29 Decenber 2006 A DEVI CE HAVI NG A LI GHT- ABSORBI NG MASK AND A METHOD FOR
FABRI CATI NG SAME FI ELD OF THE | NVENTI ON [ 0001] Thi s i rddnedember 2108t es to
optical devices. In particular it relates to mcro-optical

el ect romechani cal devices and to a nmethod for fabricating sane. BACKGROUND
[ 0002] Today, a wide variety of optical devices such as :

M cr oel ect ronechani cal Systens (MEMS) devices may be fabricated usin

m cr omachi NiANDEYICE HAVING ALIGHTLABETRBING MASK ANINAMETHODOPOR] For
exanple in sone cases, MEMS devices nay .include optical conponents and are

nore specifically referred to BABRICANNGSAME ect ro- mechani cal systens or
"MOEMS" devices. One exanple of such a MOEMS device is the Interferonetric
Modul ator (I MOD) device described in U S. Patent 5,835, 255. The | MOD

devi ces ofFIELB OPFHEMWNVEENHON 255 may be fabricated in an array and used

e 80 Ye Tl IRIALD BB icd ML U058 Foighlorpl L rovi de

a desired I'cal response. order~to inprove t esired opti cal
response, miceo-opital elestromechdnical elelviees add dbineethod fayHabricating sameai n

i nactive | MODS shoul d be reduced. Thus, these inactive areas
of the |N§§E§ﬁ%{9@n§e made to be |ight-absorbing, typifying a need to

mask- of f - q000R}kEoddyg b twiad 9aridiy Bfoptivas Heviees Qickags 1 n optical devices in
‘general . MWVQFY O T E,%NTI C]\IH%%RAO%] Accor di ng '1 .a first aspect of the
invention,"f fetomesnany _%‘?P@? _ Jlevicep may; ‘?ﬁgr‘_ﬁﬂegﬁﬂn@al devi ce
conpri si ngniéﬁonliétﬂ‘ﬁ{ing)&ﬁd ﬁﬁérbé!%c@@r‘iib%ricaﬁ&f‘%ﬂﬁiﬂheﬁ”d I nactive areas forned
over a traan(&arent substrate, the nethod conprising: determ ning an area

of the optPE] Feeexaapletasome qasepdMEMS devices may include optical
components and are more specifically referred to as micro-opto-electro-

mechanical systems or “MOEMS" devices. One example of such a MOEMS
device is the Interferometric Modulator (IMOD)} device described in U.S. Patent
5,835, 255. The IMOD devices of U.S. Patent 5,835, 255 may be fabricated in
“an array and used in a reflective display wherein each IMOD functions as a
pixel to provide a desired optical response.
{0004] In order to improve the desired optical response, the contribution of
reflected ambient light from certain inactive areas of the IMODS should be
reduced. Thus, these inactive areas of the IMODS should be made to be
light-absorbing, typifying a need to mask-off or make light-absorbing inactive
areas in optical devices in general. '
SUMMARY OF THE INVENTION
[0005] According to a first aspect of the invention, there is provided amethod
for fabricating an optical device comprising at least one active optical
component and inactive areas formed over a transparent substrate, the
method comprising: determining an area of the optical device that is to be
light-absorbing wherein the determined area is laterally offset with respect to
the at least one active optical component to mask off at least part of the
inactive areas; fabricating a light-absorbing mask over the substrate for
masking in the determined area; and fabricating a mechanical membrane
over the light-absorbing mask, said mechanical membrane forming part of
said active optical component, the mechanical membrane being configured

to be driven closer to the substrate to produce an optical response.
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| i ght -absorbing wherein the deternmined area is laterally offset with
respect to the at |east one active optical conponent t29 DesibedfZ004t | east
part of the inactive areas; fabricating a |ight-absorbing mask over the
substrate for masking in the determ ned area; and fabricating a nechani cal
menbrane over the |ight-absorbing nmask, said nechani cal nenbrane form ng
part of said active optical conponent, the nmechanical nenbrane being
confi gur ec[oo@g A ofdihg @0 aC4RDAl ésge&m tﬁewern%ﬁ tth‘ér@fsoﬂ"égﬁiearhrppt i cal
response Decenber 2006 6] According to a second aspect of the

i nvent i on,ontisal deviee geraprisiag: aﬁUbﬁp@fﬁcaDd festiang sasapdioptied: a substrate;
and first r,%mp i e wherein
the first optical %ﬁ%%ﬁe&ﬂhﬁa&smgﬂgg W@r&ﬂ&ﬂ@‘i’irﬁ%grt ggl §5rfeeg1téﬂas

pr oduci ng afirst e aesscoodmads, ea@bpmm@prctduclnggdndlﬁelmtctmhmalrtespeuspn)n,

