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apparatus for producing subm cron patterns on filns. This invention was
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#DE- FQ02- - 96ER45612. The governnent has certain rights in this invention.
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15  such patterns limit the performance of such integrated circuits. Presently. microlithography
is commonly used to produce patterns on substrates. Microlithography techniques involve
exposing a photoresist to an optical pattern, and using chemicals to etch either the exposed,

or unexposed, portions of the photoresist to produce the pattern on the substrate. The

resolution of the pattern is thus limited by the wavelength of light used to produce the optical

20  pattern.

Summary of the Invention

The present invention relates to a technique for producing lithographic structures by
exposing at least one film on a substrate to an externally applied electric field, such as that
25  produced within a parallel plate capacitor. The externally applied electric field produces
forces in the film that cause mass transfer in the film to thereby produce a lithographic
pattern. The resolution of the pattern will depend on the magnitude of the electric field, and
the dielectric constant, surface energy, and the viscosity of the film. The pattern can be

further specified by spatially controlling the electric field, e.g., by using patterned electrodes



PCT/ US00/ 35139 in the capacitor. The pattern can also be further specified
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20 laterally varying the strength of the electric field along the interface.

The substrate can include a lower electrode and the application of the electric field
can include applying a voltage across the lower electrode and an upper electrode spaced from
the lower electrode by at least the first and second flowable media. Furthermore. to laterally
vary the strength of the electric field along the interface, the method can involve any of the

25  following: at least one of the upper and lower electrodes can have a topography that defines
a laterally varying separation between the electrodes; at least one of the upper and lower
electrodes can include multiple, lateral regions having different conductivities: and the
substrate can include a layer of non-conductive material positioned between the lower
electrode and the first flowable medium, wherein the layer of non-conductive material

30 includes multiple. lateral regions having different dielectric properties. Moreover. the

substrate can include multiple, independently addressable lower electrodes and/or there can

be multiple. independently addressable upper electrodes, to thereby laterally vary the strength
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In general. in another aspect. the invention features a method for producing a pattern

20  on multiple substrates. Each of the multiple substrates has at least one lower electrode. The
method includes: providing a master defining the pattern. the master including at least one
upper electrode: providing a first flowable medium on one of the substrates; positioning the
master above the first flowable medium spaced from the first flowable medium by at least a
second flowable medium, the first and second flowable media having different dielectric

25  properties and defining an interface there between; applying a voltage across at least one of
the lower electrodes and at least one of the upper electrodes for a time sufficient to produce a
structure in the first flowable medium along the interface; hardening the lateral structure in
the first flowable medium to form the pattern: and using the same master. repeating the
second providing step. the positioning step. the generating step, and the hardening step for

30  additional ones of the substrates.

Unless otherwise defined, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art to which this invention

-
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structure in the first flowable nediumalong the interface; hardening the
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advant ages.ff of e ﬂlﬂlVed'lﬂmb@tl’le&{\dullhg be @ppaciemticils onettiner feoidvewpritpns phthe
detail ed description, and fromthe clainms. BRI EF DESCRI PTI ON OF THE
DRAW NGB8liRigs. 1 a and | b are schemati c draw ngs of an apparatus for

formng a paptt]g %QUIJC‘E'%IHA Rv nEgPssof tg@mvgﬁ)lwxﬁﬂgl Q@aﬁaﬁélﬁﬁbﬂﬂﬁé felloviami ngs of

the formatio erne musing 20 the apparatus of Fig. | a.
Fi 935 3@ctad®d d@ﬂﬂpﬁ@l ané freahtdeetairos.dr awi ngs of the formation of a patterned
filmusing a nodified version of the apparatus of Fig. | a. Figs. 4a and

4b are schematic drawi ngs of the formation of a patterned filmusing a
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1a and 1b are schematic drawings of an apparatus for forming a patterned film.
Figs. 2a, 2b, and 2¢ are schematic drawings of the formation of a patterned film using
20  the apparatus of Fig. la.
Figs. 3a, 3b. and 3¢ are schematic drawings of the formation of a patterned film using
a modified version of the apparatus of Fig. la.
Figs. 4a and 4b are schematic drawings of the formation of a patterned film using a
another modified version of the apparatus of Fig. la.
25 Fig. 5 is a graph of theoretically determined values of the wavelength A of the
patterned film and the characteristic time T of the pattern formation for a liquid-air interface.
Fig. 6 is a graph of theoretically determined values of the wavelength A ot the
patterned film for a liquid-liquid interface.
Figs.7a, 7b, 7¢, and 7d are optical micrographs of polystyrene patterned films
30  produced using a homogeneous externally applied electric field.
Fig. 8 is an optical micrograph of a polystyrene patterned film produced using a

heterogeneous externally applied electric field.
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anot her nodified version of the apparatus of Fig. 1 a. 25 Fig. 5 is a graph
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for pro%ggﬁm?by?%gﬂﬂﬁ@pﬁﬂﬂ@m%h?&ﬁs|s shomn in Fig. | a. A film1 10 forned
on a substrate IS ace rom an I t d

filled with &n 3]?531@%699%?%81%1@‘1“}0&}@ tilseaﬂgrﬁ%cf @E}&Sﬁﬁa ?%ﬁ‘?é’r al P%a(gf lé“pl 1r]5?y of a
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t he secon erral 1s ty ectric, it can also be conductive
or gem sooadiatateral 139 Tleaaﬁtoral 1p@t|et1almam(bﬁ: agylof ¢ gag & ANPPraSsIre fhguet). ¢e and
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sem conbliit 4y gwgble p @k:f ‘Q?ﬁ§ggc?g%8ﬁﬁn 1%éh£9&es%§$39§%ﬁh%% Wio a
vari abl g. val4,296 SOUhEEUARiveMN1GhsBa pbitidn of substrate 120 is conductive and

defines a lower electrode. For example, the substrate can be a semiconducting wafer. The

first and second electrodes are connected to a variable voltage source 140. which during

20  operation produces an externally applied electric field between the electrodes.

Film 110 and second material 150 define an interface 154 that is responsive to a

Laplace pressure (e.g., surface tension), which tends to stabilize the interface. In the
presence of the externally applied electric field. however. a difference in dielectric constant
across the interface gives rise to an electrostatic pressure. which is opposed by the Laplace

25  pressure and a disjoining pressure and destabilize the interface. When film 110 and second
material 150 are each in a state that permits them to flow relative to one another. the structure
of the film at the interface can deform in response to the electrostatic pressure and produce a
lateral structure. For example, such flowable media include gases, liquids, glasses, and
flowable plastics such as teflon.

