
TITLE OF INVENTION Evaluation of Etching Conditions for Pattern-Forming Film 10 TECHNICAL
FIELD This invention relates to a method of evaluating a set 15 of etching conditions for a
pattern-forming film of a photomask blank which is processed to form a photomask for use in the
micro-fabrication of semiconductor integrated circuits, charge-coupled devices (CCD), liquid crystal
display (LCD) color filters, and magnetic heads. More 20 particularly, in conjunction with a photomask
blank comprising a pattern-forming film and an etch mask film, the invention relates to a method of
evaluating a set of etching conditions for the pattern-forming film. 25BACKGROUND ART In the recent
semiconductor processing technology, a challenge to higher integration of large-scale integrated
circuits places an increasing demand for miniaturization of circuit patterns. There are increasing
demands for further 30 reduction in size of circuit-constructing wiring patterns and for miniaturization of
contact hole patterns for cell-constructing inter-layer connections. As a consequence, in the
manufacture of circuit pattern-written photomasks for use in the photolithography of forming such
wiring patterns 35 and contact hole patterns, a technique capable of accurately writing finer circuit
patterns is needed to meet the miniaturization demand.          In order to form a higher accuracy
photomask pattern on a photomask substrate, it is of first priority to form a high accuracy resist pattern
on a photomask blank. Since the photolithography carries out reduction projection in actually
processing semiconductor substrates, the photomask pattern has a size of about 4 times the actually
necessary pattern size, but an accuracy which is not loosened accordingly. The photomask serving as
an original is rather required to have an accuracy which is higher than the pattern accuracy IA)
following exposure.         Further, in the currently prevailing lithography, a circuit pattern to be written
has a size far smaller than the wavelength of light used. If a photomask pattern which is a mere 4-time
magnification of the circuit feature is used, a 15 shape corresponding to the photomask pattern is not
transferred to the resist film due to influences such as optical interference occurring in the actual
photolithography operation. To mitigate these influences, in some cases, the photomask pattern must
be designed to a shape which is more 20 complex than the actual circuit pattern, i.e., a shape to which
the so-called optical proximity correction (OPC) is applied, or the photomask pattern must be designed
while taking into account optical interference. Thus, at the present, the lithography technology for
obtaining photomask 25 patterns also requires a higher accuracy processing method. The lithographic
performance is sometimes represented by a maximum resolution. As to the resolution limit, the
lithography involved in the photomask processing step is required to have a maximum resolution
accuracy which is equal 



30 to or greater than the resolution limit necessary for the photolithography used in a semiconductor
processing step using a photomask.         A photomask pattern is generally formed by applying a
photoresist film on a photomask blank having a 35 light-shielding film on a transparent substrate,
writing a pattern using electron beam, and developing to form a resist pattern. Using the resulting
resist pattern as an etch mask,  the light-shielding film is etched into a light-shield pattern. In an
attempt to miniaturize the light-shield pattern, if processing is carried out while maintaining the
thickness of the resist film at the same level as in the art 5 prior to the miniaturization, the ratio of film
thickness to pattern width, known as "aspect ratio," becomes higher. As a result, the resist pattern
profile is degraded, preventing effective pattern transfer, and in some cases, the resist pattern can
collapse or be stripped. Therefore, the 10 thickness of resist film must be reduced to enable
miniaturization.         As to the light-shielding film material to be etched through the resist pattern as
etch mask, a number of materials are known in the art. Among others, chromium 15 compound films
are used in practice because many teachings about etching are available and their processing has
been established as the standard process. For example, a photomask blank having a light-shielding
film composed of a chromium compound suited for ArF excimer laser lithography is 20 disclosed in
JP-A 2003-195479. Specifically a chromium compound film having a thickness of 50 to 77 nm is
described.         A typical dry etching process for chromium-based films such as chromium compound
films is oxygen-containing chlorine base dry etching, which has a certain etching ability 25 relative to
organic film. Thus, when etching is conducted through a thinner resist film in order to transfer a finer
size pattern for the above-described reason, the resist film can be damaged during etching. It is then
difficult to  transfer the resist pattern accurately. To meet both the requirements of miniaturization and
accuracy, it becomes necessary to investigate the light-shielding material again so as to facilitate the
processing of light-shielding film, rather than the current trend relying solely on resist performance
improvement. 35As to the light-shielding film material, silicon-based materials (e.g., materials
containing silicon, or silicon and transition metal) allow for high accuracy processing as  compared with
the chromium-based materials used in the prior art. This is because the silicon-based materials have
good light-shielding properties relative to exposure light of 200 nm or shorter, and can be processed
by fluorine base dry etching which causes least damage to the resist pattern. See JP-A 2007-241065.
As to the technique of high accuracy processing using an etch mask, JP-A 2007-241060 discloses that
the processing error associated with pattern dependency and side etching is in reduced if a
light-shielding film of silicon-based material is processed using a chromium-based material as the etch
mask. Then, a light-shielding film of silicon-based material to be combined with an etch mask film of
chromium-based material is regarded promising as the light-shielding material of the 



