SUBSTRATE PRETREATMENT FOR REDUCING FILL TIME IN
NANOIMPRINT LITHOGRAPHY

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Patenp@lication Serial No.
15/195,789 entitled “"SUBSTRATE PRETREATMENT FOR REDING FILL TIME
IN NANOIMPRINT LITHOGRAPHY” and filed on June 28,046, which claims
priority to U.S. Patent Application Serial No. 184679 entitled “SUBSTRATE
PRETREATMENT FOR REDUCING FILL TIME IN NANOIMPRINT
LITHOGRAPHY” and filed on January 22, 2016, whiclaiens priority to U.S. Patent
Application Serial No. 62/215,316 entitled “SUBSTRBE PRETREATMENT FOR
REDUCING FILL TIME IN NANOIMPRINT LITHOGRAPHY” andfiled on
September 8, 2015, each of which are incorporateceberence herein in their

entirety.

TECHNICAL FIELD
[0002] This invention relates to facilitating throughpatnanoimprint lithography
processes by treating a nanoimprint lithographysstaie to promote spreading of an

imprint resist on the substrate.

BACKGROUND

[0003] As the semiconductor processing industry strivasldrger production

yields while increasing the number of circuits peit area, attention has been
focused on the continued development of reliabtghkiesolution patterning
technigues. One such technique in use today is comiynreferred to as imprint
lithography. Imprint lithography processes are dgsad in detail in numerous
publications, such as U.S. Patent Application Pedtion No. 2004/0065252, and U.S.
Patent Nos. 6,936,194 and 8,349,241, all of whichiacorporated by reference
herein. Other areas of development in which implithtography has been employed
include biotechnology, optical technology, and mamical systems.

[0004] An imprint lithography technique disclosed in eadfithe aforementioned

patent documents includes formation of a relieft@@at in an imprint resist and
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transferring a pattern corresponding to the repiaftern into an underlying substrate.
The patterning process uses a template spaced fapartthe substrate and a
polymerizable composition (an “imprint resist”) gizssed between the template and
the substrate. In some cases, the imprint residisigosed on the substrate in the
form of discrete, spaced-apart drops. The dropsadoaved to spread before the
imprint resist is contacted with the template. Aftee imprint resist is contacted with
the template, the resist is allowed to uniformly fine space between the substrate
and the template, then the imprint resist is séikdi to form a layer that has a pattern
conforming to a shape of the surface of the tengplafter solidification, the

template is separated from the patterned layer sli@hthe template and the substrate
are spaced apart.

[0005] Throughput in an imprint lithography process gexilgrdepends on a
variety of factors. When the imprint resist is dispd on the substrate in the form of
discrete, spaced-apart drops, throughput depentisaat in part on the efficiency and
uniformity of spreading of the drops on the sub®ré&preading of the imprint resist
may be inhibited by factors such as gas voids betwée drops and incomplete

wetting of the substrate and/or the template bydiaps.

SUMMARY
[0006] In a first general aspect, a nanoimprint lithognaphethod includes
disposing a pretreatment composition on a substmaferm a pretreatment coating
on the substrate, and disposing discrete portidnsprint resist on the pretreatment
coating, each discrete portion of the imprint resisvering a target area of the
substrate. The pretreatment composition includpslgmerizable component, and
the imprint resist is a polymerizable compositidncomposite polymerizable coating
including a mixture of the pretreatment compositeord the imprint resist is formed
on the substrate as each discrete portion of theimhresist spreads beyond its
target area. The composite polymerizable coatsngointacted with a nanoimprint
lithography template and polymerized to yield a pasite polymeric layer on the

substrate. The interfacial surface energy betwéenpretreatment composition and



air exceeds the interfacial surface energy betwbenmprint resist and air or
between at least a component of the imprint resnst air.

[0007] A second general aspect includes a nanoimprinbgjtaphy stack formed

by the method of the first general aspect.

[0008] A third general aspect includes manufacturing aiceby the method of

the first general aspect. The device may be ageeed substrate, an optical
component, or a quartz mold replica.

[0009] A fourth general aspect includes the device oftthied general aspect.
[0010] In a fifth general aspect, a nanoimprint lithogrgiit includes a
pretreatment composition and an imprint resist. e phetreatment composition
includes a polymerizable component, the impriniges a polymerizable
composition, and the interfacial surface energyMeen the pretreatment composition
and air exceeds the interfacial surface energy betwthe imprint resist and air or
between at least a component of the imprint resnst air.

[0011] In a sixth general aspect, a method for pretreasimg@noimprint

lithography substrate includes coating the substrath a pretreatment composition
and disposing discrete portions of an imprint resis the pretreatment composition.
The pretreatment composition includes a polymetriegammponent. The imprint
resist disposed in discrete portions on the preétneat composition spreads more
rapidly than the same imprint resist disposed angame substrate in the absence of
the pretreatment composition. The imprint resistostacted with a nanoimprint
lithography template after a defined length of tihnes elapsed between the disposing
of the discrete portions of the imprint resist twe pretreatment composition and the
contacting of the imprint resist with the nanoimmriithography template. Upon
contacting of the imprint resist with the nanoimmriithography template, interstitial
voids between the discrete portions of the impretist disposed on the pretreatment
composition are smaller in volume than interstitraids between the same imprint
resist disposed on the same substrate in the abs#nte pretreatment composition
when the defined length of time has elapsed betwbkerdisposing of the discrete
portions of the imprint resist on the substratéhia absence of the pretreatment

composition.



[0012] In a seventh general aspect, a nanoimprint lithplgyastack includes a
nanoimprint lithography substrate and a composakmeric layer formed on a
surface of the nanoimprint lithography substrat&@he chemical composition of the
composite polymeric layer is non-uniform, and irads a plurality of center regions
separated by boundaries. The chemical composdfadhe composite polymeric
layer at the boundaries differs from the chemiaahposition of the composite
polymeric layer at the interior of the center reggo In some cases, the nanoimprint
lithography substrate includes an adhesion layed, the composite polymeric layer
is formed on a surface of the adhesion layer. drian cases, the center regions and
the boundaries of the polymeric layer are formexhfran inhomogeneous mixture of
a pretreatment composition and an imprint resist.

[0013] Implementations of each of the above general aspmety include one or
more of the following features or may be formedaprocess or component
including one or more of the following features.

[0014] Disposing the pretreatment composition on the napoint lithography
substrate may be achieved by spin coating the @aétrent composition on the
nanoimprint lithography substrate. In some cases,ntanoimprint lithography
substrate comprises an adhesion layer, and disgdbm pretreatment composition on
the nanoimprint lithography substrate includes dspg the pretreatment
composition on the adhesion layer.

[0015] Disposing discrete portions of the imprint resigttbe pretreatment

coating may include dispensing drops of the impredist on the pretreatment
coating. In some cases, a discrete portion of m@rint resist contacts at least one
other discrete portion of the imprint resist, fongia boundary between the two
discrete portions before the composite polymerieaidating is contacted with the
nanoimprint lithography template. Each discretetipm of the imprint resist may

be separated from at least one other discrete grodf the imprint resist by the
pretreatment composition when the composite polynadxie coating is contacted
with the nanoimprint lithography template. In @@ cases, the composite coating

is a homogeneous mixture of the pretreatment comipasand the imprint resist.



[0016] Polymerizing the composite polymerizable coatingi®ld the composite
polymeric layer may include covalently bonding amgmonent of the pretreatment
composition to a component of the imprint residteTthemical composition of the
composite polymeric layer may be non-uniform. Tramaimprint lithography
template may be separated from the composite paligniayer.

[0017] In some cases, the difference between the intaafatirface energy
between the pretreatment composition and air aedriterfacial surface energy
between the imprint resist and air is in a rang@®.6f mN/m to 25 mN/m, 0.5 mN/m
to 15 mN/m, or 0.5 mN/m to 7 mN/m. In certain casehe interfacial surface
energy between the imprint resist and air is im@age of 20 mN/m to 60 mN/m, 28
mN/m to 40 mN/m, or 32 mN/m to 35 mN/m. In stillh@r cases, the interfacial
surface energy between the pretreatment composainzhair is in a range of 30
mN/m to 45 mN/m. A viscosity of the pretreatmeotposition is typically in a
range of 1 cP to 200 cP, 1 cP to 100 cP, or 1 cBOtoP at 23°C, and a viscosity of
the imprint resist is typically in a range of 1 t#50 cP, 1 cP to 25 cP, or 5 cP to 15
cP at 23°C.

[0018] The pretreatment composition may include a monomén. some cases,
the pretreatment composition includes a single nmo&ig consists essentially of a
single monomer, or is a single monomer. In certanes, the pretreatment
composition includes two or more monomers (e.gnamofunctional, difunctional, or
multifunctional acrylate monomer). The pretreatmeomposition may include
propoxylated (3) trimethylolpropane triacrylate,rintethylolpropane triacrylate,
dipentaerythritol pentaacrylate, trimethylolpropastaoxylate triacrylate, 1,12-
dodecanediol diacrylate, poly(ethylene glycol) didate, tetraethylene glycol
diacrylate, 1,3-adamantanediol diacrylate, nonaolediiacrylate, m-xylylene
diacrylate, tricyclodecane dimethanol diacrylateaoy combination thereof. The
pretreatment composition may include 1,12-dodecariaetiacrylate, tricyclodecane
dimethanol diacrylate, or a combination thereofrdethylene glycol diacrylate,
tricyclodecane dimethanol diacrylate, or a combimathereof; 20 wt% to 40wt%
1,12-dodecanediol diacrylate and 60 wt% to 80 wtBdytlodecane dimethanol
diacrylate; or about 30 wt% 1,12-dodecanediol dybate and about 70 wt%
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tricyclodecane dimethanol diacrylate. In some caies pretreatment composition is
free of a polymerization initiator.

[0019] The imprint resist may include 0 wt% to 80 wt%, &% to 80 wt%, or 40
wt% to 80 wt% of one or more monofunctional acrgkst20 wt% to 98 wt% of one
or more difunctional or multifunctional acrylatebwt% to 10 wt% of one or more
photoinitiators; and 1 wt% to 10 wt% of one or maerefactants. In some cases, the
imprint resist includes 90 wt% to 98 wt% of onemore difunctional or
multifunctional acrylates and is essentially frdemmnofunctional acrylates. In
certain cases, the imprint resist includes one orarmonofunctional acrylates and
20 wt% to 75 wt% of one or more difunctional or miunctional acrylates.

[0020] The polymerizable component of the pretreatmentpasition and a
polymerizable component of the imprint resist magat to form a covalent bond
during the polymerizing of the composite polymehlmcoating. The pretreatment
composition and the imprint resist may each incladeaonomer having a common
functional group (e.g., an acrylate group).

[0021] The details of one or more implementations of thbject matter described
in this specification are set forth in the accomyag drawings and the description
below. Other features, aspects, and advantagdsea$ubject matter will become

apparent from the description, the drawings, areldlaims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 depicts a simplified side view of a lithogtac system.

[0023] FIG. 2 depicts a simplified side view of the sulasérshown in FIG. 1, with
a patterned layer formed on the substrate.

[0024] FIGS. 3A-3D depict spreading interactions betweahr@ of a second
liquid on a layer of a first liquid.

[0025] FIG. 4 is a flowchart depicting a process for féailing nanoimprint
lithography throughput.

[0026] FIG. 5A depicts a substrate. FIG. 5B depicts ang@iment coating

disposed on a substrate.



[0027] FIGS. 6A-6D depict formation of a composite coatingm drops of
imprint resist disposed on a substrate having areaément coating.

[0028] FIGS. 7A-7D depict cross-sectional views along §mew, x-X, y-y, andz-z
of FIGS. 6A-6D, respectively.

[0029] FIGS. 8A and 8B depict cross-sectional views ofr@teatment coating
displaced by drops on a substrate.

[0030] FIGS. 9A-9C depict cross-sectional views of a tem@lin contact with a
homogeneous composite coating and the resultingingrint lithography stack.
[0031] FIGS. 10A-10C depict cross-sectional views of apéate in contact with
an inhomogeneous composite coating and the reguftamoimprint lithography
stack.

[0032] FIG. 11 is an image of drops of an imprint resigeaspreading on an
adhesion layer of a substrate without a pretreatmeating, corresponding to
Comparative Example 1.

[0033] FIG. 12 is an image of drops of an imprint resigeaspreading on a
pretreatment coating as described in Example 1.

[0034] FIG. 13 is an image of drops of an imprint resideaspreading on a
pretreatment coating as described in Example 2.

[0035] FIG. 14 is an image of drops of an imprint resigeaspreading on a
pretreatment coating as described in Example 3.

[0036] FIG. 15 shows defect density as a function of preaging time for the
imprint resist and pretreatment of Example 2.

[0037] FIG. 16 shows drop diameter versus time for spneggiretreatment
compositions.

