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(57) ABSTRACT 

Release agents With increased af?nity toWard nano-imprint 
lithography template surfaces interact strongly With the tem 
plate during separation of the template from the solidi?ed 
resist in a nano-imprint lithography process. The strong inter 
action between the surfactant and the template surface 
reduces the amount of surfactant pulled off the template sur 
face during separation of a patterned layer from the template 
in an imprint lithography cycle. Maintaining more surfactant 
associated With the surface of the template after the separation 
of the patterned layer from the template may reduce the 
amount of surfactant needed in a liquid resist to achieve 
suitable release of the solidi?ed resist from the template dur 
ing an imprint lithography process. Strong association of the 
release agent With the surface of the template facilitates the 
formation of ultra-thin residual layers and dense ?ne features 
in nano-imprint lithography. 
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RELEASE AGENT PARTITION CONTROL IN 
IMPRINT LITHOGRAPHY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t under 35 U.S.C. 
§l l9(e)(l) of Us. Provisional Application Ser. No. 61/11 1, 
509, ?led Nov. 5, 2008, Which is incorporated by reference 
herein in its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates to release agent parti 
tion control in nano-imprint lithography. 

BACKGROUND 

[0003] Nano-fabrication includes the fabrication of very 
small structures that have features on the order of 100 nanom 
eters or smaller. One application in Which nano-fabrication 
has had a siZeable impact is in the processing of integrated 
circuits. The semiconductor processing industry continues to 
strive for larger production yields While increasing the cir 
cuits per unit area formed on a substrate, therefore nano 
fabrication becomes increasingly important. Nano-fabrica 
tion provides greater process control While alloWing 
continued reduction of the minimum feature dimensions of 
the structures formed. Other areas of development in Which 
nano-fabrication has been employed include biotechnology, 
optical technology, mechanical systems, and the like. 
[0004] An exemplary nano-fabrication technique in use 
today is commonly referred to as imprint lithography. Exem 
plary imprint lithography processes are described in detail in 
numerous publications, such as U.S. Patent Application Pub 
lication No. 2004/0065976, U.S. Patent Application Publica 
tion No. 2004/0065252, and Us. Pat. No. 6,936,194, all of 
Which are hereby incorporated by reference herein. 
[0005] An imprint lithography technique disclosed in each 
of the aforementioned U.S. patent application publications 
and patent includes formation of a relief pattern in a formable 
(polymeriZable) layer and transferring a pattern correspond 
ing to the relief pattern into an underlying substrate. The 
substrate may be coupled to a motion stage to obtain a desired 
positioning to facilitate the patterning process. The patterning 
process uses a template spaced apart from the substrate and 
the formable liquid applied betWeen the template and the 
substrate. The formable liquid is solidi?ed to form a rigid 
layer that has a pattern conforming to a shape of the surface of 
the template that contacts the formable liquid; After solidi? 
cation, the template is separated from the rigid layer such that 
the template and the substrate are spaced apart. The substrate 
and the solidi?ed layer are then subjected to additional pro 
cesses to transfer a relief image into the substrate that corre 
sponds to the pattern in the solidi?ed layer. 

SUMMARY 

[0006] Release agents With increased a?inity toWard nano 
imprint lithography template surfaces interact strongly With 
the template during separation of the template from the solidi 
?ed resist in a nano-imprint lithography process. The strong 
interaction betWeen the surfactant and the template surface 
reduces the amount of surfactant pulled off the template sur 
face during separation of a patterned layer from the template 
in an imprint lithography cycle. Maintaining more surfactant 
associated With the surface of the template after the separation 
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of the patterned layer from the template may reduce the 
amount of surfactant needed in a liquid resist to achieve 
suitable release of the solidi?ed resist from the template dur 
ing an imprint lithography process. Strong association of the 
release agent With the surface of the template facilitates the 
formation of ultra-thin residual layers and dense ?ne features 
in nano-imprint lithography. 
[0007] In one aspect, an imprint lithography release agent 
includes a non-polar ?uorinated portion and a polar poly 
(oxyalkylene) portion bonded to the non-polar ?uorinated 
portion. The polar poly(oxyalkylene) portion is formed from 
a multiplicity of oxyalkylene units including at least one 
ethylene oxide unit. The release agent is capable of forming 
multiple polar interactions With a surface of an imprint lithog 
raphy template. 
[0008] In another aspect, an imprint lithography liquid 
resist includes a monomer, a cross-linking agent, a photoini 
tiator, a catalyst, and an imprint lithography release agent. 
[0009] In another aspect, an imprint lithography mold 
assembly includes an imprint lithography substrate, a poly 
meriZable material disposed on the substrate, and an imprint 
lithography template having a surface. The surface of the 
imprint lithography template is in contact With the polymer 
iZable material. The polymeriZable material includes an 
imprint lithography release agent. 
[0010] Another aspect includes disposing a polymeriZable 
composition on an imprint lithography substrate, contacting 
the polymeriZable composition With an imprint lithography 
template, solidifying the polymeriZable composition to form 
a patterned layer adhered to the imprint lithography substrate, 
and separating the imprint lithography template from the 
solidi?ed patterned layer. The polymeriZable composition 
includes an imprint lithography release agent. Contacting the 
polymeriZable composition With the imprint lithography tem 
plate includes forming multiple polar interactions betWeen 
the release agent and the surface of the imprint lithography 
template. 
[0011] In another aspect, forming an imprint lithography 
template includes cleaning a template to form hydroxyl 
groups on the surface of the template, introducing a metal 
containing compound to react With the surface hydroxyl 
groups, introducing Water vapor to form metal-OH on the 
surface of the template, and annealing the metal-OH to form 
a layer of metal oxide on the surface of the template. The 
surface of the template is capable of forming ionic and polar 
interactions With an imprint lithography release agent. In 
some implementations, the metal-containing compound is 
Al(CH3)3. 
[0012] Implementations may include one or more of the 
folloWing features. The release agent may be non-ionic. The 
release agent may have no silane functionality. A molecular 
Weight of the release agent may be at least about 1000 amu or 
at least about 2000 amu. The release agent may form multiple 
polar interactions With the surface of an imprint lithography 
template. For example, the release agent may form hydrogen 
bonding interactions With hydroxyl groups or silanol groups 
at the surface ofthe imprint lithography template. The imprint 
lithography template may include fused silica, and may be 
processed to increase a number of hydroxyl groups at the 
surface. 
[0013] The polar poly(oxyalkylene) portion of the release 
agent can be formed from a multiplicity of oxyalkylene units 
including at least three ethylene oxide units, at least ?ve 
ethylene oxide units, or at least ten ethylene oxide units. The 
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polar poly(oxyalkylene) portion of the release agent can be 
formed from a multiplicity of oxyalkylene units including at 
least one propylene oxide unit, at least three propylene oxide 
units, or at least ?ve propylene oxide units. The ?uorinated 
portion of the imprint lithography release agent can include a 
per?uorinated polyether portion. The release agent may be a 
liquid at room temperature. 
[0014] The release agent may include tWo or more 
hydroxyl groups. The hydroxyl groups may be terminal 
hydroxyl groups. In some cases, the release agent includes 
one or more carboxyl groups. One or more of the carboxyl 
groups may be terminal carboxyl groups. Polar interactions 
betWeen the imprint lithography release agent and the surface 
of the template can include cyclic hydrogen bonding interac 
tions With hydroxyl groups or carboxyl groups. 
[0015] In some cases, the release agent includes an atom 
capable of forming a stronger polar interaction With the tem 
plate than a hydrogen bonding interaction. For example, the 
release agent can include one or more nitrogen atoms. One or 
more of the nitrogen atoms may be part of a heterocycle, such 
as a pyridaZinyl group. 
[0016] In some cases, the imprint lithography release agent 
does not bond covalently to the template. In certain cases, the 
release agent includes an atom capable of forming a covalent 
bond With the surface of the imprint lithography template. 
The covalent bond may have a strength less than the strength 
of a silicon-oxygen bond at the surface of the template. For 
example, the release agent may include a boron atom capable 
of forming a Weak covalent bond or quasi-covalent bond With 
the surface of the template. 
[0017] In some implementations, the imprint lithography 
release agent has the chemical structure: 

