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(57) A substrate with a multilayer reflection film for
an EUV mask blank including a substrate, and a multi-
layer reflection film formed on the substrate is provided.
The multilayer reflection film includes a Si/Mo laminated
portion and a protection layer containing Ru and including

a lower layer composed of Ru, and an upper layer com-
posed of a material containing Ru and at least one se-
lected from the group consisting of metals other than Ru,
and metalloids.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an EUV mask
blank which is a material for manufacturing an EUV mask
used for manufacturing semiconductor devices such as
LSIs, a substrate with a multilayer reflection film for an
EUV mask blank used for manufacturing an EUV mask
blank, and a manufacturing method thereof.

BACKGROUND

[0002] In a manufacturing process of semiconductor
devices, a photolithography technique in which a circuit
pattern formed on a transfer mask is transferred onto a
semiconductor substrate (semiconductor wafer) through
a reduction projection optical system with irradiating ex-
posure light to the transfer mask is repeatedly used. Con-
ventionally, a mainstream wavelength of the exposure
light is 193 nm by argon fluoride (ArF) excimer laser light.
A pattern with dimensions smaller than exposure wave-
length has finally been formed by adopting a process
called multi-patterning in which exposure processes and
processing processes are combined multiple times.
[0003] However, since it is necessary to form a further
fine pattern under continuous miniaturization of device
patterns, EUV lithography technique using, as exposure
light, EUV (extreme ultraviolet) light having a wavelength
shorter than ArF excimer laser light was developed. EUV
light is light having a wavelength of, for example, about
10 to 20 nm, more specifically, light having a wavelength
of around 13.5 nm. This EUV light has a very low trans-
mission to a substance and cannot be utilized for a con-
ventional transmissive projection optical system or a
mask, thus, reflection type optical elemental devices are
applied. Therefore, a reflective mask is also proposed as
a mask for the pattern transfer. The reflective mask in-
cludes a multilayer reflection film that is formed on a sub-
strate and reflects EUV light, and a patterned absorber
film that is formed on the multilayer reflection film and
absorbs EUV light. Meanwhile, a material (also including
a material in which a resist layer is formed) before pat-
terning the absorber film is called a reflective mask blank,
and this is used as a material for the reflective mask.
Generally, a reflective mask and a reflective mask blank
that reflect EUV light are referred to as an EUV mask and
an EUV mask blank, respectively.
[0004] The EUV mask blank has a basic structure in-
cluding a low thermal expansion substrate, a multilayer
reflection film that is formed thereon and reflects EUV
light, and an absorber film that is formed thereon and
absorbs EUV light. As the multilayer reflection film, a
Mo/Si multilayer reflection film which is obtained a nec-
essary reflectance for EUV light by alternately laminating
molybdenum (Mo) films and silicon (Si) films is usually
used. Further, as a protection film for protecting the mul-
tilayer reflection film, a ruthenium (Ru) film or a film com-

posed of a mixture of Ru and niobium (Nb) and/or zirco-
nium (Zr) is formed as the outermost layer of the multi-
layer reflection film. On the other hand, as the absorber
film, a material containing tantalum (Ta) or chromium (Cr)
as a main component, which has a relatively large ex-
tinction coefficient with respect to EUV light, is used.
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SUMMARY OF THE INVENTION

[0006] For a protection layer formed as the uppermost
layer of the multilayer reflection film, it is required that
the multilayer reflection film including the protection layer
which is combined with a Si/Mo laminated portion can
provide a high reflectance to EUV light. Generally, when
a thin protection layer is used, the reflectance is in-
creased. However, if the protection layer is thin, when
the multilayer reflection film is heated during mask
processing or exposure with EUV light using the mask,
oxygen in the air diffuses into the protection layer and
reaches to the Si/Mo laminated portion, in particularly,
silicon oxide is formed by the oxygen when the uppermost
layer of the Si/Mo laminated portion is a Si layer, resulting
decrease of reflectance. Further, in such a case, the pro-
tection layer may be peeled off by expansion due to the
oxidation.
[0007] Further, in etching of an absorber film formed
on the protection layer, or in etching for removing a hard
mask film optionally formed as an etching mask for etch-
ing of the absorber film, it is required that the protection
layer has resistance in the etching. For example, in the
case of a Ta-based absorber film, dry etching using Cl2
gas is used, and in the case of a Cr-based hard mask
film, dry etching using Cl2 gas and O2 gas is used. On
the other hand, Ru is etched by dry etching using an
etching gas containing O2 gas. Thus, a resistance of the
protection layer to etching using an etching gas contain-
ing O2 gas is ensured by a protection layer composed of
a mixture of Ru and Nb or Zr. However, for the material
in which Nb or Zr is added to Ru, Nb and Zr are easy to
be oxidized, resulting easily roughening the surface of
the protection layer. Further, oxygen in the air easily dif-
fuses into the protection layer, so the above-mentioned
problems are easy to occur. Therefore, it was difficult to
thin such a protection layer.
[0008] The present invention has been made to solve
the above problems, and an object of the present inven-
tion is to provide a substrate with a multilayer reflection
film for an EUV mask blank including the multilayer re-
flection film that has necessary etching resistance and
high reflectance, and is hard to be decreased reflectance
when the multilayer reflection film is heated, a manufac-
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turing method of the substrate, and an EUV mask blank
including the substrate.
[0009] The inventors have been found that in a multi-
layer reflection film used for an EUV mask blank which
is constructed by a Si/Mo laminated portion in which Si
layers and Mo layers are alternately laminated, and a
protection layer containing Ru formed in contact with the
Si/Mo laminated portion, as the uppermost layer of the
multilayer reflection film, when the protection layer is con-
structed by a lower layer composed of Ru and formed in
contact with the Si/Mo laminated portion, and an upper
layer composed of a material containing Ru and at least
one selected from the group consisting of metals other
than Ru, and metalloids and formed at the side remotest
from the substrate, particularly, when the protection layer
is contact with the Mo layer of the Si/Mo laminated por-
tion, a substrate with a multilayer reflection film for an
EUV mask blank, and an EUV mask blank have neces-
sary etching resistance and high reflectance, and is hard
to be decreased reflectance when the multilayer reflec-
tion film is heated.
[0010] Further, the inventors have been found that in
forming the multilayer reflection film of a substrate with
a multilayer reflection film for an EUV mask blank and a
EUV mask blank, it is very important for achieving high
reflectance that, after forming the Si/Mo laminated por-
tion, the Mo/Si laminated portion is provided to formation
of the protection film without contacting to gases reacta-
ble to the Mo/Si laminated portion.
[0011] In one aspect, the invention provides a sub-
strate with a multilayer reflection film for an EUV mask
blank including a substrate, and a multilayer reflection
film formed on the substrate, wherein

the multilayer reflection film includes a Si/Mo lami-
nated portion in which Si layers and Mo layers are
alternately laminated, and a protection layer contain-
ing Ru formed on the Si/Mo laminated portion and
in contact with the Si/Mo laminated portion, as the
uppermost layer,
the protection layer includes a lower layer formed in
contact with the Si/Mo laminated portion, and an up-
per layer formed at the side remotest from the sub-
strate,
the lower layer is composed of Ru, and
the upper layer is composed of a material containing
Ru and at least one selected from the group consist-
ing of metals other than Ru, and metalloids.

[0012] Preferably, the metals other than Ru are tran-
sition metals having a low standard oxidation-reduction
potential compared with that of Ru.
[0013] Preferably, the upper layer is composed of a
material containing Ru and at least one selected from
the group consisting of Nb, Zr, Ti, Cr and Si.
[0014] Preferably, the upper layer is composed of a
material containing Ru and at least one selected from
the group consisting of metals and metalloids that have

a low etching rate compared with that of Ru in a dry etch-
ing using an etching gas containing O2 gas and Cl2 gas.
[0015] Preferably, the upper layer has a graded com-
position in which a content of the metal or metalloid con-
tinuously increases to the side remote from the substrate
in the thickness direction of the upper layer, or the upper
layer consists of two or more of sublayers and has a
graded composition in which contents of the metal or
metalloid of the sublayers increase in stepwise to the
side remote from the substrate in the thickness direction
of the upper layer.
[0016] Preferably, the upper layer further contains ox-
ygen.
[0017] Preferably, a layer containing Si and N inter-
venes at one or more portions between the Si layer and
the Mo layer of the Si/Mo laminated portion, and is contact
with both of the Si layer and the Mo layer.
[0018] Preferably, the layer containing Si and N has a
thickness of not more than 2 nm.
[0019] Preferably, the protection layer is contact with
the Mo layer of the Si/Mo laminated portion.
[0020] Preferably, the uppermost part of the multilayer
reflection film consists of, from the side remote from the
substrate, the protection layer, the Mo layer, a layer con-
taining Si and N, and the Si layer.
[0021] Preferably, in the uppermost part, the protection
layer has a thickness of not more than 4 nm, the Mo layer
has a thickness of not more than 1 nm, the layer contain-
ing Si and N has a thickness of not more than 2 nm, and
the Si layer has a thickness of not more than 4 nm.
[0022] Preferably, the Si/Mo laminated portion in-
cludes not less than 30 of three-layer laminated structure
units, and the three-layer laminated structure unit con-
sists of, from the substrate side,

i) the Si layer, a layer containing Si and N formed in
contact with the Si layer, and the Mo layer formed in
contact with the layer containing Si and N, or;
ii) the Mo layer, a layer containing Si and N formed
in contact with the Mo layer, and the Si layer formed
in contact with the layer containing Si and N.

[0023] Preferably, the Si/Mo laminated portion in-
cludes not less than 30 of four-layer laminated structure
units, and the four-layer laminated structure unit consists
of, from the substrate side, the Si layer, a layer containing
Si and N formed in contact with the Si layer, the Mo layer
formed in contact with the layer containing Si and N, and
a layer containing Si and N formed in contact with the
Mo layer.
[0024] Preferably, the multilayer reflection film has a
peak reflectance of not less than 65% with respect to
EUV light of the wavelength range of 13.4 to 13.6 nm at
an incident angle of 6°.
[0025] In another aspect, the invention provides a man-
ufacturing method for the substrate with a multilayer re-
flection film for an EUV mask blank, the method including
the step of

3 4 



EP 3 968 088 A2

4

5

10

15

20

25

30

35

40

45

50

55

(A) forming the Si/Mo laminated portion by sputter-
ing, wherein

the sputtering is performed by a magnetron sput-
tering apparatus including a chamber, wherein
in the chamber,
one or more Mo targets and one or more Si tar-
gets are attachable;
powers are individually appliable to the Mo tar-
get and the Si target;
the substrate and each of the targets are dis-
posed in offset arrangement;
none of shield members are disposed between
the substrate and each of the targets;
the substrate is rotatable along its main surface;
and
nitrogen-containing gas is introducible.