wherein t hani.cal, menpbrane that is
driven cl ggé'%h \?'tcl[dgg {sﬁegé'tjg e Eglﬁ"htbeﬁ'ir%{ ep% h%oﬁﬁ%ligptﬁrﬁclgcﬁ]%s"%econd node;
wher ei n thaecsrmrmallmmnbmle thanfsaitizeh cidaxotdthe sutghtiate antheviret modet he second
optical c one i S ov r t subst rat n e o e .nechani ca

i cal C{Fg fa ] h b ﬁ [al d bel h h I
menbr ane. g] g2 BO’BP?’I‘FF’?@ SOt of the

i nvention rgheramdl \ﬁhérrem/méesbo@nﬂeidﬂeéh cd?rﬁpdﬁéh'tiﬁﬁﬁmba&i\feﬁmeiéhmﬁdt@a'
devi ce, the nethod conprisijin formng a static optical conponent over a

subst r at e, agHRa'eY the mechenicaEmepihraas. conponent  absorbs Iight: and form ng
a dynam c optical conmponent adjacent to the static optical conponent,

wherei n the dynam c optical conponent includes a driven and an undriven
state each state having a characteristic optical response to incident

| ight; wherein the dynam c optical conponent conprises
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a nmechani cal nenbrane that is driven closer to the substrate in the driven
state than in the undriven state; and wherein the nechdlfi Bademberni0ane i s
formed over the static optical conponent. [0008] According to a fourth
aspect of the invention, there is provided an optical device conprising: a
substrate; a static optical conponent positioned above the substrate,
wherein the static optical conponent absorbs light; and a dynam c optical

conponent [addAYdHordifigitd @ thlrdldspetufiteainvePHBRA M8Ere is Wheiddda nidtRodynani ¢
optical conponent includes a driven and an undriven state each state

havi ng a @havisfabricating apentical dpwepdhedneibor romsising: fepming @datis n t he
dynam ¢ Opphi W ' > | TH?FE Ia%nft}@nis driven

cl oser to%ﬁﬁlgys%@g rate%ﬁ??%%??%éﬁ’hg?&a?gﬁ%%?ﬁci lt%e unﬁrl vén state; and
wher ei n t lebspeasightcand fasmingadynamimeptica cetpabentadjaeersttatliiec opti cal

conponent Ss}tﬁ% gpﬁlcgﬁgéﬁl;l)l Marq\'fnﬂé:aréjﬁ% %H%%%%PQMF&Q%%&%% he

dr aw ngs OWs ‘an en ew o I'Sp avi I nactrve areas I ch have
been naskaetiiveh fandrareacdnidenstatertdadh sthte pavsg atcharasteristicoopticaD010] Fi gure 2

of the draw hgs._shows ,a cross-section through M5 device having a bl ack
mmsk or | TEHOIRSR8 TG I o L e nAZALE CRER PO BRbGATRERES of t he

i anlnt-i En;a mseﬂédifﬁirﬁem@@tg@m en@nhelbs&tbabe Babstrate i@:ﬁ\ézﬂﬁvh ﬁVi ce having
a ac sk .or |ight-apsorbing region in accordance w anot her

enbodi mantrg?q}1a thamp in riVgR stq bﬁ?‘?“%ﬁ&lpéhﬁ"ﬁfg‘ﬁ@‘c?h@wa%és l-ayers

maki ng up féifed bedH thakedoptaPbompbAék. mask | ayers of the MEMS device
Figure 2; and [0013] Figures 5A to 5G show various steps in the fabrication

of a MEMG[0QRAIAGsording ée aifaantiz aspgatiof thrinventien. thare is provided an
optical device comprising: a substrate; a static optical component positioned
above the substrate, wherein the static optical component absorbs light; and a
dynamic optical component adjacent to the static optical component, wherein
the dynamic optical component includes a driven and an undriven state each
state having a characteristic optical response to incident light; wherein the
dynamic optical component comprises a mechanical membrane that is driven
closer to the substrate in the driven state than in the undriven state; and

+ wherein the mechanical membrane is positioned above the static optical
component.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Figure 1 of the drawings shows an end view of a display having
inactive areas which have been masked-off in accordance with the present
invention;
[0010] Figure 2 of the drawings shows a cross-section through a MEMS
device having a black mask or light-absorbing region in accordance with one
embodiment of the invention;
[001 1]  Figure 3 shows another embodiment of a MEMS device haying-a
black mask or light-absorbing region in accordance with another embodiment of
the invention;
[0012] Figure 4 shows the various layers making up the light-absorbing or
black mask layers of the MEMS device Figure 2; and
- [0013]  Figures 5A to 5G show various steps in the fabrication of a MEMS