Each R“ is independently H3C[OCH2CH2]x[OCH2CHCH3] 
i, and m and n and x and y are integers. 
[0018] When the release agent is included in a liquid resist, 
contacting the liquid resist With a surface of the template may 
form a lamella layer including the release agent at the surface 
of the imprint lithography template. In some cases, the liquid 
resist includes a compound including a per?uorinated poly 
ether portion and one or more acrylate groups. When the 
imprint lithography template is separated from the solidi?ed 
patterned layer in an imprint lithography process, less than 
about 50%, less than about 40%, less than about 30%, or less 
than about 20% of the polar interactions betWeen the release 
agent and the surface of the imprint lithography template may 
be broken. That is, at least about 50%, at least about 60%, at 
least about 70%, or at least about 80% of the release agent 
associated With the template during formation of the pat 
terned layer may remain associated With the template after the 
template is separated from the solidi?ed resist in an imprint 
lithography cycle. 
[0019] Aspects and implementations described herein may 
be combined in Ways other than described above. Other 
aspects, features, and advantages Will be apparent from the 
folloWing detailed description, the draWings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 illustrates a simpli?ed side vieW of a litho 
graphic system. 
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[0021] FIG. 2 illustrates a simpli?ed side vieW of the sub 
strate shoWn in FIG. 1 having a patterned layer positioned 
thereon. 
[0022] FIG. 3 illustrates a dense feature area formed by 
nano-imprint lithography. 
[0023] FIG. 4 illustrates ?uorine content associated With a 
template surface With an a priori release layer versus number 
of imprints made With the template. 
[0024] FIG. 5 illustrates ?uorine content associated With a 
template surface versus number of imprints made With the 
template for a surfactant-based release method. 
[0025] FIG. 6 illustrates surfactant-template hydrogen 
bonding interactions for a surfactant With a single terminal 
hydroxyl group. 
[0026] FIG. 7 illustrates ?uorine content associated With a 
template surface versus number of imprints made With the 
template for a surfactant-based release method With stronger 
template-surfactant interactions than represented in FIG. 5. 
[0027] FIG. 8 shoWs a method for synthesiZing surfactants 
With multiple sites able to form polar interactions With a 
surface of an imprint lithography template. 
[0028] FIG. 9 illustrates surfactant-template hydrogen 
bonding interactions for a surfactant With a terminal carboxyl 
group. 
[0029] FIG. 10 illustrates surfactant-template hydrogen 
bonding interactions for a surfactant With more than one 
terminal hydroxyl group. 
[0030] FIG. 11 illustrates a method for synthesiZing 
imprint lithography release agents. 
[0031] FIG. 12 illustrates a method for synthesiZing 
imprint lithography release agents. 
[0032] FIG. 13 illustrates chemical structures of some 
imprint lithography release agents. 
[0033] FIG. 14 illustrates surfactant-template hydrogen 
bonding interactions for a surfactant With a terminal carboxyl 
group and a template With an aluminum oxide layer on the 
surface. 

DETAILED DESCRIPTION 

[0034] Referring to FIG. 1, illustrated therein is a litho 
graphic system 10 used to form a relief pattern on substrate 
12. Substrate 12 may be coupled to substrate chuck 14. As 
illustrated, substrate chuck 14 is a vacuum chuck. Substrate 
chuck 14, hoWever, may be any chuck including, but not 
limited to, vacuum, pin-type, groove-type, electromagnetic, 
and/or the like. Exemplary chucks are described in US. Pat. 
No. 6,873,087, Which is hereby incorporated by reference 
herein. 
[0035] Substrate 12 and substrate chuck 14 may be further 
supported by stage 16. Stage 16 may provide motion about 
the x-, y-, and Z-axes. Stage 16, substrate 12, and substrate 
chuck 14 may also be positioned on a base (not shoWn). 
[0036] Spaced-apart from substrate 12 is a template 18. 
Template 18 generally includes a mesa 20 extending there 
from toWards substrate 12, mesa 20 having a patterning sur 
face 22 thereon. Further, mesa 20 may be referred to as mold 
20. Template 18 and/or mold 20 may be formed from such 
materials including, but not limited to, fused-silica, quartZ, 
silicon, organic polymers, siloxane polymers, borosilicate 
glass, ?uorocarbon polymers, metal, hardened sapphire, and/ 
or the like. As illustrated, patterning surface 22 comprises 
features de?ned by a plurality of spaced-apart recesses 24 
and/or protrusions 26, though embodiments of the present 
invention are not limited to such con?gurations. Patterning 
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surface 22 may de?ne any original pattern that forms the basis 
of a pattern to be formed on substrate 12. 

[0037] Template 18 may be coupled to chuck 28. Chuck 28 
may be con?gured as, but not limited to, vacuum, pin-type, 
groove-type, electromagnetic, and/or other similar chuck 
types. Exemplary chucks are further described in US. Pat. 
No. 6,873,087, Which is hereby incorporated by reference 
herein. Further, chuck 28 may be coupled to imprint head 30 
such that chuck 28 and/or imprint head 30 may be con?gured 
to facilitate movement of template 18. 
[0038] System 10 may further comprise a ?uid dispense 
system 32. Fluid dispense system 32 may be used to deposit 
polymeriZable material 34 on substrate 12. PolymeriZable 
material 34 may be positioned upon substrate 12 using tech 
niques such as drop dispense, spin-coating, dip coating, 
chemical vapor deposition (CVD), physical vapor deposition 
(PVD), thin ?lm deposition, thick ?lm deposition, and/or the 
like. PolymeriZable material 34 may be disposed upon sub 
strate 12 before and/or after a desired volume is de?ned 
betWeen mold 20 and substrate 12 depending on design con 
siderations. PolymeriZable material 34 may comprise a 
monomer as described in US. Pat. No. 7,157,036 and US. 
Patent Application Publication No. 2005/0187339, all of 
Which are hereby incorporated by reference herein. 
[0039] Referring to FIGS. 1 and 2, system 10 may further 
comprise an energy source 38 coupled to direct energy 40 
along path 42. Imprint head 30 and stage 16 may be con?g 
ured to position template 18 and substrate 12 in superimpo 
sition With path 42. System 10 may be regulated by a proces 
sor 54 in communication With stage 16, imprint head 30, ?uid 
dispense system 32, and/or source 38, and may operate on a 
computer readable program stored in memory 56. 
[0040] Either imprint head 30, stage 16, or both vary a 
distance betWeen mold 20 and substrate 12 to de?ne a desired 
volume therebetWeen that is ?lled by polymeriZable material 
34. For example, imprint head 30 may apply a force to tem 
plate 18 such that mold 20 contacts polymeriZable material 
34. After the desired volume is ?lled With polymeriZable 
material 34, source 38 produces energy 40, e.g., broadband 
ultraviolet radiation, causing polymeriZable material 34 to 
solidify and/or cross-link conforming to shape of a surface 44 
of substrate 12 and patterning surface 22, de?ning a patterned 
layer 46 on substrate 12. Patterned layer 46 may comprise a 
residual layer 48 and a plurality of features shoWn as protru 
sions 50 and recessions 52, With protrusions 50 having a 
thickness t1 and residual layer 48 having a thickness t2. 
[0041] The above-described system and process may be 
further implemented in imprint lithography processes and 
systems referred to in US. Pat. No. 6,932,934, US. Patent 
Application Publication No. 2004/0124566, US. Patent 
Application Publication No. 2004/0188381, and US. Patent 
Application Publication No. 2004/ 021 1754, each of Which is 
hereby incorporated by reference herein. 
[0042] After patterned layer 46 is formed on substrate 12, 
template 18 or mold 20 is separated from the patterned layer. 
Separation of the mold or template from the patterned layer 
may be facilitated With an a priori release layer bonded to the 
template surface or a coating of surfactant on the template 
surface. In an a priori release method, a release layer is solidi 
?ed and chemically bonded (i.e., covalently bonded) to the 
template surface. Thus, the surface stoichiometry of the tem 
plate is altered through covalent bonding. One such a priori 
release layer includes a self-assembled monolayer formed 
from trideca?uoro-l ,1 ,2,2-tetrahydrooctyltrichlorosilane 
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(FOTS). In a surfactant-based or release agent method, sur 
factant is included in the polymeriZable material. In this 
method, the surfactant does not undergo covalent bonding 
With the template surface, and the template surface stoichi 
ometry is substantially unaltered. 
[0043] In some cases, ?uorinated surfactants in a polymer 
iZable material or liquid resist may be used to facilitate sepa 
ration of the template 18 from the patterned layer 46. When 
the template 18 is contacted With the polymeriZable material 
34, surfactant from the polymeriZable material may orient to 
cover all or substantially all of the template surface. For 
example, When a template contacts polymeriZable material 
that includes a ?uorinated surfactant, the hydrophilic portion 
of some of the surfactant molecules may orient toWard the 
template, and form hydrogen bonding interactions With the 
surface of the template, such that the hydrophobic, or ?uori 
nated portion of these surfactant molecules extends aWay 
from the template surface and toWard the polymeriZable 
material on the substrate. 

