IMPRINT APPARATUSAND METHOD OF IMPRINTING A PARTIAL FIELD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S.dPatApplication No. 15/010,774, filed
29 January 2016, entitled “IMPRINT APPARATUS AND NTHOD OF IMPRINTING A
PARTIAL FIELD, which claims priority to U.S. Prasional Patent Application No. 62/266,455,
filed December 11, 2015, entitled “IMPRINT APPARABWAND METHOD OF IMPRINTING

A PARTIAL FIELD”, each of which is incorporated lsgference herein in its entirety.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to imprint appaeatasd methods of using the imprint

apparatuses to imprint partial fields.

RELATED ART
[0003] Imprint apparatuses can be used to form pattertissmall geometries (for example,

less than 1000 nm) within a formable material.ul\field or a partial field may be imprinted.
A full field is a field in which all of an imprintig field of a template overlies all of a substrate
and its corresponding overlying formable materialpartial field is a field in which only part
and not all of an imprinting field of a templateenles the substrate or a portion of substrate
where edge effects of the substrate are signifidganexample, over a portion of the substrate
that has a contoured (rounded) edge. While impgrany field may be challenging, imprinting

a partial field can be particularly challengingmproved imprinting of partial fields is desired.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] Embodiments are illustrated by way of example aedat limited in the

accompanying figures.

[0005] FIG. 1 includes a top view of a substrate in relatio imprint fields.

[0006] FIG. 2 includes a conceptual view of an imprint agpus.

[0007] FIG. 3includes an illustration of a cross-sectlonew of a portion of a patterned layer
formed by the imprint apparatus in FIG. 2.

[0008] FIGs. 4 and 5 include illustrations of a top viewda cross-sectional view of a

substrate overlying a chucking region having ddfgrzones.



[0009] FIG. 6 includes an illustration of a top view ofvarkpiece overlying a chucking region
having more zones as compared to the embodimastrdited in FIG. 4.

[0010] FIG. 7 includes a depiction of a gas flow contnoiterelationship to pressure sources,
zones within a template holder, and a processor.

[0011] FIG. 8 includes an illustration of a cross-sectlanew of a portion of a template
including lands and zones.

[0012] FIG. 9 includes illustrations of plan views of @strate include imprinting fields and
an enlarged portion of such substrate and impgrfigids.

[0013] FIG. 10 includes an illustration of a cross-sedionew of a portion of a template and
a workpiece when imprinting a full field at initiabntact between the template and a formable
material.

[0014] FIGs. 11to 12 include a process flow for formimgimprinted layer for a partial field
using an imprint apparatus.

[0015] FIGs. 13 and 14 include illustrations of cross-see views of portions of a substrate
and the substrate holder during a substrate madnlaperation.

[0016] FIG. 15 includes an illustration of a cross-sedclonew of a portion of a template and
a workpiece with modulation when imprinting a palrfield at initial contact between the
template and a formable material.

[0017] FIG. 16 includes an illustration of a cross-sedclonew of portions of a substrate and
the substrate holder during a substrate modulajg@mation using an imprint apparatus in
accordance with an alternative embodiment.

[0018] FIG. 17 includes an illustration of a cross-sedionew of a portion of a template and
a workpiece without modulation when imprinting atjzd field at initial contact between the
template and a formable material.

[0019] Skilled artisans appreciate that elements in tieréis are illustrated for simplicity and
clarity and have not necessarily been drawn taeschbr example, the dimensions of some of
the elements in the figures may be exaggeratetivel®@ other elements to help to improve

understanding of embodiments of the invention.

DETAILED DESCRIPTION
[0020] The following description in combination with thigdres is provided to assist in

understanding the teachings disclosed herein. fdllwaving discussion will focus on specific



implementations and embodiments of the teachifigss focus is provided to assist in
describing the teachings and should not be intexgras a limitation on the scope or
applicability of the teachings. However, other eaiments can be used based on the teachings
as disclosed in this application.

[0021] As used herein, all pressures are gauge pressuiessexplicitly stated to the contrary.
Thus, negative pressure is less than atmosphersspre and is referred to as vacuum pressure.
Positive pressure is higher than atmospheric presdtor this specification, values for pressure
are deemed greater as they deviate more from atraospressure. Hence, -50 kPa is greater
than -3 kPa.

[0022] The terms “comprises,” “comprising,” “includes,’httluding,” “has,” “having” or any
other variation thereof, are intended to cover@exclusive inclusion. For example, a method,
article, or apparatus that comprises a list ofuiest is not necessarily limited only to those
features but may include other features not exjyréisted or inherent to such method, article, or
apparatus. Further, unless expressly stated toathigary, “or” refers to an inclusive-or and not
to an exclusive-or. For example, a condition Ads satisfied by any one of the following: A

is true (or present) and B is false (or not présénts false (or not present) and B is true (or
present), and both A and B are true (or present).

[0023] Also, the use of “a” or “an” is employed to deserdlements and components
described herein. This is done merely for convereeand to give a general sense of the scope
of the invention. This description should be readclude one, at least one, or the singular as
also including the plural, or vice versa, unless ttlear that it is meant otherwise. For example,
when a single item is described herein, more timanit@m may be used in place of a single item.
Similarly, where more than one item is describemtime a single item may be substituted for that
more than one item.

[0024] The use of the words “approximately”, “substangiglbr “about”, mean that a value of
an element has a parameter that is expected tlo$eto a stated value or position. However, as
is well known in the art there are always minorna@ons that prevent the values or positions
from being exactly as stated. It is well establishrethe art that variances of up to at least ten
percent (10%) are reasonable variations from thaligoal of exactly as described.

[0025] Unless otherwise defined, all technical and sdierterms used herein have the same

meaning as commonly understood by one of ordinkitlyis the art to which this invention



belongs. The materials, methods, and examplefistative only and not intended to be
limiting. To the extent not described herein, mdetails regarding specific materials and
processing acts are conventional and may be fautektbooks and other sources within the
imprint and lithography arts.