15 next generation. Citation List  Patent Document 1: JP-A 2003-195479 Patent Document 2: JP-A
2007-241065 Patent Document 3: JP-A 2007-241060 20(US 20070212619, EP 1832926) SUMMARY
OF INVENTION          As the pattern size on the photomask is reduced, the resist film must be thinner.
To form a photomask pattern 25 having a feature size of 50 nm or less, a resist film having a thickness
of 150 nm or less is required. The etch mask film optimized for such a thin resist film should have a
thickness of 30 nm or less. On use of such etch mask film, a thinner etch mask film is desirable
because the resist film 30 can also be thin. However, if the etch mask film is chosen only from the
aspect of thinning, a problem arises that the pattern of the pattern-forming film contains defects or the
pattern is not formed to the design. Also, the etch mask film is preferably resistant to the etching of the
pattern-forming film. However, the film which is resistant to the etching of the pattern-forming film is
often resistant to the etching of the etch mask film as well. Then the   resist film intended for patterning
of the etch mask film cannot be thin.         The etch mask film must have at least a sufficient thickness
to ensure that the film is left until the etching 5 of the pattern-forming film is complete. On the other
hand, the etch mask film should be as thin as possible so that it may be patterned without causing
substantial damages to the resist film. Depending on certain conditions, etching of the 10
pattern-forming film may cause substantial damages to the etch mask film, and if the etch mask film
has a reduced thickness, cause even a loss of the etch mask film, that is, negate the function of etch
mask. An object of the invention is to provide a method of 15 evaluating a set of etching conditions for
a pattern-forming film, which enables to evaluate both the etch resistance of an etch mask film during
etching of the pattern-forming film and the etchability of the pattern-forming film during etching of the
pattern-forming film itself whereby a 20 satisfactory set of etching conditions for the pattern-forming
film can be found.         Studying the etching behavior of an etch mask film, the inventors found that
during etching of a pattern-forming film, the etch mask film is etched independent of the 25 identity of
material of which it is made, although the etching clear time is long. 