[0044] Other surfactant molecules at the surface of the 
polymeriZable material may orient With the hydrophilic por 
tion toWard the bulk of the polymeriZable material (i.e., 
toWard the substrate) and With the hydrophobic portion 
extending aWay from the bulk (i.e., toWard the template, or 
aWay from the substrate). When the template surface contacts 
the polymeriZable material, a lamella layer may form 
betWeen the surface of the template and the polymeriZable 
material. The lamella layer may include the hydrophobic or 
?uorinated ends of surfactant molecules hydrogen bonded to 
the template surface, as Well as the hydrophobic or ?uorinated 
ends of surfactant molecules With their hydrophilic ends in 
the polymeriZable material. When the surfactant or lamella 
layer covers all or substantially all of the template surface, 
separation of the template 18 from the patterned layer 46 may 
occur readily, such that the patterned layer is substantially 
defect-free. 

[0045] Hydrogen bonding may be thought of as a polar 
interaction or attractive force in Which a hydrogen atom from 
one source (e.g., a surfactant or a hydroxyl group at the 
surface of a template) is attracted to unshared electrons from 
another source (e.g., a hydroxyl group at the surface of a 
template or a surfactant, respectively). For example, a hydro 
gen atom in a surfactant may be attracted to unshared elec 
trons in a hydroxyl group at the surface of a template, or a 
hydrogen atom in a hydroxyl group at the surface of a tem 
plate may be attracted to unshared electrons in a surfactant, 
such that the surfactant is held at the surface of the template in 
the absence of covalent bonding. A hydrogen bonding inter 
action may have a fraction of the strength of a covalent bond. 

[0046] During separation of the template 18 from the pat 
terned layer 46, solidi?ed polymeric material or imprinting 
resist may pull surfactant that is hydrogen bonded to the 
template surface aWay from the template, reducing the 
amount of surfactant hydrogen bonded to the template sur 
face. As feature aspect ratios increase (e.g., as the ratio of the 
height to the Width of protrusions 50 increases) and thickness 
t2 of residual layer 48 decreases, the overall surface to volume 
ratio of the imprint resist increases. Thus, the amount of 
surfactant needed to cover the increased amount of template 
surface also increases (e.g., proportionally to the increase in 
surface area). A higher surfactant content in the imprint resist 
may reduce the void dissipation speed during ?uid spreading 
and feature ?lling, thus increasing the time needed to form 
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each patterned surface, and slowing doWn the throughput of a 
step and repeat imprint lithography process. 
[0047] Fluorinated surfactants used in the polymeriZable 
material or imprint resists may include one or more poly 
(oxyalkylenes). In some cases, surfactant molecules are ter 
minated With a single hydroxyl group. These surfactant mol 
ecules may interact With and cling onto the template surface 
through hydrogen bonding interactions betWeen silanol 
groups on the template surface and poly(oxyalkylene) oxy 
gen in the surfactant, as Well as hydrogen bonding interac 
tions betWeen silanol groups on the template surface and 
hydroxyl terminated groups in the surfactant. During the tem 
plate separation step, the solidi?ed resist may overcome some 
of these hydrogen bonding interactions and pull surfactant 
molecules aWay from the template through, for example, 
physical entanglement, thereby reducing the surfactant cov 
erage of the template. 
[0048] There is an increasing need in imprinting lithogra 
phy to fabricate dense ?ne features With an aspect ratio 
greater than 1:1 (e.g., about 2:1). At the same time, for the 
purpose of controlling critical dimensions (CDs) during reac 
tive ion etching, the residual layer thickness may need to be 
less than about 50 nm, and in some cases less than about 15 
nm. FIG. 3 illustrates a patterned layer 46 formed on imprint 
lithography substrate 12. Patterned layer 46 is adhered to 
transfer layer 60 on imprint lithography substrate 12. Pat 
terned layer 46 includes thin residual layer 48 and protrusions 
50. The protrusions 50 may be arranged in a dense feature 
area 62 formed by a block of ?ne features. Protrusions 50 
extend from the residual layer 48 in dense feature area 62. The 
protrusions may be less than about 50 nm Wide. In some 
cases, as depicted in FIG. 3, a ratio of the distance betWeen the 
protrusions to the Width of the protrusions is about 1:1. The 
aspect ratio of the protrusions (e.g., a ratio of the height to the 
Width of the protrusions) may be at least about 2: 1. 
[0049] An imprinting cycle in a nano-imprinting process 
may be thought of as including tWo steps: a ?rst step, in Which 
liquid resist or polymeriZable material is in contact With the 
template; and a second step, in Which the template is sepa 
rated from the solidi?ed resist. The effectiveness of a tem 
plate (e.g., the ability of a template to form substantially 
defect-free patterned layers) may be understood by depicting 
the amount of ?uorine thought to be associated With the 
template surface for each step in the cycle versus the number 
of imprints made With the template. 
[0050] FIG. 4 illustrates the amount of ?uorine associated 
With a hypothetical template surface, or the percentage of the 
template covered With intact (?uorine containing) a priori 
release layer as a function of number of imprints made in 
succession. Each imprinting cycle 400 includes ?rst step 402, 
in Which liquid resist or polymeriZable material is in contact 
With the template, and second step 404, in Which the template 
is separated from the solidi?ed resist. For an a priori release 
layer, the percentage of the template surface covered With 
?uorine (or an intact a priori release layer) is the highest for a 
loW number of imprints (i.e., When a neW template is ?rst 
used), as seen for imprinting cycles 1 through 5. The a priori 
release layer gradually degrades With successive imprinting 
steps, and the ?uorine content on the template surface is 
reduced, depicted in FIG. 4 as beginning With imprinting 
cycle 6. For an a priori release layer including FOTS, for 
example, a decrease in release performance is observed (i.e., 
the patterned layers formed are not substantially defect free) 
after 50 to 100 imprints. 
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[0051] Once the bonded ?uorinated coating is damaged, 
the release performance may not be recoverable. This may be 
understood by looking at the structure of chemicals, such as 
FOTS, used to form an a priori release layer, as Well as the 
covalent bonds betWeen the FOTS and the template surface. 
FOTS bonds to a template surface through a non-?uorinated 
portion of the molecule. When the non-?uorinated portion of 
the molecule is bonded to the surface of the template, the 
?uorinated portion of the FOTS extends from the surface of 
the template. Although the ?uorinated portion may degrade 
(e.g., fragments of the molecule including ?uorine may break 
off) With use over time (i.e., With an increasing number of 
imprints), the base portion of the molecule may remain 
covalently bonded to the template surface. Whereas patterned 
layers separate easily and substantially defect-free from fully 
?uorinated regions of the template surface, adhesion betWeen 
the imprint resist and regions of the template surface Where 
the base portions lose the ?uorinated portions inhibits sepa 
ration betWeen the patterned layer and the template surface, 
increasing the force necessary to separate the template and 
the imprint resist, and resulting in patterned layers With 
defects. There is no self-repair mechanism knoWn for the a 
priori release layer once ?uorinated portions of the surface 
break off. 

[0052] FIG. 5 illustrates a content of ?uorine associated 
With a template surface Without an a priori release layer for 
steps 402 and 404 of imprinting cycles 400 versus number of 
imprints for a surfactant method in Which a ?uorinated sur 
factant is included in the polymeriZable material. No ?uorine 
containing species are covalently bonded to the surface of the 
template (i.e., there is no a priori release layer on the tem 
plate). A solidi?ed resist may pull some surfactant off the 
template surface during separation of the template from the 
patterned layer in step 404. During the next imprint, hoWever, 
surfactant in the polymeriZable material supplies additional 
fresh surfactant to replace the surfactant depleted template 
surface in step 402. In this approach, the surfactant is associ 
ated With the template surface via polar (e.g., hydrogen bond 
ing) interactions. 
[0053] In the surfactant-based method in Which a polymer 
iZable material used as an imprint resist includes a surfactant 
and there is no a priori release layer on the template, ?uori 
nated surfactant at the template surface is restored during 
each imprinting cycle, such that long imprinting runs on the 
order of thousands to tens of thousands of imprints may be 
achieved Without noticeable degradation of imprinting qual 
ity. That is, the patterned layers are still substantially defect 
free even after a template has been used successively in thou 
sands of imprinting cycles Without any intervening treatment 
of the template. The ?uorinated surfactant may be dynami 
cally exchanged off the template by the physical entangle 
ment With the solidi?ed resist during template separation 
because the surfactant is not covalently bonded to template. It 
is believed that this removal process occurs Without fragmen 
tation and degradation of the surfactant molecules. Thus, for 
templates Without an a priori release layer used With a suitable 
surfactant-containing polymeriZable material in a surfactant 
method, regions of the template surface may not be charac 
teriZed by the higher release force observed With a priori 
release layers as the a priori release layers degrade over time. 

