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A photomask blank includes a light-transmitting substrate,
and a shading layer part disposed on the light-transmitting
substrate, the shading layer part including a first shading
layer having a first hardness and a second shading layer
having a second hardness. The first shading layer is disposed
closer to the light-transmitting substrate than the second
shading layer, and a value of the first hardness is larger that
a value of the second hardness.
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PHOTOMASK BLANK, PHOTOMASK, AND
MANUFACTURING METHOD OF
SEMICONDUCTOR ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 USC
119(a) of Korean Patent Application No. 10-2021-0056931
filed on Apr. 30, 2021, and Korean Patent Application No.
10-2021-0056932 filed on Apr. 30, 2021, in the Korean
Intellectual Property Office, the entire disclosures of which
are incorporated herein by reference for all purposes.

BACKGROUND

1. Field

[0002] The following description relates to a photomask
blank, photomask, and manufacturing method of a semicon-
ductor element.

2. Description of Related Art

[0003] Miniaturization of circuit patterns of semiconduc-
tor devices may be desired due to the high integration of
semiconductor devices or the like. For this reason, the
importance of a lithography technique, which is a technique
for developing a circuit pattern on a wafer surface using a
photomask, is being further emphasized.

[0004] For developing a miniaturized circuit pattern, a
light source of exposure used in an exposure process (pho-
tolithography) may be desired to be a short wavelength. As
the light source of exposure used recently, there is ArF
excimer laser (wavelength of 193 nm) or the like.

[0005] On the other hand, there are Binary mask, Phase
shift mask, and the like as photomasks.

[0006] The Binary mask has a structure in which a shading
pattern layer is formed on a light-transmitting substrate. In
a surface where a pattern is formed from the Binary mask,
a transparent portion not including a shading layer allows
light for exposure to be transmitted, and a shading portion
including a shading layer shields light for exposure, to
expose a pattern on resist film of the surface of a wafer.
However, the Binary mask may cause a problem in devel-
oping a minute pattern due to diffraction of light occurring
at the edge of the transparent portion as the pattern is further
miniaturized.

[0007] As a phase shift mask, there are Levenson type,
Outrigger type, and Half-tone type. Among the above,
Half-tone type phase shift mask has a structure in which a
pattern formed with semi-transparent layer is formed on a
transparent substrate. In a surface where a pattern is formed
from the Half-tone type phase shift mask, a transparent
portion not including a semi-transparent layer allows light
for exposure to be transmitted, and a semi-transparent por-
tion including a semi-transparent layer allows attenuated
light for exposure to be transmitted. The attenuated light for
exposure is allowed to have a phase retardation compared to
light for exposure which has entered the transparent portion.
Accordingly, diffraction light occurring at the edge of the
transparent portion is counteracted by the light for exposure
which has transmitted the semi-transparent portion, and
thereby the phase shift mask can form a further refined
minute pattern on the surface of a wafer.
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SUMMARY

[0008] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.
[0009] In one general aspect, a photomask blank includes
a light-transmitting substrate, and a shading layer part dis-
posed on the light-transmitting substrate, the shading layer
part including a first shading layer having a first hardness
and a second shading layer having a second hardness. The
first shading layer is disposed closer to the light-transmitting
substrate than the second shading layer, and a value of the
first hardness is larger that a value of the second hardness.
[0010] The second hardness may be 0.15 times to 0.55
times of the first hardness.

[0011] The second hardness may be 0.3 kPa to 0.55 kPa.
[0012] A Young’s modulus of the second shading layer
may be 1.0 kPa or more.

[0013] A value of standard deviation of adhesion forces of
the second shading layer may be measured at sixteen posi-
tions different from one another, which may be 8% or less
of an average of the adhesion forces.

[0014] A value of standard deviation of pull off forces of
the second shading layer may be measured at sixteen posi-
tions different from one another, which may be 5% or less
of an average of the pull off forces.

[0015] A second Young’s modulus of the second shading
layer may be 0.15 times to 0.55 times of a first Young’s
modulus of the first shading layer.

[0016] A Young’s modulus of the second shading layer
may be 1.0 kPa to 4.2 kPa.

[0017] A thickness of the second shading layer may be 30
nm or more.
[0018] A thickness ratio of the first shading layer and a

thickness ratio of the second shading layer may be 1:0.02 to
0.25.

[0019] A transmissivity of the shading layer part may be 1
or more for light having a wavelength of 193 nm.

[0020] An optical density of the shading layer part may be
1.8 or more for light having a wavelength of 193 nm.
[0021] In another general aspect, a photomask blank
includes a light-transmitting substrate, and a patterned shad-
ing layer part disposed on the light-transmitting substrate,
the patterned shading layer part including a patterned first
shading layer having a first Young’s modulus and a patterned
second shading layer having a second Young’s modulus
smaller than the first hardness. The patterned first shading
layer is disposed closer to the light-transmitting substrate
than the patterned second shading layer.

[0022] In another general aspect, a manufacturing method
of a semiconductor element includes preparing a target
substrate, and applying a photomask on one surface of the
target substrate to pattern the target substrate to form a
patterned target substrate into a semiconductor element. The
photomask includes a patterned shading layer part disposed
on a light-transmitting substrate, the patterned shading layer
part includes a patterned first shading layer having a first
Young’s modulus and a patterned second shading layer
having a second Young’s modulus smaller than the first
hardness. The patterned first shading layer is disposed closer
to the light-transmitting substrate than the patterned second
shading layer.



US 2022/0350238 Al

[0023] Other features and aspects will be apparent from
the following detailed description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a conceptual view illustrating an example
of a structure of a photomask blank according to one
embodiment.

[0025] FIG. 2 is a conceptual view illustrating an example
of a photomask structure according to one embodiment.
[0026] FIG. 3 is a conceptual view illustrating an example
of a structure of a photomask blank according to another
embodiment.

[0027] FIG. 4 is a conceptual view illustrating an example
of'a photomask structure according to another embodiment.
[0028] FIG. 5 is an enlarged conceptual view of A in FIG.
2

[0029] FIG. 6a and FIG. 64 are enlarged conceptual views
of A part in FIG. 6a related to the section and the formation
of particles of Comparative Examples.

[0030] FIG. 7a and FIG. 7b are photographs showing
examples of the formation of scratching particles in Com-
parative Example 1 and Comparative Example 2 of experi-
mental embodiments, respectively (the result after applica-
tion of HF filter to an inspector).

[0031] Throughout the drawings and the detailed descrip-
tion, the same reference numerals refer to the same or like
elements. The drawings may not be to scale, and the relative
size, proportions, and depiction of elements in the drawings
may be exaggerated for clarity, illustration, and conve-
nience.