30 Typically film 110 is a dielectric material including, .2.. a dielectric polymer or
oligomer. For example, the film can be a glassy or semi-crystalline polymer (e.g..

polystyrene). which is spin-coated onto substrate 120. Other suitable polymers for the filin
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conduct hersondusive lavee I 1bends C%‘&H%?"eellaé%t]%élgﬁ%gg e%%cﬁhciq&&ﬂo% ¥ the

non- conducl.Lve filohQ uPEﬁ%S&lﬁ SIPOf Fighth Retwaea, bdft&h@ﬂ&ctlp@@ies Such
addi ti oﬁaslcrlptéonegrhgyﬁrr)gg al s}o enS| rabl e 5 even when filml1l 10 and second

mat eri ah plﬁablan@tmmumdimem@nﬁ&g:tlb\ae we115 Frgheraeap ) additianal srabRGBKESent

shown | fnllnlf Il Olnay 1nclu&lebz§ ;[)lru?'z;[hff\y %g glelecglc cond%ct%lg, or semiconducting layers. The

20  voltage source 140 can be an AC source or a DC source.
When a voltage is applied to the electrodes, the resulting electric field between the

electrodes 120 and 130 will induce a dipole field at the dielectric interface between film 110
and gap 160. which will ultimately destabilize the dielectric film and dominate over
competing forces. The film develops a surface undulation with a well-defined wavelength.

95 as shown in Fig. 2a. With time, the amplitudes of these waves increase until film 110
touches electrode 130, as shown in Fig. 2b, thereby producing a columnar structure having
well-defined column diameters and inter-column spacing forms. By hardening or solidifying
the film material. the structure is preserved. as shown in Fig. 2c. For example. to preserve
the structure. the film can be ordered (e.g.. crystallized) by reducing temperature and/or

30 adjusting pressure, it can also be solidified by any of a chemical reaction, a cross-linking

process, a polymerization reaction, and a sol-gel process.
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F

| at er al hypliedifdereoesthe édatlelmd@llallwsdﬁéwlédﬂ 816&&&6??%“ G1SCT1% B ot er al | y

het er ogeneous .el ectri elieGhik e as!
: phs Nduaedhd dﬂ@&@bklﬂ of th
di el ect Efagiopf-|if- 11 8 ‘eﬁtdl?ﬂ ?ﬁ ’6%15?%1“ 19% 1? “%he I ateral gr ac!llltngnt s of ©

t he, el e !
153 ‘P&Hs% akt8heorrEipshdaidf 6 clic ©BOgR ]1C|$BQDEﬂttGI‘ITCé léctrade3 3. aasharn
to a lateral Jstructurglbln tg];]e di elpe%:tglc film Toth > b“attern

el ect r oflas abathDea@mlé’l@g the diddesrafimpdhe é?lﬁmnéﬁﬁﬁlcé}l%éstlre ga&iedp%st SI@ENRE can be
pr Oduceg Lor e%c?d”P n ’thebz%Bth ??ﬁIormh?g?tfpme%t ﬁ:lm EHehe be&!#@hh@dhtl@rﬁ’ﬁ@ﬁh reat i S

ng‘é\?r :)q;gg@;épmé%d c L er electrode 130 is replaced wth upper
external! >t/ 1@Bd EgctrejroPosipbicesl thy agpatt retigatc spagingHcWessle Upipra
electrode and the substrate is increased, while the film is liquified and the voltage is applied.
20  If necessary. the voltage can be varied during the relative displacement of the electrode and
the substrate. Furthermore. in other embodiments, the lower electrode can also be patterned,
either in the alternative, or in addition, to the upper electrode.
The embodiment shown in Figs. 3a-c provides one example of how one can laterally
vary the strength of the electric field along interface 154 to define the lateral structure. In
75 another example, the electric field strength along the interface can also be made to vary
Jaterally by providing one or both electrodes with multiple, lateral regions having different
conductivities. For example. the composition of one or both of the electrodes can vary
laterally (e.g., separate lateral regions containing different metals). Furthermore. one can
vary the electric field strength at the interface by introducing a layer having a lateral variation
30  in dielectric material between the upper and lower electrodes. Finally, rather than using a

single upper electrode and a single lower electrode, one can laterally vary the electric field

strength by using multiple, independently addressible electrodes to generate multiple voltage
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singl e ([ JARoR SicAGig deSWRr todhesirfadepergneatcan of dtcer al |y vary
the el e‘g‘{)"gﬁ)@“}% gﬁg&gg{tﬁr eng(t)lh _b;% us,li ng@r%ﬁl tiple. independentl é ﬁddre % bl e
el ect r ogd@sirite. Fhnetmteramithe gictscyrs) filayis againpreserad s BETRBH551%

di fferences across the interface bet. I Aferantelpanch&fenttdaigégst r odes.
Enbodi n‘éﬁflé?YéPhgl?Yingﬁ\Pé’inrP%na VAL ’éganAy one %? alny]corrbi nati on of
such t eghnj i8S 0tad hafabiohy 18@E3N hdvba labettariatioh iiebwifast cosgy heiHICOHY t he
interfaceé and thereby provide a tenplate I)vﬁr t he f rmatti N (1)‘ L%blgﬁ)ég)teral
st r uct uthe.altbrobniva of i additiore helastFasist*20s iy thFhe‘ﬁP%fgmﬁﬁ,s‘lsusns FRREI90 s
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ener gy. hayfe lpigt rvﬁ’llat\llo]rliné}elz%rllm:ég%g%l% ace ‘energy can be produced, .for
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pat L erne Bepos an%(or(l)ettéraﬁy %éu"yinpgec[lg LiQGE Ql%&aegre%{hee{li)@é S ifRIALS. and

sel f-  techniques described above

20 In any of the embodiments described above, the upper electrode can be treated with a
release agent to facilitate its removal from the solidified, patterned film. For example. using

techniques known in the art. a self-assembled alkane monolayer can be formed on the top

electrode prior to use to facilitate such removal.

Although not meant to limit the invention in any way, the following discussion may

25  provide theoretical guidance for the above and additional embodiments of the invention.

Theoretically, the origin of the film instability can be understood when considering

the balance of forces, which act at the interface. The interfacial forces (e.g., surface tension )

minimize the interfacial surface area and stabilize the homogeneous film. The electric field.

on the other hand. polarizes the film resulting in an effective displacement charge density at

30  the liquid-air interface. which destabilizes the film. When written in terms of pressures. the

electrostatic pressure p,; opposes the Laplace pressure. A local perturbation in the film

thickness results in a pressure gradient that drives a flow of the film liquid in the plane of the
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assenbl ed al kane thiols. Thereafter, film 110 is deposited onto substrate
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PCTI USOO 35139 film Th i gquid.flow.n 0 n by a
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exper Enental data shown in Fig. 5 will be described further below.

