[DESCRIPTION]

[Title of Invention]

PHOTOMASK BLANK, PHOTOMASK, AND PHOTOMASK MANUFACTURING
METHOD

[Technical Field]

[0001]

The present invention relates to a photomask blank, a photomask and a photomask
manufacturing method used for fabricating semiconductor devices and so on.
[Background Art]

[0002]

As a technique for forming a fine pattern image on a resist material, a photomask
manufacturing device and manufacturing method is known where an original pattern is
drawn on a photomask blank coated with a photoresist, which is subjected to heat
treatment after exposure and developed thereafter to fabricate a resist pattern. Then, a
light shielding film and a phase shift film are etched using the resist pattern as a mask.
The light shielding film is, for example, a film formed by adding oxygen, nitrogen or
carbon to a chromium film, and the phase shift film is, for example, a film formed by
adding a transition metal such as molybdenum to silicon, nitrogen or oxygen.

[0003]

Recently, along with the high integration of LSI, an exposure light source used for
manufacturing semiconductor devices uses shorter wavelength of light from KrF
excimer laser (wavelength of 248 nm) to ArF excimer laser (wavelength of 193 nm).
[0004]

Based on a relational expression E = hc/A between light energy E and wavelength A
(wherein h represents Planck’s constant and c represents velocity of light), shortening
of wavelength of light source means increase of energy per one photon. From the
viewpoint of state of energy, it means that the photomask is exposed to a state where
chemical reaction is more likely to occur, and therefore, a phenomenon has occurred
that has not been an issue in the step of manufacturing a wafer using an exposure
wavelength of 248 nm.

[0005]

Especially, one of the problems is the variation of mask pattern dimension during
exposure. Along with the increase in accumulated amount of exposure irradiated to a
line-based pattern on the mask, oxidation of the mask pattern has caused the
dimension of the line-based pattern to be enlarged, and the impact that the variation of
dimension provides on the manufacturing processes of leading-edge wafers has
become significant.

[0006]

Further, in a process of manufacturing leading-edge wafers, in order to improve
wafer transfer characteristics, a mainstream phase shift mask has a phase difference
between an ArF excimer laser beam transmitted through a light-transmissive substrate



and an ArF excimer laser beam transmitted through both the light-transmissive
substrate and the phase shift film (hereinafter simply referred to as “phase difference”)
of between 170 through 190 degrees and a light transmittance of 6 %. If the light
transmittance of the phase shift film on the phase shift mask is 6 %, a most favorable
wafer transfer characteristics is achieved where the phase difference is around 180
degrees.

[0007]

In a state of forming a phase shift film dry-etched using a fluorine-based gas where
the film thickness of the phase shift film is set to have a phase difference of around 177
degrees, a method of processing the light-transmissive substrate for about 3 nm
simultaneously to realize a final phase difference of around 180 degrees is known.
[0008]

Normalized Image Log Slope (NILS) that represents a slope of contrast of optical
energy distribution that passes through the photomask to form a pattern image on the
wafer resist, Depth of Focus (DOF) that represents a distance from a focus capable of
forming the pattern stably, Mask Error Enhancement Factor (MEEF) that represents a
degree of error of dimension on the mask being amplified on the wafer dimension, and
a bias (Electro Magnetic Field Bias: EMF bias) related to an electromagnetic field effect
in the mask pattern, are used as items for expressing wafer transfer characteristics.
[0009]

In 14-nm or finer generation of logic devices or in 20-nm or finer generation of
memory devices, transmittance of 6 % is not sufficient, so a high-transmittance phase
shift mask is gathering attention.

[0010]

By increasing the light transmittance, the phase shift effect is further enhanced, and
favorable wafer transfer characteristics can be achieved.
[0011]

In 14-nm or finer generation of logic devices or in 20-nm or finer generation of
memory devices, the dimension of the pattern on the wafer is required to be even finer,
and a high transmittance phase shift mask having a light transmittance of 20 % or
higher is desired to obtain higher wafer transfer characteristics.

[0012]

However, the phase shift film thickness must be increased to realize higher light
transmittance while maintaining the phase difference of the phase shift film to around
177 degrees.

[0013]

Further, along with the refinement of the photomask, a fine assist pattern is required,
but a problem occurs in a cleaning step for removing foreign substances in which the
assist pattern is collapsed and lost by the impact caused by cleaning fluid or rinse fluid.
This problem is caused by the increased thickness of the phase shift film, and in order



to improve durability against cleaning, the film thickness of the phase shift film must be
reduced.
[0014]

At the same time, a phase shift film that is as thin as possible is preferred, since the
thinner the film thickness of the phase shift film is, the better the EMF bias is.
[0015]

A silicon nitride film having eliminated transition metal such as molybdenum from the
phase shift film is drawing attention, since it has high light transmittance of the phase
shift film, so that good wafer transfer characteristics (NILS, DOF, MEEF, EMF bias)can
be realized and pattern variation by exposure is reduced.

[Citation List]

[Patent Literature]

[0016]

[JPL1] Japanese Patent Application Laid-Open Publication No. 2010-9038
[JPL2] Japanese Patent Application Laid-Open Publication No. 2016-191882
[Summary of Invention]

[Technical Problem]

[0017]

In 14-nm or finer generation of logic devices, double exposure or quadruplex
exposure are performed during the wafer manufacturing process, so that there is a
need to minimize the variation of mask dimension during wafer exposure. In contrast,
in order to improve irradiation resistance, a prior art halftone-type phase shift mask
forms a phase shift film mainly using silicon nitride and reducing the content of
transition metal such as molybdenum. (JPL1 and JPL2).

[0018]

Further, in order to realize favorable wafer transfer characteristics (NILS, DOF,
MEEF, EMF bias) during the wafer manufacturing process, the light transmittance of
the phase shift film is required to be 6 % or higher. (JPL1 and JPL2)

[0019]

Further, along with the refinement of the photomask, a fine assist pattern is required,
so that a phase shift film having a small film thickness is preferable to reduce the
influence of the cleaning fluid on the pattern during the cleaning step of the photomask.
(JPL1 and JPL2)

[0020]

However, according the method disclosed in JPL1 or JPL 2, the light transmittance of
the phase shift film is respectively 9 % or more and 30 % or less (JPL1) or 3 % or more
and 12 % or less (JPL2), and it is difficult to correspond to high transmittance that is
required in leading-edge photomasks.

[0021]

In order to increase the light transmittance by adding nitrogen or oxygen gas, it is

necessary to increase the film thickness of the phase shift film to maintain a phase



difference of around 177 degrees, and the possibility of collapsing of the pattern during
cleaning is increased.
[0022]

Further, silicon nitride is effective in increasing the light transmittance while
suppressing the film thickness of the phase shift film to a minimum and maintaining a
phase difference around 177 degrees, but in a monolayer film of silicon nitride, the light
transmittance cannot be increased higher than 18 %.

