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controlling the twist and/or alignment of crystalline materials to block or pass light.

Reflective spatial light modulators exploit various physical effects to control the amount
15  of light reflected to the imaging surface. Examples of such reflective modulators include
reflective LCDs, and digital micromirror devices (DMD™),

Another example of a spatial light modulator 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

20 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 indiﬁdual mechanical elements that comprise the picture elements

25  (pixels) of an image. In a monochrome display, such as a display that switches between



three i MoD el ements may make up each pixel, one each for red, green and

bl ue. The individual i MoD elenents are controll ed separately to produce the
desired pixel reflectivity. Typically, a voltage is applied to the novabl e
wal | of theV@ZPFPEIN causing it be to el ectrostatical | YCHUBHAH2648t 0 t he
front surface that in turn affects the color of the pixel seen by the

vi ewer . Si ncBlagkandiwhito, ong iMoDoelement might samespantkto one pisgk In a cglopdisplay,

obj ectionabl e artifacts may occur around the edges of the elenents. As the
nenbr ane def thiretiMopyeleagnss may makswriench pixek pungack forred; greep and Blpe.cal |y does
not achieve a wuniformflatness. The portions of the nenbrane that curve
away from the ful TheindividnaldMoDreleraents arn eoriofled sapatately topyeduge thedpgiref, ont
surface are at differing-distances away fromthe front surface, which may
resul t in theixelgplestivignabypically:d vodegeis applieddo theanaveble wallf thelcayity, unct i ons as
a direct-view device, the back surface of the novable portion of the

cavi ti es fraycdysing ftdede elgctrgstaticallytatirastedrie hetfiontsurfags thetinitwry affkess the gelge
quality. This may al so provide nore freedomin other aspects of the
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I s a separable nodul ator architecture. The nodulator has a mrror suspended
froma fl exisune dbggctionablecartifacts aaiytogeur Gtvand thexedpisofiteyeementsa\Asthso f orm
supports and support posts for the mrror. 20 An alternative enbodi nent of
t he separ abl membriné déftactsar defotrmctowarls drefront sarfaceit typislpedude dotaickievesa cavi ty.
The mrror is supported by a flexible |layer, supports and support posts.

The f1 exi bl eunifoyrfiatmesd ETHelportionp phHihe memibehne dak surve awvapfrah theRllgdpoandéd posts.
In this enbodi nent, the support posts are fabricated separately fromthe

f1 exi bl e 16 aymembiafe el tighdf siRinstthe GoMauifie LeRtiffaigtdistactldvaytifoncthdre i s
formed above the flexible 25 |ayer. The bus structure is arranged so as to

el ectri cal | yfremsaade, which aia¢ réalt piihs objattionable diifasid. ed by, all of or a subset
of the support posts. 2 WO 2005/019899 PCTI US20041026458 BRI EF DESCRI PTI ON
OF THE DRAW NGS  Since the iMoD typically functions as a direct-view device, the back surface of the
movable portion of the cavities may be operated upon without negatively affecting the
image quality. This may also provide more freedom in other aspects of the manufacture
15 of these devices.
SUMMARY
One embodiment of the invention is 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.
20 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

25  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.



The invention may be best understood by reading the disclosure with
reference to the drawi ngs, wherein: Figure 1 shows an enbodi nent of an
interferonetric nodulator. 5 Figure 2 shows an alternative enbodi nent of an
i nterferondYQrWS/MIBN ator. Figure 3 shows a cross-sect PENVAB204/EMMEf an
interferonetric nodulator. Figure 4 shows a cross-sectional view of another

enbodi ment of an i nterf SRME PESCRINLIQN QF THERRAWINGS\\s 2

cross-sectional view of an enmbodi nent of an interferonetric 1o nodul at or

havi ng addr ess bU3siirgnieminaybebgst enderstopd by reading the diselomee withyypference to

Cross-secti @hmgﬁ',?yswggrdg: nodul at or throughout the early steps of an
enbodi nent (C}p a process to manufacture interferonetric nodul ators. Figures

7a- 7f show cr oss-Figue il shews an embwdinfienbofandotedferometriemoodyilatert t he | ater steps
of an enbodi nent of a process to manufacture interferonetric nodul ators
using a 1% pl anarhigired shayssm allemgtivesant@dingant shaninterforsneticmodlator. vi ews of a
nodul at or throughout the later steps of an enbodi nent of a process to

manuf act ur e i nt erFigurodwshowsa crosicdectiomalsview phanuinteaferqmetmamobdulatgr.| ayer. Fi gures
9a- 9f show cross-sectional views of the |later steps of a process to 20

manuf act ur e i nt erfigure Ashowsa crosheleatiomalsviésa of aythen embtladissst dfassi ng behind a
flex layer. Figures 1 OGa and | Ob show alternative enbodi nents of back

pl ane supporinterferometric mefdatahl e i nterferonetric nodulator. Figures | la-I Id
show | ayouts and cross-sectional views of alternative enbodiments of
interferonetric rRigurt Stshews a crovisectionpl welk of & embodhyiernof aohterferdnttidy 25
flexible |layer properties. 3 WD 2005/019899 PCTI US2004/ 026458 Figures 12a

and 12b shovwncdud@er keeig addiks bussing belindafledaysent s of interferometric
nodul ators in which | anding pads are used to nodify the
Figures 6a-6g show cross-sectional views of a modulator throughout the early
steps of an embodiment of a process to manufacture interferometric modulators.
Figures 7a-7f show cross-sectional views of a modulator throughout the later steps
of an embodiment of a process to manufacture interferometric modulators using a
15 planarizing layer.
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
20  manufacture interfcrometri;: 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

25 flexible layer properties.



el ectromechani cal properties of the noving mrror and flexible |ayers.