[0038] FIG. 17A shows viscosity as a function of fractibmamposition of one
component in a two-component pretreatment compmwsitFIG. 17B shows drop
diameter versus time for various ratios of compdaen a two-component
pretreatment composition. FIG. 17C shows surfaositn of a two-component
pretreatment composition versus fraction of one gonent in the two-component

pretreatment composition.
DETAILED DESCRIPTION



[0039] FIG. 1 depicts an imprint lithographic system 1GGhe sort used to form a
relief pattern on substrate 102. Substrate 102 malpde a base and an adhesion
layer adhered to the base. Substrate 102 may bgleduo substrate chuck 104. As
illustrated, substrate chuck 104 is a vacuum ch&hkostrate chuck 104, however,
may be any chuck including, but not limited to, uam, pin-type, groove-type,
electromagnetic, and/or the like. Exemplary chuaks described in U.S. Patent No.
6,873,087, which is incorporated by reference her8ubstrate 102 and substrate
chuck 104 may be further supported by stage 108g&106 may provide motion
about the x-, y-, and z-axes. Stage 106, subsfr@®e and substrate chuck 104 may
also be positioned on a base.

[0040] Spaced apart from substrate 102 is a template T@8wplate 108 generally
includes a rectangular or square mesa 110 somaristfrom the surface of the
template towards substrate 102. A surface of md€amay be patterned. In some
cases, mesa 110 is referred to as mold 110 or ha8k Template 108, mold 110, or
both may be formed from such materials includingt bot limited to, fused silica,
guartz, silicon, silicon nitride, organic polymessloxane polymers, borosilicate
glass, fluorocarbon polymers, metal (e.g., chrotaatalum), hardened sapphire, or
the like, or a combination thereof. As illustratgdtterning of surface 112 includes
features defined by a plurality of spaced-aparesses 114 and protrusions 116,
though embodiments are not limited to such confagwwns. Patterning of surface 112
may define any original pattern that forms the baxfia pattern to be formed on
substrate 102.

[0041] Template 108 is coupled to chuck 118. Chuck 11&pscally configured
as, but not limited to, vacuum, pin-type, groov@dy electromagnetic, or other
similar chuck types. Exemplary chucks are furthesatibed in U.S. Patent No.
6,873,087, which is incorporated by reference herEurther, chuck 118 may be
coupled to imprint head 120 such that chuck 118&@nanprint head 120 may be
configured to facilitate movement of template 108.

[0042] System 100 may further include a fluid dispensdeays122. Fluid
dispense system 122 may be used to deposit impggist 124 on substrate 102.

Imprint resist 124 may be dispensed upon substt@fusing techniques such as
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drop dispense, spin-coating, dip coating, chemwegdor deposition (CVD), physical
vapor deposition (PVD), thin film deposition, thi€ikm deposition, or the like. In a
drop dispense method, imprint resist 124 is disdos@ substrate 102 in the form of
discrete, spaced-apart drops, as depicted in FIG. 1

[0043] System 100 may further include an energy sourceciifpled to direct
energy along path 128. Imprint head 120 and stdfemay be configured to position
template 108 and substrate 102 in superimpositidh path 128. System 100 may be
regulated by a processor 130 in communication wtdge 106, imprint head 120,
fluid dispense system 122, and/or source 126, aag operate on a computer
readable program stored in memory 132.

[0044] Imprint head 120 may apply a force to template $08h that mold 110
contacts imprint resist 124. After the desired votuis filled with imprint resist 124,
source 126 produces energy (e.g., electromagneati@tion or thermal energy),
causing imprint resist 124 to solidify (e.g., polgnee and/or crosslink), conforming
to the shape of surface 134 of substrate 102 atténmang surface 112. After
solidification of imprint resist 124 to yield a poheric layer on substrate 102, mold
110 is separated from the polymeric layer.

[0045] FIG. 2 depicts nanoimprint lithography stack 200nfied by solidifying
imprint resist 124 to yield patterned polymeric éay202 on substrate 102. Patterned
layer 202 may include a residual layer 204 anduaglity of features shown as
protrusions 206 and recesses 208, with protrusf@¥&having a thickness and
residual layer 204 having a thicknegslh nanoimprint lithography, a length of one
or more protrusions 206, recessions 208, or bothalfE to substrate 102 is less than
100 nm, less than 50 nm, or less than 25 nm. Inesoases, a length of one or more
protrusions 206, recessions 208, or both is betwleem and 25 nm or between 1 nm
and 10 nm.

[0046] The above-described system and process may beefuirtiplemented in
imprint lithography processes and systems sucthaset referred to in U.S. Patent
Nos. 6,932,934, 7,077,992; 7,197,396; and 7,396,41%f which are incorporated

by reference herein.



[0047] For a drop-on-demand or drop dispense nanoimpttinbgraphy process,

in which imprint resist 124 is disposed on substrh®2 as discrete portions
(“drops”), as depicted in FIG. 1, the drops of thgrint resist typically spread on
the substrate 102 before and after mold 110 costdat imprint resist. If the
spreading of the drops of imprint resist 124 isuiffi€ient to cover substrate 102 or
fill recesses 114 of mold 110, polymeric layer 283y be formed with defects in the
form of voids. Thus, a drop-on-demand nanoimprititdgraphy process typically
includes a delay between initiation of dispensawdnhe drops of imprint resist 124
and initiation of movement of the mold 110 towahe timprint resist on the substrate
102 and subsequent filling of the space betweersttistrate and the template. As
such, throughput of an automated nanoimprint littapdpy process is generally
limited by the rate of spreading of the imprintiston the substrate and filling of the
template. Accordingly, throughput of a drop-on-demar drop dispense
nanoimprint lithography process may be improvedégucing “fill time” (i.e., the
time required to completely fill the space betwdlka template and substrate such
that voids are not present).

[0048] One way to decrease fill time is to increase the & spreading of the
drops of the imprint resist and coverage of thesstaie with the imprint resist before
movement of the mold toward the substrate is itgila Increasing coverage of the
substrate reduces the volume of interstitial vdddsween drops of the imprint resist,
thereby reducing the amount of gas trapped in therstitial voids when the imprint
resist is contacted with the mold and reducingribenber and severity of defects in
the patterned layer resulting therefrom. As desmdiberein, the rate of spreading of
an imprint resist and the uniformity of coveragetioé substrate may be improved by
pretreating the substrate with a liquid that proesotapid and even spreading of the
discrete portions of the imprint resist and polymes with the imprint resist during
formation of the patterned layer, such that the ammf gas trapped in the
interstitial voids when the imprint resist is cocated with the mold and thus the
number and severity of defects in the resultinggraied layer are reduced.

[0049] Spreading of discrete portions of a second ligudadfirst liquid may be
understood with reference to FIGS. 3A-3D. FIGS. 3B-depict first liquid 300 and
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second liquid 302 on substrate 304 and in contatit gas 306 (e.g., air, an inert gas
such as helium or nitrogen, or a combination ofrirgases). First liquid 300 is
present on substrate 304 in the form of coatintager, used here interchangeably. In
some cases, first liquid 300 is present as a lageing a thickness of a few
nanometers (e.g., between 1 nm and 15 nm, or betwaen and 10 nm). Second
liquid 302 is present in the form of a discretetpmr (“drop”). The properties of first
liguid 300 and second liquid 302 may vary with respto each other. For instance,
in some cases, first liquid 300 may be more viscang dense than second liquid
302.

[0050] The interfacial surface energy, or surface tensbhmtyween second liquid
302 and first liquid 300 is denoted @s.2. The interfacial surface energy between
first liquid 300 and gas 306 is denotedyass. The interfacial surface energy
between second liquid 302 and gas 306 is denoteg,asThe interfacial surface
energy between first liquid 300 and substrate 30ddanoted ags. ;. The interfacial
surface energy between second liquid 302 and sates804 is denoted §s».

[0051] FIG. 3A depicts second liquid 302 as a drop displose first liquid 300.
Second liquid 302 does not deform first liquid 3®@d does not touch substrate 304.
As depicted, first liquid 300 and second liquid 302 not intermix, and the interface
between the first liquid and the second liquid epttted as flat. At equilibrium, the
contact angle of second liquid 302 on first liq@d0 isO, which is related to the

interfacial surface energiggic, Yi2c, andy 12 by Young’s equation:

Yie = Viwa ¥ Vi [COS(6) (1)

Vie 2 Vi * Vise (2)
then® = 0°, and second liquid 302 spreads completelyimt liquid 300. If the
liquids are intermixable, then after some elapsexet

Yiwe =0 (3)
In this case, the condition for complete spreadhgecond liquid 302 on first liquid
300 is

Vie 2 Vi (4)

For thin films of first liquid 300 and small drojeg second liquid 302, intermixing
11



may be limited by diffusion processes. Thus, focael liquid 302 to spread on first
liquid 300, the inequality (2) is more applicabrethe initial stages of spreading,
when second liquid 302 is disposed on first lig8@D in the form of a drop.

[0052] FIG. 3B depicts contact angle formation for a dadsecond liquid 302
when the underlying layer of first liquid 300 isi¢k. In this case, the drop does not
touch the substrate 304. Drop of second liquid 804 layer of first liquid 300

intersect at angles, p, and0, with
a+pB+6=2n (5)

There are three conditions for the force balanom@leach interface:

Yise * Vi, Lcos(8) + y .o [cos(a) =0 (6)
Vi 1COS(O) + ¥ 1, * Vi [COS(B) =0 (7)
Yise [cos(@) + yy, [cos(B) + Y =0 (8)

If first liquid 300 and second liquid 302 are intexable, then
yLlLZ = 0 (9)

and equations (6)-(8) become:

Yi26 ¥ Ve LCOS(@) =0 (10)
Yis6 [€OS(O) + y 46 [COS(B) =0 (11)
Yise lcos(a)+y 6 =0 (12)

Equations (10) and (12) give

co$(a) =1 (13)
and

a=0,n (14)
When second liquid 302 wets first liquid 300,

a=n (15)

Yize = Vi (16)

and equation (11) gives
cos(8) + cos(B) =0 (17)
Combining this result with equations (5) and (1b)e3:
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6=0 (18)
B =n (19)

Thus, equations (15), (18), and (19) give solutiorsanglesa, B, and6.
When

Yie 2 Vize (20)
there is no equilibrium between the interfaces. &n (12) becomes an inequality
even fora =z, and second liquid 302 spreads continuously ost figuid 300.
[0053] FIG. 3C depicts a more complex geometry for a dsbpecond liquid 302
touching substrate 304 while also having an integfaith first liquid 300. Interfacial
regions between first liquid 300, second liquid 3@8d gas 306 (defined by angles
B, andB;) and first liquid 300, second liquid 302, and subte 304 (defined by angle
0,) must be considered to determine spreading belhafithe second liquid on the
first liquid.
[0054] The interfacial region between first liquid 300cseed liquid 302, and gas
306 is governed by equations (6)-(8). Since firgtid 300 and second liquid 302 are

intermixable,

Vi =0 (21)
The solutions for angle are given by equation (14). In this case, let

a=0 (22)
and

6, = n (23)

p=n (24)
When

Yie 2 Vize (25)

there is no equilibrium between the drop of secbqdid 302 and first liquid 300, and
the drop spreads continuously along the interfaetsvben the second liquid and the
gas until limited by other physical limitations ¢e. conservation of volume and
intermixing).

[0055] For the interfacial region between first liguid®@Gecond liquid 302, and
substrate 304, an equation similar to equations{iguld be considered:

Va1 =Vao ¥ Wuo[COSR) (26)
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ySL’I_ZVS_Z +yL1LZ (27)
the drop spreads completely, aég= 0.
Again, as for the intermixable liquids, the secdadny. 1> = 0, and the inequality

(27) simplifies to

Va1 2 Va0 (28)
The combined condition for the drop spreading ipressed as
Ve tVar 2 Vios Than (29)

when energies before and after the spreading amsidered. There should be an
energetically favorable transition (i.e., the trdmos that minimizes the energy of the
system).

[0056] Different relationships between the four terms he tinequality (29) w
ill determine the drop spreading character. Thepdod second liquid 302 can i
nitially spread along the surface of the first ligu300 if the inequality (25) is
valid but the inequality (28) is not. Or the dr@an start spreading along liqu
id-solid interface provided the inequality (28) Hslup and the inequality (25)
does not. Eventually first liquid 300 and seconduld 302 will intermix, thus i

ntroducing more complexity.