[0023]

The present invention aims at solving the problems described above, and the object
thereof is to provide a photomask blank, a photomask and a photomask manufacturing
method that adopts a phase shift film as thin as possible, that has favorable wafer
transfer characteristics (NILS, DOF, MEEF and EMF bias) and enables to ensure both
irradiation resistance and pattern collapse resistance during cleaning.

[Solution to Problem]
[0024]

A photomask blank according to one aspect of the present invention relates to a
photomask blank used for fabricating a photomask to which an exposure light with a
wavelength of 193 nm is applied, the photomask blank including a light-transmissive
substrate, a phase shift film formed on the light-transmissive substrate and providing a
phase shift effect, and a light shielding film formed on the phase shift film. The phase
shift film is composed by laminating a first phase shift film using a silicon nitride-based
material, and a second phase shift film using a silicon oxynitride-based material.
Further, the phase shift film has a light transmittance of 30 % or more with respect to
the exposure light, the first phase shift film has a refractive index n4 of 2.5 or more and
2.75 or less, the second phase shift film has a refractive index n; of 1.55 or more and
2.20 or less, the first phase shift film has an extinction coefficient k1 of 0.2 or more and
0.4 or less, and the second phase shift film has an extinction coefficient k; that is
greater than 0 and no greater than 0.1.

[0025]

According further to the photomask blank, a film thickness D+ of the first phase shift
film and a film thickness D, of the second phase shift film should preferably satisfy the
following relationship:

D¢ (nm)>-0.5 - D, (hm) + 45 nm, and

D1 (nm)<-0.5- Dy (nm) + 75 nm.

[0026]

Further according to the photomask blank, the light shielding film should preferably
not be etched by fluorine-based dry etching and be etched by oxygen-containing
chlorine-based dry etching and should preferably have a chromium content of 20
atomic % or more.

[0027]



A photomask according to one aspect of the present invention relates to a
photomask to which an exposure light with a wavelength of 193 nm is applied, the
photomask including a light-transmissive substrate, and a circuit pattern which is a
pattern formed on a phase shift film laminated on the light-transmissive substrate. The
phase shift film is composed by laminating a first phase shift film using a silicon nitride-
based material, and a second phase shift film using a silicon oxynitride-based material.
Further, the phase shift film has a light transmittance of 30 % or more with respect to
the exposure light, the first phase shift film has a refractive index n4 of 2.5 or more and
2.75 or less, the second phase shift film has a refractive index n; of 1.55 or more and
2.20 or less, the first phase shift film has an extinction coefficient k1 of 0.2 or more and
0.4 or less, and the second phase shift film has an extinction coefficient k; that is
greater than 0 and no greater than 0.1.

[0028]

According to this photomask, a film thickness D4 of the first phase shift film and a film
thickness D of the second phase shift film should preferably satisfy the following
relationship:

D1 (nm)>-0.5 - D, (hm) + 45 nm, and

D1 (nm)<-0.5 Dy (nm) + 75 nm.

[0029]

According to this photomask, a light shielding film should preferably be laminated on
the phase shift film positioned at a periphery portion of an effective area including the
circuit pattern, and the light shielding film should preferably be mainly composed of
chromium that may not substantially be etched by fluorine-based dry etching but can be
etched by oxygen-containing chlorine-based dry etching.

[0030]

Further, a photomask manufacturing method according to one aspect of the present
invention relates to a photomask manufacturing method using the above-described
photomask blank, the method including a step of forming a pattern on the light shielding
film by performing dry etching using an oxygen-containing chlorine-based gas to the
light shielding film, a step of forming a circuit pattern and a periphery portion pattern
that forms a periphery portion of an area including the circuit pattern on the phase shift
film by performing dry etching using a fluorine-based gas to the phase shift film using
the pattern formed on the light shielding film as a mask, a step of forming a resist
pattern on the periphery portion pattern, and performing dry etching using an oxygen-
containing chlorine-based gas using the resist pattern as a mask to remove a portion of
the light shielding film, and a step of removing the resist pattern.

[Advantageous Effects of Invention]
[0031]

According to the present invention, it becomes possible to realize a photomask blank
or a photomask having a good irradiation resistance while ensuring wafer transfer
characteristics.



[Brief Description of Drawings]

[0032]

[FIG. 1] FIG. 1 is a schematic cross-sectional view illustrating a configuration of a
photomask blank according to a first embodiment.

[FIG. 2] FIG. 2is a schematic cross-sectional view illustrating a configuration of a
photomask blank according to a second embodiment.

[FIG. 3] FIG. 3 is a schematic cross-sectional view illustrating a configuration of a
photomask blank in which a pattern processing film is deposited on a light shielding film.
[FIG. 4] FIG. 4 is a schematic cross-sectional view illustrating a configuration of a
photomask blank in which a pattern processing film and a resist film are laminated on
the light shielding film.

[FIG. 5] FIG. 5 is a schematic cross-sectional view illustrating a configuration of a
photomask according to the embodiment of the present invention.

[FIG. 6] FIG. 6 is a schematic view illustrating a photomask manufacturing method
according to the embodiment of the present invention.

[FIG. 7] FIG. 7 is a schematic view illustrating a photomask manufacturing method
according to the embodiment of the present invention.

[FIG. 8] FIG. 8 is a schematic view of a photomask manufacturing method using a
photomask blank in which a pattern processing film is deposited on a light shielding film.
[FIG. 9] FIG.9is aschematic view of a photomask manufacturing method according
to the embodiment of the present invention in which the pattern processing film is
deposited on the light shielding film.

[FIG. 10] FIG. 10 is a view illustrating a relationship between film thickness and light
transmittance of the phase shift film.

[FIG. 11] FIG. 11 is a view illustrating a relationship between film thickness D4 of a
first phase shift film and a second phase shift film D,, and NILS.

[FIG. 12] FIG. 12 is a graph illustrating a relationship between film thickness D4 of the
first phase shift film and film thickness D of the second phase shift film, and NILS.
[FIG. 13] FIG. 13 is a view illustrating a relationship between film thickness D4 of the
first phase shift film and film thickness D, of the second phase shift film, and NILS.
[FIG. 14] FIG. 14 is a graph illustrating a relationship between film thickness D4 of the
first phase shift film and film thickness D, of the second phase shift film, and NILS.
[Description of Embodiments]

[0033]

Now, an embodiment of the present invention will be described with reference to the
drawings. In the respective drawings, the same components are assigned with the
same reference numbers, and descriptions thereof may be omitted. The drawings
referred to in the description may show characteristic portions in enlarged views to help
understand the characteristics, and dimensions of the respective components do not
necessarily correspond to the actual dimensions.

[0034]



FIGs. 1 and 2 illustrate a photomask blank according to the present invention,
wherein FIG. 1 is a schematic cross-sectional view illustrating a configuration of a
photomask blank according to a first embodiment, and FIG. 2 is a schematic cross-
sectional view illustrating a configuration of a photomask blank according to a second
embodiment.