DETAI LED DESCRI PTI ON OF THE EMBODI MENTS 5 Figure 1 shows a side view of an
interferonetric nmodul ator. The nodulator 2 is arranged on a transparent
substrate MO2O8KE% s typically glass. A prinmary m nor PEPUBM04E6458nged on
top of an electrode that allows for addressing of individual elenents of an
array of interferfognses 28 and d2h showrgossseations yigys srbodimentsiofy 14 is a
secondary mirror 16, which rests, u?on, or is part of, a menbrane 15.
Support ar neinterfetemgticrpodplatons én which landing ppds gseused iemodifietheas t he menbr ane
15, support the mrror 16 and attach it to the support posts 18. The
support ar nselestrameshanicalsppardesof therrpovingmirrr and fexibleJayetws t he secondary

mrror 16 to be noved into the cavity 14, bringing it closer to the primry
mrror and thereby aDE@cAWPE&CMﬁIQ&%EH%p‘EWQENEN@S the cavity.
Generally, the secondary mrror assunes a quiescent state in which it is
away from is thd&igre rahowsy sidoyiew whanintergsometriompdulater. cPhegnodulnters is he
"white' state or the far position. It nust be understood that the '"white,’
or ON, st at earrangedom stransphirent sehistrated Dowhioh isdypicdilyiglasshAtpeimagnmimird@lis nade up
of a nunmber of individual colored elenents, such as red, green and bl ue,
may appear wimrahgedan topef an eestrodethatvllows fer adidsssingsafdndimidpglreteratatsaiflan bel ow.
When the two mirrors are separated, the resulting pixel in the i mage appears
white 20 orarfajof iheferameatat trodelaioss. Huppendetl dbovomeavity 18 hiea sdchmdaryninirroor , an

el ectrostatic potential builds in the cavity and it draws the secondary

m rror towar whivh rgsts upshyoris parost, a tiembrane V& nBupportfarthiisuchias 1 dmag bapges t he
di rensions of the cavity. In a '"near' position, the interference effects

cause t he r esfithd saf@ 19jex &4 the enelrbrdile 46 ksuppott the MIROCIH andattaghsit foithe support
Al ternatively, the near position could cause the interference to result in

ot her col or spoefs 185 The Siport attedamithé MEmbRhe E5ara fidxiblel Thivdilows ihe seeondirycussed
further. 4 WD 2005/019899 PCTI US20041026458 Changing the interference

properties Ohirfod @6 €Pbe tyvetiin®IthO¥sity 14, brinBig itcleed the Sithirpenifrooad si de of
the transparent substrate 10, the side opposite to that upon which the
nodul at or | SthevehpifeRfing the imtbrdetSfe propertiRs of Bk Gavig, Pi cture el ement (pi xel)
Generally, the secondary mirror assumes a quiescent state in which it is away from
15  the primary mirror, which may also be referred to as the ‘white’ state or the far position.
It must be understood that the ‘white,’ or ON, state may be any discrete color other than
white. Any pixel made up of a number of individual colored elements, such as red, green
and blue, may appear white to the viewer as will be discussed in more detail below.
When the two mirrors are separated, the resulting pixel in the image appears white
20 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

25  light, such as red, green and blue, as will be discussed further.



corresponding to the interferonetric nodul ator elenent 4 may show up as a

bl ack pixel, if 5 the imge being viewed on the front surface were
nonochrome. For color inmages, there nay be three interferonetric nodul ator
el enents f YO 2WEPI9PIxel viewed on the front. This wil| PEBUSNGHWE4Ed i n nore
detail later. As can be seen in element 4 of Figure 1, there is an area 17
where the curve dfhangiag thaipistferencanroprties ofthecavity i aliopg thyl imagpviewpdt ween t he
primary mirror and the secondary to mirror. This varying distance may in
turn af fect from thefront side efithe trenspprent substrages 10, the side\oppesitg tothativponavhichyes of
the observed pixels. It is possible to suspend the secondary mrror froma
back suppor t the modiletey iscarzanged, to qhangsl dior evamplean pisture element{piRejure 2, the
secondary mrror 24 is suspended over the primary mrror 22 by a back
support 26. Fmesponbiogtathe imerferemetricmndulatos slementstiney shoveyp ssadfiackpixgl.afs 15
as well. The configuration shown in Figure 2 may provide better control of
the fringe ethtgoigetbeing visvexdron theram sfuifape vatd momchoate. For Eolguimagds, there
addition, the elevated |line 28 may provide an opportunity to position the
control i nt emepbathodeiintaferamatyicimaluidtdrelemenstforatach pixelhdevediyon the fremts iThiy t he
avail abl e active area for pixels on the transm ssive substrate.

Cr 0oss- sect i owill bedisussed in mbieaietaiitlatere enbodi nments of interferonetric

nodul ators 20 that provide better performance than the current

| npl enent ati ons aAkecanibeseeniin efen@ght £6f Rgure 4, thérd iSan drén Fi where the,curvedfthat or 100
conprises a mrror 38 suspended over a cavity by a nenbrane 40. The gl ass
substrat e 30suppert fred eyl canzen varyinglistinee bétaeen thaythagnin@h andthe s@pPhdagpl st ack
formed of a netal |ayer, such as chrone, 34 and an oxide layer 36. In this
enbodi mend , BT THI vAFing/diitaite Huy 1P Qurit afféct elmterferaicelprapetics e lcanE
referred to here 25 as the flex layer, cones into contact with the optical

stack Iayersarm[dmaedzg%ymebe§aixels5 1MEpedafvhd 0 5038d EQEE&&S&Q?MQ&G%S I'n
c

contrast, nodul at or 0 of Figure 4 has support post plugs su as 42, upon

which the flgymlaaMel supBort &SR viatetBis Prdbfim, 38 renai ns suspended over the
cavity as in the previous nodulator, but the flex |ayer does not formthe

support posts by A4 ddnitRQedhGh @ﬁtﬁ@ﬁ@oﬁd&? rf(;i][n%g 24 8)685peffch dVaEthe Bhiinad)

stack. Rather, the support posts are forne
mirror 22 by a back support 26. The substrate 20 is a transmissive substrate, such as glass

15 as well. The configuration shown in Figure 2 may provide better control of the fringe
effect that occurs in configurations such as Figure 1. In addition, the elevated line 28 may
provide an opportunity to position the control interconnections away from the substrate,
thereby increasing the available active area for pixels on the transmissive substrate.

Cross-sectional views of alternative embodiments of interferometric modulators

20  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 Jayer 36. In this
embodiment, membrane 40, which may be a flexible metal and therefore referred to here

25  as the flex layer, comes into contact with the optical stack layers forming support posts.



