10

15

20

25

30

35

TITLE OF INVENTION
Photomask Blank and Method fox Preparing Photomask

TECHNICAL FIELD
This invention relates to a photomask blank which is

processed into a photomask for use in the manufacture of
semiconductor integrated circuits or the like, and a method
for preparing a photomask.

BACKGROUND ART
While semiconductor integrated circuits are used in a

variety of applications, a fiper circuit design is demanded
in order to increase an integration density and save power
consumption. On the side of lithography technology using a
photomask for circuit formation, the development of
miniaturization technology is promoted from 45 nm node to 32
nm node and further to 20 nm node or less. To print images
of finer size, a light source of shorter wavelength is used
for exposure. In the current advanced commercial process,
the light source has made a transition from Kr¥F excimer laser
light (248 nm)} to ArF excimer laser light (193 nm). To print
images of finer size, the super-resolution technology is
advancing. For example, immersion lithography, modified
illumination and supplement patterns are used. As to the
photomask used in photolithography, there are developed not
only binary photomasks consisting of a 1ight transmitting
section and a light-shielding section, but also phase shift
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photomasks utilizing optical interference including halftone
phase shift masks, Levenson phase shift masks, and chromeless
phase shift masks

The photomask blank which is a precursor to a photomask
basically has the structure that inorganic f£ilms such as a
light-shielding £ilm for shielding exposure light and a phase
shift £ilm for changing the phase of exposure light are
formed on a transparent substrate which is transmissive to
exposure light. The photomask is prepared from the photomask
blank by patterning the inorganic films such as
light-shielding film and phase shiflt film thereon. As the
inorganic f£ilm, for example, light-shielding f£ilm, a chromium
base film containing chromium or a molybdenum silicon base
film containing molybdenum and silicon is often used.
Besides, a £ilm of silicon alone is also known as a £ilm
capable of reducing EMF bias caused by electromagnetic field
(EMF) effect.

Citation List
Patent Document 1: JP-A 2014-191176
Patent Document 2Z: JP-B 859-139033

SUMMARY OF INVENTION
The light-shielding film should have a thickness enough

to provide a predetermined degree of light shielding. Where
the light-shielding film is a silicon-containing £ilm, it is
important for finer size processing to reduce the thickness
of light-shielding film, to insure ease of working, and to
increase the etching rate. As the etching rate 1s increased,
for example, the thickness of a resist film used for pattern
formation can be reduced. Even when a hard mask f£ilm is
formed on the light-shielding film, the thickness of the hard
mask film can be reduced, and this, in turn, enables to
reduce the thickness of a resist £1ilm used for processing the
hard mask f£film. Thus, a silicon-~containing f£ilm which is
more easlily workable in pattern formation is reguired.

An object of the invention is to provide a photomask
blank having a silicon-containing light-shielding film which
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an increased etching rate which contributes to ease of
working.

In one aspect, there is provided abinary photomask
blank comprising a transparent substrate and a light-
shielding film disposed thereon, containing silicon and
nitrogen, but being free of a transition metal, wherein said
light-shielding film has an optical density (OD) of at least
2.5 with respect to ArF excimer laser, said light-shielding
film is constructed of a light-shielding layer containing
silicon and nitrogen, free of a transition metal, and having
a nitrogen content of 3 to 50 at % based on the sum of
silicon and nitrogen, and one or more of a reflectance-
reducing layer containing silicon and nitrogen, free of a
transition metal.

In another aspect, there is provided a method for
preparing a photomask comprising the step of patterning the
light shielding film of the binary photomask blank as
described herein.

In yet another aspect, there is provided a binary
photomask blank comprising a transparent substrate and a
light-shielding film disposed thereon, containing silicon and
nitrogen, but being free of a transition metal, wherein said
light-shielding film has an optical density (OD) of at least
2.5 with respect to ArF excimer laser, said light-shielding
film is constructed of a light-shielding layer containing
silicon and nitrogen, free of a transition metal, and having
a nitrogen content of 3 to 50 at % based on the sum of
silicon and nitrogen, and a compositionally graded layer
containing silicon and nitrogen, free of a transition metal,
having a composition continuously graded in thickness
direction.

In another aspect, there is provided a method for
preparing a photomask comprising the step of patterning the
light shielding film of the binary photomask blank as
described herein.

In one embodiment, the invention provides a photomask

blank comprising a transparent substrate and a light-
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shielding film disposed thereon, containing silicon and
nitrogen, but being free of a transition metal. The light-
shielding film is constructed by a single layer or multiple
layers, and the single layer or one of the multiple layers is
a light-shielding layer containing silicon and nitrogen, free
of a transition metal, and having a nitrogen content of 3 to
50 at% based on the sum of silicon and nitrogen.

Preferably the light-shielding layer consists of
silicon and nitrogen.

In one preferred embodiment, the light-shielding film
is constructed by a single layer which is the light-shielding

layer.

In another preferred embodiment, the light-shielding
film is constructed by multiple layers which are the
light-shielding layer and a reflectance-reducing layer
containing silicon and nitrogen, free of a transition metal.
Preferably the silicon content of the reflectance-reducing
layer is lower than the silicon content of the
light-shielding layer, and the reflectance-reducing layer has

a silicon content of 43 to 60 at%$ and a nitrogen content of
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40 to 57 at%. Typically, the reflectance-reducing layer has
a thickness of up to 30 nm.

