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MASK SYSTEM AND METHOD OF PATTERNING MAGNETIC MEDIA
Background of the Invention

Field of the Invention

{00011 Embodiments relate to the field of magnetic storage. More particularly, the present
invention relates to a method, system and structure for patterning a magnetic substrate using ion
implantation.

DBiscussion of Related Art

[00021 Conventional magnetic storage media may be fabricated using blanket magnetic
layers that are written and read using a magnetic device to create and/or read small magnetic domains
within the layer. As storage density scales to the Thit/in® range, microstructural limitations in blanket
magnetic films, such as grain size effects, may limit the ability to magnetically write features of the
size required to meet the siorage density target. As an alternative to conventional magnetic storage
coatings, bit patterned magnetic media have been studied in recent years,

{00031 In bit patterned magnetic recording media, individual islands of magnetic material
may be isolated from one another, such that each island may represent one magnetic bit. This allows
the bit boundary to be precisely defined by the physical edges of the patierned magnetic islands.

[0004] One proposed candidate for fabricating patterned magnetic recording media is the so-
called nano-imprint lithography process. FIGs. la-e depict one implementation of nano-imprint
lithography for patterning a magnetic layer. In nano-imprint lithography an imprint mold 12 is placed
in contact with an imprintable medium 14 that is deposited on a magnetic layer 16, which in turn may
be disposed on a subsirate 18, as depicted in FIG. 1a. The imprintable medium may be a resist that
flows under pressure exerted by the mold 12. In some cases, the resist ymay be heated in order 10
facilitate the imprint process. After release (FIG. 1b), the residual shape of the resist layer may
resemble a negative relief of the mold 12, Any residual resist remaining in troughs may be removed
(FIG, lc), followed by a conventional etch step (FIG. 1d) to patiern the magnetic layer 16 by
removing magnetic material in the exposed troughs. Subsequently, resist may be removed (FIG. 1g)
leaving a patterned magnetic media structure comprising isolated structures, which may be planarized,
if desired. In addition to the aforementioned nano-imprint lithography process, techniques have been
developed in which self assembling block copolymers are used in comjunction with nano-imprint
lithography. For example, nano-imprint lithography may be used to write a matrix of features on a
surface which serves as a template of islands on which self-assembling block copolymers align. This
process has been reported 1o yield more robust patterning of small features over a large area. ltisto
be noted that the above processes are typically performed in two dimensions within a plane of the

substrate, resulting in a two dimensional array of isolated islands.
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[0005]  Although the nano-tmprint lithography and related processes can in principle produce
small isolated structures on the scale of tens of nm in lateral dimension, several challenges to its
successful implementation remain. The aforementioned process steps involve removal of magnetic
material, which may redeposit in other regions of the substrate, which may degrade planarity and may
lead to damage of the sidewalls of bits during etch removal. In addition, it may be desirable or
necessary to planarize the subsirate after the isolated islands of magnetic material are created, adding
to process complexity.

{00061  Other efforts to produce bit patterned magnetic structures have included the use of fon
implantation to impiant regions of a magnetic material to alter the properties in the implanted region
and create isolated magnetic regions. By using a stencil mask or patterned photoresist, a pattern of
jon implanted regions having the mask or photoresist pattern can be introduced into the magnetic
layer. The ion implanted regions may have their original magnetic properties disrupted. This pattern
of implantation can serve to separate one unimplanted region from other unimplanted regions, thereby
forming isolated magnetic regions. However, the stencil mask efforts have involved relatively large
bit patterns, where the lateral feature size is on the order of one micrometer, which is not suitable for
future storage density requirements. The use of photoresist as a mask for bit patterning using
implantation has also been investigated. However, photoresist materials generally exhibit less than
optimal stability when subject to ion implantation. This instability may lmit the ability to patfern
very small dimensions using photoresist as an implantation mask.

[0007] In view of the abave, it will be appreciated that there is a need to improve patterning

technologies to create patierned magnetic media for high density storage.

Summary of the Invention

[G008B] Embodiments of the present invention are directed to methods and systems for
improving patierning a substrate, in particular, by patferning a magnetic medium. In one
embodiment, 2 method of patterning a substrate comprises patterning a resist layer disposed on the
substrate using imprint lithography and etching exposed portions of a hard mask laver disposed
between the patterned resist layer and the subsirate. The method further comprises implanting ions
into a magnetic layer in the substrate while the etched hard mask layer is disposed thereon.