[0054] The surfactant in a polymeriZable material used as 
an imprint resist is thought to form polar interactions With the 
template, such that the template is associated With the hydro 
philic portion of the surfactant and the ?uorinated portion of 
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the surfactant is oriented away from the template. At the same 
time, some surfactant molecules from the liquid resist 
approach the liquid/ gas interface before imprinting, such that 
the ?uorinated portion of some surfactant molecules in the 
liquid resist point toWard the air (gas)/liquid interface. When 
the template touches the liquid resist, the ?uorinated portion 
of the surfactant associated With the template and the ?uori 
nated portion of the surfactant in the liquid resist are thought 
to meet and form a lamella layer including the hydrophobic, 
?uorinated portions of the surfactant molecules sandWiched 
betWeen the hydrophilic portions of the surfactant molecules. 
The lamella layer enhances the release performance of the 
template by facilitating separation of the solidi?ed resist from 
the template at the lamella layer. 
[0055] Some ?uorinated surfactants used to facilitate sepa 
ration of an imprint resist from a template surface are 
described in US. Pat. No. 7,307,118 to Xu et al., Which is 
incorporated by reference herein. Fluorinated surfactants 
may have a hydrophilic portion and a ?uorine-rich hydropho 
bic portion. The hydrophilic portion may include a poly(oxy 
alkylene) group. A non-ionic ?uorinated surfactant With poly 
(oxyalkylene) groups can be represented as 

referred to herein as a Structure 1 surfactant. In Structure 1, 
(RO)Z is a poly-(oxyalkylene) With oxyalkyl groups having 
tWo to four carbon atoms (e.g., R is 4CH2CH2i, 
iCHzCHzCHzi, %H(CH3)CH2i, or iCH(CH3)CH 
(CH3)i); Z is an integer; R' is a terminal group of H or C l to 
C4 alkyl; and Rfis a ?uorine-containing portion Which can 
include, but is not limited to, ?uorinated alkyl groups, ?uori 
nated ether groups, or a combination thereof. L is a carbon 
containing linker group that links hydrophobic portion Rfand 
hydrophilic portion (ROZ)R' together. 
[0056] Structure 1 Will associate With a template via hydro 
gen bonding interactions betWeen i) silanol groups on a tem 
plate (Si4OH) and oxygen atoms in the poly(oxyalkylene); 
and betWeen ii) silanol groups on the template and oxygen or 
hydrogen atoms in the terminal group (e. g., a terminal 
hydroxyl group). An example of a hydrogen bonding interac 
tion betWeen silanol at a surface of a template and a terminal 
hydroxyl group in a Structure 1 surfactant is illustrated in 
FIG 6 

[0057] An example of a Structure 1 surfactant is 
MASURF® FS-2000, available from Mason Chemical Com 
pany (Arlington Heights, Ill.). FIG. 5 illustrates that a cured 
resist may pull a signi?cant fraction (e.g., about 50%) of a 
Structure 1 surfactant from a template after each template 
separation 404 in an imprinting cycle 400. In the case of 
ultra-thin residual layer imprinting applications such as the 
one shoWn in FIG. 3, the residual layer thickness may be on 
the order of 10 nm. A surfactant-rich layer on a surface of a 10 
nm-thick layer of polymeriZable material used as a liquid 
resist may be about 1 nm thick. In this case, the surface to 
volume ratio of the imprint resist may be thought of as about 
10% (1 nm/ 10 nm). If about 50% of the surfactant is removed 
from the surface of the template during separation of the 
template from the resist, this amount of surfactant may be 
replaced in the next imprint. To replace the surfactant that Was 
removed, then, about half of the surface layer, or about 5% of 
the polymeriZable composition for a residual layer With a 
thickness of 10 nm, may be needed to provide surfactant 
necessary to achieve desired release properties in the next 
imprint. Thus, surfactant loading in the liquid resist to achieve 
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suitable release of the patterned layer from the template may 
be estimated to be at least 5%. High surfactant loading (e. g., 
at least 3%) may also be needed for a template With a high 
aspect ratio. High surfactant loading, hoWever, may reduce 
the void dissipation speed during ?uid spreading and feature 
?lling, sloWing doWn the throughput in a step and repeat 
imprint lithography process. 
[0058] FIG. 7 illustrates a qualitative plot of template sur 
face ?uorine content versus number of successive imprints 
for a surfactant-based imprint lithography process (no a priori 
release layer, surfactant in the liquid resist) that leaves more 
surfactant associated With the template surface through polar 
interactions than the example shoWn in FIG. 5. A surfactant 
that yields the results shoWn in FIG. 7 has more polar inter 
actions, stronger polar interactions, or a combination of both 
With the template surface and is thus more di?icult to remove 
from the template during an imprinting cycle 400. The sur 
factant distribution partition betWeen template and solidi?ed 
resist after separation is altered so that more surfactant mol 
ecules remain associated With the template surface than are 
pulled aWay from the template surface by the solidi?ed resist. 
That is, surfactant molecules held to the template surface With 
stronger forces or interactions are less likely to be pulled off 
the template by physical entanglement With the solidi?ed 
resist. 
[0059] FIG. 7 illustrates that a cured resist may pull less 
(e.g., about 20%) of a surfactant off the template With each 
template separation When the surfactant is a more effective 
release agent and interacts more strongly With the template. 
Thus, for a residual layer With a thickness of 10 nm as dis 
cussed above, of the 10% of the liquid resist that makes up the 
surfactant-enriched surface layer, a smaller percentage (e. g., 
about 20%) may be needed to replace the surfactant removed 
from the template surface When the solidi?ed resist is sepa 
rated from the template in step 404. That is, the liquid resist 
may only need to supply enough surfactant to replace the 
surfactant molecules that are removed from the template in 
step 404. This amount may be estimated as 2% of the liquid 
resist composition for a surface to volume ratio of 10%. In this 
case, 2% surfactant loading by Weight in the liquid resist may 
be su?icient to facilitate repeated, substantially defect-free 
release Without adversely impacting ?uid spreading and fea 
ture ?lling speed. 
[0060] A surfactant capable of forming multiple hydrogen 
bonding interactions With a template surface is FLUO 
ROLINK® E10, available from Solvay Solexis S.p.A (Italy). 
FLUOROLINK® E10 has the chemical formula: 

HO(CH2CH2O)yCH2CF2O(CF2CF2O)m(CF2O) 
nCF2CH2(OCH2CH2)XOH 

or HO(EO)yR'/(EO)XH, in Which EO refers to polyethylene 
oxide. Unlike Structure 1 surfactants, FLUOROLINK® E10 
has tWo hydrophilic ends and one middle hydrophobic por 
tion R'f R'fis a ?uorinated ether segment With a molecular 
Weight of about 1000 amu. An average value of x+y is about 
3.5 to 4. FLUOROLINK® E10 may be added directly into a 
liquid resist. Even With tWo terminal hydroxyl groups, hoW 
ever, FLUOROLINK® E10 behaves similarly to Structure 1 
surfactants, With similar surfactant partitioning betWeen the 
template and the cured resist after the template is separated 
from the resist. 
[0061] Increased hydrogenbonding strength betWeen a sur 
factant and a template surface may be achieved With a surfac 
tant having multiple sites capable of forming polar interac 
tions With an imprint lithography template, a surfactant 
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capable of forming stronger polar interactions With the tem 
plate, or a combination of both. When a polymeriZable mate 
rial includes a surfactant With more or stronger polar interac 
tions, a greater percentage of surfactant is retained on the 
template surface during separation of the template from the 
solidi?ed resist. When a greater percentage of surfactant is 
retained on the template surface, less surfactant has to be 
replaced in each imprinting cycle, and thus the polymeriZable 
composition can provide enhanced release performance With 
less surfactant. 
[0062] FIG. 8 illustrates synthesis of several surfactants 
able to interact more strongly With an imprint lithography 
template than Structure 1 surfactants or FLUOROLINK® 
E10. 

