DESCRI PTI ON

PHOTOVASK BLANK, METHOD FOR PRODUCI NG PHOTOMASK, AND
PHOT OMASK

TECHNI CAL FI ELD

[ 0001]

The present invention relates to: a photomask
bl ank (in particular, a photomask blank that is used for
produci ng sem conduct or devices, etc. and controlling
producti on apparatuses); a nmethod for producing a

phot omask using the same; and a phot omask.

BACKGROUND ART

[ 0002]

I n recent years, acconpanying the mniaturization
of sem conductor devices, in particular, due to higher
i ntegration of large-scale integrated circuits, higher
pattern resolution is required in projection exposure.
Accordingly, in photonmasks, a phase shift mask has been
devel oped as a neans for inmproving the resolution of
transferred patterns. The principle of a phase shift
nmethod is as follows. Adjustnents are made so that the
phase of a transmitted |ight that has passed through an
opening in a photomask is inverted by about 180 degrees
fromthe phase of a transmtted |ight that has passed
t hrough a portion adjacent to the opening. Thus, the
l'ight intensity in the boundary is |owered by the
transmtted lights interfering with one another. As a
result, the resolution and depth of focus of the

transferred pattern are inproved. Photonmasks that use



this principle are generally call ed phase shift nmasks.
[ 0003]

The npost common phase shift mask blank that is
used for a phase shift mask has a structure in which a
phase shift filmis |lam nated on a transparent substrate
such as a gl ass substrate, and a film containing
chromum (Cr) is |lam nated on the phase shift film
Normal |y, the phase shift film has a phase difference of
about 175 to 185 degrees and a transmttance of about 6
to 30% to exposure light. A phase shift filmformed
froma filmcontaining nol ybdenum (Mb) and silicon (Si)
is mainstream Meanwhile, the film containing chrom um
is adjusted to have a filmthickness at which a desired
optical density can be achieved together with the phase
shift film and the filmcontaining chromumis used as
a light-shielding film 1In addition, the film
containing chromumis comonly used as a hard mask film
for etching the phase shift film
[ 0004]

More specifically, a method for formng a pattern
of a phase shift mask fromthis phase shift mask bl ank
i nvolves: formng a resist filmon the chrom um
containing filmof the phase shift nmask bl ank; drawi ng a
pattern on the resist filmby using light or an el ectron
beam developing the pattern to forma resist pattern;
and form ng a pattern by etching the film containing
chrom um while using the resist pattern as an etching
mask. Furthernore, the phase shift filmis etched while
using the pattern of the film containing chrom um as an
etching mask to forma phase shift film pattern, and
after that, the resist pattern and the pattern of the
filmcontaining chrom um are renoved.
[ 0005]



Here, the light-shielding filmoutside the
portions having the circuit pattern of the phase shift
filmpattern fornmed is made to remain, so that the tota
optical density of the phase shift filmand the |ight-
shielding filmis 3 or higher. Thus, a |light-shielding
portion on a peripheral portion of the phase shift mask
(light-shielding filmpattern) is achieved. This is for
preventi ng unnecessary exposure light from | eaking and
irradiating a resist filmon an adjacent chip positioned
outside the circuit pattern when the circuit pattern is
transferred to a wafer by using a wafer exposure
apparatus. A common nethod for form ng such a |ight-
shielding filmpattern involves: form ng a phase shift
filmpattern; renoving the resist pattern; then newy
formng a resist film formng a resist pattern by
pattern-drawi ng and devel opnent; and etching the film
contai ning chrom umwhile using the resist pattern as an
etching mask to forma light-shielding filmpattern of a
peri pheral portion.

[ 0006]

For phase shift nmasks, which require high-
preci sion patterning, dry etching using gas plasm is
mai nstream for etching. Dry etching using a chlorine-
based gas contai ning oxygen (chlorine-based dry etching)
is enployed for dry etching of a film containing
chrom um and dry etching using a fluorine-based gas
(fluorine-based dry etching) is enployed for dry etching
of a filmcontaining nmol ybdenum and silicon. 1In
particular, in the dry etching of a film containing
chromum it is known that chem cal reactivity is raised
and etching speed is enhanced by using an etching gas
obtained by m xing 10 to 25 vol ume% of an oxygen gas

relative to the chlorine-based gas.



[ 0007]

Wth the mniaturization of circuit patterns,
technology for formng fine phase shift mask patterns is
also required. In particular, an assist pattern of a
l'i ne pattern, assisting the resolution of a main pattern
of a phase shift mask needs to be fornmed snmaller than
the main pattern so as not to be transferred to the
wafer when a circuit pattern is transferred to a wafer
by using a wafer exposure apparatus. 1In a generation of
phase shift masks having a |ine-and-space pattern of a
circuit with a pitch of 10 nmon the wafer, the |line
wi dt h of an assist pattern of a |ine pattern on the
phase shift mask is required to be about 40 nm
[ 0008]

Furthernmore, with the m niaturization of
sem conductor devices, in particular, owing to higher
i ntegration of large-scale integrated circuits, high
pattern resolution is required in projection exposure,
so that it has beconme difficult to achieve the desired
pattern resolution even when using the above-described
phase shift mask. Therefore, EUV lithography, which
uses extreme ultraviolet region |ight as exposure |ight
has come to be used.

[ 0009]

Extreme ultraviolet region light is easily
absorbed by various substances, and therefore,
transm ssion |lithography, such as conventi onal
photol i t hography that uses ArF |ight cannot be enpl oyed.
Accordingly, in EUV lithography, a catoptric systemis
used.

[ 0010]

A phot omask used in EUV lithography has a

structure in which a reflective |layer, which reflects



extreme ultraviolet region light, and a |ayer that
absorbs extrene ultraviolet region |ight are formed on a
substrate made of glass or the like in this order. As
the reflective layer, a nultilayer reflective filmis
used, provided with high reflectance on the irradiation
of the layer surface with extrenme ultraviolet region
l'ight by alternately lamnating a | owrefractive-index
filmand a high-refractive-index film As the |ow
refractive-index filmof the nultilayer reflective film
a nmol ybdenum (Mb) layer is usually used, and as the

hi gh-refractive-index filmof the nultilayer reflective
film a silicon (Si) layer is usually used.

As the absorber layer, a material having a high
absorption coefficient to EUV |ight is used. Specific
exanmpl es include materials mainly containing chrom um
(Cr) or tantalum (Ta).

[0011]

Meanwhi |l e, the extreme ultraviolet region |light
that is used in EUV |lithography has a wavel ength of 13.5
nm Thus, the exposure wavelength is shorter than in
conventi onal photolithography, the wavel ength of
conventional ArF light being 193 nm Therefore, it is
possible to transfer finer patterns on a phot omask.
[0012]

On the other hand, in EUV lithography, fine
foreign matter on the photomask that is not transferred
by ArF lithography is also transferred, inhibiting the
producti on of the desired pattern. Therefore, in EUV
l'i thography, guarantee against finer defects is required
conpared with conventional photolithography. To achieve
this, it is necessary to prevent foreign matter from
bei ng generated in a photomask production process, and a
phot omask bl ank is needed with which even finer defects



can be detected than equi pnent control in conventional
phot ol i t hogr aphy.
[ 0013]

I n equi pmrent control of a photomask production
apparatus, for exanple, a dry etcher, a photomask to be
treated is placed on a | oader, then transported to a
transport chamber, and then subsequently transported to
a plasma treatnent chanmber. |If there is particle
generation froma sidewall or stage inside the plasm
treatment chanber and a foreign matter adheres to a
circuit pattern of the photomask, the foreign matter
acts as a mask that inhibits etching, and inhibits the
producti on of the desired photomask pattern.

Therefore, in order to confirmthat there is no
particle generation inside the transport chanmber and the
pl asma treat nent chanber, the follow ng inspection is
carried out. A photomask blank or a transparent
substrate is transported to the transport chanmber and
then transported to the plasm treatnment chanber.

Wt hout performng a plasma treatnment, the photonmask

bl ank or transparent substrate is transported to the
transport chanmber again, and subsequently returned to
the | oader. After that, increase in foreign matter and
the increased positions on the surface |ayer of the
phot omask bl ank or transparent substrate are

i nvestigated by using a photomask bl ank inspection
appar at us.

It is necessary to control foreign matter inside
apparatuses, not only in the above-described dry etcher,
but also in a resist application apparatus, an el ectron
beam drawi ng apparatus, a devel opnent apparatus, a
cl eani ng apparatus, an apparatus for inspecting the

appearance of a photomask pattern, and a correction



appar at us when produci ng a photomask. Furthernore, it
is al so necessary to control foreign matter inside an
exposure apparatus used in a wafer exposure step.
Particularly in EUV lithography, pellicles for
protecting a photomask, which prevent foreign matter
fromadhering to a circuit pattern of a photomask has
not been put to practical use, and equi pnent control

i nside the wafer exposure apparatus is necessary.

[ 0014]

Defect inspection of a photomask blank is carried
out by using a photomask bl ank inspection apparatus that
enpl oys an ultraviolet region light. A defect
i nspecti on apparatus for a photomask bl ank is equi pped
with a light em ssion neans that emits |ight of a
speci fic wavel ength region and a detector for receiving
reflected Iight when a surface of the photomask bl ank is
irradiated with light emtted fromthe |ight em ssion
means.

When using a defect inspection apparatus for a
phot omask bl ank, a |l ower surface reflectance of a
phot omask bl ank to be inspected allows the photomask to
be irradiated with a larger quantity of |ight, so that
the inspection with higher sensitivity can be perforned.
This is because if the reflectance of the photonmask
bl ank is high, the contrast between the |ight reflected
fromforeign matter and the light reflected fromthe
filmaround the foreign matter is small when the |ight
fromthe light em ssion neans collides with the foreign
matter and its surrounding filmand the reflected Iight
is then detected by a detector. Therefore, it is
difficult to distinguish the difference between the
light reflected fromthe foreign matter and the |ight

reflected fromthe film and the photomask cannot be



irradiated with a large quantity of light fromthe |ight
em ssion means. When a photomask is irradiated with a

| arger quantity of light froma |ight em ssion neans,
smal | er defects can be detected.

[ 0015]

Logi c devices of 7-nm and 5-nm generations require
a photomask bl ank not to have defects of 50 nmthereon
and al so require the photomask production apparatus not
to have defects of 50 nminside. Therefore, the above-
descri bed phot omask bl ank for checking the state of a
phot omask production apparatus is required to make it
possi ble to detect defects of 50 nm The defect
i nspecti on apparatus for a photomask bl ank of 7-nm and
5-nm generation | ogic devices has an inspection
wavel ength in an ultraviolet region of about 200 nmto
400 nm
[ 0016]

An exposure apparatus used in a wafer exposure
step is generally controlled by form ng a barcode
pattern on a mask edge of a photomask by |ithography for
phot omask control. The barcode pattern is read by
equi pment provided with a |light em ssion means having a
wavel ength of 400 nm or nore and a detector for
receiving the reflected |ight.

