SWELLABLE FILM FORMING COMPOSITIONS AND METHODS OF
NANOIMPRINT LITHOGRAPHY EMPLOYING SAME

FIELD
The present disclosure relates to film compositions capable of being swelled by the
application of solvent, conveniently water. The present disclosure further provides methods

for patterning surfaces using these compositions.

BACKGROUND

Nanoimprint lithography encompasses methods of fabricating nanometer scale
features onto a substrate. Known methods include those where the features are embossed,
and those where the features are micro replicated. When micro-replication is pursued, it is
known to employ a UV curable liquid resist for forming patterned conductive traces on the
substrate. In the next step, the material at the bottom of the recessed features formed from
the resist is etched away to expose the substrate. Subsequently, a metal layer is then
deposited that covers the tops of the non-recessed patterned features as well as the exposed
substrate. After the metal has been applied, it is necessary to remove (lift-off) the unneeded
resist and metal overlay remaining on the substrate. This material is typically removed by

selective etching, or washing in an organic solvent.

SUMMARY

The present disclosure provides unique UV curable acrylic resin compositions that
can be coated using cast and cure techniques to yield microreplicated acrylic films on, e.g., a
polyester substrate. These microreplicated films can be etched and metalized to give a
patterned film, and finally the non-metalized excess acrylic film and over coated metal can be
subsequently removed from the substrate using only a hot water wash, leaving a nano scale
patterned film.

Thus, in one aspect, the present disclosure provides a composition of matter,
comprising: a UV curable polymer precursor comprising a first acrylate selected as a mono-
alkoxy polyalkylene glycol acrylate, a second acrylate selected as a mono-, di-, or tri-

acrylate, and between 0.1 to 2.5 parts by weight of a photoinitiator. One example of such
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a mono-, di-, or tri-acrylate monomer would be a polyalkelene glycol diacrylate monomer
such as polyethylene glycol 400 diacrylate, another would be a hydroxy alky! mono
acrylate such as hydroxy ethyl acrylate, still another would be an ethoxylated Bisphenol A
diacrylate, These compositions are readily cast and cured on convenient substrates, and
yet the polymerized film will swell and lift off from those substrates when desired by

means of a simple water wash.
In some embodiments, the mono-alkoxy polyakylene glycol monoacrylate has a

molecular weight of above 500 Daltons.

In another aspect, the present disclosure provides a water swellable acrylic
polymer formed by UV polymerization of the composition of matter just described.

In another embodiment, the present disclosure provides a method of forming a
predetermined metalized pattern on a substrate, comprising: casting and curing a
polymerizable precursor into a first side of the substrate so as to form a water swellable
acrylic layer on the substrate, the water swellable acrylic layer having thick portions and
thin portions such that the thin portions correspond to the predetermined pattern; etching
the water swellable acrylic layer so that the thin portions are removed and substrate is’
partially exposed; metalizing the first side so as to deposit metal onto the exposed portions
of the substrate and onto the thick portions of the water swellable acrylic layer; and
exposing the water swellable acrylic layer to water, releasing the water swellable acrylic
layer and its over-coat of metal from the substrate and leaving the substrate with the
predetermined metalized pattern. It has been noted that best results with respect to lift-off
are achieved when the water swellable acrylic layer is not too thin, with a thickness of at
least about 0.3 microns being considered suitable, or even 1 micron, or even 3 microns,

Various aspects and advantages of exemplary embodiments of the present
disclosure have been summarized. The above Summary is not intended to describe each
illustrated embodiment or every implementation of the present disclosure. Further
features and advantages are disclosed in the embodiments that follow. The Drawings and
the Detailed Description that follow more particularly exemplify certain embodiments

using the principles disclosed herein.
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BRIEF DESCRIPTION OF THE DRAWINGS
The disclosure may be more completely understood in consideration of the
following detailed description of various embodiments of the disclosure in connection

with the accompanying figures, in which:

FIG. 1 is a side view of an exemplary substrate ready to receive a patterned

coating of a swellable acrylic composition.

FIG. 2 is a side view of the substrate of FIG. 1 with the patterned coating of a

swellable acrylic composition disposed on one side.

FIG. 3 is a side view of the substrate of FIG. 2 after an etching process has been

performed to remove the thin portions of the patterned coating.

FIG. 4 is a side view of the substrate of FIG. 3 after a metallizing process has been

performed.