For the limit of a vacuum gap separating the upper electrode from the film,

20  expressions for A, and 7, can further be expressed as:

1
A, =27 |+ (fd—-h)z = (2)
m £ e—1 U
6
m.i[ S a)
m SS /’)3 e—1 U4

25
where the applied voltage between the electrodes is U, the surface energy of the film is v, the

dielectric constant of the film is €, the film viscosity is n, and the plate separation is d. In
9



S applied to an otherwise flat filmand its response is calculated with the
hel p of a linearized version of the differential equation. The resulting
di sper si 3P 9147883 on quantifies the decay or anplificati oXdfURVGn
pert'ur bation wavel ength with tinme. The fastest anplified node is given by:
10 ?"71 = 27i (1) 27 apel ah in which k,,, is the wavel ength of the node
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tA he t hi e;km?mﬁy epplidiidid.| ﬁheyla& oTihdicaistthas dhearser luaemheldhe pafiean |1§1£}7}t’@1 show
,,, as a nction of.
e TP T oy AP

charact Qéxﬁcﬁfchge §ﬁa@@rs Zan be hed tb bfbcfs@]yrmhtrolﬁheélet:tlﬁ@id spatiapi Fot suitabieght hand
axis in Fig. 5). The experinmental data shown i bed

further pheheiers.For cle¢tac el is tprcaly yahgammgsay aé%lﬁdpatq’ i Wgalﬂﬁ‘edﬁﬁe‘rggilﬁ%dct rode
fr Omkt E%flbldgéﬁsnéh %é&lé&i%k@)ngefggc{ d111eﬁm§ﬂ%d1f%1631réaaﬁle sHH‘é&%me SPtRE essed

as: Tn7 - s2 h 0 25 (2)
(3) whergntdag bapgjused by ahttaigeinb etareerhs $uth agbetactantes blgcklﬁ,om g ace
energy of the filmis . the dle|f,‘CtI’IC constant of the filmis s, the

filmvi @é@é‘i"?sythﬁfsmilfaseé%dleflﬁéseﬁh%ﬁ% Eppr&Yion is d. In

For the case of a liquid material separating the film from the upper electrode, the

10 difference in dielectric constant across the interface decreases, which would tend to increase
the value for A, . In practice, however, this is more than compensated by a decrease in the
Laplace pressure for a liquid-liquid interface versus a liquid-air interface. For example. o
typical Laplace pressure for a liquid-air interface is about 30 dynes/c1112. whereas the Laplace
pressure for a water-oil interface is about 1 dynes/cm®. This is explained with further

15  reference to Fig. 6. The dependence of A, on the dielectric constant difference between the
liquids, i.e. A€ = g, - &2, while keeping other variables constant, is shown in Fig. 6 (dashed
line, left and top axis). A,, diverges at the point where the dielectric constants of the two
media are equal, i.e. Ae = 0. This is understandable since the polarizabilities of the liquids
are equal and the electric field does not exert any pressure on the liquid/liquid interface. The

20  solid line (left and bottom axis) of Figure 3 illustrates a simple route to achieve smaller sized
structures. These results show the scaling of A, as a function of the interface or surface
tension. It is seen that A, o« J}/,_? . As described above, a strategy to reduce yi» is by the

addition of a small amount of a diblock-copolymer that segregates to the liquid/liquid

interface. Similarly one can achieve an effective reduction of the surface tension ol a single

3]
(W]

layer by placing a surfactant or any additive that reduces v, at the liquid/air interface. One
consequence of the reduction in Ay for the bilayer is a dramatic decrease in time required to
amplity fluctuations. Intuitively. one would expect that the presence of the second viscous
medium would slow the growth of fluctuations substantially. On the contrary, experimental
results (described in further detail in Example 3) show a 50-fold reduction in this

30 characteristic time relative to a liquid-air structure.
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at the Pﬁé’iﬁid equence of the reduction in for the
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medi um Wevd hbeglcowt%eﬂgerwwoeifto Eﬂ‘aé{] 163@ e%?fﬂ%iséh%‘? “m B a%‘?f‘gp

Con56 Al Yatiod’s eearterr{ﬁm Plare possible.

The patterning methods disclosed herein can have many applications.

For example, the methods can be used in microlithographic applications where the
patterned film is formed on the substrate as a mask to selectively expose some regions ol the
substrate and not others. Once formed. the pattern can be transferred to the substrate by

25  removing a layer of the substrate at each of the exposed regions, e.g., by chemical or reactive
ion etching techniques. Alternatively. a layer of material can be deposited onto the patterned
substrate to fill the exposed regions. For example. the exposed regions can be filled with
metal to provide wires within an integrated circuit.

Furthermore, using the techniques disclosed herein, multiple patterned films can be

30 built up on a single substrate. For example. an additional layer can be deposited over the first
patterned film to immobilize it during subsequent pattern formation above the additional

layer. Moreover, in addition to being a mask for microlithographic applications, the
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results (described in further detail in Exanple 3) show a 50-fold reduction
inthis 30 characteristic tine relative to a liquid-air structure. 10 WO
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varying the electric field strength at the interface as descri bed above.
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forces ;panao?.t .o.}Qd%glag adiigd 64 EleniPAYRERIeYcal. Ihedida® dr MRhaittL6tis0de spaci ng
is chosen snalf enough ( < | m. small applied voltages (] 30 V) are
suf fici ent t Rayemérgageintb giicwlidwograpby apelicagiorst the-methody giyclosed hepgan
“dielectri ilm This results in stron . [ Cct, t he

di el ect r’i]@” HAws? Vatltagis()ovlgklf?@’)emlql}?zEgmg éﬁl@éép@%ﬁ%@ﬂéﬁ%. B gtgﬁb- up of the
di el ect riiGnfduedophiesl radih@dBpabdsithrol iR geRE ot fetieleac expase fsletidd ragiensfdflam
instability features a characteristic wavelength, which is 15 a function

of tife ehetoresis layerfepositedeomyt pubstater HapiGRlY @ott shemie] stciipliows {EMOVEm and
is we] | .described a_linear 44 VS1 S trod
e R et e

is repl & rne e e str re 1s replicated
by the diigl &tiheisebsiRel. Uncosast] elsctetinggudsnlidchmed barpiardomen teduireeswétt s bel ow,
| ateral |ength scales down to 140 nm ar;aéﬁs%)ect ratios

