DESCRIPTION

Title of the Invention

CONDUCTIVE FILM COATED SUBSTRATE, MULTILAYER REFLECTIVE
FILM COATED SUBSTRATE, REFLECTIVE MASK BLANK, REFLECTIVE
MASK, AND SEMICONDUCTOR DEVICE MANUFACTURING METHOD

Technical Field

[0001]

This invention relates to a conductive film coated substrate, a multilayer
reflective film coated substrate, a reflective mask blank, and a reflective mask
that are for use in EUV lithography, and to a semiconductor device

manufacturing method using the same.

Background Art

[0002]

In recent years, in a semiconductor industry, as a semiconductor device
becomes more integrated, a finer pattern over a transfer limit of related-art
photolithography using ultraviolet light becomes necessary. EUV lithography,
which is an exposure technology using extreme ultra violet (hereinafter referred
to as "EUV") light, is promising for enabling formation of such a fine pattern. In
this case, EUV light means light in a wavelength band of a soft X-ray region or a
vacuum ultraviolet radiation region, and specifically, light at a wavelength of
about 0.2 nm to about 100 nm. As a mask for transfer used in this EUV
lithography, a reflective mask is proposed. Such a reflective mask is a mask in
which a multilayer reflective film for reflecting exposure light is formed on a
substrate and an absorber film for absorbing exposure light is formed on the

multilayer reflective film in a pattern.



[0003]

The reflective mask is manufactured by forming an absorber film pattern
by photolithography or the like from a reflective mask blank including a
substrate, a multilayer reflective film formed on the substrate, and an absorber
film formed on the multilayer reflective film.

[0004]

In general, the multilayer reflective film and the absorber layer are
formed using a film forming method such as sputtering. In the film formation,
the substrate for the reflective mask blank is supported in a film forming
apparatus by support means. As the support means for the substrate, an
electrostatic chuck is used. Therefore, in order to facilitate fixing of the
substrate by the electrostatic chuck, a conductive film (back surface conductive
film) is formed on a back surface of an insulating substrate for the reflective
mask blank such as a glass substrate.

[0005]

As an example of the conductive film coated substrate, in Patent
Document 1, there is disclosed a conductive film coated substrate for use in
manufacturing a reflective mask blank for EUV lithography, which has a feature
in that the conductive film contains chromium (Cr) and nitrogen (N), an average
concentration of N in the conductive film is 0.1 at% or more and less than 40
at%, a crystal state of at least a surface of the conductive film is amorphous, a
surface roughness (rms) of the conductive film is 0.5 nm or less, and the
conductive film is a composition gradient film in which the N concentration in the
conductive film changes along a thickness direction of the conductive film so
that the N concentration on the substrate side is low and the N concentration on
the surface side is high.

[0006]

Further, in Patent Document 2, there is disclosed a conductive film



coated substrate for use in manufacturing a reflective mask blank for EUV
lithography, the conductive film being formed on the substrate, which has a
feature in that the conductive film includes at least two layers of a layer formed
on the substrate side (lower layer) and a layer formed on the lower layer (upper
layer), the lower layer of the conductive film contains chromium (Cr), oxygen (O),
and hydrogen (H), and the upper layer of the conductive film contains chromium
(Cr), nitrogen (N), and hydrogen (H). Further, in Patent Document 2, it is
disclosed that a surface roughness (rms) of the conductive film is 0.5 nm or

less.

Prior Art Documents

Patent Documents
[0007]
Patent Document 1: JP-B-4978626
Patent Document 2: WO 2012/105698 Al

Summary of the Invention
Problem to be Solved by the Invention

[0008]

As a pattern in lithography using EUV (Extreme Ultra-Violet) becomes
rapidly finer, a defect size of an EUV mask that is a reflective mask becomes
smaller year after year. In order to find such a fine defect, an inspection light
source wavelength used in defect inspection is approaching a light source
wavelength of exposure light.

[0009]

For example, as a defect inspection apparatus for an EUV mask, a
reflective mask blank serving as a master thereof, a multilayer reflective film

coated substrate, and a substrate for a mask blank, highly sensitive defect



inspection apparatus having an inspection light source wavelength of 266 nm
(for example, an EUV exposure mask substrates/blanks defect inspection
apparatus "MAGICS M7360" manufactured by Lasertec Corporation), 193 nm
(EUV mask/blank defect inspection apparatus "Teron 600 series” manufactured
by KLA-Tencor Corporation, for example, "Teron 610"), and 13.5 nm are
widespread or proposed.

[0010]

Incidentally, a fiducial mark can be formed on a substrate for a mask
blank, a multilayer reflective film coated substrate, and a reflective mask blank
(collectively referred to simply as "substrate and the like"), and positions of the
fiducial mark and of a defect detected by the defect inspection apparatus can be
controlled based on coordinates thereof. Based on positional information of
the defect (defect data) obtained, drawing data for manufacture of the reflective
mask is corrected so that an absorber pattern is formed at a location where the
defect exists based on the defect data and transferred pattern (circuit pattern)
data, thereby being able to reduce defects. Therefore, in order to reduce
detects, it is important to accurately measure a position of a defect.

[0011]

When an object to be inspected such as a reflective mask, a reflective
mask blank, and a multilayer reflective film coated substrate is inspected for a
defect by a defect inspection apparatus, it is a common practice to mount a
conductive film formed on a back surface of the substrate and the like (back
surface conductive film) of such an object to be inspected on a mount provided
on a stage of the defect inspection apparatus and fix the object to be inspected
to the stage. The inventors of this invention found that the fixing of the
substrate and the like on the stage was not reliable, and that, due to slippage of
the substrate and the like when the stage of the defect inspection apparatus

was moved, positional accuracy of detecting a defect by the defect inspection



apparatus was sometimes lowered.

[0012]

Further, the inventors of this invention also found that, in addition to the
case of the positional accuracy in defect detection, when coordinates of a
fiducial mark formed on a reflective mask blank or a multilayer reflective film
coated substrate were measured by a coordinate measuring machine, and
when a desired transfer pattern was measured before or after the pattern was
formed on a reflective mask, and other such cases, the fixing of the substrate
and the like by a mount on which the back surface conductive film was mounted
was not reliable and a problem of lowered positional accuracy arose due to
slippage of the substrate and the like when a stage of the coordinate measuring
machine was moved.

[0013]

While the problem of lowered positional accuracy as described above
arises, if the surface smoothness of the back surface conductive film is not
satisfactory, an apparent defect (pseudo defect) may be a problem when the
back surface conductive film is inspected for a defect by a defect inspection
apparatus. Specifically, a problem arises that, due to high detection sensitivity
of the defect inspection apparatus, when a back surface conductive film is
inspected for a defect, the number of detected defects ((the number of detected
defects)=(the number of critical defects)+(the number of pseudo defects))
becomes larger than an actual number, and, in some cases, defect inspection
becomes impossible.

[0014]

A pseudo defect as used herein means one which is erroneously
determined to be a defect in inspection by a defect inspection apparatus, and is
liable to occur when a surface to be inspected is rough.

[0015]



Accordingly, an object of this invention is to provide a conductive film
coated substrate, a multilayer reflective film coated substrate, a reflective mask
blank, and a reflective mask with which, when the reflective mask, the reflective
mask blank, and the multilayer reflective film coated substrate are inspected for
a defect by a defect inspection apparatus, and, when coordinates of a fiducial
mark formed on the reflective mask blank and the multilayer reflective film
coated substrate and of a transfer pattern of the reflective mask are measured
by a coordinate measuring machine or the like, the positional accuracy of a
defect detected by the defect inspection apparatus and the positional accuracy
of the fiducial mark, the positional accuracy of the transfer pattern by the
coordinate measuring machine, and the like can be improved. Specifically, an
object of this invention is to provide a reflective mask, a reflective mask blank,
and a multilayer reflective film coated substrate which can, when the reflective
mask, the reflective mask blank, and the multilayer reflective film coated
substrate are inspected/measured by a defect inspection apparatus, a
coordinate measuring machine, and the like, inhibit slippage of a back surface
conductive film when the substrate and the like are fixed by a mount. Another
object of this invention is to provide a reflective mask blank and a multilayer
reflective film coated substrate which can, at that time, inhibit detection of a
pseudo defect due to surface roughness of the back surface conductive film and

facilitate finding of a critical defect such as a foreign matter or a flaw.

Means to Solve the Problem

[0016]

As a result of diligent review for the purpose of solving the problem
described above, the inventors of this invention found a correlation between
lowered positional accuracy of a detected defect or lowered positional accuracy

of a pattern (such as a fiducial mark or a transfer pattern) determined by



measuring the coordinates, and the surface roughness of the back surface
conductive film. The inventors of this invention further found that, when the
surface of the back surface conductive film had a predetermined surface
geometry, the positional accuracy of a defect detected by a defect inspection
apparatus and the accuracy of measurement of the pattern by the coordinate
measuring machine were enhanced, to thereby reach this invention.
Specifically, the inventors of this invention found that, in order to enhance the
positional accuracy of a defect detected by a defect inspection apparatus and
the positional accuracy of a pattern determined by a coordinate measuring
machine, it was necessary to inhibit slippage of the back surface conductive film
when the substrate and the like were fixed by the mount. The inventors of this
invention further found that, in order to inhibit the slippage of the back surface
conductive film and to inhibit detection of a pseudo defect due to surface
roughness of the back surface conductive film, it was necessary that the
relationship between a bearing area (%) and a bearing depth (nm) obtained by
measuring the surface of the back surface conductive film with an atomic force
microscope be a predetermined relationship and a maximum height (Rmax) be
in a predetermined range, to thereby reach this invention. Specifically, in order
to solve the problem described above, this invention has the following structure.

[0017]

This invention is a conductive film coated substrate having Structures 1
to 3 described below, a multilayer reflective film coated substrate having
Structures 4 and 5, a reflective mask blank having Structure 6 described below,
a reflective mask having Structure 7 described below, and a semiconductor
device manufacturing method having Structure 8 described below.

[0018]

(Structure 1)

According to Structure 1 of this invention, there is provided a conductive



film coated substrate including a substrate for a mask blank for use in
lithography; and a conductive film formed on one main surface of the substrate,
wherein, in a relationship between a bearing area (%) and a bearing depth (nm)
that are obtained by measuring, with an atomic force microscope, a region of 1
pmx1 pum of a surface of the conductive film, when a bearing area of 30% is
defined as BAgzo, a bearing area of 70% is defined as BA7q, and bearing depths
corresponding to the bearing areas of 30% and 70% are defined as BD3p and
BD-o, respectively, the surface of the conductive film satisfies a relationship that
(BA70-BAz0)/(BD70-BD3g) is 15 or more and 260 or less (%/nm), and a maximum
height (Rmax) is 1.3 nm or more and 15 nm or less.

[0019]

According to Structure 1, the relationship between the bearing area (%)
and the bearing depth (nm) that are obtained by measuring, with an atomic
force microscope, a region of 1 ymx1 ym of the surface of the conductive film is
the predetermined relationship, and the maximum height (Rmax) is in the
predetermined range. Thus, when the conductive film coated substrate, and a
multilayer reflective film coated substrate, a reflective mask blank, and a
reflective mask that are manufactured using the same are inspected for a defect
by a defect inspection apparatus, and, when coordinates of a fiducial mark
formed on the reflective mask blank and the multilayer reflective film coated
substrate and a transfer pattern of the reflective mask are measured by a
coordinate measuring machine or the like, the positional accuracy of a defect
detected by the defect inspection apparatus, the positional accuracy of the
fiducial mark and the positional accuracy of the transfer pattern determined by
the coordinate measuring machine, and the like may be improved. Specifically,
according to Structure 1, when the conductive film coated substrate, and the
multilayer reflective film coated substrate, the reflective mask blank, and the

reflective mask that are manufactured using the same are inspected and



measured by a defect inspection apparatus, a coordinate measuring machine,
and the like, slippage of the back surface conductive film when the substrate
and the like are fixed by the mount may be inhibited. Further, detection of a
pseudo defect due to surface roughness of the back surface conductive film
may be inhibited to facilitate finding of a critical defect such as a foreign matter
or a flaw.

[0020]

(Structure 2)

According to Structure 2 of this invention, there is provided a conductive
film coated substrate described in Structure 1, wherein, in a frequency
distribution chart where a relationship between the bearing depth obtained by
measuring with the atomic force microscope and a frequency (%) of the
obtained bearing depth of the surface of the conductive film is plotted, an
absolute value of a bearing depth corresponding to a center of a full width at
half maximum, which is determined from an approximated curve drawn through
the plotted points or a highest frequency of the plotted points, is smaller than an
absolute value of a bearing depth corresponding to 1/2 of the maximum height
(Rmax) of surface roughness of the surface of the conductive film.

[0021]

According to Structure 2, in the frequency distribution chart in which the
relationship between the predetermined bearing depth and the frequency (%) of
the predetermined bearing depth of the surface of the conductive film is plotted,
the bearing depth has the predetermined relationship. Thus, unevenness
forming the surface of the back surface conductive film has a surface geometry
in which a ratio of depressed portions with respect to a reference level is larger
than a ratio of projecting portions with respect to the reference level. Therefore,
according to Structure 2, a problem of dust generation due to existence of the

projecting portions on the surface of the back surface conductive film may be



10

prevented.

