
PHOTOMASK BLANK, PHOTOMASK AND FABRICATION METHOD THEREOF Field of the
Invention [0001]       The present invention relates to a photomask, a
photomask blank,whichisarawmaterialofthephotomask,andfabrication methods
thereof. Background of the Invention [0002]       In recent years, in order
to meet the demand for miniaturization of circuit patterns required for
increasing the packaging density of large-scale integrated circuits,
advanced semiconductor micromachining techniques have become extremely
important. For example, increasing the packaging density of a large-scale
integrated circuit essentially requires a technique of thinning wires of
wiring patterns in the circuit or a technique of miniaturizing a contact
hole pattern for interlevel wiring of a cell. The trend toward
miniaturization of circuit patterns of large-scale integrated circuits is
being accelerated because it is the most effective approach to increase the
operation speed thereof and reduce the power consumption thereof. [0003] 



Most of such advanced micromachining techniques are based on the
photolithography technique using a photomask. Therefore, the photomask, as
well as the exposure apparatus and the resist material, is an essential
technique for  miniaturization. Therefore, in order to provide a photomask
having a wiring pattern of thinned wires and a miniaturized contact hole
pattern described above, development of a technique for forming a finer and
more precise pattern on a photomask blank has been pursued. [00041       To
form a highly precise photomask pattern on a photomask substrate, it is
essential that a resist pattern formed on a photomask blank is highly
precise. When micromachining a semiconductor substrate, reduction
projection photolithography is performed, and therefore, the size of the
pattern formed on the photomask is about four times as large as the size of
the pattern formed on the semiconductor substrate. However, this does not
mean that the restriction on the precision of the pattern formed on the
photomask is relaxed. On the contrary, the photomask pattern has to be
formed with higher precision than the pattern provided on the semiconductor
substrate after exposure. [0005]       Furthermore, at present, circuit
patterns written on semiconductor substrates by photolithography are
significantly small compared with wavelengths of exposure light. Thus, if
reduction projection exposure is performed using a photomask that has a
photomask pattern formed from a circuit pattern on a semiconductor
substrate through 4-fold magnification is used to perform, the photomask
pattern cannot be faithfully transferred onto the resist film due to
interference of the exposure light or the like. 



[0006]       Thus, as a super-resolution mask, there are commonly used an
OPC mask that corrects the optical proximity effect, which degrades the
transfer characteristics, by the so-called optical proximity effect
correction (OPC) and a phase-shift mask that makes the phases of adjacent
aperture patterns different by 180 to make the optical amplitude at the
middle of the adjacent aperture patterns zero. For example, the OPC mask
has to have an OPC pattern (a hammer head, an assist bar or the like) that
has a size one-half or less the size of the circuit pattern has to be
formed. Besides, a half-tone phase-shift mask, which has a region
transparent to the exposure light and a translucent region that has
controlled transmittance and phase-shift capability, is known as a
technique that provides a greatly improved resolution and widely used
because it does not require significant modification of the mask design.
[0007]       Typically, when forming a photomask pattern, a photoresist
film is formed on a photomask blank having a light-shielding film on a
transparent substrate, the photoresist film is irradiated with an electron
beam to write a pattern thereon, and the photoresist film is developed to
provide a resist pattern. Then, using the resist pattern as an etching mask
for the light-shielding film, the light-shielding film is patterned to form
aphotomaskpattern. In order to form a fine photomask pattern, it is
important  to make the photoresist film thin for the reason described
below. [0008] 



If the resist pattern is miniaturized without reducing the thickness of the
resist film, the aspect ratio (that is, the ratio between the resist film
thickness and the pattern width) of the part of the resist serving as the
etching mask for the light-shielding film increases. In general, as the
aspect ratio of the resist pattern increases, the pattern becomes more
susceptible to degradation, and if the resist pattern is used as the
etching mask, the precision of the transfer thereof onto the
light-shielding film decreases. In an extreme case, apart of the resist
pattern may fall or peel off, resulting in a defective pattern . Thus, as
the photomask pattern becomes finer, the thickness of the resist film used
as the etching mask for the light-shielding film has to be reduced to avoid
an undesirably great aspect ratio. The aspect ratio is desirably equal to
or less than 3. For example, when forming a resist pattern having a pattern
width of 70 nm, the thickness of the resist is desirably equal to or less
than 210 nm. [0009]       As for the material of the light-shielding film
that is patterned using the photoresist as an etching mask, many materials
have already been proposed. Among others, chrome-metal films and
chromium-compound films can contain a large amount of information about
etching, so that, in practical, such chromium compounds have been always
used as  the material of the light-shielding film, and forming the
light-shielding film from the chromium compound has been substantially
established as a standard process step. For example, in Japanese Patent
Laid-Open Nos. 2003-195479 and 2003-195483
andRegisteredJapaneseHtilityModelNo. 3093632, there have been disclosed
exemplary structures of photomask blanks, which have a light-shielding film
made of a chromium compound that has a light-shielding characteristic
required for a photomask blank designed for ArF exposure. [0010]       In
general, the light-shielding film made of a chromium compound is patterned
by oxygen-and-chlorine-based dry etching. However, such etching often has a
significant effect on an organic film, such as the photoresist. Thus, if
the light-shielding film made of a chromium compound is etched using a
relatively thin resist film as a mask, the resist is damaged during the
etching, the configuration of the resist pattern changes, and it is
difficult to accurately transfer the original resist pattern onto the
light-shielding film. [0011]       However, it is technically difficult to
make the photoresist, which is an organic film, have both high resolution
and patterning precision and high etching resistance. As far as a
conventional patterning process is used, there exists a tradeoff between
the resolution and the etching resistance. Specifically, the photoresist
film has to be made thinner to achieve higher resolution , while thinning 



of the photoresist film has to be limited to assure the etching resistance
during the patterning step. [0012]       Thus, in order to form a highly
precise photomask pattern while reducing the burden on a photoresist to
reduce the thickness thereof, it is necessary to optimize the structure
(including thickness and composition) of the light-shielding film to be
patterned. [0013]       As for the material of the light-shielding film,
many investigations have already been made. For example, in Japanese Patent
Laid-Open No. 2001-312043, there is reported an example in which a tantalum
metal film is used as a light-shielding film for ArF exposure. In this
example, a tantalum metal film is used as a light-shielding film, a
tantalum oxide film is used as an antireflection layer, and the two layers
are etched using a fluorine-based gas plasma, which is relatively unlikely
to damage a photoresist , in order to reduce the burden on the photoresist
during etching. [0014]       However, even if such an etching condition is
selected, as far as the two layers, the light-shielding film and the
antireflection layer, are etched using only the photoresist as amask ,
reduction of the burden on the photoresist is limited, and it is difficult
to sufficiently satisfy the demand for highly precise formation of a fine
photomask pattern. [0015] 



Alternatively, there has been known a technique of reducing the burden on
the photoresist during dry etching by using a hard mask. For example, in
Japanese Patent Laid-Open No. 63-85553, there is disclosed a technique of
dry-etching a metal silicide film using a Si02 film formed on the metal
silicide film as an etching mask. [0016]       However, the SiO2 film has a
poor conductivity, so that a problem of charge-up tends to occur during
exposure to an electron beam. Furthermore, defect inspection of the
photomask blank is typically based on the reflectance thereof, and light
having a wavelength of 257 nm is used for the defect inspection of a mask
for ArF-exposure . In order to accurately achieve the defect inspection,
the reflectance for the light of that wavelength has to fall within a range
of about 10 to 20 %. However, if the Si02 film is used as an etching mask,
there occurs a problem that the Si02 film has an excessively high
reflectance, which interferes with the defect inspection. [0017]       As
described above, conventional photomask blank structures cannot
satisfactorily meet the demand for highly precise formation of a fine
photomask pattern on the light-shielding film. This problem is particularly
serious in the case of a photomask for photolithography using exposure
light having a short wavelength of 250 nm or less for which high resolution
is required (KrF: 248 rim, ArF: 193 nm, F2: 157nm). Thus, as the wavelength
of the exposure light becomes shorter, the design of the light-shielding
film for forming  a highly precise photomask pattern that can reduce the
burden on the photoresist becomes more important. Description of the
Invention 



[0018]       The present invention has been devised in view of such
problems, and embodiment(s) of the present invention seeks to provide a
photomask blank that has a light-shielding film having a configuration that
allows highly precise formation of a fine photomask pattern through
reduction in thickness of a photoresist used as a mask for forming the
photomask pattern, and a photomask fabricated using the same photomask
blank. [0019]      A photomask blank according to aspects of the present
invention will now be described below. [0020]       According to a first
aspect of the present invention, there is provided a photomask blank
comprising: a transparent substrate; and a light-shielding film for
exposure light formed on the transparent substrate, characterized in that
the light-shielding film has a total thickness of 100 nm or less, 70 % or
more of which is accounted for by the thickness of a chromium compound that
has an optical density (OD) per unit   thickness of 0.025 nm-1 or less for
light having a wavelength of 450 nm. 



[0021]       Preferably, the total thickness of the light-shielding film is
equal to or less than 80 nm. [0022]       In addition, preferably, the
optical density (OD) of the light-shielding film is 2.5 to 3.5 for light
having a wavelength of 193 nm and/or 2.5 to 3.5 for light having a
wavelength of 248 nm. [0023]       The light-shielding film may be a
multilayer film that contains a stack of a plurality of layers, and the
uppermost layer of the multilayer film preferably has a thickness of 10 to
40 nm. [0024]       Preferably, the photomask blank has a light-shielding
film having a thickness of 100 nm or less that has a high etching rate and
a low metal percentage content. Thus, if a thin 



photoresist film (for example, a chemically amplified photoresist film
having a thickness of 250 nm or less) is formed by application and used as
a mask, the damage occurring during etching is substantially reduced.
[0025]       As described above, the photomask blank according to an
embodiment of the present invention achieves an increased dry-etching rate
by adapting the thickness and composition of each layer to provide a
desired optical characteristic and by providing a  light-shielding film
having a low metal percentage content. Therefore, the load on the
photoresist, which is used as a mask for forming a photomask pattern,
during dry etching is reduced, a practically acceptable level of etching
resistance is assured, and thus, the thickness of the photoresist film can
be reduced. That is, according to the embodiment of the present invention,
reduction in thickness of the photoresist film, which is required for
forming a fine photomask pattern with high precision, is achieved. [0026]
According to a second aspect of the present invention, there is provided a
half-tone phase-shift mask blank comprising: a transparent substrate; a
translucent film having a predetermined phase-shift capability and a
predetermined transmittance for exposure light formed on the transparent
substrate; and a light-shielding film formed on the translucent film,
characterized in that the translucent film has a region that contains both
silicon (Si) and molybdenum (Mo), and the light-shielding film has a
thickness of 60 nm or less, wherein 70 % or more the total thickness of the
light-shielding film is accounted for by the thickness of a chromium
compound that has an optical density (OD) per unit thickness of 0.025 nm-1
or less for light having a wavelength of 450 nm. [0027] 



Preferably, the thickness of the light-shielding film is equal to or less
than 50 nm. [0028]         The translucent film may be a multilayer film,
and at least one layer of the multilayer film is preferably a layer that
contains both silicon and molybdenum. [0029]        In addition,
preferably, the optical density (OD) of the light-shieldingfilmis 1 . 2 to
2 . 3 for lighthavingawavelength of 193 nm and/or 1.2 to 2.3 for light
having a wavelength of 248 nm. [0030)        Preferably, the
light-shieldingfilmis amultilayer film that contains a stackof a plurality
of layers, and the uppermost layer of the multilayer film has a thickness
of 10 to 30 nm. [0031] 



Preferably, 70 % or more of the total thickness of the light-shielding film
formed in the photomask blank according to the present invention is
accounted for by the thickness of a chromium compound that has a chromium
content of 50 atomic% or less in terms of atomic ratio. [0032]        In
addition, the light-shielding film may comprise a chromium-metal film
having a chromium content of 50 atomic % or more in terms of atomic ratio
and a first and a second chromium-compound film having a chromium content
of 50 atomic or less in terms of atomic ratio, and the chromium-metal film
maybe disposed between the first chromium-compound film and the second
chromium-compound film. [0033]         In addition, the
light-shieldingfilmmaycompriseafirst and a second chromium-metal film
having a chromium content of 50 atomic % or more in terms of atomic ratio
and a first, a second and a third chromium-compound film having a chromium
content of 50 atomic % or less in terms of atomic ratio, and the first
chromium-metal film may be disposed between the first
chromium-compoundfilmandthe second chromium-compound film, and the second
chromium-metal film may be disposed between the second chromium-compound
film and the third chromium-compound film. [0034] 



Preferably, the second chromium-compound film has a thickness of 3 to 30
nm. [0035]        In addition, the light-shielding film preferably has a
reflectance of 30 % or less for light having a wavelength of 250 nm to 270
nm, and the light-shielding film may have an anti-reflection capability.
[0036]       The light-shielding film may be a multilayer film that
contains a stack of a plurality of layers having different optical
characteristics, and the uppermost layer of the multilayer film preferably
has an extinction coefficient (k) of 1.0 to 1.5 for light having a
wavelength of 193 nm. [0037]       Preferably, a primary constituent
material of the uppeimost layer of the multilayer film is chromium oxide,
chromium nitride or chromium oxynitride, and the percentage  contents
(atomic go-) of oxygen, nitrogen and carbon in the film at depths of 0.5 to
1.0 nm from the surface of the uppermost layer are related according to the
oxygen content > nitrogen content > carbon content. 



