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Invention: PHOTOMASK BLANK AND METHOD FOR MANUFACTURING PHOTOMASK 5
Technical Field The present invention relates to a photomask blank for use
in manufacturing a semiconductor integrated circuit or the like including
an accurate fine pattern, 10and a method for manufacturing the photomask.
Background Art        In recent years, with increasing integration of
semiconductor devices such as large-scale integrated circuits (LSI),
circuit patterns have been increasingly 15miniaturized. For implementation
of such fine circuit patterns, there has been a demand to thin interconnect
patterns and contact hole patterns which form circuits. These patterning
are commonly carried out by photolithography using a photomask, thus
leading to a 20demand to finely and, accurately form the pattern of the
photomask, which serves as a master. 



A common method for manufacturing a photomask pattern is as follows. A
resist film is formed on a photomask blank with a light blocking film
formed on a 25transparent substrate such as a glass substrate. Thereafter,
a pattern is drawn on the resist film by light or an electron beam. The
resist film with the pattern drawn thereon is developed to form a resist
pattern. The resist pattern is used as an etching mask to etch the light
blocking film. Thus, a pattern (photomask pattern) including a light
blocking portion and a light transmission portion is formed. With the
5increasingly miniaturized photomask pattern, the drawing is mostly based
on electron beam exposure. Furthermore, the etching is mostly based on dry
etching using gas plasma. For an electron beam lithography apparatus for
use 10in drawing patterns, every effort has been made to increase
acceleration voltage in order to achieve high resolution in response to a
demand for pattern miniaturization. However, a higher acceleration voltage
for an electron beam increases the amount of 15electrons passing through
the resist film when the resist is subjected to the drawing. Hence,
disadvantageously, the resist may become less sensitive. Thus, the resist
for use in manufacturing a 



20photomask is mostly of a chemical amplification type that is very
sensitive. A typical chemical amplification resist uses what is called a
photoacid generator that generates an acid by means of light or an electron
beam. A negative resist is a resist a 25portion of which is subjected to a
crosslinking reaction with an acid generated by irradiation with light or
an electron beam and thus becomes less soluble  to a solvent (developer). A
positive resist is a resist that is made more soluble by an acid generated
by irradiation with light or an electron beam to remove a protective group
from a resin. The acid generated acts as a catalyst to cause a chain
reaction by, for example, starting or promoting the next reaction. Thus,
such a chemical amplification resist has the advantage of achieving a high
resolution in spite of being sensitive (see, for example, Patent Document
1). 10 The light blocking film for the photomask blank is mostly formed of
a chromium compound. A light blocking film formed of such a chromium
compound is stacked on a transparent substrate or a phase-shift film formed
of a silicon compound. Furthermore, a photomask blank has 15been proposed
in which a silicon compound is used as a light blocking film and in which a
hard mask or a antireflective film formed of a chromium compound or a
chromium metal film is stacked on the light blocking film (see, for
example, Patent Document 2). 20However, in the photomask blank in which a
chemical amplification resist is provided directly on the film containing
chromium, the cross-sectional shape of the chemical amplification resist
may be degraded at the interface between the film containing chromium and
25the chemical amplification film. Specifically, the chemical amplification
resist is shaped like a hemming bottom when the resist is of a positive
type and is  shaped like a dug-in when the resist is of a negative type.
This is because the acid is coordinated to a lone pair (unshared electron
pair) in the chromium compound to deactivate a portion of the acid in the 



5resist which is located near the interface.        If the cross-sectional
shape of the resist is thus degraded, a deviation from a desired size
occurs when the film containing chromium is etched using the resist pattern
as an etching mask. Specifically, with the 10positive resist, the hemming
bottom shape prevents micro spaces or holes from being properly formed.
Furthermore, with the negative resist, the dug-in shape causes the resist
pattern to be collapsed during development or cleaning. 15As means for
solving these problems, a method for stacking a film formed of a silicon
compound containing no chromium, on a film containing chromium (see, for
example, Patent Document 3). However, the film containing chromium is not
substantially etched by dry 20etching using fluorine (F) but by dry etching
using oxygen-containing chlorine (C1/0). In contrast, the film formed of a
silicon compound containing no chromium is not substantially etched by the
dry etching using oxygen-containing chlorine (C1/0) but by the dry
25etching using fluorine (F). This increases the numbers of steps and
conditions for the dry etching and thus a cycle time for production of a
photomask. Furthermore,   this method is disadvantageous for rate control
for an etching apparatus and defect management. Additionally, the dry
etching using oxygen-containing chlorine (01/0) is less directional and
results in isotropic etching. 5Hence, the size of a film containing
chromium which has been patterned by the dry etching using
oxygen-containing chlorine deviate from that of the film formed of a
silicon compound containing no chromium and which has been patterned by the
dry etching using 