In another aspect, the invention provides a manu-
facturing method for the substrate with a multilayer
reflection film for an EUV mask blank, the method
including the step of
(B) forming the protection layer by sputtering, where-
in

the sputtering is performed by a magnetron sput-
tering apparatus including a chamber, wherein
in the chamber,
one or more Ru targets and one or more targets
containing at least one selected from the group
consisting of metals other than Ru, and metal-
loids are attachable;
powers are individually appliable to the Ru target
and the target containing at least one selected
from the group consisting of metals other than
Ru, and metalloids;
the substrate and each of the targets are dis-
posed in offset arrangement;
none of shield members are disposed between
the substrate and each of the targets;
the substrate is rotatable along its main surface;
and
oxygen-containing gas is introducible.

[0026] In another aspect, the invention provides a man-
ufacturing method for the substrate with a multilayer re-
flection film for an EUV mask blank including a substrate,
and a multilayer reflection film formed on the substrate,
the multilayer reflection film including a Si/Mo laminated
portion in which Si layers and Mo layers are alternately
laminated, and a protection layer containing Ru formed
on the Si/Mo laminated portion and in contact with the
Si/Mo laminated portion,
the method including the steps of

(A) forming the Si/Mo laminated portion by sputter-
ing, and
(B) forming the protection layer by sputtering, where-

in
after the step (A), the Mo/Si laminated portion is pro-
vided to the step (B) without contacting to gases re-
actable to the Mo/Si laminated portion that has been
formed in the step (A).

[0027] Preferably, the step (A) is performed in one
sputter chamber, the substrate on which the Mo/Si lam-
inated portion has been formed is transferred to the other
sputter chamber, and then, the step (B) is performed in
the other sputter chamber.
[0028] Preferably, a transfer chamber is provided be-
tween the one and other sputter chambers, the transfer
chamber is capable of communicating with each of the
sputter chambers individually or with both of the sputter
chambers at the same time, and the substrate on which
the Mo/Si laminated portion has been formed is trans-
ferred from the one sputter chamber via the transfer
chamber to the other sputter chamber.
[0029] Preferably, the substrate is transferred under
vacuum both in the transfer from the one sputter chamber
to the transfer chamber, and the transfer from the transfer
chamber to the other sputter chamber.
[0030] In another aspect, the invention provides an
EUV mask blank including the substrate with a multilayer
reflection film for an EUV mask blank, and an absorber
film containing Ta or Cr formed on the multilayer reflection
film.
[0031] In the other aspect, the invention provides an
EUV mask blank including the substrate with a multilayer
reflection film for an EUV mask blank, an absorber film
containing Ta and being free of Cr formed on the multi-
layer reflection film, and a hard mask film which contains
Cr and acts as an etching mask in dry etching for the
absorber film.

ADVANTAGEOUS EFFECTS

[0032] According to the invention, a substrate with a
multilayer reflection film for an EUV mask blank including
the multilayer reflection film that has necessary etching
resistance and high reflectance, and is hard to be de-
creased reflectance when the multilayer reflection film is
heated, and an EUV mask blank including the substrate
can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

FIG. 1 is an intermediate omitted partial cross-sec-
tional view of an example of a substrate with a mul-
tilayer reflection film for an EUV mask blank of the
invention.
FIG. 2 is an intermediate omitted partial cross-sec-
tional view for explaining a substrate with a multilayer
reflection film for an EUV mask blank including an
ideal multilayer reflection film consisting of a Si/Mo

5 6 



EP 3 968 088 A2

5

5

10

15

20

25

30

35

40

45

50

55

laminated portion and a protection layer.
FIG. 3 is an intermediate omitted partial cross-sec-
tional view for explaining a reflective mask blank in-
cluding a conventional multilayer reflection film con-
sisting of a Si/Mo laminated portion and a protection
layer.
FIG. 4 is a conceptual diagram showing an example
of a sputtering apparatus suitable for forming a mul-
tilayer reflection film of the invention.

FURTHER EXPLANATIONS; OPTIONS AND PREFER-
ENCES

[0034] A substrate with a multilayer reflection film for
an EUV mask blank of the invention includes a substrate,
and a multilayer reflection film formed on the substrate
(on one main surface or the front surface of the substrate)
and reflects exposure light, in particular, a multilayer re-
flection film that reflects EUV light. The multilayer reflec-
tion film may be formed in contact with the one main
surface of the substrate. Further, an undercoat film may
be formed between the substrate and the multilayer re-
flection film. A wavelength of EUV light used for EUV
lithography using EUV light as exposure light is 13 to 14
nm, and is usually light having a wavelength of about
13.5 nm (for example, 13.4 to 13.6 nm).
[0035] FIG. 1 is an intermediate omitted partial cross-
sectional view of an example of a substrate with a mul-
tilayer reflection film for an EUV mask blank of the inven-
tion. The substrate with a multilayer reflection film for an
EUV mask blank 10 includes a multilayer reflection film
2 formed on one main surface and in contact with the
one main surface of the substrate 1.
[0036] The substrate preferably has low thermal ex-
pansion property, and, for example, the substrate is pref-
erably composed of a material having a coefficient of
thermal expansion within 62310-8/C°, preferably
65310-9/C°. Further, a substrate which is sufficiently
flattened is preferably used, a surface roughness RMS
of the main surface of the substrate is preferably not more
than 0.5 nm, more preferably not more than 0.2 nm. Such
a surface roughness can be obtained by polishing the
substrate.
[0037] The multilayer reflection film in an EUV mask is
a film that reflects EUV light as exposure light. In the
invention, the multilayer reflection film includes a Si/Mo
laminated portion consisting of multiple layers in which
Si (silicon) layers and Mo (molybdenum) layers are al-
ternately laminated. In the Si / Mo laminated portion, a
Si layer composed of a material having a relatively high
refractive index with respect to EUV light, and a Mo layer
composed of a material having a relatively low refractive
index with respect to EUV light are periodically laminated.
The Si layer and the Mo layer are layers formed of a
simple substance of silicon and a simple substance of
molybdenum, respectively. The number of laminated lay-
ers of the Si layer and the Mo layer is preferably, for
example, not less than 40 cycles (not less than 40 layers,

respectively), and preferably not more than 60 cycles (not
more than 60 layers, respectively). A thickness of the Si
layer and the Mo layer of the Si/Mo laminated portion is
appropriately set according to the exposure wavelength.
The thickness of the Si layer is preferably not more than
5 nm, and the thickness of the Mo layer is not more than
4 nm. A lower limit of the thickness of the Si layer is
normally not less than 1 nm, however, not limited thereto.
A lower limit of the thickness of the Mo layer is normally
not less than 1 nm, however, not limited thereto. The
thickness of the Si layer and the Mo layer may be set so
as to obtain a high reflectance for EUV light. Further, the
thickness of each of the Si layers and each of the Mo
layers may be constant or different in each layer. A total
thickness of the Si/Mo laminated portion is normally
about 250 to 450 nm.
[0038] In the invention, a layer containing Si and N pref-
erably intervenes at one or more portions between the
Si layer and the Mo layer of the Si/Mo laminated portion,
and is preferably contact with both of the Si layer and the
Mo layer. The layer containing Si and N is preferably free
of oxygen. As the layer containing Si and N, in particular,
SiN layer is preferable. Here, "SiN" means that the con-
stituent elements are only Si and N. A nitrogen content
of the layer containing Si and N is preferably not less
than 1 at%, more preferably not less than 5 at%, and not
more than 60 at%, more preferably not more than 57 at%.
The layer containing Si and N has a thickness of prefer-
ably not more than 2 nm, more preferably not more than
1 nm. A lower limit of the thickness of the layer containing
Si and N is preferably not less than 0.1 nm, however not
limited thereto.
[0039] The layer containing Si and N is preferably
formed at one or more portions between the Si layer and
the Mo layer constituting the Si/Mo laminated portion.
The layer containing Si and N may be formed at a part
or all of the substrate side (lower side) of the Mo layer,
and a part or all of the side remote from the substrate
(upper side) of the Mo layer. The layer containing Si and
N is more preferably formed at all portions between the
Si layer and the Mo layer.
[0040] Particularly, in the viewpoint of obtaining high
reflectance, the Si/Mo laminated portion preferably in-
cludes not less than 30, more preferably not less than 40
of three-layer laminated structure units. The three-layer
laminated structure unit consist of, from the substrate
side; i) the Si layer, the layer containing Si and N formed
in contact with the Si layer, and the Mo layer formed in
contact with the layer containing Si and N, or; ii) the Mo
layer, the layer containing Si and N formed in contact
with the Mo layer, and the Si layer formed in contact with
the layer containing Si and N. Further, the Si/Mo lami-
nated portion preferably includes not less than 30, more
preferably not less than 40 of four-layer laminated struc-
ture units. The four-layer laminated structure unit con-
sists of, from the substrate side, the Si layer, the layer
containing Si and N formed in contact with the Si layer,
the Mo layer formed in contact with the layer containing
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Si and N, and a layer containing Si and N formed in con-
tact with the Mo layer. Upper limits of the three-layer lam-
inated structure unit and the four-layer laminated struc-
ture units are not more than 60, respectively.
[0041] In the invention, the Si/Mo laminated portion
shown in FIG. 1 is exemplified as a concrete example.
In the multilayer reflection film 2 of the substrate with a
multilayer reflection film for an EUV mask blank 10 shown
in FIG. 1, the Si/Mo laminated portion 21 is formed in
contact with the substrate 1. In the Si/Mo laminated por-
tion 21, the Si layers 211 and the Mo layers 212 are al-
ternately laminated. In this case, the Si layer 211 is dis-
posed at the side closest to the substrate 1, and the Mo
layer 212 is disposed at the side remotest from the sub-
strate 1. Further, the layer containing Si and N 213 is
formed at each of the portions between the Si layer 211
and the Mo layer 212, and the layer containing Si and N
213 is contact with the Si layer 211 and the Mo layer 212.
Thus, in this case, the Si/Mo laminated portion 21 in-
cludes the three-layer laminated structure unit consist of,
from the substrate side, the Si layer 211, the layer con-
taining Si and N 213, and the Mo layer 212, and the three-
layer laminated structure unit consist of, from the sub-
strate side, the Mo layer 212, the layer containing Si and
N 213, and the Si layer 211. Further, the Si/Mo laminated
portion 21 includes the four-layer laminated structure unit
consist of, from the substrate side, the Si layer 211, the
layer containing Si and N 213, the Mo layer 212, and the
layer containing Si and N 213.
[0042] The Si/Mo laminated portion is formed by alter-
nately laminating the Si layers and the Mo layers. FIG. 2
is an intermediate omitted partial cross-sectional view for
explaining a substrate with a multilayer reflection film for
an EUV mask blank including an ideal multilayer reflec-
tion film consisting of a Si/Mo laminated portion and a
protection layer. FIG. 3 is an intermediate omitted partial
cross-sectional view for explaining a reflective mask
blank including a conventional multilayer reflection film
consisting of a Si/Mo laminated portion and a protection
layer. In case that the Si/Mo laminated portion 21 of the
multilayer reflection film 2 of the substrate with a multi-
layer reflection film for an EUV mask blank 10 is formed
by laminating directly on the Si layers and the Mo layers
each other, the state of the Si/Mo laminated portion 21
consisting of only the Si layers 211 and the Mo layers
212 in which the Si layers and the Mo layers are contacted
each other is ideal, as shown in FIG. 2. In such a Si/Mo
laminated portion 21, a theoretical reflectance can be
obtained by the Si/Mo laminated portion consisting of on-
ly the Si layers and the Mo layers.
[0043] It is not impossible in principle to form the Si/Mo
laminated portion having this structure. However, when
the Si/Mo laminated portion is formed by a realistic meth-
od, in reality, as shown in FIG. 3, Si and Mo are mixed
at the portion where the Si layer 211 and the Mo layer
212 are contacted each other, and as a result, an inter-
diffusion layer 21a consisting of Si and Mo is unintention-
ally formed at this portion. When such an interdiffusion

