DESCRI PTI ON

PHASE SHI FT MASK BLANK, METHOD FOR PRODUCI NG PHASE SHI FT
MASK, AND PHASE SHI FT MASK

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a phase shift
mask bl ank, a nmethod for producing a phase shift nmask,
and a phase shift mask, used for manufacturing a
sem conductor integrated circuit or the Ilike.

BACKGROUND ART
[ 0002]

A phase shift method is used as one of resol ution
enhancenent technol ogies in photolithography technol ogy
used in sem conductor technol ogy. The phase shift nethod,
for exanple, uses a photomask that a phase shift filmis
formed on a substrate. The phase shift nethod is a
contrast enhancing nethod by utilizing interference of
i ght caused by a phase shift filmpattern forned on a
phot omask substrate that is transparent to exposure
i ght. The phase shift film pattern has a phase
di fference of approximtely 180° between a |ight through
t he phase shift film and an exposure |ight through a
porti on where the phase shift filmis not formed, in
ot her words, an exposure |ight through air having the
|l ength same as the thickness of the phase shift film
[ 0003]

One of the photomasks applied to this is a
hal ftone phase shift mask. The hal ftone phase shift mask
i ncludes a transparent substrate nade of quartz or the

i ke which is transparent to exposure light, and a mask



pattern of a halftone phase shift filmwhich is forned
on the transparent substrate and has a phase shift of
approxi mately 180° to a phase through a portion not
formed the phase shift film and a transmttance
substantively insufficient to contribute to exposure. Up
to now, a film containing nolybdenum and silicon (MSi -
based phase shift film has been mainly used as the
phase shift film of the phase shift mask (Patent

Docunment 1).
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SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0005]

I n general, in a phase shift mask having a MdS
phase shift film etching is made by a fluorine-based
gas using a gas containing fluorine such as SFs or CFs
when t he phase shift filmis patterned, but at the sane
time, the substrate is slightly etched. Therefore, the
phase di fference between the portion each with and
wi t hout phase shift filmis different fromthe phase
difference of the film alone. For this reason, there are
problens as follows: it is difficult not only to
accurately control the phase difference, but also to

correct when pattern defects occur.



[ 0006]

In order to solve such a problem a phase shift
phot omask i s possible in which the conposition of the
phase shift filmis made to forma filmwth different
etching characteristics such as a chromumfilmon the
substrate side of the filmcontaining silicon such as
MoSi - based films. A chromumfilm which is a filmthat
is alight shielding filmor an etching mask when
et ching phase shift film is generally formed on a film
containing silicon, and the chromumfilmon the
substrate side exposed by etching the silicon containing
filmis etched by chlorine-based gas containing chlorine
gas and oxygen gas at the same tinme as peeling off the
chrom um shielding filmor chrom um etching mask on the
phase shift film (the side renote fromthe substrate).
However, at this time, side etching of the chrom umfilm
on the substrate side easily occurs, and problens such
as pattern fall tend to occur. In particular, the anpunt
of side etching increases further when the anount of
oxygen and nitrogen is increased in order to increase
the transmttance of the chromumfilm
[ 0007]

The present invention has been nade to solve the
above problens, and an object is to provide a phase
shift mask blank with a phase shift film having good
phase control and excellent pattern shape in etching
usi ng chlori ne-based gas, a phase shift nmask, and a

met hod for producing a phase shift mask.

SOLUTI ON TO PROBLEM
[ 0008]
To achieve the object, the present invention

provi des a phase shift mask bl ank having a transparent



substrate and a phase shift filmformed on the
transparent substrate,

conpri si ng,

t he phase shift film has a phase difference of 160
to 200° and a transmittance of 3 to 15% at exposure
wavel ength of 200 nm or |ess,

t he phase shift filmincludes a | ower |ayer and an
upper layer in order fromthe transparent substrate side,

t he upper |ayer contains transition nmetal, silicon,
ni trogen and/ or oxygen, or silicon, nitrogen and/or
oxygen,

the | ower |ayer contains chromum silicon
ni trogen and/ or oxygen, and the content of silicon is 3%
or nore to less than 15% for the sum of chrom um and
silicon in the | ower layer, and the ratio of oxygen
content to the total content of chromumand silicon is
| ess than 1.7, and

etching selectivity of the upper layer is 10 or
nore conpared to the | ower layer in fluorine-based dry
et chi ng.

[ 0009]

Wth such a phase shift mask blank, it can be a
phase shift mask bl ank that can form a phase shift film
havi ng good phase control and excellent pattern shape in
et ching using chlorine-based gas, for exanple, chlorine
gas and oxygen gas.

[ 0010]

Further, it is preferable that the transparent

substrate conprises quartz.
[0011]
Such a material is preferably used as a

t ranspar ent substrat e.



[0012]

Further, it is preferable that filmthickness of
the lower layer is 2 to 10 nm and filmthickness of the
upper layer is 50 to 80 nm
[ 0013]

When such a configuration is used, a predeterm ned
transmttance is easily obtained.

[ 0014]

Further, it is preferable that the transition
metal in the upper |layer is nolybdenum (Md) and the
content of nolybdenum (Md) for the sumof silicon (Si)
and nmol ybdenum (M) is 20% or | ess.

[ 0015]

In the present invention, the conposition of the
upper | ayer can be such a conposition
[ 0016]

It is preferable that the phase shift mask bl ank
further conprises a light shielding filmcontaining
chrom um on the phase shift film and etching
selectivity of the light shielding filmis 1.2 or nore
and 10.0 or less conpared to the |ower layer in
chl ori ne-based dry etching.

[0017]

If it is such a light shielding film it can be
removed with the | ower |ayer by dry etching in the
chl ori ne-based gas, and side etching of the |ower |ayer
rarely occurs during the process.

[ 0018]

It is preferable that it further conprises a hard
mask film containing silicon, oxygen, and/or nitrogen on
the light shielding film
[ 0019]

I n such a hard mask film since the etching



characteristics are different fromthe Iight shielding
filmcontaining chromum it is useful as an etching
mask in the pattern formation of the |ight shielding
film

[ 0020]

The present invention provides a nethod for
produci ng a phase shift mask conprising producing a
phase shift mask using the above phase shift mask bl ank.
[ 0021]

I n such a phase shift mask manufacturing method, a
phase shift mask in which not only the transparent
substrate is not dug (over-etched), but also the pattern
shape is excellent.

[ 0022]

In the present invention, the present invention
al so provides a phase shift mask having a transparent
substrate and a phase shift filmin which a pattern is
formed on the transparent substrate,

conpri si ng,

t he phase shift film has a phase difference of 160
to 200°and a transmttance of 3 to 15% at exposure
wavel engt hs of 200 nm or | ess,

t he phase shift filmincludes a | ower |ayer and an
upper layer in order fromthe transparent substrate side,

t he upper |layer contains transition nmetal, silicon,
ni trogen and/ or oxygen, or silicon, nitrogen and/or
oxygen,

the | ower |ayer contains chromum silicon
ni trogen and/ or oxygen, and the content of silicon is 3%
or nore to less than 15% for the sum of chrom um and
silicon in the lower layer, and the ratio of oxygen
content to the total content of chromumand silicon is

| ess than 1.7, and



etching selectivity of the upper layer is 10 or
nore conpared to the | ower layer in fluorine-based dry
et chi ng.

[ 0023]

The phase shift mask not only suppresses digging
(over-etching) to the transparent substrate but al so has
a good pattern shape.

[ 0024]

Further, it is preferable that the transparent
substrate conprises quartz.
[ 0025]

Such a material is preferably used as a
transparent substrate.
[ 0026]

Further, it is preferable that filmthickness of
the lower layer is 2 to 10 nm and filmthickness of the
upper layer is 50 to 80 nm
[ 0027]

When such a configuration is used, a predeterm ned
transmttance is easily obtained.

[ 0028]

Further, it is preferable that the transition
nmetal in the upper layer is nolybdenum (M) and the
content of nolybdenum (Md) for the sumof silicon (Si)
and nmol ybdenum (M) is 20% or | ess.

[ 0029]

In the present invention, the conposition of the
upper | ayer can be such a conposition
[ 0030]

It is preferable that the phase shift mask further
conprises a light shielding film containing chrom um on
t he phase shift film and etching selectivity of the
l'ight shielding filmis 1.2 or nore and 10.0 or |ess



conpared to the lower layer in chlorine-based dry
et chi ng.
[ 0031]
If it is such a light shielding film it can be
removed with the | ower |ayer by dry etching in the
chl ori ne-based gas, and side etching of the |ower |ayer

rarely occurs during the process.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0032]

As descri bed above, according to the inventive
phase shift mask bl ank, a photo mask (phase shift nmask)
havi ng easy adjustability of phase difference and good
pattern shape can be manufactured, since digging to the
substrate is suppressed when the phase shift filmis

processed in the processing of the photonask pattern.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0033]
FIG 1 is a schematic view show ng an exanpl e of
t he phase shift mask blank of the present invention.
FIG 2 is a schematic view showi ng anot her exanpl e
of the phase shift mask bl ank of the present invention.
FIG 3 is a schematic view showing still another
exanpl e of the phase shift mask bl ank of the present
i nventi on.
FIG 4 is a schematic view of the etching

apparatus used in Exanples and Conparative Exanpl es.

