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directed self-assembly (DSA) processing scheme by allowing the formation
of improved guide strips in the DSA template that may enable the formation
of sub-30nm features on a substrate. The improved guide strips may be
formed by improving the selectivity of wet chemical processing between dif-
ferent organic layers or films. In one embodiment, treating the organic layers
with one or more wavelengths of ultraviolet light may improve selectivity.
The first wavelength of UV light may be less than 200nm and the second
wavelength of UV light may be greater than 200mn.
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UV-ASSISTED STRIPPING OF HARDENED PHOTORESIST TO CREATE
CHEMICAL TEMPLATES FOR DIRECTED SELF-ASSEMBLY

CROSS REFERENCE TO RELATED APPLICATION

[0001] Pursuant to 37 C.F.R. § 1.78(a)(4), this application claims the benefit of and priority
to prior filed co-pending Provisional Applications Serial No. 61/873,515 filed September 4,
2013.

FIELD OF THE INVENTION

[0002] This invention relates to semiconductor processing technology, and more
particularly, to methods for directed self-assembly of block copolymers (BCP) on a substrate.
BACKGROUND OF THE INVENTION

[0003] Photolithography is a semiconductor manufacturing technique that may be used to
generate patterns on the substrate that may be used to form the integrated circuits or electronics
devices. Cost and performance improvements in semiconductor devices may be accomplished
by increasing device density on a substrate. One approach to achieve higher device density may
be to increase miniaturization of features being formed on a semiconductor substrate.
Accordingly, new methods or techniques to generate smaller patterns would be desirable.

[0004] Self-assembly of block copolymers (BCP) have been used as a tool for decreasing
patterned feature sizes using standard photolithography techniques. BCPs may be useful in
semiconductor manufacturing because they may form ordered, chemically distinct templates
with dimensions of less than 30nm. The geometry of the template may be manipulated by the
molecular weight and composition of the different block types of the copolymer. The template
may comprise two or more areas of differing chemical activity that periodically alternate. In one
approach, one of the areas of chemical activity may be attractive to one of the block copolymer
phases, while the other area of chemical activity may be neutral to both blocks of the BCP. In

one instance, the attractive area may force the BCP to align above it, and then the alternate BCP
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may be forced to align next to this pinned phase. In this way, the block copolymer can be
directed to self-assemble in parallel to the pinning guides over large areas of the substrate.

[0005] The template may be formed using different organic materials that may be patterned
with organic photoresist. In this instance, the patterning process may need to include a removal
process or method that increases the selectivity between the exposed and unexposed organic
materials on the substrate.

SUMMARY

[0006] This disclosure relates to a directed self-assembly template manufacturing process
that incorporates the deposition, patterning, and removal of organic materials to form a
patterning template for sub-30nm structures. More particularly, in one specific embodiment, the
template may be formed by patterning and etching a polystyrene layer deposited on a substrate.
An organic photoresist may be deposited on the polystyrene layer and the patterning/etch
process may result in a residual organic polymer being formed on a sidewall of the polystyrene
layer that may not be covered by the photoresist. Ideally, the removal of the photoresist and the
residual polymer may be done using the same process or chemistry.

[0007] In one embodiment, the template may be formed by depositing a polymer (e.g.,
polystyrene) on a substrate used to manufacture semiconductor devices. The polymer may be
heated to a bake temperature (e.g., <310C) for a period of time that may increase the density of
the polymer and may cross-link the polymer. A photoresist layer may be deposited on the
polymer and patterned to expose the underlying polymer. A portion of the polymer that is not
covered by the photoresist may be removed using a dry or wet etch process. In certain instances,
the etch process may deposit a residual polymer on a sidewall of the polymer not covered by the
photoresist and the photoresist. However, the presence of the residual polymer may not be
desired with the formation of the template. Accordingly, the removal of the photoresist and the
residual polymer using the least amount of process steps may be desirable. For example, oxygen

and ultra-violet (UV) light may be used to oxidize a portion of the photoresist and/or change the
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surface state of the residual polymer, such that the photoresist and residual polymer may be
removed with minimal impact to the geometry and/or surface properties of the underlying
polymer. The UV light may include a first wavelength and a second wavelength, such that the
first wavelength is greater than 200nm and the second wavelength is less than 200nm. The UV
light may have a dose between 0.01 J/cm2 to 150 J/cm2. In another embodiment, at least 10% of
the UV light exposed to the substrate may have a wavelength less than 200nm. In one specific
embodiment, the first wavelength being 185nm and the second wavelength being 254nm.

[0008] Following the UV light exposure, a wet chemical etch may be done using a variety of
chemistries, which may include, but is not limited to a combination of deionized water,
ammonium hydroxide, and hydrogen peroxide or tetramethylammonium hydroxide and
dimethyl sulfoxide or a combination thereof. The clean chemistry may need to demonstrate
selectivity between the polymer, residual polymer, and the photoresist.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with a general description of
the invention given above, and the detailed description given below, serve to explain the
invention. Additionally, the left most digit(s) of a reference number identifies the drawing in
which the reference number first appears.

[0010] FIGS. 1A-1C include an illustration of a flow diagram with corresponding
illustrations for a method to generate at least a portion of a directed self-assembly template used
to manufacture a semiconductor device on a substrate.

[0011] FIG. 2 includes cross-section illustrations of aligned block copolymers that may be
formed using, but is not limited to, the method described in the description of FIGS. 1A-1C.
[0012] FIG. 3 includes an illustration of a flow diagram with corresponding illustrations for
a method to remove a first organic layer disposed above a second organic layer formed on a

substrate.



WO 2015/034690 PCT/US2014/052292

DETAILED DESCRIPTION
[0013] The following Detailed Description refers to accompanying drawings to illustrate

exemplary embodiments consistent with the present disclosure. References in the Detailed

29 < 29 C¢

Description to “one embodiment,” “an embodiment,” “an exemplary embodiment,” etc., indicate
that the exemplary embodiment described can include a particular feature, structure, or
characteristic, but every exemplary embodiment does not necessarily include the particular
feature, structure, or characteristic. Moreover, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with an embodiment, it is within the knowledge of those skilled in the relevant art(s)
to affect such feature, structure, or characteristic in connection with other exemplary
embodiments whether or not explicitly described.

