FLUID DROPLET METHODOLOGY AND APPARATUSFOR IMPRINT
LITHOGRAPHY

FIELD OF THE DISCLOSURE

[1] The present disclosure relates to imprint lithogsa@nd more particularly to fluid

droplet patterning for imprint lithography applimats.

RELATED ART

[2] Imprint lithography apparatuses and processessatilun forming nanoscale patterns

on semiconductor wafers in the fabrication of elmdt devices. Such apparatuses and
processes can include the use of fluid dispendersgsfor depositing a formable material, for
example, a polymerizable material, such as a m@saresist, onto the wafer, using techniques
such as fluid droplet dispense. The dispensedriabi® contacted with an imprint template (or
mold) having desired pattern features and thewli§eld, forming a patterned layer on the wafer.
Template feature fill rates and related defectdependent, in part, on template pattern feature
density and orientation and the droplet patteraragement, including fluid droplet pitch.

[3] Traditional fluid dispense systems permit some stdjent of inter-droplet spacing,
however, they typically have constraints that lith# extent of such adjustments. The fluid
dispense systems include fluid dispense ports geviituid dispense port pitch that determines
the fluid droplet pitch in the same direction as tluid dispense port pitch. Thus, there is no or
limited ability to adjust the fluid dispense poitigh without replacing the fluid dispense head.
Thus, there continues to be an industry demandrfaplet pattern processes which are more

finely adjustable and which are not limited by disper limitations.

SUMMARY OF THE INVENTION

[4] In an aspect, an apparatus can be used for amintithibgraphy process. The apparatus

for imprint lithography can include:
a fluid dispense system having fluid dispense ports
a stage, wherein the stage, the fluid dispenses para combination of the state and fluid
dispenser ports is adapted to move a substratéharftliid dispense ports relative to each
other; and

a logic element configured to:



determine a fluid droplet pattern for dispensirfgranable material onto a substrate;
transmit information to dispense the formable malt@nto the substrate during a first
pass to form a first part of the fluid droplet patt for an imprint field, wherein the
substrate and the fluid dispense ports move relativeach other in a translating
direction;
transmit information to offset the substrate aralftbid dispense ports relative to each
other in another direction other than the transtadirection, wherein apparatus is
configured to offset the fluid dispense ports afterinstruction to dispense the
formable material during the first pass is execuseud
transmit information to dispense the formable matento the substrate during a second
pass to form a second part of the fluid dropletgoatfor the imprint field, wherein
apparatus is configured to dispense the formabtenmaaduring the second pass after
an instruction to offset the substrate and thelftlispense ports relative to each other
is executed.
[5] In an embodiment, the information to offset thesdtdie and the fluid dispense ports
relative to each other does not include informatmoffset the substrate and the fluid dispense
ports in the translating direction.
[6] In another embodiment, the information to offset slubstrate and the fluid dispense
ports relative to each other further comprisesrimftion to offset the substrate and the fluid
dispense ports relative to each other in the tagingj direction.
[7] In a particular embodiment,
the fluid dispense system is further configuredigpense fluid droplets of the formable
material at a preset frequency to achieve spacad-dmplets on the substrate at a preset
minimum pitch as the substrate and the fluid dispgyorts move relative to each other at
a preset speed along the translating direction;
the information to dispense the formable matenairdy the first pass, the second pass, or
each of the first and second passes comprisesylartinformation to dispense the
formable material such that the fluid droplet pilctihe translating direction is the preset
minimum pitch or an integer multiple of the presghimum pitch; and
the information to offset the substrate and thilftlispense ports relative to each other

comprises particular information in which in thartslating direction, offset the substrate
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and the fluid dispense ports relative to each aghperformed for a translating offset
distance that is a non-integer multiple of the eresinimum pitch.
[8] In another embodiment, the fluid dispense portcardigured to dispense fluid droplets
at a corresponding pitch along a line that is saari#lly perpendicular to the translating
direction, and the information to offset the subigtrand the fluid dispense ports relative to each
other in the other direction is performed for afsef distance that is a non-integer multiple of
the corresponding pitch.
[9] In a further embodiment, the information to dispetise formable material onto the
substrate during the first pass comprises inforomatid dispense fluid droplets of the formable
material along a Y1 line of a drop edge exclusany the information to dispense the formable
material onto the substrate during the second gasprises information to dispense fluid
droplets of the formable material along a Y2 lifiehe drop edge exclusion.
[10] In another aspect, a method can be used to gersesatestrate fluid droplet pattern for an
imprint lithography process. The method can inelud
providing a fluid dispense system having fluid @ispe ports;
determining a virtual fluid droplet pattern for pesing a formable material onto a substrate;
during a first pass, dispensing the formable maltento the substrate to form a first part of
the substrate fluid droplet pattern for an impfiekd, wherein the substrate fluid droplet
pattern corresponds to the virtual fluid droplettgyan, and the substrate and the fluid
dispense ports move relative to each other inrskasing direction;
offsetting the substrate and the fluid dispenseéspetative to each other in another direction
other than the translating direction, wherein dffag the substrate and the fluid dispense
ports relative to each other is performed aftepelising the formable material during the
first pass; and
during a second pass, dispensing the formable rabterto the substrate to form a second
part of the substrate fluid droplet pattern for itim@rint field, wherein dispensing the
formable material during the second pass is peddrafter offsetting the substrate and
the fluid dispense ports relative to each other.
[11] In an embodiment, the fluid dispense ports areigargd to dispense fluid droplets at a
corresponding pitch along a line that is substéintmerpendicular to the translating direction,

and offsetting the substrate and the fluid dispgusts relative to each other comprises
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offsetting the substrate and the fluid dispenséspetative to each other in the other direction
for an offset distance that is a non-integer mldtgf the corresponding pitch.
[12] In another embodiment:
[13] providing the fluid dispense system further comgsiproviding the fluid dispense system
having the fluid dispense ports configured to dmgaefluid droplets at a corresponding
pitch along a line that is substantially perpenkdicto the translating direction, the fluid
dispense system further configured to dispenséuitedroplets of the formable material
at a preset frequency to achieve spaced-apartetsoph a substrate at a preset minimum
pitch as the substrate and the fluid dispense puooige relative to each other at a preset
speed along in the translating direction that lssgantially perpendicular to the line;
determining a virtual fluid droplet pattern inclde
determining a preset-defined fluid droplet pattemdispensing the formable material onto
the substrate, the preset-defined fluid dropletepatbased in part on a pattern of an
imprint lithography template, and wherein the ptesafined fluid droplet pattern is
representative of fluid droplets spaced apart erstibstrate at the preset minimum
pitch or an integer multiple thereof as the substaad the fluid dispense ports are
moved relative to each other at the preset speed) dhe transverse direction; and

determining an adjusted fluid droplet pattern basethe preset-defined fluid droplet
pattern, wherein the adjusted fluid droplet patismrepresentative of fluid droplets
spaced apart at a non-integer multiple of the pmas@mum pitch, and the adjusted
fluid droplet pattern is the virtual fluid droplpattern;

the method further comprises determining an adjuspeed of the substrate and the fluid
dispense ports relative to each other to gendnatsubstrate fluid droplet pattern formed
during the first and second passes, wherein thestat] speed is different than the preset
speed during the first pass, the second passcbradahe first and second passes; and

during the first pass, the second pass, or eattredirst and second passes, moving the
substrate and the fluid dispense ports relativeatth other at the adjusted speed in the
translating direction, and dispensing the formabéerial through the fluid dispense ports
at the preset frequency.

