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(57) ABSTRACT

A method of reducing corner rounding during patterning of
a substrate to form a prescribed pattern comprising a corner
includes dividing the pattern into a first pattern and a second
pattern, the first pattern forming a first edge of the corner and
the second pattern forming a second edge of the corner. At
least a portion of the second pattern overlaps the first pattern
such that the first edge intersects with the second edge to
form a corner of the prescribed pattern. The method further
includes forming the first pattern in a first mask layer
disposed on a substrate to expose the substrate and forming
the second pattern in the first mask layer to expose the
substrate. The substrate exposed through the first mask layer
is then etched to obtain the pattern.
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METHOD OF PATTERNING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Divisional application of U.S.
application Ser. No. 15/967,100, filed Apr. 30, 2018, which
claims priority to U.S. Provisional Patent Application No.
62/593,089 filed Nov. 30, 2017 and U.S. Provisional Appli-
cation No. 62/595,365 filed Dec. 6, 2017, the entire disclo-
sures of each of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates to methods of patterning
fine structures for semiconductor manufacturing processes
and in particular relates to lithography and etching opera-
tions.

BACKGROUND

[0003] The demand for computational power keeps
increasing while the size of devices and processors keeps
decreasing. This requires increased functional density, i.e.,
number of interconnected devices per chip, in semiconduc-
tor integrated circuits (ICs). As individual devices in an IC
get smaller, the patterning specification gets tighter because
of the smaller critical dimension.

[0004] Many circuit patterns have features with a rectan-
gular shape having sharp corners. However, as light bends
around corners because of diffraction, patterns with corners
are not properly reproduced on the wafer, resulting in a
distorted pattern and ultimately a malfunctioning device on
the chip, or worse, a malfunctioning chip. Thus, ensuring
that corners are not rounded, but rather reproduced as
corners is one of the key requirements in semiconductor
manufacturing. This is referred to in the art as “corner
rounding fidelity.”

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present disclosure is best understood from the
following detailed description when read with the accom-
panying figures. It is emphasized that, in accordance with
the standard practice in the industry, various features are not
drawn to scale and are used for illustration purposes only. In
fact, the dimensions of the various features may be arbi-
trarily increased or reduced for clarity of discussion.
[0006] FIGS. 1A and 1B are schematic illustrations of
out-corner rounding for a rectangular pattern in a plan view
and a cross-section view along a vertical axis.

[0007] FIGS. 1C and 1D are schematic illustrations of an
in-corner (marked by the oval) and an out-corner (marked by
the circle) rounding for a pattern with overlapping rectangles
in a plan view and a cross-section view along a vertical axis.
[0008] FIG. 2 illustrates a flow chart for a patterning
method in accordance with the present disclosure.

[0009] FIGS. 3A-3] schematically illustrate various stages
of formation of a rectangular pattern using a patterning
method in accordance with an embodiment of the present
disclosure. FIGS. 3A, 3C, 3E, 3G, and 31 show a plan view
and FIGS. 3B, 3D, 3F, 3H, and 3] show a cross-section view
along a vertical axis.

[0010] FIG. 4 illustrates a flow chart for a patterning
method in accordance with the present disclosure.
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[0011] FIGS. 5A-5] schematically illustrate various stages
of formation of a rectangular pattern using another pattern-
ing method in accordance with an embodiment of the
present disclosure.

[0012] FIGS.5A,5C, 5E, 5G, and 51 show a plan view and
FIGS. 5B, 5D, 5F, 5H, and 5] show a cross-section view
along a vertical axis.

[0013] FIG. 6 illustrates a flow chart for a patterning
method in accordance with the present disclosure.

[0014] FIGS. 7A-7P schematically illustrate various
stages of formation of a pattern with overlapping rectangles
using a patterning method in accordance with an embodi-
ment of the present disclosure. FIGS. 7A, 7C, 7E, 7G, 71,
7K, 7TM, and 70 show a plan view and FIGS. 7B, 7D, 7F,
7H, 71, 7L, 7N, and 7P show a cross-section view along a
vertical axis.

[0015] FIGS. 8A-8T schematically illustrate various
stages of formation of a pattern with overlapping rectangles
using another patterning method in accordance with an
embodiment of the present disclosure. FIGS. 8A, 8C, 8E,
8G, 81, 8K, 8M, 80, 8Q, and 8S show a plan view and FIGS.
8B, 8D, 8F, 8H, 8J, 8L, 8N, 8P, 8R, and 8T show a
cross-section view along a vertical axis.

DETAILED DESCRIPTION

[0016] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are formed in direct
contact, and may also include embodiments in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition is for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.
[0017] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus/device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein may likewise be interpreted
accordingly. In addition, the term “made of” may mean
either “comprising” or “consisting of.”