[0014] The exemplary embodiments described herein are provided for illustrative purposes,
and are not limiting. Other embodiments are possible, and modifications can be made to
exemplary embodiments within the scope of the present disclosure. Therefore, the Detailed
Description is not meant to limit the present disclosure. Rather, the scope of the present
disclosure is defined only in accordance with the following claims and their equivalents.

[0015] The following Detailed Description of the exemplary embodiments will so fully
reveal the general nature of the present disclosure that others can, by applying knowledge of
those skilled in the relevant art(s), readily modify and/or adapt for various applications such
exemplary embodiments, without undue experimentation, without departing from the scope of
the present disclosure. Therefore, such adaptations and modifications are intended to be within
the meaning and plurality of equivalents of the exemplary embodiments based upon the teaching

and guidance presented herein. It is to be understood that the phraseology or terminology herein

is for the purpose of description and not limitation, such that the terminology or phraseology of
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the present specification is to be interpreted by those skilled in relevant art(s) in light of the
teachings herein.

[0016] As used herein, the term "radiation sensitive material” means and includes
photosensitive materials such as photoresists.

[0017] As used herein, the term "polymer block" means and includes a grouping of multiple
monomer units of a single type (i.e., a homopolymer block) or multiple types (i.e., a copolymer
block) of constitutional units into a continuous polymer chain of some length that forms part of a
larger polymer of an even greater length and exhibits a yN value, with other polymer blocks of
unlike monomer types, that is sufficient for phase separation to occur. y is the Flory-Huggins
interaction parameter and N is the total degree of polymerization for the block copolymer.
According to embodiments of the present invention, the yN value of one polymer block with at
least one other polymer block in the larger copolymer may be equal to or greater than about
10.5.

[0018] As used herein, the term "block copolymer” means and includes a polymer composed
of chains where cach chain contains two or more polymer blocks as defined above and at least
two of the blocks are of sufficient segregation strength (e.g., ¥ N >10.5) for those blocks to phase
separate. A wide variety of block polymers are contemplated herein including di-block
copolymers (i.e., polymers including two polymer blocks (AB)), tri-block copolymers (i.e.,
polymers including three polymer blocks (ABA or ABC)), multi-block copolymers (i.c.,
polymers including more than three polymer blocks (ABCD, etc.)), and combinations thereof.
[0019] As used herein, the term "substrate" means and includes a base material or
construction upon which materials are formed. It will be appreciated that the substrate may
include a single material, a plurality of layers of different materials, a layer or layers having
regions of different materials or different structures in them, etc. These materials may include
semiconductors, insulators, conductors, or combinations therecof. For example, the substrate

may be a semiconductor substrate, a base semiconductor layer on a supporting structure, a metal
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electrode or a semiconductor substrate having one or more layers, structures or regions formed
thereon. The substrate may be a conventional silicon substrate or other bulk substrate
comprising a layer of semiconductor material. As used herein, the term "bulk substrate” means
and includes not only silicon wafers, but also silicon-on-insulator ("SOI") substrates, such as
silicon-on-sapphire ("SOS") substrates and silicon-on-glass ("SOG") substrates, epitaxial layers
of silicon on a base semiconductor foundation, and other semiconductor or optoeclectronic
materials, such as silicon-germanium, germanium, gallium arsenide, gallium nitride, and indium
phosphide. The substrate may be doped or undoped.

[0020] The terms "microphase segregation" and "microphase separation,” as used herein
mean and include the properties by which homogeneous blocks of a block copolymer aggregate
mutually, and heterogeneous blocks separate into distinct domains. In the bulk, block
copolymers can self-assemble into ordered morphologies, having spherical, cylindrical, lamellar,
bicontinuous gyroid, or miktoarm star microdomains, where the molecular weight of the block
copolymer dictates the sizes of the microdomains formed.

[0021] The domain size or pitch period (Ly) of the self-assembled block copolymer
morphology may be used as a basis for designing critical dimensions of the patterned structure.
Similarly, the structure period (Lg), which is the dimension of the feature remaining after
selectively etching away one of the polymer blocks of the block copolymer, may be used as a
basis for designing critical dimensions of the patterned structure. The lengths of each of the
polymer blocks making up the block copolymer may be an intrinsic limit to the sizes of domains
formed by the polymer blocks of those block copolymers. For example, each of the polymer
blocks may be chosen with a length that facilitates self-assembly into a desired pattern of
domains, and shorter and/or longer copolymers may not self-assemble as desired.

[0022] The term "baking” or "bake" as used herein means and includes treatment of the
block copolymer so as to enable sufficient microphase segregation between the two or more

different polymeric block components of the block copolymer to form an ordered pattern

6



WO 2015/034690 PCT/US2014/052292

defined by repeating structural units formed from the polymer blocks. Baking of the block
copolymer in the present invention may be achieved by various methods known in the art,
including, but not limited to: thermal annealing (either in a vacuum or in an inert atmosphere,
such as nitrogen or argon), solvent vapor-assisted annealing (either at or above room
temperature), supercritical fluid-assisted annealing, or absorption-based annealing (e.g., optical
baking). As a specific example, thermal annealing of the block copolymer may be conducted by
exposing the block copolymer to an elevated temperature that is above the glass transition
temperature (T,), but below the degradation temperature (Tg) of the block copolymer, as
described in greater detail hereinafter. Other conventional annealing methods not described
herein may also be utilized.

