LARGE AREA ROLL-TO ROLL | MPRI NT LI THOGRAPHY 5 CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application clains the benefit under 35 U S. C
119(e) (1) of U.S. Provisional No. 61/041, 264, filed on April 1, 2008, and
of U S. Application No. 12/415,563 filed on March 31, 2009, both of which
are hereby incorporated 10by reference herein in their entirety. BACKGROUND
| NFORMATI ON [ 0002] Nano-fabrication includes the fabrication of very smal
structures that have features on the order of 100 nanoneters or smaller.
One application in 15 which nano-fabrication has had a sizeable inpact is
in the processing of integrated circuits. The sem conductor processing

i ndustry continues to strive for larger production yields while increasing
the circuits per unit area farned on a substrate, therefore

nano-fabricati on bEARGESARPAREGALI-TOLROLIIMPRINT LITNOIGRARBIYI cati on provi des
greater sprocess control while allow ng continued reduction of 20 the

mi ni mum feat ur e di mesiah O8REHEHINGC B TOMREUAPED NPPTREAT BT areas of

devel opnent in which nano-tabrication has been enployed 1 ncl ude
bi ot echnol optical. technpl o chani cal e a i ke.
00031 An eX i ary. nitiooPaiARneRbH Tecimequindst Jrl % oty ks son v
U.S. Provisional No. 61/041,264, filed on April 1, 2008, and of U.S. Application
No. 12/415,563 filed on March 31, 2009, both of which are hereby incorporated

10 by reference herein in their entirety.

BACKGROUND INFORMATION
[0002] Nano-fabrication includes the fabrication of very small structures
that have features on the order of 100 nanometers or smaller. One application in
15  which nano-fabrication has had a sizeable impact is in the processing of
integrated circuits. The semiconductor processing industry continues to strive for
larger production yields while increasing the circuits per unit area formed on a
substrate, therefore nano-fabrication becomes increasingly important. Nano-
fabrication provides greater process control white allowing continued reduction of
20 the minimum feature dimensions of the structures formed. Other areas of
development in which nano-fabrication has been employed include
biotechnology, optical technalogy, mechanical systems, and the like
[0003] An exemplary nano-fabrication technique in u-se today is commonly
referred to as imprint lithography. Exemplary imprint lithography processes are

25 described in detail in numerous publications, such as U.S. Patent Publication No.



referred to as inprint |ithography. Exenplary inprint |ithography processes
are 25described in detail in nunerous publications, such as U S. Patent
Publ i cati on No. 2004/0065976, U.S. Patent Publication No. 2004/0065252,
and U. S. Patent No. 6,936,194, all of which are hereby incorporated by
reference herein. 100041An inprint |ithography technique disclosed in each
of the aforenentioned U S. patent publications and patent i ncl udes
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patterning process uses a tenplate spaced apart fromthe substrate and a
formabl e 1i[6@04§ applArednipehtveléinograghyt etrphragques adisclodeel 140 escbsofr ahe. The
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patterning process. The patterning process uses a template spaced apart from
the substrate and a formable liquid applied between the template and the
10 substrate. The formable liquid is solidified to form a rigid layer that has a pattern
conforming to a shape of the surface of the template that contacts the formable
liquid. After solidification, the template is separated from the rigid layer such that
the template and the substrate are spaced apart. The substrate and the

solidified layer are then subjected to additional processes to transfer a relief

15 image into the substrate that corresponds to the pattern in the solidified layer.

BRIEF DESCRIPTION OF DRAWINGS
[0005] So that the present invention may be understood in more detalil, a
description of embodiments of the invention ie provided with reference to the
20 embodiments illustrated in the appended drawings. It is to be noted, however,
that the appehded drawings illustrate only typical embodiments of the invention,

and are therefore not to be considered limiting of the scope.



description of enbodinents of the invention is provided with reference to
the 20 enbodinents illustrated in the appended drawings. It is to be

not ed, however, that the appended drawings illustrate only typical

enbodi nents of the invention, and are therefore not to be considered
limting of the scope. [O0006]FIG 1 illustrates a sinplified side view of
a prior art Iithography system [0007]FIG 2 illustrates a sinplified side

view of a I grap emin accor ce,with ap enbodi t of the
present |n\[' %@oégf“ﬁ"@te%aﬁ'ma@te AV Vigvs P |9rﬁf@&‘"§$8@fa\9héw of the

filmsheet shown in Fl G 2 having a patterned | ayer positioned thereon.
[ 0009] FI G systeml ustrates a top down view of the roller assenbly shown in
ne s [0007] FIG. 2 illustrates a simplified side view of a lithography system in
accordance with an embodiment of the present invention.
5 [0008] FIG. 3 illustrates a simplified side view of the film sheet shown in

FIG. 2 having a patterned layer positioned thereon.

[0009] FIG. 4 illustrates a top down view of the roller assembly shown in
FIG. 2.
[0010] FIG. 5 illustrates a simplified side view of a film sheet having

10 localized trapping of droplets of material on the film sheet.
[0011] FIG. 6A illustrates a simplified side view of a lithographic system in
accordance with an embodiment of the present invention.
[0012] FIG. 6B illustrates a simplified side view of the lithographic system
of FIG. 6A having an applied force providing contact between an imprint
15 lithography template and material on a film sheet.
[0013] FIG. 7A illustrates a simplified side view of a lithography system
having an applied force providing contact between a first imprint lithography
template and material on a film sheet.
[0014) FIG. 7B illustrates a simplified side view of the lithographic system
20 of FIG. 7B having an applied force providing contact between a second imprint
lithography template and material on a film sheet.
[0015] FIG. 8 illustrates a flow chart of a method for imprinting a pattern on

a film sheet.



[0010]FIG 5 illustrates a sinplified side view of a fil msheet having
10l ocal i zed trapping of droplets of material on the filmsheet. [0011]FI G

6A illustrates a sinplified side view of a lithographic systemin
accordance with an enbodi nent of the present invention. [0012] FI G 6B
illustrates a sinplified side view of the |ithographic system of FIG

GA having an applied force providing contact between an inprint
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applied force providing contact between a first inprint |ithography
tenpl ate amePlédterial on a filmsheet. [0014]FIG TB illustrates a
sinplified side view of the lithographic system 20 of FIG 78 having an
appl i ed forf@e@&Rrovi dilGg 160Antsthtdiet viemhfied sideamv birprhithugrdphichegteaphy
tenplate and material on a film sheet.

in accordance with an embodiment of the present invention.

5 [0018] FIG. 10B illustrates a sfmpliﬁed side view of the lithographic system
of FIG. 10A having a mold imprinting a pattern on a film sheet in accordance with
oﬁe embodiment.

[0019] FIG. 11 illustrates a top down view of a first template having a first
pattern of molds.

10 [0020] FIG. 12 illustrates a top down view of a second template having a
second pattern of molds complimentary to the first pattern of molds of the first
template of FIG. 11.

[0021] FIG. 13 illustrates a flow chart of a method of imprinting a pattern
on a film sheet using multiple templates.

15

DETAILED DESCRIPTION
[0022] Referring to the figures, and particularly to FIG. 1, prior art roller
assembly systems used in lithography, such as the one shown, employ a
template that is difficult to fabricate while retaining fidelity of the pattern intended.