DESCRI PTI ON OF EMBODI MENTS
[ 0034]
As described above, it is required to develop a

phase shift mask bl ank, a phase shift mask, and a nethod



for manufacturing a phase shift mask, which have good
phase controllability and can form a phase shift film
havi ng an excellent pattern shape in etching with a
chl ori ne-based gas.

[ 0035]

The inventor of the present invention has
i ntensively studied to solve the above-nenti oned
probl ens and has found that a phot omask having a good
pattern with reduced side etching of the | ower |ayer
during chlorine-based dry etching for etching a chrom um
light-shielding filmor a chrom um etchi ng mask on the
phase shift film can be produced by conprising the phase
shift filmin the followi ng manner, and conpleted the
i nvention. That is, in the phase shift film having a
| ayer (|l ower |ayer) containing chromum silicon,
ni trogen and/ or oxygen, and an upper |ayer contai ning
transition metal, silicon, nitrogen and/ or oxygen, or
silicon, nitrogen and/ or oxygen, the | ower |ayer has
silicon content of 3% or nore to |less than 15% and the
rati o of oxygen content to the total content of chrom um
and silicon is less than 1.7.

[ 0036]

That is, the present invention is a phase shift
mask bl ank having a transparent substrate and a phase
shift filmfornmed on the transparent substrate. The
phase shift film has a phase difference of 160 to 200°
and transmttance of 3 to 15% at an exposure wavel ength
of 200 nmor |ess. The phase shift filmincludes a | ower
| ayer and an upper layer in order fromthe transparent
substrate side, and the upper |ayer contains a
transition metal, silicon, nitrogen and/ or oxygen, or
silicon, nitrogen and/ or oxygen, and the |ower |ayer

contains chromum silicon, nitrogen and/or oxygen. In
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the | ower |ayer, silicon content is 3% or nore and |ess
than 15% for the sum of chrom um and silicon, and the
rati o of oxygen content to the total content of chrom um
and silicon is less than 1.7, and etching selectivity of
t he upper layer is 10 or nore conpared to the | ower

| ayer in fluorine-based dry etching.

[ 0037]

Herei nafter, the present invention will be
described in detail, but the present invention is not
limted thereto.

[ 0038]
<Phase shift mask bl ank>

The phase shift mask bl ank of the present
I nvention has a phase shift filmformed on a transparent
substrate such as a quartz substrate. Further, the phase
shift mask of the present invention, which will be
descri bed later, has a nmask pattern (photomask pattern)
of a phase shift filmformed on a transparent substrate
such as a quartz substrate.

[ 0039]
<Transparent substrate>

In the present invention, the transparent
substrate is not particularly limted, but for exanple,
a transparent substrate, a 6 inch square, 0.25 inch
thick, called 6025 substrate specified in SEM standard
is suitable. When SI unit systemis used, it is usually
descri bed as a transparent substrate having a size of
152 mm square and a thickness of 6.35 mm A quartz
substrate is preferable as the transparent substrate.

[ 0040]
<Phase shift filnm

The phase shift filmin the present invention has

a phase difference of 160 to 200° between |ights
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transmtted through the phase shift filmand a portion
having no filmof the same thickness, and the
transmttance is 3 to 15% at an exposure wavel engt h of
200 nmor less, particularly 193 nm (ArF). The phase
shift filmconprises a |ower |ayer containing chrom um
silicon, nitrogen and/or oxygen, and an upper |ayer
containing and transition nmetal (preferably the
transition metal excluding chromum, silicon, nitrogen
and/ or oxygen, or silicon, nitrogen and/or oxygen from
t he transparent substrate side. Further, the content of
the silicon in the | ower |ayer containing chrom um
silicon, nitrogen and/ or oxygen is 3% or nore and | ess
than 15% for the sum of chrom um and silicon, and the
rati o of oxygen content to the total content of chrom um
and silicon is less than 1.7, and etching selectivity of
t he upper layer is 10 or nore conpared to the | ower

| ayer in fluorine-based dry etching.

[ 0041]

By applying above nentioned structure, a phase
sift filmin which digging to the transparent substrate
does not occur even in dry etching with a fluorine-based
gas and side etching is difficult to occur even in dry
etching with chlorine-based gas (chlorine-oxygen-based
gas) can be obtained. The fluorine-based gas refers to
a gas containing fluorine such as SFe and CFs4, and the
chl ori ne-based gas refers to a gas containing chlorine
and oxygen such as a gas conposed of Cl2 and O, further
He and the |ike may be included in these gases. Here,
dry etching using a fluorine-based gas is called
fluorine-based dry etching, and dry etching using
chl ori ne-based gas is called chlorine-based dry etching.
[ 0042]

The |l ower |ayer contains chromum silicon
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ni trogen and/ or oxygen, and silicon content is 3% or
nore and | ess than 15% for the sum of chrom um and
silicon in the lower layer, and the ratio of oxygen
content to the total content of chrom um and silicon is
|l ess than 1.7. Preferably, silicon content in the | ower
| ayer is 3% or nore and | ess than 14% for the sum of
chrom um and silicon in the |ower l[ayer, and the ratio
of oxygen content to the total content of chrom um and
silicon is less than 1.6. Mire preferably, silicon
content in the lower layer is 5% or nore and | ess than
10% for the sumof chromum and silicon in the | ower

| ayer, and the ratio of oxygen content to the total
content of chromumand silicon is |less than 1.1.
Further, the oxygen content in the |ower |ayer is
preferably |less than 60% nore preferably | ess than 50%
and even nore preferably |l ess than 45% On the other
hand, it does not have to contain oxygen, but the higher
t he oxygen content, the higher the transmttance and the
easier it is to make adjustnments such as making the
upper filmthinner, so it is preferably 30% or nore,
nore preferably 35% or nore, further preferably 40% or
nore. The nitrogen content is preferably 0% or nore and
52% or | ess. Here, the content of silicon, oxygen, and
nitrogen is the ratio of the nunber of atons, and can be
determ ned by, for exanple, neasurenment by XPS.

[ 0043]

The | ower layer filmis nore preferably any of a
film conposed of chromum silicon, nitrogen, and oxygen
a filmconmposed of chromum silicon, and nitrogen, and
a filmconposed of chromum silicon, and oxygen. These
films may further contain carbon, hydrogen and the |ike.
[ 0044]

The upper layer filmcontains transition nmetal,
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silicon, nitrogen and/or oxygen, or silicon, nitrogen
and/ or oxygen. That is, the upper layer filmis nore
preferably any of a film conposed of transition netal,
silicon, nitrogen, and oxygen, a film conposed of
transition nmetal, silicon, and nitrogen, a film conposed
of transition netal, silicon, and oxygen, a film
conposed of silicon, nitrogen and oxygen, a film
conposed of silicon and nitrogen, and a film conposed of
silicon and oxygen. These filnms may further contain
carbon, hydrogen and the |iKke.

[ 0045]

The transition netal is not particularly limted,
but for exanple, nolybdenum zirconium tantalum
tungsten, chromum and titanium can be used, and a
transition metal excluding chromumis preferable, and
nol ybdenum is particularly preferable. The ratio of the
transition metal to the total conposition of the
transition nmetal and silicon is preferably 0% or nore
and 40% or | ess, oxygen is preferably 0% or nore and 70%
or less, and nitrogen is preferably 0% or nore and 60%
or less. Here, the ratio of the transition metal, oxygen,
and nitrogen is the ratio of the nunber of atons, and
can be obtained by, for exanple, measurenent by XPS.

[ 0046]

It is preferable that the thickness of the | ower
| ayer containing chromum silicon, nitrogen and/or
oxygen is 2 to 10 nm and the thickness of the upper
| ayer containing the transition metal, silicon, nitrogen
and/ or oxygen, or silicon, nitrogen and/or the oxygen is
preferably 50 to 80 nmin the phase shift film Wth
such a configuration, it becomes easy to obtain a

predeterm ned transmttance.
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[ 0047]

The transition netal in the upper |ayer containing
transition metal, silicon, nitrogen and/ or oxygen, or
silicon, nitrogen and/or oxygen is preferably nol ybdenum
and the nol ybdenum content with respect to the total of
silicon and nol ybdenumis preferably 20% or | ess.

[ 0048]

The | ayer (upper layer) containing transition
metal, silicon, nitrogen and/or oxygen, or silicon,
ni trogen and/ or oxygen can be etched with fluorine-based
etching, and etching selectivity of the upper |ayer
conpared to the | ower layer in fluorine-based dry
etching is preferably 10 or nore, and nore preferably 15
or nore.

