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FIELD OF TI-iE INVENTION
20 The present invention generally relates to microfabrication and integrated
circuit techniques and, in particular, to a system and method for microfabricating
liquid crystal displays by creating cavities within micrqfabricated devices and filling

the cavities with liquid crystal.



25 BACKGROUND OF THE | NVENTI ON
.Conventionals%%);?gui d crystal displays (LCDs) include a subsgidmishsieisr 2

transparvgﬂtg r connected thereto and di sposed thereover. A cavity is

f or med bet ween the substrate and the transparent cover, and the
cavity is filled with I'iqyjd VA - R G rRioPerties of the
i qui dzgcrystal change as “## ROUNDOK THE INVENTIGN appl i ed across the

liquid crystal changes. Therefore, by controlling the electric field
appeari ng acr osSopwntiopaldiqyid enystal digplays d/GRYdnclude,gsuhstrateavitihaoperti es of
the liquid crystal can be changed in order to display information in
t he for m ofranspareat¢oves carmected theretorand dispofeat thereawgal A cavity is formed

However, many prior art techniques of manufacturing a liquid crystal

di spl Betweddling bstrate.
I spl ay ﬁetwb&f’ﬂa%'sﬂ%dté’arfd’dﬁ@%ﬁ%#a%t%@é]?ﬂﬁ{ ﬁEEaﬁQ’iEF‘Figlﬁ wﬁgfﬁ?ﬁg strate

Therefore, production of y substrates in p ,

o | cat 1 offYBR- OB PbeE) B o IRBTU3sloTnBE 6L 51 eletee el ol B 1, o'

t hi ckness uniformty of the liquid crystal material, deriving from

i nper f¥#ct anplied agosyihe liquid crpsetglaqhaégﬁc% rhhsreforee by certal ing.therelecerie Held
Therefore, the process of individually 40 - connecting a transparent cover
of t ent i mesappeating srogy meiices dfaheliquid esystalithe bpticdd phaperties of thi hdquidul t to

obt ai n. Furthernore, in creating conventional liquid crystal
di splays, Ggsthfddn RTH in order t@Hﬂgfaytiﬂﬁﬁﬁa n i} thé ?Jrﬂ'péf Gfdterélgy | ces, a
sacrificial "layer 1s oftentimes deposited an then later renoved

t hr ough conve]nti&nal m grofabrication techni ques, such as etching. 45

The deposi‘?%ﬁer% 8r?:5agxéqﬁe.r enoval of the sacrificial |ayer enables cavities

or ot her hol | ow areas to be forned during the nmanufacturing process.
2 However, many prior art techniques of manufacturing a liquid crystal display

35 individualily connect the trgnspafent cover to each substrate. Therefore, production of
many substrates in parallel, at the wafer-scale, of liquid crystal displays is hindered.
Furthermore, application of a separate transparelit cover is subject to error in the
thickness uniformity of the liquid crystal material, deriving from imperfect flatness or
parallelism of the substrate and cover. Therefore, the process of individually

40  connecting a transparent cover oftentimes requires precise tolerances, which cﬁn be
difficult to obtain.

Furthermore, in creating conventional liquid crystal displays, as well as many
other types of microfabricated devices, a sacrificial layer is oftentimes deposited and
then later removed through conventional microfabrication techniques, such as etching.

45 The deposition and later removal of the sacrificial layer enables cavities or other

hollow areas to be formed during the manufacturing process.
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-PCT/ USO8{/fdsis7s1 One prior art nethod for fornpcy/USOBNE8T ar eas
wi thin mcrofabricated devices i ncludes the step of form ng a porous
material to encapsul ate sacrificial material. The : porous material -

i ncl udes nmany t kOnSERsiSarOnethod Yol fr@ingd sllovrhleayMvitAmaficksFabiddated &Xiceshr ough
the porous nmaterial. Oxygen or an oxygen-plasma is allowed to nove :

t hrough th ' : WA f.liCl gl -lawer when
t e dovi co a4e e SBhEin REORNE aBBRNIS cROph ek cib G Beriy Mo, 10
degrees Cel sius). The .gaseous sacrificjial terial egresses through
t he pores @PrQWMﬁPgdgaHa?WmPEwsﬁQfﬁnﬁb&%%tau°Wga§e§é°Rh°ére-the
sacrificial material once resided. The opening is usually plugged 55
duringsa sdhroughithe pateysomaterielhh @xygenior aprokygen-plasmals dllosvedito medvabr i cat ed
devi ce. However, this type of technique for renoving a

sacri fi ci althlopyle the pureuiRatrial, therel{}ﬂi@%ﬁz{f%ttﬁé sRkiflcRY }Hyé@@h&hﬁle%wcg ist eps

of exposing the device to oxygen plasima. The exposure of the device
dovi oo FurtPaFR s MuniEnblibies @Yol IF A 00 AeBlent Delsips). T Sggous” ©' 11
material can béa,ciiffic lt, since thousands of tiny holes need to _be forned
in order t @&acriicial IgatgR eés?iff‘% y%m?scﬂféhﬁ porgps mptesial leavingahoflowi al
material to escape. Furthernore, as the porosity of the material is

i ncr eased, atdacvinare thedacrificial miateirial gnazfresided. nBheopening is usually ploggedcal | y
decreased. Therefore, manufacturing a sufficiently porous material that can

wi t hst 38d daging a@lbsgaeR depbsifeS %) & 8lleytd skalihd hibRIfANEaRAelickC! 2
material can be 65 very difficult and costly. Due to many

i qui d oryetal doniehdnlsiipdef infitlald R ol Al o P8 i ¢
crystal displays are ~inefficient and do not_ usually integrate |iquid

crystal di Dproys dnaterial requires the.extrastepsafexposing the device to oxygen plasma. The
3

exposure of the device to oxygen-plasma can be potentially damaging to other
elements of the device. Furthermore, the process of forming a suitable poroﬁs

60  material can be difficult, since thousands of tiny holes need to be formed in order to
develop a fmrosity sufficient for allowing sacrificial material to escape. Furthermore,
as the porosity of the material is increésed, the mechanical stability of the material is
typically decreased. Therefore, manufacturing a sufficiently porous material that can
withstand the high pressures associated with dissipating sacrificial material can be

65  very difficult and costly.

Due to many difficulties, including the difficulties of forming cavities for

liquid crystal displays, prior art techniques of manufacturing liquid crystal displays are

inefficient and do not usually integrate liquid crystal displays onto a single substrate
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. PCT/ US98/ 06 wher e nmechani cal conponents, such asP Sggmgﬁs
nentlonewwgﬁésﬁbefore are not 70 separately attached. us,

her et of ore unaddressed need exists in the industry for prow ding a

SySt em and et laicaf CduShaithlyeuth 36 Al thénebf bkatilekaE! @1 A 1 91 ¢
75 The present invention overcomes the |nadequacies and

def i ci @hci sepagately|giachero Thus, a hergtoforgamaddressed nged exists in therjndystry e

I nvention provides a system and nethod for efficiently

m cr of abr i pedvidigg a sfstérhyand mietigpdtoedfitiently niarofabticdte difslby myegrated liquid

The present invention utilizes a base, a conductive pad, perneable

material, crystal dispyl d crystal, a contact and a transparent conductor. The
conductlve l;—)yad I's formed on 80 t he base, and the perneable material is
formed on sacrificial material, which is configured to dissolve into
and di ssi pate through the perneabl e naterial when the sacrifici al

material is heated. Liquid crystal

|s fr in the cawty whi ch is between

t he conductive pad and per XzMiMARN OF b PYENIIRNar ent conductor is
formed such that the liquid crystal resi des betvveen t he transparent
conductzpr and t MThepossentdhvamionvercoars thehiaadegancipaarehdeficiondies of thel pricroupl ed
to a voltage contact, and the voltage ' di f f-erence between the

transpar engrGe 'Elﬁh'ﬁés@& héRth. 1R ﬁ@&ﬂt‘ﬁfvbi{t?orpﬁ‘évﬁ'éﬁ gs§stertAnd methodlofCL I C

field that appears across theliquid crystal. By varying the electric field

Crystal captiment il dibricalhd ﬁlbr e SR BRI, ance of the

liquid crystal to an observer. | n accordance with anot her

feature of the phepefent lnmwn&ﬁﬂm%b@w sendupiye pad, permggableymateri |

preferably forned on the conductive pad and on exposed portions of t he
liquid crystal, a contact and a transparent conductor. The conductive pad is formed on

80 thé base, and the permeable material is formed on sacrificial material, which is
configured to dissolve into and dissipate through the permeable material when the
sacrificial material is heated. Liquid crystal is formed in the cavity which is between
the conductive pad and permeable material. The transparent conductor is formed such
that the liquid crystal re_sides between the transparent conductor and the conductive

85  pad. The transparent conductor is coupled to a voltage contact, and the voltage
difference between the transparent conductor and the conductive pad creates an
electric field that appéars across the liquid cfystal. By varying the electric field
applied écross the liquid crystal, the optical properties of the liquid crystal can be
changed in order to change the appearance of the liquid crystal to an observer.

90 In accordance with another feature of the present invention, the sacrificial

material is preferably formed on the conductive pad and on exposed portions of the
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-PCT/ USO848 45751 base prior to formation of the pernmegilusInveéssri al .
The sacrificial material is : preferably patterned in order to expose
portions of the base. Once the perneabl e |ayer is formed, the

sacrifici alba@@gﬁ& R fo#rﬁat%r?éﬁﬁ@?&ﬁ‘né%%ﬂ@ﬁﬁq Wﬁ%ﬁci&%\iﬂﬁég able 95

material in ortder to forma cavity. The cavity Is then with the
liquid crystal. s The present i ntion, can.al so be .vi ewed as
or avi di g’ PrRETARbYPtsFaed in order fo d¥ RS kR lons: ofYEdTbesR , iGe X APmeStIF 1T
Briefly described, the nethod can be broadgﬁ . conceptual i zed by the
fol | owi ng ds &ymed; thesperificialanaterialis preferablysfissipatedsthroughythe permeable
sacrificial material on the pad; patterning the sacrificial material to
expose 63 pahiterial infordek@0 fornt & eavitys Thef cavity thpe Gitted biith theliquidarystdl. t he
sacrificial material and the exposed portion of the base;
di ssipating the Jof d oG | 4d eri al
FREBICh o ueptiph i pp bOVRMIR o g BRI ol Bi

in order to form avity, e cavity crystal; formng
a transparent

. ... conductor: d creating vol e di.f ference begween
the trans p%ﬁ?fa%‘m’ﬁgtagfq“é ta?g““pﬁ? h g“i‘:’ bt élgiﬁqq\?é’%gﬁﬁleﬂlf’fﬁﬁ%ebéﬂa&y
electric field across the liquid crystal._ 105 ] The present
i nvent i on (rencepivalized baieafpllowing steps: oformingehcandacting padeam 2base; forming
hereafter, as nmere exanples. - An advant age- of the present
i nvention isactifi¢itl inbgriaborethead) patiespihgyire saerifitial material torexpos¥ £psrtioAbed on
a wafer-scal e. Anot her advantage of the present i1nvention is
that | iUl g byse! Mmithe BlrieableHhatertdi bolifie Sdrfeldl Ridtoridl i BlABbGaH o0

Anot her advantagé o present 1nvention Is that Tiqui rystal displ ays
can be.efficient|y.mcrofgbricated W thout formng a titude of
openi ngs  t Pasioaf the Sase; Uiskipaling e acice) Hatenia tm@hithe Berbeable marerid

in order to form a cavity; filling the cavity with liquid crystal; forming a transparent

conductor; and creating a voltage difference between the transparent conductor and
the conductive pad to apply an electric field across the liquid crystal.
105 The present invention has many advantages, a few of which are delineated
hereafter, as mere examples.
~ An advantage of the present invention is that liquid crystal displays can be
‘microfabricated on a wafer-scale.
Another advantage of the present invention is that liquid crystal displays can
110  be efficiently microfabricated.
~ Another advantage of the pfesent invention is that liquid crystal displays can
| be efficiently microfabricated without forming a multitude of openings to allow

sacrificial material to dissipate.
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. PCT/ US98/ 06587 Anot her advantage of the pre | fion is
that cavi¥P&¥4Ft hin I quid crystal 115 displays can be ?g?}r%ﬁgﬁygﬁg filled
with liquid crystal with only one hole punctured into the liquid
crystal display. O her f.eatures and advant.ages. of, th
present invent i dtRQthenadyantagr.ofthe prespRt ipyention is t%ab‘f‘?g%é?ivf’ﬁgﬂiﬁqﬂlqﬂ@s t

upon exam nation of the follow ng detailed description, when _read in
conj undsi ordisplays can be fermndmad,filled vithliguid srystal with anly engikele praetuead intouch
120 features and advantages be included herein within the scope of the
present i nybéligeid.crystal displays i s defined by the clains.