20  For example, when using such a design for the system, the fidelity of the pattern

is compromised for templates having features less than sub-100nm. Additionally,

uniform pressure is difficult to achieve, and as such, the features of the pattern



[0015]FIG 8 illustrates a flow chart of a nmethod for inprinting a pattern
on a filmsheet. [O0016]FIG 9 illustrates a top down view of a tenplate
having a plurality of nolds. [0017]FIG 10A illustrates a sinplified side
view of a lithographic systemin accordance with an enbodi nent of the
present invention. 5[0018]FIG 10B illustrates a sinplified side view of
the lithographic systemof FIG 10A having a nold inprinting a pattern on a
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uneven pressure. '
[0023] Referring to FIGS. 2-4, illustrated therein is a lithographic system
10 used to form a relief pattern on a film sheet 12 in accordance with the present
5 invention. The material of the film sheet 12 may include, but is not limited to,

polymeric film, glass, silicon, silicon nitride, Keviar™

reinforced polymer films,
aluminum, and/or similar materials. Thickness of film sheet 12 may be based on
design considerations. For example, film sheet 12 may be a thin film sheet 12
with a thickness of approximately 10 ym — 500 pm. Film sheét 12 may be highly
10 flexible.
[0024] Film sheet 12 may be coupled to one or more rollers 13. For
example, as illustrated in FIG. 2, film sheet 12 may be coupled to rollers 13a and
13b. As illustrated in FIGS. 7A and 7B, film sheet 12 may be coupled to rollers
13c, 13d and 13e. It should be noted that any number of rollers 13 may be used
15 depending on design considerations. For example, in FIGS. 7A and 7B, roller
13d may provide additional support minimizing general and/or localized
deformation of film sheet 12. Additional rollers 13 may provide further support to
minimize such deformation.
[0025] Rollers 13 may facilitate movement of at least a portion of film
20 sheet 12. For example, rollers 13a and 13b of FIG. 2 may rotate to facilitate
movement of film sheet 12 in the direction of arrow 17. Such movement may

selectively provide different portions of film sheet 12 in superimposition with

template 18. For example, first portion 15 of film sheet 12 may have a fixed area



10[0020] FIG 12 illustrates a top down view of a second tenplate having a
second pattern of nolds conplinentary to the first pattern of nolds of the
late of FIG 11. [0021]FIG 13 illustrates a flow chart of a
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imprinting a pattern on a filmsheet using nmultiple tenp
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fixed 1 meter by 1 meter area in superimposition with template 18 for patterning.

After patterning of the fixed area, rollers 13 may facilitate movement of film sheet
12 to offset first portion 15 of film sheet 12 from template 18. For simplicity in
description, rollers 13 are not described in detail (e.g., diameter, materiality) as
rollers for use within lithography processes are well known within the art.

[0026] Each roller 13 may have an axis Ax. For example, rollers 13a and
13b in FIG. 2 have an axis Ay and A, respectively. Axis A, of rollers 13 may be
positioned substantially parallel relative to one another within system 10. For
example, rollers 13a and 13b may be positioned substantially parallel and within
the same plane P, relative to one another such that first portion 15 of film sheet
12 may be substantially parallel with respect to template 18 in plane P,.
Alternatively, axis A, of rollers 13 may be positioned substantially parallel and in
a different plane relative to one another such that first portion 15 of film sheet 12
may be positioned at an angle with respect to template 18 in plane P,. The
degree of the angle may be determined based on design considerations.

[0027] Film sheet 12 may be coupled to chuck 16. Chuck 28 may be
configured as, but not limited to, vacuum, pin-type, groéve-type, electrostatic,
electromagnetic, and/or other similar chuck types. Exemplary chucks are further
described in U.S. Patent No. 6,873,087, which is hereby incorporated by
reference herein. In one embodiment, chuck 16 may be a porous chuck as

further described in U.S. Patent Publication No. 20070190200, which is hereby

Ign$hest MayrRaeude s



formed fromsuch a roller assenbly system may be distorted due to the
resul ting uneven pressure. [0023]Referring to FIGS. 2-4, illustrated
therein is a lithographic system 10 used to forma relief pattern on a film
sheet 12 in accordance with the present 5 invention The material of the
filmsheet 12 may include, but is not limted to, polyneric film gl ass,
silicon, silicon nitride, KevlarTMreinforced polyner filns, alum num

d/ im.l I Thi ck f filmshee b d
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a thickness of approximately 10 pm- 500 pm Film sheet 12 may be highly
10f | exi bl esquM]Waﬁpmét salil biﬁv lbélewimréwati@ﬂ@h@ ehuGrotte” Blsckers 13

For exanple, as illustrated in FIG 2, filmsheet 12 nay be coupled to
rol | ers 13anzgnbe kdhilarAs didd usd/oatkabd o Eh@GR. 17 AndngenéBallyf imagn ;ghede 12 may
be coupled to rollers 13c, 13d and 13e. It should be noted that any nunber

of rollerss} cﬂ%fmﬁ sHé@cdo Gélragd@mo@gﬁzegrbwm%%b@nﬁz For
exanple, in FIGS. 7A and 7 ro -er 13d may provide additional support
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Addi ti onal ers 1 rovi her sup mnimze suc
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referred to as mold 20 or imprint mold 20. Alternatively, template 18 may be
formed without mesa 20.
[0029] Template 18 and/or mold 20 may be formed from such materials
10 including, but not limited to, fused-silica, quartz, siIiéon, organic polymers,
siloxane polymers, borosilicate glass, fluorocarbon polymers, metal, hardened
sapphire, andfor the like. Thickness of template 18 may be based on design
considerations. In one embodiment, template 18 may have a thickness of
approximately 0.5 mm.
15 [0030] As illustrated in FIGS. 2-4, patterning surface 22 comprises
features defined by a plurality of spaced-apart recesses 24 and/or protrusions 26,
though embodiments of the present invention are not limited to such
configurations. Patterning surface 22 may define any original pattern that forms
the bésis of a pattern to be formed on film sheet 12. Alternatively, patterning
20 surface 22 may be substantially smooth and/or planar.
[0031] Template 18 may be coupled to chuck 28. Chuck 28 may be

configured as, but not limited to, vacuum, pin-type, groove-type, electrostatic,

electromagnetic, and/or other similar chuck types. Exemplary chucks are further



20 sheet 12. For exanple, rollers 13a and 13b of FIG 2 may rotate to
facilitate novenent of filmsheet 12 in the direction of arrow 17. Such
novenent nmay sel ectively provide different portions of filmsheet 12 in
superinposition with tenplate 18. For exanple, first portion 15 of film
sheet 12 may have a fixed area in superinposition with tenplate 18. Rollers
13 may selectively facilitate novenent of filmsheet 12 such that first

portion 15 of film sheet have ixed 1 .neter, by 1.neter area in

super i nposi®EsYPeR; th fémﬁg%/% @%‘ pgﬁ%@% e%ﬁd? W%/ r '%%W%?angy of the
fixed area, rollers 13 may facilitate novenent of film sheet 512 to offset
first portirefarenseberdin.| hidhseghuek 28 e heepiipladdo Igprit dead SApuEkthay in
description, rollers 13 are not described in detail (e.g., dianeter,

mat eri al i t yhues 28 dridéorsmbant isel 80 tnhaynbé icohfairedp by fauilitade ss@ename oel | known
within the art. [0026] Each roller 13 may have an axis Ax. For exanpl e,

rollers 13a@pdtel in FIG 2 have an axis Al and A2 respectively. Axis A
of rollers 13 nay be 10 positioned substantially parallel relative to one
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Alternatively, axis A of rollers 13 rra)é be posidti’oor:]efﬂms%bs{?Zntiigl |y

paral | el arsdeetni2. Polymerizable material 34 may be positioned up shee sing

techniques such as drop dispense, spin-coating, dip coating, chemical vapor

deposition (CVD), physical vapor deposition (PVD), thin film deposition, thick film

10 deposition, and/or the like. For example, polymerizable material 34 may be

positioned upon film sheet 12 using techniqués such as those described in U.S.