[0057] FIG. 3D depicts a geometry for a drop of secomdild 302 touching
substrate 304 while having an interface with fitfguid 300. As indicated in FIG. 3D,
there are two interfacial regions of interest ocleaide of the drop of second liquid
302. The first interfacial region is where firsgliid 300, second liquid 302, and gas
306 meet, indicated by anglesp, and6;. The second interfacial region of interest is
where first liquid 300, second liquid 302, and swate 304 meet, indicated by angle
0,.Here,8; approaches 0° an@b approaches 180° as the drop spreads when the
surface tension of the interface between seconddi®@02 and substrate 304 exceeds
the surface tension of the interface between figgtid 300 and the substratgs(, >
ysL1). That is, drop of second liquid 302 spreads altmginterface between first
liquid 300 and the second liquid and does not spradang the interface between the
second liquid and substrate 304.

[0058] For the interface between first liquid 300, secdiqdid 302, and gas 306,

equations (6)-(8) are applicable. First liquid 3 second liquid 302 are
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intermixable, so

Yiuz =0 (30)
The solutions for angle are given by equation (14). For

o= (31)
Equation (11) gives

cos(6;) + cos(B) =0 (32)
and

6, =0 (33)

p=n (34)
When

Vi 2 Vi (35)

there is no equilibrium between the drop of secbqdid 302 and liquid 300, and the
drop spreads continuously along the interface betwthe second liquid and the gas
until limited by other physical limitations (e.gconservation of volume and

intermixing).

[0059] For the interfacial region between second ligud® Z&nd substrate 304,

Vst = Ysiz T Yianz - €05(02) (36)
cos(6,) = LsLrsiz (37)
YL1L2
If
Ysi1 = Vsi2 (38)
and the liquids are intermixable, i.e.,
Yii2 = 0 (39)
—o0 < cos(f;) < —1 (40)

the anglef, approaches 180° and then becomes undefined. $haecond liquid 302
has a tendency to contract along the substratefade and spread along the interface
between first liquid 300 and gas 306.

[0060] Spreading of second liquid 302 on first liquid 3€&n be summarized for
three different cases, along with the surface epeegationship for complete
spreading. In the first case, drop of second liqgd& is disposed on layer of first

liguid 300, and the drop of the second liquid daes$ contact substrate 304. Layer of
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first liquid 300 can be thick or thin, and the titgquid 300 and second liquid 302 are
intermixable. Under ideal conditions, when the agd energy of first liquid 300 in

the gas 306 is greater than or equal to the suréaeegy of the second liquid 302 in
the gas ¢, .. =2 y,,. ), complete spreading of the drop of sddauid 302 occurs on
layer of first liquid 300. In the second case, dadpsecond liquid 302 is disposed on
layer of first liquid 300 while touching and spremag at the same time on substrate
304. The first liquid and second liquid 302 areeimbixable. Under ideal conditions,
complete spreading occurs when: (i) the surfacegnef first liquid 300 in the gas

is greater than or equal to the surface energyobsd liquid 302 in the gas

(¥.1s 2 V0.6 ) @nd (ii) the surface energy of the interfacéween the first liquid and
substrate 304 exceeds the surface energy of tleefatte between the second liquid

and the substrate}g;2)q, ). In the third case, drop obad liquid 302 is disposed

on layer of the first liquid 300 while touching sibate 304. Spreading may occur
along the interface between second liquid 302 ared iquid 300 or the interface
between the second liquid and substrate 304. Trisé liquid and second liquid 302
are intermixable. Under ideal conditions, complgpeeading occurs when the sum of
the surface energy of first liquid 300 in the gasl ahe surface energy of the
interface between the first liqguid and substratd 8)greater than or equal to the sum

of the surface energy of second liquid 302 in tlas gnd the surface energy of the
interface between the second liquid and the subts{f g * Vg1 2Vic T Vg2 ) while

the surface energy of first liquid 300 in the gagreater than or equal to the surface
energy of second liquid 302 in the gas ( = y,,. ) or (¢ tsurface energy of the
interface between the first liquid and substratd 8@ceeds the surface energy of the
interface between the second liquid and the subes{ja; = V5, ). When second

liquid 302 includes more than one component, cotgp$preading can occur when
the sum of the surface energy of first liquid 3@Qhe gas and the surface energy of
the interface between the first liquid and substra®4 is greater than or equal to the

sum of the surface energy of second liquid 302 gas and the surface energy of
the interface between the second liquid and thessabte (g tVg12Vioc Va2 )
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while the surface energy of first liquid 300 in thas is greater than or equal to the
surface energy of at least one of the componenteobnd liquid 302 in the gas or
(ii) the surface energy of the interface betweem fihst liquid and substrate 304
exceeds the surface energy of the interface betwaenof the components of the
second liguid and the substrate.

[0061] By pretreating a nanoimprint lithography substraiéh a liquid
pretreatment composition selected to have a suréaeggy greater than that of the
imprint resist in the ambient atmosphere (e.g.,oaian inert gas), the rate at which
an imprint resist spreads on the substrate in @-@mo-demand nanoimprint
lithography process may be increased and a mor®umithickness of the imprint
resist on the substrate may be established behmemprint resist is contacted with
the template, thereby facilitating throughput i thanoimprint lithography process.
This substrate pretreatment process reduces dispgéng by improving drop
spreading and therefore reducing interstitial veadume between the imprint resist
drops before imprinting. As used herein, “dispetisee” generally refers to the time
between drop dispense and the template touchingitbes.If the pretreatment
composition includes polymerizable components cépalb intermixing with the
imprint resist, then this can advantageously cdutiee to formation of the resulting
polymeric layer without the addition of undesireahtponents, and may result in
more uniform curing, thereby providing more unifomechanical and etch
properties.

[0062] FIG. 4 is a flowchart showing a process 400 forlfeating throughput in
drop-on-demand nanoimprint lithography. Process #h@ludes operations 402-410.
In operation 402, a pretreatment composition ipdsed on a nanoimprint
lithography substrate to form a pretreatment captin the substrate. In operation
404, discrete portions (“drops”) of an imprint retsare disposed on the pretreatment
coating, with each drop covering a target areahefsubstrate. The pretreatment
composition and the imprint resist are selectechshat the interfacial surface
energy between the pretreatment composition andithexceeds the interfacial

surface energy between the imprint resist and the a
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[0063] In operation 406, a composite polymerizable coatiftgmposite coating”)
is formed on the substrate as each drop of theimhpesist spreads beyond its target
area. The composite coating includes a homogenebuthomogeneous mixture of
the pretreatment composition and the imprint redisoperation 408, the composite
coating is contacted with a nanoimprint lithogragkyplate (“template”), and
allowed to spread and fill all the volume betwebke template and substrate, and in
operation 410, the composite coating is polymerizegield a polymeric layer on the
substrate. After polymerization of the compositattog, the template is separated
from the polymeric layer, leaving a nanoimprintbigraphy stack. As used herein,
“nanoimprint lithography stack” generally refersttoe substrate and the polymeric
layer adhered to the substrate, each or both otlwmay include one or more
additional (e.g., intervening) layers. In one exdmphe substrate includes a base and
an adhesion layer adhered to the base.

[0064] The surface energy of an imprint resist plays & nalthe capillary action
between the template and substrate during resrsiasing. The pressure difference
on two sides of the formed capillary meniscus isgartional to the surface energy of
the liquid. The higher the surface energy, the tgethe driving force for liquid
spreading. Thus, higher surface energy imprintstssare typically preferred. The
dynamics of resist drop spreading while interactimith a pretreatment composition
depends on viscosities of both the imprint resired the pretreatment composition.
An imprint resist or pretreatment composition hayian higher viscosity tends to slow
the drop spread dynamics and may, for instancey slown the imprint process. The
capillary pressure difference is proportional te thterfacial tensiony, and

inversely proportional to the effective radiuspf,the interface, and also depends on
the wetting anglef, of the liquid on the surface of the capillary.drmt resists with
high surface tension and lower contact angles amgrdble for fast filling in a
nanoimprint lithography process. The contact argflan imprint resist on the surface
of a nanoimprint lithography template surface ipitally less than 90°, less than
50°, or less than 30°.

[0065] In process 400, the pretreatment composition aedrtiprint resist may

include a mixture of components as described, kangple, in U.S. Patent No.

18



7,157,036 and U.S. Patent No. 8,076,386, as weClasu et al. 1995, Imprint of sub-
25 nm vias and trenches in polymeAgplied Physics Letters 67(21):3114-3116;
Chou et al. 1996, Nanoimprint lithographjournal of Vacuum Science Technology B
14(6): 4129-4133; and Long et al. 2007, Materias $tep and flash imprint
lithography (S-FIL®).Journal of Materials Chemistry 17:3575-3580, all of which are
incorporated by reference herein. Suitable compmsstinclude polymerizable
monomers (“monomers”), crosslinkers, resins, phatators, surfactants, or any
combination thereof. Classes of monomers includglates, methacrylates, vinyl
ethers, and epoxides, as well as polyfunctionaivd¢ives thereof. In some cases, the
pretreatment composition, the imprint resist, othbare substantially free of silicon.
In other cases, the pretreatment composition, itiyeriint resist, or both are silicon-
containing. Silicon-containing monomers includer, &xample, siloxanes and
disiloxanes. Resins can be silicon-containing (esgsesquioxanes) and non-silicon-
containing (e.g., novolak resins). The pretreatnmmarhposition, the imprint resist, or
both may also include one or more polymerizatiomiators or free radical
generators. Classes of polymerization initiatordude, for example, photoinitiators
(e.g., acyloins, xanthones, and phenones), phodogenerators (e.g., sulfonates and
onium salts), and photobase generators (e.g., arittobenzyl carbamates, oxime
urethanes, and O-acyl oximes).

[0066] Suitable monomers include monofunctional, difunotg or

multifunctional acrylates, methacrylates, vinyl eth, and epoxides, in which mono-,
di-, and multi- refer to one, two, and three or mof the indicated functional groups,
respectively. Some or all of the monomers may berinated (e.g., perfluorinated).
In the case of acrylates, for example, the pretneat, the imprint resist, or both may
include one or more monofunctional acrylates, onenore difunctional acrylates,
one or more multifunctional acrylates, or a combiom thereof.

[0067] Examples of suitable monofunctional acrylates ineusobornyl acrylate,
3,3,5-trimethylcyclohexyl acrylate, dicyclopenteradrylate, benzyl acrylate, 1-
naphthyl acrylate, 4-cyanobenzyl acrylate, pentaftbbenzyl acrylate, 2-phenylethyl
acrylate, phenyl acrylate, (2-ethyl-2-methyl-1,3xlolan-4-yl)methyl acrylaten-

hexyl acrylate, 4ert-butylcyclohexyl acrylate, methoxy polyethylene gty (350)
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monoacrylate, and methoxy polyethylene glycol (56®)noacrylate.

[0068] Examples of suitable diacrylates include ethylgheol diacrylate,
diethylene glycol diacrylate, triethylene glycoladrylate, tetraethylene glycol
diacrylate, polyethylene glycol diacrylate (e.g.nMavg = 575), 1,2-propanediol
diacrylate, dipropylene glycol diacrylate, triprdpge glycol diacrylate,
polypropylene glycol diacrylate, 1,3-propanedioadiylate, 1,4-butanediol diacrylate,
2-butene-1,4-diacrylate, 1,3-butylene glycol didatg, 3-methyl-1,3-butanediol
diacrylate, 1,5-pentanediol diacrylate, 1,6-hexaaokdiacrylate, 1H,1H,6H,6H-
perfluoro-1,6-hexanediol diacrylate, 1,9-nonanedi@crylate, 1,10-decanediol
diacrylate, 1,12-dodecanediol diacrylate, neopegtytol diacrylate, cyclohexane
dimethanol diacrylate, tricyclodecane dimethan@adylate, bisphenol A diacrylate,
ethoxylated bisphenol A diacrylatey-xylylene diacrylate, ethoxylated (3) bisphenol
A diacrylate, ethoxylated (4) bisphenol A diacrgatthoxylated (10) bisphenol A
diacrylate, dicyclopentanyl diacrylate, 1,2-adansargdiol diacrylate, 2,4-
diethylpentane-1,5-diol diacrylate, poly(ethylengapl) (400) diacrylate,
poly(ethylene glycol) (300) diacrylate, 1,6-hexai@dEO), diacrylate, 1,6-
hexanediol (EQ)diacrylate, and alkoxylated aliphatic diacrylatdes.

[0069] Examples of suitable multifunctional acrylateslumbe trimethylolpropane
triacrylate, propoxylated trimethylolpropane triglate (e.g., propoxylated (3)
trimethylolpropane triacrylate, propoxylated (6)nethylolpropane triacrylate),
trimethylolpropane ethoxylate triacrylate (e.g.+1.3, 3, 5), di(trimethylolpropane)
tetraacrylate, propoxylated glyceryl triacrylateq.e propoxylated (3) glyceryl
triacrylate), tris (2-hydroxy ethyl) isocyanurateacrylate, pentaerythritol triacrylate,
pentaerythritol tetracrylate, ethoxylated pentakribl tetracrylate, dipentaerythritol
pentaacrylate, tripentaerythritol octaacrylate.