{0009 Insome embodiments, the nano-imprint lithography may be used in conjunction with
self-assembly block copolymers.

{0010 In another embodiment, a method of fabricating a magopetic bit patierned media
comprises providing a substrate comprising a base region and a magnetic layer disposed thercon. The
method also includes forming a patterning stack on the substrate, the patterning stack comprising a

resist layer disposed on a hardmask layer, and forming a pattern of resist features using a lithographic

]
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process. The method also includes patterning the hardmask using the resist features and implanting

ions into the magnetic layer while the patterned hard mask is disposed thereon.
Brief Deseription of the Drawings

{00111 FIGs. la-le illustrate steps of a known nano-impring fithographic process.

{0012]  FIG. 2 is a schematic depiction of a conventional ion beam implantation system.

(00131 FIGs. 3a-f depict in cross-sectional side view exemplary steps involved in an
embodiment of substrate patierning.

[0014] FIG. 4 depicts in plan view an exemplary bit patterned magnetic medium.

{0015] Figure 5 depicts an embodiment of a patterning stack that includes a two-Jayer hard
mask system,

Description of Embodiments

[0016] The present invention will now be described more fully hereinafter with reference to
the accompanying drawings, in which preferred embodiments of the invention are shown. This
invention, however, may be embodied in many different forms and should not be construed as limited
to the embodiments set forth herein.  Rather, these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the scope of the invention to those skilled in the
art. In the drawings, like numbers refer to like elements throughout.

(00171 To solve the deficiencies associated with the methods noted above, novel and
inventive technigues and systems for patterning a substrate are introduced. In particular, the present
disclosure focuses on techniques involving ion implantation processes for patterning magnetic media.
The methods disclosed herein may be used in conjunction with Hthography processes including nano-
imprint patterning. However, those of ordinary skifl in the art will recognize that the technigues
disclosed herein are not limited to use in conjunetion with any particular lithography or any range of
patterned feature dimensions.

[0018] The embodiments are also described as technigues using ion based substrate
processing systems. However, those of ordinary skill in the art will recognize that other types of sub-
atomic, atomic, or molecular particle based sobstrate processing systems, including plasma
processing, as well as beam line ion implantation systems used to produce such particles, are within
the s»;cope'ﬁf the present disclosure,

{0018]) In various embodiments, processes for patterning magnetic media involve
implantation of a blanket magnetic layer using energetic particles, such as ions. The blanket magnetic
taver may be patterned using a patterned hard mask layer, such as a high atomic weight layer. In
various embodiments, the patterned hard mask layer may comprise an array, such as a two

dimensional array of islands, which is disposed on the magnetic layer to be patterned. The mass,



WO 2012/158934 PCT/US2012/038375

energy, and dose of ions may be tailored to alter the magnetic properties of the exposed areas of the
magnetic layer that He between the mask islands. In various embodiments, the patierned mask
features are arranged to preserve the magnetic properties of the regions of the magnetic layer
underlying the mask features. In this manner, an array of isolated magnetic features can be formed
within a continuous layer without the need to remove magnetic material or planarize the patterned
magnetic array.

{00201 In various embodiments, ion implantation of a magnetic medium may be performed
using a patterned hard mask that is formed using conventional nano-imprint lthography or using
nano-imprint lithography in conjunction with self-assembly of block copolymers. FIG. Z depicts a
block diagram of an ion implanter that illustrates general features of a beam line ion implanter that
may be used in embodiments of the present invention. System 100 includes an ion source chamber
102. A power supply 101 supplics the required energy to source 102 which is configured to generate
ions of a particular species, The generated ions are extracted from the source through a series of
electrodes 104 (extraction electrodes) and formed into a beam 85 which passes through a mass
analyzer magnet 106. The mass analyzer is configured with a particular magnetic field such that only
the ions with a desired mass-to-charge ratio are able to travel through the analyzer. lons of the desired
species pass through deceleration stage 108 fo corrector magnet 110. Corrector magnet 110 is
energized to deflect ion heamlets in accordance with the strength and direction of the applied
magnetic field to provide a beam targeted toward a work piece or substrate 150. The ions lose energy
when they collide with electrons and muclei in the substrate and come to rest at a desired depth within
the substrate based on the acceleration energy. Among other effects, ions may change the
microstructore, composition, and local bonding of atoms within a region of the substrate in which the
ions are implanted or in nearby regions which are altered by the results of the implantation.