In a further preferred embodiment, the light-shielding
film is constructed by multiple layers which are the
light-~shielding laver and a compositionally graded laver
containing silicon and nitrogen, free of a transition metal,
having a composition continuously graded in thickness
direction. Preferably, the compositionally graded layer has
a thickness of up to 30 nm. Also preferably, the
compositionally graded layer is a reflectance-reducing layer
which is disposed on the side of the light-shielding layer
remote from the substrate and compositionally graded such
that the silicon content continuously decreases in a
direction remote from the substrate. Typically, the
reflectance~reducing layer has a silicon content of 43 to 60
at¥ and a nitrogen content of 40 to 57 at% at the surface
thereof which is remote from the substrate.

Preferahbly the light-shielding £ilm has a thickness of
up to 70 nm.

The photomask blank may further comprise: a hard mask
£ilm which is disposed contiguocus to the surface of the-
light-ghielding film remote from the substrate, and has
different etching properties from the light-shielding £ilm;
an etching stop £ilm which is disposed contiguous to the
gurface of the light-shielding film close to the substrate,
and has different etching properties from the light-shielding
film; or a phase shift £ilm.

The photomask blank is typically intended for use with
exposure light from ArF excimer laser.

Also provided is a method for preparing a photomask by
using the photomask blank defined above.

ADVANTAGEOUS EFFECTS OF INVENTION
The photomask blank of the invention has a

silicon~containing light-shielding film which is thin and
effectively workable.
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BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 is a cross-sectional view of a photomask blank

in one embodiment of the invention.

FIG., 2 is a cross-sectional view of a photomask blank
in another embodiment of the invention.

FIG. 3A is a diagram showing the thickness versus
composition of f£ilms deposited in Experiment, and FIG. 3B is
a diagram showing the etching rate versus composition of
£ilms deposited in Experiment.

FIG. 4 schematically illustrates a dry etching system
used in Experiment.

DESCRIPTION OF PREFERRED EMBODIMENTS
One embodiment of the invention is a photomask blank

comprising a transparent substrate and a light-shielding film
disposed thereon. The light-shielding film is formed of a
material containing silicon and nitrogen, but being free of a
transition metal. The light-shielding film is constructed by
a single layer or multiple layers. The single layer or one
of the multiple layers is a light-shielding layver containing
silicon and nitrogen, free of a transition metal, and having
a nitrogen content of 3 to 50 at® based on the sum of silicon
and nitrogen. With this comstruction, the £ilm may be
reduced in thickness while maintaining a predetermined
optical density (OD}, and accelerated in etching rate. The
film free of a transition metal is fully resistant to laser
irradiation, so that a photomask may be prepared which
experiences a minimal line width variation even when exposure
light is irradiated in an accumulative exposure dose of at
least 30 kJ/cm?, especially at least 40 kJ/cm?®.

The transparent substrate is typically a qguartz
substrate which is transparent to the wavelength of commonly
used exposure light although the ftype and size of the
substrate are not particularly limited. Preference is given
to transparent substrates of 6 inch squares and 25 mil thick,
known as 6025 substrate, as prescribed in the SEMI standards,
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or transparent substrates of 1532 mm squares and 6.35 mm thick
when expressed in the SI units.

In the photomask blank, the light-shielding layer
included in the light-shielding film has a nitrogen content
of preferably at least 5 at®, more preferably at least 10 at%,
even more preferably at least 13 at%, and preferably up to 45
at%, more preferably up to 40 at%, even more preferably up to
35 at% based on the sum of silicon and nitrogen. Preferably
the light-shielding film consists of silicon and nitrogen,
that ig, a SiN f£ilm. The light-shielding layer which is the
single layer or one of the multiple layers of the
light-shielding film should preferably have a total content
of silicon and nitrogen which is at least 70 at%., more
preferably at least 80 at%, and even more preferably at least
90 at%¥ based on the laver and most preferably consist of
silicon and nitrogen, that is, a SiN laver.

In one embodiment, the light-shielding film is a singie
layer. One exemplary photomask blank having a monolayer
light-shielding film is illustrated in FIG. 1 as comprising a
monolayer light-shielding film 2 formed on a transparent
substrate 1. In the embodiment wherein the light-shielding
£ilm is a single layer, it is constructed by a single
light~shielding layer. The light~shielding film of monolayer
structure ensures that a pattern of satisfactory profile is
formed. If the light-shielding film is composed of silicon
alone, then it has a high reflectance. In this case, a
reflectance~reducing layer having a low level of light
shielding must be provided in order to reduce reflectance.

In the photomask blank of the invention, however, the
reflectance of the light-shielding film with respect to
exposure light may be made lower by increasing the nitrogen
content of the light-shielding film, even when the
light~shielding film is a single layer. Particularly when
the light-shielding layer {(i.e., light-shielding £ilm) is
Fformed of an oxygen-free material, especially a material
consisting of silicon and nitrogen (i.e., SiN}, there is

-6-
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obtained the advantage that the light-shielding £ilm can be
further reduced in thickness.