[0070] Examples of suitable crosslinkers include difunotibacrylates and
multifunctional acrylates, such as those describecktin.

[0071] The photoinitiators are preferably radical genersitdexamples of suitable
radical generators include, but are not limited2gi,5-triarylimidazole dimers
optionally having substituents such as a 2-(o-abwbenyl)-4,5-diphenylimidazole
dimer, a 2-(o-chlorophenyl)-4,5-di(methoxyphenyl)dazole dimer, a 2-(o-
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fluorophenyl)-4,5-diphenylimidazole dimer, and g&-or p-methoxyphenyl)-4,5-
diphenylimidazole dimer; benzophenone derivativeshsas benzophenone, N,N'-
tetramethyl-4,4'-diaminobenzophenone (Michler'sokef), N,N'-tetraethyl-4,4'-
diaminobenzophenone, 4-methoxy-4'-dimethylaminolo@hznone, 4-
chlorobenzophenone, 4,4'-dimethoxybenzophenone dadiddiaminobenzophenone;
o-amino aromatic ketone derivatives such as 2-be@zgimethylamino-1-(4-
morpholinophenyl)-butanone-1,2-methyl-1-[4-(metty&t)phenyl]-2-morpholino-
propan-1-one; quinones such as 2-ethylanthraquinphenanthrenequinone, 2-t-
butylanthraquinone, octamethylanthraquinone, 1,8zl@thraquinone, 2,3-
benzanthraquinone, 2-phenylanthraquinone, 2,3-diglanthraquinone, 1-
chloroanthraquinone, 2-methylanthraquinone, 1,4hlapquinone, 9,10-
phenanthraquinone, 2-methyl-1,4-naphthoquinone, A8edimethylanthraquinone;
benzoin ether derivatives such as benzoin methgretbenzoin ethyl ether, and
benzoin phenyl ether; benzoin derivatives suchewbin, methylbenzoin,
ethylbenzoin, and propylbenzoin; benzyl derivatigegh as benzyl dimethyl ketal,
acridine derivatives such as 9-phenylacridine ajdhis(9,9'-acridinyl)heptane; N-
phenylglycine derivatives such as N-phenylglycineetophenone derivatives such as
acetophenone, 3-methylacetophenone, acetophenorzylbestal, 1-
hydroxycyclohexyl phenyl ketone, and 2,2-dimethd@ephenylacetophenone;
thioxanthone derivatives such as thioxanthone,hdighioxanthone, 2-
isopropylthioxanthone, and 2-chlorothioxanthoneylphosphine oxide derivatives
such as 2,4,6-trimethylbenzoyl diphenylphosphinaexbis(2,4,6-
trimethylbenzoyl)phenylphosphine oxide, and bisfdithethoxybenzoyl)-2,4,4-
trimethylpentylphosphine oxide; oxime ester derivas such as 1,2-octanedione,1-
[4-(phenylthio)-,2-(O-benzoyloxime)], ethanone ah9-ethyl-6-(2-methylbenzoyl)-
9H-carbazol-3-yl]-,1-(O-acetyloxime); and xanthofflelorenone, benzaldehyde,
fluorene, anthraquinone, triphenylamine, carbaztl¢4-isopropylphenyl)-2-
hydroxy-2-methylpropan-1-one, and 2-hydroxy-2-methyphenylpropan-1-one.
[0072] Examples of commercially available products of thdical generators
include, but are not limited to, IRGACURE 184, 227,0, 290, 369, 379, 651, 500,
754, 819, 907, 784, 1173, 2022, 2100, 2959, 4265,8BF, OXEO01, OXEO02,
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PAG121, PAG203, CGI-1700, -1750, -1850, CG24-612@&1l, DAROCUR 1116,
1173, LUCIRIN TPO, TPO-L, LR8893, LR8953, LR8728danR8970 manufactured
by BASF; and EBECRYL P36 manufactured by UCB.

[0073] Acylphosphine oxide polymerization initiators okglphenone
polymerization initiators are preferred. Among #»eamples listed above, the
acylphosphine oxide polymerization initiators ag/l@hosphine oxide compounds
such as 2,4,6-trimethylbenzoyl diphenylphosphinalexbis(2,4,6-
trimethylbenzoyl)phenylphosphine oxide, and bisfdithethoxybenzoyl)-2,4,4-
trimethylpentylphosphine oxide. Among the examgdleted above, the alkylphenone
polymerization initiators are benzoin ether derivas such as benzoin methyl ether,
benzoin ethyl ether, and benzoin phenyl ether; bemderivatives such as benzoin,
methylbenzoin, ethylbenzoin, and propylbenzoin;bdrderivatives such as benzyl
dimethyl ketal; acetophenone derivatives such atahenone, 3-
methylacetophenone, acetophenone benzyl ketal,dtexycyclohexyl phenyl
ketone, and 2,2-dimethoxy-2-phenylacetophenone;ca@athino aromatic ketone
derivatives such as 2-benzyl-2-dimethylamino-1-(drpholinophenyl)-butanone-1,2-
methyl-1-[4-(methylthio)phenyl]-2-morpholinopropdrene.

[0074] The content of the photoinitiators is 0.1 wt% orma@nd 50 wt% or less,
preferably 0.1 wt% or more and 20 wt% or less, momeferably 1 wt% or more and
20 wt% or less, with respect to the total weightatifcomponents except for solvent
components.

[0075] When the photoinitiator content is 0.1 wt% or mavri¢h respect to the
total weight excluding solvent components, the ggriate of a curable composition
can be accelerated. As a result, reaction effigyesan be improved. When the
content is 50 wt% or less with respect to the tetalght excluding solvent
components, the resulting cured product can beradccproduct having mechanical
strength to some extent.

[0076] Examples of suitable photoinitiators include IRGARB 907, IRGACURE
4265, 651, 1173, 819, TPO, and TPO-L.

[0077] A surfactant can be applied to a patterned surtdan imprint lithography

template, added to an imprint lithography resistboth, to reduce the separation
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force between the solidified resist and the temmlélhereby reducing separation
defects in imprinted patterns formed in an impfithography process and to increase
the number of successive imprints that can be nvatte an imprint lithography
template. Factors in selecting a release agenaomprint resist include, for
example, affinity with the surface, desired surfgceperties of the treated surface,
and shelf life of the release agent in an impregist. While some release agents
form covalent bonds with the template, fluorinatedn-ionic surfactants interact
with template surfaces via non-covalent-bondingrattions such as hydrogen
bonding and van der Waals interactions.

[0078] Examples of suitable surfactants include fluorimaésd non-fluorinated
surfactants. The fluorinated and non-fluorinatedi@actants may be ionic or non-
ionic surfactants. Suitable non-ionic fluorinatadfactants include fluoro-aliphatic
polymeric esters, perfluoroether surfactants, fasurfactants of polyoxyethylene,
fluorosurfactants of polyalkyl ethers, fluoroalkyblyethers, and the like. Suitable
non-ionic non-fluorinated surfactants include ethplated alcohols, ethoxylated
alkylphenols, and polyethyleneoxide-polypropylene@xblock copolymers.

[0079] Exemplary commercially available surfactant compuseanclude, but are
not limited to, ZONYL® FSO and ZONYL® FS-300, mamgtured by E.l. du Pont
de Nemours and Company having an office locatedilmington, Del.; FC-4432
and FC-4430, manufactured by 3M having an officeated in Maplewood, Minn.;
MASURF® FS-1700, FS-2000, and FS-2800 manufactime@ilot Chemical
Company having an office located in Cincinnati, @hiS-107B, manufactured by
Chemguard having an office located in Mansfieldxd® FTERGENT 222F,
FTERGENT 250, FTERGENT 251, manufactured by NEO®m@ital Chuo-ku,
Kobe-shi, Japan; PolyFox PF-656, manufactured byN@WA Solutions Inc. having
an office located in Akron, Ohio; Pluronic L35, L4R43, L44, L63, L64, etc.
manufactured by BASF having an office located inrBam Park, New Jersey; Brij
35, 58, 78, etc. manufactured by Croda Inc. hadngffice located in Edison, New
Jersey.

[0080] Further, the pretreatment composition and the imprésist may include

one or more non-polymerizable compounds accordongatrious purposes without
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impairing the effects of this disclosure, in additito the components mentioned
above. Examples of such components include seesgjzydrogen donors,
antioxidants, polymer components, and other addgiv

[0081] Sensitizers are compounds that are appropriatedigador the purpose of
accelerating polymerization reaction or improvirggction conversion rates.
Examples of suitable sensitizers include sensigages.

[0082] Sensitizing dyes are compounds that are exciteddsprbing light with a
particular wavelength to interact with the photoiators serving as component (B).
As used herein, the interaction refers to energpgfer, electron transfer, etc., from
the sensitizing dyes in an excited state to thet@in@tiators serving as component
(B).

[0083] Specific examples of suitable sensitizing dyesudel, but are not limited
to, anthracene derivatives, anthraquinone deriestiypyrene derivatives, perylene
derivatives, carbazole derivatives, benzophenonedgves, thioxanthone
derivatives, xanthone derivatives, coumarin deiwed, phenothiazine derivatives,
camphorquinone derivatives, acridine dyes, thiopiyry salt dyes, merocyanine
dyes, quinoline dyes, styrylquinoline dyes, ketomawin dyes, thioxanthene dyes,
xanthene dyes, oxonol dyes, cyanine dyes, rhodachyes, and pyrylium salt dyes.
[0084] One type of these sensitizers may be used aloney®or more types of
these sensitizers may be used as a mixture.

[0085] Hydrogen donors are compounds that react withatidn radicals
generated from the photoinitiators serving as congm (B), or radicals at the
growing ends of polymers to generate more reaataicals. Hydrogen donors are
preferably added when component (B) is one or npdr@toradical generators.
[0086] Specific examples of suitable hydrogen donors idelubut are not limited
to, amine compounds such as n-butylamine, di-n-amyne, tri-n-butylamine,
allylthiourea, s-benzylisothiuronium-p-toluenesuHte, triethylamine,
diethylaminoethyl methacrylate, triethylenetetramid ,4'-
bis(dialkylamino)benzophenone, N,N-dimethylaminobeic acid ethyl ester, N,N-

dimethylaminobenzoic acid isoamyl ester, pentylithethylaminobenzoate,
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triethanolamine, and N-phenylglycine; and mercagampounds such as 2-mercapto-
N-phenylbenzimidazole and mercaptopropionic aciles

[0087] One type of these hydrogen donors may be used atomntevo or more

types of these hydrogen donors may be used as araixAlso, the hydrogen donors
may have functions as sensitizers.

[0088] The content of these components (non-polymerizablapounds) in the
imprint resist is 0 wt% or more and 50 wt% or legseferably 0.1 wt% or more and
50 wt% or less, more preferably 0.1 wt% or more @@dnass% or less, with respect
to the total weight of all components except folvemt components.

[0089]  Further, the imprint resist may include one or msoévents as an
additional component. Preferred solvents includg, dre not limited to, solvents
having a boiling point of 80C or higher and 20@ or lower at ordinary pressure.
Solvents each having at least one of a hydroxyugraether structure, ester structure,
or ketone structure are more preferred.

[0090] Specific examples of suitable solvents include hldosolvents such as
propyl alcohol, isopropyl alcohol, and butyl alcéhether solvents such as ethylene
glycol monomethyl ether, ethylene glycol dimethyher, ethylene glycol monoethyl
ether, ethylene glycol diethyl ether, ethylene glymonobutyl ether, and propylene
glycol monomethyl ether; ester solvents such aylbatetate, ethylene glycol
monoethyl ether acetate, ethylene glycol monobatiier acetate, and propylene
glycol monomethyl ether acetate; and ketone solventch as methyl isobutyl ketone,
diisobutyl ketone, cyclohexanone, 2-heptanopbutyrolactone, and ethyl lactate. A
single solvent or a mixed solvent selected fronsthsolvents is preferred.

[0091] In some cases, the pretreatment composition magob#ined with one or
more solvents. In one example, in which the prdtneat composition is applied via
spin-coating, the pretreatment composition is camediwith one or more solvents to
promote spreading on the substrate, after whiclst@nially all of the solvent is
evaporated to leave the pretreatment compositiothersubstrate.

[0092] Solvents suitable for combining with the pretreatitneomposition

generally include those described with respech®imprint resist. For spin-coating

applications of the pretreatment composition, gkarsolvent or a mixed solvent
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selected from propylene glycol monomethyl ethertat® propylene glycol
monomethyl ether, cyclohexanone, 2-heptangrleytyrolactone, and ethyl lactate is
particularly preferred from the viewpoint of coagiproperties.

