PHOTOVASK BLANK, PHOTOVASK AND FABRI CATI ON METHOD
THEREOF BACKGROUND OF THE | NVENTI ON Fi el d of the

I nvention The present invention relates to a phot onask
techni que wused in mcronmachining of a sem conductor
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. Circuits, advanced semiconductor micromachining techniques
have become extremely important. For example, in‘creasing the
packaging density of a large-scale integrated circuit
.essentially requires a technique of thinniﬁg wires of wiring
patterns in the circuit or a technique of miniaturizing a
contact hole pattern for interlevel wiring of a cell. The
trend toward miniaturization of circuit patterns of
large-scale integrated circuits is being accelerated because
it is the most effgctive approach to increase the operation
speed thereof and reduce the power consumption thereof.
Most of such advanced micromadhining is based on the
photolithography technique using a photomask. 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 photomask substrate, it is essentia

that a resist pattern formed on a photomask blank is

hi ghl'y precise. Wien m cromachining a sem conductor
substrate, reduction projection photolithography is
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grecision than the pattern provided on the
pu %onductor substrate after exposure. Furthernore,
resent, circuit patterns witten on sem conductor
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preglslon of the pattern formed on the photomask is relaxed.

On the contrary, the photomask pattern has to be formed with
- higherprecisionthan the patternprovidedon the semiconductor
substrate after exposure.

Furthermore, at present, circuit patterns written on
semiconductor substrétes by photolithography are
significantly small compared with wavelengths of exposure
light. Thus, if éphotomask that has aphotomaskpattern formed
from a circuit pattern on a semiconductor substrate through
4-fold magnif_ication is used to perform reduction projection
éxposure, 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



di fferent by 1800, thereby nmaking the optica
anplitude at the mddle of the adjacent aperture
patterns zero. For exanple, on the OPC nask, an OPC
pattern (a hammer 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 descri bed above,
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| ayer, the t-shielding layer 1s patterned to
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indigagiong ofs thige pehdoamasicepatit die tphdim lfidmeer-aphy
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&nthout redu0|n% the thickness of the resi st
usedinpatterning of a photomask is required tohave alimiting

- resolution equal to orhigher than that of the photolithography
uséd in circuit patterning on a semiconductor circuit.
Typically, when forming a photomask pattern, a
.photolresis't 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 film is developed to
provide a resist pattern. Then, using the resist pattern as
an etching mask for the light-shielding layer, the
light-shieldinglayerispatterned to formaphotomask pattern.
In order to form a fine photomask pattern by such an approach,
it is important to make the photoresist film thinner and to

select an appropriate material for the light-shielding layer.



film the aspect ratio (that is, the ratio between the
resist thickness and the pattern wdth) of the part
of the resist serving as the etching nmask for the
light-shielding | ayer increases. In general, as the
aspect ratio of the resist pattern increases, the
pattern becones nore susceptible to degradation, and
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filpsithe arpactidatiss (thateiehithe Fatkofketwern the resist
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hot onpsk hl ank desi gned for ArF exposure, is made of

Thu%, asn?he pkilotomask p%ttern becomes Je.iner! the thickness
of the resist film used as the 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



chrom um conpound. In general, the Iight-shielding

fil mmade of chrom um conpound is patterned by
oxygen-and- chl ori ne-based dry etching. However, such
etching often has a significant effect on an organic
film such as the photoresist. Thus, if the
light-shielding filmis etched using a relatively thin
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fibhdrmyoing andiphti-shidilffihgutapabi bty afteigh tiapefaired
the original resist pattern onto the |ight-shielding
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prf)f(,“e Tusdie

genega Lighe -sB1s 101 g0 sAA M BRdEe At Foromiun
solyt] the. et chi i stance. . Specifically,
cohfSRE 1 Ml etiSs i noiPeet pinadhlor inarnoed ary
AN EY € HYGRE! LG ng i i nning. of. th
et phot%\rlgy st fﬁ'ﬁ%g%gﬁ ngr#"’t%e‘ég% c%nslaln ulfgel‘%%“:t effect

on &t W rhn 1€ H AN G AU ENEH SRR SEERs , THESthe
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necessary to propose a novel structure of a photomask
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corffgrgunted-ivmt erfi dlheofresilsighgatstiml diapdéd mammnyt is
_investi gati ons have al ready been nmade. For exanple, in
dif oRfEma el togas g theriixeM3 reshetepattern
reported _an exanple in which a tantalumnetal filmis
onq?s é:d’leag.lé;ht -shielding f£ilm.
However, it is technically difficult 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 resolution and the etching
resistance. Specifically, the photoresist filmhas to bemade
thinner to achieve higher resolution, while thinning of the
photoresist £ilm 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 necessary

to propose a novel structure of a photomask blank by selecting

- an optimal material for a light-shielding film.



l'ight-shielding | ayer for ArF exposure. In this
exanple, a tantalumnetal filmis used as a
light-shielding layer, a tantalumoxide filmis used
as an antireflection layer, and the two |ayers are
etched using a fluorine-based gas plasma, which is
relatively unlikely to damage a photoresist, in order
to reduce the kAR ReEPhehanesigy during
etching. However, even if such etching condition is
selractesd; e hlterdal her tava i gyershid®ind SEi1ME many
light-shielding |layer and the antireflection |ayer,

inwestgatbonsishage onlyealte pbehonadést Fas awaskle, in
reducti on of the burden on the photoresist is limted,
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an example i thrhelkigetgntahuprangal pEbhnkhpswsgd as a
techni que,  of reducing the burden on the photoresist
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ends t0 occur uring exposure to an electr m
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is typically based on the reflectivity thereof, |ight
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excessively high reflectivity, which
as amas]%, red ctio% of the%urden gn the photeoresistis limited,