device in accordance with the invention. - |
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2 29 Decenber 2006 DETAILED DESCRI PTI ON [0014] In the follow ng
description, for purposes of explanation, numerous speXsbecembet 200bs are
set forth in order to provide a thorough understanding of the invention.
It will be apparent, however, to one skilled in the art that the invention
can be practiced without these specific details. 2a 29 Decenber 2006 WO
2004/ 006003 PCTI US2003/ 020433 [0015] Reference in this specification to
"one enbodi ment" or "an enbodi nent” neans that a particular feature,
structure, or characteristic described in connection with the enbodi nent

i s incl uddRETAILED PESGRIBRON enbodi ment of the invention. The appearances
of the phr " i Al PR i ‘ i cification
are not ndded, Ip EfNERRGRACRERon) or RS o eBaERdR, hURGRRRS ' S0l R e
or al t er napegific detdile @rereettfertimint erdkl o providesi thercugh enlerstadingloftbet s.

Mor eover, . j,Qus . .f.eat ur ar.e_described which may be. exhibited by sonme
enbodi rrent‘Ps{\%ar{rﬁc?ithtW'ﬁﬁﬁ aﬁjﬁﬁ@’. h%«%’?‘?"aﬁ gr,'e 5%@?%&5*\%%&%%% S are

descri bed imhértionream becpraciegdi withmaib st @pesificeetithodi ment s but not ot her
enbodi ments. [0016] The present invention discloses, in one enbodinent, a
MEMS device in the formof a MOEMS device conprising a static optical
conponent and a dynam c optical conponent, wherein the static optical
conmponent acts as "black nmask"™ to absorb anbient or stray light thereby to
i nprove the optical response of the dynam c optical conponent. [0017]

Al t hough a MEMS devi ce which includes an IMOD will be used to describe the
present invention, it is to be understood that the invention covers
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ot her optical devices such as various imaging display and optoel ectronic
devices in general; which have inactive areas which ar @rReembeadd06 be
| i ght- abs ‘?rblﬁp‘% but which do not include | MODS. [0018 Referring now to
Fi gure 1 Y09 24%2%4¥awi ngs, an end view of display devif&d/UBH3H0®4Ehown. |t
IS to be understood that many conponents of the display 100 have been

itted b th . t Th di spl d 100
ncl udes (AOMEK | RETIRRGACIN (EAHROIGARE 107 ol R EMIBRANGRY Phish ~dev! cos. 104

whi ch typi Ce?htbddaﬁ@nvrmé@sanaaé pAREAIR fatole, ERidter) by ehdracmmisidi ch  when
driven towards a substrate 102 in a direction indicated gg/t arrows 106
I

produces a desstibedingpnneelion wih diesembodicesh sy inelvded #y aklgastionep devi ces 104
nas been desgiliednl o he SeRAbE" TS ahp3aiitb 8 drfalieif B ncor porat ed by

ref erence. erence nunera cate Inactl areas of the | MOD
devi ces 104mimdimment”dn varpus placdsintiee Ispgd:nﬁem;be@mnognenessanlymﬂction as a

"bl ack k! Kk t t di 100 f
di rggt i oﬂaﬁ'ﬁfﬁr@%ﬂ é’gﬁeﬁﬁn‘?fp?'%@@%rtﬂ?g%ﬁ?%m eqr I%F"‘%&?ponsergpqoguced by

the IMD deyphis@fiméRts m@tuavéspéxd@go@dﬁameyembedﬁ@dtﬁcmoeéb@fr. valent |11 ght
fromthe inactive areas cenber 2006 WD 2004/ 006003

PCT/ US2003 feaiorssapopsoibatawhichiary be exbibited by somgerpRodiggnisandsedty r om
materi al s %S,Goqﬁ&%d é"“"?ﬁfﬁ?ﬁ@“ﬁ %%6' 6 enfs%?@%@nm whi cﬂt}ﬁ%cé or attenuates

l'ight. Acco ngto e 1 nvention, eac tive area 108
may be fabréeguéiterderds far sosieaeimbodimdrits baf motmthe?cammmhts in one

nbodi , ck of thin fi | bi
el ect ric 0K, * 165 drasent avBatanaRoBs s i GE emEgrioasy AMElE R Ry ers, as
wi |l be nmonedHdolm dﬁ%%@EWd@ﬂh@Wonﬂpﬂsi%fﬁtaﬂ@@ﬁmﬁﬁ B8mbsneritimd yact i ve

areas 108 nmay conprise a single layer of “organic or inorganic materials
whi ch at t edlynawéc epticabeanpenaritgiberein the static optical component acts as