FIG. 5 is a side view of the substrate of FIG. 4 after a water wash has been used to
remove the remaining portions of the patterned coating.

While the above-identified drawings, which may not be drawn to scale, set forth
various embodiments of the present disclosure, other embodiments are also contemplated,
as noted in the Detailed Description. In all cases, this disclosure describes the presently
disclosed invention by way of representation of exemplary embodiments and not by
express limitations. It should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art, which fall within the scope and

spirit of this disclosure.

DETAILED DESCRIPTION
As used in this Specification, the recitation of numerical ranges by endpoints
includes all numbers subsumed within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3,
3.8, 4, and 5, and the like).
Unless otherwise indicated, all numbers expressing quantities or ingredients,
measurement of properties and so forth used in the Specification and embodiments are to
be understood as being modified in all instances by the term “about.” Accordingly, unless

indicated to the contrary, the numerical parameters set forth in the foregoing specification

-3-
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and attached listing of embodiments can vary depending upon the desired properties
sought to be obtained by those skilled in the art utilizing the teachings of the present
disclosure. At the very least, and not as an attempt to limit the application of the doctrine
of equivalents to the scope of the claimed embodiments, each numerical parameter should
at least be construed in light of the number of reported significant digits and by applying
ordinary rounding techniques.

For the following defined terms, these definitions shall be applied for the entire
Specification, including the claims, unless a different definition is provided in the claims
or elsewhere in the Specification based upon a specific reference to a modification of a

term used in the following Glossary:

Glossary

The words

“a”, “an”, and “the” are used interchangeably with “at least one” to
mean one or more of the elements being described.

The term “layer” refers to any material or combination of materials on or
overlaying a substrate.

The term “acrylic” refers to compositions of matter which have an acrylic or
methacrylic moiety.

The term “photoinitiator” refers to a single species or a blend of species capable of

initiating a polymerization reaction in response to the application of radiation.

29 79 EEINA3

Words of orientation such as “atop, “on,” “covering,” “uppermost,” “overlaying,”
“underlying” and the like for describing the location of various layers, refer to the relative
position of a layer with respect to a horizontally-disposed, upwardly-facing substrate. It is
not intended that the substrate, layers or articles encompassing the substrate and layers,
should have any particular orientation in space during or after manufacture.

The term “separated by” to describe the position of a layer with respect to another
layer and the substrate, or two other layers, means that the described layer is between, but
not necessarily contiguous with, the other layer(s) and/or substrate.

The term “(co)polymer” or “(co)polymeric” includes homopolymers and
copolymers, as well as homopolymers or copolymers that may be formed in a miscible
blend, e.g., by coextrusion or by reaction, including, e.g., transesterification. The term
“copolymer” includes random, block, graft, and star copolymers.

-4 -
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Referring now to FIG. 1 a side view of an exemplary substrate 20 is illustrated.
The substrate 20 has a first side 22 and a second side 24. While the illustrated
embodiment depicts a coating only on first side 22, the casting techniques discussed below
are adaptable to produce embodiments patterned on both sides if such are desired.
Numerous substrates are suitable for use with the present disclosure provided they can
pass the wavelengths used to cure the swellable acrylic compostions, with polyesters such
as polyethylene terephthalate (PET), polyethylene naphthalate (PEN), and cyclical
polyolefins (COP) being considered convenient. Substrates may be primed or unprimed.

Referring now to FIG. 2 a side view of the substrate 20 of FIG. 1 with a patterned
coating 30 of a swellable acrylic composition disposed on first side 22 is depicted. It will
be seen that patterned coating 30 includes thick sections 32 and thin sections 34. Cast and
cure techniques suitable for providing such a patterned coating are disclosed in U.S.
Patents 7,165,959 (Humlicek et al); 7165959, 7224529; 7417798, and 7804649, the entire
contents of which are incorporated by reference as if rewritten. For convenience during
coating, the viscosity of the polymerizable precursor may be less than 5000 centiPoise, or
even less than 1000 cP, or even less than 500 cP.

Referring now to FIG. 3, a side view of the substrate of FIG. 2 is illustrated after
an etching process has been performed to remove the thin portions 34 of patterned coating
30. Sufficient etching has been performed so that the thin portions 34 are completely
removed all the way down to the first side 22 of substrate 20.

Etching the thin portions 34 is conveniently accomplished with reactive ion etching
(RIE). Oxygen ions are considered suitable, conveniently generated from an oxygen flow
of approximately 0.5 standard liters/minute, at 200 watts of RF power from between about
20 to 60 seconds at 60 to 80 mTorr. Fluorocarbon ion etching is also considered suitable.