(Structure 3)

According to Structure 3 of this invention, there is provided a conductive
film coated substrate described in Structure 1, wherein, in a frequency
distribution chart where a relationship between the bearing depth obtained by
measuring with the atomic force microscope and a frequency (%) of the
obtained bearing depth of the surface of the conductive film is plotted, an
absolute value of a bearing depth corresponding to a center of a full width at
half maximum, which is determined from an approximated curve drawn through
the plotted points or a highest frequency of the plotted points, is equal to or
larger than an absolute value of a bearing depth corresponding to 1/2 of the
maximum height (Rmax) of surface roughness of the surface of the conductive
film.

According to Structure 3, in the frequency distribution chart in which the
relationship between the predetermined bearing depth and the frequency (%) of
the predetermined bearing depth of the surface of the conductive film is plotted,
the bearing depth has the predetermined relationship. Thus, unevenness
forming the surface of the back surface conductive film has a surface geometry
in which a ratio of projecting portions with respect to a reference level is larger
than a ratio of depressed portions with respect to the reference level.
Therefore, according to Structure 3, a foreign matter adhering to the back
surface conductive film when a defect of a reflective mask blank and of a
multilayer reflective film coated substrate is inspected and measured by a
defect inspection apparatus, a coordinate measuring machine, and the like, and
when a back surface of a reflective mask is electrostatically chucked and a
semiconductor device is manufactured by an exposure apparatus may be
effectively removed by a cleaning process.

[0022]
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(Structure 4)

According to Structure 4 of this invention, there is provided a multilayer
reflective film coated substrate including a multilayer reflective film formed by
alternately laminating a high refractive index layer and a low refractive index
layer, wherein the multilayer reflective film is formed on a main surface of the
conductive film coated substrate described in Structures 1 to 3 on a side
opposite to a side on which the conductive film is formed.

[0023]

According to Structure 4, EUV light at a predetermined wavelength may
be reflected by the predetermined multilayer reflective film. Further, when the
substrate provided with a multilayer reflective film according to Structure 3 is
inspected and measured by a defect inspection apparatus, a coordinate
measuring machine, and the like, slippage of the back surface conductive film
when the substrate and the like are fixed by the mount may be inhibited.

[0024]

(Structure 5)

According to Structure 5, there is provided a multilayer reflective film
coated substrate described in Structure 4, further including a protective film
formed on the multilayer reflective film.

[0025]

According to Structure 5, the protective film is formed on the multilayer
reflective film. Thus, damage to a surface of the multilayer reflective film when
the multilayer reflective film coated substrate is used to manufacture a reflective
mask (EUV mask) may be inhibited. Therefore, reflectivity characteristics to
EUV light become satisfactory.

[0026]

(Structure 6)

According to Structure 6 of this invention, there is provided a reflective
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mask blank including an absorber film formed on the multilayer reflective film or
on the protective film of the multilayer reflective film coated substrate described
in Structure 4 or 5.

[0027]

According to Structure 6, the absorber film of the reflective mask blank
may absorb EUV light. Thus, a reflective mask (EUV mask) may be
manufactured by patterning the absorber film of the reflective mask blank.
Further, according to Structure 6, when the reflective mask blank is inspected
and measured by a defect inspection apparatus, a coordinate measuring
machine, and the like, slippage of the back surface conductive film when the
substrate and the like are fixed by the mount may be inhibited.

[0028]

(Structure 7)

According to Structure 7, there is provided a reflective mask including
an absorber pattern provided on the multilayer reflective film, wherein the
absorber pattern is formed by patterning the absorber film of the reflective mask
blank described in Structure 6.

[0029]

According to the reflective mask of Structure 7, the multilayer reflective
film has the absorber pattern formed thereon. Thus, a predetermined pattern
may be transferred using EUV light to a transfer target. Further, according to
Structure 7, when the reflective mask is inspected and measured by a defect
inspection apparatus, a coordinate measuring machine, and the like, slippage of
the back surface conductive film when the substrate and the like are fixed by
the mount may be inhibited.

[0030]

(Structure 8)

According to Structure 8 of this invention, there is provided a method of
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manufacturing a semiconductor device, including a step of performing a
lithography process with the reflective mask described in Structure 7 using an
exposure apparatus to form a transfer pattern on a transfer target.

[0031]

According to the semiconductor device manufacturing method of
Structure 8, a semiconductor device having a fine and highly accurate transfer

pattern may be manufactured.

Effect of the Invention

[0032]

According to the embodiments of this invention, the conductive film
coated substrate, the multilayer reflective film coated substrate, the reflective
mask blank, and the reflective mask may be provided, with which, when the
reflective mask, the reflective mask blank, and the multilayer reflective film
coated substrate are inspected for a defect by a defect inspection apparatus,
and, when a fiducial mark formed on the reflective mask blank and the
multilayer reflective film coated substrate and a transfer pattern of the reflective
mask are measured by a coordinate measuring machine or the like, the
positional accuracy of a defect detected by the defect inspection apparatus and
the positional accuracy of the fiducial mark and a pattern such as the transfer
pattern by the coordinate measuring machine may be improved. Specifically,
according to the embodiments of this invention, the reflective mask, the
reflective mask blank, and the multilayer reflective film coated substrate may be
provided, which may, when the reflective mask, the reflective mask blank, and
the multilayer reflective film coated substrate are inspected/measured by a
defect inspection apparatus, a coordinate measuring machine, and the like,
inhibit slippage of the back surface conductive film when the substrate and the

like are fixed by a mount. Further, according to the embodiments of this
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invention, the reflective mask blank and the multilayer reflective film coated
substrate may be provided, which may, at that time, inhibit detection of a
pseudo defect due to surface roughness of the back surface conductive film and

facilitate finding of a critical defect such as a foreign matter or a flaw.

Brief Description of the Drawing

[0033]

Fig. 1 shows (a) a perspective view for illustrating a substrate for a
mask blank according to an embodiment of this invention. Fig. 1 shows (b) a
schematic sectional view for illustrating the substrate for a mask blank
according to this embodiment.

Fig. 2 is a schematic sectional view for illustrating an exemplary
structure of a conductive film coated substrate according to an embodiment of
this invention.

Fig. 3 is a schematic sectional view for illustrating an exemplary
structure of a multilayer reflective film coated substrate according to an
embodiment of this invention.

Fig. 4 is a schematic sectional view for illustrating an exemplary
structure of a multilayer reflective film coated substrate according to an
embodiment of this invention.

Fig. 5 is a schematic sectional view for illustrating an exemplary
structure of a reflective mask blank according to an embodiment of this
invention.

Fig. 6 is a schematic sectional view for illustrating an exemplary
reflective mask according to an embodiment of this invention.

Fig. 7 is a schematic sectional view for illustrating another exemplary
structure of the reflective mask blank according to the embodiment of this

invention.
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Fig. 8 is a graph for showing results of bearing curve measurement of
surface roughness of a back surface conductive film of a reflective mask blank
of Examples 1 and 2 of this invention.

Fig. 9 is a graph for showing results of bearing curve measurement of
surface roughness of a back surface conductive film of a reflective mask blank
of Comparative Examples 1 and 2.

Fig. 10 is a schematic view of a mask for evaluating coordinate
measurement having a fiducial mark and a pattern for evaluation.

Fig. 11 is a graph for showing a frequency distribution in which a
relationship between a bearing depth (Depth) (nm) of Example 1 and a

frequency (Hist.) (%) thereof is plotted.

Modes for Embodying the Invention

[0034]

This invention is a conductive film coated substrate in which the
conductive film is formed on one surface of main surfaces of a substrate for a
mask blank. A main surface of the main surfaces of the substrate for a mask
blank on which the conductive film (also referred to as "back surface conductive
film") is formed is referred to as a "back surface”. This invention is also a
multilayer reflective film coated substrate in which a multilayer reflective film
having a high refractive index layer and a low refractive index layer alternately
laminated is formed on a main surface (sometimes simply referred to as
"surface") of the conductive film coated substrate having no conductive film
formed thereon. This invention is also a reflective mask blank having a
multilayer firm for a mask blank in which an absorber film is included on a
multilayer reflective film of a multilayer reflective film coated substrate.

[0035]

Fig. 2 is a schematic view for illustrating an exemplary substrate 50
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provided with a conductive film according to this invention. In the substrate 50
provided with a conductive film according to this invention, a back surface
conductive film 23 is formed on a back surface of a substrate 10 for a mask
blank. Note that, in this specification, the substrate 50 provided with a
conductive film is a substrate in which at least the back surface conductive film
23 is formed on the back surface of the substrate 10 for a mask blank. A
substrate in which a multilayer reflective film 21 is formed on another main
surface (substrate 20 provided with a multilayer reflective film), a substrate in
which an absorber film 24 is further formed (reflective mask blank 30), and the
like are also included in the substrate 50 provided with a conductive film.

[0036]

Fig. 7 is a schematic view for illustrating an exemplary reflective mask
blank 30 according to this invention. The reflective mask blank 30 according to
this invention includes a multilayer firm 26 for a mask blank on a main surface
of the substrate 10 for a mask blank. In this specification, the multilayer firm
26 for a mask blank is a plurality of films including the multilayer reflective film
21 and the absorber film 24 laminated and formed on the main surface of the
substrate 10 for a mask blank of the reflective mask blank 30. The multilayer
firm 26 for a mask blank can further include a protective film 22 formed between
the multilayer reflective film 21 and the absorber film 24, and/or an etching
mask film 25 formed on a surface of the absorber film 24. In the case of the
reflective mask blank 30 illustrated in Fig. 7, the multilayer firm 26 for a mask
blank formed on the main surface of the substrate 10 for a mask blank has the
multilayer reflective film 21, the protective film 22, the absorber film 24, and the
etching mask film 25. Note that, when the reflective mask blank 30 having the
etching mask film 25 is used, as described later, the etching mask film 25 may
be separated after a transfer pattern is formed in the absorber film 24. Further,

in the reflective mask blank 30 that does not have the etching mask film 25
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formed therein, the absorber film 24 may have a structure in which a plurality of
layers are laminated and materials forming the plurality of layers may be
materials having etching characteristics different from one another so that the
reflective mask blank 30 may include the absorber film 24 having the function of
an etching mask. Further, a back surface of the reflective mask blank 30 of
this invention includes the back surface conductive film 23. Therefore, the
reflective mask blank 30 illustrated in Fig. 7 is a kind of the substrate 50
provided with a conductive film.

[0037]

In this specification, "including a multilayer firm 26 for a mask blank on a
main surface of the substrate 10 for a mask blank" includes, in addition to a
case in which the multilayer firm 26 for a mask blank is arranged in contact with
the surface of the substrate 10 for a mask blank, a case in which another film is
formed between the substrate 10 for a mask blank and the multilayer firm 26 for
a mask blank. The same can be said for other films. Further, in this
specification, for example, "a film A is arranged in contact with a surface of a
film B" means that the film A and the film B are arranged directly in contact with
each other without another film intervening between the film A and the film B.

[0038]

Fig. 5 is a schematic view for illustrating another exemplary reflective
mask blank 30 according to this invention. In the case of the reflective mask
blank 30 illustrated in Fig. 5, the multilayer firm 26 for a mask blank has the
multilayer reflective film 21, the protective film 22, and the absorber film 24, but
does not have the etching mask film 25. Further, the reflective mask blank 30
illustrated in Fig. 5 includes the back surface conductive film 23 on the back
surface thereof. Therefore, the reflective mask blank 30 illustrated in Fig. 5 is
a kind of the substrate 50 provided with a conductive film.

[0039]



18

Fig. 3 is an illustration of the substrate 20 provided with a multilayer
reflective film. The multilayer reflective film 21 is formed on a main surface of
the substrate 20 provided with a multilayer reflective film illustrated in Fig. 3.
Fig. 4 is an illustration of the substrate 20 provided with a multilayer reflective
film having the back surface conductive film 23 formed on a back surface
thereof. The substrate 20 provided with a multilayer reflective film illustrated in
Fig. 4 includes the back surface conductive film 23 on the back surface thereof,
and thus, is a kind of the substrate 50 provided with a conductive film.

[0040]

The substrate 50 provided with a conductive film according to this
invention has a feature in that a relationship between a bearing area (%) and a
bearing depth (nm) that are obtained by measuring, with an atomic force
microscope, a region of 1 ymx1 ym of a surface of the back surface conductive
film 23 is a predetermined relationship and a maximum height (Rmax) of
surface roughness is in a predetermined range.

[0041]

According to the substrate 50 provided with a conductive film of this
invention, when a defect of a reflective mask 40, the reflective mask blank 30,
and the substrate 20 provided with a multilayer reflective film are inspected and
measured by a defect inspection apparatus, a coordinate measuring machine,
and the like, the positional accuracy of a defect detected by the defect
inspection apparatus and the positional accuracy of a fiducial mark or a pattern
such as a transfer pattern determined by the coordinate measuring machine
can be improved. At that time, detection of a pseudo defect due to surface
roughness of the back surface conductive film 23 can be inhibited to facilitate
finding of a critical defect such as a foreign matter or a flaw.

[0042]

Next, a relationship between the surface roughness (Rmax, Rms) as a



19

parameter showing a surface geometry of the back surface conductive film 23
and a bearing curve (bearing area (%) and bearing depth (nm)) is described
below.

[0043]

First, root means square (Rms), which is a typical index of the surface
roughness, is a root means square roughness, and is a square root of a mean
value of squares of deviations from an average line to a measurement curve.
Rms is represented by the following Expression (1):

[0044]

[Math. 1]

Rms= L (2 - - - (1)

In Expression (1), | is a reference length and Z is a height from the average line
to the measurement curve.