5 planarization material, as will be discussed in nore detail later. In
Figure 5, yet another enbodi nment of the interferonetric elenents is shown.
This particul ar enbodi ment of nodul ator 300 is based upon the nodul ator 200
of Figure WO2083919%8%y be adapted to work with either of PENESHMIBHSAEents 100
or 200, as well as other configurations of the interferonetric nodul ators.
In the enbodi mentin sgrdrastamodwlaton2¢0gfdiigure4 bas syppart pPest plyghuich aphdiypen ve

mat eri al has been used to forma bus structure 44. This will allow signal
routing al orfghieththe Bigx kayer 40 1eats.i Recunireor 3 eampains suenended yesthe sgdtyiagiin they
elimnating a nunber of electrodes that nmay ot herw se. have had to be forned
on the gl asspredensyngdaiator, futdheinxayer dees noblprm gsuppert pots tyfilingihdleser ent
configurations, but have sone 15 processing steps in conmon. The initial
processes udmtivecn thesflex layes andhthe optical stacki iRptheattheoywppert postsaseforined f qyur es

6a- 6g. Figure 6a shows the formation of an electrode |ayer 32 out of an
appropr i &t e platagzatioh materiah aa will beldisenssediin owreddet(ill 13@., and an optical stack
| ayer of netal 34 such as chrome. These materials are forned on a
transparent subdt Figue §@st ahotherembudiyers of the dwerfdrombtsicelemesisas shotnsubst r at e
is on the "bottom of the 20 substrate, the opposite side of the substrate
t han t hat upHhis pariiaitartembodinent sfoneduiatat 30 s maéd uphaldanbdutatos208rof Figurered. | n
a process not shown here, the electrode and netal layers 32 and 34 are
patterned ard]betminebk ddapted towerdkeritlr dither afahe wmisdimentss1 0ror Q0O es welab vtheshapes
as required by the display design. Fornmed on top of the netal |ayer 32 and
filling in tdoafigamionsef hedimetférompicnadokebrs. An thd @ntiddirfient 0@ R _ki3a Aye an

oxi de layer 36, a first sacrificial |ayer 46 and the mrror netal |ayer 38

i n Fi gur @ 6lof midtat of btheit condtdtive intatedial has bedn whed wi folm d duestrichige 44)eTids wHhsi on of
the 6 WD 2005/019899 PCT/ US2004/ 026458 cavity over which the mirror is

suspended. Aglo fatingilonethe balkT thidietfalonieticyduliors pokdBiliby usi ng
three nodul ator el enents for each pixel in the resultant inmage. In

i nt er f er onetdlinfindig 4l ndinbeSof eldtfodhs MRib iad Bthefwikdtave Aid toybedBinfidntRS glhdde
nature of the interference. As discussed previously, noving the mrror
fully towar dgpithge Opti cal stack
The modulators 100, 200 and 300 have different configurations, but have some
15 processing steps in common. The initial processes used to form the various
configurations are shown in Figures 6a-6g. Figure 6a shows the formation of an electrode
layer 32 out of an appropriate material, such as indium tin oxide (ITO), and an optical
stack layer of metal 34 such as chrome. These materials are formed on a transparent .
substrate 30. The viewing surface of the transparent substrate is on the ‘bottom’ of the
20  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

25  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



5 in a nmonochrone inplenentation causes a 'colored pixel to turn 'black.'
Simlarly, noving the mrror partially towards the optical stack may result
in the pixel color <changing to values different fromthe quiescent col or
val ue. OneWRIBPHI¥P formi ng col or pixels is to construBET/ESRM4G24S8 of
differing depths such that the resultant quiescent colors fromthree

di fferent depyiRGOVSE Wgﬁ@} ithe TauToy issuppended. A5 Hscugsed aPRbem.meﬁH@tqrmr@r Perence
properties of the cavities are directly affected by their depth. In order to
af fect t hesdoTradaysingdhres tnodulatendewents for gachepixed jruths respltand imagei 19 o) | ayer
46 may be deposited. A fjrst layer wll be deposited, nmasked and patterned

t hus defi ni iterfergmetticapodylaterpdhedimengion ofthecayiy detatrmines thepaie 9T B¥ch pi xel ; a
second | ayer, woul d then be deposited. A second nmask woul d then be applied
to this |aydnterfergpee; sdisenesed pregigusly medng the pirrerciully towards thoemticalstpckr ea of
the first nodul ator defined above as well as the second nodulator form ng
each pi xél . iFpmgnpghrome implemensation; capses a | colargd pixebta mpblagly p|SimdarlyThi s t hird
| ayer need not be patterned, since its thickness will be included in all
three of thenovirgihe mizerpartinllyiteyardsibp opiicabstackThey nepirlia thepikelicalgnl deposit ed
| ayers descri bed here would not necessarily be of 20 the sane thickness.

Thi s woul d rchenging torvalyeedifisrent fiom the quieseent polpit value. havi ng a t hi ckness

conbi ned of three | ayers, one nodul ator having a thickness conbined of two

| ayers, and one Qnedudtixidoef formingicpler pielcik teemstict cavitiesif diffedog dépths al | ayer.
When the sacrificial layer materials are renoved, the cavity di nensions
will vary acsodch tatthe tesultanequiescemticslocsolindm tteet diffrientdepths ef cavities e redyr ee
sacrificial layers, resulting in three different colors such as red, 25
green ant blgreen arid Yibe? MRS inbd SB&ide POPEHIEREIAN R BS Bre duettly affecgd by theigur e 6¢c,
a photoresist |layer 48 is deposited and patterned appropriately. The .
structur e i sdepthelin eidertochffast thése vardying chvityl dimepsiaisptheezilStersufish@ifitial fagerm ng

m nors on top of sacrificial islands 50 as shown in Figure 6d. A second
sacrificial 46ay®be depodited! Adirstdeyed siill BelddposifedOmbsked end Fineined @k defifidg i S t hen
applied to the second sacrificial 5 |ayer and patterned in Figure 6f. In

Fi gure 6g pahé aredsf éie of iR thiet sloduld®rs fofifling eschiifixel;2lsecond layer would then be

deposited. A second mask would then be applied to this layer, and it would be patterned
15  to define the combined area of the first modulator defined above as well as the second
modulator forming each pixel. Finally, a third sacrificial layer would be applied. This
third layer need not be patterned, since its thickness will be included in all three of the
modulators forming each pixel.
The three individual deposited layers described here would not necessarily be of
20 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,

25  green and blue.