[0038]       Preferably, the phase-shift mask blank has a light-shielding
film having a thickness of 60 nm or less that has a high etching rate and a
low metal percentage content and is formed on the translucent film
containing both silicon and molybdenum. Thus, if a thin photoresist film
(for example, a chemically amplified photoresist film having a thickness of
250 nm or less) is formed by application and used as a mask, the damage
occurring during etching is substantially reduced. [0039]       As
described above, the phase-shift mask blank according to an embodiment of
the present invention achieves an increased dry-etching rate by adapting
the thickness and composition of each layer to provide a desired optical
characteristic and by providing a light-shielding film having a low metal
percentage content. Therefore, the load on the photoresist, which is used
as a mask for forming a photomask pattern, during dry etching is reduced, a
practically acceptable level of etching resistance is assured, and thus,
the thickness of the photoresist film can be reduced. That is, according to
the embodiment of the present invention, reduction in thickness of the
photoresist film, which is required for forming a fine photomask pattern
with high precision, is achieved.  [0040]      According to an embodiment
of the present invention, the dry-etching rate is increased by reducing the
chromium content (increasing the light element content) of the
light-shielding film of the photomask blank compared with a conventional
chromium-based light-shielding film, and the thickness and stack structure
thereof is adapted to provide a desired optical characteristic. Therefore,
the load on the photoresist, which is used as a mask for forming a
photomask pattern, during dry etching is reduced, a practically acceptable
level of etching resistance is assured, and thus, the thickness of the
photoresist film can be reduced. [0041] 



In particular, in order to reduce the thickness and assure a sufficient
light-shielding effect, the light-shielding film according to an embodiment
of the present invention has a structure including a stack of a
light-element-rich and chromium-poor film and a thin chromium-metal film.
Thus, the thin chromium-metal film can enhance the light-shielding effect,
reduce the stress exerting between the stacked films, and provide a
sufficient conductivity. [0042]      That is, according to an embodiment of
the present invention, there can be provided a photomask blank that
satisfies all of a plurality of requirements including control of the
optical characteristic to provide desired transmittance T and reflectance
R, stress reduction during film deposition, and control of the conductivity
of the light-shielding film and  allows formation of a fine photomask
pattern on the light-shielding film with high precision. [0042a]
According to a third aspect of the present invention, there is provided a
photomask fabricated using a photomask blank according to the first or
second aspect of the present invention described hereinbefore. [0042b] 



According to a fourth aspect of the present invention, there is provided a
fabrication method of a photomask blank characterized in that the method
comprises a step of applying a chemically amplified photoresist to the
surface of a photomask blank according to the first or second aspect of the
present invention described hereinbefore to form a chemically amplified
photoresist film having a thickness of 250 nm or less. [0042c]
According to a fifth aspect of the present invention, there is provided a
fabrication method of a photomask characterized in that the method
comprises a step of applying a chemically amplified photoresist to the
surface of a photomask blank according to the first or second aspect of the
present invention described hereinbefore to form a chemically amplified
photoresist film having a thickness of 250 nm or less.  BRIEF DESCRIPTION
OF THE DRAWINGS [0043] [Fig.1A]Figure lA is a schematic cross-sectional
view for illustrating an exemplary structure of a light-shielding film
formed in a photomask blank according to the present invention; 



[Fig.1B]Figure 1B is a schematic cross-sectional view for illustrating an
exemplary structure of a light-shielding film folLued in a photomask blank
according to the present invention; [Fig.1C]Figure 1C is a schematic
cross-sectional view for illustrating an exemplary structure of a
light-shielding film formed in a photomask blank according to the present
invention; [Fig.1D]Figure 1D is a graph for illustrating the dependency of
the optical characteristic (transmittance) of the light-shielding films
shown in Figures lA to 1C on the composition (chromium percentage content)
thereof; [Fig.2]Figure 2 is a graph for illustrating the dependency of the
reflectance for light having a wavelength of 257 nm, which is used for
defect inspection of the photomask blank, on the chromium percentage
content of the light-shielding film; 



[Fig.3]Figure 3 is a graph for illustrating the dependency, on the chromium
percentage content, of the  dry-etching rate determined based on the clear
time in the case where the light-shielding film is etched by
oxygen-and-chlorine-based dry etching;       [Fig.4A[ Figure 4A is a
schematic cross-sectional view for illustrating an exemplary structure of
alight-shielding film formed in the photomask blank according to the
present invention;       [Fig. 4B] Figure 4B is a schematic cross-sectional
view for illustrating an exemplary structure of alight-shielding film
formed in the photomask blank according to the present invention;
[Fig.4C] Figure 40 is a schematic cross-sectional view for illustrating an
exemplary structure of a light-shielding film formed in the photomask blank
according to the present invention;       [Fig. 4D] Figure 4D is a graph
for illustrating the wavelength dependency of the reflectance of the
light-shielding films shown in Figures 4A to 4C; 



[Fig.4E] Figure 4E is a graph for illustrating the wavelength dependency of
the transmittance of the light-shielding films shown in Figures 4A to 4C;
[Fig.5A] Figure 5A includes schematic cross-sectional views for
illustrating various stack structures of light-shielding films that the
photomask blank according to the present invention can have;       [Fig.5B]
Figure 5B is a graph for illustrating the wavelength dependency of the
reflectance of the light-shielding films shown in Figure 5A;
[Fig.5C] Figure 5C is a graph for illustrating the wavelength dependency of
the transmittance of the light-shielding films shown in Figure 5A;
[Fig.6A] Figure 6A includes schematic cross-sectional views for
illustrating various stack structures of light-shielding films that differ
in position of a chromium-metal film therein;       [Fig.6B] Figure 6B is a
graph for illustrating the reflectance characteristics of the
light-shielding films shown in Figure 6A;       [Fig.7A] Figure 7A includes
schematic cross-sectional views for illustrating stack structures of
light-shielding films having a light-element-rich and chromium-poor film
formed on the side of the surface; 



[Fig.7B] Figure 713 is a graph for illustrating the reflectance
characteristics of the light-shielding films shown in Figure 7A;
[Fig.8A] Figure 8A includes schematic cross-sectional views for
illustrating exemplary structures of light-shielding films having a
plurality of chromium-metal films serving as transmittance adjustment
films;       [Fig.8B] Figure 8B is a graph for illustrating the reflectance
characteristics of the light-shielding films shown in Figure 8A;
[Fig.9A] Figure 9A is a schematic cross-sectional view for illustrating an
exemplary structure of photomask blanks according to the present invention;
[Fig.9B] Figure 9B is a schematic cross-sectional view for illustrating an
exemplary structure of photomask blanks according to the present invention;
[Fig.10] Figure 10 is a diagram for illustrating an exemplary arrangement
of a film deposition apparatus  ( sputtering apparatus ) used for
fabricating a photomask blank according to the present invention; 



[Fig.11A] Figure 11A is a diagram for illustrating an exemplary process of
patterning a photomask blank according to the present invention;
[Fig.11B] Figure 11B is a diagram for illustrating an exemplary process of
patterning a photomask blank according to the present invention;
[Fig.11C] Figure 11C is a diagram for illustrating an exemplary process of
patterning a photomask blank according to the present invention;
[Fig.11D] Figure 11D is a diagram for illustrating an exemplary process of
patterning a photomask blank according to the present invention;       [Fig
. 12A] Figure 12A is a schematic cross-sectional view for illustrating an
exemplary structure of phase-shift mask blanks according to the present
inventions;       [Fig. 12B} Figure 12B is a schematic cross-sectionalview
for illustrating an exemplary structure of phase-shift mask blanks
according to the present inventions;       [ Fig . 12C ] Figure 12C is a
schematic cross-sectionalview for illustrating an exemplary structure of
phase-shift mask blanks according to the present inventions;  



[Fig. 13A] Figure 13A is a diagram for illustrating an exemplary process of
patterning a phase-shift mask blank according to the present invention;
[Fig. 13B] Figure 13B is a diagram for illustrating an exemplary process of
patterning a phase-shift mask blank according to the present invention;
[Fig. 13C] Figure 13C is a diagram for illustrating an exemplary process of
patterning a phase-shift mask blank according to the present invention; and
[Fig. 13D] Figure 13D is a diagram for illustrating an exemplary process of
patterning a phase-shift mask blank according to the present invention.
Best Mode of Carrying Out the Invention [0044]       In the following, best
modes for carrying out the present invention will be described with
reference to the drawings. [0045] (Example 1: Light-shielding film of
photomask blank according to present invention) 



[0046]       In order to enable reduction of the thickness of a photoresist
used as a mask for forming a photomask pattern, damagetothephotoresist
duringetchingofthelight-shielding film that is patterned using the
photoresist mask has to be reduced. To this end, it is essential to reduce
the time required for etching of the light-shielding film by reducing the
physical thickness of the light-shielding film to be patterned and/or by
increasing the etching rate of the light-shielding film. [0047)
Investigations by the inventors have proven that the etching rate of the
light-shielding film can be achieved by reducing the metal percentage
content of the film. This means that high-rate etching can be achieved by
designing a chromium-based light-shielding film, which is commonly used, to
reduce the chromium content (percentage content) of the film. [00481
For example, in the case where a light-shielding film of a chromium
compound is dry-etched using chlorine gas containing oxygen (a gas mixture
of C12 gas and 02 gas), the etching rate increases as the chromium
percentage content (atomic %) of the light-shielding film decreases .
Therefore, by reducing the chromium percentage content of thefilmwhile
increasing the percentage content of a light element, high-rate etching of
the light-shielding film can be achieved, and the burden on the photoresist
mask can be reduced. 