DETAILED DESCRIPTION

[0032] The following detailed description is provided to
assist the reader in gaining a comprehensive understanding
of the methods, apparatuses, and/or systems described
herein. However, various changes, modifications, and
equivalents of the methods, apparatuses, and/or systems
described herein will be apparent after an understanding of
the disclosure of this application. For example, the
sequences of operations described herein are merely
examples, and are not limited to those set forth herein, but
may be changed as will be apparent after an understanding
of the disclosure of this application, with the exception of
operations necessarily occurring in a certain order. Also,
descriptions of features that are known after understanding
of the disclosure of this application may be omitted for
increased clarity and conciseness.

[0033] The features described herein may be embodied in
different forms, and are not to be construed as being limited
to the examples described herein. Rather, the examples
described herein have been provided merely to illustrate
some of the many possible ways of implementing the
methods, apparatuses, and/or systems described herein that
will be apparent after an understanding of the disclosure of
this application.

[0034] Throughout the specification, when an element,
such as a layer, region, or substrate, is described as being
“on,” “connected to,” or “coupled to” another element, it
may be directly “on,” “connected to,” or “coupled to” the
other element, or there may be one or more other elements
intervening therebetween. In contrast, when an element is
described as being “directly on,” “directly connected to,” or
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“directly coupled to” another element, there can be no other
elements intervening therebetween.

[0035] As used herein, the term “and/or” includes any one
and any combination of any two or more of the associated
listed items.

[0036] Although terms such as “first,” “second,” and
“third” may be used herein to describe various members,
components, regions, layers, or sections, these members,
components, regions, layers, or sections are not to be limited
by these terms. Rather, these terms are only used to distin-
guish one member, component, region, layer, or section
from another member, component, region, layer, or section.
Thus, a first member, component, region, layer, or section
referred to in examples described herein may also be
referred to as a second member, component, region, layer, or
section without departing from the teachings of the
examples.

[0037] Spatially relative terms such as “above,” “upper,”
“below,” and “lower” may be used herein for ease of
description to describe one element’s relationship to another
element as shown in the figures. Such 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. For example, if the device in the
figures is turned over, an element described as being “above”
or “upper” relative to another element will then be “below”
or “lower” relative to the other element. Thus, the term
“above” encompasses both the above and below orientations
depending on the spatial orientation of the device. The
device may also be oriented in other ways (for example,
rotated 90 degrees or at other orientations), and the spatially
relative terms used herein are to be interpreted accordingly.
[0038] The terminology used herein is for describing
various examples only, and is not to be used to limit the
disclosure. The articles “a,” “an,” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. The terms “comprises,” “includes,” and
“has” specify the presence of stated features, numbers,
operations, members, elements, and/or combinations
thereof, but do not preclude the presence or addition of one
or more other features, numbers, operations, members, ele-
ments, and/or combinations thereof.

[0039] Due to manufacturing techniques and/or toler-
ances, variations of the shapes shown in the drawings may
occur. Thus, the examples described herein are not limited to
the specific shapes shown in the drawings, but include
changes in shape that occur during manufacturing.

[0040] The features of the examples described herein may
be combined in various ways as will be apparent after an
understanding of the disclosure of this application. Further,
although the examples described herein have a variety of
configurations, other configurations are possible as will be
apparent after an understanding of the disclosure of this
application.

[0041] Herein, it is noted that use of the term ‘may’ with
respect to an example or embodiment, e.g., as to what an
example or embodiment may include or implement, means
that at least one example or embodiment exists where such
a feature is included or implemented while all examples and
embodiments are not limited thereto.

[0042] In this application, the wavelength of exposure
light is described as ArF wavelength of 193 nm, but unless
specially described, the scope of right is not analyzed to be
limited in being applied to the wavelength.

2 <
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[0043] Due to the high integration of semiconductor ele-
ments, a further miniatured circuit pattern may be desired on
a semiconductor substrate. Furthermore, as the critical
dimension of a pattern developed on the semiconductor
substrate is further miniatured, the defects caused by par-
ticles may also be desired to be more strictly controlled.

[0044] One embodiment provides a photomask blank and
a photomask having improved performance. Another
embodiment provides a manufacturing method of a semi-
conductor element in which the occurrence of defects is
decreased with high accuracy.

[0045] A photomask applied as a mask for forming a
semiconductor element pattern may have an excellent reso-
Iution as a desired characteristic. Different from a photo-
mask for a display, a photomask for a semiconductor applied
with an enlarged pattern may desirably need to be applied by
a further strict condition for the resolution or defects thereof.
The edge of an upper portion of a pattern (indicated as A in
FIG. 2 or the like) is ideal when substantially formed at a
right angle at the section thereof, however, practically, it
may not be easy to form in a complete right angle. A
photomask may have particles caused by the edge part or the
like during an etching process, and these particles may
function as scratching particles of a photomask. That is,
these particles may damage a substrate or a pattern in
processes such as etching, cleaning, and the like, and finally
it leads to the occurrence of defects in a pattern of a
photomask and a semiconductor pattern manufactured from
the photomask pattern. The inventors have verified that the
occurrence of particles can be substantially suppressed by
forming a shading layer part of a photomask to have a
structure of two layers or more and controlling the charac-
teristics such as hardness between respective layers, and
disclose example embodiments.

[0046] FIG. 1 and FIG. 3 are conceptual views for illus-
trating the structure of a photomask blank according to one
embodiment and another embodiment, respectively, and
FIG. 2 and FIG. 4 are conceptual views for illustrating the
structure of a photomask according to one embodiment and
another embodiment, respectively. FIG. 5 is an enlarged
conceptual view of A in FIG. 2. Hereinafter, with reference
to FIG. 1 to FIG. 5, example embodiments will be described
in further detail.

[0047] Photomask Blank 100 and Photomask 300

[0048] In one general aspect, a photomask blank 100,
according to one embodiment of the present disclosure,
comprises a light-transmitting substrate 10; and a shading
layer part 30 with multiple layers disposed on the light-
transmitting substrate.

[0049] The shading layer part 30 comprises a first shading
layer 310 having a first hardness; and a second shading layer
302 having a second hardness.

[0050] The first shading layer 310 is disposed to be closer
to the light-transmitting substrate 10 than the second shading
layer.

[0051] The photomask blank 100 may further comprise a
phase shift layer 20 disposed between the light-transmitting
substrate 10; and the shading layer part 30.