[ 0049]

Here, the etching selectivity in the fluorine-
based dry etching is (etching selectivity) = (etching
rate of the upper l|ayer)/(etching rate of the | ower
| ayer).

[ 0050]

Further, the phase shift filmhas a |ight-
shielding filmcontaining chrom umthereon, which is
capabl e of etching with a chlorine-based gas. And it is
preferable that the etching selectivity of the |ight-
shielding filmin chlorine-based etching conpared to the
| ayer containing chromum silicon, nitrogen and/or
oxygen on the transparent substrate is 1.2 or nore and
10.0 or |ess.

[ 0051]

Here, the etching selectivity in the chlorine-
based dry etching is (etching selectivity) = (etching
rate of the light-shielding film / (etching rate of the
| ower | ayer).
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[ 0052]

Further, it is preferable to forma hard mask film
containing silicon, oxygen, and/or nitrogen on the
light-shielding film Details of the light-shielding
filmand the hard mask filmw ||l be described |ater.

[ 0053]

Here, an exanple of the phase shift mask bl ank of
t he present invention will be described with reference
to FIG 1. In the phase shift mask blank 100 of the
present invention, the |ower |ayer 11 which is a |layer
containing chromum silicon, nitrogen, and/or oxygen is
formed on the transparent substrate 10, and the upper
| ayer 12 containing transition nmetal, silicon, nitrogen
and/ or oxygen, or silicon, nitrogen and/or oxygen is
formed on the | ower layer 11. The phase shift film1
i ncludes the | ower |ayer 11 and the upper |ayer 12.
Further, the light-shielding film 13 may be formed on
t he phase shift film 1.

[ 0054]

The upper layer 12 is a filmthat is easily etched
by a fluorine-based gas. On the other hand, since the
| ower layer 11 is a film having the above-nentioned
predet erm ned conposition, it is difficult to be etched
by the fluorine-based gas, and the lower |layer 11 is a
filmthat is etched by the chlorine-based gas at an
appropriate rate. Therefore, in manufacturing the phase
shift mask fromthe phase shift mask blank 100, when the
upper |ayer 12 of the phase shift film1l is peeled off
by dry etching with a fluorine-based gas, the
transparent substrate 10 is prevented from being dry-
et ched and dug due to the presence of the |ower |ayer 11.
Then, when the unnecessary portion of the |ight-

shielding film 13 is peeled off by the chlorine-based
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gas, the lower layer 11 is also peeled off at the sane
time, but since the |lower layer 11 has a predeterm ned
conposition, side etching does not occur to the | ower

| ayer 11.

[ 0055]

<Met hod of form ng a phase shift filne

The phase shift filmin the present invention can
be fornmed by applying a known filmform ng nmethod, but
it is preferable to forma filmby a sputtering nmethod
in which a filmhaving excellent honbgeneity can be
easi |y obtained. Any nethod of sputtering |like DC
sputtering, RF sputtering or the |like can be used, but
magnetron sputtering is nore preferable. The target and
the sputter gas are appropriately selected according to
the layer structure and conposition.

[ 0056]

As a target, when form ng the |Iower layer film
contai ning chrom um and silicon, a target conposed of
chrom um and silicon, a co-sputter in which a chrom um
target and a silicon target are used and di scharged at
the same time may be used. A co-sputter that discharges
si mul taneously using a target conposed of chrom um and
silicon as one of the targets instead of the chrom um
target and the silicon target may be used. A co-sputter
t hat di scharges sinultaneously using a chrom umtarget,
a silicon target, and a target conposed of chrom um and
silicon may al so be used.

[ 0057]

A silicon target can be used when the upper |ayer
filmis a silicon-containing filmthat does not contain
transition metal. When formng a silicon-containing film
containing transition nmetal, a target conposed of the

transition nmetal and silicon, a co-sputter in which a
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transition nmetal target and a silicon target are used
and di scharged at the sane tine may be used. A co-
sputter that discharges sinultaneously using a target
conposed of transition netal and silicon as one of the
targets instead of the transition netal target and the
silicon target may be used. A co-sputter that discharges
si mul taneously using the transition netal target, the
silicon target, and a target conposed of transition
metal and silicon may al so be used.

[ 0058]

Further, these targets may contain nitrogen, and a
target containing nitrogen and a target containing no
nitrogen may be used at the sane tine.

[ 0059]

For adjusting the nitrogen content and oxygen
content of the upper and |l ower |ayers, nitrogen gas or
oxygen gas, or nitrogen oxide containing nitrogen and
oxygen is used as the reactive gas as the sputter gas,
and the introduction anmount is appropriately adjusted
for the reactive sputtering. Further, as the sputter gas,
hel i um gas, neon gas, argon gas, krypton gas, xenon gas
and the |ike can be used as the rare gas.

[ 0060]
<Second | ayer >

A second | ayer conposed of a single |layer or a
plurality of |layers can be formed on the phase shift
filmof the phase shift mask bl ank of the present
i nvention. The second |ayer is usually forned adjacent
to the phase shift film Specific exanples of the second
| ayer include a light-shielding film a conbination of a
light-shielding filmand an antireflection film and a
process-aid film (etching mask filnm) that functions as a

hard mask in pattern formati on of the phase shift film
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Further, when a third | ayer described |later is forned,
this second | ayer can al so be used as a process-aid film
(etching stopper film that functions as an etching
stopper in pattern formation of the third |layer. As the
materi al of the second |ayer, a material containing
chrom umis suitable.

[ 0061]

By form ng the second | ayer including the |ight-
shielding film the phase shift mask can be forned with
a region that conpletely bl ocks the exposure |ight. The
l'ight-shielding filmand the antireflection film can
al so be used as a process-aid filmin etching.

[ 0062]
(Light-shielding filmand antireflection filmas the
second | ayer)

There are many reports on film configurations and
materials of the light-shielding filmand the
antireflection film (for exanple, Patent Document 2 and
Pat ent Docunment 3), but as a preferable film conposition
of conbi nation of the light-shielding filmand the
antireflection film exanples thereof include those
formed with a light-shielding film mde of a materi al
contai ni ng chrom um and further provided with an
antireflection filmmde of a material containing Cr
that reduces reflection fromthe light-shielding film
Both the light-shielding filmand the antirefl ection
filmmy be conposed of a single |layer or a plurality of
| ayers.

[ 0063]

Materials containing chromumfor the |ight-
shielding filmand the antireflection filminclude
chrom um al one, and chrom um conpounds such as chroni um
oxide (CrO), chromumnitride (CrN), chrom um car bide
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(CrC), chrom um oxynitride (CrON), chrom um oxi de
carbide (CrOC), chromum nitride carbide (CrNC)
chrom um oxynitride carbide (CrONC) and the like. Here,
the chem cal fornmulae representing the materi al

contai ning chrom um indi cates the constituent el enents,
rather than the conposition ratio of the constituent

el ements (the same shall apply to the chrom um
containing materials hereinafter).

[ 0064]

When the second |layer is a light-shielding filmor
a conmbination of a light-shielding filmand an
antireflection film content of chromumin the chrom um
conpound of the light-shielding filmis 40 at % or nore,
particularly 60 at % or nore, and |l ess than 100 at %
preferably 99 at % or |ess, particularly preferably 90
at % or |ess. The oxygen content is preferably 60 at %
or less, particularly preferably 40 at % or |ess, and
nore preferably 1 at % or nore. The nitrogen content is
preferably 50 at % or |ess, particularly preferably 40
at % or less, and nore preferably 1 at % or nore. The
carbon content is preferably 20 at % or | ess,
particularly preferably 10 at % or |ess, and nore
preferably 1 at % or nmore when it is necessary to adjust
the etching rate. In this case, the total content of
chrom um oxygen, nitrogen and carbon is preferably 95
at % or nore, particularly 99 at % or nore, particularly
100 at %

[ 0065]

When the second | ayer is a conbination of a |ight-
shielding filmand an antireflection film the
antireflection filmis preferably a chrom um conpound,
and the chrom um content in the chrom um conpound is 30

at % or nore, particularly 35 at % or nore, preferably
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70 at % or less, particularly 50 at % or |ess. The
oxygen content is preferably 60 at % or |ess, nore
preferably 1 at % or nore, and particularly preferably
20 at % or nore. The nitrogen content is preferably 50
at % or less, particularly preferably 30 at % or |ess,
and nore preferably 1 at % or nore, particularly 3 at %
or nore. The carbon content is preferably 20 at % or

| ess, particularly 5 at % or |ess, and nore preferably 1
at % or nore when it is necessary to adjust the etching
rate. In this case, the total content of chrom um
oxygen, nitrogen and carbon is preferably 95 at % or
nore, particularly 99 at % or nore, particularly 100

at %

[ 0066]

When the second |layer is a light-shielding filmor
conmbination of a light-shielding filmand an
antireflection film the filmthickness of the second
| ayer is usually 20 to 100 nm preferably 40 to 70 nm
Further, it is preferable that the total optical density
of the phase shift filmand the second |ayer wth
respect to the exposure |ight having a wavel ength of 200
nmor less is 2.0 or nore, particularly 2.5 or nore,
particularly 3.0 or nore.

