteristics of the flexible layer, the support structure, and the
interface between the flex layer and the support posts can be altered by the various design

and process parameters. This allows the same depth cavity to be used for pixels of

10
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by varying the di stance between the mrror and the
optical stack. When a voltage is applied to the
woraalssey s, they nay all nove a uniform di st aPCBUS2004/026458
towards the el ectrode or they may all nove different
diffeentnodss.t Thevatiduk despe pamméters thodifethe qaldscenb pestion of the
nmodul ators may traverse the entire cavity and nove to
1Airfoe AithRothe vty gvatreMoval @F tidwastificitldaybrs.ect cont act
with the substrate. The dinensions of the cavities in

t he qoieasAEsBle pikd cBnRERatidiO80lis Bow th Fi?[u‘ei 198! This view is as seen
di nensi ons 82, 84 and 86, in Figures 1lIb, and 1 Id,

Hﬁﬁt&@ GfeWel b thE BonCAXRABE 6f the Q@os@a{e,r &id i3 %émgﬁséar& nine elements,

ul ator corresponding to one color of the resulting

R o PR SRR o SRR TN oM NEE 867 a9 Ul o
e, RofAEhAB nfips STBL S Snd R PIE vE: RHEPRNEH may be acheved

C one

nodul.atgr caorre ndi t o_another col.or ave ck.
Siaune He EedoEHRRuTa e iiactafy Bt ot ladkn bR ulie i
designed to cause the mrror to settle at the

el rdiorthe BOdRatoR. cheYomey alhmowe g wattam fistnes towardgyfhe electrode or
after the sacrificial layer is renoved. Finally, a

the ey Al g dasemidisiense amvard daieleotpds dinfesdh ab hrpgymogulators
yet another color may have back supports, a flex |ayer
mandtravepisdhe edise cavitn andfmaevedo dasarpestiondha duisgs them into direct
mrror to settle at a distance 86 |arger than the

@sutachwith tet sabisttate. cKimedisieo$ionhet thacavitiésgn e duagseent state are shown
after renmoval of the sacrificial layer. In this way,

wotht vedticalrdmemsonse820 84 hndi86,ih Dipmrdsi 1%, Brvckndrl 1d/wespectively.
physical restraints of the supports result in three

di f f eFeRkarBplél éné HirfR 384 6N6ne 1BOEU14tBE Sortd3p&Rlink fof ie@Blor of the
pi xel colors are created using a single thickness of

R@fihd pigbldhay RdveHast sﬂﬁbﬁf),'&aﬂéx\’lﬁﬂléf and B pIRPesEihRifaces designed
could all bé released fromthe sacrificial |ayers and

8lchusstBY mitkorth getﬁ? g?%g@?]h&é 83{,' smhll& tH%ﬁ fh€'b Rbricated s?céiﬁcial

characteristics o ex l'ayer and supports cou

. : 5t
e A PR E R Ao R B ey e
her alt ive dul at

t { h l.d al.l h th
SRSt b Devbind APpPEpPhan Cifoes Sibusnddsp cdR g Mitror o
R RSSO B L o e
nmodul at or fromthe optical properties, a suspended
emeyVest Ii-}p%lw, @dkirdymiygor 38c of another modulator corresponding to yet another

color may have back supports, a flex layer and support post interfaces designed to cause
the mirror to settle at a distance 86 larger than the as-fabricated thickness of the sacrificial
layer, after removal of the sacrificial layer. In this way, controlling the mechanical
properties and/or the physical restraints of the supports result in three different cavity
dimensions, and thus three different pixel colors are created using a single thickness of

sacrificial material.

