PHOTOVASK BLANK, PHOTOVASK AND FABRI CATI ON METHOD
THERECF BACKGROUND CF THE | NVENTION Field of the

lTnvention The present invention relates to a photomask
techni que wused in mcronmachining of a sem conductor
integrated circuit, a charge-coupled device (CCD), a
color filter for a liquid crystal display (LCD)
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the Related Art In recent years, in order to neet the -
demand for mniaturization of circuit patterns

involved with the increasing packagi ng density of
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sem conduct or ?&ﬁé NB % hfﬁgﬁﬁé gﬁve becone

extremely |npo exanp e, rncreasing the
Pi&%&gbfgtﬂ8n§h€¥nP£oﬁ |l arge-scale integrated circuit

essentially requires a technique of thinning wres of

W I'i Nfhe RAHLRIHS 1hBehPeofl f&l‘é‘EeQrt@ a ?ﬁB@bﬂHEko’Eechn.‘Lque
mniaturizing a contact hole pattern interlevel
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circuit patterns of large-scale integrated circuits
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approach to increase the operation speed thereof and
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advanced m cromachining is based on the

photolithography techni que using a phot onmask.

~Therefore, the photonask, as well as the exposure
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fﬂcfeégiﬂémﬁackaglng density of large-scale integrated
circuits, advanced semiconductor micromachining techniques
have become extremely important. Forexample,inCreasingthe
packaging density of a large-scale integrated circuit
essentially requires a technique of thinning wires of wiring
patterns in the circuit or a technique of miniaturizing a
contact hole pattern for interlevel wiring of a cell. The
frend toward miniaturization of circuit patterns of
large-scale integrated circuits is being accelerated because
it is the most effective approach to increase the operation
speed thereof and reduce the power consumption thereof.
Most of such advanced micromachining is based on the
photolithography technique using aphotomask. Therefore, the
photomask, as well as the exposure apparatus and the resist

material, is a fundamental technique for miniaturization.




a finer and nore precise pattern on a photomask bl ank
has been pursued. To forma highly precise photomask
pattern on a photonmask substrate, it is essential
that a resist pattern formed on a photomask blank is
hi ghly preci se. Wien m cromachining a sem conductor
substrate, reduction projection photolithography is
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substrate. However, this does not nean that the
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the photomask is relaxed. On the contrary, the
a phoeanask mpatkt g ec hes plad tleanf on reghutdbhashitdl®aik has been
preci sion than the pattern provided on the
pwsrdexbnduct or substrate after exposure. Furthernore,
at present, circuit patterns witten on sem conductor
subderfews adyi gnr prechsgripriongsk paitgeich anatphytomask
smal | conpared wi th wavel engt hs of _exgrggure light.
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optical proximty effect, which degrades the transfer
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optical effect correction (OPC) and a phase shift
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patterns different by 1800, thereby making the
pPreptiisdain effpthe ypad tern formed on the photomask is relaxed.
On the contrary, the photomask pattern has to be formed with
higherprecision than the patternprovidedon the semiconductor
substrate after exposure.

Furthermore, at present, circuit patterns written on
semiconductor substrétes by photolithography are
significantly small compéred with wavelengths of exposure
light. Thus,ifaphotomaskthathasaphotomaskpatternformed
from a circuit pattern on a semiconductor substrate through
4-fold ma.gnification is used to perform reduction projection
exposure, the photomask pattern cannot be accurately
transferred onto the resist £ilm due to interference of the
exposure light or the like.

Thus, as a super-resolutionmask, there are commonly used

an OPC mask that corrects the optical proximity effect, which




the m ddle of the adjacent aperture patterns zero. For
exanple, on the OPC mask, an OPC pattern (a hamrer
head, an. assist bar or the |like) that has a size
one-half or less the size of the <circuit pattern has
to be fornmed. As described above, not only the

phot ol i t hography for formng a circuit pattern on a
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phot ol i t hography used in patterning of a photomask is
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hi gher than that of the phot ol 't hography used in

the middle pftithsy ad fgcent apeetucenduticomsczemal t For example,
Typically, when form ng a photomask pattern, a
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ht -shi el ding | ayer on a transparent substrate,

°1f H’éle ghbﬁérfé@%thaﬁ prsize igherdiadife @i e dhesdzer of the

beamto wite a pattern thereon, and the photoresist
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resi st thickness and the pattern wdth) of the part
ussfd impatdeirsing of aphotomask is required tohave alimiting

resolution equal to or higher than that of the photolithdgraphy
used in circuit patterning on a semiconductor circuit.
Typically, when forming a photomask pattern, a
photoresist film is formed on a photomask blank having a
light-shielding layer on a transparent substrate, the
photoresist film is irradiated with an electron beam to write
a pattern thereon, and the photoresist £ilm is developed to
- provide a resist pattern. Then, using the resist pattern as
an etching mask for the light-shielding layer, the
light-shieldinglayerispatterned toformaphotomaskpattern.
In order to form a fine photomask pattern by such an approach,
it is important to make the photoresist £ilm thinner and to

select an appropriate material for the light-shielding layer.



serving as the etching mask for the |ight-shielding

| ayer increases. In general, as the aspect ratio of
the resist pattern increases, the pattern becones
nore susceptible to degradation, and if the resist
pattern is used as the etching nmask, the precision of
the transfer thereof onto the light-shielding |ayer
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becones finer, the thickness of the resist fil mused
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has to be reduced to prevent the aspect ratio thereof
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for the material of the light-shielding layer that is
thickrepatand nde mttgarheidihdt ofethet pastanf ethedirgpist
mask, many materials have already been proposed.
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amount of information, so that the chrom um conpound
ipcreaies: practically almays used as the naterlal of
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light-shielding filmhaving a |ight-shield ng
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designed for ArF exposure, is made of chrom um
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Thcuh.e:r 'or;lsu;nhe photomask pattern becomes finer, the thickness
of the resist £ilm used as fhe etching mask for the
light-shielding layer has to be reduced to prevent the aspect
ratio thereof from being undesirably great.

On the other hand, as for the material of the
light-shielding layer that is to be patterned using the
photoresist as an etching mask, many materials have already
been proposed. Among others, chromium compound can contain
a large amount of information, so that the chromium compound
has been practically always used as the material of the
light-shielding film, and forming the light-shielding film
from the chromium compound has been substantially established
.as a standard process step. For example, in Japanese Patent

Laid-Open Nos. 2003-195479 and 2003-195483 and Registered

Japanese Utility Model No. 3093632, there has been disclosed




conmpound i s patterned by oxygen-and-chl ori ne-based dry
et chi ng. However, such etching often has a significant
effect on an organic film such as the photoresist.
Thus, if the Ilight-shielding filmis etched using a
relatively thin resist filmas a mask, the resist is
damaged during the etching, the configuration of the
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accurately transtfer the original resist pattern onto
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difficult to nake the photoresist, ﬁ%lch is an
forgapho tidndak Mawakbakbibhegl foetRItd:PoANE, is made of
patterni ng precision and high etching resistance. As
chaombasmacowopyend i onal patterning process is used,
there is a tradeoff between the resolution and the
et chiimgenessilst dinee 1igpdcishiieddlipg €Rdmpmader efi ghromium
filmhas to be nmade_ thinner to achieve higher
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light-shielding layer, a tantalumoxide filmis used

as dloweavdn.efitedts diedmigallyndlifficult to make the

photoresist, which is an organic film, have both high
resolution and patterning precision and high etching
resistance. As far as a conventional patterning process is
used, there is a tradeoff between the resolutionand the etching
resistance. Specifically, the photoresist filmhas tobemade
thinner to achieve higher resolution, while thinning of the
photoresist film has to be limited to assure the etching
resistance during the patterning step.

Thus, in order to form a highly precise photomask pattern
while reducing the burden on a photoresist, it is necessarf
to propose a novel structure of a photomask blank by selecting

an optimal material for a light-shielding £ilm.




the two | ayers are etched using a fluorine-based gas
plasma, which is relatively unlikely to damge a
photoresist, in order to reduce the burden on the
phot oresi st during etching. However, even if such
etching condition is selected, as far as the two

| ayers, that is, the light-shielding layer and the
antireflection |lQygfaryh q'%*ﬁﬁ nly the
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photoresi st as a na e burden on the
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there has been known a technique of reducing the
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a hard mask. For exanple, in Japanese Patent Laid-Open
anloexelapsgsm, whheheai tantatiosedtalt Echmi §gcused as a
6% etchin a nmetal silicide f|In1u5|2%na Si02 film
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within a range of about 107to OA) or thé Tight
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def ect inspection. However, if the Si02 film is used
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S102 fil mhas an excessively high reflectivity, which
as riher £wo daywand, thetdes edthd Adpbttsbhelddngebayebeohd the
above, conventional photomask blank structures cannot
anbireflechionidrwes f erehphthgdprebia @nlkwtiet bbatoresist
fine %hotonask patterns. This problemis
as amask, reductionof the burdenon the photoresistis llmlted
and it is difficult to sufficiently satisfy the demand for
highly precise formation of a fine photomask pattern.
Alternatively, there has been known a technique of
reducing the burden on the photoresist during dry etching by
using a hard mask. For example, in Japanese Patent Laid-Open
No. 63-85553, there is disclosed a technique of dry-etching
a metal silicide film using a Si0; film formed on the metal
silicide film as an etching mask. However, the Si0O; £ilm has
a poor conductivity, so that a problem of charge-up tends to
occur during exposure to an electron beam. Furthermore,
defect inspection of the photomask blank is typically based
on the reflectivity thereof, light having a wavelength of 257

nm is used for the defect inspection of amask for AxrF-exposure,




significant in the case of a photomask for

phot ol i t hography using exposure |ight having a short
wavel engt h of 250 nmor shorter for which high
resolution is required (KrF: 248 nm ArF - 19 3 nm
F2: 15 7 nm) and is serious in the case of a photomask
for forning a resist pattern of 65-nmor-1less rule.
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photoresist is extrenely inportant. The present
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and an object thereof is to provide a photonask bl ank

ig hededrass anl egBhifli wagk NotHetenddoudy @hpaobllasm that the
phot omask pattern can be fornmed with high precision
Sidye fidmr dhisc tano mxoes stilve ilyuihdeyin o £a epttdivdrtysi séhided
as a mask during formation of the photonmask pattern,
infrrrfepttwihds kthebi¢e fecedinspergtiethe phot omask bl ank.
In order to attain the object, accordi ngqto a first
aspéﬂ:dQﬂcﬂﬂh9QMQQ9¥ﬁ'|qgﬂ¥ﬂH§%?HQNuﬂh9 oagio\RIfEE a
hotonask bl ank conprjsin shi el dabl e f
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cornposed of chfomum (C7) that is not substantially
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: sélsecst'}j!c:ncgg the material of the 1ight-shielding £film suitable
for forming a highly precise photomask pattern while reducing
the burden on the photoresist is extremely important.
| The present invention has been devised in view of such
problems, and an object thereof is to provide a photomask blank
that has a light-shielding film in which a fine photomask
. pattern can be formed with high precision due to reduction
of the burden on a photoresist used as a mask during formation
of the photomask pattern, and a photomask fabricated using
the photomask blank.
In order to attain the object, according to a first aspect
~ of the present invention, there is provided a photomask blank

comprising a light-shieldable £film formed on a substrate that

is transparent to exposure light, the light-shieldable film
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oxide, silicon nitride, silicon oxynitride,
silicon/transition-netal oxide,
silicon/transition-netal nitride or
silicon/transition-netal oxynitride. More preferably,
the transition netal is at |east one netal el enent
selected fromanong titanium(Tl), vanadiwn(\o
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second Tight-shieldable filmhas an optical density
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oxycar chromumnitride car chrom um
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pref erably has an optical density of 0.3 to 3.0 for

nifei @X oS U £11 ¢O traisli £D612- i €A Br eyl t hbGe AN More
optical density of 0. 5to 2. 0 for the exposure

prefghtably Thheftraisitig mehbelidabl d ddd thope efedradbéYement
has a thickness

selected from among titanium (Ti), vanadium (V), cobalt (Co),

nickel (Ni), zirconium (Zr), niobium (Nb), molybdenum (Mo),

‘hafnium (Hf), tantalum (Ta) and tungsten {W)}.

Preferably, the second light-shieldable film has an
optical density of 0.2 to 3.0 for the exposure light. More
preferably, the second light-shieldable film has an optical
density of 0.5 to 2.5 for the exposure light. Furthermore,
preferahbly, the second light-shieldable £ilm has a thickness
.that is equal to or more than 10 nm and equal to or less than
55 nm. More preferably, the second light-shieldable film has
a thickness that is equal to or more than 25 nm and egual to
or less than 55 nm,

Furthermore, the extinction coefficient k of the second

light-shieldable film at a wavelength of the exposure light




that is equal to or nore than 5 nm and equal to or

|l ess than 50 nm nore preferably has a thickness that
is equal to or nore than 5 nmand equal to or |ess
than 25 nm and nost preferably has a thickness that
is equal to or nore than 5 nmand equal to or |ess
than 15 nm At |east one of the first |ight-shieldable
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provi de etween the transparent substrate and the
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can be a filmhaving a phase shift |ayer. For exanple,
pid¥ei@se ishidf teiligy primarai1pakbbmbebedpbpsenrsitidh metal,

| ayer, and the hal f-tone phase shift |ayer is nade of
clfdniomn cxidie, chitdmnim mMitdids, Shiaoiunoosytitirdae ,
silicon/transition-netal oxide,
chaidniigon/dxrarsibide- dirdmium tnitoeids carbide or chromium
silicon/transition-nmetal oxynitride. Furthernore, for
oxyuinpl ddde tdartistd cal filmis a film capable of being
etched by fluorine-based dry etching, and the tine
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fabricating a photomask, conprising: a step of
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filmhaving a first light-shieldable film forned on a
mdreatis@ b ani arsdibgtiadtte anlle Ps ithahi d5nme papdsed tqgfreferably
has a thickness that is equal to or more than 5 nm and equal
to or less than 15 nm.

At least one of the first light-shieldable £ilm and the
second light-shieldable £ilm can have a multilayer structure
comprising a plurality of layers stacked successively, and
an optical film can be provided between the transparent
substrate and the light-shieldable film. In addition, the
optical film can be a film having a phase shift layer.

For example, the phase shift layer is a half-tone phase
shift layer, and the half-tone phase shift layer is made of
silicon oxide, silicon nitride, silicon oxynitride,
silicon/transition-metal oxide, silicon/transition-metal

nitride or silicon/transition-metal oxynitride.




chromumthat is not substantially etched by
fluorine-based dry etching and a second

| ight-shieldable filmoverlying the first
light-shieldable filmand primarily conposed of a
silicon-containing conpound that is capable of being
etched by fluorine based dry etching a first step of
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present invention, there is provided a nethod of
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CRRERRE L GOTREaCH fefod of MEMbEEON A SOHATRREE,
cé gf‘ié‘ﬂm -3 fd i) ot PR Rfi ARG & BthoInQQkSEQQHﬁ hhohhg a

ield Ie film .by fluorine-based dry etching using

1ﬂglﬁt£§l&1@b@é@1§5f:§1m MRsking @ FBés@N1i§RtSER08UaALUBL £11m
shieldable film a second step of renoving the first

fophoeé@rasiaSttranspasedt psavs tib#ge arke paitharilgt 66Apbstd of

mask on the patterned second |ight-shieldable film a
chhomius ttdm i spav tesubsitpn tisa I ly sttdheghbty- Shnet thadt kased

fil mby oxygen-and-chl orine-based dry etching using
dxpetching and a second Tight-shieldable film overlying the
first light-shieldable film and primarily composed of a
silicon-containing compound that is capable of being etched
by £fluorine-based dry etching; a first step of patterning the
second light-shieldable film by fluorine-based dry etching
using a photoresist mask formed on the second light-shieldable
film; and a second step of patterning the first
light-shieldable f£ilm by oxygen-and-chlorine-based dry
etching using the patterned second light-shieldable film or
resist film as a mask.

According to a third aspect of the present invention,

there is provided a method of fabricating a photomask,

comprising: a step of providing a photomask blank having a

- light-shieldable film having an optical f£ilm capable of being

.- 10 -



patterned second light - shieldable filmas a hard
mask; a fourth step of patterning the optical film by
fluorine-based dry etching using the second

phot oresi st mask and at | east one of the first and
second light - shieldable filnms as a mask; and a
fifth step of renoving the part of the first |ight -

eﬁehghw&guogghg.bggg@ Frf Yt o g)ﬁ% ﬁ;grwea f;.tﬁﬁﬁsggfent

"1 ght Accor 58 fou

s@hstheter @ St mﬁﬁﬂl bﬁﬂeld&ﬂfé § 1115 PEAYLE %ﬁ 'lﬁ'lé"?bEQQal

of fabricating a photomask conprising: a step o

fmmvaﬂanﬁrﬁn@hmﬁr@éﬂap@éé@kob%ﬁ&nfumI maﬁ is not
shi el dable filmhaving an optical film capable of

stbihant eaThed tbypefibyaf iuer finsash g/ d £¥ eltichd nheinteds@bond
a transparent substrate, a first [ight -shieldable
1ightr $biekdabhe tficlmopiviegdlyinfg tineafidrpti bhghtyshieldable
- _conposed of chromumthat is not substantially etched
Ehimianfoprivapis¥ campesad hifny sddd censeomiainigig compound
shi el dable filmoverlying the first |ight -shieldable
ﬂP"PT— rheafrRP teafi ki nbipeBed by fhuerine ohaéeﬁtdaqwﬁghmg-

oun that is ca able of bei ng etched fl uori
DRt ey B rrbpSoR ey g = Qﬁ%o#lHBFréP ﬁ&&aPPr@ Fiin
I | d bI film f
bi%h%%dﬂ%.bﬁge??gvs% ibisi PR 2 REEY PRPRSoad Stymask
féﬁﬁgﬁl%r} 'tﬂgt%ec & %@Hg—-%th Sﬁ#@b&%?giﬁnnd X ecponq{ step of

patterning t
&N FER Aiels Gilh%fﬁ ReoRd3ed i ‘}.H:Ym%%ﬁhhﬂe ﬂ%{}gaﬁﬁs a _second

patterned second |light-shieldable filmor t first

PIGOS 08 €54 6 tmd6 kon atheé plStermed Nddbisd ePL @it L ATV 1iddble
the first photoresist mask and providing a second

fihof & ¢hiisd sBsl @b gdttpaliey thd sees8dlight gbhieldable
-shieldable film a fourth step of patterning the
£obn i el ox¥gdmm doyd £ ¢hilors iree ~tppatl diry etabing wsimg tie
second photoresist nask and at | east one of the first
Pale pecPngid ghtsishdleddisbd e £ilmes ashardmekk: anfiourth
fifth step of removing the part of the
step of patterning the optical film by fluorine-based dry
etching using the second photoresist mask and at least one
of the first and second light-shieldable £ilms as a mask; and
afifth step of removing the part of the first light-shieldable
£ilmthat is not coveredwith the second light-shieldable £ilm.
According to a fourth aspect of the présent invention,
there is provided a method of fabricating a photomask,
comprising: a step of providing a photomask blank having a
light-shieldable £ilm having an optical £ilm capable of being
etched by fluorine-based dry etching formed on a transparent
substrate, a first light-shieldable £ilm formed on the optical

film and primarily composed of chromium that is not

substantiallyetchedbyfluorine-baseddryetchingandasecond
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first light - shieldable filmthat is not covered with
the second light-shieldable film According to the
third and fourth aspects of the present invention,
preferably, in the fourth step, the clear tine for

the part of the second light - shieldable filmthat is
not covered Wi th the second photoresist mask is set

13005 1 18 5 {1iF Byeniy T Fhe BB 1E80; bhik10ab1e
£PLESS gfﬁi:EMSP%ig 1 PR s TR 1ld Lfpouna

I'nclu g a pha ayer ccording to t

t]ﬁ’é@%@r@aﬁa{wf@t)?%l@ B¢endhl RPELIBLine0BRLRAd1 e 8Ening;
materials that differ in etching characteristics is

a el et @l pObrt PErteivindNths eevhd Night -shhkaldabkeriim
films, the burden on a photoreslst used.as a mask

byl Aliueg ifner-MHsei dol; et i msingat £ erst photheesist mask
reduced, and as a result, a fine photomask pattern

feumedernf theeseopnd 1iyglhgh- griecidaimie fBRIEFaBDEIRRIPEILEN of
OF THE DRAW NGS FIGS. 1A and 1B are schematic cross

patiernonal the efbrsbrlight yshieldaple BhbncbEtructure

- of a photomask bl ank according to the present

°¥Yﬂ@#ﬂ¢%ﬁrC¢4Q§1§ﬁT§a%e§c@%ﬁa@?%thﬁsgsé%ﬂtFB%aPaPF%HPed

L5 e A AR B T Bt oo
ElG. 3
<D RESOE RS 4 DE SR MR B Sl dspon

R B R Y PHBQF9%?%EF@E?%¥°93“ raidlagaepd

' 1i¢19&ush1éiuaeéﬁ@?h§mf id P&QF VRPN @Pph%ﬁeﬁnﬁhbcdﬂlﬁéﬁt%al

nm that overlies the first. [ight-shiéldab
f:ildl BY fluorlne -based dry etchingusingthe second photoresist

mask and at least one of the first and second light-shieldable
films as a mask; and a £ifth step of removing the part of the
first light-shieldable £ilm that isnot coveredwith the second
light-shieldable film.