[ 0067]
(Process-aid filmas the second | ayer)

When the second | ayer is a process-aid film it
can al so be used as a process-aid film (etching mask
film that functions as a hard mask in pattern formation
of the phase shift film or a process-aid filmthat
functions as an etching stopper (etching stopper film
in pattern formation of the third | ayer.

[ 0068]
Exanpl es of the process-aid filminclude a film
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made of a material containing chrom umas shown in

Pat ent Docunent 4. The process-aid film my be conposed
of a single layer or a plurality of |ayers.

[ 0069]

Materials containing chromumin the process-aid
filminclude chrom um al one, and chrom um conpounds such
as chrom umoxide (CrO), chromumnitride (CrN)
chrom um carbide (CrC), chrom um oxynitride (CrON)
chrom um oxi de carbide (CrOC), chrom um carbide nitride
(CrNC) and chrom um oxynitride carbide (CrONC)

[ 0070]

When the second | ayer is a process-aid film the
content of Cr in the Cr conpound of the second |ayer is
40 at % or nore, particularly 50 at % or nore, 100 at %
or less, preferably 99 at % or less, particularly 90
at % or |ess. The oxygen content is preferably 60 at %
or less, particularly 55 at % or less, and nore
preferably 1 at % or nmore when it is necessary to adjust
the etching rate. The nitrogen content is preferably 50
at % or less, particularly preferably 40 at % or |ess,
and nore preferably 1 at % or nore. The carbon content
is preferably 20 at % or less, particularly preferably
10 at % or less, and nmore preferably 1 at % or nore when
It is necessary to adjust the etching rate. In this case,
the total content of chrom um oxygen, nitrogen and
carbon is preferably 95 at % or nore, particularly 99
at % or nore, particularly 100 at %

[ 0071]
<Third | ayer>

A third layer conposed of a single layer or a
plurality of |layers can be formed on the second | ayer of
t he phase shift mask bl ank of the present invention. The

third layer is usually fornmed adjacent to the second
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| ayer. Specific exanples of the third [ayer include a
process-aid film a light-shielding film and a
conbination of a light-shielding filmand an
antireflection film As the material of the third |ayer,
a material containing silicon is preferable, and a
material containing no chromumis particularly
pr ef er abl e.
[ 0072]

Speci fic exanples of such a phase shift mask bl ank
I ncl ude those shown in FIG 2. FIG 2 is a cross-
sectional view show ng an exanple of the phase shift
mask bl ank of the present invention. The phase shift
mask bl ank 100 includes a transparent substrate 10, a
phase shift film1l formed on the transparent substrate
10, a second layer 2 fornmed on the phase shift film1,
and a third layer 3 formed on the second | ayer 2.
[ 0073]
(process-aid filmas the third |ayer)

When the second |layer is a light-shielding filmor
a conmbination of a light-shielding filmand an
antireflection film or a process-aid filmthat
functions as a hard mask in pattern formation of the
hal ftone phase shift film as the third |ayer, a
process-aid film (etching mask filnm) that functions as a
hard mask in pattern formati on of the second |ayer can
be provided. Further, when the fourth [ayer described
| ater can be provided, the third | ayer can also be used
as a process-aid film (etching stopper film that
functions as an etching stopper in pattern formation of
the fourth | ayer.
[ 0074]

This process-aid filmpreferably conprises a

mat eri al having etching characteristics different from
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that of the second |ayer, for exanple, a material having
resi stance to chlorine-based dry etching applied to
etching a material containing chrom um specifically, a
material containing silicon that can be etched with a
fluori ne-based gas such as SFs and CFs.

[ 0075]

Exanpl es of the silicon containing materi al
i nclude silicon (sinmple substance), and a silicon
conpound such as a material containing silicon, and
ei ther or both of nitrogen and oxygen, a materi al
containing silicon and a transition netal, and a
mat eri al containing silicon, either or both of nitrogen
and oxygen, and a transition netal. Exanples of the
transition nmetal include nmolybdenum tantalum and
zirconium or the Ilike.

[ 0076]

When the third layer is a process-aid film the
process-aid filmis preferably a silicon conpound, and
the content of silicon in the silicon conpound is 20
at % or nore, particularly 33 at % or nore, and 95 at %
or less. In particular, it is preferably 80 at % or | ess.
The nitrogen content is preferably 50 at % or |ess,
particularly preferably 30 at % or |ess, and nore
preferably 1 at % or nmore. The oxygen content is
preferably 70 at % or less, particularly 66 at % or |ess,
and preferably 1 at % or nore, and nore preferably 20
at % or nore when it is necessary to adjust the etching
rate. The transition netal may or may not be contai ned.
When the transition metal is contained, the content
thereof is preferably 35 at % or less, particularly 20
at % or less. In this case, the total content of silicon,
oxygen, nitrogen and the transition netal is preferably
95 at % or nore, particularly 99 at % or nore,
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particularly 100 at %
[0077]

When the second |layer is a light-shielding filmor
a conmbination of a light-shielding filmand an
antireflection filmand the third layer is a process-aid
film the filmthickness of the second |ayer is usually
20 to 100 nm preferably 40 to 70 nm The filmthickness
of the third layer is usually 1 to 30 nm preferably 2
to 15 nm Further, the total optical density of the
phase shift filmand the second | ayer and the third
| ayer with respect to the exposure |ight having a
wavel ength of 200 nmor less is preferably 2.0 or nore,
particularly 2.5 or nore, nore particularly 3.0 or nore.
[ 0078]

On the other hand, when the second layer is a
process-aid filmand the third layer is a process-aid
film the filmthickness of the second |ayer is usually
1 to 20 nm preferably 2 to 10 nm and the film
t hickness of the third layer is usually 1 to 20 nm
preferably 2 to 10 nm
[ 0079]

(Light-shielding filmand antireflection filmas the
third | ayer)

Further, when the second | ayer is a process-aid
film a light-shielding filmcan be formed as the third
| ayer. Further, as the third layer, a light-shielding
filmand an antireflection filmnmay be provided in
conbi nati on.

[ 0080]

The light-shielding filmand the antireflection
filmof the third layer are materials having etching
characteristics different fromthe second | ayer, for

exanpl e, a material having resistance to chlorine-based
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dry etching applied to etching a material contai ning
chrom um specifically, it is preferable to use a
material containing silicon that can be etched with a
fluori ne-based gas such as SFs or CFa.
[ 0081]

Exanpl es of the silicon containing materi al
i nclude silicon (sinmple substance), and a silicon
conpound such as a material containing silicon, and
ei ther or both of nitrogen and oxygen, a materi al
containing silicon and a transition netal, and a
material containing silicon, either or both of nitrogen
and oxygen, and transition nmetal. Exanples of the
transition nmetal include nmolybdenum tantalum and
zirconium or the Ilike.
[ 0082]

When the third layer is a light-shielding filmor
a combination of a light-shielding filmand an
antireflection film the light-shielding filmand the
antireflection filmare preferably silicon conpounds,
and the content of silicon in the silicon conpound is
preferably 10 at % or nore, in particular, 30 at % or
nore and | ess than 100 at % particularly 95 at % or
| ess. The nitrogen content is preferably 50 at % or |ess,
particularly preferably 40 at % or |less, particularly 20
at % or less, and nore preferably 1 at % or nore when it
i's necessary to adjust the etching rate. The oxygen
content is preferably 60 at % or |less, particularly 30
at % or less, and preferably 1 at % or nmore when it is
necessary to adjust the etching rate. The content of
the transition netal is preferably 35 at % or |ess,
particularly 20 at % or |less, and nore preferably 1 at %
or more. In this case, the total content of silicon,

oxygen, nitrogen and the transition netal is preferably
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95 at % or nore, particularly 99 at % or nore,
particularly 100 at %
[ 0083]

When the second | ayer is a process-aid film and
the third layer is a light-shielding film or a
conbination of a light-shielding filmand an
antireflection film the filmthickness of the second
| ayer is usually 1 to 20 nm preferably 2 to 10 nm The
filmthickness of the third layer is usually 20 to 100
nm preferably 30 to 70 nm Further, the total optical
density of the phase shift filmand the second | ayer and
the third |ayer with respect to the exposure |ight
havi ng a wavel ength of 200 nmor less is preferably 2.0
or nore, particularly 2.5 or nore, nore particularly 3.0
or nore.
[ 0084]
<Fourth | ayer>

A fourth layer conposed of a single |layer or a
plurality of layers can be formed on the third |ayer of
t he phase shift mask bl ank of the present invention. The
fourth layer is usually formed adjacent to the third
| ayer. Specific exanmples of the fourth [ayer include a
process-aid filmthat functions as a hard mask in
pattern formation of the third layer. As the material of
the fourth layer, a material containing chromumis
sui t abl e.
[ 0085]

Speci fic exanples of such a phase shift mask bl ank
I ncl ude those shown in FIG 3. FIG 3 is a cross-
sectional view show ng an exanple of the phase shift
mask bl ank of the present invention. The phase shift
mask bl ank 100 includes a transparent substrate 10, a

phase shift film1l formed on the transparent substrate
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10, a second layer 2 fornmed on the phase shift film1, a
third layer 3 formed on the second | ayer 2, and a fourth
| ayer 4 fornmed on the third | ayer 3.

