- 1 - DESCRI PTI ON PHOTOVASK BLANK, PHOTOVASK AND
METHOD FOR PRODUCI NG THOSE Technical Field [0001]

The present invention relatels 40 techni ques for
fabricating a photonmask bl ank and a phot omask used for
fabricating a sem conductor integrated circuit, a CCD
fEsergpregyp! ed device), a color filter for an LCD
(liquid crystal display device), a magnetic head and
so on. Background Art [0002] Finer circuit patterns
have grown in demand in response to finer processing
PHOB@MA SK rBLANIO; FHOMOMASK ANDE MBETHOPEROR, PRODUCING THOSE
particularly in response to higher |evels of
integration of |large scale integrated circuits. In
order to achieve finer <circuit patterns, a technique
YephmagahF¥eke lines in a wiring pattern making up a
circuit, a technique for making a fine .pattern of a
YLkt hole used for wiring between |ayers making up
a cel], and ot her technigues are necessary. These
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crystal display device), a magnetic head and so on.

Background Art
[0002] |

- Finer circuit patterns have grown in demand in response
to finer processing of semiconductor devices in recent years,
particularly in response to higher levels of integration of
- large scale integrated circuits. In order to achieve finer
.circuit patterns, a technique for-making fine lines in awiring
pattern making up a circuit, a technique for making a fine
pattern of a contact hole used for wiring between layers making
up a cell, and other techniques are necessary. These kinds
of patterning have been pe:l__*formed by optical 1ithogfaphy using
photomasks, and thus techniques for forming finer ﬁhotomask
‘patterns with high precision have been demanded.
{0003]

In order to form a photomask pattern on a photomask

substrate with high precision, it is necessary to first form




Actually a sem conductor substrate is processed by

optical Ilithography using reduced projection, and

thus the size of a patternforned on a photomask used

in this exposure process s generally about four

times as large as the size of a pattern to be printed
e. [00 t he . .sizes. of -
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tredie muiadesl o dhef sruhstgsitst.onask pattern with
extremely high precision on a photomask serving as a

of a witten circuit pattern. |In order to
reduge the influepce of the interference or the |ike
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to the influence of interference or the like of 1light generated
during exposure. For this reason, it has been necessary to
form a photomask pattern with extremely high precision on
a photomask serving as a master of a written circuit pattern.
In order to reduce the influence of the interference or the
like of light during exposure, a photomask pattern (so-called
OPC pattern) having a more complicated shape than an actually
written circuit pattern may be used in some cases.

[00051]

As described above, also in lithography technigques for
obtaining photomask patterns, high patterning accuracy is
desired as in optical lithography techniques for performing
 fine processing on semiconductor substrates and so on. A
J.imited resolutionisgenerallyusedas an index of 1lithography

performance. However, in reality, a lithography technique




for a process of patterning a photomask requires a
limted resolution equal to or higher than that of an
optical _lithography techni que for a process of
printing a pattern forned on the photomask onto a
-sem conductor substrate. [0006] Photomask patterns
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a resist pattern is obtained. After that, a pattern
[@hed brrask pattern) including a light shielding part

and a translucent part is forned by using the resist
pat t #otemasinpattarng hmsk been maimbk fayssd bAnelectron
ordinary mask | ayer has a |amnated structure of an

RaAm PEPPBRTE v Ehaiay anrekpedinghme thod eisdingylighbihas been
400_ 7] . As finer Ehotomask patterns are formed, finer
ildAbleyat PERRT ALY - (D PREFOTRRERT FH Y 4SrfiTat formed on

BBk, B 5l R T3S
f I [ 3 [ t ti )
ST OGRS R
' h tl f
0t 80 20 on AL At RO LG 505500 8 b8 bt

sPEnhe Lebehker %&@t eFRIUCLBY L REgAC Cifjfa %}f‘ t\c,imfaﬁ{ {E\h%at tern

transferring the pattern to a mask
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in extreme cases, a part of

translucent part is formed by using the resist pattern as

an etching mask for a mask layer. An ordinary mask layer has
a laminated s{:ructure of an antireflective layer and a light
shielding layer.

[0007]

As finer photomask patterns are formed, finer resist
pattern‘s are formed. Whenonlya resist pattern ismade finer
without reducing the thickness of a resist film, a resist
part acting as an etching mask for a mask layer increases
in aspect ratio (a ratio between the thickness of the resist
film and a pattern width). Generally, when the aspect ratio
of a resist pattern increases, the shape of the pattern is
apt to deteriorate, reducing the accuracy of transferring
the pattern to a mask layer with the resist pattern serving

as an etching mask. Moreover, in extreme cases, a part of




4 the resist pattern may fall or cone off, so that
pattern | oss mayoccur. Therefore, as finer photomask
patterns are forned, it is gecessary to reduce the
thi ckness of a resist used as an etching mask for
patterning a mask Iayer and prevent an extrenely high
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compound film | arge anount o or mat1 on
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al ways- used as a light shielding filmmterial, which

draisrdmeely i anipedt wataisf.abl i shed as a standard
processi ng process. For exanple, Patent docunent 1

(@B hese Patent Lai d-Qpen No. 2003-195479), Patent

docunent 2 (Japanese Patent Laid-Qpen No.
2003-1198483)-al13nda Peweber dut wederitl(s) hpaecbeen already

Regi stered Utility Mddel No. 3093632) disclose
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ichallht shleldln filmhaving a Iight shielding
Haﬁd'aaslaf e INGm K EepdptanE arpotehing

“ia E)lfé a_chrom urg[ oun% The .t hi.ckness of_ the
| éﬁw‘t ShFRPER AP YGRS SS9ARAING, GECBANGNPE o2 79 FRRLum

t [ il mAhavin thlsthlcknes i
pa toerneg gﬁl I%%gaé}'%e%}tstoﬂag&ogf'ﬁabg AT able.

19hh8het 18ai 'dé@ ,0f éthM f&gbﬁph“&é qb h{lsga%@ light
conmpound filmis genera erne y YEhBFT rie- Bas
sdlﬁ.)éldlng film material, which has been substantially
established as a standard processing process. For example,
Patent document 1 (Japanese Patent Laid-Open No. 2003-195479),
Patent document 2 (Japanese Patent Laid-Open No. 2003-195483),
and Patent document 3 (Japanese Registered Utility Model No.
3093632) disclose examples of the configuration of a photomask
blank in which a 1light shielding film having a 1ight shielding

property demanded of photomask blanks for ArF exposure is

made of a chromium compound. The thickness of the light

shielding £ilm is set at about 50 nm to 77 nm, and the light

shielding film having this thickness is patterned only with
a resist mask.
[0009]

A light shielding £film of a chromium film and a chromium
compound film is generally patterned by chlorine-based dry

etching containing oxygen. In many cases, this etching




et chi ng contai ni ng oxygen. In many cases, this etching
- 5 condition produces an etching effect that is not
negligible on an organic fig msuch as a resist. Thus

when etching the light shielding f ilmMth a
relatively thin resist filmserving as a mask, the

R0 /PP B P, B0
&h fdd Gldanti® BE SR %%%tatgs %{] %['J.Stt e ':Pﬁﬁ@ v.g%fo]e%%lhi'hg the

pattern  onto t

iﬂ@@ﬂghlelalhﬁf&ﬁﬁ@ﬂﬂﬁﬁk%thRGEE?Ehﬂﬂ%égléP%fﬂmserv1ng

phot oresi st, Wwhich is an organic to have etching
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resol ution and high patterning accuracy. Thus in

wadesrn ds ethaomyddh@urlioed the &tchdingt, dor thgtt he becomes
etching of a light shielding film and forma
Gt rikk toaprecihsely Hrsingfier phecosiginal resist pattern
selection of a material of the light shielding film
90 tihe plelghdeaivfiedsdng Fdtldht docunment 1] Japanese
te t Lai d-Open No. 2003-195479 [Patent docunent 2]
Jﬁﬁﬁﬂ%se Pat ent Lai d- Open No. 2003-195483 [ Pat ent
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resistance (plasma resistance) enabling a high resolution
and high patterning accuracy. Thus in order to reduce the
load on a resist during the etching of a light shielding film
and form a photomask pattern with higher precision, the
selection of a material of the light shielding film has to
be reexamined.
[Patent document 1] Japanese Patent Laid-Open No.
2003-195479
[Patent document 2] Japanese Patent Laid-Open No.
2003-195483
[Patent document 3] Japanese Registered Utility Model No.
3093632
[Patent document 4] Japanese Patent Laid-Open No.

2001-312043

[Patent document 5] Japanese Patent Laid-Open No. 63-85553

Disclosure of Invention

Problem to be solved by the invention




Problemto be solved by the invention 6 - E00111 As to

a material of a light shielding film a nunber of

exam nati on exanpl es have begn- al ready avail abl e. For
exanpl e, in Patent docunent 4 (Japanese Patent

Lai d- Open No. 2001-312043), an exanple is reported in
ybbghia tantalumnetal filmis used as a light
shielding | ayer for ArF exposure. |In this exanple,

the Ladted unnedliahl bR s U3t 3%18104AR £13R, *b0hUfver
| ayer and a tantalumoxide fI'imis used ds an

afit exehiratior d:tfiles NMavdivded HIGIRES RfaiddAK  For
| ayer including these two |ayers is set at about 70
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to reduce a load on a resist during the etching of
201 nakk04 3y ern exampiesks rapertedsiedivheld atbardftalim netal
gas pl asma that causes relatively | ess danmage on the
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fel cted, a reduction in the load on the resist is
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mask have been attenpted in the past. For exanpl'e,
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is etched by fluorine gas plasma that causes relatively less
damageontheresist. However, even if such etchingconditions
are selected, a reduction in the load on the resist is limited
during the etching of the mask layer as long as the light
shielding layer and antireflective layer having a total
thickness of about 70 nm are used only with the resist serving
as an etching mask. It is thus difficult to sufficiently
satisfy a need for high-precision formatioh of a fine mask
pattern.
[0012]

On the other hand, techniques for reducing a load on
a resist during dry etching by using a hard mask have been
attempted in the past. For example, Patent document 5
- (Japanese Patent Laid-Open No. 63-85553) discloses a
technique of performing dry etching on a metal silicide film

while using, as an etching mask, a S$i0; film formed on the




techni que of performng dry etching on a netal
silicide film while using, as an etching mask, a S102
filmfornmed on the 7 netal sidicide film However,
the Si2 filmis |ess conductive and thus charge-up
may occur during el ectron beam exposure. Further, a
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respond to a need for high-precision formation of a fine
photomask pattern. This problem is serious particularly in
a photomask pattern for ArF exposure in which exposure light
has a short wavelength and a high resolution is necessary.
[0014]

The present invention is designed in view.of these
problerﬁs and has as its object the provision of a photomask
blank and a photomask fabricated using the photomask blank.
The photomask blank has a configuration capable of reducing
a load on a photoresist used as a mask when forming a photomask
pattern and capable of forming a fine photomask pattern with

high precision, and the photomask blank has physical

properties required for a defect inspection and so on.