BRI EF DESCRI PTI ON OF THE DRAW NGS. The invention can be better
understood with | 3\ MR LSRR s of
t he draw ngs ar eéﬁ%ffeﬁgggss%grﬁb?%%ssdgg‘%seﬁIrhveﬂﬁ %f]coyi@aﬁ ot E;e

tive to eac r,

enphasi s inste el aced upon clearly il ]l ustrat.i t he principles of
Lho S s e g ik G0 sgRBatiod o el Al eserbi, Bt e
correspondi ng parts __throughout the several views. Fig.
1A is a si dead/insgniyinctioniwithdhe aeopmpgnyiog deawinge Ipisdotendedrtiut alhsuclon in 130
accordance with the principles of the present invention. Fig.

1B i s mot ofeatur¢andl atventapey be inchidediherein Within théscope of the present invengion,2A 1S a
cross sectional view of the device shown in Fig~1 after a :

sacrifici a'as'ié‘d&fneﬁ%?tﬂ@@ﬂirﬁé?r ned.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention can be better understood with reference to the following
125  drawings. The elements of the drawiﬁgs are not necessarily to scale relative to each
other, emphasis instead being placed upon clearly illustrating the principles of the
.invention. Furthermore, like lrefere'nce numerals designate corresponding parts
throughout the several views.
Fig. 1A is a side vie\.;v of a device having conductive pads formed thereon in
130  accordance with the principles of the present invention.
Fig. 1B is a top view of the device shown in Fig. 1A.
Fig. 2A is a cross sectional view of the device shown in Fig. 1 after a
sacrificial layer has been formed.
Fig. 2B is a top view of the device shown in Fig. 2A.
135 Fig. 3A is a cross sectibnal view of the device shown in Fig. 2 after a

permeable layer has been formed on the sacrificial layer.



Fig. 2Bis a top view of the device shown in Fig. 2A. 135 Fig. 3A
4s a cro%w&tﬁ onal view of the device shown in Fig. 2 af penns9s/o6ss?
e 1’has b

per neabl ayer een formed on the sacrificial |ayer.
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PCT/ US98/ 06587 Fjg 3B isato vxewgfﬁle d3%ice Shéwh APFig. 8w. of the device shown in
Fig. 3A 8 IS a cross sectional view of the devi ce
shown in Fig. 3.aftgr. th acrif ved from

t he devi ce. (}'a 48 1sacro|s_q ﬁcnﬂlgi%e%of@xﬁ%v%%)é@éwgﬁ?&vi own in Fig.
4A. I g. I's a cross sectional view of ‘the device shown in
Fig. 4 aft eacrificial layerh@shq»mgam@mdéewbetdswcﬁas been fornmed on the

per neabl e | ayer. Fig. 5Bis a top view of the device shown in
Fig. 5ho Fig. 4B is dop vié of thealevice shown it FigadA. vi ew of the device

shown in Fig. 5 after another 145 perneabl e | ayer and an antireflective

coating have .b'eqi'lg.fﬂ iﬁ{jcross sectional view ofﬂﬁ'&wc@@hﬁﬁn% FRp4vdfieyqof the
devi ce shown in 7 is a top view of the device

h Flg. 1 aft ficial | been forned, wh
SO B0 B b g F‘%%?P?‘é‘%eémelﬁ%% Cquration than

the sacrificial |ayer depicted b%/h? . Fig. 8is atop
vi ew showi ng a dfigtiBisratopoiewrf I@W@Ml%gg @8picted in Figs. 2
and 7 that can be easily batch fabricated on a wafer scale.
DETAI LED DESCRI FFig @\ (Ja driobs scibhal vidW of the device shown iffFipe Salfley anbtherr i bed,
the present invention provides a system and nethod for
145  permeable layer and an antireflective coating have been formed.
Fig. 6B is a top view of the device shown in Fig. 6A.
Fig. 7 is a top view of the device shown in Fig. 1 after a sacrificial layer has
been formed, wherein the sacrificial layer of Fig. 7 is of a different configuration than
the sacrificial layer depicted by Fig. 2.
150 Fig. 8 is a top view showing a configuration of multiple devices depicted in

Figs. 2 and 7 that can be easily batch fabricated on a wafer scale.

DETATLED DESCRIPTION OF THE INVENTION
Generally described, the present invention provides a system and method for
155 efﬁciéntly forming fully integrated liquid crystal displays. Since the liquid crystal
displays are fully integrated, they can be easily and efficiently manufactured on a
wafer-scale at a tremendous reduction in manufacttlxring cost. As used herein, the term
“fully integrated” device is defined as a deyice formed through known
microfabrication techniques, such as layer deposition, w_ithout the attachment of

160  separate mechanical components.



155 effici ently formng fully integrated liquid crystal displays. Since
.the liquj rystal di splays are fully integrated, ghigussarids$E
easily aW&géf“%%&i ently manufactured on a vvafer-scaﬁ‘e at a
tremendous reduction in manufacturing cost. As used herein, the term

"fully integrated" devi.ce is, defined, as devi.ce .far L hrough known.

m crof abri cati oﬁ‘&' écﬁ?ﬂ‘&ﬁe’si‘qyﬁfcﬂryétgl &f?@ly fi?‘flﬁ‘?ql,iﬂvﬁpﬂ‘i'ﬂﬂ?g Sﬁ'ﬁ?sv\g}
attachment of 160 separate nechani cal conponents.

7 mamufgtuns aecording to the principles of the preferred embodiment of the present

PCT/ US98/ 06587 Fig. 1 depicts a liquid crystal display (LCD)

device 20 inventiod.i Filg. SAabews afside view of Amubstaes 21 Baving o diklegrit or insealator
principles of the preferred enbodi nent of the present i nventi on.

F119:1 LA SN 34 e bWl RTRAISH 8 sk Y| Mo Bl U frefbratly |

i nsul at or rmed on a top surface o e substtate

substrate 21 is. preferabl 16 nolithic, and the ingul gator  layer, 24
pr ef erdébl y“ﬁ’&?gthé% a&&ﬁ@%&?’@@’ﬁ%&%d”éﬂﬁmﬁ m?sa{)ase or fofrupg; adgitional
structures, as will be discussed in further detail hereinbel ow.

Conduct i velayarsor 2tuctures pasovidl bevdigeussadiin further detadldierainbalewt he i nsul at or

| ayer 24, according to Figs. 1A and 1B. The material of conductive

pads 27 is pref €oplhdtive pads 27 arépieftrably forrléd of GepdlsitedVoh ke iBhlabsteapdr t he
pads 27 to be easily changed. The 170 conductive pads 27 can be -

CruCt odwi oy a0 ACRLAROS Lo L
construct egy Vﬂc‘:&dﬂ%ﬂ%ﬁé\?&% 8P !Gﬁfe'xﬂéf}g%ﬁg?'%%ﬁﬁve pads 27_&%”;9%?5{%33?%;

art. Consist’ent w lonal ntiro rication pr | CEes,
for addressing the pads 27 is |ocated peneath igsulator layer 24 a
Connect o ¢ B dn ordet 5 1wt She SRRbsRAF dhopes ol 1, P epiichmnded. ¢ fihsugh

the insulator layer 24. In addition, vol tage contacts 29 are

pr ef endb| yconsiuetive @ads Xukcan dre renstmcted withl normat erigrofatyiration dechiiguesc onmon
vol tage so that each contact 29 has the sanme voltage potential.

Al t hough nihovwe ¢ Hscadiry. fCunsistank evithnéativestioral nichofibiiRatdr ptacdeds! cirbuitdyt NMay

be
for addressing the pads 27 is located beneath insulator layer 24 and connects to the
pads 24 through electrical vias that pass through the insulator layer 24. In addition,
voltage contacts 29 are preferably formed on insulator layer 24 and are connected to a
175  common voltage so that each contact 29 has the same voltage potential.
Although not necessary for implementation of the present invention, it may be
desirable to form a molecular alignment layer on the surface of conductive pads 27.
The molecular alignment layer may facilitate the preferentiél molecular alignment
needed for proper crystal ligh_t modulator operation. Inorganic alignment layers, such as
180  obliquely evaporated oxides, should be compatible with the device 20, which is
described in further detail hereinafter.
Once the conductive layers 27 are fofmc_ed, a sacrificial layer 31 is preferably

formed or deposited on top of the conductive layers 27 and exposed portions of the

insulator layer 24, as depicted by Figs. 2A and 2B. The sacrificial layer 31 is preferably

8



desirable to forma nol ecul ar alignnment |ayer on the surface of conductive
-pads 27.wo 9gs751 The ol ecul ar alignment layer may facilit RGI/U$AS/06587
preferential nol ecul ar alignment needed for proper crystal I|ight
nodul at or operation. I norganic alignnment |ayers, such as 180 obliquely
evapoy Edgxﬁt}&?{iﬁ% e%ﬁgﬂételyb@nﬁ%nﬁé ishdrEficndl tiydrB deviicus2dcativisC hinl the

ed in turther de

descri tail hereinafter. Once the conductive

| ayers 27 arg fornmed,. a riflel V.l ' o med or
dopos: t od Brteris eBpogpat st iskfbal [A8lis mbled b B8 m ciroular HoTEC

i nsul ator | ayer 24, as depicted_ by Figs. 2A apnd 2B, Th | figlal_.l

I31 :Js pr efisr %lm;qus areas that I%;;pose theymsﬁlgtsér layera 4, as dep-gctgd %%'Cﬁg. ! ﬁ%a For™Y &'

WD 98/ 45751
PCT/ US98/ Ofifestfative pAfposesp Big. @Briegicts) viandashedt referencertings, thércornshictive pasis7 | ayer
31 at various locations. In the preferred enbodi nent, the

sacrifici alplR%eL j0ddted %eﬁ&m)&ﬁ%a&m&ﬂ%yelrtsq, E@g?i@t'bd 6yiFag. 220! Bshould be i N

vari ous areas at expose the insulator™ | ayer as depicted by Fig. 1B.

t
For illustrati ur pese L. 2B ' ' r .ence
l i nes !%¢ he? i‘i?’?f’es L«%Smgge ar%ﬂla't:!ﬁ%v&?f: %ﬁggﬂg%r?éa é@bgﬁg‘g‘%ﬁ a{?ﬁ{gﬁ&g
sacrificial layer 31, as depicted by Fig, 2A It should be . 190 appar ent
to one ski bthevlorations without departing frona theprinpipies| of the present inygntiole | enpved at

vari ous ot her locations without departing fromthe principles of
the present i nvamier dstmation of the sacrificial Adyeer31f arpeameahle ddyet BE is prefefablyi al
| ayer 31, a perneable layer 35 is preferably formed on the device

20"t hr 0uGN ef i O HY Akl 0GR BB bricAonPAaEtifiques, & dibwnHh PR 34 amd

3B. For il ative purposes, Fig. 3B shows, via dashed reference |ines,

por moabl o By der 8Seyive iRt g o8 6%, Vi AR MMERL Tl iy P

35, the perneable layer 35 is configured to fill in the holes ..
bal t erlfed ermbinial faver 51 iaoAontasiicdd St mdedincpermeable 14y HS. edditiangto

enbodi nent, the permeabl e layer 35 is designed as an insulator.
covering the sacrificial layer 35, the permeable layer 35 is configured to fill in the holes

patterned in the sacrificial layer 31. Furthermore, in the preferred embodiment, the
permeable layer 35 is designed as an insulator.