According to the third and fourth aspects of the present
invention, preferably, in the fourth step, the clear time for
the part of the secondlight-shieldable filmthat isnot covered
with the second photoresist mask is set shorter than the clear
time for the optical film. According to the third and fourth
aspects of the present invention, the optical f£ilm can be a
film including a phase shift layer.

According to the present invention, since an optimal
combination‘of materials that differ in etching
characteristics is selected for the first and second

light-shieldable films, the burden on a photoresist used as
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FIG 4 is a graph showing a result of neasurenent of
the reflectivity for light having wavel engths rangi ng
from190 nmto 600 nm FIGS. 5A to 5E are di agrams
for illustrating a fabrication process of a binary
phot omask; FIGS. 6A to 61 are diagrans for
illustrating a first fabrication process of a phase

a Iﬁ'lE{SE{tS l?%??llg% f%lr%%t i?)'%. ng F.;%l}l(?‘% cgtpgé]@%%@%rfnoéa bt%;léeduced .

g a secon I ON~process OIF

. F . . _
a Wa\% gﬁ%{a%ﬁéggzgn (:'Fe ﬂe%h?t?ﬁlg@kg%??gefﬂ MU' PeFormed with

nce o al density of a

hid@whtrsbiglgabl e fil mof a binary photomask bl ank
having a second |ight-shieldable filmmnmade of

chrom um conpound in the case where light is |aunched
thereto fromthe side of a substrate, neasured using
a spectrophrBRIERtBESCREPTION OB BHErRPAWEINGS ng a
result of measurenment of the reflectivity of the
bi n&iEShéhoned K Bbhgeks thenatlic kwrosscEattional views for
| i ght-shi el dable fil mnmade of chrom um conpound for
il ratiang Ageas i vereEsguerer oh G PR Foas i d aaik aeceoding
nm. FIGS. 10A to 10C show SEM inmages for illustrating
tQ ridie RERI§Hh A M YPUT at i ons of dry- et ched
Iig?g[- hi.el.dabl e fil whose mini nym contents g_:f
ni troden 4 S ehELEIRH S GRS MM SR &°F o
. At 0 : t% (F I at 9
L ad f nrtgfiakharls e, prBbutPlriRoCodhegathe usea

RGN ddS AR o3 tﬂ%”éhbio&@@k Bidnfl H%HHE&%«E;"QSGE‘he

~content of the photomask bl ank having a tirst
prdgdiit st @i, fil mmde of CON (C:N = 9:1) having

a thickness of 10 nmand a second |ight-shieldable

fil pogade 0f aMyShph owichd at hekDesstRidadpkendence of the
optical density (OD) of the photomask blank having a first
light-shieldable £ilm of CrN (Cr:N = 9:1) and a second
' light-shieldable £ilm of MoSiN having a thickness of 23.4 nm
that overlies the first light-shieldable f£ilm;

FIG. 4 is a graph showing a result of measurement of the
reflectivity for light having wavelengths ranging from 190
nm to 600 nm;

FIGS. 5A to 5E arediagrams forillustratinga fabrication
process of a binary photomask:;

FIGS. 6A to 61 are diagrams for illustrating a first
fabrication process of a phase shift mask;

FIGS. 7A to 71 are diagrams for illustrating a second
fabrication process of the phase shift mask;

FIG. 8 is a graph showing a wavelength dependence of the

optical density of a light-shieldable film of a binary
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nmoverlying the first |light-shieldable film according
to an exanple 6; and FIG 12 is a graph showing a
wavel engt h dependence of the reflectivity of the
light-shieldable filmdeterm ned by mneasuring, using

a spectrophotoneter, the intensity of the reflection
light in the case where light is [aunched into the

' -shi.el 1l mo p BSK. .

pﬂdéﬁﬁaéﬂ]é;%ﬁ%ghgyﬁbggha%gggﬁd f%éﬁ?g' %g%égﬁﬁgb %}m made

conprrsin secon

| | Pt
o4 AT EGF SR RS BT M eneg horere

£rBdathd Wi dAIde I Gl tddt® PrRsitired Mg D Wil | be
described wth reference to the drawings. Through

sppatinagihd tomesidgat i on to reduce the burden on a
phot oresi st serving as a mask during patterning of a
photFddast,is aheraph esticwindraveeseit el neasomemesitoof the
that a problemw th a conventional photomask bl ank
reflesciyvitie ofathe fimaranphahoinaek| whanlo baviing thhisgcond
overlies a light-shielding film nade of a ]
Lightoritiisedde Rdidar imade jof ghyomgju comppund for light
chrom um based material, so that the antireflection

having & vavieiend tdhransine 6oy 190 in k&4 f%:ar
el iR RENTELTIOE iy 4R, grguetrating
rest )
UMY AR T U B Ao e iR POID TN
1 I 1 diA d BY BRE Uro L2 M8 nfiRuRdcd et n £ 9 SPHE €8848R

in
a resist nmas uring patterning of a photomask can be

tHeeddesdal 11ghet hial §adiéfeiBmntrienodids qtral .Ndoa), 5 ats
characteristics are appropriately selected f or a

(Ai@htioB)shkrel dablax 4 i(Fndhavior ;an antirefl ection

capability (that is, an effective antireflection

fil FIGrellérisdat graphreshovsngsa sesbmidionship between the
optical density (0D) and minimum nitrogen content of the
. photomask bilank having a first light-shieldable film made of
CrN (Cr:N = 9:1) having a thickness of 10 nm and a second
light-shieldable £ilm made of MoSiN having a thickness of 51
nm overlying the first light-shieldable film according to an
example 6; and

FIG. 12 is a graph showing a wavelength dependence of

the reflectivity of the light-shieldable £ilm determined by
measuring, using a spectrophotometer, the intensity of the
reflection light in the case where light is launched into the
light—éhieldable £ilm of the photomask blank comprising the

first and second light-shieldable films according to the

| example 6.
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light-shieldable filmhereinafter) and a
I'ight-shieldable filmserving effectively as a |ight
- shielding film(ref erred to sonetines as first
light-shieldable filmhereinafter) and an appropriate
conmbi nation thereof is achieved. Thus, according to
the present invention, a novel structure is adopted
whi ch i ”VlﬂiszﬁfLﬁﬁﬁﬁétﬁﬁ](rf‘ﬁ?ﬁrb?'@H O BeREN |

etching characteristics ferent |nds 0

mat efd @h&)fd 100wty S8688GhddddEos ialdablfont thesvd s@nt

an anti-reflection capablllty and the first light -

istert dahlwifl Ib® dsecvibgdagitn wifatdnoe Hd ght drawings.
-shielding filmand reducing the burden on the resist
mas Kr'tuni gty geatrieayiniimy eaft itdat ipmo ttonereluckby thakbugden on
advantage of the etching selectivity. As described in

apbogodesislt detwing aisia magk duringhabgersingeofiaphgtomnask,
the materials of the first and second ]

the ginvenhergdsve repebed Accorglusiondihata® pEchbien with
an etching mask solel% f or the second

A ‘P%Ye%’r FROPROFPTATE PERDE e Rsth t Thg PEE eFith an

aREEROF bt Elom st et ovierdieiipr SialEr En TR ] fm
BB DU A s ?eé(g%a{&g;ﬁa nlgerrgagc S8t Y,

uori ne- pase esSs burdensone

clru‘? rlfligﬁ:fra lﬂ’@s%@&r%%e&lral( S%bsﬁfﬁkcg%% é@tfﬂn £ilm and

such as neta [icon

tﬁé&&bﬂersﬁieﬂa&ﬁbEihdﬁ&@es@&i&@ﬁéﬂ&hiﬂ h&¥adPeListies
used for the second |ight -shieldable film the burden

( @y L &ecti BSdg Sthabsktesigteas ) y afi@dased, réddlit, a single
deformation of the resist pattern is significantly
phethcesi ssonddlathddhetorbvgi naddresi stopat s evatic arhde
accurately transferred to the second |ight-shieldable
antipefbedcnipanfibntandfthet lbghtaphbelding Thim, tle
resulting patterned second light -shieldable filmis
addibier. Ahgkpvenkers ageckound that the burden on a resist

mask during patterning of a photomask can be reduced if
materials different in dry-etching characteristics are
appropriately selected for a 1light-shieldable £ilm having an
antireflection capability (that is, an effective
antireflection film; referred to sometimes as second
light-shieldable film hereinafter) and a light-shieldable
£ilm serving effectively as a 1light-shielding £ilm (referred
to sometimes as first light-shieldable £ilm hereinafter) and
an.appropriafe combination thereof is achieved.

Thus, according to the present invention, a novel
structure is adopted which involves selecting materials
different in etching characteristics (different kinds of

materials) for the second light-shieldable film having an
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the first light - shieldable filmprimarily conposed
of chromum (a chrom umbased |ight-shielding film,
thereby transferring a predeterm ned photomask pattern
to the first light - shieldable filmserving as an
effective light - shielding film Alternatively, the
remai ni ng resi st mask can be used for et ching the
- Lel fd 4 c fes
ahh Sl o0l on cRBb B EAR Bt G} PE T ok s AN e 1

s&AH 4 & A aﬂ“etfliebtﬁﬁv%hﬂm:ﬂmé Eﬁ_iﬁtaﬁ{@ réﬁﬁeﬁ.ﬂlgnﬁle

to the present invention, the duration of etching
bSAEE di@hel £86 54+ MRSk Bﬁr&ﬁ@?@ﬂteﬁﬁﬁ@&f the prestsiask
~ thickness can al so be reduce even i f the
by hodlolms ka@adt edde | GF raskiceitchimy ss&escttihel iaspect

rati o does not increase excessively, so that problens

i nclAddidegaiddredddn owref deheipalaten, t daasterthe etching

accuracy due to degradation of the pattern sharpness
_S%#thiﬂﬂtmi%@ %ﬂetmﬁiﬁﬁﬁﬂkﬁrpﬁnkﬁﬁdg -yid gFcqnd

portion of the resist pattern, can be avoi ded. As

Lygkrsipieil daRie, f1ine. e fefithaagtarye i dardap an

Bl S R R U g, o
second H

h | bl f h .
tlheaﬁesdl% 4 ppedirfediirfott Band ML TR Can ve

ST | e o AR L SR

£ L erqie ar§§69fllgrl 'Qf“a ma%@kih@;a@ﬁﬁt fdelr{TbbSpH§§Qs§éd%y
hard mask to etch the first |ight-shieldable fi

£ 16w e Lpa s /iy e@bhiski, ebBisl fd [18ss bhedéagbmecto Othe
on the thickness of the photoresist film inposed to
plisisanresidie, ef €l ngon esempant® onfndtrel phidtiariesi Stsuch as
step of patterning the photomask blank is elimnated,
mestrall t el phant oxédies meftid Inscidni dys nbteidéi wraretalo-silicon
achi eve higher resolution. In other words, the problem
oxynitride, for example) is used for the second

light-shieldable £ilm, the burden on the resistmask is greatly
reduced, anddeformationof theresistpatternissignificantly
reduced, so that the original resist pattern can be accurately
transferred to the second light-shieldable film having an
.anfireflection capability. Then, the resulting patterned

.second light-shieldable £ilm is used as a hard mask to etch
the first light-shieldable filmprimarily composed of chromium
(a chromium-based light-shielding f£ilm), thereby

transferring a predetermined photomask pattern to the first
light-shieldable film serving as aneffective light-shielding
film. Alternatively, the remaining resist mask can be used
foretchingthe first light-shieldable filmprimarily composed

of chromium (chromium-based light-shielding film).
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wi th the conventional photomask bl ank structure (the
tradeof f between high resolution and hi gh etching
resi stance) can be elimnated, and a fine phot onask
pattern can be fornmed wth high accuracy while the
burden on the photoresist is reduced. In the
follow ng, the present invention will be described in

mor enﬁsa&iklw al&ﬁft@fee,gﬁ@tma% BIRLhRS eI acgording

(Exanple 1: Basic structure of photonask bl ank

td AN DriReate i6GBANRLHAC EROSTursSELdn YR tehany li8fing the
illustrating a basic structure of a photomask bl ank

rasiot diaxk ik addircdit esenthatbwdr resisAcnidimegsd eanhasso
basi c structure, as shown in FIG 1A the photonmask

bé | zevuauhpr Thes , aaveptit dilley photanssdr pat: tewbsti.sateddded
and a light -shieldable film212 forned on one

imrgirg pdheppgpecsdi rakibo dAgrs matte increase eneeppignely, so
shieldable film 12 conprises a first |ight -

that aneliems fLPPH*P%nSEEe%ré%Bh‘anqug e patEpgRblEansfer

film14 verI eqth first ht-shieldahle film 13.
TR Sohstia 3 et on ¢ it b4t e, Aponech 3ha

HRELAG O, TR P%‘étgl%ﬁéa??gé? Taghiors o & pagTdop Shopne
rasid S g eisaﬁ% stantially etched by
uorine- ased ry e I ng -based dry etching) and
i's pid AREELYLEARRSEd, Ofr QNhOPLHTAT %@%“a‘ﬂnge processed

light-shieldable filmi4 is a filmprinarily conposed

bpffiuomsidd Miked Atykichd ngOMPaEBE thalesaNbbeaghsbRE to
by F-based dry etching. The silicon-containing

tiophotiotes hat , iis Wwsgd EoRrMhe s€COSH i1tiddnt- sbfi llfasecontn,
l'ight-shieldable film14 may be silicon oxide,

a Photporesigt imbsk didvioon axyeldtriveely small thickness is
silicon/transition-netal oxide,

fogned op/theassrerpénliahtal shifidahfee £4dm for patterning the

silicon/transition-metal oxynitride. Such a
second light-shieldable film, and the resulting patterned

second light-shieldable film is used as a hard mask to etch
the first light-shieldable film (chromium-based
light-shielding £ilm), the restriction on the thickness of
the photoresist £ilm imposed to assure the etching resistance
.of the photoresist in a step of patterning the photomask blank
is eliminated, and the photoresist film can be made thinner
to achieve higher resolution. In other words, the problem
with the conventional photomask blank structure {the tradeoff
between high resolution and high'etching resistance) can be
- eliminated, and a fine photomask pattern can be formed with
high accuracy while the burden on the photoresist is reduced.
In the following, the present invention will be described

in more detail with reference to examples thereof.
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light - shieldable f 11m can assure the conductivity
and, thus, has an effect of suppressing charge-up
during witing using an electron beam In particular,
when the silicon- containing conpound contains a
transition netal, this effect is expected to be
significant. In addition, as described [ater, the

i grltEat%mggll dfib' %he reﬁtﬁnﬁ:‘b‘ﬂa&@ %rﬁrhigm“t%\‘dﬂaj $Falkny )

depende ectivit transition neta

contgigaeds i rlarhi‘ Q BS hib COPL SGRAE £ G s -GIIOUNAITBY eR8 for
at | east one netal elenent selected from anong

illd s g b)badyed 8dirudt LYk, of Abghd t df@dk blia@kehcddding
. zirconium (Zr), niobium (Nb), nolybdenum (M), hafnium
td Hhe, prdsattainreftapnandasctnding toVihidsibasder structure,
nmol ybdenum i s nost preferable in terns of dry-etching
apsbowsdinbif1Gt A . ctlenpbaktomaekitstaniceompdisenducepvicylly
The filmcontaining such a transition netal can
trapsparsntagubatuate ddf ard g bightt 1 shiglkdabiefiind Hprmed
in chem cal resistance, conductivity and optica

orp e RIANCARAL GRS (O RABIMTITILS at} o anf ofhef

i S U SRR o Pl T B S50
e pbdr o, SroiB e G A R st Y ef Y R tne
£3{d6 Al @?ﬁ}glcghl@tmm 4eL0URLS L@heOratd5iflihy ve a

I con-contal ning conpounda cont

tﬁal?ca‘?ﬁ HBHr%ﬁrérﬂf SUSH L O AL Af ffart £BHASS, éﬂe

silicon--containing compound nay contain 30 or |ess

alainkhrds igaldatie  glits S @O nthd | e shirgled@Ehbatf il mis

designed to have an optical density for exposure
LilghiHsharedfdarald ¥ifial 18 nigs @ £hin tisat dsgaoaf swbtdmt Bally

so that the optical density of the
etched by fluorine-based dry etching (F-based dry etching)
and is primarily composed of chromium. The second
light-shieldable £ilm 14 is a film primarily composed of a
silicon-containing compound that can be etched by F-based dry
etching.