The wafer exposure apparatus used in EUV
i thography uses a catoptric system so that the neans
for reading the barcode pattern is also a catoptric
system In the case of an optical systemthat receives
reflected light, a reflectance of 27% of |ight having a
wavel ength of 400 nmor nore is necessary.

[0017]
For example, in a method described in Patent

Docunment 1, a chrom um oxi de | ayer having a



conparatively small oxygen content is fornmed on a
transparent substrate so as to contact the transparent
substrate, a thick chrom um oxide film having a snmal
oxygen content is formed so as to contact the forned

| ayer, and a thin oxygen-rich chrom um oxide film having
a |l arge oxygen content is forned so as to contact the
formed filmto Iower the surface reflectance of the film
including a material containing chromum This allows a

hi gh-sensitivity inspection.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0018]

Pat ent Docunment 1: JP S62-30624 B

SUMMARY OF | NVENTI ON

TECHNI CAL PROBLEM
[ 0019]

Factors that inpede defect inspection of a
phot omask bl ank with an inspection apparatus include
probl ens caused by a chromumfilm [If the filmsurface
roughness of a chromumfilmis poor, unevenness on the
surface layer of the chromumfilmis judged as a defect,
and a | arge nunber of pseudo defects are detected. In
such a case, it is difficult to tell the difference
bet ween the defects that should be elimnated and the
unevenness of the chromumfilm so that inspection
sensitivity needs to be | owered, and inspection capacity
beconmes insufficient.
[ 0020]

For example, in the above-descri bed nethod

descri bed in Patent Docunent 1, a chrom um oxi de | ayer



havi ng a conparatively small oxygen content is fornmed in
contact with a transparent substrate, a thick chrom um
oxide film having a small oxygen content is fornmed in
contact with the fornmed |ayer, and a thin oxygen-rich
chrom um oxide filmhaving a | arge oxygen content is
formed in contact with the formed film However, it has
been reveal ed that since the surface roughness Rg of the
filmincluding a material containing chromumis poor,
the inspection sensitivity of the defect inspection
apparatus for a photomask bl ank to a wavel ength of 355
nm cannot be sufficiently raised, and defects of 50 nm
cannot be stably detected.

[ 0021]

In addition, since a filmincluding a materi al
contai ning chromum has a high resistivity, an electric
charge is easily accunulated in a surface |ayer of the
film and foreign matter having a negative charge
generated inside the photomsk production apparatus is
kept away fromthe filmincluding a material containing
chrom um by Coul onb repul sion, so that foreign matter
does not adhere to the surface |layer of the film
i ncluding a material containing chromum Thus, if such
a filmincluding a material containing chromumis used
for equi pment control of a photomask production
apparatus, the true state of the apparatus cannot be
i nvesti gat ed.

[ 0022]

Furthernmore, in an exposure apparatus used in a
waf er exposure step, a reflectance of 27%to a
wavel ength of 400 nmor nore is necessary when a barcode
pattern of a photomask is read by a catoptric system
However, the above-described nethod described in Patent

Docunment 1 cannot satisfy this requirenent.

10



[ 0023]

The present invention has been nade to solve the
above problens, and an object thereof is to provide a
phot omask bl ank which has a filmincluding a materi al
contai ni ng chrom um havi ng a good surface roughness Rq,
can raise the inspection sensitivity of a defect
i nspecti on apparatus for a photomask bl ank sufficiently,
all ows the detection of 50-nm defects, is useful for
producti on apparatus control since foreign matter in the
surroundi ngs inside the photomask production apparatus
can be adhered owing to the resistivity of the film
being | ow, also nmakes it possible to read a barcode
pattern of the photomask by a catoptric systemin an
exposure apparatus used in a wafer exposure step, and
makes it possible to produce a photomask pattern by
enpl oyi ng a known phot omask process.

Anot her object of the present invention is to
provide a nmethod for producing a photonmask and a
phot omask using the phot omask bl ank.

SOLUTI ON TO PROBLEM
[ 0024]

The present invention has been nade to achieve the
obj ect, and provides a photonmask bl ank conpri si ng:

a substrate; and

a filmincluding a material containing chrom um
wher ei n

the filmincluding a material containing chrom um
has a first layer, a second layer, and a third | ayer
froma side renote fromthe substrate

the first layer, the second |layer, and the third
| ayer all contain chrom um

the first layer further contains oxygen and

11



nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 8 nm or
nore and 20 nm or |ess,

t he second | ayer further contains nitrogen and has
a chrom um content of 66 atom % or nore and 92 atom % or
| ess, a nitrogen content of 8 atom % or nore and 34
atom % or less, and a thickness of 40 nmor nore and 70
nm or |ess, and

the third layer further contains oxygen and
nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 10 nm
or |ess.

[ 0025]

Regarding the filmincluding a material containing
chrom um (hereinafter, also referred to sinply as a film
containing chromum, firstly, a first layer having
oxygen and nitrogen contents within the above ranges is
advant ageous for achieving a film containing chrom um
havi ng excel |l ent surface roughness (in particular,
surface roughness Rq). |In addition, such ranges are
advant ageous for adjusting the reflectance of the film
containing chromum (in particular, an aimis to achieve
a reflectance of 32% or | ower regardi ng exposure |ight
havi ng a wavel ength of 355 nm and a refl ectance of 27%
or higher regardi ng exposure |ight having a wavel ength
of 400 nm Hereinafter, exposure light is also referred
to sinply as light. The exposure |ight includes
I nspection light froman inspection apparatus).

| n addition, when the thickness of the first |ayer
is in the above range, the first |ayer can be nade to be

easily affected (regarding surface roughness,

12



refl ectance, and conductivity) by the second | ayer to an
appropri ate extent.
[ 0026]

In the second | ayer, a nitrogen content within the
above range i s advantageous for achieving excell ent
surface roughness of the film containing chromum and
is al so advant ageous for adjusting reflectance. 1In
addi tion, the content of chromumis higher than those
of the first layer and the third layer, so that the
conductivity of the second | ayer can be raised.

Furt hernore, when the thickness of the second
| ayer is within the above range, it is advantageous for
achieving a reflectance of 27% or higher to light having
a wavel ength of 400 nmin the film containing chrom um
[0027]

In the third |l ayer, oxygen and nitrogen contents
within the above ranges are advantageous for adjusting
refl ectance.

I n addition, a thickness of the third |layer within
t he above range i s advantageous for adjusting
refl ectance.

[ 0028]

Note that if the film containing chrom umonly has
the first layer, for exanple, it is not possible to
achi eve excell ent surface roughness or the adjustnment of
refl ectance to the above target. However, since the
first layer has a thickness within the above range, the
first layer can also be affected by the second | ayer
(and the third layer) as described above, and excell ent
surface roughness and adjustnment of reflectance can be
achi eved.

Since the surface roughness is excellent, it is

possi ble to prevent unevenness on the surface |ayer of

13



the film containing chromumfrom being judged as a
defect in defect inspection of a photomask bl ank and

| arge anounts of such pseudo defects from bei ng detected.
Accordingly, it is not necessary to | ower the inspection
sensitivity to |light having a wavel ength of 355 nmto

di stingui sh between defects that should be elim nated

and pseudo defects. Therefore, in particular, it is
possi ble to detect defects having a size of a 50-nm

|l evel .

I n addition, regarding the adjustnent of
reflectance, since the reflectance of |ight having a
wavel ength of 355 nm can be adjusted to 32% or | ower,
irradiation with a larger quantity of light is possible
in a defect inspection. Therefore, an inspection of
hi gher sensitivity can be performed, and defects with a
smal |l er size can be detected.

Furthermore, since the reflectance of |ight having
a wavel ength of 400 nm can be adjusted to 27% or higher,
it is possible to read, by using a catoptric system a
barcode pattern formed on a nmask edge for control when a
phot omask has been forned.

[ 0029]

Mor eover, the photomask bl ank has a three-|ayer
structure in which the first layer and the third | ayer
are positioned so as to sandw ch the second | ayer having
t he high conductivity as descri bed above, so that the
resistivity of the film containing chrom um can be
| ower ed.

Since the filmresistivity can be nmade smal |,
foreign matter in the surroundings inside the photonmask
producti on apparatus can be adhered, so that the
phot omask bl ank is useful for controlling the production

appar at us.
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[ 0030]

I n addition, a known photonmask process is
sufficient for producing a photomask pattern froma
phot omask bl ank having such a film containing chrom um
[ 0031]

In this event, the filmincluding a materi al
contai ning chrom um can be a light-shielding film and
can have a reflectance of 32% or |ower to exposure |ight
havi ng a wavel ength of 355 nmand a refl ectance of 27%
or higher to exposure light having a wavel ength of 400
nm
[ 0032]

Such a photomask bl ank can be irradiated with a
| arger quantity of light in a defect inspection, and has
a light-shielding filmthat allows inspection with
hi gher sensitivity and al so detection of defects of
smal |l er size. 1In addition, a barcode pattern for
controlling a photomask can be read.

[ 0033]

Furthermore, the filmincluding a materi al
contai ning chrom um can have a filmthickness of 53 nm
or more and 100 nm or | ess.

[ 0034]

Such a photomask bl ank makes it possible to adjust
the refl ectance nore certainly.
[ 0035]

Furthermore, the filmincluding a materi al
contai ning chrom um can have a resistivity of 20 Q/O or
| ower .

[ 0036]

Such a photomask blank has a | ow resistivity, so

t hat surrounding foreign matter inside a photomask

producti on apparatus can be adhered with nore certainty

15



and such a photomask blank is nore useful for
controlling a production appar at us.
[ 0037]

I n addition, the photomask bl ank can further
conprise a reverse side filmon a side of the substrate
opposite to a side having the filmincluding a materi al
contai ni ng chrom um wherein

the reverse side filmhas a first |layer, a second
| ayer, and a third layer simlar to the first |ayer, the
second |l ayer, and the third layer of the filmincluding
a material containing chromumfroma side renote from
the substrate.

[ 0038]

When the substrate is nade of quartz, for exanple,
an electric charge is easily accunmul ated on the surface
| ayer of the substrate, so that foreign matter generated
i nsi de the photomask production apparatus cannot be
easi |y adhered. However, when the above-described
reverse side filmis provided, in addition to the film
i ncluding a material containing chromum on the side
opposite to the filmincluding a material containing
chrom um as descri bed above, foreign matter can be
easily adhered to the side having the reverse side film
as well. Thus, the photomask bl ank can be made nore
useful for controlling a production apparat us.