I h
been cr sheweral TRk elorels BaaRed fiime iptead dhy ﬁerélélé‘f wpligf %Iegg'gc rﬁ‘ﬁgﬁa‘fﬁgvﬁm
and aspect .29, LAl iQfe ﬁflﬁ Al il Hﬁ”‘ﬂ)rlﬂm tHE ?at&?ﬁ.sklé’ k&ul ThebRak Bt dily Met hods

di scl oséd™Rerein can have many applications. For exanple, the nethods can
be used assvcibted with eogichiphi sichpp hndeatk prrsraramdetchBingskie t@p YREEXPPIUAG pIS
formed on the substrate as a nask to selectively expose sone regions of the
subst r at®oulst not ot hers. Once formed. the pattern can be transferred to

the substrat e Piedrork &P YdcABigBed BYQbsedihetdn® d6 HbSkq@tethalopaad kxpdsutdi@ols
exposed regions, e.g by chem cal or reactive ion etching techni ggﬁgﬂ

Al t er natrievessyry imphetpbthogtaphwt Moresivers dhe IggolHépibel e trchrares He nphlip

any optical diffraction or scattering constraints. To the contrary, a single master electrode

20  having a topography with resolution better than the diffraction-limited resolution of
photolithography tool can be produced by, e.g.. electron beam etching, and then. using the
techniques disclosed herein. the master electrode can be used multiple times to reproduce the

high-resolution pattern on as a film on each of multiple substrates.

25 Examples

The invention will now be illustrated by way of the following nonlimiting examples.

Example 1 - Homogeneous Field ‘ .
A thin polymer film of polystyrene (PS) of thickness # was spin-coated from solution

30  onto a highly polished silicon wafer serving as one of the electrodes. Subsequently. another
silicon wafer was mounted as the opposing electrode at a distance d leaving a thin air gap.
The assembly was then heated above the glass transition temperature of the polymer (7) and
a small voltage U (20-50 V) was applied. To assure the air gap, the top electrode had a small
12



substrate to fill the exposed regions. For exanple, the exposed regions can
be filled with netal to provide wires within an integrated circuit.

Fur t her NWP@14TBng t he techni ques di scl osed herein, multi BFEUSMIEhed
films can be 30 built up on a single substrate. For exanple, an additional
| ayer can be deposited over the | irst patterned filmto inmobilize it

during sy smuf‘g;& wRagd ge"orhefue)r Mk Bf Abgue dohkl Wckthicvedathild layaly. Mor eover
in addition to being a mask for mcrolithographic applicati s,mto%(}& VO

01/ 4700&1@@1111&1@3@1@51153@@@ eleptieds copfiguratiny AR EARSIPIHES PBV

functionalit an r RO f tHSE Lheerbhods

di scl os&f Wg&ez}cﬁlev&d)(n gi;[(ga&/ aﬁ% \ﬁ&ttd%aﬁdépﬁé%&é mican dtg)gc}a paet t er ned
sem congifelinie thayrctricfied Thatemgrrastmb driviggiforce s'Ehles pathttee dlffw:gellce@h Fﬁeques
di scl osed herein are not linmited to the fabrication of. 5 i nt?fﬂ{” vaﬁuc& of

ci rchii t slecTiefeldaim e Pelmer fwdle 414 B R Fe M5FeaTH VithAESH:

sur faces a% lll(,pl% nQEol frePfilm ﬁngln%ﬁg RYTIHENWCRpREd Foleie BbMmBIned blia] wgisgall,
medi caI PSensor . Ret ur ni ng again to m crol i t hogra hy

appl i catdh@m&e b%heeem&héleld&r@ﬂes(ﬂ odach) hedeionhigin clecidis fmlad’ﬂﬂ dd¥an %g‘@@l over

conventi onal photollth raphy techni | n . such u pPLic
radi at i Jrhesesaeastiiad GugH 2n rigpt tPgJ{J veiheoyel ﬂéeﬁﬁeové%e (g Q]%éﬂ}ﬁf n{zg’%‘tol}]lg of a
10 phot Oﬁec Tic {ielh?ﬂf&r RRCS ich@Ld B9 af icH Rl @I08 - mehRhiGAl hadidewdl s@arm cal

etch fol renmove elther the exposed or uneﬁfosed regi ons of the
phot or esinplrinelolehelee bythp polyure matpattfer aerpsing themetied filen Subsepalied 1n

contrast, the_ techni scl osed herein o . chem cal
etch to Yo§pgs foRa A% ?dggwg g F‘?ﬁelﬁqﬁg?létgsdtot dfowgl%ﬁlégr” ﬁgtﬂ 519?1 nd ied electric
field cajyge: exﬁ%sx%u%&n%éo% Qlenthigg EélbﬁﬂMﬁﬂheIt(bpﬁélecttﬂ)dba’vammdfmaamahlﬂ\er n. As
result, pro 'ens commoni 35 associated with wet etchin such as under

exposur eemoveddad @lwmtthmglomh@lqu b Ve PAM P ST ’@Vesé‘\%ﬁeg &y oPEEREr nor e,

t he technlqu%§ di scl n do not require the optical exposure tools
necessardPTH BWSt‘B’ICthSﬁ%p@’r hy Moreover, the resolution of the techniques
arejgot |imtpg ﬂayunsanyh@@ipeﬁaﬂenmré §liaat 1ncihgs3r7a57(dawﬂlezhlamgorzmi;tmqp@taghs To

the contrary, a single naster el ectraode 20 havi ra
resol ut |qfrp0b§t}’tf@1e @géﬁlmh@aﬂi"’?ﬁeﬁéé?ﬁ% i p RiEEEY ffeg% gltntfo ESO% 804 83
photol it Flr‘fg RPAY, L2 %nnegféd%r fglg)(ﬂﬁ’ £9 70¥¢ whth%m gsls1edpeieamoed chi pigs. and

appli
t hen, ues di sc ose(cijl her ei n, ﬁg mast er el ectrode can be
used mJl 1d Plaerdt ﬂﬁqﬂlﬂ t@ldl{ﬂ@sfs(iﬁhmﬁcréhed to 193 nm. Dependmg on the electric field

strength and the exposure time. either surface undulations (Fig. 7a) or a columnar structure
20  where the liquid bridges the gap between the electrodes (Fig. 7b) were observed. Because
the two electrodes were not perfectly parallel. the electric field also exhibits a small lateral
variation.
Qualitatively, different degrees of ordering were observed. The ordering phenomenon
originates from the repulsion of the equally charged undulation maxima and minima. While
25 the film morphology in Fig. 7b exhibits only imperfect order, more complete hexagonal
packing was achieved in Fig. 7c. The main difference between the two images is the initial
thickness # of the polymer film. With otherwise similar parameters, this increased thickness
leads to a more dense lateral arrangement of the polymer columns and to an increased
column-column repulsion. As a consequence, an improved hexagonal order was observed in
30  Fig. 7c compared to Fig. 7b.
While nearest neighbor interactions lead to a hexagonal symmetry, second order

effects can be observed as well, as demonstrated for the nucleated instability in Fig. 7d. The