[14] In a further aspect, a method can be used to metowéaan article. The method can

include:



providing a fluid dispense system having fluid @ispe ports;

determining a fluid droplet pattern for dispensinfprmable material onto a substrate;

during a first pass, dispensing the formable maltento the substrate to form a first part of
the fluid droplet pattern for an imprint field, wieen the substrate and the fluid dispense
ports move relative to each other in a transladingction;

offsetting the substrate and the fluid dispenseéspetative to each other in another direction
other than the translating direction, wherein dffeg the substrate and the fluid dispense
ports relative to each other is performed aftepelising the formable material during the
first pass;

during a second pass, dispensing the formable rabterto the substrate to form a second
part of the fluid droplet pattern for the imprimltl, wherein dispensing the formable
material during the second pass is performed affsetting the substrate and the fluid
dispense ports relative to each other;

contacting the formable material with the templzdging a surface; and

curing the formable material to form a layer cop@sding to the surface of the template.

BRIEF DESCRIPTION OF THE DRAWINGS

[15] Embodiments are illustrated by way of example ardat limited in the accompanying

figures.

[16] FIG. 1 includes a fluid droplet pattern that matctiee X-direction and Y-direction
alignment for a drop edge exclusion.

[17] FIG. 2 includes a fluid droplet pattern that doesmatch X2 and Y2 alignment for a
drop edge exclusion.

[18] FIG. 3 includes a simplified side view of an exeanplimprint lithography system.
[19] FIG. 4 includes a simplified cross-sectional vieith@ substrate illustrated in FIG. 3,
having a patterned layer.

[20] FIG. 5 includes a simplified top view of a fluidsgiense system including fluid dispense
ports and an exemplary droplet pattern deposite apsubstrate surface.

[21] FIG. 6 and 7 includes a flow chart of an exemplasthod of forming an article,
including generating a fluid droplet pattern.

[22] FIG. 8 includes a simplified top view of a surfaceluding part of a substrate fluid

droplet pattern formed after a single pass in ataee with an embodiment.
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[23] FIG. 9 includes a simplified top view of the sudaaf FIG. 8 after forming another part
of the substrate fluid droplet pattern during aeofbass in accordance with an embodiment.
[24] FIG. 10 includes an illustration of the substratd anprint lithography template during
imprinting.

[25] FIG. 11 includes a simplified top view of adjustatt substrate fluid droplet patterns in
accordance with another embodiment.

[26] FIG. 12 includes a flow chart of an exemplary medtbbforming an article, including
generating a fluid droplet pattern in accordandi awnother embodiment.

[27] FIG. 13 includes a simplified top view of a surfaceluding part of a substrate fluid
droplet pattern formed after a first pass in acanog with another embodiment.

[28] FIG. 14 includes a simplified top view of a surfageluding part of a substrate fluid
droplet pattern formed after a second pass in dacae with the other embodiment.

[29] Skilled artisans appreciate that elements in tiperéis are illustrated for simplicity and
clarity and have not necessarily been drawn taescabr example, the dimensions of some of
the elements in the figures may be exaggeratetiveli@ other elements to help improve

understanding of embodiments of the invention.

DETAILED DESCRIPTION

[30] The following description in combination with thgures is provided to assist in

understanding the teachings disclosed herein. fdlleaving discussion will focus on specific
implementations and embodiments of the teachifiggs focus is provided to assist in
describing the teachings and should not be intexgras a limitation on the scope or
applicability of the teachings.

[31] A fluid droplet pattern may refer to an actual pattthat physically exists or will exist or
a virtual pattern that can be computer generataetsentation of fluid droplet pattern. The term
“substrate fluid droplet pattern” refers to a pautar actual pattern of fluid droplets as formed on
a substrate. An “adjusted fluid droplet pattergfers to a particular virtual droplet pattern, and
in an embodiment, such virtual droplet pattern loarcorrespond to the substrate fluid droplet
pattern produced when using the adjusted fluid létguattern.

[32] The term “pitch” is intended to mean a distancenfieocenter of a feature to a center of a
next adjacent feature. For a fluid droplet pattéme pitch is a distance from the center of a

droplet to the center of the next adjacent dropletCartesian coordinates, a two-dimensional
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pattern (a pattern as seen from a top or plan veamw)have a pitch in the X-direction that
corresponds to the distance between the centéne déatures as measured in the X-direction
(X-direction pitch), and a pitch in the Y-directitimat corresponds to the distance between the
centers of the features as measured in the Y-@irefY-direction pitch). The X-direction pitch
may be the same or different from the Y-directidiclp

[33] As used herein, speed and motion may be describedelative basis. For example,
object A and object B move relative to each otlguch terminology is intended to cover object
A is moving, and object B is not; object A is nobwing, and object B is moving; and both of
objects A and B are moving.

[34] Unless otherwise defined, all technical and sdierterms used herein have the same
meaning as commonly understood by one of ordinktlis the art to which this invention
belongs. The materials, methods, and examplefiusative only and not intended to be
limiting. To the extent not described herein, mdejails regarding specific materials and
processing acts are conventional and may be fautekibooks and other sources within the
imprint and lithography arts.

[35] Inimprint lithography, the formable material ne@d$e dispensed in a controlled
manner to ensure that a proper amount of formabkemal is dispensed in correct locations and
areal densities on the substrate. Centers of fitoglets closest to the edges of the imprint field
are placed such that, during an imprint operatiopm,oper amount of formable material can flow
toward the edge of the imprint field. If the fluldoplets are too close to the edge, a portion of
the formable material can flow beyond an edge efiiprint lithography template, and such
portion of the formable material can result in air@sion defect during a curing operation. The
extrusion defect may adhere to the lithography tateand cause the extrusion defect to be
printed in the next imprint field. If the fluid dplets are too far from the edge, incomplete filin
of template features may occur. Such defectsaledcnon-fill” defects and translate to a loss
of features upon pattern transfer. Extrusion defand non-fill defects are undesired.

[36] A drop edge exclusion (DEE) refers to an exclusimund a substrate fluid droplet
pattern to achieve a proper amount of formable nztecar the edge of an imprint field that
reduces the likelihood that (1) the formable mateniill flow beyond the edge of the imprint
lithography template and (2) non-fill defects vaticur. FIG. 1 illustrates an idealized substrate

fluid drop pattern with a proper DEE. The impriiedd can be expressed in Cartesian
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coordinates along an X-direction and a Y-directidie centers of fluid droplets along the
column closest to the left-hand side lie alongha that is a distance X1 from the left-hand edge,
and the centers of fluid droplets along the colulmsest to the right-hand side lie along a line
that is a distance X2 from the right-hand edgee @énters of fluid droplets along the column
closest to the bottom of the imprint field lie adpa line that is a distance Y1 from the bottom
edge, and the centers of fluid droplets along tiieron closest to the top of the imprint field lie
along a line that is a distance Y2 from the topeed8uch lines are referred to herein as the X1
line, X2 line, Y1 line, and the Y2 line of the DEM FIG. 1, the fluid droplets have a uniform
pitch in each of the X-direction and the Y-directio

[37] In actual practice, the proper DEE is difficultdbtain. FIG. 2 includes an illustration in
which the substrate fluid droplet pattern has asné fluid droplets along the X1 and Y1 lines
but does not have centers of fluid droplets aldregX2 and Y2 lines of the DEE. The substrate
fluid droplet pattern in FIG. 2 has a significantligher risk of non-fill defects along the top and
right-hand edge of the imprint field as compare&i@. 1. If an extra row or column were
dispensed along the top or right-hand side ofiiyarint field at the same pitch in FIG. 2, then
formable material would be too close to the edgefimprint field. Such a substrate fluid
droplet pattern has a significantly higher risktfemable material would flow beyond an edge
of the lithographic imprint template and resul&imextrusion defect.