Patent Publication No. 2005/0270312 and U.S. Patent Publication No.

2005/0106321, both of which are hereby incorporated by reference herein.

Polymerizable material 34 may be disposed upon film sheet 12 before and/or

15 after a desired volume is defined between mold 20 and film sheet12 depending

on design considerations.

[0033] Polymerizable material 34 may be deposited upon first portion 15 of

film sheet 12 as a plurality of spaced apart droplets. For example, polymerizable

material 34 may be deposited droplets with each droplet having a unit volume

20 between approximately 1-200 picoliters. Droplets of polymerizable material 34

may be disposed on first portion of film sheet 12 according to a drop pattern.

Drop pattern may be based on design considerations and/or determined to



15a different plane relative to one another such that first portion 15 of
filmsheet 12 nay be positioned at an angle with respect to tenplate 18 in
pl ane P2. The degree of the angle may be determ ned based on design
considerations. [0027]Fil msheet 12 nmay be coupled to chuck 16. Chuck 28
may be configured as, but not Iimted to, vacuum pin-type, groove-type,

el ectrostatic, 20 electromagnetic, and/or other simlar chuck types.

Exenpl ary chu s are_further described in U S Pat nt No. 873,087, which
EXepl aly ShEke ShsufUiihel deseribed Ln S BRLSHL N |8 SERO0T. whi oh
be a porous chuck as further described in U S. Patent Publlcatlon No.
20070190206 ubligetiem Nos2 005/ &0\03 12 nifiieipishetedyy ingprperpaddrydefaienas hereinn anot her

enbodi ment, filmsheet 12 may be supported by a hollow or solid block in
lieu of or [@084;]1ddi t iPalyniedizablacikateGal Bt oxdy o@ryiplise si mbh@mei midumzeasind/ or
shape to chuck 16 and generally may provide support to filmsheet to

prevent gepes@ibedndl/ Ors! Pefdnt 296l oMI7IBE0ENE I U Spﬁt@ht FubliSatlodORR] Tenpl ate
18 may include nesa 20 extendi ng therefromtovvar ds filmsheet 12, nesa 20

havi ng p syrfa l\/ﬁﬁ M r 0o as nold
20 or |§fpr?2§]§m##§%8 b Egt%grvﬁﬁ |ve r']?b 8p%9€1tg8 : ?%fre n?%rr@ er\}thout
mesa 20. np e 18 an e for.ne such.materials
10 i ncl udi %%%gﬁlyniﬂ acilifate %ﬂg arf S|Oi”c erdWQF'?@g §'[ %8?\1 9r gani ¢
pol yners, sil oxane pol yners, borOS|I|cate glass fl uor ocar bon pol yners,
netal , har dedyele ér@pgﬂu with amemepsitione desacbed Thi U ion diatens Pyuldisplior é\1018 may be
based on design considerations. In one enbodinent, tenplate 18 nmay have a
t hi ckness QDOAPPT4G86 witieh is Herébynincorpoiabi3ii] derbhdalsaremt ed in FI GS. 2- 4,
patterning surface 22 conprises
[0035] Referring to FIGS. 2-4, system 10 may further comprise an energy
10 source 38 coupled to direct energy 40 along path 42. Imprint head 30 and/or
rollers 13 may be configured to position template 18 and first portion 15 of film
sheet 12 in superimposition with path 42. System 10 may be regulated by
processor 54 in communication with rollers 13, imprint head 30, fluid dispense
system 32, pump system 60 and/or source 38, and may operate on a computer
15  readable program stored in memory 56.
[0036] Imprint head 30 may vary a distance between mold 20 and first
portion 15 of film sheet 12 to define a desired volume therebetween that is filled
by polymerizable material 34. For example, imprint head 30 may apply a force to
template 18 such that mold 20 contacts polymerizable material 34. After the
20 desired volume is filled with polymerizable material 34, source 38 produces
energy 40, e.g., ultraviolet radiation, causing polymerizable material 34 to solidify

and/or cross-link conforming to a shape of surface 44 of first portion 15 of film

sheet 12 and patterning surface 22, defining patterned layer 46 on first portion 15



features defined by a plurality of spaced-apart recesses 24 and/or
protrusions 26, though enbodi nents of the present invention are not limted
to such configurations. Patterning surface 22 may define any ori gi nal
pattern that forns the basis of a pattern to be forned on fil msheet 12.
Alternatively, patterning 90surface 22 may be substantially snooth and/or
pl anar. [0031] Terrpl ate 18 nmay be coupled to chuck 28. Chuck 28 may be
configured not limted to, vacuum pin-t y

el ect r ost atqef‘éﬂmélhéétt tomagtieted, 'a)éﬁ{d‘}%madtwgfpr'é?r%f)eéfd“g[]%@ flég'ﬁ@ @ Exenpl ary
chucks are further described in U S. Patent No. 6,873,087, which is hereby
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i mprint ‘head 30 such that chuck 28 and/or inprint head 30 nay be confi gured
to facilita0enavingenbirknads tt endlaatdeall8yer5{20D3 2] tBirsnesntli0 may furt her
conprise fluid dispense system 32. Fluid dispense system 32 nay be used to

deposit polpy lzab' f@ﬁﬁ\ﬁrtb¢||6§47ﬁ?%n8'7|8mn§h‘tﬁﬁé tethlatlé’@lmrméy E@fals@d mat eri al
34 may be éom i oned upon~fil msheet 12 using techni ques such as drop
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deposition, and/or the |ike. { exa ne abI materl al 34 May be
posi ti oned qﬁg@hpqqlq% raa petterp %g?h@or{n@bﬁ% g fg?}i yﬁ“s % RBL & 88T i bed i n
U. S. Patent Publication No. 2005/0270312 and U.S. Patent Publication No.
2005/ 010632amplatst hBoat atsectndapesititey @by paiedr o rfastawrinn {2pépaiteyeeter ei n.
Pol yneri zabl e material 34 may be di sposed upon filmsheet 12 before and/or
[5 after alggsidBedhedirstngoriich tebl theddietnsddayarsicomap bapdttéinedbyheet 12

dependi ng on desi gn consi derati ons.
first template 18b forming a first layer on the film sheet 12 and the second
10 template 18c patterning a second layer directly over the first layer. Alternatively,
the first portion of the patterned layer 46 may be patterned by the first template
18b forming multiple patterned areas with the second template 18c patterning
adjacent areas.
[0038] After patterning first portion 15 of film sheet 12, rollers 13 may
15 facilitate movement of film sheet 12 such that first portion 15 of film sheet 12 is
positioned away (e.g., offset) from template 18 and second portion 17 of film
sheet 12 may be positioned in superimposition with template 18. For example,
as illustrated in FIG. 2, rollers 13a and 13b may facilitate movement of film sheet
12 in the direction of arrow 17 such that first portion 15 of film sheet is positioned
20 away from template 18 and second portion 17a of fim sheet 12 may be

positioned in superimposition with template 18. Second portion 17a of film sheet

12 may then be patterned and rollers 13 may facilitate movement of fiim sheet 12



[ 0033] Pol yneri zabl e material 34 may be deposited upon first portion 15 of
filmsheet 12 as a plurality of spaced apart droplets For exanple,

pol ymeri zabl e material 34 may be deposited droplets with each dropl et
having a unit volunme 20 between approximtely 1-200 picoliters. Droplets
of polymerizable material 34 may be di sposed on first portion of film sheet
12 according to a drop pattern. Drop pattern nay be based on design

consi derations. .and/or determn t provi de specific¢.characteristics such
o hose. et iEEanphel SeTomar B SRea kel Br RETonubiy SHBSYESIGhi ch 1 <
hereby incorporated by reference herein. [0034] Polynerizable material 34
may conpri gﬂéthéemﬁﬁéﬁﬂﬁ/- i PIpces aay & dep pamenglimpgpsrieskgd. 7, 157, 036
and U. S. Patent Publication No. 5 2005/0187339, both of which are hereby

i ncor por at ¢03%Y r ef Redlace! heagisarveAddjidesntal fhgilitateandeondnttohfilen weddti ng
and/ or adhesion after inprinting, filmsheet 12 may be treated with a

conposi ti onsdmstiatdded FIG. Y gad/batdiBls PybhdyCabioDnNatterd88 #B1skeeB62 which is
hereby i ncorporated by reference herein. [0035]Referring to FIGS. 2-4,