The silicon-containing compound that is a primary
.constituent of the second light-shieldable f£ilm 14 may be
silicon oxide, silicon nitride, silicon oxynitride,
silicon/transition-metal oxide, silicon/transition-metal
nitride, or silicon/transition-metal oxynitride. Such a
light-shieldable £ilm can assure the conductivity and, thus,
has an effect of suppressing charge-up during writing using
anelectron beam. Inparticular, when the silicon-containing

compound contains a transition metal, this effect is expected

to be significant. In addition, as described later, the
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light-shieldable filmconprising the stack of the
first and second light-shieldable filns to exposure
light is 2.5 or higher. Mre preferably, the optical
density of the second light-shieldable filmfalls
within a range of 0. 5 to 2. 5. addition, the

t hi ckness of the second light - shieldable film 14 is

lﬁ%ﬁ’f osfifigﬁi(ﬂﬂlg %ﬂrﬁn:&e dyl ?@%@i@ro Ant Qﬁvié‘@éﬁb?ﬂ g&é‘pé)rfxdence

t used i nspecCtion. Typlca the second

of lehd -sdi eddabyer$i | m 14 can achi eve the

antireflection effect 1if the thickness thereof falls

W t lihe Brandgeioh métalcdibtdaifed LN thkes Thbeowicentaining

phot omask bl ank used f or fabricating a photomask
cagzowynk thafydre AtFl exgpooneane tde edeoend $e it tad ifelodedheng

film 14 preferably has a thickness of 15 to 30 nm
tipanibaeolftii ) i ghanadiwm dab) e ¢oval 1 4(CGa) prvtairebl (N1),

designed to have an extinction coefficient k whose .
ZJp‘F‘EﬁIH‘E“ (& )anntpbun @8 )i .gRelyhdenengfe bebpéndey (HE),

radual | fron1the substrate | LI toward the surface.

up §ifae; pe c‘%h‘f‘%t%fbﬁw ved OBV Far WHygdenum is most

at.l o

o %%#%m LeBhcof drybltehunl BEGBresInt Sty gremical
réém ceshc"lrﬁi d@cp#tﬁ%% ﬁéﬁ %‘?I%lefl |cJo¥1’ta§L§1:|. gesutcﬁl a

concen ration sition metal 1 ncreas

tleaﬁéfﬁdxpﬂxe%%qfff-hﬁ'ﬁﬂct%d AT SRR A A% R F11m that

concentration of the transition netal decreases, the

i £%hibBet beNi € ¥fnidantekigd€8h885 Wonditdtivity ahh%ptlcal
conmposition of the second light - shieldable filmis

prgsdied so that the concentration of the transition
metal in the f 11m decreases gradually fromthe side
of rhe swinporsditdoh] (tadwaricityheraduincf:a@ks) of the
Al ternatively, the above-described profile of the
sighitdarctantaiouing ctamownd dihafe femevide lsesendi ng
the concentration of a |ight el enment (oxygen,

l:trgl}q—dﬂgrg]é}a% gé.ﬁ.}n 14 is determined in such a manner that

silicon accounts for 10 - 95 at%, oxygen accounts for 0 - 60
at%, nitrogen accounts for 0 - 57 at% and transiticn metal
accounts for 0 - 35 at?. Preferably., the silicon-containing
compound contains 0.2 or more at%$ of transition metal. As
required, the silicon-containing compound may contain 30 oxr
less at% of carbon.

The second light-shieldable film is designed to have an
optical density for exposure light preferably falling within
a range of 0.2 to 3.0 so that the optical density of the
light-shieldable £film comprising the stack of the first and
" second light-shieldable f£ilms to exposure light is 2.5 or
higher. More preferably, the optical density of the second

light-shieldable £ilm falls within a range of 0.5 t0o 2.5, In
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in the silicon-containing conmpound. Specifically, as
the concentration of the |ight el enent increases, the
extinction coef f iclent k decreases, and as the
concentration of the light .elenent decreases, the
extinction coefficient k increases. That is, the
conposition of the second light -shieldable film is
' d t.hat .t he conc ratj f, e Li.ght .
24ATCERR" Pl B e BE SRt Gt} st Tgapte ratm
; f e oW\
R R A T
1§gRabukkhy ot thgpseeond. ! ighlisdi of daphe sdédma 14 is
i ncreased, and the degree of freedom of thickness
1dgherghnataanlefriiiel 4 casbchlighle-1Hd ghtabéeiéct Dod ffect
Consequently, the anpunt of side etching of the first
iFi e thsivkeledabkbetbebm 4481 Damiirpipabat samge @fcdn e 45 nm.
controlled, and the wavelength characteristics of the
Indhlectase/pf p pifo tammskfh kank gl tfogti adimiatsd wirfd 4 phogomask
when serving as an "antireflection filnl can be
defpapeddt o exposprenetronirzngd di @t hd eddadde £ilm
Iight-shieldable film14 is designed so that silicon
14spraghenpbidt Basag Bhirkperfaed ?égF8n3Bereen t he

e oS AL EELE L
abRsbliSa todayd M R LAP DageiBicht Ehnge prosite

ageasﬂ %%@s%&et g?ﬁhf idév%?lﬂadgstﬁ a%&&@%@gs(ngadua]fly from the

supersat urate In a reglon close to the surface

stB8t 8ate 11N&WAld 864 bibEdcel N udRE R0l e B&Achieved
wavel engt hs can be reduced, the pattern transfer

bg hedBEig i itd e®ncent ra@TonCORdtRE O ramdbtich el i@ the

i nproved, and the chem cal resistance can be inproved.
sThecbénrsontapghing sbmpbdadl thét| iotdsi tha fetond

cont ai ni ng :
light-shieldablefilml1l4. Specifically, astheconcentration
of the transition metal increases, the extinction coefficient
k increases, and as the concentration of the transition metal
decreases, the extinction coefficient k decreases. That is,
the compositionof the secondlight-shieldablefilmis designed
so that the concentration of the transition metal in the £ilm
decreases gradually from the side of the substrate 11 toward
the surface.

Alternatively, the above-described profile of the
extinction coefficient k can be achieved by varying the
concentration of a 1light element (oxygen, nitrogen or carbon)
in the silicon-containing compound. Specifically, as the

concentration of the light element increases, the extinction

coefficient k decreases, and as the concentration of the 1ight
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chromumas a primary constituent and is primarily
conposed of chromumnetal, chrom um oxide, chrom um
nitride, chrom um oxynitride, chrom um oxycar bi de,
chromumnitride carbide or chrom um oxynitride

carbi de, for exanple. The conposition of the first
light-shieldable film13 is determned in such a

' eg%nrl]gr? téehca%eoa?sh%?,m rgat%g% g_ﬁ?:ttsiofno%osgfic?. n@t}%’irb&i'(é/%@s.

cou tToge ccounts for

%.and r - _ i .
R Loande SO BOENN LS L6 Rcorrabe Hheelhiglo i
i QN LANLENR IthdtORHRXBORLER tha@AbnPbel h8P1Vght element
fallingwwthin a range of 0.3 to 3.0 so that the

iP Rt &k 1ReNddidasds igitiddd1ght rebmet @b dtidanel2l toward
conprising the stack of the first and second

thé ghtrsdde] dable films 13 and 14 to exposure light is
2.5 or higher. Mrre preferably, the optical density of
t he Wiittstsudhylem shitdlinddtilom fddefiffialien tvpdefdle . r abge

of 0.5 to 2.0. In addition, the first

1iglyht shieding| eapabid iy oF cthe sgpgondsliogh i ghdrekdable
equal to or nmore than 5 nmand equal to or |less than

£ didy ianﬁn%%swefaé}daﬁw flggrget i daasdom gf thi¢kpess
t 5 . .t | t
d%wz'?n"{%qcﬁ?c%{; S o LAty p S Eap T Tyt e
tivit f the first.li - shi b '
RGN, Blo iRl e AHL SUETRE BB

L A LG L B O g iR B By trod T,

an@1hdl b T M in ehheabkar ikithits ofRtdct ReFfddEBIvity of the
l'ight-shieldable film13 is used as the so-calle

£it4@ht i gt o4 sdB1TES HOVEY 8fhen NsddWBng as an
specification, these two filnms stacked are
" ot 10 1 axett Yori ef Elnitbdm s idipreiddshi el dable fil nf.
The filmstructure can be desi gned
Besides, if the composition of the second
light-shieldable f£ilm 14 is designed so that silicon is
unsaturatedat an interface region between the first and second
light-shieldable films 13 and 14, the adhesion of the second
light-shieldable £ilm 14 to the first light-shieldable film
13 can be improved. On the other hand, if the composition
is designed so that silicon is saturated (or supersaturated)
in a region close to the surface thereof, the reflectivity
in a region of shorter wavelengths can be reduced, the pattern
transfer characteristics to a semiconductor substrate can be
improved, and the chemical resistance can be improved.
The first light-shieldable £ilm 13 is a £ilm containing

chromium as a primary constituent and is primarily composed

of chromiummetal, chromium oxide, chromiumnitride, chromium
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in various ways. For exanple, the conposition of the
second light -shieldable film14 in a region close to
the substrate 11 may be designed so that the content
of oxygen or nitrogen is extrenely |ow, thereby
maki ng the region function as a part of the "light
-shielding filnm. To the contrary, the conposition of

hiP R s AecAd fag, et B oo Rert B85

c#@ﬁim%mﬁ%@!‘ca gen %;%kgagge_.i SThE! @nhd M ion

I gh, thereby making the region function as a part of

of e FAbei hgrt LA b1 AAb1e! Pilhi s SReabtbenihed, id Much
first light-shieldable film13 is regarded as the

aphhastithat chi@iiws Bcebdnrg fdd Bl -eeat{ oklgehi dcdounts
light-shieldable film 13 partially functions also as

fahd) - &l iatef,| edttrogehn ackovatd folreO0sechhdat? and carbon
light-shieldable film14 is regarded as the effective

aceunreffactd on 4¢ |[at® even if the second
light-shieldable film14 partially functions also as

t he The) FaRstshighti slyleldable ikl }%ds designed to have

light-shieldable film13 and.the second, _|ight .- L
afkﬂg’é%‘a%fisnf’}mff&’_ SPIHEHhLIBRRIREBF QH&H%&&H'HH@“{‘H“
o g Yo D W, RS TR Y e wne

J i =l ' . i | l f ]
LS o] BAOATRE® Bl Rt U6 LR o S oz

a8/ Eébbﬁ&eijégz%ﬂﬁ%%:t@da}@i%!fﬁi PRl 14 RS o£BBShEL U YNt

[ ayers of Bl shiel dable film preferably
141386, 5 i HAPRS.t | ﬂBréeﬁﬁéféﬁgbtﬂ?QVﬁhe%@m@it&éﬁ@iﬁ;}v’ &f

to the nultilayer structure, e filmconposition may
tHe flassitedightAsRigladbest fFABANE41 14 RaftHis aarange of 0.5

conposition gradient structure nmay be provided). If
teurld.a Gonpddition,gihel Eitrsst Aighii-rehisldddpeedifimr 13
preferably has a thickness egual to or more than 5 nm and equal
' to or less than 50 nm, and more preferably has a thickness
equal to or more than 5 nm and equal to or less than 25 nm.
With the thickness design determined in this way., the
conductivity of the first light-shieldable film 13 can be
adequately reduced, and the side etching during the patterning
step can be suppressed.

Typically, the second light-shieldable £film 14 is used
as the so-called "antireflection f£ilm", and the first
light-shieldable film 13 is used as the so-called
"light-shielding f£ilm". However, in this specificatioh,
these two films stacked are collectively referred to as

"light-shieldable £ilm". The £film structure can be designed

in various ways. For example, the composition of the second
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. the second light-shieldable film (antireflection
film, the wavelength region in which a preferred
reflectivity for the I|ight used for inspection is
obt ai ned can be widened. In addition, if the content
of a light element is increased in an outernost
region of the light-shieldable film(or a film having

Gyt S R £ SR e
e U1 ptfaclo s ASSNRETY Gk SET Broger

i£keRRhel} By ARAML P R idPTher&id@uhbidbn as a part
light-shiel'dable film(light-shielding film close to

 of hens Ubsigiat SshSeldigaseth" | havekbhe edutiragy,t ke
chrom um content, in-plane etching variations can be
canpps eiskad o fl thaddirtsitohi ghtistlehel dabhe didiloi hg irha region
light-shieldable film12 directly on the principa
chsmdofthehsesahdt gt 41ghiekdal e Eigm ildalisf d¢sidsed so
may be provi ded between the substrate 11 and the
thagihes foatemy ©f opygeRr Prhaitregeneiseemleahively high,
substrate 11 and the first light-shieldable film 13),
theredhoiprking pilg Il%lolfhef‘%r?ﬁfrjd"bpﬂsr & IPFTY rﬁf15tl'I'Fay be

SRR S o, L ) SR el BB SRR srear
t,u f X t.hi t i 5] \

LA R o T e 4 18 oty

n t t t I =6 j —. f ilm

1t - St iy £2MT rehi}E AP EERLATIN o0 clgald1R £11

1:{ Ehﬁtlﬁmg}dedrt@tf&?@aisolw Rhesigt Oadd adti1d8 #4100, and

e exposure light is 2. 5 or higher. O course, a
tHoWddormd fidith sipid kRlbid | amyl Deiadeiddanal las the

provided. The third optical film15 nmay be a half
efiftmuetdi yihdsen tsivdfiledtayar f{idm'a evedrf £t drtee pdesendGhi f ot

| ayer). in this case, as
light-shieldable film 14 partially functions also as the
"light-shielding film".

The first light-shieldable film 13 and the second

" light-shieldable film 14 of the photomask blank according to
the present invéntion may be each composed of one layer, or
either or both of the films may be a multilayer £film composed
of a plurality of layers stacked each other. In the case of
using such a multilayer structure, at least one of the
constituent layers of each light-shieldable film preferably
has the composition described above. As an alternative to
the multilayer structure, the £film composition may be varied

inagradient manner (that is, a composition gradient structure

may be provided).
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with the second light -shi-eldable f _tlm 14 descri bed
above, the third optical film1l5 preferably has a f
11m conposition that can be etched by f |uorine-based
dry etching, and the material forming the third
optical filmis preferably selected from anong
silicon oxide, silicon nitride, silicon oxynitride,

sil i,-_cfogﬁ_‘%ag%énlﬂms'i’@ g%h‘iéflg structure is adopted for

silicon/transition-neta nitride, silicon/ transSition

thd oK Y AightLa818Rdabhe 11k (adtiraddiddtbn Eagm), the

conposition and thickness of the third optica
wdid éBg el - i AIadwh@ch hatp tdre st e irdfite tfivdtyt iér the
third optical film(that is, the tine required to
1gleh wéédther finhsPpeciies id hebtabmed ordh thonwhdendi@. In
second light - shieldable f 11m 14 is |onger than
adgitidnr ithdheecondehitghf - ahl dhdaldlenfantimis4inppealed in
case where the second light-shieldable film14 and
an prhermes opeidden PL1the 1bighte- shibrlable |fidah (6% gefilm
silicon_ .nitride, siliconoxynitride, silicon/

YIRS 4 itk Fanherdydfe 2 149Pitc GhPRLRESILE] BRPHEEG) On top
of L 55t S AR L0 e SERAL S AEALSy Liene
STHPES 00 e FEPRIES TS e rf i PHE PY ciofRr ety

FULAM - Er S PYE Rl é(}g-.ﬂéhtagf ALFPNE] Em@b t 3n dBRESHYVE10-nm

gas or a mXxture a reactive gas and an |1 nert gas

r&itdh ase @O R ieitndigAtaRALeRALBLE Eﬂﬂﬁirﬁiéﬁﬁ—ﬁﬁielding
targets of silicon and nol ybdenum or nol ybdenum

fHim) Gldfse BomthardybstiatdeLanersheed,t BRebbbgtréd@bing
- shieldable film13 is primarily conposed of
thod rahorenl wx | ke taxbr onintpland redehimdrvawiations can be
oxynitri-de, chrom um oxycarbide, chromumnitride
supp¥gsikedr chrom um oxynitride carbide, a well-known
techni que invol ving reactive sputtering using chrom um
as dn addgsfopanipeteadmfeproviding the light-shieldable
film 12 directly on the principal plane of the substrate 11,
a third optical £ilm 15 may be provided between the substrate
11 and the light-shieldable film 12 (that is, between the
substrate 11 and the first light-shieldable £iim 13), as shown
in FIG. 1B. The third optical £ilm 15 may be an etch-stop
film, a translucent £ilm or a phase shift £ilm, for example.
In the case where a structure of such a third optical f£ilm
15 is provided, the third optical f£ilm 15 is designed so that
the total sum of the optical densities of the third optical
film 15, the first light-shieldable film 13 and the second

light-shieldable film 14 to the exposure 1ight is 2.5 orhigher.

- Of course, a fourth or £ifth optical £ilm may be ad'ditionally

- provided.
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These sputtering processes nmay use a direct -current
(DC) power supply or a high-frequency (RF) power
supply and may be of the magnetron type or other
types. The sputtering gas may be an inert gas, such
as Ar and Ne. The reactive gas is appropriately

sel ected for an intended conposition. For exanple, in

the gasentaloPF /040 £3 14 13 fndy B ARa2¥Vka phase shift
containing gas, such as 02, 1's used. In the case of f

18y&F NP LChhlet t5H8) phasBl shif€ Ddyér Nl t MegeRis case, as
-cont ai ni ng gas, sucﬁ as N2, NO2, %QO and NO, and an

wDKlY 32 s €O @ I1ighd -@ad e 1514011 eaB1 IR 1 ANROscDND @il i boN@2, the
is used. In the case of formng a OCONC film a

tim x@ wpet il &ider bhpreduntay hgsgasfilsnucbhmpesCOioG0Zhat
and CH4, a nitrogen- containing gas, such as N2, NO2,

cap beantichel tanflunrinexbgend-donesching . erd thgopatgrial
02, N20, NO_. NO02 and C02, is used. (Exanple 2:

Loaming diho it iprst epd isp p KdderdskPERARKRL LY $aleehad gtrom
to this exanple, there will be described a f

al&%?ﬁ!-?a}ir%?fl pPotdRs F1 Lo REEFHE a Phbt MBIk de -

' t h t i t] h has. th

s §Ef e P eena Ll el CRE 1oL e i Teor e i {h -metal
e pesel |y eRard TO NS SKHipte Lo

A Lal, LB o S 9asioaldl pa’theLuve.

Id hhg&t;am N9 PR S SNUESE BhaGhh iR §F kRS 3PRAY ShtiScal

use or f ormng the f i-rst light - shieldable

£1 1N §fareh®e P OB knaltl Bk caesondiniré P thBaaneseptical

invention. In this drawing, reference nuneral 11
flEmqiesta ikl afRparamd raditided €o @btk oS thebfibah under

rectangul ar quartz substrate, reference nuneral 101
thie saes candhaiberas ridfee secoadnligh bt sHd@bdalehetfidsimm 14 is

first target, reference nunmeral 102b denotes a second
longepetthan efhatenter nirersecand Yieght eshiekpaplerfign 14.

gas inlet, reference .
In the case where the second light-shieldable £ilm 14

and the thirdoptical £ilm 15 are made of silicon oxide, silicon
nitride, siliconoxynitride, silicon/transition-metaloxide,
silicon/transition-metal nitride or
silicon/transition-metal oxynitride, the films can be formed
by a well-known technique as disclosed in Japanese Patent
Lajid-Open No. 7-140635, for example. For example, the £films
may be formed by reactive sputtering in an atmosphere of a
reactive gas or a mixture of a reactive gas and an inert gas
such as argon using an appropriate combination of targets of
silicon and molybdenum or molybdenum silicide.