[38] With respect to the X-direction, a fluid dispensat (and the control software that
operates it) has preset parameters (hereinafteséps”) that can limit the flexibility of the fluid
dispense system. The fluid dispense head hassatgneng frequency and a preset speed at
which the fluid dispense head can move consistéhttive presets. As used herein “the preset
minimum pitch” is the distance between centerswvaf immediately adjacent droplets dispensed
at the preset firing frequency when the substrateflid dispense ports are moving relative to
each other at the preset speed, which in the emmteodias illustrated in FIG. 3 is in the X-
direction. The software control has difficulty tvihon-integer multiples of the preset minimum
pitch. Accordingly, only a limited number of flu@itoplet patterns that can be produced based
on locations on a corresponding X-Y grid. Thug, sbftware control simply determines the
closest integer of preset minimum pitch. Howetee,distance between the X1 and X2 lines in
FIG. 2 may be a non-integer multiple of the presigtimum pitch. Consequently, the fluid

dispense system forms a less-than ideal droplétrpat
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[39] In this specification, solutions to issues causedfluid dispense port pitch are addressed
herein. In FIG. 2, the fluid dispense port pitshn the Y-direction. The fluid dispense ports and
the substrate can be offset relative to each dtbieveen different passes of dispensing the
formable material. This specification will briefaddress the issues and solution to allow centers
of fluid droplets to be dispensed along the X1, X2, and Y2 lines of the DEE.

[40] Details regarding the apparatus and method arerhettlerstood after reading this
specification in conjunction with figures. The degtion below is meant to illustrate
embodiments and not limit the scope of the prese@ntion, which is defined in the appended
claims.

[41] Referring to the figures, and particularly to FB;a lithographic system 10 in
accordance with embodiments described herein caisdx to form a relief pattern on a substrate
12. The substrate 12 may be coupled to a substnatek 14. As illustrated, substrate chuck 14
is a vacuum chuck; however, in other embodimergsstibstrate chuck 14 may be any chuck
including vacuum, pin-type, groove-type, electrtsiaelectromagnetic, or the like. Exemplary
chucks are described in U.S. Pat. No. 6,873,08%wihk hereby incorporated by reference in its
entirety herein. Substrate 12 and substrate chdckay be further supported by a stage 16.
The stage 16 may provide translating or rotatiomadion along the X-, Y-, or Z-directions. The
stage 16, substrate 12, and substrate chuck 14ls@aype positioned on a base (not illustrated).
[42] Spaced-apart from the substrate 12 is a templat&'h8 template 18 can include a body
having a first side and a second side with one Iszleng a mesa 20 extending therefrom
towards the substrate 12. The mesa 20 is sometafezsed to as a mold 20. In an
embodiment, the template 18 can be formed withouésa 20.

[43] The template 18 or mold 20 may be formed from suekerials including fused-silica,
guartz, silicon, organic polymers, siloxane polyspdorosilicate glass, fluorocarbon polymers,
metal, hardened sapphire, other similar materaalany combination thereof. The template 18
and mold 20 can include a single piece constructiditernatively, the template 18 and mold 20
can include separate components coupled togefkgeillustrated, a patterning surface 22
includes features defined by spaced-apart rec@dsasd protrusions 26. The disclosure is not
intended to be limited to such configurations (gutanar surfaces). The patterning surface 22

may define any original pattern that forms the $asia pattern to be formed on the substrate 12.



In another embodiment, the patterning surface 22oeaa blank, that is, the patterning surface
22 does not have any recesses or projections.

[44] The template 18 can be coupled to a chuck 28. chbek 28 can be configured as
vacuum, pin-type, groove-type, electrostatic, eteaagnetic, or another similar chuck type.
Exemplary chucks are further described in U.S. Rat.6,873,087. In an embodiment, the
chuck 28 may be coupled to an imprint head 30 suahthe chuck 28 or imprint head 30 can
facilitate movement of the template 18.

[45] The lithographic system 10 can further includeuadfidispense system 32 used to deposit
a formable material 34 on the substrate 12. Famgte, the formable material can include a
polymerizable material, such as a resin. The foteneaterial 34 can be positioned on the
substrate 12 in one or more layers using techniguels as droplet dispense, spin-coating, dip
coating, chemical vapor deposition (CVD), physiabor deposition (PVD), thin film
deposition, thick film deposition, or combinatiahgreof. The formable material 34 can be
dispensed upon the substrate 12 before or aftesiaed volume is defined between the mold 20
and the substrate 12 depending on design consmlesatFor example, the formable material 34
can include a monomer mixture as described in Ba®.No. 7,157,036 and U.S. Pat. No.
8,076,386, both of which are herein incorporateddégrence in their entireties.

[46] Referring to FIGs. 3 and 4, the lithographic systiéghtan further include an energy
source 38 coupled to a direct energy 40 alongla4at The imprint head 30 and stage 16 can
be configured to position the template 18 and satesti2 in superimposition with the path 42.
The lithographic system 10 can be regulated by& lelement 54 in communication with the
stage 16, imprint head 30, fluid dispense systeyoB8ource 38, and may operate on a
computer readable program, optionally stored in o1grb6.

[47] In an embodiment, either the imprint head 30, tages16, or both the imprint head 30
and the stage 16 vary a distance between the nGadeh@ the substrate 12 to define a desired
volume therebetween that is filled by the formabkterial 34. For example, the imprint head
30 can apply a force to the template 19 such tteahtold 20 contacts the formable material 34
on the substrate 12. After the desired volumélegifwith the formable material 34, the source
38 can produce energy 40, e.g., ultraviolet rapimtcausing the formable material 34 to solidify
or cross-link conforming to a shape of the surié¢®f the substrate 12 and patterning surface

22 defining a patterned layer 46 on the substrateThe patterned layer 46 can include features
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illustrated as protrusions 50 and recessions 58, the protrusions 50 having a thicknegsd

the recessions 52 correspond to a residual layendpa thickness,t which is the residual layer
thickness (RLT).

[48] High throughput at low defect density is an impotteonsideration in imprint

lithography processes. When employing a dropkgtehise method of applying the formable
material to the substrate 12, the imprint procgsteagenerally includes (1) dispensing (or
depositing) fluid droplets of formable material @substrate surface, (2) bringing a template into
contact with the fluid droplets such that the flareads and fills the topography of the template
patterning surface, (3) solidifying (e.g., photang) the fluid, and (4) separating the template
from the substrate 12, leaving a solidified layefoomable material having a relief image of the
template pattern on the substrate surface. Dispgfisid droplets of formable material on the
substrate surface and proper filling of the pattdrthe template 18 are major contributors to the
imprint cycle time, and thus throughput. Particiéanplate patterns may require multiple
passes of the substrate 12 relative to the impgatl 30. That is, the substrate 12 and imprint
head 30 must be translated relative to each othéipie times. Multiple dispensing passes are
common, for example, when templates have denseréepatterns or for particular patterns
requiring adjacent droplets be positioned closgetioer. Methods and systems to reduce
dispense time are described in accordance wittoboneore embodiments described herein.