! ] :
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energy 40 al ong'p I'mpri n ers

configured to sition tenplate 1§, and_ first portio of filmsheet 12 in
super P mposicPGR A Nt AoHnd gt AR g b Lt By TR Shddeor 54 i n
comruni cation with rollers 13, inprint head 30, fluid di spense system 32,
punp syst ef2auaYysFrdcentrisdiyvaap 3pungrallardyb op iraasesend relbnput er 15r eadabl e
program stored in nenory 56. [0036] I nprint head 30 may vary a di stance

bet ween nol[@04D) and Hatlested layer 46 may be protected by a protective film as

described in U.S. Patent Publication No. 2008/0308971, which is hereby

10 incorporated by reference herein. Such a protective film may provide for re-
capturing of film sheet 12 into a roll without damage to patterned layer 46 and/or
subsequent fabricated patterns on film sheet 12. For example, material may be
deposited on patterned layer 46 and/or subsequent fabricated patterns on film
sheet 12, solidified, and recaptured into roller 13b for storage of film sheet 12.

15 [0041] The above-mentioned system and process may be further
employed in imprint lithography processes and systems referred to in U.S. Patent
No. 6,932,934, U.S. Patent Publication No. 2004/0124566, U.S. Patent
Publication No. 2004/0188381, and U.S. Patent Publication No. 2004/0211754,
all of which are hereby incorporated by reference herein.

20
Coalescence of droplets of polymerizable material
[0042] Referring to FIGS. 2 and 5, upon dispensing polymerizable material

34 in droplets positioned on first portion 15 of film sheet 12, droplets of



portion 15 of filmsheet 12 to define a desired vol une therebetween that is
filled by polynerizable material 34. For exanple, inprint head 30 may apply
a force to tenplate 18 such that nold 20 contacts pol ynerizable nmateri al

34. After the 20 desired volune is filled with polynerizable material 34,
source 38 produces energy 40, e.g., ultraviolet radiation, causing

pol yneri zable material 34 to solidify and/or cross-link conformng to a
shape of surface 44 of first portion 15 of fi|l msheet 12 and patterning
surface 22,PUEPeHARE Patetiar Hbdnayaheromestrappad paiyveps fitm sheels12 @ndfar| m sheet
12. Patterned |layer 46 nmay conprise a residual layer 48 and a plurality of
f eat ures shoold 20s foratxampiefign S0eeintl hadegs giroms! thknedst (¢.pr athindinons 50
having a thickness t1 and residual |ayer having a thickness t2.

[ 0037] Ref erghieagoft &pprd &hatelfA @peh 7 BOO W) trhayl ot treraii@teesupkBriray wegghised 5 to
formpatterned | ayer 46 on fil msheet 12. For exanple, a first tenplate 18b

at a first nc@‘%ﬁé ol Itg%XQB@HeﬁE%lé‘rﬁété | JAOTAd Qfehl FirRTsnREt £ gq?},ﬁyer 46

and a seco t enpl at c'at a second position nmay pattern t I rst

portion 15 of tterned. |l ayer. 46.. The first portio of. th atterned
Paver a6 o BT LRBR I YG0E oo Plpla Pt hedionGoronb T EoPihac | ayer
on the filmsheet 12 and the second 10 tenplate 18c patterning a second

| ayer directf§e dipplets ofepaymerizaplgyaaterial 34gpaneauas deformation of M phaeti on of
the patterned | ayer 46 may be patterned by the first tenplate 18b form ng
mul ti pl e pata esilediraeeasFd. tth Thpresedaetbrnetipl, dtne sheéy 1Ranaebakeg iadj acent
areas. [0038] After patterning first portion 15 of filmsheet 12, rollers 13

may 15 facid irélateymige oeifiguedtiohi {ena. s ieetsuddees Ut filnh hedlkeef iy Stbfiamtidilpn 15 of
filmsheet 12 is positioned away (e.g., offset) fromtenplate 18 and second

portion 17 i { i i A J i ihd 4 ith
tenpl ate 18@‘8&? b@%”ﬁ%ﬁe?njdg%rr@)lbf%goﬁg'e%doﬁnlb%lgzllwc‘i%%'?&%gq ?@??t%%)gﬂgn‘r{]“d 13b may
facilitate novement qf filmsheet.12 in the di [ea%;i)lgtrs], 8ff pafyr ow 7|esuch t hat

first portidWOT8UeHS fiAYeh DldelM0Z5080YP0 IR olymefizd

material 34 from becoming trapped and deforming film sheet 12.
[0043] Referring to FIGS. 2 and 5-7, as previously described, imprint head
30 may apply a force to template 18 such that mold 20 contacts polymerizable
material 34. This force and/or other external forces (collectively herein referred
15 to as applied force F or force F) may be controlled to minimize localized trapping
of droplets of polymerizable material 34 on film sheet 12. For example, the
magnitude of applied force F may be controlled (e.g., minimized) to employ
capillary force of polymerizable material 34 with mold 20 and/or film sheet 12 as
further described in U.S. Patent Publication No. 2005/0061773, which is hereby
20 incorporated by reference herein.

[0044] Control of the applied force F may be determined by:

F o hlvu (EQ. 1)
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20 away fromtenplate 18 and second portion 17a of filmsheet 12 may be
positioned in superinposition with tenplate 18. Second portion 17a of film
sheet 12 may then be patterned and rollers 13 may facilitate novenent of
filmsheet 12 such that another portion of filmsheet 12 may be positioned
in superinposition with tenplate 18 This process nmay be repeated as many
tinmes as desired. [0039]Rollers 13 nay serve as guides to facilitate
novenent of filmsheet as illustrated in FIG 2 and/or rollers 13 nay store
un- patter n&terein i is e height ofxirgpiatsde- %a?q(bf"ﬁedm@@ RiTs REREraby. gegier exanpl e,
un-patterned fil msheet 12 may concentrically wap around roller 13a to
forma firgharé0d nrahd ipttet \eloody af whichshalé 20 k2ntaais dropietsnierd. ¢zl +y00r ap
around roller 13b to forma second roll. [0040] Patterned |ayer 46 nay be

pr ot ect ed 2b(nl§ed9’f MNEFhitNE vfstéévfyaﬁ pagafrized mé&ehél%zt iPak&atopRtblé gat i on No.
2008/ 0308971, which'is hereby 10 incorporated by reference here| n. Such a

