
IMPRINT LITHOGRAPHY SYSTEM AND METHOD CROSS-REFERENCE TO RELATED
APPLICATIONS [0001]This application claims the benefit under 35 U.S.C.
119(e)(1) of U.S. Provisional Patent Application No: 61/107,729, filed
October 23, 2008, and U.S. Provisional Patent Application No. 61/108,640,
filed October 27, 2008, and U.S. Patent Application No. 12/582,091 filed
October 20, 2009 all of which are hereby incorporated by reference herein
in their entirety. [0002]This application is also contains information
related to U.S. Serial No. 11/749,909, filed May 17, 2007 which claims
priority to U.S. Provisional Patent Application No. 60/801,265, filed May
18, 2006, U.S. Provisional Patent Application No. 60/827,128, all of which
are hereby incorporated by reference herein in their entirety. BACKGROUND
INFORMATION [0003]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. Nano-fabrication 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. [0004)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. 200410065976, U.S. Patent
Publication No. 2004/0065252, and U.S. Patent No. 6,936,194, all of which
are hereby incorporated by reference. [0005]An imprint lithography
technique disclosed in each of the aforementioned U.S. patent publications
and patent includes formation of a relief pattern in a 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.
Additionally, the substrate may be coupled to a substrate chuck. 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 [0006]So
that features and advantages of the present invention can be understood in
detail, a more particular description of embodiments of the invention 



may be had by reference to the embodiments illustrated in the appended
drawings. It is to be noted, however, that the appended drawings only
illustrate typical  embodiments of the invention, and are therefore not to
be considered limiting of its scope, for the invention may admit to other
equally effective embodiments. [0007]Fig. 1 is a simplified side view of a
lithographic system having a patterning device spaced-apart from a
substrate, the patterning device comprising a template and a mold;
[0008]Fig. 2 is a top down view of the substrate shown in Fig. 1, the
substrate having an inner, middle, and outer radius; [0009]Fig. 3 is a side
view of the substrate shown in Fig. 1 coupled to a 



substrate chuck; [0010]Fig. 4 is a bottom-up plan view of the substrate
chuck shown in Fig. 3 [0011]Fig. 5 is a top down view of the template shown
in Fig 1, having a mold coupled thereto; [0012]Fig 6 is a side view of the
template shown in Fig. 1 coupled to a template chuck; [0013]Fig 7 is a
bottom-up plan view of the template chuck shown in Fig. 6; [0014]Fig. 8 is
a top down view showing an array of droplets of imprinting material
positioned upon a region of the substrate shown in Fig. 1; 



[0015]Fig. 9 is a simplified side view of the substrate shown in Fig. 1,
having a patterned layer positioned thereon; [0016]Fig. 10 is a flow
diagram showing a method of patterning the substrate shown in Fig. 1, in a
first embodiment; [0017]Fig. 11 is a side view of the patterning device
shown in Fig. 1 having an altered shape; [0018]Fig. 12 is a side view of
the patterning device shown in Fig 11, in contact with a portion of the
droplets of imprinting material shown in Fig. 8;  



[0019]Figs. 13-15 are top down views showing the compression of the
droplets shown in Fig. 8, employing the altered shape of the template shown
in Fig. 12: [0020]Fig. 16 is a flow diagram showing a method of patterning
a region of the substrate shown in Fig. 1, in a second embodiment;
[0021]Fig. 17 is a side view of the substrate shown in Fig.1 having an
altered shape; [0022]Fig 18 is a side view of a pin exerting a force on the
patterning device shown in Fig. 1, to alter a shape thereof; and [0023]Fig.
19 is a side view of the system shown in Fig. 1, with a gas being 



introduced between the patterning device and the mold. [0024]Fig. 20 is a
simplified side view of an exemplary substrate chuck providing substrate in
a single wave formation. [0025]Figs. 21A-21C are simplified side view of an
exemplary substrate chuck providing substrate in multiple exemplary
formations. [0026]Fig. 22A and 22B are simplified side views of an
exemplary substrate chuck having exemplary outer lands. [0027]Fig. 23 is a
simplified side view of an exemplary template chuck and an exemplary
substrate chuck providing an imprint lithography template and a substrate
in single wave formations. 



[0028]Fig. 24A-24D are simplified side view of another exemplary template
chuck and an exemplary substrate chuck providing an imprint lithography
template in a double wave formation and a substrate in a single wave
formation. [0029]Fig. 25 is a top down view of a substrate subjected to
forces.  [0030]Fig. 26 is a simplified side view of an exemplary holding
system in a first position, the first position constraining a substrate
during separation of a template from the substrate. [0031]Fig. 27 is a
simplified side view of the holding system illustrated in Fig. 26 in a
second position, the second position distancing the holding system from the
substrate. [0032]Fig. 28 illustrates a flow chart of an exemplary method
for constraining a 