[0018] The present disclosure is generally related to pat-
terning methods including lithography and etching opera-
tions used in semiconductor manufacturing. In particular,
the presently disclosed methods relate to reducing corner-
rounding during lithography of patterns with corners. Most
features in semiconductor devices are designed to have
sharp corners which are difficult to reproduce and maintain
over various steps of semiconductor manufacturing. For
example, during photolithography, corners get rounded
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because of diffraction effects. Likewise, during etching of
materials, corners get rounded because no etchant can be
perfectly anisotropic.

[0019] FIGS. 1A and 1B schematically illustrate out-
corner rounding for a rectangular pattern. FIG. 1A shows a
rectangular feature with rounded corners in a plan view, and
FIG. 1B shows a cross-section along the vertical axis on the
right. As can be seen in plan view in FIG. 1A, a line pattern
(e.g., fin-structure) 101 shown in FIG. 1A is broadened
because of out-corner rounding. An out-corner, as used
herein, refers to a corner formed by edges of a pattern that
are at an angle of about 90° or less.

[0020] FIGS. 1C and 1D schematically illustrate out-
corner and in-corner rounding for a pattern with two over-
lapping rectangles. FIG. 1C shows the pattern with overlap-
ping rectangles having the rounded corners in a plan view,
FIG. 1D shows a cross-section view along the vertical axis
on the right. As can be seen in FIG. 1C, the line pattern 101
is broadened because of the rounding for the out-corner and
narrowed for the in-corner. An in-corner, as used herein,
refers to a corner formed by edges of a pattern that are at an
angle of about 180° or more. In other words, features having
out-corners form convex polygons while a feature with a
single in-corner makes a non-convex polygon.

[0021] Thus, rounding of corners results in a variation in
the critical dimension of the feature because the portions
near the rounded corner are broader or wider than pre-
scribed. Efforts are, therefore, needed to reduce occurrence
of rounding in lithography and etching processes.

[0022] FIG. 2 illustrates a flow chart for a method of
lithography in accordance with an embodiment of the pres-
ent disclosure. FIGS. 3A-3] schematically illustrate the
various stages of formation of a rectangular pattern using a
method of lithography in accordance with an embodiment of
the present disclosure. FIGS. 3A, 3C, 3E, 3G, and 31 show
a plan view and FIGS. 3B, 3D, 3F, 3H, and 3J show a
cross-section view along the line X-X'. The patterning
method will be described below in reference to FIGS. 2 and
3A-3]. In an embodiment, the method includes, at S201,
forming a first mask layer 220 over a substrate 280. The
substrate 280 is a substrate to which a prescribed pattern is
to be provided. In various embodiments, as illustrated in
FIGS. 3A and 3B, the substrate 280 includes previously
patterned line-structures such as fins, gate patterns, or metal
wires 101. Thus, in various embodiments, the substrate 280
includes two or more materials, disposed in a preexisting
pattern. For example, the substrate 280 includes line patterns
101 formed of silicon nitride or silicon dioxide and sepa-
rated by spacer 230 formed of doped silicon in some
embodiments. In other embodiments, the line patterns 101
are formed of doped silicon separated by spacer 230 formed
of silicon nitride or silicon oxide or other dielectric material.
In yet other embodiments, the line patterns 101 are formed
of metallic material separated by a spacer 230 formed of
silicon nitride and/or silicon dioxide or other dielectric
material. In various embodiments, the line patterns 101 and
the spacer 230 are formed on a silicon-on-insulator (SOI)
substrate having a doped or undoped silicon layer 240, an
oxide (or other insulator) layer 250, a silicon layer 260 and
a silicon substrate 270. Those skilled in the art will appre-
ciate that these are mere examples, and methods described
herein are not restricted by the preexisting patterns and
structures of the substrate 280. In other embodiments, a bulk
silicon substrate is used instead of an SOI substrate. Further,
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in some embodiments, the layers 240, 250 and 260 are one
or more of various insulating, dielectric and/or conductive
layers, patterned or not patterned.

[0023] The first mask layer 220, in various embodiments,
includes a hard-mask such as a silicon oxide or silicon
nitride. The methods of the present disclosure are not limited
by the method of depositing or forming the first mask layer
220. For example, if the first mask layer 220 is a silicon
dioxide layer, it can be formed by wet or dry oxidation,
CVD, spinning on a spin-on oxide, etc.

[0024] The method then moves to S202 where a second
mask layer 210 is formed on the first mask layer 220. Like
the first mask layer 220, the second mask layer 210 is a layer
of silicon dioxide or silicon nitride in some embodiments.
However, because further in the method the first mask layer
220 and the second mask layer 210 are removed or etched
separately, the materials of the first mask layer 220 and the
second mask layer 210 are different and exhibit etch selec-
tivity over the other. For example, in an embodiment, if the
first mask layer 220 is silicon dioxide, the second mask layer
210 is silicon nitride. In other embodiments, the first mask
layer 220 is silicon nitride while the second mask layer 210
is silicon dioxide. Those skilled in the art will appreciate that
the methods for forming the second mask layer 210 are only
limited by process compatibility with respect to the first
mask layer 220 and any preexisting structures on substrate
280. Thus, any suitable process can be used for forming the
second mask layer 210.