layer consisting of Si and Mo is formed, a reflectance of
the Si/Mo laminated portion is decreased from the theo-
retical reflectance obtained by the Si/Mo laminated por-
tion consisting of only the Si layers and the Mo layers.
Further, when the multilayer reflection film is heated in
mask processing or in exposure by EUV light using a
mask, the interdiffusion layer consisting of Si and Mo
becomes thicker, or the interdiffusion layer consisting of
Si and Mo changes in its nature, resulting in further de-
crease of reflectance.
[0044] On the other hand, when the layer containing
Si and N is formed between the Si layer and the Mo layer
and in contact with both of the Si layer and the Mo layer,
formation of the interdiffusion layer consisting of Si and
Mo that causes reduction of reflectance is suppressed.
Therefore, reduction of reflectance from the theoretical
reflectance obtained by the Si/Mo laminated portion con-
sisting of only the Si layers and the Mo layers is sup-
pressed, and a high reflectance is accomplished in com-
pared with a conventional reflectance. In addition, the
portion between the Si layer and the Mo layer where the
layer containing Si and N is not formed, the above-men-
tioned interdiffusion layer consisting of Si and Mo is nor-
mally formed in contact with both of the Si layer and the
Mo layer. However, in the Si/Mo laminated portion of the
multilayer reflection film of the invention, formation of the
interdiffusion layer consisting of Si and Mo is suppressed
at the portion between the Si layer and Mo layer where
the layer containing Si and N is formed. Therefore, re-
duction of reflectance caused by heat is suppressed in
compared with the conventional multilayer refection film
in which the interdiffusion layer consisting of Si and Mo
is formed at all of the portions between the Si layer and
the Mo layer. From this point of view, the layer containing
Si and N may be formed a part of the portions between
the Si layer and Mo layer. However, it is advantageous
that the layers containing Si and N are formed at many
of the portions between the Si layer and the Mo layer,
and it is particularly advantageous that the layers con-
taining Si and N are formed at all of the portions between
the Si layer and the Mo layer.
[0045] In the invention, the multilayer reflection film in-
cludes a protection layer formed in contact with the Si/Mo
laminated portion, as the uppermost layer. When the up-
permost layer is the Si layer or the Mo layer, the layer is
etched by dry etching using a fluorine-containing gas.
Therefore, it is effective that the protection layer is formed
on the Si/Mo laminated portion. The protection layer is
also called a capping layer, and acts as an etching stop-
per when forming an absorber pattern from an absorber
film formed on the protection layer. Therefore, a material
having different etching properties from that of the ab-
sorber film is used for the protection layer. The protection
layer is preferably effective also for protecting the multi-
layer reflection film when correcting the absorber pattern.
[0046] In the invention, the protection layer includes a
lower layer formed in contact with the Si/Mo laminated
portion, and an upper layer formed at the side remotest
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from the substrate. The protection layer shown in FIG. 1
is exemplified as a concrete example. In the multilayer
reflection film 2 of the substrate with a multilayer reflection
film for an EUV mask blank 10, the protection layer 22 is
formed in contact with the Si/Mo laminated portion 21,
and the protection layer 22 consists of, from the side of
the substrate 1, the lower layer 221 and the upper layer
222.
[0047] As a material for the protection layer, a material
containing ruthenium (Ru) is used. The lower layer is a
layer composed of Ru (Ru layer), and the upper layer is
composed of a material containing Ru and at least one
selected from the group consisting of metals other than
Ru, and metalloids. According to the feature, it is possible
to suppress diffusion of oxygen from the protection layer
to the Si/Mo laminated portion, and to improve etching
properties and to impart cleaning resistance. The metals
other than Ru are preferably metals having a low stand-
ard oxidation-reduction potential (expressed in formula
of Ru2++2e-↔Ru) compared with that of Ru, particularly,
metals that are easy to form oxides compared with Ru
when the metal is mixed with Ru. The metals other than
Ru are more preferably transition metals. As the metals
other than Ru, Nb, Zr, Ti, Cr, and other metals are pref-
erable, and as the metalloids, Si and other metalloids are
preferable. A layer containing at least one selected from
the group consisting of metals other than Ru, and met-
alloids preferably contains at least one of these together
with Ru. According to the feature, when the protection
layer is oxidized from the side remote from the Si/Mo
laminated portion, the metalloid or the metal having a
standard oxidation-reduction potential lower than that of
Ru in the upper layer is oxidized first. As a result, the
lower layer composed of Ru can be protected by the up-
per layer, oxygen is prevented from reaching the lower
layer, and oxidation of the lower layer can be suppressed.
Further, it is possible to suppress diffusion of oxygen into
the Si/Mo laminated portion formed in contact with the
protection layer (lower layer).
[0048] In the upper layer, a content (at%) of the at least
one selected from the group consisting of metals other
than Ru, and metalloids is preferably the same or less
than a content of Ru. A lower limit of the content (at%)
of the at least one selected from the group consisting of
metals other than Ru, and metalloids is preferably not
less than 0.1 at%, more preferably not less than 1 at%,
however, not limited thereto. The upper layer may further
contain another element other metals and metalloids.
Particularly, the upper layer may contain oxygen since
the metalloids and metals having a low standard oxida-
tion-reduction potential compared with that of Ru are sta-
bilized by oxidation.
[0049] The upper layer is preferably composed of a
material containing Ru and at least one selected from
the group consisting of metals and metalloids that have
a low etching rate compared with that of Ru in a dry etch-
ing using an etching gas containing O2 gas, particularly,
an etching gas containing O2 gas and Cl2 gas. When the

protection layer is a Ru layer, the Ru layer is etched by
a dry etching using an etching gas containing O2 gas.
On the other hand, when the protection layer is a layer
composed of a mixture of Ru, and Nb and/or Zr, resist-
ance to a dry etching using an etching gas containing O2
gas, particularly, a dry etching using an etching gas con-
taining O2 gas and Cl2 gas, which is regularly applied as
an etching to a chromium-containing material, and resist-
ance to O3 gas, which is used in a mask manufacturing
process, are ensured. However, in a Ru material in which
Nb and/or Zr are added, Nb and Zr are easily oxidized,
thus, the surface of the protection layer is easily rough-
ened. Further, oxygen in the air easily diffuses into the
protection layer, thus, oxygen reaches to the Si/Mo lam-
inated portion. In particular, when the uppermost layer
of the Si/Mo laminated portion is the Si layer, silicon oxide
is formed and the reflectance is decreased. In such a
case, the protection layer may expand and be peeled off
due to oxidation. Moreover, since the multilayer reflection
film is required to have high reflectance, it is advanta-
geous that the protection layer composed of a material
containing Ru having a large extinction coefficient is thin.
Meanwhile, it is preferable that the thickness of the pro-
tection layer is thick for the above-mentioned oxygen dif-
fusion. Therefore, there is a limit to reduce the thickness
of the protection layer in which the whole of the layer is
formed by only the Ru material in which Nb and/or Zr are
added.
[0050] In the invention, the upper layer composed a
material containing Ru and at least one selected from
the group consisting of metals and metalloids that have
a low etching rate compared with that of Ru in a dry etch-
ing using an etching gas containing O2 gas, particularly,
a dry etching using an etching gas containing O2 gas and
Cl2 gas, which is regularly applied as an etching to a
chromium-containing material, is disposed at the side re-
motest from the substrate in the protection layer. Further,
the lower layer composed of Ru is disposed at the con-
tacting side to the Si/Mo laminated portion in the protec-
tion layer. According to the features, resistance to a dry
etching using an etching gas containing O2 gas, partic-
ularly, a dry etching using an etching gas containing O2
gas and Cl2 gas, and resistance to O3 gas, which is used
in a mask manufacturing process, are ensured. Further,
oxygen is prevented from reaching the lower layer by the
upper layer containing a metal that is easy to form oxides
compared with Ru. Moreover, it is possible to suppress
the diffusion of oxygen from the protection layer to the
Si/Mo laminated portion by contacting the lower layer
composed of Ru with the Si/Mo laminated portion. Ac-
cordingly, the multilayer reflection film has necessary
etching resistant and a high reflectance.
[0051] A thickness of the protection layer is normally
not more than 5 nm, in particular, preferably not more
than 4 nm. A lower limit of the thickness of the protection
layer is normally not less than 2 nm. In the thickness of
the protection layer, a thickness of the lower layer is pref-
erably not less than 0.5 nm, more preferably not less than
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1 nm, and preferably not more than 2 nm, more preferably
not more than 1.5 nm, and a thickness of the upper layer
is preferably not less than 0.5 nm, more preferably not
less than 1 nm, and preferably not more than 3 nm, more
preferably not more than 2 nm.
[0052] The upper layer of the protection layer of the
invention may be, respectively, a layer having a single
composition (composition not varying in the thickness
direction), a layer having a graded composition in which
a content of the metal or metalloid continuously increases
to the side remote from the substrate in the thickness
direction, or a layer consisting of two or more of sublayers
and having a graded composition in which contents of
the metal or metalloid of the sublayers increase in step-
wise to the side remote from the substrate in the thickness
direction. Among them, the layers having a graded com-
position are preferable. When the upper layer consists
of two or more of sublayers, each of the sublayers may
contain a different kind of the metal or metalloid each
other.
[0053] In the Si/Mo laminated portion, the layer dis-
posed at the side closest to the substrate may be the Si
layer or the Mo layer. On the other hand, the layer dis-
posed at the side remotest from the substrate may be
the Si layer or the Mo layer, however, the Mo layer is
preferable. The layer contacted to the protection layer in
the Si/Mo laminated portion is preferably the Mo layer.
[0054] In case that the layer contacted to the protection
layer in the Si/Mo laminated portion is the Si layer, when
the protection layer composed of a material containing
Ru is directly contacted to the Si/Mo laminated portion,
a state in which the Si layer 211 of the Si/Mo laminated
portion 21 and the protection layer 22 are contacted each
other, as shown in FIG. 2, is ideal. In such a state, de-
crease of reflectance in the multilayer reflection film 2
due to the protection layer 22 is limited, and a high re-
flectance can be obtained.
[0055] It is not impossible in principle to form the state.
However, when the protection layer is formed by a real-
istic method, in reality, as shown in FIG. 3, Si and Ru are
mixed at the portion where the Si layer 211 and the pro-
tection layer 22 are contacted each other, and as a result,
an interdiffusion layer 21b consisting of Si and Ru is un-
intentionally formed at this portion. When such an inter-
diffusion layer consisting of Si and Ru is formed, a re-
flectance is decreased due to the interdiffusion layer 21b.
Further, when the multilayer reflection film is heated in
mask processing or in exposure by EUV light using a
mask, the interdiffusion layer consisting of Si and Ru be-
comes thicker, or the interdiffusion layer consisting of Si
and Ru changes in its nature. Further, when the protec-
tion layer composed of a material containing Ru is ex-
posed to the air, not only the protection layer but also the
Si layer is oxidized, resulting in a further decrease of re-
flectance.
[0056] On the other hand, as shown in FIG. 1, when
the Mo layer 212 in the Si/Mo laminated portion 21 is
contacted to the protection layer 22, the interdiffusion