[0093] The content of the solvent components to be conthimieh the

pretreatment composition can be appropriately aépidy viscosity, coating
properties, the film thickness of a formed curegela etc., and is preferably 70 wt%
or more, preferably 90 wt% or more, further prefdya95 wt% or more, with respect
to the total amount of the pretreatment composiaod the solvent. A larger content
of the solvent components can make the film thidenef the pretreatment
composition thinner. If the content of the solvenmponents is 70 wt% or less of the
solvent/pretreatment composition mixture, adequat&ting properties may not be
obtained.

[0094]  Although such solvents may be used in the imprestst, it is preferred

that the imprint resist should substantially contab solvent. As used herein, the
phrase "substantially contain no solvent" referbéong free from solvents other than
solvents, such as impurities, which are containeshtentionally. For example, the
content of the solvents in the imprint resist acking to the present embodiment is
preferably 3 wt% or less, more preferably 1 wt%eass, with respect to the whole
imprint resist. As used herein, the solvents réfesolvents that are generally used in
curable compositions or photoresists. In other wotte solvents are not limited by
their types as long as the solvents can dissolvkeuamformly disperse the compounds
used in this invention without reacting with thesampounds.

[0095] In some examples, an imprint resist includes 0 w980 wt% (e.g., 20

wt% to 80 wt% or 40 wt% to 80 wt%) of one or moremofunctional acrylates; 90
wt% to 98 wt% of one or more difunctional or multifctional acrylates (e.g., the
imprint resist may be substantially free of monaftianal acrylates) or 20 wt% to 75
wt% of one or more difunctional or multifunctionatrylates (e.g., when one or more
monofunctional acrylates is present); 1 wt% to 1@owf one or more

photoinitiators; and 1 wt% to 10 wt% of one or maerefactants. In one example, an
imprint resist includes about 40 wt% to about 584ndf one or more monofunctional

acrylates, about 45 wt% to about 55 wt% of one orendifunctional acrylates, about
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4 wt% to about 6 wt% of one or more photoinitiatcaisd about 3 wt% surfactant. In
another example, an imprint resist includes abauw4% of one or more
monofunctional acrylates, about 48 wt% of one orendifunctional acrylates, about
5 wt% of one or more photoinitiators, and aboutt3owsurfactant. In yet another
example, an imprint resist includes about 10 wt%adirst monofunctional acrylate
(e.g., isobornyl acrylate), about 34 wt% of a setamonofunctional acrylate (e.qg.,
benzyl acrylate) about 48 wt% of a difunctionaldate (e.g., neopentyl glycol
diacrylate), about 2 wt% of a first photoinitiat@e.g., IRGACURE TPO), about 3
wt% of a second photoinitiator (e.g., DAROCUR 426&0d about 3 wt% surfactant.
Examples of suitable surfactants include X-R-(QCH.),OH, where R= alkyl, aryl,
or poly(propylene glycol), X = H or -(OC}€H,),OH, and n is an integer (e.g., 2 to
20, 5to 15, or 10-12) (e.g., X = -(OGEH,),OH, R = poly(propylene glycol), and n
= 10-12); a fluorosurfactant, where X = perfluoriea alkyl or perfluorinated ether,
or a combination thereof. The viscosity of the immpresist is typically in a range of
1 cPto50cP,1cPto25cP, or5cPto 15 cRBaC2The interfacial surface energy
between the imprint resist and air is typicallyamange of 20 mN/m to 60 mN/m, 28
mN/m to 40 mN/m, or 32 mN/m to 35 mN/m. Viscositiydainterfacial surface energy
are assessed as described in the Examples herein.

[0096] In one example, a pretreatment composition inclutieg% to 80 wt%
(e.g., 20 wt% to 80 wt% or 40 wt% to 80 wt%) of omemore monofunctional
acrylates; 90 wt% to 100 wt% of one or more difuactl or multifunctional
acrylates (e.g., the pretreatment composition Isssantially free of monofunctional
acrylates) or 20 wt% to 75 wt% of one or more ddtianal or multifunctional
acrylates (e.g., when one or more monofunctionaylates is present); 0 wt% to 10
wt% of one or more photoinitiators; and 0 wt% toWw®b6 of one or more surfactants.
[0097] The pretreatment composition is typically miscilgh the imprint resist.
The pretreatment composition typically has a lowmapressure, such that it remains
present as a thin film on the substrate until tbmposite coating is polymerized. In
one example, the vapor pressure of a pretreatm@nposition is less than 1xT0
mmHg at 25°C. The pretreatment composition alsacgipy has a low viscosity to

facilitate rapid spreading of the pretreatment cosipon on the substrate. In one
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example, the viscosity of a pretreatment composii®typically in a range of 1 cP to
200 cP, 1 cP to 100 cP, or 1 cP to 50 cP at at 23te@ interfacial surface energy
between the pretreatment composition and air iscglpy between 30 mN/m and 45
mN/m. The pretreatment composition is typicallyes#ed to be chemically stable,
such that decomposition does not occur during use.

[0098] It is preferred that the pretreatment compositiad ghe imprint resist
should include impurities at the smallest possiddatent. As used herein, the
impurities mean anything other than the componemstioned above. Thus, the
pretreatment composition and the imprint resistameferably obtained through a
purification process. Such a purification procespieferably filtration using a filter,
etc. For the filtration using a filter, specificgllit is preferred that the components
mentioned above and optional additive componentailshbe mixed and then filtered
through a filter having a pore size of, for exam@ed0lum or larger and 5.¢um or
smaller. For the filtration using a filter, it isare preferred that this filtration should
be carried out in multiple stages or repeated rpldttimes. Also, the filtered
solution may be filtered again. A plurality of ®lts differing in pore size may be
used in the filtration. Filter(s) made of polyethgk resin, polypropylene resin,
fluorine resin, nylon resin, or the like can be dise the filtration, though the filter is
not limited thereto. Impurities, such as particlegxed in the composition can be
removed through such a purification process. Tlais prevent impurities such as
particles from causing pattern defects resultirayrfrcareless irregularities in cured
films obtained by curing curable compositions.

[0099] In the case of using the pretreatment compositioeh thhe imprint resist for
producing semiconductor integrated circuits, ipreferred to avoid, as much as
possible, the mixing of impurities containing mesabms (metal impurities) in
curable compositions, for preventing the operavémproducts from being inhibited.
In such a case, the concentration of the metal mijgs contained in the curable

composition is preferably 10 ppm or lower, morefprably 100 ppb or lower.

[0100] A pretreatment composition may be a single polyizedrle component
(e.g., a monomer such as a monofunctional acrylateifunctional acrylate, or
a multifunctional acrylate), a mixture of two or neopolymerizable components

(e.g., a mixture of two or more monomers), or axtoie of one or more poly
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merizable components and one or more other compgenéng., a mixture of m
onomers; a mixture of two or more monomers and dHastant, a photoinitiator,
or both; and the like). In some examples, a pedtment composition includes
trimethylolpropane triacrylate, trimethylolproparethoxylate triacrylate, 1,12-dode
canediol diacrylate, poly(ethylene glycol) diacnga tetraethylene glycol diacryla
te, 1,3-adamantanediol diacrylate, nonanediol di@ate, m-xylylene diacrylate, di

cyclopentanyl diacrylate, or any combination thdreo
[0101] Mixtures of polymerizable components may resulsymergistic effects,
yielding pretreatment compositions having a moreaadageous combination of
properties (e.g., low viscosity, good etch resiswand film stability) than a
pretreatment composition with a single polymerizabbmponent. In one example,
the pretreatment composition is a mixture of 1, izlelcanediol diacrylate and
tricyclodecane dimethanol diacrylate. In anothearaple, the pretreatment
composition is a mixture of tricyclodecane dimetbbhdiacrylate and tetraethylene
glycol diacrylate. The pretreatment compositiomenerally selected such that one or
more components of the pretreatment compositioyrperizes (e.g., covalently
bonds) with one or more components of the impresist during polymerization of
the composite polymerizable coating. In some cadespretreatment composition
includes a polymerizable component that is alsthmimprint resist, or a
polymerizable component that has a functional groupommon with one or more
polymerizable components in the imprint resist (eam acrylate group). Suitable
examples of pretreatment compositions include rmunictional acrylates such as
those described herein, including propoxylatedt(Bhethylolpropane triacrylate,
trimethylolpropane triacrylate, and dipentaerytbripentaacrylate.
[0102] A pretreatment composition may be selected suahtiine etch resistance is
generally comparable to the etch resistance ointtmint resist, thereby promoting
etch uniformity. In certain cases, a pretreatmeanrhposition is selected such that the
interfacial surface energy at an interface betwdenpretreatment and air exceeds
that of the imprint resist used in conjunction witte pretreatment composition,
thereby promoting rapid spreading of the liquid mmp resist on the liquid
pretreatment composition to form a uniform compegsibating on the substrate
before the composite coating is contacted withtdmplate. The interfacial surface
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energy between the pretreatment composition antlypically exceeds that between
the imprint resist and air or between at least mpgonent of the imprint resist and air
by 0.5 mN/m to 25 mN/m, 0.5 mN/m to 15 mN/m, 0.5 mM\to 7 mN/m, 1 mN/m to
25 mN/m, 1 mN/m to 15 mN/m, or 1 mN/m to 7 mN/mhaltigh these ranges may
vary based on chemical and physical propertiehefgretreatment composition and
the imprint resist and the resulting interactiorivbeen these two liquids. When the
difference between surface energies is too lowjtethspreading of the imprint resist
results, and the drops maintain a spherical cap-$ilkape and remain separated by the
pretreatment composition. When the difference betwsurface energies is too high,
excessive spreading of the imprint resist reswlish most of the imprint resist
moving toward the adjacent drops, emptying the drepters, such that the
composite coating has convex regions above the dempers. Thus, when the
difference between surface energies is too lowoorhigh, the resulting composite
coating is nonuniform, with significant concaveamnvex regions. When the
difference in surface energies is appropriatelyestedd, the imprint resist spreads
quickly to yield a substantially uniform compositeating. Advantageous selection
of the pretreatment composition and the imprinigeallows fill time to be reduced
by 50-90%, such that filling can be achieved inittte as 1 sec, or in some cases
even as little as 0.1 sec.

[0103] Referring to operation 402 of process 400, FIG.d&picts substrate 102
including base 500 and adhesion layer 502. BaseiS®pically a silicon wafer.
Other suitable materials for base 500 include fusiéda, quartz, silicon germanium,
gallium arsenide, and indium phosphide. Adhesioretab02 serves to increase
adhesion of the polymeric layer to base 500, thgm&nlucing formation of defects in
the polymeric layer during separation of the tend@laom the polymeric layer after
polymerization of the composite coating. A thickeed adhesion layer 502 is
typically between 1 nm and 10 nm. Examples of dulganaterials for adhesion layer
502 include those disclosed in U.S. Patent Nos59,407; 8,361,546, 8,557,351,
8,808,808; and 8,846,195, all of which are incogted by reference herein. In one
example, an adhesion layer is formed from a contpmsincluding ISORAD 501,

CYMEL 303ULF, CYCAT 4040 or TAG 2678 (a quaternammonium blocked
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trifluoromethanesulfonic acid), and PM Acetate ¢dvent consisting of 2-(1-
methoxy)propyl acetate available from Eastman CltamCompany of Kingsport,
TN). In some cases, substrate 102 includes onease radditional layers between
base 500 and adhesion layer 502. In certain casdsstrate 102 includes one or more
additional layers on adhesion layer 502. For sigipJi substrate 102 is depicted as
including only base 500 and adhesion layer 502.

[0104] FIG. 5B depicts pretreatment composition 504 afber pretreatment
composition has been disposed on substrate 10@rto pretreatment coating 506. As
depicted in FIG. 5B, pretreatment coating 506 isrfed directly on adhesion layer
502 of substrate 102. In some cases, pretreatnaattng 506 is formed on another
surface of substrate 102 (e.qg., directly on bad®) 5Pretreatment coating 506 is
formed on substrate 102 using techniques such iascgrating, dip coating, chemical
vapor deposition (CVD), physical vapor depositi&tVD). In the case of, for
example, spin-coating or dip coating and the litkes pretreatment composition can
be dissolved in one or more solvents (e.g., propglglycol methyl ether acetate
(PGMEA), propylene glycol monomethyl ether (PGMEh the like) for application
to the substrate, with the solvent then evaporatedy to leave the pretreatment
coating. A thickness, of pretreatment coating 506 is typically betweenm and 100
nm (e.g., between 1 nm and 50 nm, between 1 nm2&nam, or between 1 nm and
10 nm).