[0049]       However, if the light-element percentage content of the
chromium-compound film is increased while reducing the chromium percentage
content thereof, the extinction coefficient k is reduced at longer
wavelengths , andas a result , the transmittance T is increases, and the
light-shielding effect is reduced. Thus, if the chromium percentage content
of the film is simply reduced, the thickness of the film has  to be
increased in order to assure an adequate light-shielding effect as the
light-shielding film, and thus, it is difficult to attain the original
purpose, that is, reduction of the etching time. In other words, there is a
trade-off between , increase of the etching rate and reduction of the film
thickness. [0050]       In addition, as described earlier, a photomask
blank is subjected to defect inspection before patterning. The defect
inspection is typically based on the reflectance of light of an inspection
wavelength, and thus, the optical characteristic of the light-shielding
film has to be designed so that the reflectance thereof is neither
excessively high nor low and falls within an adequate range in order to
achieve the defect inspection with high precision. That is, control of the
reflectance of the light-shielding film is an important factor for
achieving the defect inspection of the photomask blank with high precision.
[0051] 



As describedabove, in designing the light-shielding film of the photomask
blank that allows reduction of the thickness of the photoresist mask, the
chromium percentage content of the chromium-based light-shielding film is
reduced while increasing the percentage content of a light element in order
to increase the rate of dry etching, and the composition of the chromium
compound and the thickness d of the light-shielding film have to be
selected so that the light-shielding film has desired extinction
coefficient k  (transmittance T) and reflectance R as an optical film. In
addition, in the case where the light-shielding film is composed of a
plurality of layers, the light-shielding film has to have an adequate
multilayer structure. [0052]       Furthermore, from the technical view
point of the deposition process for forming the photomask blank by stacking
a plurality of layers, strain (stress) exerted between the stacked layers
has to be sufficiently reduced, and the photomask blank has to have a
predetermined range of conductivity required when the resulting photomask
is used. [0053]       That is, in order to accurately form a photomask
having a fine pattern on the light-shielding film, a plurality of
requirements including control of the optical characteristic to provide
desired transmittance T and reflectance R, stress reduction during film
deposition, and control of the conductivity of the light-shielding film
have to be satisfied at the same time. 



[0054]       Thus, the light-shielding film of the photomask blank made of
a chromium compound according to the present invention has a composition
richer in a light element and poorer in chromium than the conventional film
in order to increase the speed of dry etching, and the composition,
thickness and stack structure of the light-shielding film are appropriately
designed to provide desired transmittance T and reflectance P.  [0055]
The light-shielding film of the photomask blank according to the present
invention has a stack structure including a film having a
light-element-rich and chromium-poor composition and a thin film of a
chromium metal in order to reduce the thickness thereof and to ensure
sufficient light-shielding effect. The thin chromium metal film can not
only increase the light-shielding effect but also reduce the stress
exerting between the stacked films and increase the conductivity. Thus, the
resulting photomask blank can satisfy the plurality of requirements
including control of the optical characteristic to provide desired
transmittance T and reflectance R, stress reduction during film deposition,
and control of the conductivity of the light-shielding film at the same
time. [0056]       As described above, the light -shielding film of the
photomask blank according to the present invention has a stack structure
including a film having a light-element-rich and chromium-poor composition
and a thin chromium-metal film. In the following, however, characteristics
of the film having a light-element-rich and chromium-poor composition,
which is essential in the present invention, will be first described.
[0057] 



Figures lA to 10 are schematic cross-sectional views for illustrating
exemplary structures of light-shielding films formed in a photomask blank
according to the present invention, and Figure 1D is a graph for
illustrating the dependency of  the optical characteristic (transmittance)
of those light -shielding films on the composition ( chromium percentage
content) thereof. The three light-shielding films (A. B and C) illustrated
in the drawings are all chromium oxynitride films (CrON films) 12 primarily
containing chromium formed on one principal plane of an optically
transparent quartz substrate 11 and differ in chromium percentage content
and oxygen percentage content. [0058]       Specifically, the
light-shielding film A contains 41 atomic % of Cr, 46 atomic % of 0, and 13
atomic % of N. The light-shielding film B contains 43 atomic% of Cr, 37
atomic% of 0, and 20 atomic % of N. The light-shielding film C contains 45
atomic % of Cr, 31 atomic % of 0, and 24 atomic % of N. [0059]       These
chromium oxynitride films all have a thickness about 47 nm. Furthermore,
the substrate 11 may be a common transparent substrate of CF2 or
aluminosilicate glass, rather than quartz. [0060] 



The chromium percentage content is determined by electron spectrum for
chemical analysis (ESCA) and is an average value of the chromium content of
the light-shielding film for the entire thickness of the film. The chromium
content of a typically chromium-based light-shielding film is about 55 to
70 atomic %. However, the chromium content of the light-shielding film
according to the present invention is  equal to or less than 50 atomic %.
In this way, the amount of chromium is significantly reduced. [0061]
In this specification, the light-shielding film having a chromium
percentage content of 50 atomic % or more may be referred to as "metal
film". For example, the light-shielding film according to the present
invention is designed in such amanner that the thickness of the chromium
compound film having a chromium content of 50 atomic % or less accounts for
70 % or more of the total thickness of the light-shielding film.
Alternatively, the light-shielding film may be designed in such a manner
that the thickness of the chromium compound film having an optical density
OD of 0.03 (nm-1) or less per unit film thickness for light having a
wavelength of 450 nm accounts for 70 % or more of the total thickness of
the light-shielding film. Here, the "optical density per unit film
thickness" means the OD of the light-shielding film (dimensionless) divided
by the thickness of the light-shielding film (nm). [0062]       Figure 1D
is a graph for illustrating the wavelength dependency of the transmittance
of the light-shielding films A, B and C. From the results shown in this
drawing, it can be seen that changing the chromium percentage content of
the light-shielding film can change the transmittance (and reflectance)
thereof. In particular, the transmittance to light of a wavelength shorter
than 248 nm, which is a wavelength used for KrF exposure, can be
substantially kept constant while 



changing the transmittance (and reflectance ) for light of a wavelength
longer than 248 nm. [0063 ]        Figure 2 is a graph for illustrating the
reflectance of light of a wavelength of 257 nm, which is used for defect
inspection of the photomask blank, on the chromium percentage content of
the film. As shown in this drawing, the light-shielding film having a
chromium percentage content of 47 atomic % or less has a reflectance of
about 10 to 20 %. Thus, it can be seen that, in order to achieve defect
inspection with high precision, the chromium percentage content of the
light -shielding film is preferably designed to be equal to or less than 47
atomic % [0064]       The chromium percentage content can be controlled by
the amount of reactive gas introduced for sputtering, and the lower limit
thereof depends on the kind of the reactive gas. For example, if the
reactive gas is oxygen, supposing that the number of charges of chromium is
+3, the stoichiometric amount is 40 atomic %. and the theoretical lower
limit is 40 atomic % However, the actual measurement of the chromium
percentage content may be reduced to about 35 atomic %. It can be
considered that the percentage content is lower than the lower limit of the
stoichiometric amount in this way because the number of charges of chromium
can be a value other than +3. [0065] 



Figure 3 is a graph for illustrating the dependency, on the chromium
percentage content, of the dry-etching rate  determined based on the clear
time in the case where the light-shielding film described above is etched
by oxygen-and-chlorine-based dry etching. It is to be noted that the
dry-etching rate shown in this drawing is represented in terms of OD. The
adequate thickness of the chromium film to provide a required level of
light-shielding effect depends on the composition and layered structure
thereof. On the other hand, the light-shielding effect of chromium is
required as a masking capability. [0066]       Thus, in order to estimate
the time required to remove the chromium film formed so that a required
light-shielding effect is achieved by dry etching, the dry-etching rate in
terms of OD is defined as described below. The dry-etching rate in terms of
OD is defined as the OD of the chromium film divided by the dry-etching
time (that is, [the dry-etching rate in terms of OD] = [OD of the chromium
film/dry-etching time (sec-1)]). [0067]       As is apparent from Figure 3,
the etching rate of the light-shielding film having a Cr percentage content
of 52 to 100 atomic % is about 0.0035 sec-I, and the etching rate in terms
of OD abruptly increases once the Cr percentage content becomes equal to or
lower than about 50 atomic -tIL This effect is more remarkable for shorter
wavelengths and is sufficiently achieved for a wavelength equal to or
shorter than 248 nm. [0068]  



Conventional chromium light -shielding films are designed for light having
passed through a blue filter (having a wavelength of 450 nm) . In this
case, it is difficult to improve the etching rate in terms of OD by
adjusting the Cr content. However, in the case of the chromium
light-shielding film designed only for light of a short wavelength equal to
or less than 248 nm, the dry-etching rate in terms of OD can be improved by
appropriately adjusting the chromium content. In this way, the dry-etching
speed can be increased by reducing the amount of chromium in the
chromium-based light-shielding film to provide a light -element -rich film,
a.nd thus , high speed etching can be performed. [0069]        In designing
the photomask blank, the composition of the light-shielding film is
determined by comprehensively taking into account the optical
characteristics (including the extinction coefficient k and the refractive
index n) thereof that make the etching speed, the total thickness of the
light-shielding film, and the reflectance and transmittance to light having
a predetermined wavelength fall within their respective adequate ranges.
However, according to the present invention, the light-shielding film is
designed that has no metal region (metal film) that primarily causes
reduction of the etching rate of the light-shielding film or has an
extremely thin metal film used only as a transmittance adjustment layer.
[0070]         As described above, the light-shielding film according to
the present invention is made of a compound of chromium and a light
element. The compound may be chromium oxide (CrO) , chromium nitride (CrN),
chromium oxycarbide ( CrOC ) , chromium nitride carbide ( CrNC ) and
chromium oxynitride carbide (CrONC) , rather than chromium oxynitride
(CrON). In terms of ease of film deposition and controllability of optical
characteristics, it is preferable that the nitrogen content falls within a
range of 0 to 50 atomic t, the oxygen content falls within a range of 10 to
60 atomic %, and the carbon content falls within a range of 0 to 40 atomic
t. [0071]       The Light-shielding film of the photomask blank according
to the present invention can be composed of a single layer having a low
chromium percentage content as shown in Figures lA to 1C or composed of a
stack of a plurality of layers having different chromium percentage
contents. 



[0072]       Figures 4B and 4C are diagrams for illustrating variations of
the optical characteristic of the light-shielding film composed of a stack
of layers having different chromium percentage contents (a
relatively-chromium-rich layer and a relatively-chromium-poor layer). A
light-shielding film A is composed of a single layer having a thickness of
47 nm and contains 41 atomic % of Cr, 46 atomic % of 0 and 13 atomic % of N
(already shown in Figures lA to 1C). Light-shielding films D and E are both
light-shielding films composed of a stack of two layers having different
chromium contents (12a  and 12b) . The light-shielding film shown in Figure
4A is the same as the light-shielding film A shown in Figure 1A. [0073]
The light-shielding film D shown in Figure 4B has a total thickness of 47
nm and is composed of the upper layer 12b having a thickness of 20 nm and
containing 41 atomic % of Cr, , 46 atomic % of 0 and 13 atomic 96 of N and
the lower layer 12a having a thickness of 27 nm and containing 43 atomic %
of Cr, 37 atomic % of 0 and 20 atomic % of N. The light-shielding film E
shown in Figure 4C has a total thickness of 47 nm and is composed of the
upper layer 12b having a thickness of 20 nm and containing 41 atomic % of
Cr, 46 atomic % of 0 and 13 atomic % of N and the lower layer 12a having a
thickness of 27 nm and containing 45 atomic % of Cr, 31 atomic % of 0 and
24 atomic % of N. That is, the upper layers 12b of the light-shielding
films D and E have the same composition as the light-shielding film A, but
the lower layers 12a thereof have compositions different from their
respective upper layers. [0074]        Here, the chromium-rich layer and
the chromium-poor layer are constituted by films primarily made of chromium
oxide, chromium nitride, chromium oxynitride, chromium oxycarbide, chromium
nitride carbide or chromium oxynitride carbide. [0075]        Figures 4B
and 4C show stack structures composed of two layers for illustrative
purposes. However, of course, the light-shielding film can be composed of a
stack of three or more films having different chromium percentage contents.