11
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opportunities. As was di scussed above, the suspended

mrror alleviates objectionable artifacts that may
woemanigoe to the curvature of the nenbrane. ABCT/US2004/026458
- di scussed above, a black state for the pixels can be

achi eMegndtiwelye fHeenddutgorseouldiallrt@released frnothe sharifivial layers and

into direct contact with the optical stack on the

alIrs@lit at $hey dade@oditioh N &he differivig cBatbtefiftick be R frartllfad andéupports

achieving a dark state can have drawbacks. Hol di ng an

RB0IdDE RiniPilate@ EScake the\WEEorsStEBhovedRferBhedi bthmseh ﬁﬁé&éﬁﬂlﬁéation of
can require the nodul ator to be constructed wt

th@%%ivd@!a hAl get%gﬁﬂelsbl?erﬂathe h@%m&t&@ lﬁraﬁrhatv@t}&%gﬁle

nto dire t tact with t opti cal stac prevents

Elsgpe L?@ﬁ@o%“? AP R RO ) als. i
? Qb?ﬁeéﬁ%ﬁsﬂﬁ%v g i e b g ROSR Bl

of small. | andi 0 as homn in Fi

PEPRSFHG T (b %@3?&9? Biip oPlssl HOPRHEP A SRRpdd Eiregeprovides other
construycted of hin-fil m processco at|m

APROBHIIHES. (s W@s RSSO %wsp%*e‘i FUTPT 3 jpctionable

t echni ques used for t he other Iayers of the |NbD

artifasts thah may wgey s te the yevatpa of thefemiphiane Asdisenssrd above, a
essentially invisible to the human eye whil e being
bliaoktstate for dlae piselo san beaschiaved by deflestiog themirrantveryeclesatd oy into
so as to affect operation of the entire mrror 38.
dsevecontactivith ¢hesopticpllatgboaghe fontmarfachofahe davidyt Batinefthese

| andi ng pads. Landi ng pads can all ow conpl ete freedom
hé¢thédyeofablieviag afdatkstate pin ke dsdwlsdcksreliolding an @tap@E niifters at a
| andi ng pads prevent the mrror 38 fromcontacting the

vexy §ifall gapedlectstatitdiBafdn rédiselthd mdgulbR & ROgEEuded with

would in principle allowthe top |ayer of the optical

1§<§1€@151yt gl BredisfRN Mfdvihg iRtBfor t)@n@ihtd Hisdtk BéMhict with the
Landi ng pads can change”the nechani cal operation of

(}plﬁga sl pé(/eﬁtlg @E@dﬁ%ﬂ&hﬁo LS grc'eﬁalﬁ' féo%ad; d\ﬁlterc'oﬁlll’)'i atiBns of

theCV|ty I'ng pads cdn enable ual

rﬁlﬁfo:fﬁos{lga‘?ﬁﬁ ]gltht %9134 n which the nirror 38 stays flat

andlng pads and then, with

o R 0 CTERBRAE bl R
A@%%E%ﬁ%:{lﬂ%gh@%{q% é\gg (?s éO ass gwfc’l ?19 lwn 1251i a%g{igd to
modulator 100. Such landing pads can be constructed of common thin-film-process-
compatible material using the same deposition and lithography techniques used for the
other layers of the iMoD. These landing pads can be small enough so as to be essentially
invisible to the human eye while being distributed across the front face of the entire cavity
so as to affect operation of the entire mirror 38.

Several different purposes can be achieved with these landing pads. Landing pads
can allow complete freedom in the choice of the optical stack material, since the landing

pads prevent the mirror 38 from contacting the oxide layer 36. Indeed, insulating landing

12
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40, rather than the mrror 38, contacts the | anding
pad 92. In this manner, the nodul ator has two separate
wo 208089804 nechani cal behavi or, one before thePdT/8%2004/026458
| ayer contacts the |anding pad and one after. This
1zaidb @0svomid ini prineipbodlvsthedop laiyseif thoofteabsthiketo de awionductor rather
precise uniformty set by the thickness of the |anding
thatlan idulaton. Lndingpaisean chdige tewibadahichleoperation oé tatiMuD by
of interferometric nodul ators may be inproved. The

Shdfigiap dedelédtfic AEldIdNHIRATASH tHcaViRDLendifg patk cak efabl@4 dual
creating a resulting pixel in the imge and eli m nates