[0023] The ability of block copolymers to self-organize may be used to form mask patterns.
Block copolymers are formed of two or more chemically distinct blocks. For example, each
block may be formed of a different monomer. The blocks are immiscible or thermodynamically
incompatible, e.g., one block may be polar and the other may be non-polar. Due to
thermodynamic effects, the copolymers will self-organize in solution to minimize the energy of
the system as a whole; typically, this causes the copolymers to move relative to one another,
e.g., so that like blocks aggregate together, thereby forming alternating regions containing each
block type or species. For example, if the copolymers are formed of polar (e.g., organometallic-
containing polymers) and non-polar blocks (e.g., hydrocarbon polymers), the blocks will
segregate so that non-polar blocks aggregate with other non-polar blocks and polar blocks
aggregate with other polar blocks. It will be appreciated that the block copolymers may be
described as a self-assembling material since the blocks can move to form a pattern without
active application of an external force to direct the movement of particular individual molecules,
although heat may be applied to increase the rate of movement of the population of molecules as

a whole.
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[0024] In addition to interactions between the polymer block species, the self-assembly of
block copolymers can be influenced by topographical features, such as steps or guides extending
perpendicularly from the horizontal surface on which the block copolymers are deposited. For
example, a di-block copolymer, a copolymer formed of two different polymer block species,
may form alternating domains, or regions, which are each formed of a substantially different
polymer block species. When self-assembly of polymer block species occurs in the area
between the perpendicular walls of a step or guides, the steps or guides may interact with the
polymer blocks such that, e.g., each of the alternating regions formed by the blocks is made to
form a regularly spaced apart pattern with features oriented generally parallel to the walls and
the horizontal surface.

[0025] Such self-assembly can be useful in forming masks for patterning features during
semiconductor fabrication processes. For example, one of the alternating domains may be
removed, thereby leaving the material forming the other region to function as a mask. The mask
may be used to pattern features such as electrical devices in an underlying semiconductor
substrate. Methods for forming a block copolymer mask are disclosed in U.S. Application No.
13/830,859, CHEMI-EPITAXY IN DIRECTED SELF-ASSEMBLY APPLICATIONS USING
PHOTO-DECOMPOSABLE AGENTS, by Somervell, et al., filed on March 14, 2013.

[0026] FIGS. 1A-1B include a flow diagram 100 for a method to generate a directed self-
assembly (DSA) template to be used to etch sub-30nm features into a substrate 104 and
corresponding cross-section illustrations 102 to illustrate the method 100. The DSA template
may be used to achieve uniform and small scale patterns (e.g., <30nm) on the substrate 104. In
one embodiment, the self-assembly of BCPs based on the surface properties of DSA template
may include two or more areas with different surface properties that may alternate throughout
the DSA template. One approach to forming the DSA template may include forming a guide
material on the substrate 104 that may include lines narrow lines with a width of less than 20nm

that form a pattern on the substrate 104. The guide material (e.g., organic polymer 126) may be
8
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formed by patterning with an organic photoresist deposited on the unpatterned guide material.
The patterning of the guide material may include the removal of a portion of the guide material
using an etch process that may deposit a residual polymer on a sidewall of the guide material.
Ideally, the organic photoresist can be removed from the organic guide material without
impacting the geometry or surface properties that would negatively impact subsequent
processing. Accordingly, a selective removal scheme that enables the selective removal of the
organic photoresist and the residual polymer, but maintaining the surface properties and
geometry of the polymer may be desirable. For example, the geometry or profile of the polymer
may form a substantially square or rectangular shape with uniform surfaces and the bonds at the
surface are strong enough to maintain that profile during subsequent processing of the substrate
104.

[0027] Although the method 100 will be described as multiple discrete options for the
purposes of explanation. However, the order of description should not be construed as to imply
that these operations are necessarily order dependent. In particular, these operations may not
need to be performed in the order of presentation. The method 100 may be performed in a
different order that the described embodiment. Further, some of the operations may also be
omitted or may have additional operations performed in order to form the DSA template.

[0028] At block 106, an organic polymer 126 may be deposited on the substrate 104 to form
the foundation for the DSA template. The organic polymer 126 may include, but is not limited
to, polystyrene that may be cross linked when baked at above room temperature. The cross
linking may increase the strength of the organic polymer 126 to resist structural changes caused
by subsequent processing of the substrate 104. For example, the cross linked organic polymer
126 may be less likely to be removed or deformed by subsequent layer deposition, patterning,
and/or cleaning of the substrate 104. In one embodiment, the baking of the organic polymer 126
may increase density of the organic polymer 126 by using a bake temperature between 200C and

310C.
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[0029] The deposited organic polymer 126 may be deposited in a relatively uniform
thickness that may be continuous across a surface of the substrate 104. However, the DSA
template may be implemented using discrete portions of the organic polymer 126 to enable sub-
30nm features on the substrate 104. Accordingly, the organic polymer 126 may be patterned
using photolithography techniques.

[0030] At block 108, a photoresist layer 128 may be deposited on the organic layer 126 in a
uniform and/or conformal manner. The photoresist layer 128 may be any radiation sensitive
composition that chemically reacts when exposed to visible light, deep ultraviolet (DUV) light,
extreme ultraviolet (EUV) light, electron beam and X-ray radiant energy are radiation types
commonly used today in photolithography processes. When exposed to radiation, the bonds of
the molecules in the photoresist layer 128 may break or become more soluble, such that the
exposed portion may be dissolved using a photoresist developer chemical. The photoresist layer
128 may be a positive tone photoresist. A positive tone photoresist may become more soluble
when exposed to radiation and a negative tone photoresist may become less soluble when
exposed to radiation. In one embodiment, the positive tone photoresist or the negative tone
photoresist may include, but is not limited to, one or more of the following: protected or
unprotected copolymers of methacrylic, protected or unprotected acrylic conmonomers, styrene,
hyrdoxystyrene, or protected or unprotected hyrdoxystyrene comonomers. The exposure of
radiation may be controlled by a patterning process that may expose discrete portions of the
photoresist layer 128 to radiation using known photolithography equipment and techniques. In
another embodiment, the photoresist layer 128 may a negative tone photoresist that may become
less soluble in a different type of developer than the positive tone photoresist, such that the
exposed portion of the negative tone photoresist layer remains intact, while the unexposed
portion may be removed.