Similarly, in the case where the first light-shieldable
£ilm 13 is primarily composed of chromium oxide, chromium

nitride, chromium oxynitride, chromium oxycarbide, chromium
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numeral 104 denotes a gas outlet, reference nuneral
105 denotes a substrate rotating table, and reference
nuneral s 106a and 106b denote power supplies that
apply a bias to the first and second targets,
respectively. In this exanple, the first target 102a
is a chromumtarget, and only the target is

| nfﬁﬂ&grc%q: i4 fSLﬁ@ce fnhﬂﬁﬁ oxirhglﬂhﬁgrceé;g%ﬂee i{vﬁlffkmwn

romum

??@g,rates o %ea%Er9@“§§Qtt8£9n§*ﬁé1§@Qﬂ9§hulgﬂas a

O sccm and sccm " respectively, to

: tafgégvgaﬁ Basadbsesyr e of 0. 1 Pa in the chanber. The
pre-filmformation heating tenperature was 120C, and a

di schtargespaveerohg i smsmappisecd dia ddis cardentgedC)
while the substrate 11 was being rotated at 30 rpm
power ebyphby mna kb ghivfordguanayt (Ri9 polwert supply and may
t hi ckness of 40 nm which serves as a first
b¢igfhtthehinaguabrenfiyee lomghthesht¥pels ng The sppitEhang gas
chromum-nitride filmwas a CN film conposed of
NV rRArarmipery Jasd W‘fl? @gfeﬁr( Rﬁ‘dllﬁet hé['htﬁ)ﬁﬁ@ﬁtﬁv@ngas is
ratio (atomc ratio)_9: $Samn

SPEIREAAFOTTGBF Lo P § a1 17 AP EERASR ST L ELRR ng Fo
h h .

ebalipf¢ :%%&Isfq”f?@fh%)gﬁrﬁ%‘a“nﬁg‘éf’%% %hﬁwarﬁ?%yé’%@t?gﬂtamm

4| Bacr'88 657 Ty | "3l EhSledd Dbl £02RLEL IR BN HL 10,

- “Shi¥

a ﬁh&@if@wfeaf hhrﬁsegea 313 ‘cQ!{fHﬂﬁ? g&@nks@&?qsd 9:&@2. N,O

the present invention. firs arget 102a uded in

addiN® ,Shaa &‘ﬁ%}?ééﬂi&ﬁ{téﬁlﬂng‘ﬂg%%' esGENSdflo,, ald, fibeana
second target 102b used in this step was a

Nop/| ybdesedt Sir itGiedeasds FpraanycaystelC £l gasmixoitre
rate was set so that the gas pressure in the chanber
ofiua | cagrhon reod tatmbn g ogas\assich lafaCO antoa amsl yBenam
silicide- conpound f ilm
nitrogen-containing gas, such as N;, NO;, N0 and NO, and an
oxygen-containing gas, such as 0,, N;0, NO, NO; and CO,, is
used.
(Example 2: fabrication process of photomask blank)
With regard to this example, there will be described a
fabrication process for providing a photomask blank according
to the present invention that has the structure described with
regard to the example 1.
[First light-shieldable f£ilm (light-shielding film)]
FIG. 2 is a schematic cross-secticonal view for
illustrating an arrangement of a sputtering apparatus used
for forming the first light-shieldable £ilm of the phofomask

blank according to the present invention. In this drawing,

reference numeral 1l denotes a transparent substrate, which
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(MoSINTf ilnm) was fornmed while the substrate was being
rotated at 30 rpm Specifically, Ar gas at a flow
rate of 20 sccm and N2 gas at a f lowrate of 0 sccm
were introduced as the sputtering gas into the .
chanber 101 to achieve a gas pressure of 0. 1 Pa 1in

t he chanber, discharge powers of 700 WAnd 300 Wwere

igpep |6i-%.d cht ?ﬁ%}\@%ﬁ%@?ﬁ% n%ééltgﬁ%e s%%%ttr]ﬁ%retes,i r%—;?éggl‘lt:e numeral

respective a ormati on was

1gfo%retn%q:e%él&%rﬁ,“??féééﬁc%é&ﬁ@e}ﬁ ilBQa é&ﬂ@g aa%jf.rst

rpm n, m was to a thickness

2Bt , 2Be FERIRES En @Rt NUDBSS YaShehds N8 dd6oda | taget,

formation conditions as follows: the flowrate of the

réfepdtct AMeEHEA®3 ddiidtdd@splittbeingGhsviasl i atebétence
decreased to 5 sccm and the flow rate of the N2 gas

numérataoddlamited dgashkartiiert ,10dfemersce namezadd tSodé&dotes
sccmto keep the gas pressure in the chanber at 0. 1

a Paybsimh tteh e odiatdolgat g lpowend amflaraiice nue rid S 306a and
target was decreased to 100 W and the discharge

1lohelenpdis PeyerosuRhkles thatgapPpis® bidsekeddra d1iygy and
W Under such filmf ormatlon conditions, a filmcan

seeoRdr ottt FeRPectt¥id®sition gradient structure”

LSl AR s AR
arpii I érgsl‘ﬁf%%% t?#?%t oip% ?éc%?@??ﬁ?n& ?an’%éé%m%;fr%ggﬁsi ﬁg °
1158 SO L BadPe - £T1d D e RRYALMS CORST Eﬂﬁ%gri‘ﬁ S§RYNsas

imM FIG 2. As described earlier, 1In theée case ere

At Ngad hidgh ofld ea} Jdd B N8 §akfwbpBeiRPAS8ucedi {hito the
| ayer, the filmis preferably nade of silicon oxide,

clsathb&EON onli 4t ifdew Bates WF 0¥)HUd bad, 4 scem, respectively,
silicon/transition-nmetal oxide,

teidclcoavd raangas ipresswie of 0.1 Pa in the chamber. The
pre-film-formation heating temperature was 120°C, and a
discharge power of 1000 W was applied to the Cr target while
the substrate 11 was being rotated at 30 rpm, thereby forming
a chromium-nitride £film to a thickness of 40 nm, which serves
- as afirst light-shieldable £film (light-shielding £film}. The
chromium-nitride filmwas a CrN £ilm composed of chromium (Cr)
and nitrogen (N} in the composition ratio (atomic ratio) 9:1
(Cr:N = 9:1).

[Second light-shieldable f£ilm (antireflection film}]

Using the sputtering apparatus constructed as shown in
FIG. 2, a second light-shieldable £ilm (antireflection film)
was formed on the first light-shieldable film {1ight-shielding
film}, thereby forming a 1ight-shieldable £ilm of a photomask

blank according to the present invention. The first target
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nitride or silicon/transition-nmetal oxynitride. Thus,
the sputtering target is appropriately selected
dependi ng on the conpound form ng the hal f-tone phase
shift layer, and the third optical filmis forned
under generally the same conditions as the second

I'i ght-shi el dabl e filn1described above. The hal f-tone

t f
D T R e
thél £atong P @tSI\d)ﬁtS uhéé!&f hstﬁifé'gﬂéﬂ w&shave such a
conposition that the single-layer or nultilayer film

MOBHBAQhum OH€1 O i d® " QM9 paL§ceobesl ¢d THOYa¥BNPw rate
t hose descri bed above have a transmittance of 2 - 40%

wvas et Huttathithe gas ahwoed suddlin Alspehiabercdasphg Hilm
the filmformation is as follows. First, using a Si

- formgttormast@l 1l Be, taral & imoslty hidsemgmt - sli0Zac i dendoaidoing A1 im

- sintered body as the second target 102b, di scharge
(Powel & idm)seas \Farmed gbd 1oy e subgirede was biedngbretaied
target and the Si target, respectively, while the

akubSt¥lte 11 was being rotated at 30 rpm t her eby

ARSI AR Bl L) Uik o,
SR T AT {55l AR o
g@d 7S cal cﬂ&ﬂb@ﬁ 258 & % QY 5%&53&’ sihdoeTh81 Pa

gas pressure 1nt cha uring sptterlng was set

1@ﬁ:hQ crartter , THEBchhP§e ‘ﬂio%fé'ﬁ §€ 7ROWP LR a3 WS rappBied
MoZrSi 4 target .and the Si target were changed to 430

td/vtmohd@ﬂptﬂgéemthmﬂ targed ,tPesSeet 1951 g adaSthen,
was changed to a mi xture gas containing Ar gas at a

| tHé Gl matcernet ik 88 mtakid egiagh Ale ahke dubvs rradtee i waklBeing
sccmand 02 gas at af lowrate of | sccm Under these
raipritid iadnS0 wpim|l e Then sdbst falm dds viesrnpsl My aotlickiness
at 30 m a lowstress |layer was forned to a
of ﬁb@p@ﬁe?s& ngf waplegontinuously changing the film formation
conditions as follows: the flow rate of the Ar gas introduced
into the chamber 101 was gradually decreased to 5 sccm, and
the flow rate of the N; gas introduced into the chamber 101
was increased to 50 scem to keep the gas pressure in the chamber
at 0.1 Pa; and the discharge power applied to the MoSi; target
was decreased to 100 W, and the discharge power applied to
the Si. target was increased to 900W. Under suchfilmformation
conditions, a f£ilm can be formed that has a "composition
gradient structure" in which the content of a transitionmetal
or nitrogen in the film varies gradually.
[Third optical £ilm}
As with the first and second light-shieldable £ilms, the

third optical f£film is also formed using the sputtering
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under a gas pressure of 0.25 Pa. Furthernore, the

di scharge powers applied to the MbZrSi4 target and
the Si target were changed to 100 Wand 1000 W
respectively, and the sputtering gas was changed to a
m xture gas containing Ar gas at a flowrate of 5
sccm N2 gas at a f lowrate of 50 sccm and 02 gas

'a%af% %18%5 Lﬁc@gd%fssﬁ%ﬁn %{gﬁ%. 4 hesg éfe e‘H‘éarllaer

e su strate 1 was Ing rotate
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under a gas pressure of 0.1 Pa. In this way, the f

shippneLphase 1Y ffilim ligy pretazablkREddeast as:\_:ﬁm@ﬁlt@ﬁide,
structure conprising the three layers, that is, the
s Dpt ¢l ndid s jresit 1i@yeroxymettode st ress | ayer and
the surface layer. [Practicality of second
s11pton Stwa stalbl en fme ta hsodiade, nekkicdgs] gpngiction-metal
hot omask bl ank conmprising the f 1rst and second
nitgide -oghisd|ldg@eing transid iforomed@ lueggnitrd deondfregnsthe
descri pbed above, the practicality_ of the second |ight
SpULHRTEIRG FRE IRt 1 %@Hﬁ@&qﬁsﬁ%ﬁgtﬁﬂmdmg on the

Achem aII ifie hotorel-st
oo FRrn AT a0 RBesdioy *ahAuhe ra
,,{éiéaffkdl “eff%e% B oFlagt poRapean 'tﬁ@%ﬁw e
orm a rleS| S S ﬁ%n?egl SY rmSk as aorms:k ions

?*Et?iéjﬁﬂ e ! d&%ﬂéé ﬂeﬁftaltﬂﬂﬁé'ln)

vvas patterne l'uort ne ry et |ng W th the

f1 ovpner ﬁagfoio%4%MQ%m@t 3by80 M&$Me GNEom EB&!L%Q £ilm

bi as bei ng set 60 Wand the pressure int

coipfiind el Bask!t oft£21dM0)of BYrERsentabbfPositibfis. The
cross section of the photomask blank after the

heilft - teyd hasss rghiaF ts Ceayren gi | ded Yopre dn 10y asDap esuch ta
was confirnmed that the cross section of the etched
cquipngitpisin that the single-layer or multilayer film made of
one ormorematerials selected £from among those described above
have a transmittance of 2 - 40% and a phase shift of about
180°. A specific example of the film formation is as follows.
First, using a Si single crystal as the £first target 102a
and aMoi4rSi, sintered body as the second target 102h, discharge
powers of 560 W and 1000 W were applied to the MoZrSi, target
and the Si target, respectively, while the substrate 11 was
being rotated at 30 rpm, thereby sputter-forming an optical
adjustment layer to a thickness of 10 nm on the substrate 11.
The sputtering gas used was a mixture Qas containing Ar gas
at a flow rate of 8 sccm, N; gas at a flow rate of 20 sccm

and 0, gas at a fiow rate of 5 scam. The gas pressure in the

chamber during sputtering was set at 0.15 Pa.
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bl ank was adequate, and the first |ight-shieldable
film (light-shielding filn) was not substantially
etched. From this fact, it was confirned that the
second light-shieldable film (antireflection film
was abl-e to adequately serve as a hard mask for

patterning the first Iight shieldable film (light

o A bl oo £P54 BoleAS I o I o BIGY OPBE e

ahi iR dOEABGe HRdSE éﬂ]ﬁ'x@% UhePakle i@bbq\? dre8PO¥€ively,
the optical density of the light-shieldable fiTmin

ahdl Q%ﬁlt\f@fﬁnél wid@eHangeahed d MiettPE gas containing
light-shieldable filmfromthe substrate side was

ATegasr &t asfhew acspeadf aphaicomet &,. gabl &t 8 fioa gagphof
showi ng a wavel engt h dependence of the optica

l@enscey $9D)Opfgashatplotidmes kaileawf Aasiceg.a Under these

" light-shieldable filmmade of &N (Cr:N = 9:1) having

- cendipienmesthble shamubtahirate fidr we¢ bedeg rpgated at 30
condi tjons described above and a second

TPRght - o e ¥3VeR tide formadsitR RabhAgkngss of 40 nm

t hi ckness of 23.4 nn1%hﬁ %gv rlies the first |ight
URCRT ef dIBHT PTFFTITE AR A thls drawi ng, the

o 'v%%rﬂﬁ%[ﬂ'ff"nfy Eﬁr et ppiels "MELAI LS fle MBtrss,
éfaé d&’f }.ggetsw%rr o%'&% ‘&‘a%oa%ﬁ wt 9nBC1000 W,
or ght

|eve exposure 11 e sec

réép@@ﬁ*@@if | %@ @hé'éﬂﬁ@eﬂﬁfg Eagtvﬂi@%haﬁﬁﬁw‘t%a Rk Gure

ornedby conti nuousl angi ng the
g&% NEd i n GO A IRAS &3S af thﬂ\/\@atfal 68t5 yhan, theghkl At a

formation was started, the f lowrates of Ar gas and
£ Now gat el of nadscen @8 Ot yassatld Elowgagasofa acche Under
chanmber 101 were set at 20 sccm and 0 sccm
thespemindit gng o wiciie hea syds tmades diewes Delng rotated
at 30 rpm, a surface layer was formed tco a thickness of 20
nm under a gas pressure of 0.1 Pa.

In this way, the half-tone phase shift layer was formed
as a laminalted structure comprising the three layers., that
is, the optical adjustment layer, the low-stress layer and
the surface layer.

[Practicality of second light-shieldable film as hard
mask]

Using the photomask blank comprising the first and second
light-shieldable £ilms formed under the conditions described
above, the practicality of the second light-shieldable film
as ahardmaskwas checked. Achemicallyamplifiedphotoresist

{having a thickness of 100 am) was applied to the second

light-shieldable film and patterned by electron-beam
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Pa in the chanber, and the initial discharge powers
applied to the MOSIi 3 target and the S! target were
set at 700 Wand 30 0O W respect ively; then, the f
low rate of the Ar gas introduced into the chanber
101 was gradually decreased to 5 sccm and the f |ow
rate of the N2 gas introduced into the chanber 101

| 1{;@&1@,%&5&?%%% ) n]gecse{gé 5%{' Y818 g@gee RS falk as
aaaeha qdhd Sedbifa VoSHB- smeg@abm@%ﬁﬁp@mm&@ﬁbﬁ%ﬂm

and the di scharge power appl i ed he S!' target was

wa@cﬁsde@.@@ﬁ]é@ BPE Nod M R0t rdeReNENGE (Rith the flow
reflectivity] Using the photomask bl ank having the

rité Gf AT BeLedGet iaghBO- sabmel thablapglidamifasobartg set
under the conditions descri bed above, Iight was

at silhdhechd the pheskiught in i atltwmitber fbelilrg saitdatt BePa) .
intensity of the light reflected therefrom was
nmeafy edsengd hijon ofpdes cophstserdtion of fheglptomask blank
determ ni ng the wavel ength dependence of the

at ket dte \Rattennigg 5ing, agpgpRNARGWPAGCRT PRSI Erofcope.

f he f | ht
15"533?%%%3%5% glﬁ%ﬁ?ﬁ%e&ﬁ%ﬂéjéﬁbé?ﬁﬁchﬁ?&%gitomask
f f fo t t .
bEP T SRR R, di e ERS L P IPacile £iam
(PAGIRE “EndOPard (4 oy U Bl RS aMIL1a9 Bhnea | From
068 o doublird BBl 1SRN Eh ki At %@c%lnﬁafiﬁhflémeféable

can be apparently seen f romthe result shown in

£#1m f Qin B Vewed e Of 1k h e Bba¥pesu &aehuabélﬁkseraza Zas
nm, alowreflectivity of 10%or |ower can be

a deht@ vk dod battedhinds pRet Eapswaleyrogshidbdabid, £ilm
the reflectivity can be nmade to fall within a range
(bigh?) dloiDIsnghisim)t was confirnmed that, as far as
the thickness of

[Optical density]

Using the photomask blank having the first and second
light-shieldable £ilms formed under the conditions described
above, the optical density of the light-shieldable £ilm in
the case where light was launched into the light-shieldable
film from the substrate side was measured using a
spectrophotometer.

