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1. A mask blank comprising:

a substrate:

a multilayer reflective film being able to reflect EUV light on the substrate;

an absorber film on the multilayer reflective film, the absorber film containing ruthenium; and

a hard mask film on the absorber film;

wherein the hard mask film consists of silicon and oxygen;

wherein an Si2p narrow spectrum, obtained by analyzing the hard mask film by X-ray photoelectron
spectroscopy, has a maximum peak at a binding energy of at least 103 eV;

wherein an N1s narrow spectrum, obtained by analyzing the hard mask film by X-ray photoelectron
spectroscopy, has a maximum peak below a detection lower limit value; and

wherein, in the hard mask film, a content ratio (atomic %) of silicon and oxygen is Si:O=1:less than 2,

wherein an oxygen content of the hard mask film is at least 60 atomic % and at most 65.5 atomic %.

2. The mask blank according to claim 1, wherein an Ols narrow spectrum, obtained by analyzing the hard
maskK film by X-ray photoelectron spectroscopy, has a maximum peak at a binding energy of at least 532 eV.
3. The mask blank according to claim 1, wherein an O1s narrow spectrum, obtained by analyzing the hard
mask film by X-ray photoelectron spectroscopy, has a maximum peak at a binding energy of less than 533 eV.
4. The mask blank according to claim 1, wherein a difference is at most 0.2 eV between:

a first binding energy at which a maximum peak is present in an Si2p narrow spectrum obtained by analyzing
a surface of the hard mask film by X-ray photoelectron spectroscopy, and

a second binding energy at which a maximum peak is present in an Si2p narrow spectrum obtained by
analyzing an inside of the hard mask film by X-ray photoelectron spectroscopy.

5. The mask blank according to claim 1, wherein a difference is at most 0.1 eV between:

a first binding energy at which a maximum peak is present in an O1s narrow spectrum obtained by analyzing a
surface of the hard mask film by X-ray photoelectron spectroscopy, and

a second binding energy at which a maximum peak is present in an O1s narrow spectrum obtained by
analyzing an inside of the hard mask film by X-ray photoelectron spectroscopy.

6. The mask blank according to claim 1, wherein the Si2p narrow spectrum has no peak at a binding energy in
a range of at least 97 eV and at most 100 eV.

7. The mask blank according to claim 1, wherein the absorber film contains at least one element selected from
chromium, tantalum, nickel, and cobalt.

8. The mask blank according to claim 1, wherein the absorber film can be etched with a chlorine-containing
gas.

9. The mask blank according to claim 8, wherein a protective film is provided between the multilayer reflective
film and the absorber film.

10. The mask blank according to claim 1, wherein the protective film contains ruthenium.

11. A method for manufacturing a transfer mask by using the mask blank according to claim 1, the method
comprising:

forming a transfer pattern on the hard mask film by dry etching using a fluorine-based gas and using, as a
mask, a resist film formed on the hard mask film and having the transfer pattern; and

forming the transfer pattern on the absorber film by dry etching using a chlorine-containing gas and using, as a
mask, the hard mask film with the transfer pattern formed thereon.

12. The method according to claim 11, wherein the chlorine-containing gas is an oxygen-containing chlorine-
based gas having a ratio of chlorine-based gas to oxygen gas of at least 10:1, and

wherein the dry etching using the chlorine-containing gas is carried out under a condition where a high bias
voltage is applied.

13. The method according to claim 11, wherein the chlorine-containing gas is an oxygen-free chlorine-based
gas, and

wherein the dry etching using the chlorine-containing gas is carried out under a condition where a high bias
voltage is applied.

14. A method for manufacturing a semiconductor device, comprising using the transfer mask manufactured by
the method according to claim 11 and transferring by exposure the transfer pattern to a resist film on a
substrate to be provided with a semiconductor device.
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4B

4C

5A

a first bindi
ng energy a
t whicham
aximum pe
ak is prese
nt in an Si2
p narrow sp
ectrum obta
ined by ana
lyzing a sur
face of the
hard mask f
ilm by X-ray
photoelectr
on spectros
copy, and

a second bi
nding energ
y at which a
maximum p
eak is pres

entin an Si
2p narrow s
pectrum obt
ained by an
alyzing an i

nside of the
hard mask f
ilm by X-ray
photoelectr

on spectros
copy.

[553Kk185])

The fask b
lank accord
ing to claim
1, wherein
a difference
is at most
0.1 eV betw
een:
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5B

5C

BRER

a first bindi
ng energy a
t which am
aximum pe
ak is prese
ntin an O1
S narrow sp
ectrum obta
ined by ana
lyzing a sur
face of the
hard mask f
ilm by X-ray
photoelectr
on spectros
copy, and

a second bi
nding energ
y at which a
maximum p
eak is pres

entinan O

1s narrow s
pectrum obt
ained by an
alyzing an i

nside of the
hard mask f
ilm by X-ray
photoelectr

on spectros

copy.
[E53Kk1E6]
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6A

7A

8A

The mask b
lank accord
ing to claim
1, wherein t
he Si2p nar
row spectru
m has no p
eak at a bin
ding energy
in arange o
f at least 97
eV and at
most 100 e
V.

[553k1E7]

The mask b
lank accord
ing to claim
1, wherein t
he absorbe
r film contai
ns at least

one elemen
t selected fr
om chromiu
m, tantalu

m, nickel, a
nd cobalt.

The mask b
lank accord
ing to claim
1, wherein t

he absorbe
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9A

t film can b

e etched wi
th a chlorin
e-containin
g gas.

[E53Kk1E9]

The mask b
lank accord
ing to claim
8, wherein
a protective
film is provi
ded betwee
n the multil
ayer reflecti
ve film and
the absorbe
r film.

[FEKIE1
0]

The mask b
lank accord
ing to claim
1, wherein t
he protectiv
e film conta
ins rutheniu
m.

[RRIE1
1]

A method f
or manufact
uring a tran
sfer mask b
y using the
mask blank
according t
oclaim1,t
he method
comprising:
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BRER

forming a {r
ansfer patte
rnon the h
ard mask fil
m by dry et
ching using
a fluorine-b
ased gas a
nd using, a
s a mask, a
resist film f
ormed on t
he hard a
8K film and
having the t

ransfer patt

ern; and

forming the

transfer pat
tern on the
absorber fil
m by dry et
ching using
a chlorine-¢
ontaining g
as and usin
g, as a mas
K, the hard
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mask film w
ith the frans

fer pattern f
ormed ther

eon.

The metho
d according
to claim 11,
wherein the
chlorine-co
ntaining ga
s is an oxyg
en-containi
ng chlorine-
based gas
having a rat
io of chlorin
e-based ga
s to oxygen
gas of at le
ast 10:1, an
d

wherein the
dry etching
using the ¢
hlorine-cont
aining gas |

s carried ou
t under a co
ndition whe
re a high bi
as voltage i
s applied.

[FEkIE1
3]

The metho
d according
to claim 11,
wherein the
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chlorine-co
ntaining ga
s is an oxyg
en-free chlo
rine-based
gas, and

wherein the
dry etching
using the ¢
hlorine-cont
aining gas i

s carried ou
t under a co
ndition whe
re a high bi
as voltage i
s applied.

[E5K1E1
4]

A method f
or manufact
uring a sem
iconductor
device, co
mprising us
ing the tran
sfer mask
manufactur
ed by the m
ethod accor
ding to clai
m 11 and {r
ansferring b
y exposure
the transfer
pattern to a
resist film o
n a substrat
e to be prov
ided with a
semicondu
ctor device.
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