substrate during separation of a template from the substrate. DETAILED
DESCRIPTION [0033]Referring to Figs. 1 and 2, a system 10 to form a relief
pattern on a substrate 12 is shown. Substrate 12 may have circular shape;
however, in a further embodiment, substrate 12 may have any geometric
shape. In the present example, substrate 12 may have a disk shape having an
inner radius r1 and outer radius r2, with radius r2 being greater than
radius rl. Further, defined between inner radius and outer radius r2 is a
middle radius r3, with middle radius r3 positioned substantially
equidistant from inner radius r1 and outer radius r2. [0034]Referring to
Fig. 1, substrate 12 may be coupled to a substrate chuck 14. As shown
substrate chuck 14 is a vacuum chuck, however, substrate chuck 14 may be
any chuck including, but not limited to, vacuum, pin-type, groove-type, or
electromagnetic, as described in United States patent 6,873,087 entitled
"High-Precision Orientation Alignment and Gap Control Stages for Imprint
Lithography Processes," which is incorporated herein by reference.
Substrate 12 and substrate chuck 14 may be supported upon a stage 16.
Further, substrate 12, substrate chuck 14, and stage 16 may be positioned
on a base (not shown). Stage 16 may provide  motion about a first and a
second axis, with the first and the second axis being orthogonal to one
another, i.e., the x and y axes. Referring to Figs. 1, 3, and 4, substrate
chuck 14 includes first 18 and second 20 opposed sides. A side, or edge,
surface 22 extends between first side 18 and second side 20. First side 18
includes a first recess 20, a second recess 22, and a third recess 24,
defining first 26, second 28, third 30, and fourth 32 spaced-apart support
regions. First support region 26 cinctures second 28, third 30, and fourth
32 support regions and first 20, second 22, and third 24 recesses, Second
support region 28 cinctures third 30 and fourth 32 support regions and
second 22 and third 24 recesses. Third support region 30 cinctures fourth
support region 32 and third recess 24. Third recess 24 cinctures fourth
support region 32. In a further embodiment, first 26, second 28, third 30,
and fourth 32 support regions may be formed from a compliant material.
First 26, second 28, third 30, and fourth 32 support regions may have a
circular shape; however, in a further embodiment, first 26, second 28,
third 30, and fourth 32 may comprise any geometric shape desired. 



[0035]Formed in substrate chuck 14 are throughways 34 and 36, however,
substrate chuck 12 may comprise any number of throughways. Throughway 34
places first and third recesses 20 and 24 in fluid communication with side
surface 18, however, in a further embodiment, it should be understood that
throughway 34 may place first and third recesses 20 and 24 in fluid
communication with any surface of substrate chuck 14. Throughway 36 places
second recess 22 in fluid communication with side surface 18, however, in a
further embodiment, it should be understood that throughway 36 may place
second recess 22 in fluid communication with any surface of substrate chuck
14. Furthermore, what is desired is that throughway 34 facilitates placing
first 20 and third 24 recesses and throughway 36 facilitates placing second
recesses 22 in fluid communication with a pressure control system, such as
a pump system 38. [0036]Pump system 38 may include one or more pumps to
control the pressure proximate to first 20, second 22, and third 24
recesses. To that end, when substrate 12 is coupled to substrate chuck 14,
substrate 12 rests against first 26, second 28, third 30, and fourth 32
support regions, covering first 20, second 22, and third 24 recesses. First
recess 20 and a portion 40a of substrate 12 in superimposition therewith
define a first chamber 42. Second recess 22 and a portion 40b of substrate
12 in superimposition therewith define a second chamber 44. Third recesses
24 and a portion 40c of substrate 12 in superimposition therewith define a
third chamber 46. Pump system 38 operates to control a pressure in first
42, second 44, and third 46 chambers [0037]Referring to Figs. 1 and 5,
spaced-apart from substrate 12 is a patterning device 48. Patterning device
48 comprises a template 50 having a mesa 52 extending therefrom towards
substrate 12 with a patterning surface 54 thereon. Further, mesa 52 may be
referred to as a mold 52. In a further embodiment, template 50 may be
substantially absent of mold 52. Template 50 and/or mold 52 may be formed
from such materials including but not limited to, fused-silica, quartz,
silicon, organic polymers, siloxane polymers, borosilicate glass,
fluorocarbon polymers, metal, and hardened sapphire. As shown, patterning
surface 54 comprises features defined by a plurality of spaced-apart
recesses 56 and protrusions 58. However, in a further embodiment,
patterning surface 54 may be substantially smooth and/or planar. Patterning
surface 54 may define an original pattern that forms the basis of a pattern
to be formed on substrate 12.  