[0031] At block 110, the photoresist layer 128 may be patterned by exposing discrete

portions of radiation (e.g., light) to make those exposed regions, in one embodiment, more
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soluble or more easily removed to expose portions of the organic polymer layer 126. The
exposed portions 130 of the organic polymer 126 may be exposed to subsequent processing like
etching or cleaning. The DSA template pattern may include straight lines that form a
substantially square or rectangular cross section profile of the photoresist layer 128, as shown in
FIG. 1A. The exposed portions 130 of the organic polymer 126 are opposite from the portions
of the photoresist layer 128 that may be have been removed during a chemical and/or plasma
processing that are not shown the flow diagram for method 100 in FIGS. 1A-1B.

[0032] At block 112, a chemical process may be used to remove or etch the exposed
portions 130 of the organic polymer 126 in a manner that transfers the pattern of the photoresist
layer 128 to the organic polymer 126. The chemical process may include, but is not limited to, a
gas that generates a residual polymer 132 on at least one sidewall of the organic polymer 126
and the photoresist layer 128 during the removal process. For example, as the organic polymer
126 is removed using the gas (e.g., CF4), a passivating polymer (e.g., residual polymer 132)
may be formed as a by-product of the removal process. Unfortunately, the residual polymer 132
may interfere with the implementation of the DSA template to form sub-30nm features in the
substrate 104. For example, the organic polymer 126 and the photoresist layer 128 may be
trimmed (not shown) to a thinner width to create a DSA template that can enable smaller
features than the patterns provided in previous patterning process (e.g., block 110). The
trimming may include additional patterning and etching of both layers that narrows the width of
the organic polymer 126. The residual polymer 132 may interfere with the trimming process.
Accordingly, the residual polymer 132 may be removed to improve the performance or
capability of the DSA techniques. The etching of the photoresist layer 128 may result in a
hardening of the exposed surface, such that the hardened portion may be more chemically
resistant than the unexposed portions of the photoresist layer 128. For example, the exposed
portion (e.g., residual polymer 132) of the photoresist layer 128 may be more densified than

unexposed portions, such that the photoresist layer 128 may be more difficult to remove using
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plasma etch processing or wet chemical etch processing. Therefore, it may be desirable to treat
the residual polymer 132 to make them easier to remove. The treatment may include the same
or similar UV treatment steps described below.

[0033] At block 114 in FIG. 1B, the substrate 104 may be exposed to ultra-violet (UV) light
126 to improve the selectivity of any chemistry that may be used to remove the residual polymer
132 from the organic polymer 126 and the photoresist layer 128. The UV light 126 may include
electromagnetic radiation that has a wavelength of at least 100nm. In one embodiment, the UV
light 126 may include one or more wavelengths of electromagnetic radiation that may be
exposed to the substrate at the same time or in a sequential manner. In one embodiment, a single
wavelength of UV light 126 may be used to the treat the substrate 104. The UV light 126 can
make the photoresist layer 128 and residual layer 126 more amenable to removal through a
variety of mechanisms.

[0034] In another embodiment, two different wavelengths of UV light 126 may be used to
treat the substrate 104. The first wavelength of light may be less than 200nm and the second
wavelength of light may be greater than 200nm. The UV light 126 may have a dose of up to 150
J/em2. In another embodiment, the first wavelength of UV light 126 may about 185nm and the
second wavelength of UV light 126 may be about 254nm.

[0035] In another embodiment, the distribution of UV light 126 wavelength may also vary
during the exposure process in block 114. For example, the UV light 126 may include at least
10% of the first wavelength with the remainder including UV light 126 of the second
wavelength. In one specific embodiment, at least 10% of the UV light 126 may include a
wavelength of about 185nm with the remainder of the UV light 126 having a wavelength of
about 254nm.

[0036] In addition to the UV light 126, the exposure process may also include a reactive gas

134 that may weaken the residual layer 132 and the exposed surface of the photoresist layer 128
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and make bother layers more susceptible to removal (e.g., improved selectivity). The reactive
gas may include, but is not limited to, monoatomic oxygen, diatomic oxygen, and/or ozone.
[0037] At block 116, the combination of the UV light 126 and the reactive gas 134 may
oxidize and/or weaken the residual polymer layer 136 and a surface 138 of the photoresist layer
128. The reactive gas 134 may include diatomic oxygen that may be used to generate ozone
when the reactive gas 134 is exposed to the UV light 126 or any other energy source. At a
minimum, the combination of the UV light 126 and/or the reactive gas 134 may be used to
change a surface state of the residual polymer 136. For example, the residual polymer 136
and/or the weakened photoresist layer 138 may be highly absorbent to at least a portion of the
UV light 126 and induces the excitation of electrons that can facilitate the breaking of bonds in
the weakened residual polymer 136 and/or the weakened surfaces 138 of the photoresist layer
128. In one embodiment, the photoresist layer 128 may be more highly absorbent to the 185nm
wavelength UV light 126 and may be more likely to break the bonds in the photoresist layer
128. On the other hand, the 254nm UV light 126 may not be as absorbent to the underlying
layers, but there may be a much higher fluence of 254nm photons with enough energy to break
the bonds in the underlying layers. The higher UV light 126 wavelength may be more likely to
break the carbon chain in the underlying layers than the UV light 126 with a lower wavelength.
[0038] The reactive gas 134 may also make the weakened residual polymer 136 more
hydrophilic, such that the weakened residual polymer 136 may be more easily removed in a
subsequent wet chemical process.

[0039] At block 118, a wet chemical process may be used to remove the photoresist layer
128 and the weakened residual polymer 136 to expose the organic polymer 126. In one
embodiment, the wet chemical process may include one or more steps that may include one or
more of the following chemicals: ammonium hydroxide, hydrogen peroxide, water, an aqueous,
semi-aqueous, non-aqueous chemical solution, or any combination thereof. Accordingly, the

organic polymer 126 may form a pattern on the substrate 104 following the removal of the
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photoresist layer 128 and the residual polymer 136, 138. In one instance, the pattern may
include parallel or substantially parallel lines of the organic polymer 126 across the substrate
104.