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 SiOz £film 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

nmt is used for the defect inspection of amask for AxF-exposure,



interferes wwth the defect inspection. As described
above, conventional photonmask bl ank structures cannot
satisfy the demand for highly precise formation of
fine photomask patterns. This problemis significant
in the case of a photomask for photolithography using
exposure |light having a short wavel ength of 250 nm or
and Nehd afe f Ity hi JH-dRASIAHH | S 1 5 5
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~ formng a highly precise photonmask pattern while
1s uspikaggant pechipgenashk. t teephorerwss st probebenr dimlty the
_imortant. The present invention has been devised in
51Qy & 1BY hagcRn srowissivelandigh giBactieiiops wisich
._provide a.qggt mask blank that has a |ight-shielding
m %Fﬁ%ﬁ??\ﬁﬁ h e i IRF PRt RRRKCt B2 tern can be for ned
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there is provided a photormnas :Tank conprising a
. signighlcamti éhdahbecddéd o o Bﬁ@t@ﬁa@ksf'_gj?tl%%@c_)ib@ﬁo taphy
transparent to exposure |light, the I|igh -shleldab?e
usifig pxpdsucenplgstngadihyrstsioghtwashilinl & 25 om or
formed on the substrate and a second |ight-shiel dable
shotitiegn §9erviyicl hhgh fresildt i -iss hegudaelde (KrFm 2a8 nm,
that the first and second |ight-shieldable filns
ArFe ot 9pm; Fer i X1ne] e bs seirdoisgin thhicdsmof @ photomask

ich the first light-shieldable filmconprises a
for| Vﬁwlﬂﬁi ﬁ’&F?F?St pattern of 65-nm-or-less rule. Thus,

selection of thematerial of the light ~-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 rthe burden on a photoresist used as a mask during formation
of the photomask pattern, and a photomask fabricated usi-ng
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



conposed of chromium (Cr) that is not substantially
etched by fluorine-based dry etching, and the second
light-shieldable film conprises a layer primarily
conposed of a silicon-containing conpound that is
capabl e of being etched by fluorine-based dry
etching. Preferably, the silicon- containing conpound
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Xyn itride i.ljcon/transjtion- nmetal oxid
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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, preferably, the second
light-shieldable film 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 equal to or less than 55 nm.

Furthermore, the extinction coefficient k of the second

light-shieldable film at a wavelength of the exposure light



chrom um oxycar bi de, chromumnitride carbide or
chrom um oxynitride carbide. The first |ight
-shieldable filmpreferably has an optical density of
0.3 to 3.0 for the exposure light, andnore preferably
has an optical density of 0.5 to 2.0 for the exposure
light. The first light-shieldable film preferably has
pre¥diitikness al Eﬂbf‘lieeﬂﬂﬁlt 5PafhaM@yeabBRBaSe 8RB the
equal to or |less than nm nore preferably has a
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to or less than 25 nm andnost preferably has a
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to or less than 15 nm At |east one of the first
prefiegiablshilsl dallidmf primandlyheompesefdofi giromhime| matik,
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chromijug joXidst. |olkaiug Jeidatl Gauc CHEERANY Ol t e,
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ht -shi el dable film

more t an 5nmand equal toor less than 25nm, andmost preferably

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 film and the
second light-shieldable film 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. '



Furthernore, the second |ight-shieldable filmcan have
an fi antireflection capability. According to a
second aspect of the present invention, there is
provi ded a nethod of fabricating a photomask, the
method conprising: a step of providing a photomask

bl ank having a light- shieldable filmhaving a first
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sQé§§plQEMtng¥%uﬁgb?é)fﬁﬁﬁt the first and second

I i ght - shi el dabl e i I'ms col l ectively function as the
light-shieldable film a step of patterning the

secongr-drsghtrshi ehdabl @nfi 1Myhy- ;AlLéQBthe basgd <M Ynave an
etchln usi n phot oresi st nask fornmed on the second

a??iﬁﬁil BF%?%@BF% X% and a step of patterning the
first Ilght- shi el dabl e filn1by

oxygen- a chlorlne base etchln usi n
patggrne 84cdRd i §RTS%h %%% e%Fi | H?oﬁ”7é§PEt1PWFﬂﬁlon'

thgsrea isnpskvidadcarmktiigdt of afﬁmrodtaﬁ@&ctphaf:omm presentthod
cén(b\{:%gg.h&n’el( sl%géeo%ﬁhoprggy dedrp%oge asq(d bqf Lalprx}l%%t I nglght—

phot onas
S*plred\?lﬁémgfﬂalrrptb@wems« ﬁ:ﬂlramkllglh*é-qivh@ﬁdmgk flbtnaﬁkrmed on a

t EEShi G AR +ORLd Cz?rld fﬁﬂlﬁgféﬂﬁk&oﬁpggeéewgc&%m%ﬁ hﬁ%t is

by fluorine-based dry etching formed on a transparent
nYubstrsheetintla P SAY efdant e PrArd ofEd e5rhite and a

sdlfa)hldCaigﬁﬂ—lsmﬂlel&ahﬂel irght Shi.Ql ﬁﬁ@l €nd idiPs e oMUY SIsA%e Bdable
first light-shieldable  filmforpned on the optica
fJfJ1m| mt q sperclo rulll_\%ThEo?Hj‘t?éga be? film comprising a silicon-

containing compound that is capable of being etched by fludrine-
based dry etching so that the first and second light-shieldable
films collectively function as the light-shieldable film; a 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 step of patterning the first light-
shieldable film 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, the method
comprising: a step of providing a photomask blank, the photomask

blank comprising an optical film capable of being
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chromumthat is not substantially etched by
fluorine-based dry etching and a second

i ght-shieldable filmoverlying the first
light-shieldable film the second |ight-shiel dable
film conprising a silicon-containing conpound that is
capabl e of being etched by fluorine-based dry etching

e8enddiabyt heubiist randy 3@90@%&1& trshh&l dapl ¢ fﬁégﬁgparent
coIIectlver function as | ight-shieldable fil

sebehrgr patterniony- ﬂfe“r@é@bﬁoﬁi%ngﬁﬁm%%%n das| %ptf%qaﬁq Filn,
thy ﬁhdﬂflBﬁibaﬁﬁdFdHMJgIQﬂh@glgﬁmﬁgangtéﬁt11%ht|i?1§ﬁdable
otqresist nmask for on the seco i ght - shi el dabl e
PR EEREY) Fofnt o CRTR DR Edr ot SHERee of
Canfdnlpmowhdltngsano’sesmmctaphdnabnesetsﬂleﬂask dhudithe-based dry

e{:)@lt.ltr%rn&ﬁ% Saecé)é]:%ndl qh[% R_Jthleﬁ lfdaab%lqu, Cfvae glgg Orzhe first

patterning the tirst
1 698fgesh ahdrield orﬁnéﬂbasédedrysqﬂﬂaﬁlngllghuﬁght¢&ﬁable film

c&@ﬁﬁl%rlﬁgd S§C%@glcéﬂ—%kt§m%gda@cl)r&ou'nhmt‘%%ta J%argapable of

a_step patternin ptical
b?%?ﬁnﬁtﬁéeﬁa%%cﬁ%ﬂqgl%?cﬂﬁ%@é G§¥n%F%H%§gsé@oFRPt the first and