[0025] The method then continues to S203 where a first
pattern (e.g., an opening) is formed over the second mask
layer 210. In various embodiments, the first pattern is a
photoresist pattern formed using photolithography. For
example, in an embodiment, a photoresist layer is formed on
the second mask layer 210 and exposed to light through a
photomask having an appropriate pattern. The photoresist is
then developed so as to remove an appropriate portion of the
photoresist to form the first pattern over the second mask
layer 210. As discussed elsewhere herein, the etchant for the
second mask layer 210 is chosen to ensure that first mask
layer 220 is substantially unetched after the etching of
second mask layer 210. In various embodiments, the pho-
toresist is a positive resist or a negative resist, and the pattern
of the photomask is chosen appropriately.

[0026] At S204, a first portion of the second mask layer
210 exposed through the first pattern 212 is removed, as
shown in FIGS. 3C and 3D. The removal of the first portion
of the second mask layer 210, in various embodiments, is
performed by etching the second mask layer 210. Any
suitable etching method can be used for etching the second
mask layer 210. As discussed elsewhere herein, the etchant
for the second mask layer 210 is chosen to ensure that first
mask layer 220 is substantially unetched after the etching of
second mask layer 210.

[0027] A second pattern is then formed over the second
mask layer 210 at S205 using techniques similar to those
used when forming the first pattern. The second pattern 222
is a photoresist pattern formed such that at least a portion of
the first pattern overlaps the subsequently formed second
pattern 222 in the first mask layer 220 so as to form the
corners of the prescribed pattern. In other words, while the
first pattern 212 defines the edges of the prescribed pattern
along the X axis, the second pattern 222 defines the edges of
the prescribed pattern along the Y axis.
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[0028] In various embodiments, the sides of the first
pattern 212, as can be seen in FIG. 3E, along the Y axis are
longer than the sides of the prescribed pattern along the Y
axis. Thus, any rounding of the corners of the first pattern
212 is outside the area of the prescribed pattern. Likewise,
the sides of the second pattern 222, as can be seen in FIG.
3E, along the X axis are longer than the sides of the
prescribed pattern along the X axis. Thus, any rounding of
the corners of the second pattern 222 is outside the area of
the prescribed pattern.

[0029] At S206, the portion of the first mask layer 220, as
illustrated in FIGS. 3E and 3F, exposed through the second
mask layer is removed, for example, by etching the first
mask layer 220 using a suitable etchant. The method then
continues to S207, where the line patterns 101 through the
first mask layer 220 are then etched, as can be seen in FIGS.
3E, 3F, 3G, and 3H, with a suitable etchant to obtain the
prescribed pattern. In various embodiments, etching of the
substrate 280 at S207 includes several etching steps depend-
ing on the various materials in the preexisting pattern on the
substrate 280. Finally, the second mask layer 210 and the
first mask layer 220 are removed to reveal the prescribed
pattern on the substrate 280 as illustrated in FIGS. 31 and 3J.
In various embodiments, obtaining the prescribed pattern
includes an additional etching step for one or more materials
of the preexisting pattern on the substrate 280 after removal
of the first mask layer 210 and the second mask layer 220.
[0030] FIG. 4 illustrates a flow chart for a method of
lithography in accordance with another embodiment of the
present disclosure. FIGS. 5A-5] schematically illustrate the
various stages of formation of a rectangular pattern using a
method of lithography in accordance with an embodiment of
the present disclosure. FIGS. 5A, 5C, 5E, 5G, and 51 show
a plan view and FIGS. 5B, 5D, 5F, 5H, and 5J show a
cross-section view along line X-X'. While the materials and
methods of depositing various layers may be different,
where their purpose is similar, the reference numerals of
structures in FIGS. 5A-5] are kept the same as in FIGS.
3A-3] for ease of understanding.

[0031] In an embodiment, the method includes, at S401,
forming a first mask layer 220 on a substrate 280 as can be
seen in FIGS. 5A and 5B. The first mask layer 220, in
various embodiments, includes a hard-mask such as a silicon
oxide or silicon nitride. The methods of the present disclo-
sure are not limited by the method of depositing or forming
the first mask layer 220. For example, if the first mask layer
220 is a silicon dioxide layer, it can be formed by wet or dry
oxidation, CVD, spinning on a spin-on oxide, etc.