(00211 FIGs. 3a-3f depict an exemplary structure and method for forming bit patterned
media consistent with embodiments of this disclosure. In FIG. 3a, a subsirate stack 330 includes a
magnetic layer 302 disposed on a substrate base 304. Magnetic layer 302 may comprise any magnetic
material, such as a ferromagnetic layer that is suitable for high density magnetic recording. For
example, in some embodiments, layer 302 may be a cobalt alloy material. The thickness of layer 302
may vary from about 5 nm to 20 nm in various embodiments, Although not explicitly shown, layer
302 may include sub-layer(s), for example, a seed sub-layer disposed between a top magoetic sub-
layer and the base region 304, as known in the art. The seed layer may or may not itself comprise a
magnetic material,

{00221 In FIG. 3b a patterning stack 340 is formed on substrate stack 330. In various
smbodiments, palterning stack 340 includes an overcoat layer 306 disposed directly on magnetic layer
302, an implantation hard mask laver 308, and a top resist layver 310. However, in some

embodiments, overcoat laver 306 may be omitied from patierning stack 340, As detailed below,
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paiterning stack 340 may be used to form a bit patterned magnetic medium that comprises a
continuous layer of material, such as a cobalt alloy, which nevertheless contains isolated magnetic
bits. In various embodiments, the implantation hard mask 308 may serve various functions, including
providing a well defined mask having siraight sidewalls to provide accurate patterning, providing
resistance to erosion of mask features during sputtering and implantation processes, providing ion
screening to protect underlying magnetic bits, and providing a conveniently removable medium
wherein the magnetic properties of layer 302 are not altered during the removal of the hard mask layer
308,

{00231 In various embodiments, hard mask layer 308 may, but need not be, be a relatively
high atomic weight material as compared to photoresist. In some embodiments, hard mask layer 308
may comprise a single layer, while in other embodiments, hard mask layer 308 may be multiple
layers. For example layer 308 may be one or more than one layer in which one or more of the layers
is W, Mo, Ta, or a similar refractory metal, or may be another metal, 2 metal nitride, a silicon nitride,
carbon, or other compound. More generally, the hard mask layer 308 may comprise a layer or layers
whose average specific gravity, is greater than that of photoresist. This generally confers a higher
stopping power to incident lons as compared to materials of lower specific gravity. Thus, a material
such as silicon nitride whose specific gravity is about 3.2, or a refractory metal having a specific
gravity in the range of 8-20, for example, may be much more effective in stopping many different ions
as compared to typical photoresists, which have specific gravity in the range of 1.

[0024] Patterning of layer 302 using stack 340 may be accomplished according to the steps
outlined in FIGs. 3¢-f. In the step of FIG. 3¢, resist layer 310 is patterned such that relief features 312
are formed. According to various embodiments, paticrning roay take place in two dimensions within
a plane of substrate 304, such that features 312 are isolated islands, as illustrated in FIG. 4.

{00258] In some embodimenis, nano-imprint lithography or vano-imprint lithography in
conjunction with self-assembly block copolymers may be used to form resist relief features 312, The
nano-imprint mold may be designed according to a desired pattern to be transferred to resist layer 310.
An advantage of using nano-imprint lithography and/or self-assembly block copolymers is the ability
to easily form very small arrays of features in a size range that is problematic for conventional optical
lithography. For example, a nano-imprint lithography mold may be formed using techmiques such as
electron beam lithography, with or without self-assembly bloek copolymers which can write features
into the mold whose lateral size is on the order of several nanometers or tens or nanometers, The
nano-imprint mold can then be reused many times to print whole substrates or macroscopic regions of
a substrate in a single imprint step. In some embodiments, an array pitch {center to center distance
between adjacent features in an array) of about 20-25 nm may be produced. Accordingly, an isolated
array of resist islands 312 having dimesnsions suitable for terabit/in® storage density may be formed on

substrate 330,
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{00261 Turning to FIG. 3d, in a subsequent step, the patiern of resist features 312 may be
transferred to the underlying implantation hard mask layer 308, forming mask features 314, In some
embodiments, patterning of layer 308 may be performed using known processes, such as reactive ion
etching. As noted above, in some embodiments, hard mask layer 308 may comprise a metallic
material, while in other embodiments mask layer 308 may be an oxide, nitride, or other material such
as carbon or a mulii-layer combination of materials.