@&uﬁdoresgmﬁ—smaékdéﬂué atil@ast e Rktitbp, fidigtefd as the
|eldable films as a mask; and a step
%‘3’ 15%f t 20of StFﬁeOffu PEFLETIHRE. dhfelSGapTe PLignt-

Smldlmabhat ﬂlSmnOIy Cﬁl/tﬁﬂ&dle\f\b.ﬁdned hery se¢endng using a first

[ e bleg film ordln o.a fourth ect
P ljﬁwtg)%rs g‘g% n{nglg{nv]gon 8N o™ er & elcgmtf)r SV Tfeda® %r@? fol(fim’
s¥sabr Pﬁaﬂﬁnngqohm@nﬁskst t heonetdsddt cespr |as1dngprcar1dmg a

se%to%@l 9‘1095&\@1@%”9&@}( p&ptﬁ{é& lét?é% elg%ngh%tbz%mi%ﬁleldable

| ank conprising an optical fil mcapable of
th—:Jt“bhé'd b¥tert morﬂaﬁéearawu ey fEreh| ﬂ\gglﬁfo"ramél@@b@ film by

o:ly’g%ﬁsﬂﬁcﬁ%ﬂogeﬂﬁ)@-tﬂa@é@ ap e@:ﬂ_ﬂn@htus§ﬂch e!:lge.aq:taectfelrhg&l second

med on the gptical film_the light™ shieldable film
Jé@“ﬁpﬁbjs? Lief frER 39 ghthadHi Bpakble PSR fOr r?é&teﬁrhmg the

oftheatptiiqal By | B adkeineF-baBEd | Yir¢ 0naeeety 0fus¢hg 0rndM second
Phé:tore% % nOts Surtf tacgtl ally etChfedth%y ffll*:ggralmrgie sgggr?g light-

v et AGind €678 © g
shieldable films as a mask; and a step of removing the part of
the first light-shieldable film that is not covered with the
second light-shieldable film.

According to a £fourth aspect of the present invention,
there is provided a method of fabricating a photomask, the method
comprising: a step of providing a photomask blank, the photomask
blank comprising an optical film capable of being etched by
fluorine-based dry etching formed on a transparent substrate and
a light-shieldable film formed on the optical film, the light
shieldable film comprising a first light-shieldable film formed
on the optical film and primarily composed of chromium that is
not substantially etched by fluorine-based dry etching and a
second

11



11 light-shieldable filmoverlying the first
l'ight-shieldable film the second |ight-shieldable
filmconprising a silicon-containing conmpound that is
capabl e of being etched by fluorine-based dry etching
so that the first and second |ight-shieldable filns
collectively function as the light-shieldable film a

1s§w&f1e1@ﬁﬂeerﬂuﬁgowﬁﬁ%@omge| Eghde shigghkdabl 8 fbh D £im,
fluorine-based dry etching using a first
g%o%eocr%lg‘. %tgfﬁaﬂel?b%PéG Shlt Hempsiphep @ silicon-containing

chmghk@shmakdableaﬁaﬁrﬁ deﬁém&go%t@aé&eBﬁlnghh%eibééad dry

ht - shi el dabl y oxygen-and-chl ori ne- base
%CI% et chi nghugl ﬁcg’e t 1ers at?ré%/nﬁ%lc o?cw’oght T P8I £iams
C®l¥ﬁﬂtishlEIﬁM¢ﬁUaohlbn1mhethegmt+sn1e1p£mmawfmmmstanasktep of

pQ‘LSt thea s%%SHdofth%”EMdé‘l%h E,{{ by I%EOt O:{neets ased dry

providing a secon oreS|st
ebfehltnér riwngecfbnélﬁtghphcsm@lselabl @afk| rﬁoraegt op otthe second

l£§ﬂﬂ4%59éfﬁhﬂlgefiqﬂt|%al ;ﬂéﬂncgy ﬁééﬁ@ibﬁﬁgbéﬁgdf9£§£ light-

et chi ng using the second photoresist mask
shigdSpPone fofmt RE PRYeen #iW sBEondaPgned §mf eIGHﬁ]%ﬂr@ using

tHd | F@Eat&&rﬂecﬂmskéccﬁﬁﬂ a ighepsfe108BDYI Ngithe parted rirsc
hgﬁ t g t-shieldable filmthat is not covered )

P Oﬁe?hse %18 nd®l iHht'eehi efdabPESPi 19 WEEIERP ngheo first
rhdterthi s etk fadur phoaspiect & ckcbhe PE@seBEist mask on the
' 0 r.ef erabl y, the fourth s

pAE%%?H%%rgéﬁﬂgd %%ﬁ§%7ﬁﬁi?h%1§écongm1|ghtE§§| #cﬁﬂﬁ%gr?fTQnthe
ontiaeli sfidot wovétear Mmict-has¢de dsgcoridhphot oresy sttheaskecond
pHd%o§@§l§@Q&kﬁraEQQQ:hﬁ%s%lSgéandqﬁbu%g séhﬁupgk 8§ light-

Im_ According to the thir aspects
shigddpp e eritlmsngent i Bhskit kadopt | &P T of nasez;r@mb@ ahff igant of

tHeNctiudicng iyhphase. 1shbit laysr théECq_rsd'rﬂ)g: tQvered with the
enbqdj mrents_of_ the present i nvention, since an

'SQﬁBPFnEFﬂEbﬁBF?%ﬂ%Q5ﬁ 5t raterials that differ in

etching characteristics is selected for the first and
Sec%gg N §Lg to the third and fourth aspects of the present
invention, preferably, in the fourth step, the clear time for the
part of the second light-shieldable film that is not 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 film can be a film

including a phase shift layer.