“black mask” to absorb ambient or stray light thereby to improve the optical
response of the dynamic optical component.
[0017] Aithough a MEMS device which includes an IMOD will be used to
‘describe the present invention, it is to be understood that the invention covers
other optical devices such as various imaging dispiay and optoelectronic
devices in general, which have inactive areas which are required to be light-
absorbing, but which do not include IMODS.
[0018] Referring now to Figure 1 of the drawings, an end view of display
device 100 is shown. It is to be understood that many components of the
display 100 have been omitted so as not to obscure the present invention. The
display device 100 includes two active optical components in the form of IMOD
devices 104 which typically comprise an arrangement of refiective films which
when driven towards a substrate 102 in a direction indicated by arrows 106
produces a desired optical response. The operation of the IMOD devices 104
has been described in U.S. Patent 5,835,255 which is hereby incorporated by
reference. Reference numerais 108 indicate inactive areas of the IMOD
devices 104 which are required to be light-absorbing or to function as a “black
mask” so that when a viewer looks at the display 100 from a direction indicated
by arrow 110, the actual optical response produced by the IMOD devices 104 is
not degraded by the reflection of ambient light from the inactive areas 108.
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[0020] Figure 2 of the drawi ngs shows a cross section through an | MOD
device 200 in accordance with one enbodi nent of the i n\ZD¢emberT2®61 MOD

devi ce 200 includes an active conponent conprising a chrone reflective
|l ayer 20%02Y%4809%%0n oxi de | ayer 206, an air gap 208,PEHES2803RUIAN cal
menbrane 210 fabricated on a substrate 202. The nechani cal nenbrane 210 is

ted 1 d
Lo bont aot 9 Tek. ) FaEn FREFe 5i 1ifmdy Be ARACE8Y PR MR f6dfe b ponee
when  vi e\/\fﬁévé A ptical @sﬁ@ﬁég Which Riseisest Aienasatestighil 4Acddddidg to Ar eas of
each I MOD 2 on which t | ymer posts 212 are forrred are not part of

the active &B@hﬂﬁﬂ'ﬁ@ﬁts ithe n@epme@ﬁ inacdive appa 10 BYihe @Q”théﬁﬁﬁabsor bi ng
| n order ! QdKBIFnTInEY FOf eRAMpITN dreKnbdifriRnt 3he Sthokiok tit Aifns fag! e

optical response o e ac conponent s se I nactive are

def i ne statcompmnsmnmnt@t&dhsorblmgénelewlodaymmmmdrtzﬂweeiahﬂabglﬂw and
are fabrl c a stack stack has the
opti cal | proisaing ShHneIVers 36 be B R B A “Fhe

i nvent.i on 'eﬁVdUdYrﬂéntsdﬂieﬁh%tWerHieé@w@ midyesinsrisesaibingledt r?df%rgmﬁ@lerto be

| i ght-absorbing and fabricating a |ight-absorbing or black mask on the

det er m ned lfmfﬁﬁcﬁmﬁt@ﬁalﬁwh'q%@m% Qﬁh@' aheorReeligitt i cal conponents of the
DS, The g5 Rl Y nd Al hobieatloost Sbiih g DD 1 1

enbodi nent rse -a c rorre ayer 220 and
t he chr onededize QﬁOZﬂécc@rﬂéﬁ@ w!mbaeremﬂg:dmmt of tﬁe gwemtlenoff hehkQD awi ngs,
reference nuner ener i ndi cat es anot her .enbo n | MOD
fovi oo Sevier 200 dacae T sRveleasieredt SomBRRROE ciBMe fefBRivedoveln 500 1 s
simlar tozbh%bm eweq@er%@@ a@dur@%czoél BBH Y hbkifarital Fhéthbrher ef er ence
numer al s have' been used to i ndicate ke or simlar conponents. The nain

di f f er ence2n@fakrisated,en prgobsiate 202 The. mechanical membrane 210 is
supported by polymer posts 212. In use, mechanical membrane 210 is driven

to contact silicon oxide layer 206 to produce a desired opfical response when
viewed from the direction indicated by arrow 214.
[0021] Areas of each IMOD 200 on which the polymer posts 212 are formed

~ are not part of the active component of the IMOD and therefore need to be
light-absorbing in order to reduce stray or ambient light interfering with the
desired optical response of the active IMOD components. These inactive areas
define static components which are indicated by encircled areas 216, and are
fabricated to form a stack of fiims selected so that the stack has the optical
property that it is light-absorbing. In one embodiment, the invention involves
determining which areas of substrate 202 needs to be 'Iight-absorbing and
fabricating a light-absorbing or black mask on the determined areas prior to
forming the active optical components of the IMODS. The black mask may
include a stack of thin fiims which in one embodiment may comprise a chrome
base 218, an oxide middle layer 220 and the chrome layers 204.
[0022] Referring now to Figure 3 of the drawings, reference numeral 300
generally indicates another embodiment of an IMOD device in accordance with
one aspect of the invention. IMOD device 300 is similar to the IMOD device
200 and accordingly like or similar reference numerals have been used to
indicate like or simitar components. The main difference between the IMOD
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29 Decenber 2006 WO 2004/006003 PCT/ US2003/ 020433 300 and the I MOD 200 is
that the entire polynmer post 212 conprises of an organTDemtrber 2006e. 9., a
phot o- def | | ack resin such as the material known__as DARC 100 by