[0045]

Rmax, which is a typical index of the surface roughness as well, is the
maximum height of the surface roughness, and is an absolute difference
between a maximum value of a height of a peak and a maximum value of a
depth of a valley of a roughness curve.

[0046]

Rms and Rmax are hitherto used for controlling a surface roughness of
the substrate 10 for a mask blank, and are excellent in that the surface
roughness can be numerically grasped. However, both of Rms and Rmax are
information on height, and do not include information on minute change in
surface geometry.

[0047]

On the other hand, the bearing curve is formed by plotting ratios of an

area of a section of unevenness in a measurement region on the main surface
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of the substrate 10 that is cut by an arbitrary contour plane (level) to an area of
the measurement region. The bearing curve enables visualization and
conversion into a numerical form of variations of the surface roughness of the
back surface conductive film 23.

[0048]

The bearing curve is generally plotted under a state in which the vertical
axis represents the bearing area (%) and the horizontal axis represents the
bearing depth (nm). A bearing area of 0 (%) represents a highest point of a
surface of a substrate measured, and a bearing area of 100 (%) represents a
lowest point of the surface of the substrate measured. Therefore, a difference
between the depth of the bearing area of 0 (%) and the depth of the bearing
area of 100 (%) is the maximum height (Rmax) of the surface roughness
described above. Note that, "bearing depth" as referred to in this invention is
equivalent to "bearing height". In the case of "bearing height", opposite to the
above description, the bearing area of 0 (%) represents the lowest point of the
surface of the substrate measured, and the bearing area of 100 (%) represents
the highest point of the surface of the substrate measured. Control of the
bearing curve in the back surface conductive film 23 according to this
embodiment is described below.

[0049]

In the substrate 50 provided with a conductive film according to this
invention, in the relationship between the bearing area (%) and the bearing
depth (nm) that are obtained by measuring, with an atomic force microscope, a
region of 1 umx1 um of the surface of the back surface conductive film 23,
when a bearing area of 30% is defined as BAgzg, a bearing area of 70% is
defined as BA7q, and bearing depths corresponding to the bearing areas of 30%
and 70% are defined as BD3o and BDyo, respectively, the surface of the

conductive film satisfies a relationship that (BA7o-BAzo)/(BD70-BD3p) is 15 or
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more and 260 or less (%/nm) and the maximum height (Rmax) is 1.3 nm or
more and 15 nm or less.

[0050]

Specifically, (BA70-BAzo)/(BD7o-BD3o) (unit: %/nm) described above
represents a slope of the bearing curve when the bearing area is from 30% to
70%. By setting the slope to be 15 (%/nm) or more, the bearing area reaches
100% with a smaller bearing depth (nm). In other words, the unevenness
(surface roughness) of the surface of the reflective mask blank 30 maintains a
very high level of smoothness and its surface geometry is uniform to a large
extent. Thus, variations of the unevenness (surface roughness) as a cause of
detecting a pseudo defect in defect inspection can be reduced, and thus,
detection of a pseudo defect in defect inspection using a defect inspection
apparatus can be inhibited, and further, a critical defect can be clarified.

[0051]

Further, by setting the slope of the bearing curve to be 260 or less
(%/nm), when the reflective mask 40, the reflective mask blank 30, and the
substrate 20 provided with a multilayer reflective film are inspected and
measured by a defect inspection apparatus, a coordinate measuring machine,
and the like, slippage of the back surface conductive film 23 when the substrate
and the like are fixed by a mount can be inhibited. Therefore, when the
reflective mask 40, the reflective mask blank 30, and the substrate 20 provided
with a multilayer reflective film are inspected for a defect by a defect inspection
apparatus, and, when a fiducial mark formed on the reflective mask 40, the
reflective mask blank 30, and the substrate 20 provided with a multilayer
reflective film and a transfer pattern of the reflective mask are measured by a
coordinate measuring machine or the like, the positional accuracy of a defect
detected by the defect inspection apparatus and the positional accuracy of the

fiducial mark or a pattern such as the transfer pattern determined by the
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coordinate measuring machine can be improved.

[0052]

According to this invention, the region of 1 umx1 pm may be in an
arbitrary location in a region including, in manufacturing a semiconductor device
using an exposure apparatus, a region in which the back surface of the
reflective mask (back surface conductive film 23) abuts an electrostatic chuck
and a region in which the back surface of the reflective mask (back surface
conductive film 23) abuts the mount of the defect inspection apparatus or the
coordinate measuring machine. The above-mentioned region including the
region in which the electrostatic chuck abuts the back surface conductive film
23 and the region in which the mount of the defect inspection apparatus or the
coordinate measuring machine abuts can be, when the substrate 10 for a mask
blank is in a 6025 size (152 mm x 152 mm x 6.35 mm), for example, a region of
148 mm x 148 mm, a region of 146 mm x 146 mm, a region of 142 mm x 142
mm, or a region of 132 mm x 132 mm excluding a peripheral region on the
surface of the reflective mask blank 30. Further, the arbitrary location can be,
for example, a region at the center of the back surface of the substrate 50
provided with a conductive film on which the back surface conductive film 23 is
formed and/or a region in which the mount of the defect inspection apparatus or
the coordinate measuring machine abuts the back surface conductive film 23
(abutting portion and a vicinity thereof).

[0053]

Further, according to this invention, the region of 1 umx1 um can be a
region at the center of the back surface of the substrate 50 provided with a
conductive film on which the back surface conductive film 23 is formed and a
region in which the defect inspection apparatus or the coordinate measuring
machine abuts the back surface conductive film 23. For example, when the

film surface of the back surface conductive film 23 is in a rectangular shape, the
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center is a point of intersection of diagonal lines of the rectangle. Specifically,
the point of intersection and the center of the region (the center of the region is
the same as the center of the surface of the back surface conductive film 23)
are spatially coincident with each other.

[0054]

From the viewpoint of inhibiting detection of a pseudo defect, it is
preferred that the surface of the back surface conductive film 23 of the substrate
50 provided with a conductive film have a surface geometry in which
unevenness (surface roughness) forming the main surface is uniform.
Therefore, (BA70-BAzo)/(BD70-BD3o) of the surface of the back surface
conductive film 23 is set to be 15 (%/nm) or more. (BAzo-BAs0)/(BD70-BD3o) of
the surface of the back surface conductive film 23 be preferably 20 (%/nm) or
more, more preferably 30 (%/nm) or more, still preferably 40 (%/nm) or more,
and further preferably 50 (%/nm) or more. From a similar viewpoint, the
maximum height (Rmax) of the surface roughness of the surface of the back
surface conductive film 23 is set to be 15 nm or less. The maximum height
(Rmax) of the surface roughness of the surface of the back surface conductive
film 23 be preferably 10 nm or less, more preferably 9 nm or less, and still
preferably 8.5 nm or less.

[0055]

Further, from the viewpoint of inhibiting slippage of the back surface
conductive film 23 when the substrate and the like are fixed by the mount, it is
preferred that the surface of the back surface conductive film 23 of the substrate
50 provided with a conductive film have a surface geometry in which
unevenness (surface roughness) forming the main surface is not completely
uniform. Therefore, (BA70-BAs0)/(BD+o-BD3p) of the surface of the back surface
conductive film 23 is set to be 260 (%/nm) or less. (BA70-BAsz0)/(BD7o-BD3p) of

the surface of the back surface conductive film 23 be preferably 230 (%/nm) or
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less, and more preferably 200 (%/nm) or less. From a similar viewpoint, the
maximum height (Rmax) of the surface roughness of the surface of the back

surface conductive film 23 be 1.3 nm or more, preferably 1.4 nm or more, and
more preferably 1.5 nm or more.

From the above, with regard to the surface of the back surface
conductive film 23 of the substrate 50 provided with a conductive film, preferably,
in the relationship between the bearing area (%) and the bearing depth (nm)
that are obtained by measuring, with an atomic force microscope, a region of 1
pmx1 pm of the surface of the conductive film, when the bearing area of 30% is
defined as BA3o, the bearing area of 70% is defined as BA7q, and the bearing
depths corresponding to the bearing areas of 30% and 70% are defined as BD3o
and BD-o, respectively, the surface of the conductive film satisfies the
relationship that (BAzo-BAszo)/(BD7o-BD3p) is 15 or more and 260 or less (%/nm),
preferably 20 or more and 260 or less (%/nm), and the maximum height (Rmax)
is 1.3 nm or more and 15 nm or less, preferably 1.3 nm or more and 10 nm or
less.

[0056]

Further, the surface roughness of the surface of the back surface
conductive film 23 can be controlled through, in addition to the maximum height
(Rmax) described above, the root means square roughness (Rms). Itis
preferred that the root means square roughness (Rms) obtained by measuring,
with an atomic force microscope, a region of 1 umx1 um of the surface of the
back surface conductive film 23 be 0.15 nm or more and 1.0 nm or less.

[0057]

Further, it is preferred that the surface of the back surface conductive
film 23 have a surface geometry in which, in a frequency distribution chart
where the relationship between the bearing depth obtained by measurement

with an atomic force microscope and the frequency (%) of the obtained bearing
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depth is plotted, an absolute value of the bearing depth corresponding to a
center of a full width at half maximum determined from an approximated curve
drawn through the plotted points or a highest frequency of the plotted points is
smaller than an absolute value of the bearing depth corresponding to 1/2 (half)
of the maximum height (Rmax) of the surface roughness of the surface of the
back surface conductive film 23. Unevenness forming the surface of the back
surface conductive film 23 is a surface geometry in which a ratio of depressed
portions with respect to a reference level is larger than a ratio of projecting
portions with respect to the reference level. Therefore, a problem of dust
generation due to existence of the projecting portions on the surface of the back
surface conductive film 23 can be prevented.

Further, from the viewpoint of more effectively removing a foreign matter
adhering to the back surface conductive film by a cleaning process, it is
preferred that the surface of the back surface conductive film 23 have a surface
geometry in which, in a frequency distribution chart where the relationship
between the bearing depth obtained by measurement with an atomic force
microscope and the frequency (%) of the obtained bearing depth is plotted, the
absolute value of the bearing depth corresponding to the center of the full width
at half maximum determined from the approximated curve drawn through the
plotted points or the highest frequency of the plotted points is equal to or larger
than the absolute value of the bearing depth corresponding to 1/2 (half) of the
maximum height (Rmax) of the surface roughness of the surface of the back
surface conductive film 23. Unevenness forming the surface of the back
surface conductive film 23 is a surface geometry in which the ratio of the
projecting portions with respect to the reference level is larger than the ratio of
the depressed portions with respect to the reference level. Therefore, an effect
can be obtained that when a defect of the reflective mask blank and of the

multilayer reflective film coated substrate is inspected and measured by a
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defect inspection apparatus, a coordinate measuring machine, and the like, and
when the back surface of the reflective mask is electrostatically chucked and a
semiconductor device is manufactured by an exposure apparatus, a foreign
matter adhering to the back surface conductive film can be effectively removed
by the cleaning process.

[0058]

Next, a power spectrum density (PSD) representing the surface
geometry of the surface of the back surface conductive film 23 is described
below.

[0059]

As described above, Rms and Rmax are hitherto used for controlling
the surface roughness of the substrate 10 for a mask blank, and are excellent in
that the surface roughness can be numerically grasped. However, both of
Rms and Rmax are information on height, and do not include information on
minute change in surface shape.

[0060]

On the other hand, power spectrum analysis that represents the
obtained unevenness of the surface as amplitude intensity in spatial frequency
by transformation into a spatial frequency region can convert minute surface
shape into a numerical form. When data of height in an x coordinate and a y
coordinate is represented by Z (x, y), Fourier transform thereof is given by
Expression (2) below:

[0061]

[Math. 2]

Flu,v) = ¥ IN E"EIE{I, y)e:xp[— :'2;:'[ f + Ni]] s (2)

X ¥ w=0 w=l r

[0062]

Here, Nx and Ny are the numbers of data in an x direction and a 'y
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direction, respectively. u=0, 1, 2 ... Nx-1 and v=0, 1, 2 ... Ny-1 are established.
A spatial frequency f at this time is given by Expression (3) below:

[0063]

[Math. 3]

r o] o] o

Here, in Expression (3), dx is a minimum resolution in the x direction

and dy is a minimum resolution in the y direction.

[0064]

The power spectrum density PSD at this time is given by Expression (4)
below:

[Math. 4]

Plu,v) = |Flu,v)’ - - - (4)

[0065]

This power spectrum analysis is excellent in that change in surface
geometry of the back surface conductive film 23 can be grasped not only as
simple change in height but also as change thereof in the spatial frequency, and
is a method of analyzing how a microscopic reaction on an atomic level and the
like affects the surface.

[0066]

In the substrate 50 provided with a conductive film according to this
invention, in order to attain the objects described above, it is preferred that the
surface of the back surface conductive film 23 have a power spectrum density
of 30 nm* or more and 200 nm* or less in a spatial frequency of 1 um™ or more
and 100 um™ or less obtained by measuring a region of 1 ymx1 ym with an

atomic force microscope.
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[0067]

The region of 1 ymx1 pm may be in a location in a region including, in
manufacturing a semiconductor device using an exposure apparatus, a region
in which the back surface of the reflective mask (back surface conductive film
23) abuts an electrostatic chuck and a region in which the back surface of the
reflective mask (back surface conductive film 23) abuts the mount of the defect
inspection apparatus or the coordinate measuring machine. The
above-mentioned region including the region in which the electrostatic chuck
abuts the back surface conductive film 23 and the region in which the mount of
the defect inspection apparatus or the coordinate measuring machine abuts can
be, when the substrate 10 for a mask blank is in a 6025 size (152 mm x 152
mm x 6.35 mm), for example, a region of 148 mm x 148 mm, a region of 146
mm X 146 mm, a region of 142 mm x 142 mm, or a region of 132 mm x 132 mm
excluding a peripheral region on the surface of the reflective mask blank 30.
Further, the above-mentioned arbitrary location may be, for example, a region at
the center of the back surface of the substrate 50 provided with a conductive
film on which the back surface conductive film 23 is formed and/or a region in
which the mount of the defect inspection apparatus or the coordinate measuring
machine abuts the back surface conductive film 23 (abutting portion and a
vicinity thereof).