10fluorine (F), which is anisotropic. This causes an error in the size of
the final photomask pattern. Furthermore, if the two films with the
different sizes are used as an etching mask to further etch an underlying
film, the cross-sectional shape of the 15underlying film may
disadvantageously be degraded. Prior Art Documents Patent Documents
Patent Document 1: Jpn. Pat. Appin. KOKAI Publication No. 4-226461 20Patent
Document 2: Jpn. Pat. Appin. KOKAI Publication No. 20-268980        Patent
Document 3: Jpn. Pat. Appin. KOKAI Publication No. 18-146151 Summary of the
Invention 25Problem to Be Solved by the Invention       An object of the
present invention is to provide a photomask blank that enables a pattern to
be properly  formed. Means for Solving the Problem 



According to an aspect of the present invention, there is provided a
photomask blank wherein a second 5film is stacked on a first film, the
first film containing chromium and which is not substantially etched by the
dry etching using fluorine and which is etchable by the dry etching using
oxygen-containing chlorine, and the second film containing no chromium
10and which is etchable by dry etching using fluorine and dry etching using
oxygen-containing chlorine.        According to an aspect of the present
invention, there is provided a method for manufacturing a photomask,
comprising a photomask blank wherein a 15second film is stacked on a first
film, the first film containing chromium and which is not substantially
etched by the dry etching using fluorine and which is etchable by the dry
etching using oxygen-containing chlorine, the second film containing no
chromium and 20which is etchable by dry etching using fluorine and dry
etching using oxygen-containing chlorine;        forming a resist with a
pattern on the second film; and            using the resist as a mask to
etch the first film 25and the second film by the dry etching using oxygen-
containing chlorine.  



Advantage of the Invention The present invention can provide a photomask
blank that enables a pattern to be properly formed. Brief Description of
Drawings 5FIG. 1 is a cross-sectional view schematically showing a basic
configuration of a photomask blank according to an embodiment of the
present invention;       FIG. 2 is a cross-sectional view schematically
showing the basic configuration of the photomask blank 10according to the
embodiment of the present invention; FIG. 3 is a cross-sectional view
schematically showing a part of a method for manufacturing a photomask
according to Example 1 of the present invention; 15FIG. 4 is a
cross-sectional view schematically showing a part of the method for
manufacturing a photomask according to Example 1 of the present invention;
FIG. 5 is a cross-sectional view schematically 20showing a part of the
method for manufacturing a photomask according to Example 1 of the present
invention; FIG. 6 is a cross-sectional view schematically showing a part of
the method for manufacturing a 25photomask according to Example 1 of the
present 



invention; FIG. 7 is a cross-sectional view schematically  showing a part
of the method for manufacturing a photomask according to Example 1 of the
present invention; FIG. 8 is a cross-sectional view schematically 5showing
a part of the method for manufacturing a photomask according to Example 1
of the present invention;        FIG. 9 is a cross-sectional view
schematically showing a part of the method for manufacturing a 10photomask
according to Example 1 of the present invention;        FIG. 10 is a
cross-sectional view schematically showing a.part of the method for
manufacturing .a photomask according to Example 1 of the present
15invention; FIG. 11 is a cross-sectional view schematically showing a part
of a method for manufacturing a photomask according to Example 2 of the
present invention; 20FIG. 12 is a cross-sectional view schematically
showing a part of the method for manufacturing a photomask according to
Example 2 of the present invention; 



FIG. 13 is a cross-sectional view schematically 25showing a part of the
method for manufacturing a photomask according. to Example 2 of the present
invention;  FIG. 14 is a cross-sectional view schematically showing a part
of the method for manufacturing a photomask according to Example 2 of the
present invention; 5FIG. 15 is a cross-sectional view schematically showing
a part of the method for manufacturing a photomask according to Example 2
of the present invention; and FIG. 16 is a cross-sectional view
schematically 10showing a part of the method for manufacturing a photomask
according to Example 2 of the present invention. Mode for Carrying Out the
Invention An embodiment of the present invention will be 15described below
with reference to the drawings.        In the present embodiment, materials
are optimally selected which have different compositions and which can be
etched under the same dry etching conditions. A photomask blank will be
described which enables 20formation of a fine pattern and accurate control
of a 