Referring now to FIG. 4, a side view of the substrate of FIG. 3 is illustrated after a
metallization process has been performed. It will be observed that a metal layer 40 has
been deposited, divided into portions 40a that are disposed direction on first side 22, and
portions 40b that are disposed upon the remaining thick portions 32 of patterned coating
30.

The metallization is conveniently accomplished by sputter deposition or vapor
deposition. Diverse metals may be used, including copper, silver, gold, and aluminum,

and their alloys.
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Referring now to FIG. §, a side view of the substrate of FIG. 4 after a water wash
has been used to remove the remaining portions of the patterned coating 30. The
compositions discussed above swell during the water wash, loosening them from their
attachment to first surface 22. When they swell and detach, they carry away portions 40D,
leaving only portions 40a in firm attachment with substrate 20 in the pattern originally
defined by the thin sections 34 of the patterned coating 30. It has been found convenient

to perform the water wash at a temperature of between about 120 and 200 °F.

Following are various, non-limiting exemplary embodiments and combinations of

embodiments:

Embodiment A. A method of forming a predetermined metalized pattern on a substrate,
comprising:

casting and curing a polymerizable precursor into a first side of the substrate so as to
form a water swellable acrylic layer on the substrate, the water swellable acrylic layer
having thick portions and thin portions such that the thin portions correspond to the
predetermined pattern;

etching the water swellable acrylic layer so that the thin portions are removed and
substrate is partially exposed;

metalizing the first side so as to deposit metal onto the exposed portions of the
substrate and onto the thick portions of the water swellable acrylic layer; and

exposing the water swellable acrylic layer to water, releasing the water swellable
acrylic layer and its over-coat of metal from the substrate and leaving the substrate with

the predetermined metalized pattern.

Embodiment B. The method according to Embodiment A wherein the water swellable

acrylic layer is at least about 300 microns in thickness.

Embodiment C. The method according to claim Embodiment A or B where in the
polymerizable precursor comprises between about 30 to 95 parts by weight of a mono-
alkoxy polyakylene glycol acrylate, between about 5 to 65 parts by weight of mono-, di-,
or tri-acrylate, and between about 0.1 to 2.5 parts by weight of a photoinitiator.

-6 -
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Embodiment D. The method according to Embodiment A wherein the polymerizable

precursor comprises a liquid, monomeric, acrylic resin.

Embodiment E. The method according to any of Embodiments A to D wherein the

viscosity of the polymerizable precursor 5000 cP.

Embodiment F. A composition of matter, comprising:

a UV curable polymer precursor comprising

between about 30 to 95 parts by weight of a mono-alkoxy polyakylene glycol
acrylate,

between about 5 to 65 parts by weight of mono-, di-, or tri-acrylate, and

between about 0.1 to 2.5 parts by weight of a photoinitiator.

Embodiment G. The composition of matter according to Embodiment F wherein the
mono-, di-, or tri-acrylate is selected from the group consisting of polyalkelene glycol
diacrylate monomer, hydroxy alkyl mono acrylate, and ethoxylated Bisphenol A
diacrylate.

Embodiment H. The composition of matter according to Embodiments F or G wherein the

polyalkelene glycol diacrylate monomer is polyethylene glycol 400 diacrylate.

Embodiment I. The composition of matter according to Embodiment G wherein the

hydroxy alkyl mono acrylate is hydroxy ethyl acrylate.

Embodiment J. The composition of matter according to any of Embodiments F to |
wherein the mono-alkoxy polyethylene glycol monoacrylate has a molecular weight above

500 Daltons.

Embodiment K. A water swellable acrylic polymer formed by UV polymerization of the

composition of matter of any of Embodiments F to J.



10

15

20

25

30

WO 2016/176129 PCT/US2016/029101

Exemplary embodiments of the present disclosure have been described above and
are further illustrated below by way of the following Examples, which are not to be
construed in any way as imposing limitations upon the scope of the present disclosure. On
the contrary, it is to be clearly understood that resort may be had to various other
embodiments, modifications, and equivalents thereof which, after reading the description
herein, may suggest themselves to those skilled in the art without departing from the spirit

of the present disclosure and/or the scope of the appended claims.