sacrificial |ayers have been etched away to formlocations such as 54b for
support posts and 54a for supports, and the photoresist |ayer has been
stripped away. . At this point in the process, the nethods of nanufacturing
ei t her nndt“’é?f@?/“lfﬁﬂ? fromFigure 3 or nodul ator 200 fr BETEFWMR648di ver ge.
The nodul ator 200 of Figure 4 10 havi I‘_lgl t he support OStRaBI ugs 42 has
processes as sho/trpingigigats 6gq2 photorpsist fayer #&is dgposytedbandipatemed ¢ as shown in
Figure 6g has added to it a planarization |ayer 56. The planarizing

mat erial fi |3PEropRatelyo dhe slowriurs axthemefchediss divtptedythephoteresigpatierndemaing i s
partially repoved as shown in Figure 7b, form ng support post plugs 58. The
flex |ayer, misfosyen tgpef %ﬂcgﬁ"lblelﬂ#@%é‘)raééh‘t"ﬂl 1&@%@6%&9&%&@@9&% i s

t hen applied over the support post 15 plugs in Figure 7c. A photoresi st

| ayer 62 is HppHiesdeppsitediniRigyre be ﬁ’hotqrpsgajgé iszthen applied tosthe sesandssacrificialet ch
mask to pattern the flex layer 40. In Figure 7e, the flex |layer 40 has been
patterned l9yee aed patiemed iy Fighee §5ain Bigere 6g partionsof the first, 4Satidsetondt He cr oss
sectional view shown here. A back view of the nodul ator el enents show ng
enbodi nent s se¢rifidiad 1ayershaveheen efrhed awni tadorolovdtions sushab §¢hifos euppeitphsts egar ds
to Figures | Ga and | Ob. Finally, if no bussing layer is to be wused, the
sacrificial dndyda foranpporterand gt photopésistlalysr Hay begnastrippedawhy. .in Figure if. The
resul ti ng nodul ator 200 has a cavity 60, in which the mrror is suspended
over the optical Atdhiapkint Rdbeiprocess theomethgds of nGgufactueing eithes swidnigtof 380 t he
nmodul ator 100 will now be 25 di scussed. Instead of applying a planarizing

| ayer as di sframs Feghrd hofmgdilator/200 frdme Figeted divérgy eThedfodudataq@iicf Highrerdct |y to
the second sacrificial layer 51 and | ocations 54a and 54b, -as 8 WD

2005/ 0198P9 HKihgtheaPhsrOReH pRigs 4% hashpoosessesnasshgun én Bigured Na-gf. claldgse Thie | ex

| ayer to formthe support posts, where it fills |locations 54b and to form

t he back suphesthgtisbay showh in Figure dgdrabdded o it uplanaszatiénlaydindeés Theppr oach has
t he advantage of elimnating the planarization process, which may sinplify

bot h t he nanpliraeizinginigeral AlleHs l@atorsi5ea arB34b ahe phihatietion MatebialQa patislhe fl ex
| ayer 40 is applied, a photoresist 62 is used to pattern the flex |ayer
removed as shown in Figure 7b, forming support post plugs 58. The flex layer, which
may also be referred to as the mechanical layer 40 is then applied over the support post
15  plugs in Figure 7c.
A photoresist layer 62 is applied and patterned in Figure 7d. This is used as an
etch mask to pattern the flex layer 40. In Figure 7e, the flex layer 40 has been patterned.
The effects of the patteming are not noticeable in the cross sectional view shown here. A
back view of the modulator elements showing embodiments of the flex layer patterning
20  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
25  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



40, as shown in Figure 8b. In Figure 8c, while not discernable fromthis
view, the flex Ilayer 40 has been patterned to create the uni que nechani cal
properties of the nodulator that will be discussed further. Finally, in

Fi gure 8d W2083¢19%%ici al | ayers have been renoved, foPEI/HSEWRHR6SBYVIty 60
I n modul ator, 100. In this enbodi nent, no back bu55|ng 10 structure was
used. An exafphawign Fignse Ba. oEhis caupessby flexrlayen én fogm ahesmpRrothpasts, whesitfillst ure i s
shown in Figures 9a-9c. The ocess shown begins with the structure forned
in Figures 7@%&8%@%@%@@@ back syipegs where itefilis| lesatipps seh apyfta. Fhisor to the
renoval of the sacrificial |layers. For discussion purposes, the nodul ator
confi gur at i o3PProach has theadvantagrpficliminpting theplanarzatian prcessqwhich may sisnplifed, but
could be equally applicable to enbodi ments where no support post plug

exi sts as i rboth élemﬂgfﬂcmﬂﬂgﬂogeﬁﬁémbﬁler@umt panctyerificial |ayer 64 is
applied to the flex |layer 40. A photoresist layer 66 is applied in Figure
9b. The phot or esiG@nceithefiax layer 46 ispppled, @ phateresipich2 is ngedde patternuthe flex bebverd t o
form holes, such as 69. In Figure 9c, a conductive bus |ayer 68 is 20
applied pr oWQdﬂm@lownnﬁlﬁmrdﬁt vie Eigurt s, b’béehta)d@ﬂce@@laﬁuﬂtthl@ﬁdveﬂldﬂp}er 40
through the hole 69. This provides electrical connection such that signals
on the bus |laysrd0&8s ean phtternsidd creat theurtiqusimechani¢al propedigeof thOmotinlater gur e 9d,
a photoresist layer 70 is applied and patterned. In Figure 9e, the bus

| ayer 68 is thatwitlibedtscassed fiurthire &FimallyinFiguné 8dbthe saapifiethl fayers hate Hebe r enai ni ng
portions of 25 the bus layer 68 formthe bus structure 71 of Figure 9f. In
Fi gure 9f, tiemosal; forfning the cdvity®0$n modulatios b00: dnthigembodimentt; nobpck bussingul at or
300, having bus structure 71 and cavity 60. 9 WD 2005/019899