[0026] An imprint apparatus and method of using the apgparas described herein are well
suited for imprinting all imprint fields, includingartial fields. Partial fields are of particular
interest in the semiconductor industry, particylas the size of the substrate becomes larger,
such as 300 mm diameter and larger semiconduct@rsvaPartial fields in general refer to
imprint fields, typically at or near the substratedge, that have less than the full area thaticoul
otherwise be imprinted by the entire patternindasie (i.e., imprint field) of the imprint
template, which may also referred to as a moldprimiing partial fields can increase the
percentage of a substrate that can yield electiderees. Partial fields can be classified into
two further sub-categories based on the area dfrtpent field that overlaps the substrate,
namely, (i) fields with more than 50% area covergg®% partial fields), and (ii) fields with
less than 50% area coverage (<50% partial fiel&#&k. 1 includes an illustration to illustrate the
relationship between a substrate 100 and imptdgi101 to 192. Imprint fields 101 to 164 are
full fields; imprint fields 65 to 69, 72 to 76, 780 to 83, and 86 to 90 are >50% patrtial fields;
and imprint fields 70, 71, 77, 79, 84, 85, 91, 88care <50% partial fields. Imprinting on
partial fields poses a unique challenge in thatuiions of the patterning surface (i.e., imprint
field) on the template are positioned into closexpnity with the substrate without the presence
of formable material (i.e., imprint fluid) being teely present between the template and the
substrate.

[0027] The apparatus and method allow initial contact t#fraplate with a formable material
to be at a location spaced apart from a peripteeige of the partial field. In a particular
embodiment, the initial contact may be targeteddaur at the geometric center of a particular
imprint field, whether such particular imprint fieis a full field, a >50% partial field, or even a
<50% partial field. The apparatus and method astgthed to allow initial contact with an
imprint field at or at near the geometric centethaf imprint field. In an embodiment, the
substrate surface can be modulated to achievevexaurface at where initial contact occurs.

Such modulation can be beneficial for partial feldnd particularly, <50% partial fields. The



method can help with allowing the formable matetgatpread in the partial more like a full field
imprinting, as compared to partial field printinghout the convex surface.

[0028] In an embodiment, an imprint apparatus can includebstrate holder including a
chucking region and a recessed support sectiocemjo a periphery of the chucking region,
wherein the chucking region has a chucking regrea.a The imprint apparatus can include a
template holder having a template region for a tatepwherein the template region has a
template region area. The chucking region areéedarger than the patterning area of the
template, which can correspond to the area ofldiéld.

[0029] In another embodiment, an imprint apparatus caludieca substrate holder including a
chucking region for a substrate and zones as debigeehucking lands, extending to an exposed
surface of the chucking region. The imprint apps&an further include a gas controller for the
zones that controls gas pressure within the zamestein the gas controller is configured to
adjust pressures within the zones to induce a coowevature of a partial field of a substrate
used with the imprint apparatus.

[0030] In a further embodiment, a method can include mliog a workpiece within an imprint
apparatus, wherein the workpiece includes a substral a formable material overlying the
substrate. The method can further include comtgatitemplate with the formable material
within a partial field having a periphery, whereontacting includes initially contacting the
template with the formable material at a locatipaced apart from the periphery of the partial
field. In a particular embodiment, the method tarhude modulating the substrate to form a
convex shape of the substrate adjacent to a peyijplfi¢he substrate before contacting the
template with the formable material.

[0031] FIG. 2 illustrates a nanoimprint lithography syst2h® that can be used to form a relief
pattern on the substrate 100. The substrate I90e&aoupled to a substrate chuck 214. As
illustrated, the substrate chuck 214 is a vacuuackh The substrate chuck 214, however, may
be any chuck including vacuum, pin-type, grooveetygectrostatic, electromagnetic, and/or the
like. Exemplary chucks are described in U.S. Rdten 6,873,087, which is hereby
incorporated by reference herein in its entirety.

[0032] The substrate 100 and substrate chuck 214 carrtherfisupported by a stage 216.

The stage 216 can provide translational motiorgtimbal motion, or both translational and



rotational motion along the x, y, and z-axes. 3$tage 216, the substrate 100, and the substrate
chuck 214 may also be positioned on a base (ustridted).

[0033] A template 218 is spaced-apart from the substi@@e The template 218 can include a
body having opposing sides with one of the oppasides having a mold 220, which
corresponds to in size to a full field, having &g@aing surface 222 extending therefrom
towards the substrate 100. In an embodiment, thid 820 can be in the form of a mesa. In
another embodiment, the template 218 does notdedite mesa.

[0034] In an embodiment, the template 218, the mold 2R8pth are formed from a material
including fused-silica, quartz, silicon, an orgapalymer, a siloxane polymer, borosilicate glass,
a fluorocarbon polymer, metal, hardened sapphiretheer suitable material that can be molded,
machined, or etched into a desired shape, or ampication thereof. As illustrated, the
patterning surface 222 includes features defined plyrality of spaced-apart recesses 224,
protrusions 226, or any combination of recessesaottusions, though embodiments of the
present invention are not limited to such configiorss. In an alternative embodiment, the
patterning surface has a planar surface. Therpattesurface 222 defines a pattern that forms
the basis of a corresponding pattern to be fornmetthe substrate 100.

[0035] In the illustrated embodiment, the template 21&xgpled to a template chuck 228.

The template chuck 228 may be configured as a vacpin-type, groove-type, electrostatic,
electromagnetic, another suitable chuck type, grcammbination thereof. Exemplary chucks are
further described in U.S. Patent No. 6,873,087thétnembodiment as illustrated, the chuck 228
is coupled to an imprint head 230, such that thekl228, the imprint head 230, or both are
configured to facilitate movement of the templat® 2nd the substrate 100 relative to each
other. The imprint head 230 is coupled to a fr@b@.

[0036] The system 210 can further include a fluid dispesystem 232. The fluid dispense
system 232 is used to deposit a formable matedilad the substrate 100. In a particular
embodiment, the formable material can be a polyrabte material. In the embodiment as
illustrated, the formable material 234 is positidngpon the substrate 100 using a technique,
such as, drop dispense, spin-coating, dip coatimgmnical vapor deposition (CVD), physical
vapor deposition (PVD), thin film deposition, thitkn deposition, or any combination thereof.
The formable material 234 is disposed upon thetsaties100 before, after, or both before and



after a desired volume is defined between the jetiig surface 222 and the substrate 100,
depending on design considerations.