In another embodiment, the light-shielding f£ilm is
constructed by multiple lavers (i.e., two, three or more
layers}. Where the light-shielding film is of multilayer
structure, for example, a reflectance-reducing laver
containing silicon and nitrogen, but free of a transition
metal may be included in addition to the light-shielding
layver. Preferably the lighit-shielding film consists of the
light-shielding layer and the reflectance-reducing laver.

One exemplary photomask blank having a bilayer
light-shielding f£ilm consisting of a light-shielding layer
and a reflectance-reducing layver is illustrated in FIG. 2 as
comprising & transparent substrate 1 and a light-shielding
£ilm 2 consisting of a light-shielding laver 21 and a
reflectance-reducing layer 22 which are disposed on the
substrate 1 in the described order. Though not shown, a
reflectance~reducing layer may be disposed on the (lower)
side of the light-shielding layver 21 close to the substrate 1.
Also the light-shielding film may include an adhesion
improving laver on the (lower) side of the light-shielding
layer 21 close to the substrate 1.

Preferably the silicon content of the
reflectance-reducing layer 1s lower than the silicon content
of the light-shielding layer. Alsc preferably the
reflectance~-reducing layer has a silicon content of 43 to 60
at% and a nitrogen content of 40 to 57 at%. Although the
reflectance~-reducing layer may contain oxygen, it is
preferred that both the light-shielding layer and the
reflectance-reducing layer be formed of oxygen-free materials,
especially materials consisting of silicon and nitrogen (i.e.,
SiN), because the light-shielding £ilm can be reduced in
thickness. The thickness of the reflectance-reducing layer
is preferably up to 40%, more preferably up to 30% of the
total thickness of the light-shielding film. Specifically
the reflectance-reducing layer has a thickness of up to 30 nm,
more preferably up to 20 nm, and even more preferably up to
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10 nm, because the light-shielding £ilm can be reduced in
overall thickness. Typically the thickness of the
reflectance-reducing layer may be at least 2 nm.

It is preferred that the compositional difference
between the light-shielding layer and another lavyer included

"in the multllayer light-shielding film be smaller, because

steps are otherwise formed between the layers by etching.
Specifically the light-shielding layer and the other layer
included in the multilayer light-shielding £ilm are
preferably a combination of the light-shielding laver and a
compositionally graded layer containing silicon and nitrogen,
free of a transition metal, having a compesition continuocusly
graded in thickness direction. The term "compositilonally
graded" refers to a composition {(or content} that
continuously increases or decreases in thickness direction or
increases and decreases combinedly. The thickness of the
compositionally graded layer is preferably up to 40%, more
preferably up to 30% of the overall thickness of the
light-shielding film. Specifically the thickness of the
compositionally graded layer is preferably up to 30 nm, more
preferably up to 20 nm, and even more preferably up to 10 nm,
because the overall thickness of the light-shielding film can
be reduced, Typically the thickness of the compositionally
graded layer may be at least 2 nm.

In the photomask blank, the reflectance of the
light-shielding film with respect to exposure light may be
suppressed as low as 50% or less, especially 40% or less.
Particularly for the purpose of reducing the reflectance of
the light-shielding £ilm, it is preferred that the
reflectance-reducing layer be a compositionally graded layer
which is disposed on the surface of the light-shielding laver
remote from the transparent substrate, and has a silicon
content continuously decreasing in a thickness direction
remote from the substrate. It is more preferable from the
standpoints of reflectance reduction and avoidance of step
formation by etching that the reflectance-reducing layer have
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a silicon content of 43 to 60 at% and a nitrogen content of
40 to 57 at% on the surface thereof remote from the substrate.

The light-shielding film is desirably as thin as
possible. Specifically the light-shielding £ilm has a
thickness of preferably up to 70 nm, more preferably up to 60
nm, and even more preferably up to 55 mnm. Typically the
thickness of the light-shielding £ilm is at least 35 nm,
preferably at least 40 nm.

Each of the layers containing silicon and nitrogen, but
free of a transition metal which constitute the
light~shielding £ilm is preferably deposited by the
sputtering method capable of forming a film of homogeneity in
a simple way. Either DC sputtering or RF sputtering may be
employed. The target and sputtering gas may be selected as
appropriate depending on the arrangement and composition of
layers. Suitable fargets are silicon-containing targets
including a silicon target (or 8i target), a silicon nitride
target, and a target containing silicon and silicon nitride.
Of these, silicon base targets, for example, targets having a
silicon content of at least %0 at% are preferred, the silicen
target being most preferred. The content of nitrogen may be
adjusted by using a nitrogen-containing gas as the reactive
gas, and adjusting the flow rate of such gas during reactive
sputtering. A suitable reactive gas is nitrogen gas (N, gas}.
In the sputtering gas, a rare gas such as helium, neon ox
argon gas may be used as the inert gas. The preferred inert
gas 1s argon gas. The sgputtering pressure is typically (.01
to 10 Pa, preferably 0.03 to 0.1 Pa.

The photemask blank of the invention may be prepared by
forming a light-shielding £film on a transparent substrate.
Once the light-shielding film is formed, it may be heat
treated at a temperature which is higher than the temperature
used in the pattern fbrming step during the manufacture of a
photomask from the photomask blank, for example, at least
150°C. The heat treatment atmosphere may be either an inert
gas atmosphere such as helium gas or argon gas Or an
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oxygen-containing atmosphere such as oxygen gas atmosphere,
or even vacuum.