ABAY sO@ S8 biiratich SatidiPmaRlifofss LhAChs unfiD®R ht¥ BRidding pads and
structure attaching to the mrror on the back side

ks Qwil] ﬁ%ﬁ.eQ&% Vo ef lge%ﬁg Qsmvbﬁ'lgltaggerg?ﬂ?% g;cégtbw &%h pixel to achieve

prdcess. I nterconrectl ons ena ack support
. ' ewer el ectrodes having to be
lgg%gg%ﬁgﬁkgﬁg#ﬁgmgﬁgss, resulting in nore avail able
gl ass,area...The separa ion.of.tBe opt Lcal apernti.e
7 om ARESER g LR BRECRIS i sDEpR R g PR e flew layer
evj ousl y unavai ] abl e opportunitie due.to the
PGt B PR A g P97 vl i panes the modulator
properties of the nodul ator. Thus, although there has
s dwo gerasate Fanges of meghanical hehayior, ope pelgrethe dss bayeneqmtacts the
for a method and apparatus for interferometric N
landiog naderd envpfieneihis alewoawltirle eelasinge pixekto bietachigvedowith
intended that such specific references be considered
preciké wiifamityrsst hypthe thitknescofthe bindingipds Hent i on except
in-so-far as set forth in the followng clains. WHAT | S
CLAI MnlPhis Shannerd thel g iufaadale laad operatanpf inrferpimetriemodolators may
having first and second surfaces suspended over a

Sampryvedl IThieGashetdeliemirtdiéndredsed the wkdbae ative upadbi Sreating a
attached to the second surface of the mrror; support

RedtiAg @%%ﬂﬂé fi8hgehfd BliffiesQd ATy folsibledbidckomabld &tfifacts. The
supports, the support posts and supports being forned

%‘Iﬁ?% g}rﬁ&{ﬁ% alttaMﬁﬁ% Rf thERLiRb: G the Bk ﬂ@e gL& gltoR/'Rﬂ? e 8% om in

stack positioned opposite the first surface

%% Bﬁéfagﬁlgigga%%ég&é ];I&%gas&mpﬁcég&r}lg %1?%3}&1;{%“& Badk s%f)b&)f ﬂ{ag'%ﬁo result
in fewer electrodes having to be deposited on the glass, resulting in more available glass
area. The separation of the optical properties from the electro-mechanical properties may
result in previously unavailable opportunities, due to the separation of the flex membrane
from the optical properties of the modulator.

Thus, although there has been described to this point a particular embodiment for
a method and apparatus for interferometric modulators and their methods of manufacture,

it is not intended that such specific references be considered as limitations upon the scope

of this invention except in-so-far as set forth in the following claims.
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nove towards the el ectrode, changi ng di nension and

interference properties of the cavity. 2. The |ight
worashssey of claiml, the nodul at or conpri si NECEUR2084/026458
“structure attached to the support posts adjacent to

WHABEOhAIMBI Bce of the mirror. 3. The |ight

nmodul at or of claim, the nodul ator conprising a

1. andighd niadlaédr! @rgmesingaon the el ectrode and opti cal
st ack%nﬂ4. The 1i ght nodul ator of claim3, the | anding

pad baelinﬁﬁ)rq{a{liff\? 94 HAd6onehMadel SusPefidedlovera cat§ alafifidd under
nmodul at or of claim 3, the | andi ng pad being arranged

SO asphl@ s AAeaet the supports. 6. A light nodul ator,
conprising: a mrror having first and second surfaces

suspendeth OXBEA G Lol Langed WadaE Lhe i1 st

surfac suppor e 'second surface of

the mirror: support..posts .suspending th i rror _over

the cubhehbeg FREEUIRERE futtor RE Beihuity Sy i wBhesfy i suppor
support post plugs;. and a | ectrode and_.an aqpti cal

ot AckPISISERE SUPROES Bpigpmact fum aisne layer phatereh 88 ¢ e
cavity fromthe mrror such that activation of the

el ectdglectrode andsan optical stackipasitiongd opraRks the firpfesurface across the

el ectrode, changi ng di mension and interference )

pr opegavite fropf the drremstch yhat activatien of tigtelasrade eauses the mirror to
claim6, the nodul ator conprising a bus structure

at t achet towatdséheselppimde, gosging dithensemt andontetferesecpmperties of the
surface of the mrror. 8. The light nodulator of claim