The material of the permeable layer 35 is configured to allow the sacrificial layer

200 31 to pass through the permeable layer 35 when the sacrificial layer 31 is heated. The

permeable layer 35 is preferably compﬁsed of silicon dioxide which can be formed on

the device 20 by chemical vapor deposition or other suitable process. However, other

materials for the permeable layer 35 are also possible. For.example, many chemicals in

the polymide class of chemicals are suitable for allowing sacrificial méterial to dissolve

205 into and diffuse through it. Any material capable of allowing the material of the

sacrificial layer 31 to dissipate through it is sufficient for the purposes of the present

invention. Since, the sacrificial layer 31 is capable of dissipating through the permeable



The material of the perrreablé | ayer 35 is configured to allow the
.sacrific\;vﬁl +4 r 200 31 to pass through the perneabl e paypgosiiesshen the

sacrificral”™l'ayer 31 is heated. The perneabl e layer 35 1s
preferably conprised of silicon dioxide which can be fornmed on t he
devi ce 20 chem cal vapor deposition or other | t.abl e .process. However,
ot her f%yer ?ﬁta@r %’ﬁ’éﬂg? (ggestrﬁ)g%ﬁgcﬁ ﬁ%gﬁlcéea?e%,teralg)gv eesa(gp%(glagi%ygf B Ilet.o For

exanpl e, many chem cal s, in t he pol ym de class of chemicals are

sui tabl e fegressfomtheglevicePsicial material to dissolve 205 into and

di ffuse through i-t. Any material capable of allowing the material of the
sacri ticci al | ayhr thdlpreferred smbpdinent,the petmeablei layes (B5f is fukly defise; uhlike ther poses
of the present _ i nvention. Since, the sacrificial layer 31 is

gapabl e Ofp&v\gﬁss 8‘1:9&%&/ 45ri7d£ %e%&i&ﬂgﬁbréiﬁﬁefefer FPal Background section. Therefore, the

PCT/ US98/ 0658 7. | ayer, 35,<an eni ng..does, not ..need, tq be. created to
1 ow t he Dahek ofehs permighE layf 3 F'a I Pofiiry SR A 1Ry BOlee ot B0

In the preferred enbodi nent, the perneable |layer 35 is fully dense, unlike

t he by frmed inrtheampigrialdefsthe ipsmacable layerdf ioradertotineremgcthe laygrg 35
section. Therefore, the material of the perneable layer 35 is a
| ow- por osi porosityt fodl allawiglg ishcrificind nesterihdtoeressave to be fornmed in the

material of the perneable layer 35 in order to ihcrease the layer's 35

poroshigy for al Fﬁl‘gljééﬁlo?é‘ciﬁhfoh | Hot "&?etc%sin? f&os@fﬁ‘?ﬁﬁ' impdmentation of }het he

Furthernore, alt not neceéssary for s$succes I npl"fenmentation o

present invention, fhe perneab | ayer. 35 .be .t.hi nned. b | i shing,

Bt ohi ng or PISRGR: tiventiots g BRREEAPE Ja7et 350 Py futied et sbing elohingedt 4935
thi ckness and/or to inprove the |layer's .. 35 planarity. In this
regard, r eefhet suitabletechnique o tadues thedayerisad Sithickmess ard/ortouimprove theylayer’s

35 increases the electric field applied across the liquid crystal, which
w | | be di33pkasdtyi Mn this regard, reduction in the thickness of the permeable insulator layer

35 increases the electric field applied across the liquid crystal, which will be disgussed in
220  further detail hereinafter. In. addition, improved planafity of the permeable insulator
layer 35 can improve the optical performance of the device 20.

It may be desirable to form alignment layers during the manufacturing process in
order to properly align the layers of the structure 20. In this regard, alignment layers can
be formed through deposition and rubbir_ig'of polymers or by evaporation of oxide layers

225 onto an obliquely oriented éurface. For example, a polymer alignment layer can be
formed by spin-depositing polymer onto the conductive pads 27 and buffing the
deposited polymer prior to the formation §f the sacrificial layer 31. Alternatively, the
polymer alighment layer can be formed on the sacrificial layer 31 once the sacrificial
layer 31 has been formed on the (l:onductive contacts .27. An oxide, or other suitable,

230  alignment layer can be similarly formed on the conductive pads 27 or the sacrificial

layer 31.  Furthermore, deposition of a separate alignment layer can be avoided by
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220 further detail hereinafter. In addition, inproved planarity of the

-per meabl ¢ud §Fag7ad or | ayer 35 can inprove the opti calpcaaudosnessice of
t he devi ce 20. It may be desirable to formalignnment |ayers
during the manufacturing process in order to properly align the
| ayers of isd Tof r | efosmatidh o be
f or med thrté'ﬁ‘gqn %epggl ti o% %f tﬁgfasr g"ﬂial" by evaporati on o?
oxi de layers lavel o an obllquely oriented surface For exanple, a
pol yner al i ﬁ?ﬂéﬁa Ve 3 can be formed by spi n deposi ting pol ymer
onto the conductive tgads 27 and buffing the gom ted polyner prior
to the formati orOnse thesacsificial fayer 31 andjher pegmeabie ﬂzyieha javecfopmed he device

pol ymer alignment |ayer can be forned on the sacrificial |layer 31 once the
sacri fi3gi al20 is heated touu sufftiend 3mpeestare tor soberd the Sierificialllagesd b flopnhaolid 27.
An oxide, or other suitable, 230 ~ alignnent |ayer can be simlarly forned

an the. cOndg i3'§ gaads SA0! Th GaBAL bbleChihe sacrifical BBl - coFHERRATI™" ©

deposi tion ate align yer. can be avoi

10 WO 98/.45

POT/ Usos 0@SEReats hiough the BETRRgbls layss 35 asthe,sacrificial mpterial isrhepted. Singethe i 4
| ayer 31 after formation of the sacrificial |ayer 31.

Once the saermeabs layer|33yis preferably of e hew perasitwithe mateyisl ofybe saasificial hyer 31 he
device 235 20 is heated to a sufficient tenperature to convert the
sacri fi ci aldidselves intd ahd diffisesthiroukh the permeabhd layér® Saurgil tho sarificial énaterind
gaseous state of the sacrificial material is configured to per neat e

t hr ougfyyt hees g{ﬂtﬁe bENREDIE 2ayeP 35 Hfd’?’gﬁ‘fé {Hecde@ice%t erial is heated. Since

t he e layer 35 iI's prete y of l'ow porosity, the materi al
of the sacr|f|_0| a ssal.ves nto uses augh the
per nmeabl e | ayer ﬁ#wiﬂoﬁ]é ?ﬁ@?‘f‘ﬁ@ﬁqwﬁﬁvﬁ 5?"1%?9{(? °1L°é"éﬁfﬁa§ fHoM t he

perneabl e | ayer 35 and,  hence, the devi ce 20. The renoval of

the sacri f iths deviea:y@ras3iepictad b Fig. davintthisgespech she povmenbly lzyer 35 antsas a

canopy suspended over the conductive pads 27 and supported by the portion 39 of the -
_permeable layer 35 which previously filled in the holes of the sacrificial layer 31.

245  Therefore, the portion 39 of the permeable layer 35 which filled in the holes of the
sacrificial material 31 now acts as pillars 39 that support the permeable layer 35. Asa
result, the area 37 vacated by the sacrificial layer 35 should define a cavity 3’? within
device 20, and formation of this cavity 37 does not require the layer 35 to be punctured
in order to allow the sacrificial layer 31 to egress from the device 20.

250 Although it is preferable to remove the sacrificial layer 31 through vaporization
as described hereinabove, other techniques for removing the sacrificial layer are also
possible. For example, layer 35 may be comprised of porous material rather than dense
permeable material. Therefore, it is possible to remove all or some of the sacrificial
layer 31 through the pores of the porous material, as described in U.S. Patent No.

255 5,461,003 filed on May 27, 1994 by Havemann ef al., which is incorporated herein by
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the’device 20, as depicted by Fig. 4. In this respect, the perneable |ayer
-35 acts canopy suspended over the conductive p ﬁ@ﬁh
supporte %wPﬁg portion 39 of the per neabl e | ayer g§§ﬁﬁ%% '
previously filled in the holes of the sacrificial layer 31. 245

Ther ef or e, of.t.l o) Derneab | ayet .35 ,ch filled in the
hol es of tﬁeté%}gn& ds lkgé;cor%?m épfaﬁe%??gﬁ%lgﬁal‘&@fuﬁ%%%?ﬂt HeF Iy Fat
support the pe ble |ayer 35.. As a .result, the area 37 vacated by
the sacri fﬁﬁ“&{’{éﬁgﬁﬂﬂﬁs’%m fre rsmoxipg: the Facrifiqipli layer 31 showldvbece 20,
and formation of this cavity 37 does not require the layer 35 to be
punct ur ed sufficient.in order to allow the sacrificial layer 31 to egress from
t he device 20. 250 Al though it is preferable to renove the
sacrificial |ayafedthelshéroficadl 14P 91 igRioved, a transpardst déﬁa&&?lbﬁdisfﬁéﬁfaﬂabovﬁ

ot her techniques for renoving the sacrificial layer are also

possi . : rised.o .ous Jmat erjal..rat her
Phan athsetottued 67 Wodued B the Beulle yctol3T ol BEleRa b9 gt SABEST Therouc
all or sonme of the sacrificjal | ayer 31 through the pores of the
porous mat ERfspArent; co i He 3ynbe ) comprigede af app  suitals materials sufficient fored on
May 27, 1994 by Havemann et al., which is incorporated herein by

WD 98/ 4575donducting electricity and allowing light to pass. For example, the transparent

PCT/ US98/ 06587 reference as if set out 4n full hereinbel ow

Al t hough dedrducients2t sairbeloasprisid HF a @hbuctive oxide, Jith! AL finkdi oh AxRR! S
any technique for renoving the sacrificial |ayer 31 shoul d be

suf ficientg, Al er . f1.ci er 31 iLs.renoved, a

t ranspar ent s & grcoﬂauﬁtlgé gi e tleﬂéa Iﬂiiﬁ%%ﬁéh 4°gdre B?Ieﬁtep%‘&}{e’é'ﬂm&n he
perneabl e | ayer 35, as depjcte Fi gs, 5A and 5B. The, t ransparent
condu 3? r Q?Ysﬁwmb‘émgﬂﬁﬂ? EB% é‘EP“g‘F %F@“Pg%ﬁ to-he Sontasts 29 whichiare g & gemmen
conducting electricity and allowing |ight to pass. For exanple, the

t r anspar envoltage. conductor 42 may be conprised of a conductive oxide,
such as indiumtin oxide (Inferr]Sn[err]O, or a conductive film

that is thin engughall opedéng isareferbbnitchdd ér higictiRé®inté B permeable layer 35

and into thg transparent conductor 42 in order to allow liquid crystal to be inserted into
the cavity 37. The permeable layer 35 can be punctured by lithography or dry etching,

270  for example. After puncturing the pennéable layer 35, the cavity 37 is preferably filled
with liquid crystal by capillary filling. In this regard, the device 20 is preferably heated
to a temperature above the isotropic phase transition temperature of the liquid crystal.
The device 20 is then placed in a vacuum chamber, which is evacuated. By introducing
the crystal material to the opening of the cavity under these conditions, the liquid crystal

275 should fill the cavity 37 completely. The temperature of the device may then be
lowered, and the vacuum chamber may be pfessurized. Preferably, the temperature is
lowered along a carefully controlled trajectory in order to induce favorable molecular
alignment of the liquid crystal. The opening may be sealed, if desiréd.

It should be apparent to one skilled in the art that the insertion of liquid crystal

12



265 transparent conductor 42 should be coupled to the contacts 29, which
are at awweeeRéys: vol t age. A snmal |  opemaQuss/06587
preferably etched or punctured into the perneable |ayer 35 and into
the transparent conductor 42 in order to allowliquid crystal to be

insert [ dd'&® st tured
At ;&ﬁbegfffa?; o é’%f“lﬁ‘s%%‘%%ﬁ’ RiGESFTRE pertheablt iy %éﬁ??ﬁ?“nﬁ%é

perneable I r. V|t 37 abl il uid
Cryotal by DiptorRthe FrrpishY oblpirbe £ dpThd Ramd pliibe pemmeabiclpiii da ) |
heat ed to a tem perature above the |sotrop| c. phase tran5|t|on

t enper at ur cpugeturede to jadmitythey liguid| crystal.  Howeyer, giay either embogimenty onlnong in a
vacuum chanber, which is evacuated. By introducing the crystal

mat eri al t qunbire helel isgsufficiehie faravorhpletelyd rserting sthe diruiid torysral, birh endltiplei d
crystal 275 should fill the cavity 37 conpletely. The tenperature of the
devi ce may (P\B@ﬁr@ﬁoles may be fHfRA etlordesid ex}:&ﬁte‘»tﬁ&ﬂx‘é@és%'&? gtﬁ@&\ﬁﬁes 37.

pressuri ze Preferably, the terrperature |s | ower ed al ong a
carefull.y contro ector | p_of lnd favo ble ul.ar
alignn%t of the‘qtﬁta“fﬁdg A& %{"@g Qf grgg g\"iﬂéed
It should be apparent to one skilled . in the art that the |nsert|on of
liquid cry grgq:essmg steps can be performed on the device 20 in order to improve the pgrformance
WD 98/ 45751

PCT/ US98/ O6if8le devd&020.cBor dxampds, fas degidted blg Figpu 6At arid06B, lanother imstilator lagert he
perneabl e | ayer 35 and prior to the formati on of the transparent

conduct or 4 cdnbd Rdrined QAPHHE, tradSpatert t@nBSOEED e ol RY %6 ﬁﬁieétsthe trans arent
punctured to admt the liquid crystal However, in eit er errbodl only

Y T e IR
e G b e i B

processing steps can be performed on the device 20 in order to inprove the
per f or manc eoptical performance of the device 20.