[0032] The method continues at S402 where a first pattern
222 is formed over the first mask layer 220. Any suitable
method such as, for example, photolithography can be used
for forming the first pattern. For example, in an embodiment,
a photoresist layer is formed on the second mask layer 210
and exposed to light through a photomask having an appro-
priate pattern. The photoresist is then developed so as to
remove an appropriate portion of the photoresist to form the
first pattern over the first mask layer 220. In various embodi-
ments, the photoresist is a positive resist or a negative resist,
and the pattern of the photomask is chosen appropriately.
[0033] The method then moves to S403 where a first
portion of the first mask layer 220 is removed using the first
pattern to extend the first pattern 222 into the first mask layer
and expose a portion of the substrate 280 and form the first
edges of the prescribed pattern. In FIGS. 5C and 5D, the first
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edges are illustrated as being along the Y axis. The removal
of the first portion of the first mask layer 220, in various
embodiments, is performed by etching the first mask layer
220. Any suitable etching method can be used for etching the
first mask layer 220 based on compatibility with the mate-
rials of substrate 280.

[0034] The method further includes, at S404, forming a
second mask layer 210. Like the first mask layer 220, the
second mask layer 210 is a layer of silicon dioxide or silicon
nitride in some embodiments. However, because further in
the method the first mask layer 220 and the second mask
layer 210 are removed or etched separately, the material of
the first mask layer 220 and the second mask layer 210 is
different and exhibits etch selectivity over the other. For
example, in an embodiment, if the first mask layer 220 is
silicon dioxide, the second mask layer 210 is silicon nitride.
In other embodiments, the first mask layer 220 is silicon
nitride while the second mask layer 210 is silicon dioxide.
Those skilled in the art will appreciate that the methods for
forming the second mask layer 210 are only limited by
process compatibility with respect to the first mask layer 220
and any preexisting structures on substrate 280. Thus, any
suitable process can be used for forming the second mask
layer 210.

[0035] A second pattern 212, as shown in FIGS. 5E and 5F
is then formed on the second mask layer 210 at S405 to
define second edges of the prescribed pattern on the sub-
strate. In an embodiment, at least portion of the second
pattern 210 overlaps the first pattern 220 such that at least
one of the first edges intersects with at least one of the
second edges to form a first corner of the prescribed pattern.
The corners of the first pattern 220 and the second pattern
210 lie outside the area of the prescribed pattern, and thus
any rounding of the corners during lithography or etching is
outside the area of the prescribed pattern.

[0036] The method then moves to S406 where a portion of
the second mask layer 210 is removed using the second
pattern 212 to form the second edges of the prescribed
pattern. Suitable etching or layer removal processes can be
used depending on the material of the second mask layer
210. Following the removal of the appropriate portion of the
second mask layer 210, appropriate materials of the sub-
strate 280 are then etched at S407 to form the prescribed
pattern on the substrate 280 as shown in FIGS. 5D and 5E.

[0037] Thus, by selecting appropriate shapes for the first
pattern and the second pattern, and appropriate ordering of
forming and removing the first mask layer and the second
mask layer out-corner rounding within a prescribed pattern
on a substrate can be prevented in accordance with the
embodiments of the present disclosure. Similarly, in-corner
rounding can be prevented by varying the shapes and
overlapping of the first pattern and second pattern, or adding
additional mask layers and patterns and stitching together
the patterns to form the prescribed pattern on the substrate.

[0038] In an embodiment, a given prescribed pattern is
divided among a number of overlapping patterns, each
defining an edge of the prescribed pattern. The patterns are
selected such that the overlapping portions form corners of
the prescribed pattern, and the corners of the patterns lie
outside the area of the prescribed pattern. For example, in
some embodiments, the prescribed pattern includes out-
corners that have an angle of about 90° or about 270°. In



US 2022/0367201 Al

such embodiments, the first edges and the overlapping
portions of the patterns include edges that are orthogonal to
each other.

[0039] FIG. 6 illustrates a flow chart for a method of
reducing corner rounding during lithography of a prescribed
pattern including a corner in accordance with an embodi-
ment of the present disclosure. FIGS. 7A-7P and 8A-8T
schematically illustrate the various stages of formation of a
pattern having overlapping rectangles forming out-corners
and in-corners, using a method of reducing corner rounding
in accordance with various embodiments of the present
disclosure.

[0040] In an embodiment, the method includes, at S601,
dividing the prescribed pattern into a first pattern and a
second pattern. The first pattern defines a first edge of a
corner, and the second pattern defines a second edge of the
corner. At least one portion of the second pattern overlaps
the first pattern such that the first edge intersects with the
second edge to form a first corner of the prescribed pattern.
The method further includes, at S602, forming the first
pattern in a first mask layer disposed on a substrate to expose
the substrate, and at S603 forming the second pattern in the
first mask layer to expose the substrate. The substrate
exposed through the first mask layer is then etched at S604
to obtain the prescribed pattern.