Br ewer Sc\bﬁﬁg‘g%f’%gg, that functions effectively as a ITGHPS2%H¥B1Bi ng or

bl ack mask. One advantage of the IMOD 300 is that the posts 212 perform

Lo, unct oags 4 U5 HiQ0IAR 9% AL B TR 2% BEERAGLS R an SUPPCI T

mechani cal rane unctioh as an opti cal
mask to masirgahic roatenakegl, aghotatisiindile hlack aesin sachas the matariab khdoD.

[ 0023] Figure a-schemat.i c_drawi,ng wherei n.vari I s makin u
thin film m%@éﬁ?ﬂi@ PH Bé%%%%ﬁ%@%% ﬁh%r{‘énc&?%&?ﬁﬁgw’te?%% ?E‘éﬁ{'nvent i og i sp
shown. [ 002#Hsoksihg 'of bk ntaski MicadvartaddbMhbiiMOIBOC s thastheqttdts hown
fabricated on substrate 400. The bl ack mask 402 conprises three |ayers of

film whi ch 21%eerterestwe Retinns. |Ritslly, the posts 419 fupstiorbas adnecliggicalos and an
| uni | ? ' he bl ack
o " | B ime YRS b, S BIPSLRERR (et e, Do

mask. I n one' enbodl me s are the
same fi |l nms ogticahmask & nmaskl off or infekef lght-absarbing inéctiveareas oftbhelIMOD.

conponents, king it possible to use the sane. deposition.paranmeters
to fabri catIQbEﬁz iﬁﬂiﬁ? g\ﬁé'oﬁ’ﬁcf s%@%@tﬁ@@"@o%%fﬁ@n‘f@?”f% mAKING, a1 i ous
stages in tpethirefibd Blatbk rfasRiin bEsorédnde With Bhéleatdodirsnt ofdRe inviehtiomiswv be
described with reference to Figures 5A-5G of the drawi ngs. [0026] Referring

to Figure SROWSRE ter an initi al preparatory step wherein a glass substrate
2 oy ColEh Bl PG # 6 Bl Ak beBiiRe RIS i Bcha deppc! o
t hi ckness clbshatendd. difes biscimask 402 calnprises threedsyersoffiln @] Thereafter,
the chrome irllc%/gers 35 %ﬁrcirge f%%lt fé&%dsiﬁ‘c%% g)ﬁgee Ia%?ﬂoé' Sa'n([] %n aluminum layer

408. Various materials may be selected to produce the black mask. |n one

embodiment, the films which make up the black mask are the same films which

are used in the fabrication of the active IMOD components, thus making it

possible to use the same deposition parameters to fabricate the inactive and

the active components.

[0025] The various stages in the manufacture of the thin film black mask 402

will now be described with reference to Figures 5A-5G of the drawings.

[0026] Referring to Figure 5A, after an initial preparatory step wherein a

glass substrate 500 is prepared, e.g. cleaned, a reflective chrome layer 502 is

deposited, e.g. by sputter coating it onto substrate 500. In one embodiment,

the thickness of chrome layer 502 may be about 60 angstroms. '

[0027] Thereafter, the chrome layer 502 is patterned and developed using

conventional technigues to leave outcrops of chrome which will serve as a base

layer for a thin film stack which serves as a black mask (see Fig. 5B).

[0028] A black mask oxide layer, e.g. SiO,, typically about 300 to 800

angstroms is then deposited by sputter coating. The thickness of the black

mask oxide layer depends on the quality of the black state that is required.

[0029] Next, a further reflective chrome layer 506 is sputter coated on the

black mask oxide layer 504. The layer 5086 is typically about 60 angstroms
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conventional techniques to | eave outcrops of chrome which will serve as a
base layer for a thin filmstack which serves as a bl atkDewsibef 286 Fi g.