[ 0039]

I n addition, the present invention provides a
met hod for producing a photomask having a circuit
pattern of the filmincluding a material containing
chrom um from t he above-descri bed photomask bl ank, the
met hod conprising the steps of:

(A) formng a resist filmon the filmincluding a

mat eri al containing chromumon a side renote fromthe

16



substr at e;
(B) formng a resist pattern by patterning the resist
film
(C) formng a pattern of the filmincluding a materi al
contai ning chrom um by dry-etching the filmincluding a
mat eri al containing chrom um by using a chl ori ne-based
gas contai ni ng oxygen for patterning while using the
resi st pattern as an etching mask; and
(D) renpving the resist pattern
[ 0040]

In this manner, it is possible to produce a
phot omask that has good surface roughness, allows the
det ecti on of defects having a size of 50 nmin defect
i nspection, foreign matter inside a producti on apparatus
can adhere to, and whose barcode pattern can be read.
[ 0041]

The present invention also provides a photonask
conpri si ng:

a substrate; and

a filmincluding a material containing chrom um
provi ded on the substrate and having an effective region
that is a circuit pattern, wherein

the filmincluding a material containing chrom um
has a first layer, a second layer, and a third | ayer
froma side renote fromthe substrate

the first layer, the second |layer, and the third
| ayer all contain chrom um

the first layer further contains oxygen and
nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 8 nm or
nore and 20 nm or |ess,

t he second | ayer further contains nitrogen and has

17



a chrom um content of 66 atom % or nore and 92 atom % or
| ess, a nitrogen content of 8 atom % or nore and 34
atom % or less, and a thickness of 40 nmor nore and 70
nm or |ess, and

the third layer further contains oxygen and
nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nobre, a nitrogen
content of 26 atom % or |ess, and a thickness of 10 nm
or |ess.

[ 0042]

Such a phot omask has good surface roughness, nakes
it possible to detect defects having a size of 50 nmin
def ect inspection, allows the adhesion of foreign matter
i nsi de a production apparatus, and all ows a barcode
pattern to be read. Moreover, the photomask pattern can
be produced from a photomask bl ank by a known phot omask

process.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0043]

The inventive photomask bl ank has a filmincluding
a material containing chrom um having excellent surface
roughness, and 50-nm defects can be detected w thout
detecting pseudo defects even when the inspection
sensitivity of the photomask bl ank i nspection apparatus
is raised. In particular, reflectance to inspection
i ght having a wavel ength of 400 nmis 27% or higher, so
t hat barcode patterns can be read. In addition, since
the filmhas a |ow resistivity, surrounding foreign
matter can be adhered. 1In particular, since the above-
described filmincluding a material containing chron um
is lam nated on both sides of the substrate, foreign

matter can be adhered on the upper surface and the | ower
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surface of the photomask bl ank.

BRI EF DESCRI PTI ON OF DRAW NGS

[ 0044]

FIG 1 is a cross-sectional view show ng an
exanmpl e of a first enbodi ment (photonmask bl ank) of the
i nventive photomask bl ank.

FIG 2 is a cross-sectional view show ng an
exampl e of a first enbodi nent (photomask) of the
i nventive phot omask.

FIG 3 is a cross-sectional view showi ng an
exanpl e of a second enbodi nent (photomask bl ank) of the
I nventive photomask bl ank

FIG 4 is a cross-sectional view show ng an
exanmpl e of a second enbodi nent (photomask) of the
i nventive photomask

FIG 5 is a cross-sectional view show ng anot her
exanpl e of the first enbodi ment (photomask bl ank) of the
I nventive photomask bl ank

FIG 6 is a cross-sectional view showi ng anot her
exanpl e of the second enbodi ment (photomask bl ank) of
the inventive photomask bl ank.

FIG 7 (a) to (d) are cross-sectional views for
descri bing the steps of the present invention for
produci ng a photomask from a phot omask bl ank of the
first enbodi nent.

FIG 8 (a) to (d) are cross-sectional views for
descri bing the steps of the present invention for
produci ng a photomask from a phot omask bl ank of the

second enbodi ment .
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DESCRI PTI ON OF EMBODI MENTS

[ 0045]

As descri bed above, regardi ng phot omask bl anks,
there are problens caused by surface roughness,
reflectance to light having a wavel ength of 355 nm or
i ght having a wavel ength of 400 nm and resistivity.

Accordingly, to solve the problens, the present
I nventors have earnestly studi ed a photomask bl ank
i ncluding a substrate such as a transparent substrate
and a filmincluding a material containing chrom um on
the substrate. As a result, the present inventors have
found out that for achieving excellent surface roughness
of the film in particular, a |low surface reflectance to
I nspection |light having a wavel ength of 355 nm and a
reflectance of 27% or higher to inspection |ight having
a wavel ength of 400 nm a |ayer containing oxygen and
ni trogen containing a | arge anount of oxygen is
excel |l ent.

Furt hernore, the present inventors have al so found
out the following. Wen the filmincluding a materi al
contai ning chromumhas a low resistivity of, for
exampl e, 20 Q/0O or lower, surrounding foreign matter can
be adhered. Therefore, when the film containing
chromumis not a single |layer, but has a |layer having a
good conductivity, for exanple, a chromumnitride |ayer
i nterposed to forma three-layer structure having, for
exanpl e, a chrom um oxynitride layer, a chromumnitride
| ayer, and a chrom um oxynitride |ayer froma side
renmote fromthe substrate, the resistivity of the film
can be reduced.

[ 0046]
From t hese findings, the present inventors have
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found out that the foll ow ng photomask bl ank is
effective, and conpleted the present invention. That is,
a photomask bl ank i ncl udi ng:

a substrate; and

a filmincluding a material containing chrom um
wher e

the filmincluding a material containing chrom um
has a first |ayer, a second |layer, and a third | ayer
froma side renote fromthe substrate

the first layer, the second |layer, and the third
| ayer all contain chrom um

the first layer further contains oxygen and
nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 8 nm or
nore and 20 nm or |ess,

t he second | ayer further contains nitrogen and has
a chromum content of 66 atom % or nore and 92 atom % or
|l ess, a nitrogen content of 8 atom % or nore and 34
atom % or less, and a thickness of 40 nmor nore and 70
nm or |ess, and

the third layer further contains oxygen and
nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 10 nm
or |ess.
[ 0047]

In the follow ng, the present embodinment will be
descri bed.

The phot omask bl ank of the present enbodi nent has:
a substrate; and on the substrate, a filmincluding a
mat erial containing chromum In the present enbodi nent,

the filmincluding a material containing chromumis a
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| am nated film having a 3-1ayer configuration
constituted by a first layer, a second |ayer, and a
third layer froma side renote fromthe substrate. Note
that the filmincluding a material containing chrom um
may be configured from4 or nore |layers, and may be
configured from5 layers or 6 |ayers, for exanple.

In addition, as described in detail |later on, the
filmincluding a material containing chrom um may be
| am nated not only on one side, but on both sides of the
substrat e.
[ 0048]
(Regar di ng substrate)

There are no particular restrictions to the type
or size of the substrate, and a reflective photomask
bl ank and phot omask do not necessarily need to be
transparent at the wavel ength used as an exposure
wavel ength. For a transm ssion type photomask bl ank and
phot omask, a transparent substrate such as a quartz
substrate that is transparent at the wavel ength used as
an exposure wavel ength is adopted. For exanple, a 6-
i nch square and 0.25-inch thick substrate called a 6025
substrate specified in SEM standard is suitable. Wen
SI unit systemis used, a 6025 substrate is usually
descri bed as a 152-mm square, 6.35-mm thick substrate.
[ 0049]

Herei nafter, structures of the photomask bl ank and
phot omask according to the present enbodi ment and
met hods for producing a photomask from a photomask bl ank
wi ||l be described with reference to the draw ngs.
| denti cal conponents are given identical reference
nunbers, and repetitive explanation may be omtted. In
addi tion, the drawi ngs are soneti mes shown enl arged for

conveni ence, and the dinensional proportions of the
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conponents and so forth are not necessarily the same in
reality.
[ 0050]

FIG 1 is a cross-sectional view show ng an
exampl e of a first enbodi ment of the photomask bl ank of
t he present enbodi nent. The photomask bl ank 511 has, on
a transparent substrate 1, a film 21 including a
mat eri al containing chromum (also referred to as a film
containing chromumor a filmto be processed) (for
exanple, a light-shielding film, formed so as to be in
contact with the transparent substrate 1. The film 21
i ncluding a material containing chrom umincludes a
first layer 211, a second layer 212, and a third | ayer
213 froma side renote fromthe transparent substrate.
In other words, fromthe side of the transparent
substrate 1, the third |l ayer 213, the second | ayer 212,
and the first layer 211 are | am nated.

[ 0051]

FIG 2 is a cross-sectional view show ng an
exampl e of a first enbodi nent of the photomask of the
present enbodi nent. The photomask 513 has, on a
transparent substrate 1, a pattern (light-shielding film
pattern) 2la of a filmincluding a materi al contai ni ng
chromum formed so as to be in contact with the
transparent substrate 1. The light-shielding film
pattern 21a includes a first |ayer 211, a second | ayer
212, and a third layer 213 froma side renote fromthe
transparent substrate 1 (a third |ayer 213, a second
| ayer 212, and a first |ayer 211 fromthe side of the
transparent substrate 1). The photomask 513 shown in
FIG 2 can be produced fromthe photomask bl ank 511
shown in FIG 1.

Note that in the photomask 513, the region in
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which a circuit pattern has been drawn is an effective
region 5, and the region surrounding the effective
region 5 and having no circuit pattern drawn is a |ight-
shielding filmregion 6.

[ 0052]

FIG 3 is a cross-sectional view show ng an
exanpl e of a second enbodi mnent of the phot omask bl ank of
t he present enmbodinent. Firstly, the photomask bl ank
521 has, on an upper surface side of a transparent
substrate 1, a film21 including a material containing
chromum (filmto be processed), and includes a first
| ayer 211, a second layer 212, and a third | ayer 213
froma side renmbte fromthe transparent substrate. The
phot omask bl ank 521 is further provided with a reverse
side film21 on the opposite side (lower surface side).
The reverse side film21 has, froma side renote from
the transparent substrate 1, a first |ayer 211, a second
| ayer 212, and a third |ayer 213 that are simlar to the
first layer 211, the second |ayer 212, and the third
| ayer 213 of the film 21 including a material containing
chrom um on the upper surface side. That is, in this
enbodi mrent, the photomask bl ank has simlar filns
including a material containing chrom um on both sides
of the transparent substrate 1 so as to be in contact
with the transparent substrate 1.

[ 0053]

FIG 4 is a cross-sectional view show ng an
exanmpl e of a second enbodi nent of the photomask of the
present enmbodi nent. The photomask 523 has a pattern
(light-shielding filmpattern) 21la of a filmincluding a
mat eri al containing chrom um formed on an upper surface
side of a transparent substrate 1 so as to contact the

transparent substrate 1. The photomask 523 includes a
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first layer 211, a second layer 212, and a third | ayer
213 froma side renpote fromthe transparent substrate.
The photomask 523 is also further provided with a
reverse side film21 on the opposite side (lower
surface side). The reverse side film?21 has, froma
side rempte fromthe transparent substrate 1, a first
| ayer 211, a second layer 212, and a third | ayer 213
that are simlar to the first layer 211, the second

| ayer 212, and the third layer 213 of the film 21

i ncluding a material containing chrom umon the upper
surface side.