pattern size, which are objects of photomask production corresponding to
pattern transfer for the half pitch 45 nm generation and beyond. As shown
in FIG. 1, a photomask blank (phase-shift  25 mask blank) 15 according to
the embodiment of the present invention comprises a phase-shift film 12
located on a transparent substrate 11 and which is not  10  substantially
etched by dry etching using oxygen-containing chlorine (01/0) and which can
be etched by dry etching using fluorine (F). The photomask blank comprises
a light blocking film (first film) 13 located 5on the phase-shift film 12
and cOntaining chromium and which is not substantially etched by the dry
etching using fluorine (F) and which can be etched by the dry etching using
oxygen-containing chlorine (01/0). The photomask blank comprises a film
(second film) 14 10located on the light blocking film 13 and containing no
chromium and which can be etched by the dry etching using fluorine (F) and
the dry etching using oxygen-containing chlorine (01/0). That is, the film
(second film) 14 containing no 15chromium and the light blocking film
(first film) 13 containing chromium are dry etched by the dry etching using
oxygen-containing chlorine (C1/0). The film (second film) 14 containing no
chromium and the phase- shift film 12 are etched by the dry etching using 



20fluorine (F).       Here, fused silica, CaF2, or aluminum silicate glass
can be used as the transparent substrate 11. The phase-shift film 12 is
formed of a silicon compound mainly comprising silicon oxide, silicon
25nitride, of silicon oxynitride and in which metal is contained. For the
phase-shift film 12, the ratio of contents and film thickness are selected
as needed to  11 adjust transmittance and phase difference with respect to
exposure wavelength. The value of the transmittance with respect to the
exposure wavelength is at least 2% and at most 40% when production of a
photomask is 5finally completed. Furthermore, the value of the phase
difference with respect to the exposure wavelength is at least 170 degrees
and at most 190 degrees when production of a photomask is finally
completed. These values are selected as needed depending on a design
10pattern to be exposed and on conditions.        The light blocking film
(first film) 13 containing chromium is a metal compound film mainly
comprising chromium oxide, chromium nitride, or chromium oxynitride, or a
metal film or an alloy film mainly 15comprising chromium. The light
blocking film 13 may contain a nonmetal element such as carbon or fluorine.
The film thickness of the light blocking film 13 is at least 30 nm and at
most 120 nm and is preferably selected such that for the light blocking
film 13 and 



20the underlying phase-shift film 12, the transmittance with respect to the
exposure wavelength is at most 0.1%. The specific atomic composition of the
light blocking film 13 containing chromium is such that for 25example,
chromium (Cr) = 30 to 85 at%, oxygen (0) = 0 to 60 at%, nitrogen (N) = 0 to
50 at%, and carbon (C) = 0 to 20 at%.  12 Alternatively, the light blocking
film 13 containing chromium may be an antireflective film formed by
stacking a plurality of types of chromium with different compositions. In
this case, reflectance 5with respect to the exposure wavelength is
desirably limited to, for example, at most 20% and preferably at most 15%
so as to suppress multipath reflection between the photomask and a
projection surface during exposure. Moreover, the reflectance with respect
to a wavelength 10(for example, 257 nm) for use in reflection inspection
for a photomask blank or a photomask is desirably set to, for example, at
most 30% so as to allow defects to be accurately detected. The film 14
containing no chromium (second film) 15is at least 0.5 nm and at most 10 nm
in film thickness. 



Furthermore, the film (second film) 14 containing no chromium desirably has
a film thickness of at least 1 nm so as to be accurately stacked by a
method such as reactive sputtering and with possible damage during  20
development and cleaning of the photomask taken into account. Moreover, if
the film thickness of the film 14 containing no chromium is reduced to at
most 5 nm, when the dry etching using oxygen-containing chlorine (C1/0) is
carried out using a resist formed on the film 2514 containing no chromium,
etching of the film 14 containing no chromium can be completed quickly.
This enables a reduction in damage to the resist.  13        Furthermore,
the film 14 containing no chromium contains transition metal. Examples of
the transition metal include molybdenum (Mo), tantalum (Ta), tungsten (W),
zirconium (Zr), hafnium (Hf), vanadium (V), and 5niobium (Nb). Molybdenum
is preferable in terms of the easiness of etching processing.
Alternatively, the film 14 containing no chromium may be silicon oxide,
silicon nitride, or silicon oxynitride which contains the transition metal.
10The specific atomic configuration of the film 14 containing no chromium
is such that for example, molybdenum (Mo) accounts for 10 to 100 at% of the
sum of the molybdenum (Mo) and silicon (Si). Furthermore, in terms of
easiness of etching processing for the dry 15etching using
oxygen-containing chlorine (C1/0), molybdenum (Mo) desirably accounts for
30 to 100 at% of the sum of the molybdenum (Mo) and silicon (Si). As
described above, the photomask blank 15 is 