PCTI US200%/ Ostadfafe washsedus structure i s possi bl e because of the optical

shi el ding provided by the mrror between the view ng side of the substrate

and the back of tAreedaple dfalyeprocekhilow fgraditing abatktoussifg bnicyurt & shewaimt e t he
optical and the el ectro-nmechanical properties of the nodulator. The optical

properties, Figieo9£0c. DPhepiecesSshowh begins with freaachuE fornd i $igufesaB¥nd8Qf t he
enbodi nents, are separated fromthe el ectro-nmechanical properties such as
after patterning of the flex layer, but prior to the removal of the sacrificial layers. For
discussion purposes, the modulator configuration having the support post plugs as in
15 Figure 7e is used, but could be equally applicable to embodiments where no support post
plug exists as in Figure 8c.
| In Figure 9a, a third sacrificial layer 64 is applied to the flex layer 40. A
photoresist layer 66 is applied in Figure 9b. The photoresist layer is then patterned and
the structure etched to form holes, such as 69. In Figure 9c, a conductive bus layer 68 is
20  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

25 the bus layer 68 form the bus structure 71 of Figure 9f. In Figure 91, the sacrificial layers

are also removed, resulting in modulator 300, having bus structure 71 and cavity 60.



addressing and the novenments that result fromthat addressing. This

separ abl e nodul ator architecture allows nore freedomin the use of the back
of the nodulator, as it prevents any processes perforned on the back of the
fl ex nmenbr 320850188 uct ures added from affecting the oPET/USA04H26458r mance of
the nodul ator. 10 Possible patterns used on the back . of the flex nenbrane 40
are shown in Fi ghh@Rus struglyres possibiy begass af thp gplicahshielding pravided by dhe of t he
nodul at or, which may al so be seen as the top of the nodul ators shown in the
previ ous fi GriFesbetyéenthevipwingside of fhe substiterand the back gf the fleplayers Thist t er ned t o
formthe |large center back support 74 surrounded by four smal| supports
76a-d that wEvades theabilite i separpteitheptice] apg the elsetrp-mechaniesl propertipggfdhe 40 woul d
only 15 be patterned and renoved fromthe edges of the nenbrane to separate
it from t he magplatasniThe optical proparties; imaroved by dhanse of the suspepdedanigr 3 a8y r or
fromthe support posts 72a-72b. Alternatively, in Figure 10b, the flex

| ayer i s Spatof thegarodigentsy ¢ separpted frone the elactrenmechraiicaliproperiietsieiat o each
support post 72a-d. The straps are attached to the mrror by center support
74. These t wédrassingrand themevementsithat nesnly fromt{bataddnessjnga fFhiscseparhble modeldom of 20
nmovenent of the mrror and the detail ed nechanical characteristics of that
movement . | mrchiesture glewsmoretfrasdorayn the usapfabe/back afjthe nivgnlator-asit mrevents t he

col or nodul at or exanpl e gi ven above, three nasking and depositing processes
wer e needed anypfoogsaesiperfesmeadi dnfthe bavk of theifley mbebrdns or Asucturesadded frami ve, t he
detail ed mechani cal characteristics of the flexible |ayer, the support
structure, affectingé¢hspticaltperfomcamchef thesodlhter.f | ex | ayer and the support posts
can be altered by the various design and process paraneters. This allows

t he sanmalodept h c&ussibje pattehs usaiah the badgkiof éedles imehtbralf® 4DGHGEHIBAZH Bigures

PCT/ US2004/ 026458 different colors. The various design paraneters nodify

t he qui escerlOa pabidbl These hiewsare fiom (herbavk éfthembbwaton witich moalsy Wigewads of t he
sacrificial |ayers. One possible pixel configuration 80 is shown in Figure |
la. This vi ek¢ top ofithe adnlatdyshioha it the\pedvidus iguicheln Figure 104 thogerifidialt he

substrate, and is conprised of nine elenents, 5 three for each of the
col ors red, 1geeshwadghtietnéd to foa theldtge a2bmér BAOLsuPPyrt 79 iireipaatibyt fdur small
supports 76a-d that were subsequently filled in by flex layer 40. The layer 40 would only
15  be patterned and removed from the edges of the membrane to separate it from the adjacent
modulator elements, otherwise suspending the mirror from the support posts 72a-72b.
Alternatively, in Figure 10b, the flex layer is patterned to form thin, linear straps
78a-d connected to each support post 72a-d. The straps are attached to the mirror by
center support 74. These two alternatives, among many others, may affect the freedom of
20 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

25  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
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bl ue, 804 to green and 806 to red, as shown. These three different colors
may be achieved by varying the distance between the mrror and the optical
stack. Wien a voltage is applied to the nodul ators, they nay all nove a
uni for m di ¥BHEEWHERar ds the el ectrode or they may al | PREVERH RSB ent

di stances toward the el ectrode. Indeed, all three nmpdul ators 10 y traverse
the entire @gﬁﬁw AE- aa%waleﬁ@apﬂmgtﬁsm%mﬁqwmmmmﬁtﬂ; o direct
contact with the substrate. The di nensgions qQf the cavities in the qui escent
state are smrwwn%%PWﬁﬁeiwm%@ﬂwand 86, in Figures | |b,
11 ¢ and 11 d, respectively. For exanple, .one nirror 38a of .one nodul ator
cor r espondi ng to%ﬁ@%ﬁ"&lfi)?‘xﬁlfmf‘ﬁ@’nwllf shoyndn Figure e Alpeivmisias &88ports, a
flex layer and support post interfaces designed 15 tq cause the mrror to

settle at a byithe viewe fom the font girfape,ef the spbsteate, pad isicompasedof minerelaneats, | ayer . A

second m nor, 38b of one nodul ator correspondi ng to another color may have
back suppor thee for gackyof thecotors reddareensang bluep dhe modulator 862 may sarrespend tPo cause
the mrror to settle at the as-fabricated thickness 84 of the sacrificial

| ayer, af t erblueh804tggreeniand 806 togpdas phowny drhgsecthiree diffesent golors mayihedchieyedor 38c
of anot her nodul ator corresponding to yet another 20 col or may have back
supports, a bylvewyingthedistanet betywesnrthe piror andithe ppticabstacke Wheneaivalegeisuse t he
mrror to settle at a distance 86 |larger than the as-fabricated thickness of
t he sacri f i @pplied th theenqduldtors,rtheyomayw all move & vniform distanice toatardsdheelecttode phi s way,
controlling the mechanical properties and/or the physical restraints of the
support s r esedytmayalkheediffereftaligancestawatdthe clestrods bidsed, ab thredmedultomse
different pixel colors are created using a single thickness of 25