The light-shielding film may include a surface oxidized
layer as the outermost layer (surface side of the £ilm remote
from the substrate) in order to suppress any change in
quality of the f£ilm. The surface oxidized layer may have an
oxygen content of at least 20 at%, with even an oxygen
content of at least 50 at% being acceptable. The surface
oxidized layer may be formed by atmospheric or air oxidation
or forced oxidative treatment. Examples of forced oxidative
treatment include treatment of a silicon-based material film
with cozone gas or ozone water, heating of a film at 300°C or
higher in an oxygen-containing atmosphere such as oxygen gas
atmosphere by oven heating, lamp annealing or laser heating,
and formation of oxidized f£ilm by sputtering. The surface
oxidized layer preferably has a thickness of up to 10 nm,
more preferably up to 5 nm, and even more preferably up to 3
nm. The oxidized layer exerts its effect as long as its
thickness is at least 1 nm. &Although the surface oxidized
layer may also be formed by increasing the amount of oxygen
in the sputtering gas during the sputtering step, atmospheric
oxidation or oxidative treatment after deposition is
preferred for forming a less defective layer.

The photomask blank is defined as having a
lLight-shlelding film on a transparent substrate. In one
embodiment, only the light-shielding f£ilm is formed on the
transparent substrate. In ancother embodiment, a hard mask
film (or etching mask £ilm) for processing the light-shielding
£ilm may be formed on the surface of the light-shielding f£film
remote from the substrate, preferably contiguous to the
light-shielding f£ilm. Inclusion of the hard mask £ilm is
preferred because it allows a thinner resist £ilm to be
formed and thus a finer pattern to be formed accurately.

The hard mask film may be a £ilm having different
etching properties from the light-shielding £ilm, preferably
a £film which is resistant to fluorine base dry etching using
fluorine base gas (applied to etching of silicon-containing
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material) and susceptible to chlorine base dry etching using
oxygen-containing chlorine base gas (chlorine oxygen gas),
and more preferably a f£ilm of chromium-containing material,
The hard mask £ilm may have a monolayer or multilayer
structure. Examples of the chromium-containing material
include chromium alone, chromium oxide (Cr0O), chromium
nitride (CrN)}, chromium carbide (CrC), chromium oxynitride
{CrON), chromium oxycarbide (CroOC), chromium nitride carbide
{CrNC}, chromium oxynitride carbide (CrONC) and other
chromium compounds.

Where the hard mask film is of a chromium-containing
material, it preferably has a chromium content of at least 30
at%, more preferably 35 at% and up to 100 at®, moxre
preferably up to 99 at¥, and even more preferably up to 90
at%¥. The chromium-containing material has an oxygen content
of at least 0 at®% and up to 60 at%®, preferably up to 40 at%,
a nltrogen content of at least 0 at% and up to 50 ats,
preferably up to 40 at%, and a carbon content of at least 0
at% and up toc 30 at®, preferably up to 20 at%. The total
content of chromium, oxygen, nitrogen and carbon is
preferably at least 95 at%, more preferably at least 99 at$,
and especially 100 at®. The hard mask £ilm typically has a
thickness of 1 to 30 nm, preferably 2 to 20 nm. The hard
mask film may be completely removed after a pattern of the
light-shielding film is formed. Alternatively, the hard mask
£ilm may be left in part or in entirety after a pattern of
the light-shielding £ilm is formed, and then it functions as
a supplementary light-shielding £ilm or an electroconductive
f£ilm.

In a further embodiment, an etching stop film may be
formed on the surface of the light-shielding f£ilm close to
the transparent substrate {(i.e., between the substrate and
the light-ghielding film), preferably contiguous to the
light-shielding f£ilm. Inclusion of the etching stop Ffilm is
preferred because it allows for accurate control of etching.
The etching stop f£ilm and the hard mask £ilm may be used in
combination. The etching stop £ilm may also be utilized as
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an etching mask f£ilm relative to the underlying substrate or
as an etching mask film relative to a phase shift film if any.

The etching stop £ilm may be a film having different
etching properties from the light-shielding film, preferably
a f£film which is resistant to fluorine base dry etching using
fluorine base gas (applied to etching of silicon-containing
material) and susceptible to chlorine base dry etching using
oxygen-containing chlorine base gas {(chlorine oxygen gas),
and more preferably a £ilm of chromium-containing material.
The etching stop £ilm may have a monolayer or multilayer
structure. Examples of the chromium-containing material
include chromium alone, chromium oxide (CrQ), chromium
nitride (CrN)}, chromium carbide (CxC), chromium oxynitride
(CrON), chromium oxycarbide (CrOC), chromium nitride carbide
{CrNC), chromium oxynitride carbide {(CrONC) and other
chromium compounds.