[0068]

Further, according to this invention, the region of 1 umx1 um can be a
region at the center of the surface of the back surface conductive film 23 of the
substrate 50 provided with a conductive film and/or a region in which the defect
inspection apparatus or the coordinate measuring machine abuts the back
surface conductive film 23. For example, when the surface of the back surface
conductive film 23 of the substrate 50 provided with a conductive film is in a

rectangular shape, the center is a point of intersection of diagonal lines of the
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rectangle. Specifically, the point of intersection and the center of the region
(the center of the region is the same as the center of the surface of the film) are
spatially coincident with each other.

[0069]

Next, the substrate 50 provided with a conductive film according to this
invention is specifically described.

[0070]

[Substrate 10 for Mask Blank]

First, the substrate 10 for a mask blank that can be used in
manufacturing the back surface conductive film 23 according to this invention is
described below.

[0071]

Fig. 1(a) is a perspective view for illustrating an exemplary substrate 10
for a mask blank that can be used in manufacturing the back surface conductive
film 23 according to this invention. Fig. 1(b) is a schematic sectional view of
the substrate 10 for a mask blank illustrated in Fig. 1(a).

[0072]

The substrate 10 for a mask blank (or, sometimes simply referred to as
substrate 10) is a plate-like body in a rectangular shape, and has two opposed
main surfaces 2 and end faces 1. The two opposed main surfaces 2 are an
upper surface and a lower surface of the plate-like body, and are formed so as
to be opposed to each other. Further, at least one of the two opposed main
surfaces 2 is the main surface on which the transfer pattern is to be formed.

[0073]

An end face 1 is a side surface of the plate-like body, and is adjacent to
edges of the opposed main surfaces 2. The end face 1 has a planar end face
portion 1d and a curved end face portion 1f. The planar end face portion 1d is

a surface that connects a side of one opposed main surface 2 and a side of
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another opposed main surface 2, and includes a side surface portion 1a and
beveled portions 1b. The side surface portion 1a is a portion approximately
perpendicular to the opposed main surfaces 2 of the planar end face portion 1d
(T plane). The beveled portion 1b is a beveled portion between the side
surface portion 1a and the opposed main surface 2 (C plane), and is formed
between the side surface portion 1a and the opposed main surface 2.

[0074]

The curved end face portion 1f is a portion adjacent to a vicinity of a
corner portion 10a of the substrate 10 when the substrate 10 is seen in plan
view (R portion), and includes a side surface portion 1c and beveled portions 1e.
Here, to see the substrate 10 in plan view is to see the substrate 10 from, for
example, a direction perpendicular to the opposed main surfaces 2. Further,
the corner portion 10a of the substrate 10 is, for example, a vicinity of an
intersection of two sides at edges of the opposed main surfaces 2. An
intersection of two sides may be an intersection of extensions of the two sides.
In this example, the curved end face portion 1f is formed so as to be curved by
rounding the corner portion 10a of the substrate 10.

[0075]

Further, it is preferred that the main surfaces of the substrate 10 for a
mask blank be surfaces to which surface treatment is applied by
catalyst-referred etching. Catalyst-referred etching (hereinafter also referred to
as CARE) is a surface treatment method in which an object to be treated
(substrate 10 for a mask blank) and a catalyst are placed in a treatment liquid or
the treatment liquid is supplied between the object to be treated and the catalyst,
the object to be treated and the catalyst are brought into contact with each other,
and the object to be treated is treated by an active species generated from a
molecule in the treatment liquid adsorbed on the catalyst at that time. Note

that, when the object to be treated is formed of a solid oxide such as glass, the
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treatment liquid is water, the object to be treated and the catalyst are brought
into contact with each other in the presence of water, and the catalyst and a
surface of the object to be treated are relatively moved or the like, thereby
removing a product of hydrolytic degradation from the surface of the object to
be treated to apply the treatment.

[0076]

Surface treatment is selectively applied to the main surfaces of the
substrate 10 for a mask blank by catalyst-referred etching from the projecting
portions in contact with a surface of the catalyst as the reference level.
Therefore, the unevenness (surface roughness) forming the main surfaces
maintains a very high level of smoothness and its surface geometry is uniform
to a large extent. In addition, in the surface geometry, the ratio of the
depressed portions with respect to the reference level is larger than the ratio of
the projecting portions with respect to the reference level. Therefore, when a
plurality of thin films are laminated on the main surface, a defect size on the
main surface tends to be small, and thus, from the viewpoint of defect quality,
surface treatment by catalyst-referred etching is preferred. In particular, the
effect is especially exerted when the multilayer reflective film 21 and the back
surface conductive film 23 described below are formed on the main surface.

[0077]

Note that, when a material of the substrate 10 is a glass material, as the
catalyst, at least one material selected from the group consisting of platinum,
gold, transition metals, and alloys including at least one thereof can be used.
Further, as the treatment liquid, at least one treatment liquid selected from the
group consisting of functional waters such as pure water, ozone water, and
hydrogen water, a low-concentration alkaline aqueous solution, and a
low-concentration acidic aqueous solution can be used.

[0078]
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It is preferred that, in the substrate 10 for a mask blank used for the
back surface conductive film 23 according to this invention, the main surface on
the side on which the transfer pattern is to be formed be surface treated so as
to be highly flat from the viewpoint of obtaining at least pattern transfer accuracy
and positional accuracy. In the case of the substrate 10 for an EUV reflective
mask blank, in a region of 132 mm x 132 mm or in a region of 142 mm x 142
mm of the main surface of the substrate 10 on the side on which the transfer
pattern is to be formed, the flatness is preferably 0.1 um or less, and particularly
preferably 0.05 um or less. More preferably, in a region of 132 mm x 132 mm
of the main surface of the substrate 10 on the side on which the transfer pattern
is to be formed, the flatness is 0.03 um or less. Further, the main surface on
the side opposite to the side on which the transfer pattern is to be formed is the
surface that is electrostatically chucked when setting on an exposure apparatus
is carried out, and, in a region of 142 mm x 142 mm thereof, the flatness is 1 ym
or less, and, particularly preferably, 0.5 ym or less.

[0079]

A material of the substrate 10 for a reflective mask blank for EUV
exposure may be anything having low thermal expansion characteristics. For
example, so-called multicomponent-based glass having low thermal expansion
characteristics such as SiO,-TiO,-based glass (binary (SiO,-TiO) and ternary
(such as SiO,-TiO,-Sn0y)), for example, SiO,-Al,Os3-Li,O-based crystallized
glass, can be used. Further, the substrate 10 formed of, other than the glasses
described above, silicon, a metal, or the like can also be used. An Invar alloy
(Fe-Ni based alloy) is an example of the metal substrate 10.

[0080]

As described above, in the case of the substrate 10 for a mask blank for
EUV exposure, the substrate 10 is required to have low thermal expansion

characteristics, and thus, a multicomponent-based glass material is used
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therefor. However, there is a problem that a multicomponent-based glass
material is less liable to attain a high level of smoothness compared with
synthetic quartz glass. In a quest to solve this problem, a thin film formed of a
metal or an alloy, or a material containing any one of these and at least one of
oxygen, nitrogen, and carbon is formed on the substrate 10 formed of a
multicomponent-based glass material. By mirror polishing and surface treating

a surface of such a thin film, a desired surface can be formed relatively easily.
[0081]

In particular, the following material is preferred as the material for the
thin film: tantalum (Ta), an alloy containing Ta, or a Ta compound containing any
one of Ta and the alloy containing Ta as well as at least one of oxygen, nitrogen,
and carbon. For example, the following material may be applied as the Ta
compound: TaB, TaN, TaO, TaON, TaCON, TaBN, TaBO, TaBON, TaBCON, TaHf,
TaHfO, TaHfN, TaHfON, TaHfCON, TaSi, TaSiO, TaSiN, TaSiON, or TaSiCON.
Of those Ta compounds, the following nitrogen (N)-containing compound is
more preferred: TaN, TaON, TaCON, TaBN, TaBON, TaBCON, TaHfN, TaHfON,
TaHfCON, TaSiN, TaSiON, or TaSiCON. Note that, from the viewpoint of high
smoothness of the surface of the thin film, the thin film preferably have an
amorphous structure. A crystal structure of the thin film can be measured by

an X-ray diffractometer (XRD).

[0082]

[Substrate 20 Provided with Multilayer Reflective Film]

Next, the substrate 20 provided with a multilayer reflective film that can
be used for the back surface conductive film 23 and the reflective mask blank
30 according to this invention is described below.

[0083]

Fig. 3 is a schematic view for illustrating an exemplary substrate 20

provided with a multilayer reflective film that can be used for the back surface
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conductive film 23 and the reflective mask blank 30 according to this invention.
Fig. 4 is a schematic view for illustrating another exemplary substrate 20
provided with a multilayer reflective film according to this invention. As
illustrated in Fig. 4, when the substrate 20 provided with a multilayer reflective
film has the predetermined back surface conductive film 23, the substrate 20
provided with a multilayer reflective film is a kind of the back surface conductive
film 23 according to this invention. In this specification, both of the substrates
20 provided with a multilayer reflective film illustrated in Fig. 3 and Fig. 4 are
referred to as the substrate 20 provided with a multilayer reflective film
according to this embodiment.

[0084]

The substrate 20 provided with a multilayer reflective film according to
this embodiment has a structure in which the multilayer reflective film 21 is
formed on the main surface of the substrate 10 for a mask blank described
above on the side on which the transfer pattern is to be formed. The multilayer
reflective film 21 gives the function of reflecting EUV light to the reflective mask
40 for EUV lithography, and the multilayer reflective film 21 has a structure in
which elements having different refractive indices are periodically laminated.

[0085]

A material of the multilayer reflective film 21 is not specifically limited
insofar as EUV light is reflected, but the material alone generally has a
reflectivity of 65% or more, and an upper limit thereof is generally 73%. Such
a multilayer reflective film 21 can typically be the multilayer reflective film 21 in
which a thin film formed of a material having a high refractive index (high
refractive index layer) and a thin film formed of a material having a low
refractive index (low refractive index layer) are alternately laminated for about
40 cycles to about 60 cycles.

[0086]



35

For example, it is preferred that the multilayer reflective film 21 for EUV
light having a wavelength of from 13 nm to 14 nm be an Mo/Si periodic
multilayer firm in which an Mo film and a Si film are alternately laminated for
about 40 cycles. Other than this, as the multilayer reflective film 21 used in a
region of EUV light, a Ru/Si periodic multilayer firm, an Mo/Be periodic
multilayer firm, an Mo compound/Si compound periodic multilayer firm, a Si/Nb
periodic multilayer firm, a Si/Mo/Ru periodic multilayer firm, a Si/Mo/Ru/Mo
periodic multilayer firm, a Si/Ru/Mo/Ru periodic multilayer firm, or the like can
be used.

[0087]

A method of forming the multilayer reflective film 21 is publicly known in
the art, and the formation can be carried out by forming the layers by, for
example, magnetron sputtering or ion beam sputtering. In the case of the
Mo/Si periodic multilayer firm described above, for example, by ion beam
sputtering, first, a Si film having a thickness of about several nanometers is
formed on the substrate 10 using a Si target, and after that, an Mo film having a
thickness of about several nanometers is formed using an Mo target, and the
cycle is repeated for 40 cycles to 60 cycles to laminate the layers and to form
the multilayer reflective film 21.

[0088]

When the substrate 20 provided with a multilayer reflective film
according to this embodiment is manufactured, it is preferred that the multilayer
reflective film 21 be formed by ion beam sputtering in which an ion beam is
alternately radiated to a sputtering target of a material having a high refractive
index and a sputtering target of a material having a low refractive index. By
forming the multilayer reflective film 21 by the predetermined ion beam
sputtering, the multilayer reflective film 21 having satisfactory reflectivity

characteristics for EUV light can be obtained with reliability.
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[0089]

With regard to the substrate 20 provided with a multilayer reflective film
according to this embodiment, it is preferred that the multilayer firm 26 for a
mask blank further include the protective film 22 arranged so as to be in contact
with a surface of the multilayer reflective film 21 on a side opposite to the
substrate 10 for a mask blank.

[0090]

The protective film 22 (see Fig. 5) can be formed on the multilayer
reflective film 21 formed as described above for the purpose of protecting the
multilayer reflective film 21 from dry etching and wet cleaning in a
manufacturing process of the reflective mask 40 for EUV lithography. An
embodiment in which the multilayer reflective film 21 and the protective film 22
are formed on the substrate 10 for a mask blank as described above can also
be the substrate 20 provided with a multilayer reflective film according to this

embodiment.
[0091]

Note that, a material such as Ru, Ru-(Nb, Zr, Y, B, Ti, La, Mo), Si-(Ru,
Rh, Cr, B), Si, Zr, Nb, La, or B may be used as a material for the protective film
22. Of those, the application of a ruthenium (Ru)-containing material results in
better reflectivity characteristics of the multilayer reflective film 21. Specifically,
the material is preferably Ru or Ru-(Nb, Zr, Y, B, Ti, La, Mo). The protective
film 22 is particularly effective when the absorber film 24 is of a Ta-based
material and the absorber film 24 is patterned by dry etching with a Cl-based

gas.