sacri fi cical meytteavermé the Bitind@a¢iGOBII0MO690a RET poSROOhAtIRDES hemAhtoalimett | vel v,

t he nodul ators could all be released fromthe sacrificial |ayers and all
stay at the contaet withsthe substraté.hEheldifrfensionspf teamaeitieeinitsd quiescert stakecaré fhexnl ayer
and supports could be nmanipulated to cause the mrrors to nove different

di st ances upgnhayeptidat ditiensions 82, 84 ends@tiyin Fighreaijth, 1 Asandeltl daresgicdodvelnl t erat i ve,
the nodul ators could all have the same 5 structures, but differing voltages
applied for diff &ote&@mphd, oficmirtor 384 of dreatodulatdr kerréspesdingnoaink eolde of thy
separating the el ectro-nechani cal

resulting pixel may have back supports, a flex layer and support post interfaces designed
15  to cause the mirror to settle at a distance 82, smaller than the as-fabricated sacrificial
layer. A second mirror 38b of one modulator corresponding to another color may have
back supports, a flex layer, and support post interfaces designed to cause the mirror to
settle at the as-fabricated thickness 84 of the sacrificial layer, after the sacrificial layer is
removed. Finally, a third mirror 38c of another modulator corresponding to yet another
20  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

25  sacrificial material.

11



properties of the nodulator fromthe optical properties, a suspended mrror
provi des other opportunities. As was di scussed above, the suspended mrror
al l evi ates objectionable artifacts that may occur due to the curvature of

t he menbr aMe® 208019898 cussed above, a 10 bl ack state for PEBEURA0RA26I58an be
achi eved by deflecting the mrror very close to or into direct contact with
the optical stackltemaiyely,thegnedulators seuld all be released framy themsagrificil layesead net hods
of achieving a dark state can have drawbacks. Holding an array of mirrors at
a very smafll sigxgt the same position; dae fiffering chasagterisicstod gherfiraraver and supposts
constructed with incredibly high precision. Allowing the mrror to cone

i nto direct ceydbamanipplatedito pavise thgmitrers|to moxe difisreat digtances yporgappligation of r om
using certain inconpatible conbinations of mrror/optical stack materials.

I n order t o thesameaokages As|yevdnother dlemative, ﬂl%mpétﬁstptﬁlc@uft%callﬂnmﬁ)eame on top of
the oxide I|ayer 36 an arrangenent of small |anding pads 90 as shown in

Fi gure 13a appitires) buidiffening nvodtages appited fexdiffetingwdlorsy pads can be constructed
of common thin-filmprocess 20 conpatible material using the sane deposition
and |ithography teasldtionue thefecedorh effordbxdby sephrating thy elestrofethmpicaMbD. These

| andi ng pads can be small enough so as to be essentially invisible to the
human eye wiprdpertise ofihe diodulatob fivsdtheoptizskpropestids; osispémsled madfrortfinevidestothee cavi ty
so as to affect operation of the entire mrror 38. Several different

pur poses canppatumitics.chedaviistussddabevd, thrduspgndrddsirot alletiatey obeddonaBle can al | ow
conplete freedomin the choice of the optical stack material, since the

| andi ng padsifistethetnhayt dvewndueno the2Brviatuoswithaitmambiang Abdiscusseabbeyar 36.

| ndeed, insulating landing 12 WO 2005/019899 PCT/ US2004/ 026458 pads 90
woul d i niopr ibtack plate fod the pixels @at bpachivyed bydeflebitngahé mixadr vefyedlbselt® obigitoa
conductor rather than an insulator. Landing pads can change the nechani cal

oper ati on ofidiredt@onthér Withythe Sfticastal ohlise fedre Slirfce of thelcavithi. Both bitthésen i n t he
cavity. Landi ng pads can enable a dual node sort of operation in which the

mrror 38 st@ifods bPdchitMnigla datk dtatk Sarl Hiee HaRBRdLS. PRiin@dtarfay o giisrordiat 41
I ncreasi ng vol tage, bends as would a nenbrane to all ow each pixel to achieve
mul tiple, preslsafilGap electyodtaigsly can require the modulator to be constructed with

incredibly high precision. ' Allowing the mirror to come into direct contact with the

15 optical stack prevents the designer from using certain incompatible combinations of
mirror/optical stack materials.

In order to remove these limitations it is possible to fabricate on top of the oxide
layer 36 an arrangement of small landing pads 90 as shown in Figure 12a applied to
modulator 100. Such landing pads can be constructed of common thin-film-process-

20  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

25 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



A second | anding pad configuration is shown in Figure 12b in which the flex
| ayer 40, rather than the mrror 38, contacts the |landing pad 92. In this

manner, the nodul ator has two separate ranges of nechani cal behavior, one
before t heWMa®5M18898r contacts the 10 | andi ng pad and oRfel/Bf2P¥02648%i s al | ows

mul tiple colors per pixel t achieved wi.th recige uniformty set by the
t hi ckness ofP W@H@fm@w&?@x&leﬁxeg\gﬁ@ﬁﬁe&a?ffﬁ@tﬁg’ﬁaf:a Ug1oE rathy
operation of interferonmetric nodul ators may be_ ipproved. ,The suspended
mrror i ncr dance nslators Lsnding gads fan sheage g mehapige pRyration g hgiMoRPYoi xel i n
the i mage and el i ni nates y..possj bl e _obj ectiongble artifacts., The 15

suppor t strtfgf‘lﬁ"éﬁ t&?tﬂ&?,tﬁFggﬁtdb“’iﬂP}E‘°ﬁ1“Hh6Pa‘6W- tl-ﬁé‘%B&Eids%@‘ fes"di“ﬁrovi des
nore freedomin the manufacturing process. |Interconnections enabled by the
back suppor tmefgysogt of epgratien in which the pigrorciBestays atauntih ity thedanding nady®d t ed on
the glass, resulting in nore available glass area. The separation of the
optical [roplan; with ircregsing w@@&mﬂwmﬂ%wmbrw éphdlop eash pixgl tojaghjeve j n
previously unavail abl e opportunities, due to the separation of the flex
menbr ane 20nwlap}mnr¢mse@p§m@lpeqar operties of the nodul ator. Thus, although
there has been described to this goi nt a particul ar enbodi nent for a nethod