[0052] The photomask blank 100 may further comprise a
hard coating layer (not shown) disposed on the shading layer
part 30.
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[0053] The photomask blank 100 may further comprise a
hard coating layer (not shown) disposed on the shading layer
part 30, and a photoresist layer (not shown) disposed on the
hard coating layer.

[0054] In one general aspect, a photomask 300, according
to one embodiment of the present disclosure, comprises a
light-transmitting substrate 10; and a patterned shading layer
part 33 with multiple layers disposed on the light-transmit-
ting substrate.

[0055] The patterned shading layer part 33 comprises a
patterned first shading layer 331 having a first hardness; and
a patterned second shading layer 332 having a second
hardness.

[0056] The patterned first shading layer 331 is disposed to
be closer to the light-transmitting substrate 10 than the
patterned second shading layer 332.

[0057] The photomask 300 may further comprise a pat-
terned phase shift layer 23 disposed between the light-
transmitting substrate 10; and the patterned shading layer
part 33.

[0058] The photomask 300 may further comprise a hard
coating layer (not shown) disposed on the patterned shading
layer part 33. The hard coating layer may also be called a
hard mask layer and may be patterned.

[0059] The patterned shading layer part, and the patterned
phase shift layer may be formed by respectively patterning
of the shading layer part and the phase shift layer of the
photomask blank.

[0060] The shading layer part 30 has a characteristic of at
least partially blocking an incident exposure light. Addition-
ally, when a phase shift layer 20 or the like is disposed
between a light-transmitting substrate 10 and a shading layer
part 30, the shading layer part 30 has an etching character-
istic distinguished from neighboring films such as a phase
shift layer in a process of etching the phase shift layer 20 and
the like to have a pattern shape, and thereby also functions
as an etching mask.

[0061] Inexample embodiments, the shading layer part 30
comprises a patterned first shading layer 331 having a first
hardness; and a patterned second shading layer 332 having
a second hardness.

[0062] Unless specially stated below, the descriptions of a
patterned shading layer part, a patterned first shading layer,
a patterned second shading layer, and the like are also
applied to the descriptions of a shading layer part, a first
shading layer, a second shading layer, and the like to be the
same.

[0063] The first hardness may be a larger value than the
second hardness.

[0064] The second shading layer is disposed on an upper
portion of the shading layer part. The first shading layer is
disposed on a lower portion of the shading layer part. At this
time, the hardness of the second shading layer may be a
smaller value than the hardness of the first shading layer.
[0065] The second shading layer is disposed on the side at
a long distance from the light-transmitting substrate. In this
time, the side with a long distance refers to the relative
position of the second shading layer based on the first
shading layer being more distant than the light-transmitting
substrate. At this time, the hardness of the second shading
layer may be a small value than the hardness of the first
shading layer.

[0066] As the hardness of the second shading layer has a
smaller value than the hardness of the first shading layer, the
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frequency of the particle occurrence which may occur due to
some loss of the shading layer part can be reduced, and the
possibility of the scratch occurrence caused from particles
can also be remarkably reduced. Additionally, the size of
generated particles is formed to be smaller than the shading
layer part with monolayer, and therefore, the generation of
scratching particles can be further suppressed (Refer to FIG.
5, FIG. 6a and FIG. 6b.)

[0067] The second hardness may be 0.15 to 0.55 times of
the first hardness. The second hardness may be 0.2 to 0.4
times the first hardness. When the second hardness is less
than 0.15 times the first hardness, the etching rate may slow
down in etching applied with an etchant such as a chlorine-
based gas. When the second hardness is more than 0.55
times the first hardness, the effect of lowering the possibility
of damage caused by particles may be insignificant. When
the second hardness is 0.2 to 0.4 times of the first harness,
the possibility of degrading an etching characteristic can be
minimized, and simultaneously the effect of lowering the
possibility of damage caused by particles can be sufficiently
obtained.

[0068] The second hardness may be 0.55 kPa or less. The
second hardness may be 0.3 to 0.55 kPa. The second
hardness may be 0.42 to 0.52 kPa. The second hardness may
be 0.45 to 0.51 kPa. In such a range, the first shading layer
may properly induce the effect of suppressing the occurrence
of'scratches caused by particles while having suitable optical
properties in the shading layer part overall.

[0069] The first harness may be 1 to 3 kPa. The first
harness may be 1.1 to 2.5 kPa. The first hardness may be 1.3
to 2.5 kPa. When having such a range of the first hardness,
a first shading layer can have suitable transmissivity, optical
density, and etching characteristics for the shading layer part
overall, and it may be more suitable to be applied by a light
source with the wavelength of 193 nm.

[0070] The first shading layer 301 may have a first
Young’s modulus.

[0071] The second shading layer 302 may have a second
Young’s modulus.

[0072] The second shading layer is disposed on an upper
portion of the shading layer part. The first shading layer is
disposed on a lower portion of the shading layer part. At this
time, the Young’s modulus of the second shading layer may
be a smaller value than the Young’s modulus of the first
shading layer.

[0073] The second shading layer is disposed on the side at
a long distance from the light-transmitting substrate. The
side with a long distance from the light-transmitting sub-
strate refers to the relative position of the second shading
layer based on the first shading layer being more distant than
the light-transmitting substrate. The Young’s modulus of the
second shading layer may be a smaller value than the
Young’s modulus of the first shading layer.

[0074] As the Young’s modulus of the second shading
layer has a smaller value than the Young’s modulus of the
first shading layer, the frequency of the particle occurrence
which can occur due to some loss of the shading layer part
can be reduced, and the possibility of the scratch occurrence
caused from particles can also be remarkably reduced.
[0075] The second Young’s modulus may be 0.15 to 0.55
times the first Young’s modulus. The second Young’s modu-
Ius may be 0.20 to 0.45 times the first Young’s modulus. The
second Young’s modulus may be 0.23 to 0.42 times the first
Young’s modulus.
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[0076] When the second Young’s modulus is less than
0.15 times of the first Young’s modulus, the etching rate may
slow down in etching applied with an etchant such as a
chlorine-based gas. When the second Young’s modulus is
more than 0.55 times of the first Young’s modulus, the effect
of lowering the particle occurrence may be insignificant.
When the second Young’s modulus is 0.2 to 0.45 times of the
first Young’s modulus, the degradation of an etching char-
acteristic is minimized in etching applied with an etchant
such as a chlorine-based etching gas and simultaneously the
effect of lowering the possibility of damage caused from the
particle occurrence can be sufficiently obtained.

[0077] The second Young’s modulus may be 1.0 kPa or
more. The second Young’s modulus may be 1.0 to 4.2 kPa.
The second Young’s modulus may be 1.2 to 3.7 kPa. The
second Young’s modulus may be 2.3 to 3.5 kPa. In such a
range, the first shading layer may properly induce the effect
of suppressing the particle occurrence while having a suit-
able etching characteristic in the shading layer part overall.