Means for solving problem




properties required for a defect inspection and so on.
Means for solving problem8 - [0015] A first invention
is a photomask bl ank conpri g ng a light shielding

| ayer of a netal filmwhich cannot be substantially
etched by chl orine-based dry etching containing oxygen
‘6615 + 0) based) and can be etched by chlorine-based
dry egchlng not contai ni ng oxygen (A based) and
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etcthed by chllokeast based dry bltehiingr B@ﬁeshﬁliﬂ FxSeng ( (c1L
cont ai ni ng oxygen ((d + 0) based) and fluorlne based
di0) basedilngnfFcdmdedptch8flby cHherimd Baddd @riySetching
preferably a netal or alloy mainly conposed of at
nféasqorotﬁelmmloxxgem diidntbase & tagd filomrinerbalsed dry
sten zirconium (Zr), hafnium (Hf),
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[0016]

The metal film is preferably a metal or alloy mainly
composed of at least one metallic element selected from
tantalum (Ta), tungsten (W), zirconium (Zr), hafnium (Hf),
vanadium (V), niobium (Nb), aluminum (Al), and germanium (Ge).
[0017]

Further, it is preferable that the light shielding layer
ismade up of a plurality of metal £ilms, has an optical density
OD of not lower than 2 relative to the wavelength of exposure
light, and has a thickness of 15 nm to 50 nm.

[0018]

Moreover, it is preferable that the antireflective layer
has an extinction coefficient k of 0.2 to 1.0 relative to
the wavelength of exposure light and includes at least one

of a chromium compound £ilm and a silicide film. 'The chromium

compound is preferably a compound mainly composed of chromium




t he wavel ength of exposure light and includes at | east
one of a chrom um conpound filmand a silicide film
The chrom um conpound is preferably a conpound mainly
conposed of chromum9 oxide, chromumnitride, or
nitride chromate. It is nore preferable that the
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at.%silicon (Si), Oto 0 at. % oxygen (
BERoPghitrogen (N), and 0 to 30 at.%carbon (C).
[0020] Second to fifth inventions are methods of
f abr Moaeiover , atipé atidnissideu sisngraf ghab byres kolmpankd mainly
including an antireflective |ayer of a netal conpound
qonnAsSAd ef sdddeon odkdesubildavnalityristieched siylicon oxygen
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cont ail ni ng oxygen ((C1+0) based) and can be etched by
[elalz@r]i ne-based dry etching not containing oxygen (CQ
based) and fluorine-based dry etching (F based).

Second to fifth inventions are methods of fabricating
a photomask using a photomask blank including an
antireflective layer of a metal compound film which cannot
be substantially etched by chlorine-based dry etching not
containing oxygen (Cl based) and can be etched by at least
one of chlorine-based dry etching containing oxygen ( (Cl1+0)
based) and fluorine-based dry etching (F based), the
antireflective layer being stacked on a 1ight shielding layer
of a metal film which cannot be substantially etched by
chlorine-based dry etching containiﬁg oxygen ( (C1+0) based)
and can be etched by chlorine-based dry etching not containing
oxygen (Cl based) and fluorine-based dry etching (F based).
The methods includes the following steps:
[0021]

The second invention includes a first step of patterning

the antireflective layer by (Cl + O)-based dry etching using




The met hods includes the follow ng steps: [0021] The
second invention includes a first step of patterning
the antireflective |ayer byi16C. + 0) -based dry
etching using - 10 a resist mask forned by patterning
on the principle surface of the anti refl ective | ayer,
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The fourth invention includes a first step of patterning
the antireflective layer by F-based dry etching using a resist
: mask formed by patterning on the principle surface of the
antireflective layer, and a second step of patterning the
light shielding layer by Cl-based dry etching using the
patterned antireflective layer as a hard mask.

[0024]

The fifth invention includes a step of successively
patterning the antireflective layer and the light shielding
layer by F-based dry etching using a resist mask formed by
patterning on the principle surface of the antireflective
layer.

[0025]
In the second to fifth inventions, the resist mask

- preferablyhas a thickness of 75 nmto 350 nm and more preferably

has a thickness of 100 nm to 250 nm.




| ayer. [0025] 1In the second to fifth inventions, the
resist mask preferably has a thickness of 75 nmto

350 nm and nore preferably 1ilbas a thickness of 100 nm
to 250 nm [0026] Further, it is preferable to

i ncl ude, subsequently to the second step of the second
f@oheyrth inventions or the step of F-based dry

etching of the fifth invention, a step of
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Effect of the invention [0027] In the present

ohvaddi imnablerpradwiding ry stiddmy endsigt alisky formed by

characteristics (different kinds of material) are

R g ot fhenpattenhed gintthreflnctiofd datyere affager the
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AR R e Jeve ﬁ&?oﬁﬁ%kllﬁagt ghieldinat hayer by dry
j ti.Qns d thi cknesses of filns making up these

elq%;}el?l glrs Cé)mﬁ!r %p%éar ISP oS EF@&,S%t Mee¥oy providing a

phot omask bl ank that has a configuration capabl e of

reducing a load on the resist mask and formng a fine

HEFRIeNMReK tRal Ligkan t\Wohh hi gh precision and has
physi cal properties required for a defect inspection,

[@ocd7g phot omask fabricated using the

In the present invention, materials having different
etching characteristics (different kinds of material) are
selected as the materials of the antireflective layer and
the light shieldinglayer, the configuration of anewphotomask
blank is used for reducing a load on a resist mask by using
the etching selectivity during the formation of a photomask
pattern, and the compositions and thicknesses of films making
up these layers are properly selected, thereby providing a
photomask blank that has a configuration capable of reducing
a load on the resist mask and forming a fine photomask pattern
with high precision and has physical properties required for
a defect inspection, and a photomask fabricated using the

photomask blank.

Brief Description of the Drawings

[0028]




phot omask bl ank. Brief Description of the Draw ngs
[0028] 12 Figure 1 is a sectional schematic view for
expl ai ning an exanple of-tphg basic configuration of a
phot omask bl ank according to the present invention;
Figure 2 is a sectional schematic view for explaining

a str al a in i ch.the phot gmask bl ank.of .
The pichifes TEOPacet ol Shndiae” YO frds ERGiRtping
AR s AMAK o £ it B 535 PE é&@%@#&%@‘ﬁf%s Pi'BE pask blank
expl aining a process exanp of explai nfng the

REQREEHN P& PO PrHerdth s RfQERsk bl ank according
to the present invention; Figures 4A to 41 are

dr awiFigireor €% ph adddtihbrial iddHematiRC QI Swe X3 PERpifining
expl ai ning the processing process of a phase shift
asbkudtenkl eaganpile 1g whi diheh@phs tohasR b2 ahk@T theptlesent
Figures 5A to 51 are drawi ngs for explaining a second
invsadsione dansanfiigunesplas @i plaiskee spidte smiskg blaokess

of a_ phase shift mask bl ank according to the present

i nvefiloyRes Phske i3k poa draviegsyitdolexpledzdng alprocess

hoEﬁg$ kK substrate 12 light shielding layer 13
egﬁ'ﬁ"\ L erpLAfayRe thepypgassingpeecass ef dlieappotomask

: r| r hift | r
ﬁTﬁ% %ccoa %ng %% %E%S%r%senE i% gntion:

Figures 4A to 4I are drawings for explaining a first
process example for explaining the processing process of a

phase shift mask blank according to the present invention:

. and

Figures 5A to 5I are drawings for explaining a second
process example for explaining the processing process of a

phase shift mask blank according to the present invention.

Description of the Symbols
[0029]}

11 photomask substrate
12 light shielding layer
i3 éntireflective layer
14 buffer layer

15 etching stopper layer
16 phase shift layer

17, 17a resist £ilm

. Detail Description of the Invention




17, 17a resist filmDetail Description of the

I nvention 13 - [0030] The present invention wll now
be described with referenceszto the acconpanying

drawi ngs. The inventor et al. have earnestly conducted
studies to solve a problemof reducing a | oad on a

ﬁ&%&imrmsk that is used during the formation of a
L otomask pattern. As a result, it has been found

h Il [ .and I Qi | al
havi g CaPe PP e LA Teb W LinarHcPe, PepRrdBhy vk
| | ] shi_el di I t hat
PRSI S Shq B ortreld Wb, 5 Foauce & | ond

on agmesinken®ok d¢r b9 hhGef LOn..0 o ,
pattern and obtain a p%ot%ﬁgsEE%EF§E£¥ %ge?ﬁg@eﬁ OR34ies

Tphyssiload appoPBlém &SF rREIdie B0lodd ds ef trelsisRembRNthat
and so on. [0031] For a light shielding Iayer
isclasdeduring thaveormabtadén ¢hoi gredordskpatideensanks a
material as an antireflective layer has been selected
nesudtowidf hagc beenatoundattiati bpl optimeliby selething and
fabrication process. Hence, the antireflective |ayer
CORPIH@9 Mgterdpils davdndaddLfiesentsdny etcbivgi ng
haracteristics, and a process of etching and _
mrﬁj’%ﬁé fomt ArefPddEeddecijue dayernangj ghiight
hi el ding.l ayer ga been used with_ a resist mask .
%%ﬁg%iiggg&ﬁy¥ﬁet ﬁ%iW@%FeEPi9em?§§e+?yefoo%§]l$rP°SSlble
t%o%rdﬂ%"e’ at ESaHrSi%th régyggtfngs " l?fs’iz?g ntef\lNe formation of
a photomask pattern and obtain a photomask (blank) having
physical properties required for a defect inspection and so
on.
. [0031]

For a light shielding layer included in a conventional
photomask blank, the same material as an antireflective layer
has been selected in view of facilitation and simplification
of the fabrication process. Hence, the antireflective layer
and the light shielding layer have similar etching
characteristics, and a process of etching and processing the
antireflective layer and the light shielding layer has been
used with a resist mask provided on the antireflective layer.
[0032]