[0063] Synthesis of Structure 2. FLUOROLINK® E10 (5 
g, 4.2 mmol) and dodecenyl succinic anhydride (DDSA, 1.12 
g, 4.2 mmol) Were Weighed into a ?ask. The ?ask Was then 
connected to a bubbler to inhibit moisture interaction. The 
mixture Was heated to 120-1500 C. under stirring for about 3 
hours. The reaction product, Structure 2, Was cooled to room 
temperature and used Without further puri?cation. 
[0064] Synthesis of Structure 3. FLUOROLINK® E10 (5 
g, 4.2 mmol) and DDSA (2.24 g, 8.4 mmol) Were Weighed 
into a ?ask. The ?ask Was then connected to a bubbler to 
inhibit moisture interaction. The mixture Was heated to 120 
1 50° C. under stirring for about 3 hours. The reaction product, 
Structure 3, Was cooled to room temperature and used Without 
further puri?cation. 
[0065] Synthesis of Structure 4. FLUOROLINK® E10 (5 
g, 4.2 mmol) and DDSA (2.24 g, 8.4 mmol) Were Weighed 
into a ?ask. The ?ask Was then connected to a bubbler to 
inhibit moisture interaction. The mixture Was heated to 120 
1500 C. under stirring for about 3 hours. The reaction mixture 
Was cooled to room temperature, and glycerol (0.774 g, 8.4 
mmol) Was added to the reaction mixture. The mixture Was 
then heated to 120-1500 C. under stirring for about 3 hours.At 
this stage, the bubbler Was removed in order to facilitate the 
escape of Water. The resulting product, Structure 4, Was 
cooled to room temperature and used Without further puri? 
cation. 
[0066] The chemical structures and synthesis procedures 
above are exemplary, and may be modi?ed to achieve suitable 
results. For example, instead of DDSA, succinic anhydride 
(SA) may be used to make other surfactants capable of inter 
acting With a template similarly to Structures 2-4. In some 
cases, carboxylic groups may exist in both dimer and mono 
mer forms. A single carboxylic group (as seen in Structures 2 
and 3) may form strong hydrogen bonding interactions With a 
silanol group at a template surface as illustrated in FIG. 9, due 
at least in part to a cyclic structure formed by tWo or more 
hydrogen bonding interactions per surfactant molecule. Sur 
factant molecules held to the template surface With tWo or 
more hydrogen bonds, as illustrated in FIG. 9, may be held 
more strongly to the template than a surfactant molecule that 
shares one hydrogen bond With the template, as illustrated in 
FIG. 6. 

[0067] In some embodiments, a carboxylic-terminated ?u 
orinated ether (e. g., FLUOROLINK® C from Solvay 
Solexis) may be added directly into a resist (e.g., an acrylate 
containing resist). In some cases, hoWever, phase separation 
may occur, and the polymeriZable ?uid may become cloudy, 
indicative of the high ?uorine content of FLUOROLINK® C. 
In contrast, hoWever, Structures 2 and 3, and surfactants With 
similar structures, have good compatibility With acrylate 
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based resists. This is due at least inpart to the 4CH2CH2Oi 
group and the DDSA group, making the overall structures 
more polar, and therefore more compatible With acrylate 
based resists. 
[0068] FIG. 10 illustrates hydrogen bonding interactions 
betWeen a Structure 4 surfactant and silanol groups. The dual 
hydroxyl form of Structure 4 and similar surfactants may 
form strong hydrogen bonding interactions With a silanol 
group at a template surface, as illustrated in FIG. 10. The 
strong hydrogen bonding interactions may be due at least in 
part to the cyclic structure formed by tWo or more hydrogen 
bonding interactions and an increased number of hydrogen 
bonding interaction sites, including hydrogen bonding 
betWeen the poly(oxyethylene) groups and the template. Sur 
factant molecules held to the template surface With tWo or 
more polar interactions, as illustrated in FIG. 10, may be 
associated With the template more strongly than a surfactant 
molecule that shares one hydrogen bond With the template, as 
illustrated in FIG. 6. 
[0069] In addition to carboxylic groups and multiple 
hydroxyl groups in close vicinity, the strength of hydrogen 
bonding betWeen a surfactant or release agent and a surface of 
a template may be increased by attaching other polar groups 
proximate the polar portion of a surfactant molecule such that 
the polar groups are able to form cyclic hydrogen bonding 
interaction structures or chelating cyclic hydrogen bonding 
interaction structures With silanol groups on a template sur 
face. In an example, the attraction betWeen a surfactant or 
release agent and a template may be increased by attaching 
longer polyethylene oxide (EO) chains and/ or polypropylene 
oxide (PO) chains so that the surfactant or release agent can 
form multiple hydrogen bonding interactions With the tem 
plate surface. The E0 and PO chains can exist in the form of 
a block copolymer or a random copolymer. 

[0070] An oxygen atom in an E0 group may form a stron 
ger hydrogen bonding interaction With a silanol group on the 
template surface than an oxygen atom in a PO group. For 
surfactants including a non-polar ?uorinated portion and a 
polar poly(oxyakylene) portion bonded to the non-polar ?u 
orinated portion, stronger interaction With a surface of a tem 
plate is observed When at least one of the oxyalkylene units is 
ethylene oxide. Furthermore, Within limits, surfactants With a 
higher molar ratio of E0 to PO demonstrate stronger interac 
tion With silanol groups on a template surface, and are more 
effective as imprint lithography release agents. Thus, these 
poly(oxyalkylene)-containing surfactants including (or 
formed from) at least one EO unit, at least 3 EO units, at least 
5 EO units, or at least 10 E0 units provide desirable properties 
for use as release agents for imprint lithography. 
[0071] The presence of P0 in an imprint lithography 
release agent may increase the minimum molecular Weight at 
Which the polymer exists as a solid. Thus, the presence of PO 
may help achieve a higher molecular Weight surfactant in a 
liquid state. The presence of PO may also help loWer the 
contact angle of a liquid resist on the surface of a template. 
For at least these reasons, a poly(oxyalkylene)-containing 
surfactant for use as an imprint lithography release agent may 
include (or be formed from) at least one PO unit, at least 3 PO 
units, or at least 10 PO units. 

[0072] In a comparison of interaction strength With an 
imprint lithography template, FLUOROLINK® E10, With 
the chemical structure HO(EO)yR'f(EO)xH, in Which an 
average value of x+y is about 3.5 to 4, demonstrates better 
performance as a release agent thanper?uoropolyethers With 
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out poly(oxyalkylene) groups. FLUOROLINK® D10, for 
example, With a chemical structure HOCH2CF2O 

(CF2CF20)m(CF20)nCF2CH2OH, does not interact as 
strongly With an imprint lithography template as FLUO 
ROLINK® E10. 
[0073] Increasing the E0 and/or PO content of a surfactant 
or release agent may be achieved by adding EO and/or PO 
segments to, for example, surfactants such as FLUO 
ROLINK® L10, FLUOROLINK® C10, and FOMBLIN® 
Z-DEAL available from Solvay Solexis. These surfactants 
have the general chemical formula shoWn beloW: 

For FLUOROLINK® L10, m/n:1.8-2.0, and R:C2H5. 
FLUOROLINK® L10 has tWo ester end groups and a middle 
hydrophobic (?uorinated) portion. The molecular Weight of 
the ?uorinated portion is about 1000 amu. For FLUO 
ROLINK® C10, m/n:1.8-2.0, and R:H. FLUOROLINK® 
C10 has tWo carboxylic acid end groups and a middle hydro 
phobic (?uorinated) portion. The molecular Weight of the 
?uorinated portion is about 1500 amu. For FOMBLIN® 
Z-DEAL, m/n:0.9-1.0, and R:CH3. FOMBLIN® Z-DEAL 
has tWo ester end groups and a middle hydrophobic (?uori 
nated) portion. The molecular Weight of the ?uorinated por 
tion is about 2000 amu. 

[0074] E0 and/ or PO segments may be added to surfactants 
such as FLUOROLINK® L10, FLUOROLINK® C10, and 
FOMBLIN® Z-DEAL through a condensation reaction in 
Which one or more EO- and/or PO-containing compounds, 
such as JEFFAMINE® M-2005, JEFFAMINE® M-2070, 
and JEFFAMINE® M-1000, are added to the surfactant via 
condensation reactions. JEFFAMINE® M-2005, JEFFAM 
1NE® M-2070, and JEFFAMINE® M-1000, available from 
Huntsman Performance Products (The Woodlands, Tex.), 
include poly(oxyalkylene) segments as shoWn below. 