FIG. 3 is a graph showing a wavelength dependence of the
optical density (OD) of the photomask blank having a first
light-shieldable £ilm made of CrN (Cr:N = 9:1) having a
thickness of 40 nm that is formed under the conditions described
above and a second light-shieldable film made of MoSiN having

athickness of 23.4 nmthat overlies the first light-shieldable

film. As shown in this drawing, the optical density for light
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the second light - shieldable f ilm (antiref |lectlon f
11m f alls wth:Ln a range of 15 to 30 nm the ref
lectivlity for the light having a wavel ength of 257 nm
can be nade to fall within a range of 10 to 20!&, and
a typical defect inspection apparatus can be used for
i nspection. As f or the evaluation sanple No. 3, the

ngPHhe & WAReRRHEy #8 3LE Rl GER A FUD' iend R 92 was
D ' ™ L
o5ELERR Ynd 0l GBRSLEOBCIELRY of s Ul HihERg abie
td opdesomdesa dibf es et e fpb ot Or MBghON conditions (film
formation conditions in which the content of the

tr angid seBonfEl Bght Nshi€1 dah e FEAI o gt phbkombB® shown

wavel engt h dependence of the reflectivity is great,
imRAGL ewdefbentdbiyigorioinidies 1y chhhgbhgtthe fiilgpeetmation

wavel ength tends to be dif f !cult to control. This

coBdbbLons 63 chopboes: WEihsbi gherobin tfblw formahigh was

both the contents of the transition netal and nitrogen
strivked, gikeliBlev Tafeslidf A mas apdefhi 6ef| bptroduced as
coefficient k between the region close to the

the FRY e ng Etar?eil"é(j’i Shecrbaibes 1ok wahe S&& S 20 scoem
s@l, so t hat t%re?,‘ Itiple reflection conditionif 1
and f) Foqy FRARGTEVAe SO SFR1SVEhe- IRPPHEBFR 1 PT nf -
f. t Luati | e .Na., .3 ;h I .
P eyt RpBeEr CRBE TS kgl B3 efndile pORBEE dpp1tea

t?&{%“ﬁﬂnt&‘fgﬁ*gﬁ%%ﬁ@%f AeReNd et B® 700 W and

! Ct! Vi ty t as econe great er, ecause t he
3EHI %*sb%t“i%flfy';cﬂrf‘éﬁm 'Iéh@ %@\%Lﬁer%t%@f tBE Affis 1 RPBSHuCed

wavel engths. U mri -t-wbngqw

into the chamber 101 was gradually decreased to 5 sccm, and
the flow rate of the N, gas introduced into the chamber 101
was increased to 50 sccm to achieve a gas pressure of 0.1 Pa
in the chamber; and the discharge power applied to the MoSi;
target was decreased to 100 W, and the discharge power appliied
to the Si target was increased to 900 W.

[Wavelength dependence of reflectivity]

Using the photomask blank having the first and second

light-shieldable films formed under the conditions described

above, light was launched into the light-shieldable £ilm, and

the intensity of the light reflected therefrom was measured

using a spectrophotometer, thereby determining the wavelength
dependence of the reflectivity.

FIG. 4 is a graph showing a result of measurement of the
reflectivity for light having wavelengths ranging from 190

nm to 600 nm. Table 1 shows a summary of film formation
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conditions for evaluation samples Nos. 1 to 4. Here, the
evaluation samples Nos. 1 to 3 have a single-layer second
- light-shieldable f£ilm, and the evaluation sample No. 4 has
a double-layer second light-shieldable film.

As can be apparently seen from the result shown in FIG.
4, for a wavelength of the ArF exposure light (A = 193 nm),
a low reflectivity of 10% or lower can be achieved, and for
an inspection wavelength (A = 257 nm}, the reflectivity can
be made to fall within a range of 10 to 20%.

Thus, it was confirmed that, as far as the thickness of
the second light-shieldable £film (antireflection £ilm} falls
- within a range of 15 to 30 nm, the reflectivity for the light
having a wavelength of 257 nm can be made to fall within a
range of 10 to 20%, and a typical defect inspection apparatus
can be used for inspection.

As for the evaluation sample No. 3, the sputtering power
was kept constant during formation of the second |
light-shieldable £ilm, and the content of the transitionmetal
in the £ilm has no gradient. In this case, compared with the
films formed under different £ilm formation conditions {£film
formation conditions in which the content of the transition
metal in the £ilm has a gradient), the wavelength dependence
of the reflectivity is great, and the reflectivity for the
light of the inspection wavelength tends to be difficult to
control. This is becau_se, compared with other conditions i_n
which both the contents of the transition metal and nitrogen
'_have a gradient, the difference in extinction coefficient k

between the region close to the substrate and the region close
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to the surface is sﬁall, so that the multiple reflection
conditionisiigid. Inaddition, the second light-shieldable
film of the evaluation sample No. 3 has a small content (at%)
of the transition metal. With suﬁh a composition, the
wavelength dependence of the reflectivity tends to become
greater,becausetheextinctioncoefficient}cbecomessmaller

for longer wavelengths,
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[ Chem cal stability (chem cal resistance)] Using the
phot omask bl ank having the first and second 1|ight -
shieldable filnms forned under the conditions described
above, the chem cal stability (chem cal resistance)
was checked. Specifically, the photomask blank was

| ey Gethnd a1 Ak v & Sygrp8en zP@éP&%éi?cé‘) jrure

(ammoni a wat er: hy rogen per oxi de ; water
30 (uding! tHe praftidiasK YLe RUhg 30d ERranR éﬁhf YBE6na

aci d/ hydrogen peroxide m xture (sulfuric
light-shieldable £ilms formed under the conditions described
above, the chemical stability {chemical resistance) was
checked. Specifically, the photomask blank was immersed in
an ammonia/hydrogen peroxidemixture (ammoniawater : hydrogen
peroxide : water =1 : 1 : 30 (in volume ratio)) for one hour
and in an sulfuric acid/hydrogen peroxide mixture (sulfuric
acid : hydrogen peroxide = 4 : 1 (in volume ratio)) for one
hour, and then, the change in reflectivity of the photomask
blank was measured using a spectrophotometer. The
measurement result showed that, for all the conditions
described above, the change in reflectivity for a wavelength
of 365 nm was 2% or lower. Thus, it was confirmed that the
photomask blank exhibited a practically sufficient chemical
stability (chemical resistance).

(Example 3: fabrication process of binary photomask)

With regard to this example, a fabrication process for
providing a photomask using a photomask blank according to
the present invention will be described. In the following
description, it will be supposed that the photomask is a binary
mask.

FIGS. bA to bE are diagrams for illustrating a fabrication
process of a binary photomask. First, a photoresist £ilm 16
is applied onto a light-shieldable film 12 on a substrate 11
(FIG. 54), and the photoresist 16 is patterned to forma resist
pattern 17 for circuit patternwriting (FIG. 58B). Preferably,

before applying the photoresist film 16, the substrate is




acid : hydrogen peroxide =4 : | (in volume ratio))
for one hour, and then, the change in reflectivity of
t he photomask = bl ank was neasured using a
spectrophotoneter. The neasurenent result showed
that, for all the conditions described above, the
change inref lecti-vi-ty for a mavelength of 365 nm

"2e/0 4bfank ex%ﬁgl te{éha prac %%;qll%%gy]?hfgrgc -en his
fm&% 1s56AbLhabY é(?&ﬁ:@v%ﬂt ERal ¢ )mas@(ﬁ%&ﬁggbeen

fabrication process bi nary phot onas regard

£fike1PiSa XU E, £Poh UL LA e Pr O ess1 100 &i@yﬂ@ll@g
a photonmask using a photomask bl ank according to the

sybSs@idnt yaesdj on Wil l be described. In the foll ow ng
description, it wll be supposed that the photomask is
a biTher ywosriapefElr8BleSAurdabE &reatinagtams & process of
orlllustrating a f abricati-on process of a binary
altptohkptat g dthe gupliecer efithe fsiubstrete fagpppilédy. the
onto a light - shi-eldable film12 on a substrate | |
syfage 5 th%n@ﬁ*h%‘ﬁh’eﬁ%ﬁ%%%%tﬂﬂ@“l @S terned to f
orma resi- t attern 17f or CIrCUIt pattern
h%?“t‘?‘ﬁ@”(qﬂl% ne (BMDS)ar gprmon 15é%%ﬁﬂe18p%‘i“9’r%“‘?‘h‘ét°r
oresist fil m16 the substrate is -
m%ﬁ%%%ﬂﬁ%tpe?%s%m%rt PP e i e
t en n r
siivisey GEAY delH or AR e BB hah e EhALo P oy
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surface treatnent 1s a process of ycatl hg t

s dARC & 1 a tirfish 6 L&?ér[@t&‘ (&ﬁﬁé@éi}yaaﬁﬂﬁrlrﬁyrﬁ?& s face
the light-shield e film using hexanethyldisilazane
triddinfent cfaminlyo ugesd subsien tonsluct Qde .

Selection of the photoresist used depends on the writing
apparatus used for forming the photomask pattern. Typically,
as an electron beam (EB) writing resist used commonly for fine
patterning, a positive type or negative type resist composed
of a polymer containing an aromatic moiety is used. To
fabricate a photomask with a finexr pattern, a chemically
amplified resist is preferably used.

The photoresist £film 16 is appropriately patterned, and
the thickness thereof falls within a range that allows the
f£film to function as an etching mask. In particular, in the
case of fabricating a photomask designed for ArF exposure,
which regquires fine patterning, the photoresist f£ilm 16 has
to be relatively thin to prevent the aspect ratio thereof from

‘being high, and the thickness of the photoresist film 16 is
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manuf acturi ng processes, or other

organi c-silicon-based surface treating agents. This

process can be conducted by exposing the substrate

surface to a gas containing such a surface treatnent

agent or directly applying the surface treatnent

agent to the substrate surface. Selection of the
hpt oresi s sed depends Qn, t.he writi a

L T R e e K

1€gsglectron beam (EB) witing resist used commonly for
Ine patterning, a positive type or negative type
resici +3Beses hahad PREYI®keS N idi0 tile 2h9BRhESs of
moiety is used. To fabricate a photomask with a finer

the igritbred iGhe sl Cal 1 ¢/ 1 sad@t éfrhbile d @®npirdhenislearabaking
used. The photoresist film16 is appropriately

iptd t eometdenatiion heohdi tkows scoheerninfaths attchimga

. range that allows the filmto function as an etching
resbktanee padttileulake. i nLf heypbasd vésiabmateriiag s used,
phot omask desi gned for ArF exposure, which requires

the fdrigdnegsiodgthe rhoereyest Hiim Lh 18 prafenablyp 75 nm
relatively thin to prevent the aspect ratio thereof

oF mpre Baithd shmgke RRaferablli LRATE oF WQﬁ?13hGPoFE§i§?Se

oA AT SIBLTH e B L, o =
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a QR84 A ﬂégéfﬂg iaH %gf%m:&?%%@ﬁﬂac?f‘ea OLGREAGe imaging

resi stance an a typic resi st nateri a

téShSGeh " hSt LIACEDRSS ST coMELRAPIOhCSESL fhémdéliy
preferably 75 nm or nore and is nore preferably 100

arfil OF i DT Lromatt iBereaset ohd agoPilDgoRe “Paséd| eyLface

resi st technique" that involves a conbination of a
trestmén tradendf, ahsitotahahiaskedgsesfntlaghotoresist £ilm
16 can be thinner than the values described above. Of course,
.the application condition and the drying process of the
photoresist are appropriately selected dependingon theresist
used.

Patternwritingonthe photoresist £ilm 16 canbe conducted
by irradiation with light. However, EB irradiation is
typically adopted, which is a preferred method for forming
a fine pattern., For example, in the case where a chemically
amplified resist is used and writing is conducted by
irradiating the resist with EB, a pattern is typically written
on the resist using an electron beam having an energy density
| ranging from 3 to 30 ;,LC/cmz, and, then, a heating treatment

and adevelopment treatment are conducted to provide the resist

pattern 17.
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a lower filmmade of an aromatic resin or a "surface
i mgi ng technique" that involves a conbination of a
chemically anplified aromatic resist and a
silicone-based surface treatnment agent, the total

t hi ckness of the photoresist film 16 can be thinner
than the val ues descri bed above. O course, the
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resist is used and witing is conducted by
siTiech atomgaimendg esompond ) &B, thapathersecsndypi cal |y
~witten on the resist using an el ectron beam havi ng
1 ghensh Dyl dieinke tfi 1 ddgcag e patIdmedD b/ £h@orand;based
then, a heating treatnent and a devel opnent treatnent
(Breasohl ormen taxygensltorhee ressed (Clabreed) dry ghehing.
resulting resist pattern 17 is used as a mask to
HeygteF n a¢¢rrdRynte | tiptpsesertiabreention 14thdat is

to function as. an antireflection fiéln %E: 50 . The
£ LRI RE THTRA b FEAB 91 PRLEE 15 1699 DTsnaara §o the
osed of

4 i rasBas Phe e
PHREORRELTG 18 AP s HIaRr 190 A1t ar b Bt PaRREEY
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eing ot B AR S it sBEAER cry ana cor.
H ol %6&1&9%& esghdn i AW ept i Uhn WRE added to the

tluorine-based dry etching, which is | ess burdensone

fldbiiife - OWELIRBAS I gasd S a5 efeqleeqas used in the
fluorine-based dry etching is a fluorine-containing

gas ImS4tfisastchdngn@dteph6the first light-shieldable film

13, which is primarily composed of chromium, is not

substantially etched. Thus, the resist pattern 17 functions

only as an etching mask for the second light-shieldable film

14. Therefore, the thickness of the resist pattern 17 can
be reduced as far as it can function as an etching mask forx

the second light-shieldable £ilm 14, so that the aspect ratio

- can be prevented from increasing, and the patterning precision

can be improved.
Then, the photoresist 17 and second 1light-shieldable £ilm

15 having been patterned are used as an etching mask to pattern

 the first light-shieldable film 13 by

oxygen-and-chlorine-based ((Cl1+0)-based} dry etching (FIG.

5D). Any particular restrictions are not imposed on the

condition of the oxygen-and-chlorine-based dry etching, and

- 39 -




However, another gas, such as 02, can be added to the
fluorine-containing gas, as required. In this etching
step, the first light-shieldable film 13, which is
primarily conposed of chromium is not substantially
etched. Thus, the resist pattern 17 functions only as
an et chi ng mask for the second |ight-shieldable film
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LA e bl SR B ons
1:5%“): sﬁ:[ef?élﬁ%é nfllrﬁafs aﬁ?toéé{gs ?%@%?iﬁze?‘@ﬁ%ﬂ

and ﬂﬁth&%f&a;ﬂz lef&t}}ﬂ% log! tHQh. ﬁféjfdeh?%@‘&’ﬂ% is

as required conf 1rne

cdﬁbl@?e& |@Méﬁﬂtﬁbﬁésﬂéiq%&ﬂﬁﬁh1@r6ﬁb@hhﬂ§dﬁ¥hé§e5%ﬁd
or higher, the silicon-containing conmpound form ng

1idiet ssieDabdabigli-iahl eldableibped ¢ 5f METCIUBEY arindFlial
etched. In this way, patterning of the |ight -
chmmrlinablbaroddudted ssiognpeéadingfdnid, heuclke sissd mixture
pattern 17 renmai ning on the second 1light - shieldable
of puktusiciacil apgparfinsigen peroxidepnd apdxturgadf ammonia
water and hydrogen peroxide, thereby finishing the binary
photomask.

(Examplé 45 fabrication process of phase shift mask)

With regard to this example, a fabrication process for
providing a phase shift mask using a photomask blank according
to the present invention will be described.

FIGS. 6Ato 6l arediagrams forillustratinga fabrication
process of a phase shift mask. First, a first photoresist
film 18 is applied onto a light-shieldable film 12 formed on
a substrate 11 with a phase shift layer 15 interposed
therebetween (FIG. 6A), and the photoresist film 18 is
patterned to forma £first resist pattern 19 for circuit pattern

writing (FIG. 6B). As describedearlier, before applying the

photoresist £ilm 18, the substrate is preferably
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cleaning is conducted using a cleaning f luid, such as
a mxture of sulfuric acid and hydrogen peroxi de and
a m xture of anmonia water and hydrogen peroxide,
thereby finishing the binary photomask. (Exanple 4:
fabrication process of phase shift mask) Wth regard
to this exanpl e, a fabrication process for providing

sfzPhasecshhloh PRSK.4SEN0.AoPUOLRURSK BLARK BEERLOLNO

e present 1 nventron w eSCTI

FEQtﬁémﬁBf di ﬁﬂ%ﬁ&ﬁréﬁ%eiEEEEBE%hH%&E%ﬁQEéCQ‘f' thé

process O ase s t mas Firs

pﬁbebgésisﬁtuséal5£é18héssaﬂelagdaeg&91aehlgbbve
- shieldable f 11m 12 f orned on a substrate 11 with a

phasene Rdstulltayey £1bsikntespet gsht hericst weehsédlds a mask

6A), and the photoresist film18 is patterned to f
torpattérnrther escendpalybtrshfeidablei £Llint 1pathetnis to

witing (FIG 6B) . As described earlier, before
fapptyomgas hen @hbineésegtibhlﬁil@,byhélgqbsnﬁabeseg ary
Ereferablg@ surface-treated to reduce the surface
eteiny (R eoﬁc) Furthermore, preferred selection and

thi ckness of the photoresist used are the sa

descriiikd t&‘ﬁo@érs"?h’”eefﬂe%‘alﬂqtr@rf‘} At 17 e%F%’tPIb‘%ﬂ P@nfn (18G.

e sec

i tt
6p7T gt h$2?%%%?% ?P PoRab 1 SL el IR 38°08R1y | appLied and

AL it AL PSR SEA p  rc
6By I ﬁ&fedsgf:gr\ﬁ':f&ls@@at@}ql ngfgq_’?ﬁn%ﬁ)?.ﬁr&%ﬁta hhhfbr

I's newy applied and “pattern t her ormng a

tBLERd TEHSIsPA I8 L iR 2 fi8Bh 1y Jé’rﬁ‘aﬁ?& @At desired
resist pattern 20 is fornmed in such a manner that the
rég Dbt - Sselfdabhet{pioniZphasal shyifemidls, ithed fdasnesd of
" the pattern of the light-shieldable £ilm 12 to be finally
provided is lower than that of the pattern of the phase shift
layer 15. Therefore, inorder toprevent the part of the second
light-shieldable £film covered with the resist from changing
in physical property until the etching process is fully
completed, the material of the second photoresist £film, which
serves as a protective film, is selected giving greater
importance to the etching resistance than to the resolution.
.Then, the second resist pattern 20 and the second
light-shieidable film 14 having been patterned are used as
an etching mask to pattern the first light-shieldable film
13 by oxygen-and-chlorine-based ( (Cl1l+0)-based) dry etching
(FIG. 6F). The condition of the oxygen-and-chlorine-based
dryetchingisalso the same asdescribedearlier. Forexample,

the mixture ratio of chlorine gas and oxygen gas (Cl, gas :
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region. As for a typical phase shift mask, the

fineness of the pattern of the Iight-shieldable film

12 to be finally provided is |lower than that of the

pattern of the phase shift Ilayer 15. Therefore, in

order to prevent the part of the second

i ght-shieldable filmcovered with the resist from

c I B j Mot t L et N
OfHRRI. 28, obF FNNE ARl BEEN Kpkib be 1% Hf oRd . and an

:Lﬁ@ﬁ@'@a@hoéﬁr?%éthél'l'diﬂ whi &Exe&%ﬁ@%eﬁ&tﬂ HE%@%&H@d.
film~™is selected giving greater inportance to t