Where the etching stop film is of a chromium-containing
material, it preferably has a chromium content of at least 30
at%, more preferahly 35 at¥% and up to 100 at%, more
preferably up to 99 at%, and even more preferably up to 90
at%. The chromium-containing material has an oxygen content
of at least 0 at% and up to 60 at%, preferably up to 55 at%.
a nitrogen content of at least 0 at®% and up to 50 at%,
preferably up to 40 at%, and a carbon content of at least ¢
at% and up to 30 at%, preferably up to 20 at%. The total
content of chromium, oxygen, nitrogen and carbon is
preferably at least 95 at%, more preferably at least 99 at%,
and especially 100 at%. The etcﬁing stop film typically has
a thickness of 1 to 20 nm, preferably 2 to 10 nm,

A f£ilm of chromium-containing material may be deposited
by the reactive sputtering method using a target such as a
chromium target or a chromium target having added theretoc one
or more of oxygen, nitrogen and carbon, and a sputtering gas
including & rare gas (inert gas) such as helium, neon or
argon gas, and a reactive gas selected in accoxdance with the
desired composition of a film to be deposited from among
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oxygen-containing gas, nitrogen-containing gas and
carbon-containing gas.

The photomask blank of the invention may further
comprise a phase shift film, which is typically disposed
between the transparent substrate and the light-shielding
£ilm. 7The photomask blank including a phase shift £ilm may
take variocus structures including a structure that a phase
shift £ilm and a light-shielding £ilm are formed in segquence
on a transparent substrate, a structure that a phase shift
film, a light-shielding film, and a hard mask £1ilm are formed
in seguence on a transparent substrate, a structure that a
phase shift film, an etching stop £film, and a light-shielding
£ilm are formed in sequence on a transparent substrate, and a
structure that a phase shift £ilm, an etching stop film, a
light-shielding f£ilm, and a hard mask film are formed in
sequence on a transparent substrate.

The phase shift film may be either a fully transmissive
phase shift film or a halftone phase shift film {(e.g., having
a transmittance of 5 to 30%). The phase ghift £ilm is
preferably susceptible to fluorine base dry etching, more
preferably a film of silicon-containing material. The phase
shift £ilm may have a monolayer or multillaver structure.
Examples of the silicon-containing material include
silicon~containing compounds, for example, silicon-containing
compounds containing silicon and at least one of oxygen and
nitrogen, such as silicon oxide (Si0)}, silicon nitride {SiN)
and silicon oxynltride (SiON), and transition metal silicon
compounds, for example, transition metal silicon compounds
containing a transition metal (Me), silicon and at least one
of oxygen, nitrogen and carbon, such as transition metal
silicon oxide {MeSi0)}, transition metal silicon nitride
(MeSiN), transition metal silicon carblde (MeBiC), transition
metal silicon oxynitride (MeSiON), transition metal silicon
oxycarbide (MeSiOC), transition metal silicon nitride carbide
{MeSiNC), and transition metal silicon oxide nitride carbide
{MeSiONC)}. The transition metal (Me) is preferably at least
one of titanium (Ti), vanadium (V}, cobalt (Co), nickel (Ni},
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zirconium {Zr), niobium (Nb}, molybdenum (Mo}, hafnium (Hf),
tantalum (Ta) and tungsten (W). Inter alia, molybdenum {Mo)
is preferred from the standpoint of dry etching. The phase
shift £ilm has such a thickness as to provide a phase shift
of generally 150 to 200°, preferably 170 to 190°, more
preferably 175 to 185°, and most preferably approximately
180° with respect to exposure light on use of a photomask.

A f£ilm of silicon-containing material may be deposited
by the reactive sputtering method using a target such as a
silicon target, transition metal target or transition metal
silicon target, and a sputtering gas including a rare gas
(inert gas) such as helium, neon or argon gas, and a reactive
gas selected in accordance with the desired compesition of a
film to be deposited from among oxygen-containing gas,
nitrogen-containing gas and carbon-containing gas.

The exposure light to which the photomask blank,
specifically photomask is subjected (that is, light used for
exposure through a photomask) is preferably light of
wavelength up to 250 nm, especially up to 200 nm, typically
ArF excimer laser light (wavelength 193 nm} or F, laser light
{157 nm}, with the ArF excimer laser light {wavelength 193
nm) being most preferred.

The photomask blank is preferably constructed such that
overall films inclusive of the light-shielding f£ilm which are
ieft on the substrate after the completion of a photomask
from the photomask blank may have an optical density (0D} of
at least 2.3, preferably at least 2.5, more preferably at
least 2.8, and most preferably at least 3.0 with respect to
the exposure light. Where the f£ilm to be left on the
substrate is solely the light-shielding f£ilm, the
light-shielding film alone should preferably have an OD in
the range. Where the f£ilm to be left on the substrate
includes the light-shielding f£ilm and another f£ilm such as
etching stop £ilm and/or phase shift f£ilm, or hard mask £ilm,
the overall films should preferably have an OD in the range.

A photomask may be prepared from the photomask blank of
the invention by a conventional method. For example, a binary
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photomask may be prepared through the following steps. The
procegs starts with a photomask blank having a light-shielding
film on a transparent substrate. First a resist, typlcally
chemically amplified resist material is coated onto the
light-shielding £ilm of the photomask blank. The resist film
is exposed imagewise to EB or radiation and developed to form
a desired regist pattern. With the resist pattern made
etching mask, fluorine base dry etching is performed to
pattern the light-shielding £ilm. The resist pattern is
removed by a standard technlique, yielding a photomask.