[0038]Referring to Figs. 1, 6, and 7, template 50 may be coupled to a
template chuck 60, template chuck 60 being any chuck including, but not
limited to, vacuum, pin-type, groove-type, or electromagnetic, as described
in United States patent 6,873,087 entitled "High-Precision Orientation
Alignment and Gap Control Stages for Imprint Lithography Processes".
Template chuck 60 includes first 62 and second 64 opposed sides. A side, or
edge, surface 66 extends between first side 62 and second side 64. First
side 62 includes a first recess 68, a second recess 70, and a third recess
72, defining first 74, second 76, and third 78 spaced-apart support
regions. First support region 74 cinctures second 70 and third 72 support
regions and first 68, second 70, and third 72 recesses. Second support
region 76 cinctures third support region 78 and second 70 and third 72
recesses. Third support region 78 cinctures third recess 72. In a further
embodiment, first 74, second 76, and third 78 support regions may be formed
from a compliant material. First 74, second 76, and third 78 support
regions may have a circular shape; however, in a further embodiment, first
74, second 76, and third 78 support regions may have any geometric shape
desired. [0039]Formed in template chuck 60 are throughways 80 and 82,
however, template chuck 60 may comprise any number of throughways.
Throughway 80 places first and third recesses 68 and 72 in fluid
communication with second side 64, however, in a further embodiment, it
should be understood that throughway 80 may place first and third recesses
68 and 72 in fluid communication with any surface of template chuck 60.
Throughway 82 places second recess 70 in fluid communication with second
side 64, however, in a further embodiment, it should be understood that
throughway 80 may place second recess 70 in fluid communication with any
surface of template chuck 60. Furthermore, what is desired is that
throughway 80 facilitates  placing first 68 and third 72 recesses and
throughway 82 facilitates placing second recesses 70 in fluid communication
with a pressure control system, such as a pump system 84. [0040]Pump system
84 may include one or more pumps to control the pressure proximate to first
68, second 70, and third 72 recesses. To that end, when template 50 is
coupled to template chuck 60, template 50 rests against first .74, second
76, and third 78 support regions, covering first 68, second 70, and third
72 recesses. First recess 68 and a portion 86a of template 50 in
superimposition therewith define a first chamber 88. Second recess 70 and a
portion 86b of template 50 in superimposition therewith define a second
chamber 92. Third recess 72 and a portion 86c of substrate 12 in
superimposition therewith define a third chamber 96. Pump system 84
operates to control a pressure in first 88, second 92, and third 96
chambers. Further, template chuck 60 may be coupled to an imprint head 97
to facilitate movement of patterning device 48. [0041]Referring to Fig. 1,
system 10 further comprises a fluid dispense system 



98. Fluid dispense system 98 may be in fluid communication with substrate
12 so as to deposit polymerizable material 100 thereon. Fluid dispense
system 98 may comprise a plurality of dispensing units therein. It should
be understood that polymerizable material 100 may be deposited using any
known technique, e.g., drop dispense, spin-coating, dip coating, chemical
vapor deposition (CVD), physical vapor deposition (PVD), thin film
deposition, thick film deposition, and the like. Typically, polymerizable
material 100 may be disposed upon substrate 12 before the desired volume is
defined between mold 52 and substrate 12. However, polymerizable material
100 may fill the volume after the desired volume has been obtained. As
shown in Fig. 8, polymerizable material 100 may be deposited upon substrate
12 as  a plurality of spaced-apart droplets 102, defining a matrix array
104. In an example, each droplet of droplets 102 may have a unit volume of
approximately 1-10 picoliters. Droplets 102 may be arranged in any
two-dimensional arrangement on substrate 12. [0042]Referring to Figs. 1 and
9, system 10 further comprises a source 106 of energy 108 coupled to direct
energy 108 along a path 110. Imprint head 97 and stage 16 are configured to
arrange mold 52 and substrate 12, respectively, to be in superimposition
and disposed in path 110. Either imprint head 97, stage 16, or both vary a
distance between mold 52 and substrate 12 to define a desired volume
therebetween that is filled by polymerizable material 100. After the
desired volume is filled with polymerizable material 100, source 106
produces energy 108, e.g., broadband ultraviolet radiation that causes
polymerizable material 100 to solidify and/or cross-link conforming to the
shape of a surface 112 of substrate 12 and patterning surface 54, defining
a patterned layer 114 on substrate 12. Patterned layer 114 may comprise a
residual layer 116 and a plurality of features shown as protrusions 118 and
recessions 120. Control of this process is regulated by a processor 122
that is in data communication with stage 16, pump systems 38 and 84,
imprint head 97, fluid dispense system 98, and source 106, operating on a
computer readable program stored in a memory 124 [0043]Referring to Fig. 1,
system 10 further includes a pin 126 coupled to stage 16. Pin 126 may
translate about a third axis orthogonal to the first and second axis, i.e.,
along the z axis. As a result, pin 126 may contact mold 52 to alter a shape
thereof, described further below. Pin 126 may be any force or displacement
actuator known in the art including, inter alia, pneumatic, piezoelectric,
magnetostrictive, linear, and voice coils. In a further embodiment, pin 126
may be a high resolution  pressure regulator and clean series air piston,
with a center pin thereof comprising a vacuum source that may evacuate an
atmosphere between an interface of patterning device 48 and substrate 12. 