[0035]

A photomask blank 200 illustrated in FIG. 1 is a transmission-type phase shift mask
blank, which is a photomask blank used for fabricating a photomask to which exposure
light with a wavelength of 193 nm (which is obtained from an exposure light source
such as ArF excimer laser) is applied, and includes a light-transmissive substrate 103,
a phase shift film 102 formed on the light-transmissive substrate 103 and provides a
phase shift effect, and a light shielding film 101 formed on the phase shift film 102 in
contact therewith.

[0036]

The light shielding film 101 should preferably include chromium as a main
component, which is not etched substantially by fluorine-based dry etching but can be
etched by oxygen-containing chlorine-based dry etching, and preferably, the chromium
content should be 20 atomic % or more.

[0037]

The phase shift film 102 should preferably have a phase difference of 170 through
190 degrees, and a light transmittance of 20 % or more with respect to exposure light,
so as to obtain wafer transfer characteristics of a transfer pattern by phase shift effect
corresponding to exposure conditions. The phase difference of 180 degree is
especially preferable to obtain favorable wafer transfer characteristics.

[0038]

The phase shift film 102 adopts a two-layer structure composed of a first phase shift
film 102b and a second phase shift film 102a. A two-layer structure is adopted since a
combination of two kinds of films having different refractive index n and extinction
coefficient k enables a wider range of film thickness and light transmittance to be
realized compared to a single-layer film.

[0039]

Regarding the phase shift film 102, in order to reduce pattern dimension fluctuation
by exposure, a transition metal such as molybdenum should not be contained. Further,
the first phase shift film 102b should be composed of a silicon nitride-based material
such as Si3Ny4, and the second phase shift film 102a should be composed of a silicon
oxynitride-based material such as SiION. The reason for this composition is that in
order to thin the phase shift film while maintaining a phase difference of around 177
degrees, it is necessary to realize a phase shift film including a silicon nitride having a
large refractive index n and a relatively small extinction coefficient k. However, in the
case of a single-layer film using silicon nitride, the light transmittance is approximately
18 % at most, and a higher light transmittance cannot be realized. Therefore, a silicon



oxynitride-based material having an even smaller extinction coefficient k is laminated as
a phase difference adjusting film to realize a two-layer film formed of a film formed of a
silicon oxynitride-based material and a film formed of a silicon nitride-based material,
which enables to thin the film thickness of the phase shift film 102, and as a result, a
good EMF bias as described above can be achieved.

[0040]

Further, the reason why a silicon oxynitride-based material such as SiON is used as
the second phase shift film 102a is that it has a greater refractive index n than silicon
oxide that has been conventionally used as the phase difference adjusting film, and that
the film thickness of the phase shift film 102 can be further reduced.

[0041]

Regarding the phase shift film 102, by simultaneously reducing the film thickness of
the first phase shift film 102b having a relatively large extinction coefficient k and
adjusting the film thickness of the second phase shift film 102a having a relatively small
extension coefficient k compared to the first phase shift film 102b, it becomes possible
to realize a light transmittance of 30 % or higher while maintaining a phase difference of
around 180 degrees.

[0042]

The refractive index n and the extinction coefficient k of the first phase shift film 102b
and the second phase shift film 102a are known to be varied according to the
composition ratio of nitrogen and silicon of the first phase shift film 102b and the
composition ratio of oxygen, nitrogen and silicon of the second phase shift film 102a.
Among silicon nitrides existing stably in nature, SizN4 has a large refractive index n and
relatively small extinction coefficient k, so that it is suitably used in the first phase shift
film 102b. Further, among silicon nitride oxides existing stably in nature, SiON has a
greater refractive index n and even smaller extinction coefficient k, so that it is suitably
used in the second phase shift film 102a. Therefore, SisNy4 is preferably used for the
first phase shift film 102b, and SiON is preferably used for the second phase shift film
102a. If SizN4 is used for the first phase shift film 102b and SiON is used for the second
phase shift film 102a, the refractive index nq of the first phase shift film 102b may be 2.5
or more and 2.75 or less, the refractive index n, of the second phase shift film 102a
may be 1.55 or more and 2.20 or less, the extinction coefficient k4 of the first phase shift
film 102b may be 0.2 or more and 0.4 or less, and the extinction coefficient k; of the
second phase shift film 102a may be greater than 0 and no greater than 0.1.

[0043]

In the following description, a film formed on the light-transmissive substrate 103 in
contact therewith is referred to as a “lower layer film” and a film formed above the lower
layer film is referred to as an “upper layer film”. In the phase shift film 102 illustrated in
FIGs. 1 or 2, the first phase shift film 102b using silicon nitride-based material such as
SizNg4 is formed on the light-transmissive substrate 103 in contact therewith, and the
second phase shift film 102a using silicon oxynitride-based material such as SiON is



laminated thereon, so that the lower layer film is the first phase shift film 102b using
silicon nitride-based material, and the upper layer film is the second phase shift film
102a using silicon oxynitride-based material. However, the lamination order can be
opposite. That is, the phase shift film 102 may adopt a laminated structure in which the
lower layer film is the second phase shift film 102a using silicon oxynitride-based
material and the upper layer film is the first phase shift film 102b using silicon nitride-
based material. Incidentally, as illustrated in FIGs. 1 and 2, in the case of the phase
shift film 102 adopting a laminated structure in which the lower layer film is the first
phase shift film 102b and the upper layer film is the second phase shift film 102a, it has
better wafer transfer characteristics such as NILS compared to the film adopting an
opposite structure (laminated structure in which the upper layer film is the first phase
shift film 102b and the lower layer film is the second phase shift film 102a). Specific
examples will be described later.

[0044]

Further, in the case of the phase shift film 102 adopting a laminated structure in
which the upper layer film is the first phase shift film 102b and the lower layer film is the
second phase shift film 102a, while dry-etching the phase shift film 102 using fluorine-
based gas, end point detection using plasma emission becomes difficult since the
compositions of the light-transmissive substrate 103 and the second phase shift film
102a are extremely similar. Further, in etching the phase shift film 102 using an
electron beam corrector, a success rate of correction is deteriorated, since end point
detection is difficult by the same reason mentioned above and selectivity with the light-
transmissive substrate 103 is small. In consideration of these issues, the phase shift
film 102 should preferably adopt a laminated structure as illustrated in FIGs. 1 and 2,
where the lower layer film is the first phase shift film 102b and the upper layer film is the
second phase shift film 102a. Therefore, in the following description, unless denoted
otherwise, the phase shift film 102 in which the lower layer film is the first phase shift
film 102b and the upper layer film is the second phase shift film 102a will be described.
[0045]

Further, considering the wafer transfer characteristics such as NILS, the film
thickness Dy of the first phase shift film 102b and the film thickness D, of the second
phase shift film 102a of the phase shift film 102 should preferably satisfy a relationship
of
D1 (nm)>-0.5- Dy (nm) + 45 nm, and
D1 (nm) <-0.5- Dy (nm) + 75 nm.