[0078] The first Young’s modulus may be 7 to 13 kPa. The
first Young’s modulus may be 7.3 to 12 kPa. The first
Young’s modulus may be 8 to 11.8 kPa. When having a
range of the first Young’s modulus, the first shading layer
can have proper transmissivity, optical density, and etching
characteristics in the shading layer part overall, and it may
be more suitable to be applied by a light source having a
wavelength of 193 nm.

[0079] The hardness and the Young’s modulus may be
measurable by using AFM. In detail, the measurement is
made by using AFM apparatus available from PARK SYS-
TEM (model XE-150) and applying PPP-CONTSCR avail-
able from PARK SYSTEM (model Cantilever) at Contact
Mode with a scan speed of 0.5 Hz. Adhesion force and the
like are measured at sixteen spots within a measuring target
and the average value is taken, and the hardness or Young’s
modulus values obtained from the above is applied as the
above hardness or Young’s modulus value. The measuring
tip applied during measurement is the Berkovich tip (the
Poisson’s ratio of the tip: 0.07) made from a silicon material,
and the measured result of hardness and Young’s modulus is
disclosed by applying Oliver and Pharr Model and taking
values obtained by a program provided from the company of
AFM apparatus.

[0080] Pull-off force, adhesion force, and the like are
obtained by the measurement. The pull off force and/or
adhesion force measured at sixteen positions different from
one another have a characteristic of small deviation in the
measured values overall, and this means that the properties
of the shading layer part have even characteristics at mea-
suring positions overall.

[0081] Adhesion forces measured from sixteen positions
different from one another of the second shading layer 302
(desirably, respective positions are applied to have at least a
distance of 1 cm or more from one another) may have a
standard deviation of 8% or less, 6% or less, or 5% or less
of'the average of the adhesion forces. The standard deviation
may be 0.001% or more of the average of the adhesion
forces. A photomask blank 100 or a photomask 300 having
such a characteristic can lower the scratch occurrence
caused by particles and evenly suppress the particle forma-
tion, even though a minute pattern is formed overall.

[0082] The adhesion force of the second shading layer 302
may be 0.25 {J or more. The adhesion force of the second
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shading layer 302 may be 0.30 {J or more. The adhesion
force of the second shading layer 302 may be 0.4 {J or less.

[0083] Shading Layer Part 30 and Patterned Shading
Layer Part 33
[0084] In example embodiments, a shading layer part 30

may be disposed on the top side of a light-transmitting
substrate 10. The shading layer part 30 may be placed in the
bottom side of the light-transmitting substrate 10, and the
adhesion force of the second shading layer 302 may have a
larger value than the adhesion force of the first shading layer
301 by 0.10 fJ or more. The adhesion force of the second
shading layer 302 may have a larger value than the adhesion
force of the first shading layer 301 by 0.15 fJ or less.
[0085] Pull off forces measured at sixteen positions dif-
ferent from one another of the second shading layer 302 may
have a standard deviation of 5% or less, 3% or less, or 2%
or less of the average of the pull off forces. The standard
deviation may be 0.001% or more of the average of the pull
off forces. A photomask blank 100 or a photomask 300
having such a characteristic can lower the scratch occur-
rence caused by particles and evenly suppress the particle
formation, even though a minute pattern is formed overall.
[0086] The pull off force of the second shading layer 302
may be 4.0 nN or more. The pull of force of the second
shading layer 302 may be 4.1 nN or more. The pull off force
of the second shading layer 320 may be 4.8 nN or less.
[0087] The pull off force of the second shading layer 302
may be a larger value than the pull off force of the first
shading layer 310 by 0.6 nN or more. The pull off force of
the second shading layer 302 may be a larger value than the
pull off force of the first shading layer 301 by 1.2 nN or less.
[0088] The first shading layer 301 and the second shading
layer 302 may have a thickness ratio of 1:0.02 to 0.25. The
first shading layer 301 and the second shading layer 302 may
have a thickness ratio of 1:0.04 to 0.18. The shading layer
part 30, comprising both the first and second shading layers,
can have characteristics of lowering the particle generation
and scratches in the above and satisfying conditions such as
transmissivity and optical density.

[0089] The second shading layer 302 may have a thickness
of 30 to 80 nm. The second shading layer 302 may have a
thickness of 40 to 70 nm. When the second shading layer is
formed in such a thickness, the effect of lowering the particle
formation can be more excellent.

[0090] The thickness or thickness ratio may be checked by
layer distinction verified in photographs obtained by using a
microscope at the section, and the method for checking the
thickness can be applied without limitation.

[0091] The shading layer part 30 may have a transmissiv-
ity of 1 or more, or 1.33 or more with respect to a light of
wavelength of 193 nm. The shading layer part 30 may have
a transmissivity of 1.38 or more, or 1.4 or more with respect
to a light of a wavelength of 193 nm. The shading layer part
30 may have a transmissivity of 1.6 or less with respect to
a wavelength of 193 nm.

[0092] The shading layer part 30 may have an optical
density of 2.0 or less, or 1.87 or less with respect to a
wavelength of 193 nm. The shading layer part 30 may have
an optical density of 1.8 or more, or 1.83 or more with
respect to a light of wavelength of 193 nm.

[0093] The optical density of a laminate comprising the
shading layer part 30 and the phase shift layer 20 may be 3.0
or more.
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[0094] When the shading layer part has such transmissiv-
ity and optical density, it can give a desired and excellent
shading effect to a photomask or a photomask blank.
[0095] The first shading layer 301 and the second shading
layer 302 contain a metal atom in respective layers thereof.
[0096] A transition metal may be applied as the metal, and
any one selected from the group consisting of Cr, Ta, Ti and
Hf as the transition metal. In further detail, the first shading
layer part 30 and/or the second shading layer part 30 may
contain chrome.

[0097] The metal comprised in the first shading layer 301
or the second shading layer 302 gives a shading character-
istic depending on the amount and simultaneously influ-
ences physical properties such as hardness. However, the
properties may have a difference due to various factors such
as the density of a shading layer, the crystallinity of elements
comprised in a shading layer, the amount of non-metal atoms
in a shading layer, the arrangement of respective constituent
elements.

[0098] The second shading layer 302 may have a higher
metal amount than the first shading layer 301. However, not
only controlling the hardness and Young’s modulus charac-
teristics, but also satisfying the entire optical properties, an
etching characteristic, and the like desired in a photomask
has to be made completely, and therefore, controlling the
entire properties may be difficult when only the metal
amount is simply heightened.