[0041] In various embodiments, the method for reducing
corner rounding further includes, prior to etching the sub-
strate, removing a portion of the first mask layer 220 using
the second pattern 222 (illustrated in FIGS. 7C and 7D),
forming a second mask layer (illustrated in FIGS. 7E and
7F), forming a third pattern 712 in the second mask layer
(illustrated in FIG. 71 or 7J), and removing the second mask
layer 210. In an embodiment, the first mask 220 is etched
using the third pattern before removing the second mask
layer 210 as illustrated in FIGS. 7K and 7L. In such
embodiments, the line patterns 101 are also removed prior to
removing the second mask layer 210 as shown in FIGS. 7M
and 7N. A pattern according to an embodiment is obtained
following the removal of the second mask layer 210 as
illustrated in FIGS. 70 and 7P.

[0042] Insome embodiments, the method further includes,
prior to forming the second pattern, etching one or more
materials of the portion of substrate exposed by the first
pattern (illustrated in FIGS. 7C-7F), and filling the etched
portion of the substrate exposed by the first pattern with a
filler material 701 different from the material that was etched
(as illustrated in FIGS. 7G and 7H). In other embodiments,
the method further includes, prior to etching the substrate,
removing a portion of the first mask layer using the second
pattern (illustrated in FIGS. 8G and 8H), removing the
entirety of the second mask layer (illustrated in FIGS.
8G-8J), forming a third mask layer 810, forming a third
pattern 812 in the third mask layer 810 (illustrated in FIGS.
8K and 8L), and removing the third mask layer 810. The
third pattern 712 or 812 is formed such that at least a portion
of the third pattern 712 or 812 overlaps the first pattern so
that at least one of the first edges (defined by the first pattern)
intersects with at least one edge of the third pattern 712 or
812 to form a second corner (e.g., an in-corner) of the
prescribed pattern. In various embodiments, the material
used for filling the etched portion of the substrate has etch
selectivity with respect to silicon dioxide as well as silicon
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nitride. For example, in an embodiment, the material used
for filling the etched portion of the substrate is titanium
nitride.

[0043] More specifically, as shown in FIGS. 7A and 7B, a
first mask layer 220 is formed over the substrate including
line patterns 101. Then, by using one or more lithography
and etching operations, a first mask pattern 222 (an opening)
is formed in the first mask pattern. The first mask pattern 222
exposes part of the line patterns 101, as shown in FIGS. 7C
and 7D. Then, a second mask layer 210 is formed over the
structure of FIGS. 7C and 7D, and by using one or more
lithography and etching operations, a second mask pattern
212 (an opening) is formed, and further through the second
mask pattern 212, the line patterns 101 are removed, as
shown in FIGS. 7E and 7F. Here, the second mask pattern
212 partially exposes the first mask layer 220, and the
exposed first mask layer 220 is not etched when the line
patterns 101 are removed. Then, a first filler material 701, for
example, titanium nitride, is formed to fill the space from
which the line patterns 101 are removed, as shown in FIGS.
7G and 7H. In some embodiments, a CMP operation in
performed to remove the excess filling material and the
second mask layer. Further, a third mask layer 710 is formed
and by using one or more lithography and etching opera-
tions, a third mask pattern 712 (an opening) is formed to
expose a part of the filled pattern and the first mask layer as
shown in FIGS. 71 and 7J. By using the third mask pattern
712 as an etching mask, the first mask layer is etched as
shown in FIGS. 7K and 7L. Subsequently, as shown in
FIGS. 7M and 7N, the line patterns 101 are removed and
then the first, second and third mask layers 220, 210, and 710
and filled patterns are removed to obtain the structure as
shown in FIGS. 70 and 7P. As with other embodiments
disclosed herein, the particular materials and processes used
for forming various features are dependent on compatibility
with preexisting materials on substrate 280 as well as the
etch selectivity required based on subsequent processes. For
example, in the embodiment disclosed with respect to FIGS.
7A-7P, the materials for the first mask layer 220 and the
second mask layer 210 should have etch selectivity with
respect to each other. Thus, for example, when one of them
is silicon dioxide, the other is silicon nitride. On the other
hand, the first filler 701 need not have etch selectivity with
respect to spacer 230 for the prescribed pattern in the
embodiment disclosed with respect to FIGS. 7A-7P. Thus,
the first filler material 701 and spacer 230 are the same in
some embodiments. In other embodiments, if a particular
pattern requires, the first filler material 701 and spacer 230
have different materials with etch selectivity for a particular
etchant.