[30271 Figure § depicts an embodiment of a two-layer mask 308 having a top layer 308a and
bottorn layer 308b, In some embodiments, top layer 3082 may be a spin-on glass material, and
bottom layer 308b may be carbon. In one embodiment, the layer thickness of layers 308a and 308b
may be about 30nm. This arrangement of two hard mask layers may facilitate patterning of thicker
hard mask layers, which may be employed for very dense patterning that requires thinner resist.
Because the etch selectivity between resist and underlying hard rask may not be very strong, it may
be unfeasible to employ a thick hard mask syster that has only a single layer, since the masking resist
features may etch away before the hard mask is etched through. In addition, use of the dual layer hard
mask may provide more vertical sidewalls during the eteh process. In contrast, the use of spin-on
glass as a first fayer 308a that is disposed on a carbon layer 308b, may provide better eich selectivity
that facilitates transfer of the pattern in the resist layer 310 before the resist is etched away.

{0028]  After patterning of implantation hard mask layer 308, implantation of the patterned
hard mask may be performed, as shown in FIG. 3e. In this step, the substrate may be placed in a
beam line implanter as described above, or may placed in other implantation apparatus, such as a
plasma immersion implantation system. In accordance with some embodiments, the ions 316 may be
provided at a uniform angle of incidence. For example, the ions 316 may be provided at a normal
incidence to a plane 350 of the substrate, as depicted in FIG. 3¢. lons 316 may be provided as a beam
that sirikes patterned mask features 314 as well as troughs 342 in between the mask features at the
same time. lons 316a, which impact implantation mask features 314, may be attenuated by the mask
features, such that the ions do not penetrate to underlying regions 306 or 302. In contrast, ions 316b,
which impinge on the substrate in trough regions 342, may penetrate into magnetic layer 302

[0029) In a subsequent step, illustrated in FIG. 3f, implantation hard mask 308 may be
removed, leaving a planar substrate configuration, in which overcoat layer 306 may remain, or may be
removed during the hard mask removal. As further depicted in FIG. 3%, layer 302 may comprise
unaltered magnetic regions 322, as well as implanted regions 320. In various embodiments, the
implanted regions 320 are sufficiently impacted by jon bombardment as {o alter their magnetic
properties, thereby producing a structure in layer 302 that comprises isolated magnetic bits 322
separated by regions 320 having altered magnetic properties. In some embodiments, the ions may be

an inert gas, carbon, nitrogen, silicon, phosphorous, arsenic, chromium, Ge, As or other species. The
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ion energy and ion flux may be tailored according to the ion species to produce the desired alteration
in implanted regions 320

{00308] By use of the appropriate implantation hard mask material in conjunction with nano-
imprint lithography and/or a self-assembly block copolymer process, nanometer scale magnetic bits
322 may be precisely patterned into arrays having pitches as small as about 10 nm. [n some
embodiments, a high atomic weight material may be chosen for mask layer 308, such that the
thickness of implantation hard mask features 314 can be minimized. By using a relatively higher
atomic weight material in the implantation mask, the layer thickness sufficient to stop incident ions
316a within regions 314 may be minimized. In this manner, the lateral dimensions W of implant
region 320 (and thereby region 322) can be more precisely controlled, since shadowing and other ion
scattering effects from features 314 may be minimized doring implantation due to the decreased
height of such mask features.

00311 In some embodiments, the entire thickness of layer 302 may be implanted by ions
316b, while in other embodiments, the layer may be partially tmplanted. In the latter cases, the
implantation depth 7 in layer 322 may be arranged to provide an altered region 320 of sufficient
thickness to provide isolated magnetic bits 322 that are not coupled through any residual magnetic
layer underlying the implanted region 320.