-
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hi gh-resol ution pattern on as a filmon each of nultiple substrates. 25
Exanpl es The invention will now be illustrated by way of the foll ow ng
nonl i ni tWA§1/4308%pl es. Exanple 1 - Honmpgeneous Field A t hi FCHEPAEI3% i | m of
pol ystyrene (PS) of thickness h was spin-coated fromsolution 30 onto a

hi ghly polished silicon wafer serving as one of the el ectrodes.
SubseqUENRt LY highBPVAIRE of Bif the PRINAGLE pouAscadwWY kighasicehi Dppesd Ay el ect rode
at a di stance leaving a thin air gaﬁ. The assenbl y. was dt pagn he/i;\ ed above
t he gl aagrdasahdiivinghorcenphbis ¢ ied ageple @ﬁ%tﬂl?ﬁ%f’rreﬁ?‘ﬁ%ﬁ?idm 408 Vol tage U
(20-50 V) was appl.ied. To assure the ai.r Reqt ebacddraodeethash 24 smal |
12 WO OPFWTE?@?SE%I‘I%%?&DD%q%@H%ﬁ éa%B’ @ieﬁégggwglggd ng{g?lret ry, a range of d

val ues gf%‘ﬂe%ﬁﬁa Achiev-ed, aidi kiecdreeadnky of vaint Ak nivimge & ineahdrycipastal | el
el ectrode configuration. Air gaps ranging from 1Q nm wer e

/ 0 eI}Tm{.to 1000 ”
achi gvedvavalehpths Reaynd theeirolsiol age-reatest rachosmite s HERERE t or devi ce
determne the el.ectric field, I L@V r igsthei t h
he.di f Fereas Gfatie 18 U eet o e L e e PR e
ai I gap peFaoonhAbRBSHE kMgt titaohanss ingiy dlcueberefachanaritunnisseuspdedgol ymer
fil mthickness h. The | ow applied valtage con‘ai ned {éﬂ th tJ%e smal | di stance
bet ween shheeighhecs. corespopding 1q a girclp @adsradiys fidgh CUPERISFNE Fo%tds E,, (107 - |
Os Vim. The electrlc riled caus&d lIs- 1|edl%éélﬁﬁ@ﬁgtﬁ@czflé.o'\f‘/[ﬁ h"EthHgm:’lﬁ he

devi ce (10- 50 PRI APV RO OGRIEE YT ¢ fiel'ds the current is caused by an

i on | GONQUEHLN o ABE BRBIS MeltEg), aitesh iics iletsehOvitmpircldeyrodot@cuizeshi n t he

pol yrmer ‘matrix. After exposing the heated filmto tlhe ap _I(%\gavﬂh tl\/é)}_\%gpe for
a tine rangl Mgudtnigrdinensensias e dke platean haights fradily iga ‘E% YIEr was
subsequent |y inmobilized by quenchi , pisel RedRde thas
mechani ¢4t e ﬂr??‘r?o{}‘@ﬁlt,lo ?faerfc é’ﬁe g‘%é:n%ocggl gﬁog’f E)S;E(t)tﬁlég pol ymer film was

i nvest i gal ad. BYd9Dth el podisler 1akeTF6r 4 gives filth ciiidseeph, thaeMractabtithaeresul t s
of the experinent "are shown in Figs. 7a-7d, i.cal, m

e whi chfalg e. olgzt L. crogr aphs
of pol ystyrenesit@Shibity apowdidew depandenssosadupeion Pt eREiepEne FEFE 1R Fi gs.
7a and 7b, a 93.nm_ thick PS.{] g&gl@ ior 18 hours at 170C with an
appliPed C\?B"Ieflé)é’é“@:to@é;éqea?eﬁ§£5ég‘g&ty@§ *Bn é@;ﬂ?ﬁﬁ@ filmthickness was

increased to 193 nm Depending on the electric field strength and the

exposure tine. either surface undulations (Fig. 7a) or a columar structure
Example 2 - Heterogeneous Fields

A patterned electrode was mounted facing a brominated polystyrene film (/7 ~ 45 nm).

and the film was subjected to an applied voltage of 42 V. The device was maintained at

20  170°C and exposed to the applied voltage for 20 hours. To ensure that no polymer remained
on the master electrode after disassembly, the electrode was rendered unpolar by depositing
of a self-assembled monolayer. Fig. 8 is an AFM image that shows 140 nm wide stripes
(full-width half maximum), which replicate the silicon master electrode (200 nm stripes
separated by 200 nm wide and 170 nm deep grooves). A cross-section measurement reveals

25  astep height of 125 nm, with the resolution being limited by the geometry of the AFM tip.
The profile of the polymer stripes is nearly rectangular with an aspect ratio of 0.83. The high

quality of the replication extended over the entire 100 x 100 pm” area that was covered by

the master pattern.