[0046]

A photomask blank 250 illustrated in FIG. 2 adopts a similar basic configuration as
the photomask 200 illustrated in FIG. 1 but differs therefrom in that a resist film 104 is
further formed on the light shielding film 101.

[0047]
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The film thickness of the resist film 104 should preferably be 70 nm or more and 150
nm or less in order to prevent collapse of resist pattern when forming a fine pattern.
[0048]

A configuration as illustrated in FIG. 1 (or FIG. 2) is typical in a phase shift mask
blank, but a film other than those described above can be laminated. For example, a
different film (in the following description, this film is referred to as a “pattern processing
film”) can be laminated on the photomask blank illustrated in FIG. 1. Hereafter, an
example of a phase shift mask blank having such configuration will be described.
[0049]

FIG. 3 is a schematic cross-sectional view of a photomask blank adopting a
configuration where a pattern processing film is deposited on the light shielding film 101
of the photomask 200 described with reference to FIG. 1. In a photomask blank 500 of
FIG. 3, characteristics (such as the film thickness or the composition) of the light
shielding film 101 and the phase shift film 102 are the same as those illustrated in FIGs.
1 and 2. A pattern processing film 107 formed on the light shielding film 101 is a film
formed using a material, such as silicon-based material, that can be dry-etched by
fluorine-based dry etching.

[0050]

Meanwhile, a photomask blank 550 illustrated in FIG. 4 is a schematic cross-
sectional view illustrating a structure of the photomask blank 550 in which a resist film
108 is further laminated on the pattern processing film 107 of the photomask blank 500
of FIG. 3. The photomask blank 550 is the same as the photomask blank 500 other
than the point that the resist film 108 is laminated.

[0051]

By forming the photomask blank to have a configuration as illustrated in FIGs. 3 and
4, the film thickness of the resist film 108 can be reduced, and as a result, collapse of
resist during the developing step can be reduced. The film thickness of the resist film
108 should preferably be 70 nm or more and 100 nm or less to prevent collapse of
resist pattern when forming a fine pattern.

[0052]

FIG. 5 is a schematic cross-sectional view illustrating a structure of the photomask
according to an embodiment of the present invention. A photomask 300 illustrated in
FIG. 5 is a transmission-type phase shift mask that is fabrication using the photomask
200 (or 250) illustrated in FIG. 1 (or FIG. 2) or the photomask blank 500 (or 550)
illustrated in FIG. 3 (or FIG. 4). The photomask 300 illustrated in FIG. 5 is a photomask
to which exposure light having a wavelength of 193 nm is applied and includes at least
a light-transmissive substrate 103 and a circuit pattern formed by etching the phase
shift film 102 on the light-transmissive substrate 103. As described above, the phase
shift film 102 is a film composed by laminating the first phase shift film 102b and the
second phase shift film 102a.

[0053]
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In FIG. 5, the area denoted by reference number 105 is referred to as an effective
area 105, and the effective area 105 is an area including a circuit pattern (area in which
the circuit pattern is arranged). Further, a periphery portion pattern 106 composed of
the phase shift film 102 and the light shielding film 101 laminated thereon is provided on
the periphery portion of the effective area 105. In the following description, the portion
of the phase shift film 102 constituting the circuit pattern and the periphery portion
pattern is referred to as a “phase shift film pattern 102c”.

[0054]

Incidentally, light transmittance of the periphery portion pattern 106 with respect to
exposure light should preferably be 0.1 % or less. The reason of this configuration is to
prevent light other than the desired exposure light from being irradiated onto the wafer.
Normally, an exposure device called a stepper is used to transfer the mask pattern onto
the resist on the wafer, where exposure region is set by a mechanical shutter and step-
and-repeat is performed to realize reduced size projection exposure, and the periphery
portion pattern 106 is used to prevent overlap exposure light at the boundary portion of
the respective exposure steps. This is because if the transmittance of the periphery
portion pattern with respect to exposure wavelength is greater than 0.1 %, the overlap
exposure light will create a pattern.

[0055]

Next, a photomask manufacturing method according to the embodiment of the
present invention will be described. FIGs. 6 and 7 illustrate a flow of the steps for
manufacturing the photomask based on the form of the photomask blank 250 illustrated
in FIG. 2 on which the resist film 104 is formed.

[0056]

At first, steps (FIG. 6 <S-1>, <S-2> and <S-3>) for forming an etching mask pattern
101a on the light shielding film 101 by performing dry etching using oxygen-containing
chlorine-based gas to the light shielding film 101 using a first resist pattern 104a
(obtained by drawing a circuit pattern on the resist film 104 and developing the same)
formed on the light shielding film 101 of the photomask blank 250 as a mask are
performed. Next, a step (Fig. 6 <S-4>) for forming the phase shift film pattern 102c on
the phase shift film 102 by performing dry etching using fluorine-based gas to the
phase shift flm 102 using an etching mask pattern 101a formed on the light shielding
film 101 as a mask is performed.

[0057]

Next, a step (FIG. 6 <S-5>) for removing the first resist pattern 104a remaining on
the etching mask pattern 101a is performed. Thereafter, a step (FIG. 6 <S-6>) for
applying the resist film 104b thereon and a step (FIG. 6 <S-7>) for forming a second
resist pattern 104c on the periphery portion by drawing a pattern on the resist film 104b
and developing the same are performed. Next, a step (FIG. 6 <S-8>) for removing a
portion of the light shielding film 101 (etching mask pattern 101a) by performing dry
etching using oxygen-containing chlorine-based gas and using the second resist
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pattern 104c formed on the periphery portion as a mask is performed. Lastly, a step
(FIG. 7 <S-9>) for forming a periphery portion pattern (composed of the phase shift film
pattern 102c and the light shielding film 101 (etching mask pattern 101a) laminated on
the phase shift film pattern 102c) by removing the second resist pattern 104c formed on
the periphery portion is performed, to thereby fabricate a photomask 400. The resist
pattern can be removed by sulfuric acid hydration cleaning. Further, a laser drawing
device can be used for drawing patterns.

[0058]

FIGs. 8 and 9 illustrate a flow of the steps for manufacturing a photomask from the
photomask blank 550 illustrated in FIG. 4.

[0059]

At first, steps (FIG. 8 <T1>, <T2> and <T3>) for forming a pattern-processing pattern
107a on the pattern processing film 107 by performing dry etching using fluorine-based
gas to the pattern processing film 107 using a first resist pattern 108a (obtained by
drawing a circuit pattern on the resist film 108 and developing the same) formed on the
pattern processing film 107 of the photomask blank 550 as a mask are performed.
Next, a step (Fig. 8 <T-4>) for forming the etching mask pattern 101a on the light
shielding film 101 by performing dry etching using oxygen-containing chlorine-based
gas to the light shielding film 101 is performed.