[0037] The system 210 further includes an energy sourBec@8pled to direct energy 240
along a path 242. The imprint head 230 and thgees246 can be configured to position the
template 218 and the substrate 100 in superimpasitith the path 242. In the embodiment as
illustrated, the system 210 is controlled at I&agart by a processor 254 in communication with
the stage 216, the imprint head 230, the fluidelhse system 232, source 238, or any
combination thereof, and may operate on a compasefable program stored in a memory 256.
[0038] Referring to FIGs. 2 and 3, the imprint head 2B8,dtage 216, or both can vary a
distance between the mold 220 and the substratéoldé€fine a desired volume therebetween
that is filled by the formable material 234. Faample, the imprint head 230 applies a force to
the template 218 such that the mold 220 contaetéottmable material 234. After the desired
volume is filled with the formable material 234¢thource 238 produces energy 240, e.g.,
ultraviolet radiation, causing the formable mate2i24 to solidify, cross-link, or the like so that
the exposed formable material 234 conforms to peslb&the surface 244 of substrate 100 and
the patterning surface 222 of the mold 220, defjrifre corresponding patterned layer 346 on the
substrate 100. The patterned layer 346 may incdudsidual layer 348 and a plurality of
features illustrated as protrusions 350 and resess352, with the protrusions 350 having a
thickness t and the residual layer 348 having a thickngss t

[0039] FIGs. 4 and 5 include illustrations of a portiortloé substrate holder 214 that includes
a chucking region and the substrate 100 to illtsstpasitional relationships between the
chucking region and the substrate 100. The chgaldgion includes an outer zone 423, an
intermediate zone 425, and a central zone 427,eih#te intermediate zone 425 is disposed
between the outer zone 423 and the central zone Ba¢h of the zones 423, 425, and 427 is
defined in part by a recessed land 442 and fulititdands 444 and 426. The lands 442, 444,
and 446 are not illustrated in FIG. 4 to simply ersfanding of the relations between the
substrate 100 and the zones 423, 425, and 424 pdmticular embodiment, each of the lands
442, 444, and 446 are continuous, and thus, tlus |42, 444, and 446 are concentric. The
outer zone 423 is laterally defined by the land® ddd 444, the intermediate zone 425 is
laterally defined by the lands 444 and 446, anccdmdral zone 427 is laterally defined by the



land 446. Within any one or more of zones 423, 428l 427, one or more pins (not illustrated)
may be present to assist with support of the satesr00, if needed or desired.

[0040] In the embodiment as illustrated, the substraterd@® or may not extend beyond the
chucking region of the substrate holder 214. Ashe described in more detail during

operation of the apparatus 210, the substrate 1l08ave its edge modulated during initial
contact between the formable material 234 and #tieiming surface 222 of the mold 220. Such
modulation may be achieved by using a vacuum presgithin the outer zone 423, and
accordingly, the substrate 100 extends over theraaine 423. In an embodiment, the substrate
100 extends over the land 442 and, in a parti@iavodiment, overhangs beyond the land 442.
In an embodiment, the fraction of the substrata #nat overhangs beyond the land 442 is at
least 0.05%, at least 0.09%, or at least 1.2%jrmadother embodiment, the fraction of the
substrate area overhanging the land 442 is at 84t at most 8%, or at most 5%. In a
particular embodiment, the fraction of the substeata that overhangs beyond the land 442 is in
a range of 0.05% to 11%, 0.09% to 8% or 1.2% to 5%.

[0041] In an embodiment, the area of the outer zone 4a8least 0.5%, at least 1.1%, or at
least 2% of the area of the substrate 100, andathar embodiment, the area of the outer zone
423 is at most 20%, at most 15% or at most10%eatka of the substrate 100. In a particular
embodiment, the area of the outer zone 423 igamge of 0.5% to 18%, 1.1% to 14%, or 2% to
10% of the area of the substrate 100. In an emterdl, the area of the intermediate zone 425 is
at least 5%, at least 11%, or at least 15% of tba af the substrate 100, and in another
embodiment, the area of the intermediate zone glabmost 50%, at most 40% or at most 30%
of the area of the substrate 100. In a particedalbodiment, the area of the intermediate zone
425 is in a range of 5% to 50%, 11% to 40%, or 16%0% of the area of the substrate 100. In
an embodiment, the area of the central zone 4a¥least 40%, at least 50%, or at least 60% of
the area of the substrate 100, and in another eimieot| the area of the central zone 427 is at
most 94%, at most 85% or at most 75% of the ar¢heo$ubstrate 100. In a particular
embodiment, the area of the central zone 427 asrange of 40% to 94%, 50% to 80%, or 60%
to 70% of the area of the substrate 100.

[0042] The size of the zones may be expressed in dimensatiner than on a relative basis. In
a particular example, the substrate 100 has a d&iroE300 mm and the zones 423, 425, and

427 are concentric. The widths of zones are medsas a distance between the corresponding



lands for each zone. In an embodiment, the oatee 223 has a width of at least 0.5 mm, or at
least 1.1 mm, or at least 2 mm, and in another eimiEnt, the outer zone 423 is has width of at
most 30 mm, at most 25 mm, or at most 20 mm. garéicular embodiment, the outer zone 423
has a width in a range of 0.5 mm to 30 mm, 1.1 m@&mm, or 2 mm to 20 mm.

[0043] In an embodiment, the intermediate zone 425 hali wf at least 5 mm, at least 15
mm, or at least 25 mm, and in another embodimbatirtermediate zone 425 has a width of at
most 95 mm, at most 80 mm, or at most 65 mm. gardcular embodiment, the intermediate
zone 425 has a width in a range of 5 mm to 95 ntimfn to 75 mm, or 25 mm to 65 mm from
the centerpoint of the substrate 100.

[0044] In an embodiment, the central zone 427 has a wW&lth, a diameter when
implemented in circular form) of at least 190 minleast 205 mm, or at least 220 mm, and in
another embodiment, the central zone 427 has dwidit most 290 mm, at most 275 mm, or at
most 260 mm. In a particular embodiment, the eééatvne 427 has a width in a range of 190
mm to 290 mm, 205 mm to 275 mm, or 220 mm to 260 mm

[0045] Referring to FIG. 5, the top surfaces of the fidight lands 444 and 446 define a
primary surface 412 of the chucking region. Aslezones 425 and 427 extend to an exposed
surface of the substrate holder 214 within the kimgcregion. The recessed land 442 has a top
surface that lies at an elevation 434 lower thamptitimary surface 412. The recessed land 442
allows the substrate 100 to achieve a desire copk@ie as will be described later in this
specification. In an embodiment, the elevatiofedénce between the elevation 434 of the top
surface of the recessed land 442 and the primafgcgu412 is at least 0.5 micron, at least 1.1
microns, or at least 1.5 microns, and in anothdsaiment is no greater than 10 microns, no
greater than 8 microns, or no greater than 6 mgradn a particular embodiment, the elevational
difference is in a range of 0.5 micron to 10 mig,och5 microns to 8 microns, or 3 microns to 6
microns. In another embodiment, the recessed4d@dcan be replaced with a full-height land,
just like full-height lands 444 and 446. Such ambediment is described later in this
specification.