[0099] The property difference in hardness between the
second shading layer 302 and the first shading layer 310 may
also be adjusted by the amount ratio of an inert gas applied
in a sputtering process for deposition, the ratio of a reactive
gas applied to the formation of a first shading layer and a
second shading layer, and the like, in addition to the amount
of a metal described in the above. The detailed description
will be made below.

[0100] Other Thin Films

[0101] A phase shift layer, a hard mask layer, a photoresist
layer, and the like may be applied to a photomask blank or
a photomask, as the above description.

[0102] In the photomask blank 100, a light-transmitting
substrate 10, a phase shift layer 20, a shading layer part 30,
a photoresist layer (not shown) may be laminated in order,
wherein a hard mask layer (not shown) may be further
disposed between the shading layer part and the photoresist
layer.

[0103] A phase shift layer 20 may be disposed between the
light-transmitting substrate 10 and the shading layer part 30.
The phase shift layer 20 functions by attenuating the
strength of an exposure light transmitting the phase shift
layer 20, adjusting the phase retardation, and substantially
suppressing the diffraction light occurring at the edge of a
transcribed pattern.

[0104] The light-transmitting substrate 10 may have a
transmissivity of 85% with respect to an exposure light with
the wavelength of 193 nm. The transmissivity may be 87%
or more. The transmissivity may be 99.99% or less. For
example, the light-transmitting substrate 10 may be a syn-
thetic quartz substrate. In such a case, the light-transmitting
substrate 10 may suppress the attenuation of a light trans-
mitting the light-transmitting substrate 10. However, the
material of the light-transmitting substrate 10 may be any
material which can be applied to a photomask 300 with a
light transmittance with respect to an exposure light without
limitation.
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[0105] The phase shift layer 20 may have a phase retar-
dation of 170 to 190° with respect to a light with the
wavelength of 193 nm. The phase shift layer 20 may have a
phase retardation of 175 to 185° with respect to a light with
the wavelength of 193 nm. The phase shift layer 20 may
have a transmissivity of 3 to 10% with respect to a light with
the wavelength of 193 nm. The phase shift layer 20 may
have a transmissivity of 3 to 10% with respect to a light with
the wavelength of 193 nm. The phase shift layer 20 may
have a transmissivity of 4 to 8% with respect to a light with
the wavelength of 193 nm. In such a case, the resolution of
the photomask 300 comprising the phase shift layer 20 can
be improved.

[0106] The phase shift layer 20 may comprise a transition
metal and silicon. The phase shift layer 20 may comprise a
transition metal, silicon, oxygen, and nitrogen. The transi-
tion metal may be molybdenum.

[0107] The description of the patterned phase shift layer
23 is applied as the same as the above description of the
phase shift layer 20.

[0108] The hard mask (not shown) may suppress the
phenomenon of pattern collapse, which is the breakage of a
photoresist layer during pattern etching. Additionally, the
hard mask may also function as an etching mask film in a
patterning process of a shading layer part 30.

[0109] The hard mask may comprise any one selected
from silicon, nitrogen, and oxygen. For example, the hard
mask may be SiON or SiN, but not limited thereto.

[0110] Utilization and Manufacture

[0111] The photomask 300 is patterned depending on a
desired design from the photomask blank 100, and the
patterning process passes through at least several etching
and cleaning processes. For example, the desired pattern is
formed on a photoresist layer through exposure and devel-
opment, and a hard mask layer and the like are exposed by
selective etching. Thereafter, an etchant having a relatively
large selection ratio with respect to the hard mask layer and
the shading layer part is utilized, and thereby predetermined
portions depending on the design of the hard mask layer and
the shading layer part are removed. In this time, the etchant
may be changed and thereby the phase shift layer can be
removed together. Subsequently, some or the whole of the
hard mask layer and the shading layer part is removed as
needed, and an etchant is also applied in the removing
process. The etchant is selectively applied depending on the
characteristics of respective films, and in the case of dry
etching, a fluorine-based etchant, a chlorine-based etchant,
or the like may be mixed with a reactive gas (oxygen or the
like) or an inert gas (nitrogen, helium, or the like) and
selectively used. In addition, the etchant is removed in each
etching operation, and a cleaning process may be performed
to check whether the degree of etching is proper. In such a
process, foreign matter may occur in the shape of undesired
particles due to the external impact (for example, a physical
impact caused by a cleaning solution), chemical damage
caused from an etchant, or the correlation thereof, and
scratching defects may also occur due to the above.

[0112] The photomask blank and/or photomask of
example embodiments form a shading layer part itself to
have multiple layers and thereby can adjust the properties of
two layers disposed up and down, or can reduce the occur-
rence of foreign matter such as particles in the processes of
development, cleaning, and the like by controlling the
harness and/or Young’s modulus of the shading layer part
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disposed at an upper portion, and even though particles
occur, they can reduce scratching defects caused from them.
Additionally, these characteristics are advantages that can be
obtained while maintaining the optical properties, thickness
characteristic, etching characteristic, and the like of the
shading layer part to be a certain level or more.

[0113] Hereinafter, the manufacturing method of the shad-
ing layer part is described.

[0114] The manufacturing method of the shading layer
part comprises a preparation operation of equipping a sub-
strate and a sputtering target in a sputtering chamber; a film
formation operation of forming a shading layer part on the
substrate by adding electric power to the sputtering target; a
thermal treatment operation of treating the formed shading
layer part with heat and thereby controlling and stabilizing
the residual stress; and a cooling operation of cooling the
stabilized shading layer part.

[0115] The substrate may be applied by a light-transmit-
ting substrate or one in which a phase shift layer is deposited
on the light-transmitting substrate.

[0116] The film formation operation comprises a primary
film formation process of forming a first shading layer; and
a secondary film formation of forming a second shading
layer on the first shading layer.

[0117] The primary film formation process and the sec-
ondary film formation process are performed in order, and
respectively a first shading layer and a second shading layer
are formed, wherein a metal target is applied with an
atmosphere gas together.

[0118] The metal target may be a target of a desired metal
in the case of reactive sputtering, and for example, a chrome
target may be applied in the case of applying chrome as a
transition metal.

[0119] The atmosphere gas may be applied to be different
depending on the composition, thickness, density, and the
like of desired first shading layer and/or second shading
layer, and an inert gas and a reactive gas are mixed to be
used.

[0120] As the inert gas, argon gas, helium gas, and the like
may be applied alone or mixed. The application of the inert
gas has a part in a deposition process in a sputtering process,
and the inert gas is removed in subsequent thermal treatment
or the like, and it is thought to be related to controlling the
density of a layer.