layer consisting of Si and Ru that causes decrease of
reflectance is not formed between the Si/Mo laminated
portion and the protection layer composed of a material
containing Ru. Thus, a high reflectance is achieved in
compared with the case in which the Si layer in the Si/Mo
laminated portion is contacted to the protection layer. At
the same time, crystallinity of the Ru layer contacted to
Mo is improved, and a dense Ru layer can be obtained.
[0057] When the Mo layer in the Si/Mo laminated por-
tion is contacted to the protection layer, the layer con-
taining Si and N is preferably formed between the closest
Si layer, and the Mo layer contacted to the protection
layer, and in contact with both of the Si layer and the Mo
layer. In particular, the uppermost part of the multilayer
reflection film preferably consists of, from the side remote
from the substrate, the protection layer, the Mo layer, the
layer containing Si and N, and the Si layer. The portion
between the Si layer closest to the Mo layer in the Si/Mo
laminated portion contacted to the protection layer, and
the Mo layer contacted to the protection layer is easily
affected by the protection layer. Further, when the mul-
tilayer reflection film is heated, this portion is most sus-
ceptible to the influence of heat, so this portion has high-
est potential for generating the interdiffusion layer com-
posed of Si and Mo. Therefore, it is particularly effective
for obtaining a high reflectance that the layer containing
Si and N is formed between the Si layer and the Mo layer
in the uppermost part of the multilayer reflection film.
[0058] In this case, by forming the layer containing Si
and N, even when the Mo layer contacted to the protec-
tion layer composed of a material containing Ru is formed
thin, the protection layer composed of a material contain-
ing Ru, particularly, the lower layer becomes a stable
state having a crystalline dense structure by forming the
protection layer composed of a material containing Ru
on the Mo layer even when the protection layer composed
of a material containing Ru is comparatively thin. There-
fore, a thickness of the Mo layer contacted to the protec-
tion layer composed of a material containing Ru is pref-
erably not more than 2 nm, more preferably not more
than 1 nm. Particularly, when the uppermost part of the
multilayer reflection film consists of, from the side remote
from the substrate, the protection layer, the Mo layer, the
layer containing Si and N, and the Si layer, the protection
layer preferably has a thickness of not more than 4 nm,
the Mo layer preferably has a thickness of not more than
1 nm, the layer containing Si and N preferably has a thick-
ness of not more than 2 nm, and the Si layer preferably
has a thickness of not more than 4 nm.
[0059] In the invention, with respect to a reflectance of
the multilayer reflection film, the multilayer reflection film
may have a peak reflectance of not less than 65% with
respect to EUV light of the wavelength range of 13.4 to
13.6 nm at an incident angle of 6°. Even if the multilayer
reflection film is heat-treated, for example, in the air at
200 °C for 10 minutes, the change (decrease) of the re-
flectance is small, and even after the heat treatment, the
peak reflectance can be maintained in the range of not
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less than 65%.
[0060] Examples of methods for forming the Si/Mo lam-
inated portion include a sputtering method in which, to
perform sputtering, power is supplied to a target, and
plasma of an atmospheric gas is formed (an atmospheric
gas is ionized) by the supplied power, and an ion beam
sputtering method in which a target is irradiated with ion
beam. The sputtering methods include a DC sputtering
method in which a DC voltage is applied to a target, and
an RF sputtering method in which a high frequency volt-
age is applied to a target. The sputtering method is a film
forming method that utilizes sputtering phenomenon of
gas ions by applying a voltage to a target with feeding a
sputter gas into a chamber to ionize the gas. Particularly,
a magnetron sputtering method has an advantage in pro-
ductivity. The power may be applied to the target by a
DC system or an RF system. The DC system also in-
cludes a pulse sputtering that inverts a negative bias ap-
plied to the target for a short time in order to prevent
charge-up of the target.
[0061] The Si/Mo laminated portion can be formed by
a sputtering method using a sputtering apparatus to
which a plurality of targets can be attached. The Si layer,
the layer containing Si and N, and the Mo layer can be
sequentially formed in sequential sputtering of a silicon
(Si) target and a molybdenum (Mo) target. In particular,
these layers may be formed by using the silicon (Si) target
for forming the Si layer and the layer containing Si and
N, and the molybdenum (Mo) target for forming the Mo
layer; using, as a sputter gas, rare gas such as helium
(He) gas, argon (Ar) gas, krypton (Kr) gas and xenon
(Xe) gas in the case of forming the Si layer or the Mo
layer, or the rare gas with a nitrogen-containing gas such
as nitrogen gas (N2) gas in the case of forming the layer
containing Si and N; and disposing the substrate and
each of the targets in offset arrangement in which the
vertical line passing through the center of the sputtering
surface of each target does not match with the vertical
line passing through the center of the film forming surface
of the substrate. The sputtering is preferably performed
while rotating the substrate along its main surface. Fur-
ther, in this case, it is preferable that none of shield mem-
bers such as shutters which shield between the substrate
and the target are disposed. In addition, the layer con-
taining Si and N may be formed by a reactive sputtering
using a nitrogen-containing gas, or by using a silicon
compound target such as silicon nitride target as the tar-
get.
[0062] The Si/Mo laminated portion can be formed by
a method including step (A): forming the Si/Mo laminated
portion by sputtering. In this case, the sputtering is pref-
erably performed by a magnetron sputtering apparatus
including a chamber. Preferably, in this chamber, one or
more Mo targets and one or more Si targets are attach-
able; powers are individually appliable to the Mo target
and the Si target; the substrate and each of the targets
are disposed in offset arrangement; none of shield mem-
bers are disposed between the substrate and each of the

targets; the substrate is rotatable along its main surface
(e.g. rotatable about an axis perpendicular to the main
surface); and nitrogen-containing gas is introducible.
[0063] The protection layer can be formed by, for ex-
ample, a sputtering method such as an ion beam sput-
tering and a magnetron sputtering, as same in the case
of the Si/Mo laminated portion. However, a magnetron
sputtering method has an advantage, as same in the case
of the Si/Mo laminated portion.
[0064] The protection layer can be formed by a sput-
tering method using a sputtering apparatus to which a
plurality of targets can be attached. In particular, the pro-
tection layer is formed by using a ruthenium (Ru) target,
a target composed of metal other than Ru, or metalloid
(for example, niobium (Nb), zirconium (Zr), titanium (Ti),
chromium (Cr), silicon (Si), or the like), or a target com-
posed of ruthenium (Ru), and metal other than Ru, or
metalloid (for example, niobium (Nb), zirconium (Zr), ti-
tanium (Ti), chromium (Cr), silicon (Si), or the like); using,
as a sputter gas, a rare gas such as helium (He) gas,
argon (Ar) gas, krypton (Kr) gas and xenon (Xe) gas and
an optional reactive gas such as an oxygen-containing
gas, a nitrogen-containing gas and a carbon-containing
gas; disposing the substrate and each of the targets in
offset arrangement; and sputtering a single target, or mul-
tiple targets simultaneously. The sputtering is preferably
performed while rotating the substrate along its main sur-
face.
[0065] For example, the lower layer can be formed by
sputtering using a Ru target and a rare gas as a sputter
gas. On the other hand, the upper layer can be formed
by sputtering using a Ru target and a target containing
one or more kinds of metals other than Ru, and/or met-
alloids, and a rare gas as a sputter gas. Particularly, when
a plurality of targets are simultaneously sputtered, a layer
having a graded composition can be formed by continu-
ously or stepwise varying a ratio of power applied to each
of the targets.
[0066] When the upper layer of the protection layer is
formed by a compound further containing another ele-
ment other than metal and metalloid, the upper layer can
be formed by reactive sputtering using, as a sputter gas,
a reactive gas such as an oxygen-containing gas, a ni-
trogen-containing gas and a carbon containing gas to-
gether with a rare gas. Particularly, when a layer contain-
ing oxygen is formed, it is preferable to use oxygen gas
(O2 gas). Further, a target composed of a compound may
also be used.
[0067] The protection layer can be formed by a method
including step (B): forming the protection layer by sput-
tering. In this case, the sputtering is preferably performed
by a magnetron sputtering apparatus including a cham-
ber. Preferably, in this chamber, one or more Ru targets
and one or more targets containing at least one selected
from the group consisting of metals other than Ru, and
metalloids are attachable; powers are individually appli-
able to the Ru target and the target containing at least
one selected from the group consisting of metals other