30  Example 3 - Bilayer Liquids

Thin liquid films of polyisoprene (PI) and oligomeric styrene (OS) were spin-coated

from toluene solutions onto bare and gold-coated silicon wafers. respectively. The film
14



20 where the liquid bridges the gap between the el ectrodes (Fig. 7b) were
observed. Because the two el ectrodes were not perfectly ar aI | el, the

el ect ri cWPi0gHz0al so exhibits a small lateral variation. SO0l v,

di fferent degrees of ordering were observed. The ordering phenonenon
originates fromthe repul sion of the equally charged undul ati on naxinma and

i ni M. 1 WHEE wASt 40h8n FEdr Rb e epbeinggys, b Bmkll gir gdb wex hifbatics e aind yauidper f ect
order, nore conpl ete hexagonal packing was achieved in Flgg?\gﬂha Th(ﬁ mai n
e

di f f er efoce liseidisiehilayees. 1eum@@§l& eXPETHRER i the &F Wap FERIEST
polymer film .th . otherw s neas&dedtMaskness
ngﬂlgés iloxane (?%DQMg}, L@ls fgﬁﬁlﬂgg;lﬁtﬁﬁi/héth& ilhyee! erft

| eads tUEPMBIcEN era ’angenment ~o he pol ynmer columms and to an

i ncr easggd 16 QbpE-tEODDMS @Rt Thic onerashiekiesnsiih e briayer v npmpradlyddinhexagonal
order was observed in 30 Flgﬁ 7C congare
¥i93bsong

nei ghbot ablat dekoy Pepmariasdhe A0 élﬁﬁﬁf%’l“??hgog%eré)ﬁ&é 8015%%15613 ®ct s

can be gbhserve ¢ oDNBeoB g lagatPedDMStaabs li ty in
No. 7d. t]‘thgle&%&/\ﬁf%%ﬁf?%ﬁ?%@%&%%%% | ocal |y hi gher val ue of h at t he

rucl eakiNgm. pEsNENNRads 3amN /i ghectiedlecihip sikiogbdicapgx g WirngYwagay

driving force. This causge tion of the near 0 W ations.
The ne® aperiBdinydn-grKsls ggﬂ))o‘?fpafeﬁé “8f%8?pehsgﬁ @gt?i?egﬂglpggp E”Mf'hged They
for nEd Jegaﬁié ﬁ’loﬁﬂtea onth}S Gf e Wilbhyer darhplds Ustl 1rthe—1m anda.ﬂdccrm o:xn:lc sudf grcgnce  of
2nr ¥ I's a characteristic 5 wavel ength, %gg?%ge circle of

nexio neareeﬁl‘ayele;agiplh&sr The sdperating distAnce bgivget ﬁVssuW“Ealﬁe (§i '“diP8t ance.

In the absence of nucl eat S RXp ai ns the
hexagonQP‘“’tﬁaH’sﬁ@i thﬂ)‘éﬁ‘l’(l?tﬁodle by%h leelg?tl?rfrﬁls év%%zé{ed%%%%ﬂedr\géitggh 1maX| nmis

surroundeg By TR o4 sghé)@lp&ce@omdeespoptﬁhamgm;rosc@pc|and:raénwlt\fl@ltﬁ%tm us /1 and
circunference 6 2. Another observation conce (2 Id /def ?@ I\é@t er al

| ength §dal ) VThIePV\ﬁv(ﬂI@%W balaygigexperigeRty ﬁ‘& H

rc E .,

whi ch vari es inver GbaChL ade,sRag angeuard:eel Taatienal (stwect ur e
di nensi H%beégx%il]lqéﬁgxw# g %({E%u height s fead | y neasured with the AFM

yi el gli ngelédirods 23 AsithetTORafedetibgtaadl paighrisartly o kghtan theyvigllep| ot t ed

as a function of the electric.fie I a given
film thirdlegeds geomeHy p@H’é‘rﬁﬁélaélr“iegtt(?béewg?%]ré}lt]Q?en?é&c¥llr};$/ {e)ldst?%gﬁ gggﬁlﬂh ts a

pover - | i denspds %eel@&n@ fi NG thOfrsOfet bhexpdmm@e@an@eebéﬁt wacplhge d. 15
correspo di ng to a decrease in the el ectrode spaci. P Qﬂactua?mns ot the
between the electrodes, leaving an air gap of 940 nm. An amplifi cauon of flu
Pl/air interface, occurred, ultimately leading to the creation of an array of vertically standing
20  PI columns. The average distance between the center of two neighboring columns is
ety = 47.4%4.4 pm.
The influence of changes in € and y of the upper layer on the time and size scales of’
the evolving structures was investigated in the second set of experiments involving a
PI/ODMS bilayer annealed at ambient conditions. Again a cylinder structure results. but
75 there is a clear reduction in length scale, associated with the replacement of air by ODMS.
The cylinder structures now exhibit a typical spacing of <deyiey> = 20.6£1.3 um. This
spacing is about one-half that observed in the single film experiments. The characteristic
times for the growth of the cylinders were determined for both the single and bilayers cases
by optical microscopic observations. The time required to produce the first observable
30  features was taken as the characteristic time. Notably. the time required to produce the
cylindrical structures at the PFODMS interface was about one hour, nearly 50 times faster

than the time needed to produce the columns in the single film case. Additional experiments

15



Exanple 2 - Heterogeneous Fields A patterned el ectrode was nounted facing a
brom nated pol ystyrene film(h - 45 rim. and the filmwas subjected to an
appl i ed WQPL/4t83 of 42 V. The device was maintai ned at 20 PCA¢SURFIEx posed
to the applied voltage for 20 hours. To ensure that no polyner renmained on
the master electrode after disassenbly, the el ectrode was rendered unpol ar
bK depointh9Qir agﬁ %/@@Msaﬂs%ﬁﬂﬁ}@dzegeﬁ&iﬁﬁ?dmthe Farge b&haveramitiAFM : mage thﬁt
shows 140 nm wi de stri pes ul I -w dt a i mu i replicate the
si | i con whster= R defoyB f‘efz(é%/aﬁﬁf@ff{dﬂpééz{s@ggﬁ%‘?%vwgnm wi de and 170
nm deep grooves). A cross-section neasurenent reveals 25 a step hei ght of
125 nm wth the resolution being limted by the geonetry of the AFMtip.
The profile of the polyner stripes i Sabbakly rectangular with an aspect
ratio of 0.83. The high quality of the replication extended over the
entire [F66—X—1TO0 ¢ area tnat Wwas covered by the master| pattenpmsS0
Exanple 3 - Bilayer Liquids Thin liquidifilnms of polyisoprene (Pl) and

ol i gongri-c—styrere—{CSrrwete spj:d“.-wat eq—from tfi Uene Spt ut T O1TS, 0Nt 0 bar e
and golc[%- coat EBNSP) i con|waf ers, T espectilvel y. TH& film 14 WO 01/°47003