[49] During dispensing, fluid droplets of formable m&ikare dispensed from the fluid
dispense system 32 to create a pattern of fluigldt® on the substrate surface 44. The fluid
droplet pattern can be determined such that tla votume of the fluid droplets on the surface
matches the total volume for the desired fluid tebpattern. As well as matching the total
volume of the desired fluid droplet pattern, it nteydesirable to match the local volume of the
desired fluid droplet pattern. Thus, a greateunw of fluid can be dispensed in a region of the
substrate 12 where a greater volume of formablemahis desired.

[50] Available inkjet systems can be tuned to dispensmdble material fluid droplets with
volumes in the range of 0.1 to 10 picoliters (pLpeeater, with 0.9 pL being an exemplary fluid
droplet volume. The fluid droplets can be dispénsegratterns formed by one or more passes of
the imprint head 30 and substrate 12 relative mamother. An exemplary pattern includes a

rectangular, grid pattern, a diamond pattern, arathitable pattern, or any combination thereof.
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[51] Referring to FIG. 5, the fluid dispense system 82 imclude fluid dispense ports 302.

As illustrated, the fluid dispense system 32 inekidix fluid dispense ports 302a, 302b, 302c,
302d, 302e, and 302f; however, the number of ftlisgghense ports 302 can be less than or
greater than six, such as for example, at leasfltvieb dispense ports, at least three fluid
dispense ports, at least four fluid dispense pattkeast five fluid dispense ports, at least ten
fluid dispense ports, or at least twenty fluid @ispe ports. In an embodiment, the fluid dispense
ports 302 can include a set of at least three flisgense ports (e.qg., fluid dispense ports 302a,
302b, and 302c). The fluid dispense ports 30Zandigured to dispense fluid droplets 310 at a
corresponding pitch along a line 304 that is sutiithy perpendicular to the translating
direction. In traditional dispensing operationsarimable material, a Y-direction pitch is fixed
by a distance between centers of adjacent fluidetise ports and orientation with respect to the
imprint field.

[52] The fluid dispense system 32 and a surface 306dddhere below (e.g., on the substrate
12 or the substrate chuck 14) can be moveableweliat each other in a translating direction
(illustrated by arrow 308). Fluid droplets, incing fluid droplets 310a and 310b, can be
dispensed from the fluid dispense ports 302 orgcsthrface 306 in rows and columns.

[53] A fluid dispense head (and the control softwaré tipeerates it) has preset parameters
(hereinafter “presets”) that can limit the flexitylof the fluid dispense system. The fluid
dispense head has a preset firing frequency thmbgrammed to produce a preset minimum
pitch (X-direction pitch in the embodiment illusied) when the substrate 12 is translated at a
preset scan speed in the X-direction. The softwangrol has difficulty with non-integer
multiples of the preset minimum pitch. Accordingiyly a limited number of fluid droplet
patterns that can be produced based on locatioascorresponding X-Y grid. Thus, the
software control simply determines the closestgatef preset minimum pitch. For example, a
fluid dispense system may have a preset minimuah it the X-direction of 35 microns. For an
integer-based fluid droplet pattern, allowable gretevalues include 35 microns, 70 microns, 105
microns, etc. for the fluid droplet pitch in thedfection.

[54] The limitations on the fluid dispense port pitcldgmesets of the apparatus can form a
less-than ideal droplet pattern. An initial aligemh of the substrate 12 and the fluid dispense

ports 302 relative to each other allows the cerdétke fluid droplets closest to the edges of the
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imprint field to lie along the X1 and Y1 lines dfet DEE. A problem is obtaining centers of

fluid droplets along the X2 and Y2 lines of the QEBHch as illustrated in FIG. 2.

[55] As will be described below in more detail, a flaicbplet pattern can be formed in at least
two passes where between passes, the substratieidraispense ports 302 are offset relative
each other in a direction other than the trangatiinection 308 when the substrate and fluid
dispense ports move relative to each other. lemabodiment, the direction can be substantially
perpendicular to the translating direction 308 lfirst set of embodiment as illustrated and
described with respect to FIGs. 6 to 11, the sabestind fluid dispense ports 302 are moved in a
translating direction 308 to produce a fluid drogligch in the translating direction that is a non-
integer multiple of such pitch. In another emboelirnas illustrated and described with respect
to FIGs. 12 to 14, the substrate and fluid dispgusts 302 are moved in a translating direction
308 to produce a fluid droplet pitch in the tratisigdirection that is the preset minimum pitch
or an integer multiple thereof. Between passebispensing the formable material, the fluid
dispense ports 302 can be offset in the translatirggtion 308 for an translating offset distance
and the other direction (e.g., in a direction sabsally perpendicular to a translating direction
308) for another offset distance. The offset disés can be non-integer multiples of the
corresponding pitches. In another embodimentother direction does not need to be
substantially perpendicular to the translatingatio 308. As used herein, substantially
perpendicular meanis10° of perpendicular, and substantially parallebms £ 10° of parallel.

[56] The method as described with respect to FIGs.18 tcan be used to provide centers of
fluid droplets along the X1, X2, and Y1 lines oetBEE during a pass and to provide centers of
fluid droplets along the Y2 line of the DEE duriagubsequent pass. More detail regarding the
offset is provided with respect to the process flowIG. 6.

[57] With respect to the X2 line of the DEE, the presédthe apparatus can provide a preset-
defined fluid droplet pattern having a preset munimpitch in the X-direction, that can be
rendered into an adjusted fluid dispense patteradpysting a translating speed (X-direction) of
the substrate 12. In an embodiment, the softwaméral can determine a best integer-based
droplet pattern having the preset minimum pitcld #ren a stage, the fluid dispense head, or
both can be set to a translating speed, in combmatith the firing frequency of the fluid
dispense system, to achieve the substrate fluiplelrpattern corresponding to the adjusted fluid

droplet pattern, which is closer to an ideal dropkgtern as compared to the preset-defined
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droplet pattern (before adjustment of the transtpipeed is made). The adjusted fluid droplet
pattern is based on a non-integer multiple of ttesgt minimum pitch. More details regarding
the adjusted fluid droplet pattern is provided wispect to FIG. 7.

[58] In accordance with an embodiment described helé., 6 includes a flow chart for a
method that can be used forming a substrate fltogldt pattern for an imprint lithography
process. The method is described with respetig@pparatus 10 in FIG. 3 and the fluid
dispense ports 302 in FIG 5. The method can benpeed by an imprint lithography apparatus
including a fluid dispense system, a stage, amgji@ element. In an embodiment, a fluid
dispense system having fluid dispense ports 30@)lglong a line. The fluid dispense system
can further be configured to dispense fluid draptdta formable material at a preset frequency
to achieve spaced-apart droplets on a substrase 4 preset minimum pitch. The stage 16, the
fluid dispense ports 302, or a combination of ttage 16 and fluid dispense ports 302 can be
adapted to move relative to each other in a tréinglairection 308. The translating direction
308 can be substantially perpendicular to the3d#. The logic element can include hardware,
firmware, software, or any combination thereof éofprm many of the operations described
herein. In a particular embodiment, the logic edahtan be the processor 54. The substrate 12
can be placed on the stage, and in an embodinmensubstrate 12 can be a semiconductor
wafer.