According to embodiments of the present invention, since an
optimal combination of materials that differ in etching
characteristics 1is selected for the first and second light-

shieldable films, the burden on a photoresist used as

12



shieldable filnms, the burden on a photoresi st used as
12 a mask during formati on of a photomask pattern can
be reduced, and as a result, a fine photonask pattern
can be formed with high precision. BRI EF DESCRI PTI ON
OF THE DRAW NGS FI GS. 1A and 1B are schematic
cross-sectional views for illustrating a basic

a métsic%ﬂrlﬁ% %t)rﬁla@i%tn %"5% @%aéﬁ ﬁ)%tq:'teﬂ:% cta?l tgcb %educed

present vent i on; IS a SC

an® 22 8- S&&h1ena f\i'n%wpf@rtoma hcuﬁaf:@ékﬂgcﬁﬁl g rf%%f‘e'@@ th

of a sputtering apparatus used for formng a filmo

hidhemhetoimsek bl ank according to the present
invention; FIG 3 is a graph showi ng a wavel ength

dependence of the optical density (OD) of the
phot omask bl ank having a first light-shieldable film
of O N ( OBRNEF DHJCRIRII BON c@QHNTHE | PRAWINGEel dabl e
filmof MSI N having a thickness of 23.4 nm that
ovEXGSes1dmng 4Bsare gphrenat ¢ diisiss f3eoffiqnal vdews for
]gﬁﬂfh showi ng a result of neasurenent of the
ilinghrahing apaghc pLENCTHE ¢h aRRet engsk P iankypagoridre
£ %31 nmto 600 ‘%L FIGS. 5A to SE are diagrans for
° iHhe AT Hy IS ®t i on  process ofa blnary
: mask;, _F r dla r.ans
[ Fggt rgt P‘ﬁglagéfhr%?t ]crr%’ca o1 pr &aés Jbefw afcbrhase
f.t ; e 7 e fg
11
i %‘y%gﬁf’rﬁ@m o e et b e P UeRihg Bbpprptus usea
ForPERTMinY Bt sAARKorFkfe ?hb%oﬁa@kaﬁmaﬁﬂo%ﬁgraln? to the

wavel engt h dependence o optical density o
preseght isRiegltdaldi;e fil mof a binary

FIG. 3 is a graph showing a wavelength dependence of the
optical density (OD} of the photomask blank having a first
light-shieldable film of CrN (Cr:N = 9:;) and a second
light-shieldable £ilm of MoSiN having a thickness of 23.4 nm
that overlies the first light-shisldable film:

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 are diagrams for illustrating a fabrication
process of a binary photomask;

FIGS5. 6A to 61 are diagrams for illustrating a first
fabrication process of a phase shift mask;

FIGS. 7A to 7I 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

- 13 -



13 photomask bl ank having a second |ight-shiel dabl e
filmmade of chrom um conpound in the case where
light is launched thereto fromthe side of a
substrate, nmeasured using a spectrophotoneter; FIG 9
Is a graph showing a result of nmeasurenment of the
reflectivity of the binary photomask blank having the

phoesRisk BifHi Tﬁ?}lq{gfj%blsgédnldnl % %fh CHAAHI A, 5 m made

conpound for light = having a engt rangi ng

of d8PomMih e oY und it fﬁﬁca%%ﬂ@ré—g\rgﬁﬁg.‘@ %éﬁ@@ @ﬁeg:gq:o

Illustrating cross-sectional configurations of

frols yeied chisde dff Ghtsbs €f&ed) eméababedh@sengi i num
contents of nitrogen in the second |ight-shieldable

spedtimpphet dnaitds ( FI G 10A), 5 ate (FIG |10B) and 10
ate (FIG 100 ; FIG 11 is a graph showing a
r eF3Gi-ofsis g grapheshowbng gprresall tdefisidas (Giemndf the
nlnlnun1n|tro€en content of the ghotonask bl ank
mﬁ%‘a%ﬁfﬂg’%ﬂ Ps h?utglmars’ahmoaama@lﬁ fankdwavioig theNsecond
14 4#%’ av%wg a thickness of 10 am and_a second
ightgishigh IMAGRRE SFRRRFSHAR HEmPRURd { FPE khbght
f verI t he f t [ jght-shieldable film
hav]n @ird.wr?g" H Fhaiigng of di%P iR 16 €88 Fptph
sh g I gt gﬁﬁp he Iy flectivit
ofP g I?Oﬁ?\éghl&gl d%&g’%p mq'gl%t S hited o 3e7" ﬁ?ﬁsr %g,
313G A 12RRA! IRRIAAIRIE ' gf the
croreflectllon [ight in thg%égg%n%%é$éfp?% t 1s launched

lighttt-@htiled dalbl@t 1 shkedladd aiflikdin0Eohf&nPR QSP E&%K‘o@eﬁngn
_ conprising the first and second |ight-shiel dable

thef séosnactigith Aghi el diBle eXDIW|a50 at4FIG. 10A), 5 ats
(FIG. 10B) and 10 at% (FIG. 10C);

FIG. 11 is a graph showing a relationship between the
optical density (OD) and minimum nitrogen content of the
photomask blank 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 £irst 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
o light—srhieldable film of the photomask blank comprising the

first and second light-shieldable films according to the

example 6.