[ 0086]

(Process-aid filmas the fourth | ayer)

When the third layer is a light-shielding filmor
a combination of a light-shielding filmand an
antireflection film a process-aid film (etching mask
film that functions as a hard mask in pattern formation
of the third |ayer as the fourth [ayer can be formed.

[ 0087]

This process-aid filmis a material having etching
characteristics different fromthat of the third |ayer,
for exanple, a material having resistance to fluorine-
based dry etching applied to etching a materi al
containing silicon, specifically, it is preferable to
use a material containing chromumthat can be etched
with a chlorine-based gas containi ng oxygen.

[ 0088]

Specific exanples of the material containing
chrom um i nclude chrom um al one, and chrom um conmpounds
such as chrom um oxide (CrO, chromumnitride (CrN)
chrom um carbide (CrC), chrom um oxynitride (CrON)
chrom um oxi de carbide (CrOC), chrom um carbide nitride
(CrNC) and chrom um oxynitride carbide (CrONC)

[ 0089]

When the fourth layer is a process-aid film the
content of chromumin the fourth layer is preferably 30
at % or nore, particularly 40 at % or nore, 100 at % or
| ess, preferably 99 at % or |less, particularly 90 at %
or | ess. The oxygen content is preferably 60 at % or
| ess, particularly 40 at % or |ess, and nore preferably

1 at % or nore when it is necessary to adjust the
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etching rate. The nitrogen content is preferably 50 at %
or less, particularly 40 at % or |less, and nore
preferably 1 at % or nmore when it is necessary to adjust
the etching rate. The carbon content is preferably 20

at % or less, particularly preferably 10 at % or |ess,
and nore preferably 1 at % or nore when it is necessary
to adjust the etching rate. In this case, the total
content of chrom um oxygen, nitrogen and carbon is
preferably 95 at % or nore, particularly 99 at % or nore,
particularly 100 at %

[ 0090]

When the second | ayer is a process-aid film the
third layer is a light-shielding film or a conbination
of a light-shielding filmand an antireflection film
and the fourth layer is a process-aid film the film
t hi ckness of the second layer is usually 1 to 20 nm
preferably 2 to 10 nm The filmthickness of the third
| ayer is usually 20 to 100 nm preferably 30 to 70 nm
and the filmthickness of the fourth layer is usually 1
to 30 nm preferably 2 to 20 nm Further, the total
optical density of the phase shift film the second
| ayer, the third |ayer, and the fourth [ayer with
respect to the exposure |ight having a wavel ength of 200
nmor less is preferably 2.0 or nore, particularly 2.5
or nore, nore particularly 3.0 or nore.

[ 0091]
<Met hod of form ng the second to fourth |ayers>

The films conposed of the chrom um contai ni ng
materi al of the second |ayer and the fourth [ayer can be
formed by reactive sputtering. A chromumtarget, a
target obtai ned by addi ng any one or nore selected from
oxygen, nitrogen and carbon to chromum and the |ike

are used. A sputter gas obtained by appropriately addi ng
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a reactive gas selected from oxygen-contai ni ng gas,

ni trogen-cont ai ni ng gas, carbon-containing gas, etc. to
a rare gas such as Ar, He, Ne, depending on the
conposition of the filmto be formed can be used.

[ 0092]

On the other hand, the film mde of the silicon-
containing material of the third |layer can be formed by
reactive sputtering. A silicon target, a silicon nitride
target, a target containing both silicon and silicon
nitride, a transition netal target, a conposite target
of silicon and a transition netal, and the |ike are used.
A sputter gas obtained by appropriately adding a
reactive gas sel ected from oxygen-contai ni ng gas,
ni trogen-cont ai ni ng gas, carbon-containing gas, etc. to
a rare gas such as Ar, He, Ne, depending on the
conposition of the filmto be formed can be used.

[ 0093]
<Manuf acturing nmet hod of phase shift mask>

Further, the present invention provides a nethod
for manufacturing a phase shift mask, which manufactures
a phase shift mask using the above-nenti oned phase shift
mask bl ank. The phase shift nmask of the present
i nvention can be produced fromthe phase shift mask
bl ank of the present invention by a conventional nethod.
Specific exanples of the nmethod for manufacturing the
phase shift nmask of the present invention are shown
bel ow.

[ 0094]
Specific exanple 1

In a phase shift mask blank in which a filmof a
mat eri al containing chromumis formed as a second | ayer
on the phase shift film for exanple, the phase shift
mask can be manufactured by the foll owi ng steps.
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[ 0095]

First, an electron beamresist filmis formed on
t he second | ayer of the phase shift mask bl ank, a
pattern is drawn by the electron beam and then a resist
pattern is obtained by a predeterm ned devel opnent
operation. Next, the obtained resist pattern is used as
an etching mask, and the resist pattern is transferred
to the second | ayer by chlorine-based dry etching
cont ai ni ng oxygen, to obtain a second | ayer pattern.
Next, the obtained second |ayer pattern is used as an
et ching nmask, and the second | ayer pattern is
transferred to the upper |ayer of the phase shift film
by fluorine-based dry etching, to obtain a phase shift
filmpattern. Then, the second |ayer and the exposed
| ower | ayer of the phase shift filmare renoved by
chl ori ne-based dry etching containing oxygen to obtain a
phase shift nmask. Here, when it is necessary to | eave a
part of the second |ayer, a resist pattern for
protecting the part is fornmed on the second | ayer, and
then the resist pattern is subjected to chlorine-based
dry etching containing oxygen. The second | ayer of the
portion not protected by the resist pattern and the
exposed | ower | ayer of the phase shift filmare renoved.
Then, the resist pattern can be renoved by a
conventional nethod to obtain a phase shift mask.
[ 0096]
Specific exanple 2

Further, in a phase shift mask bl ank in which a
l'ight-shielding filmof a material containing chrom um
or a conbination of a light-shielding filmand an
antireflection filmis formed as a second | ayer on the
phase shift film and as a third |ayer on the second

| ayer, the process-aid filmof the material containing
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silicon is forned, for exanple, the phase shift nmask can
be manufactured by the follow ng steps.
[ 0097]

First, an electron beamresist filmis formed on
the third | ayer of the phase shift mask bl ank, a pattern
Is drawn by the el ectron beam and then a resist pattern
is obtained by a predeterm ned devel opnent operati on.
Next, the obtained resist pattern is used as an etching
mask, and the resist pattern is transferred to the third
| ayer by fluorine-based dry etching to obtain a third
| ayer pattern. Next, the obtained third |layer pattern is
used as an etching mask, and the third | ayer pattern is
transferred to the second | ayer by chl orine-based dry
et ching containing oxygen, to obtain second |ayer
pattern. Next, after renoving the resist pattern, the
pattern of the second layer is transferred to the upper
| ayer of the phase shift filmby fluorine-based dry
et ching using the obtained pattern of the second | ayer
as an etching mask, to obtain phase shift film pattern.
At the sanme tine as obtaining the pattern, the pattern
of the third layer is renoved. Next, a resist pattern
that protects the portion where the second | ayer remains
is fornmed on the second | ayer, and then the second | ayer
of the portion that is not protected by the resist
pattern and the exposed |l ower |ayer of the phase shift
filmare subjected to chlorine-based dry etching
cont ai ni ng oxygen to renove them Then, the resist
pattern can be renoved by a conventional nmethod to
obtain a phase shift mask.

[ 0098]
Specific exanple 3

On the other hand, in a phase shift nmask blank in
which a process-aid filmof a material containing
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chromumis formed as a second | ayer on a phase shift
film and a light-shielding filmof a materi al
containing silicon or the conbination of the |ight-
shielding filmand an antireflection filmis formed on
t he second |l ayer as a third | ayer, for exanple, the
phase shift mask can be manufactured by the follow ng
st eps.

[ 0099]

First, an electron beamresist filmis formed on
the third | ayer of the phase shift mask bl ank, a pattern
Is drawn by the el ectron beam and then a resist pattern
is obtained by a predeterm ned devel opnent operati on.
Next, the obtained resist pattern is used as an etching
mask, the resist pattern is transferred to the third
| ayer by fluorine-based dry etching to obtain a third
| ayer pattern. Next, the obtained pattern of the third
| ayer is used as an etching nask, the pattern of the
third layer is transferred to the second | ayer by
chl orine-based dry etching contai ning oxygen to obtain a
second | ayer pattern in which the second | ayer has been
renoved in the portion where the phase shift filmis
supposed to be renmoved. Next, after renoving resist
pattern, and form ng a resist pattern on the third | ayer
to protect the portion of the third layer to be remined,
the pattern of the second layer is transferred to the
upper |ayer of the phase shift film by fluorine-based
dry etching using the obtained pattern of the second
| ayer as an etching mask, to obtain a phase shift film
pattern. At the sane tinme, the third | ayer of the
portion not protected by the resist pattern is renoved.
Next, the resist pattern is renoved by a conventi onal
met hod. Then, the phase shift mask can be obtained by
renmoving the portion of the second | ayer from which the
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third |l ayer has been renoved and the exposed | ower | ayer
of the phase shift film by chlorine-based dry etching
cont ai ni ng oxygen.