[59] The method can include determining a fluid droplgtern for dispensing the formable
material onto the substrate, at block 602 in FIGIr6this particular embodiment, the formable
material is dispensed using more than one pasa.particular embodiment, the preset minimum
pitch in the translating direction (X-direction) ynallow centers of fluid droplets to be dispensed
along the X1 and Y1 lines of the DEE. Howeverpesviously described and illustrated in FIG.
2, the presets can limit the ability to dispenstanslating direction and dispense centers of
fluid droplets on the X2 line of the DEE. Therefpsome adjustment for dispensing may be
needed. At block 622, the process can includeimibtpan adjusted speed of the substrate 12
and fluid dispense ports relative to each otheiclvis addressed in more detail with respect to
FIG. 7. After reading this specification, skilladisans will appreciate that obtaining the
adjusted speed is not required in all embodimemd,therefore, obtaining the adjusted speed
may be optional. The adjusted speed allows atossrhieve a desired substrate fluid droplet

pattern for a particular pass to dispense cenfdtedluid droplets along the X1 and X2 lines of
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the DEE, where the fluid droplet pitch in the tiatisg direction (X-direction) is a non-integer
multiple of the preset minimum pitch.

[60] Atblock 702 of FIG. 7, the method can include daiaing a preset-defined fluid droplet
pattern using a preset minimum pitch or an integeltiple thereof in the translating direction.
The preset-defined fluid droplet pattern can beeiad least in part on a pattern of an imprint
lithography template. The preset-defined fluidpded pattern is representative of fluid droplets
at the preset minimum pitch or an integer multiplereof as the substrate 12 and the fluid
dispense ports 302 are moved relative to each atbeg the translating direction 308. Thus, the
preset-defined fluid droplet pattern has an intdggesed preset minimum pitch.

[61] Atblock 722, the method can further include detamg an adjusted fluid droplet
pattern based on the preset-defined fluid dro@éepn. The adjusted fluid droplet pattern is
representative of fluid droplets spaced apartrairainteger multiple of the preset minimum
pitch.

[62] Atblock 742, the method can include determiningdjusted speed used in generating
the adjusted fluid droplet pattern. As comparethtopreset speed for the preset-defined fluid
droplet pattern, the adjusted speed for the adjusited droplet pattern allows for a more ideal
fluid droplet pattern that can result in less nitindefects, a desired RLT, or both. The logic
element can include circuits, a program, or otbgic to determine the preset-defined fluid
droplet pattern, the adjusted fluid droplet pattemd the adjusted speed.

[63] As an example, a pitch of 60 microns may work li@sa particular patterned layer to be
achieved; however, 60 microns is 1.7 times 35 migrcClearly, 1.7 is not an integer multiple of
the preset minimum pitch of 35 microns. Accordinghe speed adjustment can be made
without having to reprogram any of the dispensallprasets. For example, the speed of the
substrate 12 and the fluid dispense ports 302vel&t each other can be adjusted to be 1.7
times the speed used for the preset minimum pit@% enicrons. The prior example provides a
tangible example and is not meant to limit the socofthe present invention. Other non-integer
values for the speed can be greater than 1.00,asugt01 X, 1.5 X, 2.1 X, 3.7 X, less than 1.00
and include 0.97 X, 0.86 X, 0.71 X, 0.57 X, 0.430%9 X, 0.14 X, 0.03 X, or another non-
integer value, where X represents the preset sp@eldaccordingly, the factor by which the

preset speed is to be multiplied. The concepsrd®ed herein can apply to other preset
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minimum pitch and corresponding speed values. rAfgeermining the adjusted speed, the
apparatus is ready for processing the substratd’ s the process flow returns to FIG. 6.

[64] The substrate 12 is placed and held onto the stélge.method can include, during a first
pass, dispensing the formable material to fornmst fiart of the substrate fluid droplet pattern, at
block 624. During the first pass, the substrataid@ the fluid dispense ports 302 can move
relative to each other in a translating directibtha adjusted speed. In a particular embodiment,
the logic element can transmit information regagdime adjusted speed to the stage or a stage
controller, to the fluid dispense head or a fluishb@nse controller, or any combination thereof.
The adjusted speed is the relative speed of tige ¢tand consequently, the substrate 12) and the
fluid dispense ports 302 to each other. FIG. 8imhes an illustration of an imprint field on the
substrate after fluid droplets for the first paasdibeen dispensed. Centers of fluid droplets are
along the X1, X2, and Y1 lines of the DEE. In atigalar embodiment, the center of a fluid
droplet may lie at the intersection of the X1 aridlvies of the DEE. No centers of fluid

droplets lie along the Y2 line of the DEE.

[65] At block 642, the method can further include oftisgtthe fluid dispense ports and
substrate relative to each other after dispensiagdrmable material during the first pass. The
offset is to position the fluid dispense ports 3@2llow centers of fluid droplets to be dispensed
along the Y2 line of the DEE. Offsetting is in @fifiset direction for an offset distance. The
offset direction can be substantially perpendictdahe translating direction, substantially
parallel to the line 304, or both. In the emboditas described, the offset direction can be in
the Y-direction. The offset distance can be ndeger multiple of the fluid dispense port pitch.
[66] The fluid dispense port pitch may be limited to stoaints of the apparatus, such as the
configuration of the fluid dispense head that halasfluid dispense ports 302 in place. For
example, the fluid dispense port pitch may be 2€roms, and during the first pass, adjacent
rows of fluid droplets may be 40 microns apart.this embodiment, the distance between the
Y1 and Y2 lines of the DEE is not an integer mudipf the fluid dispense port pitch. To

achieve centers of droplets along the Y2 line ef ftE, the fluid dispense port can be moved
for an offset distance of 50 microns. Clearlymdi@rons is not an integer multiple of the fluid
dispense port pitch of 20 microns. Accordinglye substrate 12 and the fluid dispense ports 302
may be moved relative to each other in the Y-dioector a distance of 50 microns. The prior

example provides a tangible example and is not trtedimit the scope of the present invention.
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Other non-integer values for the speed can begrésn 1.00, suchas 1.01Y,15Y,2.1Y, 3.7
Y, less than 1.00 and include 0.97 Y, 0.86 Y, O0r7D.57 Y, 0.43 Y, 0.29 Y, 0.14 Y, 0.03 Y, or
another non-integer value, where Y representslting dispense port pitch, and accordingly, the
factor by which the dispense port pitch is to bdtiplied. The concepts described herein can
apply to other dispense port pitches and correspgraffset distances. After determining the
offset distance, the logic element 54 can trangrformation to the stage or stage controller so
that the substrate 12 and fluid dispense portsaB@2noved relative to each other in the offset
direction (Y-direction) for the offset distance (80crons).

[67] Atblock 662, the process can include obtaining@justed speed of the substrate and
fluid dispense ports relative to each other. Tdwes@erations and process for obtaining the
adjusted speed as the same as previously desevitietespect to block 622. Note that the
adjusted speed for block 622 may be the same fareliit from the adjusted speed for block 662.
Further, the translating speed may not be adjusteshe of the blocks 622 and 662 and adjusted
for the other of the blocks 622 and 662. Stiltler, an adjusted speed may not be used for both
dispense operations in blocks 624 and 664.

[68] The method can include, during a second pass, rgpgethe formable material to form a
second part of the substrate fluid droplet pattatilock 664. During the second pass, the
substrate and the fluid dispense ports 302 can ma&agve to each other in a translating
direction at the adjusted speed. In particula tigic element can transmit information
regarding the adjusted speed to the stage or a stagroller, to the fluid dispense head or a

fluid dispense controller, or any combination tloéreThe adjusted speed is the relative speed of
the stage (and consequently, the substrate) arftlitielispense ports 302 to each other. FIG. 9
includes an illustration of an imprint field on teebstrate with fluid droplets of the first and
second passes have been dispensed. The cenfieid dfoplets are along the Y2 line of the
DEE. In a particular embodiment, a fluid dropleslat the intersection of the X2 and Y2 lines

of the DEE. Centers of some of fluid droplets frtira second pass may or may not line along
the X1 and X2 lines of the DEE. No centers ofdldroplets from the second pass lie along the
Y1 line of the DEE.