- 14 -



DETAI LED DESCRI PTI ON OF THE | NVENTION I n the

foll ow ng, best nodes for carrying out the present

invention will be described with reference to the

drawi ngs. Through earnest investigation to reduce the

burden on aphotoresist serving as a mask during

patterning of aphotomask, the inventors have reached

a concl usgpaIthat paserePiregNVOFhTHE ERGERDTORNA

phot omask blank lies in the fact that an

antlinr ehbefdlilwiid Mhewhtimddey €bli @srvyidgbutsiiepdesent

film made of a chrom umbased material, is made al so
invyénbioxgwiohl e Hesedibeiiewigh, rebetdmte tthe the drawings.

antireflection filmand the light-shielding film have

si rizgugh Efmnesdhdnvasdidgation tadmpdaicehithg burden on

characteristics), and as a_result, a single
appRtrErEi s SRy g RS amp Pedystad PEtEesRERY Af0r Rhpkemask,

antireflection filmand the light-shielding film In

the 4 PTs RevienFerchrd Ragenehusior HEhat e Prgbdem with
i st dur i t i f h b
@ St end i dpouPe OB} 48k oo LR AT s el

: ' j i . [qat | t .f . .
on RALEELEELSL £t S C0BTARS) 29,5 S0 bRuR cism

mad@ 0 d | dNVrddh NBh-bSse@mEEELELL Veis AhbE il 861 HPN,

film referred to sonetimes as second

chitdngihiim-dd i dl ablte filam Bereid@kheranéieefiection £film and
light-shieldable filmserving effectively as a

thd Libbhtsbhiedldnggffilm faeé eimidartat G0iRf cNBBadtefiitics

light-shieldable filmhereinafter) and an appropriate
(dnordichhin o chdmapirist beh) evand dhus, resebt di agstogle
. the present invention, a novel structure is adopted

phofiarasish camsss has cke i PR Bgedrialrrockss cheth the

. etching characteristics (different Kkinds of_
antigied e thon drihand b 1ight-shiel &g ef11mm Havi ng

.1 .
addaiQZlOHS, the inventors have found 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 light-shieldable £ilm having an
antireflection capability (that is, an effective
7 antireflection film; referred to sometimes as second
light-shieldable film hereinafter) and a light-shieldable
film serving effectively as a light-shielding film (referred
| to sometimes as first 1ight-shieldable film hereinafter) and -
an appropriate 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

- 15 -



antireflection capability and the first |ight
-shieldable film serving as an effective
light-shielding filmand reducing the burden on the
resi st mask during patterning of the photonmask by

t aki ng advantage of the etching selectivity. As
described in nore detail later, due to the etching

an @ﬁiéé’ii?/n egphﬁgllﬁﬁﬁv%ﬁj(ﬁ{ﬁe in.rEQ@.ifg}rLts—ts B 1

light-shieldable filng, the resist nmask can be used as

seBfinghehame rresk 19 Bl yghf 0shidPaH0§ #89m and reducing the
light-shieldable film and the resulting patterne

burskeot thghteshiehtday aukihm sattdeninged aBeaphatsnask
mask for etching the first light-shieldable film In
by paakingladvantfage nef erhal etdtaing sse s piwiciegsed by
fluorine-based dry etching, which is | ess burdensone
t o AShdesgrdbededinsmorespptadh totipbunduertaetie etching
silicide, such as netal-silicon oxide, netal- silicon

selfqtigity @f idtaunateriats ke kst fand seemn@) s

AR YRGS R AL L
oty FBbk D Ras PErR Bhchi Fdh el AL B, ana
thAeEMlaIny pALRBEhER Sl LIS 1A BLAR! B3R e

usd®@ el bl RErBahheknNedr s86RMMg! {00t Hld el dable dlididsbie
used as a hard mask to etch™ the first light

filnahi ehdgdntef thDapl i1@E in&t@_@ﬂamsgda@fcdihben%ﬁ&eéé\ed by
chrom um based light-shielding filn), thereby
£ Tuiondmsf-dasiedy deype edhiag n wielcip hici aesskbpatieaEBmEOtd Nthe
first light -shieldable filmserving as an effective
photiogiesisiti.el(giidg cdn lanmpiunst et imedlal, stildaielmi uwh as
resi st mask can be used for etching the first |ight
me tadhisd{ldsorne?¥ide pretadi-sj ldepposrids, enmstiaimsilicon
(chrom um based Ii%ht-shieldin% film. 16
oxynitride, for example) is used Ffor the second
light-shieldable £ilm, the burden on the resist mask is greatly
reduced, anddeformationof theresistpatternissignificantly
reduced, so that the original resist pattern can be accurately
transferred to the second light-shieldable film having an
antireflection capability. Then, the resulting patterned
second light-shieldable film is used as a hard mask to etch
the first light-shieldable filmprimarily composed of chromium
(a chromium-based light-shielding film), thereby
transferring a predetermined photomask pattern to the first
light-shieldable filmserving as aneffective light-shielding
film. Alternatively, the remaining resist mask can be used

foretching the first iight-shieldable filmprimarily composed

of chromium (chromium-based light-shielding film) .

- 16 -



In addition, with the photomask bl ank structure
according to the present invention, the duration of
etching using the resist mask is reduced, so that the
resi st thickness can also be reduced. Thus, even if
t he photomask pattern is reduced in size, the aspect
rati o does not increase excessively, so that problens
| naned O 260! AdehitaR PlotHRa PRLIEHR dtANH EFe according
accuracy due to degradation of the pattern sharpness

to and pehisepitn@nobnthenpatheraurheidw deetcdihglisdng the
portion of the resist pattern, can be avoided. As

resliesic melsdi shmdicdd, aonttia®t ithle +oaf searhbhekipsos eanedlso
by fluorine-based dry etching, which is |ess

be mgddeesbneThys, t Geephf dites iphio tomasks patiternt he sedondd

. light-shieldable film a photoresist mask having a

in sdizg.i $BpyasRart Fatikiloss not ipcmedsenekpessavery. so
|.ight-shieldable filmf or_patterning the second

that prebdkme da6LBALPEHeghads hhor aftHiengatiere: heanster
second t -shieldable film.is used as hard mask

2B Pl R o Srgaratfefh, Shambied? ‘dna
_ : | abt <shi . £ th -
T R e s
res AU RALNE £ G d %}ﬁ@é@e of the photoresist in a
P

step of patterning the ot omask bl ank is elimnated,
anfst 8es PRObOd el fe [ IileMh GRak OB JRAG: dhicARChe piocessed
achi eve higher resolution. In other words, the problem
by Wilubrtihe -bazeandirgnak cphayQmeakchl apkisess Usttdenédhe to
tradeof f between high resolution and hi gh etching
thergso someetg t cas Ued 801 tiheat edondand gh ti-ishd efldabirbKim,
attern can be formed with high accuracy while the

a sgis tt Imaskhdteorie s Heslatddiedatl snialk ehickness is
following, the Erqsent invention will be described in
forpsdeony dbs FeGrrf ghdrside idndbanfplasqmpassprning the