[0044]Referring to Figs. 1, 8, and 9, as mentioned above, a distance
between mold 52 and substrate 12 is varied such that a desired volume is
defined therebetween that is filled by polymerizable material 100.
Furthermore, after solidification, polymerizable material 100 conforms to
the shape of surface 112 of substrate 12 and patterning surface 54,
defining patterned layer 114 on substrate 12. To that end, in a volume 128
defined between droplets 102 of matrix array 104, there are gases present,
and droplets 102 in matrix array 104 are spread over substrate 12 so as to
avoid, if not prevent, trapping of gases and/or gas pockets between
substrate 12 and mold 52 and within patterned layer 114. The gases and/or
gas pockets may be such gases including, but not limited to air, nitrogen,
carbon dioxide, and helium. Gas and/or gas pockets between substrate 12 and
mold 52 and within patterned layer 114 may result in, inter alia, pattern
distortion of features formed in patterned layer 114, low fidelity of
features formed in patterned layer 114, and a nonuniform thickness of
residual layer 116 across patterned layer 114, all of which are
undesirable. To that end, a method and a system of minimizing, if not
preventing, trapping of gas and/or gas pockets between substrate 12 and
mold 52 and within patterned layer 114 are described below. [0045]Referring
to Figs. 1 and 10, in a first embodiment, a method of expelling gas between
substrate 12 and mold 52 is shown. More specifically, at step 200, as
mentioned above, polymerizable material 100 may be positioned on substrate
12 by drop dispense, spin-coating, dip coating, chemical vapor deposition
(CVD), physical  vapor deposition (PVD), thin film deposition, thick film
deposition, and the like. In a further embodiment, polymerizable material
100 may be positioned on mold 52. [0046]Referring to Figs. 6, 7, 10, and
11, at step 202, a shape of patterning device 48 may be altered. More
specifically, a shape of patterning device 48 may be altered such that a
distance dl defined between mold 52 and substrate 12 at middle radius r3 of
substrate 12, shown in Fig. 2, is less than a distance defined between mold
52 and substrate 12 at remaining portions of mold 52. In an example,
distance dl is less than a distance d2, distance d2 being defined at an
edge of mold 52. In a further embodiment, the distance dl may be defined at
any desired location of mold 52. The shape of patterning device 48 may be
altered by controlling a pressure within first and third chambers 68 and
72. More specifically, as mentioned above, pump system 84 operates to
control the pressure in first and third chambers 68 and 72. To that end,
pump system 84 may create a vacuum within first and third chambers 68 and
72 via throughway 80 such that portions 86a and 86c of template 50 may bow
away from substrate 12 and bow towards template chuck 60. As a result of
bowing portions 86a and 86c of template 50 away from substrate 12, portion
86b of template 50 bows toward substrate 12 and away from template chuck
60. 



[00471Referring to Figs. 10, 12, and 13, at step 204, as described above
with respect to Fig. 1, either imprint head 97, shown in Fig. 1, stage 16,
or both, may vary distance dl, shown in Fig. 11, such that a portion of
mold 52 contacts a sub-portion of droplets 102. As shown, a portion of mold
52 in superimposition with middle radius r3 of substrate 12, shown in Fig.
2, contacts a sub-portion of droplets 102 prior to the remaining portions
of mold 52 contacting the remaining droplets of droplets 102. However, in a
further embodiment, any portion of mold 52 may contact droplets 102 prior
to remaining portions of mold 52. To that end, as shown, mold 52 contacts
all  of droplets 102 in superimposition with middle radius r3 of substrate
12, shown in Fig. 2, substantially concurrently. This causes droplets 102
to spread and to produce a contiguous liquid sheet 130 of polymerizable
material 100. Edge 132 of liquid sheet 130 defines a liquid-gas interface
134 that functions to push gases in volume 128 toward edge 136 of substrate
12. Volume 128 between droplets 102 define gas passages through which gas
may be pushed to edge 136. As a result, liquid-gas interface 134 in
conjunction with the gas passages reduces, if not prevents, trapping of
gases in liquid sheet 130. [0048]Referring to Figs. 7, 10, and 14, at step
206, the shape of patterning device 48 may be altered such that the desired
volume defined between mold 52 and substrate 12 may be filled by
polymerizable material 100, as described above with respect to Fig. 1. More
specifically, the shape of patterning device 48 may be altered by the
combination of controlling the pressure within first and third chambers 88
and 96 and a force exerted by imprint head 97, shown in Fig. 1, and/or
stage 16 upon patterning device 48 as a result of contact been
polymerizable material 100 and mold 52. More specifically, as mentioned
above, pump system 84 operates to control the pressure in first and third
chambers 88 and 96. To that end, pump system 84 decreases a magnitude of
the vacuum created within first and third chambers 88 and 96 via throughway
80 such that polymerizable material 100 associated with subsequent subsets
of droplets 100 surrounding middle radius r3 of substrate 12 shown in Fig.
2, spread to become included in contiguous fluid sheet 130, as shown in
Fig. 14. The shape of patterning device 48 continues to be altered such
that mold 52 subsequently comes into contact with the remaining droplets
102 so that polymerizable material 100 associated therewith spreads to
become included in contiguous sheet 130, as shown in Fig. 15. As can be
seen, interface 134 has  moved towards edge 136 so that there is an
unimpeded path for the gases in the remaining volume 128, shown in Fig. 8,
to travel thereto. This allows gases in volume 128, shown in Fig. 8, to
egress from between mold 52 and substrate 12 vis-a-vis edge 136. In this
manner, the trapping of gas and/or gas pockets between substrate 12 and
mold 52 and within patterned layer 114, shown in Fig. 9, is minimized, if
not prevented. In a further embodiment, the shape of patterning device 48
may be altered concurrently with decreasing the distance dl, as mentioned
above with respect to Fig. 11.Referring to Figs. 7 and 12, in still a
further embodiment, to facilitate altering a shape of patterning device 48,
a pressure within second chamber 92 may be controlled. More specifically,
as mentioned above, pump system 84 operates to control the pressure in
second chamber 92. To that end, pump system 84 may create a pressure within
second chamber 92 via throughway 82 such that portion 86c of template 50
may bow towards substrate 12 and bow away from template chuck 60. Further,
a pressure may be created within second chamber 92 concurrently with
creating a vacuum in first and third chamber 88 and 96, as mentioned above.
[0049]Referring to Fig. 1 and 10, at step 208, as mentioned above with
respect 