[0105] Referring again to FIG. 4, operation 404 of pracd80 includes disposing
drops of imprint resist on the pretreatment coatiswgch that each drop of the imprint
resist covers a target area of the substrate. Anael of the imprint resist drops is
typically between 0.6 pL and 30 pL, and a distabhetveen drop centers is typically
between 3um and 350um. In some cases, the volume ratio of the imprasist to

the pretreatment is between 1:1 and 15:1. In opmmat06, a composite coating is
formed on the substrate as each drop of the impasist spreads beyond its target
area, forming a composite coating. As used hergirespreading” refers to the
spontaneous spreading of the drops of imprint tekigt occurs between the time
when the drops initially contact the pretreatmeodtting and spread beyond the target

areas, and the time when the template contactsdhgosite coating.
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[0106] FIGS. 6A-6D depict top-down views of drops of impirresist on
pretreatment coating at the time of disposal ofdh&ps on target areas, and of the
composite coating before, during, and at the endrop spreading. Although the
drops are depicted in a square grid, the drop pattenot limited to square or
geometric patterns.

[0107] FIG. 6A depicts a top-down view of drops 600 oetpeatment coating

506 at the time when the drops are initially disgb®n the pretreatment coating,
such that the drops cover but do not extend beyangket areas 602. After drops 600
are disposed on pretreatment coating 506, the dsppsad spontaneously to cover a
surface area of the substrate larger than thabheftarget areas, thereby forming a
composite coating on the substrate. FIG. 6B demdisp-down view of composite
coating 604 during prespreading (after some spreadf drops 600 beyond the target
areas 602), and typically after some intermixinglod imprint resist and the
pretreatment. As depicted, composite coating 60 nisixture of the liquid
pretreatment composition and the liquid imprintisgswith regions 606 containing a
majority of imprint resist (“enriched” with imprintesist), and regions 608 containing
a majority of pretreatment (“enriched” with pretteeent). As prespreading
progresses, composite coating 604 may form a monedgeneous mixture of the
pretreatment composition and the imprint resist.

[0108] Spreading may progress until one or more of regi6@6 contacts one or
more adjacent regions 606. FIGS. 6C and 6D demntposite coating 604 at the end
of spreading. As depicted in FIG. 6C, each of regi6é06 has spread to contact each
adjacent region 606 at boundaries 610, with reg@®& reduced to discrete (non-
continuous) portions between regions 606. In otteeyes, as depicted in FIG. 6D,
regions 606 spread to form a continuous layer, shah regions 608 are not
distinguishable. In FIG. 6D, composite coating 604y be a homogenous mixture of
the pretreatment composition and the imprint resist

[0109] FIGS. 7A-7D are cross-sectional views along linew, x-X, y-y, andz-z

of FIGS 6A-D, respectively. FIG. 7A is a cross-sentl view along linewv-w of FIG.
6A, depicting drops of imprint resist 600 coveriagurface area of substrate 102

corresponding to target areas 602. Each target (@me each drop as initially
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disposed) has a center as indicated by @+og and lineb-b indicates a location
equidistant between the centers of two target aé®2s For simplicity, drops 600 are
depicted as contacting adhesion layer 502 of sabstt02, and no intermixing of the
imprint resist and the pretreatment compositiodepicted. FIG. 7B is a cross-
sectional view along lin&-x of FIG. 6B, depicting composite coating 604 with
regions 608 exposed between regions 606, afteonsgbé06 have spread beyond
target areas 602. FIG. 7C is a cross-sectional \akmg liney-y of FIG. 6C at the
end of prespreading, depicting composite coating & a homogeneous mixture of
the pretreatment composition and imprint resist.dépicted, regions 606 have
spread to cover a greater surface of the substhate in FIG. 7B, and regions 608 are
correspondingly reduced. Regions 606 originatirgnfrdrops 600 are depicted as
convex, however, composite coating 604 may be suigtlly planar or include
concave regions. In certain cases, prespreadingaoaginue beyond that depicted in
FIG. 7C, with the imprint resist forming a contiruolayer over the pretreatment
(with no intermixing or with full or partial interming). FIG. 7D is a cross-sectional
view along linez-z of FIG. 6D, depicting composite coating 604 asombgenous
mixture of the pretreatment composition and therimipresist at the end of
spreading, with concave regions of the compositiog about drop centers
meeting at boundaries 610, such that the thickwéske polymerizable coating at the
drop boundaries exceeds the thickness of the coitgposating of the drop centers.
As depicted in FIGS. 7C and 7D, a thickness of cosifg coating 604 at a location
equidistant between the centers of two target aneag differ from a thickness of the
composite coating at the center of one of the target areas when the composite
coating is contacted with the nanoimprint lithognggemplate.

[0110] Referring again to FIG. 4, operations 408 and dfiprocess 400 include
contacting the composite coating with a template] polymerizing the composite
coating to yield a nanoimprint lithography stack/imegy a composite polymeric layer
on the nanoimprint lithography substrate, respestiv

[0111] In some cases, as depicted in FIGS. 7C and 7D posite coating 604 is a
homogeneous mixture or substantially homogenougunéx(e.g., at the air-

composite coating interface) at the end of presgirgn(i.e., just before the
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composite coating is contacted with the templafe)such, the template contacts a
homogenous mixture, with a majority of the mixtuypically derived from the
imprint resist. Thus, the release properties ofithprint resist would generally
govern the interaction of the composite coatingwtlie template, as well as the
separation of the polymeric layer from the temp)ateluding defect formation (or
absence thereof) due to separation forces betwebeimplate and the polymeric
layer.

[0112] As depicted in FIGS. 8A and 8B, however, compositating 604 may
include regions 608 and 606 that are enriched wWithpretreatment composition and
enriched with the imprint resist, respectively, Bubat template 110 contacts regions
of composite coating 604 having different physiaall chemical properties. For
simplicity, the imprint resist in regions 606 ispdeted as having displaced the
pretreatment coating, such that regions 606 amirect contact with the substrate,
and no intermixing is shown. Thus, the pretreatmmthposition in regions 608 is
non-uniform in thickness. In FIG. 8A, the maximumightp of regions 606 exceeds
the maximum height of the pretreatment composition, such that tengliitO
primarily contacts regions 606. In FIG. 8B maximtighti of regions 608 exceeds
the maximum heighp of the imprint resist, such that template 110 @ity contacts
regions 608. Thus, separation of template 110 ftberresulting composite polymeric
layer and the defect density associated therewithonuniform and based on the
different interactions between the template anditmgrint resist and between the
template and the pretreatment composition. Thuscéstain pretreatment
compositions (e.qg., pretreatment compositions theltude a single monomer or a
mixture of two or more monomers, but no surfactarntinay be advantageous for the
composite coating to form a homogenous mixtureatoleast a substantially
homogenous mixture at the gas-liquid interface htclw the template contacts the
composite coating.

[0113] FIGS. 9A-9C and 10A-10C are cross-sectional viewpicting template 110
and composite coating 604 on substrate 102 havasg 500 and adhesion layer 502
before and during contact of the composite coatinitp the template, and after

separation of the template from the composite p@gmlayer to yield a nanoimprint
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lithography stack. In FIGS. 9A-9C, composite cogtBD4 is depicted as a
homogeneous mixture of the pretreatment compositimesh the imprint resist. In
FIGS. 10A-10C, composite coating 604 is depictedmsnhomogeneous mixture of
the pretreatment composition and the imprint resist

[0114] FIG. 9A depicts a cross-sectional view of initi@mntact of template 110
with homogeneous composite coating 900 on substr@®e In FIG. 9B, template 110
has been advanced toward substrate 102 such thgiaite coating 900 fills
recesses of template 110. After polymerization aiposite coating 900 to yield a
homogeneous polymeric layer on substrate 102, tatefdl10 is separated from the
polymeric layer. FIG. 9C depicts a cross-sectiornialv of nanoimprint lithography
stack 902 having homogeneous composite polymesierl@04.

[0115] FIG. 10A depicts a cross-sectional view of inittcaintact of template 110
with composite coating 604 on substrate 102. Inhgem®ous composite coating
1000 includes regions 606 and 608. As depicteteldr no intermixing has occurred
between the imprint resist in region 606 and thetygatment composition in region
608. In FIG. 10B, template 110 has been advancedtd substrate 102 such that
composite coating 1000 fills recesses of templdt@. JAfter polymerization of
composite coating 1000 to yield an inhomogeneougrperic layer on substrate 102,
template 110 is separated from the polymeric laj/#@. 10C depicts a cross-
sectional view of nanoimprint lithography stack 20®aving inhomogeneous
polymeric layer 1004 with regions 1006 and 1008responding to regions 606 and
608 of inhomogeneous composite coating 1000. Tthuesschemical composition of
composite polymeric layer 1002 is inhomogeneousanr-uniform, and includes
regions 1006 having a composition derived from atome enriched with the imprint
resist and regions 1008 having a composition derifvem a mixture enriched with
the pretreatment composition. The relative sizg.(eexposed surface area, surface
area of template covered, or volume) of regions6l@nd 1008 may vary based at
least in part on the extent of prespreading betmmtact of the composite coating
with the template or spreading due to contact whté template. In some cases,
regions 1006 may be separated or bounded by redi6@8, such that composite

polymeric layer includes a plurality of center regs separated by boundaries, with
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the chemical composition of the composite polyméaiger 1004 at the boundaries
differing from the chemical composition of the coospte polymeric layer at the
interior of the center regions.

[0116] The contact of composite coating 604 with templai® mentioned above
may be carried out in an atmosphere containingredensable gas (hereinafter,
referred to as a "condensable gas atmosphere"usAd herein, the condensable gas
refers to a gas that is condensed and liquefieddpyllary pressure generated when
the recesses of a fine pattern formed on templateand gaps between a mold and a
substrate are filled with the gas in the atmosphtrgether with the pretreatment
composition and the imprint resist. In contactihg tomposite coating with a
template, the condensable gas exists as a gaiatthosphere before contact of the
pretreatment composition and the imprint resishwgmplate 110.

[0117] Upon contacting the composite coating with a tertgia the condensable
gas atmosphere, the gas that fills the recessasfioke pattern is liquefied so that a
gas bubble disappears, producing excellent filjpngperties. The condensable gas
may be dissolved in the pretreatment compositiotV@anthe imprint resist.

[0118] The boiling point of the condensable gas is notited as long as the
temperature is equal to or lower than an ambiemipirature in contacting the
composite coating with a template. The boiling gampreferably -10C to 23C,

more preferably 10C to 23 C. Within this range, better filling properties are
produced.

[0119] The vapor pressure of the condensable gas at ameamtiemperature in
contacting the composite coating with a templataeaslimited as long as the
pressure is equal to or lower than mold pressunenptinting in contacting the
composite coating with a template. The vapor presssi preferably 0.1 to 0.4 MPa.
Within this range, better filling properties areopduced. A vapor pressure larger than
0.4 MPa at an ambient temperature tends to be ufbiceently effective for the
disappearance of an air bubble. On the other hanpor pressure smaller than 0.1
MPa at an ambient temperature tends to requireatéatu in pressure and a

complicated apparatus.
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[0120] The ambient temperature in contacting the compating with a
template is not limited and is preferably°20to 25C.

[0121] Specific examples of suitable condensable gasdsadecfrons including
chlorofluorocarbon (CFC) such as trichlorofluoroimate, fluorocarbon (FC),
hydrochlorofluorocarbon (HCFC), hydrofluorocarbdaHC) such as 1,1,1,3,3-
pentafluoropropane (CHEH,CF;, HFC-245fa, PFP), and hydrofluoroether (HFE)
such as pentafluoroethyl methyl ether gCF,OCHs;, HFE-245mc). Among them,
1,1,1,3,3-pentafluoropropane (vapor pressure a€C28.14 MPa, boiling point:
15°C), trichlorofluoromethane (vapor pressure at@30.1056 MPa, boiling point:
24°C), and pentafluoroethyl methyl ether are preferfr@an the viewpoint of
excellent filling properties at an ambient temparatof 20C to 25C in contacting
the composite coating with a template. Further,1,3,3-pentafluoropropane is
particularly preferred from the viewpoint of exaailt safety. One type of these
condensable gases may be used alone, or two or types of these condensable
gases may be used as a mixture.

[0122] These condensable gases may be used as mixtuteshantcondensable
gases such as air, nitrogen, carbon dioxide, helamd argon. Helium is preferred as
a non-condensable gas to be mixed with a condeasgdd from the viewpoint of
filling properties. Helium can penetrate mold 20%erefore, the condensable gas is
liquefied while helium penetrates the mold, whea tecesses of a fine pattern
formed on mold 205 in contacting the composite oaptvith a template are filled
with the gases (condensable gas and helium) iratm®sphere, together with the
pretreatment composition and/or the imprint resist.

[0123] The polymeric layer obtained by separation of thmplate from the
composite polymeric layer has a particular patt&mape. As shown in FIG. 2,
residual layer 204 may remain in a region othentttee region having this formed
pattern shape. In such a case, residual layer 28dept in the region to be removed
in cured layer 202 having the obtained pattern shapemoved by an etching gas.
As a result, a patterned cured layer having therddgattern shape (e.g., pattern
shape derived from the shape of template 110) eaabhained without the residual

layer (i.e., the desired portion on the surfaceswbstrate 102 is exposed).
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[0124] In this context, examples of suitable methods fmoving residual layer

204 include methods which involve removing residiagler 204 present at the
recesses of cured layer 202 having a pattern shg@etechnique such as etching to
expose the surface of substrate 102 at the recéisshs pattern of this cured layer
202 having a pattern shape.