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 film), 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 filrh 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 reduce.d.
In the following, the present invention will be described

in more detail with réfere_nce to examples thereof.
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(Exanmpl e 1: Basic structure of photomask bl ank) FIGS.
1A and 1B are schematic cross-sectional views for
dllustrating a basic structure of a photomask bl ank
according to the present invention. According to this
basic structure, as shown in FIG |A, the photomask
bl ank conprises an optically transparent substrate 11
ang Bedmipald 1shi | g4l f [oci pal
R e B e i L L T A S

filpcE2 canpid 985 aeel seBbmbt Bt £l gl fondi Wiekd for
and a second |ight-shieldable film 14 overlying the
ilXusgtatatimha-isds bk dakue thidenod 2 pAbeoRabs blalgk ddciBYing
be a typical transparent substrate made of quartz
to ghapyesRAk, inykotiiposi | Acavedihgds this badiidketribture,
first light-shieldable film13 is a filmthat is not
as gheundm T EG | A, cthhphobpmpiskdriank cenptides ast epthgally
trq(-}}'% based dry etchi nﬂg.) and is primarily conposed of

ARSI SYhBtERLed APGRLAT o YRR KATb T LAm i Bormed
on enalineipal iR i e B ETACE D byt Ot ng.
| "1 et e ¥R .
11018 AR 9% GBI | B B B
fil&ﬁ)iaFJSndSé'éé‘cO&l-ch)Sﬂi t -MH{ QLY d rf‘i]‘i?a 12/ 60&00ving the
oxynl tri de, silrcon/transition-netal oxi de,

£irsit 1GQM ANV BAm 18 1T irde, s@bstrate 11 may be a
- silicon/transition-netal oxynitride. Such a

typlicg! tshinsipdaling: fsdbsaatasste dhancondigiadd y @nd,
thus, has an effect of suppressing charge-up during

aluwrinioisrigd iusitieg glasseloactton hidam  Mhep&htriseul ar, when

_ the silicon-containing conpound contains a transition

lighgt-ghiefldiablef fadm 13 isxpefite that bs sognidbsantidnly
addi tion, as described |ater, the 18

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 sj_.licon—containing compound that is a primary
-constituent of the second light-shieldable film 14 may be
silicon oxide, silicon nitride, silicon oxynitride,
silicon/transition-metal oxide, silicon/transition-metal
n:i.trj.de, or siljcon/transition-metal oxynitride. Such a
light-shieldable £ilm can assure the conductivity and, thus,
has an effect of suppressing charge-up 'during writing using
an electronbeam. 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 filmis superior in wavel ength
dependence of the reflectivity. The transition netal
contained in the silicon-containing conpound may be
at | east one netal elenent selected from anong
titanium (Ti), vanadium (V), cobalt (Co), nickel (N),
zirconium (Zr), niobium (Nb), nolybdenum (M), hafnium
lidit)shid Badsl e e {1hR)i ARG PGSt ¢R qurelélﬁéﬁﬂe&ependence
nol ybdenumis nost preferable in terns of dry-etching
of prlecasst badtiwitghem cal resistance and conductivity.
The filmcontaining such a transition netal can
f ufitiel orarsi ahoameitedfdattaiored ihmhicat Litonsopetadhing
in chem cal resistance, conductivity and optica
CONRPNG BRY bhatckepok oniegne {al ediesient saléotedtforoamong
..the silicon-containing conpound that fornms the second
tigangiim SGie) o ammadivm, (%m i SCeRALEE n{GreY. imickeh 6Ni).

. _manner a ilicon accounts_for 10 - 95 ate, oxygen
2150 4020, o o8 Gin W hP LY B R m iths Bakaii (HSY.

0 it I f - 35 %
o Sk B R 3 PO REe” Ao P Rk A mest
_ 0 Lt , [ th
pre(%elg:_rﬁlrler@heté{‘n{% Cgf td —gttéélq.n%,gjskgl: s;s/_\%bégggyl, r?lg%:glcgl

silicon-contal ni ng corpoun conta

resAlstaice AP BonlUSRAARA. | rlt ¥5Hkeldakla8 nfilklgMsi®h a

designed to have an optical density for exposure

trahnisghttiow aéeaabtyn fflddtiGibENAR and ikAFIR Afidh £i1A Sndk
so that the optical density of the [|ight-shieldable

is $upertonpm shegivhe séacktahcs hedidaritiancty aaadcical
light-shieldable filns to exposure light is 2.5 or

propegiiar.. More preferably, the optical density of the

second light-shieldable filmfalls within a range of
0. Bheocomposifiopg (atomicity ratio: at%) of the

silicon-containing compound that forms the second
light-shieldable film 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 transition 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 or
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 films to exposure light is 2.5 or
higher. More preferably, the optical density of the second

light-shieldable film falls within a range of 0.5 to 2.5. 1In
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addi tion, the thickness of the second |ight-shiel dable
film 14 is appropriately determ ned based on the
wavel ength of the |[|ight used for inspection.
Typically, the second |ight -shieldablefilm14 can
achieve the antireflection effect if the thickness
thereof falls within a range of 10 to 45 nm |In the

f I S i cati .

add#® ol Ehé*tq{fﬂl glaé%ne g%ngilé &d-b04 If&l{ ‘M ddbie £film

phot omas des exposure, e Sécon

|i gBbpeBpehdabhe &d [ Y GRS
Lo tobportndathy 4t it mal R Ao e B ELICHE e

lighef asall fordessgeediba . havgp 8Baexyi Nehé0Be668AT i Ci ent
k whose profile at an exposure |ight wavel ength
lightrshieddgbadufllmi 4 camaichd evelitisé aaterét1tevast effect
surface. Such a profile can be achieved by varying
iftthe dtbricdkmesst Ebarebfifizlls aridition nangé ofh 10hto 45 nm.
silicon-containing conpound that forns the second
Inthgiaseef ajphalianask bl auk ugpddiom fabricating Aphotomask
concentration of the transition netal increases, the
deglgnadifUn ATerrPOsERe - kbe ReeeRed idHy Aulelfeble £ilm

i f . iti I d , h
14 SOPSELHEELY all o P kRORE L PEAL IS toTAn, %f%;f""sfﬁe tne
i1 f i t_-shi dabl i i
o JAGRPI1 R SSEROMLAD e o0 £ PRISHL RSy
deyg@éa i o thed IAﬂne)paqlrcecaigﬁﬁtcg;&%ﬂi@ﬁJ ROThLRE Bird€ite

of the substrate 11 towar e surface.