6, thavitpdul ator conprising a | anding pad arranged

upon the el ectrode and optical stack. 9. The |ight

NOdUE gkt medul@tbbMaldm 1,hke madalafog coRprising abgestructure attached to
underneath the mrror. 10. The |ight nodul ator of

cl ﬂ{erﬁu?poﬁ Péstd afjsbenotonBésRbhdf\Eflde SPthRSmir@r.contact t he
supports. . A light nodul ator, conprising:
3. The light modulator of claim 1, the modulator comprising a landing pad arranged
upon the electrode and optical stack.
4. The light modulator of claim 3, the landing pad being arranged underneath the mirror.
5. The light modulator of claim 3, the landing pad being arranged so as to contact the
supports.
6. A light modulator, comprising:
a mirror having first and second surfaces suspended over a cavity arranged under
the first surface;
supports attached to the second surface of the mirror;
support posts suspending the mirror over the cavity by the supports, the support
posts having support post plugs; and
an electrode and an optical stack positioned opposite the first surface across the

cavity from the mirror such that activation of the electrode causes the mirror to
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a mrror having first and second surfaces suspended
over a cavity arranged under the first surface;

WGeppOI98sY att ached to the second surface of theCTUS2004/026458
support posts suspending the mrror over the cavity by
the sioRpesWards thelelwtroll¢, Ghinging ditrleasibednd ntérfederie PPspetties of the
posts adjacent to the second surface of the mrror;
and aavifl ectrode and an optical stack positioned
opposite the first surface across the cavity fromthe

7M THight Wiodulattilof dfih 62 e Mol atd CnPriRfle PHR stBLBRSattached to
t he mgrror to nove towards the el ectrode, changing
di ' [ f r ' . e cavity.
1#ES3HpBR AR sl AR ook AREEC e i

support posts being

f d.fro sa L a a S rts. . Th

Sl g i T e e FFoch o s icn Tideipd B rpped
suppor, ost plugs...14. The nodul ator of claim, the
m‘ﬁ&“éﬁ%&eﬂﬂ%rﬁf‘ ioﬂﬁcaisﬁa‘élﬁdi ng pad arranged upon the

el ectrode and optical stack. . An array of_ |ight )
obien light mo ugﬂéqufwﬁqlrﬁg% thelaridingpad 7498 Wﬂﬂfg&@e mirror.
arranged so as to formane resulting picture el enent;
18aEhe laght modulptorad elaim s, the landwng pask arsngpbsniasdo soatactthe supports.
cavity by supports, the supports fornmed such that each
liody dight modelator.coopwmidingy t o each col or assunes a

qui escent state corresponding to a cavity with a

di f f emeintor Havieg Sisvand d6sord srefadeesuspendad of erct aavity grranged under
i ght nodul ator, the nmethod conprising: form ng an

el ecthieoftet amficgpt i cal stack on the back of a

transparent substrate; depositing a first sacrificial

| ayesupiiRf atthéhe It tHelseetmdateaciifiti@mirsérack; form ng
mrrors on the first sacrificial |ayer; depositing a

S €CORMpRACHJsts s@lgﬁndlx%xﬁé miRSHbve e RhVibPbPthels@pporRg

post hol es adjacent to the mrrors;
a bus structure attached to the support posts adjacent to the second surface of the

mirror; and
an electrode and an optical stack positioned opposite the first surface across the
cavity from the mirror such that activation of the electrode causes the mirror to
move towards the electrode, changing dimension and interference properties of the
cavity.
12. The modulator of claim 11, the support posts being formed from a same layer as the
supports.
13. The modulator of claim 11, the support posts being formed by support post plugs.
14. The modulator of claim 11, the modulator comprising a landing pad arranged upon the
electrode and optical stack.
15. An array of light modulators, comprising:

at least three modulators arranged so as to form one resulting picture element;
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using a planarization layer to form support post
pl ugs; depositing a flexible |layer on the support post

w@bwgsimed form ng attachnents between the fl erebi82004/026458

| ayer and the mirror; and renoving the first and

s ec ormdcls modilator icamptisipg p mirrd7 susperaledwoy eroaicayity by sippot®s, the
the nmet hod conprising form ng bus structures on the

f | exisopportsfpanedsuch g dachveoduliter sarpsportdigpoteagh cgler assumes a
18. The nmethod of claim 16, form ng attachnents

f ur t hftfiese@irBiatesdon@spondifighs assdpippwith adfiffaesiditinessibmed
mechani cal properties such that the mrror assunes a

16/ ASHEBBA oSindheadtiriRg R liERGhEdUIABE ¢haiREthbE 8bmpRshg: on
fromthe el ectrode and optical stack. 19. The nethod

of cl@ifhnyQn efdtrBid\hdaddiRaNRR tﬁysac'ﬁ%rf_a%;ﬂgga&éh Qbstrate;

form ng supports wth predeterm ned physica

restral.nt: 9:?-&1%- ' tg&ié .

pr ede%gg‘ifhﬁlﬁ%g ﬁ%)%gl |ohatl r S/Fg%qf @gﬁ? (%1%? e :alng%f) ?%aé 3ta§1§fd
optical stack upon,applicatd on,of a constant voltage.
20. .Iiﬁgn%tr%lgarsgcfn t(}:IF gi?%si%l,ﬁcf%éayﬁ%t hod conpri si ng
form a .l andi ng,pad. ar upon tfhe.el ectrode and
opt | CFPoR{ing sccond Saerficiel Falrong the TS0, form ng a

| andi ng pad fuyrther conprising formng | anding pads of
varyifﬂgntnﬂipeﬁﬁ@i%s@&aﬁsmé%merra%% anount of novenent
of the mrror.22. The nmethod of claim 16, depositing a
fi r stusingcs plapasization layerrtofonm spPod Papimlgshg deposi ti ng
three thicknesses of the first sacrificial layer, the
t hi ckdepesitivgep dskibledayesondhemyppbd post phegsragd deming attachments
upon a col or designation of that nodulator. 23. A

met hdsttwéenrthe fl€xiblelayen gnd tHeingintor;nemtlil at or, t he net hod
conprising: formng an el ectrode and optical stack on

t he beslovink the firsaaspsecend sastifisibl layers. depositing a
first sacrificial layer upon the el ectrode and opti cal

Bt. TBK metiudro i 167 leSnéhod &engrisify fosrdinigibuk 6irddtuleg ¥R the flexible

depositing a second sacrificial |ayer upon the

M 14yRF Srrarfefd BV IhPQDboAPofIGE acent to the mrrors;

18. The method of claim 16, forming attachments further comprising forming supports of
predetermined mechanical properties such that the mirror assumes a quiescent state at
a predetermined vertical position from the electrode and optical stack.

19. The method of claim 16, forming attachments further comprising forming supports
with predetermined physical restraints that cause the mirror to move to a
predetermined position relative to the electrode and optical stack upon application of a
constant voltage.

20. The method of claim 16, the method comprising forming a landing pad array upon the
electrode and optical stack.

21. The method of claim 20, forming a landing pad further comprising forming landing

pads of varying thicknesses to control an amount of movement of the mirror.
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25

depositing a flexible |layer on the second sacrificial
| ayer such that attachnents between the flexible |ayer
wa@pahsoiesoi rror are formed and the flexibl e | aper/ub2004/626458
the post holes form ng support posts; and renoving the
2%, The mettivd ofetadmnd 65 depositing iaglrstl sayrificsal 12ykr futter semposing f
claim 23, the nethod conprising form ng bus structures