EXAMPLES

The following examples are intended to illustrate exemplary embodiments within
the scope of this disclosure. Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the disclosure are approximations, the numerical values set
forth in the specific examples are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily resulting from the standard
deviation found in their respective testing measurements. At the very least, and not as an
attempt to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported

significant digits and by applying ordinary rounding techniques.

Examples

Examples 1-3 and C1-C6 — Screening of candidate resins

Candidate UV cureable acrylic resins were prepared as described in Table 1 below.
All samples were 100 grams total, with 0.5g (0.5%) of diphenyl (2,4,6-trimethylbenzoyl)
phosphine oxide (TPO) photoinitiator, commercially available as LUCIRIN TPO from
BASF of Ludwigshafen, DE, added. The samples were placed on a roller and heated
gently to homogenize them. The candidate resins were coated onto 5 mil (0.012 mm)
thick PET film, commercially available as MELINEX 618 from DuPont Teijin Films of
Chester, VA, using a Mayer Rod coater to provide 4 mil (0.10 mm) thick coatings. These
coated films were passed through a 500 watt UV irradiation station commercially

available as LIGHTHAMMER 6 from Heraeus Noblelight Fusion UV Inc. of
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Gaithersburg, Maryland. The apparatus was operated using D Bulbs at 100% power at

room temperature, under a nitrogen purge at a line speed of 25 ft/min (7.62 m/min).

Table 1
Components listed as percent by weight of total composition
Monomer Aldrich Aldrich Sartomer Sartomer
com- CD553 CD551 2-Acrylamido- | SR602 | Hydroxy | SR 306 Tri-
ponent 550 mw 350 mw PEG 2- Ethoxy- ethyl propylene
PEG monomethyl lated (10) | acrylate glycol
monomethyl | ether mono- methyl]:?ropz.lne Bisphenol diacrylate
ether mono- acrylate sulfonic acid A
acrylate diacrylate
Sample #
1 50 30 10 10
2 40 30 10 20
Cl 30 30 10 30
C2 50 30 10 10
C3 40 30 10 20
C4 30 30 10 30
C5 40 40 10 10
Co6 30 40 10 20
C7 20 40 10 30

Comparative samples C5-C7 were not homogeneous and yielded hazy looking

films with little or no adhesion to the substrate. Samples 1-2 and C1-C4 yielded nice

looking clear films. A sample of each of them was subjected to a cross-hatch adhesion

trial, and all had little or no loss of the acrylic film, indicating good adhesion to the

substrate PET film.

Next, samples 1-3 and C1-C4 were placed under a stream of hot running tap water.

In less than one minute of exposure, the acrylic portion of samples 1 and 2 swelled and

was able to be completely washed off the PET substrate. Samples C1-C4 showed no

tendency to swell in the same way.

Examples 3, 4. C8 — Production of cast resin on a substrate

An apparatus generally as described in US Patent 7,165,959 was set up with the

following parameters. The coating trials were run using the following process parameters:

Tool temperature 100 °F (37.8 °C)

Nip Pressure 40 psi (0.28 MPa)

Web substrate: 5 mil (0.012 mm) thick primed PET
UV LED 30 watts, high intensity

-9.
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Web line speeds: 20 feet per minute (6.1 m/min)
The microreplication tool roll contained a challenge pattern with narrow gaps

between pads to be metalized.

Three resin formulations were produced, designated 3, 4, and C8. All had 50
grams of a monomethyl ether PEG mono acrylate, 30 grams Sartomer SR 602, 10 grams
Sartomer SR 306, 10 grams hydroxy ethyl acrylate, and TPO photoinitiator. More
specifically, the monomethyl ether PEG mono acrylate in samples 3 and 4 was Sartomer
CD 553. The monomethyl ether PEG mono acrylate in sample C8 was Aldrich catalog
454990. Samples 3 and C8 used 0.1% TPO, while Sample 4 used 0.25% TPO. All the
formulations were mixed in an amber jar and gently heated to fully homogenize and
dissolve the photoinitiator.

The substrate was threaded up on the apparatus, and Samples 3, 4, and C8 were
cast and cured onto the substrate, forming an approximately 4 micron thick
microreplicated cured acrylic patterned film on the substrate. All of these cast films came
off the tool without difficulty, and all had adequate adhesion to the substrate.

Sample 3 showed rapid and complete lift-off of the acrylic film from the substrate
when exposed to running hot water. Sample 4 showed slight lift-off of the acrylic film
from the substrate when exposed to running hot water. Sample C8 showed no lift-off of

the acrylic film from the substrate when exposed to running hot water.

