
Patent Application Mil Docket No.: PA450PC LARGE AREA
ROLL-TO-ROLL IMPRINT LITHOGRAPHY CROSS-REFERENCE TO
RELATED APPLICATIONS [0001] This application claims
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
3 1, 2009, both of which are hereby incorporated 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 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. Nanofabrication provides
greater process control while allowing continued
reduction of the minimum feature dimensions of the
structures formed. Other areas of development in which
nano-fabrication has been employed include
biotechnology, optical technology, mechanical systems,
and the like. [0003] An exemplary nano-fabrication
technique in use today is commonly referred to as
imprint lithography. Exemplary imprint lithography
processes are 



described in detail in numerous publications, such as
U.S. Patent Publication 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. [0004] An imprint lithography
technique disclosed in each of the aforementioned U.S.
patent publications and patent includes formation of a
relief pattern in a formable (polymerizable) layer and
transferring a pattern corresponding to the relief
pattern into an underlying substrate. The substrate
may be coupled to a motion stage to obtain a desired
positioning to facilitate the patterning process. The
patterning process uses a template spaced apart from
the substrate and a formable liquid applied between
the template and the 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 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 detail, a
description of embodiments of the invention is
provided with reference to the embodiments illustrated
in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical
embodiments of the invention, and are therefore not to
be considered limiting of the scope.[0006] FIG. 1
illustrates a simplified side view of a prior art
lithography 



system. [0007] FIG. 2 illustrates a simplified side
view of a lithography system in accordance with an
embodiment of the present invention. [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 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
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 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.[0016] FIG. 9 illustrates a top down view
of a template having a plurality of molds. [0017] FIG.
10A illustrates a simplified side view of a
lithographic system in accordance with an embodiment
of the present invention. [001 8] FIG. 10B illustrates
a simplified side view of the lithographic system of
FIG. 10A having a mold imprinting a pattern on a film
sheet in accordance with one embodiment. [0019] FIG.
11 illustrates a top down view of a first template
having a first pattern of molds. [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. 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. 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
patternformed from such a roller assembly system may
be distorted due to the resulting 



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 invention. The material of
the film sheet 12 may include, but is not limited to,
polymeric film, glass, silicon, silicon nitride,
Kevlar(tm) 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 mm - 500 mm. Film sheet 12 may be
highly 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 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 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 areain superimposition with
template 18. Rollers 13 may selectively facilitate
movement of film sheet 12 such that first portion 15
of film sheet may have a 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 Ai and A2 respectively. Axis Ax 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 Pi 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 Ax 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 P2. 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, groove-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
herebyincorporated by reference herein. In another
embodiment, film sheet 12 may be supported by a hollow
or solid block in lieu of or in addition to chuck 16.
Block may be similar in size and/or shape to chuck 16
and generally may provide support to film sheet to
prevent general and/or localized bowing of film sheet
12. [0028] Template 18 may include mesa 20 extending
therefrom towards film sheet 12, mesa 20 having a
patterning surface 22 thereon. Mesa 20 may be 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 including, but not limited to, fused-silica,
quartz, silicon, organic polymers, siloxane polymers,
borosilicate glass, fluorocarbon polymers, metal,
hardened sapphire, and/or 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. [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 basis of a pattern to be formed on film
sheet 12. Alternatively, patterning 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
furtherdescribed in U.S. Patent No. 6,873,087, which
is hereby incorporated by reference herein. Further,
chuck 28 may be coupled to imprint head 30 such that
chuck 28 and/or imprint head 30 may be configured to
facilitate movement of template 18. [0032] System 10
may further comprise fluid dispense system 32. Fluid
dispense system 32 may be used to deposit
polymerizable material 34 on film sheet 12.
Polymerizable material 34 may be positioned upon film
sheet 12 using techniques such as drop dispense,
spin-coating, dip coating, chemical vapor deposition
(CVD), physical vapor deposition (PVD), thin film
deposition, thick film deposition, and/or the like.
For example, polymerizable material 34 may be
positioned upon film sheet 12 using techniques 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 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 