15 16 



EP 3 968 088 A2

10

5

10

15

20

25

30

35

40

45

50

55

than Ru, and metalloids; the substrate and each of the
targets are disposed in offset arrangement; none of
shield members are disposed between the substrate and
each of the targets; the substrate is rotatable along its
main surface (e.g. rotatable about an axis perpendicular
to the main surface); and oxygen-containing gas is intro-
ducible.
[0068] In this way, the multilayer reflection film can be
suitably formed by the step (A): forming the Si/Mo lami-
nated portion by sputtering, and the step (B): forming the
protection layer by sputtering. In this case, for example,
the step (A) is performed in one sputter chamber, the
substrate on which the Mo/Si laminated portion has been
formed is transferred from the one sputter chamber to
the other sputter chamber, and then, the step (B) is per-
formed in the other sputter chamber. However, if the
Si/Mo laminated portion is exposed in, for example, an
atmosphere containing oxygen such as the air, an un-
necessary oxide layer is formed at the portion between
the Si/Mo laminated portion and the protection layer, re-
sulting decrease of reflectance and causing peel at the
portion of them in some cases. Therefore, when shifting
to the step (B) after the step (A), it is preferable that none
of gases reactable to the Mo/Si laminated portion, par-
ticularly none of oxygen-containing gases such as oxy-
gen gas (O2 gas) are contacted to the Mo/Si laminated
portion that has been formed in the step (A), in particular,
without exposing the Mo/Si laminated portion to the air
until shifting to the step (B), then the step (B) is performed.
[0069] When the step (A) is performed in one sputter
chamber, and the substrate on which the Mo/Si laminated
portion has been formed is transferred from the one sput-
ter chamber to the other sputter chamber, and then the
step (B) is performed in the other sputter chamber, as a
method for performing the step (B) without contacting the
Si/Mo laminated portion formed in the step (A) with gases
which are reactable to the Mo/Si laminated portion, ex-
amples of the method include a method in which a trans-
fer chamber capable of communicating with each of the
sputter chambers individually or with both of the sputter
chambers at the same time is provided between the one
and other sputter chambers, and in which the substrate
on which the Mo/Si laminated portion has been formed
is transferred from the one sputter chamber via the trans-
fer chamber to the other sputter chamber. At this time,
both of the transfer from the one sputter chamber to the
transfer chamber and the transfer from the transfer cham-
ber to the other sputter chamber are preferably per-
formed under an inert gas atmosphere at a normal pres-
sure (atmospheric pressure) or a reduced pressure (low-
er pressure than normal pressure), or under vacuum.
[0070] FIG. 4 is a conceptual diagram showing an ex-
ample of a sputtering apparatus suitable for forming a
multilayer reflection film of the invention. The sputtering
apparatus100 is configurated by a sputter chamber 101
for forming the Si/Mo laminated portion by sputtering, a
sputter chamber 102 for forming the protection layer by
sputtering, a transfer chamber103 communicating with

each of the sputter chambers 101, 102, and a load lock
chamber 104 communicating with the transfer
chamber103. An openable and closable bulkhead (not
shown) is provided between the transfer chamber 103
and the load lock chamber 104. Further, an openable
and closable bulkhead is optionally provided between
each of the sputter chambers 101, 102 and the transfer
chamber 103.
[0071] When the multilayer reflection film is formed by
such a sputtering apparatus, for example, first, a sub-
strate is introduced into the load lock chamber 104, the
pressure inside the load lock chamber 104 is reduced,
the bulkhead is opened, the substrate is transferred via
the transfer chamber103 to the sputter chamber 101,
then, the Si / Mo laminated portion is formed in the sputter
chamber 101. Next, the substrate on which the Si / Mo
laminated portion has been formed is transferred from
the sputter chamber 101 via the transfer chamber 103 to
the sputter chamber 102, then the protection layer is
formed in the sputter chamber 102. Next, the substrate
on which the Si / Mo laminated portion and the protection
layer (multilayer reflection film) has been formed is trans-
ferred from the sputter chamber 102 via the transfer
chamber 103 to the load lock chamber 104, the bulkhead
is closed, the pressure of inside of the road lock chamber
104 is returned to normal pressure, then the substrate
on which the multilayer reflection film is formed is taken
out. By such a way, a substrate with a multilayer reflection
film for an EUV mask blank can be obtained. When the
multilayer reflection film is formed in this way, the step
(B) can be performed without contacting the Si/Mo lam-
inated portion formed in the step (A) with gases which
are reactable to the Mo/Si laminated portion.
[0072] To manufacture an EUV mask blank, an absorb-
er film is formed on the multilayer reflection film of the
substrate with a multilayer reflection film for an EUV mask
blank.
[0073] The EUV mask blank of the invention includes
an absorber film that is formed on the multilayer reflection
film of the substrate with a multilayer reflection film for
an EUV mask blank, and absorbs exposure light, specif-
ically, an absorber film that absorbs EUV light and reduc-
es a reflectance. The absorber film is preferably formed
in contact with the protection layer. The EUV mask blank
may further includes, on the absorber film, a hard mask
film that acts as an etching mask for dry etching the ab-
sorber film. On the other hand, a conductive film may be
formed on the other main surface (back side surface) of
the substrate which is the opposite side to the one main
surface, preferably in contact with the substrate. The con-
ductive film is used for holding an EUV mask on an ex-
posure tool by an electrostatic chuck. In the invention,
one main surface of the substrate is defined as the front
side or the upper side, and the other main surface is
defined as the back side or the lower side. However, the
front and back sides or the upper and lower sides in both
surfaces are defined for the sake of convenience. Two
main surfaces (film forming surfaces) are one and the
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other main surfaces, respectively. The front and back
sides or the upper and lower sides may be substituted.
[0074] From the EUV mask blank (a mask blank for
EUV exposure), an EUV mask (a mask for EUV expo-
sure) including an absorber pattern (a pattern of the ab-
sorber film) formed by patterning the absorber film is
manufactured. The EUV mask blank and the EUV mask
are a reflective mask blank and a reflective mask, re-
spectively.
[0075] The absorber film is formed on the multilayer
film, and is a film that absorbs EUV light as an exposure
light and reduces reflectance of the exposure light. A
transfer pattern in an EUV mask is formed by a difference
of reflectance between a portion on which the absorber
film is formed and a portion on which the absorber film
is not formed.
[0076] A material of the absorber film is not limited as
long as a material can absorb EUV light and is proces-
sible to a pattern. Examples of the material of the absorb-
er film include, for example, a material containing tanta-
lum (Ta) or chromium (Cr). The material containing Ta
or Cr may contain oxygen (O), nitrogen (N), carbon (C),
boron (B), or other elements. Examples of the material
containing Ta include, for example, Ta simple substance,
and a tantalum compound such as TaO, TaN, TaON,
TaC, TaCN, TaCO, TaCON, TaB, TaOB, TaNB, TaONB,
TaCB, TaCNB, TaCOB and TaCONB. Examples of the
material containing Cr include, for example, Cr simple
substance, and a chromium compound such as CrO,
CrN, CrON, CrC, CrCN, CrCO, CrCON, CrB, CrOB,
CrNB, CrONB, CrCB, CrCNB, CrCOB and CrCONB.
[0077] The absorber film can be formed by a sputtering
method, and the sputtering is preferably a magnetron
sputtering. In particular, the absorber film is formed by
using a metal target such as a chromium (Cr) target and
a tantalum (Ta) target or a metal compound target such
as a chromium compound target and a tantalum com-
pound target (a target containing a metal such as Cr and
Ta, and at least one selected from the group consisting
of oxygen (O), nitrogen (N), carbon (C), boron (B) and
the like); and using, as a sputter gas, a rare gas such as
helium (He) gas, argon (Ar) gas, krypton (Kr) gas and
xenon (Xe) gas in sputtering, or using the rare gas with
a reactive gas such as an oxygen-containing gas, a ni-
trogen-containing gas and a carbon-containing gas in a
reactive sputtering.
[0078] On the side of absorber film that is remote from
the substrate, a hard mask film (an etching mask film for
the absorber film) having different etching properties from
the absorber film may be provided preferably in contact
with the absorber film. The hard mask film is a film that
acts as an etching mask when an absorber film is etched
by dry etching. After the absorber pattern is formed, the
hard mask film may be left as the reflectance reducing
film for reducing the reflectance at the wavelength of light
used in inspections such as pattern inspection as a part
of the absorber film, or removed to be absent on the re-
flective mask. Examples of the material of the hard mask

film include a material containing chromium (Cr). A hard
mask film composed of a material containing Cr is more
preferable in case that the absorber film is composed of
a material containing Ta and free of Cr. When a layer
that mainly has a function for reducing the reflectance at
the wavelength of light used in inspection such as pattern
inspection (the reflectance reducing layer) is formed on
the absorber film, the hard mask film may be formed on
the reflectance reducing film of the absorber film. The
hard mask film may be formed by, for example, a mag-
netron sputtering method. A thickness of the hard mask
is normally about 5 to 20 nm, however, not limited thereto.
[0079] A sheet resistance of the conductive film is pref-
erably not more than 100 Ω/h, and a material of the con-
ductive film are not particularly limited. Examples of the
material of the conductive film include, for example, a
material containing tantalum (Ta) or chromium (Cr). The
material containing Ta or Cr may contain oxygen (O),
nitrogen (N), carbon (C), boron (B), or other elements.
Examples of the material containing Ta include, for ex-
ample, Ta simple substance, and a tantalum compound
such as TaO, TaN, TaON, TaC, TaCN, TaCO, TaCON,
TaB, TaOB, TaNB, TaONB, TaCB, TaCNB, TaCOB and
TaCONB. Examples of the material containing Cr in-
clude, for example, Cr simple substance, and a chromium
compound such as CrO, CrN, CrON, CrC, CrCN, CrCO,
CrCON, CrB, CrOB, CrNB, CrONB, CrCB, CrCNB, Cr-
COB and CrCONB.
[0080] A thickness of the conductive film is not partic-
ularly limited as long as the conductive film has a function
for an electrostatic chuck use. The thickness is normally
about 5 to 100 nm. The thickness of the conductive film
is preferably formed so that a film stress is balanced with
the multilayer reflection film and the absorber pattern af-
ter an EUV mask is obtained, that is, after the absorber
pattern is formed. The conductive film may be formed
before forming the multilayer reflection film, or after form-
ing all of the films disposed at the side of the multilayer
reflection film on the substrate. Further, the conductive
film may be formed after forming a part of the films dis-
posed at the side of the multilayer reflection film on the
substrate, and then the remainder of the films disposed
at the side of the multilayer reflection film on the substrate
may be formed. The conductive film may be formed by,
for example, a magnetron sputtering method.
[0081] Further, the EUV mask blank may include a re-
sist film formed on the side remotest from the substrate.
The resist film is preferably an electron beam (EB) resist.

EXAMPLES

[0082] Examples of the invention are given below by
way of illustration and not by way of limitation.