[69] At block 682, the method can include contactingftimenable material with the template
having a patterned surface. In an embodimentpaterned surface has projections and

recessions, and in another embodiment, the patteuméace can be a blank (a flat surface
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without any projections or recessions). FIG. Ifludes an illustration of portions of the
substrate 12, formable material 34, and the mold Ttk left-hand portion illustrates the edge of
the imprint field adjacent to the Y1 line of the BEand the right-hand portion illustrates the
edge of the imprint field adjacent to the Y2 lirfdlee DEE. The contact between the mold 20 of
the template and the formable material 34 causEsseoons in the mold 20 to fill in the gaps
between fluid droplets. The proper dispensindwéifdroplets allows some of the formable
material to flow further from the Y1 and Y2 linettbe DEE and toward the edge of the imprint
field; however, the formable material 34 does tmwfbeyond the edges of the mold 20. Gaps
101 and 102 between the edges of the formable raladdrand the mold 20 are controlled and
kept relatively small.

[70] At block 684, the method includes curing the forteabaterial to form a patterned layer
corresponding to the pattern surface of the terapl@uring can be performed by exposure to
electromagnetic radiation. In an embodiment, teeteomagnetic radiation can be ultraviolet
radiation. In another embodiment, the formableemat can be cured using heat. The patterned
layer on the substrate 12 has a complementaryrpatsecompared to the patterned surface of the
template. Projections along the patterned layeespond to recessions in the patterned surface
of the template, and recessions in the patternea @orrespond to projections along the
patterned surface of the template. The recessiohe patterned layer are parts of the residual
layer.

[71] In a further embodiment, the different passes naasehthe same pattern for each pass
and are merely offset from each other. FIG. 1lushes adjusted fluid droplet dispense patterns
112 and 114 for the first and second passes, regplgcand a substrate fluid droplet dispense
pattern 116 formed using the patterns 112 and Tt adjusted fluid droplet dispense patterns
112 and 114 have the same X-direction fluid dropitth and Y-direction fluid direction pitch.
The adjusted fluid droplet dispense patterns 112144 are the same with the only difference
being the offset. The processor 54 can transrsituntions to the fluid dispense system 32 and
stage or stage controller to dispense fluid drepbetto the substrate corresponding to the
adjusted fluid droplet dispense pattern 112, offisetsubstrate and fluid dispense ports 302
relative to each other, and then dispense fluighléte onto the substrate corresponding to the
adjusted fluid droplet dispense pattern 114 toexahthe substrate fluid droplet dispense pattern
116. In the embodiment as illustrated in FIG. dlbng each of the columns, the fluid droplets
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lie along the same line, and the columns havedheesitch. However, while each of the
adjusted fluid droplet dispense patterns 112 addhbie rows with the same pitch, the rows of
the substrate fluid droplet dispense pattern 155rtvas with non-uniform pitch. Between two
adjacent rows of fluid droplets from the first patbee row of fluid droplets from the second pass
between such adjacent rows of the first pass seclto one of the adjacent rows as compared to
the other adjacent row. The substrate fluid dispgrattern 116 has centers of fluid droplet
along the X1, X2, Y1, and Y2 lines of the DEE, dhdrefore, will not have non-fill or extrusion
defect issues.

[72] In another set of embodiments, centers of fluigptéts along the X1 and Y1 lines of the
DEE can be formed during one pass, and centefaidfdroplets along the X2 and Y2 lines of
the DEE can be formed during a subsequent pass.method is described with respect to FIGs.
12 to 14.

[73] In accordance with an embodiment described hefé, 12 includes a flow chart for a
method that can be used forming a substrate fltogldt pattern for an imprint lithography
process that includes an offset between passaspdrsing the fluid droplets. The method can
be performed by an imprint lithography apparatuuding a fluid dispense system, a stage, and
a logic element. In an embodiment, a fluid disesystem having fluid dispense ports 302
defining a line. The fluid dispense system cathierr be configured to dispense fluid droplets of
a formable material at a preset frequency to aehspaced-apart droplets on a substrate 12 at a
preset minimum pitch or an integer multiple of greset minimum pitch. The stage, the fluid
dispense head, or both can be adapted to moveseclateach other in a translating direction.
The translating direction can be substantially lperto the line. The logic element can include
hardware, firmware, software, or any combinaticegréof to perform many of the operations
described herein. In a particular embodiment)ahes element can be the processor 54. The
substrate 12 can be placed on the stage, andambadiment, the substrate 12 can be a
semiconductor wafer.

[74] The method can include determining a fluid droplgtern for dispensing the formable
material onto the substrate, at block 1202 in AIg. In this particular embodiment, the
formable material is dispensed using more thanpass. In a particular embodiment, the preset

minimum pitch or an integer of the preset minimuiatpin the translating direction (X-
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direction) may allow centers of fluid droplets te thspensed along the X1 and Y1 lines of the
DEE.

[75] The substrate 12 is placed and held onto the stélge.method can include, during a first
pass, dispensing the formable material to fornmsd fiart of the fluid droplet pattern, at block
1222. During the first pass, the substrate 12thedluid dispense ports 302 can move relative
to each other in a translating direction at thesgrspeed. In a particular embodiment, the logic
element can transmit information regarding the grepeed to the stage or a stage controller, to
the fluid dispense head or a fluid dispense coetrobr any combination thereof. FIG. 13
includes an illustration of an imprint field on thebstrate after fluid droplets for the first pass
have been dispensed. Centers of fluid dropletalarey the X1 and Y1 lines of the DEE. In a
particular embodiment, the center of a fluid drophay lie at the intersection of the X1 and Y1
lines of the DEE.

[76] However, as previously described and illustrateBI(&. 2, the presets can limit the
ability to dispense in translating direction angpginse centers of fluid droplets on the X2 line of
the DEE, and the fluid dispense port pitch cantlitme ability to dispense centers of fluid
droplets on the Y2 line of the DEE. None of thatees of fluid droplets lie along the X2 line or
the Y2 line of the DEE.

[77] Atblock 1242, the method can further include datisg the fluid dispense ports and
substrate relative to each other after dispensiagdrmable material during the first pass.
Offsetting will be in both the translating direati@08 and the other direction. In a particular
embodiment, the other direction is substantiallgppadicular to the translating direction 308.
The offset is to position the fluid dispense p&@2 to allow centers of fluid droplets to be
dispensed along the X2 and Y2 lines of the DEE.

[78] As an example, with respect to the translatingatime 308 (X-direction), the preset
minimum pitch may be 35 microns for the apparatus A distance between the X2 line and the
nearest column of fluid droplets may be 40 micnsnk.14 times 35 microns. Clearly, 1.14 is
not an integer multiple of the preset minimum pio¢IBS microns. The prior example provides a
tangible example and is not meant to limit the scofthe present invention. Other non-integer
values for the preset minimum can be greater th@@, such as 1.01 X, 1.5 X, 2.1 X, 3.7 X, less
than 1.00 and include 0.97 X, 0.86 X, 0.71 X, @§D.43 X, 0.29 X, 0.14 X, 0.03 X, or another
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non-integer value, where X represents the presatmim pitch, and accordingly, the factor by
which the offset distance in the translating digetB08 is to be multiplied.