[0121] As the reactive gas, a gas comprising nitrogen
atoms, oxygen atoms, or the like may be applied alone or
mixed. Carbon dioxide may be applied together as needed.
For example, the reactive gas may be CO,, O,, N,, NO,
NO,, N,O, N,O;, N,O,, N,Oj, and the like, but not limited
thereto. These gases may affect the composition of a thin
film depending on the applied amount, and may also affect
the degrees of bond, etching, particle formation, and the like
of elements in the film.

[0122] The first atmosphere gas, which is an atmosphere
gas of the primary film formation process, may be an inert
gas, and may be applied with a low molecular inert gas such
as argon gas and helium together. When a low molecular
inert gas such as helium is applied together in addition to
argon gas, it can help control the density of a manufactured
shading layer. The primary atmosphere may comprise a
reactive gas, and the reactive gas may be a gas containing
nitrogen, oxygen, and the like described above. The amount
of reactive gas in the primary atmosphere gas is related to
the amount of reactive gas in the secondary atmosphere gas
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described below, and thereby it allows the hardness, Young’s
modulus, and the like to be further efficiently controlled.
[0123] The secondary atmosphere gas, which is an atmo-
sphere gas of the secondary film formation process, is an
inert gas applied by argon gas. For sufficiently controlling
the harness and the like, a low molecular inert gas such as
helium is not separately applied. However, the hardness is
adjusted by adjusting the amount of reactive gas.

[0124] The ratio of the amount of reactive gas comprised
in the secondary atmosphere gas based on the amount of
reactive gas comprised in the primary atmosphere gas may
be the volume ratio of 0.7 to 1.1, the volume ratio of 0.8 to
1.05, or the volume ratio of 0.85 to 0.95. When the reactive
gas is applied in such a volume ratio, control of the hardness,
Young’s modulus, and the like of the first shading layer and
the second shading layer is further easily made.

[0125] The power source applied in the sputtering process
may be a DC or RF power source. The electric power
applied in the sputtering process may be 0.5 to 5.0 kW.
[0126] The sputtering time in the primary film formation
process and the secondary film formation process may be
applied in a ratio of 100:7 to 32. In such a case, a shading
layer part having a desired and proper thickness ratio can be
obtained.

[0127] The thermal treatment operation is a process of
adding heat to be even overall, and it can remove the residual
stress which may occur in a sputtering process and can
alleviate the bending phenomenon of a photomask blank.
The temperature in the thermal treatment operation may be
150 to 330° C. The thermal treatment in the thermal treat-
ment may be performed for about 5 to 50 minutes, excluding
heating time.

[0128] The cooling operation may perform cooling to be
10 to 30° C., and an inert gas or a dry gas may be applied
to the air cooling.

[0129] A shading layer part 30 manufactured in this man-
ner comprises a first shading layer 301 and a second shading
layer 302, respectively comprising a transition metal and at
least any one between oxygen and nitrogen.

[0130] The second shading layer 302 may comprise a
transition metal in an amount of 50 to 80 at %. The second
shading layer 302 may comprise a transition metal in an
amount of 55 to 75 at %. The second shading layer 302 may
comprise a transition metal in an amount of 60 to 70 at %.
The sum value of the oxygen amount and the nitrogen
amount of the second shading layer 302 may be 10 to 30 at
%. The sum value of the oxygen amount and the nitrogen
amount of the second shading layer 302 may be 15 to 25 at
%. The second shading layer 302 may comprise nitrogen in
an amount of 5 to 15 at %. The second shading layer 22 may
comprise nitrogen in an amount of 7 to 13 at %.

[0131] The first shading layer 301 may comprise a tran-
sition metal in an amount of 30 to 60 at %. The first shading
layer 301 may comprise a transition metal in an amount of
31 to 55 at %, or 35 to 55 at %. The first shading layer 301
may comprise a transition metal in an amount of 40 to 50 at
%. The sum value of the oxygen amount and the nitrogen
amount of the first shading layer 301 may be 40 to 70 at %.
The sum value of the oxygen amount and the nitrogen
amount of the first shading layer 301 may be 45 to 65 at %.
The sum value of the oxygen amount and the nitrogen
amount of the first shading layer 301 may be 50 to 60 at %.
The first shading layer 301 may comprise oxygen in an
amount of 20 to 37 at %. The first shading layer 301 may
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comprise oxygen in an amount of 23 to 33 at %. The first
shading layer 301 may comprise oxygen in an amount of 25
to 30 at %. The first shading layer 301 may comprise
nitrogen in an amount of 20 to 35 at %. The first shading
layer 301 may comprise nitrogen in an amount of 26 to 33
at %. The first shading layer 301 may comprise nitrogen in
an amount of 26 to 30 at %.

[0132] The transition metal may comprise at least any one
among Cr, Ta, Ti and Hf. The transition metal may be Cr.
[0133] The phase shift layer, the hard mask layer, the
photomask film, and the like can be manufactured by an
ordinary manufacturing method, and the method is not
specially limited.

[0134] Manufacturing Method of Semiconductor Element
[0135] The manufacture of a semiconductor element with
further reduced defects can be made by utilizing the photo-
mask described above.

[0136] A manufacturing method of a semiconductor ele-
ment, according to one embodiment, comprises a prepara-
tion operation and a patterning operation. The preparation
operation is an operation of preparing a target substrate that
becomes a target for patterning.

[0137] The target substrate may be a wafer, one in which
an electrically conductive layer or an insulating layer is
formed on the wafer, a glass substrate, and the like, but is not
limited thereto.

[0138] The patterning operation is an operation of apply-
ing a photomask on one surface of the target substrate and
manufacturing a patterned target substrate through a lithog-
raphy process. As the lithography process, an ordinary
lithography process may be applied, and specifically, a
lithography process to which ArF light source of 193 nm is
applied may be applied.

[0139] In detail, a light source; a photomask disposed on
a light route of the light source; and a target substrate
comprising a photoresist layer is arranged, and the light
emitted from the light source and transiting the photomask
is transmitted to a photoresist layer of the target substrate. In
this time, the photoresist layer of the target substrate is
changed for the properties by the light, and a pattern is
formed on the target substrate through the process of devel-
oping the photoresist layer.

[0140] The patterned target substrate is allowed to have a
minute wiring pattern made from a semiconductor material
by repeating the formation processes of an electrically
conductive layer, planation, the formation of an insulating
layer, and the like, and may be manufactured into a semi-
conductor element.