to Fig. 1, polymerizable material 100 may be then be solidified and/or
cross-linked, defining patterned layer 114, shown in Fig. 9. Subsequently,
at step 210, mold 52 may be separated from patterned layer 114, shown in
Fig. 9. [0050]Referring to Figs. 1 and 16, a further embodiment of the
present invention is shown. More specifically, at step 300, analogous to
that mentioned above with respect to step 200, shown in Fig. 10,
polymerizable material 100 may be positioned on substrate 12 or mold 52.
[0051]Referring to Figs. 3, 4, 16, and 17, at step 302, analogous to that
mentioned above with respect to step 202, shown in Fig. 10, a shape of
patterning device 48 may be altered. Furthermore, concurrently with
altering a shape of patterning device 48, a shape of substrate 12 may be
altered. More specifically, a shape of substrate 12 may be altered by
controlling a pressure within first and third chambers 42 and 46. More
specifically, as mentioned above, pump system 38 operates to control the
pressure in first and third chambers 42 and 46. To that end, pump system 38
may create a vacuum within first and third chambers 42 and 46 via
throughway 36 such that portions 40a and 40c of substrate 12 may bow away
from substrate chuck 14 and bow towards mold 52, as shown in Fig. 17. As a
result of bowing portions 40a and 40c of substrate 12 toward from substrate
chuck 14, portion 40b of substrate 12 bows toward mold 52 and away from
substrate chuck 14. Referring to Figs. 11, 13, and 16, at step 304,
analogous to that mentioned above with respect to step 204, shown in Fig.
10, imprint head 97, stage 16, or both, may vary distance dl, shown in Fig.
11, such that a portion of mold 52 contacts a sub-portion of droplets 102
in superimposition with middle radius r3 of substrate 12, shown in Fig. 2,
substantially concurrently, producing contiguous liquid sheet 130 of
polymerizable material 100. [0052]Referring to Figs. 4, 12, and 16, at step
306, analogous to that mentioned above with respect to step 206, shown in
Fig. 10, the shape of patterning device 48 may be altered such that the
desired volume defined between mold 52 and substrate 12 may be filled by
polymerizable material 100. Furthermore, concurrently with altering the
shape of patterning device 48, the shape of substrate 12 may be altered.
More specifically, as mentioned above, pump system 38 operates to control
the pressure in first and third chambers 42 and 46. To that end, pump
system 38  



decreases a magnitude of the vacuum created within first and third chambers
42 and 46 via throughway 36 concurrently with altering a shape of
patterning device 48 as mentioned above in step 204, shown in Fig. 10, such
that polymerizable material 100 associated with droplets 102 surrounding
middle radius r3 of substrate 12, shown in Fig. 2, spread to become
included in contiguous fluid sheet 130, as shown in Fig. 14. The shape of
substrate' 12 may be further altered concurrently with the shape of
patterning device 48 being altered such that mold 52 subsequently comes
into contact with the remaining droplets 102 so that polymerizable material
100 associated therewith spreads to become included in contiguous sheet
130, as shown in Fig. 15. The gases in volume 128, shown in Fig. 8 may
egress from between mold 52 and substrate 12 vis--vis edge 136 in
substantially the same method as mentioned above with respect to step 206,
shown in Fig. 10. [0053]Referring to Figs. 3 and 4, to further facilitate
altering a shape of substrate 12, a pressure within second chamber 44 may
be controlled. More specifically, as mentioned above, pump system 38
operates to control the pressure in second chamber 44. To that end, pump
system 38 may create a pressure within second chamber 44 via throughway 34
such that portion 40b of substrate 50 may bow towards mold 52 and bow away
from substrate chuck 14. Further, a pressure may be created within second
chamber 44 concurrently with creating a vacuum in first and third chamber
42 and 46, as mentioned above. [0054]Referring to Fig. 1 and 10, at step
308, as mentioned above with respect to Fig. 1, polymerizable material 100
may be then be solidified and/or cross-linked, defining patterned layer
114, shown in Fig. 9. Subsequently, at step 310, mold 52 may be separated
from patterned layer 114, shown in Fig. 9.  [0055]Referring to Figs. 6 and
18, in a further embodiment, to facilitate altering a  shape of patterning
device 48, pin 126 may be employed. More specifically, pin 126 may exert a
force upon patterning device 48, and in the present example, upon third
portion 86c of template 50. As a result, patterning device 48 may comprise
the aforementioned desired altered shape and may be employed in any of the
methods mentioned above. Pin 126 may be also employed to facilitate
separation of mold 52 and substrate 12, as mentioned above with respect to
steps 208 and 308, shown in Figs. 10 and 16, respectively. Furthermore,
after formation of patterned layer 114, shown in Fig. 9, pin 126 may
translate away from patterned device 48 such that patterning device 48 may
be substantially flat. Pin 126 may be in communication with processor 122
such that pin 126 may employ force feedback to determine a magnitude of the
force. [0056]Referring to Fig. 19, to further facilitate separation of mold
52 and 