[0092]
For the purpose of forming the multilayer reflective film 21 or the
protective film 22 to have a satisfactory geometry, it is preferred that, in forming

the multilayer reflective film 21, the high refractive index layer and the low
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refractive index layer be formed by sputtering so as to be deposited diagonally
with respect to a normal to the main surface of the substrate 10. More
specifically, it is good that, in the film formation, an incident angle of sputtering
particles for forming a low refractive index layer of Mo or the like and an incident
angle of sputtering particles for forming a high refractive index layer of Si or the
like be more than 0 degrees and 45 degrees or less. The angles are more
preferably more than O degrees and 40 degrees or less, and further preferably
more than 0 degrees and 30 degrees or less. Further, it is preferred that the
protective film 22 formed on the multilayer reflective film 21 be formed by ion
beam sputtering so that the protective film 22 is also deposited diagonally with
respect to the normal to the main surface of the substrate 10 successively after
the multilayer reflective film 21 is formed.

[0093]

[Substrate 50 Provided with Conductive Film]

Next, the substrate 50 provided with a conductive film according to this
invention is described. In the substrate 20 provided with a multilayer reflective
film illustrated in Fig. 3, by forming the predetermined back surface conductive
film 23 on the surface of the substrate 10 on the side opposite to the surface in
contact with the multilayer reflective film 21, the substrate 50 provided with a
conductive film according to this invention (substrate 20 provided with a
multilayer reflective film according to this invention) as illustrated in Fig. 4 can
be obtained. Note that, as illustrated in Fig. 2, by forming the predetermined
back surface conductive film 23 on one surface of the main surfaces of the
substrate 10 for a mask blank, the substrate 50 provided with a conductive film
according to this invention can be obtained.

[0094]

An electrical characteristic (sheet resistance) required of the back

surface conductive film 23 is ordinarily 100 Q/o or less. A method of forming
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the back surface conductive film 23 is publicly known, and the formation can be
performed by, for example, magnetron sputtering or ion beam sputtering using a
target of a metal such as Cr or Ta or an alloy thereof.

[0095]

It is preferred that the back surface conductive film 23 be formed by
sputtering using a sputtering target that contains a metal as a material of the
conductive film. Specifically, it is preferred that the back surface conductive
film 23 be formed by, under a state in which the surface of the substrate 10 on
which the back surface conductive film 23 is to be formed faces upward and the
substrate 10 is rotated on a horizontal plane, sputtering a sputtering target
opposed to the surface on which the film is to be formed so as to be slanted at a
predetermined angle, at a position at which a central axis of the substrate 10
and a straight line that passes through a center of the sputtering target and that
is in parallel with the central axis of the substrate 10 are not spatially coherent.
It is preferred that the predetermined angle of the slanted sputtering target be 5
degrees or more and 30 degrees or less. Further, it is preferred that a gas
pressure in the film formation by sputtering be 0.05 Pa or more and 0.5 Pa or
less. By forming the back surface conductive film 23 by such a method, in the
substrate 50 provided with a conductive film, the relationship between the
bearing area (%) and the bearing depth (nm) that are obtained by measuring,
with an atomic force microscope, a region of 1 umx1 um of the surface of the
back surface conductive film 23 can be the predetermined relationship, and the
maximum height (Rmax) of the surface roughness can be in the predetermined
range.

[0096]

Further, in the substrate 50 provided with a conductive film according to
this invention, an underlayer may be formed between the substrate 10 and the

multilayer reflective film 21. The underlayer can be formed for the purpose of
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improving the smoothness of the main surface of the substrate 10, for the
purpose of reducing defects, for the purpose of an effect of enhancing the
reflectivity of the multilayer reflective film 21, and for the purpose of correcting
stress on the multilayer reflective film 21.

[0097]

[Reflective Mask Blank 30]

Next, the reflective mask blank 30 according to this invention is
described. Fig. 5 is a schematic view for illustrating an exemplary reflective
mask blank 30 according to this invention. The reflective mask blank 30
according to this invention has a structure in which the absorber film 24 to be
the transfer pattern is formed on the multilayer reflective film 21 or on the
protective film 22 of the substrate 20 provided with a multilayer reflective film
described above.

The absorber film 24 has the function of absorbing EUV light as
exposure light, and it is enough that, in the reflective mask 40 manufactured
using the reflective mask blank 30, there is a desired reflectivity difference
between light reflected by the multilayer reflective film 21 or the protective film
22 and light reflected by an absorber pattern 27.

For example, the absorber film 24 is set to have a reflectivity of 0.1% or
more and 40% or less for EUV light. Further, there may be, in addition to the
reflectivity difference described above, a desired phase difference between light
reflected by the multilayer reflective film 21 or the protective film 22 and light
reflected by the absorber pattern 27. Note that, when there is the desired
phase difference between such reflected lights, there is a case in which the
absorber film 24 in the reflective mask blank 30 is referred to as a phase shift
film.

When the desired phase difference is provided between the reflected

lights to improve contrast of light obtained by being reflected by the reflective
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mask 40, it is preferred that the phase difference be set in a range of 180
degrees+10 degrees, the absorber film 24 be set to have an absolute reflectivity
of 1.5% or more and 30% or less, and the absorber film 24 have a reflectivity of
2% or more and 40% or less with respect to the surface of the multilayer
reflective film 21 and/or the protective film 22.

The absorber film 24 may be a single layer or may have a laminated
structure. In the case of the laminated structure, the absorber film 24 may be
any one of a laminated film of the same material and a laminated film of
different materials. The material or composition of the laminated film may be
changed in stages and/or continuously in a thickness direction.

[0098]

A material of the absorber film 24 is not specifically limited. For
example, it is preferred that a material having the function of absorbing EUV
light, and formed solely of Ta (tantalum) or containing Ta as a main component
thereof be used. The material that contains Ta as a main component thereof is
ordinarily an alloy of Ta. It is preferred that, from the viewpoint of smoothness
and flatness, a crystal state of the absorber film 24 be amorphous or
microcrystalline. As the material that contains Ta as a main component thereof,
for example, a material containing Ta and B, a material containing Ta and N, a
material containing Ta and B, and further containing at least any one of O and N,
a material containing Ta and Si, a material containing Ta, Si, and N, a material
containing Ta and Ge, a material containing Ta, Ge, and N, or the like can be
used. Further, for example, by adding B, Si, Ge, or the like to Ta, an
amorphous structure can be easily obtained to improve the smoothness.
Further, by further adding N or O to Ta, resistance to oxidation can be improved
to improve stability over time. It is preferred that the absorber film 24 have a
microcrystalline structure or an amorphous structure. The crystal structure can

be confirmed using an X-ray diffractometer (XRD).
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[0099]

Specific examples of the tantalum-containing material for forming the
absorber film 24 include a tantalum metal and a material containing tantalum as
well as one or more elements selected from nitrogen, oxygen, boron and carbon
and being substantially free of hydrogen. Examples thereof include Ta, TaN,
TaON, TaBN, TaBON, TaCN, TaCON, TaBCN, and TaBOCN. The material
described above may contain a metal other than tantalum insofar as the effect
of this invention can be obtained. When the material containing tantalum that
forms the absorber film 24 contains boron, it is easy to control the absorber film

24 so as to have an amorphous structure (non-crystalline).

[0100]

It is preferred that the absorber film 24 of the reflective mask blank
according to this invention be formed of a material containing tantalum and
nitrogen. A nitrogen content in the absorber film 24 is preferably 30 at% or
less, more preferably 25 at% or less, and further preferably 20 at% or less. It
is preferred that the nitrogen content in the absorber film 24 be 5 at% or more.

[0101]

In the reflective mask blank 30 according to this invention, it is preferred
that the absorber film 24 contain tantalum and nitrogen, and the nitrogen
content therein be 10 at% or more and 50 at% or less. The absorber film 24
contains tantalum and nitrogen, and the nitrogen content is 10 at% or more and
50 at% or less, and thus, on a surface of the absorber film 24, the
predetermined relationship between the bearing area (%) and the bearing depth
(nm) and the predetermined range of the maximum height (Rmax) that are
described above can be obtained. Further, increase in size of crystal particles
that form the absorber film 24 can be inhibited, and thus, pattern edge
roughness when the absorber film 24 is patterned can be reduced.

In the reflective mask blank 30 according to this invention, the thickness
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of the absorber film 24 is set to be a thickness that is necessary for the
difference between light reflected by the multilayer reflective film 21 or the
protective film 22 and light reflected by the absorber pattern 27 is the desired
reflectivity difference. It is preferred that the thickness of the absorber film 24
be 60 nm or less for the purpose of reducing a shadowing effect.

Further, in the reflective mask blank 30 according to this invention, the
absorber film 24 can have a phase shift function of having the desired phase
difference between light reflected by the multilayer reflective film 21 or the
protective film 22 and light reflected by the absorber pattern 27. In that case,
the reflective mask blank 30 as a master for the reflective mask 40 with
improved transfer resolution by EUV light is obtained. Further, the thickness of
the absorber film 24 necessary for exerting a phase shift effect necessary for
obtaining the desired transfer resolution can be thinner than a related-art one,

and thus, a reflective mask blank with a reduced shadowing effect is obtained.

A material of the absorber film 24 having the phase shift function is not
particularly limited. For example, sole Ta or a material that contains Ta as a
main component thereof described above may be used, and other materials
may also be used. Examples of the materials other than Ta include Ti, Cr, Nb,
Mo, Ru, Rh, and W. In addition, examples thereof may include: an alloy
containing two or more elements of Ta, Ti, Cr, Nb, Mo, Ru, Rh, and W; and a
laminate film of those elements. In addition, these materials may each contain

one or more elements selected from nitrogen, oxygen, and carbon.

Note that, when the absorber film 24 is a laminated film, the absorber
film 24 may be a laminated film of layers of the same material or a laminated
film of layers of different materials. When the absorber film 24 is a laminated
film of layers of different materials, materials forming the plurality of layers may
have etching characteristics different from one another so that the absorber film

24 has the function of an etching mask.
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[0102]

Note that, the reflective mask blank 30 according to this invention is not
limited to the structure illustrated in Fig. 5. For example, a resist film to be a
mask for patterning the absorber film 24 may be formed on the absorber film 24,
and the reflective mask blank 30 provided with the resist film can also be the
reflective mask blank 30 according to this invention. Note that, the resist film
formed on the absorber film 24 may be a positive type or a negative type.
Further, the resist film may be for drawing with an electron beam or may be for
drawing with a laser. Further, a so-called hard mask film (etching mask film
25) may be formed between the absorber film 24 and the resist film, and this
embodiment can also be the reflective mask blank 30 according to this
invention.

[0103]

It is preferred that, in the reflective mask blank 30 according to this
invention, the multilayer firm 26 for a mask blank further include the etching
mask film 25 arranged so as to be in contact with a surface of the absorber film
24 on a side opposite to the substrate 10 for a mask blank. In the case of the
reflective mask blank 30 illustrated in Fig. 7, the multilayer firm 26 for a mask
blank on the main surface of the substrate 10 for a mask blank further has the
etching mask film 25 in addition to the multilayer reflective film 21, the protective
film 22, and the absorber film 24. The reflective mask blank 30 according to
this invention can further have a resist film on an outermost surface of the
multilayer firm 26 for a mask blank of the reflective mask blank 30 illustrated in
Fig. 7.

[0104]

Specifically, the reflective mask blank 30 according to this invention has
a structure in which, when sole Ta or a material that contains Ta as a main

component thereof is used as the material of the absorber film 24, the etching
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mask film 25 formed of a material containing chromium is formed on the
absorber film 24. When the reflective mask blank 30 has such a structure,
even if, after the transfer pattern is formed in the absorber film 24, the etching
mask film 25 is separated by dry etching using a gas mixture of a
chlorine-based gas and oxygen gas, the reflective mask 40 in which optical
characteristics of the absorber pattern 27 are satisfactory can be manufactured.
Further, the reflective mask 40 in which line edge roughness of the transfer

pattern formed in the absorber film 24 is satisfactory can be manufactured.
[0105]

An example of the chromium-containing material for forming the etching
mask film 25 is a material containing chromium as well as one or more elements
selected from nitrogen, oxygen, carbon, and boron. Examples thereof include
CrN, CrON, CrCN, CrCON, CrBN, CrBON, CrBCN, and CrBOCN. The
material described above may contain a metal other than chromium insofar as
the effect of this invention can be obtained. From the viewpoint of obtaining
the function as an etching mask for accurately forming the transfer pattern in the
absorber film 24, it is desired that the etching mask film 25 have a thickness of
3 nm or more. Further, from the viewpoint of reducing the thickness of the
resist film, it is desired that the etching mask film 25 have a thickness of 15 nm

or less.

[0106]

Next, a method of manufacturing the reflective mask blank 30 according
to this invention is described under a state in which the substrate 20 provided
with a multilayer reflective film illustrated in Fig. 4 is a starting material. In the
method of manufacturing the reflective mask blank 30 according to this
invention, the absorber film 24 is formed on the multilayer reflective film 21 that
is formed on the main surface of the substrate 10 for a mask blank. Note that,

when the substrate 20 provided with a multilayer reflective film illustrated in Fig.
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2 is used, the predetermined back surface conductive film 23 is further formed
on the back surface of the substrate 10 as described above.