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 toprovide specific characteristics
such as those described in U.S. Patent Publication No.
2005/0270312, which is hereby incorporated by
reference herein. [0034] Polymerizable material 34 may
comprise a monomer mixture as described in U.S. Patent
No. 7,157,036 and U.S. Patent Publication No.
2005/0187339, both of which are hereby incorporated by
reference herein. Additionally, to facilitate wetting
and/or adhesion after imprinting, film sheet 12 may be
treated with a composition described in U.S. Patent
Publication No. 2007/01 14686, which is hereby
incorporated by reference herein. [0035] Referring to
FIGS. 2-4, system 10 may further comprise an energy
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 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 



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 15of film sheet 12. Patterned layer 46
may comprise a residual layer 48 and a plurality of
features shown as protrusions 50 and recessions 52,
with protrusions 50 having a thickness t and residual
layer having a thickness t2. [0037] Referring to FIGS.
7A and 7B, multiple templates 18 may be used to form
patterned layer 46 on film sheet 12. For example, a
first template 18b at a first position may pattern a
first portion 15 of patterned layer 46 and a second
template 18c at a second position may pattern the
first portion 15 of patterned layer 46. The first
portion 15 of the patterned layer 46 may be patterned
by the first template 18b forming a first layer on the
film sheet 12 and the second 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 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 away from
template 18 and second portion 17a of film 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
film sheet 12such that another portion of film sheet
12 may be positioned in superimposition with template
18. This process may be repeated as many times as
desired. [0039] Rollers 13 may serve as guides to
facilitate movement of film sheet as illustrated in
FIG. 2 and/or rollers 13 may store un-patterned film
sheet 12 and/or patterned film sheet 12. For example,
un-patterned film sheet 12 may concentrically wrap
around roller 13a to form a first roll and patterned
film sheet 12 may concentrically wrap around roller
13b to form a second roll. [0040] Patterned layer 46
may be protected by a protective film as described in
U.S. Patent Publication No. 2008/0308971 , which is
hereby 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. [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.
2004/021 1754, 