substrate 12, a gas 148 may be introduced between substrate 12 and mold 52
via pin 126. More specifically, pin 126 may comprise a throughway 150
having apertures 152 in fluid communication with a pressure control system,
such as a pump system 38 In a further embodiment, pin 126 may comprise any
number of apertures. Apertures 152 may be positioned to introduce gas 148
between mold 52 and substrate 12. Gas 148 exerts a force upon mold 52 and
substrate 12 to push mold 52 in a direction away from substrate 12 and to
push substrate 12 in a direction away from mold 52. As shown, gas 148 may
be introduced between mold 52 and substrate 12 when pin 126 is proximate to
template 50; however, in a further embodiment, gas 148 may be introduced
between mold 52 and substrate 12 when pin 126 is in any position.
[0057]Fig. 20 illustrates another embodiment of substrate chuck 14a shown
in FIG. 1 that may provide single wave bending of substrate 12. In a single
wave imprint, inner diameter di of substrate 12 may minimize sensitivity to
non-uniformity of chuck 14 (e.g., planarity), tilt errors between template
18 and substrate 12, and/or axial errors between template  18 and substrate
12. As inner diameter di of substrate 12 may be reserved as a non-imprinted
zone, imprinting defects and/or separation defects may be minimized.
Further, chuck 14a may minimize contact between outer diameter d3 of
substrate 12 and chuck 14a reducing defects.  [0058] Substrate chuck 14a
may include first 218 and second 220 opposed sides. A side, or edge,
surface 222 may extend between first 218 and second 220 opposed sides.
First side 218 may include a first recess 224 and a second recess 226.
First recess 224 and second recess 226 may define first support region 228
and second support region 230. First support region 228 may cincture second
support region. Support regions 228 and 230 may have a circular shape,
rectangular shape, square shape, and/or any fanciful shape based on design
considerations. [0059]As illustrated in Fig. 20, support region 228 may
include a height h] greater than height h2 of support region 230. Height h]
of support region 228 may have a magnitude greater than height h2 of
support region 230 such that during imprinting substrate 12 obtains a
single wave deformation. Single wave deformation may generally be described
as a single wave shape wherein substrate 12 assumes a concave bend such
that surface 229 of substrate 12 may be substantially tangential to support
region 230 and/or support region 228. For example, height hi of support
region 228 may have a magnitude approximately 80 microns greater than
height h2 of support region 230. Additionally, height h] of support region
228, height h2 of support region 230, and/or magnitude difference between
height hi of support region   228 and height h2 of support region 230 may
be based on thickness t1 of substrate 12 and/or material of substrate 12.
For example, magnitude difference between height hi of  support region 228
and height h2 of support region 230 may be approximately 100 microns for
substrate 12 of fused silica having thickness ti of approximately 635
microns. 



[0060]Outer diameter d3 of substrate 12 may generally be the first point of
separation and as such may require maximum retention capability during
separation of template 18 and patterned layer 46 subsequent to imprinting
as described in relation to FIGS. 1 and 2. By increasing height hi of
support region 228, vacuum force provided by chuck 14 may be biased towards
outer diameter d3. Biasing of vacuum force may decrease retention force
needed and/or decrease separation force needed during separation of
template 18 and patterned layer 46. [0061]Formed in substrate chuck 14a may
be throughways 232a and/or 232b and 234a and/or 234b. It should be noted
substrate chuck 14a may include additional throughways depending on design
considerations. Two throughways 234 and 236 are shown for simplicity.
Throughways 234 and 236 may be in fluid communication with side surface 218
at recesses 224 and 226. Throughways 234 and 236 may facilitate positioning
of recesses 224 and/or 226 in fluid communication with a pressure control
system (e.g., pump system). For example, pump system may provide one or
more pumps capable of controlling pressure proximate to recesses 224 and/or
226. [0062]Referring to Figs. 21A-21C, in one embodiment, height hi of
support region 228 may be determined based on a pre-determined pressure
level applied by pressure control system to recesses 224 and/or 226 in
addition to or in lieu of determining characteristics described herein
(e.g., thickness t1, materiality of  