[79] With respect to the other direction (Y-directiortire embodiment illustrated), the fluid
droplet pitch in the Y-direction may be limiteddonstraints of the apparatus, such as the
configuration of the fluid dispense head that halasfluid dispense ports 302 in place. For
example, the fluid droplet pitch in the Y-directioray be 25 microns. In this embodiment, the
distance Y2 line of the DEE and the closest rowlodl droplets is not an integer multiple of the
fluid droplet pitch in the Y-direction. To achieeenters of fluid droplets along the Y2 line of
the DEE, the fluid dispense port can be moved fooféset distance of 35 microns. Clearly, 35
microns is not an integer multiple of the fluid piésise port pitch of 25 microns. Accordingly,
the substrate 12 and the fluid dispense ports 3)2bm moved relative to each other in the Y-
direction for a distance of 35 microns. The pegample provides a tangible example and is not
meant to limit the scope of the present inventi@ther non-integer values for the speed can be
greater than 1.00, such as 1.01Y, 1.5Y, 2.1 ¥ Y3.less than 1.00 and include 0.97 Y, 0.86 Y,
0.71Y,0.57Y,0.43Y,0.29Y, 0.14 Y, 0.03 Y,amother non-integer value, where Y represents
the fluid droplet pitch in the Y-direction, and acdingly, the factor by which such pitch is to be
multiplied to obtain the offset distance in the iYedtion. The concepts described herein can
apply to other dispense port pitches and correspgruffset distances.

[80] Referring to the embodiment of FIG. 13, the ofisgierformed to move the substrate
and the fluid dispense ports relative to each atihére translating direction (X-direction) for a
distance that is a non-integer multiple of the eresinimum pitch and in the other direction (Y-
direction) for a distance that is a non-integertipld of the fluid dispense port pitch. For
example, in reference to the fluid droplets aldmgright-most column in FIG. 13, the fluid
dispense ports can be moved in the translatingtobre 308 (X-direction) 30 microns, which is
non-integer multiple of 35 microns (the preset miam pitch), and in the other direction (Y-
direction) 40 microns, which is a non-integer ofr@igrons (the fluid dispense port pitch). The
particular values are only to provide a specifiaraple and not to limit the scope of the present
invention. In another embodiment, the offset mayehother values, such as the best working
pitch in either direction (such as 40 microns i@ ¥xdirection or 35 microns in the Y-direction).

Still other values of the offset are possible pded the offset in any particular direction is anon

-21-



integer multiple of the pitch in view of how thepgpatus is normally configured (for example,
fluid dispense port pitch) and operates (for examnihle preset minimum pitch).

[81] The method can include, during a second pass, spgethe formable material to form a
second part of the fluid droplet pattern, at bl@a@62. During the second pass, the substrate and
the fluid dispense ports 302 can move relativeattheother in a translating direction at the preset
speed. In particular, the logic element can trangformation regarding the preset speed to the
stage or a stage controller, to the fluid dispédressd or a fluid dispense controller, or any
combination thereof. FIG. 14 includes an illugstmatof an imprint field on the substrate with
fluid droplets from the first and second passelse denters of fluid droplets dispensed during
the second pass are along the X2 and Y2 linesedD&#E. In a particular embodiment, a fluid
droplet lies at the intersection of the X2 and ¥2$ of the DEE. None of the centers of fluid
droplets from the second pass lie along the X1 bfirves of the DEE. In a particular
embodiment, the fluid droplet pattern has centéfiim droplets at the intersection of the X1
and Y1 lines and at the intersection of the X2 #8dines; however, no center of a fluid droplet
is at the intersection of the X2 and Y1 lines othatintersection of the X1 and Y2 lines.

[82] Atblock 1282, the method can include contactirgfirmable material with the

template. In an embodiment, the template can baagterned surface that has projections and
recessions, and in another embodiment, the pattexuréace can be a blank (a flat surface
without any projections or recessions). As presipulescribed, FIG. 10 includes an illustration
of portions of the substrate 12, formable mate&4gland the mold 20. The contact between the
mold 20 of the template and the formable matedat@uses recessions in the mold 20 to fill and
fill in the gaps between fluid droplets. The progespensing of fluid droplets allows some of
the formable material to flow further from the X42, Y1 and Y2 lines of the DEE and toward
the edge of the imprint field; however, the forneablaterial 34 does not flow beyond the edges
of the mold 20. Gaps 101 and 102 between the exfgbe formable material 34 and the mold
20 are controlled and kept relatively small so tiat-fill defects will not occur and formable
material 34 will not form extrusion defects.

[83] Atblock 1284, the method includes curing the fdoteanaterial to form a patterned

layer corresponding to the pattern surface oféhgplate. Curing can be performed by exposure
to electromagnetic radiation. In an embodimerd,dlectromagnetic radiation can be ultraviolet

radiation. In another embodiment, the formableemal can be cured using heat. The patterned
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layer on the substrate 12 has a complementaryrpatsecompared to the patterned surface of the
template. Projections along the patterned layeespond to recessions in the patterned surface
of the template, and recessions in the patterngst orrespond to projections along the
patterned surface of the template. The recessicthe patterned layer are parts of the residual
layer.

[84] In a further embodiment, a fluid dispense pattem take many different shapes. An
exemplary pattern includes a rectangular, gridgpatta diamond pattern, another suitable
pattern, or any combination thereof.

[85] In a particular embodiment, the logic element mayhe processor 54. The logic
element may be split between different parts ofaigaratus. For example, some operations of
the logic element may be performed by the procesépand other operations of the logic
element may be performed by stage controller,id flispense head controller, or the like.
Furthermore, information can be transmitted in otdecarry out the actions described herein.
The information can be in the form of instructidoge executed, signals, pulses, or the like.
The stage 16, the fluid dispense system 32, or imathinclude a controller that can act on
instructions received from the processor 54. lotlaer embodiment, the stage 16, the fluid
dispense system 32 may respond to analog sigradvesl. For example, the information can

be a particular direct current voltage or a lighisp. After reading this specification, skilled
artisans will be able to configure an imprint liggnaphy apparatus to meet the needs or desires in
view of the equipment within the apparatus. Thine,description of the embodiments does not
limit the scope of the present invention.

[86] After reading this specification, skilled artisami#l appreciate that many other fluid drop
patterns can be formed and still allow centerdwd fdroplets to have centers along the X1, X2,
Y1, and Y2 lines of the DEE. The offset of subistrs2 and the fluid droplet dispense ports 302
relative to each other can be performed withoutiBaantly affecting the ability to properly fill
recessions in the template. Furthermore, moretiwarpasses may be used to achieve fluid
droplets along the X1, X2, Y1, and Y2 line of thEEx After all passes are completed, the fluid
droplet pattern will have centers of fluid droplBtisig along the X1, X2, Y1, and Y2 lines of the
DEE.

[87] Patterned layers formed in accordance with embadlisrigerein have fewer defects as

compared to corresponding patterned layers whepedsing formable material occurs without
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using an offset. More patrticularly, it has beeurfd that patterned layers formed in accordance
with embodiments herein have fewer defects as corda corresponding patterned layers
having rows and columns of fluid droplets closedhie edges of the imprint field such centers
of such fluid droplets do not lie at the properdtions with respect as DEE. Without the offset,
when centers of droplets closest to the edge ahtpent field are closer to the central region,
insufficient formable material may be formed at &uge of the imprint field corresponding to
the Y2 line, and non-fill defects are more likeWVhen centers of droplets closest to the edge of
the imprint field are too close to the edge ofithprint field, formable material may flow

beyond the edge of the template, and an extrustactis more likely. Thus, the offset allows
for good filling characteristics and reduce thelikood of non-fill defects and extrusion defects.
[88] Note that not all of the activities described abwvthe general description or the
examples are required, that a portion of a speadtw/ity 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 dnger in which they are performed.