Where a hard mask £ilm of chromium-containing material
is disposed on the light-shielding f£ilm, a resist, typically
chemically amplified resist material is coated onto the hard
mask film. The resist film is exposed imagewise to EB or
radiation and developed to form a desired resist pattern.
With the resist pattern made etching mask, chlorine base dry
etching is performed to pattern the hard mask f£ilm. Then
with the hard mask f£ilm pattern made etching mask, fluorine
base dry etching is performed to pattern the light-shielding
film. The resist pattern is removed by a standard technigue,
yielding a photomask. Notably, the hard mask £ilm pattern is
removed if necessary, and if it is removed, then a new resist
pattern is optionally formed and later removed by
chlorine-base dry etching.

Where an etching stop £ilm of chromium-containing
material is disposed below the light-shielding film {between
the substrate and the light-shielding f£ilm}, once the
light-shielding film is patterned, an etching stop film
pattern may be formed by chlorine base dry etching. At this
point of time, the light-shielding film pattern may function
as an etching mask.

In the case of a photomask blank having a phase shift
£ilm, for example, a photomask blank having a phase shift
£ilm of silicon-containing material and a light shielding
£film formed in seguence on a transparent substrate, a
photomask may be prepared therefrom through the following
steps. First a resist, typically chemically amplified resist
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material is coated onto the light-shielding f£ilm. The resist
film is exposed imagewise to EB or radiation and developed to
form a desired resist pattern. With the resist pattern made
etching mask, fluorine base dry etching is performed to
pattern the light-shielding film and further pattern the
phase shift f£ilm. If part of the light-shielding £ilm is to
be left, then a new resist pattern foxr protecting the relevant
portion is formed on the light-shielding film pattern and
thereafter, fluorine base dry etching is performed to remove
the portion of the light-shielding £ilm which is not protected
with the resist pattern. The resist pattern is removed by a
standard technigue, vielding a phase shift photomask.

Where an etching stop f£ilm of chromium-containing
material is disposed between the light~shielding £ilm and the
phase ghift film, a resist, typically chemically amplified
resist material is coated onto the light-shielding £ilm., The
resist film is exposed imagewise to EB or radiation and
developed to form a desired resist pattern. With the resist
pattern made etching mask, fluorine base dry etching is
performed to pattern the light-shielding film. Next, with
the light-shielding f£ilm pattern made etching mask, chlorine
base dry etching is performed to pattern the etching stop
f£film, vielding an etching stop £ilm pattexn in which a
portion of the etching stop f£film corresponding to the portion
of the phase shift film to be removed has been removed. Then
the resist pattern is removed. If part of the
light-shielding £ilm is to be left, then a new resist patterm
for protecting the relevant portion is formed on the
light-shielding f£ilm pattern. Thereafter, with the etching
stop £ilm pattern made etching mask, fluorine base dry
etching is performed to pattern the phase shift £ilm and
simultaneously remove the portion of the light-shielding f£ilm
which is not protected with the resist pattern. Then the
resist pattern is removed by a standard method. Furthermore,
chlorine base dry etching is performed to remove the portion
of the etching stop £ilm where the light-shielding film has
been removed. If a new resist pattern is formed, the resist
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pattern is removed by a standard technigue, yielding a phase
shift photomask.

In the case of a photomask blank having an etching stop
film of chromium-~containing material between the
light-shielding f£ilm and the phase shift film and a hard mask
£film of chromium-containing material on the light-shielding
£film, first a resist, typically chemically amplified resist
material is coated onto the hard mask £ilm. The resist £ilm
is exposed imagewise to EB or radiation and developed to form
& desired resist pattern. Next, with the resist pattern made
etching mask, chlorine base dry etching is performed to
pattern the hard mask film. Next, with the hard mask £ilm
pattern made etching mask, fluorine base dry etching is
performed to pattern the light-shielding f£ilm. Next the
resist pattern is removed. If only part of the
light~shielding film is to be left, a new resist pattern for
protecting the relevant portion is formed on the
light~-shielding £ilm pattern, and with the light-shielding
£ilm pattern made etching mask, chlorine base dry etching is
performed to pattern the etching stop film and simultaneously
remove the portion of the hard mask film which is not
protected with the resist pattern. Nexit, with the etching
stop £ilm pattern made etching mask, fluorine base dry
etching is performed to pattern the phase shift £ilm and
simultaneously remove the portion of the light-shielding film
which is not protected with the resist pattern. Then the
resist pattern is removed by a standard technigue.
Furthermore, chlorine base dry etching is performed to remove
the portion of the etching stop £ilm where the
light-shielding f£film has been removed and the portion of the
hard mask f£ilm where the resist pattern has been removed,
yvielding a phase shift photomask.