protective { nB €§V| de for recapturing of filmsheet 12 into a roll

wi t hout da % C %%W rned | ayer 46 and/or subsequent fabricated patterns
on filmsheet 12. For exanple, material nay be deposited on patterned |ayer
46 and/ or d8¥dquentAddiipnpbat@alesaencer Ak deapst pi ﬁplsvm@ézatm malgripldBti ed, and
recaptured into roller 13b for storage of filmsheet 12. 15 [0041] The
above- nent inomebke sysidethaandthr pooicaled byawaryieg tensidneassenipteayweith film simgati nt

| i t hography processes and systens referred to in U S. Patent No. 6,932,934,

U S Patent12puh¢rb§§§dlt@ﬁsnl@%treﬂ@@u%w%%ﬁﬁndédt@reﬁﬂér@m fiRvhieeal2 @fth No.
2004/ 0188381, and U.S. Patent Publication No.” 2004/ 0211754, all of which

are hereby ghBCOERPT AEA 1Y% §la854MER BRABH the like). Fibers may be aligned
along the direction of the tensile force provided by rollers 13. In one
10 embodiment, the magnitude of tension associated with film sheet _12 may be
approximateiy 1 to 200 N for a film sheet 12 having a thickness of 100 ym, a
width of 1 m, and a tensile strength of 1 ~ 200 MPa.
[0046] Coalescence of droplets of polymerizable material 34 may also be
provided and/or controlled. by varying a surface contact angle (e.g., 1° - 30°) of
15 polymerizable material 34 on film sheet 12. Exemplary methods for varying the
surface contact angle are further described in U.S. Patent Serial No. 12/336,821
and U.S. Patent Publication No. 2006/0175736, both of which are hereby
incorporated by reference herein.
[0047] Additionally, coalescence of droplets of polymerizable material 34
20 may be provided andlor controlled by adjusting viscosity of polymerizable
material 34, size of droplets of polymerizable material 34, and/or placement of
droplets of polymerizable material 34 on film sheet 12. For example, viscosity of

polymerizable material 34 may be varied between 1 cps — 200 cps. Droplets

13



20 Coal escence of droplets of polynerizable material [0042] Referring to
FIGS. 2 and 5, upon dispensing polynerizable nmaterial 34 in droplets
positioned on first portion 15 of filmsheet 12, droplets of polynerizable
material 34 may becone trapped between filmsheet 12 and/or nold 20. For
exanple, filmsheet 12 having m nimal thickness (e.g., a thin filmsheet of
approximately '10 pm - 500 pn) nmay not be able to support the weight of the
droplets of polynerizable material 34. As such, filmsheet 12 mpy form 5
undul at i ondNnRRepiZethwthe Garelsr beeen apprastraately ddpimg 14 @r 8peds. Such
trapping of the droplets of polynerizable material 34 nmay cause deformation
of fil m shdetwekd, agsoxiatedt Ratred - HOMA BN, Bnd/To apeaniento ckater distanemn, film
sheet 12 may be kept in a relatively flat configuration (e.g., the surface

of film shegtwdeh Gobriadt hsdrbyimateih 00 tunP-og5ECLIONSadngl Biesélefpnessd ons) .
Addi tionally, coalescing droplets to form 10a conti nuous | ayer may mnim ze

o o o oSS APUEAT 8 PO AR B 3l s {1 apied
previ ous!y (ERT ! bedicl TPYLAFDEad 130 Bk BPRY oRehBGe B! @ © 18 such
minimizing the trapping of droplets of polymerizable materiél 34 on film sheet 12
and/or minimizing deformation of film sheet 12 during an imprint lithography
process. In a step 82, a drop pattern may be determined for placement of the
droplets of polymerizable material 34 on film sheet 12. The drop pattern may be
t0  determined to provide a desired residual layer thickness and desired feature
formation by mold 20 during the imprint lithography process. Additionally, the
drop pattern may be determined using an estimated height of droplets and an
estimated viscosity of polymerizable material 34. In a step 84, an estimated
velocity at which to contact mold 20 with polymerizable material 34 may be
15 determined. In a step 86, an estimated magnitude of force F may be determined
using the estimated height, estimated viscosity, and estimated velocity. In a step
88, polymerizable material 34 may be dispensed on film sheet 12 based on the
drop pattern. In a step 90, mold 20 may contact polymerizable material 34
based on the estimated velocity. Droplets may be provided the opportunity to
20 coalesce. Alternatively, conditions (e.g., estimated height, estimated viscosity,
and the like) may be determined such that droplets of polymerizable material 34

coalesce prior to contact of template 18 with the droplets of polymerizable

material 34. In a step 92, deformation of fiim sheet 12 and/or continuity of



material 34. This force and/or other external forces (collectively herein
referred 5 to as applied force F or force F) may be controlled to mnim ze
| ocal i zed trapping of droplets of polynerizable material 34 on film sheet
12. For exanple, the magnitude of applied force F may be controlled (e.qg.,
m nimzed) to enploy capillary force of polynerizable material 34 with nold
20 and/or filmsheet 12 as further described in U S. Patent Publication No.
2005/ 0061773, which is erebg 20|ncorporate ref erence herei

[ 0044] Cont MaHeBNG: ﬁéefa‘bglm%’d ¢ Saatednalp belerér FrlReByeght i the \ p(EQ
1) wherein h is the height of droplets (e.g., 200 nm- 1000 nm preferably
great er t hatispéosechappleis and edimasedeiscgsititof whiyoterinalle nzderd Bapex bEr opl et s
(e.g., 20- 100 pnisec); and p is the viscosity of polynerizable naterial 34

in the dropldeisted( englor d3timatpisvelddly ebsintadi] S0rbldAddi witronalymerizeidal escence
of drops of polynerizabl e material 34 may be provided and/or controlled by

varying tengliem a3sas) 8L ofteid' qudsm@sﬁtmééd nﬁa@«a&e Bl aneidegt Tength

may be prOV| by reinforcing fifmsheet 12 ers net al

i rect on ob e AR PR of e FEpv b LR, Sy %’#g”c?q'@ﬁ&\%”& e

enbodi rrent t he gni tyde of tension asg?gl at ed vm t h i | msheet Q]JZ may be
appr oxi mat eﬂayermg Ay HON 1P Grstap £Py iengiRa &t sheg)ildgSWiacki cORREL enge 100 pm
awdth of 1 m and a tensile strength of 1 -200 KAPa. [0046] Coal escence of
dropl ets ofof rolyymesizallabinetenak 841 arld/@4diopy plabgpemteof droplets in the drop

pattern may be adjusted based on the evaluation of the deformation of film sheet
12 and/or continuity of patterning layer 46. In a step 98, steps 86-96 may be
10 repeated until deformation of film sheet 12 is minimized and/or the desired

continuity of patterning layer 46 is obtained.