In contrast, the present invention uses a new
configuration in which materials having different etching

characteristics (different kinds of material) are selected

- as materials of an antireflective layer and a 1ight shielding




configuration in which materials having different
etching characteristics (different kinds of material)
are selected as materials o§ an antireflective |ayer
and a light shielding 14 |ayer and a | oad on a resist
mask during the formation of a photomask pattern is

A LI e P SRR bt MR SR o
4 Bk AR e Sl ULy G5 5015 630y

toezantireflective layer and the light shielding |ayer
can be etched by using the patterned antireflective

| ay emhas ws 118f €heBdhilriPes1 b etdity desald hRdiakeedtive

As a result, a load on the resist mask is reduced and

Tayphargd dhet Ndghitaphieflldng eayel, pat keEfsitSmask can be

consi derably reduced, so that the original resist

yrad er rfas epeagilsel ortlyarmst dihee @ tich inlge maski fof thet | ve

| ayer. By etching the light shielding |ayer with the

Piiraertiye logkireanidy &heajéghteshiagdingalayed can be

k,. a predeterm ned photomask pattern is preci selg/

et%%’r BY (st h theaP T Bprned mndiigiedd echisie 1pposms @ hard

Mor.eover, wth the configuration of the photonmask

Mg, kD5 ab{‘%éﬁﬁcw%kgﬁaﬁﬁsﬁ?h hehd AnESBRLE: chiAgd on
i . LSt . mask i s shqrtened and th t he

tH Bheis? BRSk"ha,FBRNeRA 389 heRERnde “ohokBe hierg of
' f e [ s

S PP AT 1 S Bbh SR Ry B Do Bl e otnan

r@&@&hﬂ&ﬂﬂéﬂmié%&@8&?éﬂ?¥%ﬁﬁ§ébffé@£8%H@%. ireflective
deteriorated shape of & pattern, a pattern [oss due
ﬂa?e&.paBiéﬂbhingfh@iiﬁﬁ%%hieldinglayerwiththepatterned
antireflective layer serving as a hard mask, a predetermined
photomask pattern is precisely transferred on the light
shielding layer.
{0034]

Moreover, with the configuration of the photomask blank
of the present invention, the time of etching using the resist
_mask is shortened and thus the thickness of a resist can be
reduced. Therefore, a fine photomask pattern does not cause
a too high aspect ratio and it is possible to avoid problems
~about pattern transfer accuracy reduced by a deteriorated
shape of apattern, apatternloss due toapartially exfoliated
resist pattern, and so on.
[0035]

The materials are selected under the conditions that

_the antireflective layer has physical properties required




resist pattern, and so on. [0035] The naterials are
sel ected under the conditions that the antireflective
| ayer has physical propertigg required - 15 for a
defect inspection and so on. Thus, unlike the
conventional photonask bl ank descri bed in Japanese

Eatent f é% 63- 85553, the eflectivkty of
TPt st‘i”% o P SHA 5o Thrgh HBltkenkRe a
It h
UM e it o e

BeLPL M tdh L
[ Enbodi nent ljgb[iﬁ?gﬁj ( aS|c con |gu&§n|on gF a
Pl erdc v Kayd 083 Indd B SihH S t%eﬂdk%n%l defect

schematic view for explaining an exanple of the basic
inﬂﬁeQﬁﬂdﬁIdeﬂﬂcdiﬂQhOTﬁEH?kebbﬂﬁk1n9§ntﬂ6npﬁE§Enbe more
i nvention. The photonask bl ank includes, on one
greacich el sudésceinéd befbationaskosa@linte #tiehlthe fohkbRing
filmas a light shielding |ayer 12. The netal film
emhbimenys .subst antial |y etched by chl orine-based dry
~etching containing oxygen ((C + O-based dry
kﬁmﬁﬂqﬁﬂﬁqﬁmilcan be etched by chlorine-based dry
chi.ng not contai ning oxygen (C -based dry etching)
6]fluorine based dry etching (F-based dry

h The qQt omask bl ank further udes,
gﬁc %#P BIC) P%y@rp% Lop 5?385§pound f|In1as
[%% tlreflectlve | ayer 13. The netal conpound fil m

cannot
Figure 1 is a sectional schematic view for explaining

an example of the basic configuration of a photomask blank
of the present invention. The photomask blank includes, on
one principle surface of a photomask substrate 11, a metal
£film as a light shielding layer 12. The metal film cannot
be substantially etched by'chlorine-based dry etching

containing oxygen ((Cl + O)-based dry etching) and can be
etched by chlorine-based dry etching not containing oxygen
.(Cl-based dry etching) and fluorine-based dry etching

(F-based dryetching). The photomaskblank further includes,
on the light shielding layer 12, a metal compound film as
an antireflective layer 13. The metal compound £ilm cannot
be substantially etched by chlorine-based dry etching not
containing oxygen (Cl-based dry etching) and can be etched
by at least one of chlorine-baseddryetchingcontainingoxygen
((C1 + 0)-based dry etching) and fluorine-based dry etching

(F-based dry etching). The photomask substrate 11 is not




be substantially etched by chlorine-based dry etching

not containi ng oxygen (Cl-based dry etching) and can

be etched by at |east one @k chlorine-based dry

et ching containing oxygen ((C + O -based dry

etching) and fluorine-based dry etching (F-based dry
sk_substrate 11 |s not .16

BRFPLOM s Ty AL SIS0 MRS 02 S Sl omeparent
LhBaERat sHaae YRSIALE, Wit A Auflfiin ke g1nss,

um nosi |1 cat e gfass, erirals

bPi stea@sematbeigonditions of (A + 0) -based dry
etching may be known conditions conventionally used

foozperformng dry etching on a chrom um conmpound

film and the conditions of (O + 0) -based dry

et chilngthie case, Adid conlatiynk ioF (€+ 0)FBasREdPY 8Lching

the mixing ratio of chlorine gas and oxygen gas (Cl2

Ry b xngam) cosditions doRvént POndlin dsedr€oaf pek€forming

volunme flow rate ratio, and inert gas containing

¢y i9hatdny 98 @ichromiur xempauad fitbes ssrd/ thEucbhditions

it has been confirmed that when oxygen gas is m xed

oF ti¢la HvO) uhsed &y atebing arefnobragtigugdpaly limited.

ﬁelative to chlorine gas, etching does not

Qo SEMPLEY | The MiEddd Ba tiReoFadiorinengas and oxygen gas
lght __shiel di | ayer_of. the photomask bl ank_ of the

(sictne® Unate e 2F I C e L Ea0eGitin Earpl e e VoLune
' ' pr | nent,,_.et.chi as m xed

L1 Sl rotiol | S8 no EUPRE Tllleq iRy BondiR BhE°Fp on

i<’m i t ; gt

20 ifi&&‘m&ms&% awf I’if"l.ﬂ:‘éﬂéy\,/ Eg&eas Blesd c%%%rmggcglaat

andhel i um gas w | owr at e of sccmis 1Tntro

WHYEIO oMy dirC a0 iShARREE, wad thr ﬁs_%H‘iﬁmEnfiB\? FHREVRELES of
set at 2 Pa, and then dry etching Is perforned.
5% or higher relative to chlorine gas, etching does not
substantially proceed on the metal £ilm used as the light
shielding layer of the photomask blank of the present invention.
In the subsequent embodiments, including the preseﬁt
_ embodiment, etching gas mixed with gas containing chlorine
.gas with a flow rate of 20 sccm, oxygen gaé with a £low rate
of9sccm,andheliumgaswithaflowrateof8osccmisintroduced
into an etching chamber, a pressure in the chamber is set
‘at 2 Pa, and then dry etching is performed.
[0039]

Moreovgr, in the conditions of Cl-based dry etching,
the volume mixing ratio of oxygen gas is set lowexr than 5%

relative to chlorine gas. It is generally preferable to use

only chlorine gas as etching gas. In this embodiment, only




[0039] Moreover, in the conditions of O -based dry
etching, the volune mxing ratio of oxygen gas is set
l ower than 5% relative te thlorine gas. It is
generally preferable to use only chlorine gas as
etching gas. In this enbodi nent, only - 17 chlorine

| f r f s..used and, et chi .
GREoLLAT e bl FETof ndle 3D BRAIRAR it B 5Efning
VR9498 A 3% fffeds tGiRg |

] uﬁﬁ%ﬂe@lﬁ‘éﬁﬁ?ﬁ% digse%l}%ﬁé S G pLH B hamper.
Feod@] ni ng ‘oxygen and so on may be added when

necessary. In this enbodinment, C2F6 gas is used, only
C2F6 Tyes gaist lnsadf IFow Fabaseadl d2¢ seemling ¥sed, and a
pressure in the chanber is set at 2 Pa. [0041]] As a
eeirine {gorftarintimg gaghtucthias| Cif ngnd ayPr. 1%akagbiigaining
such etching characteristics, a netal filmnmainly
ORI ahd ¢fo R Flay decladded aiteal mecesapry .t ubgstieis
‘%&?\gﬂﬁ zirconium (Zr) , hafnium (Hf ), vanadium (V),
A IND F2F @ 98F AEneRd) ok C:Hergashiwiih( @Flpw rate

% il abl e. These maagﬁi al s have a, hitg_'her extinction
Foet’s PEPBNTS (4841 2 306 BnPLATEEFS HRtiHle chpmber ipj gat at

ing a wavel ength of 193 nmused for ArF exposure,
and thus these materials are advant ageous to a
RyaGt i on of  thickness. These nmetal filns may be used

as si'ngle layers or a plurality of different netal

P e
shidh"e t8hengAbhdrde 86 4 0184 NY &eRaAMeRER Afhiy composed
of metals such as tantalum (Ta), tungsten (W), zirconium (%r).
hafnium (Hf), vanadium (V), niobium (Nb}, aluminum (Al), and
germanium (Ge)} is available. These materials have a higher
extinction coefficient than a chromium (Cr) metal film in
light having a wavelength of 193 nm used for ArF exposure,
and thus these materials are advantageous to a reduction of
thickness. These metal films may be used as single layers
or & plurality of different metal films may be stacked to
formthe light shieldinglayer12. Moreover, the compositions
of these metal filrﬁs are not limited to single elements and
an alloy of two or more metals selected from the metallic
elements may be used.
[0042]