[ 0100]

Specific exanple 4

Further, in a phase shift mask blank in which a
process-aid filmof a material containing chromumis
formed as a second | ayer on the phase shift film and a
l'i ght-shielding filmof a material containing silicon or
conbination of a light-shielding filmand an
antireflection filmis formed as a third [ ayer on the
second | ayer, and a process-aid filmof a materi al
containing chromumis further formed as a fourth |ayer
on the third layer, for exanple, a phase shift mask can
be manufactured by the foll ow ng process.

[0101]

First, an electron beamresist filmis formed on
the fourth | ayer of the phase shift mask bl ank, a
pattern is drawn by the electron beam and then a resist
pattern is obtained by a predeterm ned devel opnent
operation. Next, the obtained resist pattern is used as
an etching mask, the resist pattern is transferred to
the fourth layer by chlorine-based dry etching
cont ai ni ng oxygen to obtain the pattern of the fourth
| ayer. Next, the obtained pattern of the fourth [ayer is
used as an etching mask, the pattern of the fourth | ayer
is transferred to the third |ayer by fluorine-based dry
etching to obtain the pattern of the third | ayer. Next,
after renoving the resist pattern and form ng a resist
pattern to protect the portion of the third layer to be
remai ned on the fourth |ayer, the pattern of the third
| ayer is transferred to the second | ayer to obtain the

pattern of the second | ayer by the chl orine-based dry
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et ching contai ning oxygen using the obtained pattern of
the third | ayer as an etching mask. At the same tine,
the fourth layer of the portion not protected by the
resist pattern is renoved. Next, the pattern of the
second |l ayer is used as an etching mask, the pattern of
t he second layer is transferred to the upper |ayer of

t he phase shift film by fluorine-based dry etching to
obtain the phase shift filmpattern and at the same tine
the portion of the third | ayer not protected with the
resist pattern is renoved. Next, the resist pattern is
renmoved by a conventional nmethod. Then, a phase shift
mask can be obtai ned by renoving the portion of the
second |l ayer fromwhich the third |ayer has been renpved,
the portion of the fourth [ayer fromwhich the resist
pattern has been renpved, and the exposed | ower |ayer of
t he phase shift film by chlorine-based dry etching
cont ai ni ng oxygen.

[0102]

<Phase shift mask>

The present invention also provides a phase shift
mask. The phase shift nmask of the present invention has
a transparent substrate and a phase shift filmin which
a pattern is formed on the transparent substrate, and
t he transparent substrate and the phase shift filmare
as descri bed above. Further, a light-shielding film
contai ni ng chrom um may be provided on the phase shift
film
[0103]

The phase shift mask (hal ftone phase shift type
phot omask) of the present invention is particularly
effective in exposure in which a pattern is transferred
to the photoresist filmfornmed on a substrate to be

processed with an exposure |ight having a wavel ength of
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250 nmor less, particularly a wavel ength of 200 nm or
| ess, such as ArF exciner |laser |light (wavel ength 193
nm and F2 | aser |ight (wavelength 157 nm, for formng
a pattern having a half pitch of 50 nmor |ess,
particularly 30 nmor less, particularly 20 nmor |ess,
on the substrate to be processed in photolithography.

EXAMPLE
[ 0104]

Herei nafter, the present invention will be
specifically described with reference to Exanples and
Conpar ati ve Exanples, but the present invention is not
limted thereto.

[ 0105]
[ Exanpl e 1]

A 152 mm square, 6.35 nmmthick 6025 quartz
substrate is placed in a chanber of a sputtering
apparatus, a chromumtarget and a silicon target are
used as sputtering targets, and argon gas, nitrogen gas,
and oxygen gas are used as sputtering gases, and a | ayer
conposed of CrSiON was formed with a filmthickness of 5
nm Next, the substrate on which the above CrSiON is
formed is placed in a chanber of another sputtering
apparatus, and a MbSi target and a silicon target are
used as sputtering targets, and argon gas, nitrogen gas,
and oxygen gas are used as sputtering gases, and a | ayer
conposed of MoSIiON is formed with a filmthickness of 71
nm Then the phase difference and the transmttance of
the two | ayers conmposed of CrSi ON and MoSi ON were
measured, the phase difference was 180 deg and the
transm ttance was 6. 0%

[0106]
Next, the conposition of each |layer was neasured
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by XPS, the CrSiON | ayer contained 41% chromum 2%
silicon, 13% nitrogen, and 44% oxygen, and the MSi ON

| ayer contai ned 7% nol ybdenum 38% silicon, 40% nitrogen
and 15% oxygen. That is, the silicon content to the
total of chromumand silicon in the |ower |ayer was 5%
and the ratio of the oxygen content to the total content
of chrom um and silicon was 1.0.

[0107]

Next, a light-shielding filmmde of CrON was
formed in a sputtering apparatus with a filmthickness
of 48 nmso that the OD at the exposure light of 193 nm
was 3 or nore on the phase shift film conposed of the
two | ayers of the CrSi ON | ayer and the MbSi ON | ayer.
[0108]

Next, each |ayer of the photomask bl ank obtai ned
was etched with a Cl -based gas and was etched with an F-
based gas in a dry etching apparatus, the etching rate
of each | ayer was cal cul ated, and the selectivity anpng
each layer was confirnmed. The selectivity of F-based dry
etching between the CrSi ON | ayer and the MoSi ON | ayer on
the quartz substrate was 30, and the selectivity of C -
based dry etching between the CrSi ON | ayer and the CrON
i ght-shielding | ayer was 3.5.

[0109]

FIG 4 shows an outline of the dry etching
apparatus used. The dry etching apparatus 1000 i ncl udes
a chamber 101, a ground 102, a |ower electrode 103, an
antenna coil 104, and high frequency power supplies RF1
and RF2, and a substrate 105 to be processed is pl aced
on the [ ower electrode 103.

[0110]
Next, using the obtained photomask bl ank, a resist

I's applied and a pattern is drawn, and after a resist
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peeling and a fluorine-based or Cl-based dry etching
process of each l|ayer, a photomask having a |ine-and-
space pattern with a line width of 200 nm was obt ai ned.
The obtained pattern portion was cut and the cross-
sectional shape of the pattern portion was observed and
confirmed with a scanning m croscope, the amount of side
etching of the CrSiON | ayer on the quartz substrate was
smal |, and a good shape was nmi nt ai ned.
[0111]
<Fl uori ne-based dry etching conditions>
RF1 (RIE: reactive ion etching): CW (continuous
di scharge) 54W
RF2 (I CP: inductively coupled plasm): CW (continuous
di scharge) 325W
Pressure: 5 mlorr
SFe: 18 sccm
O: 45 sccm
[0112]
<Cl - based dry etching conditions>
RF1 (RIE: reactive ion etching): CW (continuous
di scharge) 700V
RF2 (I CP: inductively coupled plasm): CW (continuous
di scharge) 400W
Pressure: 6 mlorr
Cl 2: 185 sccm
®: 55 sccm
He: 9.25 sccm
[0113]
[ Exanpl e 2]

A 152 mm square, 6.35 mmthick 6025 quartz
substrate was placed in the chanber of the sputtering
apparatus, and a | ayer conposed of CrSi ON was fornmed

with a filmthickness of 5 nmin the sane manner as in
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Exanpl e 1 except for the applied power applied to the Cr
target and the Si target. Next, a |ayer conposed of
MoSi ON was formed with a filmthickness of 70 nmin the
same manner as in Exanple 1. When the phase difference
and the transmttance of the two | ayers conposed of
CrSi ON and MoSi ON were measured, the phase difference
was 180 deg and the transm ttance was 6. 0%

[0114]

Next, the conposition of each |layer was neasured
by XPS, the CrSiON | ayer contained 42.5% chromum 1.5%
silicon, 14% nitrogen, and 42% oxygen, and the MSi ON
| ayer contained 7% Mo, 38% Si, 40% nitrogen, and 15%
oxygen. That is, the silicon content to the total of
chromum and silicon in the |ower |ayer was 3% and the
ratio of the oxygen content to the total content of
chrom um and silicon was 1.0.