Furthermore, the stack structure may contain a thin metal film that serves
as a transmittance adjustment layer. [0076]       As shown in Figures 4D
and 4E, these films have substantially equal transmittances (T) of about 2
% to light having a wavelength in the vicinity of approximately 200 nm (
specifically 193 nm) , which is used forArF exposure . However, the
transmittance (T) and the reflectance (R) to light of longer wavelengths
significantly vary with the structure of the light-shielding film. The
stack structure of the light-shielding film has an advantage that the
design flexibility is substantially increased compared with the
light-shielding film composed of a single layer having equivalent optical
characteristics because the light-shielding film can be designed using the
compositions and thicknesses of the upper and lower layers as parameters.
[0077J       Comparing the reflectance and transmittance between the
light-shielding films D and E, there is no remarkable difference in
transmittance between these films in awavelength range of 200 to 600 nm,
the wavelength dependency of the reflectance in this wavelength range
significantly differ between the films. The reflectance of the
light-shielding film E is about 5 % lower than the reflectance of the
light-shielding film D. The optical characteristics behave in this way
because the reflectance depends on the optical reflectance property at the
interface between the upper and lower layers of the light-shielding film,
that is, the  difference ( An ) in refractive index n between the layers,
while the transmit tance is substantially determined by the chromium
content of the light-shielding film.  In other words, a light-shielding
film having a desired reflectance can be provided by appropriately
selecting the difference in chromium content between the chromium-rich
layer and the chromium-poor layer. From the viewpoint of the photomask
blank design and the f ilm deposition pro ces s , the difference in
refractive index An can be readily controlled if the difference in chromium
content between the layers is equal to or greater than 5 atomic %. [ 00781
In addition, the chromium-poor layer having a relatively low chromium
percentage content formed as the uppermost layer as in the exemplary
light-shielding films shown in Figures 4B and 4C is intended to assure the
anti -reflection effect of the light -shielding film. That is, the
chromium-poor layer formed as the uppermost layer of the light-shielding
film serves as an anti-reflection layer, so that the light-shielding film
can have a low reflectance. On the other hand, if the chromium-poor layer
is located on the side of the substrate, the in-plane uniformity of dry
etching can be advantageously readily assured. 



00797 The composition and stack structure of such a light -shielding film
are appropriately selected so that the photomask blank fabricated has a
required optical characteristic. Preferably, the light -shielding film is
designed so that the transmittance to exposure light is equal  to or higher
than 0.01 % and equal to or lower than 5 %, and the reflectance to light
having a wavelength from 250 nm to 270 nm is equal to or higher than 10 %
and equal to or lower than 20 %. In order to assure high patterning
precision, the physical film thickness is preferably small. The total
thickness of the light-shielding film is preferably equal to or less than
100 nm, and more preferably, equal to or less than 80 nm. [0080]
Figures 5A to 5C are diagrams for illustrating exemplary optical
characteristics of light-shielding film of the photomask blank according to
the present invention. Figure 5A is a schematic cross-sectional view for
illustratingvarious stack structures of light-shielding films, Nos. 1, 2, 3
and Reference 1. Figures 5B and 5C are graphs showing reflectance
characteristics and transmittance characteristics of the light-shielding
films, respectively. 



[0081]       Light-shielding films Nos. 1, 2 and 3 comprise a substrate 11,
and a first light-element-rich and chromium-poor film 12a, a thin
chromium-metal film 13 and a second light-element-rich and chromium-poor
film 12b stacked on the substrate 11. It is to be noted that the structures
of the light-shielding films Nos. 1, 2 and 3 differ from each other only in
thickness of the first light-element-rich and chromium-poor film 12a
located on the side of the substrate 11 (the film deposition times are 240
sec, 230 sec, and 200 sec, respectively) and are substantially equal to
each other in thickness of the second  light-element-rich and chromium-poor
film 12 located on the side of the surface (the film deposition time is 240
sec) and in thickness of the chromium-metal film 13 (the film deposition
film is 66 sec). Here, a reference sample (Ref. 1) is a light-shielding
film composed only of a light-element-rich and chromium-poor film 12 (the
thickness expressed in terms of film deposition time is 540 sec). The
light-element-rich and chromium-poor films shown in these drawings are
chromium oxynitride films (CrON films), as with the films described above
with reference to Figures lA to 1C. [0082]       As shown in Figure 5C,
compared with the conventional chromium-based light-shielding film, the
chromium percentage content of the light-shielding film (Ref. 1) composed
only of the light-element-rich and chromium-poor film 12 is significantly
reduced, and the extinction coefficient k thereof is reduced accordingly.
As a result, the light-shielding film has an increased transmittance T and
a reduced light-shielding effect. Therefore, in order to assure that such a
light-element-rich and chromium-poor film 12 has a sufficient
light-shielding effect, the thickness thereof has to be increased. [0083] 



To the contrary, if the light-element-rich and chromium-poor films 12a and
12b and the thin chromium-metal film 13 are stacked as in the case of the
light-shielding films Nos. 1 to 3, asufficient light-shielding effect can
be achieved because of the thin chromium-metal film 13, That is, the thin
chromium-metal film 13 can be used as a transmittance adjustment layer for
the light-shielding film. [0084]       In addition, as can be seen from the
results shown in Figure 5B, by stacking the light-element-rich and
chromium-poor films 12a and 12b and the thin chromium-metal film 13, the
reflectance of the light-shielding film can be reduced. This means that the
light-shielding film according to the present invention that comprises the
stack of the light-element-rich and chromium-poor film 12 and the thin
chromium-metal film 13 has a reduced reflectance that allows highly precise
defect inspection and can be flexibly designed to have a required
light-shielding effect. [0085]       If a light-shielding film is composed
of a stack of a light-element-rich and chromium-poor film 12 and a thin
chromium-metal film 13 as in the present invention, not only the advantage
in the optical characteristics design described above can be provided, but
also stress reduction in the stack film and conductivity improvement of the
stack film can be achieved. [0086] 



Among others, the stress reduction of the stack film is an effect described
below. A combination of a chromium-rich layer (a metal film) and a
chromium-poor layer allows control of the stress in the light-shielding
film. Typically, a tensile stress occurs in the chromium-rich layer, and a
compressive stress occurs in the chromium-poor layer. Thus,  an appropriate
combination of the chromium-rich layer and the chromium-poor layer can make
the stress in the entire light-shielding film approach zero. For example,
if the chromium-poor layer has a thickness of 30 to 45 nm, and the
chromium-rich layer has a thickness of 5 to 20nm, the stress in the
light-shielding film can be sufficiently reduced. [0087]       In addition,
generally, the light-shielding film is required to have a conductivity of
about 1 kQ/sq, and a practically sufficient level of conductivity can be
achieved by incorporating the thin chromium-metal film in the
light-shielding film. For example, while the light-shielding film of the
reference sample (Ref. 1) composed of a single layer has a sheet resistance
of about 5 * 106 Q/sq, the light-shielding filmhaving the structure No. 1
shown in Figure 5A can have a low sheet resistance of about 100 Q/sq.
[0088]       Figures 6A and 6B are diagrams for illustrating a relationship
between the position of a chromium-metal film serving as a transmittance
adjustment layer in a light-shielding film and the reflectance of the
light-shielding film. Figure 6A includes schematic cross-sectional views
for illustrating various stack structures of light-shielding films , Nos. 4
to 6 and reference 2, that differ in position of the chromium-metal film,
and Figure 6B shows reflectance characteristics of the light-shielding
films. For comparison, the reflectance of  a light-shielding film (Ref. 2)
composed only of a light-element-rich and chromium-poor film is also shown.
[0089] 



The light-element-rich and chromium-poor films shown in these drawings are
chromium oxynitride films (CrON films) as with the films described above
with reference to Figures 5A to 5C. The structures of the light-shielding
films Nos. 4, 5 and 6 differ from each other in thickness of the first
light-element-rich and chromium-poor film 12a located on the side of the
substrate 11 (the film deposition times are 250 sec, 200 sec, and 150 sec,
respectively) and in thickness of the second light-element-rich and
chromium-poor film 12b located on the side of the surface (the film
deposition times are 150 sec, 200 sec, and 250 sec, respectively) and are
substantially equal to each other in thickness of the chromium-metal film
(the film deposition film is 100 sec). It is to be noted that the
light-shielding films No. 4 to 6 and the reference sample (Ref. 2) are
formed to have a substantially equal total thickness ( the film deposition
time is 500 sec). [0090]       As shown in Figure 6B, the reflectance of
the light-shielding film varies with the position of the chromium-metal
film 13 and tends to decrease as the position of the chromium-metal film 13
is closer to the substrate 11. This is due to interference of light. [0091]
The wavelength at which the light-shielding film has the lowest reflectance
depends on the optical distance of the light-element-rich and chromium-poor
film 12b (the optical distance is proportional to the film thickness ) .
For example, as the light-element-rich and chromium-poor film 12b becomes
thicker (the film No. 6). the wavelength at which the lowest reflectance is
achieved becomes longer. To the contrary, as the light-element-rich and
chromium-poor film 12b becomes thinner (the film No. 4) , the wavelength at
which the lowest reflectance is achieved becomes shorter. In this way, any
reflectance characteristic can be obtained by adjusting the thickness of
the light-element-rich and chromium-poor film 12b. 



[0092]        Figures 7A and 7B are diagrams for illustrating the fact that
the reflectance of the light-shielding film according to the present
invention is predominantly determined by the light-element-rich and
chromium-poor film located on the side of the surface. Figure 7A includes
schematic cross-sectional views for illustrating layered structures of
light-shielding films, and Figure 7B shows reflectance characteristics of
the light-shielding films. Here, the light-element-rich and chromium-poor
films shown in these drawings are also chromium oxynitride films (CrON
films) . [0093]       All the light-shielding films illustrated in these
drawings have a total thickness of 500 sec in terms of film deposition
time. As for the light-shielding film No. 5, the  thickness of the
light-element-rich and chromium-poor film 12a located on the side of the
substrate is 200 sec (in terms of film deposition time), the thickness of
the chromium-metal film 13 is 100 sec (in terms of film deposition time),
and the thickness of the light-element-rich and chromium-poor film 12b
located on the side of the surface is 200 sec (in terms of film deposition
time). As for the light-shielding film No. 7, the thickness of the
light-element-rich and chromium-poor film 12a located on the side of the
substrate is 150 sec (in terms of film deposition time), the thickness of
the chromium-metal film 13 is 100 sec (in terms of film deposition time) ,
and the thickness of the light-element-rich and chromium-poor film 12b
located on the side of the surface is 250 sec (in terms of film deposition
time). As for the light-shielding film No. 8, the thickness of the
light-element-rich and chromium-poor film 12a located on the side of the
substrate is 200 sec (in terms of film deposition time), the thickness of
the chromium-metal film 13 is 150 sec (in terms of film deposition time),
and the thickness of the light-element-rich and chromium-poor film 12b
located on the side of the surface is 150 sec (in terms of film deposition
time). 



[0094]       As can be seen from Figure 7B, the reflectance of the
light-shielding film according to the present invention is predominantly
determined by the thickness of the light-element-rich and chromium-poor
film 12b located on the side of the surface and is not significantly
affected by the  thickness of the chromium-metal film 13 interposed between
the upper and lower light-element-rich and chromium-poor films 12b and 12a.
[0095]       Figures 8A and 8B are diagrams for illustrating exemplary
structures of a light-shielding film that has a plurality of chromium-metal
films as transmittance adjustment films and the effect of the
chromium-metal films. Figure 8A shows light-shieldingfilms
havingonlyonechromium-metalfilm (Nos. 4 and 9) and light-shielding films
having two chromium-metal films (Nos. 10 and 11). Figure 8B shows
reflectance characteristics of these light-shielding films. Here, the
light-element-rich and chromium-poor films shown in Figure 8A are also
chromium oxynitride films (CrON films). [0096] 



All the light-shielding films illustrated in these drawings have a total
thickness of 500 sec in terms of film deposition time. As for the
light-shielding film No. 4, the thickness of the light-element-rich and
chromium-poor film 12a located on the side of the substrate is 250 sec (in
terms of film deposition time) , the thickness of the chromium-metal film
13 is 100 sec (in terms of film deposition time), and the thickness of the
light-element-rich and chromium-poor film 12b located on the side of the
surface is 150 sec (in terms of film deposition time). As for the
light-shielding film No. 9, the thickness of the light-element-rich and
chromium-poor film 12a located on the side of the substrate is 200 sec (in
terms of film deposition time), the thickness  of the chromium-metal film
13 is 150 sec (in terms of film deposition time) , and the thickness of the
light-element-rich and chromium-poor film 12b located on the side of the
surface is 150 sec (in terms of film deposition time). [0097]       As for
the light-shielding film No. 10, the thickness of the light-element-rich
and chromium-poor film 12a located on the side of the substrate is 200 sec
(in terms of film deposition time), the thickness of achromium-metalfilm13a
located on the side of the substrate is 50 sec (in terms of film deposition
time) , the thickness of a chromium-metal film 13b located on the side of
the surface is 50 sec (in terms offilmdepositiontime) , the
thicknessofalight-element-rich and chromium-poor film 12c interposed
between the chromium-metal films 13a and 13b is 50 sec (in terms of film
deposition time) , and the thickness of the light-element-rich and
chromium-poor film 12b located on the side of the surface is 150 sec (in
terms of film deposition time). 