In order to allow such a metal film to act as the light
shielding layer 12 of a photomask, it is necessary to provide

a sufficient light shielding property against exposure light




an alloy of two or nore netals selected fromthe
netallic elenents may be used. [0042] |In order to
allow such a nmetal filmto agt_as the light shielding
| ayer 12 of a photomask, it is necessary to provide a

sufficient |ight shielding property against exposure
18 rocess and it

ub88147 & Bnedtig chhfebhy §%%%E§§f%ﬁaéf 3 8P et eb1gy vo
RN R S T S
P QUH%IftQ.rcﬂaE"l?q.}Pégg?r (t%)@%.s gég ap &%ﬁu%‘%é &l &R ﬂ&gher

= 7193 nn) enabl I ng~sul e applI ion

£60 e usHo tn Mk £6F ﬂﬂﬁeﬁ@% (@&‘f)%@h&‘%@iéﬁ\?wgy&%gngth

thickness of the netal film is preferably Set
AIOGMu JaeFEb 11Ky suheavl Beippiaitht \MIEHE thidPHHY SIS B1ank

of the netal filmis too large, a | oad becones too
dieahe iprddenteticivent ijpngcahe thidknaskhoeknhesmetadOfilm
nm or less is preferable for precise patterning of
imprefgreblyrset ditrp hayer 182ger004Gh theuother harke when
metal filmmmay contain nonnetals such as oxygen,

the thdeknegsdof dtvome takefiiind mral Largen coAvadnbecomes
Jthe nonnetals of a certain anmount or nore, the |ight

BPEVNgI™ dip&tehisg PReCeFYht HiMeRdthickages of 50 nm

C’deteri or.ates %nd 5@ ?ecomes difficult to obtain a _.
% d&ECer i REGTSFePLs TaTnRFEGisepRRLERERARDYOf ntheelight

f omask bl ank for fabricating a photomask
FaR e YT EE and

exposuré,” it is preferable that nitrogen
[ n are 30 at.% or |ess, oxygen is 10 at.% or |ess,
and the total of nitrogen, carbon, and oxygen is 40

at . O/Fﬁf:ther, the metal film may contain nonmetals such as
oxygen, nitrogen, and carbon. When the metal film contains
the nonmetals of a certain amount or more, the light shielding
property of the light shielding layer deteriorates and it
becpmes difficult to obtaina pfedetermined' optical density.
Particularly in the case of a photomask blank for fabricating
a photomask for ArF exposure, it is preferable that nitrogen
and carbon are 30 at.% or less, oxygen is 10 at.% or less,
and the total of nitrogen, carbon, and oxygen is 40 at.% or
less.
_ [0044]

Suchalight shielding layer canbe formed on the photomask

substrate by a known and ordinary technique including a vacuum
deposition method and a sputtering method. However, a

sputtering method using a target containing a predetermined




| ess. [0044] Such a light shielding | ayer can be
formed on the photomask substrate by a known and

ordi nary techni que includingga.vacuum deposition

met hod and a sputtering nmethod. However, a sputtering
met hod using a target containing a predeterm ned 19

AL NS, A BT O S, A f Lt s

p {egtive layer 13 provided on the |ight

éﬁ#eﬁ%ﬁnﬁflayer 12 made of materials selected thus, a
£47 um conpound or silicide is selected. A chrom um

compound is easily etched by chlorine-based dry

et chiyiga mARb2iALNGE Ve tildrTedi A0kl PASvided
etching resistance to chlorine-based dry etching not

aorta Niightoxhgendinly bagerd)l2 anflid oo materhasedsdigcted
etching (F based). Further, silicide can be etched by

tHusgr & ebrioasanh cbmpetrehengilEcideeiy sbliect&ds A chromium
resi stance to chlorine-based dry etching containing
aomppang ds (eaghledediedahy chilorine-based dry etchiing
not contai ning oxygen (C based). £0046] Tabl e |
cOFielnimgppxpgen d{ CGintl &Y)shased hdulf hagetichingregistance

- .explanation, etching characteristics (tendency) under
tt%‘ghfﬁﬁn%f ‘a“h??fgdas HICRADAN L CORE ARLRS cxvgep{(Eichpsed)

o E3b EEne L BRbe SR AR TR SRR BT B e
cE%Q%Q etched by fluorine-based dry etching (F based)} but
‘has resistance to chlorine-based dry etching containing
oxygen ((Cl + O) based) and chlorine-based dry etching not
containing oxygen (Cl based).

[0046]

Table 1 shows, for better understanding of the following
explanation, etching characteristics (tendency) under the
dry etching conditions of the materials ("ETCHED" indicates
that etching is performed and "NOT ETCHED" indicates that

etching does not substantially occur).

[0047]
{Table 11
LAYER MATERIAL F 1 (C1+F)
based based based
ANTIREFLECTIVE CHROMIUM NOT NOT ETCHED
LAYER COMPQUND ETCHED ETCHED
ANTIREFLECTIVE NOT NOT
LAYER SILICIDE | ETCHED | proyen | ETCHED
LIGHT NOT
SHIELDING METAL FILM | ETCHED ETCHED ETCHED
LAYER




[ Table 1] LAYER MATERIAL F O (Cl1+F) based based
based ANTI REFLECTI VE CHROM UM NOT NOT ETCHED LAYER
COVPOUND ETCHED ETCHED ANII REFLECTI VE SI LI Cl DE ETCHED
NOT NOT LAYER ETCHED ETCHED LI GHT NOT SHI ELDI NG
VETAL FI LM ETCHED ETCHED ETCHED LAYER 20 - [0048] A

C ] conmpound fil m having such etchin
H&ﬂﬂ%#g}is?ch i ncl udes a f?ln1nain|y cogposed of

chro hr m ni tr.ide or ride

chr o?atqglr chr o% Slmdoc@oﬁ‘ﬂbwlpq I M‘FES/ %ghﬁgﬁn

Eﬂé‘ﬁﬁé@é§1§t‘f& ?}ﬁcﬁ%rdg%n aﬂf'ql.rﬁ L grnllgec:omﬁgged of chromium

antirefl ective or ne

62109 Wad cﬁﬁdrﬂ'ﬂtﬁﬁﬂif‘ﬁl@e %'ﬂﬂ&f@é@ﬁ%bhfaee ) %ﬂ@ BUEbmium

chrom um conpound filnms having a plura

tﬁbrﬁﬁ@ﬁmflmﬂﬂﬁgfddnt@ifh néve 81 $5A6K G d:ﬁ:l:fcﬁf dn@Rluorine.
antireflective layer. The antireflective |ayer of the

e amitimeddeedire £ilmmagnbbeforthddiores dit-omilaaP¥bmpound
met hod such as reactive sputtering using chrom um as
Bl rhpsring G0 40ing IEh e ceppes iftiiomt oMbteovappschironiah
~the chrom um conpound filmis selected such that an
OMRG &4 lesehavirem pkurgligy2of diffgnepitacompositions

ex ure i ht For exanple, the atom c conposition
“Pé; 30& tohiform en) antigefilentiyegdayery, The

antlreflectlve layer of the chromium compound f£ilm can be
obtained by a known method such as reactive sputtering using
chromium as a target.

[0049]

The specific atomic composition of the chromium compound
film is selected such that an extinction coefficient k is
0.2tol.0relative toexposure light. Forexample, the atomic
composition ranges from chromium (Cr) = 30 at.$% to 85 at.%,
oxygen (0O) = 0 at.% to 60 at.%, nitrogen (N) = 0 at.% to 50
at.%, and carbon (C) = 0 at.% to 20 at.%. When the
antireflective layer is formed of a chromium compound, the
thickness is determined according to conditions including
the wavelength of light used for inspecting a mask. When
fabricating a mask for ArF exposure, the thickness is
preferably set at about 15 nm to 30 nm. The antireflective
layer of the chromium compound film having the composition
and the thickness has a reflectivity of 10% to 20% relative
tolight havinga wévelength of 257 nmwhichisarepresentative

wavelength for inspecting a reflectivity.




oxygen (0) = 0 at.%to 60 at.% nitrogen (N) = 0 at.%
to 50 at.% and carbon (C) =0 at.%to 20 at.% Wen
the antireflective layer.-igiformed of a chrom um
conmpound, the thickness is determ ned according to
conditions including the wavelength of |ight used for
tgéggﬁtlng a mask. When fabricating a mask for ArF
expos the thickness is preferably set at about 15

t tl I, f ot h :
S e R A AN R L AT

ary Cé@tﬂﬁ?hgﬁ%%r&arﬁfﬂn%cbkﬁfrbﬁﬁ ?g cioﬁép %@i}elaﬂd ¥fius is

to light having a wavel ength of 257

SEPEESRIB IR 1162 danRige) &.ﬂgtﬂefé’fch %ﬁ.‘d&%@ However, by
reflectivity. - 21 - [0050] An ordinary resist Is nof

weducic ttaet thockhéssiok thesedtideyleeehiaa &ohab8ut
oxygen ((Cl + 0) based) and thus is susceptible to
Hamaydo 30t hw, ethéi pat prociass ofHdhey ant iy fleedtiobnbayer
~ the thickness of the antireflective layer to about 15
Gih e gompheteebpiprer theisluipe nf dine resliedt pagtern is

er gfn be conpl eted before the shape of the resist
‘ﬂ’%’t s a&'@ﬂ?gedlsylaa*ﬁla'gé pessiBlehte povensHer the

t r.ansf | Na resi st pattern onto the
el sbBT 55 PRELRRY, dto e St SEPELe T LvegBayer Avi th

fi.l m havi ng the above etching characteristics
ﬁ%ﬁﬁ % %%15 n1conta|n|ng silicon oxide and silicon

[olsfiijde or S|I|con oxygen nitride (silicide film and
a filmfornmed by containing oxide and nitride or

silig %&l@.@ﬁﬂl%nf:[‘lﬁl h'aq'&’.ngqfhet LB0vE Wt T A Srd S dLESE o5

films (a filmof a silicon
includes a film containing silicon oxide and silicon nitride

or silicon oxygen nitride (silicide film) and a film formed
by containing oxide and nitride or silicon oxygen nitride
of transition metals in these films {(a film of a silicon
transition metal compound). These films may contain carbon.
The antireflective- layer may be formed of a silicide film
havingasingle composition. Moreover, silicide films having
a plurality of different compositions may be stacked to form
the antireflective layver.
[0052]

| Transition metals contained in the film include, for
example, molybdenum {(Mo), tantalum (Ta), tungsten (W),
zirconium (Zr), hafnium (Hf), vanadium (V), and niobium (Nb).
Molybdenum is preferable in view of ease of etching. When
a silicon transition metal compound (for example, MoSiON)

obtained by selecting molybdenum as such a transition metal




transition netal conpound). These filns may contain
carbon. The antireflective |ayer nay be forned of a
silicide film having a sLnghe_conposition. Mbreover,
silicide films having a plurality of different
conposi tions may be stacked to form the