[0115]

Next, a light-shielding film mde of CrON was
formed in a sputtering apparatus with a filmthickness
of 48 nmso that the OD at the exposure light of 193 nm
was 3 or nore on the phase shift film conposed of the
two | ayers of the CrSi ON | ayer and the MbdSi ON | ayer.
[0116]

Next, each |ayer of the photomask bl ank obtai ned
was etched with a Cl -based gas and was etched with an F-
based gas in a dry etching apparatus, the etching rate
of each | ayer was cal cul ated, and the selectivity anpng
each layer was confirnmed. The selectivity of F-based dry
etching between the CrSi ON | ayer and the MdSi ON | ayer on
the quartz substrate was 32, and the selectivity of C -
based dry etching between the CrSi ON | ayer and the CrON
i ght-shielding | ayer was 2.0.
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[0117]

When a |ine-and-space pattern having a line width
of 200 nm was produced in the same nmanner as in Exanple
1 and the cross-sectional shape of the pattern portion
was confirned, the pattern portion was good.

[0118]
[ Exanpl e 3]

A 152 mm square, 6.35 nmmthick 6025 quartz
substrate was placed in a chanmber of a sputtering
apparatus, and a |l ayer nmade of CrSiON was fornmed with a
filmthickness of 5 nmin the sane manner as in Exanple
1. Next, a Si target was installed in the chanber of the
sputtering apparatus, argon gas and nitrogen gas were
used as the sputtering gas, and a |l ayer nade of Si N was
formed with a filmthickness of 63 nm When the phase
difference and the transm ttance of the two |ayers
conposed of CrSiON and Si N were neasured, the phase
difference was 180 deg and the transm ttance was 6. 0%
[0119]

Next, the conposition of each |layer was neasured
by XPS, the CrSiON | ayer contained 42.5% chromum 1.5%
silicon, 14% nitrogen, and 42% oxygen, and the Si N | ayer
contai ned 45% silicon and 55% nitrogen. That is, the
silicon content to the total of chrom umand silicon in
the lower layer was 3% and the ratio of the oxygen
content to the total content of chrom um and silicon was
1.0.

[ 0120]

Next, a light-shielding filmmde of CrON was
formed in a sputtering apparatus with a filmthickness
of 48 nmso that the OD at the exposure light of 193 nm
was 3 or nore on the phase shift film conposed of two

| ayers of CrSi ON | ayer and Si N | ayer.
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[0121]

Next, each |ayer of the photomask bl ank obtai ned
was etched with a Cl -based gas and was etched with an F-
based gas in a dry etching apparatus, the etching rate
of each | ayer was cal cul ated, and the selectivity of
each layer was confirnmed. The selectivity of F-based dry
etching between the CrSiON | ayer and the SiN | ayer on
the quartz substrate was 12, and the selectivity of C -
based dry etching between the CrSiON | ayer and the CrON
i ght-shielding | ayer was 2.0.

[0122]

When a |ine-and-space pattern having a line width
of 200 nm was produced in the same manner as in Exanple
1 and the cross-sectional shape of the pattern portion
was confirnmed, the pattern portion was good.

[0123]
[ Exanpl e 4]

A 152 mm square, 6.35 mmthick 6025 quartz
substrate was placed in a chanmber of a sputtering
apparatus, and a |l ayer nade of CrSiON was forned with a
filmthickness of 5 nmin the same manner as in Exanple
1 except that a chrom umtarget was used. Next, a |ayer
made of MbSi ON was formed with a filmthickness of 73 nm
in the same manner as in Exanple 1. When the phase
di fference and the transm ttance of the two | ayers
conposed of CrSi ON and MoSi ON were neasured, the phase
difference was 180 deg and the transm ttance was 6. 0%

[ 0124]

Next, the conposition of each |layer was neasured
by XPS, the CrSiON | ayer contained 35.5% chromum 5.5%
silicon, 10% nitrogen, and 49% oxygen, and the MSi ON
| ayer contained 7% Mo and 38% Si, 40% nitrogen, and 15%
oxygen. That is, the silicon content to the total of
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chromum and silicon in the |ower |ayer was 13% and the
rati o of the oxygen content to the total content of
chrom um and silicon was 1. 2.

[ 0125]

Next, a light-shielding filmmde of CrON was
formed in a sputtering apparatus with a filmthickness
of 48 nmso that the OD at the exposure light of 193 nm
was 3 or nore on the phase shift film conposed of the
two |ayers of the CrSi ON | ayer and the MbSi ON | ayer.

[ 0126]

Next, each |ayer of the photomask bl ank obtai ned
was etched with a Cl -based gas and was etched with an F-
based gas in a dry etching apparatus, the etching rate
of each | ayer was cal cul ated, and the selectivity of
each layer was confirnmed. The selectivity of F-based dry
et ching between the CrSiON | ayer and the MoSi ON | ayer on
the quartz substrate was 28, and the selectivity of C -
based dry etching between the CrSi ON | ayer and the CrON
i ght-shielding | ayer was 10.

[0127]

When a |ine-and-space pattern having a line width
of 200 nm was produced in the same manner as in Exanple
1 and the cross-sectional shape of the pattern portion
was confirnmed, the pattern portion was good.

[ 0128]
[ Exanpl e 5]

A 152 mm square, 6.35 mmthick 6025 quartz
substrate was placed in a chanmber of a sputtering
apparatus, and a |l ayer nmade of CrSiON was fornmed with a
filmthickness of 5 nmin the sane manner as in Exanple
1 except that a chrom umtarget was used. Next, a |ayer
made of MbSi ON was formed with a filmthickness of 73 nm

in the same manner as in Exanple 1. When the phase
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di fference and the transm ttance of the two | ayers
conposed of CrSi ON and MoSi ON were neasured, the phase
difference was 180 deg and the transm ttance was 6. 0%
[0129]

Next, the conposition of each |l ayer was neasured
by XPS, the CrSiON | ayer contained 36% chromum 3%
silicon, 2% nitrogen, and 59% oxygen, and the MSi ON
| ayer contained 7% Mo and 38% Si, 40% nitrogen and 15%
oxygen. That is, the silicon content to the total of
chromum and silicon in the |ower |ayer was 8% and the
ratio of the oxygen content to the total content of
chrom um and silicon was 1.5.

[ 0130]

Next, a light-shielding filmmde of CrON was
formed in a sputtering apparatus with a filmthickness
of 48 nmso that the OD at the exposure light of 193 nm
was 3 or nore on the phase shift film conposed of the
two | ayers of the CrSi ON | ayer and the MoSi ON | ayer.
[0131]

Next, each |ayer of the photomask bl ank obtai ned
was etched with a Cl -based gas and was etched with an F-
based gas in a dry etching apparatus, the selectivity of
each |l ayer was cal culated, and the selectivity of each
| ayer was confirmed. The selectivity of F-based dry
etching between the CrSi ON | ayer and the MoSi ON | ayer on
the quartz substrate was 10, and the selectivity of C -
based dry etching between the CrSi ON | ayer and the CrON
i ght-shielding | ayer was 5.

[0132]

When a |ine-and-space pattern having a line width
of 200 nm was produced in the same manner as in Exanple
1 and the cross-sectional shape of the pattern portion
was confirnmed, the pattern portion was good. The
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selectivity of F-based etching of this filmis 10, and
if nmore oxygen is added than this, the resistance to F-
based etching becones too |low, and the function as a

st opper deteriorates.

[0133]

[ Conparati ve Exanple 1]

A 152 mm square, 6.35 nmmthick 6025 quartz
substrate was placed in a chanmber of a sputtering
apparatus, and a |l ayer nmade of CrON was forned with a
filmthickness of 5 nmin the sane manner as in Exanple
1 except that a chrone target was used. Next, a |layer
made of MbSi ON was formed with a filmthickness of 73 nm
in the same manner as in Exanple 1. When the phase
di fference and transmttance of the two | ayers conposed
of CrON and MoSi ON were neasured, the phase difference
was 180 deg and the transmttance was 6. 0%

[ 0134]

Next, the conposition of each |layer was neasured
by XPS, the CrON | ayer contained 43% chrom um 14.5%
ni trogen, and 42.5% oxygen, and the MSi ON | ayer
contained 7% Mo and 38% Si, 40% nitrogen and 15% oxygen.
That is, the silicon content to the total of chrom um
and silicon in the |ower |ayer was 0% and the ratio of
t he oxygen content to the total content of chrom um and
silicon was 1.0.

[ 0135]

Next, a light-shielding film mde of CrON was
formed in a sputtering apparatus with a filmthickness
of 48 nmso that the OD at the exposure light of 193 nm
was 3 or nore on the phase shift film conposed of two
| ayers of the CrON | ayer and the MoSi ON | ayer.

[ 0136]
Next, each |ayer of the photomask bl ank obtai ned



44

was etched with a Cl -based gas and was etched with an F-
based gas in a dry etching apparatus, the etching rate
of each | ayer was cal cul ated, and the selectivity of
each layer was confirnmed. The selectivity of F-based dry
etching between the CrON | ayer and the MoSi ON | ayer on
the quartz substrate was 33, and the selectivity of C -
based dry etching between the CrON | ayer and the CrON

i ght-shielding | ayer was 1.0.