[0060]

Next, a step (FIG. 8 <T-5>) for removing the first resist pattern 108a remaining on the
etching mask pattern 101a is performed.
[0061]

Thereafter, a step (FIG. 8 <T-6>) for forming the phase shift film pattern 102c on the
phase shift film 102 by performing dry etching using fluorine-based gas to the phase
shift film 102 using the etching mask pattern 101a formed on the light shielding film 101
as a mask is performed. Here, the pattern-processing pattern 107a is simultaneously
etched with the phase shift film 102 by the fluorine-based gas and removed.

[0062]

The steps performed hereafter are similar to the steps (FIG. 6 <S-6> to FIG. 7 <S-
9>) described with reference to FIGs. 6 and 7. At first, as illustrated in FIG. 8 <T-7>, a
step for applying the resist film 104b is performed, and then a step (FIG. 8 <T-8>) for
forming the second resist pattern 104c on the periphery portion by drawing a pattern on
the resist film 104b and developing the same is performed. Next, a step (FIG. 9 <T-9>)
for removing a portion of the light shielding film 101 (the etching mask pattern 101a) by
performing dry etching using oxygen-containing chlorine-based gas and using the
second resist pattern 104c formed on the periphery portion as a mask is performed.
Lastly, a step (FIG. 9 <T-10>) for forming a periphery portion pattern (composed of the
phase shift film pattern 102c and the light shielding film 101 (etching mask pattern
101a) laminated on the phase shift film pattern 102c) by removing the second resist
pattern 104c formed on the periphery portion is performed, to thereby fabricate the
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photomask 400. The resist pattern can be removed by sulfuric acid hydration cleaning.
Further, a laser drawing device can be used for drawing patterns.
[0063]

As described above, the pattern processing film should preferably be composed of a
silicon-based material capable of being etched by fluorine-based gas. Further, the film
thickness of the pattern processing film should preferably be 5 nm or more and 10 nm
or less to completely etch the pattern-processing pattern 107a during the etching time
of the phase shift film 102 in the step illustrated in FIG. 9 <T-6>.

[Example]
[0064]

In this example, wafer transfer characteristics were evaluated by wafer transfer
simulation so as to verify the validity of the photomask blank according to the present
invention and the photomask manufacturing method using the same.

[0065]

Simulation evaluation was obtained by performing calculation using S-Litho

manufactured by Synopsys, Inc.

[0066]

<Simulation Evaluation Conditions>

-NA: 1.35

-Sigma: QS X-0 deg, BL: 32 deg/Y - 90 deg, BL: 37 deg
-Polarization: Azimuthally polarization

-Target: 52 nm dense hole (Negative tone develop)
-Pitch: 100 nm

-Refractive index n4 of first phase shift film 102b: 2.60
-Extinction coefficient k4 of first phase shift film 102b: 0.35
-Refractive index n; of second phase shift film 102a: 1.85
-Extinction coefficient k, of second phase shift film 102a: 0.004
[0067]

In order to verify the validity of the photomask blank according to the present
invention, as a comparative example, wafer transfer simulation was also performed to a
conventional phase shift film, that is, phase shift film composed of silicon, molybdenum,
oxygen and nitrogen. The characteristics of the phase shift film according to the
comparative example are as follows.
<Comparative Example>

Transmittance: 6 %

Film thickness: 75 nm

Phase difference: 177.0 degrees

Refractive index n: 2.3

Extinction coefficient k: 0.55

The composition is as follows: 10 atomic % molybdenum content, 30 atomic %
silicon content, 10 atomic % oxygen content, and 50 atomic % nitrogen content.
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[0068]
The result of wafer transfer simulation regarding the phase shift film according to the
comparative example is illustrated in Table 1.

[0069]
[Table 1]

COMPARATIVE

EXAMPLE

LIGHT TRANSMITTANCE OF 6%
PHASE SHIFT FILM 102 [%] °
NILS 1.79
DOF[um] 0.51
MEEF 6.2
EMF BIAS 13.0
[0070]

(1) Evaluation of film thickness and light transmittance

At first, the relationship between light transmittance and film thicknesses of the first
phase shift film 102b using silicon nitride-based material and the second phase shift
film 102a using silicon oxynitride-based material was evaluated. In the present
example, the combination of the first phase shift film 102b and the second phase shift
film 102a capable of realizing a transmittance of 30 %, 40 %, 50 % and 60 % of the
phase shift film 102 is obtained by calculation, which is compared with the comparative
example described above. In the following description, regarding the phase shift film
102 having a transmittance of 30 %, 40 %, 50 % or 60 %, the first phase shift film 102b
serving as the lower layer film and the second phase shift film 102a serving as the
upper layer film are respectively referred to as “phase shift film 102 of example 17,
“phase shift film 102 of example 2”, “phase shift film 102 of example 3” and “phase shift
film 102 of example 4”.

[0071]

Upon computing the film thicknesses of the first phase shift film 102b and the second
phase shift film 102a constituting the phase shift film 102 of examples 1 through 4, in a
state where the phase difference at a wavelength of exposure light of ArF excimer laser
is approximately 177 degrees, the film thickness of the first phase shift film 102b and
the film thickness of the second phase shift film 102a that realize a minimum total film
thickness for the respective light transmittances of the phase shift film 102 were
computed. The computed results (film thicknesses of the first phase shift film 102b and
the second phase shift film 102a constituting the phase shift film 102 of examples 1
through 4) are shown in the following Table 2.

[0072]
[Table 2]

COMPARATIVE | EXAMPLE 1 | EXAMPLE 2 | EXAMPLE 3 | EXAMPLE 4
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EXAMPLE

LIGHT
TRANSMITTANCE
OF PHASE SHIFT
FILM 102 [%]

6% 30% 40% 50% 60%

FILM THICKNESS
OF SECOND
PHASE SHIFT
FILM 102a [nm]

NONE 22 51 62 73

FILM THICKNESS
OF FIRST PHASE
SHIFT FILM 102b
[nm]

NONE 49 33 28 22

TOTAL FILM
THICKNESS OF
PHASE SHIFT
FILM 102 [nm]

75 71 84 90 95

PHASE
DIFFERENCE 177.0 177.0 177.0 177.0 177.0
[degrees]

[0073]

As can be recognized from Table 2, as the light transmittance of the phase shift film
102 increases, the film thickness of the first phase shift film 102b is reduced and the
film thickness of the second phase shift film 102a is increased. Further, the total film
thickness of the phase shift film 102 increases as the light transmittance of the phase
shift film 102 increases, but according to the phase shift film 102 of the present
embodiment, the total film thickness of the phase shift film 102 (phase shift film 102 of
example 1) of the case where the light transmittance is 30 % is 71 nm, which means
that a high light transmittance could be realized by a film thickness that is thinner than
the phase shift film of the comparative example.