all of which are hereby incorporated by reference
herein. 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 ofpolymerizable material 34 may become
trapped between film sheet 12 and/or mold 20. For
example, film sheet 12 having minimal thickness (e.g.,
a thin film sheet of approximately 10 mm - 500 mm) may
not be able to support the weight of the droplets of
polymerizable material 34. As such, film sheet 12 may
form undulations under the weight of the droplets
trapping the droplets. Such trapping of the droplets
of polymerizable material 34 may cause deformation of
film sheet 12, as illustrated in FIG. 5. To prevent
deformation, film sheet 12 may be kept in a relatively
flat configuration (e.g., the surface of film sheet is
substantially without projections and/or depressions).
Additionally, coalescing droplets to form a continuous
layer may minimize and/or prevent droplets of
polymerizable 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 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 incorporated by
reference herein. [0044] Control of the applied force
F may be determined by: F o h vm (EQ. 1)wherein Lis
the height of droplets (e.g., 200 nm - 1000 nm,
preferably greater than 400 nm), v is the velocity at
which mold 20 contacts droplets (e.g., 20 - 100
mm/sec); and / / is the viscosity of polymerizable
material 34 in the droplets (e.g., 0.5 cps - 200 cps).
[0045] Additionally, coalescence of drops of
polymerizable material 34 may be provided and/or
controlled by varying tension associated with film
sheet 12. Increased tensile strength may be provided
by reinforcing film sheet 12 with fibers (e.g., metal
fibers, glass fibers and/or the like). Fibers may be
aligned along the direction of the tensile force
provided by rollers 13. In one embodiment, the
magnitude of tension associated with film sheet 12 may
be approximately 1 to 200 N for a film sheet 12 having
a thickness of 100 mm, 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 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 may be provided and/or
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. Dropletsmay be sized
with a diameter between approximately 10 mm - 100 mm,
a height between approximately 20 nm - 1000 nm, and/or
a center to center distance between droplets of
approximately 10 mm - 250 mm. Each of these elements
may be adjusted to aid in coalescence of droplets of
polymerizable material 34. [0048] FIG. 8 illustrates a
flow chart of an exemplary method 80 for minimizing
the trapping of droplets of polymerizable material 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 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 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
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 film sheet 12 and/or
continuity ofpatterning layer 46 may be evaluated. In
a step 94, estimated height of the dispensed droplets
and estimated viscosity of polymerizable material 34
may be adjusted, and/or estimated velocity of contact
of mold 20 with polymerizable material 34 may be
altered to adjust the estimated magnitude of force F
based 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 of polymerizable material 34 and/or drop
placement of 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 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 mold 20
and/or multiple template 18 embodiments may be used.
For example, referring to FIGS. 2, 9 and 10, template
18 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, 2Od, 2Oe,
2Of, 2Og, 2Oh and 2Oi. 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, 2Od, 2Of and
2Oh may have substantially the same pattern formed
thereon,referred to as MOLD1; and molds 20a, 20c, 2Oe
2Og and 2Oi may have substantially the same pattern
formed thereon, referred to as MOLD2. Even further
MOLD may be the compliment of MOLDi. It should be
noted that template 18a may have any number of molds
20 positioned thereon, with molds 20 having any
combination of patterns depending on design
considerations. [0050] Template chuck 28 and/or pump
system 60 may control the shape of template 18a shown
in FIG. 9. At least a portion of template chuck 28,
and an area of template 18a in superimposition with
each mold 20 may define a chamber 62. For example, at
least a portion of template chuck 28, and an area of
template 18a in superimposition with each of molds
20a, 20b and 20c define chambers 62a, 62b and 62c,
respectively. For simplicity of illustration, only
chambers 62a-62c are shown in FIGS. 10A and 10B;
however, it should be understood that chambers 62d-62i
may be substantially similar to chambers 62a- 62c.
[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 provide
patterning of film sheet 12 at substantially the same
time period and/or at relatively different time
periods. For example, polymehzable 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
mold20b and/or 20c as illustrated in FIG. 1OB.
Exemplary patterning techniques are further described
in U.S. Patent Publication No. 20070190200. [0053]
Referring to FIGS. 7, 11 and 12, in another
embodiment, system 10 may comprise at least two
templates 18b and 18c. Templates 18b and 18c may be
substantially similar to templates 18 and 18a as
described herein. [0054] Template 18b may be a
compliment of template 18c, and vice versa. For
example, portions 2 1 of template 18b that may be
substantially absent of mold 20 may have areas in
template 18c corresponding to portions 64 having molds
20. As illustrated in FIGS. 7, 11 and 12, template 18b
comprises molds 20a, 20c, 2Oe, 2Og and 2Oi that
correspond to portions 2 1a, 21c, 21e, 21g and 2 1i of
template 18c. Similarly, template 18c comprises molds
20b, 2Od, 2Of and 2Oh that correspond to portions 2
1b, 21d, 21f and 2 1h 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 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,
2Oe, 2Og and 2Oi define chambers 62a, 62c, 62e, 62g
and 62i. Further, chambers 62a, 62c, 62e, 62g and 62i
may be in superimposition with portions 21a, 21c, 2
1e, 2 1g and 2 1i of template 18c. With 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, 2Od, 2Of and 2Oh define chambers
62b, 62d, 62f and 62h. Further, chambers 62b, 62d, 62f
and 62h may be in superimposition with portions 2 1b,
21d, 21f and 2 1h of template 18c.[0056] FIG. 13
illustrates a flow chart of a method 100 for using
templates 18b and 18c to pattern film sheet 12. In a
step 102, polymerizable material 34 may be dispensed
on film sheet 12. In a step 104, pump system 60 may
place chambers 62b, 62d, 62f and 62h in a vacuum state
such that portions 2 1b, 2 1d, 21f and 21h of template
18b bow away from film sheet 12 resulting in molds
20a, 20c, 2Oe, 2Og and 2Oi bowing towards film sheet
12. As such, molds 20a, 20c, 2Oe, 2Og and 2Oi of
template 18b may contact polymerizable material 34
while portions 2 1b 21d, 21f and 2 1h of template 18b
are not in contact with polymerizable material 34. In
a step 106, polymerizable material may be 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 