[0040] In one embodiment, the wet chemical process may include a combination of
ammonium hydroxide, hydrogen peroxide, and water in a ratio of 1:1:5 with 27%, by weight, of
ammonium hydroxide and 30% of hydrogen peroxide. In one instance, the temperature of that
aforementioned combination may be 50°C and the substrate 104 may be exposed to the
combination for up to two minutes.

[0041] In another embodiment, the wet chemical process may include, but is not limited to, a
one or more of the following chemicals: tetramethylammonium, N-Methylpyrrolidone and/or
dimethyl sulfoxide. The aforementioned wet chemical combination may be heated between 45°-
65°C and exposed to the substrate 104 for up to two minutes. In one specific embodiment, the
substrate 104 exposure time may be one minute.

[0042] At block 120, a neutral copolymer layer 140 may be deposited on the substrate 104
and may cover the organic layer 126 and spaces between portions of the organic layer 126. In
one embodiment, the neutral copolymer layer may be grafted to the substrate 104 and not the
organic layer 126. The grafting process may include a baking step that less than 300°C.
Generally, the neutral copolymer layer 140 may not have a chemical affinity to the organic layer
126 or subsequent BCP layer (not shown) deposited on the substrate 104. The neutral copolymer
layer 140 may include, but is not limited to, non-aligned copolymer blocks.

[0043] At block 122, non-grafted portions of the neutral copolymer layer 140 may be
removed from the substrate 104 using a rinse or chemical process that minimizes the step height
difference between the organic layer 126 and the neutral copolymer layer 140, as shown in FIG.
1C. The step height being the difference in thickness between the substrate 104 and the
opposing surface of the organic layer 126 and the neutral copolymer layer 140. For example,

the surfaces of the organic layer 126 and the neutral copolymer layer 140 that are opposite the
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substrate 104 may be flush or substantially flush with each other, such that the step height
difference is minimal.

[0044] At block 124, a non-aligned or random copolymer layer 142 may be deposited over
the neutral copolymer layer 140 and the organic polymer 126. The random copolymer layer 142
may include at least two polymer blocks that can self-organize or self-assemble in a predictable
manner during subsequent processing of the substrate 104. For example, the polymer blocks
may be immiscible and may segregate under appropriate conditions to form domains (not
shown) predominantly containing a single block species or an alternating pattern of each
species. The random copolymer layer 142 may be deposited by various methods, including, but
not limited to, spin-on coating, spin casting, brush coating, or vapor deposition. For example,
the random copolymer layer 142 may be provided as a solution in a carrier solvent such as an
organic solvent, ¢.g., toluene. The solution may be applied to the substrate 104 and the neutral
copolymer layer 140 and the carrier solvent may be subsequently removed to provide the
random copolymer layer 142. The random copolymer layer 142 may include, but is not limited
to, two or more species of polymers that may include polystyrene and polymethylacrylate
(PMMA).

[0045] It will be appreciated that the different species are understood to self-aggregate due
to thermodynamic considerations in a process similar to the phase separation of materials. The
self-organization is guided by the physical interfaces organic layer 126 and the neutral
copolymer layer 140, as well as the chemical affinities for each other. Accordingly, the
constituent blocks of the block copolymers can orient themselves along the length of the
patterned portions of the substrate 104. The self-organization may be facilitated and accelerated
by annecaling the layered structure illustrated adjacent to block 124. The temperature of the
annealing process may be chosen to be sufficiently low to prevent adversely affecting the block
copolymers or the layered structure. The anneal may be performed at a temperature of less than

about 350°C, less than about 300°C, less than about 250°C, less than about 200°C or about
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180°C in some embodiments. According to another embodiment, the annealing process may
include a solvent anneal, which generally reduces the annealing temperature.

[0046] The anneal time may range from about several hours to about 1 minute. For example,
annealing times for temperatures above 250°C may range from about 1 hour to about 2 minutes,
from about 30 minutes to about 2 minutes, or from about 5 minutes to about 2 minutes.

[0047] According to one embodiment, the annealing temperature may be within the range
from about 260°C to about 350°C, wherein the low oxygen atmosphere comprises less than
about 40 ppm oxygen. For example, the layer of the block copolymer 380 may be exposed to
annealing conditions of 310°C in a low oxygen environment (e.g., no more than 300ppm) for
about a 2 minutes to about 5 minutes.

[0048] The annealing of the random copolymer layer 142 may facilitate the self-assembly of
the block copolymer into a plurality of alternating specie domains aligned side-by-side as shown
in the embodiments illustrated in FIG. 2.

[0049] In other embodiments, the DSA template may be formed using a variety of process
flows that are different than the process flow illustrated in FIGS. 1A-1C. The scope of this
disclosure may not be limited to the FIGS. 1A-1C flow where the guide stripe (e.g., organic
polymer 126) is deposited and patterned, and the neutral layer (e.g., neutral copolymer layer
140) is backfilled. In one specific embodiment, the neutral layer may be deposited and patterned
with a trench line, and the guide material may be back-filled into the trench. In this way, the
first layer deposited may be neutral in contrast to the PS layer of the FIGS. 1A-1C embodiment
and the backfill layer may act as the guiding layer instead of being neutral. The patterning of the
neutral layer may include an etch and organic strip that may be similar to the process in FIG.
1A-1C. For example, the substrate 104 may be coated with a neutral layer that may be patterned
and etched, and the trench may be backfilled by a Poly(styrene) based brush material, baked and
rinsed, just as depicted in the illustration opposite block 122 in FIG. 1C. Such processing will

yield the same chemical template used to direct the self-assembly of the block copolymer (i.e.,
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FIG. 1C, block 122), but will do so through a different set of processing steps. The residual layer
may be formed on the PS layer during the etch process. Accordingly, the residual layer may be
removed using UV processing described above.