In order to provide mechanical support to the device 20 during dissipation of the
sacrificial layer 31, a supporting layer can be formed on the permeable layer 35 prior to
dissipation of the sacrificial layer 31. The supporting layer and the permeable layer 35

295 may define a single composite layer, and the supporting layer may or may not have
undesirable properties that would adversely affect the performance of the device 20.
Once the dissipation of the sacrificial layer 31 is complete, the supporting layer can be

removed through etching or other suitable techniques known in the art. Then, the

13



of 't he device 20. For exanple, as depicted by Figs. 6A and 6B, another

i nsul at or. 52 can be forned on the transparent P&P/GH@ Lgf 2 I n
or der tov;glr)%?@%tﬂthe t ranspar ent conductor 42 and to provi dde%

mechani cal robustness or abrasion resistance. Additionally, 290 an

antireflective coating 55 C be forped on the insul ator. |layer 52 in qQrder
to i nprove mgpmn%oﬁ?’%&'ﬁﬁ%rp@fw ﬁcéer%‘F&)tWé tg%v?"d’éleﬂ ¢ ?ayez as (lﬁscuss.eg I'n
order to provide nmechanical support to the device 20 during dissipation of
the 300 herinaboyei al | ayer 31, a supporting layer can be formed on the
perneabl e layer 35 prior to di ssi pation of the sacrificial |ayer 31.
The supporting |laghkouldibe roteel ther othebtenfignyions of fdfing theYackificial ayer Sk ngl e
conposite | ayer, and the supporting |ayer may or nmay not have

undesi r abl Qna;meé,tgqu@&e\ﬁeﬂh&b@ré%? até%géésﬂﬁé. Hﬁs??é%r&rtﬂgﬂgt%rﬁbgt he

devi ce 20. ce the dissipation sacri ayer S

conplete, t - [ | gyey. . can b renoved thr h et chi or

ot her s ¢ At HRRRlal et 3 CleicHines ihe sppfiurieh of pmeable layer 35, Shos

13 WO 98/ 45751 . . . )

PCT/ US98/ 0@Swd holes are pattemgd ina thensaceifigiali tayer 34 in therprafered embodiment,the
perneabl e | ayer, as discussed 300 her ei nabove. o It should
be not3ed t Hillingofithe hodesf duyingethe dormatibn fofthe pemicable daysrisi formb pilie B9 JF

and, hence, of ‘formng the perneable layer 35 are possible. In this regard,

the patter pefifleable materiaP wHidle s&sokt {Heg{;:ﬂtneehﬁ)éelﬁyé%ﬁ%e&éﬂiﬁgé by fig. 4A.

configuration of perneable |ayer 35.
However, one skilled in the art should realize that different patterning of sacrificial layer

31 may occur without departing from the principles of the present invention. For
example, Fig. 7 shows a top view of device 20 after patterning of a sacrificial layer 31
310  and before a formation of permeable layer 35. As can b; seen by reference to Fig. 7, the
permeable layer 35, when formed on sacrificial layer 31, should form a plurality of walls
capable of supporting the permeable layer 35 once the sacrificial layer 31 is removed. It
should be apparent to one skilled m the art upon reading the present disclosure that
many other variations are also possible without departing from the principles of the

315  present invention.
Since the present invention enables microfabrication of a fully integrated device
20 on a monolithic substrate 21, the device 20 can be easily batch fabricated on a wafer-
scale. Fig. 8 shows multiple devices 20a, 20b, 20c, 20d and 20e that can be disposed or;
a wafer though microfabrication techniques, as described hereinbefore. For simplicity,
320 Fig. 8 depicts a top view of the devices 20 subsequent to formation of the sacrificial
layer 31 but prior to the formation of the permeable layer 35. For illuétrative purposes,

devices 20a, 20b and 20c are manufactured according to the preferred embodiment of
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round holes are patterned into the sacrificial layer 31 in the preferred
‘enmbodi nerRje od/ksrs1 305 filling of the holes during the forn®EGTUSB0658Tc

perneabl e layer 35 forns pillars 39 of per neabl e material which
support the perneable |ayer 35, as depicted by Fig. 4A However,
one skill eq‘hé ebdife uwehu&h%hdiemaé A& 2088hd d0f &8 HRiHufRAEE 5&&anngfto Fig.
sacrificial yer may occur Wit hout departing fromth

princi pl es f [

top view of70 gi? ﬁ?ﬁﬁgﬁ%rg E*E&é]r?&npﬁg%%m% élrls?tﬁm a'1k'l attgmﬁqﬁ‘%l@@ and
before a formati nof perrre | e | ayer 35, can y reference to
Fi g. 7325t h@ermeable lgyer ﬁ@ssamﬁé f’GV?FeB? a@% fevics| cama\per 31,

should forma pl uraI ity of vvaI S capabl e of supporting the perneable
| ayer 35 orsimultdneousiicreniaved.aFuttigramore; liquid crystad canibe inserted into eachaevide 26
apparent to one skilled in the art upon reading the present disclosure that

many ot her gk B's phftnie DT tROP&rzhile Wyeh 35! THEPRIHciE, fof @RAMPR, may
principles of 5 present invention. Si nce the present
i nvention r. Qf apr f. e

on a nonol ?"t%ﬁ&a?gd thbgzbzqﬁ&{ %1%5& Vi ceinfkfi }é’élkty‘{)%gé‘géeﬁdzdiﬁﬁ %hen fﬁf)‘??%at ed
on a wafer- cal e, Fig. 8 shows | tiple devices 20a 20b, 20c¢, 20d

and 20e t hahe dayicese2Qirep e sawn apart using 3 diging: paw 138 FORIARLY Smpleyedain; e
techni ques, as described hereinbefore. For sinpl4city, 320 Fig. 8
depi ct330a tingustrycw thé devihees 20\can be s@ratedintrindividuabdévicas0i acoording thether
sacrificial | ayer 31 but prior to the formation of the perneable

layer 35. Rgtchi fabﬁ@e&iroﬁttéaﬁicﬁus @SRH in the art, AEdHrdiAgly2 B nﬁﬂﬂfaamng%s@r e

manuf act ured according to t preferred enbodi nent of

14 %m?e%{\ﬁﬁlz é&cthhdewce 20 can be sz ﬁ[ redu &d

PCT/ US98/ 065 FésSht devi ces 20d, 20e and 20f -
are manufacture to 0 V|e ng Fji.g. 8, .it should
be apparent to gﬁgh‘&%ﬁ% @gp?fﬁmtﬁ?em%?r%hl!ﬂa’l“ tbﬁég eac Jdayer Aﬁﬁ-‘ﬁ@étﬁeﬁemayer
35 is formed, the sacrificial layer 31 for each device can be

may be comprised of multiple sub-layers of the same or other types of material as may

335  be desired. Furthermore, the substrate 21 may be used as the base layer for supporting

the other layers of the present invention.

Alternative Embodiments
It should be noted that it is not necessary for the transparent conductor 42 to be
340  formed on a permeable insulator 35. For example, the transparent conductor 42 caﬁ be
formed diréctly on the sacrificial layer 31 with the permeable insulator 35 later formed
on the transparent conductor 42.
Alternatively, the transparent conductor 42 can be foﬁned between two
permeable insulator layers 35 prior to dissipation of the sacrificial layer 31. In this
345 regard, a first permeable insulator 35 is formed on the sacrificial material, and the

transparent conductor 42 is then formed on the first permeable insulator 35. Then, a
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si mul t aneously renoved. Furthernore, liquid crystal can be inserted into
-each dev| t hrough a single puncture of the per Salogssdr 35
Thi s pung\&g?é&ﬂ?lor exanpl e, may be | ocated at point 62. %nce a waf er
containing nultiple devices 20 has been forned, t he devices 20 can

be sawn apart usin L Cl .Sgw as ¢ nly enpl oved iR.th 330 .. .
nduot ry.+ greopi BefikaPiedaes 39 16 bipad of ST BhateSH coiittet on AR the SBsink
according to ofher . .batch fabricatjon techniques knogwn in _the art.
Accor di ngl ynateriad 3kgis then dissipated thequgh each of the dhreelagers\i This configwatione 20
can be significantly reduced. It should be apparent to one
ski | | ed i nehdblesahe¢ fitshpermeable ihayator 35, whichsie fornmedanrthe sacrificiabiayeb?l,tobpri sed
of multiple sub-layers of the sane or other types of material as may 335
be desjsped pofishiel R While rhétBadiehISithkili6 RLpRBvEE bySRE AditidiCoP ARCsdcaNEr f O
supporting the other layers of "the present”™invention.

Al ternative Enbodi.nent It _shaould be.,oted that it is not
necessary PS?"?ﬁ% ’?srugﬁérp%lsr@ﬁfw% 8“8&0%"%@?8“%%““34 formed on a

perneabl e i nsul ator 35. For exanple, the transparent conductor 42 can, be
formed direct!ylygnether smbpdiment, the jsagrfjcial jlaygri 31 can bscsomplgiely dissipated o1 35
| ater forned on the transparent conductor 42.

Al t er nat i vdiom thehdevice 20ssubsegentdo rihiel formatidi? of the tansparentecbnidector 42 onvibe
perneabl e insul ator layers 35 prior to dissipati-on of the sacrificial |ayer
31. In thi ?em&’é’aﬁlsiﬁﬁ%@ia first perneable insulator 35 is fornmed on the
sacrificial material, and the transparent conductor 42 is then

];Lgr mec&sgn t h\E;\Df '&rélfc%ﬁg 5&%‘8&? lﬁﬁls 3'1 ?stc%sigaﬁed Egﬁlntheadevice 20 subsequent to the

PCT/ US98/ 06587 , second perneable layer 35 is forped qn the

t r anspar enforEstign of Bie tagspatent @H@‘%‘?Ic‘*zi injeaphy pf these atternative embodiments, the

transparent conductor 42 should also be designed as a permeable material in order to

allow the sacrificial layer 31 to egress from the device 20. It is possible to design
trans;parent conductor 42 to be thin enough to maintain adequate conductivity and still
360  allow the sacrificial layer 31 to dissipate. Indium tin oxide is an example of a material
having properties suitable for this type of conductor 42. Furthermore, the permeability
of the transparent conductor 42 can be enhanced by adjusting the formation rate of the
conductor’s 42 material. The permeability of the conductor 42 can also be enhanced by
systematically creating pores (at the nanometer scale) in the material, such that (a) the
365 conductor 42 remains contiguous and retains adequate conductivity, (b) the pores are
sufficiently small that the uniformity of the electric field across the liquid crystal is
negligibly degraded, and (c) the pores are sufficiently dense that the sacrificial layer 31
can adequately pass through the transparent conductor 42. Such material can be formed
by bombardment of airborne abrasive powders, by rubbing; by polishing, by

370  nanolithography or any other suitable technique.
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material 31 is then dissipated through each of the three layers. This
.confi gu%%ﬁ enabl es the first perneabl e i nsul at orp3GUS9806837 | S
formed on e sacr|f|C|aI | ayer 31, to be 350 polished thin while
mechani cal stability is preserved by the addition of the second

perneabl e insul ator 35 formed on the transparent conductor 42.

“In anot her enbodi nent, the sacrificial |ayer 31 can be conpletely

di ssipated ... fram the device 20 subsequent to the formation of the
transpar MMZ on the per neabl e i nsul at or 35 355

Since the sacrificial layer 31 is di SSI pat eg fromt é!g .Ssubsequent
to the Thersaexifieinl layert3eshouldba eamaprise Gﬁélﬁ‘&tﬂ? 21’4 sigftifghese
alternative enbodi nents, the t ransparent conduct or 42 shoul d al so be
desi gned mughﬂerpmabdlﬂe layere35 il response thean ingrease in tempérhtowe.t Incthisearegari ci al

| ayer 31 to egress fromthe device 20. It is possible to design

transpar gpd yﬁr@fégx‘éﬁ: eicrﬂ'?elél Orfageridli forebavpiig ! Gutmitie) tabbve-ddasitibalie method
stil

conductivit 360 allowthe sacrificial layer 31 to dissipate.

Indiumtin e.is an anp, e

sui tabl e ga'%t,% ¥ %"'ﬁ?&e %‘”@othﬁ L?gflbgo%?% ‘{‘lésr%t fsom mg{l%&%‘é’? %@P%E{abﬁﬁ
of the transparent conductor 42 can be enha ced y.adj ustin S mati on
rate of tikea bicyclic lefimuvithra 5104@%"6?3’?%? g’é%&lﬂsF er eB‘F t he?y
conductor 42 can al so be enhanced by systematically creating pores

(at the nmbsmess-type pobjmdrris hteannpolgeyclic addition horeopolyaers lapd copalymesnduct or
42 remai ns conti guous and retains adequate conductivity, (b) the pores are

sufficie SR fepbitly GiliB eRIESEH Ghdet Rirmulle Klilegid T bélowd. dCapsl9aers he
l'iquid c?{?ﬁi’a i@ P negligi bly degraded, and (c) the por egdsare

T S R A A v e S Y

bonmbar dnent of _ai rbgrne abra5| er.s bbi n ol shi by 370
nanol i t hGQmsHnEANdieR consistipg Qf%togrgmgetl I:‘rm\ydq@ﬁ or cox%bma¥1ogs thereof. The
16-

P’

polymer comprises silyl substituted repeating units represented by the structure set

forth under Formula I below.