substrate 12, and/or the like). For example, height hj of support region
228 may be based on a standard pressure level that when applied provides
substrate 12 in a single wave as illustrated in Fig. 20. With substrate 12
in a single wave during imprinting, as described herein, inner diameter d2
of substrate 12 may assume a substantially concave shape. [0063]Pressure
level(s) may be adapted to provide single wave deformation of substrate 12
based on height hj of support region 228. For example, Fig. 21A illustrates
substrate 12 subjected to about 0 kPa. Substrate 12 at about 0 kPa may
exhibit substantial planarity. Additionally, substrate 12 and support
region 230 may be separated by a distance d. For example, substrate 12 and
support region 230 may be separated by approximately 100 microns. Referring
to Fig. 21B, throughways 232 and 234 may provide recess 224 at
approximately -5 kPa bending substrate 12 in a substantially single wave
shape wherein substrate 12 assumes a concave bend such that surface 229 of
substrate 12 may be substantially tangential to support region 230. At
approximately -80 kPa, although portions of substrate 12 may still be
substantially tangential to support region 230, substrate 12 assumes a
double wave shape forming multiple concave bends in recess 224
[0064]Referring to Figs. 22A and 228, in one embodiment, chuck 14 may
provide substrate 12 in a single wave formation during imprinting while
minimizing and/or eliminating defects at outer diameter d3. For example,
Fig. 22A illustrates an exemplary embodiment of chuck 14a wherein chuck 14
includes a tapered land 228a. Tapered land 228a may provide minimal contact
between chuck 14 and substrate 12 at outer diameter d3. Minimization of
contact may further minimize defects at outer diameter d3. Tapered land
228a may include height hj greater than height h2 of support region 230.
Further, tapered edge 240 of tapered land 228a  may be set at an angle
(e.g., approximately 2-5) relative to an axis 242. Angle may be adapted
such tapered land 228a has minimal contact or no contact with edge 244
(i.e., flat region) of substrate 12 as shown in Fig. 22A. [0065]Fig. 22B
illustrates another exemplary embodiment of chuck 14a wherein chuck 14a
includes substantially planar land 228b. Positioning of substrate 12 in
single wave shape may provide outer diameter d3 of substrate 12 at a
distance gi from substantially planar land 228b. 



[0066]Referring to Fig. 23, in one embodiment, template chuck 28a may
provide patterning surface 22 of template 18 to conform to single wave
shape of substrate 12 during imprinting and/or separation. Template chuck
28a may include throughways 254 adapted to provide a vacuum and/or pressure
affecting shaping of template 18. For example, throughway(s) 254a may
provide a vacuum holding outer edge of template 18 such that outer edges of
template 18 bow towards chuck 28. Throughway(s) 254b may provide vacuum
and/or pressure such that center of template 18 bows towards substrate 12.
Center of template 18 may contact substrate 12 conforming to single wave
shape. For example, center of template 18 may contact inner diameter dl of
substrate 12 with fluid motion of polymerizable material 34 flowing outward
towards outer diameter d3 of substrate 12. Additionally, during separation,
final separation may occur at center of template 18 and inner diameter cl,
of substrate 12 with single wave shape of substrate 12 and conforming shape
of template 18. [0067]Referring to Figs. 24A-D, in another embodiment,
template chuck 28b may provide patterning surface 22 of template 18 in a
double wave formation during imprinting and/or separation with substrate 12
having a single wave shape.  [0068]Referring to Fig. 24A, throughways
560a-560c of template chuck 28b may provide vacuum and/or pressure to
provide template 18 in a double wave formation. For example, throughway
560b may provide pressure while throughways 560a and 560c may provide
vacuum in chambers formed by lands 562a-562f (e.g., three or more
chambers). Pressure and/or vacuum within chambers may provide template 18
in a a double wave formation such that portions of template 18 in
superimposition with throughway 560b bow towards substrate 12 and portions
of template 18 in superimposition with throughways 560a and 560c may bow
away from substrate 12. Portions of template 18 in superimposition with
throughway 560b may contact substrate 12 first. It should be noted that
additional throughways 560 and/or chambers may be used. As illustrated in
Fig. 24b, vacuum may be reduced and/or pressure reduced such that template
18 contacts remaining portions of substrate 12. In particular, portion of
template 18 in superimposition with throughway 560c (e.g., in
superimposition with inner diameter of substrate 12), may contact substrate
12 last. As such, gas between template 18 and substrate 12 may be evacuated
at inner diameter of substrate 12. (0069]During the imprinting process,
generally the surface of substrate 12 may be provided in a substantially
well-controlled shape by substrate chuck 14 to avoid any localized fluid
from spreading abnormally. Local surface adhesion between the mask 20 and
the patterned surface 46 on the substrate 12, however, may exceed the
holding effort from the substrate chuck 14. This may cause a localized
bending of the substrate 12 at the boundary of the imprinted area. Such
localized bending may cause a loss of vacuum holding pressure, and as such,
separation may fail. 



[0070]Referring to Figs. 25-27, constraint of substrate 12 may be provided
by a holding system 660 in addition to, or in lieu of substrate chuck 14.
Generally, holding  system 660 may engage substrate 12, and by using a
force F, may provide constraint of the substrate 12 during separation of
patterned layer from template as described herein. In one embodiment,
holding system 660 surrounds substrate 12. In another embodiment, multiple
holding systems 660 may be strategically placed about substrate 12 to
provide constraint of the substrate 12 during separation of template 18
from substrate 12. [0071]Holding system 660 may include a contact head 668
and body 669. Contact head 668 may provide force F to constrain substrate
12. Contact head 668 may be stationary or adjustable depending on design
considerations. [0072]Contact head 668 may comprise a surface for
contacting substrate 12. Contact head 668 have at least one surface 670 at
an angle G relative to body 669 such that surface 670 aligns with a portion
of substrate 12. For example, surface 670 at an angle 0 relative to body
669 such that surface 670 aligns with a chamfered edge 664 of substrate 12
as illustrated in FIG. 26. Having contact head 668 contact the chamfered
edge 664 of substrate 12 may prevent interference of holding system 660
with patterned layer 46 (shown in FIG. 2) on substrate 12. [0073]Upon
contact with substrate 12, contact head 668 may provide force F to 