Additionally it was found that defects are introduced in the pattern of the pattern-forming film, typically
light-shielding film, because the resist film serving as an 30 etch mask during patterning of the etch
mask film can be etched during patterning of the etch mask film, and also because the etch mask film
serving as an etch mask during patterning of the pattern-forming film can be etched during patterning
of the pattern-forming film. 35Etching selectivity is different between the pattern-forming film and the
etch mask film, depending on etching conditions. Thus simply selecting a set of etching  conditions
providing a short etching clear time for the pattern-forming film may sometimes fail in satisfactory
processing. The invention pertains to a photomask blank comprising 5 a transparent substrate, a
pattern-forming film on the substrate for forming a photomask pattern, and an etch mask film on the
pattern-forming film for serving as a mask during etching of the pattern-forming film. It is intended
herein that both the etch resistance of the etch mask film during 10  etching of the pattern-forming film
and the etchability of the pattern-forming film during its own etching are evaluated in a relative manner.
It has been found that etching conditions can be evaluated by measuring a first etching clear time (Cl)
taken when the etch mask film is etched under 15 the etching conditions to be applied to the
pattern-forming film when a photomask pattern is formed from the pattern-forming film, measuring a
second etching clear time (C2) taken when the pattern-forming film is etched under the etching
conditions, and computing a ratio (C1/C2) of the 20 first to second etching clear time. Then a proper
set of etching conditions can be selected.         In conjunction with a photomask blank comprising a
transparent substrate, a pattern-forming film on the substrate for forming a photomask pattern, and an
etch mask film on the pattern-forming film for serving as a mask during etching of the pattern-forming
film, the invention provides a method of evaluating a set of etching conditions for the pattern-forming
film comprising the steps of: measuring a first etching clear time (Cl) taken when 30 the etch mask film
is etched under the etching conditions to be applied to the pattern-forming film when a photomask
pattern is formed from the pattern-forming film,         measuring a second etching clear time (C2) taken
when the pattern-forming film is etched under the etching conditions, and           computing a ratio
(C1/C2) of the first to second etching clear time, by which the set of etching conditions for the
pattern-forming film is evaluated. In a preferred embodiment, the etching to be applied to the
pattern-forming film is fluorine base dry etching. In a preferred embodiment, the pattern-forming film is
formed of a material comprising silicon and another metal, and the etch mask film is formed of a
silicon-free material comprising chromium. 



10 ADVANTAGEOUS EFFECTS OF INVENTION         Using the evaluation method, a proper set of
etching conditions for the pattern-forming film can be selected. When a photomask is prepared from a
photomask blank under 15 such a proper set of etching conditions, micro-patterning is possible
because the etch mask film can be thin, and the transfer of the photomask pattern to the
pattern-forming film is satisfactory. The resulting photomask has minimal pattern defects. 20 BRIEF
DESCRIPTION OF DRAWINGS         FIG. 1 schematically illustrates an exemplary dry etching
system. FIG. 2 is a diagram showing the reflectivity to 25 inspection light of wavelength 675 nm as a
function of time during etching under a set of etching conditions C in Example 1. DESCRIPTION OF
PREFERRED EMBODIMENTS The terms "first", "second", and the like, as used 30 herein do not
denote any order, quantity, or importance, but rather are used to distinguish one element from another.
The invention pertains to a photomask blank comprising a transparent substrate such as quartz
substrate, a      pattern-forming film deposited on the substrate for forming a 35 photomask pattern,
and an etch mask film deposited on the pattern-forming film and serving as a mask during etching of
the pattern-forming film. The method of the invention is to  evaluate a set of etching conditions for the
pattern-forming film formed below the etch mask film, preferably contiguous to the etch mask film.
Examples of the pattern-forming film include a light-shielding film adapted to form a light-shielding
pattern upon fabrication of a photomask, and a phase shift film such as a halftone phase shift film
adapted to form a phase shift pattern. That is, the pattern-forming film is a functional film affording an
optical function as a photomask 10 pattern when a photomask resulting from the photomask blank 