[0046] More zones may be used within the chucking regioranother embodiment, a
substrate holder 610 includes zones 630, 652,652 ,and 674 as illustrated in FIG. 6. In a
further embodiment, any zone may be divided intes;acolumns, or as a matrix of pixels. As

the number of zones or division of any one or nrmee increases, control over the substrate



may improve; however, such control may be accongehby further complexity with the
manufacture of the substrate holder, a controkesyge.g., gas controller 236), or the like. After
reading this specification, skilled artisans wi &ble to determine a design for the substrate
holder and control system that meets the needesires for a particular application.

[0047] The zones 423, 425, and 427 are in fluid commuioicatith the gas controller 236, as
illustrated in FIG. 7. The gas controller 236rdluid communication with a vacuum (negative)
pressure source 702 and a positive pressure séddceThe gas controller 236 includes control
units 730, 750, and 770 that include a pressurece@elector 732, 752, and 772, a valve or
other pressure control mechanism 734, 754, andafitfla pressure sensor 736, 756, and 776.
The gas controller 236 is coupled to the proce23@r Logic for operating the gas controller

236 may be within gas controller 236, the proce&8@r, or both. In a particular embodiment,
the zone 423 may be set to a vacuum pressure isét @ad the zone 425 may be set to a positive
pressure set point. The pressure source seleg®ocah select the vacuum pressure source 702,
and the valve 734 will be adjusted so that thequnesas sensed by the pressure sensor 736 is the
same as or within a predetermined tolerance optessure set point. The pressure source
selector 752 can select the positive pressure sal@i4, and the valve 754 will be adjusted so
that the pressure as sensed by the pressure §&tsisrthe same as or within a predetermined
tolerance of the pressure set point. Values femptiessures are described in more detail later in
this specification.

[0048] Referring to FIGs. 2 and 8, the template 218 iptedito the template chuck 228. The
template chuck 228 includes opposed sides 811 ABd 8 side, or edge, surface 815 extends
between the first and second sides 811 and 818.fifd side 811 includes a recess 817 and a
recess 819, spaced apart from the recess 817impfipaced-apart support regions 821 and 823.
The support region 821 cinctures support regiona8#8the recesses 817 and 819. The support
region 823 cinctures the recess 819. In a fuehdrodiment, support regions 821 and 823 are
formed from a compliant material. In a particidanbodiment, the support region 821 has a
square shape, and the support region 823 hasuacishape; however, in a further embodiment,
the support regions 821 and 823 can include angngga@ shape desired. A portion 847 of
template chuck 228 is in superimposition with teeass 819 and can be transparent to radiation
having a predetermined wavelength or a range otleagths. The portion 847 can include a

thin layer of transparent material, such as gl&fswever, the material of the portion 847 may
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depend upon the wavelength of radiation emittethbyenergy source. The portion 847 extends
between the side 813 and terminates proximatestoeitess 819. The portion 847 has an area at
least as large as an area of mold 220 so that 2&flds in superimposition therewith.

[0049] The template chuck 228 includes throughways 827828 In an alternative
embodiment, the template chuck 228 may have ardiffenumber of throughways. The
throughway 827 places the recess 817 in fluid comeoation with the surface 813, however, in
a further embodiment, the throughway 827 placesdbess 817 in fluid communication with
any surface of template chuck 228. The through828/places the recess 819 in fluid
communication with the side 813, however, in alfertembodiment, the throughway 829 places
the recess 819 in fluid communication with any acefof template chuck 228. The
throughways 827 and 829 can facilitate placingréoesses 817 and 819, respectively, in fluid
communication with a pressure control system, sisch pump system 831.

[0050] The pump system 831 may include one or more pumpetitrol the pressure

proximate to the recesses 817 and 819. To thatvameh the template 218 is coupled to the
template chuck 228, the template 218 rests agdiagupport regions 821 and 823, covering the
recesses 817 and 819. A flexible region 838 otehgplate 218 may be in superimposition with
the recess 819, defining a chamber 833 and a thiegen 840 of the template 218 may be in
superimposition with recess 817, defining a chan83&: The pump system 831 operates to
control a pressure in the chambers 833 and 835.

[0051] FIG. 9 includes an illustration of a top view opartion of the substrate 100 during a
patterning sequence. The difference betweenitltdd and partial fields, as previously
described, will become more apparent during theepahg sequence. Field 924 is a full field
and has the formable material already patternec garticular embodiment, the formable
material is a polymerizable layer that has beegmelized when in contact with the mold 220.
A field 942 is a full field, and a field 962 is apial field, and a <50% partial field in particula
The fields 942 and 962 may include the formableeni@t234 that is not yet patterned. FIG. 10
illustrates the template 218 that includes theae@38 that can flex and the region 840 that is
coupled to the template chuck 228 (not illustrateBIG. 10). Referring to FIGs. 8 and 10, the
chamber 835 can be at a vacuum pressure, anddhabeln 833 can be at a positive pressure to
achieve the shape as illustrated in FIG. 10. Afading this specification, skilled artisans will

understand that the illustration in FIG. 10 accetds the shape to improve understanding the
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concepts, and in practice, the shape may not be@sntuated. Furthermore, the mold 220 is not
illustrated in FIG. 10 to simplify understandingtbé concepts described herein.

[0052] As illustrated in FIG. 10, initial contact (desiged by dashed line 1003) between the
template 218 and the formable material 234 withanfteld 942 is near the geometric center of
the field 942. After initial contact, the templ&#8 and substrate 100 are moved closer together,
and the contact between the template 218 and theafile material 234 increases and causes the
formable material 234 to flow along the substrd1® and within the recesses (not illustrated in
FIG. 10) within the template 218. Pressures withanchamber 833 may stay the same or
become closer to atmospheric pressure as the desbatween the template 218 and substrate
100 is reduced. At this time, the chambers 83388%dcan be taken to the pressures used during
exposure. The formable material 234 is exposesh&vgy, such as ultraviolet radiation, to form

a polymer layer, and the template 218 and substfieare separated. After exposure, the field
942 is substantially identical to the field 924.

[0053] The partial field 962 has imprinting considerationat are significantly different than

the full fields 924 and 942 because the partiddi f862 has at least one surface dimension, for
example, length or width of the partial field, tihesmaller than the corresponding dimension of
patterning surface of the template 218, where #igeeming surface corresponds to a full field.

As illustrated in FIG. 9, the x-dimension of thetp field 962 is smaller than the corresponding
x-dimension of the imprint field of the template&1The method regarding the partial field
imprinting sequence is provided below in more detai

[0054] FIGs. 11to 12 include an exemplary method in atamoce with an embodiment. In
another embodiment, more, fewer, or other actioag be performed without deviating from the
concepts as described herein.