EXAMPLE
Experiments and Examples are given below for furtherx
illiustrating the invention although the invention is not
limited thereto. The Si:N ratio is an atomic ratio.
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Experiment 1
In a chamber of a sputtering system, a guartz substrate

of 152 mm squares and 6.35 mm thick was placed. Sputtering
was performed using a silicon target as the sputter target,
and argon and nitrogen gases as the sputtering gas. A power
of 1.9 kW was applied across the target, argon gas was fed at
a flow rate of 15 sccm, and nitrogen gas was fed at a f£low
rate varying from 0 to 40 scem inte the chamber. There were
deposited seven films including a Si £ilm (Si:N=100:0) and
SiN films (Si:N=86:14, 73:27, 65:35, 48:52, 47:53, and 46:54).
The composition of f£ilm was analyzed by XPS (x-ray
photoelectron spectroscopy system, Thermo Fisher Scientific
Inc., K~Alpha) (same hereinafter). In any case, the film was
deposited to such a thickness as to provide an optical
density of 3.0 with respect to light of wavelength 193 nm
{(AxF excimer laser). FIG. 3A shows the relationship of-
composition to thickness of each f£ilm.

Next, five films (excluding the films of Si:N=46:54 and
65:35) were etched in an etching system under the following
conditions, from which an etching rate was measured. FIG. 3B
shows the relationship of composition to etching rate of each
£ilm, provided that the etching rate is expressed as a ratio
{(relative value) thereof to the etching rate of a
nitrogen-free Si film. FIG. 4 schematically illustrates the
etching system including a chamber 101, a ground 102, a lower
electrode 103, an antenna coil 104, a sample 105 to be
treated, and radio freguency power supplies RF1 and RF2,

Etching conditions

RF1l: reactive ion etching (RIE) +
continuous wave oscillation (CW) 54 W

RF2: inductively coupled plasma (ICP) +
continuous wave oscillation (CW) 325 W

Pressure: 5 mTorr
SF.: 18 scem

0,: 45 sccm
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Example 1
In a chamber of a sputtering system, a guartz substrate

of 152 mm squares and 6.35 mm thick was placed. Sputtering
was performed using & silicon target as the sputter target,
and argon and nitrogen gases as the sputtering gas. A power
of 1.9 kW was applied across the target, argon gas was fed at
a flow rate of 15 sccm, and nitrogen gas was fed at a flow
rate of 10 sccm into the chamber. A light-shielding laver of
52 nm thick was deposited on the substrate, which served as a
1ight-shielding film. The film had a composition of Si:N=7:3
and an optical density of 3.0. It had a reflectance of 43%
at wavelength 193 nm on its top surface.

Next, using a chromium target as the sputter target and
nitrogen and argon gases as the sputter gas, sputtering was
performed to deposit a hard mask £ilm of CrN having a
thickness of 10 nm on the light-shielding film, completing a
photomask blank.

Next, the photomask blank was processed into a
photomask by coating an EB lithography resist film on the
hard mask £ilm, and patterning the resist f£film to form a
resist pattern. With the resist pattern made etching mask,
chlorine base dry etching was performed to pattern the hard
mask f£ilm of CrN to form a hard mask f£ilm pattern. With the
hard mask film pattern made etching mask, fluorine base dry
etching was performed to stch the light-shielding f£ilm to
form a line-and-space pattern having a line width of 200 nm.
The resist pattern and hard mask film pattern were removed,
yielding the photomask.

In a clean alr atmosphere of temperature 25°C and
humidity 45%, the photomask thus obtained was irradiated with
light of wavelength 193 nm having a pulse frequency of 1.6
kHz and a pulse energy of 2.5 to 4.0 mJ/cm® until the
cumulative irradiation energy dose reached 40 kJ/cm®. BAn
exposure system ArFES~3500PM (Litho Tech Japan Corp.) and an
ArF excimer laser light source IndyStar (Coherent GmbH) were
used. The line widih of the light-shielding film pattern
before and after irradiation of light of wavelength 193 nm

19~



10

15

20

30

35

was measured under a scanning electron microscope LWMO045
(Vistec)}. The pattern size variation before and after
irradiation of 193 nm light was as small (or satisfactory) as
1 nm or less.

Example 2
In a chamber of a sputtering system, a quartz substrate

of 152 mm sguares and 6.35 mm thick was placed. Sputtering
was performed using a silicon target as the sputter target,
and argon and nitrogen gases as the sputtering gas. A power
of 1.9 kW was applied across the target, argon gas was fed at
a flow rate of 30 scom, and nitrogen gas was fed at a flow
rate of 10 sccom into the chamber. A light-shielding laver of
44 nm thick was deposited on the substrate. With the flow
rate of nitrogen gas changed to 20 scom, sputtering was
continued to deposit a reflectance-reducing layer of 5 nm
thick. There was obtained a photomask blank having a
light-shielding £ilm (thickness 49 nm) consisting of these
layers. In the light-shielding film, the light-shielding
layver had a composition of S5i:N=7:3 and the
reflectance~reducing layer had a composition of Si:N=1.1:0.9.
The light-shielding f£ilm had an optical density of 3.0 and a
reflectance of 35% at wavelength 193 nm on its top surface.