[0032] In various embodiments, the altered regions 320 may be non-magnetic after the
implantation step. However, in other embodiments, the aliered regions need not become non-
magnetic. For example, regions 322 may show a strong magnetocrystalline anisotropy, and a wide
hysteresis loop, while regions 320 may show little magnetocrystalline anisotropy and a narrow
hysteresis loop, thereby effectively making an array of isolated magoetic bits 322 that can be read
and/or written by the appropriate applied magnetic fields. l

{0033] 1t will be appreciated that the choice of implantation hard mask material and
thickness may be tailored to the thickness and composition of the magnetic layer to be implanted,
Thus, for implantation of 2 10 nm thick CoCrPt alloy, the ions 316 may be provided with the proper
energy, dose, and mass for altering the 10 nm alloy layer in the trough regions 342, which in turn,
corresponds to a hard mask thickness/material combination that is sufficient to stop ions 316a within
the hard mask features 314. If the chosen hard mask material 314 has comparable ion stopping power
to the CoCrPt alloy, an effective thickness for the hard mask material may be about 10 nm or greater.
In this manner, most or all of the implanting ions 3162 may be attenuated within the hard mask
features 314, while in the unmasked regions 342 (negiecting attenuation by optional layer 306, which
may be a thin carbon layer providing little attenuation), the implanting ions 316b and their resultant
damage may extend through the entire thickness of the magnetic film 302,

{0034] The methods and structures for forming bit paiterned magnetic media of the present

embodiments provide advantages over known processes both in process simplification and in
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facilitating scaling to very small dimensions. In contrast to known methods of bit patterning using
resist to directly pattern a magnetic layer, the present embodiments take advantage of the simplicity of
nano-imprint {ithography while avoiding the disadvantages of direct resist patterning of a magnetic
layer. As noted above, the present embodiments do not require removal of material from a magnetic
layer as is the case in proposed schemes in which resist is used to pattern and etch a magnetic layer to
form isolated magnetic bits. Moreover, the present embodiments present clear advantages over
processes using resist as an implant mask. In the first place, resists typically comprise low-Z ators
including hydrogen, carbon, oxygen, and nitrogen, which may have poor stopping power for many
jons, thereby requiring a thick layer to provide adequate masking of an intended magnetic bit region
underneath the resist. However, thicker patterned implant mask features may create poorer definition
of magnetic bits due to the geometrical effects discussed previously.

[0038] Moreover, the erosion rate of resist during processing, such as the implantation step,
may be too high to preserve the intended bit dimensions. As an example, the present inventors have
examined the behavior of 100 nm wide resist features during an exemplary ion implantation step that
may be used for bit patterning. Although the resist islands were initially 72 nm thick, after the
implantation step, the thickness was reduced to 34 nm. This observed rapid resist erosion
demonsirates that, even if the resist thickness is initially adequate to screen ious, during implantation,
the thickness may decrease so rapidly as to permit ions to pass into the underlying magnetic layer. In
addition, the average resist feature width was observed to shrink substantially after ion bombardment,
with a resultant tapered sidewall profile. This tapered sidewall structure may lead to a lateral gradient
of ions implanted into the magnetic regions underlying the sloped sidewalls, leading to poor definition
of the borders of the magnetic bits. _

[0036] In contrast, as previously noted, by providing a higher atomic weight material as an
implantation hard mask, the present embodiments facilitate use of thinner masks that facilitate better
patiern definition using ion implantation. Moreover, the spulter eich rate during implantation using
such higher-Z materials roay be reduced such that the overall lateral feature or island width in the
mask features is preserved during implaniation. Furthermore, unlike patterned resist features, the hard
mask materials of the present embaodiments, such as metals or nitrides or 2 multi-layer system, may be
more suited to forming vertical sidewalls during the efch step used fo create the patterned implantation
mask. In some embodiments, the ctch chemistry in a reactive ion etching system may be tailored for
the exact material system and feature height to produce a near-zero angle sidewall.

[00371 In addition to facilitating better bit patiern definition, the present embodiments
provide a convenient process for forming a planarized bit pattern structure. Since no magnetic layer
material need be removed, redepositing of metallic material on the substrate in unwanted areas is
avoided. Furthermore, by providing an overcoat between the implantation mask layer and magnetic

layer, removal of the patterned implantation mask may be facilitated. For example, in the case of
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metallic masks, a wet chemical metal etchant or reactive ion etching process may be used that does is
highly selective between the mask material and the overcoat layer, thereby protecting the metallic
magnetic layer from attack. In one particular example, the overcoat may comprise a carbon material
such as a permanent overcoat material that may be used for protecting the magnetic layer, thereby
providing a dual purpose for the overcoat.