[89] Benefits, other advantages, and solutions to pnableave 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 critieqlired, or essential feature of any or all the
claims.

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

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

1. An apparatus for imprint lithography comprising
a fluid dispense system having fluid dispense ports
a stage, wherein the stage, the fluid dispenses para combination of the state and
fluid dispenser ports is adapted to move a sulestnatl the fluid dispense ports
relative to each other; and
a logic element configured to:
determine a fluid droplet pattern for dispensirfgranable material onto a
substrate;
transmit information to dispense the formable matento the substrate during a
first pass to form a first part of the fluid dropfettern for an imprint field,
wherein the substrate and the fluid dispense pootge relative to each
other in a translating direction;
transmit information to offset the substrate arelfthid dispense ports relative to
each other in another direction other than thestedimg direction, wherein
apparatus is configured to offset the fluid disgeperts after an instruction
to dispense the formable material during the fiests is executed; and
transmit information to dispense the formable matento the substrate during a
second pass to form a second part of the fluidldtqggattern for the imprint
field, wherein apparatus is configured to dispeghseformable material
during the second pass after an instruction taebffse substrate and the
fluid dispense ports relative to each other is atet
2. The apparatus of claim 1, wherein the infororato offset the substrate and the fluid
dispense ports relative to each other does natdlecinformation to offset the substrate and
the fluid dispense ports in the translating dicti
3. The apparatus of claim 1, wherein the infororatp offset the substrate and the fluid
dispense ports relative to each other further caaprinformation to offset the substrate

and the fluid dispense ports relative to each athére translating direction.
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4. The apparatus of claim 3, wherein:
the fluid dispense system is further configuredigpense fluid droplets of the formable
material at a preset frequency to achieve spacad-dmplets on the substrate at a
preset minimum pitch as the substrate and the fliggense ports move relative to
each other at a preset speed along the transtitegion;
the information to dispense the formable mateniairdy the first pass, the second pass, or
each of the first and second passes comprisesydartinformation to dispense the
formable material such that the fluid droplet pitctihe translating direction is the
preset minimum pitch or an integer multiple of greset minimum pitch; and
the information to offset the substrate and thilftlispense ports relative to each other
comprises particular information in which in thartslating direction, offset the
substrate and the fluid dispense ports relativeath other is performed for a
translating offset distance that is a non-integeltipie of the preset minimum
pitch.
5. The apparatus of any one of claims 1 to 4, siher
the fluid dispense ports are configured to dispdiuse droplets at a corresponding pitch
along a line that is substantially perpendiculath®translating direction; and
the information to offset the substrate and thilftlispense ports relative to each other in
the other direction is performed for an offsetalste that is a non-integer multiple
of the corresponding pitch.
6. The apparatus of any one of claims 1 to 4, aiher
the information to dispense the formable matenb the substrate during the first pass
comprises information to dispense fluid dropletshef formable material along a
Y1 line of a drop edge exclusion; and
the information to dispense the formable matenrbdhe substrate during the second
pass comprises information to dispense fluid ditspdé the formable material along
a Y2 line of the drop edge exclusion.
7. A method of generating a substrate fluid drop&gtern for an imprint lithography process,
the method comprising:

providing a fluid dispense system having fluid @ispe ports;
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determining a virtual fluid droplet pattern for pensing a formable material onto a
substrate;

during a first pass, dispensing the formable maltento the substrate to form a first part
of the substrate fluid droplet pattern for an impfield, wherein the substrate fluid
droplet pattern corresponds to the virtual fluidmlet pattern, and the substrate and
the fluid dispense ports move relative to eachratha translating direction;

offsetting the substrate and the fluid dispenséspetative to each other in another
direction other than the translating direction, vene offsetting the substrate and
the fluid dispense ports relative to each oth@eidormed after dispensing the
formable material during the first pass; and

during a second pass, dispensing the formable rabteito the substrate to form a
second part of the substrate fluid droplet patternhe imprint field, wherein
dispensing the formable material during the sequass is performed after
offsetting the substrate and the fluid dispenséspeiative to each other.

8. The method of claim 7, wherein:

the fluid dispense ports are configured to dispdiuse droplets at a corresponding pitch
along a line that is substantially perpendiculath®translating direction; and

offsetting the substrate and the fluid dispenséspaiative to each other comprises
offsetting the substrate and the fluid dispenséspeitative to each other in the
other direction for an offset distance that is a-nmdeger multiple of the
corresponding pitch.

9. The method of claim 7, wherein:

providing the fluid dispense system further comgsiproviding the fluid dispense system
having the fluid dispense ports configured to dmgeefluid droplets at a
corresponding pitch along a line that is substéntmerpendicular to the translating
direction, the fluid dispense system further comfegl to dispense the fluid droplets
of the formable material at a preset frequencyctoeve spaced-apart droplets on a
substrate at a preset minimum pitch as the subsirat the fluid dispense ports
move relative to each other at a preset speed ahaihg translating direction that is
substantially perpendicular to the line;

determining a virtual fluid droplet pattern inclde
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determining a preset-defined fluid droplet pattiemdispensing the formable
material onto the substrate, the preset-definad fwoplet pattern based in
part on a pattern of an imprint lithography temg)and wherein the preset-
defined fluid droplet pattern is representativél@il droplets spaced apart
on the substrate at the preset minimum pitch anteger multiple thereof
as the substrate and the fluid dispense ports avedrelative to each other
at the preset speed along the transverse direerah;
determining an adjusted fluid droplet pattern basethe preset-defined fluid
droplet pattern, wherein the adjusted fluid droplattern is representative of
fluid droplets spaced apart at a non-integer mlelty the preset minimum
pitch, and the adjusted fluid droplet pattern is ¥irtual fluid droplet
pattern;
the method further comprises determining an adjuspeed of the substrate and the fluid
dispense ports relative to each other to gendnatsubstrate fluid droplet pattern
formed during the first and second passes, whéhneidjusted speed is different
than the preset speed during the first pass, tensgepass, or each of the first and
second passes; and
during the first pass, the second pass, or eattedirst and second passes, moving the
substrate and the fluid dispense ports relativeatdh other at the adjusted speed in
the translating direction, and dispensing the fdr@anaterial through the fluid
dispense ports at the preset frequency.
10. A method of manufacturing an article, the rodtbomprising:
providing a fluid dispense system having fluid @ispe ports;
determining a fluid droplet pattern for dispensanfprmable material onto a substrate;
during a first pass, dispensing the formable malternto the substrate to form a first part
of the fluid droplet pattern for an imprint fielherein the substrate and the fluid
dispense ports move relative to each other inrskaéing direction;
offsetting the substrate and the fluid dispenséspetative to each other in another
direction other than the translating direction, vene offsetting the substrate and
the fluid dispense ports relative to each oth@eidormed after dispensing the

formable material during the first pass;
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during a second pass, dispensing the formable rmbberto the substrate to form a
second part of the fluid droplet pattern for the@imt field, wherein dispensing the
formable material during the second pass is peddrafter offsetting the substrate
and the fluid dispense ports relative to each other

contacting the formable material with the templzdging a surface; and

curing the formable material to form a layer copa@sding to the surface of the template.
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