PCTI USQQ 35139 thickness was 140 nm Forl sone experinents a spmall alr gap
was | eflt above ¢he liquid to fX¥rmliquiid/air @-j7ayers. | n the #8fmi ni ng
experinents, the air was replaced with g layer of oligoperic

di net h i1 OXaNE, (COVB) [ Thus Tsggm ng_a [TT qui dfd aggul d DI | ayghundNaalS@hyent
was usled to deposit the CDVS Iayer. The overall thickness of the bil ayer
was nomi-haly—1-m—b—Tait-e—i—Pbelow-stmrearzestjip physicat consigts of the
l'i qui d |ol i gomeP8isghd pollyners. Hlom the scientitic literature, the
interfdcial tension of OS/ODMS, OS/Pl _and PIL/ODMS are 6.1 nNm 1 _68 m
and 3.2 nm respectively. Thin rails of silicon oxide were evaporated on
top of indiumtin-oxide (I1TO-coated m croscope slides (Delta Techol ogies),
and these slides were nounted on top of the bilayer sanples with the ITO
and silicon oxide side facing 10 ¢ihs Bhb&yglenganpl es. The separation

di stance between the substrate (S wafer) and the upper boundary was thus
control | ed bylttde Heainghtstoofl thatevhele dppmatestbndina beesdesaidbsdaia copipneddn yith1 o8

Th I pl. d d ti i N
T T g Pece i Pl et T AP RSP RRL ki o

oS/ QOB {imit the scope of the invention, which is defined by the scope of the appended claims. Other

aspects. advantages, and modifications are within the scope of the following claims.

What is claimed is:
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bi | ayer experinents) was applied between the Si substrate (el ectrode 1) and
the 1TO layer 15 (electrode 2). As the I TO coated substrates do not

signi fi cXAMA78Bsorb |ight in the visible range, this geofYSPEr R tted a
direct observation of the tenmporal evolution of the thin liquid films in
the electric field.In the first set of experinents, a |layer of Pl was

pl aced betwaemn hhghsl RF fratigsa pAtRaWdRimsh @subsgatp, thé ndddmmpiising:
anplification of fluctuations at the PlI/air interface,

d,.
ultimately | eaeNifgerdishibowiiamesnben B SHPTIP Bl AsEF QN <§v_§%j)ﬁé;§]§w1h@] 20 P
col “Z‘;_SZ%_T@%E AYRLE %m%kﬁn,at'ﬂ& & %@aﬁgﬁan& hewa6e ﬁx%diééﬁa;ﬁ%%’diﬁ%ieﬂh@i@fe’cﬂ& col ums

i's e 1 nfluence o anges In a an t he upper | ayer on
the ti mpr@reisiang dedalngandfiterfudvethenedletarg; st ructures was investigated in

t he second set of experinents invol vi Pl / bi | ayer. anneal ed at

ambi @nt  condidPPOHE AgeqtHC e@fpirg]i‘Fd‘é‘Fergg? 8’6taﬁlrnée§ ﬂF’ftst?% Qfuco8 SPHES s a
clear r [ L el S0GAR ltRe in3BREI AHed Wi th the replacement of air by
ODIVS. ?lﬁéjeﬁ%s;ﬁ?\rﬁer?nstructaﬁ?%s nlélw exhibit a typical spacing of <dcyi_cy>>
= 20.61. 3 m hahiesingsthasiruguiesn diedurst ovathamediubaio fops droegemsddta. si ngl e
filmexperinents. The characteristic tinmes for the growth of the cylinders
were determ ned for both the single and bilayers cases by optical

M Croscopi ¢ GbSEVAtihedst clAhe 1T iviBemaekdcead tiowpbloducieurh ea fdsrstinobser vabl e
30 features was taken as the characteristic tine. Notably, the tine

requbr egressungr oduce the cylindrical structures at the PI/ODVS interface
was about one hour, nearly 50 tinmes faster than the tinme needed to produce
the columms in the single filmcase. Additional experinents 15 WD 01/47003
PCT/ US00/ 35139 it 0&had bf alath OSAREMG the kaped Soshowetdess ent liqhily t he sane
behavior, with <d,,,l ,,.,>=12.72.8 tmfor OS/air and <d,,,,1 ,,,1> =
7.62.9 tmof OS/ODMS. Table | OSPIODMS y (mV m) 393220 E; 2. 52.372. 93

Mn58040, 000c B Ghatho85RERIH I, #RGEHahd 8RBt dn Sf the electric field comprises

15 laterally varying the strength of the electric field along the interface to detine the structure.

5. The method of claim 4., further comprising providing the substrate with a laterally

varying surface energy to further define the structure.

20 6. The method of claim 1, further comprising providing the substrate with a laterally

varying surface energy to define the structure.

7. The method of claim 1. wherein the substrate comprises a lower electrode and the
application of the electric field comprises applying a voltage across the lower electrode and

25 an upper electrode spaced from the lower electrode by at least the first and second flowable

media.

8. The method of claim 7, wherein at least one of the upper and lower electrodes

have a topography that defines a laterally varying separation between the electrodes.

9. The method of claim 7. wherein at least one of the upper and lower electrodes

comprises multiple, lateral regions having different conductivities.
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O her Enbodiments It is to be understood that while the invention has been
described in conjunction with the detailed description thereof, that the

f or egoi rRYOMELTM0BPtion is intended to illustrate and not RETUSAIASI#he scope
of the invention, which is defined by the scope of the appended cl ai ns.

O her aspects, advantages, and nodifications are wthin the scope of the
followng clains. What is clainmed is: 16 WO 01/47003 PCT/USOO/35139 1. A

met hod for formng a patterned filmon a substrate, the nmethod conmpri sing
provi ding a fiG% sthgmeiaspeclmgyy dﬁl?eé?l‘“tﬂi’f‘es‘g’ﬁ%%t? I“}fﬁ‘ﬁieéﬁ&ay? g 1&(8%80@” Wbl e

medi um on %, fel os{thl g? bovrpl g TBdiWRcbhE ahd i@t vadtonedilinowabl e medi a

havi ng dr¥a ectric properties and defining an interface there
bet ween; 5 applylng an electric field to the interface for a tine
sufficient to pr.oduce a ruc

ein. the first flo ong.t he
i nt efface; and-h ‘H&WPHG % émérédgFﬂ?QE?ekWﬂe%POP§Pm$F ?quﬂﬁHvl %b orm
the pat tlﬁul'ﬁ%fé fdibi) re%rong-hﬁwﬁ@Blﬁ@%l@ﬁle@cﬁid@rﬂapeﬂw@l’ ein the SeCOﬂd f | owabl e
mediumis a as at any 10 pressure. 3. The nmethod of claim1l, wherein the

second flowable nmediumis a liquid. 4. The nethod of claim11, wherein the

et o Ch! BBl oF fafel FL I OMRAL 8% cPub® sficel MR Hcddedrit®

strength of t ace to ine the structure.

5. The neihade Qicedﬁinabﬁhéayenfwrtohi&fond@dmrrélrﬁatﬁ@mprOV| ding the substrate with a
| aterally wvarying surface energy to further define the structure. 20 6.