configured to enable a photomask to be formed by 20selecting the
composition and film thickness of the film 14 containing no chromium
(second film) as needed and consecutively etching the film 14 containing no
chromium (second film) and the light blocking film 13 containing chromium
(first film) by means of the dry 25etching using oxygen-containing chlorine
(C1/0). Conditions for the dry etching using oxygen- containing chlorine
(C1/0) may be well-known ones for  14 use in dry etching a chromium
compound film and are not particularly limited. Chlorine gas and oxygen gas
as well as inert gas such as helium may be mixed. Furthermore, conditions
for the dry etching using 5fluorine (F) may be well-known ones for use in
dry etching a silicon compound film and are not particularly limited.
Fluorine gas is commonly CF4 or C2F6 and may be mixed with nitrogen gas or
inert gas such as helium. 10Furthermore, when a photomask is formed using
the photomask blank 15, a resist is formed on The film (second film) 14
containing no chromium. As a material for the resist film, a chemical
amplification resist for electron beam lithography is preferably used which
15enables an accurate pattern to be formed. The resist may be either
positive or negative. The resist film is, for example, at least 50 nm and
at most 350 nm in film thickness. In particular, if a photomask requiring
formation of a fine pattern is to be 



20produced, the resist film is at most 200 nm in film thickness because in
order to prevent the pattern from being collapsed, the film thickness of
the resist film needs to be reduced so as to preclude an increase in the
high aspect ratio of the resist pattern. On the 25other hand, the lower
limit of the film thickness of the resist film is determined with
conditions such as the etching resistance of material of the resist film
15 comprehensively considered. Thus, the film thickness of the resist film
is at least 50 nm when the resist film is formed of a common material but
is more preferably at least 75 nm.        As shown in FIG. 2, a photomask
blank (binary mask blank) 25 according to the embodiment of the present
invention comprises a light blocking film 22 located on a transparent
substrate 21 and which is not substantially etched by the dry etching using
oxygen- 10containing chlorine (01/0) and which can be etched by the dry
etching using fluorine (F). The photomask blank 25 comprises a hard mask
film (first film) 23 located on the light blocking film 22 and containing
chromium and which is not substantially etched by the 15dry etching using
fluorine (F)and which can be etched by the dry etching using
oxygen-containing chlorine  (C1/0). The photomask blank 25 comprises a film
(second film) 24 located on the hard mask film 23 and containing no
chromium and which can be etched by the 20dry etching using fluorine (F)
and the dry etching using oxygen-containing chlorine (01/0). 



That is, the film (second film) 24 containing no chromium and the hard mask
film (first film) 23 containing chromium are dry etched by the dry etching
25'using oxygen-containing chlorine (C1/0). The film (second film) 24
containing no chromium and the light blocking film 22 are etched by the dry
etching using  16 fluorine (F).       Here, the composition and film
thickness of the transparent substrate 21 are similar to those of the
above-described transparent substrate 11. 5The light blocking film 22 is
formed of a silicon  compound mainly comprising silicon oxide, silicon
nitride, or silicon oxynitride and in which metal is contained. For the
light blocking film 22, the ratio of contents and the film thickness are
selected as 10needed to adjust the transmittance and phase difference with
respect to exposure wavelength. The value of the transmittance with respect
to the exposure wavelength is preferably selected to be at most 0.1% when
production of a photomask is finally completed. 15Alternatively, the light
blocking film 22 may be an antireflective film formed by stacking a
plurality of silicon compounds with different compositions. In this case,
the reflectance with respect to the exposure wavelength is desirably
limited to, for example, at 20most 20% and preferably at most 15% so as to
suppress multipath reflection between the photoMask and the projection
surface during exposure. Moreover, the reflectance with respect to the
wavelength (for example, 257 nm) for use in reflection inspection for a
25photomask blank or a photomask is desirably set to, for 



example, at most 30% so as to allow defects to be accurately detected.  17
The hard mask film (first film) 23 containing chromium is a metal compound
film mainly comprising chromium oxide, chromium nitride, or chromium
oxynitride, or a metal film or an alloy film mainly  5comprising chromium.
The light blocking film 23 may contain a nonmetal element such as carbon or
fluorine. The film thickness of the hard mask film 23 is at least 2 nm and
at most 30 nm and is preferably set to at most 5 nm so as to reduce damage
to the resist during 10etching. The range of specific configuration of the
hard mask film (first film) 23 containing chromium is similar to that of
the above-described light blocking film 13 containing chromium. 15The
ranges of specific configuration and thickness of the film (second film) 24
containing no chromium is similar to those of the above-described film 14
containing no chromium. As described above, the photomask blank 25 is
20configured to enable a photomask to be formed by selecting the
composition and film thickness of the film (second film) 24 containing no
chromium as needed and consecutively etching the film 24 containing no 