[0050] FIG. 2 illustrates a 1X frequency embodiment 200 of the block copolymer layer and
a 3X frequency embodiment 202 of the block copolymer layer that may be implemented, at least
in part, by the annealing of the random copolymer layer 142. However, the frequency of the
alternating species may not be limited to 1X and 3X and may include any frequency between 1X
and 10X or more. The anncaling may result in a sclf-assembly of alternating species (e.g.,
polystyrene 206 and PMMA 208) that in a side-by-side manner and opposite the organic layer
126 and the neutral copolymer layer 140. The domain size (Lo) 210 may be represented by the
one iteration of the width of each species that may be adjacent to each other. The Lo pattern
may be repeated across the substrate to form an array of lines and spaces that may be parallel to
each other. Similarly, the underlying organic layer 126 and the neutral copolymer layer 140
may vary within a period distance 212 in which the two species alternate as shown in FIG. 2.
The placement of polystyrene domain 206 and the PMMA domain 208 may vary with the
structure of the underlying layer and may repeat at a certain frequency between the organic layer
126 and the neutral copolymer layer 140. FIG. 2 merely includes two representative
embodiments that use different pattern frequencies.

[0051] In the 1X frequency embodiment 200, the alternating species may correlate with the
corresponding underlying layers in a one-to-one manner, such that the polystyrene blocks 206
may be opposite one of the neutral copolymer layer 140 blocks. The polystyrene blocks 206 and
the PMMA blocks 208 may be parallel or substantially parallel to each other. The degree of
quality of the formation of the DSA template may be measured based on the how parallel the
lines and/or space may be over a surface area.

[0052] In one embodiment, the parallel lines/spaces may be at least 95% parallel or

substantially parallel over a region with a surface area of at least lum”. In one specific
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embodiment, the surface area may be 1.2656um”. In another embodiment, the quality of the
parallel lines/spaces may be at least 95% parallel over a surface area that may include an array
of at least 40 lines/spaces over a surface area that may include more than a majority of the
array. For example, the array surface area may include the entire array except for the surface
area that may be within 10 Lo of the array edge or perimeter.

[0053] In certain instances, the quality of array may be classified into two or more categories
that may segregate the arrays for the purpose of quality control. For example, the arrays may be
binned into three categories 95%-100%, 60%-94%, and less than 59%. In one instance, the
passing criteria may be 95%-100% to control or qualify the DSA processing scheme. In another
instance, the passing criteria may be 60%-100%, in that structures that are less than 59% would
not pass in either embodiment.

[0054] In other embodiments, the domain size 210 and the period distance 212 may vary
from the 1:1 ratio illustrated in the 1X frequency embodiment 200. Accordingly, the overlap of
different species may be used to selectively etch different patterns into the substrate 104 or
underlying layers than by using the 1X frequency embodiment 200.

[0055] In the 3X frequency embodiment 202, the domain size (Lo) 210 may alternate at a
higher frequency within the period distance 214, such that the domain size 210 may alternate
several times within the given period distance 214. In this embodiment, the period distance 214
may extend further than is illustrated in FIG. 2 as represented the continuation marker 216. In
this instance, the ratio of the overlying and underlying layers may be 3:1. However, in other
embodiments, the ratio may be up to 10:1. Additionally, the quality criteria described above in
the description of the 1X frequency embodiment 200 may also be used to rate and/or classify the
lines/spaces in the overlying layer in the 3X frequency embodiment 202,

[0056] FIG. 3 includes an illustration of a flow diagram 300 with corresponding illustrations

302 for a method to selectively remove a first organic film an underlying second organic film
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formed on a substrate 104. The removal selectivity may enable a minimal change in thickness
or surface state of the underlying organic film.

[0057] At block 304, a first organic material 312 may be deposited on the substrate 104
using any known deposition technique that may include, but is not limited to, chemical vapor
deposition or spin-on coating. In one embodiment, the first organic layer 312 may be any
radiation sensitive composition that chemically reacts when exposed to visible light, deep
ultraviolet (DUV) light, extreme ultraviolet (EUV) light, electron beam and X-ray radiant
energy are radiation types commonly used today in photolithography processes. When exposed
to radiation, the bonds of the molecules in the photoresist layer 128 may break or become more
soluble, such that the exposed portion may be dissolved using a photoresist developer chemical.
The photoresist may include, but is not limited to, one or more of the following: protected or
unprotected copolymers of methacrylic, protected or unprotected acrylic conmonomers, styrene,
hyrdoxystyrene, or protected or unprotected hyrdoxystyrene comonomers.

[0058] At block 306, a second organic film 314 may be deposited on the first organic layer
312, such the two organic films physically interface with each other and they are relatively
distinguishable from each other, despite any similar organic nature of the two films. In one
embodiment, the second organic film 314 may be an anti-reflective material that enables the
transmission of light into the second organic film 314, but limits the amount of light that may be
reflected out from the second organic layer 314.

[0059] At block 308, a first portion of the second organic layer 314 may be removed using a
combination of UV light 126 and oxygen 126. The first portion may include at least 40% of the
thickness of the second organic layer 314, as illustrated different in thickness between by the
thinner second organic layer 316 and the second organic layer 312 illustrated in FIG. 3.

[0060] In one embodiment, the substrate 104 may be exposed to ultra-violet (UV) light 126
remove the first portion of the second organic layer 314 and/or to improve the selectivity of any

chemistry that may be used to the remainder, or second portion, of the second organic layer 314.
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The UV light 126 may include electromagnetic radiation that has a wavelength of at least
100nm. In one embodiment, the UV light 126 may include one or more wavelengths of
electromagnetic radiation that may be exposed to the substrate at the same time or in a
sequential manner. In one embodiment, a single wavelength of UV light 126 may be used to the
treat the substrate 104.

[0061] In another embodiment, two different wavelengths of UV light 126 may be used to
treat the second organic layer 314. The first wavelength of light may be less than 200nm and the
second wavelength of light may be greater than 200nm. The UV light 126 may have a dose of
up to 150 J/cm2. In another embodiment, the first wavelength of UV light 126 may about 185nm
and the second wavelength of UV light 126 may be about 254nm.