[0098)       As for the light-shielding film No. 11, the thickness of the
light-element-rich and chromium-poor film 12a located on the side of the
substrate is 75 sec (in terms of film deposition time), the thickness of
the chromium-metal film 13a located on the side of the substrate is 50 sec
(in terms of film deposition time) , the thickness of the chromium-metal
film 13b located on the side of the surface is 50 sec (in terms of film
deposition time), the thickness of the light-element-rich and chromium-poor
film 12c interposed  between the chromium-metal films 13a and 13b is 175
sec (in terms of film deposition time) , and the thickness of the
light-element-rich and chromium-poor film 12b located on the side of the
surface is 150 sec (in terms of film deposition time ) . [0099]        As
shown in Figure 8B, if the light-shielding film has a plurality of
chromium-metal films as transmittance adjustment films, the reflectance of
the light-shielding film is reduced, and the degree of reduction in
reflection depends on the distance between the two chromium-metal films (or
the thickness of the light-element-rich and chromium-poor film 12c) . [
0100]        In the case where the light -shielding film for ArF exposure
is formed with a plurality of chromium-metal films, it is preferred that
the distance between the chromium-metal films (that is, the thickness of
the light-element-rich and 



chromium-poor film interposed therebetween) is equal to or more than 3 nm
and equal to or less than 30 nm. This is because light of a wavelength of
193 nm forms a standing wave between the chromium-metal films to attenuate,
so that the transmittance of the light-shielding film is reduced, and the
light-shielding effect is enhanced. [0101] (Example 2: Basic structure of
photomask blank) [0102]        Figure 9A is a schematic cross-sectional
view for illustrating an exemplary structure of a photomask blank according
to the present invention, in which a light-shielding film 12 is formed on
one principal plane of a transparent substrate 11 made of quartz or the
like that serves as aphotomask substrate. The light-shielding film 12 has
the layered structure described above with regard to the example 1 and can
serve not only as a "light-shielding film" but also as an antireflection
film. The film of such a composition is used because it has excellent
characteristics including dry etching characteristics, conductivity, and
chemical resistance. [0103] 



In the case where the photomask blank according to the present invention is
designed for fabrication of a mask for ArF exposure, the thickness and
composition of the light-shielding film 12 are selected so that the optical
density OD of the light-shielding film 12 for light having a wavelength of
193 nm falls within a range of 2.5 to 3.5. Such an optical density OD can
be achieved by setting the thickness of the filmwithin a range of 50 nm to
80 nm. However, in order to reduce the dry-etching time to improve the
patterning precision, the thickness of the film is preferably set within a
range of 50 nm to 70 nm. [0104]       On the other hand, in the case where
the photomask blank according to the present invention is designed for
fabrication of a mask for KrF exposure, the thickness and composition of
the light-shielding film 12 are selected so that the optical density OD of
the light-shielding film 12 for light having a wavelength of 248 nm falls
within a range of 2.5 to 3.5. Such an optical density OD can be achieved by
setting the thickness of the filmwithin arange of 60 nm to 100 nm .
However, in order to reduce the dry-etching time to improve the patterning
precision, the thickness of the film is preferably set within a range of 60
nm to 90 nm. [0105]       In the case where the light-shielding film 12 has
a multilayer film structure in which a plurality of layers having different
optical characteristics are stacked on each other as shown in Figure 9B,
for example, it is preferred that the primary material of the uppermost
layer is chromium oxide, chromium nitride or chromium oxynitride, and the
percentage contents (atomic %) of oxygen, nitrogen and carbon at depths of
0.5 to 1.0 nm from the surface of the uppermost layer are selected so that
the oxygen content > the nitrogen content > the carbon content. In
addition, the thickness of the uppermost layer preferably falls within a
range of 10 to 25 nm. Furthermore, in the case where the photomask blank
according to the present invention is designed for fabrication of a mask
for ArF exposure, the composition is preferably selected so that the
extinction coefficient k of the uppermost layer of the multilayer film for
light having a wavelength of 193 nm falls within range of 1.0 to 1.5. 



[0106]         Under the conditions described above, the reflectance for
light having an inspection wavelength (250 to 270 nm) can be readily
controlled, and a satisfactory dry-etching rate in terms of OD can be
assured. In addition, the basicity of the surface of the light-shielding
film can be made adequate, and the effect of a chemically amplified resist
on a photoacid generator is reduced, so that a high resist patterning
precision can be maintained. [0107]       While the basic structure of the
photomask blank according to the present invention has been described
above, the "photomask blank" may be a structure that has a chemically
amplified photoresist film previously formed on the light-shielding film
12. Here, the chemically amplified photoresist is used because it is highly
sensitive and is suitable for fine patterning. In this case, the chemically
amplified photoresis t film is formed by applying the chemically amplified
photoresist to a thickness of 250 nm or less. [0108]       Such a thickness
of the chemically amplified photoresist film is adopted because, in the
case of fabrication of a photomask for ArF exposure that requires fine
patterning, the resist film is required to be relatively thin to avoid high
aspect ratios. [0109] 



In principle, a thinner resist film provides a better resolution. If the
resist pattern is damaged during etching, the pattern fidelity is reduced.
However, since the  light-shielding film according to the present invention
that can be readily etched requires a shorter etching time than
conventional ones , a thinner resist f ilm can be used. By using a resist
film having a thickness of 200 nm or less , high working precision can be
achieved. [0110]        In addition, the lower limit of the thickness of
the resist film is determined by comprehensively taking into account
various conditions including the etching resistance of the resist material.
Typically, however, the thickness of the resist film is preferably equal to
or more than 75 nm, and more preferably, equal to or more than 100 nm.
0111]        The chemically amplified resist used may be of a positive type
or a negative type. A well-known resist, in particular, a resist of a
polymer material having an aromatic structure is preferably used. [0112] 



In the present invention, the spreadability is very important. For example,
the photoresist for forming the chemically amplified photoresist film is
added with ( or contains) a surface-active agent with a percentage content
of 10 to 1000 ppm, for example, and the percentage content of a solid
constituent is adjusted to be equal to or less than 10 weight 1; of the
organic solvent. The surface-active agent added to the chemically amplified
photoresist may be a surface-active agent that contains a surface-active
constituent having a fluorine substituent , a surface-active  agent that
contains a nonionic surface-active constituent having neither a fluorine
substituent nor a silicon containing substituent, or a mixture thereof.
[0113] (Example 3: Photomask blank, and first example of patterning
process) [0114]       Figure 10 shows an exemplary arrangement of a film
deposition apparatus (sputtering apparatus) used for fabricating a
photomask blank according to the present invention, and Figures 11A to
110arediagramsforillustrating an exemplary process of patterning the
photomask blank. [0115]       In Figure 10, reference numeral 11 denotes a
transparent substrate, which is a 6-inch rectangular quartz substrate.
Typically, the surface and end faces of the quartz substrate are finely
polished. Reference numeral 101 denotes a chamber, reference numeral 102a
denotes a first target, reference numeral 102b denotes a second target,
reference numeral 103 denotes a sputtering gas inlet, reference numeral 104
denotes a gas outlet, reference numeral 105 denotes a substrate turntable,
and reference numerals 106a and 106b denote power supplies that apply a
bias to the first and second targets, respectively. 



[0116]       The first target 102a and the second target 102b used were
both chromium-metal targets for forming a light -shielding film. First, as
sputtering gas, a gas mixture containing Ar  gas at a flow rate of 15 sccm,
N2 gas at a flow rate of 30 sccm and 02 gas at a flow rate of 15 sccm was
introduced into the chamber 101 to achieve a gas pressure of 0.1 Pa in the
chamber. A discharge power of 500 W was applied to each of the first target
102a and the second target 102b while the substrate 11 was being rotated at
30 rpm, thereby forming a CrON film having a chromium content of 50 atomic
% or less in terms of atomic ratio to a thickness of 70 nm. [0117]
The conditions for deposition of the light-shielding film can be changed in
various ways depending on the film composition or design of the stack
structure. For example, in the case where aCrONC film is to be formed , the
sputtering gas introduced may contain one or more kinds of
carbon-containing gas, such as CH4, CO2 and CO, one or more kinds of
nitrogen-containing gas, such as NO, NO2 and N2 and one or more kinds of
oxygen-containing gas, such as CO2 , NO and 02 or further contain an inert
gas, such as Ar, Ne and Kr, mixed with these gases. In particular, CO2 gas
or CO gas that doubles as a carbon source and an oxygen source is
preferably used from the viewpoint of in-plane uniformity of the substrate
and controllability of the fabrication process. Furthermore, the various
kinds of sputtering gases may be introduced separately into the chamber, or
some or all of the sputtering gases may be mixed and introduced into the
chamber. [0118] 



The CrON film having a chromium content of 50 atomic t or less in terms of
atomic ratio preferably contains 40 to  50 atomic % of Cr, 10 to 35 atomic
% of N and 25 to 50 atomic % of 0. More preferably, the CrON film contains
40 to 45 atomic % of Cr, 15 to 30 atomic % of N and 30 to 50 atomic % of 0.
In addition, a CrONC film having a chromium content of 50 atomic % or less
in terms of atomic ratio preferably contains 40 to 50 atomic % of Cr, 10 to
35 atomic % of N, 25 to 50 atomic % of 0 and 5 to 15 atomic % of C. More
preferably, the CrONC film contains 40 to 45 atomic % of Cr, 15 to 30
atomic % of N, 30 to 50 atomic % of 0 and 5 to 15 atomic % of C. [0119]
When perfoiming patterning in mask fabrication using a photomask blank
according to the present invention, first, a chemically amplified
photoresist film 14 having a thickness of 250 nm or less is formed by
application on a principal plane of the photomask blank, which comprises
the transparent substrate 11 and the light-shielding film 12 having the
composition and thickness described above with regard to the examples 1 and
2 stacked on the substrate 11 (Figure 11A). Considering that typical
photoresist films have a thickness of about 300 nm, the thickness of 250 nm
means that the film thickness is reduced by about 17 %. As described
earlier, such a structure having the chemically amplified photoresist 14
applied thereto can also be considered as the "photomask blank". [0120]
Prior to formation of the photoresist film 14, a surface treatment to
reduce the surface energy of the surface on which the photoresist film 14
is to be formed (the surface of the 



light-shielding film 12) is preferably performed in order to prevent
problems, such as peel-off and falling of the fine pattern,
fromoccurringduringasubsequent step of the process. A preferred surface
treatment is a process of alkylsilylating the photomask substrate surface
by hexamethyldisilazane (RMDS), which is commonly used in the semiconductor
manufacturing process, or other organic-silicon-based surface treatment
agent. The surface of the substrate may be exposed to gas of such a surface
treatment agent, or the surface treatment agent maybe directly applied to
the surface of the substrate. [0121]       The photoresist film 14 is
shaped into a resist pattern (Figure 11)3). Using the resulting resist
pattern as a mask, the light-shielding film 12 is patterned by
oxygen-and-chlorine-based dry etching (Figure 11C) . Finally, the remaining
photoresist film 14 is removed to provide a photomask (Figure 11D). [0122]
In this example, the clear time of the light-shielding film 12 (by
chlorine-and-oxygen-based dry etching) is 300 seconds. Thus, compared with
the clear time of 480 seconds of the conventional light-shielding film, the
clear time is substantially reduced. In addition, the photoresist (mask)
after the dry etching was observed with a scanning electron microscope, and
then, it was confirmed that the damage to the photoresist was reduced
because of the reduction of the clear time.  [0123] 