[0137]

A line-and-space pattern having a |line w dth of
200 nm was produced in the same manner as in Exanple 1,
and the cross-sectional shape of the pattern portion was
confirmed. Side etching to the pattern portion of the
CrON | ayer on the quartz substrate occurred and the
cross sectional shape was not good. This is a result of
the fact that the |lower |ayer of the phase shift film
did not contain silicon, so that the etching rate in the
Cl -based dry etching of the | ower |ayer becane too high.
[ 0138]

[ Conpar ati ve Exanpl e 2]

A 152 mm square, 6.35 nmmthick 6025 quartz
substrate was placed in a chanmber of a sputtering
apparatus, and a |ayer nade of CrSiON was forned with a
filmthickness of 5 nmin the sane manner as in Exanple
1 except that the flow rate of oxygen gas introduced
into the chanber was increased. Next, a |ayer made of
MoSi ON was formed with a filmthickness of 69 nmin the
same manner as in Exanple 1. When the phase difference
and the transmttance of the two | ayers conposed of
CrSi ON and MoSi ON were measured, the phase difference
was 180 deg and the transmttance was 6. 0%

[0139]
Next, the conposition of each |layer was neasured
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by XPS, the CrSiON | ayer contained 33% chromum 4%
silicon, 1% nitrogen, and 62% oxygen, and the MSi ON

| ayer contai ned 7% nol ybdenum and 38% silicon, 40%

ni trogen and 15% oxygen. That is, the silicon content to
the total of chromumand silicon in the |ower |ayer was
11% and the ratio of the oxygen content to the total
content of chrom um and silicon was 1.7.

[ 0140]

Next, a light-shielding filmmde of CrON was
formed in a sputtering apparatus with a filmthickness
of 48 nmso that the OD at the exposure light of 193 nm
was 3 or nore on the phase shift film conposed of the
two | ayers of the CrSi ON | ayer and the MbSi ON | ayer.

[ 0141]

Next, each |ayer of the photomask bl ank obtai ned
was etched with a Cl -based gas and was etched with an F-
based gas in a dry etching apparatus, the etching rate
of each | ayer was cal cul ated, and the selectivity of
each layer was confirnmed. The selectivity of F-based dry
etching between the CrSi ON | ayer and the MoSi ON | ayer on
the quartz substrate was 0.5 or |ess, and the
selectivity of Cl-based dry etching between the CrSi ON
| ayer and the CrON |ight-shielding | ayer was 3.0.

[ 0142]

When a |ine-and-space pattern having a line width
of 200 nm was produced in the same manner as in Exanple
1 and the cross-sectional shape of the pattern portion
was confirmed, digging (over-etching) occurred into the
quartz substrate. In the CrSIiON film (Il ower |ayer)
havi ng a hi gh oxygen content, the etching rate in F-
based etching becones too fast, and the etching proceeds

to the quartz portion.
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[ 0143]
[ Conparati ve Exanpl e 3]

A 152 mm square, 6.35 mmthick 6025 quartz
substrate was placed in a chanmber of a sputtering
apparatus, and a |l ayer nmade of CrSiON was fornmed with a
filmthickness of 5 nmin the sane manner as in Exanple
1 except for the applied power applied to the Cr target
and the Si target. Next, a |layer made of MdSi ON was
formed with a filmthickness of 69 nmin the sanme manner
as in Example 1. When the phase difference and the
transmttance of the two | ayers conposed of CrSi ON and
MoSi ON wer e neasured, the phase difference was 180 deg
and the transmttance was 6. 0%

[0144]

Next, the conposition of each |layer was neasured
by XPS, the CrSiON | ayer contained 32% chromum 7%
silicon, 4% nitrogen, and 57% oxygen, and the MSi ON
| ayer contai ned 7% nol ybdenum and 38% silicon, 40%
nitrogen and 15% oxygen. That is, the silicon content
to the total of chromumand silicon in the |ower |ayer
was 18% and the ratio of the oxygen content to the
total content of chromumand silicon was 1.5,

[ 0145]

Next, a light-shielding filmmde of CrON was
formed in a sputtering apparatus with a filmthickness
of 48 nmso that the OD at the exposure light of 193 nm
was 3 or nore on the phase shift film conposed of the
two |ayers of the CrSi ON | ayer and the MbSi ON | ayer.

[ 0146]

Next, each |ayer of the photomask bl ank obtai ned
was etched with a Cl -based gas and was etched with an F-
based gas in the dry etching apparatus, the etching rate

of each | ayer was cal cul ated, and the selectivity of
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each layer was confirmed. The selectivity of F-based dry
et ching between the CrSiON | ayer and the MoSi ON | ayer on
the quartz substrate is 12, and for Cl-based dry etching
between the CrSiON | ayer and the CrON |ight-shielding

| ayer, the CrSION film (lower layer) with a high Si
content could not be peeled off by chlorine-based
etching and the selectivity could not be cal cul at ed.
[0147]

It should be noted that the present invention is
not limted to the above-described enbodi nents. The
enbodi nents are just exanples, and any exanples that
substantially have the sane feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are
i ncluded in the technical scope of the present invention.



48

CLAI M5

1. A phase shift mask bl ank having a transparent
substrate and a phase shift filmformed on the
transparent substrate,

conpri si ng,

t he phase shift filmhas a phase difference of 160
to 200° and a transmittance of 3 to 15% at exposure
wavel ength of 200 nm or |ess,

t he phase shift filmincludes a | ower |ayer and an
upper layer in order fromthe transparent substrate side,

t he upper layer contains transition nmetal, silicon,
ni trogen and/ or oxygen, or silicon, nitrogen and/or
oxygen,

the | ower |ayer contains chromum silicon
ni trogen and/ or oxygen, and the content of silicon is 3%
or more to |less than 15% for the sum of chrom um and
silicon in the lower layer, and the ratio of oxygen
content to the total content of chrom um and silicon is
|l ess than 1.7, and

etching selectivity of the upper layer is 10 or
nore conpared to the | ower layer in fluorine-based dry
et chi ng.

2. The phase shift mask bl ank according to claim1,

wherein the transparent substrate conprises quart z.

3. The phase shift mask blank according to claim1 or
2, wherein the filmthickness of the lower layer is 2 to
10 nm and the filmthickness of the upper layer is 50 to
80 nm

4. The phase shift mask bl ank according to any one of
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claims 1 to 3, wherein the transition netal in the upper
| ayer is nol ybdenum (Mo) and the content of nolybdenum
(Mo) for the sumof silicon (Si) and nmol ybdenum (M) is
20% or | ess.

5. The phase shift mask bl ank according to any one of
claims 1 to 4, wherein further conprising a |ight
shielding filmcontaining chrom um on the phase shift
film and etching selectivity of the |ight shielding
filmis 1.2 or nore and 10.0 or | ess conpared to the

| ower | ayer in chlorine-based dry etching.

6. The phase shift mask bl ank according to claimb5,
wherein further conprising a hard mask fil m contai ning
silicon, oxygen, and/or nitrogen on the |light shielding
film

7. A met hod for producing a phase shift mask
conpri sing produci ng a phase shift mask using the phase
shift mask bl ank according to any one of claims 1 to 6.

8. A phase shift mask having a transparent substrate
and a phase shift filmin which a pattern is formed on
t he transparent substrate,
conpri si ng,
t he phase shift film has a phase difference of 160
to 200°and a transmttance of 3 to 15% at exposure
wavel engt hs of 200 nm or | ess,
t he phase shift filmincludes a | ower |ayer and an
upper layer in order fromthe transparent substrate side,
t he upper layer contains transition nmetal, silicon,
ni trogen and/ or oxygen, or silicon, nitrogen and/or

oxygen,
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the | ower |ayer contains chromum silicon
ni trogen and/ or oxygen, and the content of silicon is 3%
or more to |less than 15% for the sum of chrom um and
silicon in the |ower layer, and the ratio of oxygen
content to the total content of chrom um and silicon is
|l ess than 1.7, and

etching selectivity of the upper layer is 10 or
nore conpared to the | ower layer in fluorine-based dry

et chi ng.

9. The phase shift mask according to claim@8, wherein

t he transparent substrate conprises quartz.

10. The phase shift mask according to claim8 or claim
9, wherein the filmthickness of the lower layer is 2 to
10 nmand the filmthickness of the upper layer is 50 to
80 nm

11. The phase shift mask according to any one of
claims 8 to 10, wherein the transition netal in the
upper layer is nmolybdenum (Mo) and the content of
nol ybdenum (Mo) for the sumof silicon (Si) and

nol ybdenum (Mo) is 20% or | ess.

12. The phase shift mask according to any one of
claims 8 to 11, wherein further conprising a |ight
shielding filmcontaining chrom um on the phase shift
film and etching selectivity of the |ight shielding
filmis 1.2 or nore and 10.0 or |ess conpared to the
| ower | ayer in chlorine-based dry etching.