This formula can be expressed as H3C[OCH2CH2],C 
[OCH2CHR]yNH2 or, When R:CH3, as H3C[EO]X[PO] 
yNH2 or RGNHZ. The E0 and PO units may be present in a 
random or block copolymer type arrangement. For J EFFAM 
INE® M-1000, the mole ratio of PO/EO is about 3/19 and the 
molecular Weight is about 1000 amu. For JEFFAMINE® 
M-2005, the mole ratio of PO/EO is about 29/16, and the 
molecular Weight is about 2000 amu. For JEFFAMINE® 
M-2070, the mole ratio of PO/EO is about 10/31, and the 
molecular Weight is about 2000 amu. 
[0075] Surfactants that Will interact more strongly With 
silanol groups on an imprint lithography template than any of 
Structures 1-4 can be synthesiZed by modifying the polar end 
groups of FLUOROLINK® L10, FLUOROLINK® C10, or 
FOMBLIN® Z-DEAL With JEFFAMINE® monoamines, as 
shoWn in FIG. 11. Ra represents the H3C[EO]x[PO]y- por 
tion of the JEFFAMINE® M-2005, J EFFAMINE® M-2070, 
and J EFFAMINE® M-1000 molecules. The product formed 
in the reaction shoWn in FIG. 11 Will vary based on the 
reactants or combination of reactants chosen. For example, 
the Ra groups may be the same or different. That is, in some 
cases, tWo or more of JEFFAMINE® M-2005, JEFFAM 
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INE® M-2070, and JEFFAMINE® M-1000 may be added, 
resulting in a surfactant in Which a ?rst Ra originates from a 
different reactant than a second Ra. Examples of possible 
combinations are described by the synthesis of Structures 5-9. 
[0076] Synthesis of Structure 5. FLUOROLINK® L10 (4 
g, 3.5 mmol) and JEFFAMINE® M-1000 (6.9 g, 7.0 mmol) 
Were Weighed into a ?ask. The ?ask Was then equipped With 
a nitrogen bubbler. The mixture Was heated in a Water bath to 
30-600 C. under stirring. The reaction Was folloWed by FT-IR 
until completion. The reaction product Was cooled to room 
temperature and used Without further puri?cation. 
[0077] Synthesis of Structure 6. FLUOROLINK® L10 (4 
g, 3.5 mmol) and JEFFAMINE® M-2005 (14.2 g, 6.8 mmol) 
Were Weighed into a ?ask. The ?ask Was then equipped With 
a nitrogen bubbler. The mixture Was heated in a Water bath to 
30-600 C. under stirring. The reaction Was folloWed by FT-IR 
until completion. The reaction product Was cooled to room 
temperature and used Without further puri?cation. 
[0078] Synthesis of Structure 7. FLUOROLINK® L10 (4 
g, 3.5 mmol) and JEFFAMINE® M-2070 (14 g, 0.8 mmol) 
Were Weighed into a ?ask. The ?ask Was then equipped With 
a nitrogen bubbler. The mixture Was heated in a Water bath to 
30-600 C. under stirring. The reaction Was folloWed by FT-IR 
until completion. The reaction product Was cooled to room 
temperature and used Without further puri?cation. 
[0079] Synthesis of Structure 8. FLUOROLINK® C10 (6 
g, 3.8 mmol) and JEFFAMINE® M-2070 (15.7 g, 7.5 mmol) 
Were Weighed into a ?ask. The ?ask Was then equipped With 
a nitrogen bubbler. The mixture Was heated in a Water bath to 
30-600 C. under stirring. The reaction Was folloWed by FT-IR 
until completion. The reaction product Was cooled to room 
temperature and used Without further puri?cation. Reaction 
of FLUOROLINK® C10 With JEFFAMINE® M-2005 and 
J EFFAMINE® M-1000 can be achieved similarly. 
[0080] Synthesis of Structure 9. FOMBLIN® Z-DEAL (3 
g, 1.4 mmol) and JEFFAMINE® M-2070 (5.6 g, 2.7 mmol) 
Were Weighed into a ?ask. The ?ask Was then equipped With 
a nitrogen bubbler. The mixture Was heated in a Water bath to 
30-600 C. under stirring. The reaction Was folloWed by FT-IR 
until completion. The reaction product Was cooled to room 
temperature and used Without further puri?cation. Reaction 
of FOMBLIN® Z-DEAL With JEFFAMINE® M-2005 and 
J EFFAMINE® M-1000 can be achieved similarly. 
[0081] The strength of a polar interaction betWeen a nitro 
gen atom in a surfactant or release agent and a silanol group 
on the surface of a template may exceed the strength of a polar 
interaction betWeen a hydrogen atom or an oxygen atom in a 
surfactant or release agent and a silanol group on the surface 
of the template. Thus, nitrogen-containing functional groups 
in a surfactant to be used as a release agent may interact more 
strongly With the template, and thus cling more strongly to the 
template during the separation of the template from the solidi 
?ed resist. If the nitrogen-containing functional group is too 
basic, hoWever, the performance of the resist may be compro 
mised. One example of a suitable N-containing functional 
group is functionaliZed pyridaZine, Which can be grafted to a 
FLUOROLINK® L10 type of surfactant via a linking agent, 
such as diamine, as shoWn in FIG. 12. 
[0082] A FLUOROLINK® or FOMBLIN® surfactant 
undergoes a condensation reaction With a diamine, as shoWn 
in FIG. 12, in Which R1 and R2 are carbon-containing. The 
resulting surfactant or release agent can then react With a 
functionaliZed pyridaZine, in Which R' is hydrogen or alkyl, to 
form a surfactant With Structure 10. Structure 10 aligns better 
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on the surface of the template and is held more tightly to the 
template surface than other surfactants Without a similar 
arrangement of hydrophilic, hydrophobic, and polar portions 
in the molecule. 

[0083] In some cases, ?uorinated ether monoacrylates and 
?uorinated ether diacrylates can be added to a liquid resist to 
increase surface ?uorine content Without adversely affect the 
release performance of Structures 5-9. Examples of a ?uori 
nated ether monacrylate and a ?uorinated ether diacrylate are 
shoWn in FIG. 13 as Structures 11 and 12, respectively. 
[0084] Compared to release agents With ?uorinated alkyl 
hydrophobic portions, release agents With ?uorinated ether 
hydrophobic portions of a similar molecular Weight have a 
loWer viscosity. Thus, While release agents With ?uorinated 
alkyl hydrophobic portions may be solid at room temperature, 
release agents With ?uorinated ether hydrophobic portions of 
a similar molecular Weight may remain liquid at room tem 
perature. For example, Structure 7 exists in the form of a 
liquid at room temperature. In contrast, a similar compound 
With a ?uorinated alkyl portion, 4CF3(CF2)n-, With a 
molecular Weight of 1000 amu and substantially the same 
length of EO and PO chains as Structure 7, is a solid at room 
temperature. Solid surfactants may not dissolve in the bulk 
resist used in an imprint lithography process. In addition, the 
backbone of a ?uorinated ether portion is more ?exible than 
the backbone of a ?uorinated alkyl portion. Thus, the ?uori 
nated ether portion may provide better lubricity for friction 
reduction during template separation. 
[0085] Table 1 shows the physical state (solid or liquid) at 
room temperature of surfactants formed from poly(oxyalky 
lene) portions including EO only or a combination of EO and 
PO together With ?uorinated alkyl or per?uorinated polyether 
portions. 

TABLE 1 

Physical state at room temperature of various surfactants. 

Fluorinated alkyl Per?uorinated polyether 
(1000-2000 amu) (1000-2000 amu) 

Poly(oxyalkylene) With Solid Liquid 
EO and PO 
(liquid) 
Poly(oxyalkylene) With all Solid Solid 
or predominantly EO 

(solid) 

Table 1 shows that surfactants including a high molecular 
Weight poly(oxyalkylene) with E0 and PO (e.g., at least 
about 1000 amu, or at least about 2000 amu) are liquid at 
room temperature. When the surfactant is modi?ed to include 
a ?uorinated alkyl portion With a molecular Weight of at least 
about 1000 amu, the resulting surfactant is a solid at room 
temperature. When the surfactant is modi?ed to include a 
per?uorinated polyether (PFPE) With a molecular Weight of 
at least about 1000 amu, the resulting surfactant is a liquid at 
room temperature. When the high molecular Weight poly 
(oxyalkylene) includes only or predominantly E0, the poly 
(oxyalkylene) is a solid at room temperature. When the sur 
factant is modi?ed to include a high molecular Weight 
?uorinated alkyl group, the resulting surfactant is a solid at 
room temperature. Similarly, When the surfactant is modi?ed 
to include a high molecular Weight per?uorinated polyether 
(PFPE), the resulting surfactant is also found to be a solid at 
room temperature. 
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[0086] In some cases, a template/release agent anchoring 
mechanism may include Weak covalent bonds that are stron 
ger than polar interactions, such as hydrogen bonds, but 
Weaker than SiiOiSi covalent bonds. In an a priori release 
approach, strong covalent SiiOiSi bonds are formed 
betWeen the template surface and release agent. The strength 
of a hydrogen bonding interaction, hoWever, may be a frac 
tion of the strength of a Si4O bond. The strength of the 
interaction betWeen a surfactant or release agent and a tem 
plate may be increased by including an atom or functional 
group in the surfactant that interacts more strongly With a 
template surface than hydrogen, oxygen, or nitrogen, but less 
strongly than silicon. An atom or functional group capable of 
forming a Weak or quasi-covalent bond With a template sur 
face may improve the ability of the surfactant to perform as a 
release agent. In an example, a surfactant With a boron atom 
may form an interaction betWeen the boron and the template 
surface. A ?uorinated group may be bonded to the boron 
atom. A Si4OiB coupling, although considered to include 
covalent bonds, is Weaker than a SiiOiSi coupling, Which 
also includes covalent bonds. During separation of the tem 
plate from the solidi?ed resist, a bond in the Si4OiB cou 
pling may break, such that a ?uorinated group attached to the 
boron atom is removed from the template surface. 