The 1Qet hod of claiml, further conprising providing the substrate with a
lateral ly g ?%ﬁgtrh%ggfclgfﬁ? |9t Reil §hd ﬂ?TlldT%oﬁtc'bH@ﬁdﬁR/@ ma?euaTB@mBﬁM%Od of

claim1, wher e su rate conprises a [ower electrode and

app'lCahhmﬁpﬁfkhhelegeﬁ$haandékﬁxmdnmmnaemoapphylng a vol tage across t he
| ower el ectrode and 25 an upper el ectrode spaced fromthe | ower el ectrode
by at Ieast the first and second flowable nedia. 8. The nethod of claim?7,

wherein at pst Tl%%e@t)d LPSakPPENh&RE thOWRstrele@ehippidesmulk ?Vee ilep@e@tlaphy
t hat deflnes alaterally varying separation between the el ectrodes. 30

15 addressable lower electrodes.

15. The method of claim 7, wherein the application of the external electric field
comprises generating multiple, potential differences between the lower electrode and
multiple, independently addressable upper electrodes spaced from the lower electrode by at

20 least the first and second flowable media.
16. The method of claim 1, wherein the first flowable medium is a liquid.

17. The method of claim 1, wherein the hardening comprises cooling the first

25  flowable medium.

18. The method of claim 1. wherein the hardening comprises initiating a chemical

reaction in the first flowable medium.

30 19. The method of claim 1, wherein the hardening comprises polymerizing the first

flowable medium.
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9. The nethod of claim7, wherein at |east one of the upper and | ower

el ectrodes conprises nultlple | ateral regions having different
conduct i WiQ14300317 WD 01/ 47003 PCT/ US00/ 35139 10. The net REFWSPYRIA m 7,
wherein the substrate includes a | ayer of non-conductive nmaterial
positi oned between the | ower electrode and the first flowable nedium 5 11.
The net hod of 2¢| dhemktodwi etainn , whercirathe hamfning nermpnshs ctassdinfrateghe kst
conpriseé nHIt|%%] | ateral regions having different dielectric
properti 88W agls m ‘%hnethod of claim?7, wherein the upper electrode is
spaced fromthe second flowable nmediumby a | ayer of non- conductive
material. 10 13. The nethod of claim 12, wherein the |ayer o

non- conduct i vel nkhemesiodes eipimgelirther dopipsisiag serareting the EEIP% ﬁiﬁcﬁadﬁ: pigl the

di ff ent. di (ﬁg \%tagfeCEn l?lg?rotnll ﬁ]e h&lcﬁznecir ﬁ?etrﬁﬂ‘% %ﬁreqf gvegft Slpatt?m\e,:\% r% nrll. the

substrat%c81 I'Ses ‘mu ependen dF'essa
el ectrodes. 15. The nethod of cIa|n17 mhereln the application of the
external electric field conprises generating nmultiple, potential

di fferences bétwdbameHwd b gimd), Suthepsempeing woFating |ﬂée ProMiskiRe AERliney and
dd | de b 20
oocs s RO P g B SR SRR AT e S0LL 0P LY.

| east thé fiIrs 6 e nmethod of claiml1,
wherein the flrst flowable nmediumis a liquid. 17. The nethod of claim1,

wherein the h Id in ses cooling the first 25 flo e nediu 18.
The Wbt hod of 21 L hoaﬁgﬁlﬁnﬁl RECKH e RAHgD PYROSES 6 CF%IFH@naop

chem cal el Ita'té);fhd' the bltehdd ﬁlﬁherfaogie@@ésereﬂs%dfnwlaﬁe@ oﬁﬁre slitaﬁlemeamgh of claim
1, wherein the hardening conprises polynerizing tthe first flowable nedi um
18 WO 01h4 2ep&ePETHIUBO0 35139 20. The nethod of claim 1, wherein the

har deni ng conprises cross-linking the first flowable nmedium 21. The
met hod of claim 7 further conprising separating the upper el ectrode and the

24. The method of claim 1, wherein the patterned film exposes selected regions of
15  the substrate and the method further comprises depositing a layer of material at each of the

exposed regions of the substrate.

25. A method for producing a pattern on multiple substrates, each of the multiple
substrates having at least one lower electrode, the method comprising:
20 providing a master defining the pattern, the master comprising at least one upper
electrode;
providing a first flowable medium on one of the substrates;
positioning the master above the first flowable medium spaced from the first flowable
medium by at least a second flowable medium, the first and second flowable media having
25  different dielectric properties and defining an interface there between;
applying a voltage across at least one of the lower electrodes and at least one of the
upper electrodes for a time sufficient to produce a structure in the first flowable medium
along the interface;
hardening the lateral structure in the first flowable medium to form the pattern; and
30 using the same master, repeating the second providing step, the positioning step, the

generating step, and the hardening step for additional ones of the substrates.
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5 second flowabl e nediumfromthe hardened | ateral structure to reveal the
patterned film 22. The nmethod of claim1l, further conprising repeating the
provi di nO %% ng, and hardening steps to forma second’cﬂ'g'ﬁoggﬂéa film
on the substrate. 10 23. The nethod of claim11, wherein the patterned film
exposes sel ected regions of the substrate and the nmethod further conprises
removi ng a | agerA phttdrhel Slubptodaded tgtthemethodfof ckale lexposed regi ons. 24. The
met hod of claim 1, wherein the patterned fil mexposes sel ected regions of
15 the substrate and the nethod further conprises depositing a | ayer of
material at each of the exposed regions of the substrate. 25. A nethod for
producing a pattern on nultiple substrates, each of the multiple

substrates having at | east one | ower el ectrode, the nethod conprising: 20
providing a master defining the pattern, the master conprising at |east one
upper electrode; providing a first flowable nmediumon one of the
substrates; positioning the nmaster above the first flowable nmedi um spaced
fromthe first flowable nediumby at |east a second fl owabl e nmedium the
first and second fl owabl e nedia having 25 different dielectric properties
and defining an interface there between; applying a voltage across at |east
one of the |lower electrodes and at | east one of the upper electrodes for a
time sufficient to produce a structure in the first flowable nedium along
the interface; hardening the lateral structure in the first flowabl e nmedi um
to formthe pattern; and 30 using the sane master, repeating the second
provi ding step, the positioning step, the generating step, and the

har deni ng step for additional ones of the substrates. 19 WO 01/47003 26. A
patterned film produced by the nethod of claim1. PCT/US00/ 35139 20
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