at Alnt ekpakuyel ¥ighdakRaefAes abLRPed sR50h148u8T 14 HSom the
extinction coefficient k can be achi eved by varyi ng

subhdiera €O DL eivadid e Shrfate ghts@tie Ao FiQENGR e achieved
- nitrogen or carbon) in the silicon-containing

by camydurgl thepeontieaaay ioasof hehe cormesni ¥ Bén aretefl tikethe

| ight el enent increases, the extinction coefficient k

sigeenrpentaiming sceheowndcehat afooms othehgetoglit 20
light-shieldable filrﬁ 14, Specifically, as ‘the concentration
of the transitionmetal 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 des igned
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
extinctioh coefficient k can be achieved by varying the
concentration of a light element (oxygen, nitrogen or carbon)
in the silicon-containing compound. Specifically, as the

concentration of the light element increases, the extinction

coeffici_ent k decreases, and as the concentration of the 1ight
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el ement decreases, the extinction coefficient k

i ncreases. That is, the conposition of the second
light-shieldable film is designed so that the
concentration of the light element in the film

i ncreases gradually fromthe substrate 11 toward the
surface Wth such an extinction coefficient profile,

-'elﬁc’*&h S%P?%Hﬁle%?gl %‘@li{% Qﬁcrease l%?rggﬂ? RCHeGT R

_Theplf i, e@ﬂ@'ﬁ&ﬁp&ﬁf%}?%% tﬂét%éﬂr{@tlh%t‘l niikg ahbh st fl%m
|'i ght’-shiel dable film13." Consequently, the anount

is ddEiighidtg tofat! htref cohlbentr@ittivshiog ¢akl e15ht M 1dment

during patterning can be controlled, and the

in waeeF ¢ gt ncbed oed gnaatumpffrbhnemefézﬁfétﬂaﬁe/ 10f téherd
first light-shieldable film 13 when serving as an

the ssurnfadd ection film can be inproved. Besides, if the
conposition of the second |ight-shieldable film14 is
de¥iighe $usch Emaexdiinatgon soafiffiaian arafiilen the
interface region between the first and second

119‘?"9‘&*‘%%‘&%&@?@%%“13°%n%!“14se‘t’%‘;a%F]I?%‘SF‘cﬁi‘%?l‘ifh‘éle

d ht - shj el d fiilm14 tot t

f1]1“? i S rdndtRasel § A the éﬁ?rﬁe ShARAPT B thickness
th

aeiffnd it 9f i SO LR B EFRY N 1251 on

cOn%J.eQﬁfé thyI he i ddsignd NS & aetéﬁc%ﬁig%e& | 4l .‘/fjhfsnta

regl on ‘shorter wavel engt'hs can uce

hg@asis@flrelaamr@ffﬂmq@aéﬁﬁgIp%lﬂtfessrh% §§“Hec<9<5}‘ij€§c§fied
substrate can be inproved; "and em cal

and €Bé ARG Ah baataatat&_dtl&eof lth_%t réfﬂé&tﬁhi@} dabi 1ge
film13 is a filmcontaining chromumas a primry

fireondtiighiersth iaidldel o riiimai i 13 aosposexing @drai um
nmetal, chrom um oxi de, chromumnitride, chromum 21
Yantireflection film®" can be improved.

Besides, if the composition of the second
light-shieldable film 14 is designed so that silicon is
unsaturatedat an inte:;face region between the first and second
light-shieldable £films 13 and 14, the adhesion of the second
light-shieldable £film 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 supersaturatéd)
in a region close to the surface thereof, the reflectivity
in a region of shorter wavelengths can be reduced, the pattern
transfer characteristi.cs to a semiconductor substrate can be
improved, and the chemical resistance can be improved.

The first light-shieldable film 13 is a £ilm containing

chromium as a primary constituent and is primarily composed

of chromiummetal, chromium oxide, chromiumnitride, chromium
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3

oxynitride, chrom um oxycarbide, chromumnitride
carbide or chrom um oxynitride carbide, for exanple.
The conposition of the first |ight-shieldable film 13
is determned in such a manner that chrom um accounts
for 30 - 95 at% oxygen accounts for 0- 60 at%
nitrogen accounts for 0 - 50 at % and carbon accounts

OX%IQ:[tplde 2 %h%%ﬁuﬁh(g}?];éoép?élb% E‘Ie nSi bl'l qJIl’?I%QLElE.Ie lcrgrjblde or

ned to have or “exposure

chll:cbrﬂ:t\im RE:EHEN @k de T dd 11 WY %xa@nﬂl%ngeTﬂra Qoiﬁ;d)tagf.@lgn

so that the optical density of the 1light-shre
of fiHaMFiZ s@0MREhEl BHibh@ablackith 1H6i d idetermdtd S5¢6084ch
light-shieldable filns 13 and 14 to exposure light s
a manheortHatybier omMah @ celoeihesabdy 30t-hes apki, catyganacéyunt s
the first light-shieldable filmfalls within a range
fof0-0.8 atd .2 ndtrogeaddicdoumtst forf ior st 50 at$ and carbon
light-shieldable film13 preferably has a thickness
acequmds tfP®ro nordl t4kHh- 5 nm and equal to or less than

50 nm and nore E;eferablé has a thickness equal to
or Ther EirFinl59hkr shéeddalilet Bibr 12ds d8gd gpsdnkp have

an dofiin] fohty CSFroT e 1 ghE PaREeRaRI 1 Hast Bahn

a b S 0 EHER e GIE Sntfedt GRAEY oF %ne
i
and sgabnamfdmbé,ﬁléiémﬂé f'flrrlésfg a1 &Eeté QxpRsu®d 11ght