[0087] In some embodiments, a template surface may be 
modi?ed to increase the strength of polar interactions 
betWeen the template surface and a surfactant, or to provide 
an attractive force through charged (e.g., ionic) interaction. 
For example, a thin layer of metal oxide may be deposited 
onto a fused silica template. The metal oxide may include, for 
example, AlOx. Deposition may be achieved through, for 
example, atomic layer deposition (ALD), as described in US. 
Pat. No. 7,037,574, Which is incorporated by reference 
herein. 

[0088] In an example, a fused silica template may be treated 
With a Piranha solution (H2SO4zH2O2 3:1) to generate silanol 
(Si4OH) on the surface of the template. Al(CH3)3 vapor may 
be introduced to react With the surface Si4OH groups, fol 
loWed by Water vapor to generate Al4OH on the surface. One 
ALD cycle may deposit one molecular layer of AlO,C on the 
surface. After a desired thickness of AlO,C is achieved, a ther 
mal or plasma process may be used to anneal the ?lm. A high 
quality AlO,C ?lm, less than 5 nm thick, may be formed 
through this method. 
[0089] The AlO,C surface interacts With Structure 2 or 3 
surfactants, such that the surfactants couple to the AlO,C sur 
face through both ionic interactions and hydrogen bonding 
interactions. The hydrogen bonding interaction is illustrated 
in FIG. 14. Comparing FIG. 14 and FIG. 11, the overall 
interactions betWeen the template surface and surfactant 
Structures 2 and 3 may be stronger for an AlO,C covered 
template surface than a fused silica template surface. The 
stronger interaction may be due to positive charges on the 
AlO,C surface that interact ionically With carboxylic groups in 
the surfactant. The additional ionic interaction increases the 
attraction betWeen Structure 2 and 3 surfactants and the AlO,C 
covered fused silica template relative to the attraction 
betWeen Structure 2 and 3 surfactants and a fused silica tem 
plate. This strengthened interaction Will further increase the 
surfactant partition ratio, such that more surfactant remains 
on the template surface after the template is separated from 
the patterned layer. 
[0090] A four point bending adhesion test Was used to 
assess hoW strongly exemplary surfactants cling to a template 
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surface during template separation. Table 2 lists three mate 
rials (Bulk Material, Priming Material A, and Priming Mate 
rial B) used for adhesion testing as listed by Weight (grams): 

TABLE 2 

Materials for Imprint Lithography. 

Bulk Priming Priming 
Material Material A Material B 

IBOA 56 5 6 56 
Medol 10 19 19 19 
HDODA 20 20 20 
Irgacure 907 1 1 1 
Darocur 4265 4 4 4 
FS2000 2 
Surfactant 2 2 

IBOA (isobomyl acrylate) is available from Sartomer Com 
pany, Inc. (Exton, Pa.), under the product name SR 506. 
Medol 10 is an acrylate available from Osaka Organic Chemi 
cal Industry Limited (Japan). HDODA (hexanediol diacry 
late) is available from Cytec Industries Inc. (Woodland Park, 
NJ). lrgacure 907 and Darocur 4265 are photoinitiators 
available from Ciba Specialty Chemicals (TarrytoWn, N.Y.). 
MASURF FS-2000 is an example of a Structure 1 surfactant. 
Surfactant 2 is shoWn in FIG. 8 as Structure 2. 

[0091] A four-point bending ?xture (not shoWn) Was 
adopted for the adhesion test and technique, similar to that 
described in “Measurement of Adhesive Force BetWeen Mold 
and Photocurable Resin in Imprint Technology” Japanese 
Journal ofApplied Physics, 41 (2002): 4194-4197, Which is 
incorporated by reference herein. Each adhesion test involved 
tWo glass slides laid crossWise. Each glass slide Was approxi 
mately 1 mm thick, and 75x25 mm in the lateral dimension. 

[0092] The bottom glass slide Was coated With an adhesion 
layer. The adhesion layer, described in US. Patent Publica 
tion No. 2007/002152, Which is incorporated by reference 
herein, Was formed from a mixture of approximately 77 g of 
IsoRad 501, 22 g of Cymel 303ULF, 1 g of Cycat 4040, and 
1900 g of PM Acetate. Both the Cymel 303ULF (cross 
linking agent) and Cycat 4040 (catalyst) are available from 
Cytec Industries, Inc. (West Patterson, N.J.). One of the main 
components of Cymel 303ULF is hexamethoxymethyl 
melamine (HMMM). The methoxyl functional groups of 
HMMM can participate in many condensation reactions. Iso 
Rad 501 is an aromatic compound available from 
Schenectady International, Inc. (Schenectady, N.Y.). IsoRad 
501, Cymel 303ULF, and Cycat are combined and then intro 
duced into approximately 1900 grams of PM Acetate, a sol 
vent consisting of2-(1-methoxy) propyl acetate sold by East 
man Chemical Company (Kingsport, Tenn.). 
[0093] The adhesion layer Was cured at 160° C. for 4 min 
utes on a hot plate. For each set of adhesion tests, a fresh 
adhesion layer coated bottom glass slide Was used. The top 
glass slide (fused silica) Was re-used to probe hoW strongly 
the surfactant clung to the template surface. 
[0094] For the baseline adhesion test, droplets of ?uid bulk 
imprinting material Were disposed on an adhesion layer 
coated glass slide. The second fused silica slide Was laid in a 
crossWise direction on top of the imprinting material. The 
polymeriZable imprinting bulk material Was subsequently 
cured. A four-point bending compression force Was applied to 
separate the slides. The maximum force/load Was taken as the 
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adhesion strength or value. The beam distance of the top and 
bottom tWo points Was 60 mm, and the load Was applied at the 
speed of 0.5 mm per minute. 
[0095] To test hoW strongly a surfactant clung to a fused 
silica surface during separation, droplets of priming material 
A Were disposed on an adhesion layer coated glass slide, then 
the second fused silica slide Was laid crossWise on the top. 
The priming material A Was subsequently cured. A four-point 
bending compression force Was applied to separate the slides. 
After the separation, the top fused silica slide Was kept for 
further testing. The top fused silica retained some 
MASURF® FS-2000 from this priming step. To test hoW 
much release agent remained on fused silica surface after 
separation, the same slide Was re-tested With bulk imprinting 
material again in the same four point bending set-up. The 
maximum force/load Was taken as the adhesion value. Com 
paring the adhesion value of the ?rst separation to the second 
and successive separations provided a qualitative gauge of the 
interaction strength betWeen the Structure 1 surfactant and 
the fused silica surface. 
[0096] To test hoW strongly the Structure 2 surfactant inter 
acts With the fused silica surface during separation, droplets 
of priming material B Were disposed on an adhesion layer 
coated glass slide, and the second fused silica slide Was laid 
crossWise on the top. The priming material B Was subse 
quently cured. A four-point bending compression force Was 
applied to separate the slides. After the separation, the top 
fused silica slide Was kept for further testing. The top fused 
silica retained Structure 2 surfactant from this priming step. 
To test hoW much surfactant remained on the fused silica 
surface after separation, the same slide Was re-tested With 
bulk imprinting material again in the same four point bending 
set-up. The maximum force/load Was taken as the adhesion 
value. By comparing the adhesion value for priming material 
B With the adhesion values for the bulk material and the 
priming material A, a qualitative assessment of interaction 
strength betWeen the Structure 2 surfactant and the fused 
silica surface Was made. 

[0097] The baseline adhesion, or for the bulk material With 
out an a priori release layer and Without any surfactant or 
release agent, shoWs an adhesion strength of 3.0 lbf. A typical 
adhesion strength With full surfactant coverage is about 0.8 to 
1.0 lbf. Test results for priming materials A and B are shoWn 
in Table 3. 