is used. On the other hand, the etch mask film is a film which exhibits etch resistance when the
pattern-forming film is etched. The etch mask film is also known as "hard mask film" in that the film is
used as the etch mask pattern when the pattern-forming film is etched. The pattern-forming film and
etch mask film each may be a film of a single layer or multiple layers. The pattern-forming film may
include an antireflective layer, adhesion-improving layer, protective layer or the like.         The
pattern-forming film and etch mask film may have different etching performance. For example, one of
the pattern-forming film and etch mask film, especially the pattern-forming film may be a film which is
susceptible to fluorine base dry etching with fluorine base etchant gas such 25 as SF, or CF,, and less
susceptible to chlorine base dry etching with chlorine base etchant gas containing chlorine and oxygen
gases. Suitable such films include, for example, a silicon film, a film containing silicon, but not metals
other than silicon, and a film containing silicon and another 30 metal(s). Examples of the metals other
than silicon include molybdenum, tungsten, tantalum and zirconium, and mixtures thereof. Of these,
molybdenum is preferred for workability. These films may further contain one or more light elements
selected from among oxygen, nitrogen, carbon and hydrogen. 35 The other film (which is an etch
mask film if the one film is a pattern-forming film) may be a film which is less susceptible to fluorine
base dry etching with fluorine base  etchant gas such as SF, or CF4, and susceptible to chlorine base
dry etching with chlorine base etchant gas containing chlorine and oxygen gases. Suitable such films
include, for example, a film of a silicon-free material containing 5 chromium and a film of a silicon-free
material containing tantalum. These films may further contain one or more light elements selected from
among oxygen, nitrogen, carbon and hydrogen. It is noted that both the chlorine base etchant gas and
the fluorine base etchant gas may further contain an 10 inert gas such as helium or argon.         The
combination of etchings is exemplified above by a combination of fluorine base dry etching using
fluorine base etchant gas with chlorine base dry etching using chlorine base etchant gas containing
chlorine gas and oxygen gas, but 15 not limited thereto. Other combinations include, but are not
limited to,  1) a combination of chlorine base dry etching using chlorine base etchant gas containing
chlorine gas, but not oxygen gas with chlorine base dry etching using chlorine base etchant 20 gas
containing chlorine gas and oxygen gas;  2) a combination of two chlorine base dry etchings using
chlorine base etchant gases containing chlorine gas and oxygen gas in a different ratio; and  3) a
combination of fluorine base dry etching using fluorine 25 base etchant gas with chlorine base dry
etching using chlorine base etchant gas containing chlorine gas, but not oxygen gas.         The method
of foiliLing a photomask pattern from a pattern-forming film (typically light-shielding film) using 30 an
etch mask film is described by referring to one embodiment wherein a photomask is prepared from a
photomask blank in which the pattern-forming film is a MoSi-based light-shielding film and the etch
mask film is a chromium-based film. 35First of all, a photomask blank is prepared by 



depositing a MoSi-based light-shielding film and a chromium-based etch mask film on a substrate in
sequence. A  resist film is formed on the chromium-based etch mask film. The resist film is processed
to form a resist pattern, after which the etch mask film is patterned by chlorine base dry etching. Then
the resist film is stripped off. While the etch mask film serves as an etch mask, the light-shielding film
is patterned by fluorine base dry etching, whereby a photomask is obtained. If desired, the etch mask
pattern may be removed. To form a fine size photomask pattern at a high 10 accuracy, a thinner resist
film is recommended from the standpoint of aspect ratio. The thickness of a resist film depends on the
etching time taken when the etch mask film is patterned. In order that a thin resist film allow for
satisfactory patterning, the etching time of the etch mask film must be short. Satisfactory patterning
within a short etching time is achievable by (1) designing the composition and construction of the etch
mask film for a short etching clear time and/or (2) reducing the thickness of the etch mask film.
20However, when the pattern-forming film such as a light-shielding film is patterned using the etch
mask film, the etch mask film must be fully resistant to the etching of the pattern-forming film. An
improvement in etch resistance is achievable by (3) designing the composition and construction of the
etch mask film for a long etching clear time and/or (4) increasing the thickness of the etch mask film.
Meanwhile, the set of etching conditions for the pattern-forming film should be selected so as to
provide for 30 a short etching clear time for the pattern-forming film and a long etching clear time for
the etch mask film.         According to the invention, a set of etching conditions for the pattern-forming
film is evaluated by measuring a first etching clear time (Cl) taken when the etch 35 mask film is
etched under the etching conditions to be applied to the pattern-forming film when a photomask
pattern is formed from the pattern-forming film, measuring a second  etching clear time (C2) taken
when the pattern-forming film is etched under the etching conditions to be applied to the
pattern-forming film when a photomask pattern is formed from the pattern-forming film, and computing
a ratio (01/02) of the first to second etching clear time.         The method of the invention is an
evaluation method in which the clear time ratio C1/C2 of first etching clear time Cl taken when the etch
mask film is etched under the etching conditions to be applied to the pattern-forming film when a 10
photomask pattern is formed from the pattern-forming film to second etching clear time 02 of etching of
the pattern-forming film is utilized as a figure of merit (FOM), that is, the clear time ratio 01/02 is an
index for a set of etching conditions for the pattern-forming film. IsThe first etching clear time Cl
corresponds to etch resistance of the etch mask film during etching of the pattern-forming film whereas
the second etching clear time 02 corresponds to etchability during etching of the pattern-forming film
itself. Accordingly, the higher the clear time ratio 01/02 is, the better the results are. The clear time
ratio 01/02 is preferably at least 2, more preferably at least 5. The upper limit of the ratio 01/02 is not
critical. However, in a typical embodiment wherein the etch mask film is a chromium-based film and
the 