Example 3

In a chamber of a sputtering system, a quartz substrate
of 152 mm squares and 6.35 mm thick was placed. Sputtering
was performed using a sgilicon target as the sputter target,
and argon and nitrogen gases as the sputtering gas. A power
of 1.9 kW was applied across the target, argon gas was fed at
a flow rate of 30 sccem, and nitrogen gas was fed at a flow
rate of 10 sccm into the chamber. A light-shielding layer of
44 nm thick was deposited on the substrate. While the flow
rate of nitrogen gas was slowly increased from 10 sccm to 30
scem, sputtering was continued to deposit a
reflectance-reducing layer of 5 nm thick. There was obtained
a photomask blank having a light-shielding £ilm {thickness 49
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nm} consisting of these layers. In the light-shielding £ilm,
the light-shielding layer had a composition of Si:N=7:3 and
the reflectance-reducing layer had a composition which
continuously decreased in a thickness direction remote f£rom
the substrate, specifically a composition of S8i:N=7:3 at the
side close to the substrate and Si:N=1:1 at the side remote
from the substrate, and an overall average composition of
Si:N=6:4, The light-shielding film had an optical density of
3.0 and a reflectance of 36% at wavelength 193 nm on its top
surface.
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CLAIMS:

1. A binary photomask blank comprising a transparent
substrate and a light-shielding film disposed thereon,
containing silicon and nitrogen, but being free of a
transition metal, wherein

said light-shielding film has an optical density (OD) of at
least 2.5 with respect to ArF excimer laser,

said light-shielding film is constructed of a light-shielding
layer containing silicon and nitrogen, free of a transition
metal, and having a nitrogen content of 3 to 50 at % based on
the sum of silicon and nitrogen, and

one or more of a reflectance-reducing layer containing

silicon and nitrogen, free of a transition metal.

2. The binary photomask blank of claim 1 wherein the light-

shielding layer consists of silicon and nitrogen.

3. The binary photomask blank of claim 1 wherein the silicon
content of the reflectance-reducing layer is lower than the
silicon content of the light-shielding layer, and the
reflectance-reducing layer has a silicon content of 43 to 60

o) o)

at % and a nitrogen content of 40 to 57 at %.

4. The binary photomask blank of claim 1 wherein said one or
more layers of reflectance-reducing layer have a thickness of

up to 10 nm.

5. The binary photomask blank of claim 1 wherein said light-

shielding film has a thickness of up to 70 nm.

6. The binary photomask blank of claim 1, further comprising
a hard mask film which is disposed contiguous to the surface
0of said light-shielding film remote from the substrate, and
has different etching properties from said light-shielding
film.
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7. The binary photomask blank of claim 1, further comprising
an etching stop film which is disposed contiguous to the
surface of said light-shielding film close to the substrate,
and has different etching properties from said light-

shielding film.

8. A method for preparing a photomask comprising the step of
patterning the light shielding film of the binary photomask
blank of claim 1.

9. The binary photomask blank of claim 1 wherein the light-
shielding layer has a total content of silicon and nitrogen
of at least 70 at % based on the layer and a nitrogen content

of 3 to 40 at % based on the sum of silicon and nitrogen.

10. The binary photomask blank of claim 1 wherein said light-
shielding film is constructed by two layers consisting of the

light-shielding layer and the reflectance-reducing layer.

11. A binary photomask blank comprising a transparent
substrate and a light-shielding film disposed thereon,
containing silicon and nitrogen, but being free of a
transition metal, wherein

said light-shielding film has an optical density (OD) of at
least 2.5 with respect to ArF excimer laser,

said light-shielding film is constructed of a light-shielding
layer containing silicon and nitrogen, free of a transition
metal, and having a nitrogen content of 3 to 50 at % based on
the sum of silicon and nitrogen, and

a compositionally graded layer containing silicon and
nitrogen, free of a transition metal, having a composition

continuously graded in thickness direction.

12. The binary photomask blank of claim 11 wherein the

compositionally graded layer has a thickness of up to 30 nm.
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13. The binary photomask blank of claim 11 wherein the
compositionally graded layer is a reflectance-reducing layer
which is disposed on the side of the light-shielding layer
remote from the substrate and compositionally graded such
that the silicon content continuously decreases in a

direction remote from the substrate.

14. The binary photomask blank of claim 13 wherein the
reflectance-reducing layer has a silicon content of 43 to 60

at % and a nitrogen content of 40 to 57 at % at the surface

thereof which is remote from the substrate.

15. The binary photomask blank of claim 11 wherein the light-

shielding layer consists of silicon and nitrogen.

16. The binary photomask blank of claim 11 wherein said

light-shielding film has a thickness of up to 70 nm.

17. The binary photomask blank of claim 11, further
comprising a hard mask film which is disposed contiguous to
the surface of said light-shielding film remote from the
substrate, and has different etching properties from said
light-shielding film.

18. The binary photomask blank of claim 11, further
comprising an etching stop film which is disposed contiguous
to the surface of said light-shielding film close to the
substrate, and has different etching properties from said
light-shielding film.

19. The binary photomask blank of claim 11 wherein the light-
shielding layer has a total content of silicon and nitrogen
of at least 70 at % based on the layer and a nitrogen content

of 3 to 40 at % based on the sum of silicon and nitrogen.
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20. A method for preparing a photomask comprising the step of
patterning the light shielding film of the binary photomask
blank of claim 11.
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ABSTRACT

A photomask blank comprising a transparent substrate and
a light-shielding film disposed thereon is provided. The
light-shielding film is constructed by a single layer or
multiple layers including a light-shielding layer containing
Si and N, having a N content of 3-50 at% based on the sum of

Si and N, being free of a transition metal.

(no suitable figure)
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