S 55 A A A BT AT s
1 réc!:% ?ﬁg‘g}(’é&@d @11&'%1'(%]3% sn@ég %%%2%.{)\(% gﬁ&ferable
@t&m%@ :(é\/bachled‘@ci e %&?ai;%do LAl %b'c%:dbrln\éﬂtﬁ‘élln%f the

ease et chi ng. Wen icon transition me

SRPDEATL ¢ £ Dfe Q438R! &6 tm%malﬁbbﬁhﬁ%dfﬁh %ﬁheﬁié Eﬂght

nol ybdenum as such a transition netal 22 is used 1

shivee Bding efdyert i o ey earsrad dnh & 1and i nefddnase ﬂa&\éﬁlﬁt
is conbined with the light shielding | ayer, preferable

Tea ighiOmen NoacBdeled12648onpned avphbt amasRbpaietd cah be
the antireflective layer of the tantalumoxide film

ehfepinad (wigih high amtiqigiomer of the tantalumfilmin
- Japanese Patent Laid-OQpen No. 2001-312043. Thus a

:‘Umask pattern can be obtained with high
precisi R [OggB] Further, the silicide conmpound film
bt aFREREY - CBR 8ARLRGAS PPEPABRAnELLNGoBEALEEH by
R e C L
Whi .
SPLROS TSR RS SR, o cxampte

RRAR SRR G 0cE LR e
pﬁalﬂflo%m@a BAOreabt£P8 fSs 3l RifA air flow of reactive gas
and argon by using silicon, molybdenum silicide, molybdenum
and silicon, or molybdenum silicide and silicon as a target.
[0054]

The specific atomic composition of the silicide film
is also selected such that the extinction coefficient k is
0.2 to 1.0 relative to exposure light. For example, the
composition ranges from a transition metal (M) = 0.2 at.$%
to 25 at.%, silicon (Si) = 10 at.% to 57 at.%, oxygen (O)
=0 at.% to 60 at.%, nitrogen (N) = 0 at.% to 57 at.%, and
carbon (C) =0 at.% to30at.%. When the antireflective layer
is formed of silicide, the thickness is determined according
to conditions including the wavelength of light used for
inspecting a mask. When fabricating a mask for ArF exposure,
the thickness is preferably set at about 15 nm to 30 nm. The

antireflective layer of the silicide film having the




[0054] The specific atom c conposition of the silicide
film is also selected such that the extinction
coefficient kis 0.2 to 1l.93relative to exposure
l'ight. For exanple, the conposition ranges froma
transition netal (M,) = 0. 2 at. % to 25 at.% silicon
%to 57 at. % =0 at.%to 60
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f@essfor ArF exposure, the thickness is preferably
set at about 15 nmto 30 nm The antireflective |ayer
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the thickness has a reflectivity of 20%
aret até fleediivd Ghdyer hiavanelngibhahg2eRabdyBiehtiss,
a representative wavel ength for inspecting a
thed Iaemjjneiﬂlpctj{v@i)%}relaycannm rinchddardighta #betebdi mgsk
| a and the antireflective |layer having such

% khegskheldingdiayerean hd e taieid byl weing ehleapet teaned
be etched u3| ng a resist mask and the shielding layer

Y& 8§ thdagsk m@sked antireflective

Ia/g as a hard mask. [0056] I n other words, when
LOOR& i ng a chrom um conpound as a material of the

antIﬁgfl tlveol attir‘?gi‘ilfgﬁ’éll ingrrredoonth .
ant i f? ?Fv‘e ‘F PR KOTRPBIGH2
& maQ:reiﬂ%lb ¥ Q:h%r %n%&?:@f‘i%c%g%teallglyng o@é%%ernlng is
performed on the antireflective layer by using the resist
mask through chlorine-based dry etching containing oxygen
((Cl+0) based). In this dry etching process, the metal film
of the light shielding layer is resistant to chlorine-based
dry etching containing oxygen ((Cl + O) based)} and thus is
not substantially etched. Therefore, by using the patterned
antireflective layer as a hardmask, the 1light shielding layer
can be etched by chlorine-based dry etching not containing
oxygen (Cl based) or fluorine-based dry etching (F based).
Moreover, the antireflective layer is not substantially
etched in chlorine-based dry etching not containing oxygen
(Cl based) and fluorine-based dry etching (F based) which
are the etching conditions of the antireflective layer. Thus
the pattern shape of the hardmask including the antireflective
layer is not changed and a photomask pattern can be formed

on the light shielding layer with high precision.




((A + 0) based). In this dry etching process, the
nmetal film of the light shielding |ayer is resistant
to chlorine-based dry etchhpg._containing oxygen ((C
+ 0) based) and thus is not substantially etched.
Therefore, by using the patterned antireflective

L@gif as a hard mask, the light shielding |ayer can
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%%xprgﬁfpﬁilicide enabling F-based dry etching, a

[Ioagd € ezﬂesist pattern can be relatively light in

tching process. [Enbodi nent 2] [0058] (Phase
?@?ﬁﬁ mask bl ank)

(Phase shift mask blank)
[0059]

A mask blank of the present invention may be configured
as a phase shift mask blank.
[0060]

Figure 2 is a sectional schematic view for explaining
a structural example of a photomask blank of the present
invention. The photomask blémk is configured as a phase shift
mask blank. A transparent or translucent phase shift layer
16 isprovidedononeprinciple surface of aphotomask substrate
11, A light shielding layer 12 and an antireflective layer
13 (described above) are sequentially stacked on the phase
shift layer 16. A variety of known phase shift f£ilms can be
used for the phase shift layer 16, and the phase shift layer
16 may be a composite £ilm formed.by combining these films.

Further, the absorber material of the phase shift layer 16




[0059] A mask blank of the present invention may be

configured as a phase shift mask bl ank. [0060]

Figure 2 is a sectional schegatic view for explaining

a structural exanple of a photomask bl ank of the

present invention. The photomask blank is configured
shi ft nk. A transparent or
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i of a photomask substrate 11. A
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phase shift layer 16. A variety of known phase shift
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the phase shift layer 16 nmay be a coinposite

Tayerchrly fiprdidHiiy thesphdr |18 rer FUTHBSE, 1k érs are not
absorber material of the phase shift layer 1 25

akwayre neeglsaeay butthase hpt é¥:Dded rRd eleigRlited El@bmrd:.ng to
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the gpdligathofippumese of @ phbotidhask bllapkr. alit ianneedless
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1Jrr Embodiment 1.
[0062]

As described above, various configurations are available
for the phase shift layer 16. Apreferable example of ahighly
transparent film includes a single-layer film mainly compos_ed
of siliconoxideandsiliconnitrideor siliconoxygennitride,
or a composite film in which these films are stacked. |
[0063]

When the phase shift layer 16 is made up of a film for
attenuvating transmitted light, the filmincludes a filmmainly
made of silicon oxide and silicon nitride or silicon oxygen

| nitride (silicide film) and a £i1m formed by containing oxide

and nitride or silicon oxygen nitride of transition metals .

in these metals (£ilm of silicon transition metal compound).
These filmsmaycontaincarbon. Further, the phase shift layer

16 may be formed using a transition metal thin film as a

- transmitted light attenuation f£ilm.




[0062] As described above, various configurations are
avai l able for the phase shift |ayer 16. A preferable
exanpl e of a highly transpagent filmincludes a
single-layer filmminly conposed of silicon oxide
and silicon nitride or silicon oxygen nitride, or a
ite filmin which these filns are stacked.
Fgggg? V%en the phase shift layer 16 is nade up of a
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the phase shift layer 16 may be formed using a

ameumst toHrav@itwl1ddfi.n filmas a transmitted |ight
attenuation film 26 - [0064] Wen the phase shift
189%%1 16 is a hal ftone phase shift |ayer, the
composition of materials is adjusted such that a

si ngbena§electingorama Mateydalf pEntemdihasfe shéfibbaper

terials has a transmittance of 2%to 40% and a ghase
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ld}ﬂﬁt d%'éiselngitngecome complicated more than necessary and
dry etching can be performed with high precision.

[0066]

An example of the halftone phase shift film enabling
fluorine-based dry etching (F based) includes a £ilm mainly
made of silicon oxide and silicon nitride or silicon oxygen
nitride (silicide film} and a £ilm formed by containing oxide
and nitride or silicon oxygen nitride of transition metals
in these films (a filmof a silicon transitionmetal compound).
These films can be used as either of single-layer films or
films making up a composite film of a halftone phase shift
film by controlling the content of oxygen and nitrogen or
transition metals in the £ilms. An example of the composite
filmmade up of these films includes a composite £ilm obtained
by combining the silicide £ilm, a silicon transition metal

compound film, a metal silicide film mainly composed of these




| ayer does not becone conplicated nore than necessary
and dry etching can be perfornmed wth high precision.
[0066] An exanple of the_hafftone phase shift film
enabling fluorine-based dry etching (F based)
includes a filmminly made of silicon oxide and
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single-layer films or films making up a conposite
foder pf a hal ftone phase shift filmby controlling

the content of oxygen and nitrogen or transition
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made up of these filns includes a conposite film
bme&Ehed by conbining the silicide film a silicon
transition netal conpound film a netal silicide film
mai nIp thenpeesendsf enbediémeit , conpeanpie aihdhe proaéssing
filmmainly conposed of nol ébdenum and tantal um or
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1Righ# @nibi1an¥hh Ghe®NbYa?the antireflective layer are
provided on a transparent photomask substrate.
[0069]

Figures 3A to 3E are précess drawings for explaining
the processing process of the present embodiment. First, a
light shielding layer 12 including a metal film having the
composition and thickness desgribed in Embodiment 1 and an
antireflective layer 13 made of a chromium compound are
sequentially stacked on a transparent photomask substrate
11. A resist film 17 is formed on the antireflective layer
;B(FigureSA). In order to prevent the occurrence of problems
such as the exfoliation and falling of a fine pattern in the
subsequent process, it is preferable to perform surface
treatment for reducing the surface energy of the photomask
substrate 11 before the formation of the resist £ilm 17.