chromium and the hard mask film (first film) 23 25containing chromium by
means of dry etching using oxygen-containing chlorine (01/0). Furthermore,
when a photomask is formed using the  18 photomask blank 25, a resist film
is formed on the film. (second film) 24 containing no chromium. The
material and film thickness of the resist film are similar to those of a
resist film formed on the above-described 5film (second film) 14 containing
no chromium.       In the photomask blank according to the above-described
embodiment, the second film containing no chromium and which can be etched
by the dry etching using fluorine and the dry etching using oxygen-
.10containing chlorine is stacked on the first film containing chromium and
which is not substantially etched by the dry etching using fluorine and
which can be etched by the dry etching using oxygen-containing chlorine.
15If a chemical amplification rests is provided directly on the film
containing chromium, the acid in a portion of the chemical amplification
resist which is located near the interface between the resist and the film
containing chromium is deactivated. However, in 20the present embodiment,
the film containing no chromium is formed directly between the film
containing chromium and the chemical amplification resist, allowing the
acid in the chemical amplification resist to be prevented from being
deactivated. Thus, the 25appropriate cross-sectional shape of the resist
can be 



obtained. Furthermore, if the film containing chromium is  19 not
substantially etched by the dry etching using fluorine (F) and which can be
etched by the dry etching using oxygen-containing chlorine (C1/0), while
the film containing no chromium is not substantially etched by 5the dry
etching using oxygen-containing chlorine (01/0) and which can be etched by
the dry etching using fluorine (F), the size of the film containing
chromium deviates from that of the film containing no chromium. This is
because when the film containing chromium and 10the film containing no
chromium are etched, the dry etching using oxygen-containing chlorine
(C1/0), which is isotropic, needs to be combined with the dry etching using
fluorine (F), which is anisotropic. However, the present embodiment is
configured such that the 15composition and film thickness of the film
containing no chromium are selected as needed and that the film containing
no chromium is dry etched using oxygen-containing chlorine (C1/0). This
eliminates the need to combine the dry etching using oxygen-containing
20chlorine (C1/0), which is isotropic, with the dry etching using fluorine
(F), which is anisotropic. Thus, the deviation of the size between the film
containing chromium and the film containing no chromium can be reduced,
avoiding the deviation of size of the 25final photomask pattern and
degradation of cross- sectional shape of the underlying film. 



Furthermore, the film containing chromium and the  20  film containing no
chromium can be etched under the same etching conditions, that is, the dry
etching using oxygen-containing chlorine. Thus, the film containing
chromium and the film containing no chromium can be 5consecutively etched.
As a result, the cycle time of photomask production and the management load
of the etching apparatus can be reduced, and the appropriate -size and
cross-sectional shape of the photomask pattern can be 10obtained. Thus, the
use of such a method for manufacturing a photomask blank and a photomask
provides a photomask with a fine mask pattern accurately formed therein and
corresponding to the pattern transfer for the half-pitch 45 nm generation
15and beyond.  Moreover, the composition and film thickness of  the film
containing no chromium are selected as needed to also enable the dry
etching using fluorine (F). Thus, when the film located under the film
containing 20chromium is dry etched using fluorine (F), the film containing
no chromium can be simultaneously removed, eliminating the need to add a
special step for only removing the film containing no chromium; this will
be described below in detail. 25The chromium compound mainly Comprises
chromium oxide, chromium nitride, or chromium oxynitride, and 



the transmittance and reflectance of the film can be  21 adjusted by
varying the content of oxygen or nitrogen. The present invention will be
described below in detail by taking examples. -Example 1 As show in FIG. 1,
the phase-shift mask blank 15 comprises the phase-shift film 12 located on
the transparent substrate 11 and which is not substantially etched by the
dry etching using oxygen-containing chlorine and which can be etched by the
dry etching 10using fluorine. The phase-shift mask blank 15 comprises the
light blocking film 13 located on the phase-shift film 12 and containing
chromium and which is not substantially etched by the dry etching using
fluorine and which can be etched by the dry etching 15using
oxygen-containing chlorine. The phase-shift photomask blank 15 comprises
the film 14 loCated on the light blocking film 13 and containing no
chromium and which can be etched by the dry etching using fluorine and the
dry etching using oxygen-containing chlorine. 20Here, the transparent
substrate 11 is, for example, fused silica. The phase-shift film 12 is
formed of a silicon compound mainly comprising, for example, silicon oxide
and in which metal is contained. For the phase-shift film 12, the ratio of
contents and 25the film thickness are selected as needed to adjust the
transmittance and phase difference with respect to the exposure wavelength.
The value of the transmittance  