25 light-shielding film is composed of MoSiN, for example, the ratio 01/02 is up to 8 in the practical
application.         If the pattern-forming film is etched under such a set of etching conditions as to give a
higher clear time ratio 01/02, then the etch mask film may be thin. As a result, the 30 resist film used in
patterning of that etch mask film may be thin enough to form a fine size pattern.         The "etching
clear time" refers to a time passed from the start of etching until the underlying layer or substrate is
exposed when the film is removed. The etching clear time 35 may be determined by measuring the
reflectivity of a film during etching and detecting a change of reflectivity, from which the completion of
etching is judged, or if a film is  visually observable during etching, by visually observing and
confirming the exposure of the underlying layer or substrate, from which the completion of etching is
judged. Alternatively, the etching clear time may be determined by analyzing the emission spectrum of
a plasma in the etching chamber, analyzing a certain ion or element in the plasma, and detecting a
spectral change, from which the completion of etching is judged. The etching conditions include a flow
rate and io pressure of etchant gas, a power supplied to create a plasma, and the like. An exemplary
dry etching system is illustrated in FIG. 1 as comprising a chamber 1, grounded plates 2, a lower
electrode 3, an antenna coil 4, a substrate 5 to be treated, and radio frequency power supplies RF1
and RF2. is When dry etching is carried out in this system, the power (RF1: reactive ion etching)
applied to the substrate side (photomask blank side) and the power (RF2: inductively coupled plasma)
applied to the induction coil may be adjusted. The flow rate of etchant gas may be adjusted in a 20
range of 0.1 to 100 sccm, the pressure of etchant gas adjusted in a range of 1 to 10 Pa, and the power
adjusted in a range of 1 to 500 W. It is noted that the etching clear times may also be determined by
continuously etching a stack of a pattern-forming film and an etch mask film, with the 25 advantage
that the evaluation time is shortened.         The thickness of the etch mask film may be determined in
terms of the etching clear times of the etch mask film and pattern-forming film under the etching
conditions for the pattern-forming film. It suffices that the etching clear 30 time of the etch mask film is
longer than the etching clear time of the pattern-forming film. The thickness of the etch mask film is
determined such that the etching clear time of the etch mask film may be longer than the etching clear
time of the pattern-forming film by a factor of 1.1 to 5, 35 especially 1.2 to 3. As to the thickness of the
etch mask film, a thinner film is preferred. However, too thin a film 