and appar at us f oA sepens;laedingipadrdonliguratinngds shosndn Figurre] 3b inathinhdhe Bex layer
manuf acture, it is not intended that such specific references be considered
as |imitati cfsrathsothan the misropas, contagth the landingpad 92, buthispmanner, ths-ricdulats set
forth in the followng clains. 25 13 WHAT IS CLAIMED IS: 1. A |light
modul at or, desprad sspargte ranges of wechamival hghdviarsenedafors the flexl layer doatrets tiuspended
over a cavity arranged under the first surface; supports attached to the
second sur f dansling patllaed mi¢ after.; This pilovs mpltiplesobusyee podichig behchiavedvdth over t he
cavity by the supports, the support posts and supports being fornmed froma
sanme | ayer qfrecisetuaiformity sehbly the tletkaetsrof the lamdingpade 2.0 cal st ack positioned
opposite the first surface across the
In this manner, the manufacture and operation of interferometric modulators may
be improved. The suspended mirror increases the usable active area for creating a
resulting pixel in the image and eliminates many possible objectionable artifacts. The
15 support structure attaching to the mirror on the back side also provides more freedom in

the manufacturing process. Interconnections enabled by the back support may also 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

20 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.

25
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cavity fromthe mrror such that activation of the el ectrode causes the
mrror to nove towards the el ectrode, changi ng dinension and interference
properties of the cavity. 2. The 1light nodulator of claim1, the nodul ator
conprising a bus structure attached to the support posts adjacent to the
second surface of the mrror. 3. The light nodulator of claim1l, the

nmodul at or conprising a landing pad arranged upon the el ectrode and opti cal
st ack. W‘HATVIS dL/gIMEmglul ator of claim3, the |anding pad being arranged
underneath t mrror. 5. The light nodulator of claim3, the |anding pad
bei ng arran{qed s light medulason, gemprisieg: supports. 6. A |ight nodul ator,
conprising: a n irst r

AR SR Sk Tt A
surface of filesunfatd;or; support posts suspendl ng the m rror over the cavity

by the supports, the support osts havi n ort post plugs; and an
el ectrode and anS%B?‘FS@gE&? i?B%dtSP ??889@ Bg'g‘?rte the first surface across
the cavity fromybhst ﬁaswéa&pe‘ﬁuﬁg tﬂehﬁlﬁmas&er\a?etdaom@theespp%h@qﬁé% o s the

mrror to nove towards the electrode, changing dinension and interference
properties @ﬂswmntmmgfymeﬁ frophesanjedaster efperigrialiond of claim 6, the nodul at or

conprising a bus %#Potdgraﬁd%E}ﬁlﬁ&ggaﬁl{]gos?tbo%né%ﬁg% t% foﬁlts??lﬂﬁc@%%& ﬁ]?htehe

second surface o e mrror claim
nodul at or cccaumy |f-nng1eamlrao*rcﬁunlgtlﬂadctwman@§d1e dpamctehaaumsehé moder @ndowapt i cal

st ack. The 1 ght | af or ., of ,.cl ai m 8, | andi n rrange
Chaer neat h e eEROde Chpir R R P St Pbr e 8 B Rt P pad
arranged sOigh$ mb@uie@RbP&hint N&he HBBNNDE Sompkking wsgbﬁctmacsub@feﬂr conpri si ng:

a mrror having first and second surfaces suspended over a cavity arranged
under fittke support posts adjacent to the second surface of the mirror.

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 move
towards the electrode, changing dimension and interference properties of the cavity.
7. The light modulator of claim 6, the modulator comprising a bus structure attached

to the support posts adjacent to the second surface of the mirror.
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first surface; supports attached to the second surface of the mrror;

support posts suspending the mrror over the cavity by the supports; a bus
structure attached to the support posts adjacent to the second surface of
the mrror; and an el ectrode and an optical stack positioned opposite the
first surface across the cavity fromthe mrror such that activation of the
el ectrode causes the mrror to nove towards the el ectrode, changing

di mensi on gnd i Wﬁlﬁg{tmmapmlaiﬁ& RE U812V dn¥prishde a TRQIMERAY] 2 taRE e P
claim 11, the support posts being formed froma sane |ayer as ~ the supports.
13. Theperodialcqctrdoandpptical stickt he support posts being formed by support

post plugs.q 14. . r . i ; I ising a
| andi ng pad9 ‘arr aﬁ%ﬁ@gpﬂﬁgﬁiﬁﬁ@eﬂnﬁd r I)B(?é&‘gﬁ%f]%%{;?egéln %ﬁ%&@%&ﬁ'A met hod of
manuf act uri gy a Theglightmmelulab06f clhine § nehe hodirgopgalr drednggd sb as 16 dogtaathe

el ectrode and optical stack on the back of a transparent substrate;
deposi ting ¥PPISst  sacrificial |ayer upon the el ectrode and optical stack;

form ng mryiprs QmghfiRoduldtst compsding:i ci al layer; depositing a second
sacrificial layer upon the mrrors;” formng post holes adjacent to the
mrrors; using & mpirendavipgfirsoand spperd susfagessuspsngisorver peatityprigeed wepodet i ng
a flexiblefhg%gﬁh&p t he support post plugs and form ng attachnents between
the flexible l'ayer’and the mrror; and renoving the first and second
sacrificial | ayedupportsifiachfil to THeaedved hoficodf tied mirmor; 15, t he nmet hod conpri sing

form ng bus structures on the. flexible |ayer. arranged over the support post
plugs. 17. The nEPRREPOYs suspeR Wﬁi@,m‘frﬁrrqwrﬁ@céﬂy:@ﬁﬁ%ﬁ?gm?urt her conpri sing

form ng support s; Bfs stRERELiRERE B IhdRPPER bEAL addi@BET0 the SecdHE BurtRabr thge mi nor
assunes a qmuilrreoica?lgt state at a predeterm ned
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. A method of manufacturing a light modulator, the method comprising: forming an
electrode and optical stack on the back of a transparent substrate; depositing a first
sacrificial layer upon the electrode and optical stack; forming mirrors on the first
sacrificial layer;
depositing a second sacrificial layer upon the mirrors;
forming post holes adjacent to the mirrors;
using a planarization layer to form support post plugs;
depositing a flexible layer on the support post plugs and forming attachments

between the flexible layer and the mirror; and

removing the first and second sacrificial layers.