[ 0054]

In the present enbodinent, the filmincluding a
material containing chromumis a |amnated fil m having
a 3-layer configuration constituted by a first |layer, a
second layer, and a third layer froma side renpte from
t he substrate. The first layer and the third | ayer are
bot h conposed of a material containing chrom um oxygen
and nitrogen, and the second | ayer is conposed of a
mat eri al containing chromum and nitrogen. The materi al
containing chromumis preferably a material that has
resi stance to fluorine-based dry etching and that can be
renoved by chl orine-based dry etching.

The material of the first layer and the third
| ayer containing chromum oxygen, and nitrogen
preferably does not contain silicon. As the material of
the first layer and the third | ayer containing chrom um
oxygen, and nitrogen, a material consisting of chrom um
(Cr), oxygen (O, and nitrogen (N) (CrON) is suitable.

Meanwhi |l e, the material of the second | ayer
contai ning chrom um and nitrogen also preferably does
not contain silicon. As the material of the second

| ayer containing chrom um and nitrogen, a materi al
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consisting of chromum (Cr) and nitrogen (N) (CrN) is

sui t abl e.
[ 0055]

In the follow ng, each layer will be described in
further detail. Note that although description on the

content of each atom |ayer thickness, and advantageous
effects thereof will basically be given for each |ayer,
there are also influences between |ayers, and therefore,
description of a different |layer or relationships with
the different |l ayer may al so be given along with the
description of a particular |ayer.

(Regarding first |ayer)

In the filmof the present enbodi ment including a
mat eri al containing chromum the conposition of the
first layer (upper layer), which is the |layer on the
side rempte fromthe substrate is as follows: a chrom um
content of 44 atom % or |ess; an oxygen content of 30
atom % or nore; and a nitrogen content of 26 atom % or
| ess. The thickness is 8 nmor nore and 20 nm or | ess.

The first |ayer preferably has a chrom um content
of 43 atom % or | ess, and preferably 30 atom % or nore,
particularly preferably 38 atom % or nore.

The first |ayer preferably has an oxygen content
of 32 atom % or nore, and preferably 60 atom % or |ess,
particularly preferably 54 atom % or | ess.

The first |ayer preferably has a nitrogen content
of 25 atom % or |l ess, and preferably 5 atom % or nore,
particularly preferably 8 atom % or nore.

The first |ayer preferably has a thickness of 18
nmor |ess, and preferably 10 nm or nore.

[ 0056]
When produci ng a photonmask from a phot omask bl ank,

the first layer is a |layer that directly contacts a
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cl eaning solution, and is a layer that contacts a resist
film When perform ng an inspection with a photomask
bl ank i nspection apparatus, the first layer is a |ayer
positioned on a side renote fromthe substrate and is a
| ayer that light emtted froma |light em ssion neans
enters. Therefore, it is required that the first |ayer
has a hi gh chem cal resistance to cl eaning sol utions,
and that the first |ayer, the second |ayer, and the
third |l ayer together have a reflectance of 32% or | ower
to inspection light having a wavel ength of 355 nm and a
reflectance of 27% or higher to inspection |ight having
a wavel ength of 400 nm (hereinafter, also referred to as
adj ust ment of reflectance).
[ 0057]

Chrom um oxynitride (CrON) does not dissolve in a
m xed solution of sulfuric acid and a hydrogen peroxi de
sol ution, ammoni a- added water (an anmoni a- added hydr ogen
per oxi de solution, APM, or the like conpared with
chrom um oxide (CrO), and can nmaintain optical
characteristics stably.

I n addition, chrom um oxynitride (CrON) has a
| ower reflectance to exposure |light than chrom um
nitride (CrN). Therefore, chrom um oxynitride is
advant ageous for providing the filmincluding a materi a
containing chromumwth a reflectance of 32% or | ower
to inspection light having a wavel ength of 355 nm

From t hese viewpoints, it is advantageous to
conpose the first layer froma material containing
chrom um oxygen, and nitrogen and to provide the first
| ayer with the above-descri bed predeterm ned conposition,
whi ch has a conparatively high oxygen content and is an
oxygen-rich conposition (a chrom um content of 44 atom %

or | ess, an oxygen content of 30 atom % or nore, and a
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ni trogen content of 26 atom % or | ess).
[ 0058]

Furthernmore, chrom um oxynitride (CrON) allows
better surface roughness Rg of the filmthan chrom um
oxide (CrO). Fromsuch a viewpoint, it is advantageous
to provide the first |ayer with the above-described
predet erm ned conposition, which has conparatively high
oxygen and nitrogen contents and is an oxygen- and
ni trogen-rich conposition (a chrom um content of 44
atom % or |ess, an oxygen content of 30 atom % or nore,
and a nitrogen content of 26 atom % or |ess).

[ 0059]

I n addition, the thickness of the first layer is
set to 20 nmor |ess as descri bed above from vi ewpoints
of the surface roughness Rg, reflectance, and
resistivity of the filmincluding a material containing
chrom um as descri bed bel ow.

On the other hand, if the thickness is too thin,
there is risk of the first |ayer being excessively
affected by the second | ayer, and therefore, the
thickness is set to 8 nmor nore as descri bed above.

The first |ayer as descri bed above can be
i nfluenced by the second |l ayer (and the third |ayer) to
an appropriate extent, and i s advantageous for obtaining
a filmcontaining chromumin which excell ent surface
roughness, appropriate adjustnment of reflectance, and
reduction of resistivity have been achi eved.

[ 0060]
(Regardi ng second | ayer)

In the filmof the present enbodi nent including a
mat eri al containing chromum the conposition of the
second |l ayer, which is the |l ayer sandw ched between the

first layer and the third layer is as follows: a
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chrom um content of 66 atom % or more and 92 atom % or
| ess; and a nitrogen content of 8 atom % or nore and 34
atom % or less. The thickness is 40 nmor nore and 70
nm or | ess.

The second | ayer particularly preferably has a
chrom um content of 70 atom % or nmore and 90 atom % or
| ess.

The second | ayer preferably has a nitrogen content
of 30 atom % or less, and particularly preferably 10
atom % or nore.

[ 0061]

I n addition, concerning a photomask bl ank
i nspecti on apparatus, when the reflectance of the film
i ncluding a material containing chromumto inspection
light emtted froma |light em ssion neans is higher, it
is not possible to irradiate the photomask blank with a
greater quantity of light, so that it becones necessary
to lower the inspection sensitivity. Fromthis
vi ewpoi nt, reflectance to exposure |ight having a
wavel ength of 355 nmis desirably 32% or | ess,
particul arly desirably 30% or |ess.

In addition, in order to control a photomask, it
is common to forma barcode pattern on a mask edge of a
phot omask by photolithography by using an exposure
apparatus used in a wafer exposure step and to control
t he photomask by using the information in the barcode.
The barcode pattern is read by an apparatus including a
means for emtting |ight having a wavel ength of 400 nm
or nore and a detector for receiving the reflected |ight.

When receiving the reflected light, the film
including a material containing chrom um needs a
reflectance of 27% to inspection |ight having a

wavel ength of 400 nmor nore. Fromthis viewpoint, the
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reflectance to inspection light having a wavel ength of
400 nmis desirably 27% or nore.

Furthermore, to satisfy the above-descri bed
refl ectance (especially reflectance of 400-nm i ght),

t he second | ayer has a thickness of 40 nmor nore and 70
nmor |ess, particularly preferably 44 nmor nore and 68
nm or | ess.

[ 0062]

When chromumnitride is nitrogen-rich chrom um
nitride, having a |arge nitrogen content, the film has
excel l ent surface roughness Rq. From such a vi ewpoint,
it is advantageous to provide the second |layer with the
above-descri bed predeterm ned conposition, which has a
conparatively high nitrogen content and is a nitrogen-
rich conposition (a chrom um content of 66 atom % or
nore and 92 atom % or | ess and a nitrogen content of 8
atom % or nore and 34 atom % or |ess). Furthernore,
when the contents are within the above-described nore
pref erabl e ranges, excellent surface roughness can be
provided with nore certainty.

[ 0063]

I n addition, since the second layer is in contact
with the first layer, a thinner first layer is affected
nore by the surface roughness Rgq of the second | ayer.
Therefore, it is advantageous for the thickness of the
first layer to be 20 nmor |ess as described above
(provided the thickness is 8 nmor nore).

When the chromumnitride is nore nitrogen-rich
reflectance to inspection light having a wavel ength of
355 nm becones | ow, and since the second |ayer is fornmed
adj acent to the first layer, the second | ayer has an
i nfluence on the reflectance to inspection |ight having

a wavel ength of 355 nm From such a viewpoint al one, it
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i s advant ageous to provide the second |ayer with the
predet erm ned conposition described above, having a
conparatively nitrogen-rich conposition. However, on

t he ot her hand, when the chromumnitride contains |ess
nitrogen, reflectance to inspection |light having a
wavel ength of 400 nm beconmes high, and since the second
| ayer is forned adjacent to the first layer, the second
| ayer has an influence on the reflectance to inspection
i ght having a wavel ength of 400 nm From such

vi ewpoi nts regarding |ight having wavel engths of 355 nm
and 400 nm it is advantageous for the second |ayer to
have the predeterm ned conposition (a chrom um cont ent
of 66 atom % or nmore and 92 atom % or |ess and a

ni trogen content of 8 atom % or nore and 34 atom % or

| ess).

[ 0064]

When the filmincluding a material containing
chromumis transported into a photonmask production
apparatus, the filmis exposed to the atnosphere inside
t he phot omask producti on apparatus. |If the film
i ncluding a material containing chrom um has a high
resistivity, an electric charge is easily accunul ated on
a surface layer of the filmincluding a nmateri al
containing chromum so that foreign matter having a
negati ve charge generated inside the photomask
producti on apparatus is kept away fromthe film
i ncluding a material containing chrom um by Coul onb
repul sion. Therefore, it is difficult for foreign
matt er generated inside the photomask production
apparatus to be adhered, and when the photomask bl ank is
used for the purpose of investigating the foreign matter
i nsi de the photomask production apparatus, the true

state of the apparatus cannot be investigated.
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Accordingly, as described above, a filmincluding a

mat eri al containing chromumhaving a low resistivity is
gi ven as an object.

[ 0065]

For the above-described reasons, the first |ayer
I's constituted by a material containing chrom um oxygen,
and nitrogen, and has an oxygen-rich conposition, having
a conparatively high oxygen content. Accordingly, since
chrom um oxide (CrO has a high filmresistivity
conpared with chromumnitride (CrN), the first |ayer,
bei ng chrom um oxynitride (CrON) having an oxygen-rich
conposition, has a conparatively high resistivity.