[0141] The manufacturing method of a semiconductor
element can obtain a pattern with further reduced defects by
applying example embodiments described above, and the
efficient manufacture of a semiconductor element with
excellent quality is possible.

[0142] Hereinafter, a further detailed description will be
made through detailed examples. The example embodiments
below are only examples for helping to understand the
present application, and the scope of the present application
is not limited thereto.

Manufacture Example: Manufacture of Shading
Layer Part

[0143] On a synthetic quartz light-transmitting substrate
with a width of 6 inches, a length of 6 inches, and a thickness
01 0.25 inches, an identical substrate having the same phase
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shift effect of about 180° with respect to the wavelength of
193 nm was prepared and applied to the manufacture of a
shading layer part below.

[0144] The substrate was disposed in a chamber of DC
sputtering apparatus, and a chrome target was allowed to
have a T/S distance of 255 mm, and an angle between the
substrate and the target was 25 degrees. When the first
shading layer is formed, the electric power was applied to be
1.85 kWh, and the electric power applied to the formation of
the second shading layer was 1.5 kWh.

[0145] Sputtering was performed as shown in Table 1 by
applying an atmosphere gas below while rotating a sub-
strate, and a shading layer part was formed by respectively
forming a first shading layer and a second shading layer in
order. Thermal treatment was applied to be the same for 15
minutes at 200° C., and the shading layer part after the
thermal treatment was treated with cooling by applying dry
air for 5 minutes at an atmosphere of 20° C.

TABLE 1
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[0148] - The reactive gas of the second shading layer is
applied by N, in the whole.

Experiment Example: Evaluation of Properties
Such as Hardness and Young’s Modulus

[0149] The measurement of hardness, Young’s modulus,
pull off force, adhesion force, and the like was made by
AMF. AFM apparatus available from PARK SYSTEM
(model XE-150) was used and PPP-CONTSCR available
from PARK SYSTEM (model Cantilever) at Contact Mode
was applied at a scan speed of 0.5 Hz for the measurement.
Adhesion force and the like were measured at sixteen spots
within a measuring target and the average value was
obtained, and the hardness or the Young’s modulus value
obtained from the above was shown in Table 3 below as the
above hardness or Young’s modulus value. The actually
measured data at sixteen spots of Example 2 were disclosed
in Table 2. The measuring tip applied during the measure-

The Volume Ratio of atmosphere Gas

He Gas
(Low Molecular
Inert Gas)

Deposition

Layer Type Time (s) Ar Gas Reactive Gas

The Ratio of
Reactive
Gas#t

Example 1 First 230~300 21 43% 36
Shading
Layer
Second
Shading
Layer
Example 2 First
Shading
Layer
Second
Shading
Layer
Example 3 First
Shading
Layer
Second
Shading
Layer
Comparative First
Example 1 Shading
Layer
Second — — — —
Shading
Layer
Comparative First
Example 2 Shading
Layer
Second
Shading
Layer
Comparative First
Example 3 Shading
Layer
Second
Shading
Layer

20~28 57 43% 0

230~300 19

47%x 34

20~28 57 43% 0

230~300 17

53wk 30

20~28 57 43% 0

230~300 21 43% 36

230~300 21 43% 36

20~28 44 56 0

230~300 19

47%x 34

20~28 80 20 0

1

0.915

0.811

1.302

0.426

#The ratio of reactive gas applied when a second shading layer is formed based on the reactive gas applied when a first

shading layer is formed (volume ratio)
*Reactive gas 43 is applied by N> and CO, in a volume ratio of 11 and 32, respectively.

[0146] ** Reactive gas 47 is applied by N, and CO, in a
volume ratio of 11 and 36, respectively.

[0147] *** Reactive gas 53 is applied by N, and CO, in a
volume ratio of 24 and 29, respectively.

ment was Berkovich tip (Poisson ratio of the tip: 0.07) made
from a silicon material, and the result of the measurement of
hardness and Young’s modulus was taken from values
obtained by a program provided by the company of AFM
apparatus when Oliver and Pharr Model was applied.
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TABLE 2 TABLE 2-continued
First Shading Layer _Second Shading Layer First Shading Layer _Second Shading Layer
Pull off Adhesion  Pull off Adhesion Pull off Adhesion  Pull off Adhesion
Force Force Force Force Force Force Force Force
Measuring Point (nN) (€0 (uN) (€0 Measuring Point (nN) ) (nN) )
1 3.7 0.22 4.55 0.35 Average 3538 0.197 4351 0.322
2 3.68 0.21 4.41 0.33 Standard Deviation* 0.091 0.010 0.084 0.015
3 3.63 0.21 441 0.33 The Ratio of Standard ~ 2.567  5.153 1.935 4569
4 3.59 0.2 4.37 0.32 Deviation Compared to
5 3.53 0.2 4.4 0.33 the Average (%)
6 3.52 0.19 431 0.32
7 3.47 0.19 4.39 0.33 *Standard deviation was applied by STDEV.S function of Excel.
8 3.61 0.2 4.27 0.32
9 3.57 0.2 434 0.31 [0150] Optical properties were measured by an ordinary
10 3.45 0.19 4.29 0.31 method using Ellipsometer, and the transmissivity and opti-
1 336 0.2 441 0.34 cal density of the entire shading layer part were shown in
12 345 0.19 436 0.33 Table 3 with information of the hardness, Young’s modulus,
13 3.36 0.18 4.37 0.33 .
14 3.52 0.19 4.29 03 and the like.
15 3.49 0.19 418 03 [0151] The etching ratio was the result of operation under
16 3.47 0.19 427 0.3 all the same conditions by an ordinary dry etching method
applying a chlorine-based gas.
TABLE 3
Young’s Young’s
Hardness Hardness Modulus  Modulus Optical FEtching Ratio
Layer Type (kPa) Ratio* (kPa) Ratio**  Transmissivity Density  (Etch Rate)
Example 1 First 1.331 0.370 7.403 0.372 1.323 1.88 1.6 Ass
Shading
Layer
Second 0.493 2.751
Shading
Layer
Example 2 First 1.630 0.302 9.040 0.305 1.412 1.85 1.8 Ass
Shading
Layer
Second 0.493 2.760
Shading
Layer
Example 3 First 2.050 0.242 11.314 0.246 1.526 1.82 1.9 Ass
Shading
Layer
Second 0.496 2.780
Shading
Layer
Comparative First — — — — 1.415 1.85 1.9 Ass
Example 1 Shading
Layer
Second — —
Shading
Layer
Comparative First 1.338 0.618 7.453 0.621 1.417 1.85 1.7 Ass
Example 2 Shading
Layer
Second 0.828 4.626
Shading
Layer
Comparative First 1.640 0.102 9.101 0.101 0.993 2.02 1.1 Ass
Example 3 Shading
Layer
Second 0.167 0.920
Shading
Layer

*Hardness ratio is the ratio of the second shading layer based on the hardness of the first shading layer.