[0044] In an embodiment, following forming the first
pattern 222, the first mask layer 220 is removed using the
first pattern 222 as illustrated in FIGS. 8C and 8D. A mask
filler material 820 is then deposited in the portion of first
mask layer 220 where the substrate 280 is exposed as
illustrated in FIGS. 8E and 8F. The mask filler material 820,
in various embodiments, is selected to be one having etch
selectivity with respect to the material of the second mask
layer 210. For example, in an embodiment, while the mate-
rial for the second mask layer 210 is silicon dioxide, the
mask filler material 820 is titanium nitride. In various
embodiments, a second mask layer 210 is formed on the first
mask layer 220 and the mask filler material 820 as illustrated
in FIGS. 8G and 8H. A second pattern 212 is then formed
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over the second mask layer 210. The mask filler material 820
is then removed through the second pattern 212 as depicted
in FIGS. 81 and 8J. Following this, a third mask layer 810
is formed and a third pattern 812 is formed over the third
mask layer 810 as shown in FIGS. 8K and 8L. The mask
filler material 820 and the first mask layer 220 exposed
through the third pattern 812 are then removed as illustrated
in FIGS. 8M and 8N. Next, the third mask layer 810 is
removed to reveal the prescribed pattern as depicted in
FIGS. 80-8R. The line structures 101 are then etched
through to form the prescribed pattern over the substrate 280
as shown in FIGS. 8S and 8T.

[0045] More specifically, as shown in FIGS. 8A and 8B, a
first mask layer 220 is formed over the substrate including
line patterns 101. Then, by using one or more lithography
and etching operations, a first mask pattern 222 (an opening)
is formed in the first mask pattern. The first mask pattern 222
exposes part of the line patterns 101, as shown in FIGS. 88C
and 8D. Then, a mask filler material 820 is used to fill the
opening of the first mask pattern 222 as shown in FIGS. 8E
and 8F. A CMP is subsequently performed in some embodi-
ments. Then, a second mask layer 210 is formed over the
structure as shown in FIGS. 8G and 8H, and by using one or
more lithography and etching operations, a second mask
pattern 212 (an opening) is formed, and further through the
second mask pattern 212, the mask filler material 820 is
removed, as shown in FIGS. 8G and 8H. Here, the second
mask pattern 212 partially exposes the first mask layer 220.
Then, as shown in FIGS. 81 and 8], the second mask layer
210 is removed. Next, a third mask layer 810 is formed and
by using one or more lithography and etching operations, a
third mask pattern 812 (an opening) is formed to expose a
part of the first mask layer 220 and the substrate as shown
in FIGS. 8K and 8L. By using the third mask pattern 812 as
an etching mask, the mask material 812 is removed as shown
in FIGS. 8M and 8N. Then, the third mask layer 810 is
removed as shown in FIGS. 880 and 8P. Next, by using the
first mask layer 220 and mask filler material 820 as an
etching mask, the line patterns 101 are removed as shown in
FIGS. 8Q and 8R. Subsequently, the first mask layer 220 and
the mask filler material 820 are removed to obtain the
structure as shown in FIGS. 8S and 8T. As with other
embodiments disclosed herein, the particular materials and
processes used for forming various features are dependent
on compatibility with preexisting materials on substrate 280
as well as the etch selectivity required based on subsequent
processes. For example, in the embodiment disclosed with
respect to FIGS. 8 A-8T, the materials for the first mask layer
220 and the second mask layer 210 have etch selectivity with
respect to each other in some embodiments. Thus, for
example, when one of them is silicon dioxide, the other is
silicon nitride. Likewise, the mask filler material 820 has
etch selectivity with respect to materials of the first mask
layer 220 and the second mask layer 210 for the prescribed
pattern in the embodiment disclosed with respect to FIGS.
8A-8T. Thus, the material for the second mask material 820
is titanium nitride in some embodiments. In other embodi-
ments, if a particular pattern requires, the second mask
material 820 and material of either of the first mask layer
220 or the second mask layer 210 are the same material so
as to not be selective for a particular etchant.

[0046] Those of ordinary skill in the art will appreciate
that using the methods disclosed herein, rounding of corners
for various patterns can be avoided, thereby improving
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pattern fidelity during lithography. It will be understood that
while the methods in the present disclosure are defined with
respect to photolithography, the same methods are appli-
cable to other types of lithography techniques such as, for
example, electron beam lithography or ion beam lithogra-
phy.

[0047] It will be understood that not all advantages have
been necessarily discussed herein, no particular advantage is
required for all embodiments or examples, and other
embodiments or examples may offer different advantages.