[0107]

In a step of forming the absorber film 24 in the method of manufacturing
the reflective mask blank 30 according to this invention, it is preferred that the
absorber film 24 be formed by reactive sputtering using a sputtering target
formed of a material contained in the absorber film 24, and the absorber film 24
be formed so as to contain a component contained in an atmospheric gas in the
reactive sputtering. In the film formation by reactive sputtering, through
adjustment of the flow rate of the atmospheric gas, adjustment can be made so
that the surface shape is a predetermined shape.

[0108]

When the absorber film 24 is formed by reactive sputtering, it is
preferred that the atmospheric gas be a gas mixture including an inert gas and
nitrogen gas. In this case, the flow rate of nitrogen can be adjusted, and thus,
the absorber film 24 having appropriate composition can be obtained.

[0109]

In the method of manufacturing the reflective mask blank 30 according
to this invention, it is preferred that the absorber film 24 be formed using a
sputtering target of a material containing tantalum. As a result, the absorber
film 24 that contains tantalum and that appropriately absorbs light can be
formed.

[0110]

It is preferred that the method of manufacturing the reflective mask
blank 30 according to this invention further include a step of forming the
protective film 22 arranged so as to be in contact with the surface of the
multilayer reflective film 21. By forming the protective film 22, damage to the

surface of the multilayer reflective film 21 when the reflective mask (EUV mask)
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is manufactured can be inhibited, and thus, the reflectivity characteristics for
EUV light becomes more satisfactory. Further, in the reflective mask blank 30
that is manufactured, detection of a pseudo defect in defect inspection of the
surface of the protective film 22 using a highly sensitive defect inspection
apparatus can be inhibited to further clarify a critical defect.

[0111]

It is preferred that the protective film 22 be formed by ion beam
sputtering in which an ion beam is radiated to a sputtering target of a material of
the protective film 22. By the ion beam sputtering, the surface of the protective
film 22 can be smoothed, and thus, the surface of the absorber film 24 formed
on the protective film 22, and further, a surface of the etching mask film 25
formed on the absorber film 24 can be smoothed.

[0112]

It is preferred that the method of manufacturing the reflective mask
blank 30 according to this invention further include a step of forming the etching
mask film 25 arranged so as to be in contact with the surface of the absorber
film 24. By forming the etching mask film 25 having dry etching characteristics
that are different from those of the absorber film 24, the transfer pattern formed
in the absorber film 24 can be highly accurate.

[0113]

[Reflective Mask 40]

Next, the reflective mask 40 according to an embodiment of this
invention is described below. Fig. 6 is a schematic view for illustrating the
reflective mask 40 of this embodiment.

[0114]

The reflective mask 40 according to this invention has a structure in
which the absorber film 24 in the reflective mask blank 30 described above is

patterned to form the absorber pattern 27 on the multilayer reflective film 21 or
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on the protective film 22. In the reflective mask 40 according to this
embodiment, when exposure is performed with exposure light such as EUV light,
the exposure light is absorbed by portions of the surface of the reflective mask
40 on which the absorber film 24 is formed and the exposure light is reflected by
the exposed protective film 22 and multilayer reflective film 21 at other portions
on which the absorber film 24 is removed, and thus, the reflective mask 40
according to this embodiment can be used as the reflective mask 40 for
lithography. By using the reflective mask 40 according to this invention, when
the reflective mask 40 is inspected and measured by a defect inspection
apparatus, a coordinate measuring machine, and the like, slippage of the back
surface conductive film when the substrate and the like are fixed by a mount
can be inhibited.

[0115]

[Method of Manufacturing Semiconductor Device]

By transferring a transfer pattern such as a circuit pattern based on the
absorber pattern 27 of the reflective mask 40 to a resist film formed on a
transfer target such as a semiconductor substrate in a lithography process
using the reflective mask 40 described above and an exposure apparatus, and
by various other steps, a semiconductor device in which various transfer
patterns and the like are formed on the object to which transfer is performed
such as a semiconductor substrate can be manufactured.

[0116]

According to a method of manufacturing a semiconductor device of this
invention, the reflective mask 40 without a critical defect such as a foreign
matter or a flaw can be used in defect inspection using a highly sensitive defect
inspection apparatus, and thus, the transfer pattern such as a circuit pattern that
is transferred to a resist film formed on the object to which transfer is performed

such as a semiconductor substrate has no defect, and a semiconductor device



48

having a fine and highly accurate transfer pattern can be manufactured.

[0117]

Note that, a fiducial mark 44 can be formed on the substrate 10 for a
mask blank, the substrate 20 provided with a multilayer reflective film, and the
reflective mask blank 30 described above, and positions of the fiducial mark 44
and of a critical defect detected by the highly sensitive defect inspection
apparatus can be controlled based on coordinates thereof. Based on
positional information of the critical defect (defect data) obtained, by correcting
drawing data when the reflective mask 40 is manufactured so that the absorber
pattern 27 is formed at a location where the critical defect exists based on the
above-mentioned defect data and transferred pattern (circuit pattern) data,
defects can be reduced.

Examples

[0118]

Examples of manufacturing the substrate 20 provided with a multilayer
reflective film for EUV exposure, the reflective mask blank 30, and the reflective
mask 40 according to this invention are described below.

[0119]

First, the multilayer reflective film 21 was formed on the surface of the
substrate 10 for a mask blank for EUV exposure as described below to
manufacture the substrate 20 provided with a multilayer reflective film of
Examples 1 to 5 and Comparative Examples 1 and 2.

[0120]

<Manufacture of Substrate 10 for Mask Blank>

The substrate 10 for a mask blank used in Examples 1 to 5 and
Comparative Examples 1 and 2 was manufactured as described below.

[0121]

As the substrate 10 for a mask blank, a SiO,-TiO,-based glass
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substrate sized to be 152 mm x 152 mm and having a thickness of 6.35 mm
was prepared. After front and back surfaces of the glass substrate were
polished in stages with cerium oxide abrasive grain or colloidal silica abrasive
grain using a double side polisher, surface treatment was applied with a low
concentration of hydrofluosilicic acid. The surface roughness of a surface of
the glass substrate obtained by this was measured with an atomic force
microscope, and the root means square roughness (Rms) was 0.5 nm.

[0122]

A surface shape (surface geometry, flatness) and TTV (Total Thickness
Variation) of a region of 148 mm x 148 mm of the front and back surfaces of the
glass substrate were measured by a wavelength-shift interferometer using a
wavelength-modulated laser. As a result, the flatness of the front and back
surfaces of the glass substrate was 290 nm (convex). The result of the
measurement of the surface shape (flatness) of the front surface of the glass
substrate was stored in a computer as height information with respect to a
certain reference level for each measurement point, and is compared with 50
nm as a reference value of the front surface flatness (convex) necessary for the
glass substrate and with 50 nm as a reference value of the back surface
flatness, and the difference (necessary removal amount) was computed by a
computer.

[0123]

Then, conditions of local surface treatment in accordance with the
necessary removal amount were set with regard to each of treatment spot
shape regions in the glass substrate surfaces. A treatment volume of a spot
per unit time was calculated in advance using a dummy substrate by treating
the dummy substrate spot by spot without moving the substrate for a
predetermined period of time similarly to actual treatment, and the shape was

measured by the apparatus for measuring the surface shapes of the front and
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back surfaces. In accordance with the necessary removal amount obtained
from spot information and surface shape information of the glass substrate, a
scanning speed in raster scanning of the glass substrate was determined.

[0124]

In accordance with the set treatment conditions, local surface treatment
processing was performed so that the flatness of the front and back surfaces of
the glass substrate was equal to or smaller than the reference value described
above by magnetic viscoelastic fluid polishing (Magneto Rheological Finishing:
MRF) treatment using a substrate finishing apparatus with a magnetic
viscoelastic fluid to adjust the surface shape. Note that, the magnetic
viscoelastic fluid used in this case contained an iron component, and an alkaline
aqueous solution containing about 2 wt% of cerium oxide as a polishing agent
was used as polishing slurry. Then, after the glass substrate was soaked in a
cleaning bath having a hydrochloric acid aqueous solution at about a 10%
concentration (temperature of about 25°C) for about 10 minutes, rinsing with
pure water and drying with isopropyl alcohol (IPA) was performed.

[0125]

The surface shape (surface geometry, flatness) of the surfaces of the
glass substrate obtained was measured. The flatness of the front and back
surfaces was about 40 to 50 nm. Further, the surface roughness of a surface
of the glass substrate in a region of 1 umx1 um at an arbitrary location in a
transfer pattern formation region (132 mm x 132 mm) was measured with an
atomic force microscope, and the root means square roughness (Rms) was
0.37 nm. The state was rougher compared with the surface roughness before
the local surface treatment by MRF.

[0126]

Therefore, both of the front and back surfaces of the glass substrate

was polished using a double side polisher under polishing conditions in which
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the surface shape of the surface of the glass substrate was maintained or

improved. Polishing conditions of the finishing polish was as follows.

Processing liquid: alkaline aqueous solution (NaOH) +
polishing agent (concentration: about 2 wt%)

Polishing agent: colloidal silica, average particle diameter: about 70 nm

Number of rotations of polishing plate: about 1 rpm to about 50 rpm

Processing pressure: about 0.1 kPa to about 10 kPa

Polishing time: about 1 min to about 10 min

[0127]

After that, the glass substrate was washed with the alkaline aqueous
solution (NaOH). Thus, the substrate 10 for mask blank for EUV exposure was

obtained.

[0128]

The flatness and the surface roughness of the front and back surfaces
of the substrate 10 for a mask blank obtained were measured. The flatness of
the front and back surfaces was about 40 nm and the state before processing
by the double side polisher was maintained or improved, which was satisfactory.
Further, a region of 1 ymx1 ym at an arbitrary location in the transfer pattern
formation region (132 mm x 132 mm) of the substrate 10 for a mask blank
obtained was measured with an atomic force microscope, and the surface
roughness had a root means square roughness (Rms) of 0.13 nm and a
maximum height (Rmax) of 1.2 nm.

[0129]

Note that, the method of locally treating the substrate 10 for a mask
blank according to this invention is not limited to the magnetic viscoelastic fluid
polishing treatment described above. The treating method may also be Gas
Cluster lon Beams (GCIB) or a treating method using local plasma.

[0130]
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As described above, the substrate 10 for a mask blank used in
Examples 1 to 5 and Comparative Examples 1 and 2 was manufactured.

[0131]

<Manufacture of Multilayer Reflective Film 21>

The multilayer reflective film 21 of Examples 1 to 5 and Comparative
Examples 1 and 2 was formed as follows. Specifically, an Mo layer (low
refractive index layer having a thickness of 2.8 nm) and a Si layer (high
refractive index layer having a thickness of 4.2 nm) were alternately laminated
(40 pairs of laminates) by ion beam sputtering using an Mo target and a Si
target to form the multilayer reflective film 21 on the substrate 10 for a mask
blank described above. When the multilayer reflective film 21 was formed by
ion beam sputtering, an incident angle of sputtering particles of Mo and Si with
respect to the normal to the main surface of the substrate 10 for a mask blank in
the ion beam sputtering was 30 degrees, and a gas flow rate of the ion sources
was 8 sccm.

[0132]

After the multilayer reflective film 21 was formed, an Ru protective film
22 (having a thickness of 2.5 nm) was further successively formed on the
multilayer reflective film 21 by ion beam sputtering to form the substrate 20
provided with a multilayer reflective film. When the Ru protective film 22 was
formed by ion beam sputtering, an incident angle of sputtering particles of Ru
with respect to the normal to the main surface of the substrate 10 was 40
degrees, and a gas flow rate of the ion source was 8 sccm.

[0133]

<Formation of Fiducial Mark 44>

Then, a cross-shaped fiducial mark 44 having a length of 550 um was
formed by photolithography at predetermined positions at four corners outside

the region of 132 mm x 132 mm of the Ru protective film 22 and the multilayer
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reflective film 21 of Examples 1 to 5 and Comparative Examples 1 and 2. First,
a resist film was formed on a surface of the Ru protective film 22, and a pattern
of the predetermined fiducial mark 44 was drawn and developed to form a resist
pattern of the fiducial mark 44. Then, by dry etching the Ru protective film 22
and the substrate 20 provided with a multilayer reflective film with CIF3; gas that
was an F-based gas under a state in which the resist pattern was used as a
mask, the fiducial mark 44 was formed in the Ru protective film 22 and the
substrate 20 provided with a multilayer reflective film. After that, the resist
pattern that became unnecessary was separated. Fig. 10 is an illustration of
the reflective mask 40 having the fiducial mark 44.

[0134]

<Manufacture of Absorber film 24>

Then, the absorber film 24 was formed on the surface of the protective
film 22 of the substrate 20 provided with a multilayer reflective film of Examples
1 to 5 and Comparative Examples 1 and 2 described above by DC magnetron
sputtering. The absorber film 24 was the absorber film 24 of laminated films of
two layers of a TaBN film as an absorbing layer and a TaBO film as a low
reflection layer. A method of forming the absorber film 24 in Examples 1 to 5
and Comparative Examples 1 and 2 is as follows.