Large Area Patterning
[0049] To increase throughput when patterning on film sheet 12, multiple
15 mold 20 and/or multiple template 18 embodiments may be used. For example,
referring to FIGS. 2, 9 and 10, template i8 may be provided with a plurality of
molds 20 with each mold 20 capable of patterning film sheet 12 at substantially
the same time period and/or at relatively different time periods. For example,
template 18a of FIG. 9 may include a plurality of molds 20a, 20b, 20c, 20d, 20e,
20 20f, 20g, 20h and 20i. Molds 20a-20i may be substantially the same as mold 20
illustrated in FIG. 2. Each mold 20a-20i may have substantially the same pattern
formed thereon and/or different patterns formed thereon. For example, mold

20b, 20d, 20f and 20h may have substantially the same pattern formed thereon,

15



provi ded and/or controlled by varying a surface contact angle (e.g., 1 -
30) of 15 polynerizable material 34 on filmsheet 12. Exenpl ary nethods
for varying the surface contact angle are further described in U S. Patent
Serial No. 12/336,821 and U.S. Patent Publication No. 2006/0175736, both of
whi ch are hereby incorporated by reference herein. [0047] Additionally,

coal escence of droplets of polynerizable material 34 20 may be provi ded

and/or controlled b justing, viscgosity .of | yneri zaple. material 34, size
of dropl et §e%f’e§oﬁoy¥réraﬂbgﬁﬂ’ea t@?'gﬁléa\?ﬂf,z%&n@ﬁ& gﬁQa% {9 §R¥DI et s of
pol ynmeri zable material 34 on filmsheet 12. For exanple, viscosity of

pol yner i zatsiubsteatiallyi the Sunaragtiesa fornec thaseqaruaelerred dpsas Va2 pEvedr opl et s
may be sized with a dianeter between approxinmately 10 pm- 100 pm a hei ght

bet ween apgudhaérndOeDy A8y e thel&iplinmnt ady1Ot.Da dérstieuldt loe eetddethatli st ance
bet ween dropl ets of approximately 10 pm- 250 pm Each of these el enents

nmay be adj ushettd PRk ih%vé%ﬂ%‘hﬁ%@ﬁ@f @bldgrropeitiened tHeedoHTwithzakile material
34. 5 [0048] FIG 8 |?/I ustrates a flow chart of an exenplary nethod 80 for

gihgiatm :ZLi ng Zt%rﬁnr %iﬁ%bMatigé?géﬁ{e§m§ée&?h?’15'%?# SE@E?OE@B Alidhs 34 on film

an nrm-zing mation'o urrng an inprint

it hography cess._ln a step , drop pattern.may be, determ ned for

pl acement c{f)&% e droﬁr%@léteofﬁ‘u%%r?@a@f%ﬁ@ %&eg}gglm%'f%‘f{oﬁqﬁﬂh@ﬂ%et 12.
The drop pattern may be 10 determi ned to provide a desired residual |ayer
t hi ckness anderdelgier Ba shewnum E1G ¢t maltIpest aprias of tompate ¢k 2Beanhdi i nt

| it hography process. Additionally, the drop pattern may be determ ned using
an esti mat ededeif gletpidte di8apiresspaindpaitioastvitmestaetd mkic @81 typy afefipel gneri zabl e
material 34. In a step 84, an estimated velocity at which to contact nold

20 with polnaribez 8R! €orBifhplal atddadtypditon el BhitkR8, lBAdansdre® 86, an
estimated nmagni tude of force F may be determ ned using the estimted

hei ght , , est | Vi&LCasi : . i i $o)s
pol yrrerllozabqua%néigteer?% %W}Q?ﬁ@%“ﬁf@%@%é@ﬁ%ﬁ% I Iztr(r)l\és %ggta%??oggjgﬁgeon t he
drop pattern. In a_step.90, d 20 cont act pol rjzabl.e material 34
based on ttfé‘ag‘??[srrﬁé%dg%télaé‘ér%@ rBFB%I%é?'% EQS/ Sﬁ@‘ﬁ?%\%‘?d%%?h@'o%}ﬁrt unity
to 20 coalesce. Alternatively, conditions (e. q , estimated height,
estimat ed wihegbers: 2a-84¢ ahshpwrey Map HOAdedkr ABnBaweashitt hgulddbepl et s of
pol yneri zabl e material 34 coal esce prior to contact of tenplate 18 with the
dr opl et s ofunpetsyovelrthatedhaenbieed €2d-62i nddl. bd sulststiely 92jladefobambatiscdbaef fil m
sheet 12 and/or continuity of -
62c.
15 [0051] Each chamber 62 may be in fluid communication with pump system
60. Pump system 60 may collectively control pressure within each chamber 62.
Alternatively, each chamber 62 may be in communication with a separate pump
system 60.
[0052] Pump system 60 controls pressure within each chamber 62 to
20  provide patterning of film sheet 12 at substantially the same time period and/or at
relatively different time periods. For example, polymerizable material 34 may be

dispensed on film sheet 12, and pump system 60 provides for mold 20a to

pattern polymerizable material 34 on film sheet 12 at a different time than mold
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patterning | ayer 46 may be evaluated. In a step 94, estimted hei ght of the
di spensed droplets and estimated viscosity of polynerizable material 34 may
be adjusted, and/or estimated velocity of contact of nold 20 with

pol ynmeri zabl e material 34 may be altered to adjust the estinmated magnitude
of force F based 5 on the evaluation of the deformation of film sheet 12
and/or continuity of patterning layer 46. In a step 96, tension of film

sheet 12, surface contact angle p i zapl e terial 34 and/or drop
pl acement cPPHYA" s qsd”%slilré%,@r'ag['%a%%%xﬁw%&ép% '0@938‘3%@)@8 PR the
eval uation of the deformation of filmsheet 12 and/or continuity of

pat t er ni ng fliderded@ibet in H.StRaterd Subknatips N8620% G1R02He 10 repeated unti |
deformation of filmsheet 12 is mnimzed and/or the desired continuity of
patterning [bey3)r 46 Refevinyad AESS. 1 dngadAem drathe remboginhé€49]steon Acr ease

t hr oughput when patterning on filmsheet 12, nultiple 15 nold 20 and/or

nul tiplet ; ' | ede. FempRxaiLand ederiiyng to
FIGS. 2, 9@@1@%&%%?%%%%%@%?% déd wih @ plurality of molds 20

Same 11 e poritbaeapnEy % GPEHELTY 3 rpa A IR el heRn o For exampl e,

tenplate 18a of FIG_9 nmay include a plurality of nolds a, 20b, 20c, 20d,
20e, 20 20fl00%g, 20#"%9{@92@)% mayl B az@amﬁbre%aﬁ Efé“@atl?s%gﬁwt%ﬁ V€t he sane

as nold 20 illustrated in FIG 2. Each nold 20a-20i may have substantially
the same paetser n Foorexea pteh qrogions a?id obrtermplateed 8htthptateyr b stbstadiiplyher eon.
For exanple, nold 20b, 20d, 20f and 20h may have substantially the sane

pattern foraednttdien@dad maeiareradad o tampd P8¢ camebpontidg t@Partiod®64 20e, 20g
and 201 may have substantially the sanme pattern formed thereon, referred to

as MOLD2. Esemgltolbdon. Mt iReriEise 7C oMRint N terfblafdd corhfriseoul d be

noted that tenplate 18a may have any nunber of nolds 20 positioned thereon,
consi dela: 1A 200 2R ARR AN 2D BRoSteEhY & PRudiPeleels 8620 Lont ol
chuck 25, A AnChERIE 1EenaILsy1 B HeJEEEPTRSET TIOBR % OGN bl d 20
may define a chanber 62. For exanple, at |east a portion of tenplate chuck
28, and an amd&@h that correspond to portions 21b, 21d, 21f and 21h of template 18b.
[0055] Templates 18b and 18c may be in fluid communication with pump
system 60 defining chambers 62a-62i, analogous to the system described above
15 with respect to FIG. 10. For example, with respect to template 18b, at least a
portion of template chuck 28 and an area of template 18b in superimposition with
each of molds 20a, 20c, 20e, 20g and 20i define chambers 62a, 62c¢, 62¢, 629
and 62i. Further, chambers 62a, 62c, 62e, 62g and 62i may be in
superimposition with portions 21a, 21c, 21e, 21g and 21i of template 18c. With
20 respect to template 18c, at least a portion of template chuck 28 and an area of
template 18c in superimposition with each of molds 20b, 20d, 20f and 20h define
chambers 62b, 62d, 62f and 62h. Further, chambers 62b, 62d, 62f and 62h may