[0125] In the case of removing residual layer 204 preserihe recesses of cured
layer 202 having a pattern shape by etching, aiipauethod therefore is not

limited, and a conventional method known in the &t example, dry etching using
an etching gas, can be used. A conventional drlgietcapparatus known in the art
can be used in the dry etching. An etching gapsapriately selected according to
the elemental composition of the cured layer tasbbkjected to this etching. For
example, a halogen gas (e.g.,4€>Fs, CsFg, CCLF,, CCly, CBrF;, BCls, PChk, SK;,
and C}), an oxygen atom-containing gas (e.gz, OO, and C®), an inert gas (e.g.,
He, N;, and Ar), or a gas such as BHr NHz can be used. These gases may be used as
a mixture.

[0126] When substrate 102 (substrate to be processed)iasedubstrate improved
in adhesion to cured layer 202 by surface treatnsech as silane coupling treatment,
silazane treatment, and organic thin film formatisaoch a surface-treated layer can
also be removed by etching following the etchingloé residual layer present at the
recesses of cured layer 202 having a pattern shape.

[0127] The production process described above can prodyzaterned cured layer
having the desired pattern shape (pattern shapeatefrom the shape of template
110) at the desired position without the residaalelr, and can produce an article
having this patterned cured layer. Substrate 109 beafurther processed as
described herein.

[0128] The obtained patterned cured layer can be usedkXample, in
semiconductor processing mentioned later or cao bésused as an optical member
(including use as a portion of the optical memlmrgh as a diffraction grating or a
polarizer to obtain an optical component. In suataae, an optical component having
at least substrate 102 and the patterned cured tigposed on this substrate 102 can

be prepared. For a reverse tone process, a sepgasitkial layer etch is not required.
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However, it is understood that the adhesion layeh & compatible with the resist
etch.

[0129] After the removal of the residual layer, the pated cured layer 304 having
no residual layer is used as a resist film in theg @tching of a portion of surface-
exposed substrate 102. A conventional dry etchijygaaatus known in the art can be
used in the dry etching. Etching gas is approphaselected according to the
elemental composition of the cured layer to be satgd to this etching and the
elemental composition of substrate 102. For examplealogen gas (e.g., GFCoFs,
CsFg, CCLF,, CCly, CBrks, BCl3, PCk, SK;, and C}), an oxygen atom-containing gas
(e.g., Q, CO, and CQ), an inert gas (e.g., He,,Nand Ar), or a gas such as Hr

NHj3; can be used. These gases may be used as a miAtuedching gas for the
removal of the residual layer mentioned above am@tahing gas for substrate
processing may be the same or different.

[0130] As already mentioned, an inhomogeneous mixturénefgretreatment
composition and the imprint resist may be formeaumed layer 202 having a pattern
shape.

[0131] The pretreatment composition preferably has drjietg resistance
approximately the same as that of the imprint nedikis allows substrate 102 to be
favorably processed even in a region having a ltighcentration of the pretreatment
composition. As a result, substrate 102 can beoumfy processed.

[0132] In addition to a series of steps (production pregaesentioned above, an
electronic component can be formed to yield, onsstgie 102, a circuit structure
based on the pattern shape derived from the shapamplate 110. Thus, a circuit
substrate that is used in semiconductor devices, ean be produced. Examples of
such semiconductor devices include LSI, system DIRAM, SDRAM, RDRAM, D-
RDRAM, and NAND flash. This circuit substrate casabe connected to, for
example, a circuit control mechanism for circuibstrates to form electronic
equipment such as a display, a camera and a medapqelratus.

[0133] Likewise, the patterned cured product having nodesl layer can also be
used as a resist film in substrate processing lyyetiching to produce an optical

component.
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[0134] Alternatively, a quartz substrate may be used &stsate 102, and patterned
cured product 202 may be used as a resist filnsulch a case, the quartz substrate
can be processed by dry etching to prepare a r@plii@a quartz imprint mold (replica
mold).

[0135] In the case of preparing a circuit substrate oekettronic component,
patterned cured product 202 may be finally remofredh the processed substrate, or

may be configured to remain as a member constigutine device.

EXAMPLES

[0136] In the Examples below, the reported interfacialface energy at the
interface between the imprint resist and air wassueed by the maximum bubble
pressure method. The measurements were made u8Rg dubble pressure
tensiometer manufactured by Kriss GmbH of Hamb@egrmany. In the maximum
bubble pressure method, the maximum internal pmessetia gas bubble which is
formed in a liqguid by means of a capillary is mesesl With a capillary of known
diameter, the surface tension can be calculatenh fitte Young-Laplace equation. For
the pretreatment compositions, the interfacial acefenergy at the interface between
the pretreatment composition and air was measuyetthd maximum bubble pressure
method or obtained as the manufacturer’s reportddes.

[0137] The viscosities were measured using a BrookfieldIDAVPro with a small
sample adapter using a temperature-controlled battat 23 °C. Reported viscosity
values are the average of five measurements.

[0138] Adhesion layers were prepared on substrates formyecliring an adhesive
composition made by combining about 77 g ISORAD ,58out 22 g CYMEL
303ULF, and about 1 g TAG 2678, introducing thitare into approximately 1900
grams of PM Acetate. The adhesive composition wamonto a substrate (e.g., a
silicon wafer) at a rotational velocity between 58fd 4,000 revolutions per minute
S0 as to provide a substantially smooth, if nonplalayer with uniform thickness.
The spun-on composition was exposed to thermahactnergy of 160°C for
approximately two minutes. The resulting adhesiayeks were about 3 nm to about 4

nm thick.
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[0139] In Comparative Example 1 and Examples 1-3, an intprsist with a
surface tension of 33 mN/m at an air/imprint resideérface was used to demonstrate
spreading of the imprint resist on various surfaddse imprint resist was a
polymerizable composition including about 45 wt% moéunctional acrylate (e.g.,
isobornyl acrylate and benzyl acrylate), about 48wdifunctional acrylate (e.qg.,
neopentyl glycol diacrylate), about 5 wt% photoiaior (e.g., TPO and 4265), and
about 3 wt% surfactant (e.g., a mixture of X-R-(O£LH,),OH, where R= alkyl,

aryl, or poly(propylene glycol), X = H or -(OGEH,),OH, and n is an integer (e.g.,
2 to 20, 5to 15, or 10-12) (e.g., X = -(OgEH,),OH, R = poly(propylene glycol),
and n = 10-12) and a fluorosurfactant, where X #flperinated alkyl.

[0140] In Comparative Example 1, the imprint resist waspadised directly on the
adhesion layer of a nanoimprint lithography substr&1G. 11 is an image of drops
1100 of the imprint resist on the adhesion layed2 df a substrate 1.7 sec after
dispensation of the drops in a lattice pattern ywasated. As seen in the image,
drops 1100 have spread outward from the targetsaneahe substrate. However,
spreading beyond the target area was limited, aedatea of the exposed adhesion
layer 1102 exceeded that of drops 1100. Rings lasif this and other images, such
as ring 1104, are Newton interference rings, whiahicate a difference in thickness
in various regions of the drop. Resist drop size wpproximately 2.5 pL. FIG. 11
has a 2x7 (pitcH)interleaved lattice of drops (e.g., 2 units in tierizontal direction,
with 3.5 units between the lines). Each followimge shifted 1 unit in the horizontal
direction.

[0141] In Examples 1-3, pretreatment compositions A-Cpessively, were
disposed on a nanoimprint lithography substrateotm a pretreatment coating.
Drops of the imprint resist were disposed on thetygatment coatings. FIGS. 12-14
show images of the composite coating after dispeoasaf drops of the imprint resist
was initiated. Although intermixing occurs betwetde pretreatment composition and
imprint resist in these examples, for simplicitietdrops of imprint resist and
pretreatment coating are described below withotgrence to intermixing. The
pretreatment composition was disposed on a waflestsate via spin-on coating.

More particularly, the pretreatment composition vdassolved in PGMEA (0.3 wt%
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pretreatment composition/99.7 wt% PGMEA) and spatodhe wafer substrate.
Upon evaporation of the solvent, the typical thieka of the resultant pretreatment
coating on the substrate was in the range from 30 nm (e.g., 8 nm). Resist
drop size was approximately 2.5 pL in FIGS. 12-E#5S. 12 and 14 have a 2x7
(pitch)? interleaved lattice of drops (e.g., 2 units in titrizontal direction, with 3.5
units between the lines). Each following line sédtl unit in the horizontal

direction. FIG. 13 shows a 2x6 (pitéhipterleaved lattice of drops. The pitch value
was 84.5 um. The ratios of the volumes of resigh® pretreatment layer were in the
range of 1 to 15 (e.g., 6-7).

[0142] Table 1 lists the surface tension (air/liquid iritere) for the pretreatment

compositions A-C and the imprint resist used in Epées 1-3.

Table 1. Surface Tension for Pretreatment Compossti

Example | Pretreatment Pretreatment Imprint resist | Difference
composition surface surface in surface
tension tension tension
(mN/m) (mN/m) (mN/m)
1 A (Sartomer 492) 34 33 1
2 B (Sartomer 36.4 33 3.1
351HP)
3 C (Sartomer 39.9 33 6.9
399LV)

[0143] In Example 1 (see Table 1), drops of the imprirgisewere disposed on a
substrate having a coating of pretreatment composiA (Sartomer 492 or
“SR492"). SR492, available from Sartomer, Inc. (Rgylvania, US), is propoxylated
(3) trimethylolpropane triacrylate (a multifunctialhacrylate). FIG. 12 shows an
image of drops 1200 of the imprint resist on pratmeent coating 1202 and the
resulting composite coating 1204 1.7 seconds aftgpensation of the discrete
portions in an interleaved lattice pattern wasiatgd. In this example, the drop
retains its spherical cap-like shape and the spngaadf the imprint resist is limited.
As seen in FIG. 12, while spreading of the drop82xceeds that of the imprint
resist on the adhesion layer in Comparative Exanpline drops remain separated by
pretreatment coating 1202, which forms boundariz@6laround the drops. Certain

components of the imprint resist spread beyonddifog centers, forming regions
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1208 surrounding drops 1200. Regions 1208 are s¢padby pretreatment coating
1202. The limited spreading is attributed at leagpart to the small difference in
surface tension (1 mN/m) between pretreatment catipm A and the imprint resist,
such that there is no significant energy advanfagepreading of the drops. Other
factors, such as friction, are also understoochftuence the extent of spreading.
[0144] In Example 2 (see Table 1), drops of the imprirgisewere disposed on a
substrate having a coating of pretreatment composiB (Sartomer 351HP or
“SR351HP”). SR351HP, available from Sartomer, I(Rennsylvania, US), is
trimethylolpropane triacrylate (a multifunctionatrglate). FIG. 13 shows images of
drops 1300 of the imprint resist on pretreatmerdtoty 1302 and the resulting
composite coating 1304 1.7 sec after dispensatfdhedrops in a square lattice
pattern was initiated. After 1.7 sec, drops 1300erahe majority of the surface area
of the substrate, and are separated by pretreatomariing 1302, which forms
boundaries 1306 around the drops. Drops 1300 ame moiform than drops 1200 of
Example 1, and thus significant improvement is ofaed over the spreading in
Example 1. The greater extent of spreading istaited at least in part to the greater
difference in surface tension (3.1 mN/m) betweeatfatment composition B and
the imprint resist than pretreatment A and the iimpresist of Example 1.

[0145] In Example 3 (see Table 1), drops of the imprirgisewere disposed on a
substrate having a coating of pretreatment compwsi€ (Sartomer 399LV or
“SR399LV"). SR399LV, available from Sartomer, IN®@ennsylvania, US), is
dipentaerythritol pentaacrylate (a multifunctiorsarylate). FIG. 14 shows an image
of drops 1400 of the imprint resist on pretreatmeodting 1402 and the resulting
composite coating 1404 1.7 sec after dispensatidhedrops in a triangular lattice
pattern was initiated. As seen in FIG. 14, drop8dare separated at boundaries
1406 by pretreatment coating 1402. However, moghefimprint resist is
accumulated at the drop boundaries, such that wiodte polymerizable material is
at the drop boundaries, and the drop centers arstaatially empty. The extent of
spreading is attributed at least in part to thgdadifference in surface tension (6.9

mN/m) between pretreatment composition C and therim resist.
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[0146] Defect density was measured as a function of pessging time for the
imprint resist of Examples 1-3 and pretreatment position B of Example 2. FIG 15
shows defect density (voids) due to non-fillingtbé template. Plot 1500 shows
defect density (number of defects per®ms a function of spread time (sec) for 28
nm line/space pattern regions, with the defect égrepproaching 0.1/cfat 0.9 sec.
Plot 1502 shows defect density (number of defeetsqmf) as a function of spread
time (sec) over the whole field having a range edtire sizes with the defect density
approaching 0.1/cfmat 1 sec. By way of comparison, with no pretreatme defect
density approaching 0.1/¢nis typically achieved for the whole field at a spd time
between 2.5 sec and 3.0 sec.