substrate 12 for constraining substrate 12 to substrate chuck 14. For
example, contact head 668 may provide force F to chamfered edge 664 of
substrate 12, as illustrated in FIG. 27, to substantially constrain
substrate 12 to substrate chuck 14 during separation as described herein,
[0074]Holding system 660 may also comprise a base 666. Generally, body 669
may be adjustably attached to base 666 to provide radial motion of body 669
about the x-and y-axes. Radial motion of the body 669 about base 666 may
provide distance between substrate 12 and contact head 668 for loading and
unloading of  substrate 12. For example, as illustrated in FIG. 26, in a
first position body 669 may be positioned on base 666 such that contact
head 668 may be in contact with substrate 12. As illustrated in FIG. 27, in
a second position radial motion of body 669 about base 666 may provide
contact head 668 to be located a set distance D away from substrate 12. In
this position, substrate 12 may be unobstructed by contact head 668 and
thus may be able to be unloaded from system 10 shown in FIG. 1. The motion
range of the body 669 about base 666 generally is no more than needed for
loading and unloading of substrate 12. For example, motion range of body
669 about base 666 may be on the order of 50 microns to 1 mm.
Alternatively, motion of body 669 about base 666 may exceed necessary
requirements for general loading and unloading of substrate 12 depending on
design considerations.  [0075] As body contacts substrate 12, base 666 may
provide an additional force Fc to body 669 for constraining substrate 12
during separation as described herein. In one example, body 669 may be
adjustably attached to base 666 to provide a constraining force Fe about
the z-axes. For example, contact head 668 may be coupled to base 666 by a
vacuum preloaded air bearing, magnetic preloaded air bearing, and/or the
like. [0076]FIG. 28 illustrates a flow chart 680 of an exemplary method for



constraining substrate 12 during separation of template 18 from substrate
12. In a step 682, substrate 12 may be loaded to system 10. In a step 684,
contact head 668 may be placed in contact with substrate 12. For example,
surface 670 of contact head 668 may contact chamfered edge 664 of substrate
12. In a step 686, contact head 668 may provide force F constraining
substrate 12. In a step 688, base 666 may provide force Fc for constraining
body 669. In a step 690, the system 10 may perform the imprinting process.
In a step 692, contact head 668 may be separated  from substrate 12 by
radial motion of body 669 about bass 666. In a step 690, substrate 12 may
be unloaded from system 10.  CLAIMS  1. An apparatus, comprising: a vacuum
chuck adapted to support a substrate, the vacuum chuck having: an outer
land adapted to support an outer diameter of the substrate, the outer land
having a first height; and, an inner land spaced apart from the outer land
and adapted to support an inner diameter of the substrate, the inner land
having a second height less than the first height of the outer land; 



wherein the first height and the second height are determined to provide a
retained substrate in a single wave formation and to provide a biasing of
vacuum force towards the outer diameter of the substrate.  2. The apparatus
of claim 1, further comprising a template chuck adapted to support an
imprint lithography template, the template chuck having a plurality of
lands and throughways forming chambers.  3. The apparatus of claim 2,
wherein at least one chamber provides pressure to the imprint lithography
template and at least one chamber provides vacuum to the imprint
lithography template.  4. The apparatus of claim 3, wherein the chambers
are adapted to provide the imprint lithography template in a single wave
formation.  5. The apparatus of claim 3, wherein the chambers are adapted
to provide the imprint lithography template in a double wave formation.
The apparatus of claim 1, wherein the outer land is tapered.  7. The
apparatus of claim 1, further comprising a holding system providing a force
to the outer diameter of the substrate.  8. The apparatus of claim 7,
wherein the holding system includes a contact head having a chamfered edge,
the chamfered edge contacting the outer diameter of the substrate. 



9. An apparatus for holding a substrate having a chamfered edge angled
relative to its surface, comprising: a holding system adapted to secure the
chamfered edge of the substrate, the holding system having a body and a
contact head connected to the body and adapted to provide a force to
constrain a substrate at its periphery, the contact head having at least
one surface positioned at an obtuse angle relative the body such that the
surface aligns with and engages the chamfered edge of the substrate thereby
avoiding interference of the holding system with the substrate surface.
10. The apparatus of claim 9, further comprising a base adjustably attached
to the body, the base providing radial motion of the body about one or more
axes. 11The apparatus of claim 10, wherein the motion range of the body
about the base may be between approximately 50 microns and 1 mm. 12.The
apparatus of claim 1 wherein the first height is greater than the second
height.  outer lands.  14. The apparatus of claim 13 wherein the inner land
further defines a second recess. 



15. The apparatus of claim 9 further comprising a substrate chuck adapted
to support the substrate. 16The apparatus of claim 10 wherein the base is
adjustably attached to the body by a preloaded air bearing. 