IR N Grd e S it Al andhe 158%0kut kadabileRrilhe2 is
second resist pattern 20 and the second

comphétedi el dable film 14 having been patterned are
used as an etching mask to pattern the first
| i glits dleiseirddigide ebiclierl3thy physe stk ddyey A6- haseade
_ é(q +0) - based) dry etching (FIG 6F). The condition
fsthtcox ygpeidands thl ovn el babeel. siil,/i@mh@mni’srm%o
the same as described earlier. For exarrgr , . the
SH%&‘EHét]i’%‘W’ot%ﬁn‘dﬁ‘?%ﬂ- ne< 3% afrtd @‘&%1’({5112‘@%%31
) set avolumafl ratiQ of
n:ltzrjgti% gﬁ‘ilﬁ@ﬁ géus Pfﬁﬂ'lltg‘lﬂ.ﬁ)(%:a the ?[1ke in
er e U|re thls ter t he
79 d Ree Pt 1 ol Dot el e

fﬁ%f r?e!-' Efl A > Bte 1fntg | artl}égm o ;l.:l':“.ﬂc l%l'tercgg is

oXl1 de, Ptri Icon O

aﬁﬁﬂézﬁ%ﬂ W@ihb'r@.ﬂe%%%l dodi:‘ €etching. In this step, the
silicon/transition-netal nitride,

paitt beQINd §886h 1ARHTRIsH1 VAN £ i 04 {Hiet EkRt Bovered
order that the phase shift |ayer 15 can be etched by

withiatienescoasel] réisyi saf gplatngroanrd tiseepbhed,sbobf thhatet is
15 is patterned by fluorine-based dry etching. In
thehifd rsitepighlieshpaidabflet idlwetdmhde gift asthrdémibiphebased
film214 that is not covered wth the second resi st
mafniath theti Eupethens apaneffegtive etching mask. Thus,
the first light-shieldable f£ilm 13 functions as a mask to
transfer the pattern to the phase shift layer 15 (FIG. 6G).
In this example, the composition and thickness of the
phase shift layer 15 are designed so that the clear time of
the phase shift layer 15 (the time required to etch off the
phase shift layer 15) when the fluorine-based dry etching of
the phase shift layer 15 is performed under the same condition
as the second light-shieldable £ilm 14 is longer than the clear
time of the second light-shieldable £ilm 14. If the clear
time is set in this way, the second light-shieldable £ilm 14
is completely removed during the etching step of the phase

shift layer 15, and, when the etching step is completed, only

the first light-shieldable £ilm 13 made of a chromium-based
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the first light-shieldable film 13 made of a
chrom um based material that functions as an
effective etching nmask. Thus, the first
light-shieldable film 13 functions as a mask to
transfer the pattern to the phase shift layer 15 (FI G
6G . In this exanple, the conposition and thickness of

ey S g, O ORI 3
is Qe IISﬁgté@t&i b 0id skRenaPhasts € Bk rdVss . 1%')h_e¥@€<5hing

the fluorine-baSed dry etching of © the phase shift

- coRyetid® £&r peid oﬁsm UeleF ¢ tirhﬁyéﬁrrﬁs, R i e Offle t S8k
second light-shieldable film14 is |onger than the
acd@eding | t® HfwdlIe-leemandcdmmdi -mdtiebdlabl e film 14, |f
the clear tinme is set in this way, the second
| i gfitheghi Bhelfibketililgmtt4hiied dadiel £tloh §3 ¢ ebdvhcthaiibeogme
the etching step of the phase shift |ayer 15, and,
uRree s s etashiand ighdp shd edgabllet €4 1monfig remevedrgpnder a
| 'i ght-shi el dable film 13 made_of a chrom um based - 42
- tyrideat archingioraddt iope ke chrompumphase dand rar el €FIG -

5 that _i.s not protected by the second resist pattern
61l ' $Road il Rie TR K67 L0t DRRESERoLS e g, 6 the

oD - PG Y E ARG LenPEARBPE P nl A0 oL
e ERaTCoL TR 4 BRFEERAR TR ¢ PR R AR gpon

ad dRiGRGLEIH R RPEEEE FREEH LA l{ﬁx,%gerﬁlp'&rﬁgi@é Lh¥%aheture

second resist pattern 20 renaining on t second

 ofl h@Rbns AR abkadftydRdden pesbkiBBCdd FekyEeniGhling the

and final cleaning 1s conducted using a cleaning
pHdsad ghifitfchnasis. a m xture of sulfuric acid and

hydr ogen peroxide and a m xture of ammoni a water and

hydisgehoper dri BEGSt heAeby TIni the ngectmd phsbet ghatftern
20”5:25' be formed after etching of the first light-shieldable
film 13. In this case, a first photoresist film 18 is applied
onto a light-shieldable f£fiim 12 (FIG. 7A), the photoresist
£ilm 18 is patterned to form a first resist pattern 19 for
circuit patternwriting (FIG. 7B}, and the first resist pattern
19 is used as a mask to pattern the second light-shieldable
film 14 by fluorine-based dry etching (FIG. 7C). Then, the
second light-shieldable £ilm 14 (and the first resist pattern
19) is used as an etching mask to pattern the first
light-shieldable £ilm 13 by oxygen-and-chlorine-based
((C1l+0)-based) dry etching (FIG. 7Db).

Then, the first resist pattern 19 is stripped off (FIG.

7E), and a second photoresist f£ilm is newly applied and

patterned, thereby forming a second resist pattern 20 (FIG.
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As shown in FIGS. 7A to 71, the second resist pattern
20 may be forned after etching of the first
light-shieldable film13. In this case, a first
photoresist film18 is applied onto a
l'ight-shieldable film12 (FIG 7A), the photoresist
film18 is patterned to forma first resist pattern 19

[ [ J .t Fl 7B) , d fi
780 did e B e, W/ s [ pdtiedd¥a Wy °"

| el fil I i - d
£ BG6ANe Lo dNta SOLE! S8t tng | I dBraliodrn it i Daned HT Y
1{dhm ddi  paghides {1 Stz e bPal EREBmidR) bhSclSREt88ial

an etching mask to pattern the first |ight-shieldable

ié idd8dl 3 sbin ¢Beie Bl <dlang faBised th{slee)) thaspdttern
dry etching (FIG 7D). Then, the first resist pattern

tdS%the phdsPpsdint f14¥eS 15 78 1GantiGh. s dEirst
photoresist filmis newy applied and patterned,

1idiet eflyi ¢ biabhg &l BedGndwhéshshapdieeome 2MnEe&eGsdly) as a
Then, the phase shift layer 15 is patterned by

Lighjor slnke baglete df et chs ngengpedi pnder| g, typeca] rgtching

light- shieldable film 13 made of a chrom um based
cordtrien of thasehrauiyf-epsedmate (G nddd -t oFinally,

f h h . shif 15
b1 Sha 8ot b Do BRRERISD1 B FALChadSng
h b . Light -shi.el dab fil i
B DRSS " B kAL PP | el
cE0RIYG YT AT 861 o ELBon Y e bt oo e

o%ﬁgﬂkﬁ%géydiéaﬁhﬁ&%ﬁ&éﬁﬁ%&f@ﬁfée%ﬁiaﬁﬁk@hréd@ammonia

nal cleaning is conducted using a cleaning f
wathfan8Usiardigeh pexdbiide , ther ¥t 161 a8iny 2Re ghalaogRIft

peroxi de and a m xture of ammonia water and hydrogen
mask oxi de, thereby f inishing the phase shif t nask

(Example 5: binary photomask blank having second
light-shieldable film of chromium compound)

In this comparison example, properties of a binary
photomask blank having a second light-shieldable film made
of a chromium compound, specifically, CrON, will be described.
The first light-shieldable £film (light-shielding £ilm) of the
binary photomask blank is a CrN film composed of chromium and
" nitrogen in the composition ratio (atomic ratio) of 9:1 and
having a thickness of about 40 nm, and the film formation
condition is the same as that described above with regard to
the example 2 and thus will not be further described.

On the first light-shieldable £filmmade of CrN, the second

light-shieldable f£ilm made of CrON was formed using the

sputtering apparatus shown in FIG. 2. Specifically, Ar gas
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(Exanpl e 5: binary photomask bl ank havi ng second

i ght-shieldable filmof chrom um conpound) In this
conpari son exanple, properties of a binary photonask
bl ank having a second light - shieldable filmmde of
a chrom um conmpound, specif ically, CGON, will be
described. The f irst light - shieldable f 11m

. ) el di ¢ , t

bl ke o W) oLl i) o0 Ui A1 BACYaPIOUI ae of

181 $EQREW,! Gad N GOFROR! +4080 JABIO0sEENOME J,9548)at®fa £1ow
9:1 and having a thickness of about 40 nm and the

rhtb B 08 RidORe ré QR IrbadRlaSid 18 thath &A1 to achieve
descri bed above with regard to the exanple 2 and thus

aWalslprisdie é£10t ber idesis chasibe®n (Tige prp-Film-Eghination
shieldable f il mmde of CN, the second

héaghhg stemgatedterd Wa®m Madec pfarfd NIashapgagstbwist RE 1000
the sputtering apparatus shown in FIG 2.

Wlsscapptagd o bhe fastapgetisdd lass thhsulmhnatid A wsbeing
and Ar gas at a flowrate of 15 sccm N2 gas at a flow

rehated@t3p0 g Ehereby fermHingarghyemi R oM i ide fil Lm

H S I SER Lo b SReL 101 L0 6T EY S rfodERon
€L R GO 5r 58528 ETBR 1 508 30 ep e
ok SEBEbIOR bl SMEBGASLS) Lo, PO PO B Pho”

_ er eby fi Um oxyn toa
chbipSKDEPSn %a@i@}}tat%%i%,a\m'oqhﬁ?& VEsSsas @b shels a
[ecti-on film The chrom umoxynitride filmwas a

sthdt-§ blePrspmasiass of it he b Od Y phethma@kPRmK Ebmp2iding

nitrogen (N) in the conposition ratio (atomc rati o)
tié #irdsh anBabkeoddshiyht ashien@anye of i Mi®pAddkes] dh this
the bi nary phot omask bl ank conmprising the first and
waecond |light-shieldable filns stacked in this way.
Table 2

Table 2
Light-shieldable . . ; Measurement |Measurement

- Evaluation iftem Unit P i
film structure condition value
Optical density A = 193 nm 3.24

Reflectivity % A = 193 nm 16.7

CrON/CrN . Four-point
Sheet resistance johm/sq. probe method 27
Thickness A a-step 589

[Optical density]

FIG. 8 is a graph showing a wavelength dependence of the
optical density of the light-shieldable £ilm of the binary
photomask blank according to this comparison example in the
case where light was launched thereto from the substrate side,
.measuredusingaispectrophotometer. As shown in this drawing,

the optical density for light having a wavelength of 193 nm
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Li ght - shi el dabl eMeasur enment Measurenent fil m
structureEval uation itenlnitconditionval ue Optica
density193 nnB. 24 Reflectivityl93 nml6. 7

Cr ON Cr NFour - poi nt Sheet resi stanceohnt sq. 27 probe

met hod Thi cknessA"-step589 [Optical density] FIG 8 is
a graph showi ng a wavel engt h dependence of the

S T R LT TR T .

hdt oimas ank accor

o:f@ XAMPLE } Il waSesh MY Be lddfie eb2unehed-st BepEEAre .

romthe substrate side, neasured using a

spectW AR R E epddiciiiVbd rdflicodi@niygg, the
optical density for Iight having a wavel ength of 193

nm VEse aittidnsdityW ofithd k1 ddt vas Iyt rWsh thigh@nis
optical density of 2. 5 or higher was able to be
laghckeddntorthebighE-shpetdable fi[lwveithegitvtomask blank

dependence of reflectivity] The intensity of the
- agedrdtngobo | tiyhs odmpatrigpn éxampberehedueasgredeusing a

| i ght-shieldable filmof the photomask bl ank
SB%%BF%P%“?‘BMWW s EerirbY sémt exahpirg wEke neasetepgth
dusin a agectrophotoneter, t hereby determ ning the

MWRERGE T dee eRhteCkviFE: reflectivity. FIG 9 is

a gr how ng_a result. of nmeasuctenept of the

ref Pt 31 T 3 BFSPPGRIORIRG ) 5 HAY oP bARAP FEiATy OF the
_ P Qﬁ&. PSP n e%é tiv gl % f
r%%eé%\r 1et os?u_regg\%évg%‘é%gghé( \ie%f!gbéénly_ N s:,mi%g% 8?1 150
nrh 1648%m aNgpiet ﬂ%‘@ie&@ﬁfrifg%r 5Aght! bl tndAidF E¥bbsure

to reduce the reflectivity Tor the exposure
warw;éeffé&@ai A L0 5 i) WaS DGk kYN B UEa L d Ot s LONB dmed
thatitisdifficult toreduce the reflectivity for the exposure
wavelength to a sufficiently low value (10% or lower). The
reflectivity of the light-shieldable £ilm in this comparison
example for the light having a wavelength of 257 nm is set
at 10 to 20%, so that a typical defect inspection apparatus
can be used for inspection.

In this way, when the second light-shieldable film is

a chromium compound £ilm, if the reflectivity thereof for the
light of a wavelength of 257 nm is set at 10 to 20%, the
reflectivity for the light of the ArF exposure wavelength
cannot be reduced to 10% or lower. To the contrary, the
photomask blank according to the present invention that has
the second light-shieldable film containing a layer primarily

composed of a silicon-containing compound can achieve a

reflectivity of 10 to 20% for the light having a wavelength
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reflectivity of the light-shieldable filmin this
conpari son exanple for the |ight having a wavel ength
of 257 nmis set at 10 to 20% so that a typica

def ect inspection apparatus can be used for

i nspection. In this way, when the second

l'i ght-shieldable filmis a chrom umconpound film if

oLl SR bt e o o
tﬂgfil[elg;%%’%&/ ]]f‘@rwa'ixp:% %(}L of ide sure

wayv e cannot ced to 10t or ower. To the
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pr esent |nvent|on that has the second

pho&bhashiwlgab) e fil mcontaining a layer primarily
conposed of a silicon-containing conpound can achi eve

a mEfdke ekigaridy tof tHds texatii¥hd ortHdree kiight bhagesgrabed a

wavel engt h of 257 nmwhile reducing the reflectivity
séoond hexdmpgle of thee FabrBogioban epavwavesdentph proddding a

| oner. (Exanple 6: second exanple of fabrication
phygeeask dflankheceradingl hakjhenptesesgadavey tipnsthat has

exanpl e, there will be described a second exanpl e of
B A e AT L

bl ank .accor.din t resent ntion_that has
EieE daghitis %3“3@%1@ S doiens ety £k
?Lr&s hl ht - shi Ida? e é#{ ht Shle|dln9ufl n%& £
In th éxaﬁﬁf‘g‘ﬂ’gfis% S8~ sBu?? %’é”%%p%?%?ﬁ% 0285700
f{ﬁﬁ(&‘% f?fu‘sré?tll'g‘th‘s 187148980 1 ! b QLpﬁ‘oP&RAQHBéfank

accor e present | nventi o

Al A 3% iﬂ-%wantl AnGbfrién b8 LOLhStAG8¥EAYas shown

reference nuneral 11 denotes a transparent substrate,

inVHIGN bS arl-tmed dresdiaiuhrdfe édideZ nuiiekslll dtedenotes a
reference nuneral 101 denotes a chanber, reference

tramepgatent) 2abdeneites whichsis taakgdnchr eéetangalanngiatt z
ségzﬁiate,referencenumerallﬂldenoteseachamber,reference
numeral 102a denotes a first target, reference numeral 102b
denotes a second target, reference numeral 103 denotes a
sputtering gas inlet, reference numeral 104 denotes a gas
outlet, reference numeral 105 denotes a substrate rotating
table, and reference numerals 1l06a and 106b denote power
supplies that apply a bias to the first and second targets,
respectively.
Inthisexample,thefirsttarget102ai£eachromiumtarge£,
and only the target is sputtered to form a first
light-shieldable £film of chromium. The sputtering gas was
Ar gas, and the Ar gas and N, gas were introduced into the

chamber 101 at flow rates of 10 sccm and 4 scem, respectively,

to achieve a gas pressure of 0.1 Pa in the chamber. The
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denotes a second target, reference nuneral 103 denotes
a sputtering gas inlet, reference nuneral 104 denotes
a gas outlet, reference nuneral 105 denotes a
substrate rotating - table, and reference nunerals 106a
and 106b denote power supplies that apply a bias to
the first and second targets, respectively. In this
exa e, . the f irst target 102a is a chrom target,
PR DI E TRt dted Sl il e iakr S5 G A 40 Pt and 2
. _chi el . h . ter) -
ald izl gEALE Lo boClLOm It HIAEEL! k0 catae

thdstbsheatehtiiRls B81ngtrdtd W4 H3t 86 1YPm ,1Qh8963yaﬂgrr({ing

sccm respectively, t0 achieve a gas pressure of

a Bariomiube nghawlber £1 The drerHidiad £f B&t 1 0mnfle®hibl serves
tenperature was 120C, and a discharge power of 1000 W

as\asiapi 1bght oshheldiiblardam (ihidiet - dthies I9dirsg £41m) 11 The
was being rotated at 30 rpm thereby formng a

clofpmimnmm it ided €1 Linlwast @ CarNt fil bk cosposkdl@f phromiiugh(Cr)
serves as a first light-shieldable film

ard ngirogine(N) rign thiengonrpaitépnomtin lietonde Fathpha: 1
a CNfilmconposed of chromum (Cr) and nitrogen (N)

(G N e Todposition ratio (atomic ratio) 9:1 (Cr:N =

1), i_ght - shi bl e fil [ h
2|Ol112[ &L”E’ﬁéoiég I gf&?ﬁ%ﬁéﬁi’ﬂ?p?ﬁ&&’lla? srliss)i/\;gi tn eF]Ic G 2,
st SIS FHEEP R R A EEA pfle
50 AR b o LR foRpreprsction £am

wdLESRRe @ Bﬁ%fiﬂ/@ﬂ%ﬂﬂu shh818hb3k £iakBeli ghl%h 4SEding

inthis step was a siTicon (Si) single crystal, and
£ Serepdvy F@EetinkP2N iupad 41 d b1 ER1asE & photomask

nol ybdenum silicide (MdSI 2) polycrystal. The gas fl ow
blreatke according to the present invention. The first target
102a used in this step was a silicon (Si) single crystal, and
the second target 102b used in this step was a
molybdenum-silicide (MoSi,) polycrystal. The gas flow rate
was set so that the gas pressure in the chamber during film
formation was 0.1 Pa, and a multilayer film of a
molybdenum-silicid'e—compound {MoSiN film) was formed while
the substrate was being rotated at 30 rpm.