(Example 4; Photomask blank, and second example of patterning process)
[0124]       This example will be described also with reference to Figures
10 and 11A to 11D. The arrangement of the film deposition apparatus
(sputtering apparatus) is the same as described above, and the substrate
used is also a transparent substrate, which is a 6-inch rectangular quartz
substrate. 01251       The first target 102a and the second target 102b
used were both chromium-metal targets for forming a light-shielding film on
the transparent substrate. First, as sputtering gas, a gas mixture
containing Ar gas at a flow rate of 15 sccm, Ny gas at a flow rate of 30
sccm and 02 gas at a flow rate of 15 sccm was introduced into the chamber
101 to achieve a gas pressure of 0.1 Pa in the chamber. A discharge power
of 500 W was applied to each of the first target 102a and the second target
102b while the substrate 11 was being rotated at 30 rpm, thereby forming a
CrON film having a thickness of 30 nm. [0126]       Then, Ar gas at a flow
rate of 30 scan was introduced into the chamber 101 to achieve a gas
pressure of 0.1 Pa in the chamber. A discharge power of 500 W was applied
to each of the first target 102a and the second target 102b while the
substrate 11 was being rotated at 30 rpm, thereby forming a Cr film having
a thickness of 15 nm.  [0127] 



Furthermore, a gas mixture containing Ar gas at a flow rate of 15 sccm, N2
gas at a flow rate of 30 sccm and 02 gas at a flow rate of 15 sccm was
introduced into the chamber 101 to achieve a gas pressure of 0.1 Pa in the
chamber. A discharge power of 500 W was applied to each of the first target
102a and the second target 102b while the substrate 11 was being rotated at
30 rpm, thereby forming a CrON film having a thickness of 25 nm. In this
way, a light-shielding film having a total thickness of 70 nm, 70 % or more
of which was accounted for by the chromium-compound film having a chromium
content of 50 atomic % or less in terms of atomic ratio, was formed. [0128]
The conditions for deposition of the light-shielding film can be changed in
various ways depending on the film composition or design of the stack
structure. For example, in the case where a CrONC film is to be formed ,
the sputtering gas introduced may contain one or more kinds of
carbon-containing gas, such as CH4, CO2 and CO, one or more kinds of
nitrogen-containing gas, such as NO, NO2 and N2 and one or more kinds of
oxygen-containing gas, such as CO2, NO and 02 or further contain an inert
gas, such as Ar, Ne and Kr, mixed with these gases. In particular, CO2 gas
or CO gas that doubles as a carbon source and an oxygen source is
preferably used from the viewpoint of in-plane uniformity of the substrate
and controllability of the fabrication process. Furthermore, the various
kinds of sputtering gases may be introduced separately into the  chamber,
or some or all of the sputtering gases may be mixed and introduced into the
chamber. [ 0129 ]       The CrON film having a chromium content of 50
atomic % or less in terms of atomic ratio preferably contains 40 to 50
atomic % of Cr, 10 to 35 atomic % of N and 25 to 50 atomic % of 0. More
preferably, the CrON film contains 40 to 45 atomic % of Cr, 15 to 30 atomic
% of N and 30 to 50 atomic % of O. In addition, a CrONC film having a
chromium content of 50 atomic % or less in terms of atomic ratio preferably
contains 40 to 50 atomic % of Cr, 10 to 35 atomic % of N, 25 to 50 atomic %
of 0 and 5 to 15 atomic % of C. More preferably, the CrONC film contains 40
to 45 atomic % of Cr, 15 to 30 atomic % of N, 30 to 50 atomic % of 0 and 5
to 15 atomic % of C. [0130] 



When performing patterning in mask fabrication using a photomask blank
according to the present invention, first, a chemically amplified
photoresist film 14 having a thickness of 250 nm or less is formed by
application on a principal plane of the photomask blank, which comprises
the transparent substrate 11 and the light-shielding film 12 having the
composition and thickness described above with regard to the examples 1 and
2 formed on the substrate 11 (Figure 11A) . Considering that typical
photoresist films have a thickness of about 300 nm, the thickness of 250 nm
means that the film thickness is reduced by about 17 %. As described
earlier, such a structure having the chemically amplified photoresist  14
applied thereto can also be considered as the "photomask blank". [0131]
Prior to formation of the photoresist film 14, a surface treatment to
reduce the surface energy of the surface on which the photoresist film 14
is to be formed (the surface of the light-shielding film 12) is preferably
performed in order to prevent problems, such as peel-off and falling of the
fine pattern, from occurring during a subsequent step of the process. A
preferred surface treatment is a process of alkylsilylating the photomask
substrate surface by hexamethyldisilazane (HMDS), which is commonly used in
the semiconductor manufacturing process, or other organic-silicon-based
surface treatment agent. The surface of the substrate may be exposed to gas
of such a surface treatment agent, or the surface treatment agent may be
directly applied to the surface of the substrate. [0132]       The
photoresist film 14 is shaped into a resist pattern (Figure 118). Using the
resulting resist pattern as a mask, the light-shielding film 12 is
patterned by oxygen-and-chlorine-baseddryetching (Figure 11C) . Finally,
the remaining photoresist film 14 is removed to provide a photomask (Figure
11D). 



[0133]       In this example, the clear time of the light-shielding film 12
(by chlorine-and-oxygen-based dry etching) is 300 seconds. Thus, compared
with the clear time of 480 seconds  of the conventional light-shielding
film, the clear time is substantially reduced. In addition, the photoresist
(mask) after the dry etching was observed with a scanning electron
microscope, and then, it was confirmed that the damage to the photoresist
was reduced because of the reduction of the clear time. [0134] (Example 5:
Basic structure of phase shift mask blank according to the present
invention) [0135]       The photomask blank according to the present
invention maybe configured as a phase shift mask blank. In this case, in
deposition of the light-shielding film, a translucent film that has a
region containing both silicon (Si) and molybdenum (Mo), such as a region
of MoSi, is provided on the surface on which the light-shielding film is to
be deposited. The translucent film will be described later. 



[0136]       The composition and stack structure of the light-shielding
film of the phase-shift mask blank are appropriately selected so that the
mask blank fabricated has a required optical characteristic. Preferably,
the light-shielding film is designed so that the transmittance to exposure
light is equal to or higher than 0.01 % and equal to or lower than 5 %, and
the reflectance to light having a wavelength from 250 nm to 270 nm is equal
to or higher than 10 % and equal to or lower than 20 %. In order to assure
high patterning precision, the physical film thickness is  preferably
small. The light-shielding film is preferably designed to have a total
thickness equal to or less than 60 nm. [0137]       Figure 12A is a
schematic cross-sectional view for illustrating an exemplary structure of
ahalf-tone phase- shift mask blank according to the present invention, in
which a translucent film 15 having a predetermined phase-shift capability
and a predetermined transmittance to exposure light is formed on one
principal plane of a transparent substrate 11 made of quartz or the like
that serves as aphotomask substrate , and a light-shielding film 12 is
formed on the translucent film 15. The light-shieldingfilm12 has
thelayeredstructure described above with regard to the example 1 and can
serve not only as a "light-shielding film" but also as an antireflection
film. In addition, the translucent film 15 is a half-tone phase-shift layer
containing an absorber material that is a half-tone material containing
both silicon (Si) and molybdenum (Mo). The film of such a composition is
used because it has excellent characteristics including dry etching
characteristics, conductivity, and chemical resistance. [0138]       In the
case where the half-tone phase-shift mask blank according to the present
invention is designed for fabrication of a mask for ArF exposure, the
thickness and composition of the light-shielding film 12 are selected so
that the optical density OD of the light-shielding film 12 for light having



a wavelength of 193 nm falls within a range of 1.2 to 2.3. Such an optical
density OD can be achieved by setting the thickness of the film within a
range of 25 nm to 60nm. However, in order to reduce the dry-etching time to
improve the patterning precision, the thickness of the film is preferably
set within a range of 25 nm to 50 nm. [0139]       On the other hand, in
the case where the photomask blank according to the present invention is
designed for fabrication of a mask for KrF exposure, the thickness and
composition of the light-shielding film 12 are selected so that the optical
density OD of the light-shielding film 12 for light having a wavelength of
248 nm falls within a range of 1.2 to 2.3. Such an optical density OD can
be achieved by setting the thickness of the filmwithin a range of 30 nm to
70 nm. However, in order to reduce the dry-etching time to improve the
patterning precision, the thickness of the film is preferably set within a
range of 30 nm to 60 nm. [0140]       In the case where the light-shielding
film 12 has a multilayer film structure in which a plurality of layers
having different optical characteristics are stacked on each other as shown
in Figure 12B, for example, it is preferred that the primary material of
the uppermost layer is chromium oxide, chromium nitride or chromium
oxynitride, and the percentage contents (atomic %) of oxygen, nitrogen and
carbon at depths of 0.5 to 1.0 nm from the surface of the uppermost layer
are selected so that the oxygen content > the nitrogen content 



> the carbon content. In addition, the thickness of the uppermost layer
preferably falls within a range of 10 to 25 nm. [0141]       Furthermore,
in the case where the half-tone phase-shift mask blank according to the
present invention is designed for fabrication of a mask for ArF exposure,
the composition is preferably selected so that the extinction coefficient k
of the uppermost layer of the multilayer film for light having a wavelength
of 193 nm falls within range of 1.0 to 1.5. [0142]       Under the
conditions described above, the reflectance for light having an inspection
wavelength (250 to 270 nm) can be readily controlled, and a satisfactory
dry-etching rate in terms of OD can be assured. In addition, the basicity
of the surface of the light-shielding film can be made adequate, and the
effect of a chemically amplified resist on a photoacid generator is
reduced, so that a high resist patterning precision can be maintained.
[0143]       The translucent film 15 may be not only a single-layer film
but also a multilayer film including two or more layers having different
compositions as shown in Figure 12C, for example. In the case of the
multilayer film structure, at least one of the layers constituting the
translucent film 15 should contain both silicon andmolybdenum. In addition,
such a single-layer or multilayer translucent film 15 is adapted to have a
transmittance of 2 to 40 % and provides a phase shift 



of about 180 degrees, for example. In some cases, the translucent film can
be adapted to provide a phase shift of 10 degrees or less. [0144]       In
the case where the translucent film 15 has a multilayer structure, the
optical characteristic of the translucent film 15 can be readily adjustedif
the two ormore layers constituting the translucent film 15 include a
light-absorbing layer and a phase-shift layer. In this case, an unsaturated
metal compound forming the light-absorbing layer is preferably an
unsaturated metal silicide oxide, an unsaturated metal silicide oxynitride,
or an unsaturated metal suicide oxynitride carbide. In the case of the
unsaturated metal silicide oxide, the light-absorbing layer contains 0.2 to
80 atomic % of M, 19 to 90 atomic % of Si and 0.1 to 60 atomic % of 0.
Here, the character "M" denotes a transition metal, such as molybdenum (Mo)
. In the case of the unsaturated metal suicide oxynitride, the
light-absorbing layer preferably contains 0.2 to 80 atomic % of M, 19 to 90
atomic % of Si, 0.1 to 50 atomic % of 0 and 0.1 to 50 atomic % of N. In the
case of the unsaturated metal silicide oxynitride carbide, the
light-absorbing layer preferably contains 0.2 to 80 atomic % of M, 19 to 90
atomic % of Si, 0.1 to 45 atomic % of 0, 0.1 to 45 atomic % of N and 0.1 to
30 atomic % of C. [0145]       Such unsaturated compounds can be formed by
reactive sputtering by appropriately introducing an oxygen-containing gas,
a nitrogen-containing gas and a carbon-containing gas  as sputtering gas.
The ratio among oxygen , nitrogen and carbon can be appropriately adjusted
by using the reactive sputtering technique, and thus, the optical
characteristic can be adjusted, and the design flexibility can be
advantageously improved. [0146 