[0062] In another embodiment, the distribution of UV light 126 wavelength may also vary
during the exposure process in block 308. For example, the UV light 126 may include at least
10% of the first wavelength with the remainder including UV light 126 of the second
wavelength. In one specific embodiment, at least 10% of the UV light 126 may include a
wavelength of about 185nm with the remainder of the UV light 126 having a wavelength of
about 254nm.

[0063] In addition to the UV light 126, the exposure process may also include a reactive gas
134 that may weaken the second organic layer 314. The reactive gas may include, but is not
limited to, monoatomic oxygen, diatomic oxygen, and/or ozone.

[0064] The combination of the UV light 126 and the reactive gas 134 may oxidize and/or
weaken the second organic layer 314. The reactive gas 134 may include diatomic oxygen that
may be used to generate ozone when the reactive gas 134 is exposed to the UV light 126 or any
other energy source. Ata minimum, the combination of the UV light 126 and/or the reactive gas
134 may be used to change a surface state of the second organic layer 314. The reactive gas 134

may also make the weakened second organic layer 314 more hydrophilic, such that the
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weakened second organic layer 316 may be more easily removed in a subsequent wet chemical
process.

[0065] At block 310, a wet chemical treatment may be used to remove a second portion of
the second organic layer 316 such that any changes to the thickness and/or surface state of the
first organic layer 312 may be minimal. The wet chemical treatment may include, but is not
limited to, the wet chemical treatments described in the description of block 118.

[0066] It is to be appreciated that the Detailed Description section, and not the Abstract
section, is intended to be used to interpret the claims. The Abstract section can set forth one or
more, but not all exemplary embodiments, of the present disclosure, and thus, is not intended to
limit the present disclosure and the appended claims in any way.

[0067] While the present disclosure has been illustrated by the description of one or more
embodiments thereof, and while the embodiments have been described in considerable detail,
they are not intended to restrict or in any way limit the scope of the appended claims to such
detail. Additional advantages and modifications will readily appear to those skilled in art. The
invention in its broader aspects is therefore not limited to the specific details, representative
apparatus and method and illustrative examples shown and described. Accordingly, departures
may be made from such details without departing from the scope of the general inventive

concept.
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What is claimed is:
1. A method for a directed self-assembly technique for patterning a substrate, comprising:
coating the substrate with a polymer;
heating the polymer to a bake temperature to increase a density of the polymer;
patterning the polymer using a layer of photoresist;
removing a portion of the polymer that is not covered by photoresist;
gencrating a residual polymer on at least one side sidewall of the polymer during
the removal of the portion of the polymer;
oxidizing a portion of the photoresist using oxygen and one or more wavelengths
of ultraviolet light (UV);
changing the surface state of the residual polymer using the oxygen and the one
or more wavelengths of ultraviolet light; and

removing the photoresist and the residual polymer to expose the polymer.

2. The method of claim 1, further comprising:
coating the patterned polymer and the substrate with a selective material that adheres
more strongly to the substrate than the patterned polymer; and

removing the selective material that is above the exposed polymer.

3. The method of claim 2, wherein the selective material comprises a random copolymer

layer that can form a block copolymer when the random copolymer layer is annealed.

4. The method of claim 3, wherein the positive tone photoresist or the negative tone
photoresist comprise one or more of the following:
protected or unprotected copolymers of methacrylic;
protected or unprotected acrylic conmonomers;
styrene;
hyrdoxystyrene; or

protected or unprotected hyrdoxystyrene comonomers.

5. The method of claim 1, wherein the wavelength comprises a wavelength that is less than

200nm or a wavelength that is greater than 200nm.
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6. The method of claim 5, wherein the ultraviolet light comprises a lower wavelength dose
between 0.01 J/cm2 to 150 J/cm2 for the wavelength that is greater than 200nm or a
higher wavelength dose between 0.01 J/cm2 to 13 J/cm?2 for the wavelength that is less
than 200nm.

7. The method of claim 1, wherein the polymer comprises polystyrene.

8. The method of claim 1, wherein the one or more wavelengths of UV light comprises a
first wavelength that is less than 200nm and a second wavelength of UV light comprises

a wavelength that is greater than 200nm..

9. The method of claim 1, wherein the ultraviolet light comprises at least 10% of light that

has a wavelength that is less than 200nm.

10. The method of claim 1, wherein the baking temperature comprises a temperature
between 200C and 310C.

11. A method for removing photoresist from a substrate, comprising:
patterning the photoresist on the substrate comprising a polymer;
removing the polymer that is exposed by the patterned photoresist, the removal
generating a residual polymer on sidewalls of the polymer and hardening the photoresist;
exposing the substrate to ultraviolet light and oxygen, the ultraviolet light comprising
one or more wavelengths of UV light; and
removing the photoresist and the residual polymer using a wet chemical process to form

a patterned polymer on the substrate.

12. The method of claim 11, wherein the polymer comprises polystyrene.

13. The method of claim 11, wherein the exposure of ultraviolet light oxidizes the hardened

photoresist and residual polymer.
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14. The method of claim 11, wherein the wet chemical process comprises ammonium
hydroxide, hydrogen peroxide, water, an aqueous, semi-aqueous or non-aqueous

chemical solution.

15. The method of claim 11, wherein the wavelength comprises a wavelength no more than

185nm.

16. The method of claim 15, wherein the wavelength comprises a wavelength of at least

220nm.

17. The method of claim 11, wherein the wavelengths comprises a first wavelength that is

less than 200nm and a second wavelength that is greater than 200nm.

18. The method of claim 17, wherein the wavelength that is greater than 200nm comprises a

wavelength of about 254nm.

19. The method of claim 11, wherein the polymer comprises a thickness between Snm and

20nm.

20. The method of claim 11, wherein the polymer comprises a sidewall angle between 40

degrees and 105 degrees from a bottom surface of the polymer.

21. A method for removing first organic layer from a substrate, comprising:

depositing the first organic layer on the substrate comprising a second organic layer;

removing a first portion of the first organic layer by exposing the first organic to

ultraviolet light and oxygen; and

removing a second portion of the first organic layer using a wet chemical process.