[0070]




l'ight shielding |ayer and the antireflective layer are

provi ded on a transparent photomask substrate. [0069]

Figures 3A to 3E are procesggdraw ngs for explaining

t he processing process of the present enbodi nent.

First, a light shielding |ayer 12 including a netal
osition and thickness descri bed
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284 i &%k of course, the conditions of applying the resist
and the method of drying the resist are properly selected
according to a resist material.

[0071]

The used resist is properly selected according to awrite
system used for preparing a photomask pattern. As a resist
for electron beam (EB) writing, a positive or negative resist
having an aromatic skeleton in a polymer is generally used.
When fabricating a photomask having a finer pattern, it is
preferable to use a chemical amplification resist.

[0072]

The thickness of the resist film 17 is set such that
| an excellent pattern shape is obtained and the resist f£ilm
17 can act as an etching mask. Particularly when fabricating
a photomask for ArF exposure requiring the formation of a

fine pattern, it is necessary to set a relatively small




on the photomask substrate 11 to obtain the resist
film17. As a matter of course, the conditions of
applying the resist and thggnethod of drying the
resist are properly selected according to a resi st
material. [0071] The used resist is properly selected
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feeisi- [0072] The thickness of the resist film1l7 is
set such that an excellent pattern shape is obtained
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Particularly when fabricating a photonask for
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Vihemn asize) aamorddniagys rasd stomaterdadr, abhg thickhe250is
nm or | ess. %0073]6 On the other hand, the lower |imt
PFeferably sRkeas 6F nm e mezies@nd more7prefevebiyi sel at

in view of overall conditions such as the etchin
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with a combination of an aromatic chemical amplification
resist and a silicone surface treatment agent, the total
thickness of the resist film 17 can be smaller than the above
values.

[0074]

Aresist pattern can be obtained by processing the resist
£ilm 17 configured thus (Figure 3B). Although writing on the
resist £ilm 17 at this point can be performed by a method
~of photoirradiation, a method of EB irradiation is generally
used, which is a preferable method for forming a fine pattern.
For example, when a chemical amplification resist is ﬁseé
and writing is performed on the resist by EB irradiation,
writing is generally performed with an electron beam having
an energy density of 3 mC/cm® to 30 mC/dmz, and heating and

development are performed after the writing, so that a resist

pattern is obtained.




a conbination of a resist using a silicone resin and a

lower filmusing an aromatic resin and "surface

i magi ng method” wth a congpnation of an aromatic

chem cal anplification resist and a silicone surface

treatnment agent, the total thickness of the resist

L@bgé 7 can be smaller than the above values. [0074]
st pattern can be obtained by processing the
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raigrt (A tdemyodird addedp dumdmge dhiey edichdnignefbabed dry
et chi ng cont ai ni ng oxygen A (+ 0) based, Figure

ol A

angirefl esddate bavenldvethe nes(of thepynbhreflective
etching conditions, the etching rate of an organic
1A%Sh ddcH 2sCRE PRSI COMRONPGhERn tifafepARR1LY set at about
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thickness of the resist is sufficiently larger than that of
the antireflective layer 13 to be etched.

[0076]

The light shielding layer 12 is patterned after the
patterning of the antireflective layer 13 (Figure 3D). As
described above, a metal £ilm made of metals such as tantalum
and tungsten and an alloy is so resistant to etching as to
prevenf substantial etching in chlorine-based dry etch;[ng
containing oxygen ({(Cl + O) based). Therefore, in order to
etch the 1light shielding layer 12, the etching condition is
changed to fluorine-based dry etching (F based)} or
chlorine-based dry etching not containing oxygen (Cl based)
before patterning is performed. In the etching of the light
shielding layer 12, the chrémium compound £ilm serving as

the antireflective layer 13 is not substantially etched in

any one of F-based and Cl-based dry etching conditions. Thus




| ayer 13 of a chrom um conpound can be generally set
at about 15 nmto 30 nm enabling high precision

processing with a resist_pgjtern having a thickness
of 100 nmto 250 nm The thickness of the resist is
sufficiently larger than that of the antireflective

13 tq be .et d. [0076]_ _.The light shieldi .
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| t] 13..(Fi e 3D). As d i bed
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ﬁEEk&fmgﬁﬂﬁggﬁugg alloy is so resistant to etching

as to prevent substantial etching in chlorine-based
geo7ef ching containing oxygen ((A + 0) based).
Therefore, in order to etch the light shielding Iayer

12, wieent obitadningdht n@8ki JayeRangerali® up of the
fluorine-based dry etching (F based) or chForlne-based

aryi ma e gty veolagentid anagaxyg6ht ((Hidiased) 1apef arethat
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conditions. Thus - 31 the antireflective |ayer 13
dpEmycPRAt PYask tidayd ngnnerhas shidslef et Aesrgmpheted
j.gh-preci.sion processing can be perfornmed with ease.
(Fbgﬁﬁ% %%brer obtai ning a mask |ayer 18 made up of the
ireflective layer 13 and the |ight shielding |ayer
L @hpﬁg&eggrgﬁpatterned thus, the resist film17
.{bgﬁ%hning on the patterned antireflective layer 13 is
exfol'iated, so that a

(Processing process example 2 of a photomask blank)
[0079]

In the present embodiment, an example of the processing
process of a photomask blank will be described. The photomask
blank includes an antireflective layer of silicide. The
photomask blank of the present embodiment will be also
described as a so-called~binary mask blank in which only a
light shielding layer and the antireflective layer are
provided on a transparent photomask substrate. Thus the
procesSing process is similar to that of Figures 3A to 3E.
A process of forming a resist pattern (Figures 3A and 3B)
canbe performed in completely the samemanner as the processing
of the binary mask blank including the antireflective layer
of a chromium compound {described above), and thus the
explanation thereof is omitted.

[0080]




bi nary phot omask (having no phase shift effect) is
conpleted (Figure 3E). [Enbodinent 4] [0078]
(Processing process exanpLezz of a photomask bl ank)
[0079] In the present enbodi ment, an exanple of the
processing process of a phot omask bl ank will be

descr..bed. The hoto bl ank i ncl udes _an
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ebghiethunider the Feblsied ancliiregl copdddion3?2 HWhever, in the
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to adopt amethod of first patterning the antireflective layer

_by F-based dry etching and then patterning the 1light shielding
layer by Cl-based dry etching. By performing such two-step
etching, the patterned antireflective layer of silicide can
be used as a mask for Cl-based dry etching performed on the
light shielding layer. Thus even when the thickness of the
resist is reduced, a photomask pattern can be obtained with
high precision.
[Embodiment 5]
[0081]
(Processing process example of a phase shift mask blank)
[0082]

In the present embodiment, an éxample of the processing

process of a phase shift mask blank will be described. The

phase shift mask blank includes a phase shift layer under
a light shielding layer of a metal film.

- [0083]




case of such successive etching, it is necessary to
set the thickness of a resist in consideration of
damage occurring during Lhgzetching of the netal
film Theref ore, considering a reduction of the
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to form a phase shift mask pattern. The processing process
can be offered in several variations.

[0085]

Figures 4A to 4I show an example in which the light
shielding layer 12 and the phase shift layer 16 are
simultaneously patterned under the F-based etching condition
without reapplying a resist film 17 used for patterniﬁg the
antireflective layer 13 (Figure 4D), and then the remaining
resist £film 17 is exfoliated (Figure 4E). Further, in this
process example, a resist mask (second resist mask) 1l7a is
formed (Figure 4F) which covers a portion finally left as
a mask layer and a portion where the phase shift layer is
removed {(a portion where a substrate is exposed). The
antireflective layer 13 and the light shielding layer 12 are
removed by etching in the cher portions by the above techniqb.e

(Figures 4Gand 4H}, and finally the resistmask 17a is removed,




4C and 5C) can be perfornmed in conpletely the sane
manner as the processing of the binary mask bl ank
(descri bed above) and thussfhe explanation thereof is
omtted. [0084] After the patterning of an

antireflective | ayer 13, a light shielding |ayer 12
an a shlf]glayer 16, are etched to forma.p
RRFEE: 8 ﬁftT’H%S]ﬁr%fc&g?RFg%‘iﬁ%é@%ur&ﬁIBe “Fhis

'ﬁ%&?rf 95 A ex\aera'le FReBARe AR R P bRv e Dk, 1S 15 agde

e £ sk t layer 16 are simultaneously
patter ne under %}LJ& ‘based etching condition wthout
ying a resist film17 used for patterning the

antireflective layer 13 (Figure 4D), and then the

renairhl BHe pLEsSht fehbodimdst S isticedd( Fegyke Mk 17a
Further, in this process exarrpl e, a resist mask

:(sscfmmédr asiay avs&galide iSesist NedheFheyaeidE) rebish is

covers a portion finally left as a mask |layer and a

qreltieshontigree firbatphiade, shidf4 poaytdon sherenthwedag layer

portion where a substrate is exposed). The

ighdefdr pactheeresist fidlmds exposedhbyspattdingexposure.

12 are renoved by etching in the other portions by
eg@m t'Eremithgen timyareiagsisnexnesed dydirradiating

so that a

h 17 d, 34 has
e Erody che Eamsf"a'eéar%E%ﬁmomaswgbsmﬁ%dus the

fsgf %r able%pgge%a iy&rn afmg%%:%v ﬁ% gh%gelayer
1%@@ Q- HBQ‘E& t hﬁhéﬁ&ggger %?; éévé@c%&&g %he resist, a resist

mask shown inFigure 4F is completed, whichprotects the portion
left as the mask layer and the portion where the substrate
is exposed.

[0087]

However, in this process, the thin resist 17 is removed
by etching in the etching process of the light shielding layer
12 and the phase shift layer 16 {process from Figures 4C to
Figure 4D), so that the surface of the antireflective layer
13 may be exposed and etched. When etching occurs thus on
the antireflective layer 13, characteristic values such as
a refiectivity may be deviated from design values. For this
reason, in the process of Figures 4A to 4I, it is necessary
to set a Vlarge thickness for the first provided resist film
17.