[0055] The method can include dispensing the formable ma&t34 onto the surface of the
substrate 100, at block 1102 of FIG. 11. Refertm§lG. 2, the stage 216 is positioned relative
to a print head or another similar outlet of thedldispense system 232. The formable material
234 may be dispensed before any fields are expmseetween exposing fields. The

composition of the formable material 234 and thergy from the energy source 238 are
matched so that the formable material 234 can bar@ized to form a polymer layer when
exposed to the energy 238. The processor 254d@egignals that control the motion of the

stage 216 and the fluid dispense system 232. bBna@odiment, the fluid dispense system 232
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dispenses the proper amounts of formable mate3il? predetermined locations. In a
particular embodiment, the fluid dispense syste@ @its droplets at a predetermined areal
density that corresponds to the density of recessp®esas of a particular portion of the imprint
field of the template 218. If needed or desirbd,dubstrate 100 may be treated before the
formable material 234 is dispensed in order to owpradhesion between (1) the substrate 100
and (2) formable the subsequently-formed polymgegra Such a treatment may include a
suitable adhesion promoting material.

[0056] The method can further include modulating the sigrfaf the substrate 100, at block
1104 of FIG. 11. The modulation causes the surdhtiee substrate 100, and hence, the surface
of the workpiece, which includes the substrate 4@ the formable material 234, to become
convex. FIG. 13 illustrates a portion of the stdist 100 and the substrate chuck 214. The
formable material 234 is present over the subsfr@@ebut is not illustrated in FIG. 13 to

simplify understanding of modulation of the subtgrd00 with respect to the substrate chuck
214. In an embodiment, the full-height land 44#% a&s a fulcrum, and the substrate 100 at the
periphery bends downward. In a particular embodint@e substrate 100 does not contact the
recessed land 442.

[0057] FIG. 14 includes an illustration of the substrdtaak 214 and substrate 100 during
modulation. In zone 425, the substrate 100 i®dh#s compared to zones 423 and 427. In an
embodiment, the maximum elevational difference 12&@veen the primary surface of the
substrate chuck 214 and a bottom surface of thetisub 100 within the intermediate zone 425 is
at least 1.1 microns, at least 2 microns, or &tl8amicrons, and in another embodiment is at
most 50 microns, at most 40 microns, or at mosh&0Bons. In a particular embodiment, the
maximum elevational difference 1250 is in a ranfyg.d microns to 50microns, 2 microns to 40
microns, or 3 microns to 30 microns.

[0058] Referring to FIG. 2, the processor 254 sends ssgioaihe gas controller 236 to adjust
the pressures within the zones 423, 425, and 4Z7. &). During modulation, the zones 423 and
427 can be at vacuum pressure, and the zone 42%ecatnpositive pressure. Referring to FIG.
7, within the control unit 730, the pressure sowslector 732 selects the vacuum pressure
source 702 and adjusts the valve 734 so that #sspre as sensed by the pressure sensor 736 is
at a vacuum pressure set point or within a predetexd tolerance of the vacuum pressure set

point. In an embodiment, the pressure within theez423 is at least -2 kPa, at least -11 kPa, or
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at least -20 kPa, and in another embodiment, tbgspre within the zone 423 is at most -100
kPa, or at most -80 kPa. In a particular embodintbe pressure within the zone 423 isin a
range of -2kPa to -100 kPa, -11 kPa to -100 kPe2@kPa to -80 kPa.

[0059] Within the control unit 750, the pressure sourdecter 752 selects the positive
pressure source 704 and adjusts the valve 754sththpressure as sensed by the pressure
sensor 756 is at a positive pressure set poinitbinna predetermined tolerance of the positive
pressure set point. In an embodiment, the pressitingn the gas zone 425 is at least 0.0 kPa, at
least 1.1 kPa, or at least 3 kPa, and in anothbodiment, the pressure within the zone 425 is at
most 20 kPa, at most 18 kPa, or at most 16 kPa. plrticular embodiment, the pressure within
the zone 425 is in a range of 0.0 kPa to 20 kRakRa to 18 kPa, or 3 kPa to 16 kPa. In another
embodiment, the zone 425 may have a narrower vaigthmay be able to use a pressure of 150
kPa, possibly even higher, as the pressure mayndegethe channel geometry.

[0060]  Within the control unit 770, the pressure sourdedor 772 selects the vacuum
pressure source 702 and adjusts the valve 774sthihpressure as sensed by the pressure
sensor 776 is at a vacuum pressure set point bimnatpredetermined tolerance of the vacuum
pressure set point. In an embodiment, the presgtine the zone 427 is at least -2 kPa, at least
-11 kPa, or at least -20 kPa, and in another emberl, the pressure within the zone 427 is at
most -100 kPa, or at most -80 kPa. In a particettabodiment, the pressure within the zone 427
is in a range of -2kPa to -100 kPa, -11 kPa to ¥iR#, or -20 kPa to -80 kPa.

[0061] The process can further include modulating thelflexegion of the template 218, at
block 1106. Pressure within the chamber 833 calak®n to a pressure as previously described
to provide a convex shape for the imprint fieldlo# template 218. The processor 254 can send
signals to the pump system 831 to change the pressu

[0062] The processing operations described in blocks 11024, and 1106 may be performed
in any order or simultaneously. For example, trenfible material 234 can be dispensed while
the substrate 100 is being modulated. After reqthis specification, skilled artisans can
perform the operations in the order that meets the2ds or desires for a particular application.
[0063] The method includes initially contacting the tentlal8 with the formable material

that overlies the substrate 100. In an embodinteatmethod includes initially contacting the
template 218 with the formable material 234, atklb124 in FIG. 11. The modulation helps to

move the initial contact point further from the ipéery of the substrate 100. In particular, the
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initial contact occurs at a location spaced aparhfthe periphery of the partial field 962, as
illustrated in FIG. 15. Ideally, the initial cowtas at the geometric center for all fields inchgl
the partial field 962, which is a <50% partial ielEven if the exact, precise location of
geometric center cannot or is difficult for initi@ntact, being closer to the geometric center is
better than being farther from the geometric cenkar the partial field, the imprint field 962 is
less than the size of the imprint field for a fiidld. The initial contact between the templat& 21
and the formable material 234 is at a location sgapart from the periphery of both the
substrate 100 and the formable material 224. almitontact is illustrated by the dotted line 1534
in FIG. 15. The surfaces of the template 218 ardtsate 100 are curved such that at the point
of initial contact between the template 218 andftiheable material 234, lies along a plane
extending through the initial contact point (desigd by dashed line 1532 in FIG. 15) and is
tangent to both surfaces of the template 218 amgubstrate 100.