Example 3A — Etching and metalizing

The substrate bearing its cast film produced in Example 3 was exposed to reactive
ion etching to remove the thin portions of the cast resin. More specifically, oxygen ions
were generated from an oxygen flow of 0.5 standard liters/min by 200 watts of RF power.
The substrate was exposed for 80 seconds between 60 to 80 mTorr. This regimen etched
away the thin portions, while retaining the thick portions of the cast resin. Next a layer of
aluminum metal was laid down over the thick portions of the resin and the surface of the
substrate exposed by the etching. This was accomplished by sputter deposition off an
aluminum target for 3 minutes at 40 mA. The metal layer was then washed with hot water

from a pressurized spray, removing the thick portions of the cured resin and the metal
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adhered to its exposed surface. A patterned metal layer, showing good fidelity to the

pattern on the microreplication tool, was left on the substrate.

Example 5 — Using ethoyxvlated trimethylolpropane triacrylate

A sample was made generally as described for Example 3, except that the resin
formulation comprised 90 parts of Sartomer CD 553, 10 parts of ethoyxylated
trimethylolpropane triacrylate, commercially available as SARTOMER 602 from
Sartomer of Exton, PA, and 0.10 parts of TPO as photoinitiator. The sample showed good
swelling and lift off when exposed to the hot water spray.

While the specification has described in detail certain exemplary embodiments, it
will be appreciated that those skilled in the art, upon attaining an understanding of the
foregoing, may readily conceive of alterations to, variations of, and equivalents to these
embodiments. Accordingly, it should be understood that this disclosure is not to be
unduly limited to the illustrative embodiments set forth hereinabove. Furthermore, all
publications, published patent applications and issued patents referenced herein are
incorporated by reference in their entirety to the same extent as if each individual
publication or patent was specifically and individually indicated to be incorporated by
reference. Various exemplary embodiments have been described. These and other

embodiments are within the scope of the following listing of disclosed embodiments.
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CLAIMS

1. A method of forming a predetermined metalized pattern on a substrate, comprising:

casting and curing a polymerizable precursor into a first side of the substrate so as to
form a water swellable acrylic layer on the substrate, the water swellable acrylic layer
having thick portions and thin portions such that the thin portions correspond to the
predetermined pattern;

etching the water swellable acrylic layer so that the thin portions are removed and
substrate is partially exposed,

metalizing the first side so as to deposit metal onto the exposed portions of the
substrate and onto the thick portions of the water swellable acrylic layer; and

exposing the water swellable acrylic layer to water, releasing the water swellable
acrylic layer and its over-coat of metal from the substrate and leaving the substrate with

the predetermined metalized pattern.

2. The method according to claim 1 wherein the water swellable acrylic layer is at least

0.3 microns in thickness.
3. The method according to claim 1 wherein the polymerizable precursor comprises a first
acrylate selected as a mono-alkoxy polyakylene glycol acrylate, a second acrylate selected

as a mono-, di-, or tri-acrylate, and between 0.1 to 2.5 parts by weight of a photoinitiator.

4. The method according to claim 1 wherein the polymerizable precursor comprises a

liquid, monomeric, acrylic resin.

5. The method according to claim 1 wherein the viscosity of the polymerizable precursor

is less than 5000 centiPoise.
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6. A composition of matter, comprising:
a UV curable polymer precursor comprising
a first acrylate selected as a mono-alkoxy polyakylene glycol acrylate,
a second acrylate selected as a mono-, di-, or tri-acrylate, and

between 0.1 to 2.5 parts by weight of a photoinitiator.
7. The composition of matter according to claim 6 wherein the mono- or di-acrylate is
selected from the group consisting of polyalkelene glycol diacrylate monomer, hydroxy

alkyl mono acrylate, and ethoxylated Bisphenol A diacrylate.

8. The composition of matter according to claim 7 wherein the polyalkelene glycol

diacrylate monomer is polyethylene glycol 400 diacrylate.

9. The composition of matter according to claim 7 wherein the hydroxy alkyl mono

acrylate is hydroxy ethyl acrylate.

10. The composition of matter according to claim 6 wherein the mono-alkoxy

polyakylene glycol acrylate has a molecular weight above 500 Daltons.

11. A water swellable acrylic polymer formed by UV polymerization of the composition

of matter of claim 6.
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