15



vertical position fromthe el ectrode and optical stack. 18. The nethod of
claim15, formng attachnents further conprising formng supports wth
predet erm ne physical restraints that cause the mrror to nove to a
predeterm ned position relative to the electrode and optical stack upon
application of a constant voltage. 19. The nethod of claim15, the nethod
conprising formng a | anding pad array upon the electrode and opti cal

stack. 20. The neidwethel ofkRim13he tikdd@ndprisatydiongingas stHiéthRs o8 QNI | Si ng
formn Iand| ng pads of varying thicknesses to control an anmpount of

mov e meRExiRl¢ *Wffﬁé“%ﬁgP‘i’ pyer the SUPPPHPOSBIMEBA of clai m 15, depositing a first
sacrificial '} %@rme{th% Qﬁélaﬁ-‘grﬁ”fo?igﬂ%sat&%ﬂngéht%'fﬂﬁhér%gfprkmgcf&?ﬁf%esﬁpﬂi its bfe

first sacrl icial layer thic ses deposited f nodu ei ng
dependpmdetanped aeclinwal pte;sargmaucmthabﬂle kigor aspaiodsat qriesca® stal atet reditepfiined

manuf agtur thod conprising: formng an

el ect r Ot écaa%ogm%h %glf‘eegog'(??l( PW@PSS%EE of a transparent substrate;

deposi ting B.fhe shethod of felaiinal 5, | fapeing Linachih &ets dhelidrr aeprant; apiicabuppback;
form n% F1 rrors on the first sacrificial, |ayer; depositing second

sacri f With gredelgyaine piysicehstipis Jhat caupe s METHOSt MAE & 2 AP nedopopitign

M 11 Or §latileB ARl ElicAnd bﬁ?&hlt&a%k h;ﬁ%%gplféﬁ'nén*b?a s&kaRdofaeri ficial layer such
that attachnments between t | 'exi | ayer and the mrror are formed and

the flexibl ¥.1 aybre mﬁﬂflqu)ft?lh@ biotb@ methofl eampfrisingiforyingadading ppdartay upemidie r enovi ng

the fi n crificial layers. 23. The nethod of claim22, the
nmet ho délg&m% gnéﬁﬁ%gpﬁg&ng bus structures on the support posts. 24. The

met hod of CI(BI m Ps mdepdsiftdiaim 1hdofmtiagianhedihgyed firther kempeiomgrfoahing
deposi ti t%% f.lexjble |ayer and patterning and et‘c‘ﬂlﬂi"“rfal t to provide

suppor ¥ Shurging;thigkpessea tcatralan Joypketimeyemey '%he i rror
aSSUfTES a o, eﬁﬁeﬂietkﬁidabﬁ (ﬁﬁmlalgrﬂg]%sﬁmﬁ' Refrsy Shtdigahl lep,,@ﬁlfhhﬁé} Eérﬁﬁﬂlilﬂg%

el ectrode and optical stack
depositing three thicknesses of the first sacrificial layer, the thicknesses deposited for a
modulator being dependent upon a color designation of that modulator.
22, A method of manufacturing a light modulator, the method comprising:
forming an electrode and optical stack on the back of a transparent substrate;
depositing a first sacrificial layer upon the electrode and optical stack;
forming mirrors on the first sacrificial layer,
depositing a second sacrificial layer upon the mirrors;
forming post holes adjacent to the mirrors;
depositing a flexible layer on the second sacrificial layer such that attachments
between the flexible layer and the mirror are formed and the flexible layer fills the post
holes forming support posts; and
removing the first and second sacrificial layers.
23. The method of claim 22, the method comprising forming bus structures on the
support posts,
24. The method of claim 22, depositing the flexible layer further comprising
depositing 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.
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25. The nmethod of claim 22, formng attachnments further conprising
depositing the flexible |ayer and patterning and etching it to form
supports of predeterm ned physical restraints that cause the mrror to nove
to a predeterm ned position relative to the el ectrode and optical stack
upon application of a constant voltage. 26. The nmethod of claim 22, the

nmet hod conprising formng a | anding pad array upon the el ectrode and
optical stack. 27. The nethod of claim 26, formng a | anding pad array
further compr iTae ngethod mfngain @1difognipgadatacimers imnbert bompivss aspdsitingotier ol
an anmount of novenent of the pirror. 28. The nethod of claim 22, depositing
a fir dtexiblelayeriangd prtteraipg and giching it te dorgt Fuppergs ofguedsisrmingg phyvied resHpiglkeibases
of the_ _fjirst iLficial |aye t he thicknesses deposited for a | at or
pei ng e aRRol i Ro so g Elriatifed Mo Or R Se SO0 Hafitode " om et o

nmanuf apbs hppligatfonl dfaRbnd@AVbRILr . the nethod conprising: formng a mrror
over a first sacrificial layer attached to a flexible |layer over a second

sacrificial |ayer and having support posts; depositing a third sacrificial

| ayer over 26he fThexidiiod df alaén 22 fibe Miethgd boisprisingufotming 3 iandirg padRduciponahd ayer
on top of the third sacrificial |layer arranged over the support posts; and
r enovickgtredecand apti¢dl serlal | ayers. 30. The nethod of claim29, formng a
mrror conprising formng a mrror having support posts conprised of a

portion of the flexible | ayer. 31. The nmethod of claim?29, formng.a mrror
conpri si ng % or ni1Hg methadafstaimA; fgming Alperting prekarray fugher cgmprising foringod of

claim,1 th t hod..¢c rising. formnag.a.landin d under the first
cacri flflan%ing Ipa(fs e(l)y garrym§ t}'nc?mnpsscs% ccgltroloan amognt of movemenpof‘?l% mirror.

28. The method of claim 22, depositing a first sacrificial layer further comprising
depositing three thicknesses of the first sacrificial layer, the thicknesses deposited for a

modulator being dependent upon a color designation of that modulator.
29. 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;

forming bus structures in a conductive layer on top of the third sacrificial layer

arranged over the support posts; and

removing the sacrificial layers.

30. The method of claim 29, forming a mirror comprising forming a mirror having

support posts comprised of a portion of the flexible layer.

31 The method of claim 29, forming a mirror comprising forming a mirror having

support post plugs.

32. The method of claim 19, the method comprising forming a landing pad under the

first sacrificial layer.

17