[0064] The method includes applying imprint force, at Bldd26. Applying the imprint force
can be achieved by reducing the distance betweetethplate 218 and substrate 100. As the
distance decreases, the force increases. Refeorfflgs. 2, the processor 254 can send signals
to the imprint head 236, the stage 218, or bothis ®peration can be monitored using a pressure
sensor within the template holder 228 and by méagar distance between (1) the substrate 100
or the substrate holder 228 and (2) the templaBeo2the template holder 228. Similar to the
full field imprinting, additional contact betweemettemplate 218 and the formable material 234
extends in directions away from the initial conta@¢hen the imprint force is applied, the
formable material 234 spreads within the part@dfir62. In an embodiment, the contact
increases until the template 218 is in contact wWithformable material 234 for substantially all
of the patrtial field 962 with a possible exceptairthe peripheral edge of the substrate 100, as
the side surface between major surfaces of tharsiwd. 00 may be rounded, beveled, or the
like.

[0065] The method further includes demodulating the sert#dhe substrate 100, at block
1128 in FIG. 11. Pressure within the zones 4234&%dcan be taken closer to atmospheric
pressure, if not already at atmospheric presstine processor 254 can send signals to the gas
controller 236 to change the pressure using th&@amits 730 and 750 (FIG. 7). Although not
illustrated, the pressure source selectors 73Z8&RAdnay also allow air within the imprint

apparatus or another source to be fed to the zf2f2and 425. In another embodiment, the
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recessed land 442 can allow atmospheric pressine achieved in the zone 423 by deactivating
the control unit 730 (for example, closing the wak84). During demodulation, the convex
shape near the periphery can be reduced or elieunathe gas pressure within the zone 427
may or may not be changed during the demodulation.

[0066] The method further includes demodulating the tete®248, at block 1129 in FIG. 11.
Pressure within the throughway 827 and chamberc@883e taken closer to atmospheric
pressure. The processor 254 can send signals futhp system 831 to change the pressure.
During demodulation, the convex shape of the intgirahd of the template 218 can be reduced
or eliminated.

[0067] The method includes adjusting substrate back presatiblock 1242 in FIG. 12. The
application of back pressure may help with the layebbetween an existing patterned feature (not
illustrated) on the substrate 100 and the impreitfof the template 218. The zones 425 and
427 (FIG. 4) can be set to the appropriate predsumehieve a desired overlay. Signals are sent
from the processor 254 to the gas controller 236 (). Referring to FIG. 7, in a particular
embodiment, the pressure source selectors 7527hdelect the vacuum source 702, and the
valves 754 and 774 are adjusted so that the pessagrdetected by pressure sensors 756 and
776 are at the pressure set point or within a pesdened tolerance of the pressure set point. In
an embodiment, the zones 425, 427, or both ar@rEssure of at least -0.5 kPa, at least -2 kPa,
or at least -5 kPa, and in another embodimentptessure is at most -80 kPa, at most -50 kPa, or
at most -30 kPa. In a particular embodiment, tlesgure is in a range of -0.5 kPa to -80 kPa, -2
kPa to -5 kPa, or -50 kPa -5kPa to -30 kPa. Thegures within the zones 425 and 427 may be
the same or different from each other. In an enrbedt, the zone 423 is at atmospheric
pressure. In another embodiment, the zone 423pmay a slight positive pressure to counter
the imprint force from the template 218. In an ediment, the zone 423 is at a pressure at or
near atmospheric pressure, such as is in a randekéfa to 1kPaThe gas controller 236 can
send a signal back to the processor 254 that thyepback pressure for the substrate 100 is
achieved.

[0068] The method can include exposing formable mateB4ltd radiation to form a polymer
layer, at block 1244 in FIG. 12. After receivifgetsignal from the gas controller 236 that the
proper back pressure for the substrate 100 is @aethi@and overlay is acceptable, the processor

254 can send a signal to the energy source 238itceaergy. In a particular embodiment, the
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energy may be ultraviolet radiation. The energyaasmitted through the imprint field of the
template 218 and reaches the formable material ZB4.energy causes an activator within the
formable material 234 to initiate a polymer reactwathin the formable material 234 or causes
cross-linking of the formable material 234 to foanpolymer layer. In another embodiment (not
illustrated), the energy source 238 may alreadgrbiting radiation, and a shutter or similar
mechanism can be used to regulate when the eretgansmitted to the template 218.

[0069] Referring to FIG. 12, the method can further inelumodulating the surface of the
substrate 100, the template 218, or both, at bl&2k2 and 1264, and separating the polymer
layer from the template 218, at block 1266. Theluhating operation in blocks 1262 and 1264
are optional.

[0070] A concern after exposure can be separating thermoljayer from the template 218
without significantly damaging the pattern of thaymer layer, as significant lateral stress can
be generated during separation. In an embodirttetnodulation can be performed to achieve
the convex shape as previously described. Whenlatoh is used, it can provide for a similar
benefit as in initial contact and filling. Morengaularly, the last point of separation moves
further away from the periphery. When the lashpof separation is at or close to periphery,
delamination and defect transfer to next adjadeid bn the substrate 100 may occur. In
another embodiment, the modulation may be perforimedduce the lateral stress that could
otherwise damage features (projections) withinptblgmer layer when the template 218 is
removed. In a further embodiment, the modulatimm change as a function of separation
distance between the template 218 and substrateAdY0example, the degree of modulation
may increase as the separation distance increasdlsw the polymer layer to be separated from
the template 218 more readily. The modulation ctegnge as a linear or non-linear function of
a change in separation distance between the tesril& and substrate 100. The modulation can
be achieved by adjusting the substrate back presmsimg the gas controller 236 and zones 423,
425, and 427.