TABLE 3 

Adhesion tests With Structure 1 and 2 Surfactants 

Fused silica slide treated With priming Priming Priming 
material, then tested With bulk material Material A Material B 

ls’test 1.6 lbf 0.8 lbf 
2'” test (same ?rsed silica slide re-used) 2.2 lbf 1.2 lbf 
3rd test (same fused silica slide re-used) 1.2 lbf 
4”‘ test (same fused silica slide re-used) 1.0 lbf 
5”‘ test (same fused silica slide re-used) 1.0 lbf 
6”‘ test (same fused silica slide re-used) 1.2 lbf 
7”‘ test (same fused silica slide re-used) 1.1 lbf 
8”‘ test (same fused silica slide re-used) 1.0 lbf 
9”‘ test (same fused silica slide re-used) 2.2 lbf 

[0098] Table 3 shoWs that the surfactant priming effect 
(reducing adhesion strength of the glass slides) lasts much 
longer in the case of the Structure 2 surfactant than in the case 
of Structure 1 type surfactant (MASURF® ITS-2000). This 
illustrates that the Structure 2 surfactant clings to the fused 
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silica template through stronger forces or interactions than 
the Structure 1 surfactant and is able to overcome the pull 
force of the solidi?ed resist much better than MASURF® 
FS-2000. In other Words, the Structure 2 surfactant has a 
stronger af?nity for (e.g., stronger polar interactions With) a 
fused silica template than MASURF® FS-2000. The stronger 
interactions or a?inity in the case of the Structure 2 surfactant 
may be attributed at least in part to the stronger polar inter 
actions (eg hydrogen bonding interactions) per surfactant 
molecule of the cyclic hydrogen bonding structure in FIG. 10. 
[0099] Further modi?cations and alternative embodiments 
of various aspects Will be apparent to those skilled in the art in 
vieW of this description. Accordingly, this description is to be 
construed as illustrative only. It is to be understood that the 
forms shoWn and described herein are to be taken as examples 
of embodiments. Elements and materials may be substituted 
for those illustrated and described herein, parts and processes 
may be reversed, and certain features may be utiliZed inde 
pendently, all as Would be apparent to one skilled in the art 
after having the bene?t of this description. Changes may be 
made in the elements described herein Without departing 
from the spirit and scope as described in the folloWing claims. 

What is claimed is: 
1. An imprint lithography release agent comprising: 
a non-polar ?uorinated portion; and 
a polar poly(oxyalkylene) portion bonded to the non-polar 

?uorinated portion, the polar poly(oxyalkylene) portion 
formed from a multiplicity of oxyalkylene units, the 
multiplicity comprising at least one ethylene oxide unit, 

Wherein the release agent is capable of forming multiple 
polar interactions With a surface of an imprint lithogra 
phy template. 

2. The imprint lithography release agent of claim 1, 
Wherein the polar poly(oxyalkylene) portion is formed from a 
multiplicity of oxyalkylene units including at least three eth 
ylene oxide units. 

3. The imprint lithography release agent of claim 1, 
Wherein the polar poly(oxyalkylene) portion is formed from a 
multiplicity of oxyalkylene units including at least ten ethyl 
ene oxide units. 

4. The imprint lithography release agent of claim 1, 
Wherein the polar poly(oxyalkylene) portion is formed from a 
multiplicity of oxyalkylene units including at least one pro 
pylene oxide unit. 

5. The imprint lithography release agent of claim 1, 
Wherein the ?uorinated portion comprises a per?uorinated 
polyether portion. 

6. The imprint lithography release agent of claim 1, 
Wherein the release agent further comprises a nitrogen atom, 
Wherein the nitrogen atom is capable of forming a polar 
interaction With the surface of the imprint lithography tem 
plate. 

7. The imprint lithography release agent of claim 1, 
Wherein the release agent further comprises tWo or more 
nitrogen atoms Wherein the nitrogen atoms are capable of 
forming polar interactions With the surface of the imprint 
lithography template. 

8. The imprint lithography release agent of claim 1, 
Wherein the release agent further comprises an atom capable 
of forming a covalent bond With the surface of the imprint 
lithography template, Wherein a strength of the covalent bond 
is less than the strength of a silicon-oxygen bond at the sur 
face of the template. 

May 6, 2010 

9. The imprint lithography release agent of claim 8, 
Wherein the release agent further comprises a boron atom, and 
Wherein the boron atom is capable of forming a covalent bond 
With the surface of the imprint lithography template. 

10. The imprint lithography release agent of claim 1, 
Wherein the release agent is liquid at room temperature. 

11. The imprint lithography release agent of claim 1, the 
release agent having the chemical structure 

0 O 

Wherein each R“ is independently H3C[OCH2CH2],C 
[OCH2CHCH3]yi, and m and n and x and y are integers. 

12. The imprint lithography release agent of claim 1, the 
release agent comprising polar groups capable of forming a 
cyclic hydrogen bonding interaction With the surface of the 
template. 

13. The imprint lithography release agent of claim 1, the 
release agent further comprising tWo or more hydroxyl 
groups capable of forming polar interactions With the surface 
of the template. 

14. The imprint lithography release agent of claim 1, the 
release agent further comprising a carboxyl group capable of 
forming polar interactions With the surface of the template. 

15. The imprint lithography release agent of claim 1, the 
release agent further comprising a pyridaZinyl group capable 
of forming polar interactions With the surface of the template. 

16. The imprint lithography release agent of claim 1, 
Wherein the release agent is non-ionic. 

17. An imprint lithography mold assembly comprising: 
an imprint lithography substrate; 
a polymeriZable material disposed on the substrate; and 
an imprint lithography template having a surface, the sur 

face in contact With the polymeriZable material, 
Wherein the polymeriZable material comprises an imprint 

lithography release agent comprising: 
a non-polar ?uorinated portion; and 
a polar poly(oxyalkylene) portion bonded to the non 

polar ?uorinated portion, the polar poly(oxyalkylene) 
portion formed from a multiplicity of oxyalkylene 
units, the multiplicity comprising at least one ethyl 
ene oxide unit, and 

Wherein the release agent is associated With the surface of 
the template through multiple polar interactions. 

18. The imprint lithography mold assembly of claim 17, 
Wherein the release agent forms a lamella layer at the surface 
of the imprint lithography template. 

19. The imprint lithography mold assembly of claim 17, 
Wherein the polymeriZable material further comprises a com 
pound including a per?uorinated polyether portion and an 
acrylate group. 

20. The imprint lithography mold assembly of claim 17, 
Wherein the polymeriZable material further comprises a com 
pound including a per?uorinated polyether portion and tWo 
acrylate groups. 

21. A imprint lithography liquid resist comprising: 
a monomer; 
a cross-linking agent; 
a photoinitiator; 
a catalyst; and 
a release agent comprising: 

a non-polar ?uorinated portion; and 
a polar poly(oxyalkylene) portion bonded to the non 

polar ?uorinated portion, the polar poly(oxyalkylene) 
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portion formed from a multiplicity of oxyalkylene units 
including at least one ethylene oxide unit. 

22. The liquid resist of claim 21, Wherein the ?uorinated 
portion of the release agent comprises a per?uorinated poly 
ether. 

23. The liquid resist of claim 21, further comprising a 
compound comprising a per?uorinated polyether group and 
one or more acrylate groups. 

24. A imprint lithography method comprising: 
disposing a polymeriZable composition on an imprint 

lithography substrate; 
contacting the polymeriZable composition With an imprint 

lithography template; 
solidifying the polymeriZable composition to form a pat 

terned layer adhered to the imprint lithography sub 
strate; and 

separating the imprint lithography template from the 
solidi?ed patterned layer, 

Wherein the polymeriZable composition comprises an 
imprint lithography release agent, the release agent 
comprising: 
a non-polar ?uorinated portion; and 
a polar poly(oxyalkylene) portion bonded to the non 

polar ?uorinated portion, the polar poly(oxyalkylene) 
portion formed from a multiplicity of oxyalkylene 
units including at least one ethylene oxide unit, 
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Wherein contacting the polymeriZable composition With 
the imprint lithography template comprises forming 
multiple polar interactions betWeen the release agent 
and the surface of the imprint lithography template. 

25. The imprint lithography method of claim 24, Wherein 
separating the imprint lithography template from the solidi 
?ed patterned layer comprises breaking less than about half of 
the polar interactions betWeen the release agent and the sur 
face of the imprint lithography template. 

26. A method of forming an imprint lithography template, 
the method comprising: 

cleaning an imprint lithography template to form hydroxyl 
groups on the surface of the template; 

introducing a metal-containing compound to react With the 
surface hydroxyl groups; 

introducing Water Vapor to form metal-OH on the surface 
of the template; and 

annealing the metal-OH to form a layer of metal oxide on 
the surface of the imprint lithography template, Wherein 
the surface of the template is capable of forming ionic 
and polar interactions With an imprint lithography 
release agent. 

27. The method of claim 26, Wherein the metal-containing 
compound is Al(CH3)3. 

* * * * * 