be in superimposition with portions 21b, 21d, 21f and 21h of template 18c.
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10 of tenplate 18a in superinposition with each of nolds 20a, 20b and 20c
defi ne chanbers 62a, 62b and 62c, respectively. For sinplicity of
illustration, only chanbers 62a-62c are shown in FIGS. 10A and 103;

however, it should be understood that chanbers 62d-62i nmay be substantially
simlar to chanbers 62a-62c. 150051] Each chanber 62 may be in fluid

communi cation with punp system 60. Punp system 60 may collectively control
pressure within each_chapber 62. ternatively, chanber 62 may be in
cormmuni cat i[8¥P&di t h a’:@eﬁ%r"%@atﬁﬁlﬁﬁo rﬁf@d".”gt[h@g%;plﬁwﬁ'%@@fﬁt% controls
pressure within each chanber 62 to 20 provide patterning of film sheet 12
at subst ant’i8&lang tdvetogzatterrt filmeshset i13d lamditep 182, W@Y@@ﬂmﬁyméteﬂﬁb&ént time
periods. For exanple, polynerizable material 34 may be di spensed on film

sheet 12, ansly peiapsystdesn i gheevildesn Bateptld p2bp dystgpatlenay platymeri zabl e
material 34 on filmsheet 12 at a different tine than nold 20b and/or 20c

as i1 lustrabathybR EGeod A aﬁa%@ﬁ!mwae@% QEt B0cH BEPPbEURS 2@ fgur t her
described in U 'S. Patent Publication No. 20070190200. [O0053]Referring to

FIGS. 7,.1 nd in a her odi nent 4 S - rise at
Feast 1w cahiaeduobBaRint 85 poT g ML SEEHER: Fbuting T Ok TR!
substantially simlar to tenplates 18 and 18a as, describ rein. [0054]
Tenpl ate 169EnAYe FOGEE AR PPHEAL OO O ATBIHES HacAS S -TGES B <2bt. For
exanpl e, portions 21 of tenplate 18b that may be substanti al I% absent of
nmol d 20 may20kadlg and29i Phtermide 486 M@ codactaohometizablet vateoal 3bmwsile4 havi ng
nolds 20. As illustrated in FIGS. 7, 11 and 12, tenplate 18b conprises 10
mol ds 20a, pdons20¢h, 204 2fdaddi2thhal teeplats pi@ndate nodrini corda laith 21c, 21le,
21g and 21i of tenplate 18c. Simlarly, tenplate 18c conprises nolds 20b,
20d, 20f polymerizable material 34. In a step 106, polymerizable material may be
10  solidified forming a checkerboard pattern. It should be noted that any pattern
may be formed based on design considerations. For example, a first portion of a
checkerboard pattern may be formed with the subsequent template providing a
second portion of the checkerboard pattern. In an optional step 108, pump
system 60 'may place chambers 62b, 62d, 62f and 62h in a pressure state to
15 facilitate separation of template 18b with patterned layer 46. In a step 110,
template 18b may be removed. In a step 112, polymerizable material 34 may be
dispensed on film sheet 12. In a step 114, pump system 60 may place chambers
62a, 62c, 62e, 62g and 62i in a vacuum state such that portions 21a, 21c, 21e,
21g and 21i bow away from film sheet 12 and as a result, molds 20b, 20d, 20f
20 and 20h bow towards film sheet 12. For example, molds 20b, 20d, 20f and 20h
may contact polymerizable material 34 while portions 21a, 21c, 21e, 21g and 21i

are not in contact with polymerizable material 34. In an optional step 116, pump

system 60 may place chambers 62a, 62¢, 62¢, 62g and 62i in a pressure state to



and 20h that correspond to portions 21b, 21d, 21f and 21h of tenplate 18b.
[ 0055] Tenpl ates 18b and 18c may be in fluid comunication with punp system
60 defining chanbers 62a-62i, anal ogous to the system descri bed above 15
with respect to FIG 10. For exanple, with respect to tenplate 18b, at

| east a portion of tenplate chuck 28 and an area of tenplate 18b in
superinposition with each of nolds 20a, 20c, 20e, 20g and 20i define
chanbers 6 62c, and 62i Further chaggers 62 62c, 62e, 629
and 621 naia%éatﬁﬁeetra&w Hé%mptat%ﬁfﬂwtr Ra¥enedrays 'éfE 948 "3¢¢ and 21i
of tenplate 18c. Wth 90 respect to tenplate 18c, at Ieast a portion of

t enpl at e chhatKedglatndBans asapablefoftpattprrmgaleamermatéepeater@io&i tirgn tev t h each
of nolds 20b, 20d, 20f and 20h define chanbers 62b, 62d, 62f and 62h.
Further, chatitreing 06abl%mﬁa@hbr@&tfateaﬂadscﬁBhten‘mratbe8bn superi nposition with
portions 21b, 21d, 21f and 21h of tenplate 18c 100561FIG 13 illustrates

a flow chargosy] a meige; n}gggf fird sHééthZ ﬂ)@te%?plé;%@ ANgnL 86 Bl‘idétiEﬁt tern

filmsheet "12. 'In a step pol ynerlza e material 34 nay be di spensed on

filmsheet a_s rs .62b, 62d,
62f and%Gzﬁ%%hed ol skurife ditierBtaR 0% he%%f?r“%%e@fﬁg?%ﬁ%@?’%@r'%nd 21h of
tenpl ate 18b m/ama fromfilmsheet 12 resultl g.in | ds 2f 20c, 20e,
20g and 2or0r "l BRARHS feqtunn xreel 10m-10Qnme GerUrthes)| %@%&f o 20e, 20g
and 20i of tenplate 18b may contact polynerizable material 34 while
portions 2Berial2hNe, 2132401, 2whiclof ist benebwut iscargdratade byorefereneenberein. wi t h

pol yneri zable material 34. In a step 106, polynerizable material may be 10
sol i di fi ed Additiohally, patedieinlef hiparstegat2 aran.bel tseshiowlahopeatteraingdfor Bad any
pattern may be forned based on design considerations. For exanple, a first

portion of m%v@l@ﬁgztﬁ SRR A RA s h %ypch’@nzfe% ARG Yatdi-d BEaspesiaiant

tenplate prOV|d g a second portion of t e checkerboard pattern. 1n an

option 6P 08 u ac 62 f and 62h
oo S U LT A B LA Pl S0
patterned | ayer 46. In a ste 110, Iate 18b y be renoved, In a step
112, pol ymBH§2dBne Sﬁﬁttéﬁsalaw ﬁa?z%é’ cﬁpgﬁtérr%?éa'ygﬁ ﬁfri‘l‘m Hedt, ¥¥ee|n a step
114, punp system 60 nmay place chanbers 62a, 62c, 62e, 62g and 62i in a
vacuuntstaﬂémﬂutmmtﬁamummhmknns 21a, 21c, 2le, 21g and 21i bow away from
filmsheet 12 and as a result, nolds 20b, 20d, 20f