[0135]

First, the TaBN film as the absorbing layer was formed on the surface of
the protective film 22 of the substrate 20 provided with a multilayer reflective
film described above by DC magnetron sputtering. The TaBN film was formed
by reactive sputtering in an atmosphere of a gas mixture of Ar gas and N, gas
under a state in which the substrate 20 provided with a multilayer reflective film
was opposed to a TaB mixture-sintered target (Ta:B=80:20 in atomic ratio).
Table 1 shows film formation conditions such as flow rates of the Ar gas and the

N, gas when the TaBN film was formed. After the film formation, element
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composition of the TaBN film was measured by X-ray photoelectron
spectroscopy (XPS). Table 1 shows, together with the thickness of the TaBN
film, the element composition of the TaBN film measured by XPS. Note that, a
crystal structure of the TaBN film was measured by X-ray diffractometer (XRD),
and that turned out to be an amorphous structure.

[0136]

Next, the TaBO film (low reflection layer) containing Ta, B, and O was
further formed on the TaBN film by DC magnetron sputtering. As in the case of
the TaBN film, which is a first layer, the TaBO film was formed by reactive
sputtering in an atmosphere of a gas mixture of Ar gas and O, gas under a state
in which the substrate 20 provided with a multilayer reflective film was opposed
to the TaB mixture-sintered target (Ta:B=80:20 in atomic ratio). Table 1 shows
film formation conditions such as flow rates of the Ar gas and the O, gas when
the TaBO film was formed. After the film formation, element composition of the
TaBO film was measured by X-ray photoelectron spectroscopy (XPS). Table 1
shows, together with the thickness of the TaBO film, the element composition of
the TaBO film measured by XPS. Note that, a crystal structure of the TaBO
film was measured by X-ray diffractometer (XRD), and that turned out to be an
amorphous structure. As described above, the absorber film 24 (laminated

film) of Examples 1 to 5 and Comparative Examples 1 and 2 was formed.
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[0137]
[Table 1]
Target material TaB mixture-sintered target
9 (Ta:B=80:20 in atomic ratio)
. . Ar (sccm) 12.4
Film forming gas
Absorbin N; (sccm) 6.0
layer 9 [Film composition (by XPS) TaBN layer
Ta (at%) 74.7
B (at%) 12.1
N (at%) 13.2
Film thickness (nm) 56
Target material (same as absorbing layer)
Film forming gas Ar (sccm) 57.0
99 O, (sccm) 28.6
Low Film composition (by XPS) TaBO layer
reflection S
layer Ta (at%) 40.7
B (at%) 6.3
O (at%) 53.0
Film thickness (nm) 14
Total film thickness (nm) 70

[0138]

<Manufacture of Back Surface Conductive Film 23>

The back surface conductive film 23 was formed on the back surface of
the substrate 20 provided with a multilayer reflective film of Examples 1 to 5 and
Comparative Examples 1 and 2, on which the multilayer reflective film 21 was
not formed, by DC magnetron sputtering as follows. In Table 2, the
composition, thickness, and the like of the back surface conductive film 23 that
was formed are shown.

[0139]

<Manufacture of Back Surface Conductive Film 23 of Example 1>

The back surface conductive film 23 of Example 1 was formed as
follows. Specifically, reactive sputtering was performed using a gas mixture of

Ar gas (flow rate: 24 sccm) and N3 gas (flow rate: 6 sccm) as a film forming gas

under a state in which a Cr target was opposed to the back surface of the
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substrate 20 provided with a multilayer reflective film. Through adjustment of a
period of time for forming the back surface conductive film 23, the back surface
conductive film 23 of Example 1 had a thickness of 20 nm.

[0140]

<Manufacture of Back Surface Conductive Film 23 of Example 2>

As the back surface conductive film 23 of Example 2, the back surface
conductive film 23 including three layers of CrN/CrCN/CrON was formed by
sputtering using an inline sputtering apparatus. First, a CrN film having a
thickness of 15 nm was formed by reactive sputtering using a chromium target
in an atmosphere of a gas mixture of argon (Ar) and nitrogen (N) (Ar: 72 vol%,
N2: 28 vol%, under a pressure of 0.3 Pa). Then, a CrC film having a thickness
of 25 nm was formed by reactive sputtering using a chromium target in an
atmosphere of a gas mixture of argon and methane (Ar: 96.5 vol%, CH4:3.5
vol%, under a pressure of 0.3 Pa). Note that, the film formation was performed
using an inline sputtering apparatus, and thus, the CrC film contained N, and
the film was actually a CrCN film. Finally, a CrON film having a thickness of 20
nm was formed by reactive sputtering using a chromium target in an
atmosphere of a gas mixture of argon and nitric oxide (Ar: 87.5 vol%, NO: 12.5
vol%, under a pressure of 0.3 Pa). A nitrogen content of the CrN film obtained
was 20 at%, a carbon content of the CrC film (CrCN film) was 6 at%, and an
oxygen content and a nitrogen content of the CrON film were 45 at% and 25
at%, respectively. Note that, the film thicknesses described above were film
thicknesses when a single layer was formed. After the three layers of
CrN/CrCN/CrON were formed, a thickness of the entire three layers was
measured to be 70 nm.

<Manufacture of Back Surface Conductive Film 23 of Example 3>

The back surface conductive film 23 of Example 3 was formed under

the same conditions as those of the back surface conductive film 23 of Example
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1 except that the thickness thereof was 50 nm through adjustment of a period of
time for the formation thereof.

<Manufacture of Back Surface Conductive Film 23 of Example 4>

The back surface conductive film of Example 4 was formed as follows.
Specifically, reactive sputtering was performed using a gas mixture of Ar gas
(flow rate: 48 sccm) and N, gas (flow rate: 6 sccm) as a film forming gas under
a state in which a Cr target was opposed to the back surface of the substrate 20
provided with a multilayer reflective film. Through adjustment of a period of
time for forming the back surface conductive film 23, the back surface
conductive film 23 of Example 4 had a thickness of 200 nm.

<Manufacture of Back Surface Conductive Film 23 of Example 5>

The back surface conductive film 23 of Example 5 was formed as
follows. Specifically, reactive sputtering was performed using a gas mixture of
Xe gas (flow rate: 12 sccm) and N3 gas (flow rate: 6 sccm) as a film forming gas
under a state in which a Ta target was opposed to the back surface of the
substrate 20 provided with a multilayer reflective film. Through adjustment of a
period of time for forming the back surface conductive film 23, the back surface
conductive film 23 of Example 5 had a thickness of 70 nm.

[0141]

<Manufacture of Back Surface Conductive Film 23 of Comparative
Example 1>

The back surface conductive film 23 of Comparative Example 1 was
formed under the same conditions as those of the back surface conductive film
23 of Example 1 except that the thickness thereof was 200 nm through
adjustment of a period of time for the formation thereof.

[0142]

<Manufacture of Back Surface Conductive Film 23 of Comparative

Example 2>
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The back surface conductive film 23 of Comparative Example 2 was

formed under the same conditions as those of the back surface conductive film

23 of Example 1 and Comparative Example 1 described above except that a

mixture ratio of the film forming gas was such that Ar gas had a flow rate of 24

sccm and N, gas had a flow rate of 8 sccm.  Further, through adjustment of a

period of time for forming the back surface conductive film 23, the back surface

conductive film 23 of Comparative Example 2 had a thickness of 20 nm.

[0143]

As described above, the reflective mask blank 30 of Examples 1 to 5

and Comparative Examples 1 and 2 was obtained.

[0144]
[Table 2]
Example Example Comparative | Comparative
1 2 Example 1 Example 2

Back surface . CrN | CrNICICNICION CrN CrN
conductive film material
Film thickness (nm) 20 70 200 20
Rmax (nm) 1.53 8.15 17.7 1.26
Rms (nm) 0.152 0.83 2.89 0.141
Ratio in bearing curve
(BA70-BA30)/(BD70-BD3p)
(%/nm) 258.065 46.893 10.979 275.86
Measurement accuracy
of coordinates of pattern
for evaluation (nm) 2.4 2.2 2.1 8.0

Defect inspection of
surface of back surface
conductive film is
enabled/disabled
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[Table 3]
Example 3 Example 4 Example 5

Back su_rfacc_a . CrN CIN TaN
conductive film material
Film thickness (nm) 50 200 70
Rmax (hm) 3.27 14.8 2.84
Rms (nm) 0.355 1.432 0.343
Ratio in bearing curve
(BA70-BA30)/(BD70-BD3o) 1111 19.1 111.1
(%/nm)
Measurement accuracy of
coordinates of pattern for 2.3 2.1 2.4
evaluation (nm)
Defect inspection of surface
of back surface conductive o o o
film is enabled/disabled

[0145]

<Measurement with Atomic Force Microscope>

A region of 1 ymx1 ym at an arbitrary location (specifically, at the center
of the substrate having the back surface conductive film 23 formed thereon, and
a position at which the mount of a coordinate measuring machine abuts the
back surface conductive film 23) of the surface of the back surface conductive
film 23 of the reflective mask blank 30 obtained as Examples 1 to 5 and
Comparative Examples 1 and 2 was measured with an atomic force microscope.
In Table 2 and Table 3, values of the surface roughness (Rmax, Rms) obtained
by measurement with an atomic force microscope and of
(BA70-BA30)/(BD7o-BD3p) (%/nm) when the bearing area of 30% is defined as
BAso, the bearing area of 70% is defined as BA;o, and the bearing depths
corresponding to the bearing areas of 30% and 70% are defined as BD3 and
BD-o, respectively, are shown. Note that, the values of the surface roughness
(Rmax, Rms) and of (BA7o-BAso)/(BD7o-BD3g) shown in Table 2 and Table 3 are
average values of measurements that were made ten times.

[0146]
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In Fig. 8, results of bearing curve measurement of Examples 1 and 2
are shown. In Fig. 9, results of bearing curve measurement of Comparative
Examples 1 and 2 are shown. In Fig. 8 and Fig. 9, the vertical axis denotes
the bearing area (%) and the horizontal axis denotes the bearing depth (nm).
For reference purposes, BA7o, BA3, BD7o, and BD3g in the result of bearing
curve measurement of Example 2 are shown in Fig. 8.

[0147]

In the cases of Examples 1 and 2 shown in Fig. 8, the values of
(BA70-BAz0)/(BD70-BD3o) were 258.065 (%/nm) and 46.893 (%/nm), respectively,
which were in the range of from 15 (%/nm) to 260 (%/nm). On the other hand,
in the cases of Comparative Examples 1 and 2 shown in Fig. 9, the values of
(BA70-BAz0)/(BD70-BD3g) were 10.979 (%/nm) and 275.86 (%/nm), respectively,
which were outside the range of from 15 (%/nm) to 260 (%/nm).

Further, in Example 3, the value of (BA70-BAsz0)/(BD7o-BD3p) was 111.1
(%/nm), in Example 4, the value of (BA7o-BAs0)/(BD7o-BD3o) was 19.1 (%/nm),
and in Example 5, the value of (BA7o-BAz0)/(BD7o-BD3p) was 111.1 (%/nm),
which were in the range of from 15 (%/nm) to 260 (%/nm).

[0148]

Further, as shown in Table 2 and Table 3, in a region of 1 ymx1 um of
the surface of the back surface conductive film 23 of Examples 1 to 5, the
maximum height (Rmax) of the surface roughness obtained by measurement
with an atomic force microscope was 1.3 nm or more and 15 nm or less. On
the other hand, in a region of 1 ymx1 um of the surface of the back surface
conductive film 23 of Comparative Examples 1 and 2, the maximum height
(Rmax) of the surface roughness obtained by measurement with an atomic
force microscope was outside the range of 1.3 nm or more and 15 nm or less.

[0149]

Then, the surface of the back surface conductive film 23 of Examples 1
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to 5 and Comparative Examples 1 and 2 obtained as described above was
inspected for a defect using a mask blanks defect inspection apparatus
(MAGICS M1350) manufactured by Lasertec Corporation. Table 2 and Table 3
show results of the defect inspection. In Table 2 and Table 3, "o" means that
the inspection was able to be made and "x" means that the inspection was not
able to be made (the inspection was discontinued due to an overflow of the
number of detected defects). As is clear from Table 2, in the case of
Comparative Example 1, the number of detected defects was too large and an
overflow was caused, and thus, the defect inspection was not able to be made.
This suggests that, when the value of (BA7o-BAszo)/(BD70-BD3o) in the bearing
curve was 10.979 (%/nm) and less than 20 (%/nm) as in the case of
Comparative Example 1, the number of detected apparent defects increased
due to pseudo defects, and thus, measurement by a defect inspection
apparatus was impossible.

Fig. 11 is a graph for showing a frequency distribution in which a
relationship between the bearing depth (nm) of Example 1 and a frequency (%)
thereof is plotted. The vertical axis (Hist.) of the graph denotes the frequency
(%) and the horizontal axis (Depth) denotes the bearing depth (nm).

From the graph of Fig. 11, an absolute value of the bearing depth
(BDM) (nm) corresponding to a midpoint of a full width at half maximum FWHM
(in the example shown in Fig. 11, the dotted line on which the bearing depth is
(BD1+BD2)/2) and an absolute value (nm) of the bearing depth corresponding
to 1/2 of the maximum height (Rmax) (in the example shown in Fig. 11, shown
as the straight line with "1/2Rmax" that is in parallel with the vertical axis) were
determined. As a result, the bearing depth (nm) corresponding to the midpoint
of the full width at half maximum FWHM was 0.707 nm, and the absolute value
(nm) of the bearing depth corresponding to 1/2 of the maximum height (Rmax)

was 0.77 nm. Therefore, it was confirmed that the surface of the CrN film of
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Example 1 had a surface geometry in which the absolute value of the bearing
depth corresponding to the midpoint of the full width at half maximum was
smaller than the absolute value of the bearing depth corresponding to 1/2 of the
maximum height (Rmax).