In addition, as a material for the phase-shift layer, a metal silicide
oxide, a metal silicide oxynitride and a metal silicide oxynitride carbide
are preferably used. In the case of the metal silicide oxide, the
phase-shift layer preferably contains 0.2 to 25 atomic % of M, 10 to 42
atomic % of Si and 30 to 60 atomic % of 0. In the case of the metal
silicide oxynitride, the phase-shift layer preferably contains 0.2 to 25
atomic % of M, 10 to 57 atomic % of Si, 2 to 20 atomic % of 0 and 5 to 57
atomic % of N. In the case of the metal silicide oxynitride carbide, the
phase-shift layer preferably contains 0.2 to 25 atomic % of M, 10 to 57
atomic % of Si, 2 to 20 atomic %- of 0, 5 to 57 atomic % of N and 0.5 to 30
atomic % of C. Again, the character "M" denotes a transition metal, such as
molybdenum (Mo ) [0147]        Such a phase-shift layer can be formed by
reactive sputtering by using a metal target, a silicon target and a metal
silicide target appropriately selected depending on the composition of the
phase-shift layer to be formed and by appropriately introducing an
oxygen-containing gas, a nitrogen-containing gas and a carbon-containing
gas along with an inert gas, such as neon, argon and krypton. [0148]
While the basic structure of the half -tone phase-shift mask blank
according to the present invention has been described above, the "half
-tone phase-shift mask blank" may be a structure that has a chemically
amplified resist film previously formed on the light-shielding film 12.
Here, the chemically amplified photoresist is used because it is highly
sensitive and is suitable for fine patterning. In this case, the chemically
amplified photoresis t film is formed by applying the chemically amplified
photoresist to a thickness of 250 nm or less. [0149] 



Such a thickness of the chemically amplified photoresist film is adopted
because, in the case of fabrication of a photomask for ArF exposure that
requires fine patterning, the resist film is required to be relatively thin
to avoid high aspect ratios. [0150]        In principle, a thinner resist
film provides a better resolution. If the resist pattern is damaged during
etching, the pattern fidelity is reduced. However, since the
light-shielding film according to the present invention that can be readily
etched requires a shorter etching time than conventional ones, a thinner
resist film can be used. By using a resist film having a thickness of 200
nm or less, a high working precision can be achieved. [0151]       In
addition , the lower limit of the thickness of the resist film is
determined by comprehensively taking into account  various conditions
including the etching resistance of the resist material. Typically,
however, the thickness of the resist film is preferably equal to or more
than 75 nm, and more preferably, equal to or more than 100 nm. [0152] 



The chemically amplified resist used may be of a positive type or a
negative type. A well-known resist, in particular, a resist of a polymer
material having an aromatic structure is preferably used. [0153]       In
the present invention, the spreadability is very important. For example,
the photoresist for forming the chemically amplified photoresist film is
added with (or contains) a surface-active agent with a percentage content
of 10 to 1000 ppm, for example, and the percentage content of a solid
constituent is adjusted to be equal to or less than 10 weight % of the
organic solvent. The surface-active agent added to the chemically amplified
photoresist may be a surface-active agent that contains a surface-active
constituent having a fluorine substituent, a surface-active agent that
contains a nonionic surface-active constituent having neither a fluorine
substituent nor a silicon containing substituent, or a mixture thereof.
[0154] (Example 6: Phase-shift mask blank and first example of patterning
process) [0155]         Figure 10 shows an exemplary arrangement of a film
deposition apparatus (sputtering apparatus) used for fabricating a
half-tone phase-shift mask blank according to the present invention, and
Figures 13A to 13D are diagrams for illustrating an exemplary process of
patterning the half-tone phase-shift mask blank. 



[0156]       In Figure 10, reference numeral 11 denotes a transparent
substrate, which is a 6-inch rectangular quartz substrate. Typically, the
surface and end faces of the quartz substrate are finely polished.
Reference numeral 101 denotes a chamber, reference numeral 102a denotes a
first target, reference numeral 102b denotes a second target, reference
numeral 103 denotes a sputtering gas inlet, reference numeral 104 denotes a
gas outlet, reference numeral 105 denotes a substrate turntable, and
reference numerals 106a and 106b denote power supplies that apply a bias to
the first and second targets, respectively. [0157]       As a translucent
film 15, a half-tone phase-shift layer containing an absorber material that
is a half-tone material containing both silicon (Si) and molybdenum (Mo) is
formed on the quartz substrate 11. The first target 102a used in this step
is a single crystal silicon (Si) target, and the second target used in this
step is a polycrystalline molybdenum silicide (MoSi3) target. The gas flow
rate was set so that the gas pressure in the chamber during film deposition
was  0.1 Pa, and a molybdenum silicide compound film (MoSiN film) was
formed while rotating the substrate at 30 rpm. [01581       Specifically,
film deposition was started by introducing Ar gas at a flow rate of 20 seem
and N2 gas at a flow rate of 0 (zero) sccm into the chamber 101 to achieve
a gas pressure of 0.1 Pa in the chamber, applying a discharge power of 700
W to the MoS13 target and a discharge power of 300 W to the Si target, and
rotating the substrate 11 at 30 rpm. Then, the translucent film having a
thickness of about 20 nm was formed by continuously changing the film
deposition conditions in such a manner that the flow rates of Ar gas and N2
gas introduced into the chamber 101 were gradually changed to 5 sccm and 50
sccm, respectively, while keeping the gas pressure in the chamber at 0.1
Pa, and the discharge powers applied to the MoSi3 target and the Si target
were gradually changed to 100W and 900W, respectively.
Undersuchfilmdeposition conditions, a "gradient structure" film that has a
composition gradient in which the transition metal content and the nitrogen
content gradually change can be formed. 



[0159]       Then, a light-shielding filmwas formed on the translucent film
using a first target 102a and a second target 102b that were both
chromium-metal targets. First, as sputtering gas, a gas mixture containing
Ar gas at a flow rate of 15 sccm, N2 gas at a flow rate of 30 sccm and 02
gas at a flow rate of 15 sccm was introduced into the chamber 101 to
achieve a gas pressure of 0.1 Pa in the chamber. A discharge power of  500
W was applied to each of the first target 102a and the second target 102b
while the substrate 11 was being rotated at 30 rpm, thereby forming a CrON
film having a chromium content of 50 atomic% or less in terms of atomic
ratio to a thickness of 48 nm. [0160]       The conditions for deposition
of the light-shielding film can be changed in various ways depending on the
film composition or design of the stack structure. For example, in the case
where a CrONC film is to be formed, the sputtering gas introduced may
contain one or more kinds of carbon-containing gas, such as CH4, CO2 and
CO, one or more kinds of nitrogen-containing gas, such as NO, NO2 and N2
and one or more kinds of oxygen-containing gas, such as CO2 , NO and 02 or
further contain an inert gas, such as Ar, Ne and Kr, mixed with these
gases. In particular, CO2 gas or CO gas that doubles as a carbon source and
an oxygen source is preferably used from the viewpoint of in-plane
uniformity of the substrate and controllability of the fabrication process.
Furthermore, the various kinds of sputtering gases may be introduced
separately into the chamber, or some or all of the sputtering gases may be
mixed and introduced into the chamber. [0161] 



The CrON film having a chromium content of 50 atomic % or less in terms of
atomic ratio preferably contains 40 to 50 atomic% of Cr, 10 to 35 atomic %
of N and 25 to 50 atomic % of 0. More preferably, the CrON film contains 40
to 45 atomic % of Cr, 15 to 30 atomic % of N and 30 to 50 atomic % of 0. In
addition, a CrONC film having a chromium content of 50 atomic % or less in
terms of atomic ratio preferably contains 40 to 50 atomic % of Cr, 10 to 35
atomic % of N, 25 to 50 atomic % of 0 and 5 to 15 atomic % of C. More
preferably, the CrONC film contains 40 to 45 atomic % of Cr, 15 to 30
atomic % of N, 30 to 50 atomic % of 0 and 5 to 15 atomic % of C. (0162]
When performing patterning in mask fabrication using a half-tone
phase-shift mask blank according to the present invention, first, a
chemically amplified photoresist film 14 having a thickness of 250 nm or
less is formed by application on a principal plane of the half-tone
phase-shift mask blank, which comprises the transparent substrate 11 and
the translucent film 15 and light-shielding film 12 having the compositions
and thicknesses described above with regard to the examples 1 and 5 stacked
on the substrate 11 (Figure 13A). Considering that typical photoresist
films have a thickness of about 300 nm, the thickness of 250 nm means that
the film thickness is reduced by about 17 %. As described earlier, such a
structure having the chemically amplified photoresist 14 applied thereto
can also be considered as the "phase-shift mask blank". [0163]       Prior
to formation of the photoresist film 14, a surface treatment to reduce the
surface energy of the surface on which the photoresist film 14 is to be
formed (the surface of the light-shielding film 12) is preferably performed
in order to prevent problems, such as peel-off and falling of the fine 



pattern, from occurring during a subsequent step of the process. A
preferred surface treatment is a process of alkylsilylating the photomask
substrate surface by hexamethyldisilazane (HMDS), which is commonly used in
the semiconductor manufacturing process, or other organic-silicon-based
surface treatment agent. The surface of the substrate may be exposed to gas
of such a surface treatment agent, or the surface treatment agent may be
directly applied to the surface of the substrate. [0164]       The
photoresist film 14 is shaped into a resist pattern (Figure 13B). Using the
resulting resist pattern as a mask, the light-shielding film 12 and the
translucent film 15 are patterned by oxygen-and-chlorine-based dry etching
(Figure 13C). Finally, the remaining photoresist film 14 is removed to
provide a photomask (Figure 13D). [0165]       In this example, the clear
time of the light-shielding film 12 (by chlorine-and-oxygen-based dry
etching) is 200 seconds. Thus, compared with the clear time of 320 seconds
of the conventional light-shielding film, the clear time is substantially
reduced. In addition, the photoresist (mask) after the dry etching was
observed with a scanning electron microscope, and then, it was confirmed
that the damage to the photoresist was reduced because of the reduction of
the clear time. [0166]  



(Example 7; Phase-shift mask blank, and second example of patterning
process) [0167]       This example will be described also with reference to
Figures 10 and 13A to 13D. The arrangement of the film deposition apparatus
(sputtering apparatus) is the same as described above, and the substrate
used is also a transparent substrate, which is a 6-inch rectangular quartz
substrate. [0168]       As a translucent film 15, a half-tone phase-shift
layer containing an absorber material that is a half-tone material
containing both silicon (Si) and molybdenum (Mo) is formed on the quartz
substrate 11. The first target 102a used in this step is a single crystal
silicon (Si) target, and the second target used in this step is a
polycrystalline molybdenum silicide (MoSi3) target. The gas flow rate was
set so that the gas pressure in the chamber during film deposition was 0.1
Pa, and a molybdenum silicide compound film (MoSiN film) was formed while
rotating the substrate at 30 rpm. [0169]       Specifically, film
deposition was started by introducing Ar gas at a flow rate of 20 sccm and
N2 gas at a flow rate of 0 (zero) seem into the chamber 101 to achieve a
gas pressure of 0.1 Pa in the chamber, applying a discharge power of 700 W
to the MoSi3 target and a discharge power of 300 W to the Si target, and
rotating the substrate 11 at 30 rpm. Then, the translucent film haying a
thickness of about 20 nm was formed by continuously changing the film
deposition conditions  in such a manner that the flow rates of Ar gas and
N2 gas introduced into the chamber 101 were gradually changed to 5 sccm and
50 sccm, respectively, while keeping the gas pressure in the chamber at 0.1
Pa, and the discharge powers applied to the MoSi3 target and the Si target
were gradually changed to 100W and 900W, respectively. Under such film
deposition conditions, a "gradient structure" film that has a composition
gradient in which the transition metal content and the nitrogen content
gradually change can be formed. 