Meanwhi |l e, for the above-described reasons, the
second |l ayer is constituted by a material containing
chrom um and nitrogen, and has a nitrogen-rich
conposition, having a conparatively high nitrogen
content, but chrom um content is also conparatively high
(66 atom % or nore and 92 atom % or |ess), and sheet
resistivity is low. Therefore, as described above, it
i s advantageous to reduce the filmthickness of the
first layer and for the second |ayer to have the above-
descri bed predetern ned conposition, which is a
conposition in which the nitrogen content is
conparatively high.

[ 0066]

Regarding the resistivity of the filmincluding a
mat eri al containing chromum the resistivity of the
first layer, the second layer, and the third | ayer put
together is preferably 20 kQ/O or lower, particularly
preferably 18 kQ/O or lower, for example. Owing to the
above-descri bed characteristics of the first |ayer and
the second layer, a filmincluding a material containing

chrom um having such a resistivity can be achieved. In
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addi tion, since the second layer is in contact with the
first layer, a thinner first |ayer receives nore

i nfluence fromthe second | ayer having the high
conductivity when formng the first |ayer, so that the
first layer can be easily provided with a | ow
conductivity conposition. Therefore, fromthis
viewpoint, it is advantageous for the first |ayer to
have a thickness of 20 nmor |ess (provided the
thickness is 8 nmor nore).

[ 0067]

(Regarding third | ayer)

In the filmof the present enbodi ment including a
mat eri al containing chromum the conposition of the
third layer, which is the |ayer on the substrate side is
as follows: a chrom um content of 44 atom % or |ess; an
oxygen content of 30 atom % or nore; and a nitrogen
content of 26 atom % or |less. The thickness is 10 nm or
| ess.

The third | ayer preferably has a chrom um content
of 43 atom % or | ess, and preferably 30 atom % or nore,
particularly preferably 38 atom % or nore.

The third | ayer preferably has an oxygen content
of 32 atom % or nore, and preferably 60 atom % or | ess,
particularly preferably 54 atom % or | ess.

The third | ayer preferably has a nitrogen content
of 25 atom % or |l ess, and preferably 5 atom % or nore,
particularly preferably 8 atom % or nore.

The third | ayer preferably has a thickness of 1 nm
or nore, particularly preferably 3 nm or nore.

[ 0068]

When the third |ayer has oxygen and nitrogen

contents within the above ranges (an oxygen content of

30 atom % or nore and a nitrogen content of 26 atom % or

33



less), it is advantageous for adjusting the reflectance
of the film containing chrom um
[ 0069]

The first |ayer and the second | ayer have the
above-descri bed restrictions, and the constitution of
the third |l ayer affects the reflectance of the film
i ncluding a material containing chrom um since
i nspection |ight having wavel engt hs of 355 nm and 400 nm
reach the third [ayer through the first |ayer and the
second | ayer.

To achieve a reflectance of 32% or less to
i nspection |ight having a wavel ength of 355 nm and a
reflectance of 27% or nore to inspection |ight having a
wavel ength of 400 nm the third | ayer has a thickness of
10 nm or |ess.

[ 0070]

The inventive photomask bl ank as descri bed above
can provide the filmcontaining chromumw th excell ent
surface roughness. Since the photomask bl ank has
excel l ent surface roughness, it is possible to prevent
t he detection of a | arge nunber of pseudo defects in
def ect inspection. Therefore, inspection sensitivity to
i ght having a wavel ength of 355 nm does not need to be
| owered, so that sufficient inspection capacity can be
achi eved, and defects with a size of 50 nm and even
smal | er defects can al so be sufficiently detected.

In particular, since a reflectance of 32% or |ess
to inspection light having a wavel ength of 355 nm can be
achi eved, high-sensitivity defect inspection is possible.
At the same tinme, since a reflectance of 27% or nore to
i nspection light having a wavel ength of 400 nm can al so
be achi eved, the barcode pattern for controlling the

phot omask can be read when a photomask is fornmed.
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[ 0071]

In addition, the resistivity of the film
contai ni ng chrom um can be reduced. Therefore, foreign
matter can be adhered to the photomask bl ank inside the
phot omask producti on apparatus, and the photomask bl ank
is therefore useful for investigating the true state of
t he appar at us.

Particularly, when the film containing chrom um
has a low resistivity of 20 Q/0 or lower, the adhesion
of the foreign matter can be made nore certain, and this
is even nore useful for controlling a production
appar at us.

[ 0072]

Mor eover, a photonmask pattern can be produced by a
known phot omask process.
[ 0073]

When the filmincluding a material containing
chromumis a light-shielding film in particular, when
a photomask has been fornmed and when the filmincluding
a material containing chromumremains as a |light-
shielding filmin a part positioned in a peripheral
portion of the substrate where a barcode pattern of the
filmincluding a material containing chromumis formed,
and in addition, when the photomask is irradiated with
light emtted froma |light em ssion neans and a detector
for reading the barcode receives the reflected |ight,
the reflectance of the filmincluding a materi al
contai ning chromum which is a light-shielding film to
I nspection light such as inspection |ight having a
wavel ength of 400 nm and |ight having a wavel ength of a
galliumnitride-based |aser or the |ike can be set to
27% or higher, particularly preferably 28% or hi gher as
descri bed above.
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[ 0074]

The filmincluding a material containing chrom um
preferably has a filmthickness (the total thickness of
the first layer, the second layer, and the third | ayer)
of 53 nmor nmore and 100 nmor |ess. Wen the film
thickness is as described, the filmincluding a materi a
contai ning chrom um can be adjusted with nore certainty
to have a reflectance of 32% or |ower to inspection
i ght having a wavel ength of 355 nm and a refl ectance of
27% or higher to inspection light having a wavel ength of
400 nm Furthernore, when the filmincluding a materi al
contai ning chrom um has a filmthickness of 70 nm or
nore and 87 nmor |ess, the adjustnent of the
refl ectance can be performed even nore certainly.
Therefore, this range is even nore preferable.

[ 0075]

Not e that when the photomask blank has a film
contai ning chrom um on both sides of the substrate as
shown in FIG 3 (i.e. a filmcontaining chromum 21 on
t he upper surface side and a reverse side film21 on
the | ower surface side), foreign matter can be adhered
to the lower surface side in addition to the upper
surface side. This is even nore preferable for
controlling a photomask production apparatus.

[ 0076]

The photomask bl ank of the present enbodi mnent may
further have a resist filmthat contacts the film
i ncluding a material containing chrom umon a side
renmpte fromthe substrate. The resist filmnmay be an
el ectron beamresist for drawing with an el ectron beam
and is particularly preferably a photoresist for draw ng
with light. The photoresist for drawing with |Iight my
be a negative type, but is desirably a positive type in
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order to |leave a larger area of the filmincluding a
mat eri al containing chrom um

When formng a fine pattern, the resist filmis
elimnated by etching along with the filmincluding a
material containing chromumin a dry etching step. In
order to prevent the resist filmfrombeing elimnated
by etching before the part of the filmincluding a
mat eri al containing chromumto be processed is
elimnated by etching, the filmthickness of the resist
filmis preferably made thick. The thickness is
preferably 300 nmor nore, particularly preferably 400
nm or nore.
[0077]

FIG 5 is a cross-sectional view show ng a
different exanple of the first enbodi ment of the
phot omask bl ank of the present enbodi ment. The
phot omask bl ank 512 has a resist film3 formed so as to
be in contact with the film21 including a materi al
containing chromum (filmto be processed) of the
phot omask bl ank shown in FIG 1. The photomask 513
shown in FIG 2 can also be produced fromthe photomask
bl ank 512 shown in FIG 5.
[ 0078]

FIG 6 is a cross-sectional view show ng a
di fferent exanple of the second enmbodi nent of the
phot omask bl ank of the present enbodi ment. The
phot omask bl ank 522 has a resist film3 formed so as to
be in contact with the film21 including a materia
containing chromum (filmto be processed) of the
phot omask bl ank shown in FIG 3. The photomask 523
shown in FIG 4 can also be produced fromthe photomask
bl ank 522 shown in FIG 6.
[ 0079]
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I n addition, the inventive photomask such as those
shown in FIGS. 2 and 4 have, as described above, a film
i ncluding a material containing chrom um has a
conposition (chromum oxygen, and nitrogen) simlar to
that of the inventive photomask bl ank, and can achieve
advant ageous effects simlar to those of the inventive
phot omask bl ank. That is, the photonask has excell ent
surface roughness, and enabl es the detection of defects
having a size of 50 nm adherence of foreign matter, and
readi ng of a barcode pattern.

[ 0080]

Herei nafter, a procedure of producing the
i nventive photomask blank will be described.

The formation of the filmincluding a materi al
contai ning chrom um of the present enbodi nent on a
substrate is not particularly limted. However,
formation by a sputtering nethod is preferable since
controllability is favorable and a film having a
predeterm ned property can be easily forned. As the
sputtering system DC sputtering, RF sputtering, etc.
can be applied, and there are no particular restrictions.
[ 0081]

When a filmcontaining chrom um and not contai ning
silicon is forned as the filmincluding a materi al
containing chromum a chromumtarget can be used as a
sputtering target.

[ 0082]

The el ectric power supplied to the sputtering
target can be appropriately set depending on the size of
the sputtering target, cooling efficiency, how easily
filmformation can be controlled, etc., and usually, the
power per area of the sputtering surface of the

sputtering target can be 0.1 to 10 Wcn?.

38



[ 0083]

When formng a filmof a material containing
oxygen or nitrogen, the sputtering is preferably
reactive sputtering. As a sputtering gas, rare gases
such as a heliumgas (He), a neon gas (Ne), or an argon
gas (Ar), and reactive gases are used. For exanpl e,
when formng a filmof a material containing oxygen, an
oxygen gas (O gas) can be used as a reactive gas, and
when formng a filmof a material containing nitrogen, a
nitrogen gas (N2 gas) can be used as a reactive gas.

When formng a filmof a material containing both

ni trogen and oxygen, an oxygen gas (O gas) and a
nitrogen gas (N2 gas) may be used sinultaneously as
reactive gases, or a nitric oxide gas such as a nitrogen
nonoxi de gas (NO gas), a nitrogen dioxide gas (NO gas),
or a nitrous oxide gas (N0 gas) may be used as a
reactive gas.