[0074]

Next, the phase shift film 102 in which the first phase shift film 102b and the second
phase shift film 102a are laminated in an opposite order as the phase shift film 102 of
examples 1 through 4 was evaluated. In the following description, the phase shift film
102 having a transmittance of 30 %, 40 %, 50 % or 60 % and wherein the first phase
shift film 102b is used as the upper layer film and the second phase shift film 102a is
used as the lower layer film are respectively referred to as “the phase shift film 102 of
example 57, “the phase shift film 102 of example 6”,”the phase shift film 102 of example
77, and “the phase shift film 102 of example 8”. Similar to the phase shift film 102 of
examples 1 through 4, in order to obtain the film thicknesses of the first phase shift film
102b and the second phase shift film 102a constituting the phase shift film 102 of
examples 5 through 8, the film thickness of the first phase shift film 102b and the film
thickness of the second phase shift film 102a realizing a minimum total film thickness at
the respective light transmittances of the phase shift film 102 in a state where the phase
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difference at the wavelength of exposure light of ArF excimer laser is approximately
177 degrees were computed. The results are shown in the following Table 3.
[0075]

[Table 3]

COMPARATIVE
EXAMPLE

EXAMPLE 5 | EXAMPLE 6 | EXAMPLE 7 | EXAMPLE 8

LIGHT
TRANSMITTANCE
OF PHASE SHIFT
FILM 102 [%]

6% 30% 40% 50% 60%

FILM THICKNESS
OF FIRST PHASE
SHIFT FILM 102b
[nm]

NONE 43 33 18 10

FILM THICKNESS
OF SECOND
PHASE SHIFT
FILM 102a [nm]

NONE 30 52 80 92

TOTAL FILM
THICKNESS OF
PHASE SHIFT
FILM 102 [nm]

75 73 85 98 102

PHASE
DIFFERENCE 177.0 177.0 177.0 177.0 177.0
[degrees]

[0076]

It has been recognized that also according to the phase shift film 102 of examples 5
through 8, the film thickness of the first phase shift film 102b was reduced and the film
thickness of the second phase shift film 102a was increased as the light transmittance
of the phase shift film 102 was increased, similar to the phase shift film 102 of
examples 1 through 4. Further, since the total film thickness of the phase shift film 102
according to example 5 (where the light transmittance is 30 %) was 73 nm, it can be
recognized that the phase shift film 102 according to the embodiment of the present
invention realizes a high light transmittance by a similar film thickness as the phase shift
film of the comparative example.

[0077]

Further, the change of film thickness of the phase shift film in a state where the light
transmittance is varied from 30 % to 100 % was calculated. The results are illustrated
in FIG. 10. The table illustrated on the lower portion of FIG. 10 illustrates the film
thickness of the second phase shift film, the film thickness of the first phase shift film
and the total film thickness of the phase shift film (which is the sum of film thickness of
the first phase shift film and film thickness of the second phase shift film) of cases
where the light transmittance is 30 %, 40 %, 50 %, 60 %, 70 %, 80 %, 90 % and 100 %,
and the graph on the upper part of FIG. 10 shows the result thereof. The result of FIG.
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10 is a result of calculation of the case where the first phase shift film 102b is used as
the lower layer film and the second phase shift film 102a is used as the upper layer film,
similar to the phase shift film 102 of examples 1 through 4.

[0078]

As can be recognized from FIG. 10, the total film thickness should be set to a value
that is greater 70 nm and is 114 nm or less to realize a light transmittance of 30 % or
more.

[0079]

Further, based on Tables 2 and 3, it can be recognized that the structure where the
first phase shift film 102b is used as the lower layer film and the second phase shift film
102a is used as the upper layer film (examples 1 through 4) realizes a thinner film
thickness than the phase shift film 102 of examples 5 through 8.

[0080]
(2) Evaluation of Wafer Transfer Characteristics

Next, Table 4 shows NILS, DOF, MEEF and EMF bias obtained by calculation
regarding the photomask 400 using the phase shift flms 102 of examples 1 through 4
and the photomask 400 using the phase shift film 102 of the comparative example,
improvement rate of the respective examples with respect to the comparative example,
and average improvement rate of each example. Evaluation was performed by setting
the phase difference of the photomask 400 to 180 degrees, in order to realize more
preferable transfer characteristics.

[0081]
[Table 4]

COMPARATIVE

EXAMPLE EXAMPLE 1 | EXAMPLE 2 | EXAMPLE 3 | EXAMPLE 4

LIGHT

YANSMITIANCE L 6% 30% 40% 50% 60%

FILM 102 [%]

NILS 1.79 2.26 1.94 2.01 1.98

DOF[um] 0.51 0.53 0.52 0.53 0.52

MEEF 6.2 5.0 5.8 5.3 5.5

EMF BIAS 13.0 8.4 6.1 6.9 6.1

NILS
IMPROVEMENT
RATE TO 25.8 8.17 12.08 10.41
COMPARATIVE
EXAMPLE [%]

DOF

IMPROVEMENT
RATE TO 3.6 2.6 4.5 2.6

COMPARATIVE
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EXAMPLE [%]

MEEF
IMPROVEMENT
RATE TO 19.9 6.1 15.3 11.1
COMPARATIVE
EXAMPLE [%]

EMF BIAS
IMPROVEMENT
RATE TO 35.3 53.1 47.0 53.2
COMPARATIVE
EXAMPLE [%]

AVERAGE
R IENT 21.2 17.5 23.2 22.3
RATE [%]

[0082]

As a result, it has been recognized that all items were improved in the photomask
400 using the phase shift film 102 of examples 1 through 4 compared to the phase shift
film of the comparative example. Therefore, the photomask according to the present
invention is effective in realizing high wafer transfer characteristics.

[0083]

Further, regarding NILS, the photomask 400 using the phase shift film 102 of
example 1 shows the most preferable result.
[0084]

Next, the NILS, DOF, MEEF and EMF bias for photomask 400 fabricated using the
phase shift film 102 of examples 5 through 8 were evaluated. This evaluation is also
performed with the phase difference of the photomask 400 set to 180 degrees.

[0085]

Regarding the photomask 400 using the phase shift film 102 of examples 5 through 8
and the comparative example, the NILS, DOF, MEEF and EMF bias with respect to the
light transmittance at the wavelength of exposure light of ArF excimer laser were
obtained by calculation, and results of improvement rates of the respective examples
with respect to the comparative example and average improvement rate of the
respective examples are shown in Table 5.

[0086]

Regarding the improvement rate of Table 5, "-" indicates that the improvement rate

has been deteriorated.