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, 2 1e, 2 1g
and 2 1i bow away from film sheet 12 and as a result,
molds 20b, 2Od, 2Of and 2Oh bow towards film sheet 12.
For example, molds 20b, 2Od, 2Of and 2Oh may contact
polymerizable material 34 while portions 21a, 21c,
21e, 21g and 2 1i are not in contact with
polymerizable material 34. In an optional step 116,
pump system 60 may place chambers 62a, 62c, 62e, 62g
and 62i in a pressure state tofacilitate separation of
template 18c with patterned layer 46. It should be
noted that template 18c is capable of patterning
polymerizable material 34 prior to patterning of
polymerizable material 34 by template 18b. [0057]
Patterning of film sheet 12 may be employed in any
application desired. For example, patterning of film
sheet 12 may be used in nanostructuring for solar
cells having a feature size of 10nm-100nm as further
described in U.S. Serial No. 12/324,120, which is
hereby incorporated by reference herein. Additionally,
patterning of film sheet 12 may be used in
nanopatterning for sub wavelength photonic devices
such as polarizers having a size of approximately 50
nm - 500 nm; photonic crystals having a feature size
of 50 nm - 500 nm; micro lens structures having a size
of approximately 1 mm - 500 mm, three dimensional
structures, etc.WHAT IS CLAIMED IS: 1. A method for
patterning polymerizable material on a film sheet, 



comprising: dispensing a plurality of droplets of
polymerizable material on the film sheet; applying a
force to a first imprint lithography template such
that the first imprint lithography template contacts
the droplets of polymerizable material on the film
sheet, wherein the force is pre-determined to minimize
localized trapping of the droplets of the
polymerizable material on the film sheet such that
droplets coalesce to form a continuous layer during
contact with the first imprint lithography template;
and, solidifying the polymerizable material to form a
patterned layer having a residual layer and at least
one feature. 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 thedroplets
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 polymehzable material prior
to dispensing the droplets such that 



the droplets when dispensed on the film sheet coalesce
to form the continuous layer. 6. The method of any one
of claims 1-5, further comprising adjusting size of
the droplets 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. 7. The method of claim any one of
claims 1-6, further comprising adjusting the placement
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. 8.
The method of any one of claims 1-7, wherein the film
sheet is coupled to a first roller and a second
roller, the first roller and the second roller
positioned substantially parallel relative to one
another such that the first portion of the film sheet
is substantially parallel to the first imprint
lithography template.9. The method of claim any one of
claims 1-8, wherein the first imprint lithography
template includes a plurality of molds. 10. The method
of claim 9, wherein the plurality of molds of the
first imprint lithography template are substantially
similar. 11. The method of claim 9, wherein the
plurality of molds of the first imprint lithography
template include a first subset of molds complimentary
to a second subset of molds. 12. The method of any one
of claims 9-1 1, further 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. 13. The method of claim 12, 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. 14. The method of any one of
claims 12-13, further comprising a pump system in
fluid communication with each chamber, the pump system
capable of providing each chamber in a pressure
state.15. The method of claim of 1, further comprising
patterning a second patterned layer on the patterned
layer with a second imprint lithography template,
wherein the second imprint lithography template is
positioned offset from the polymerizable material
during formation of the patterned layer with the first
imprint lithography template and the first imprint
lithography template is positioned offset from the
patterned layer during patterning with the second
imprint lithography template. 16. The method of claim
15, wherein the first imprint lithography template
includes a plurality of molds extending towards the
film sheet and a plurality of portions substantially
absent of molds. 17. The method of any one of claims
15-16, wherein the second imprint lithography template
is a compliment of the first imprint lithography
template. 



18. The method of claim any one of claims 15-17,
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. 19.
The method of any one of claims 15-18, 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 patterned 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. 20. A method for
patterning polymerizable material on a film sheet,
comprising dispensing a plurality of droplets of a
first polymerizable material on a first region of the
film sheet, the first region of the film sheet in
superimposition with a first imprint lithography
template; applying a first force to the first
lithography template such that the first imprint
lithography template contacts the droplets of
polymerizable material on the film sheet, wherein the
first force is pre-determined to minimize localized
trapping of the droplets of the first polymerizable
material on the first region of the film sheet such
that droplets of the first polymerizable material
coalesce to form a first continuous layer during
contact with the first imprint lithography template;
solidifying the first polymerizable material; 



adjusting rollers to provide the first region of the
film sheet in superimposition with a second imprint
lithography template; 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 secondpolymerizable 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. 2 1.
The method of claim 20, wherein the first continuous
layer and the second continuous layer are adjacent.
22. The method of claim 20, wherein the second
continuous layer is positioned directly on top of the
first continuous layer. 23. The method of any one of
claims 20-22, further comprising applying a protective
film to the second layer. 