[0147] Properties of pretreatment compositions PC1-PCShoavn in Table 2. A
key for PC1-PC9 is shown below. Viscosities wereaswged as described herein at a
temperature of 23°C. To calculate the diameterréiiam. Ratio) at 500 ms as
shown in Table 2, drops of imprint resist (dropestz 25 pL) were allowed to spread
on a substrate coated with a pretreatment compos{thickness of about 8 nm to 10
nm) on top of an adhesion layer, and the drop diemwas recorded at an elapsed
time of 500 ms. The drop diameter with each prdtreat composition was divided
by the drop diameter of the imprint resist on aheglon layer with no pretreatment
composition at 500 ms. As shown in Table 2, thepdd@ameter of the imprint resist
on PC1 at 500 ms was 60% more than the drop dianoétenprint resist on an
adhesion layer with no pretreatment coating. FI& shows drop diameter (um) as a
function of time (ms) for pretreatment compositidhS1-PC9. Relative etch
resistance is the Ohnishi parameter of each pretreat composition divided by the
Ohnishi parameter of the imprint resist. Relatiteheresistance of PC1-PC9 (the
ratio of etch resistance of the pretreatment contosto the etch resistance of the

imprint resist) is shown in Table 2.

Table 2. Properties of Pretreatment Composition4-PC9

Pretreatment Surface Viscosity Diam. Rel. Etch
Composition Tension (cP) Ratio Resistance
(mN/m) at 23°C at 500 ms
PC1 36.4+£0.1 111 +1 1.59 1.3
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PC2 37.7+0.1 66.6 £ 0.3 1.86 1.5
PC3 33.9+0.1 155+0.1 2.46 1.1
PC4 41.8+0.1 64.9 £ 0.3 1.92 1.9
PC5 38.5+0.3 18.4+£0.1 2.73 1.7
PC6 NA NA 1.75 0.9

PC7 35.5+0.3 8.7+0.1 2.36 1.1
PC8 39.3+0.1 10.0+0.1 2.69 0.9
PC9 38.6 0.1 143 +£1 1.95 0.9
Imprint Resist 33 1.00 1.0

PC1: trimethylolpropane triacrylate (Sartomer)

PC2: trimethylolpropane ethoxylate triacrylate, 1.3 (Osaka Organic)
PC3: 1,12-dodecanediol diacrylate

PC4: poly(ethylene glycol) diacrylate, Mn, avg =5({Sigma-Aldrich)
PC5: tetraethylene glycol diacrylate (Sartomer)

PC6: 1,3-adamantanediol diacrylate

PC7: nonanediol diacrylate

PC8: m-xylylene diacrylate

PCO9: tricyclodecane dimethanol diacrylate (Sartomer

[0148] Pretreatment compositions PC3 and PC9 were comldmedrious weight
ratios to yield pretreatment compositions PC10-PGaging the weight ratios shown
in Table 3. Comparison of properties of PC3 and @& mixtures formed
therefrom revealed synergistic effects. For examPpIlé3 has relatively low viscosity
and allows for relatively fast template filling, bhas relatively poor etch resistance.
In contrast, PC9 has relatively good etch resistaauad film stability (low
evaporative loss), but is relatively viscous andhdestrates relatively slow template
filling. Combinations of PC3 and PC9, however, ésd in pretreatment
compositions with a combination of advantageousprtes, including relatively low
viscosity, relatively fast template filling, andlagively good etch resistance. For
example, a pretreatment composition having 30 w® Rnd 70 wt% PC9 was found
to have a surface tension of 37.2 mN/m, a diamedgo of 1.61, and an Ohnishi

parameter of 3.5.

45



Table 3. Composition of Pretreatment Compositio@d®@-PC13

Pretreatment PC3 PC9
Composition| (wt%) | (wt%)

PC10 25 75
PC11 35 65
PC12 50 50
PC13 75 25

[0149] FIG. 17A shows a plot of viscosity for pretreatmenmpositions including
various ratios of PC3 and PC9 (i.e., from 100 wt@3Ro 100 wt% PC9). FIG. 17B
shows drop diameter (measured as described witregdo Table 2) for PC3, PC13,
PC12, PC11, PC10, and PC9. FIG. 17C shows surfatadn (mN/m) versus fraction
of PC3 and PCO9.

[0150] A number of embodiments have been described. Nbebass, it will be
understood that various modifications may be madbaout departing from the spirit
and scope of the disclosure. Accordingly, other ecitments are within the scope of

the following claims.
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CLAIMS

1. A nanoimprint lithography method comprising:

disposing a pretreatment composition on a substrate to form a liquid pretreatment
coating on the substrate, wherein the pretreatment composition comprises a polymerizable
component;

disposing discrete portions of imprint resist on the liquid pretreatment coating, each
discrete portion of the imprint resist covering a target area of the substrate, wherein the imprint
resist is a polymerizable composition;

forming a composite polymerizable coating on the substrate as each discrete portion of
the imprint resist spreads beyond its target area, wherein the composite polymerizable coating
comprises a mixture of the pretreatment composition and the imprint resist;

contacting the composite polymerizable coating with a nanoimprint lithography
template; and

polymerizing the composite polymerizable coating to yield a composite polymeric layer
on the substrate,

wherein the interfacial surface energy between the liquid pretreatment composition and
air exceeds the interfacial surface energy between the imprint resist and air or between at least a

component of the imprint resist and air.

2. The method of claim 1, wherein the difference between the interfacial surface energy
between the pretreatment composition and air and the interfacial surface energy between the
imprint resist and air is in a range of 0.5 mN/m to 25 mN/m, 0.5 mN/m to 15 mN/m, or 0.5
mN/m to 7 mN/m; and/or wherein the interfacial surface energy between the imprint resist and
air is in a range of 20 mN/m to 60 mN/m, 28 mN/m to 40 mN/m, or 32 mN/m to 35 mN/m;
and/or wherein the interfacial surface energy between the pretreatment composition and air is in

a range of 30 mN/m to 45 mN/m.

3. The method of claim 1, wherein the viscosity of the pretreatment composition is in a
range of 1 cP to 200 cP, 1 cP to 100 cP, or 1 cP to 50 cP at 23°C; and/or wherein the viscosity of
the imprint resist is in a range of 1 cP to 50 cP, 1 cP to 25 cP, or 5 cP to 15 cP at 23°C.
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4. The method of claim 1, wherein the pretreatment composition comprises a monomer;
and/or wherein the pretreatment composition comprises a monofunctional, difunctional, or

multifunctional acrylate monomer.

5. The method of claim 1, wherein the imprint resist comprises:
0 wt% to 80 wt%, 20 wt% to 80 wt%, or 40 wt% to 80 wt% of one or more
monofunctional acrylates;
20 wt% to 98 wt% of one or more difunctional or multifunctional acrylates;
1 wt% to 10 wt% of one or more photoinitiators; and

1 wt% to 10 wt% of one or more surfactants.

6. The method of claim 1, wherein the polymerizable component of the pretreatment
composition and a polymerizable component of the imprint resist react to form a covalent bond
during the polymerizing of the composite polymerizable coating; and/or wherein the
pretreatment composition and the imprint resist each comprises a monomer having a common

functional group.

7. The method of claim 1, wherein disposing the pretreatment composition on the
nanoimprint lithography substrate comprises spin coating the pretreatment composition on the
nanoimprint lithography substrate; and/or wherein a discrete portion of the imprint resist contacts
at least one other discrete portion of the imprint resist, forming a boundary between the two
discrete portions before the composite polymerizable coating is contacted with the nanoimprint

lithography template.

8. A nanoimprint lithography stack formed by the method of claim 1, wherein the

nanoimprint lithography stack comprises the composite polymeric layer on the substrate.

9. A method for manufacturing a device, the method comprising the nanoimprint

lithography method of claim 1.
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10 The device formed by the method of claim 9.

11. A nanoimprint lithography kit comprising:

a pretreatment composition; and

an imprint resist;

wherein the pretreatment composition comprises a polymerizable component, the
imprint resist is a polymerizable composition, and the interfacial surface energy between the
pretreatment composition and air exceeds the interfacial surface energy between the imprint

resist and air or between at least a component of the imprint resist and air.

12. A method for pretreating a nanoimprint lithography substrate, the method comprising:

coating the substrate with a pretreatment composition, wherein the pretreatment
composition comprises a polymerizable component;

disposing discrete portions of an imprint resist on the pretreatment composition, wherein
the imprint resist disposed in discrete portions on the pretreatment composition spreads more
rapidly than the same imprint resist disposed on the same substrate in the absence of the
pretreatment composition; and

contacting the imprint resist with a nanoimprint lithography template after a defined
length of time has elapsed between the disposing of the discrete portions of the imprint resist on
the pretreatment composition and the contacting of the imprint resist with the nanoimprint
lithography template, wherein, upon contacting of the imprint resist with the nanoimprint
lithography template, interstitial voids between the discrete portions of the imprint resist
disposed on the pretreatment composition are smaller in volume than interstitial voids between
the same imprint resist disposed on the same substrate in the absence of the pretreatment
composition when the defined length of time has elapsed between the disposing of the discrete

portions of the imprint resist on the substrate in the absence of the pretreatment composition.

13. The method of claim 12, wherein the pretreatment composition is free of a

polymerization initiator.

14. A nanoimprint lithography stack comprising:
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a nanoimprint lithography substrate; and

a composite polymeric layer formed on a surface of the nanoimprint lithography
substrate,

wherein the chemical composition of the composite polymeric layer is non-uniform, and
comprises a plurality of center regions separated by boundaries, wherein the chemical
composition of the composite polymeric layer at the boundaries differs from the chemical

composition of the composite polymeric layer at the interior of the center regions.

15. The nanoimprint lithography stack of claim 14, wherein the center regions and the
boundaries of the polymeric layer are formed from an inhomogeneous mixture of a pretreatment
composition and an imprint resist, wherein a polymerizable component of the imprint resist and a
polymerizable component of the pretreatment composition react to form a covalent bond during

formation of the composite polymeric layer.

16. An imprint method comprising:

disposing a discrete portion of an imprint resist on a liquid pretreatment coating on a
substrate such that the discrete portion of the imprint resist spreads on the liquid pretreatment
coating to yield a spread imprint resist, wherein the liquid pretreatment coating comprises a
polymerizable component and the imprint resist is a polymerizable composition;

contacting the spread imprint resist with a template; and

polymerizing the spread imprint resist and the liquid pretreatment coating to yield a
polymeric layer on the substrate;

wherein a surface tension of the liquid pretreatment coating exceeds a surface tension of

the imprint resist.

17. The imprint method according to claim 16, wherein the liquid pretreatment coating is

free of a polymerization initiator.

18. The imprint method according to claim 16, wherein the spread imprint resist and the
liquid pretreatment coating form a composite polymerizable coating before the contacting the

spread imprint resist with the template.
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19. The imprint method according to claim 16, further comprising separating the template

from the polymeric layer.

20. The imprint method according to claim 16, wherein a thickness of the liquid

pretreatment coating on the substrate is between 1 nm and 15 nm.

21. The imprint method according to claim 16, wherein the surface tension of the liquid

pretreatment coating exceeds the surface tension of the imprint resist by 0.5 mN/m to 25 mN/m.

22. A method for manufacturing a semiconductor device, the method comprising:

providing a liquid pretreatment coating on a substrate, wherein the liquid pretreatment
coating comprises a polymerizable component;

disposing a discrete portion of an imprint resist on the liquid pretreatment coating such
that the discrete portion of the imprint resist spreads on the liquid pretreatment coating to yield a
spread imprint resist, wherein the imprint resist is a polymerizable composition, and a surface
tension of the liquid pretreatment coating exceeds a surface tension of the imprint resist;
contacting the spread imprint resist with a template;

polymerizing the spread imprint resist and the liquid pretreatment coating to yield a
polymeric layer on the substrate;

separating the template from the polymeric layer; and

etching the substrate via the polymeric layer.

23. The method according to claim 22, wherein:

providing the liquid pretreatment coating comprises coating the substrate using spin-
coating, dip coating, chemical vapor deposition (CVD), or physical vapor deposition (PVD), and
further comprising:

processing the substrate to yield the polymeric layer on the substrate using an imprint
lithography system; and

etching the substrate using reactive ion etching or high-density etching.
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