[0088]




Is formed using a negative resist. The negative resi st
is applied on the front side, and a portion where the
mask layer is left on the gesist filmis exposed by
pattern exposure. Thereafter, when the entire surface
is exposed by irradiating light fromthe back side of
substrate 11, the _resist _is exposed on

Tn'a napgiaﬁngpermcw?etgmcpeﬁgye# the tasishdidl 17
RELE NiSratlo S BV el ot af pPdsibie TReadopt
HdeRla orcparSrhle "3“2%4 ?é%a%?ggﬁéﬁé‘eg?“’éﬁf%ﬂﬁw 13 is
P’ St Rendpdivhd @i'flﬁt 111'7? aﬁhfﬂ%ﬁ?% ng I qt 3:”9_3' Snce

the etching process of fhe er

&idl the phaaen§ddtHelyeesi6t (niHé?e@ %%%e&ﬁ?i@ &Eh Oy raeﬁof."@.l.on

to Figure 4D), so that the surface of

BiMaxef et & tagenash 31 apar be mdamﬂdagart@ ehGBeflethod,
When etching occurs thus on the antireflective |ayer

U8y shefiaams arfi stheo arstlivessf 1eudiives layearefl3edis piolsy thwegly
be devi ated from desi gn values. For this reason, in
Ryt esttsck oyeat the prehilng\process,i anfistives ddwasyrfage of
set a Lar%e thi ckness for the first provided resist

tth grtirellggddyestayer It dsrneb ekehed aha reaftepkbeity

d%ﬂe resist film17 while avoiding the above
Serhike IS nafs Sepriated LTop: @ derddRoyadie-

ﬂﬁﬁt rning, when the antireflective layer 13 is a
'um conpound film the antireflective |ayer 13

oncemq,agd %é@&%fé,ma%e%”%ﬁ%iﬁss{ﬁé LS C R4S 19 usea
nIy a portion

when the antireflective layer 13 is patterned (Figure 5D),
the resist film 17a is additionally provided on the
antireflective layer 13 and patterned thereon (Figure 5E),
and finally only a portion to be left as a mask layer is masked.
When the phase shift layer 16 is a halftone phase shift layer
(halftone phase shift mask), demand for a finer mask layer
patternisrelativelylow. Therefore, itispossibletoselect
a resist material used for re-application while placing
importance on etching resistance rather than a resolution,
so that the surface of the antireflective layer is protected
from the subsequent etching process. Further, when using the
same resist material as the resist mask of the antireflective
layer 13, it is preferable to set a large thickness for the

resist. Next, the lightshieldinglayer 12 and the phase shift

layer 16 are simultaneously patterned under the F etching




finally left as the mask layer. According to this

met hod, the surface of the antireflective layer 13 is
positively protected over gge_etching process, and
thus the surface of the antireflective layer 13 is

not etched or a reflectivity or the like is not
To be specific

devia om a design value, [0089]

&FHaF %lh%mﬁlmet RedandieFLabtivactarorida qé otohing
Lr d Vi ayer 13 is patterned (Figure 5D), the

@%%%sfﬁ% fg% is additionally provided on the

g@ﬁg ?flect|ve | ayer 13 and patterned thereon (Figure
and finally only a portion to be left as a mask

| ayer]\f‘t%mﬁkﬁdpat%:?ﬂlﬁge ﬁt%sﬁ%ﬁméfl e %@gie% 23 of

hal ft one phase shift |ayer tone phase s

dreSitomidenesdpbend ad raﬁbvaanfy |@1eh o PAbASLd dry etching
relatively low Therefore, it Is possible to select a

usizig themimovidedivediber£ikm appl 4€ anl @chbnd magkacF Dgure
i nportance on etching resistance rather thanh a

5@kol &fitenm, thap, thatlidie shiléadengflayeer hntof 2 fletal FE1m
layer is protected fromthe subsequent etching

it Be@ggedﬂuf thebasedrsiahinpe( Figumwe 543iand khecreésist
as the resist mask of the antireflective layer 13, it

fidm, 1 dpcis fufebialad o seafhatt aikadfong phasgeshift mask

resi st t, the light shielding |ayer 12 and the

Jﬁhé§@'§ﬁt9§ (FéygFelg ére si nul t aneousl y patterned
the F etching 36 condition by using the

antlgeflectlve | ayer 13 as an etching mnmask (Figure

o) b8 1 hbBocklls, PRI B T BTG
i®) isbpe8ee@h¥18! €8l Plapply the resist immediately before
the efching of a light shielding pattern. In this case, it
is necessary to set a relatively large thickness for the first
provided.resisf to easily keep the resist in the processing
proqessoftheantireflectivelayer,thelightshieldinglayer,
and the phase shift layer or it is necessary to design the
thickness in consideration of the denaturation of the
antireflective layer in the processing process.
[0092]

When processing a blank for a phase shift mask using
a silicide £film as the antireflective layer, the resist can
be reapplied in the same steps as the case where fine processing
is necessary for the mask layer, in the processing of the
blank for the phase shift mask including the antireflective

layer of the chromium compound.

[0093]




using the provided resist film1l7a as an etchi ng mask
(Figure 5G . After that, the light shielding |ayer
12 of a netal film is repoyged by C-based dry etching
(Figure 5H) and the resist film1l7a is exfoliated, so
that a hal ftone phase shift mask is conpleted (Figure

51).ﬁ%gleg Wien it is necessary to finely Eattern
t he kPP vemask; plpgk,pks EhgppEetert ohppeytipe and the
r.esi st | i_at el ef qre he etching. of .a_Light
A TR sared Haia, tbgcanotonagk”hagpls §aye, peen
iyel r t hi.ckne r ' .
(%areéocvl:a}L é% ﬁtgs?{:zﬁté/telén%eaa ey tl%éep'ﬁlti#égr%@?(g?ﬂlnéﬁﬁeare Just
. _ ; . Lve. Lay

é|%i£ ghit %?h?gf Jimr?ga' : ay e%nd gﬁgﬂéeg p ﬂagg%éﬁ??' %3 ﬁl %de rt hglrg the
priedentNaeReR b 4 s08HtIN it edt RoCkABSE bRbodiments.
consi deration of the denaturation of the
witiiowf edtifdealtayas of thespr 8fB68iMen P508L6 SwitR92ihe
When processing a blank for a phase shift mask using
sacozie iofl dbef piresaatt heveantioaf kerdtivels ayleviotdefrom the
resist can be reapplied in the sane steps as the case
deiserd pties fhoteothery vieginuscswbodimentshergmekailable
| ayer, in the processing of the blank for the phase

' ¥hek ScAPRuBEn§henhPresentefinventien.| ayer of the
chrom um conmpound. [0093] 37 The photomask bl ank of
the present invention and the photomask fabricated
using th hot omask . bl ank have been described in the
I@%H&%F&EﬁtgPP ﬁggél&ﬁﬁgdinents are just exanples for
[bgghﬁnenting the present invention and thus the

The present invention provides a photomask including
a fine photomask pattern formed with high precision, and a

photomask blank for providing the photomask.




present invention is not limted to these enbodi nents.
Various nodifications of these enbodi nents are within
the scope of the present_igyention and it is obvious
fromthe description that other various enbodi nents
are available within the scope of the present

.nvention. I ndustrial Applicability [0094] The
éﬁ i nvention provides a photomask including a

t
i ne _phot omask tern fornmed with high precision, and
%‘ ﬁPP ?Faﬁkgﬁ apgr FPBRELEABIE he gho?onask. 38 -

p he phe :
LA Mok OROLRERE BLR, oF AL 2450 3! LAl canos

shi el di "ayer

ﬁé‘@ﬂ@%&rﬁﬂa}il?eﬁﬂ%ﬁw P“ygl) rlio'i‘.‘(ig;éa-gﬁge%r B %tﬂicﬂggg

cont al nl ng OXxy ase can pe etc

dBht Ll REcRRSED (@Y LN A% Rt 2R RinNibad e%ylggy by

(A base and fluorine-based dry etching (F base
aibrameatddesd Begtévehinq ok @6n@aﬂﬁiﬂ% ssfine1fbased)
whi ch cannot be substantially etched by
agtd Hluoret dsseas el drgetithingn(® basad panidgh axygearflédlive
based) and can be etched by at | east one of
layear oficr heted compoend fiidm vhhchicdnmpobegsubgt@itally
0) based) and fluorine-based dry etching (F based).
efchedebphelh bpaine hhagkd ach edichg ngonettapantainfeg cdxygen
the netal filmis a netal or alloy mainly conposed of
(& pased) apfecan g prehed brcdt leaskcene ofr dalebinaikased
Ta) yngsten. (W, , zirconi Zr) haf ni.ym (Hf)
Ao PBVPoR A g PERASR, (Gl AdnPRRRT) BRA
fgi%ﬁ%‘i%égﬁ) dry etching (F based).

2. The photomask blank according to claim 1, wherein the
metal film is a metal or alloy mainly composed of at least
one metallic element selected from tantalum (Ta), tungsten
(W}, zirconium (Zr), hafnium (Hf ), vanadium (V) , niobium (Nb},

aluminum (Al), and germanium (Ge).

3. The photomask blank according to claim 1 or 2, wherein
the light shielding layer is made up of a plurality of stacked

metal fiims,

4. The photomask blank according to any one of c¢laims. 1
to 3, wherein the light shielding layer has a thickness of

15 nm to 50 nm.




3. The photomask bl ank according to claim1 or 2,
wherein the light shielding |ayer is nade up of a
plurality of stacked netgl3§iLns. 4. The phot onask
bl ank according to any one of clainms 1 to 3, wherein

t he Iight shi el ding layer has a thickness of 15 nmto
----- --- ------- 39 5.