385 I

m

Rlpaz g3 R*

wherein R' and R* independently represent hydrogen; linear or branched (C; to Cyo)
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. PCT/ US98 Sacrificial Material - ' PCT/D8/06587
sacrific?‘gf&?‘é‘{/selr 31 should be conprised of a material capable o )

di ssi pating t hrough the perneable layer 35 in response to an

| ncr ease iangn,emg{ Qepenfett fepfReRY Wydrogehdlinddt or BEScREd yficial
material fo carrﬁzﬁofﬁéntﬁe@aﬁgve-de@crr?%ed nrlne.t h(gd ¢ Péb?’z%’? ably is
selected frromthe cyclic olefin class of conpounds and nore preferably

is a ﬁcyélfy?oﬁﬁjgf %uRMth a nor bomene-type pol ymer being nmost preferred. By
nor bor nene-type pol yner is neant gpol ycyclic addition honopol yners and

copol yners conpri si'ng repFati ng units set forth under Fornulae I, I
and 11l below. Copolyners 380 ~C#ff,giﬂl i,,ﬁ,practﬂlci ng the invention can

i nclude repeating units selecte omt he group conpri sing and/ or
consisting of Formulae I, Il and IIl, or conbinations thereof. The

pol ymer CqPhmidesshdshty/ds hyiiopkh HERG, LREEALIRIS, RN ivd REDIRRBEARALYY the
structure set forth under Fornul &1 bel ow. 385

), o P R D T b Y SRARABH i 35 5560
17 395 linear or branched (C, to Cyo) alkyl c_arbonylo#y (e.g., acetoxy), and substituted or
unsubstituted (Cg to Cyo ) aryloxy; m is a number from Outo 4; and n is 2 number from
0to 5. In Formula I at least one of substituents R? and R® must be selected from the
silyl group represented by the formula set forth under Ia.
Preferably, at least one of R'%, R", or R'? is selected from a linear or branched
400  (C, to Cyo) alkoxy group and R® is hydrogen. More preferably, each of R'%, R!!, and
R" are the same and are selected from methoxy, ethoxy, propoxy, butoxy, and
pentoxy.\ Most preferably, n is 0 and R'%, R!!, and R'? are each ethoxy groups, e. g R?
and/or R? is most preferably a triethoxysilyl substituent. When n is 0, it is evident that
the silyl functionality is connected directly to the polycyclic ring through a silicon-
405  carbon bond wherein the carbon atom of said silicon-carbon bond is supplied by a

carbon atom on the polycyclic ring (i.e., a ring carbon atom).

In Formula I above, m is preferably 0 or 1 as represented by structures Ib and

Ic, respectively, below: 1b _ Ic
410 ‘ l ;
. : . Rt Rz R3 R '

wherein R to R? are as previously defined and at least one of R? and R? must be a
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WD 98/ 45751 -

PCT/ USO 8{y/efdsRi&751 alkyl; R err] and R err] independentRGI/US98/0688Int
hydrogen, linear or branched (Cferr] to (Jerr]) 390 alkyl or the group:
[err] R9 independently is hydrogen, nethyl, or ethyl; Rerr],

Rl err], anilyRubstifuentrdpresentediby Ja. Repeating apitewbere 1hiisBake. qrepeatingaimits
(dJerr] to err]) alkyl, linear or branched (CJerr] to (Jerr]) alkoxy,

395 || nearofQiulihRIehad o c@él[}lpﬁe&n‘aﬁe”]) al kyl carbonyl oxy (e.g.,
acet oxy), substit ut ed or . unsubstituted (CJerr] to (Jerr]

I 5.
' Fottu 2‘ £ ot Saepleg L BE R IR uenfﬁh 13?3*?% %ﬂ%ﬁ"ﬂ'{*‘e‘?‘?}w%a%‘ﬁ aﬁm‘*"
3ﬁ'd§ft Fg fa[u;)mms ’thwhxch they arp,aggsg}eg[gg u pr r gggt[}; 12: %@{p? (jr’tr&l #ﬂa% par oxf1 8: th

Rlerr] is selected froma Ilnear or branched 400 ((err] to C[err})
al koxy gr atgmanWheh&'rdndiR? dre thkegdogetivirite fonme a satutated cyslisigrenp, Bieeyclic

Rlerr], and Rlerr] are the sane and are sel ected from net hoxy,
et hoxy, Preedpié substitater bydRFand R? at leds€ 6h©8Fwhidhshugibelaasilgbiioupn is 0 and
Rierr], R[e , and Rlerr] are each ethoxy groups, e.g., err]

TR oot et . CEALARY Yy shor Ehoig e Hemith oY o Eponslf 0 1, 2, O

the polycyclic ring through a S|I|con- 405 catbon bond wherein the

car bof®0at IS %ai d silicon-car bon bond is supplied by a car bon
atomon the polycyclic ring (i. carbon atom. I n
Forrmula | above, mis preferably 0 s represented by structures |Ib and
lc, respectively, bel ow [err]
m
B
R2 R3

425  wherein B is a methylene (i.e., -CH-) group and q is a number from 2 to 6. It should
be apparent that when the methylene group represented by B contains an R?orR?
substituent, one of the hydrogen atoms of the ~-CH»- group is replaced by the RZorR®

substituent. Representative repeating unit structures are set forth below:

430
m m m
R2 R3 R? R3
R2 R3

wherein R?, R®. and m are as previouély defined.
435 Ilustrative examples of monomers of Formula [ include S-triethoxysilyl-

norbornene, S-trimethylsilyl norbornene, S-trimethoxysilyl norbornene,
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wher ei n Rlerr] to Rlerr] are as previously defined and at | east one of

. Rlerr] ] nmust be a 8/06587
18 W6 9%975{3/ 45751 PCTIUSIR0655
PCT/ US98/ 06587 silyl substituent represented by la. Repeating units
where m igs | 1 [ ' L teS 3¢ b, are especially
preferr eg 'mgmghﬁe&mx}?sﬁ?f%&rgg?f#ﬁ{e,aSZdﬂ@ﬂx&&?}@&[ﬂ?? erglrl%' and R err] can
taken together with the two ri car bon , . atonms {0 which they are
attached to rdppaetherembodientailhe presentanyantion, te sacy l\é“aémsh
atons. Wien Rlerr] and R err] are taken together to forma saturated cyclic
group, t lcemprisdsihydrocarbyl substitutédpalytpclictrepeating ynith eelejted fimnRimits | at | east

one of which nust be a silyl group represented by la. Generically

suc hyponedhesentedy RRmakembedvhy the following 420 structure: [err]
425 wherein Bis a nethylene (i.e., -CHerr]-) group and q is a nunber from
2 to 6. It should be apparent-that when the nethyl ene group

represented by B contains an R ¢ or Rerr] substituent, one of
t he hydrogen atons of the -CH2-Xuroyp is replaced by the Rerr] or Rerr]
substituent. Representative uu“o ufft structures are set forth bel ow

[err] 430 N7

Rips & i

")

445 wheréin R®, R®, R, and R® independently represent hydrogen, linear and branched .
(Cy to Cyo) alkyl, hydrocarbyl substituted and unsubstituted (Cs to Cy2) cycloalkyl,
hydrocarbyl substituted and unsubstituted (Cs to Cso) aryl, hydrocarbyl subsﬁtuted and
unsubstituted (C to Cys) aralkyl, (C3 to Ca) alkynyl, linear and branched (C; to Cyo)
alkenyl, or vinyl; any of R* and RS or R” and R can be taken together to form a

450  (C; to Cy) alkylidenyl group, R® and R® when taken with the two ring carbon atoms to
which they are attached can represent saturated and unsaturated cyclic groups
containing 4 to 12 carbon atoms or an aromatic ring containing 6 to 17 carbon atoms;
and pis 0, 1, 2, 3. or 4. The hydrocarbyl substituents on the foregoing substituents are
composed solely of carbon and hydrogen atoms,. such as, for example, branched and

455  unbranched (C; to C;o) alkyl, branched énd unbranched (C; to Cyp) alkenyl, and (Csto

Czo) aryL

20



wherein R err], Rerr] and mare as previously defined. 435
-IIIustrq&b$ gégnples of nononers of Fornula | include 5-tpcenisosyssstyl -
nor bor nene, g trimethylsilyl norbornene, 5-trinethoxysilyl norbornene,
19 WD 98/ 45751

PCT/ US98/ 0658 Tlilustrative éxaffipldsydfhiytdrdcarbyy sabsgitutad miomoneneinctuddi met hyl met hoxy
nor bor nene. I n anot her enbodi nent of the present invention,

the sacrif hGitgindne! ¥ Mk c?,l- -norbofrfeHie, rﬂ—ﬁé‘%'lmﬂéx‘%ﬁ{eﬁb!' 5-%%&8&&311'123(1 polycyclic

repeating units sel ecte rom uni repr esent ed y Forrmula Il bel ow

err [ err] independentl
Eepr!asent %9%’?85%% ayzr?a‘l"HPgﬁ'? %k’bl%ﬁ&do(@g %Q[to ]C[err]l)o al kyl , Y
hydr ocar byl substitut ed and unsubstituted (Cer to CJerr]) c loal kyl ,
hydr #®ar birethylBorbamens, Ardecyink g BWWeé’Pi’Q‘!ér}PO’Eb@"@’@r P0A

hydr ocar byl substituted and unsubstituted (Cerr] to C[err])

aral kyl , ddrberene S-ethplidend-2-mokbornstie, vinylreabommank, klicyebdpedtadignerr] to Clerr])
al kenyl, or vinyl; any of Rerr] and Rerr] or R err] and R err] can be

taken t O%fo dic clBBédﬁcﬁenéf@&ra Etb@6decehd) ngtﬁilfdtr)ac%lbﬁé)déiﬁﬂy | group, Rlerr]

and R[er en taken with the two ring carbon atons to whi ch t hey
are attach LeprLesen and, unsa [Oups

cont ai ni rfﬁ ﬁcytcgo%fge{)ag}eggh&lg{em{egrpg)%hoﬁglgﬁg{er %tﬂ&ﬁét?&g g%’ g 6 to 17
carbon atons; or 4. :l'he hydrocarb I

subst i t ueatbidenyk Fpérapmlequeﬁgws nbwl&etréw%omcene truneré&?ﬁugleaersteqhémj of
carbon and hydrogen atons, such as, for exanple, branched and
465 (e.g., symmetrical and asymmetrical trimers). An especially preferred hydrocarbyl

repeaﬁng unit is derived from 2-norbornene.
In another embodiment of the invention, a sacrificial polymer useful in

carrying out the invention comprises repeating units represented by Formula IIT below:

470 m

q
R R12
R]o Rll

wherein R’ to R"? independently represent a polar substituent selected from the group:
-(A)a-C(O)OR”, -(A)s-OR , -(A)-OC(O)R”, -(A)-OC(O)OR?”,

475 ~(A)-C(O)R”, ~(A)y- OC(O)C(O)OR™, -(A)n-O-A’-C(O)OR?”,
~(A)s-OC(0)-A*-C(O)OR”, -(A)s-C(0)0-A’-C(O)OR™, -(A)s-C(O)-A’-OR”,
-(A),-C(0)0-A-OC(O)OR”, -(A),-C(0)O-A’-0-A’-C(O)OR™,
-(A)y-C(0)0O-A"-OC(O)C(O)OR™, -(A)r-C(R )»CH(R”YC(O)OR™), and
-(A)-C(R”),CH(C(O)OR”),;. The moieties A and A’ independently represent a

480  divalent bridging or spacer radical selected from divalent hydrocarbon radicals,
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455’ unbranched (Cferr] to (Jerr]) alkyl, branched and unbranched ([ err]

to (err, yl, and (CJerr] to Cerr]) aryl.
20 WO oBkEIY ) 4a051 PCT/US98/06587
PCT/ US98/ 06587 Il lustrative exanpl es of hydrocar byl

substi t ut ' i . 2. - > nQrRoEnene.
2 hoxy! - o VAR ORIchydRCaitR radicals, gfoalbft g Ui b 8 R
5-cycl ohexe

o ot hy! - 2 LTS RS St Rorness. s m i tioteast (AR, Whethh fnfbitsbald be
2

5- napht hyl - 2- nor bor nene 5-et hyl i dene- 2- nor bor nene, vi nyl nor bor nene,
di cycl opeAPRasenttaat A representj sipales@valgnt bons tByidivalent isgneant ¢hat adoatecene,
nmet hyl t et racycl ododecene, tetracycl ododecadi ene,

di met hy| t ealencsyatleacintteminad endbfhetredicaicire hitabhed cefeo distinct grogpd)yTtedeny!
tetracycl ododecene, phenyltetracycl ododecene, trinmers of cyclopentadi ene