[0087]
[Table 5]
COMPARATIVE

EXAMPLE EXAMPLE 5 | EXAMPLE 6 | EXAMPLE 7 | EXAMPLE 8
CIGHT
TRANSMITTANCE
OF PHASE SHIFT 6% 30% 40% 50% 60%
FILM 102 [%]
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NILS 1.79 2.13 1.91 1.82 1.95

DOF[um] 0.51 0.52 0.52 0.51 0.51

MEEF 6.2 6.4 6.4 4.6 4.6

EMF BIAS 13.0 9.1 8.6 6.5 71

NILS
IMPROVEMENT
RATE TO 18.7 6.3 15 8.7
COMPARATIVE
EXAMPLE [%]

DOF
IMPROVEMENT
RATE TO 1.6 1.7 13 0.6
COMPARATIVE
EXAMPLE [%]

MEEF
IMPROVEMENT
RATE TO -3.1 2.3 26.6 26.5
COMPARATIVE
EXAMPLE [%]

EMF BIAS
IMPROVEMENT
RATE TO 29.6 34.0 49.4 44.8
COMPARATIVE
EXAMPLE [%]

AVERAGE
Xﬁh%S&EMENT 11.7 9.9 19.7 20.2
RATE [%]

[0088]

As a result, it can be recognized that all examples 1 through 8 were able to achieve
favorable wafer transfer characteristics than the comparative example, and that they
are valid for wafer fabrication. However, regarding examples 5 through 8, improvement
has been seen compared to the comparative example based on the average value of
improvement, but it can be seen that MEEF is deteriorated in examples 5 and 6.

[0089]

Further, the photomasks using the phase shift film 102 of examples 5 through 8 have
smaller improvement rates compared to examples 1 through 4. Therefore, the
structure where the first phase shift film 102b is used as the lower layer film and the
second phase shift film 102a is used as the upper layer film as according to examples 1
through 4 was more preferable since a more favorable wafer transfer characteristics
could be obtained.

[0090]

Next, the values of NILS in a state where the film thickness D1 of the first phase shift
film 102b and the film thickness D, of the second phase shift film 102a were varied
were examined. FIG. 11 illustrates the values of NILS of the phase shift film 102 in
which the first phase shift film 102b is used as the lower layer film and the second
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phase shift film 102a is used as the upper layer film in a state where D1 is varied within
the range of 5 nm to 65 nm and D, is varied within the range of 20 nm to 80 nm using
wafer transfer simulation, and FIG. 12 shows this result on a graph. Meanwhile, FIG.
13 illustrates the values of NILS of the phase shift film 102 in which the second phase
shift film 102a is used as the lower layer film and the first phase shift film 102b is used
as the upper layer film in a state where the film thicknesses D4 and D, are varied, and
FIG. 14 shows this result in a graph.

[0091]

The simulation evaluation was obtained by performing calculation using S-Litho
manufactured by Synopsys, Inc., similar to the aforementioned example, and the
evaluation conditions were the same as the aforementioned example.

[0092]

As shown in Table 1, the NILS of the phase shift film according to the comparative
example is 1.79. As shown in FIGs. 11 through 14, the relationship between the film
thickness Dy of the first phase shift film 102b and the film thickness D, of the second
phase shift film 102a in which the NILS is improved than the comparative example
should preferably fall within an area satisfying the following expressions:

D1 (nm)>-0.5- D, (nm) + 45 nm, and

D1 (nm)<-0.5- Dy (nm) + 75 nm.

Thereby, it can be said that from the viewpoint of transfer characteristics, D1 and D,
should fall within the range satisfying the above expressions.
[0093]

The photomask blank according to the present invention and the photomask
fabricated using the photomask blank have been described with reference to examples,
but the above-described examples are mere examples for implementing the present
invention, and the present invention is not limited to the illustrated examples.

[0094]

Various modifications of these examples, such as adding an antireflection coating on
the phase shift film 102, are within the scope of the present invention, and it is clear
from the above descriptions that other various examples are possible within the scope
of the present invention.

[0095]

Lastly, the actual method for manufacturing the photomask 400 and the phase shift
film 102 will be described. The phase shift film according to examples 1 to 8 can be
fabricated by making a deposition of the first phase shift film 102b on an optically-
polished, six-inch-square synthetic quartz substrate having transmittance with a 0.25 in.
film thickness, with using silicon as the target and with using nitrogen and argon as the
sputtering gas, and making a deposition of the second phase shift film 102a with using
silicon as the target and with using nitrogen, oxygen and argon as the sputtering gas,
by a DC magnetron sputtering device.

[0096]
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Next, the light shielding film 101 is deposited on the phase shift film 102 by a DC
magnetron sputtering device with using chromium as the target and with using nitrogen
and oxygen as the sputtering gas. Thereby, a mask blank is fabricated. Further, a step
for forming a pattern processing film on the light shielding film 101 for fabricating a
mask blank as explained in FIG. 3 and the like can be added.

[0097]

Next, an actual method for manufacturing the photomask 400 will be described.
[0098]

The photomask blank 200 illustrated in FIG. 1 according to the first embodiment of
the present invention was prepared. In the present example, the phase shift film 102
and the light shielding film 101 were set as follows.

[0099]

The phase shift film 102 had a total film thickness of 70 nm and a transmittance of
30 % and adopted a two-layer structure including the first phase shift film 102b with a
film thickness of 48 nm and the second phase shift film 102a with a film thickness of 22
nm. The first phase shift film 102b is formed of silicon nitride, and the second phase
shift film 102a is formed of silicon oxynitride.

[0100]

The light shielding film 101 was a single-layer film having a film thickness of 70 nm, a
chromium content of 50 atomic %, a carbon content of 20 % and a nitrogen content of
30 atomic %, wherein the combination of the phase shift film 102 and the light shielding
film 101 realized the transmittance of a wavelength of 193 nm is 0.1 % or smaller.
[0101]

A negative-type chemical amplification electron beam resist SEBN 2014
(manufactured by Shin-Etsu Chemical Co., Ltd.) was spin-coated to a film thickness of
150 nm on the photomask 200 to form the resist film 104, and the photomask blank 250
illustrated in FIG. 2 according to the second embodiment was realized (FIG. 6 <S-1>).
[0102]

Next, an evaluation pattern was drawn with a dosage of 35 pC/cm?, and thereafter,
heat treatment (PEB = Post Exposure Bake) was performed for ten minutes at 110 °C
by a heat treatment device. Next, development was performed for 90 seconds by
paddle development, and the first resist pattern 104a was formed (FIG. 6 <S-2>).
[0103]

Next, dry-etching was performed to the light shielding film 101 using oxygen-
containing chlorine-based gas under the conditions described below (FIG. 6 <S-3>).
Etching penetration failure did not occur in this state.

[0104]
<Dry-Etching Condition 1 of Light Shielding Film 101>

Apparatus: ICP (Inductively Coupled Plasma) method

Gas: Cl, + O, + He, Gas Pressure: 6 mTorr

ICP power: 400 W



22

Bias power: 15 W
[0105]
<Dry-Etching Condition 2 of Light Shielding Film 101>

Apparatus: ICP (Inductively Coupled Plasma) method

Gas: Cl, + O, + He, Gas Pressure: 6 mTorr

ICP power: 400 W

Bias power: 30 W
[0106]

Next, dry etching was performed to the phase shift film 102 using fluorine-based gas
under the following conditions (FIG. 6 <S-4>).