22. The method of claim 21, wherein the first portion comprises at least 40% of a thickness
of the first organic layer and the second portion comprises a remainder of the thickness

of the first organic layer.

23. The method of claim 21, wherein the first organic layer comprises a photoresist, and the
second organic layer comprises an organic anti-reflective material, and the substrate

comprises silicon.
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24. The method of claim 21, wherein, following the removal of the first portion, the first

organic layer comprises a higher oxygen concentration than the second organic layer.

25. The method of claim 21, wherein the ultraviolet light comprises a first distribution of
wavelengths less than 200nm and a second distribution of wavelengths greater than

200nm

26. The method of claim 25, wherein the wavelength that is less than 200nm comprises a

wavelength no more than 185nm.

27. The method of claim 26, wherein the wavelength that is greater than 200nm comprises a

wavelength of at least 220nm.

28. The method of claim 21, wherein the ultraviolet light comprises a wavelength of about

185nm.

29. The method of claim 28, wherein the wavelength that is greater than 200nm comprises a

wavelength of about 254nm.

30. The method of claim 21, wherein the ultraviolet light comprises a wavelength greater

than 100nm.
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concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-10, directed to a method for a directed self-assembly technique for patterning a substrate comprising: coating the
substrate with a polymer; heating the polymer to a bake temperature to increase a density of the polymer

Group |I: claims 11-20, directed to a method for removing photoresist from a substrate, comprising: patterning the photoresist on the
substrate comprising a polymer; removing the polymer that is exposed by the patterned photoresist, the removal generating a residual
polymer on sidewalls of the polymer and hardening the photoresist

Group lIi: claims 21-30, directed to a method for removing first organic layer from a substrate, comprising: depositing the first organic
layer on the substrate comprising a second organic layer; removing a first portion of the first organic layer

The inventions listed as Group -lIl do not relate toa single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Feature:

Group | special feature is a method for a directed self-assembly technique for patterning a substrate comprising: coatiné the substrate
with a polymer; heating the polymer to a bake temperature to increase a density of the polymer, not required by group II-1ll

Group Il special feature is a method for removing photoresist from a substrate, comprising: patterning the photoresist on the substrate
comprising a polymer; removing the polymer that is exposed by the patterned photoresist, the removal generating a residual polymer on
sidewalls of the polymer and hardening the photoresist, not required by groups | and Il

Group |1l special feature is method for removing first organic layer from a substrate, comprising: depositing the first organic layer on the
substrate comprising a second organic layer; removing a first portion of the first organic layer, not required by groups I-|

Common Technical Features:

Groups |-l share the common technical feature of depositing a polymeron a substrate and removing a portion of the polymer by
exposing to ultraviolet light and oxygen. :

Group | and |l share the common technical feature of patterning a substrate, comprising: coating the substrate with a polymer; patterning
the polymer using a layer of photoresist; removing a portion of the polymer that is not covered by photoresist; generating a residual
polymer on at least one side sidewall of the polymer; oxidizing a portion of the photoresist using oxygen and one or more wavelengths of
uitraviolet light (UV) .

However, these shared technical features do not represent a contribution over prior art as being obvious over US 2012/0003587 Al to
Kim et al. (hereinafter 'Kim") in to view of US 2003/0227090 A1 to Okabe.

Regarding Claim 1, Kim discloses a method for a directed self-assembly (para [0038], [0039]5 technique for patterning a substrate,
comprising coating the substrate with a polymer; (para [0011], substrate 100, layer 110 can be of any composition ) patterning the
polymer using a layer of photoresist (para [0031]:Referring to Fig. 2D, an imaging layer 130, e.g., a positive or negative photoresist
layer, may be formed on the image layer 124) removing a portion of the polymer (Fig 2D-2K: shows removal of sequential polymer
layers).

Kim does not disclose oxidizing a portion of the photoresist using oxygen and one or more wavelengths of ultraviolet light (UV), and
removing the photoresist and the residual polymer to expose the polymer; generating a residual polymer on at least one side sidewall of
the polymer during the removal of the portion of the polymer. Okabe discloses oxidizing a portion of the photoresist using oxygen and
one or more wavelengths of ultraviolet light (UV); and removing the photoresist and the residual polymer to expose the polymer;
generating a residual polymer 11 on at least one side sidewall of the polymer 6 during the removal of the portion of the polymer 11
(Figure 5c, 5d; para [0043]: oxygen is applied to photoresist 9; para {0037], [0042], [0065]: UV removes photoresist, laser light 13; para
[0066]: photoresist is etched by ozone formed during irradiation of the available oxygen; para [0036]: first layer of photoresist is
disclosed but not shown; removing photoresist 9 exposes the polymer 11, removing polymer 11 exposes inorganic polymer 6, silicon
oxide film 6 is an inorganic polymer and functionally analogous to the innermost polymer layer 126 in Figure 1C of the subject
application; para [0074], [0076]: side holes; Figure 3a-3d, 4b, 5¢, 5d: sidewall polymer 11 is shown). Therefore it would have been
obvious to a person of ordinary skill in the art at the time of invention to incorporate a combination of oxygen exposure and UV of Okabe
in processing of the self-assembling layers of Kim that would have allowed applying precise lithographic techniques to the sites on the
layers weakened by UV and exposed to ozone.

As the shared technical features were known in the art at the time of the invention, they cannot be considered common technical
features that would otherwise unify the groups. Therefore, Groups I-l1i lack unity under PCT Rule 13.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1L D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.: .

. because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically: :

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invenﬁon is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found mﬁltiple inventions in this international application, as follows:
----see supplemetal box ---

I. D As all required additional search fees were timely paid-by the applicant, this international search report covers all searchable
claims.

. EI As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. ’

N8

3. D As only some of the required additional scarch fees were timely paid by ‘the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.: i

. }E No required additional search fees were timely paid by the applicant. Consequently, this international search report is

4
1re1séricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

[:] The additional search fees were accoﬁpanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I::l No protest accompanied the payment of additional search fees.
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