may allow for pattern defects whereas too thick a film may  require a thicker resist film which is
disadvantageous for  fine size pattern formation and leads to larger pattern density dependence or
optical proximity effect. For this reason, the thickness of the etch mask film is preferably in a range of 1
to 30 nm, more preferably 1 to 10 nm. The  thickness of the resist film which is applied to the etch
mask film within the above thickness range is preferably in a range of 30 to 200 nm, more preferably
30 to 150 nm, and even more preferably 30 to 100 nm. On the other hand, the 10 thickness of the
pattern-forming film, which varies with its optical function, is typically 10 to 100 nm, preferably 20 to 80
nm, relative to the etch mask film within the above thickness range. The method of evaluating a set of
etching conditions 15 for a pattern-forming film according to the invention is effective for evaluating a
set of etching conditions for the relevant film in a binary photomask blank comprising a transparent
substrate, a light-shielding film formed as the pattern-forming film on the substrate, and an etch mask
film 20 formed thereon, and a phase shift mask blank comprising a transparent substrate, a phase shift
film (typically halftone phase shift film) formed as the pattern-forming film on the substrate, an optional
light-shielding film formed thereon, and an etch mask film formed thereon. 25 EXAMPLE
Examples of the invention are given below by way of illustration and not by way of limitation. 30
Example 1         Photomask blank samples were prepared by depositing a light-shielding film of
MoSi-based material on a quartz substrate, and depositing a film of chromium-based material thereon
as an etch mask film. Specifically, the 35 light-shielding film was composed of MoSiN and the etch
mask film was composed of chromium. The deposition time was  adjusted such that the light-shielding
film had a thickness of 60 nm and the etch mask film had a thickness of 5 nip. Using the etching
system of FIG. 1, the light-shielding film of MoSi-based material and the etch mask film of
chromium-based material thus deposited were subjected to fluorine base dry etching under seven sets
of etching conditions A to G. The etching clear time was determined. The set of etching conditions is
shown in Table 1. 10Table 1  



Etching condition set Gas pressure (mTorr) Power (w) Gas flow rate (seem)   RF1 RF2 SF, 0, , He A 5
54 325 18 



45 0 B 5 54 325 18 45 130 C 5 54 150 18 45 0 _ 0 5 54 325 9 45 



E 5 100 325 18 45 130 F 5 100 150 18 45 0 G 5 100 325 9 45 0  



RF1: reactive ion etching (FIE) + continuous wave oscillation (CW) RF2; inductively coupled plasma
(ICP) + continuous wave oscillation (CW) 15During the etching test, the reflectivity is monitored using
inspection light of wavelength 675 nm, to determine a change of reflectivity with time. FIG. 2 shows a
change of reflectivity with time in the etching test under condition set C. Once the chromium-based
material film is completely etched, 20 etching of the light-shielding film of MoSi-based material starts.
As the light-shielding film loses its thickness, the reflectivity decreases and eventually reaches the
value of the  reflectivity of the quartz substrate. For each etching set, the etching clear times are
shown in Table 2. Table 2  Etching condition set Etching clear time (sec) Cl/C2  (a) Cr-based film, Cl
(b) Cr-based film + MoSi -based film (b-a) oSi-based film, C2 



A 272 322 50 5.4 B 138 200 62 2.2 C 268 435 167 1.6 D 143 222 79 1.8 E 79 



134 55 1.4  175 292 117 1.5 G 88 157 69 1.3          A clear time ratio C1/C2 was computed by dividing
etching clear time Cl for the etch mask film by the etching clear time C2 for the light-shielding film as
the pattern-forming film. Among etching condition sets A to G, io set A shows the highest ratio Cl/C2,
indicating the best etching condition set.  CLAIMS:  1. In conjunction with a photomask blank
comprising a transparent substrate, a pattern-forming film on the 5 substrate for forming a photomask
pattern, and an etch mask film on the pattern-forming film for serving as a mask during etching of the
pattern-forming film,         a method of evaluating a set of etching conditions for the pattern-forming film
comprising the steps of: 10measuring a first etching clear time (Cl) taken when 



the etch mask film is etched under the etching conditions to be applied to the pattern-forming film
when a photomask pattern is formed from the pattern-forming film,           measuring a second etching
clear time (C2) taken when 15 the pattern-forming film is etched under said etching conditions, and
computing a ratio (C1/C2) of the first to second etching clear time, by which the set of etching
conditions for the pattern-forming film is evaluated. 20  2. The evaluating method of claim I wherein the
etching to be applied to the pattern-forming film is fluorine base dry etching. 25 3.The evaluating
method of claim 1 or 2 wherein the pattern-forming film is formed of a material comprising silicon and
another metal, and the etch mask film is formed of a silicon-free material comprising chromium. 