465 48£. OdivaRWARIrbE4iBon AMCaASITBRL feb(ffg%ﬂngae B@%%“E%ﬁ%@?ﬁ}sﬂ‘@&e greferred

hydr ocar byl . repeating unit Is rom . .
car ryi ng. SETCERS B omBresir Gt Rens o s BB hain €4 B g Sabawaiom)l For mul o
1 bel OV\éo 10. ['lel;er éivalent hydrocarbon radicals are preferably selected from linear and
branched (C, to C,¢) alkylene such as methylene, ethylen;, propylene, butylene,
pentylene, hexylene, h'eptﬂylene, octylene, nonylene, and decylene. When branched .
490  alkylene radicals are contemplated, it is to be understood that a hydrbgen atom in the
linear alkylene chain is replaced with a linear or branched (Ci to Cs) alkyl group.
The divalent cyclic hydrocarbon radicals include substituted and unsubstituted
(Csto Cy) cy;loaliphatic moieties represented by the formula:
A

495 —CH (CH,)
wherein a is an integer from 2 to 7 and R when present represents linear and

branched (C, to Cyo) alkyl groups. Preferred divalent cycloalkylene radicals include

cyclopentylene and cyclohexylene moieties represented by the following structures:

500

wherein RY is defined above. As illustrated here and throughout this specification, it

is to be understood that the bond lines projecting from the cyclic structures and/or
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V\,hérei n Rerr] to R err] independently represent a polar substituent
. sel ect (Ca%z% ?{33'}596 group: -(A)ferr]-C(OOR", -(A)] er pcT398/06587
-(A)n- ) (A[err]-0C(QOR", 475 (A)[err] AOR',
-(A[err]-0(QC(O R, -(An-OA -C(OOR,

-(A) BT M@re&%@awalerﬁ'ﬁhﬁﬁé bf thie( g)‘tg m% the points at which

(W TS ferr]-

N orr) 0L e Qi SAONCEL et URET s RO

A R Q OR Th t d A d dent |
b B bbb 7 ) SRR L

hydr ocar bon radi cal s,
WO 98/ 457fdm the center of the cyclic structure indicates that the bond is optionally connected

PCT/ US98/ 06587 di val ent cyclic hydrocarbon radicals, divalent
oxygen Cotaal dnd of firbafitic§elicdtome iy eqfg. It is also td:whad‘erstbb&ﬂﬁua{ed cyclic
diethers, and n is an |nteger 0 or 1. v%en nis it should be

appat gnt | gqpﬁ meant t hat
a frgﬁ) éa?l%cy’ahé nce amlgg% grq%%ﬁg tof ‘10%8%%0‘%& areefegsttached to
two di stinct groups. 485 di val ent hydroc bon radi cal s can be

repr esent@ﬂlf‘bgpnt%nf"@rsﬁﬂ?f&th‘lﬂ e TRAUESISt ofg represents the

nunber of carbon atons in the al kyl ene chain and. i s an integer froml
to 10. The di vBiefartedrdivialentaytlinethensiapd|diethers apr wheasantes bydhe strwdues:om

| i near and branched (CJerr] to (Jerr]) alkylene such as nethyl ene,
et hyl ene, propyl ene, butyl ene, pentylene hexyl ene, heptyl ene,

octyl ene, nonyl ene, and degyl ene. MWhep _branc @90 al kylene radicals are
contenpl ated, it |sto unger st ooy t hat ahy ogenf atomin the

| i near al kyl ene chain is|repl aced\wﬂh§< | i near Lor\pranched (Clerr] to
C[err‘]é) al kyl group. The val ent c@cl™c hydrocarbon radicals
i ncl 8Pe substituted and unsubstituted (err] to Jerr])
cycloaliphatic noieties represented by the fornula: [err]

The divalent oxygen containing radicals include (C2to C 10) alkylene ethers
and polyethers. By (C; to Cyo) alkylene ether is meant that the total number of carbon
atoms in the divalent ether moiety must at least be 2 and can not exceed 10. The
divalent alkylene ethers are represented by the formula -alkylene-O-alkylene- wherein

520  each of the alkylene groups that are bonde& to the oXygen atom can be the same or
different and are selected from methylene, ethylene, propylene, butylene, pentylene,

hexylene, heptylene, octylene, and nonylene. The simplest divalent alkylene ether of
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wherein a is an integer from2 to 7 and R err] when present represents

. linear &P@f‘S" 1 branched (CJerr] to (Jerr]) alkyl groupspclfhg‘g%[,gsggl

di val ent kyl ene radical s include cycl opentyl ene an
cyclohexylene nnletles represented by the follow ng structures: 500

t hr oug hou%he sm'lgs 1§ @é%c@litq:%ﬁ Efém?dpre o %sp @iet%elrﬁ%a{é%ts glé@g'[cﬁ‘éﬂ?&ghe bond

| i nes projecti ngi~ fromthe cyclic structures and/or
22 radica forma:

PCT/ US98/ 06587 505 fornul ae represent the divalent nature of the noiety
and iseali cate the points at whi 9&!‘{; he carbocyclic atons are bonded to
t he adj acent nol ecul ar noi eties F?ﬁ@fprn t he respective fornmul ae.
As is conventional in the art, the diagonal bond |line projecting

fromthe center of the cyclic structure indicates that the bond is

0Pt i onal | 4 SPH! Sihororer sront F1eS RS B chliy BRRDOSY S Lk OPporih | e

ring. It s a ers ood o which

the bond line is connect ed Wi | | C date one |.ess hydr ogen at om
to satisfthat tm@#@‘%@&%&%ﬁl@m thsnspacer moiety can not be dl“?‘éﬂ)’er red

di valent cyclic ethers and diethers are represented by the structures:
[err] Slisked to a terminal oxyg®h atogir vn lan adjacentgrour torfioanrai pegoxidel tinkage. iIncl ude
(Jerr] to (Jerr]) alkylene ethers and palyethers. By (CJerr] to
Clers3o0 abthet wBRIsCHIBKide JinkREea!(i.b.h a0-O-) ard Rétonteripieed Ghef poiRther

atons in the divalent ether noiety nust at | east be 2 and can not exceed

10. The spacers are linked to any of the terminal oxygen containing substituent groups set

forth under R’ to R'? above.
R’ to R'? can also independently represent hydrogen, linear and branched
~ (C, to Cyp) alkyl, so long as at least one of the remaining R? to R'? substituents is

535  selected from one of the polaf groups represented above. In the formula above pis an
integer from 0 to 5 (preferably 0 or I, more preferably 0). R” independently
represents hydrogen, linear and branched (C; to Cyq) alkyl (e.g., -C(CHa)), -Si(CH3), -
CH(RP)OCH,CHys, —CH(RP)OC(CH3)3, linear and branched (C, to Cyo)
alkoxyalkylene, polyethers, monocyclic and polycyclic (C4 to Cag) cycloaliphaﬁc

540  moieties, cyclic ethers, cyclic ketones, and cyclic esters (lactones). By (C; to Cjo)
alkoxyalkylene is meant that a terminal alkyl group is linked through an ether oxygen
atom to an alkylene moiety. The radical is a hydrocarbon based ether moiety that can
be generically fepresented as -alkylene-O-alkyl wherein the alkylene and alkyl groups

independently contain 1 to 10 carbon atoms each of which can be linear or branched.
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di val ent al kyl ene ethers are represented by the formula

~ al kyl engy@ogadegh ene- wherein 520 each of the al kyl ene gr BGPAISISIGS8EAr e
bonded to the oxygen atom can be the sanme or different and are

sel ected from nethyl ene, ethylene, propylene, butylene, pentylene,

hexyl esse, Tigppolyeher radichldanrte represented by dnecfortinta: si npl est di val ent al kyl ene

et her of 23

WD 98/ 45751 _ '

PCT/ US98/ 06587 the series is the radical -CHerr]-O-CHerr]-
Preferred polyether noieties inclu gnt radi cal s of the

formula: 525 wher ei 6k &gxl)ah’— eger from0O to'5 and y is an
integer from2 to 50 with the proviso that the term nal oxygen atom
on-the pol yether spacer noiety can not be directly linked to a

term nal oxygen atomon an adjacent group to forma peroxide | i nkage. In
530 ot hewheyelndsis aneintegerifrom htos) asis @n integer fib19 2 tosylcambR® reprasents| at ed

when pol yet her spacers are |linked to any of the term nal oxygen
cont anU nghyﬁifpﬁén' drufiehr ﬂfdjlbi:ﬁﬁcl'ﬁ:ﬁ C1 to Cio) allA! Pheferté@polyetief tadicalsy er r']
above R err] err] can al so |ndependently repr esent

/520 R eSO REFRRRD weyor Bl by b ool 7 =

. cycloaliphatic monocyclic moieties include cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, dicyclopropylmethyl (Dcpm) and dimethylcyclopropylmethyl (Dmcp),
and the like. Examples of cycloaliphatic polycyclic moieties include, norbornyl,
555 adamantyl, tetrahydrodicyclopentadienyl (tricyclo[5.2.1.0 2'6] decanyl), and the like.
Examples of cyclic ethers include tetrahydrofuranyl and tetrahydropyranyl moieties.
An example of a cyclic ketone is a 3-oxocyclohexan6nyl moiety. An example of a
cyclic ester or lactone is a mevalonic lactonyl moiety. Structures for representative

cyclic groups set forth above include:

© 0.7 P
GRS ER®

565  wherein R? in the above formulae and cyclic groups represents hydrogen or a linear or

560
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535 sel ect ed fromone of the polar groups represented above. In the
.formul a ﬂg)o?v?%s S an integer fromO to 5 (preferablpera)gkiodss? mor e
pref erab . i ndependent |y represents hydrogen, |inear and
branched (Cferr] to CJerr]) alkyl (e.g., -C(CHerr])), -Si(CHerr]), -

(Gorr] 1 e f#%ég st gl SR D ISR B o il

pol ycyclic é(e:%errl’ to err]) cycloaliphatic 540 noi eties, cyclic
B

ethers, cyetREkelyAsdOUOWs Y cyciic esters (lactones). By (C[err] to Cerr])
al koxyal kyl ene is neant that a termnal al kyl group is |inked through an

et her oxygen atomto al kyl ene Tety. The radical is a

hydr ocar bon based ether noietythat can. be generically represented
as -al kyl ene-O al'kyl wherein ide EL,I@/I ene aOCHY)Kyl groups

I ndependently contain 1 to 10 on atons each of which can be |inear or
br anchgd. : 24

WD 98745751 '

]I? gﬁFgB/OGSEW 'Ihe554a?:nﬁ-c|:-1h Fpglyrr}/ ?st Qs»ect%xlrg%lrgc%]lcmcg egreesé %\?e%%%%getb %;bi

-(CH err](CHerr])[err]O[err]-R wherein x is an integer fromO
to 5, y i sngempaisdipsopolyaners and cepolymarsgontaining sandenerepeatirgamitstietivedien or
| i near and branched (Clerr] to (Jerr]) alkyl. Preferred polyether radicals

i ncl ude pdiothatrhyhemne unit arepormomemnlit reprepsniteahlsy ottty I, o-kaimepelmiks

nmonocyclic cycl oal i phati c nonocyclic noieties include cycl opropyl,

cycl obut yl | ahd
di et hyl Cy°g|°§ : Opyf@émmnﬁ randorﬁYé‘ﬂeQﬁﬁg(ﬁh,ts SerRea i AHRORbARE Qi of B

575 . represented by Formula II, homopolymers or copolymers containing repeating units
derived from a monomer unit(s) represented by Formula IIl and ‘copolymers
comprising a cor-nbination of repeating units represented by Formulae I and 11,
Formulae I and III, Formulae II and III or Formulae |, II and ITI.

Preferred sacrificial polymers according to the present invention may contain

580 from about 0.1 to 100 mole percent of silyl functional polycyclic repeating units,
preferably from about 1 to 50 mole percent, more preferably from about 3 to 25 mole
percent, and moét preferably from about 5 to 20 mole percent, with the remainder of
the polymer preferably comprising repeating units described under Formula II and/or
Formula ITlI. An especially preferred polymer comprises repeating units polymerized

585  from norbornene and triethoxysilylnorbonene in a mole percent ratio of 80/20
norbornene/triethoxysilylnorbonene. B

Preferred sacrificial pblymers according to present invention are addition
- polymers comprising polycyclic repeating units that are connected to one another vié

2,3-linkages that are formed across the double bond contained in the norbornene-type
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and the |ike. Exanples of cycloaliphatic polycyclic noieties include,

nor bonyl wo d8bs7s1adanant yl , t etrahydrodi cycl opent adi enyl PCT/US98/06587
(tricyclo[5.2.1.0[err]] decanyl), and the |ike. Exanpl es of cyclic
et hers include tetrahydrofuranyl and tetrahydropyranyl noieties. An

exanpdoe ofnoiety pftheprégailpmerizesl polgeyeiio tymiopeexanonyl noiety. An exanple of a
cyclic ester or lactone is a nevalonic lactonyl noiety. Structures for

representative cyclic, gr,oups set forth above include: 560

[err] ' 565 wherei err] in ve formul ae and cyclic
groups represents hydrogens {+Readp OFf ]

25 WD 98/ 45751

PCT/ US98/ 06587 brancheé (C[errj_;;.g&hgng{egg) al kyl group. The Dcpm
and Dntp substituents are represented, respectively, as follows:
[err] ,and [err] 570 The sacrificial polyners useful in

practici ng t heThe pelymiers magiteipolymerided fedyh wppropriately functionalized

595  norbornene-type monomers in the presence of a single or multi-component Group VII
transition conductive catalyst system as described in International Patent Application
Publication No. WO 97/20871 to The BFGoodrich Coml;any, published on June 12,
1997, which is hereby incorporated herein by reference in its entirety.