[0048] According to an aspect of the present disclosure, a
method of patterning includes forming a first mask layer on
a substrate to be provided with a prescribed pattern having
one or more first edges in a first direction and one or more
second edges in a second direction. The second direction is
arranged at a non-zero angle to the first direction. The
method further includes forming a first pattern over the first
mask layer and removing the first mask layer using the first
pattern to form the one or more first edges of the prescribed
pattern on the substrate to form a first patterned mask. The
method further includes forming a second mask layer on the
first mask layer, forming a second pattern over the second
mask layer. The method further includes removing the
second mask layer using the second pattern to form the one
or more second edges of the prescribed pattern on the
substrate to form the second patterned mask over the sub-
strate to expose portions of the substrate. At least a portion
of the second pattern overlaps the first pattern such that at
least one of the first edges intersects with at least one of the
second edges to form a first corner of the prescribed pattern.
The method further includes etching the substrate through
the first pattern and the second pattern to form the prescribed
pattern in the substrate. In one or more of the foregoing and
following embodiments, the first direction is orthogonal to
the second direction. In an embodiment, the method further
includes, prior to the etching the substrate, removing a
portion of the first mask layer using the second pattern,
removing the entirety of the second mask layer, forming a
third mask layer, forming a third pattern over the third mask
layer, and removing the third mask layer using the third
pattern. At least a portion of the third pattern overlaps the
first pattern such that at least one of the first edges intersects
with at least one edge of the third pattern to form a second
corner of the prescribed pattern. In some embodiments, the
first mask layer has a material selected from silicon nitride
and silicon dioxide. In some embodiments, the method
further includes, prior to forming the second pattern, filling
the first pattern with a first filler having a different etch
selectivity from a material of the first mask layer. In an
embodiment, a material of the first filler is titanium nitride.
In some embodiments, the substrate comprises two or more
materials, disposed in a pattern, in a portion exposed by the
first pattern. In an embodiment, the method further includes,
prior to forming the second pattern, etching a first of the two
or more materials of the portion of the substrate exposed by
the first pattern. In an embodiment, the method further
includes, prior to forming the second pattern, filling the
etched portion of the substrate exposed by the first pattern
with a second material different from the first material. In
some embodiments, the first corner is an out-corner.

[0049] According to another aspect of the present disclo-
sure, a prescribed pattern has one or more first edges in a first
direction and one or more second edges in a second direc-
tion. The first edges and the second edges form corners of
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the prescribed pattern. A method of patterning to obtain the
prescribed pattern in a substrate includes dividing the pre-
scribed pattern into a first pattern forming one or more of the
first edges and a second pattern forming one or more of the
second edges. The method further includes forming a first
mask layer over the substrate, forming a second mask layer
over the first mask layer, and forming the second pattern in
the second mask layer. The method further includes remov-
ing a portion of the second mask layer using the second
pattern and forming the first pattern over the first mask layer.
At least a portion of the second pattern overlaps the first
pattern to form the corners of the prescribed pattern. The
method further includes, removing a portion of the first mask
layer exposed through the second mask layer to expose a
portion of the substrate, and etching the substrate exposed
through the first mask layer and the second mask layer to
obtain the prescribed pattern. In one or more of the forego-
ing and following embodiments, the method further
includes, prior to forming the second pattern, etching a first
of the two or more materials of the portion of the substrate
exposed by the first pattern. In an embodiment, the method
further includes, prior to forming the second pattern, filling
the etched portion of the substrate exposed by the first
pattern with a second material different from the first mate-
rial. In an embodiment, the second material is the same as a
material of the substrate. In some embodiments, the first
direction is orthogonal to the second direction. In some
embodiments, the first mask layer has a material selected
from silicon nitride and silicon dioxide. In an embodiment,
the method further includes, prior to forming the second
pattern, filling the first pattern with a first filler having a
different etch selectivity from a material of the first mask
layer.

[0050] According to yet another aspect of the present
disclosure, a method of reducing corner rounding during
patterning of a substrate to form a prescribed pattern having
a corner includes dividing the pattern into a first pattern and
a second pattern. The first pattern forms a first edge of the
corner and the second pattern forms a second edge of the
corner. At least a portion of the second pattern overlaps the
first pattern such that the first edge intersects with the second
edge to form a corner of the prescribed pattern. The method
further includes forming the first pattern in a first mask layer
disposed over a substrate to expose the substrate, forming
the second pattern in the first mask layer to expose the
substrate, and etching the substrate exposed through the first
mask layer to obtain the prescribed pattern. In one or more
of the foregoing and following embodiments, the substrate
includes two or more materials, disposed in a preexisting
pattern, in a portion exposed by the first pattern, and the
method further includes, prior to forming the second pattern,
etching a first of the two or more materials of the portion of
the substrate exposed by the first pattern. In an embodiment,
the method further includes, prior to the etching the sub-
strate, removing a portion of the first mask layer using the
second pattern, forming a second mask layer, forming a third
pattern in the second mask layer, and removing the second
mask layer using the third pattern. At least a portion of the
third pattern overlaps the first pattern such that at least edge
of the first pattern intersects with at least one edge of the
third pattern to form a second corner of the prescribed
pattern.

[0051] The foregoing outlines features of several embodi-
ments or examples so that those skilled in the art may better
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understand the aspects of the present disclosure. Those
skilled in the art should appreciate that they may readily use
the present disclosure as a basis for designing or modifying
other processes and structures for carrying out the same
purposes and/or achieving the same advantages of the
embodiments or examples introduced herein. Those skilled
in the art should also realize that such equivalent construc-
tions do not depart from the spirit and scope of the present
disclosure, and that they may make various changes, sub-
stitutions, and alterations herein without departing from the
spirit and scope of the present disclosure.