[ 0084]

Pressure when formng a filmcan be appropriately
set considering filmstress, chem cal resistance,

cl eaning resistance, and so forth. Usually when

pressure is set to 0.01 Pa or higher, in particular,
0.03 Pa or higher, and 1 Pa or lower, in particular, 0.3
Pa or |ower, chem cal resistance is inproved. In

addition, the flow rate of each gas can be appropriately
set so as to achieve a desired conposition, and usually
can be 0.1 to 100 sccm

[ 0085]

The substrate, or the substrate and the film
formed on the substrate may be subjected to a heat
treatment in the process of producing a photomask bl ank.
As nmet hods for perform ng the heat treatnment, infrared

heati ng, resistance heating, etc. are applicable, and
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there are also no particular restrictions to conditions
for the treatnment. The heat treatnent can be perforned,
for exanple, under a gas atnosphere contai ni ng oxygen.
The concentration of the gas containing oxygen is not
particularly limted, and for exanple, in the case of an
oxygen gas (O gas), can be 1 to 100 volune% The
tenperature of the heat treatnment is preferably 200°C or
hi gher, particularly preferably 400°C or higher. In
addition, in the process of producing a photomask bl ank,
a filmfornmed on a substrate, in particular, a film
including a material containing chrom um nmay be

subj ected to an ozone treatnment, a plasnma treatnent, etc.
and conditions for the treatnment are not particularly
restricted. Any of these treatnents can be perforned
for the purpose of increasing the oxygen concentration
on the surface of the film and in such a case, the
treatment conditions can be adjusted appropriately so as
to achieve a predeterm ned oxygen concentration. Note
that when a filmis formed by sputtering, the oxygen
concentration on the surface of the film can be

i ncreased by adjusting the proportion of a rare gas and
a gas contai ni ng oxygen (oxidizing gas) such as an
oxygen gas (O gas), a carbon nonoxi de gas (CO gas), or
a carbon dioxide gas (CO: gas) in the sputtering gas.

[ 0086]

In the process of producing a photomask bl ank, a
cleaning treatnment may be performed in order to renpve
defects present on the surface of the substrate or the
filmformed on the substrate. Cleaning can be perforned
usi ng one or both of ultrapure water and functi onal
wat er which is ultrapure water containing ozone gas,
hydrogen gas, etc. |In addition, cleaning nmay be

performed with ultrapure water containing a surfactant,
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and then further cleaning nay be perfornmed using one or
both of ultrapure water and functional water. The

cl eaning can be performed while irradiation with

ul trasonic waves as necessary, and furthernore,
irradiation with UV |light can also be performed in
conbi nati on.

[ 0087]

When a resist filmis formed on the phot omask
bl ank of the present enbodi ment, the method for applying
the resist filmis not particularly Iimted, and a known
t echni que can be appli ed.

[ 0088]

Next, the inventive method for producing a
phot omask wi |l be descri bed.

A photomask is produced fromthe photonmask bl ank
of the present enmbodinment. FIG 7 is a cross-sectional
view for explaining the process of producing a phase
shift mask fromthe phase shift mask blank of the first
enbodi nent of the present enbodi nent.

In this case, firstly, as shown in FIG 7 (a), a
resist film (preferably having a filmthickness of 300
nm or nore, particularly preferably 400 nmor nore) 3 is
formed on a filmincluding a material containing
chromum (light-shielding film21) on a side renote from
the transparent substrate 1 so as to cone in contact
with the film (step A).

Next, as shown in FIG 7 (b), the resist film3 is
patterned to forma resist pattern 31 (step B).

[ 0089]

Next, as shown in FIG 7 (c), the filmincluding a
mat eri al containing chromum (light-shielding film 21)
including a first |ayer 211, a second |layer 212, and a

third layer 213 is patterned by chlorine-based dry
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etching (dry etching in which a chlorine-based gas
cont ai ni ng oxygen is used) while using the resist
pattern 31 as an etching mask to forma pattern of the
filmincluding a material containing chromum (light-
shielding filmpattern 21a) (step O

Next, as shown in FIG 7 (d), the remaining resist
pattern 31 is renpved, and thus, a photonmnask (phase
shift mask) can be obtained (step D).

[ 0090]

Meanwhile, FIG 8 is a cross-sectional view for
expl ai ni ng the process of producing a phase shift mask
fromthe phase shift mask bl ank of the second enbodi nent
of the present enbodi nment.

In this case, firstly, as shown in FIG 8 (a), a
resist film(preferably having a filmthickness of 300
nm or nore, particularly preferably 400 nmor nore) 3 is
formed on a filmincluding a material containing
chromum (light-shielding film21) on the upper surface
side on a side renote fromthe transparent substrate 1
so as to cone in contact with the film(step A).

Next, as shown in FIG 8 (b), the resist film3 is
patterned to forma resist pattern 31 (step B).

[ 0091]

Next, as shown in FIG 8 (c), the filmincluding a
mat eri al containing chromum (light-shielding film 21)
including a first |ayer 211, a second |layer 212, and a
third layer 213 is patterned by chlorine-based dry
etching (dry etching using a chlorine-based gas
cont ai ni ng oxygen) while using the resist pattern 31 as
an etching mask to forma pattern of the filmincluding
a material containing chromum (light-shielding film
pattern 21a) (step C)

Next, as shown in FIG 8 (d), the remaining resist
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pattern 31 is renoved, and thus, a photonmask (phase
shift mask) can be obtained (step D).
[ 0092]

When i nspecting a photomask with an apparatus for
I nspecting the appearance of a photomask pattern, an
alignment mark is necessary. 1In this event, the
phot omask of the present enbodinment is particularly
ef fective in photolithography for form ng an alignnment
pattern of 500 nmto 50000 nmon a substrate to be
processed, when exposing the photoresist filmformed on
t he substrate to be processed by using exposure |ight
such as an ArF exciner |laser (wavelength: 193 nm), in
particul ar, exposure |light having a wavel ength of 300 nm
or nore to transfer the pattern.

[ 0093]

An exposure apparatus used in a wafer exposure
step forns a barcode pattern on a mask edge of a mask by
i thography for controlling a photomask to control the
phot omask.

The photomask of the present enbodinment is
particularly effective in photolithography for form ng a
barcode pattern of 100 um or more on a substrate to be
processed, when exposing the photoresist filmformed on
t he substrate to be processed by using exposure |ight
such as an ArF excinmer |aser (wavelength: 193 nm), in
particul ar, exposure |light having a wavel ength of 300 nm

or nore to transfer the pattern.

EXAMPLE
[ 0094]

Herei nafter, the present enmbodinment will be
specifically described with reference to Exanpl es and

Conpar ative Exanples. However, the present enbodi nent
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is not limted to the foll ow ng Exanpl es.
[ 0095]
[ Exanpl e 1]

A phot omask bl ank was produced, the photomask
bl ank having a filmincluding a material containing
chromum | am nated on a transparent substrate nade of
quartz that is 152-mm square and has a thickness of
about 6 nmm
[ 0096]

Firstly, a third | ayer constituted by CrON was
formed on the transparent substrate by using a chrom um
target as a target and adjusting the power applied to
the target, while at the sanme tine, using an argon gas,
a nitrogen gas, and an oxygen gas as sputtering gases.
Next, a second |ayer constituted by CrN was fornmed by
using a chromumtarget as a target and adjusting the
power applied to the target, while at the same tine,
usi ng an argon gas and a nitrogen gas as sputtering
gases. Next, a first layer constituted by CrON was
formed by using a chrom um target and adjusting the
power applied to the target, while at the same tine,
usi ng an argon gas, a nitrogen gas, and an oxygen gas as
sputtering gases to obtain a photomask bl ank havi ng no
resist film as in FIG 1. The conpositions of the
first layer, the second layer, and the third | ayer and
t he thicknesses of the first |layer, the second |ayer,
and the third | ayer are shown in Table 1.

[ 0097]

Note that the conposition was neasured using an X-
ray photoel ectron spectronmeter K-Al pha manufactured by
Thermo Fisher Scientific K K., and the thickness of the
film(layer) was measured using a stylus profiler P-16+
manuf act ured by KLA-Tencor Corporation (the sane
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herei nafter).
[ 0098]
[ Exanpl e 2]

In the second | ayer, the chrom um content (atom %
was reduced and the nitrogen content (atom % was
i ncreased from Exanple 1. In other respects, a film
i ncluding a material containing chrom umwas formed on a
transparent substrate in the sanme manner as in Exanple 1
to obtain a photomask bl ank having no resist film

The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.
[ 0099]
[ Exanpl e 3]

In the second | ayer, the chrom um content (atom %
was reduced and the nitrogen content (atom % was
i ncreased from Exanple 1. In other respects, a film
i ncluding a material containing chromumwas formed on a
transparent substrate in the same manner as in Exanple 1
to obtain a photomask bl ank having no resist film

The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.
[ 0100]
[ Exanpl e 4]

In the second | ayer, the chrom um content (atom %
was reduced and the nitrogen content (atom % was
i ncreased from Exanple 1. In other respects, a film
i ncluding a material containing chrom umwas formed on a
transparent substrate in the sanme manner as in Exanple 1

to obtain a photomask bl ank having no resist film
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The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.

[0101]
[ Exanpl e 5]

Except that the first |ayer was nmade thicker than
in Exanple 4, a filmincluding a material containing
chrom um was fornmed on a transparent substrate in the
same manner as in Exanple 4 to obtain a photomask bl ank
having no resist film

The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.

[0102]
[ Conparati ve Exanpl e 1]

A first layer and a third | ayer were nade from
chrom um oxide (CrO instead of chrom um oxynitride
(CrON) and a second |layer was made from chrom um oxi de
(CrO) instead of chromumnitride (CrN). Oher than the
conpositions of the first layer, the second |ayer, and
the third layer, a filmincluding a material containing
chrom um was formed on a transparent substrate in the
same manner as in Exanple 1 to obtain a photomask bl ank
having no resist film

The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.

[0103]
[ Conparati ve Exanpl e 2]
In the second | ayer, the chrom um content (atom %
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was i ncreased and the nitrogen content (atom % was
reduced from Exanple 1. Oher than that, a film
i ncluding a material containing chrom umwas formed on a
transparent substrate in the same manner as in Exanple 1
to obtain a photomask bl ank having no resist film

The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.
[ 0104]
[ Conparative Exanple 3]

In the second | ayer, the chrom um content (atom %
was reduced and the nitrogen content (atom % was
I ncreased from Exanple 1. Oher than that, a film
i ncluding a material containing chromumwas formed on a
transparent substrate in the sanme manner as in Exanple 1
to obtain a photomask bl ank having no resist film

The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.
[ 0105]
[ Conparati ve Exanpl e 4]

The first layer was made thicker than in Exanple 4,
but otherwise, a filmincluding a materi al contai ni ng
chrom um was formed on a transparent substrate in the
same manner as in Exanmple 4 to obtain a photomask bl ank
having no resist film

The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.
[0106]
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[ Conparative Exanple 5]

The first layer was nmade thinner than in Exanple 4,
but otherwise, a filmincluding a material contai ning
chrom um was fornmed on a transparent substrate in the
same manner as in Exanple 4 to obtain a photomask bl ank
having no resist film

The conpositions of the first layer, the second
| ayer, and the third |l ayer and the thicknesses of the
first layer, the second layer, and the third | ayer are
shown in Table 1.

[0107]
(Regar di ng surface roughness)

Next, to evaluate the surface roughness Rg of the
films including a material containing chrom um
eval uation was carried out using the photomask bl anks
obtained in Exanple 1, Exanple 2, Example 3, Exanple 4,
Exanpl e 5, Conparative Exanple 1, Conparative Exanple 2,
Conpar ative Exanple 3, Conparative Exanple 4, and
Conpar ati ve Exanple 5.