[0038] In sumupary, the present embodiments provide novel and inventive methods for
forming magnetic bit paiterned media. By appropriate choice of irmplantation hardmask material,
thickness, ion energy, dose, species, angles of incidence, and sidewall etch chemistry, an improved
process for forming nano-scale isolated magnetic bits may be obtained.

{003%] The present invention is not to be limited in scope by the specific embodiments
described herein. Indeed, other various embodiments of and modifications to the present disclosure,
in addition to those described herein, will be apparent to those of ordinary skill in the art from the
foregoing description and accompanying drawings. Thus, such other embodiments and modifications
are intended to fall within the scope of the present disclosure. Further, aithough the present disclosure
has been described herein in the context of a particular implementation in a particular environment for
a particular purpose, those of ordinary skill in the art will recognize that its usefulness is not limited
therete and that the present disclosure may be beneficially implemented in any number of
environments for any number of purposes. Accordingly, the subject maiter of the present disclosure

should be construed in view of the full breadth and spirit of the present disclosure as described herein,
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What is claimed is:

1. A method of patterning a magnetic media substrate, comprising:

patterning a resist layer disposed on the substrate using lithography;

etching exposed portions of a hard mask layer disposed between the patterned resist layer and
the substrate; and

implanting tons into a magnetic layer in the substrate while the ¢tched hard mask layer is
disposed thereon.

2. The method of claim 1, comprising etching the hard mask layer to form three
dimensional hard mask features configured to screen the fons from underlying portions of the
substrate.

3. The method of claim 1, comprising implanting the ions into the substrate to transform
exposed regions of the magnetic layer into non-magnetic regions.

4. The method of claim 1, comprising implanting the ions into the substrate to alter
magnetic properties of exposed regions of the magnetic layer.

& . The method of claim 2, wherein regions of the magnetic layer underlying the hard mask
features remain magnetic after the implanting.

6. The method of claim 1, wherein the hard mask layer comprises a material having a
higher ion stopping power than photoresist.

7. The method of claim 4, wherein magnetocrystalline anisotropy in the exposed magnetic
regions is destroyed.

8. The method of claim |, wherein the three dimensional hard mask features comprise an
array of features baving a piich of about S nm fo about 100 nm.

9. The method of claim 1, wherein a width of g hard mask featore is about 5 nm o about 90

= a

nm.

10. The method of claim 2, comprising forming a two dimensiona! array of features in the

hardrask layer.

11 . The method of claim I, comprising implanting tons into an entire thickness of exposed
regions of the magnetic layer.

12 . The method of claim 1, comprising selectively removing the etched hard mask layer

after the implanting the iona.

13 . The method of claim 12, wherein the substrate comprises an overcoat disposed between
the hard mask layer and the magnetic layer, and wherein the overcoat remains intact after the

selectively removing the etched hard mask layer.

10



WO 2012/158934 PCT/US2012/038375

14 . The method of claim 1, wherein the hard mask material comprises one or more of
tungsten, molybdenum, chromium, tantalum, carbon, and silicon nitride.

15 . The method of claim 1, wherein the hard mask layer comprises at feast two different
layers.

16 . The method of claim 1, further comprising using a self-assembling block copolymer
process in conjunction with the nano-imprint process.

17. A method of fabricating a magnetic bit patterned medium, comprising:

providing a subsirale comprising a base region and a magnetic layer disposed thereon;

forming a patterning stack on the substrate, the patterning stack comprising a resist layer
disposed on a hardmask layer;

forming a pattern of resist features using a lithographic process;

patterning the hardmask using the resist features; and

implanting ions into the magnetic layer while the paiterned hard mask is disposed thereon.

1 8. The method of ¢laim 17, wherein the lithographic process comprises a nano-imprint
lithography process.

19. The method of claim 17, comprising tmplanting the jons into the substrate to transfonm
exposed regions of the magnetic layer into non-magnetic regions.

20 . The method of claim 17, comprising implanting the ions into the substrate fo alter
magnetic properties of exposed regions of the magnetic layer.

21 . The method of claim 17, wherein regions of the magnetic layer underlying the hard mask
features remain magnetic after the implanting.

22 . The method of claim 17, wherein the bard mask layer comprises a material having a
higher fon stoppiug power than photoresist.

23 . The method of claim 18, further comprising using a self~assembling block copolymer

process in conjunction with the nano-imprint process.
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