5B). [0028})§A bl ack mask oxide layer, e.g. Si02, typically about 300 to 800

angst r ome” P2¥#8M9%eposi t ed by sputter coating. The t hTECKHEEEBP43Rhe bl ack

mask oxi de | ayer depends on the quality of the black state that is
required. : i [gn% I S, Sputter
coated on t#@%%F%é%@n%%%@ﬁ@éﬂ%@%h@%ﬁo\ﬁnglﬁ% ;/eP %@qu}g&;éﬁ%al | y about
'6t0 angst{otrmﬂi:;%rr;ié@imb _ aﬂhianéﬂl@g;;}jtﬁﬂdﬂ'@mbhbﬂ@ﬁéﬂ;ﬁsﬂ@LU_SZg?BI 0204?3tthhi ck,
its exac es ei epen e requite ri ness, 0 e

Ul timate i BA30) . Enetenfete VB R0B and Bab Atk ESEFlRDLTPYE P4 dhoso)
Thereafter, |3vays08. DOPerBod dhibrives dilRDAKIde AHdvis 2pBlt 800 €089@d on | ayer
506. Layer 508 conprises silicon oxide and is about 300 to 800 angstrons

wher eas t heangsteams whereasghe lavier Hil@iine spafiigial dayep cORPAgINGINYIsBdeNUR and
wll typica . y G4 A C kg (BN 4 to 510
define a th%}éi{“}raﬁy%%p%ggaéﬂaé%%s@ﬁg gﬁ@gés gﬂs?ékga-‘;lh%é@gééngidﬁ{%sggre 5C.

[ 0031] Ref edefirega thickfilgustackbn sabptibteds0d axgcambe seeretnchigame S€ep i s

per f or med formrecesses. 512 I ch extend through the thin filmstack to
chronme .out@%aﬂg ?6?’.3"[@39%'9%8@3% p@?etrgmgia&gr@ Q:i%,“nﬁcﬁ? PESINEds 14 ar e
formed in reUeARescéskes SAY wHitH Bxtead ahidagR the/ tiPiat statk$s shromd erial, e. g.
the material known as NR7- 350P by Futurex Inc., over the thin film stack;

exposi ng i touthropsdiP2a suitable mask and devel oping to form posts 514.
desori bed. 10ogk; TRFAGH Mgl 8, bR YcR e StFaTbnREd  febebpiste o
conpri si ng byspishingismegativé photd-resist enatetial de.getiie, materidblusin asl NR7-sput t er
coating It :?E[:HPoby Futurex Inc., over the thin film stack; exposing it through a suitable
mask and developing to form posts 514. These steps are conventional and
therefore have not been further described.
[0033]) Referring now to Figure 5F, a mechanical membrane 516 comprising
an aluminum afloy, in one embodiment, is deposited by sputter coating it onto
the molybdenum layer 510.
'[0034] Thereafter, the molybdenum layer 510 is etched leaving an air gap
516 as shown in Figure 5G of the drawings.
| [0035] Although the present invention has been described with reference to
specific exemplary embodiments, it will be evident that the various modification
and changes can be made to these embodiments without departing from the
broader spirit of the invention as set forth in the claims. Accordingly, the
specification and drawings are to be regarded in an illustrative sense rather
- than in a restrictive sense.




t he nol ybdenum | ayer 510. [0034] Thereafter, the nolybdenum | ayer 510 is
etched leaving an air gap 516 as shown in Figure 5G of2%Beetbani(fgs.

[ 0035] Although the present invention has been described with reference to
specific exenplary enbodinents, it will be evident that the various

nodi fication and changes can be nade to these enbodi nents w t hout
departing fromthe broader spirit of the invention as set forth in the
clains. AcgoAfiigg! Y, the specification and drawings are to be regarded in
an |IIustrat|ve sense rather than in a restrictive sense. 6 29 Decenber
2006 CLAIMS What is clained is: 1. A nmethod for fabricating an optical

devi ce corw;lgts' ncg ?’%dr ast one active optical conponent and inactive areas
formed over eraf Nt substrate, the method conprising: determning an

area of the optA c@lhaﬂia'mrfm)nbhﬁ}% a:soptﬁ:abﬁe\hd:@bcbmpb@ng hh lR@st ovieesictive t he

det er mi ned ais of f set th res to e a one
active optqpilﬁ?l C@H}P&é'ﬁa 4’(5'}‘5/‘%‘9@%?? 'E"eldé’é'?F agtéﬁnﬁp%fﬁni ﬂg)sﬁt"ﬁ%e?h?/e ar eas;
fabricati ngemodjlcgmbngih?orbi ng mask over the substrate for nasking in the
determ ned area ; and fabricating a _nechani cal nenbrane over the

| i ght - absor bi n@eﬁﬁw'n%an@m%&mrﬂp@w dexigs thatds fobedigh-ahspding sai d active

opti cal C%ﬁ&&ﬁﬁﬁedéﬂéﬁnnd@%%@é‘isﬁ%er&@’ﬂ# Pﬁutl@féé}ﬁggonfwé%we%g%& be driven

closer to the substrate to produce optica e met hod of
claim1, isyeppliasheompensrd topiaskaif al degso pamof tenipactivesareas;pi xel , said

~inactive areas fgpr[cgﬁﬁé Qgﬁghpgbéarﬁﬁb mask over the substrate for masking in the
determined area ; and

fabricating a mechanical membrane over the light-absorbing mask, said
mechanical membrane forming part of said active optical component, the
mechanical membrane being configured to be driven closer to the substrate to
produce an optical response.