The polynorbornene-type polymer is particularly beneficial because it has a

600  high (>350 degrees C) glass-transitibn temperature (Tg) and sufficient thermal
stability to accommodate a number of bommonly employed and other semiconductor
manufacturing steps such as plasma enhanced chemical vapor deposition (PECVD) of
SiO, and low temperature copper annealing, and has a decomposition temperature
approximately equal to its Tg, thereby limiting movement which might damage the

605  semiconductor dévice.

It is believed that the polycyclic olefinic polymers utilized in practicing this
invention are uniquely suited as sacrificial materials in semiconductor device
manufacturing because the material thermally decomposes close to its Tg. In other
words, the polymer remains mechanically stable until the decomposition temperature

610  is reached enabling the polymer to endure the rather harsh processing steps (e.g.,
repeated heat cycles) during semiconductor manufacture. The disadvantage with the
prior art polymers is that their Tg’s are well below their decomposition temperatures,

leading to mechanical failure before the decomposition temperature is reached.
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enéorrpass honopol ynmer s and copol yners cont ai ni ng random repeating units

. derived wo 845_{%r0m a monomer unit or nonomer units represgprRiZoRieskPr Ml a
|, or ho p9 rs or copol yners contai ning random repeating units

derived from nononmer unit or units 575 represented by Forrmula |1,

h I I 0 f

mononer  uni & (9) PapPe R4 AP LRI RE AL AR IO e f%Peaméj‘?f‘l* c%%pr i si ng
mbi nat f d by F I

For mubko. | Cagivih PFAGAEBYdraPaEs) (FORmIAD o/ orRsOARe Roler (Pl i ||

Preferred sacrificial polyners according to the present invention may
contai n S8bstithentsintb diae sa@rifictab pdlytnembhekbone dlndecofnpositiph témperatucesaf
pol ycyclic repeating units, preferably fromabout 1 to 50 nole

percent, n@esgjlyrsabstitated\poly Hh@bﬁﬁhm?pdl 3%&%&1%rxlﬁcmtly98%ﬁﬂt Thend nost
preferably fromabout 5'to 20 nole percent, with the renuinder of

1 anal or “e°851?">8fﬁmé‘?é&ﬁ‘ﬁfé 38 SRR in3 ?ﬁ’rré‘% SRt " compr  sos

t b
L r 1ot hoxy SRTbPRERE ISPy HoThORens PERARmAED S UAgtss &) oan be lowered by
nor bornene/tri et hoxyS| | yl nor bonene. Preferred sacrificial

pol yn620s aappoeximately 30 degreen€ byreplacing thenerbatidine repeating units ipshe/ner s
conprising polycyclic repeating units that are connected to one another via

2, 3-1 i nkag@spolyhdr viitierepestiipchrif/contining peadint Enb@nddee r&haicnaﬂ(clntot(tm))

norbonene type

WD 98/ 4575
hoT Usod/ Chlstsubstisysats. TS %mﬁFg%lo ef?r’é‘ ositign temperature for 8 oner |

Lerr]. gopglymer contammg gut‘;'ﬂx&gg er}P}/ethoxyg'?leor E)Irnze%g n]; a mole B rcent’ Lately

functi onal

ratio of 95/5 is lowered to 405 degrees C. We expect that the decomposition
625 temperature of the copolymer can be lowered even further (up to approximately 100
degrees C) by replacing the norbomene repeating units in the copolymer with
repeating units containing the polar substituents described under Formula III.
_ Homopolymers of norbornyl acetate and norbornyl ethyl carbonate have thermal
decomposition temperatures of 356 degrees C and 329 degrees C, respectively. The
630  polar groups include ester, carbonate, and acetate substituents and the like. To effect
lower decomposition temperatures of the silyl substituted polymers, the polymer
should contain about 50 mole percent of polycyclic repeating units having pendant

hydrocarbyl or polar functionality, preferably greater than 50 mole percent, more
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595 norbornene-type nononers in the presence of a single or

mul ti - cowepsaatsiG oup VI I | transition conductive catei/E$98:6887em as
described in International Patent Application Publ i cati on No. WO
97/ 20871 to The BFGoodrich Conpany, published on June 12, 1997,

which is hﬁfe‘f&)ib]iyrﬂl%%rp’étr&ﬁt,hsﬁllﬁh&e%efeﬁbﬁ §5€595 hoalé ﬁm‘é@ﬁti &FdnYmore
The pol ynor bor nene-type ‘polymer is particularly benefitial because it has a

600 fg%gh f’?e%g'fg'gﬂ'%‘??‘?yfg%ﬂg%g?&ﬁt ransition tenperature (Tg) and sufficient

t herm ccormodat e a nunber of commonly enpl oyed and

ot her sem condugt or . yf.acturing steps suych as plasma enhanced
chemni cal vapor ﬁé‘ﬁ&g‘?rﬁ%ﬁs qr%l%ﬁ)l’ €rs can be&eﬁfﬁéﬂéngrﬁféPMF@%opper
anneal i ng, and has a deconposition tenperature approxi mat el y equal
to its Tg, tenperathse, kypicaliyrig the vangerof abbutcIB8hdegreesd@ tagbout 450 ddfees C, to

sem conduct or devi ce. It is believed that the polycyclic

ol efini c peiussEicpolynetsioUetdmPoscints-theft debbposition prdddRRVhieR ca% BifAREquel y
suited as sacrificial naterials in sem conductor device

manuf act ur | e : j al | | es chose.to its,.Tg. In
other " ISR eI hEd & ol RER o huciGE RS IBetfiBE i e Tl
deconposition § e ur 610 |s reached enabling. the _polyner to_endure
the r&ther n&‘i@t@s@ﬁﬁ@e’é F&H?t?réﬁg?,ﬂ as silicon diggidg; silicpa aitridge silicpn
during sem conductor manufacture. The di sadvantage with the pri or
art pol yneoxynigidehaand tpolyiniidgss aParticularlybeisefinl t palymersc avepthose i that are

t enper at ur es, | eading to nmechanical failure before the deconposition
{/\gng)g/r 2115$r5§h¢t§sdxﬁﬁﬁ1€,e(is will become evident from the following description of othef

PCT/ US98/ 085¢ . . ound_that by incorporating
pol ycycl i cg)gﬁ%l?lmrgetpgg%%{‘ﬂstﬁaunt%{,?gp%qgﬁg%% 1ngtgs£ﬁo§|. n pendant hydrocar byl

(Formula I'l) and/or pendant pola For a.lll) .. Substituents_ into
the sacrificial %Oﬁgﬁ Scf?és tS’FﬁSkf"é’F’E 3 bresceihpd hereimahavegmables

645  the sacrificial layer 31 to dissolve into and dissipate through the permeable layer 35 in

response to a temperature increase. However, other materials for sacrificial layer 31 and

permeable layer 35 can be sufficient for implementing the present invention.

650 OPERATION
The preferred use and operation of the présent invention is described hereafter
with reference to Figs. 1-6.
| Conductive pads 27 are formed on a substrate 21 and an insulator layer 24, as
depicted by Fig. 1. The conductive pads 27 are preferably coupled to circuitry capable
655  of addressing the conductive pads 27. As depicted by Fig. 2, sacrificial material 31 is
formed on conductive pads 27 and exposed portions of insulator layer 24 throuéh

suitable techniques, such as spin-deposition. Portions of the sacrificial layer 31 are
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thé silyl substituted polycyclic olefinic polyner can be significantly

A owered.g,y]{@w“g?s] deconposi tion tenperature of polymers eefdosiess7 80/ 20
nol e percen nor bor nene/ tri et hoxysi | yl norbonene (approxi mately
430 degrees C) can be lowered by 620 approximtely 30 degrees C by

o020 BB ARARRE P ARARSY M il sy e PR

Cerr]) al kyl _substityents. For. exanpl.e, th her mal deconposition
t enper at ur ¥ngeslying surface to 8’5‘53! ﬁé?crbi%i‘ﬂljﬂfﬁr d1s attached.

but yl nor bornene/ tri et hoxysil yl norbornene in a nol e percent rati o of
95/ 5 680 | ower ed AsadepidtedibyFige S, mrmagbleripadator materiah3S isdbemfirmietdionrthe 625
tenperature of the copolynmer can be | owered even further (up to :

appr oxi mat actificfdl material 314BAUEE Suitdblb YnitRPAbMchiiéh {eBBnifREs) Sidkeqze repeating
units in the copolynmer with repeating units containing the polar
substi tuen i . . . nor bor nyl
acetate angégl%rﬁ%og{' n?Fedde% yeioclg(ri%%}n%%éé gvaeﬂﬁ%?n&mﬂag%g%}e%%%&i tion
tenperatures of ,356 degrees C and 329 degrees C,_ respectively, .The 630
pol ar gr ouﬁ%"r}‘{?&i%?ée Bd1%0 cBangsnia seasshbs sieler Tbe S8%60Ut FAcHieial material e
like. To effect | ower deconposition tenperatures of the silyl

subst i t ut edl gissipatesshrough thecpeymeable material $3da llehve aoliow axbad 1 ibhenol e
percent of polycyclic repeating units having pendant , hydr ocar byl or

pol ar gssincHevibeldsidepiciedtbycFighd.y greater than 50 nole percent, nore
28 WO 98/ 45751

PCT/ US98/ 06587  the transpddll/cBhailte 't forRBh 66 Hhe péthlebbile liGrid 31 7 ab! ¥

55 to 95 nol e perc even

The transparent conductor 42 is preferably connected to contacts 29 which are at a
common voltage. The permeable material 35 and the transparent conductor 42 are
punctured, and the hollow area 37 is filled with liquid crystal. The device 20 is

670  completed by forming more insulator material 52 on the transparent conductor 42 and
by forming an anitreflective coating 55 on the newly formed insulator material 52.

Since transparent conductor 42 is connected to contacts 29, transparent
conductor 42 is maintained at a particular voltage. When it becomes desirable to
change the optical properties of the liquid crystal residing between a particu-lar.

675 conductive pad 27 .and transparent conductor 42, the circuiﬁy connected to the
particular pad 27 addresses the particular pad 27. This causes the voltage of pad 27to
change, thereby changing the voltage potenﬁal'between transparent conductor 42 and
the addressed conductive pad 27. As a result, the electric field applied across the
liquid crystal located between the transparent condﬁctor 42 and the addressed

680  conductive pad 27 changes. This change in the electric field causes the optical

properties of the liquid crystal exposed to the electric field to change. Thérefqre, the
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635 preferably 65 to 80 nole percent. The aforesaid
sacrifi oyelogagisyners can be heated to above their deconposiporArses/o6s87
tenperature, typically in the range of about 380 degrees C to about 450
degrees C, to . cause the polyners to deconpose into their

deconposi tappearpicifthe ll@lﬁﬂ@?}yﬁﬂnwﬂj(ﬂf dafithe seen by ah RbSSHIEL, YidingeySpyat eri al s

used to form sem conductor devices including air gaps. The 640 materi al s

i ncl ude P Uo¥#FBfiin g&ﬁ%#@&@f %iéid’ﬁ?e&ﬁlosf'thé u(?:hgék)gfs 27'S %?ﬂj{ll BOWrrer S

silico and polyi m cul
are those f ha are ot osen t|ve as_w || become evident fromthe
fol | owi ng ! ]‘Hﬁh’d‘fthﬁlhﬂQPw area 3 cmbk%ﬁ%memmadgyapmuhau ng ot her

aspects of the [ nventlon Utilization of the materials for
sacr i 685 ci pattery suchs adetier orperthbsrcforzsemple: iHierefore, @diguid drystabdisplay ci al
layer 31 to dissolve into and dissipate through the perneable layer 35 in

response fcapablé ofpoviding asdfilcinfiartioneyayfied 1 the'devRE Q0i al s for
sacrificial |ayer 31 and perneabl e | ayer 35 can be sufficient for

i mpl enenting t

OPERATI ON Sindd 8 %gbm%‘?bqghh%?te?amﬁ% gg gr?&°%°6‘§?‘8t‘°"f‘%§’f'a6‘? and a separate. nt

i nvention is described  heteaft th reference to Figs.: 1-6.