O depd3RingURIRE tHickaRSdeS of 8- firdthacriflidlagyepf the tiackNessdeposited for a
depositing the flexible layer further conprising

d maatdr%ing&péﬂcﬁm R d RYEdediBRatRALIreA i ubist.
etching it to provide supports of predeterm ned

23TACH@MbE BF nRh HRELES BHEROANIRbr, iemBiba SomBrgHEES 2
qui escent state at predeterm fed verti car posTtion
fro I td.cal . )
of Pty e BaE RSB R onb il R bR Mt
deposi ti. the flexible | ayer an atternin nd ..
et o fie 875 speRtith) e WSty BE PeBBideCnl b efRfretec o
restraints that cause the.m.rror to nove to a
pre FB%WE@%%&‘F%%SF@@W\}@'%O the el ectrode and
opti cal stack upon application of a. constant voltage.
27. deResitipg pserond saqriicial sayer ypod the MBSt onpri si ng
form ng a | andi ng pad array upon the el ectrode and
opt i feamingtpestiholes adp@sentie theomiretsicl ai m 27, forning a
| andi ng pad array further conprising form ng | anding
padsdepbsiting g ifleibidlapérroagbesecond sasrificial lagier sugly that attdchments
nmovenent of the mrror. 29. The nethod of claim 23,
depdsstweengha flexibki laga@nd theanmtor hegyformédiartdthe flexible layer fills the
conpri sing depositing three thicknesses of the first

sacrpdst kélad formitey suppdr€ pbdis; cacidess deposited for a
nodul at or bei ng dependent upon a col or designation of

t hat refRdiHgah®first 88k seBon®idAdciafl lap@guf acturing a Iight
nodul at or,” the method conprising: formng a mrror

218 rfldd IR, HicShahod VG5 REIGE 1 sBbRYbAMS: suppor |

ayer over a second sacrificial lfayer and having
s&g&grt posts; depositing a third sacrificial |ayer
over the flexible layer; form ng bus structures in a

28 %(ej lflrg:et’dilo\{:leofJ c?e}{r%r%? Heﬁo%Rin%fthet ngiﬁlg ilz{y%r ﬁgﬁxre}' I:érﬁ;')rellslmgl; géi)%rsiting
the flexible layer and patterning and etching it to provide supports of predetermined
mechanical properties such that the mirror assumes a quiescent state at a
predetermined vertical position from the electrode and optical stack.

26. The method of claim 23, forming attachments further comprising depositing the
flexible layer and patterning and etching it to form supports of predetermined physical
restraints that cause the mirror to move to a predetermined position relative to the
electrode and optical stack upon application of a constant voltage.

27. The method of claim 23, the method comprising forming a landing pad array upon the

electrode and optical stack.

17



arranged over the support posts; and renoving the
sacrificial layers. . The nethod of claim 30, formng

W@ 200501999 conpri sing formng a mrror having SBQPU§1004/026458
posts conprised of a portion of the flexible |ayer.

28 2Thelinethod biddino27,dbmning 3Qanding padregray foither@pmprising forming
conprising formng a mrror having support post plugs.
33andihg pad dfadrydig thickinessédto dohtrolat dhashnt of aoiahéery of the mirror.
form ng a | anding pad under the first sacrificial

2b 2714 method of claim 23, depositing a first sacrificial layer further comprising

depositing three thicknesses of the first sacrificial layer, the thickness deposited for a
5 modulator being dependent upon a color designation of that modulator.
30. A method of manufacturing a light modulator, the method comprising:
forming a mirror over a first sacrificial layer attached to a flexible layer over a
second sacrificial layer and having support posts;
depositing a third sacrificial layer over the flexible layer;
10 forming bus structures in a conductivé layer on top of the third sacrificial layer
arranged over the support posts; and
removing the sacrificial layers.
31. The method of claim 30, forming a mirror comprising forming a mirror having
support posts comprised of a portion of the flexible layer.
15  32. The method of claim 30, forming a mirror comprising forming a mirror having
support post plugs.
33. The method of claim 30, the method comprising forming a landing pad under the first

sacrificial layer.
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