22 with respect to the exposure wavelength is at least 2% and at most 40%
when production of a photomask is finally completed. Furthermore, the value
of the phase difference with respect to the exposure wavelength is 5at
least 170 degrees and at most 190 degrees when production of a photomask is
finally completed.       The light blocking film (first film) 13 containing
chromium is a metal compound film mainly comprising, for example, chromium
oxide. The film thickness of the 10light blocking film 13 is at least 30 nm
and at most 120 nm and is selected such that for the light blocking film 13
and the underlying phase-shift film, the transmittance with respect to the
exposure wavelength is at most 0.1%. 15The film (second film) 14 containing
no chromium contains molybdenum (transition metal). The film 14 containing
no chromium is at least 1 nm and at most 5 nm in film thickness. The
specific atomic configuration of the, film 14 containing no chromium is
20such that for example, molybdenum accounts for 10 to 100 at% of the sum
of the molybdenum and silicon. Furthermore, in terms of easiness of etching
processing for the dry etching using oxygen-containing chlorine (C1/0),
molybdenum accounts for 30 to 100 at% of the 25sum of the molybdenum and
silicon. 



Now, a method for manufacturing a phase-shift mask using the phase-shift
mask blank 15 will be described  23 with reference to FIG. 3 to FIG. 10.
FIG. 3 to FIG. 10 are cross-sectional views schematically showing the
method for manufacturing a phase-shift mask using the phase-shift mask
blank 15. 5The method for manufacturing a phase-shift mask using the
phase-shift mask blank 15 includes a step of consecutively pattering the
light blocking film (second film) 13 containing chromium (first film) and
the film 14 containing no chromium by means of the dry etching 10using
oxygen-containing chlorine (C1/0).       First, as shown in FIG. 3, a
resist film 16 is formed on the film 14 of the phase-shift mask blank 15,
which contains no chromium. The resist 16 is a chemical amplification
resist. The resist film 16 is, 15for example, at least 50 nm and at most
350 nm in film thickness.        Then, as shown in FIG. 4, an electron beam
lithography apparatus (not shown in the drawings) is used to draw a pattern
on the resist film 16 formed on 20 the film 14 containing no chromium. In
this case, an electron beam has an energy density of 3 to 40 pC/cm2. After
the drawing, a heating treatment and a development treatment are carried
out to form a pattern in the resist film 16. 25Then, as shown in FIG. 5,
the resist film 16 with the pattern formed therein is used as a mask to
consecutively pattern the film (second film) 14 



24 containing no chromium and the light blocking film (first film) 13
containing chromium by means of the dry etching using oxygen-containing
chlorine (C1/0). Furthermore, the phase-shift film 12 is not 5substantially
etched by the dry etching using oxygen-  containing chlorine (C1/0) and
thus remains unpatterned during the present step. Then, as shown in FIG. 6,
after the film 14 containing no chromium and the light blocking film 13
10containing chromium are patterned by the dry etching using
oxygen-containing chlorine, the remaining resist film 16 is stripped and
removed. The resist film 16 can be stripped and removed by dry etching, but
in the present example, is subjected to wet stripping using a 15release
agent.        Then, as sown in FIG. 7, the film 14 containing no chromium
and light blocking film 13 containing chromium with the pattern formed
therein are used as a mask to pattern the phase-shift film 12 by the dry
etching 20using fluorine (F). Furthermore, the film (second film) 14
containing no chromium is removed can also be etched by the dry etching
using fluorine (F) and is thus removed during the present step. The light
blocking film (first film) 13 containing chromium is 25not substantially
etched by the dry etching using 



fluorine (F) and thus remains unremoved during the preset step.  25 Then,
as shown in FIG. 8, a resist film 17 is formed on the light blocking film
13 containing chromium and the transparent substrate 11. Then, as shown in
FIG. 4, the electron beam lithography 5apparatus (not shown in the
drawings) is used to draw a pattern. Thereafter, a heating treatment and a
development treatment are carried out to form a pattern in the resist film
17. Then, as shown in FIG. 9, the resist film 17 with 10the pattern formed
therein is used as a mask to pattern the light blocking film 13 containing
chromium by means of the dry etching using oxygen-containing
chlorine-(01/0). The phase-shift film 12 is not substantially etched by the
dry etching uSing oxygen-containing 15chlorine (01/0) and thus remains
unpatterned during the present step.       Then, as shown in FIG. 10, the
remaining resist film 17 is stripped and removed. The resist film 17 can be
stripped and removed by dry etching, but in the 20present example, is
subjected to wet stripping using a release agent.       Through the
above-described steps, the phase-shift mask according to Example 1 of the
present invention is completed. 