2. The method of claim 1, wherein the active optical component comprises
a pixel, said inactive areas bordering the pixel.

3. The method of claim 1, wherein the active optical component comprises
part of an interferometric modulator.

4, The method of claim 1, wherein the light-absorbing mask comprises an
organic material.

8. The method of claim 4, wherein the organic material comprises a photo-
definable black resin.




3. The method of claim1l1l, wherein the active optical conponent conprises
part of an interferonetric nodulator. 4. The nethod of 29 Régember 3Mr ei n t he
| i ght - absorbi ng mask conprises an organic material. 5. The nmethod of claim
4, wherein the organic material conprises a photo- definable black resin. 7
29 Decenber 2006 6. An optical device conprising: a substrate; and first
and second optical conponents fornmed on the substrate, wherein the first

optical c one pﬁ% fii second node, each node producing a
di fferent Oeggt [ C§+o esﬂ)gﬁ‘é'éé?%’“?ﬁ%@ i nci dent thereupon; wherein the first

opti cal conponemsubsicitejdms a nmechani cal nmenbrane that is driven closer to
the substrate in the first de than in the secopd de; erein the
second opti cal THSBHESRNY gRlical compgRents JHn<han e s UPREate WBRE Bt i cal
conponent the fitglopecal @oRipohBet Igsfirsehid ardcomeh@de! &schmedani cal nmenbr ane.
7. The devi cg of claime6, wherein the first optical conponent conprises
part of dHOPYRRY A pi-oRlicaiJgapanssto light inpidenidpeeePe®: cl ai m 6, wherein

the second optiygRéreMORBARR BpticN EBMpBRENt iRAUAESIR MEChERICEI héhbrahe A Mt hod
for mcrofabricating an optical device, the method conprising: formng a

static optiheds diyepeleent iodhe substeip it thetest mpds tian in te sacand gnodspt i cal
component absonterbindifib sedith Sl AinporikiiABGLERGAS Gha COMPONENt - adj acent
to the static optical conponent, '

wherein the second optical component is formed over the substrate and

below the mechanical membrane.

7. The device of claim 8, wherein the first optical component comprises part
of an interferometric modulator.

8. The device of claim 6, wherein the second optical component comprises
an organic material.

9. A method for microfabricating an optical device, the method comprising:
forming a static optical component over a substrate, wherein the static
optical component absorbs light; and
forming a dynamic optical component adjacent to the static optical
component,
wherein the dynamic optical component includes a driven and an
undriven state each state having a characteristic optical response to
incident light;
wherein the dynamic optical component comprises a mechanical
membrane that is driven closer to the substrate in the driven state than in
the undriven state; and
wherein the mechanical membrane is formed over the static

optical component.




wherein the dynam c optical conponent includes a driven and an undriven
state each state having a characteristic optical resporid¢mmbenzilident

|l ight; wherein the dynam c optical conponent conprises a nechani cal
menbrane that is driven closer to the substrate in the driven state than in
the undriven state; and wherein the mechani cal nmenbrane is formed over the
static optical conponent. 8 29 Decenber 2006 10. The nethod of claim?9,

wherein thfb dy 'e,%ﬁgﬁ%loqaaf'ﬁwgﬁﬂﬁ tlﬁ@{dnﬁgﬁ Pl Eor?lboﬁéht' nterferonetric

nodul at or. el n statfic optical conmponent
forns a rm}rmtameseplarmiippmnterfémmethemwmml cal nenbrane. 12. An optical
device conprising: a substrate; a static optical conponent positioned
above the substrate, wherein the static optical conponent absorbs |ight;
and a dynaihi.c OfHd raathod@ipRaime 8 wheiae ¢l sthtic bfticastahponaforaal a conponent

wherein the na onent I ncl udes a driven and an undriven
state eacW?%@%ﬁW‘ﬁﬁzérh’W pgal MembyaRec 4| response to incident
l'ight; wherein the dynam c optical conponent conprises a mechani cal

nmenbrane that is driven closer to the substrate in the driven state than in
the undrivin st epticRhdeigRe@ANSIAE nechani cal menbrane is positioned above

the static optj glﬂjst,ﬁ@";rponent
a static optical component positioned above the substrate, wherein the
static optical component absorbs light; and
a dynamic optical component adjacent to the static optical component,
wherein the dynamic optical component includes a driven and
_an undriven state each state having a characteristic optical response to
incident light;
wherein the dynamic optical component comprises a mechanical
membrane that is driven closer to the substrate in the driven state than in
the undriven state; and
wherein the mechanical membrane is positioned above the static
optical component.