Example 1

[0083] A multilayer reflection film consisting of a Si/Mo
laminated portion and a protection layer containing Ru
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was formed on a substrate. The substrate was composed
of a low thermal expansion material having a coefficient
of thermal expansion within the range of 65.0310-9/°C,
a surface roughness of the main surface of not more than
0.1 nm in RMS value, and a flatness of the main surface
of 100 nm in TIR value.
[0084] The Si/Mo laminated portion was formed by
magnetron sputtering using a Si target and a Mo target
as targets, and Ar gas and N2 gas as sputter gases. One
Si target and one Mo target were attached to a magnetron
sputtering apparatus, the substrate and each target were
arranged in an offset arrangement, and the substrate was
rotated. First, a Si layer was formed at a setting thickness
of 3.5 nm by introducing only Ar gas into a sputter cham-
ber, and discharging only the Si target. Next, a SiN layer
was formed at a setting thickness of 0.5 nm by introducing
Ar gas and N2 gas into the sputter chamber, and dis-
charging only the Si target. Next, a Mo layer was formed
at a setting thickness of 3.0 nm by introducing only Ar
gas into the sputter chamber, and discharging only the
Mo target. A cycle of the formations of these three layers,
the Si layer, the SiN layer and the Mo layer, as one cycle,
was repeated for a total of 40 cycles. Then, a SiN layer
was formed at a setting thickness of 0.5 nm by introducing
Ar gas and N2 gas into the sputter chamber, and dis-
charging only the Si target. Next, a Si layer was formed
at a setting thickness of 2.3 nm by introducing only Ar
gas into the sputter chamber, and discharging only the
Si target. Next, a SiN layer was formed at a setting thick-
ness of 0.5 nm by introducing Ar gas and N2 gas into the
sputter chamber, and discharging only the Si target. Next,
a Mo layer was formed at a setting thickness of 0.5 nm
by introducing only Ar gas into the sputter chamber, and
discharging only the Mo target.
[0085] The protection layer was formed by magnetron
sputtering using a Ru target and a Nd target as targets,
and Ar gas as a sputter gas. One Ru target and one Nb
target were attached to another magnetron sputtering
apparatus which differs from the magnetron sputtering
apparatus used for forming the Si/Mo laminated portion,
the substrate and each target were arranged in an offset
arrangement, and the substrate was rotated. The sub-
strate on which the Si/Mo laminated portion has been
formed was transferred under vacuum from the magne-
tron sputtering apparatus used for forming the Si/Mo lam-
inated portion to the other magnetron sputtering appara-
tus used for forming the protection layer via a transfer
chamber that communicates with both sputter chambers.
First, a Ru layer as a lower layer was formed at a setting
thickness of 2.0 nm by introducing Ar gas into the sputter
chamber, and discharging only the Ru target. Next, a
RuNb mixed layer as an upper layer was formed at a
setting thickness of 0.5 nm by introducing Ar gas into the
sputter chamber, and discharging simultaneously the Ru
target and the Nb target, obtaining the protection layer
consisting of two layers.
[0086] When the cross section of the obtained multi-
layer reflection film was observed by a transmission elec-

tron microscope (TEM), from the surface side (the side
remote from the substrate), a RuNb mixed layer having
a thickness of 0.5 nm, a Ru layer having a thickness of
2.0 nm, a Mo layer having a thickness of 0.5 nm, a SiN
layer having a thickness of 0.5 nm, a Si layer having a
thickness of 2.3 nm, a SiN layer having a thickness of
0.5 nm, a Mo layer having a thickness 3.0 nm, and a SiN
layer having a thickness of 0.5 nm were observed in this
order at the upper portion of the multilayer reflection film.
Further, the multilayer reflection film obtained by the
same method was heat-treated at 200 °C for 10 minutes
in air atmosphere. When the cross section of the multi-
layer reflection film was observed in the same manner,
the observed multilayer reflection film was similar to that
not heat-treated. Further, when a peak reflectance of
EUV light in the wavelength range of 13.4 to 13.6 nm at
an incident angle of 6 ° was measured before and after
the heat treatment. The results were 67% before the heat
treatment and 65% after the heat treatment that satisfy
a high reflectance of not less than 65%.

Example 2

[0087] A multilayer reflection film consisting of a Si/Mo
laminated portion and a protection layer containing Ru
was formed on a substrate. The substrate was composed
of a low thermal expansion material having a coefficient
of thermal expansion within the range of 65.0310-9/°C,
a surface roughness of the main surface of not more than
0.1 nm in RMS value, and a flatness of the main surface
of 100 nm in TIR value.
[0088] The Si/Mo laminated portion was formed by
magnetron sputtering using a Si target and a Mo target
as targets, and Ar gas and N2 gas as sputter gases. One
Si target and one Mo target were attached to a magnetron
sputtering apparatus, the substrate and each target were
arranged in an offset arrangement, and the substrate was
rotated. First, a Si layer was formed at a setting thickness
of 3.5 nm by introducing only Ar gas into a sputter cham-
ber, and discharging only the Si target. Next, a SiN layer
was formed at a setting thickness of 0.5 nm by introducing
Ar gas and N2 gas into the sputter chamber, and dis-
charging only the Si target. Next, a Mo layer was formed
at a setting thickness of 3.0 nm by introducing only Ar
gas into the sputter chamber, and discharging only the
Mo target. A cycle of the formations of these three layers,
the Si layer, the SiN layer and the Mo layer, as one cycle,
was repeated for a total of 40 cycles. Then, a SiN layer
was formed at a setting thickness of 0.5 nm by introducing
Ar gas and N2 gas into the sputter chamber, and dis-
charging only the Si target. Next, a Si layer was formed
at a setting thickness of 2.3 nm by introducing only Ar
gas into the sputter chamber, and discharging only the
Si target. Next, a SiN layer was formed at a setting thick-
ness of 0.5 nm by introducing Ar gas and N2 gas into the
sputter chamber, and discharging only the Si target. Next,
a Mo layer was formed at a setting thickness of 0.5 nm
by introducing only Ar gas into the sputter chamber, and
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discharging only the Mo target.
[0089] The protection layer was formed by magnetron
sputtering using a Ru target and a Nd target as targets,
and Ar gas as a sputter gas. One Ru target and one Nb
target were attached to another magnetron sputtering
apparatus which differs from the magnetron sputtering
apparatus used for forming the Si/Mo laminated portion,
the substrate and each target were arranged in an offset
arrangement, and the substrate was rotated. The sub-
strate on which the Si/Mo laminated portion has been
formed was transferred under vacuum from the magne-
tron sputtering apparatus used for forming the Si/Mo lam-
inated portion to the other magnetron sputtering appara-
tus used for forming the protection layer via a transfer
chamber that communicates with both sputter chambers.
First, a Ru layer as a lower layer was formed at a setting
thickness of 1.0 nm by introducing Ar gas into the sputter
chamber, and discharging only the Ru target. Next, a
RuNb mixed layer as an upper layer was formed at a
setting thickness of 1.5 nm by introducing Ar gas into the
sputter chamber, and discharging simultaneously the Ru
target and the Nb target, obtaining the protection layer
consisting of two layers. At this time, the power applied
to the Nb target was gradually increased to form a graded
composition in which the Nb content continuously in-
creases to the side remote from the substrate in the thick-
ness direction.
[0090] When the cross section of the obtained multi-
layer reflection film was observed by a transmission elec-
tron microscope (TEM), from the surface side (the side
remote from the substrate), a RuNb mixed layer having
a thickness of 1.5 nm, a Ru layer having a thickness of
1.0 nm, a Mo layer having a thickness of 0.5 nm, a SiN
layer having a thickness of 0.5 nm, a Si layer having a
thickness of 2.3 nm, a SiN layer having a thickness of
0.5 nm, a Mo layer having a thickness 3.0 nm, and a SiN
layer having a thickness of 0.5 nm were observed in this
order at the upper portion of the multilayer reflection film.
Further, the multilayer reflection film obtained by the
same method was heat-treated at 200 °C for 10 minutes
in air atmosphere. When the cross section of the multi-
layer reflection film was observed in the same manner,
the observed multilayer reflection film was similar to that
not heat-treated. Further, when a peak reflectance of
EUV light in the wavelength range of 13.4 to 13.6 nm at
an incident angle of 6 ° was measured before and after
the heat treatment. The results were 67% before the heat
treatment and 65% after the heat treatment that satisfy
a high reflectance of not less than 65%.

Example 3

[0091] A multilayer reflection film consisting of a Si/Mo
laminated portion and a protection layer containing Ru
was formed on a substrate. The substrate was composed
of a low thermal expansion material having a coefficient
of thermal expansion within the range of 65.0310-9/°C,
a surface roughness of the main surface of not more than