Conduct i v&OBH eﬁ‘?o%l‘f‘e@dftﬁfb %?dé%a%@ﬁsalax% thediayid ﬁhﬁBlé}’ng‘Fe RBpEr 24,
as depicted by Fig. 1. The conductive pads 27 are preferably coupled
to circui thepresgsdinvention san bemanufachued thgougteadsditivk thin-fitm packesdiig ofthe
depicted by Fig. 2, sacrificial material 31 is formed on conductive

pads 627 aldbmmetbawh fabsiosted bt & Peitbcad 66st] Fufthertdor,Wiriddhe sacrlﬁclﬁl suitable
t echni ques, such as spin-deposition. Portions of t he sacrificial ayer 31
are material 31can be dissipated through permeable layer 35, an %gemng does not need to

be formed to allow the sacrificial material 31 to exit the device 20, and potentially

harmful solutions do not have to introduced to the device 20 to react with the

sacrificial material 31. Therefore, a more efficient and reliable liquid crystal display

695 20 can be manufactured by utilizing the principles 6f the present invention.
In concluding the detailed description, it should be noted that it will be

obvious to those skilled in the art that many variations and modifications may be

made to the preferred embodiment withogt substantially depaﬁing from the principles

of the present invention. All such variations and modifications are intended to be

700  included herein within the scope of the present invention, as set forth in the following

claims.
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. PCT/ USQW&@S‘;&;SI preferably renoved, for exanple byP@rryUggh,@gggmg, in
order toO expose portions of the underlying surface to which the

sacrificial layer 31 is attached. 660 As depicted by Fig. 3,

permeabl e insulator material 35 is med on the sacrificial
materi al 31 through suitable mcrof on techni quif"‘m:ﬂﬂ“mm,””m
deposition. The device 20 is then heated to a sufficient]iNg '
cause the sacrificial material 31 to change into a gaséou% st at*e.
The gaseous sacrificial material 31 dissipates through the perneable
mat eri al 35 t oNoyathersfonethofollowing Brlaimedhe 665  device, as depicted by
Fig. 4. The transparent conductor 42 is then formed on the
per mggbl e material 35. The transparent conductor 42 is preferably
connected to contacts 29 which are at a common vol tage. The

per meabl e nmat eni al r et 6 uctor 42 are
12! RoRldaitaknip pri !

punctured, and fhe hofrﬁow area il th liquid crystal. The device
20 is 670 conpleted.by formng no ingul ator material 52 on the

t ranspar ent co%ﬁ?%‘"‘%aﬁ?ﬁmmgepaé&’me BRI an anitrefl ective coating 55
on the -newly formed insulator material 52. i ) .. .Since transparent
conduct or- 42 | pennzablematgrinbformad guisacrificialimaterdglasaid sacrificial matenisluct or 42
is mai ntained at a particular voltage. Wen it Becones desirable to

change t heofihurédito dissob@y inteeanddissipate kirGugttisaid perntdableanatdiisovheat seen a
particular 675 conductive pad 27 and transparent conductor 42, the

circuitry : : et i cul Pp@&wg SRR

partil"il:éjl ar pag%ﬁﬂ?&é?ég@%&delg otrﬂeepqgg{ult"ggg of” pa %’7&?%& Végﬁda%de,

t her eby changin e voltage potential between transparent conductor 42 and
t he addre§%‘a%egg‘??g’ﬁ}c¥‘ia§7ga ad 27. As a result, the electric field applied
across the . liquid crystal |ocated between the transparent conductor
42 and the addiligyisarystgigiormed withincsaideayitysl 27 changes. This change in the
electric field causes the opti cal properties of the liquid crystal
exposed to theacbaticthaviig evoltige; aldhnge. Therefore, the

30
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a transparent conductor coupled to said contact, wherein a voltage difference
715  between said transparent conductor and said conductive plate induces an electric field

across said liquid crystal.

2. The system of claim 1, wherein said sacrificial material is a cyclic
bolyoleﬁn.
720
3. The system of claim 1, wherein said sacrificial material decomposes at
a temperature having a value approximately equal to a glass-transition temperature
value of said sacrificial material.
725 4, The system of claim 1, further including a means for filling said cavity

_ 32
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WD 98/ 45751

PCT/ USOQ/H&dd4s1 appearance of the liquid crystal, pdw/uses®&ss7be seen
by an observer, changes. By controlling the electric field 0

of the conductive pads 27 in a simlar fashion, the qui d crystal
within th 8 shgly ols@idlé ay a I

pattern, %@%mﬁagﬁs%zﬂgraﬁgapngmeréﬁﬁg% exarrpla:mbTher&Hmm“‘E“ mmﬂl\
crystal display capabl e of providing useful informatfonis"defined
by the device 20. Since the device 20 is fully integrated

on a nonolithic substrate and .separ cqQver not need to be
attached to eadh di dhesystem of ° E‘EFFH‘%?F‘%?RWCH%P%&“E t he
present invention can be nmanuf act ured t hrough additive thin- f| | m processi ng
of the 6alignmentdsyeacouplad tdhsaid badrifimidlanatexialat a reduced cost. Furthernore,
since the sacrificial material 31lcan be dissipated through

permegpl e layer 35, an opening does not need to be formed to all ow
the sacrificial material 31 to exit the device 20, and potentially

e L R R S s

reliable |IC|UId crysta spl ay 20 ¢ ufactured by utilizing
the princi E%@flé?“dt*%n ‘F‘éis ln%"é‘ﬁiq‘ Hermeagpe matermp I n concl uding the
detail ed description, it shoul d be noted that it.will be obvi ous to
those skilled in the art that many variations and nodifications may be

made to the preferred enbodi nent without substantially departing fromthe

principles 7. Ofhd §¥SteRT 65@aim 1 WRereirDdhid éYsters i-formad ba hintdimligiel
modi fications are intended to be 700 included herein within the scope of

t he p,rgseg&bgn(yegnt ion, as set forth in the foll ow ng cl ai ns.
8. The system of claim 1, wherein said system is fully integrated.
9. The system of claim 1, wherein said system is formed through additive

740  thin-film processing of a substrate.

10.  The system of claim 7, wherein said permeable material forms an

insulator.
745 11.  The system of claim 7, further comprising circuitry coupled to said
conductive pad, said circuitry configured to change a voltage of said conductive pad in

order to change said electric field appearing across said liquid crystal.

12. A method for microfabricating a liquid crystal display, comprising the

33
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31 CLAI VB | Now,

. therefor followng is clained: 5 1. perrodesigeidrod for
m cr of ab P@g{l ﬁb a liquid crystal display, conprising the ?
of : formi ng a conductive pad (27) on a base (

form sacrifi.cial material (31) on said conductive “)
pat t ePRi nd* 8% sacrificial mterial (31) to expose aﬂﬂ“‘ﬁmm\“ﬂu“ l ase
(21); 10 form ng perrreabl e material (35) on said sdcrffictial
material (31) dermingaconductive pad ahbaseéd portion of said base (21);

di ssipating said sacrificial material (31) through said perneable materi al
(35) ' formimpcacrificial material amsaid yoridhicdive pad; filling
said cavity (37) with liquid crystal; 15 form ng a transparent

conductor (42) ;p.8Rfhin saldsacnﬁclalmatena&@ehsd}.gaqmmdx;@ml&mséerence bet ween
sai d transparent con uctor (42) and sal conductive pad (27) to

apply an electrjc fi eId agrLoss., sai
The met hod of al erxpaepctll

lS

? ot Sp suil actifk i Sh Brint an saic xpossd o 30

A, )l_lll

-

sacrifici al rraterlal (31) into said perneable material (35).

755  portion of said base;
dissipating said sacrificial material through said permeable material in order to
form a cavity; i
filling said cavity with liquid crystal;
forming a transparent conductor; and

760 creating a voltage difference between said transparent conductor and said .

conductive pad to apply an electric field across said liquid crystal.

13.  The method of claim 12, further comprising the step of dissolving said
sacrificial material into said permeable material.
765 |
14.  The method of claim 12, further comprising the step of polishing said

sacrificial material.

15.  The method of claim 12, further comprising the step of forming said

770  transparent conductor with said permeable material.

16.  The method of claim 12, further comprising the step of fomiﬁg said

transparent conductor on said sacrificial material.
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32 A method—for—formnag—a fully integrated

3.
1iqui d cusbsiasysi spl ay, c a5 s of . PCT/US98/06587
depositing a sacrificial nmateri al (S%W'ﬂ!mﬁlmﬂagxlm a mcrofabricated
structure _ (21); 5 * c L i g a perneabl e | ayer
(35) on said sacrificial material (31); di ssi pating said

sacrificial material (31) through said perneable layer (35) in

or der form a cavi (37 i t.hi 0 [ iquid crystal display. .

i nser t7it7§g li qui (ﬁt:r y%mﬁw&gagn?gv%e?gwpns%g%e step °P%°rxmg 34 i ng a
transparent conductor, (42) and a_ conductive pad (27); and 10

i nduci ng atiquidegystaldispley en asnonolidhic substepl®; said |iquid crystal by creating
a : vol tage di fference between said transparent conductor (42) and
sai d conductive pad (27). 4, The net hod of
claim3, further conprising the step of patterning said 15

sacrificial matqglal YptlhethBd 8fERRR l,?",ifli}tlﬁk'%ﬁlgﬁsingg}xe step of forming said  °-

The nethod of claim 3, further conprising the Step I'ssol ving sald

The et hog el deistd) o il il PRSI R rauctor (42 win

sai d perneable material (31).

780
19.  The method of claim 12, furthering comprising the step of puncturing
said permeable layer to form an opening to said cavity.
20.  The method of claim 12, further comprising the steps of:
785 forming supporting material in order to provide mechanical support during
said dissipating step; and
removing said supporting material.
_—
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m crofabr| cating a liquid
,crystal gjog Ya1 conpri si ng th ulul Lll]j' "@ PCT/US98/06|587

form ng uctlve pad (27) sald liquid crysta

di spl ay; form ng sacrificial rrat erl aI (31) on said
conductive pad f or.m g rial (35) on
sai d sacrifici aég térygwo?girfonmngaﬁﬂlymte ﬁﬁ%ﬁﬁ %ai d
sacrificial material (31) into said perneable materlal (35) in

or der 7900 fesmppriging the stepsof: cayity (37); and filling said
cavity (37) with liquid crystal. 10 8. The net hod of

clai m 7, furt hedepositingiasacifi¢tihblagérapsa suirface of a microfabricated strugtate; er ni ng sai d
sacrificial material (31) to formholes (37) in said sacrificial

material (31); smnjg_apermeablelayeronﬁhh'shé}ﬁic‘iﬁ'nﬁhté}‘i’elles (37) with said .
perneabl e materi al during said formng 1 per meabl e

mat eri al step. rther
conprising the c&s:ggatzﬁg saf%gacﬁxgtc}ah 8132%}3& thrIugh 4 Bgrgaggﬁlie]ﬁ%lygef At Z’ﬁlﬁf rial (31)
fromsaid perneabl e materi.al, (35) £
orm a cavity within said liquid ¢rystal display;
795 inserting liquid crystal into said cavity;
forming a transparent conductor and a conductive pad; and

inducing an electric field to appear across said liquid crystal by creating a

voltage difference between said transparent conductor and said conductive pad.

800 - 22.  The method of claim 21, further comprising the step of patterning said

sacrificial layer to expose said surface.

23.  The method of claim 21, further comprising the step of dissolving said
sacrificial material into said permeable layer. |
‘805
24. . The method of claim 21, forming said transparent conductor with said

permeable material.

25.  The method of claim 22, further comprising the step of forming a

810  monolithic liquid crystal display.

26.  The method of claim 22, further comprising the step of filling patterns
—_—
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34 he method of claim 7, further conprising the steps of:

form ng wdggmmarent conﬂt u wlnlmtwm Eﬂud per neabl e nat eOTAISHEMHESST
pol i shing said perneabl e rder to reduce said perneable
t

material (35); and form ng other perrreable material (35) on said
transparent conggictor (42).. :

said sacrificial layer in order to engage permeable material associated with said

815 permeable layer to exposed portions of said surface.

27.  The method of claim 26, further including the step of puncturing said
permeable layer in order to form an opening extending through said permeable layer
to said cavity.

820

28. A method for microfabricating a liquid crystal display, comprising the
steps of: |

forming a conductive pad on a base of said liquid crystal display;

forming sacrificial material on said conductive pad;

825 forming permeable material on said sacrificial material;

dissolving said sacrificial material into said permeable material in order to

form a
cavity; and

filling said cavity with liquid érystal.

830
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29.  The method of claim 28, further comprising the steps of:

pattezﬁing said sacrificial material to form holes in said sacrificial material;
and

filling said holes with said permeable material during said forming permeable

835 material step.

30.  The method of claim 28, further comprising the step of dissipating said

sacrificial material from said permeable material.

340 31.  The method of claim 28, further comprising the step of forming a

transparent conductor on said sacrificial material.

32.  The method of claim 28, further comprising the sfep of forming a

transparent conductor on said permeable material.

845
33.  The method of claim 28, further comprising the step of forming a fully
integrated liquid crystal display.
34,  The method of claim 32, further comprising the steps of:
850 polishing said permeable material in order to reduce said permeable material;

and

forming other permeable material on said transparent conductor.

\\
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