[0170]       Then, a light-shielding filmwas formed on the translucent film
using a first target 102a and a second target 102b that were both
chromium-metal targets. First, as sputtering gas, a gas mixture containing
Ar gas at a flow rate of 15 sccm, N2 gas at a flow rate of 30 seem and 02
gas at a flow rate of 15 sccm was introduced into the chamber 101 to
achieve a gas pressure of 0.1 Pa in the chamber. A discharge power of 500 W
was applied to each of the first target 102a and the second target 102b
while the substrate 11 was being rotated at 30 rpm, thereby forming a CrON
film having a thickness of 20 nm. [0171]       Then, Ar gas at a flow rate
of 30 seem was introduced into the chamber 101 to achieve a gas pressure of
0.1 Pa in the chamber. A discharge power of 500 W was applied to each of
the first target 102a and the second target 102b while the substrate 11 was
being rotated at 30 rpm, thereby forming a Cr film having a thickness of 7
nm.  [0172]       Furthermore, a gas mixture containing Ar gas at a flow
rate of 15 seem, N2 gas at a flow rate of 30 sccm and 02 gas at a flow rate
of 15 sccm was introduced into the chamber 101 to achieve a gas pressure of
0.1 Pa in the chamber. A discharge power of 500 W was applied to each of
the first target 102a and the second target 102b while the substrate 11 was
being rotated at 30 rpm , thereby f orming a CrON film having a thickness
of 20 mu. In this way, a light-shielding film having a total thickness of
47 nm, 70 % or more of which was accounted for by the chromium-compound
film having a chromium content of 50 atomic % or less in terms of atomic
ratio, was formed. [ 0173 ]       The conditions for deposition of the
light-shielding film can be changed in various ways depending on the film
composition or design of the stack structure. For example, in the case
where a CrONC f ilm is to be formed , the sputtering gas introduced may
contain one or more kinds of carbon-containing gas, such as CH4, CO2 and
CO, one or more kinds of nitrogen-containing gas, such as NO, NO2 and N2
and one or more kinds of 



oxygen-containing gas, such as CO2, NO and 02 or further contain an inert
gas, such as Ar, Ne and Kr, mixed with these gases. In particular, CO2 gas
or CO gas that doubles as a carbon source and an oxygen source is
preferably used from the viewpoint of in-plane uniformity of the substrate
and controllability of the fabrication process. Furthermore, the various
kinds of sputtering gases may be introduced separately into the  chamber,
or some or all of the sputtering gases maybe mixed and introduced into the
chamber. [0174]       The CrON film having a chromium content of 50 atomic
% or less in terms of atomic ratio preferably contains 40 to 50 atomic % of
Cr, 10 to 35 atomic % of N and 25 to 50 atomic % of 0. More preferably, the
CrON film contains 40 to 45 atomic % of Cr, 15 to 30 atomic % of N and 30
to 50 atomic % of 0. In addition, a CrONC film having a chromium content of
50 atomic % or less in terms of atomic ratio preferably contains 40 to 50
atomic % of Cr, 10 to 35 atomic % of N, 25 to 50 atomic % of 0 and 5 to 15
atomic % of C. More preferably, the CrONC film contains 40 to 45 atomic %
of Cr, 15 to 30 atomic % of N, 30 to 50 atomic % of 0 and 5 to 15 atomic %
of C. [0175]       When performing patterning in mask fabrication using a
half-tone phase-shift mask blank according to the present invention, first,
a chemically amplified photoresist film 14 having a thickness of 250 nm or
less is formed by application on a principal plane of the half-tone
phase-shift mask blank, which comprises the transparent substrate 11 and
the translucent film 15 and light-shielding film 12 having the compositions
and thicknesses described above with regard to the examples 1 and 5 stacked
on the substrate 11 (Figure 13A). Considering that typical photoresist
films have a thickness of about 300 nm, the thickness of 250 nm means that
the film thickness is reduced by about 17 %. As described earlier, such a
structure having the chemically amplified photoresist 



14 applied thereto can also be considered as the "phase-shift mask blank".
[0176]       Prior to formation of the photoresist film 14, a surface
treatment to reduce the surface energy of the surface on which the
photoresist film 14 is to be formed (the surface of the light-shielding
film 12) is preferably performed in order to prevent problems, such as
peel-off and falling of the fine pattern, from occurring during a
subsequent step of the process. A preferred surface treatment is a process
of alkylsilylating the photomask substrate surface by hexamethyldisilazane
(HMDS), which is commonly used in the semiconductor manufacturing process,
or other organic-silicon-based surface treatment agent. The surface of the
substrate may be exposed to gas of such a surface treatment agent, or the
surface treatment agent may be directly applied to the surface of the
substrate. [0177]       The photoresist film 14 is shaped into a resist
pattern (Figure 13B). Using the resulting resist pattern as a mask, the
light-shielding film 12 and the translucent film 15 are patterned by
oxygen-and-chlorine-based dry etching (Figure 13C). Finally, the remaining
photoresist film 14 is removed to provide a photomask (Figure 13D). [0178]
In this example, the clear time of the light-shielding film 12 (by
chlorine-and-oxygen-based dry etching) is 200 seconds. Thus, compared with
the clear time of 320 seconds 



of the conventional light-shielding film, the clear time is substantially
reduced. In addition, the photoresist (mask) after the dry etching was
observed with a scanning electron microscope, and then, it was confirmed
that the damage to the photoresist was reduced because of the reduction of
the clear time. [0179]       The photomask blank and the phase-shift mask
blank and the photomasks fabricated using the mask blanks according to the
present invention have been described above with reference to the examples.
However, the examples described above are intended only for illustrating
the present invention, and the present invention is not limited thereto. It
will be apparent from the above description that various modifications of
the examples are included in the scope of the present invention, and
various other examples are possible without departing from the scope of the
present invention. Industrial Applicability [0180]       The present
invention provides a photomask having a precise fine pattern and a
photomask blank used for fabricating the photomask.  Claims 



[1] A half-tone phase-shift mask blank comprising: transparent substrate; a
translucent film having a predetermined phase-shift capability and a
predetermined transmittance for exposure light formed on the transparent
substrate; and a light-shielding film formed on the translucent film,
characterized in that said translucent film has a region that contains both
silicon (Si) and molybdenum (Mo), and said light-shielding film has a
thickness of 60 nm or less, wherein 70 % or more the total thickness of
said light-shielding film is accounted for by the thickness of a chromium
compound that has an optical density OD per unit thickness of 0.025 nm -or
less for light having a wavelength of 450 nm. [2] The photomask blank
according to claim 1, characterized in that the thickness of said
light-shielding film is equal to or less than 50 nm. [3] The photomask
blank according to claim 1 or 2, characterized in that said translucent
film is a  multilayer film, and at least one layer of the multilayer 



film is a layer that contains both silicon and molybdenum. [4] The
photomask blank according to any one of claims 1 to 3, characterized in
that the optical density (OD) of Said light-shielding film is 1.2 to 2.3
for light having a wavelength of 193 nm. [5] The photomask blank according
to any one of claims 1 to 3, characterized in that the optical density (OD)
of said light-shielding film is 1.2 to 2.3 for light having a. wavelength
of 248 nm. [6] The photomask blank according to any one of claims 1 to 5,
characterized in that said light-shielding film is a multilayer film that
contains a stack of a plurality of layers, and the uppermost layer of the
mult ilayer film has a thickness of 10 to 30 nm. [7] The photomask blank
according to any one of claims 1 to 6, characteri zed in that 7 0 % ormore
of the total thickness of said light-shielding film is accounted for by the
thickness of a chromium compound that has a chromium content of 50 atomic %
or less in terms of atomic ratio. [8] The photomask blank according to any
one of claims 1 to 



7, characterized in that said light-shielding film comprises a
chromium-metal film having a chromium content  of 50 atomic % or more in
terms of atomic ratio and a first and a second chromium-compound film
having a chromium content of 50 atomic % or less in terms of atomic ratio,
and said chromium-metal film is disposed between said first
chromium-compound film and said second chromium-compound film. The
photomask blank according to any one of Claims 1 to 7, characterized in
that said light-shielding film comprises a first and a second
chromium-metal film having a chromium content of 50 atomic % or more in
terms of atomic ratio and a first, a second and a third chromium-compound
film having a chromium content of 50 atomic % or less in terms of atomic
ratio, and said first chromium-metal film is disposed between said first
chromium-compound film and said second chromium-compound film, and said
second chromium-metal film is disposed between said second
chromium-compound film and said third chromium-compound film. [10] The
photomask blank according to claim 8 or 9, characteri zed in that said
second chromium-compound i m has a thickness of 3 to 30 nm. [11] The
photomask blank according to any one of claims 1 to 10, characterized in
that said light-shielding film 



has a reflectance of 30 % or less for light having a wavelength of 250 nm
to 270 nm. [12] The photomask blank according to any one of claims 1 to 11,
characterized in that said light-shielding film has an anti-reflection
capability. [13] The photomask blank according to any one of claims 1 to
12, characterized in that said light-shielding film is a multilayer film
that contains a stack of a plurality of layers having different optical
characteristics, and the uppermost layer of the multilayer film has an
extinction coefficient (k) of 1.0 to 1.5 for light having a wavelength of
193 nm. [14] The photomask blank according to any one of claims 1 to 



13, characterized in that said light-shielding film is a multilayer film
that contains a stack of a plurality of layers having different optical
characteristics, a primary constituent material of the uppermost layer of
the multilayer film is chromium oxide, chromium nitride or chromium
oxynitride, and the percentage contents (atomic %) of oxygen, nitrogen and
carbon in the film at depths of 0 . 5 to 1. 0 nm fromthe surface of
saidupperraost layer are related according to the oxygen content > nitrogen
content > carbon content.  [15] The photomask blank according to any one of
claims 1 to 14, characterized in that the photomask blank has a chemically
amplified photoresist film having a thickness of 250 nm or less on said
light-shielding film. [16] The photomask blank according to claim 15,
characterized in that said chemically amplifiecrphotoresist film is a film
formed by application of a chemically amplified photoresist that contains
10 weight % or less of a solid constituent in an organic solvent and
contains a surface-active agent. [17] The photomask blank according to
claim. 16, characterized in that the percentage content of the
surface-active agent in said chemically amplified photoresist is 10 to 1000
ppm. [18] The photomask blank according to claim 16 or 17,
characterizedinthatsaidsurface-activeagentcontains a surface-active
constituent that has a fluorine substituent. [19] The photomask blank
according to claim 16 or 17, characterized in that said surface-active
agent contains a nonionic surface-active constituent that has neither a
fluorine substituent nor a silicon containing substituent.  



[20] A photomask fabricated using a photomask blank according to any one of
claims 1 to 9. [21] A fabrication method of a photomask blank
characterizedin that the method comprises a step of applying a chemically
amplified photoresist to the surface of a photomask blank according to any
one of claims 1 to 14 to form a chemically amplified photores st film
having a thickness of 250 nm or less. [22]
Afabricationmethodofaphctomaskcharacterizedinthat the method comprises a
step of applying a chemically amplified photoresist to the surface of a
photomask blank according to any one of claims 1 to 14 to form a chemically
amplified photoresist film having a thickness of 250 nm or less.  ABSTRACT
Alight-shielding film (12) for exposure light is formed on one principal
plane of a transparent substrate (11) made of quartz or the like that
serves as a photomask substrate. The light-shielding film (12) can serve
not only as the so-called "light-shielding film" but also as an
anti-reflection film. In addition, the light-shielding film has a total
thickness of 100 nm or less, 70 % or more of which is accounted for by the
thickness of a chromium compound that has an optical density (OD) per unit
thickness of 0.025 nm-1 for light having a wavelength of 450 nm. In the
case where the photomask blank is used for fabricating a mask designed for
ArF exposure, the thickness and composition of the light-shielding film
(12) are selected in such a manner that the OD of the light-shielding film
(12) is 1.2 to 2.3 for 193 or 248 nm wavelength light. 