[0107]
<Dry-Etching Condition of Phase Shift Film 102>

Apparatus: ICP

Gas: SFg + Oy, Gas Pressure: 5 mTorr

ICP power: 325 W
[0108]

Next, the first resist pattern 104a was removed by sulfuric acid hydration cleaning
(FIG. 6 <S-5>).

[0109]

Next, the resist film 104b was coated (FIG. 6 <S-6>) and drawing was performed by
a laser drawing device. Thereafter, development was performed to form the second
resist pattern 104c (FIG. 6 <S-7>).

[0110]

Next, oxygen-containing chlorine-based gas was used to perform dry etching of the

etching mask pattern 101a (FIG. 6 <S-8>).
[0111]
<Dry-Etching Condition 1 of Etching Mask Pattern 101a>

Apparatus: ICP (Inductively Coupled Plasma) method

Gas: Cl, + O, + He, Gas Pressure: 8 mTorr

ICP power: 500 W

Bias power: 10 W
[0112]

Next, the second resist pattern 104c was removed by sulfuric acid hydration cleaning,
and the photomask 400 using the photomask blank according to the present invention
was fabricated (FIG. 7 <S-9>).

[Industrial Applicability]
[0113]

The photomask blank according to the present invention and the photomask
manufacturing method using the same can be applied as a phase shift mask blank for
fabricating a phase shift mask, and a method for manufacturing the phase shift mask,
that has favorable wafer transfer characteristics (NILS, DOF, MEEF and EMF bias),
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irradiation resistance and pattern collapse resistance during cleaning in a latest
photomask for a 14-nm or finer generation of logic devices or 20-nm or finer generation
of memory devices.

[Reference Signs List]

[0114]

101: Light shielding film, 101a: etching mask pattern, 102: phase shift film, 102a:
second phase shift film, 102b: first phase shift film, 102c: phase shift film pattern, 103:
light-transmissive substrate, 104: resist film, 104a: first resist pattern, 104b: resist film,
104c: second resist pattern, 105: effective area, 106: periphery portion pattern, 107:
pattern processing film, 107a: pattern processing pattern, 108: resist film, 108a: first
resist pattern, 200, 250, 500, 550 : photomask blank, 300: photomask, 400: photomask
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[CLAIMS]
[Claim 1]

A photomask blank used for fabricating a photomask to which an exposure light with
a wavelength of 193 nm is applied, the photomask blank comprising:

a light-transmissive substrate;

a phase shift film formed on the light-transmissive substrate and providing a phase
shift effect; and

a light shielding film formed on the phase shift film,

wherein the phase shift film is composed by laminating

a first phase shift film using a silicon nitride-based material, and

a second phase shift film using a silicon oxynitride-based material,

the phase shift film has a light transmittance of 30 % or more with respect to the
exposure light,

the first phase shift film has a refractive index ny of 2.5 or more and 2.75 or less, and
the second phase shift film has a refractive index ny of 1.55 or more and 2.20 or less,
and

the first phase shift film has an extinction coefficient ky of 0.2 or more and 0.4 or less,
and the second phase shift film has an extinction coefficient ko that is greater than 0
and no greater than 0.1, and

wherein a total film thickness of the phase shift film is greater than 70 nm and is 114
nm or less.

[Claim 2]

The photomask blank according to claim 1,

wherein the phase shift film is composed by laminating the second phase shift film on
the first phase shift film that is formed on the light-transmissive substrate.

[Claim 3]

The photomask blank according to claim 1 or claim 2,

wherein in the phase shift film, a film thickness D+ of the first phase shift film and a
film thickness D, of the second phase shift film satisfies the following relationship:

Dy (nm) >-0.5 - D2 (nm) + 45 nm, and

Dy (nm) <-0.5- D2 (nm) + 75 nm.

[Claim 4]

The photomask blank according to any one of claims 1 through 3,

wherein the light shielding film is substantially not etched by fluorine-based dry
etching and is capable of being etched by oxygen-containing chlorine-based dry
etching, and has a chromium content of 20 atomic % or more.

[Claim 5]

A photomask to which an exposure light with a wavelength of 193 nm is applied, the
photomask comprising a light-transmissive substrate, and a circuit pattern which is a
pattern formed on a phase shift film laminated on the light-transmissive substrate,

wherein the phase shift film is composed by laminating
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a first phase shift film using a silicon nitride-based material, and

a second phase shift film using a silicon oxynitride-based material,

the phase shift film has a light transmittance of 30 % or more with respect to the
exposure light,

the first phase shift film has a refractive index ny of 2.5 or more and 2.75 or less, and
the second phase shift film has a refractive index n, of 1.55 or more and 2.20 or less,
and

the first phase shift film has an extinction coefficient k1 of 0.2 or more and 0.4 or less,
and the second phase shift film has an extinction coefficient ko that is greater than 0
and no greater than 0.1, and

wherein a total film thickness of the phase shift film is greater than 70 nm and is 114
nm or less.
[Claim 6]

The photomask according to claim 5,

wherein the phase shift film is composed by forming the first phase shift film on the
light-transmissive substrate, and further laminating the second phase shift film on the
first phase shift film.
[Claim 7]

The photomask according to claim 5 or claim 6,

wherein in the phase shift film, a film thickness D+ of the first phase shift film and a
film thickness D, of the second phase shift film satisfies the following relationship:

Dy (nm) >-0.5 - D2 (nm) + 45 nm, and

Dy (nm) <-0.5- D2 (nm) + 75 nm.
[Claim 8]

The photomask according to any one of claims 5 through 7,

wherein the photomask comprises a light shielding film laminated on the phase shift
film positioned at a periphery portion of an effective area including the circuit pattern,
and

the light shielding film is substantially not etched by fluorine-based dry etching and is
capable of being etched by oxygen-containing chlorine-based dry etching, and has a
chromium content of 20 atomic % or more.
[Claim 9]

The photomask according to claim 8,

wherein a light transmittance to the exposure light of a laminated film conbining with
the light shielding film and the phase shift film provided on the periphery portion is
0.1 % or less.
[Claim 10]

A photomask manufacturing method using the photomask blank according to any
one of claims 1 through 4, the method comprising:

a step of forming a pattern on the light shielding film by performing dry etching using
an oxygen-containing chlorine-based gas to the light shielding film;



26

a step of forming a circuit pattern and a periphery portion pattern that forms a
periphery portion of an area including the circuit pattern on the phase shift film, by
performing dry etching using a fluorine-based gas to the phase shift film using the
pattern formed on the light shielding film as a mask;

a step of forming a resist pattern on the periphery portion pattern, and performing dry
etching using an oxygen-containing chlorine-based gas using the resist pattern as a
mask to remove a portion of the light shielding film; and

a step of removing the resist pattern.