**Young’s modulus ratio is the ratio of the second shading layer based on the Young’s modulus of the first shading layer.
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[0152] Comparative Example 1 corresponds to a shading
layer part with a monolayer in which hardness or the like is
not controlled, and multiple particles formed in a cleaning
process or the like were observed, and one of the reasons
thereof was damage occurring at the edge portion of the
shading layer part pattern. The inventors noticed the above
problems and controlled hardness, Young’s modulus, and
the like for suppressing the occurrence of such particles and
preventing the damage of a photomask even though particles
occur. A shading layer part must have characteristics for
reducing particle occurrence, such as hardness, in addition to
maintaining optical properties desired in the shading layer
part of the photomask. When the metal amount of the second
shading layer was too much increased, the effect of control-
ling hardness was insignificant and thereby the effect of
improving particles became slight, and when the hardness of
the second shading layer was too much lowered, the control
of an etching characteristic was difficult. The cases of
Examples 1 to 3 were verified to obtain desired effects of
controlling hardness, Young’ modulus, and the like while
maintaining a proper etching characteristic and the like.
[0153] Example 2 was confirmed to have the most excel-
lent effects of lowering particles, scratches caused by par-
ticles, and the like, because of having regular properties in
the film overall. In the cases of Comparative Examples, the
result of evaluating scratching defects was shown in FIG. 7
and FIG. 7b, by an example from the inspection result
through a validator (image inspection by HF filter). FIG. 7a
was the result of an inspection of Comparative Example 1,
and ascertained to generate large scratching particles and
have multiple particles. The size of a generated particle was
large, as shown in schematic diagrams of FIG. 6a and FIG.
65, and it is thought that the scratching particles were easily
generated due to the above. FIG. 7b was the result of an
inspection of Comparative Example 2, and it was confirmed
that the size and number of scratching particles were
reduced, but the frequency of particle occurrence was still
considerable.

[0154] A photomask blank of one embodiment applies a
shading layer part adjusted in the hardness and thereby can
provide a photomask blank that can reduce defects caused
by particles while maintaining other performance to be the
same or more.

[0155] A photomask of another embodiment can provide a
photomask that can reduce defects caused by particles and
obtain a more improved shading effect, even though a
pattern with a further refined critical dimension is applied.
[0156] A manufacturing method of a semiconductor ele-
ment of another embodiment utilizes a photomask described
above and thereby can manufacture a semiconductor ele-
ment in which defects are further reduced.

[0157] The photomask blank, photomask, and the like of
example embodiments have improved defect resistance per-
formance, and the manufacturing method of a semiconduc-
tor element provides a manufacturing method with high
accuracy to reduce defect occurrence.

[0158] While this disclosure includes specific examples, it
will be apparent after an understanding of the disclosure of
this application that various changes in form and details may
be made in these examples without departing from the spirit
and scope of the claims and their equivalents. The examples
described herein are to be considered in a descriptive sense
only, and not for purposes of limitation. Descriptions of
features or aspects in each example are to be considered as
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being applicable to similar features or aspects in other
examples. Suitable results may be achieved if the described
techniques are performed in a different order, and/or if
components in a described system, architecture, device, or
circuit are combined in a different manner, and/or replaced
or supplemented by other components or their equivalents.
Therefore, the scope of the disclosure is defined not by the
detailed description, but by the claims and their equivalents,
and all variations within the scope of the claims and their
equivalents are to be construed as being included in the
disclosure.
What is claimed is:
1. A photomask blank comprising:
a light-transmitting substrate; and
a shading layer part disposed on the light-transmitting
substrate, the shading layer part comprising a first
shading layer having a first hardness and a second
shading layer having a second hardness,
wherein the first shading layer is disposed closer to the
light-transmitting substrate than the second shading
layer, and
a value of the first hardness is larger that a value of the
second hardness.
2. The photomask blank of claim 1,
wherein the second hardness is 0.15 times to 0.55 times of
the first hardness.
3. The photomask blank of claim 1,
wherein the second hardness is 0.3 kPa to 0.55 kPa.
4. The photomask blank of claim 1,
wherein a Young’s modulus of the second shading layer
is 1.0 kPa or more.
5. The photomask blank of claim 1,
wherein a value of standard deviation of adhesion forces
of the second shading layer is measured at sixteen
positions different from one another, which is 8% or
less of an average of the adhesion forces.
6. The photomask blank of claim 1,
wherein a value of standard deviation of pull off forces of
the second shading layer is measured at sixteen posi-
tions different from one another, which is 5% or less of
an average of the pull off forces.
7. The photomask blank of claim 1,
wherein a second Young’s modulus of the second shading
layer is 0.15 times to 0.55 times of a first Young’s
modulus of the first shading layer.
8. The photomask blank of claim 1,
wherein a Young’s modulus of the second shading layer
is 1.0 kPa to 4.2 kPa.
9. The photomask blank of claim 1,
wherein a thickness of the second shading layer is 30 nm
or more.
10. The photomask blank of claim 1,
wherein a thickness ratio of the first shading layer and a
thickness ratio of the second shading layer is 1:0.02 to
0.25.
11. The photomask blank of claim 1,
wherein a transmissivity of the shading layer part is 1 or
more for light having a wavelength of 193 nm.
12. The photomask blank of claim 1,
wherein an optical density of the shading layer part is 1.8
or more for light having a wavelength of 193 nm.
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13. A photomask blank comprising:

a light-transmitting substrate; and

a patterned shading layer part disposed on the light-
transmitting substrate, the patterned shading layer part
comprising a patterned first shading layer having a first
Young’s modulus and a patterned second shading layer
having a second Young’s modulus smaller than the first
hardness,

wherein the patterned first shading layer is disposed closer
to the light-transmitting substrate than the patterned
second shading layer.

14. A manufacturing method of a semiconductor element

comprising:

preparing a target substrate; and

applying a photomask on one surface of the target sub-
strate to pattern the target substrate to form a patterned
target substrate into a semiconductor element,

wherein the photomask comprises a patterned shading
layer part disposed on a light-transmitting substrate, the
patterned shading layer part comprising a patterned first
shading layer having a first Young’s modulus and a
patterned second shading layer having a second
Young’s modulus smaller than the first hardness, and

wherein the patterned first shading layer is disposed closer
to the light-transmitting substrate than the patterned
second shading layer.

#* #* #* #* #*