[0071] Other embodiments of the imprint apparatus cansed.uIn another embodiment, the
recessed land 442 (FIG. 5) can be replaced byh&ight land, similar to full-height lands 444
and 446. FIG. 16 includes an illustration of assrsectional view of a portion of the substrate
chuck 214 that has a modified outer zone 1600. otiber zone 1600 includes full-height lands

1630 and gas channels 1632. A fulcrum is at aermgst land 1630, whereas in previous
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embodiment, the fulcrum is at full-height land 4dMustrated in FIG. 5). The substrate 100 can
achieve a convex profile. With this embodimeng, dluter land 1630 provides more support at
wafer periphery (which can help overlay) and allonanufacture of the substrate chuck to be
simplified. In this embodiment, the amount of gzeking between the zones 425 and 1600 may
be higher, as compared to zones 425 and 423 inF1Ghus, there could be more restrictions
pressures within the zones 425 and 1600 to aclirevproper modulation and the proper convex
shape with sufficient stability. Thus, the corrasging valve (for the zone 1600) within the
control unit of the gas controller may need to opene than in an earlier embodiment to
provide a stronger vacuum pressure during operation
[0072] Embodiments as described herein allow the formadateerial 234 within a partial field,
and particularly, within a <50% partial field, te Bpread in directions away from an initial
contact point that is spaced apart from a peripleetge of the partial field, and in a particular
embodiment, closer to the geometric center of tréigl field. Referring to FIG. 17, if the
substrate 100 is not modulated, the initial contdesignated by dashed line 1703) with the
template 218 can be at the peripheral edge ofdhepfield. Thus, initial contact is not spaced
apart from the peripheral edge of the partial fieldd imperfections in the spreading of the
formable material 234 or direct contact betweensthigstrate 100 and template 218 is more
likely. Referring to FIG. 15, the concepts as diésd herein allow the initial contact to be
within a partial field and can allow the formablaterial 234 to spread in more than one
direction and more similar to full field imprintirend not have direct contact between the
substrate 100 and the template 218.
[0073] Many different aspects and embodiments are possidene of those aspects and
embodiments are described below. After readinggpecification, skilled artisans will
appreciate that those aspects and embodimentsilgraélastrative and do not limit the scope of
the present invention. Exemplary embodiments neaylaccordance with any one or more of
the ones as listed below.
[0074] Embodiment 1. An imprint apparatus comprising:

a substrate holder including a chucking region aneicessed support section adjacent to a

periphery of the chucking region, wherein the chgkegion has a chucking region
area; and
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a template holder having a template region fongptate, wherein the template region has
a template region area,
wherein the chucking region area is larger thart¢hgplate region area.
[0075] Embodiment 2. The imprint apparatus of Embodinigritirther comprising a gas
channel controller, wherein the substrate holdeluotes chucking gas channels extending to an
exposed surface of the chucking region; and theclgassnel controller is configured to adjust
pressures within the chucking gas channels to mduconvex curvature of a partial field of a
workpiece used with the imprint apparatus.
[0076] Embodiment 3. An imprint apparatus comprising:
a substrate holder including a chucking regiorafsubstrate and chucking gas channels
extending to an exposed surface of the chuckingmegnd
a gas channel controller that controls gas pressitingn the chucking gas channels,
wherein the gas channel controller is configureddjust pressures within the chucking gas
channels to induce a convex curvature of a pdrélal of a workpiece used with the
imprint apparatus.
[0077] Embodiment 4. The imprint apparatus of Embodindriirther comprising a template
holder for a template.
[0078] Embodiment 5. The imprint apparatus of any onErmabodiments 2 to 4, wherein the
gas channel controller is configured to apply stangously a vacuum pressure within each of
the chucking gas channels to at least part of tlielang region.
[0079] Embodiment 6. The imprint apparatus of any onerabodiments 1, 2, 4, and 5,
wherein the template holder further comprises gtata gas channel configured to induce a
convex curvature of the template.
[0080] Embodiment 7. The imprint apparatus of any onErmabodiments 3 to 6, wherein the
substrate holder further includes a recessed ldjatent to a periphery of the chucking region.
[0081]] Embodiment 8. The imprint apparatus of any onErmabodiments 2 to 7, wherein,
during an initial contact of the template with anffable material within the partial field, the gas
controller is further configured to apply a templaiackside pressure to the template.
[0082] Embodiment 9. The imprint apparatus of Embodin@&ntherein, after the initial
contact of the template with the formable matesighin the partial field, the gas controller is

further configured to reduce the template backpréssure.

-19-



[0083] Embodiment 10. The imprint apparatus of any onémbodiments 2 to 9, wherein:
[0084] the gas controller is further configured to appRrst pressure to an outer zone of the
chucking region, and apply a second pressure intarmediate zone of the chucking region,
wherein the first pressure is a vacuum pressurettesecond pressure is a positive gauge
pressure.

[0085] Embodiment 11. The imprint apparatus of Embodindi@ntwherein, during the initial
contact of the template with the formable matesighin the partial field, the gas controller is
further configured to apply the first pressure apgly the second pressure simultaneously.
[0086] Embodiment 12. The imprint apparatus of Embodindénor 11, wherein, after the
initial contact of the template with the formablaterial within the partial field, the gas
controller is configured to apply a third presstaréhe outer zone of the chucking region, and
apply a fourth pressure to the intermediate zortbethucking region, wherein:

[0087] the third pressure is different from the first ma®;

[0088] the fourth pressure is different from the secoresgure; or

[0089] both.

[0090] Embodiment 13. The imprint apparatus of any onémbodiments 2 to 12, wherein,
during an exposure of the formable material tcawitvlet radiation, the gas controller is further
configured to apply a fifth pressure to the outamez of the chucking region, and apply a sixth
pressure to the intermediate zone of the chucleggn, wherein:

[0091] the fifth pressure is different from the third mese;

[0092] the sixth pressure is different from the fourthgsiae; or

[0093]  both.

[0094] Embodiment 14. The imprint apparatus of Embodini@twherein:

[0095] the third pressure is closer to atmospheric presasicompared to the first pressure;
[0096] the fourth pressure is closer to atmospheric presasicompared to the second
pressure; and

[0097] the sixth pressure is lower than the fourth pressur

[0098] Embodiment 15. The imprint apparatus of Embodind@nor 14, wherein the fifth

pressure is closer to atmospheric pressure as cethpathe first pressure.