25Example 2 As shown in FIG. 2, the photomask blank (binary mask blank) 25
according to the embodiment of the  26 present invention comprises the
light blocking film 22 located on the transparent substrate 21 and which is
not substantially etched by the dry etching using oxygen-containing
chlorine (01/0) and which can be 5etched by the dry etching using fluorine
(F). The photomask blank 25 comprises the hard mask film (first film) 23
located on the light blocking film 22 and containing chromium and which is
not substantially etched by the dry etching using fluorine (F) and which
10can be etched by the dry etching using oxygen- containing chlorine
(C1/0). The photomask blank 25 comprises the film (second film) 24 located
on the hard mask film 23 and containing no chromium and which can be etched
by the dry etching using fluorine (F) and the 15dry etching using
oxygen-containing chlorine (01/0).       Here, the composition and film
thickness of the transparent substrate 21 are similar to those of the
above-described transparent substrate 11. The light blocking film 22 is,
for example, silicon oxide in 20which metal is contained. For the light
blocking film 22, the ratio of contents and the film thickness are selected
as needed to adjust the transmittance with respect to the exposure
wavelength. The value of the transmittance with respect to the exposure
wavelength 25is at most 0.1% when production of a photomask is finally
completed. 



The hard mask (first film) 23 containing chromium  27 is a metal compound
film mainly comprising, for example, chromium oxide and is at least 2 nm
and at most 5 nm in film thickness.               The ranges of specific
configuration and thickness 5of the film (second film) 24 containing no
chromium is similar to those of the above-described film 14 containing no
chromium.       Now, a method for manufacturing a binary mask using the
binary mask blank 25 will be described with 10reference to FIG. 11 to FIG.
16. FIG. 11 to FIG. 16 are cross-sectional views schematically showing the
method for manufacturing a binary mask using the binary mask blank 25. The
method for manufacturing a binary mask using 15the binary mask blank 25
includes a step of consecutively pattering the hard film (first film) 23
containing chromium and the film (second film) 24 containing no chromium by
means of the dry etching using oxygen-containing chlorine (C1/0). 20First,
as shown in FIG. 11, a resist film 26 is formed on the film 24 of the
binary mask blank 25, which contains no chromium. The material and film
thickness of the resist are similar to those of the above-described resist
film 16, shown in FIG. 3. 



25Then, as shown in FIG. 12, the electron beam lithography apparatus (not
shown in the drawings) is used to draw a pattern on the resist film 26
formed on  28 the film 24 containing no chromium. After the drawing, a
heating treatment and a development treatment are carried out to form a
pattern in the resist film 26. Drawing conditions and development
conditions in this 5case are similar to those shown in FIG. 4, described
above. Then, as shown in FIG. 13, the resist film 26 with the pattern
formed therein is used as a mask to consecutively pattern the film 24
containing no 10chromium and the hard mask film containing chromium 23 by
means of' the dry etching using oxygen-containing chlorine (C1/0).
Furthermore, the light blocking film 22 is not substantially etched by the
dry etching using oxygen-containing chlorine (01/0) and thus remains
15unpatterned during the present step.       Then, as shown in FIG. 14,
after the film 24 containing no chromium and the light blocking film
containing chromium 23 are patterned by the dry etching using
oxygen-containing chlorine, the remaining resist 20film 26 is stripped and
removed. Conditions for stripping and removal of the resist film 26 are
similar to those shown in FIG. 6, described above.        Then, as shown in
FIG. 15, the film 24 containing no chromium and hard mask 23 containing
chromium with 



25the pattern formed therein are used as a mask to pattern the light
blocking film 22 by the dry etching using fluorine (F). Furthermore, the
film 24  29  containing no chromium is removed can also be etched by the
dry etching using fluorine (F) and is thus removed during the present step.
The hard mask 23 containing chromium is not substantially etched by the dry
etching using fluorine (F) and thus remains unremoved during the preset
step.        Then, as shown in FIG. 16, the hard mask 23 containing
chromium is removed by the dry etching using oxygen-containing chlorine
(C1/0), and the remaining 10structure is cleaned. The light blocking film
22 is not substantially etched by the dry etching using oxygen-containing
chlorine (C1/0) and thus remains unremoved during the preset step.
Through the above-described steps, the binary mask 15according to Example 2
of the present invention is completed.       The embodiment and examples of
the present invention have been described. However, the present invention
is not limited to the above-described 20embodiment and examples and can be
varied for implementation without departing from the scope of the present
invention. Moreover, the above-described embodiment includes various levels
of inventions, and various inventions can be extracted by combining the 25
disclosed constituent requirements together as needed. For example, even if
some of the disclosed constituent requirements are removed, an invention
can be extracted  