Specifically, Axr gas at a flow rate of 20 sccom and N,
gas at a flow rate of 10 sccm were introduced as the sputtering
gas into the chamber 101 to achieve a gas pressure of 0.1 Pa
in the chamber, discharge powers of 200 W and 800 Wwere applied
to the MoSi, target and the Si target, respectively, and then,

formation of a £ilm was started while the substrate 11 was

being rotatedat 30 rpm. Once the thickness of the filmreached
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was set so that the gas pressure in the chanber during
film formation was 0.1 Pa, and a nultilayer filmof a
mol ybdenum silicide -conmpound (MdSIN filnm) was forned
while the substrate was being rotated at 30 rpm
Specifically, Ar gas at a flowrate of 20 sccm and N2
gas at a flowrate of 10 sccmwere introduced as the

3§ A ! &l %fexgﬁl{g”&gs tgl%%rrgg&é% 8t e r?e%gmfe\é%o%tgaﬁ nm

pressure o arge powe
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and the SI targét, reSpeCtively, and formation

£81 18wk kheWarowtatd oF tHE he dblzei StRsducd @ iAtoWate 8RhRBer
rotated at 30 rpm Once the thickness of the film

10 eacde dprFfivanlydelcheaskid fovwassd@ti fathd ahad Fhioekpase of
of about 18 nm while continuously changing the f IIm
therNaygasninobnditcedsimbo fheldhambern 1@ If waswinareaskd to

the Ar gas introduced into the chanmber 101 was
5@ raeiml oy aghdeygsedaas pressure 0l 0.He P Lowthat ehamber;
the N2 gas introduced into the chanber 101 was
a%c’%%s AT RAWSH t PREIREVER atRa Pt s S@ngesT WS
Pa in_the chanber; _and the dlscharge power _appl i

AEEF P 24 eringh Eheg BAPERaEqS: BOYOS APPAARLL e “the
disch t
Sf iy °¥§%ﬁe€é’e%etuoe>%gu@n frﬁwﬁ 5Pt FofR £ommation

BG40 5,8 b a1 s BTRY Pl h GRS
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structure in which the content transition neta

h&F iy hMe@Ripddi tilkd gradieyekitesctuaduald ¥hich the content
Thet hl cknessof the second light - shleldable filmis

ophafreirmadl ti orefeBal ber ©f ti®jeén i hathel Oi Dinvaind eryttadtal 1y .
or less than 55 nm [Third optical film As with the
The thitkaass e€ddrdsdcqgind 1ighhi skidadableé filinsis pheferably
third optical filmis also fornmed using the sputtering
equal to or more than 10 nm and equal to or less than 55 nm.

[Third coptical f£ilm]

As with the first and second light-shieldable films, the
third optical £ilm is also formed using the sputtering
apparatus constructedas showninFIG. 2. Asdescribedeariier,
in the case where the third optical film is a half-tone phase
shift layer, the film is preferably made of silicon oxide,
silicon nitride, silicon oxynitride,
silicon/transition-metal oxide, silicon/transition-metal
nitride or silicon/transition-metal oxynitride. Thus, the
sputtering target is appropriately selected depending on the
compound forming the half~tone phase shift layer, and the third

optical f£film is formed under generally the same conditions

as the second light-shieldable film described above.
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apparatus constructed as shown in FIG 2. As described
earlier, . in the case where the third optical f 1lmis

a half -tone phase shift layer, the filmis

preferably made of silicon oxide, silicon nitride,
silicon oxynitride, silicon/transition-netal oxide,
silicon/transition metal nitride or silicon/ transit

| on-fiEL 10 %te“%lgﬁ% s DGerSRAb SISk ARAEkC! 11

appropr| y Sel epen g on

oBhPELf1AGS Malyc pRNELARESS: Shrreren 2 eh °?“l‘>“§san%he
h&l?f‘dt&hé’gé hads sWErEEL h@fg&'igméﬁ@ﬂ&a«é& ehfi\lré NBuch a

descri bed above. The tone phase shift |ayer may

cbRpas LODPO VA thbnsigIerifidy o mhBEKLAYet ifiiln Bkde of
di fferent conpositions. The half-tone phase shift

ohayemadre datéphels telbavedAmmin amowy thosketdextititaid dbeve
single-layer or nmultilayer filmnmade of one or nore

hawe ez | Ttansyel woieck faford andf§ ehdse phssei shiifhbofeabout
have a transmttance of 2 - 40% and a phase shift of

18@out A SIBHOLEUC spevpieiaf shanpln Sormasion 1snais follows.
ormati-on is as f ollows. First, usin i sing

cr ysFt’éqStasu?hegfa Fi*s%l‘%%]regSFY%Qé SosAfleqt Mook §atoet 102

S%aéfosz R Eabadbae AR e Frederd Tt a‘fiﬁwage
rajlﬁt %EQ thdendslobﬂrﬁ%e 2)%"19} 'dégl ythé!v'i{%er élﬁytarget

1"was™ “bei'ng T0 rpm
aﬁ:ﬁ rf( £isif 95 589, aPeQ;Eééﬁﬂrel di {3t 18 W %ﬁﬁa"st&:%t% 11 was

ness o 10 nm o strate 11.

bSLYY I ABDAT 968FbMAS He FELY %Rglt‘iéi -¢oRiany Bf dptical
gas at a flowrate of 8 sccm gas at a f lowrate

a@fuLthSCE DayRidt 02 @as ckhedsl bOW 0 aincoRftHe sab@triite 11.
gas pressure in the chanber during sputtering was set

Tl dpultTdRaingllyas, ubbd wWascharigehpeweges appltedding Rhegas
- MXrSi4 target andtheSi targetwere changedto 430 Wand
atl (D Ofow exfectdfydl \secem, N, gas at a flow rate of 20 sccm

and 0, gas at a flow rate of 5 sccm. The gas pressure in the
chamber during sputtering was set at 0.15 Pa.

Then, the discharge powers applied to the MoZrSi, target
and the Si target were changed to 430 Wand 1000 W, respectively,
and the sputtering gas was changed to a mixture gas containing
Ar gas at a flow rate of 15 sccm, N; gas at a flow rate of
100 scem and O, gas at a flow rate of 1 scem. Under these
conditions, while the substrate 11 was being rotated at 30
rpm, a low-stress layer was formed to a thickness of 40 nm
under a gas pressure of 0.25 Pa.

Furthermore, the discharge powers applied to the MoZrSi,
target and the Si target were changed to 100 W and 1000 W,

respectively, and the sputtering gas was changed to a mixture
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and the sputtering gas was changed to a m xture gas
containing Ar gas at af lowrate of 15 sccm N2 gas
at af lowrate of 100 sccmand 02 gas at a f | ow
rate of 1 sccm Under these conditions, while the
substrate 11 was being rotated at 30 rpm a

| ow-stress | ayer was forned to a thickness of 40 nm

d 5 PA_F
T4 SR AR S rFeR TROY R RbATS Y Sy S =t

| fi&?r@ L 8E Ol 5 %‘ﬁg%nh%hénggg 40 a1PPo ¥R &P%Osc‘!\éng Under

respectlvely uttering gas was change

tHe S W8S Nt HA1R0 the gaBstkalel L PWra 8K Hlg 5rotated
sccm N2 gas at a f lowrate of 50 sccmand 02 gas at

a® 30 1/ f f @udifazesS 1aerUndser Fot-heget60adi ki @nses Mot €20
the substrate 11 was being rotated at 30 rpm a
ns Wndae d ayses pwssdufarasE to. 12 #ahi ckness of 20 nm
under a gas pressure of 0.1 Pa. In this way, the half
-t o phaseva)i fthie ha}értwae ploasedshifs dalyemr was dtbrmed
structure conprising the three layers, that 1is, the
ap i ilealingdjeds sapwctugge comphésiog: sheethreaybayers. that
the surface | ayer. &Evaluation of cross-sectional
1-°corﬁhegm9§tﬂ1¢@r4 @fhug fpepitchageri ghbe shrer gapres (1ayge and
he phot omask bl ank conprising the f irst and
t@% gﬂﬁyershleldable films formed under the
con |t|?ps descr the.cross-sectiona

Con IR ARCORToP o REOSFT g sﬁf:‘t&ﬁflaldger*el FFRAD of

npllfled phot or esi st
’%an ng a lt]fﬂq{?nes%lﬁgbg% vvas applied to the
sec@id nly tHY photBinaskdabl A Eolhbﬂéﬂﬁg Rl £1 796 ahY second

electron beam | i thography to forma resist mask. Using

1idee - d1eid Kda RS ki dfis & dedd uhBBrs@tdBEnditions described
l'1ght-shieldable film (antireflection filn) was

alumtd eritad dnpddHEditinds ebrmiiijguration of the

light-shieldable film was checked. First, a chemically
amplified photoresist (having a thickness of 200 nm) was
applied to the second light-shieldable £ilm and patterned by
electron beam lithography to form a resist mask. Using the
resist mask as a mask, the second light-shieldable £ilm
(antireflection film) was patterned by fluorine-based dry
etching {with the flow rate of SF¢ being set at 18 sccm, the
flow rate of O; being set at 45 scom, the applied RIE voltage
being set at 200 V, the ICP power being set at 325 W and the
pressure in the chamber being set at 5 mTorf).

At this point in time, from observation of the cross
sectionof thelight-shieldable filmafter the patterningusing
a scanning electron microscope (SEM), it was confirmed that

the first light-shieldable film (light-shielding f£ilm) was
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etching (wth the flowrate of SF6 being set at 18
sccm the flowrate OF 02 being set at 45 sccm the
applied RIE voltage being set at 200 V, the | CP power
bei ng set at 325 Wand the pressure in the chanber
being set at 5 nmlorr). At this point in tinme, from
observation of the cross section of the Iight -

noggﬁll%ﬁgs an elr %Jltg o %r tprogla%t &L 1t wgs g?nflrmed

crosco

t??%&ﬁ%a%@%BPgF g$££%§léi§§$1éq§ gh%l&bkﬁbctlon £ilm)

-shi e was not substantially etched

WE§OQE1@i€bféHE dﬂeﬂ¥ﬁ§é¥¥g'd@”%dhakﬁaﬁagﬁeféﬁCﬁﬁgternlng

1:Lght-shieldable film (antireflectlon film was able

the aeat atight -stlive dapla hals (Bsih{ hiRaldieigiEagm)t.heIn

first light - shieldable film (light shielding filn).
aflaitadd] tivrwad tcomskiraed ithewd thbafithe Iigist-shididable

shieldable filmwas able to adequately serve as an
felwhwas opb hgat msadeqid ualy neebas aals duy etchhi sigep Taeminst

the first light-shieldable fil mwas etched by
ftarpinacbaseeddey yebkelelisig (with the flowrate OF Cl12

belglg1 set at 18 sccm the flow rate of 02 being_set
b rﬁhet He-rst |ldxﬂhrta15@1@f14@3@euﬁigmsé{a5atetféled by

clz,%‘:”in%% 4 35aa i the tnf e Loy £ate, B, £T: being

o5 1R L I oL IR B e

ff&d:'xoé(‘éé‘%f h%epgggﬁeé&”&t ]?J‘es E;' EIE voltage being

Cross-sectiona flguratlon side etc I Ng

SQEQ,PH 666 @I et icﬂ’aﬁov&‘é}?%ﬁggbét %@Mo@bﬁeén\(ﬁ'i:he ressure
Tabl e 3 shows a summary of the observation results.

i ofhéldhadnter behhg- sebi & dRMT®H) ,Mhickebl)i Sihabheng the
the first Iight -shieldable fil m(Cr film has a

péttermbss of th) entirendighe -shdendabighfilmhi efalhbdwing
film(MS NMS!'(N) filnm) has a thickness of 51 nm

the patterning, the resulting cross-sectional configuration

(whether side etching occurred or not) was checked by SEM

observation. Table 3 shows a summary of the observation

results. For all the light-shieldable f£ilms in this table,
the first light-shieldable £ilm (Cx f£ilm)} has a thickness of
10 nm, and the second light-shieldable film (MoSiN/MoSi(N)

film) has a thickness of 51 nm.

Table 3
Minimum content of Cross-sectional configuration
nitrogen in second of light-shieldable f£ilm
light-shieldable film
(atg%)

0 Side etching occurs

5 . Adequate

10 Adequate

45 Adequate
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Table 3 M nimum content of Cross-sectional
configuration' nitrogen in second of |ight-shieldable
filmlight-shieldable film- : (at-U 0Side etching
occurs 5Adequat e 10Adequat e 45Adequate FIGS. 10A to
10C show SEM i mages for illustrating the

- cross-sectional configurations of dry-etched
| i ght-shieldable filns whose m ni num contents of
nitrogen in the second light-shieldable filmare O

3 904HAG Mo DAL Houl EEE 140200 101 AL LELGrg the

100 can be apparently seen romthese
t he

.cwﬁgeéecw@n&i 0SS SEGEELPPInS OBE | &%ﬁéw{b@f _
dry-etched |light-shieldable film (vwhether side etching

1966HL §n 061886 ) e FANRKIRIGHOBe tnlith iGRIM 88htehtBidf adeRolgén in
the second light-shieldable film In addition, it is
tRé@wrdithtlighft -shéeldablegehll anient ats ELG] UOA)Qr 5 atd
hi gher than 5 at% the occurrence of side etching is
(EUppreaiedndahd ar? ddgbatleCdr. osAs seut benapparently seen
configuration results. Taking into consideration the
fromihese §ECLIpYEYS abidve coass -cesttdonadf capfigyeatipn of
t he_second I i.ght-shieldable filmis gr eferabl_g equal
the IFy g Wt“@héte%%eeé&ém w 8EbpEweL 9h%1a012?eng
at % TabI e ry of d endence of the
odbyhe STRTT bASPOLRAILLPaU Nt 0F pliomed T the séddna

llglgpt sh Sféfcglgbafe %ﬂ.m

nitrogencontent isequal toorhigherthanb at?, the occurrence

In addition, it is shown that, if the

of side etching is suppressed, and an adequate cross-sectional
configurationresults. Takingintoconsiderationtheresults
described above, the content of nitrogen in the second
light-shieldable film is preferably equal to or higher than
5 at% and equal to or lower than 20 at%.

Table 4 shows a summary of the dependences of the
'cross—sectionalconfigurationofdry-etchedlight—shieldable
films on the thicknesses of the first and second

light-shieldable films, observed in the same manner as

described above.

Table 4
Thickness of Thickness of Cross-sectional
first second configuration of
light-shieldable| 1light-shieldable dry-etched
film (nm) film (nm) light-shieldable £ilm
3 51 Adequate
10 51 Adequate
15 45 Adequate
20 45 Side etching occurs
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films on the thicknesses of the first and second

i ght-shieldable filnms, observed in the sanme nmanner as
descri bed above. Table 4 Thickness of Thickness of
Cross-sectional first second configuration of

I'i ght-shiel dable Iight-shieldable dry-etched film
(nmfilm(nmlight-shieldable film 351Adequate
1051Adequat e 1545Adequat e 2045Si de etchi ng occurs From
the results shown in this table, it can be seen that,

' f tI-t}eon]i E%x%%eﬁﬁig sflgﬁ f r?fu%g:%%tles hi@'c g‘bﬂ)g see!nr%hat

all's i'na range oF no si et chi

: J_QCEHéStth‘ElElnéQE ofl ¥n &t £18 Qt'i%ﬁf%féﬁ@é’éfe f¢d 1 C@é‘lls

have an adequate cross-section contiguration. Taking

wifhon GORSINGRr 8% i PRo iHen e kSadesednbed e, bhha the
t hi ckness of the second Ilght shieldable filmis

dpy ebechdd yi ghial shOe DdaliDs ef L hinc&d hdwve ant adpgphats

or less than 55 nm and the thickness of the first
ctoght sstit tdnabl echfigurast poef ertalinge dudlo ttoneidenadion

than 5 nmand equal to or less than 15 nm [Optica
thens¢sylts described above, the thickness of the second
light-shieldable film is preferably equal to or more than 25
nm and equal to or less than 55 nm, and the thickness of the
first light-shieldable film is preferably equal to or more
than 5 nm and equal to or less than 15 nm.

[Cptical density]

Using the photomask blank having the first and second
light-shieldable f£ilms formed on the quartz substrate under
the conditions described above, the optical density of the
light-shieldable £ilm in the case where light was launched
into the light-shieldable £ilm from the subsirate side was
measured using a spectrophotometer.

FIG. 11 is a graph showing a relationship between the
optical density (0D} and minimum nitrogen content of the
photomask blank having a first light-shieldable £ilm made of
CrN (Cr:N = 9:1) having a thickness of 10 nm that is formed
under the conditions described above and a second
light-shieldable £ilm made of MoSiN having a thickness of 51
nm that overlies the first light-shieldable £ilm. As shown
in this drawing, for a wide range of minimum nitrogen content

. of the second iight-shieldable f£ilm not higher than 20 at#%,

the optical density for light having a wavelength of 193 nm




Usi ng t he photomask bl ank having the first and second
light-shieldable filnms formed on the quartz substrate
under the conditions described above, the optica
density of the Ilight-shieldable filmin the case
where |ight was |aunched into the |ight-shieldable
filmfromthe substrate side was neasured using a

0 FL. ' ' .

W?..g g)%)h%@']q}tpg%ie ?ﬁua !L@wat’lslc&?f %%rﬁé@@ﬂaﬁ tgglvé%%)cadgh%en51ty

Ionshi weeh the ™ optl densi

o@ﬂ!ﬂm@ﬂdﬂéigﬁrlascﬁtﬁg Mo BE ddif eRiPESIBSTE QE@% cz%lre.

having a first |ig shi el dable fil m nmade of

N drledtpttl NMbpeddiindenass @fe1euimittkat is formed

under the conditions described above and a second
11 gltrehiled dablee gidalptd BRdeiah MNoGhdkbhangtly dephdnddnes sof
of 51 nmthat overlies the first [ight --shieldable
the |lmef Yecishaiiy ofnthai kightvenipldalylea fiilldedetiegeinéd by
m ni mum ni trogen content of the second _
meaghringi cisibig @ fSpentrephvtgmeterhafhgoiatensityiect the
optical density for light having a wavel ength of 193
ref oasiepddghs 1p, thsgaskushere tcdnflgunghas irge the
an optical density of 2. 5 or higher was able t{o.be
LghT coRleaRD 10 & Jm- o8, EBe (e tondl, &g FoRBpLAESche
of reflectivityl. Fl 2.1 [ showi n
e{rgt rand. re el ot oS T F PETu YRR A gpdsr the
' . -_shi gggl fi et ' SUL
c%%‘?%l%né p%% rop %% oérée(%qé% ?ﬁj erg ?‘l%%(#sietm%% %f l"W'[‘E'hlvlcg}'g'’ength
ré@%égcffgm iéﬂkﬁmipmy case where light is |aunched
I n 1 ght - shiel dabl

o the g e filmof -the photomask

bl anig @%préséﬁiﬂaﬁélﬁtlf igetln 8REmSERONbsult shown in this
i ght-shieldable filnms fornmed under the conditions

asestnd begb2boigh t re ﬁHéa%li*FeE&Ebsﬁ&\éehﬁﬂgnﬁngtﬂngﬁ& 193
from193 nmto 600 nm As can be apparently seen from

nihe & dsowl refhennivhty e 10dr am hgwef aran bghacbievbéd, and
ArF exposure wavel ength 193

for the light of the inspection wavelength (A = 257 nm), the
reflectivity can be made to fall within a range of 10 to 20%.