20 and 20h bow towards filmsheet 12. For exanple, nolds 20b, 20d, 20f and
20h may contact polynerizable material 34 while portions 2l1la, 21c, 2le, 21g
and 21i are not in contact with polynerizable material 34. In an optional

step 116, punp system 60 nmay place chanbers 62a, 62c, 62e, 62g and 62i in a

pressur litate separation of tenplate 18c with patterned
| ayer 42\lﬁ'£\fil Se% /8IIMdé[g§ noted that tenplate 18c is capable of patterning

by template ?‘éﬁ&“f’%@%%{"@ Rt el B B R AR, TEa ™ nany
appl i cation Gedeshfed. o, &%ﬁ%tg,ohga%s.r.gyb{&ng&ngﬂAn%émgggg%é may be uSed

I N nanostruc I ng ure size m 100nm as

furt her desc%%@?q%'éﬂ'fo%és‘to %eﬁ s?hm&%&dl t|gg%f)41y %plé‘é%'ts%gh tﬁathﬁ‘xr CY

i ncor por at ed ference herein erning ofr "m heet 12

Ty be YRGSkl NEMGRR LERaLOgAL ot ol X‘Pé&%@@%&%@?&@%%rﬁﬁé G5 eh as

pol ari zer Size of approxi nat el phot oni ¢
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i thogr Bﬂtfﬁflt)} 8Moﬂ)tse’an§q9r’ther comprising a chucking system adjacent to the first imprint
lithography template, wherein the chucking system is in superimposition with each mold to

define a plurality of chambers.

2. The method of claim 1, further comprising adjusting tension of the film sheet prior to
dispensing the droplets such that the droplets when dispensed on the film sheet coalesce to

form the continuous layer.

3. The method of any one of claims 1-2, wherein adjusting tension of the film sheet

includes increasing tensile strength of the film sheet.

4. The method of any one of claims 1-3, further comprising adjusting a surface contact
angle of the polymerizable material prior to dispensing the droplets such that the droplets

when dispensed on the film sheet coalesce to form the continuous layer.

5. The method of any one of claims 1-4, further comprising adjusting viscosity of the
polymerizable material prior to dispensing the droplets such that the droplets when

dispensed on the film sheet coalesce to form the continuous layer.
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solidifying the polynerizable material to forma patterned |ayer having a
residual |ayer and at |east one feature, wherein the first inprint

| it hography tenplate includes a plurality of nolds, and further conprising
a chucki ng systentadjacent to the first inprint |ithography tenplate,
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the filmsheet. 4. The nethod of any one of clainms 1-3, further conprising
adj usting a surface contact angle of the polynerizable material prior to

di spensing the dr ha th | et.s q ﬁﬂ ilm
sheet cZaIes?e toqggfﬁﬁthg cént |%ﬁ%ﬁ§ é§§r$% g“ﬁ&% gh%@%ﬂif “ngﬂé of
clainms 1- rther risi i 0 e
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the droplets of the pol ymeri zabl e material prior to dispensing the droplets
such that the droplets when di spensed on the fil msheet coal esce to form

the Conél nuops. meﬁtodd)f aé Ior-rtl;ggf ﬂgh@cﬁd? %he?%lﬂl rﬁ% @ﬁYshoerefls ﬁ'e%'b{;r% fl:}‘st(?oller

further conprisin pl acemnren mat er
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|'i thography tenplate. 9. The nethod of any one of clains 1-8, wherein the
plurality of nolds of the first inprint |ithography tenplate are

subst ang_l al | ¥hesh1@tt'!o%rdf any one of claims 1-8, wherein the plurality of molds of the first imprint

lithography template are substantially similar.

10. The method of any one of claims 1-8, wherein the plurality of molds of the first imprint
lithography template include a first subset of molds complimentary to a second subset of

molds.

11. The method of any one of claims 1-10, further comprising a pump system in fluid
communication with each chamber, the pump system capable of providing each chamber in
a vacuum state such that portions of the first imprint lithography template bow away from the

film sheet and portions of the template bow towards the film sheet.

12. The method of any one of claims 1-11, further comprising a pump system in fluid
communication with each chamber, the pump system capable of providing each chamber in

a pressure state.



10. The method of any one of clains 1-8, wherein the plurality of nolds of
the first inprint lithography tenplate include a first subset of nolds
conplinmentary to a second subset of nolds. 11. The nethod of any one of
claims 1-10, further conprising a punp systemin fluid communication with
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materra urrng 1orna erne ayer I npri

Ilthogr heflrst i mpri nt I|thographyterrplate|s
positio b%tlﬁ%@%&ﬁﬁgﬁ% € patterned | ayer during patterning with the

second inprint lithography tenplate. 14The nethod of claim 13, wherein the
first irrprint Iithography tenplate includes a plurality of nolds extending

to""ards frr# ?r{bn%eélf 8?»91 %?'Me%bttﬁ ‘?frst% htoﬂﬁo%@%} @%'g'.xcra@ésegt of

nol ds. one 0 second
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I|thogr phyterrp claim nyoe

wher ei n, et‘%ﬁﬁ lﬁsppl ied to the second inprint |ithography tenplate to
pattern et ned | ayer may be determned to mnimze undul ations in

t he filnrsheet such that filmsheet is substantially flat. 17. The nethod
of any one of clains 13-16, wherein the filmsheet is coupled to a first

roller %Td a’Tﬁeeﬁ%@rgoJ 8* Iaﬁ§ ’onteucgft QSiFnsC%‘REr,i Wh@géin the second imprint lithography

template is a complement of the first imprint lithography template.

16. The method of claim any one of claims 13-14, wherein a force applied to the second
imprint lithography template to pattern the patterned layer may be determined to minimize

undulations in the film sheet such that film sheet is substantially flat.

17. The method of any one of claims 13-16, wherein the film sheet is coupled to a first
roller and a second roller, further comprising:

recapturing, by the second roller, the film sheet having the patterned layer and the
second patterhed layer; and,

patterning a film on the second patterned layer prior to recapturing, the film protecting

the second patterned layer from damage during recapturing of the film sheet.

18. A method for patterning polymerizable material on a film sheet, comprising



recapturing, by the second roller, the filmsheet having the patterned
| ayer and the second patterned |ayer; and, patterning a filmon the
second patterned |layer prior to recapturing, the filmprotecting the second
patterned | ayer from damage during recapturing of the filmsheet. 18 A

met hod for patternin ol ymeri zable majerial on a filmsheet,, conprising
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tenpl ate contacts the droplets of the second pol ynerizable material on the
first r'amﬂah“t%?gr?wytﬁmpﬁﬂ? ‘heet, wherein the second force is pre-deternined

to mnimze | qcalized trapping of the droplets of the second pol ymerizable
material on ?‘ﬁé%f”i‘q fF\?&{%@ﬁn%ﬁza?'ﬁén"ﬁ?rl'% sheet such that the droplets of
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dispensing a plurality of droplets of a second polymerizable material on the first
region of the film sheet;
applying a second force to the second lithography template such that the second
imprint lithography template contacts the droplets of the second polymerizable material on
the first region of the film sheet, wherein the second force is pre-determined to minimize
localized trapping of the droplets of the second polymerizable material on the first region of
the film sheet such that the droplets of the second polymerizable material coalesce to form a
second continuous layer during contact with the second imprint lithography template; and,

solidifying the second polymerizable material.

19. The method of claim 18, wherein the first continuous layer and the second

continuous layer are adjacent.

20. The method of claim 18, wherein the second continuous layer is positioned directly

on top of the first continuous layer.



19The method of claim 18, wherein the first continuous |ayer and the second
continuous | ayer are adjacent. 20.The nethod of claim 18, wherein the
second continuous layer is positioned directly on top of the first

conti nuous | ayer.

21. The method of any one of claims 18-20, further comprising applying a protective film

to the second layer.
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