30 provided that a predetermined effect is exerted. Industrial
Applicability       The present invention selects the appropriate ranges of
the layer structure, composition, and film 5thickness of the photomask
blank and the steps and conditions for manufacture of a photomask. The
present invention can thus provide a photomask with a fine photomask
pattern formed therein and corresponding to the pattern transfer for the
half pitch 45 nm 10generation and beyond. Explanation of Reference Symbols
11 . . . Transparent substrate 12 .. Phase-shift film 13 . . . Light
blocking film .1514 . . . Film 15 . . . Photomask blank 16 . .Resist film
17 . . . Resist film 21 . . . Transparent substrate 2022 . . . Light
blocking film 



23 . . . Hard mask film 24 . . . Film 25 . . . Photomask blank 26 . . .
Resist film  31 CLAIMS        1. A photomask blank wherein a second film is
stacked on a first film, the first film containing chromium and which is
not substantially etched by the 5dry etching using fluorine and which is
etchable by the dry etching using oxygen-containing chlorine, and the
second film containing no chromium and which is etchable by dry etching
using fluorine and dry etching using oxygen-containing chlorine. 102. The
photomask blank according to claim 1, wherein the first film is at least
one of a light blocking film that is at least 30 nm and at most 120 nm in
film thickness and an antireflective film and a hard mask film which are at
least 2 nm and at most 30 nm in 15film thickness.        3. The photomask
blank according to claim 1, wherein the first film is a metal compound film
mainly comprising chromium oxide, chromium nitride, or chromium oxynitride,
or a metal film or an alloy film 20mainly comprising chromium. 



4. The photomask blank according to claim 1, wherein at least one of a
light blocking film, an. antireflective film, a hard mask film, a
phase-shift film, and a transparent substrate which are not  25
substantially etched by the dry etching using oxygen-containing chlorine
and which are etchable by the dry etching using fluorine is provided under
the second  32 film.        5. The photomask blank according to claim 1,
wherein the second film is at least 0.5 nm and at most 10 nm in film
thickness. 56. The photomask blank according to claim 1, wherein the second
film contains transition metal.        7. The photomask blank according to
claim 6, wherein the transmission metal is selected from molybdenum,
tantalum, tungsten, zirconium, hafnium, 10vanadium, and niobium.        8.
The photomask blank according to claim 6, wherein an atomic configuration
of the second film is such that the transition metal accounts for at least
10 at% of a sum of the transition metal and silicon. 159. The photomask
blank according to claim 1, wherein the second film is silicon oxide,
silicon nitride, or silicon oxynitride containing transition metal.
10. The photomask blank according to claim 1, 20wherein a resist film of
film thickness at least 50 nm and at most 350 nm is formed on the second
film. 



11. A method for manufacturing a photomask, comprising a photomask blank
wherein a second film is stacked on a first film, the first film containing
25chromium and which is not substantially etched by the  dry etching using
fluorine and which is etchable by the dry etching using oxygen-containing
chlorine, the  33 second film containing no chromium and which is etchable
by dry etching using fluorine and dry etching using oxygen-containing
chlorine;       forming a resist with a pattern on the second film; and
using the resist as a mask to etch the first film and the second film by
the dry etching using oxygen-containing chlorine. 12. The method for
manufacturing a photomask 10according to claim 11, wherein the first film
is at least one of a light blocking film that is at least 30 nm and at most
120 nm in film thickness and an antireflective film and a hard mask film
which are at least 2 nm and at most 30 nm in film thickness. 1513. The
method for manufacturing a photomask according to claim 11, wherein the
first film is a metal compound film mainly comprising chromium oxide,
chromium nitride, or chromium oxynitride, or a metal film or an alloy film
mainly comprising chromium. 2014. The method for manufacturing a photomask 



according to claim 11, wherein at least one of a light blocking film, an
antireflective film, a hard mask film, a phase-shift film, and a
transparent substrate which are not substantially etched by the dry etching
25 using oxygen-containing chlorine and which are etchable by the dry
etching using fluorine is provided under the second film.  34        15.
The method for manufacturing a photomask according to claim 11, wherein the
second film is at least 0.5 nm and at most 10 nm in film thickness.
16. The method for manufacturing a photomask 5according to claim 11,
wherein the second film contains transition metal.        17. The method
for manufacturing a photomask according to claim 16, wherein the
transmission metal is selected from molybdenum, tantalum, tungsten,
10zirconium, hafnium, vanadium, and niobium.        18. The method for
manufacturing a photomask according to claim 16, wherein an atomic
configuration of the second film is such that the transition metal accounts
for at least 10 at% of a sum of the transition 15metal and silicon.
19. The method for manufacturing a photomask according to claim 11, wherein
the second film is silicon oxide, silicon nitride, or silicon oxynitride
containing transition metal. 2020. The method for manufacturing a photomask
according to claim 11, wherein a resist film of film thickness at least 50
nm and at most 350 nm is formed on the second film. 