0.1 nm in RMS value, and a flatness of the main surface
of 100 nm in TIR value.
[0092] The Si/Mo laminated portion was formed by
magnetron sputtering using a Si target and a Mo target
as targets, and Ar gas and N2 gas as sputter gases. One
Si target and one Mo target were attached to a magnetron
sputtering apparatus, the substrate and each target were
arranged in an offset arrangement, and the substrate was
rotated. First, a Si layer was formed at a setting thickness
of 3.5 nm by introducing only Ar gas into a sputter cham-
ber, and discharging only the Si target. Next, a SiN layer
was formed at a setting thickness of 0.5 nm by introducing
Ar gas and N2 gas into the sputter chamber, and dis-
charging only the Si target. Next, a Mo layer was formed
at a setting thickness of 3.0 nm by introducing only Ar
gas into the sputter chamber, and discharging only the
Mo target. A cycle of the formations of these three layers,
the Si layer, the SiN layer and the Mo layer, as one cycle,
was repeated for a total of 40 cycles. Then, a SiN layer
was formed at a setting thickness of 0.5 nm by introducing
Ar gas and N2 gas into the sputter chamber, and dis-
charging only the Si target. Next, a Si layer was formed
at a setting thickness of 2.3 nm by introducing only Ar
gas into the sputter chamber, and discharging only the
Si target. Next, a SiN layer was formed at a setting thick-
ness of 0.5 nm by introducing Ar gas and N2 gas into the
sputter chamber, and discharging only the Si target. Next,
a Mo layer was formed at a setting thickness of 0.5 nm
by introducing only Ar gas into the sputter chamber, and
discharging only the Mo target.
[0093] The protection layer was formed by magnetron
sputtering using a Ru target and a Nd target as targets,
and Ar gas and O2 gas as sputter gases. One Ru target
and one Nb target were attached to another magnetron
sputtering apparatus which differs from the magnetron
sputtering apparatus used for forming the Si/Mo laminat-
ed portion, the substrate and each target were arranged
in an offset arrangement, and the substrate was rotated.
The substrate on which the Si/Mo laminated portion has
been formed was transferred under vacuum from the
magnetron sputtering apparatus used for forming the
Si/Mo laminated portion to the other magnetron sputter-
ing apparatus used for forming the protection layer via a
transfer chamber that communicates with both sputter
chambers. First, a Ru layer as a lower layer was formed
at a setting thickness of 1.0 nm by introducing only Ar
gas into the sputter chamber, and discharging only the
Ru target. Next, a RuNbO mixed layer as an upper layer
was formed at a setting thickness of 1.5 nm by introducing
Ar gas and O2 gas into the sputter chamber, and dis-
charging simultaneously the Ru target and the Nb target,
obtaining the protection layer consisting of two layers. At
this time, the power applied to the Nb target was gradually
increased to form a graded composition in which the Nb
content continuously increases to the side remote from
the substrate in the thickness direction.
[0094] When the cross section of the obtained multi-
layer reflection film was observed by a transmission elec-
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tron microscope (TEM), from the surface side (the side
remote from the substrate), a RuNbO mixed layer having
a thickness of 1.5 nm, a Ru layer having a thickness of
1.0 nm, a Mo layer having a thickness of 0.5 nm, a SiN
layer having a thickness of 0.5 nm, a Si layer having a
thickness of 2.3 nm, a SiN layer having a thickness of
0.5 nm, a Mo layer having a thickness 3.0 nm, and a SiN
layer having a thickness of 0.5 nm were observed in this
order at the upper portion of the multilayer reflection film.
Further, the multilayer reflection film obtained by the
same method was heat-treated at 200 °C for 10 minutes
in air atmosphere. When the cross section of the multi-
layer reflection film was observed in the same manner,
the observed multilayer reflection film was similar to that
not heat-treated. Further, when a peak reflectance of
EUV light in the wavelength range of 13.4 to 13.6 nm at
an incident angle of 6 ° was measured before and after
the heat treatment. The results were 67% before the heat
treatment and 65% after the heat treatment that satisfy
a high reflectance of not less than 65%.

Comparative Example 1

[0095] A multilayer reflection film consisting of a Si/Mo
laminated portion and a protection layer containing Ru
was formed on a substrate. The substrate was composed
of a low thermal expansion material having a coefficient
of thermal expansion within the range of 65.0310-9/°C,
a surface roughness of the main surface of not more than
0.1 nm in RMS value, and a flatness of the main surface
of 100 nm in TIR value.
[0096] The Si/Mo laminated portion was formed by
magnetron sputtering using a Si target and a Mo target
as targets, and Ar gas as a sputter gas. One Si target
and one Mo target were attached to a magnetron sput-
tering apparatus, the substrate and each target were ar-
ranged in an offset arrangement, and the substrate was
rotated. First, a Si layer was formed at a setting thickness
of 4.0 nm by introducing Ar gas into a sputter chamber,
and discharging only the Si target. Next, a Mo layer was
formed at a setting thickness of 3.0 nm by introducing Ar
gas into the sputter chamber, and discharging only the
Mo target. A cycle of the formations of these two layers,
the Si layer and the Mo layer, as one cycle, was repeated
for a total of 40 cycles. Then, a Si layer was formed at a
setting thickness of 3.0 nm by introducing Ar gas into the
sputter chamber, and discharging only the Si target.
[0097] The protection layer was formed by magnetron
sputtering using a Ru target and a Nd target as targets,
and Ar gas as a sputter gas. One Ru target and one Nb
target were attached to another magnetron sputtering
apparatus which differs from the magnetron sputtering
apparatus used for forming the Si/Mo laminated portion,
the substrate and each target were arranged in an offset
arrangement, and the substrate was rotated. The sub-
strate on which the Si/Mo laminated portion has been
formed was transferred under vacuum from the magne-
tron sputtering apparatus used for forming the Si/Mo lam-

inated portion to the other magnetron sputtering appara-
tus used for forming the protection layer via a transfer
chamber that communicates with both sputter chambers.
A RuNb mixed layer was formed at a setting thickness
of 3.5 nm by introducing Ar gas into the sputter chamber,
and discharging simultaneously the Ru target and the Nb
target, obtaining the protection layer.
[0098] When the cross section of the obtained multi-
layer reflection film was observed by a transmission elec-
tron microscope (TEM), from the surface side (the side
remote from the substrate), a RuNb mixed layer having
a thickness of 2.5 nm, an interdiffusion layer having a
thickness of 1.5 nm in which Si and Ru are mixed, a Si
layer having a thickness of 2.5 nm, an interdiffusion layer
having a thickness of 0.5 nm in which Si and Mo are
mixed, a Mo layer having a thickness 2.5 nm, and an
interdiffusion layer having a thickness of 1.5 nm in which
Si and Mo are mixed were observed in this order at the
upper portion of the multilayer reflection film. Further, the
multilayer reflection film obtained by the same method
was heat-treated at 200 °C for 10 minutes in air atmos-
phere. When the cross section of the multilayer reflection
film was observed in the same manner, from the surface
side (the side remote from the substrate), a RuNb mixed
layer having a thickness of 2 nm, a SiO layer having a
thickness of 2 nm, a RuNbSi mixed layer having a thick-
ness of 2 nm, a Si layer having a thickness of 1.0 nm, an
interdiffusion layer having a thickness of 0.5 nm in which
Si and Mo are mixed, a Mo layer having a thickness 2.0
nm, and an interdiffusion layer having a thickness of 2.0
nm in which Si and Mo are mixed were observed in this
order at the upper portion of the multilayer reflection film.
In this case, the SiO layer that was generated by a reac-
tion of the Si layer with oxygen in the air which passed
though the RuNd mixed layer was formed. Further, when
a peak reflectance of EUV light in the wavelength range
of 13.4 to 13.6 nm at an incident angle of 6 ° was meas-
ured before and after the heat treatment. The results were
64% before the heat treatment and 60% after the heat
treatment, and each was a low reflectance of less than
65%.

Comparative Example 2

[0099] A multilayer reflection film consisting of a Si/Mo
laminated portion and a protection layer containing Ru
was formed on a substrate. The substrate was composed
of a low thermal expansion material having a coefficient
of thermal expansion within the range of 65.0310-9/°C,
a surface roughness of the main surface of not more than
0.1 nm in RMS value, and a flatness of the main surface
of 100 nm in TIR value.
[0100] The Si/Mo laminated portion was formed by
magnetron sputtering using a Si target and a Mo target
as targets, and Ar gas as a sputter gas. One Si target
and one Mo target were attached to a magnetron sput-
tering apparatus, the substrate and each target were ar-
ranged in an offset arrangement, and the substrate was
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rotated. First, a Si layer was formed at a setting thickness
of 4.0 nm by introducing Ar gas into a sputter chamber,
and discharging only the Si target. Next, a Mo layer was
formed at a setting thickness of 3.0 nm by introducing Ar
gas into the sputter chamber, and discharging only the
Mo target. A cycle of the formations of these two layers,
the Si layer and the Mo layer, as one cycle, was repeated
for a total of 40 cycles. Then, a Si layer was formed at a
setting thickness of 4.0 nm by introducing Ar gas into the
sputter chamber, and discharging only the Si target. Next,
a Mo layer was formed at a setting thickness of 1.0 nm
by introducing Ar gas into the sputter chamber, and dis-
charging only the Mo target.
[0101] The protection layer was formed by magnetron
sputtering using a Ru target and a Nd target as targets,
and Ar gas as a sputter gas. One Ru target and one Nb
target were attached to another magnetron sputtering
apparatus which differs from the magnetron sputtering
apparatus used for forming the Si/Mo laminated portion,
the substrate and each target were arranged in an offset
arrangement, and the substrate was rotated. The sub-
strate on which the Si/Mo laminated portion has been
formed was transferred under vacuum from the magne-
tron sputtering apparatus used for forming the Si/Mo lam-
inated portion to the other magnetron sputtering appara-
tus used for forming the protection layer via a transfer
chamber that communicates with both sputter chambers.
A RuNb mixed layer was formed at a setting thickness
of 2.0 nm by introducing Ar gas into the sputter chamber,
and discharging simultaneously the Ru target and the Nb
target, obtaining the protection layer.
[0102] When the cross section of the obtained multi-
layer reflection film was observed by a transmission elec-
tron microscope (TEM), from the surface side (the side
remote from the substrate), a RuNb mixed layer having
a thickness of 2.0 nm, a Mo layer having a thickness of
1.0 nm, an interdiffusion layer having a thickness of 1.5
nm in which Si and Mo are mixed, a Si layer having a
thickness of 3.5 nm, an interdiffusion layer having a thick-
ness of 0.5 nm in which Si and Mo are mixed, and a Mo
layer having a thickness 2.5 nm were observed in this
order at the upper portion of the multilayer reflection film.
However, no interdiffusion layer was formed between the
RuNb mixed layer and the Mo layer. Further, the multi-
layer reflection film obtained by the same method was
heat-treated at 200 °C for 10 minutes in air atmosphere.
When the cross section of the multilayer reflection film
was observed in the same manner, from the surface side
(the side remote from the substrate), a RuNb mixed layer
having a thickness of 2 nm, a SiO layer having a thickness
of 2 nm, an interdiffusion layer having a thickness of 1.0
nm in which Si and Mo are mixed, a Si layer having a
thickness of 1.5 nm, an interdiffusion layer having a thick-
ness of 0.5 nm in which Si and Mo are mixed, a Mo layer
having a thickness 2.5 nm, and an interdiffusion layer
having a thickness of 1.5 nm in which Si and Mo are
mixed were observed in this order at the upper portion
of the multilayer reflection film. In this case, the SiO layer

that was generated by a reaction of the Si layer with ox-
ygen in the air which passed though the RuNd mixed
layer was formed. Further, when a peak reflectance of
EUV light in the wavelength range of 13.4 to 13.6 nm at
an incident angle of 6 ° was measured before and after
the heat treatment. The results were 64% before the heat
treatment and 62% after the heat treatment, and each
was a low reflectance of less than 65%.