-20-



[0099] Embodiment 16. A method comprising:
providing a workpiece within an imprint apparatwerein the workpiece includes a
substrate and a formable material overlying thessate; and
contacting a template with the formable materidhimi a partial field having a periphery,
wherein contacting includes initially contacting ttemplate with the formable material
at a location spaced apart from the periphery efodrtial field.
[00100] Embodiment 17. The method of Embodiment 16, whetle imprint apparatus
comprises a substrate holder including a chuckéggon, and providing the workpiece
comprises placing the substrate over the chuclaggn.
[00101] Embodiment 18. The method of Embodiment 16 ofdrther comprising dispensing
the formable material over the substrate, whergfardnt areas of the substrate have different
areal densities of formable material.
[00102] Embodiment 19. The method of any one of Embodim&6tto 18, further comprising
spreading the formable material within the pafiel after initially contacting the template with
the formable material.
[00103] Embodiment 20. The method of any one of Embodim&6tto 19, further comprising
modulating the substrate to form a convex shapkeoWorkpiece adjacent to a periphery of the
substrate before contacting the template with tne&ble material.
[00104] Embodiment 21. The method of Embodiment 20, whemgdulating the substrate is
performed after dispensing the formable material.
[00105] Embodiment 22. The method of Embodiment 20 of@ther comprising
demodulating the substrate to reduce or elimirfegeconvex shape after initially contacting the
template with the formable material.
[00106) Embodiment 23. The method of any one of Embodim&6tto 22, further comprising
applying a template backside pressure to the temglaing initially contacting the template
with the formable material.
[00107] Embodiment 24. The method of Embodiment 23, furtivenprising reducing the
template backside pressure after initially contagrthe template with the formable material.
[00108] Embodiment 25. The method of Embodiment 24, furtioenprising increasing the

template backside pressure after the formable rahiepolymerized.
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[00109] Embodiment 26. The method of any one of Embodim&6tto 25, further comprising
exposing the formable material to ultraviolet réidia to polymerize the formable material and
form a polymer layer.

[00110] Embodiment 27. The method of Embodiment 26, whetle@ imprint apparatus
comprises a substrate holder including a chuckaggon; and the method comprises applying a
first pressure to an outer zone of the chuckingoregand applying a second pressure to an
intermediate zone of the chucking region, whereefirst pressure is a vacuum pressure, and
the second pressure is a positive gauge pressure.

[00111]] Embodiment 28. The method of Embodiment 27, wheapplying the first pressure
and applying the second pressure are performedtameously during initially contacting the
template with the formable material.

[00112] Embodiment 29. The method of Embodiment 27 of@8her comprising, after

initially contacting the template with the formalohaterial, applying a third pressure to the outer
zone of the chucking region, and applying a foprisssure to the intermediate zone of the
chucking region, wherein the third pressure isedédht from the first pressure; the fourth
pressure is different from the second pressurbptir.

[00113] Embodiment 30. The method of Embodiment 29, furteenprising, during exposing
the formable material to ultraviolet radiation, bppg a fifth pressure to the outer zone of the
chucking region, and applying a sixth pressurééointermediate zone of the chucking region,
wherein the fifth pressure is different from thedhpressure; the sixth pressure is different from
the fourth pressure; or both.

[00114] Embodiment 31. The method of Embodiment 30, whetle third pressure is closer to
atmospheric pressure as compared to the firstymezsthe fourth pressure is closer to
atmospheric pressure as compared to the secorglpreand the sixth pressure is lower than the
fourth pressure.

[00115] Embodiment 32. The method of Embodiment 31, whette fifth pressure is closer to
atmospheric pressure as compared to the firstymess

[00116] Embodiment 33. The method of any one of Embodim26tto 32, further comprising

separating the polymer layer from the template.
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[00117] Embodiment 34. The method of Embodiment 33, furteenprising modulating a
shape of the substrate during separating to reldteel strain within the polymer layer, as
compared to separating without modulating the sloéplee substrate.

[00118] Note that not all of the activities described abwvthe general description or the
examples are required, that a portion of a speaditwity may not be required, and that one or
more further activities may be performed in additio those described. Still further, the order in
which activities are listed is not necessarily dihéer in which they are performed.

[00119] Benefits, other advantages, and solutions to pnobleave been described above with
regard to specific embodiments. However, the benefdvantages, solutions to problems, and
any feature(s) that may cause any benefit, advantagsolution to occur or become more
pronounced are not to be construed as a critieqiired, or essential feature of any or all the
claims.

[00120] The specification and illustrations of the emboditsedescribed herein are intended to
provide a general understanding of the structutb®®arious embodiments. The specification
and illustrations are not intended to serve asxhawstive and comprehensive description of all
of the elements and features of apparatus andnsydteat use the structures or methods
described herein. Separate embodiments may algmbiEled in combination in a single
embodiment, and conversely, various features tigatfar brevity, described in the context of a
single embodiment, may also be provided separataly any subcombination. Further,
reference to values stated in ranges includes aadlevery value within that range. Many other
embodiments may be apparent to skilled artisang afteér reading this specification. Other
embodiments may be used and derived from the disido such that a structural substitution,
logical substitution, or another change may be matleut departing from the scope of the

disclosure. Accordingly, the disclosure is to bgarded as illustrative rather than restrictive.
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WHAT ISCLAIMED IS:

1. An imprint apparatus comprising:
a substrate holder including a chucking region anelcessed land adjacent to a periphery
of the chucking region, wherein the chucking redias a chucking region area;
and
a template holder having a template region fongptate, wherein the template region
has a template region area,

wherein the chucking region area is larger thartehglate region area.

2. An imprint apparatus comprising:
a substrate holder including a chucking regiorafsubstrate and zones extending to an
exposed surface of the chucking region; and
a gas controller that controls gas pressure withénchucking zones,
wherein the gas controller is configured to adprsssures within the chucking zones to
induce a convex curvature of a partial field of sbstrate used with the imprint

apparatus.

3. The imprint apparatus of claim 2, wherein, dgran initial contact of the template with a
formable material within the partial field, the gamtroller is further configured to apply a

template backside pressure to the template.

4. The imprint apparatus of claim 3, wherein, rafite initial contact of the template with the
formable material within the partial field, the gamtroller is further configured to reduce

the template backside pressure.

5. The imprint apparatus of claim 2, wherein:
the gas controller is further configured to appRrst pressure to an outer zone of the
chucking region, and apply a second pressure iotammediate zone of the
chucking region, wherein the first pressure is @uan pressure, and the second

pressure is a positive gauge pressure.
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6. The imprint apparatus of any one of claims 3,tavherein the substrate holder further

includes a recessed land adjacent to a peripheheathucking region.

7. A method comprising:
providing a workpiece within an imprint apparatwherein the workpiece includes a
substrate and a formable material overlying thessate;
modulating the substrate to form a convex shapbe$ubstrate adjacent to a periphery
of the substrate; and
contacting a template with the formable materiahwi a partial field having a periphery,
wherein contacting includes initially contacting ttemplate with the formable

material at a location spaced apart from the peripbf the partial field.
8. The method of claim 7, further comprising disgiag the formable material over the
substrate, wherein different areas of the substrate different areal densities of formable

material.

9. The method of claim 7, further comprising spiieg the formable material within the partial

field after initially contacting the template withe formable material.

10. The method of any one of claims 7 to 9, witeneddulating the substrate is performed after

dispensing the formable material.
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