13.  The device of claim 12, wherein the dynamic optical component includes
part of an interferometric modulator.

14.  The method of claim 1, further comprising fabricating at least one
support positioned between the substrate and the mechanical membrane.

15.  The method of claim 14, wherein said at least one support comprises a
post.

16.  The method of claim 15, wherein said at least one post comprises at
least part of said inactive areas.




13. The device of claim 12, wherein the dynam c optical conponent includes
part of an interferonetric nodulator. 14. The net hod of2%Detembdr,200Gr t her
conprising fabricating at |east one support positioned between the
substrate and the nechani cal nenbrane. 15. The nethod of claim 14, wherein
said at | east one support conprises a post. 16. The nmethod of claim 15,
wherein said at | east one post conprises at |east part of said inactive

areas. 9 29 Deqpiahr&thd@Qf clald 1, lielBoMBAkiAG fabridhiMgla réﬂ@cﬁt?@fayépnp“ si ng

fabricating a reflective | ayer over sald substrate, said nechani cal
menbr ane WPHERIESIbHEIE iﬂ%F“9§Bﬁ'éfca|rf@¢métﬁﬁe\i@'ﬂ§h‘§ﬂéposeﬂ80Ver gaidret hod of
claim1l, g 1he |1 ght-absorbing mask reduces reflection of anbient
light fromthe Inactive areas that passes through the substrate and is
seen by a viewer. 19. The device of claim®6, wherein the second optical

component (§OTPaGetnda bt Bl TMerchPine OB A6 bBa Mo ARG LUt ther

conpri si ng at |'edst onée ‘sup 03| ubStrate and the
mechani calreflfastion ahambizht Ilgﬁtércniemeclaaafve(éreasnh%ﬂ pasgesrtaroughdhel support
i 2. The devi ce of claim 21, wherein said second optical

ggggganﬁts Pé&%@@gdﬂse??eébl?Y BN anbi ent 1ight reflected from said post

that passes through the substrate and is seen by a viewer. 23. The device
of claim®g ﬁ%‘fﬁond opt.i cal conponent conpri ses at | east one

post to sJBpor tei'rh§ e?:l'c Eavh F%%ecoﬁguoaf"éft" COMPLEENITRINRYISSP
functioni g)A% Rak.ack mask.

20. The device of claim 6, further comprising at least one support
positioned between the substrate and the mechanical membrane.

21.  The device of claim 20, wherein said support comprises a post.

22.  The device of claim 21, wherein said second optical component
‘reduces reflection of ambient light reflected from said post that passes
through the substrate and is seen by a viewer.

23.  The device of claim 6, wherein said second optical component
comprises at least one post to support said mechanical membrane, said at

{east one post functioning as a black mask.

24. The device of claim 23, wherein said at least one post comprises a
black resin.

25.  The method of claim 9, further comprising forming at least one support
positioned between the substrate and the mechanical membrane.

26. The method of claim 25, wherein said support comprises a post.

9a




24. The device of claim 23, wherein said at | east one post conprises a

bl ack resin. 25. The nethod of claim9, further conpri sihigeckmbei 2P6at | east
one support positioned between the substrate and the nechani cal nenbrane.
26. The nmethod of claim25, wherein said support conprises a post. 9a 29
Decenber 2006 27. The nethod of claim 26, wherein the static optical
conponent reduces reflection of anbient |light fromthe said post that

passes thropgh Fhe ihsd BﬁﬁSinf’i‘Qé @vﬁer%%?&é)é’taﬂc\b})ﬁ&\ﬁrconﬁ%neﬁh d&‘é&?‘)d of
claim 11, wherein said nechani cal support conprises a post that functions
as a bl ackrefiastion gbamiplest lightfoam dlie shidi past thatyiasses throgh thechani cal support

reduces méﬁjdﬁ?‘%%i.gﬁ%?% ﬁwbﬁgtvié\b t passing through the substrate as seen

by a vie rough the Substrate. 30. The device of claim 12,
wherein the static optical conponent conprises at |east one support for

sai d nechayj cal -nenbrane. . 31. e device of cl,aim 30, wherein the at | east
one. suppor 25+ ankhe Bieraitor dai 1Ewhee” S mSeBal RunPoR SErBrPSo” wher oi n
t he at | easbosnBabfipRbbhs a9BladEmaak. organic material. 33. The device of
claim 32, erein the organic material conprises a photo-definable black

resin. 9b
29. The method of claim 11, wherein the mechanical support reduces

reflection of ambient light passing through the substrate as seen by a viewer
looking through the substrate.

30. The device of claim 12, wherein the static optical component

comprises at least one support for said mechanical membrane.

31.  The device of claim 30, wherein the at least one support functions as
a black mask.

32.  The device of claim 30, wherein the at least one support comprises an
organic material.

33.  The device of claim 32, wherein the organic material comprises a
photo-definable black resin.
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