The surface roughness Rg of the filnms including a
mat eri al containing chrom um was eval uat ed usi ng
NanoScope V/ Di mension |con manufactured by Bruker AXS,

I nc.

Table 2 shows the results.
[0108]

As shown in Table 2, it was observed that conpared
with the photomask bl anks of Conparative Exanple 1 and
Conparative Exanple 2, the photomask bl anks of Exanple 1,
Exampl e 2, Exanple 3, Example 4, and Exanple 5, which
are phot omask bl anks of the present enbodi nent, had good
surface roughness Rq.

It can be conjectured that this is because unlike

t he phot omask bl ank of Conparative Exanple 1, the
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phot omask bl anks of Exanple 1, Exanple 2, Example 3,
Exanpl e 4, and Exanple 5 had chrom um oxynitride, which
al l ows good surface roughness Rg, formed on the surface.

It can also be conjectured that the above was
caused by chromumnitride, which is conparatively
nitrogen-rich and has good surface roughness Rq, being
formed as the second | ayer in the photomask bl anks of
Exanpl e 1, Exanple 2, Exanple 3, Exanple 4, and Exanple
5 unlike in Conparative Exanple 2.
[0109]
(Regardi ng refl ectance)

Next, to evaluate the reflectance of the filns
i ncluding a material containing chrom um at a wavel ength
of 355 nm and a wavel ength of 400 nm eval uati on was
carried out using the photomask bl anks obtained in
Exanpl e 1, Exanple 2, Exanple 3, Exanple 4, Exanple 5,
Conpar ative Exanple 1, Conparative Exanple 2,
Conpar ative Exanple 3, Conparative Exanple 4, and
Conpar ati ve Exanple 5.

The reflectance to a wavel ength of 355 nm and a
wavel ength of 400 nm was neasured using an
ul traviol et/visiblel/near-infrared spectrophot oneter
Sol i dSpec- 3700 manuf actured by Shi nadzu Cor p.

Table 3 shows the results.
[0110]

As shown in Table 3, it was observed that the
phot omask bl anks of Conparative Exanple 2 and
Conparative Exanple 5 each had a refl ectance hi gher than
32% to a wavel ength of 355 nm whereas the phot omask
bl anks of Exanple 1, Exanple 2, Exanple 3, Exanple 4,
and Exanple 5 each had a reflectance of 32% or less to a
wavel engt h of 355 nm

This can be considered to be because unlike in
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Conparative Exanple 2, a |ayer that was conparatively
nitrogen-rich and had a |low reflectance to a wavel ength
of 355 nmwas formed as the second |ayer in the

phot omask bl anks of Exanple 1, Exanple 2, Exanmple 3,
Exanpl e 4, and Exanple 5.

It can be considered that unlike Conparative
Exanple 5, the first |ayer of the photomask bl ank was
thick in Exanple 1, Exanple 2, Exanple 3, Exanple 4, and
Exanple 5, so that the first | ayer was not excessively
affected by the second | ayer, which had a conparatively
hi gh refl ectance, and that therefore, reflectance was
low. It can be considered that the first layer in
Conparative Exanple 5 was too thin, and was overly
af f ect ed.

Meanwhi l e, it was observed that the photomask
bl ank of Conparative Exanple 3 had a | ow refl ectance
| ower than 27% to a wavel ength of 400 nm whereas the
phot omask bl anks of Exanple 1, Exanple 2, Exanple 3,
Exampl e 4, and Exanple 5 each had a refl ectance 27% or
hi gher to a wavel ength of 400 nm This can be
considered to be because unlike in Conparative Exanple 3,
t he conposition of the chromumnitride in the second
| ayer of the photonmask bl ank was adjusted so that the
refl ectance on the filmthickness to a wavel ength of 400
nmwas 27% or higher in Exanple 1, Exanple 2, Exanple 3,
Exanpl e 4, and Exanple 5.

[0111]
(Regarding resistivity)

Next, to evaluate the resistivity of the filns
i ncluding a material containing chrom um eval uation was
carried out using the photomask bl anks obtained in
Exanpl e 1, Exanple 2, Exanple 3, Exanple 4, Exanple 5,
Conpar ative Exanple 1, Conparative Exanple 2,
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Conparative Exanple 3, Conparative Exanple 4, and
Conpar ati ve Exanple 5.

The resistivity of the chromumfilns was
eval uated using a resistivity neter MCP-T600
manuf actured by M tsubi shi Chem cal Corporation.

Table 4 shows the results.

[0112]

As shown in Table 4, it was observed that conpared
with the photonmask bl anks of Conparative Exanple 1,
Conpar ative Exanple 3, and Conparative Exanple 4, the
phot omask bl anks of Exanple 1, Exanple 2, Example 3,
Exanpl e 4, and Exanple 5, which are photomask bl anks of
t he present enmbodinent, had a low resistivity in the
films.

This can be considered to be because conmpared with
Conpar ative Exanple 1 and Conparative Exanple 3
conparatively nitrogen-rich chromumnitride having good
conductivity was formed as the second | ayer of the
phot omask bl ank in Exanple 1, Exanple 2, Exanple 3,
Exanpl e 4, and Exanple 5.

It can also be considered that conpared with
Conparative Exanple 4, the filmthickness of the first
| ayer of the photomask bl ank was nade thin, i.e. 20 nm
or less in Exanple 1, Exanple 2, Exanple 3, Exanple 4,
and Exanple 5, so that the first |ayer was influenced by
t he second | ayer, having good conductivity.

[0113]
(Regarding detection limt)

Next, to evaluate the detection |imt of the filns
including a material containing chrom um by using a
phot omask bl ank i nspecti on apparatus, eval uation was
carried out using the photomask bl anks obtained in

Exampl e 1, Exanple 2, Exanmple 3, Exanple 4, Exanple 5,
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Conpar ative Exanple 1, Conparative Exanple 2,
Conpar ative Exanple 3, Conparative Exanple 4, and
Conpar ati ve Exanple 5.

On each of the photomask bl anks obtained in
Exampl e 1, Exanple 2, Exanmple 3, Exanple 4, Exanple 5,
Conpar ative Exanple 1, Conparative Exanple 2,

Conpar ative Exanple 3, Conparative Exanple 4, and
Conpar ative Exanple 5, 1000 PSL (polystyrene | atex)
standard particles having the sane size were arranged in
alcmx11cmregion at regular intervals. The region
in which the PSL standard particles were arranged was

i nspected by a photomask bl ank i nspection apparatus
havi ng an i nspection wavel ength of 355 nm The size of
the PSL standard particles was altered from70 nmto 40
nm by 2 nm and arranged on the photomask bl ank. For
each of the PSL standard particles having different
sizes, the nunber of defects detected by the photomask
bl ank i nspection apparatus was eval uated, and when 95%
or more of the 1000 PSL standard particles arranged were
detected, the PSL standard particles were eval uated as
detect abl e. \When the nunmber of detected PSL standard
particles was | ess than 95% of the number of the 1000
PSL standard particles arranged, the PSL standard
particles were evaluated as undetectable, and the size
of the PSL standard particles at which the detected
nunmber did not fall below 95% was defined as the
detection limt.

Table 5 shows the results.

[ 0114]

As shown in Table 5, it was observed that conpared
with the photomask bl anks of Conparative Exanple 1,
Conpar ative Exanple 2, and Conparative Exanple 5, the
phot omask bl anks of Exanple 1, Exanple 2, Example 3,
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Exanpl e 4, and Exanple 5 had smal| defect detection
limts, and it was possible to detect snmaller defects.

This can be considered to be because as shown in
Tabl e 2, the photomask bl anks of Exanple 1, Exanple 2,
Exanpl e 3, Exanple 4, and Exanple 5 have a small surface
roughness Rq conpared with the photomask bl anks of
Conpar ative Exanple 1 and Conparative Exanple 2

The above can al so be considered to be because the
phot omask bl anks of Exanple 1, Exanple 2, Example 3,
Exanpl e 4, and Exanple 5 have |lower refl ectance to
I nspection |light having a wavel ength of 355 nm conpared
with Conparative Exanple 5.

[0115]
(Regardi ng adherence of foreign matter)

Next, to evaluate the amount of foreign matter
adhered to the photomask bl anks inside a photonask
producti on apparatus, the photomask bl anks obtained in
Exanpl e 1, Exanple 2, Exanple 3, Exanple 4, Exanple 5,
Conpar ative Exanple 1, Conparative Exanple 2,

Conpar ative Exanple 3, Conparative Exanple 4, and
Conpar ative Exanple 5 were used.

Firstly, the photomask bl anks obtained in Exanple
1, Exanple 2, Exanple 3, Exanple 4, Exanple 5,

Conpar ative Exanple 1, Conparative Exanple 2,
Conparative Exanple 3, Conparative Exanple 4, and
Conparative Exanple 5 were inspected by a phot onask
bl ank i nspection apparatus having an inspection
wavel ength of 355 nm

Subsequently, the photomask bl anks obtained in
Exanmpl e 1, Exanple 2, Exanmple 3, Exanple 4, Exanple 5,
Conpar ative Exanple 1, Conparative Exanple 2,

Conpar ative Exanple 3, Conparative Exanple 4, and
Conparative Exanple 5 were transported fromthe | oader
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of the photomask production apparatus into a treatnent
chamber, and then returned to the | oader again w thout
perform ng a treatnent. This operation was repeated 20
tinmes.

After that, the photomask bl anks obtained in
Exampl e 1, Exanple 2, Exanmple 3, Exanple 4, Exanple 5,
Conpar ative Exanple 1, Conparative Exanple 2,

Conpar ative Exanple 3, Conparative Exanple 4, and
Conpar ative Exanple 5 were inspected again by the
phot omask bl ank i nspecti on apparatus having the

I nspection wavel ength of 355 nmto investigate the
nunmber of increnmental defects.

Table 6 shows the results.

[0116]

As shown in Table 6, it was observed that nore
foreign matter adhered to the photomask bl anks of
Exanpl e 1, Exanple 2, Exanple 3, Exanple 4, and Exanple
5 than the photomask bl anks of Conparative Exanple 1,
Conparative Exanple 3, Conparative Exanple 4, and
Conpar ati ve Exanple 5.

This is because as shown in Table 4, the filnms of
t he photomask bl anks of Exanple 1, Exanple 2, Exanple 3,
Exanpl e 4, and Exanple 5 have a | ower resistivity
conpared with Conparative Exanple 1, Conparative Exanple
3, and Conparative Exanple 4.