Comparative Example 3

[0103] A multilayer reflection film consisting of a Si/Mo
laminated portion and a protection layer containing Ru
was formed on a substrate. The substrate was composed
of a low thermal expansion material having a coefficient
of thermal expansion within the range of 65.0310-9/°C,
a surface roughness of the main surface of not more than
0.1 nm in RMS value, and a flatness of the main surface
of 100 nm in TIR value.
[0104] The Si/Mo laminated portion was formed by
magnetron sputtering using a Si target and a Mo target
as targets, and Ar gas as a sputter gas. One Si target
and one Mo target were attached to a magnetron sput-
tering apparatus, the substrate and each target were ar-
ranged in an offset arrangement, and the substrate was
rotated. First, a Si layer was formed at a setting thickness
of 4.0 nm by introducing Ar gas into a sputter chamber,
and discharging only the Si target. Next, a Mo layer was
formed at a setting thickness of 3.0 nm by introducing Ar
gas into the sputter chamber, and discharging only the
Mo target. A cycle of the formations of these two layers,
the Si layer and the Mo layer, as one cycle, was repeated
for a total of 40 cycles. Then, a Si layer was formed at a
setting thickness of 3.0 nm by introducing Ar gas into the
sputter chamber, and discharging only the Si target. Next,
a Mo layer was formed at a setting thickness of 1.0 nm
by introducing Ar gas into the sputter chamber, and dis-
charging only the Mo target.
[0105] The protection layer was formed by magnetron
sputtering using a Ru target as a target, and Ar gas as a
sputter gas. One Ru target was attached to another mag-
netron sputtering apparatus which differs from the mag-
netron sputtering apparatus used for forming the Si/Mo
laminated portion, the substrate was faced to the target,
and the substrate was rotated. The substrate on which
the Si/Mo laminated portion has been formed was trans-
ferred under vacuum from the magnetron sputtering ap-
paratus used for forming the Si/Mo laminated portion to
the other magnetron sputtering apparatus used for form-
ing the protection layer via a transfer chamber that com-
municates with both sputter chambers. A Ru layer was
formed at a setting thickness of 2.5 nm by introducing Ar
gas into the sputter chamber, and discharging the Ru
target, obtaining the protection layer.
[0106] When the cross section of the obtained multi-
layer reflection film was observed by a transmission elec-
tron microscope (TEM), from the surface side (the side
remote from the substrate), a Ru layer having a thickness
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of 2.5 nm, an interdiffusion layer having a thickness of
1.2 nm in which Si and Mo are mixed, a Si layer having
a thickness of 2.8 nm, an interdiffusion layer having a
thickness of 0.5 nm in which Si and Mo are mixed, a Mo
layer having a thickness 2.7 nm, and an interdiffusion
layer having a thickness of 1.3 nm in which Si and Mo
are mixed were observed in this order at the upper portion
of the multilayer reflection film. Further, the multilayer
reflection film obtained by the same method was heat-
treated at 200 °C for 10 minutes in air atmosphere. When
the cross section of the multilayer reflection film was ob-
served in the same manner, from the surface side (the
side remote from the substrate), a Ru layer having a thick-
ness of 2.5 nm, an interdiffusion layer having a thickness
of 1.6 nm in which Si and Mo are mixed, a Si layer having
a thickness of 2.6 nm, an interdiffusion layer having a
thickness of 0.5 nm in which Si and Mo are mixed, a Mo
layer having a thickness of 2.6 nm, and an interdiffusion
layer having a thickness of 1.6 nm in which Si and Mo
are mixed were observed in this order at the upper portion
of the multilayer reflection film. Further, when a peak re-
flectance of EUV light in the wavelength range of 13.4 to
13.6 nm at an incident angle of 6 ° was measured before
and after the heat treatment. The results were 65% before
the heat treatment and 62% after the heat treatment, and
the reflectance was a low reflectance of less than 65%
in the case after the heat treatment.

Claims

1. A substrate with a multilayer reflection film for an
EUV mask blank comprising a substrate, and a mul-
tilayer reflection film formed on the substrate, where-
in

the multilayer reflection film comprises a Si/Mo
laminated portion in which Si layers and Mo lay-
ers are alternately laminated, and a protection
layer containing Ru formed on the Si/Mo lami-
nated portion and in contact with the Si/Mo lam-
inated portion, as the uppermost layer,
the protection layer comprises a lower layer
formed in contact with the Si/Mo laminated por-
tion, and an upper layer formed at the side re-
motest from the substrate,
the lower layer is composed of Ru, and
the upper layer is composed of a material con-
taining Ru and at least one selected from the
group consisting of metals other than Ru, and
metalloids.

2. The substrate of claim 1, wherein the metals other
than Ru are transition metals having a low standard
oxidation-reduction potential compared with that of
Ru.

3. The substrate of claim 1 or 2, wherein the upper layer

is composed of a material containing Ru and at least
one selected from the group consisting of Nb, Zr, Ti,
Cr and Si.

4. The substrate of any one of claims 1 to 3, wherein
the upper layer is composed of a material containing
Ru and at least one selected from the group consist-
ing of metals and metalloids that have a low etching
rate compared with that of Ru in a dry etching using
an etching gas containing O2 gas and Cl2 gas.

5. The substrate of any one of claims 1 to 4, wherein
the upper layer has a graded composition in which
a content of the metal or metalloid continuously in-
creases to the side remote from the substrate in the
thickness direction of the upper layer, or the upper
layer consists of two or more of sublayers and has
a graded composition in which contents of the metal
or metalloid of the sublayers increase in stepwise to
the side remote from the substrate in the thickness
direction of the upper layer.

6. The substrate of any one of claims 1 to 5, wherein
the upper layer further contains oxygen.

7. The substrate of any one of claims 1 to 6, wherein a
layer containing Si and N intervenes at one or more
portions between the Si layer and the Mo layer of
the Si/Mo laminated portion, and is contact with both
of the Si layer and the Mo layer.

8. The substrate of claim 7, wherein the layer contain-
ing Si and N has a thickness of not more than 2 nm.

9. The substrate of any one of claims 1 to 8, wherein
the protection layer is contact with the Mo layer of
the Si/Mo laminated portion.

10. The substrate of claim 9, wherein the uppermost part
of the multilayer reflection film consists of, from the
side remote from the substrate, the protection layer,
the Mo layer, a layer containing Si and N, and the Si
layer.

11. The substrate of claim 10, wherein in the uppermost
part, the protection layer has a thickness of not more
than 4 nm, the Mo layer has a thickness of not more
than 1 nm, the layer containing Si and N has a thick-
ness of not more than 2 nm, and the Si layer has a
thickness of not more than 4 nm.

12. The substrate of any one of claims 1 to 11, wherein
the Si/Mo laminated portion comprises not less than
30 of three-layer laminated structure units, and the
three-layer laminated structure unit consists of, from
the substrate side,

i) the Si layer, a layer containing Si and N formed
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in contact with the Si layer, and the Mo layer
formed in contact with the layer containing Si
and N, or;
ii) the Mo layer, a layer containing Si and N
formed in contact with the Mo layer, and the Si
layer formed in contact with the layer containing
Si and N.

13. The substrate of any one of claims 1 to 11, wherein
the Si/Mo laminated portion comprises not less than
30 of four-layer laminated structure units, and the
four-layer laminated structure unit consists of, from
the substrate side, the Si layer, a layer containing Si
and N formed in contact with the Si layer, the Mo
layer formed in contact with the layer containing Si
and N, and a layer containing Si and N formed in
contact with the Mo layer.

14. The substrate of any one of claims 1 to 13, wherein
the multilayer reflection film has a peak reflectance
of not less than 65% with respect to EUV light of the
wavelength range of 13.4 to 13.6 nm at an incident
angle of 6°.

15. A manufacturing method for the substrate with a mul-
tilayer reflection film for an EUV mask blank of any
one of claims 1 to 14, the method comprising the
step of

(A) forming the Si/Mo laminated portion by sput-
tering, wherein

the sputtering is performed by a magnetron
sputtering apparatus comprising a cham-
ber, wherein in the chamber,
one or more Mo targets and one or more Si
targets are attachable;
powers are individually appliable to the Mo
target and the Si target;
the substrate and each of the targets are
disposed in offset arrangement;
none of shield members are disposed be-
tween the substrate and each of the targets;
the substrate is rotatable along its main sur-
face; and
nitrogen-containing gas is introducible.

16. A manufacturing method for the substrate with a mul-
tilayer reflection film for an EUV mask blank of any
one of claims 1 to 15, the method comprising the
step of
(B) forming the protection layer by sputtering, where-
in

the sputtering is performed by a magnetron sput-
tering apparatus comprising a chamber, where-
in in the chamber,
one or more Ru targets and one or more targets

containing at least one selected from the group
consisting of metals other than Ru, and metal-
loids are attachable;
powers are individually appliable to the Ru target
and the target containing at least one selected
from the group consisting of metals other than
Ru, and metalloids;
the substrate and each of the targets are dis-
posed in offset arrangement;
none of shield members are disposed between
the substrate and each of the targets;
the substrate is rotatable along its main surface;
and
oxygen-containing gas is introducible.

17. A manufacturing method for the substrate with a mul-
tilayer reflection film for an EUV mask blank com-
prising a substrate, and a multilayer reflection film
formed on the substrate, the multilayer reflection film
comprising a Si/Mo laminated portion in which Si lay-
ers and Mo layers are alternately laminated, and a
protection layer containing Ru formed on the Si/Mo
laminated portion and in contact with the Si/Mo lam-
inated portion,

the method comprising the steps of

(A) forming the Si/Mo laminated portion by
sputtering, and
(B) forming the protection layer by sputter-
ing, wherein

after the step (A), the Mo/Si laminated portion
is provided to the step (B) without contacting to
gases reactable to the Mo/Si laminated portion
that has been formed in the step (A).

18. The manufacturing method of claim 17, wherein the
step (A) is performed in one sputter chamber, the
substrate on which the Mo/Si laminated portion has
been formed is transferred to the other sputter cham-
ber, and then, the step (B) is performed in the other
sputter chamber.

19. The manufacturing method of claim 18, wherein a
transfer chamber is provided between said one and
other sputter chambers, the transfer chamber is ca-
pable of communicating with each of the sputter
chambers individually or with both of the sputter
chambers at the same time, and the substrate on
which the Mo/Si laminated portion has been formed
is transferred from said one sputter chamber via the
transfer chamber to said other sputter chamber.

20. The manufacturing method of claim 19, wherein the
substrate is transferred under vacuum both in the
transfer from said one sputter chamber to the trans-
fer chamber, and the transfer from the transfer cham-
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ber to said other sputter chamber.

21. An EUV mask blank comprising the substrate with a
multilayer reflection film for an EUV mask blank of
any one of claims 1 to 14, and an absorber film con-
taining Ta or Cr formed on the multilayer reflection
film.

22. An EUV mask blank comprising the substrate with a
multilayer reflection film for an EUV mask blank of
any one of claims 1 to 14, an absorber film containing
Ta and being free of Cr formed on the multilayer re-
flection film, and a hard mask film which contains Cr
and acts as an etching mask in dry etching for the
absorber film.
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