Thus, it was confirmed that, in the case where the second
light-shieldable film (antireflection film) is a multilayer
film having a composition gradient structure in which the
"nitrogen content has a gradient from a layer with low nitrogen
content toa layerwithhighnitrogen content, thereflectivity
can be 10 to 20% for the light having a wavelength of 257 nm,
and a typical defect inspection apparatus can be used for
inspection, as far as the thickness of the layer with high
nitrogen content (including a composition gradient region)

falls within a range of 15 to 30 nm.

[Chemical stability (chemical resistance)]
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|

nm, a lowreflectivity of 10% or |ower can be
achieved, and for the light of the inspection

wavel ength (X = 257 nm), the ref lectivity can be
made to fall within a range of 10 to 20% Thus, it was
confirmed that, in the case where the second |[|ight -
shieldable film(ant iref lecti-on filn is a

gt“r Lcﬁlia %?r‘ih [ ot haVI g‘gbﬁla{lg %?{I:L%‘Iggfn_g%[ :e%:llégg and second
1%39_ Sﬂi%%dé%% %11%‘3%0:\.‘\‘“&& dn‘&‘@r“tﬁ%e F cONCAL oL i Bea

er w nitrogen content

- asaoebetﬂé? tRenPaf 0k rdberd t PNt chayifsh ardevet et @és

nm and a typical defect iInspection apparatus can
chécldé&d fofeci fisRACY ,Otheabhbfbmask iR d weleNeffe@bed in
the layer with high nitrogen content (including a
an anpoaiti/ oy dgoadngrirosEgiedn)x tusd [ ammbhba wad etranypdobgen
15 to 30 nm [Chemical stability (chenm ca
perskifanceptedsEny :t he: fhbt(dmagélbhatkatiy] hgarthene hour
first and second |ight -shieldable-filns fornmed under
an@ el ead sul s ideaekd fuiiregryy @enoxd deheikggre (sulfuric
stability (chemical resistance) was _checked. Spedif
agtd| iy wedhaeaﬁa@#ebﬁaﬁk vied innvelyEe ratig)) for one

h&H, oa'gr"é‘if R oFFg E5a e ofn Pafidct AT el {8 ot omask
{4 f dlhyd

b{a%?fa%?’ AT e ?@%ﬂ%n CSP%C?‘?%OP%%#%"‘Sg%% SR 00eT

népanboho (LUTR: | Blofdd TRE 2o L (A A BN O

adgasih&d db%v%g @héﬂﬁ?&r{é@ﬁﬁt PQFi@étnTi]@y FBRAWSFENMngth
result showed that, for all the conditions described

 ofbye nil hRisChanee 16vse! lagls, Uit Wasl cBhrareuctRag! the

of 365 nmwas 2% or |lower. Thus, it was confirnmed that
phdéeompsio thirmik ekhabh tedha lpriaad: igliactufflibyent chemical

sufficient chemcal stability (chem cal resistance).
stability (chemical resistance).

While a photomask blank according to the present invention
and a photomask fabricated using the photomask blank have been
describedwithreference toexamples, the examples are intended
only for illustration of the present invention, and the present
invention is not limited thereto. It is obvious that the
examples can be modified in various ways without departing
from the scope of the present invention, and various other
examples are possible within the scope of the present
invention.

The present invention provides a photomask that is finely

patterned with high precision and a photomask blank used for

providing the photomask.
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Wi |l e a photomask bl ank according to the present

invent lon and a photomask f abricated using the

phot omask bl ank have been describedwith ref erence to

exanpl es, the exanples are intended only f or

illustration of the present invention, and the present

invention is not limted thereto. It is obvious that

the exanples can be nndh&ie% in various ways Ww t hout

departing fromthe scop€ 8f the present invention,
and various other exanples are possible within the
scope of the present invention. The present invention

1Pr oV g% ramahe! pTask ,t Baﬁ.ps:isﬁngnsl YigiPal $i81 &eghwi & hei1m
hi gh preci sion and a photomask bl ank used for

£Prmyd Gmeg $06s PRot O Thaikis A vandpdrert HloOtRpBEKrE BIYLL,
conprising a light-shieldable film fornmed on a

thelhiyhat ehibatiabietfidnseanent sty axiostr Fighighdhieldeble
l'ight-shieldable filmconprising a first

1l o d|aabhe stiblstredensddoa s$éeondbbight eshuirlldablie
second light-shieldable filmoverlying the first

£l venteinmoiie (178t whicthh eiskg abhkestfilm,
l'ight-shieldable filmcaonprises a_layer primarily

conpBEEP gk S fidint( diphthahied dabe £if8: sAMPARSPSs a
LY G S 10 o qSad oot S bt G
! ¢ T = o
STy ST M A SRR A <radriang
2. %cf RQLQTRS &ighacrl‘gh%&%%llag £i9C !c%&n?r&se\eﬂﬁ gr §hler
sal si |1 con-cont ali ni ng corrpound is silicon oxi e,

pSinhd €01y RohipodRd o2l & 1 LON N UIdd#38ing compound that is
silicon/transition-netal oxide,

c&dB Lo Sid | tced aly Hlddrhedbased dry etching.
.silicon/transition-netal oxynitride.

2. The photomask blank according to claim 1, wherein said

'silicon-containingcompoundissiliconoxide,siliconnitride,

siliceon oxynitride, silicon/transition-metal oxide,

silicon/transition-metal nitride or

silicon/transition-metal oxynitride.

3. The photomask blank according to claim 2, wherein said
transition metal is at least one metal element selected from
among titanium (Ti), vanadium (V), cobalt (Co), nickel {(Ni),
zirconium (Zr), niobium (Nb), molybdenum (Mo), hafnium (Hf),

tantalum (Ta) and tungsten (W).
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3. The photomask bl ank according to claim2, wherein
said transition netal is at |east one netal el enent
selected from anong titanium (Ti), vanadium (V),
cobalt (Co), nickel (Ni), zirconium (Zr), niobium
(Nb), nolybdenum (No), hafnium (Hf), tantalum (Ta)
and tungsten (W. 4. The photomask bl ank according to
gany erein said s

fl gl# ?l&tggﬁisgs #f‘ﬂ\‘h%%d sl t8aPnYa%l}]%ﬂ C&fillgns 1 to
higelo Inorsaataeﬁgégﬁiuiz\?%ﬂf%ieéd deee ﬁt]s}[ Rggsgn bA ﬁa‘pfcal

COI‘CF toc erel sal Seco

theﬁQDE% Jf%oeé dabg i'é%&?%ﬁ{t&%daﬁl dﬂgﬁi of 0.5

r the exposure | 6. The phot omask bl ank
according to any one of clalns 1to 5, wherein said
second light-shieldable filmhas a thickness that is

5 equathd @hoitoffiafs® bllafk l&cont-@hily el afitn ar WkRésSeihagnid
55 nm 7. The photomask bl ank according to claim 6,

sewendi higlei tshbebiatslid ifim hashibel dablieali dembdbyaof 0.5
thickness that is equal to or nore than 25 nm and

tequa? feor othé eexposume 5bigint- 8. The phot omask bl ank
according to any one of clains 1 to 7, wherein the
extinction coefficient k of said second

light-shieldable filmat a wavelength of the exposur
61 i gHite RRStamgshsplank r%ﬂccb?%{ﬂaltwa8809’é%§é?s cflrﬂ&ﬁ‘?t?ew

Sﬂﬁr%gﬂsg%ggﬁseg&ﬁc{ ﬁnti%gtto-‘fh &ﬁg@t& flhtglg;iast%:iocrkness
e 3 R e BREROt AR Y o rﬁ%?% By 885 dnan

5§quosed of chron1un1netal chroniun1OX|de chronium
nitride, chron1un1oxyn|tr|de chrom um oxycar bi de,
chromumnitride carbide or chrom um oxynitride
carbi de. 10. The phot omask bl ank according to any one

7 0of ah’i photoimdsk blank according to claim 6, wherein said

second light-shieldable film has a thickness that is equal

. to or more than 25 nm and equal to or less than 55 nm.

8. | The photomask blank according to any one of claims 1 to
7, wherein the extinction coefficient k of said second

light-shieldable film at a wavelength of the exposure light
has a profile that gradually decreases from the side of said

 substrate to the surface of the second light-shieldable f£ilm.

9. The photomask blank according to any one of claims 1 to
8, wherein said first light-shieldablefilmisafilmprimarily
composed of chromiummetal, chromium oxide, chromiumnitride,
chromium oxynitride, chromium oxycarbide, chromium nitride

carbide or chromium oxynitride carbide.
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9, wherein said first light-shieldable filmhas an
optical density of 0.3 to 3.0 for the exposure |ight.
11. The phot omask bl ank according to claim 10, wherein

~said first light-shieldable filmhas an optica

density of 0.5 to 2.0 for the exposure light. 12. The
phot omask bl ank according to any one of clains 1 to

11, wherein said first light-shieldable film has a
thickness that is equal to or nore than 5 nm and

qu 13, T 0 I
169430 i b S0c0mdd - JUGPHRLOSFU BN o
9l,i ghtrebhebdad! €44 mias Adhlidaass diid nhg 8AY8btical
or nore than 5 nmand equal to or less than 25 nm™14.
déheipobenssk EbaBkoaﬁéﬁfﬁhégek?o§ﬁﬂé”1i§htmhere'n

said first light-shieldable filmhas a thickness that

" is equal to or nore than 5 nmand equal to or |ess

than 15 nm 15. The phot omask bl ank according to any
ldne Dhe gphatomabk blaik, acderding &o ckadh ldhe whiersdndsaid
first light-shieldable film and said second
firghtl ot et shnbg kdghlenfide haman opdjeal depsttyraf 0.5 to
conprising a plurality of |layers stacked
2392@@§3F96I??PQBPrqhélﬁhﬁtonask bl ank according to any
one of clains 1 to 15, further conprising an optica
filmbetween said transparent substrate and said

i ght.- shiel.dabl e fil . k bl ank . .
1200058 PSSRk hiofk ddeodtin@ kY SRR Spg A aatms 1 to
i ; £t Laver . 18,
1)) AR a8 aRARSE Skl LB aalil e L0m Y ATBR Kokness
t%@fe.{s Itnfainalf oL oRer&Naseh Skt ahdY&guaPNd WH€1ess than

al f-tone phase shift layer is nade of silicon oxide,

58I hkcon nitride, silicon oxynitride,silicon/ trans
ition-metal oxide, '

13. The photomask blank according to claim 12, wherein said

first light—shieldabie film has a thickness that is equal to

or more than 5 nm and egual fto or less than 25 nm.

14. The photomask blank according to claim 13, wherein said
first light-shieldable £ilm has a thickness that is equal to

or more than 5 nm and equal to or less than 15 nm.

15. The photomask blank according to any one of claims 1 to
14, wherein at least one of said first light-shieldable film
and said second light-shieldable film has a multilayer
structure comprising a plurality of layers stacked

successively.
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silicon/transition-netal nitride or
silicon/transition-nmetal oxynitride. 19. The photonask
bl ank according to any one of clainms 16 to 18,
wherein said optical filmis a filmcapable of being
etched by fluorine--based dry etching, and the tine
(clear tinme) required for etching off said optica

il [ t
161 TRy ddihldife Basat gs{agrgiﬁghg}glag.gggﬁe 108 alffs 1 to

condition as sald secon

150G Hehabrk FRCA0e 197 sb tyahEh a .
Iight-shieldé%fe fi n1 EO.C helphotonask BTk ransparen

sabeerdtBgah8 88YdONegRt-shabMBaB1E0rilf, Wherein said
second light-shieldable filmhas an antireflection

capability. 21. A photomask that is fabricated using a

phot omask bl ank according to any one of clains 1 to
170. Tie phobeniask blahkbrcoetding &ophbabmelsk, wherein said

conprising: ~a step of providing a photonask bl ank
ORhirad Bilmghs-shfeluabaeing| a phgsagshiftriayer.

light-shieldable film formed on a transparent

substrate and primarily conposed of chroniun1that i's

1§fch UbS%‘H t"is'aéify ‘Bﬁ ?ed bgréiéuﬂoébggﬁgiﬁﬁﬁ WB&@PFL% sRyid
e of RS iR gna ene

hsfpa%ﬁe% : Qﬂlﬂd&%%r DY fddObiENSs d&}gecoﬁg silicon

et chi ng; Irst ste patterning sal

nitﬁf&eSBth@@ﬁb&ynﬂﬂﬁ@dé/Jiiﬁ&dﬂ?%ﬂ%ﬁ§%¥fﬂﬁqﬁ?fgl6Ehde

usi ng a photoresist nask forned on the seco

s110bén stiehstobl en fdval andeBi §econd step of patterning

- said first light-shieldable film by

s Dkigen/ arakn <ht Do -ee bab eskghiyt et d@di ng using said
patterned second |light-shieldable filmor resist film
as a

19. The photomask blank according to any one of claims 16
to 18, wherein said optical film is a film capable of being
etched by fiuorine-based dry etching, and the time (clear time)
required for etching off said optical film by £luorine-based
dry etching under the same condition as said second

light-shieldable film is longer than the clear time for said

second light-shieldable film.
20. The photomask blank according to any one of claims 1 to
19, wherein said second light-shieldable fiilm has an

antireflection capability.

21. A photomask that is fabricated using a photomask blank

according to any one of claims 1 to 20.
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mask. 23. A nethod of fabricating a photonask,
conprising: a step of providing a photonmask bl ank
having a |ight-shieldable filmhaving an optical film
capabl e of being etched by fluorine-based dry etching
formed on a transparent substrate, a first
light-shieldable filmfornmed on the optical film and
primarily conposed of chromumthat is not
substantially etched by quorine based dry etching and

g SeC Nk f lJn n if
['ight-shi eI dabl e le}[ m an S{rl moﬁmd%on%ogﬁg éflny

Si | i Qpeeip Al gr dieh SR W ho s K H1GaRARR 19y Rei ng
etched by fluorine-based dry etching; a first step of

1pght eshi @pdswid sEOOMhdirghte ghireltdabyrt - §hisld)ble £ilm
fluorine-based dry etching using a first photoresist
fouméd far metiranspheesécsubs trgitd -aatd phrdalabre 1% Eompased of
second step of renoving said first photoresist nask
clhypempam i th ¢ sane & caniels ol i By et cpesk bpnf bagxiine-based
patterned second light-shieldable film a third step
dpy gfsiagnphg & siegomdr Light geiekdnkledilm ovprivbypg the

en- nd chlorlne based dry_etching using said
f’p%%/ et £5HR AR R comnnges ki@

s {146 tn<2°‘§ta§§bf ; Sc%tgipibﬁm#;%e?'nﬁs %@%&gﬁ?@eﬁg etched
bsggjgiolg%ﬁ h}fé@%l e(?]ggbef@éhjfr@?rts ggeaoma:ﬁu an:JIr .St aan
fi ftahfﬁ:@@ soé% g%?;}f?@ﬂeﬁﬂfnﬁ@gld)geééhg dig\il\n hleld;iable

I'i ght-shiel da 'S not covere

£ 58 WA £ 1hb@RhesBaekaall-¢ didtind4sifg Rt PR @f:es:.st mask
fabricating a photonask, conprising: a step of
- founoad b oehe phed@imski gh grdh feMddleéd £ilm: and
a second step of patterning said first light-shieldable
film by oxygen-and-chlorine-based dry etching using said

patterned second light-shieldable film or resist f£film as a

mask.

23. A method of fabricating a photomask, comprising:

a step of providing a photomask blank having a
light-shieldable film having an optical £ilm capable of being
etched by fluorine-based dry etching formed on a transparent
substrate, afirst light-shieldable £ilm formed on the optical
film and primarily composed of chromium that is not
substantiallyetchedbyfluorine-baseddryetchingandasecond
light-shieldable film overlying the first light-shieldable
film and primarily composed of a silicon-containing compound

that is capable of being etched by fluorine-based dry etching;
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l'ight-shieldable filmhaving an optical film capable
of being etched by fluorine-based dry etching forned
on a transparent substrate, a first |ight-shieldable
filmfornmed on the optical filmand primarily
conposed of chromumthat is not substantially etched
by fluorine-based dry etching and a second

l'i ght <shi_gl [l tlying. the first. .

11 ot 23heR S50 &¢ prRkBLRIY g PRk h gt gpigraavie
i aini 0 . ._ I A
R A Tt S A T R U

m@3kt 6PhBE SR BhE8€60886nd T Pynt Shh oL f@bbfe £11M DY
fluorine-based dry etching using a first photoresist
mas ka fagaitl GrdpofseemddihiggBhiahFeldabpRot bt 6%idt mask
second step of patterning said first |ight-shieldable
ahd| proyidiygea- sadend| phoherdabet migk b hsanpd usatigerned
said patterned second |ight-shieldable filmor said
s¢cord phohbreklieldabb& &5lm: mask; a third step of
removing said first photoresist mask and providing a
sechd sk 6tepi of naldtiegringisgigaficphctigtoiieldable
ljght-shieldable_film a fourth step of patterning
£l PHpPXESeN 120 P LoFiRRrhaRe b Ay P BIE Histpdisini

TP SRR PGB T e e L
o A s R BN e ok
ERRGON DS azg R AR Fut b T 508 dEHI 51 of pask

avdef€iTddt Tl offOdLER $6eRt L8 §L&Shatllighi Mnidfaabie
part of said second |ight-shieldable filmthat is not
finveras a whddk saala second photoresi st mask is set
shorter than the clear
a fifth step of removing the part of said first

light-shieldable £ilm that is not covered with said second

light-shieldable f£ilm.

24. A method of fabricating a photomask, comprising:

a step of providing a photomask blank having a
light-shieldable film having an optical £ilm capable of being
etched by fluorine-based dry etching formed on a transparent
substrate, a first light-shieldable £ilm formed on the optical
.film and primarily composed of chromium that is not
substantiallyetchedbyfluorine-baseddryetchingandasecond
light-shieldable film overlying the first light-shieldable
film and primarily composed of a silicon-containing compound

that is capable of being etched by £fluorine-based dry etching;
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time for said optical film 26. The nethod of
fabricating a photomask according to any one of
claims 23 to 25, wherein said optical filmis a film
i ncluding a phase shift.|ayer.

a first step of patterning said second light-shieldable
film by fluorine-based dry etching using a first photoresist
mask formed on the second light-shieldable fiim;

a second step of patterning said first light-shieldable
film by oxygen-and-chlorine-based dry etching using said
- patterned second light—shieldablerfilm or said first
photoresist mask as a mask;

a third step of removing said first photoresist mask and
_'providing a second photoresist mask on said patterned second
light-shieldable f£ilm;

a fourth step of patterning said optical film by
fluorine-based dry etching using said second photoresist mask
and at least one of said first and second light-shieldable
films as a mask; and

a fifth step of removing the part of said first
light-shieldable film that is not covered with said second

light-shieldable film.

25. The method of fabricating a photomask according to claim
23 or 24, wherein in said fourth step, the clear time for the
part of said second light-shieldable £ilm that is not covered
with said second photoresist mask is set shorter than the clear

time for said optical £ilm.

26. The method of fabricating a photomask according to any
one of claims 23 to 25, wherein said optical film is a film

including a phase shift layer.