It can also be considered that the above is caused
by the photonmask bl anks of Exanple 1, Exanmple 2, Exanple
3, Exanple 4, and Exanple 5 having smaller detection
limts than the phot omask bl ank of Conparative Exanple 5
as shown in Table 5.
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[0117]

[ Tabl e 1]
Content (atom % Thi ckness thrgLﬁLss
Chrom um| Oxygen | Nitrogen (nm (nm
First |ayer 41. 2 34. 4 24. 4 14
Exanple 1 Second | ayer 86.1 0.0 13.9 65 84
Third | ayer 41. 2 34. 4 24. 4 5
First |ayer 41. 2 34. 4 24. 4 14
Exanple 2 Second | ayer 84.1 0.0 15.9 65 84
Third | ayer 41. 2 34. 4 24. 4 5
First |ayer 41. 2 34. 4 24. 4 14
Exanple 3 Second | ayer 80.3 0.0 19.7 65 84
Third | ayer 41. 2 34. 4 24. 4 5
First |ayer 41. 2 34.4 24. 4 14
Exanple 4 Second | ayer 72.6 0.0 27. 4 65 84
Third | ayer 41. 2 34. 4 24. 4 5
First |ayer 41. 2 34. 4 24. 4 18
Exanple 5 Second | ayer 72.6 0.0 27. 4 65 88
Third | ayer 41. 2 34.4 24. 4 5
Conpar at i ve First |ayer 40.0 60.0 0.0 14
Exanpl e 1 Segond | ayer 95.0 5.0 0.0 65 84
Third | ayer 80.0 20.0 0.0 5
Conpar at i ve First |ayer 41. 2 34. 4 24. 4 14
Exanpl e 2 Segond | ayer 96.0 0.0 4.0 65 84
Third | ayer 41. 2 34. 4 24. 4 5
Conpar at i ve First |ayer 41. 2 34. 4 24. 4 14
Exanpl e 3 Segond | ayer 60.0 0.0 40.0 65 84
Third | ayer 41. 2 34. 4 24. 4 5
Conpar at i ve First |ayer 41. 2 34. 4 24. 4 26
Exanpl e 4 Second | ayer 72.6 0.0 27. 4 65 96
Third | ayer 41. 2 34. 4 24. 4 5
Conpar at i ve First |ayer 41. 2 34. 4 24. 4 6
Exanpl e 5 Second | ayer 72.6 0.0 27. 4 65 76
Third | ayer 41. 2 34. 4 24. 4 5
[0118]
[ Tabl e 2]
Difference [nn] | Difference [nnj
s in surface in surface
ur f ace
r oughness Rq roughness Rq roughness Rq
[ nn [nm frpm [nm frpm
Conparative Conparative
Exanple 1 Exanple 2
Exanple 1 1.3 -0.6 -0.4
Exanple 2 1.2 -0.7 -0.5
Exanple 3 1.1 -0.8 -0.6
Exanple 4 0.8 -1.1 -0.9
Exanple 5 0.7 -1.2 -1.0
Conparative Exanple 1 1.9 0.0 0.2
Conparative Exanple 2 1.7 -0.2 0.0
Conparative Exanple 3 0.7 -1.2 -1.0
Conparative Exanple 4 0.6 -1.3 -1.1
Conparative Exanple 5 1.3 -0.6 -0.4
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[0119]

[ Tabl e 3]
Difference | Difference Di f ference
[A in [A in [A in
Ref | ect ance refl ectance | refl ectance Ref | ect ance reflectance
(9 to [ to [ to (9 to [ to
wavel ength | wavel ength wavel engt h
wavel engt h wavel engt h
of 355 nm of 355 nm of 400 nm
of 355 nm of 400 nm
from from from
Conparative | Conparative Conparative
Exanple 2 Exanple 5 Exanple 3
Exanmple 1 28.0 -7.0 -6.0 33.0 12.0
Exanple 2 27.0 -8.0 -7.0 32.0 11.0
Exanple 3 26.8 -8.2 -7.2 31.5 10.5
Exanple 4 26.7 -8.3 -7.3 31.3 10.3
Exanple 5 24.0 -11.0 -10.0 31.0 10.0
Conparative 21.1 -13.9 ~12.9 26.7 5.7
Exanple 1
Conparative 35.0 0.0 1.0 40.0 19.0
Exanple 2
Conparative 24.1 -10.9 ~9.9 21.0 0.0
Exanple 3
Conparative 21.5 -13.5 -12.5 28. 4 7.4
Exanple 4
Conparative 34.0 1.0 0.0 34.1 13.1
Exanple 5
[ 0120]
[ Tabl e 4]
Di f ference Di fference Di f ference
[Q/O] in [Q/O] in [Q/O] in
Resistivity | resistivity | resistivity | resistivity
[Q/0] of [Q/0] of [Q/0] of [Q/0] of
film filmfrom filmfrom filmfrom
Conparative Conparative | Conmparative
Exanple 1 Exanple 3 Exanple 4
Exanple 1 14 -1186.0 -16.0 -11.0
Exanple 2 15 -1185.0 -15.0 -10.0
Exanple 3 16 -1184.0 -14.0 -9.0
Exanple 4 17 -1183.0 -13.0 -8.0
Exanple 5 19 -1181.0 -11.0 -6.0
Conparative 1200 0.0 1170.0 1175.0
Exanple 1
Conparative 13 -1187.0 -17.0 -12.0
Exanple 2
Conparative 30 -1170.0 0.0 5.0
Exanple 3
Conparative 25 -1175.0 5.0 0.0
Exanple 4
Conparative 15 -1185.0 -15.0 -10.0
Exanple 5
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[0121]

[ Tabl e 5]
Di fference Di fference Di fference
[nM in [nM in [nM in
Det ecti on det ecti on det ecti on det ecti on
limit [nn limt [nn limt [nn limt [nn
from from from
Conparative Conparative | Conmparative
Exanple 1 Exanple 2 Exanple 5
Exanple 1 50 -16.0 -10.0 -6.0
Exanple 2 48 -18.0 -12.0 -8.0
Exanple 3 46 -20.0 -14.0 -10.0
Exanple 4 44 -22.0 -16.0 -12.0
Exanple 5 42 -24.0 -18.0 -14.0
Conparative 66 0.0 6.0 10.0
Exanple 1
Comparat i ve 60 -6.0 0.0 4.0
Exanple 2
Conparative 42 -24.0 -18.0 -14.0
Exanple 3
Conparative 40 -26.0 -20.0 -16.0
Exanple 4
Conparative 56 -10.0 -4.0 0.0
Exanple 5
[0122]
[ Tabl e 6]
Di fference Difference | Difference Di fference
i n nunber i n nunber i n nunber i n nunber
of of of of
Number of . . r L |
i ncremental | i ncremental |incremental |increnental |increnmenta
defects defects defects defects
defects
from from from from
Conparative | Conparative | Conparative | Conparative
Exanple 1 Exanple 3 Exanple 4 Exanple 5
Exanple 1 50 36 26 26 22
Exanple 2 47 33 23 23 19
Exanple 3 44 30 20 20 16
Exanple 4 52 38 28 28 24
Exanple 5 34 20 10 10 6
Conparative 14 0 -10 -10 -14
Exanple 1
Conparative 56 42 32 32 28
Exanple 2
Comparative 24 10 0 0 4
Exanple 3
Conparative 24 10 0 0 4
Exanple 4
Conparative 8 14 4 4 0
Exanple 5
[0123]
It should be noted that the present invention is

not
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l[imted to the above-descri bed enmbodi nents.

The




enbodi nents are just exanples, and any exanples that

have substantially the same feature and denonstrate the
sanme functions and effects as those in the techni cal
concept disclosed in claims of the present invention are
i ncluded in the technical scope of the present invention.
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CLAI Ms

[Claim1]

A phot omask bl ank conpri sing:

a substrate; and

a filmincluding a material containing chrom um
wher ei n

the filmincluding a material containing chrom um
has a first layer, a second layer, and a third | ayer
froma side renote fromthe substrate

the first layer, the second |layer, and the third
| ayer all contain chrom um

the first layer further contains oxygen and
nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 8 nm or
nore and 20 nm or |ess,

t he second | ayer further contains nitrogen and has
a chrom um content of 66 atom % or nore and 92 atom % or
|l ess, a nitrogen content of 8 atom % or nore and 34
atom % or less, and a thickness of 40 nmor nore and 70
nm or |ess, and

the third | ayer further contains oxygen and
nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 10 nm

or | ess.

[ Claim 2]

The photomask bl ank according to claim1, wherein
the filmincluding a material containing chromumis a
light-shielding filmand has a refl ectance of 32% or

| ower to exposure |ight having a wavel ength of 355 nm
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and a reflectance of 27% or higher to exposure |ight

havi ng a wavel ength of 400 nm

[ Clai m 3]

The phot omask bl ank according to claim11 or 2
wherein the filmincluding a material containing
chrom um has a filmthickness of 53 nmor nore and 100

nm or | ess.

[ Cl ai m 4]
The phot omask bl ank according to any one of clains
1 to 3, wherein the filmincluding a material containing

chrom um has a resistivity of 20 Q/0 or lower.

[ Cl ai m 5]

The phot omask bl ank according to any one of clains
1 to 4, further conprising a reverse side filmon a side
of the substrate opposite to a side having the film
i ncluding a material containing chromum wherein

the reverse side filmhas a first |ayer, a second
| ayer, and a third layer simlar to the first |ayer, the
second |l ayer, and the third layer of the filmincluding
a material containing chromumfroma side renote from

t he substrate.

[ Clai m 6]

A nmet hod for producing a photomask having a
circuit pattern of the filmincluding a materi al
contai ning chromum from the photomask bl ank accordi ng
to any one of clains 1 to 5, the nmethod conprising the
steps of:
(A) formng a resist filmon the filmincluding a

mat eri al containing chromumon a side renote fromthe
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substr at e;

(B) formng a resist pattern by patterning the resist
film

(C) formng a pattern of the filmincluding a materi al
contai ning chrom um by dry-etching the filmincluding a
mat eri al containing chrom um by using a chl ori ne-based
gas contai ni ng oxygen for patterning while using the
resi st pattern as an etching mask; and

(D) renoving the resist pattern.

[Claim 7]

A phot omask conpri si ng:

a substrate; and

a filmincluding a material containing chrom um
provi ded on the substrate and having an effective region
that is a circuit pattern, wherein

the filmincluding a material containing chrom um
has a first |ayer, a second |layer, and a third | ayer
froma side renote fromthe substrate,

the first layer, the second |layer, and the third
| ayer all contain chrom um

the first layer further contains oxygen and
nitrogen and has a chrom um content of 44 atom % or |ess,
an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 8 nm or
nore and 20 nm or |ess,

t he second | ayer further contains nitrogen and has
a chrom um content of 66 atom % or nore and 92 atom % or
| ess, a nitrogen content of 8 atom % or nore and 34
atom % or less, and a thickness of 40 nmor nore and 70
nm or |ess, and

the third | ayer further contains oxygen and

nitrogen and has a chrom um content of 44 atom % or |ess,
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an oxygen content of 30 atom % or nore, a nitrogen
content of 26 atom % or |ess, and a thickness of 10 nm

or | ess.
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