0
ghe ﬁlﬂﬁ é’i?é’§l?“ﬁls§nk?léé‘l;‘of"&?ﬁ§dt189aﬁ9 BRE oRecPhi fhaims 1
ée vyPereln eatlrt]“iecttlve er has an

Xt hdHEe i d Sty e Zlat 5T has; é‘F‘aPF‘\FénFGJ'Qn

f e te The ot S
SBUEL G Rog T PORNA S p reiilvetto AR EhaTRYF Prabsure
Hi¥ eflective Iayer i ncludes at |east one of a

chrom um conmpound filmand a silicide film 7. The

phot omask bl ank according to claim®6, wherein the
chrom um conpound is a conpound mai nly conposed of
&hr omhiémphexbilaskChlankuaeBbiaiAg, t@ragftéﬁé*eof claims 1
chromate. 8. The photomask bl ank according to claim®6,
twh&r, evlrettdiion thiel antileef et toaiGyRt MRcDhfes P oeadtodne
silicon oxide, silicon nitride, or silicon oxygen
off & ickhecomg.unT ivomploundgs R mblaadk aasddididg £almlai m 8,
wherein the silicide contains oxide, nitride or

silicon oxygen nitride of a transition netal. 10. The

7photonask bl ank according to claim9, wherein the
t-r andPei %OM%% iRlank aacardingmteoF}Bdentm yiverein the

zi yconi um (Zr)_, hafni um

ant alugl;nﬁ% | dEJl\Jﬁn Sﬁﬂﬂpﬁg?‘%ﬂﬂﬁﬂﬁq%)comp sed of chromium

oxide, chromium nitride, or nitride chromate.

8. The photomask blank according to claim 6, wherein the
silicide is a compound mainly composed of silicon oxide,

silicon nitride, or silicon oxygen nitride.

9. The photomask blank according to claim 8, wherein the
silicide contains oxide, nitride or silicon oxygen nitride

of a transition metal.

10. The photomask blank according to claim 9, wherein the
transition metal is selected £rom molybdenum (Mo), tantalum
(Ta), tungsten (W), zirconium (Zr), hafnium (Hf}, vanadium

(V). and niobium (Nb).




- 40 11. The photomask bl ank according to claim10,
wherein the transition netal in the silicide has a
concentration ranging from@.2 at.%to 25 at.% 12.
The phot omask bl ank according to any one of clains 1
to 11, wherein the antireflective layer is nade up of

S A R S TR e
S0 o MOESEL, LG AOEIEERL S50 o LA IS raning

£ i ad ef 4siyg Jshg oot omask bl ank according to any
one of clainms 1 to 13. 15. A nethod of fabricating a

phot omask, conprising: a step of preparing a photomask
bl ank including an antireflective |ayer of a netal
onpahed phokomabkcbleaRnatcobaifigbtd amiy abhy 6fchedimy 1
chl ori ne-based dry etching not containing oxygen (C
tmiéd where ivarhdenetickedd eby izt layast is areeofip of compound
chl orine-based dry etching containing oxygen ((C +
Hlms sdd@ckedd wititho dif S erendd cogmpogtithbng - (F based),

the antireflective |layer being stacked on a |ight
shielding layer of a netal filmwhich cannot be

S bt bl oGASELLS 55 o
hl oy i ne: based dry. etchi taini
BT BB SIRINY e R Ay oSBEHng Trchiekiee of

1 I et . step of patterning the antireflective
1 . . , .
I%a)rllgfl?tEJ)y%(&1$l + 0)-based dry etching using a resist

mask fornmed by patterning on a principle surface of
the antireflective |ayer,
14. A photomask fabricated using the photomask blank

according to any one of claims 1 to 13.

15. A method of fabricating a photomask, comprising:

a step of preparing a photomask blank including an
antireflective layer of a metal compound f£ilm which cannot
be substantially etched by chlorine-based dry etching not
containing oxygen (Cl based) and can be etched by at least

one of chlorine-based dry etching containing oxygen ((Cl +

0) based) and fluorine-based dry etching (F based), the
antireflective layer being stacked on a 1light shielding layer
of a metal film which cannot be substantially etched by

- chlorine-based dry etching containing oxygen ( (Cl + O) based)

and can be etched by chlorine-based dry etching not containing

oxygen (Cl based) and fluorine-based dry etching (F based),




and a second step of patterning the |ight shielding

| ayer by C-based dry etching using the patterned

antireflective l|ayer as a hard mask. 16. A nethod of

fabricating a photonmask, conprising: a step of

prepari ng a photomask bl ank including an

antireflective layer of a netal. conpound film which

cannét flgg%s g%? za(‘%jf"'te Pﬁ%ltfrgﬁgﬁegh%frﬁﬁ%ﬁﬁ%tﬂavﬁ&agﬁ by
hj ngh [ i ni ng. o b n n

B EnedbyPied Sl g @ SOREE bR SRR, oY

L0t &k Rééﬁejrhci f}ﬁ 9&%’1 L&

%ry etcﬁ?%% ( basg',e%ggpa%%???%%1ec|%é;¥%$£§%€£?§gr'

si@cked on a light shielding layer of a nmetal film

whi ch cannot be substantially etched by

chl o secbadegdtdpyoLtdi iy aibd g gty gRlel6Chgt18Yyer
based) and can be etched by chl orine-based dry

byt CHi-basedt dcgnébcining usigahe( Pathesad)l antireflective
fluorine-based dry etching (F based), a first step of
layare@s g hand mask.ef | ective layer by (d + 0)-based
dry etching using a resist nask formed by patterning

on a principle surface of the antireflective |ayer,

d a second step of patterning the |ight shielding
%aﬁgyeg msihﬁgbagegaeﬁgelﬂeﬁsna PR RgMask. pEPPRFheind:
antireflective |layer_as a hard sk. 4 17. A et hod
of 1 Ropreh: P oPEeBHELBRna PR e bABRRE s SHepluing o

[ h skeb i.-ncl udi n . .
B AR S TRIEE O fe AT Pl BB WhiRR Frmnot

b&??ﬁ?ﬁgaﬁg tié!'?&t athak! ¥yeLfiEdi RY-60504' 887 PaS&R: 84 Ynot
containing oxygen (Cl based) and can be etched by at least
one of chlorine-based dry etching containing oxygen ((Cl +
O) based) and fluorine-based dry etching (F based), the
antireflective layer being stacked on a 1ight shielding layer
- 0of a metal film which cannot be substantially etched by
chlorine-based dry etching containing oxygen ((Cl + O) based)
and can be etched by chlorine-based dry etching not containing
oxygen (Cl based) and fluorine-based dry etching (F based),

a first step of patterning the antireflective layer by
(C1 + 0)-basedAdry etching using a resist mask formed by
patterningonaprinciple surface of the antireflective layer,
and |

‘a second step of patterning the light shielding layer

by F-based dry etching using the patterned antireflective

layer as a hard mask.




cont ai ni ng oxygen (C based) and can be etched by at
| east one of chlorine-based dry etching containing
oxygen ((C + 0) based) angpfluorine-based dry
etching (F based), the antireflective |ayer being
stacked on a Iight shielding layer of a netal film

iC ca stan i.al | ched b L
Ehr o/ TR 5 ke B é‘gc%‘nﬁ%‘loﬁf’ﬁ‘&s%xyﬁgﬂﬁffﬁmg’0)
pepdit Wlchs °§3ﬁ’r’%§n?§§5€g PhotBrdci B1afR Infi¥aing an
dhtord s psed 1 hb”rﬂeégllc?éng(?a%né‘f '1@%113&5%8&101:

patterning the a tlre Iectlve ase
58 CUBIL A1 1M1 1 leRTh%la msbhflg&m 'B)és@@t E@{rnéEShlﬁB flot
principle surface of the antireflective |ayer, and
amtioith B¢ pxigepal( tar pased) handi ¢hvi wdieticthieagblyauer least
by d -based dry etching using the patterned
at igfeichdotiine -bhagdrdeg et diainy reaitaibingAorgigead (¢C1 +
fabricating a phot omask, conprising: a step of
G draradly and fduemdsie -bloseld idryl edichdngn (F based), the
antlreflectlve | ayer of a netal compound fil m which
qyetléﬁ?o%@w baing statked pp ahight shiedddaaitgyer
etchin contalnln% oxygen (C based) and can he

Shap il%a@twhoﬁ n&Ptcmeoﬁu#@tea§éalarye§f:eﬁﬂngy
nt b d fl bhased
St %s&éﬁmm A PERgPY %&;@% bﬁé’%@d)

AR P DDA LB Ly BT oLl
) e R 8 Py

et changi Aot Y 6E%£"9teﬁff¥ﬂ§r\:ﬂéjan@§%§he@@q ve layer by
fluorine-based dry etching (F based), a step o
Fsbesedsdre et At fing 4 e s3ri ﬁl8§k §Jrnéd by patterning
on a principle surface of the antireflective layer, and
a second step of patterning the light shielding layer
by Cl-based dry etching using the patterned antireflective

~ layer as a hard mask.

18. A method of fabricating a photomask, comprising:

a step of preparing a photomask blank including an
antireflective layer of a metal compound film which cannot
be substantially etched by chlorine-based dry etching not
containing oxygen (Cl based) and can be etched by at least
one of chlorine-based dry etching containing oxygen ((Cl +
O} based) and fluorine-based dry etching (F based), the
antireflective layer being stacked on a light shiel_ding layer

- of a metal film which cannot be substantially etched by




| ayer and the light shielding |ayer by F-based dry
etching wusing a resist mask forned by patterning on a
principle surface of the_apgiceflective layer. 19. A
nmet hod of fabricating a photomask, conpri sing:
subsequently to the second step of clains 15 to 17 or
ased dr etchingnof cIa|n118 a ste

SEpTHERaF1959 A5 oty ne CoBEAInFeg o amask{ T 1 Baggd)
B8 KB 0 R4 BT ARSI R4 0y b 155 45 fontatning
ORYS drt'dlgFalasdwﬂd %flu%?ﬁ?vee BB af LR nd (@baseq)

shie ayer usi ng the Sec

”aSkaﬁE%eﬁTB% @%EEQ@SQQe&§b§aE%EEHQngh thaheﬁﬁékleﬁtlve

according to any one of ims 1 erern

I&£géBtantBthehas gt éﬂiék&.@ﬁ%e p%gé BYFA-®aed BFy tching

The nethod of fabricating t ot onask according to
@6 ng\h eresiis tinfes ¥ £61MéEd BSKa e ddbs e Rssn @fp 1d8ubface

to 250 nm
of the antireflective layer.

19. A method of fabricating a photomask, comprising:
subsequently to the second step of claims 15 to 17 or
the step of F-based dry etching of claim 18,

a step of additionally providing a second resist mask
formed by patterning on the patterned antireflective layer
after the resist mask is removed, and

a step of patterning the antireflective layer and the
1ight shielding layer by dry etching using the second resist

mask.

20. The method of fabricating the photomask according to
any one of claims 15 to 19, wherein the resist mask has a

thickness of 75 nm to 350 nm.

21. The method of fabricating the photomask according to
20, wherein the resist mask has a thickness of 100 nm to 250

nm,