What is claimed is:

1. A method of patterning to obtain a prescribed pattern in
a substrate, the prescribed pattern having one or more first
edges in a first direction and one or more second edges in a
second direction, the first edges and the second edges
forming corners of the prescribed pattern, the method com-
prising:

dividing the prescribed pattern into a first pattern forming

one or more of the first edges and a second pattern
forming one or more of the second edges;

forming a first mask layer over the substrate;

forming a second mask layer over the first mask layer;

forming the second pattern over the second mask layer;

removing a first portion of the second mask layer using
the second pattern;
forming the first pattern over the first mask layer, at least
a portion of the second pattern overlapping the first
pattern to form the corners of the prescribed pattern;

removing a portion of the first mask layer exposed
through the second mask layer to expose a portion of
the substrate; and

etching the substrate exposed through the first mask layer

and the second mask layer to obtain the prescribed
pattern.

2. The method of claim 1, further comprising, prior to
forming the second pattern, etching a first of the two or more
materials of the portion of the substrate exposed by the first
pattern.

3. The method of claim 2, further comprising, prior to
forming the second pattern, filling the etched portion of the
substrate exposed by the first pattern with a second material
different from the first material.

4. The method of claim 3, wherein the second material is
the same as a material of the substrate.

5. The method of claim 1, wherein the first direction is
orthogonal to the second direction.

6. The method of claim 1, wherein the first mask layer has
a material selected from silicon nitride and silicon dioxide.

7. The method of claim 1, further comprising, prior to
forming the second pattern, filling the first pattern with a first
filler having a different etch selectivity from a material of the
first mask layer.

8. A method of reducing corner rounding during pattern-
ing of a substrate having two or more materials to form a
prescribed pattern comprising a corner, the method com-
prising:

dividing the prescribed pattern into a first pattern and a

second pattern, the first pattern forming a first edge of
the corner and the second pattern forming a second
edge of the corner, wherein at least a portion of the
second pattern overlaps the first pattern such that the
first edge intersects with the second edge to form a first
corner of the prescribed pattern;
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forming the first pattern in a first mask layer disposed over
a substrate to expose the substrate;

forming the second pattern in the first mask layer to
expose the substrate;
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forming a first pattern in the first mask layer exposing a
first one or more line patterns of the plurality of line
patterns;

forming a second mask layer over the first pattern;

prior to forming the second pattern, etching a first of the
two or more materials of the substrate exposed by the
first pattern; and

etching the substrate exposed through the first mask layer

to obtain the prescribed pattern.

9. The method of claim 18, wherein the two or more
materials are disposed in a preexisting pattern in a portion
exposed by the first pattern, and the method further com-
prises, prior to forming the second pattern, etching a first of
the two or more materials of the portion of the substrate
exposed by the first pattern.

10. The method of claim 8, further comprising, prior to the
etching the substrate, removing a portion of the first mask
layer using the second pattern, forming a second mask layer,
forming a third pattern in the second mask layer, and
removing the second mask layer using the third pattern,
wherein at least a portion of the third pattern overlaps the
first pattern such that at least edge of the first pattern
intersects with at least one edge of the third pattern to form
a second corner of the prescribed pattern.

11. The method according to claim 8, wherein the first of
the two or more materials is a pattern of lines separated by
spacers comprising a second of the two or more materials.

12. The method according to claim 11, wherein the second
material is a different material than the first material.

13. The method according to claim 12, wherein the first
material is silicon nitride, silicon dioxide, doped silicon, or
a metallic material.

14. The method according to claim 13, wherein the second
material is silicon nitride, silicon dioxide, or a doped silicon.

15. A method, comprising:

forming a first mask layer over a substrate,

wherein the substrate comprises a plurality of line patterns

and spacers, wherein the spacers are interposed
between adjacent line patterns; L

forming a second pattern in the second mask layer over-
lapping a portion of the first pattern, wherein the second
pattern exposes a part of the first mask layer and the
first one or more line patterns;

removing the exposed first one or more line patterns

forming a first space in the substrate;
filling the first space with a filler material;
forming a third mask layer over the substrate;
forming a third pattern in third mask layer exposing a part
of the filler material and the first mask layer;

removing the exposed first mask layer exposing a second
one or more line patterns of the plurality of line
patterns;

removing the second one or more line patterns to form

second spaces; and

removing remaining parts of the first mask layer, the

second mask layer, the third mask layer, and the filler
material.

16. The method according to claim 15, wherein the
exposed part of the first mask layer is not removed when the
first one or more line patterns are removed.

17. The method according to claim 15, further comprising
performing chemical mechanical polishing after filling the
first space with the filler material.

18. The method according to claim 15, wherein the first
mask layer and the second mask layer have etch selectivity
with respect to each other.

19. The method according to claim 15, wherein the filler
material and the spacers comprise a same material.

20. The method according to claim 15, wherein the filler
material is titanium nitride.