The number of defects of 0.2 um or more was determined before the
surface of the back surface conductive film of Example 1 was chucked by an
electrostatic chuck and after the chucking and dechucking were repeated five
times by using a defect inspection apparatus (MAGICS 1350 manufactured by
Lasertec Corporation), and increase in the number was determined. The
measurement region was a region of 132 mm x 132 mm at the center of the
back surface conductive film. As a result, the increase in the number of
defects was 54, which was less than 100, and a satisfactory result was
obtained.

Then, the surface of the back surface conductive film of Example 1 after
the chucking and dechucking were repeated five times was cleaned with an
alkaline cleaning liquid. The number of defects of 0.2 ym or more was reduced
to 7, and a satisfactory surface state was able to be obtained.

Then, with regard to Example 2 and Example 5, similarly, the absolute
value of the bearing depth (nm) corresponding to the midpoint of the full width at
half maximum FWHM and the absolute value (nm) of the bearing depth
corresponding to 1/2 of the maximum height (Rmax) were determined. As a
result, in the case of Example 2, the bearing depth (nm) corresponding to the
midpoint of the full width at half maximum FWHM was 5.10 nm, and the
absolute value (nm) of the bearing depth corresponding to 1/2 of the maximum
height (Rmax) was 4.08 nm. On the other hand, in the case of Example 5, the
bearing depth (nm) corresponding to the midpoint of the full width at half
maximum FWHM was 1.42 nm, and the absolute value (nm) of the bearing

depth corresponding to 1/2 of the maximum height (Rmax) was 1.42 nm.
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Therefore, it was confirmed that each of the surface of the CrN film of Example
2 and the surface of the TaN film of Example 5 had a surface geometry in which
the absolute value of the bearing depth corresponding to the midpoint of the full
width at half maximum was equal to or larger than the absolute value of the
bearing depth corresponding to 1/2 of the maximum height (Rmax).

The number of defects of 0.2 yum or more was determined before each
of the surfaces of the back surface conductive films of Example 2 and Example
5 was chucked by an electrostatic chuck and after the chucking and dechucking
were repeated five times by using a defect inspection apparatus (MAGICS 1350
manufactured by Lasertec Corporation), and increase in the number was
determined. The measurement region was a region of 132 mm x 132 mm at
the center of the back surface conductive film. As a result, the increase in the
number of defects was 788 in Example 2 and the increase in the number of
defects was 176 in Example 5, which were each more than 100.

However, when each of the surfaces of the back surface conductive
films of Example 2 and Example 5 after the chucking and dechucking were
repeated five times was cleaned with an alkaline cleaning liquid, the number of
defects of 0.2 ym or more was reduced to 23 in Example 2 and reduced to 11 in
Example 5, and a satisfactory surface state was able to be obtained.

[0150]

<Manufacture of Mask 40 for Evaluating Coordinate Measurement>

A resist was applied to the surface of the absorber film 24 of the
reflective mask blank 30 of Examples 1 to 5 and Comparative Examples 1 and
2 by spin coating, and, through heating and cooling steps, a resist film having a
thickness of 150 nm was formed. Then, a resist pattern was formed through
steps of drawing and developing a pattern 42 for evaluating coordinate
measurement (simply referred to as "evaluation pattern 42") illustrated in Fig.

10.



64

[0151]

Fig. 10 is an illustration of the reflective mask 40 (mask 40 for
evaluating coordinate measurement) having the evaluation pattern 42. In the
reflective mask 40 illustrated in Fig. 10, 20x20 (400 in total) holes of the
evaluation pattern 42 (hole pattern 42, the holes being in the shape of a square
having a side of 500 nm) were equidistantly formed in the region of 132 mm X
132 mm in the absorber film 24. Note that, as illustrated in Fig. 10, the
cross-shaped fiducial mark 44 (having a length of 550 um) described above was
formed at the four corners outside the region of 132 mm x 132 mm.

[0152]

Specifically, for the purpose of manufacturing the mask 40 for
evaluating coordinate measurement, first, a coordinate measuring machine
(IPRO manufactured by KLA-Tencor Corporation) was used to measure
coordinates of the fiducial marks 44 (intersections of the crosses) formed in the
reflective mask blank 30. Then, a resist liquid was applied onto the absorber
film 24 of the reflective mask blank 30 to form a resist film. Then, the
evaluation pattern 42 described above was drawn using an electron beam (EB
lithography) on the resist film and development was performed to form a resist
pattern. In the electron beam lithography of the evaluation pattern 42, the
fiducial marks 44 described above were formed also in the absorber film 24 and
the resist film formed on the multilayer reflective film 21. The fiducial marks 44
were detected by the EB, and a correlation between coordinates of the fiducial
marks 44 and of the evaluation pattern 42 was examined. Reference
coordinates of the fiducial marks 44 were intersections of the crosses of the
fiducial marks 44. Then, the absorber film 24 was dry etched using a Cl-based
gas (for example, a gas mixture of chlorine (Cl,) and oxygen (O,)) with the resist
pattern being used as a mask to form the absorber pattern 27. Finally, the

resist film was separated to obtain the mask 40 for evaluating coordinate
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measurement.

[0153]

<Method of Evaluating Measurement Accuracy of Evaluation Pattern 42>

After the coordinates of the fiducial marks 44 of the mask 40 for
evaluating coordinate measurement were measured using a coordinate
measuring machine (IPRO manufactured by KLA-Tencor Corporation),
coordinates of the evaluation pattern 42 were measured to measure
measurement accuracy of the evaluation pattern 42 (coordinates of the hole
pattern 42). In Table 2 and Table 3, measurement accuracy of the evaluation
pattern 42 obtained by the measurement is shown. As is clear from Table 2
and Table 3, in the case of Comparative Example 2, the measurement accuracy
of the evaluation pattern 42 was 8.0 nm, which was larger than those in
Examples 1 to 5. This suggests that, when the value of
(BA70-BAz0)/(BD70-BD3p) in the bearing curve was 275.86 (%/nm) and more than
260 (%/nm) as in the case of Comparative Example 2, slippage of the mask for
evaluation was caused in the measurement using the coordinate measuring
machine to lower the positional accuracy of the evaluation pattern 42.

[0154]

<Manufacture of Reflective Mask 40 and Manufacture of Semiconductor
Device>

A resist was applied to the surface of the absorber film 24 of the
reflective mask blank 30 of Examples 1 to 5 and Comparative Examples 1 and
2 by spin coating, and, through heating and cooling steps, a resist film having a
thickness of 150 nm was formed. Then, a resist pattern was formed through
steps of drawing and developing a desired pattern. The absorber film 24 was
patterned by predetermined dry etching with the resist pattern being used as a
mask to form the absorber pattern 27 on the protective film 22. Note that,

when the absorber film 24 is a TaBN film, dry etching can be performed using a
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gas mixture of Cl, and He. Further, when the absorber film is a laminated film
of two layers of a TaBN film and a TaBO film, the dry etching can be performed
using a gas mixture of chlorine (Cl,) and oxygen (O2) (mixture ratio (flow rate
ratio) of chlorine (Cly):oxygen (O2)=8:2).

[0155]

After that, the resist film was removed, and cleaning with a chemical
solution was performed similarly to the above, to thereby manufacture the
reflective mask 40 of Examples 1 to 5 and Comparative Examples 1 and 2.
Note that, in the drawing step described above, in accordance with defect data
prepared based on the fiducial marks, drawing data was corrected so that the
absorber pattern 27 was arranged at a location at which a critical defect exists
based on the defect data and the transferred pattern (circuit pattern) data, to
thereby manufacture the reflective mask 40. The obtained reflective mask 40
of Examples 1 to 5 and Comparative Examples 1 and 2 was inspected for a
defect using a highly sensitive defect inspection apparatus ("Teron 610"
manufactured by KLA-Tencor Corporation).

[0156]

Slippage of the back surface conductive film due to a mount of the
coordinate measuring machine was inhibited, and the positional accuracy when
the pattern was measured using a coordinate measuring machine was
satisfactory. Thus, in measurement of the reflective mask 40 of Examples 1 to
5 using a highly sensitive defect inspection apparatus, the number of defects
was small and practically no problem was presented. On the other hand, in
the case of the reflective mask 40 of Comparative Examples 1 and 2, slippage
of the back surface conductive film due to the mount of the coordinate
measuring machine lowered the positional accuracy when the pattern was
measured using the coordinate measuring machine. Thus, a large number of

defects were detected through measurement using a highly sensitive defect
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inspection apparatus.

[0157]

Then, with use of the reflective mask 40 of Examples 1 to 5 and an
exposure apparatus, a pattern was transferred to a resist film formed on a
transfer target that was a semiconductor substrate, and after that, a wiring layer
was patterned and a semiconductor device was manufactured. A
semiconductor device without a pattern defect was able to be manufactured.
[0158]

Note that, in manufacturing the substrate 20 provided with a multilayer
reflective film and the reflective mask blank 30 described above, after the
multilayer reflective film 21 and the protective film 22 were formed on the main
surface of the substrate 10 for a mask blank on the side on which the transfer
pattern was to be formed, the back surface conductive film 23 was formed on
the back surface on the opposite side of the main surface, but this invention is
not limited thereto. After the back surface conductive film 23 is formed on the
main surface of the opposite side to the main surface on the side on which the
transfer pattern of the substrate 10 for a mask blank is to be formed to prepare
the conductive film coated substrate, the multilayer reflective film 21, and further,
the protective film 22 may be formed on the main surface on the side on which
the transfer pattern is to be formed to manufacture the substrate 20 provided
with a multilayer reflective film, and the absorber film 24 may be further formed
on the protective film 22 to manufacture the reflective mask blank 30. In the
case of the reflective mask blank 30 manufactured by this method, the number
of defects on the surface of the back surface conductive film was slightly larger
than that in examples described above, but the measurement accuracy of the
coordinates of the evaluation pattern was 2.5 nm or less, and it was confirmed
that an effect similar to that of the examples described above was able to be

obtained. When defect inspection is made under a state in which a mount of a
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defect inspection apparatus abuts the back surface conductive film 23 of the
substrate 20 provided with a multilayer reflective film or the reflective mask
blank 30, the positional accuracy of a detected defect in defect inspection of the
substrate 20 provided with a multilayer reflective film and the reflective mask
blank 30 is also improved, which is preferred.

In the above, the invention made by the inventors of this invention has
been described by way of the embodiments, but this invention is not limited to
the above-mentioned embodiments, and it should be understood that various
changes are possible within the scope not departing from the gist of this
invention.

This application claims priority from Japanese Patent Application No.
2013-202494, filed on September 27, 2013, the entire disclosure of which is

incorporated herein.

Description of Reference Numerals
[0159]
10 substrate for mask blank
20 substrate provided with multilayer reflective film
21 multilayer reflective film
22 protective film
23 back surface conductive film
24 absorber film
25 etching mask film
26 multilayer firm for mask blank
27 absorber pattern
30 reflective mask blank
40 reflective mask (mask for evaluating coordinate measurement)

42 evaluation pattern (hole pattern)
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44 fiducial mark

50 substrate provided with conductive film
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Claims

1. A conductive film coated substrate comprising:

a substrate for a mask blank for use in lithography; and

a conductive film formed on one main surface of the substrate;

wherein, in a frequency distribution chart where a relationship between a
bearing depth obtained by measuring, with an atomic force microscope, a region
of 1 um x 1 ym of a surface of the conductive film and a frequency (%) of the
bearing depth is plotted, an absolute value of a bearing depth corresponding to a
center of a full width at half maximum, which is determined from an approximated
curve drawn through the plotted points or a highest frequency of the plotted points,
is equal to or larger than an absolute value of the bearing depth corresponding to
1/2 of a maximum height (Rmax) of surface roughness of the surface of the
conductive film, and the maximum height (Rmax) is 1.3 nm or more and 15 nm or
less.

2. Aconductive film coated substrate according to claim 1, wherein a
root means square roughness (Rms) of surface roughness of the surface of the
conductive film is 0.15 nm or more and 1.0 nm or less.

3. Aconductive film coated substrate according to claim 1 or 2, wherein
the region of 1 um x 1 uym of the surface of the conductive film is in an arbitrary
location in a region of 148 mm x 148 mm.

4. A multilayer reflective film coated substrate comprising a multilayer
reflective film formed by alternately laminating a high refractive index layer and a
low refractive index layer, wherein the multilayer reflective film is formed on a main
surface of the conductive film coated substrate according to claim 1 or 2 on a side
opposite to a side on which the conductive film is formed.

5. A multilayer reflective film coated substrate according to claim 4,

further comprising a protective film formed on the multilayer reflective film.
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6. Areflective mask blank comprising an absorber film formed on the
multilayer reflective film or the protective film of the multilayer reflective film coated
substrate according to claim 4 or 5.

7. Areflective mask comprising an absorber pattern provided on the
multilayer reflective film, wherein the absorber pattern is formed by patterning the
absorber film of the reflective mask blank according to claim 6.

8. A method of manufacturing a semiconductor device, comprising a step
of performing a lithography process with the reflective mask according to claim 7

using an exposure apparatus to form a transfer pattern on a transfer target.