“"light-shielding filnl. However, in th

is PNeCiod Galghen:. Mbﬁéepi‘é@ef:hbﬁ? Staéks tﬂé&l density of
collectively referred to as I ght - shleldable fil

thellférbitl nightushieddadlebeilasfgnNes withiild Gasgeays. 0 5
For exanple, the conposition of the second - 22
to 2.0. In addition, the first light-shieldable film 13
preferably has a thickness equal 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 £ilm 14 is used
as the so-called "antireflection £ilm", and the first
light-shieldable f£film 13 is used as the so-called
"light-shielding £ilm". However, in this specificatioh,
these two films stacked are collectively referred to as

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

in various ways. For example, the composition of the second
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l'ight-shieldable film14 in a region close to the
substrate 11 nmay be designed so that the content of
oxygen or nitrogen is extrenmely |Iow, thereby making
the region function as a part of the "light-shielding
film. To the contrary, the conposition of the first

l'i ght-shieldable film13 in a region close to the

. dahle film de h
L ERGMPIE Wit B 5 Bt SR Bgrﬁuﬁ?g%?te
11 3§ LY, B Iont%z?lt:%%@ RHef &9&599 & 3;21% og-fﬂiesogen

antire I'n t I'S speci

is Eki:i'&meb_yglrﬂw SIﬂh@!r@BQ" Iﬁa]tillléntii% i‘ég:[&g @u‘i‘x@‘:ﬂﬁx 588 part

effective light-shielding filnf even it the first

of ltirght 1sijied dabi €1 dindgn £ ilGnpar tnoalﬂme fdomirdaRs, ald as
the "antireflection filnf, and the second

conpaghittishi olf ik Elfnslt_l’rliéht ssheghddblleasi Idna 3 i faceégién
"antireflection filnf even if the second

cldsglpo- theesdabhd IFight 4¢hpatdablée yEilmctd dssdeksgned so
the "light-shielding film'. The first

tham dilli‘l& sendegdblod prygen3ozndithegsacdadrelatively high,

t-shieldable film14 of the photomask bl ank
@3}8 diakd %o ﬂ’(%é-"epﬂ’@ébrﬁ“f}%/’é?ﬂ i3 FeBAbe hckhe
qr. bath of the filns

ed of o ei t her
"%é?e%@ A E‘&ﬁp@?@’d’lf&feaﬁ:lﬁnur 8 Figet
hahacvga,taﬁatd%%ﬁ%d A 1%1 ey [ -rddhddia A9 SR] o HELDE Sy

ayer struc ure, e

"11%91'15%'1{1%@?1?11-{1 " 8§eﬁi‘¥‘tﬂé EE‘.E %ﬁl%]rgcagi d1ddB1 £1lm

preferably has t e conposition descr ove

13 paielatiy it i ddiealibldd auer st Hd i et 1He fil®, ana
conposition nmay be varied in a gradient manner (t hat

thel $econ@0 THQHIH-sB QIRbIRNtE S WA W rdErd1 as the
provided). 23 |If such a conposition gradient

- effeotiveurantd reddptcdd drorf ilm" even if the second
light-shieldable film 14 partially functions also as the
"light-shieiding film". |

The first light-shieldable film 13 and the second
light-shieldable £ilm 14 of the photomask blank according to
the present inve'ntion 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 describg:-d above. As an alternative to
the multilayer structure, the £ilm composition may be varied

inagradient manner (that is, acomposition gradient structure

may be provided).
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the second light-shieldable film (antireflection
film, the wavelength region in which a preferred
reflectivity for the [|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
regi on of the Iight shieldable film(or a film having

i |
o R eRlh Wi B U R b L ACRARY] PO S ror
th®fsddtha &u.@fn%c%hqfelhla%ﬂé QE&meéﬁiﬁ@foeétiﬁh %{!an)e the

i mproved. Furthernore, if the content of a light
waed BaRtith i redioielvhith- AMpréegroed et Tcfiv Sty for the
light-shieldable film((light-shielding film close to
ligive wsdbdt fateinspéatieaskd, obbairbi cadubengidehed. 1In
chrom um content, in-plane etching variations can be
addippers skl then cagdienitonf antight ofememlyiid Agidre@sed in
light-shieldable film12 directly on the principa
an m“gi%ﬂ'&ﬁsit Fes@ispfatbe1light-shieldaplectllmi(on B5film

h be rOV|ded bet ween the substrate 11 and the
a‘H%ﬁht E ST 198 leeﬂ% elemend; e gppHded on top

o HEIHE ST ) A TN
o8 0P 2y LK T, S
FuStHIGhdHE, OF t2id&bifrdid be Eﬁoﬁgét‘lf‘@lalgfnlemt d.é’lgélllll ébgut -10-nm

provi ded, the third optica m1l51s gnhe

reditil off el @lidlstSUALAL -ERE c2RLLIR fggmstusﬁt%n&aﬁdmg
third optical film15, the first |ight-shieldabl

£ilfni) mlb3eand the s@soHucatéd i ghti meiaiadpblteficbrp i:édh@mg
t he exposure light is 2.5 or higher. O course, a

thef aydmiom fe¢ditteropt | el pXahen etghiveg adai-1abhahsycan be
provided. 24 The third optical film15 nay be a half

suppdiesF gshase shift

In addition, instead of providing the light-shieldable
fiilm 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 f£ilm 12 (that is, between the
substrate 11 and the first light-—shieldable film 13}, as shown
in FIG. 1B. The third optical film 15 may be an etch-stop
film, a translucent film or a phase shift £film, for example.
In the case where a structure of such a third optical film
15 is provided, the third optical film 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 £ilm14 to the exposure light is 2.5 orhigher.
Of course, a fourth or fifth_ optical film may be additionally

provided.
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| ayer (or a half-tone phase shift layer). In this
case, as Wwth the second light-shieldable film 14
descri bed above, the third optical film 15 preferably
has a filmconposition that can be etched by
fluorine-based dry etching, and the material formng
the third optical filmis preferably selected from
anorng $hliraospexéae £190n 116Gk Pibkr 4 ¢l FStbhE@phase shift
oxynitride, silicon/transition-netal oxide,
lagpet i (com/d hansi-ttiome phhale shifki Ugyer). In this case, as
silicon/transition-nmetal oxynitride and the like. In
withidhe sacondd. ightpediitelstabiad £ i hnckh dsscofibeldealhdwe d the
optical film15 are designed so that the clear tinme
thigd amidaad £dlupld areferaply higst aj £iln monggsition that
required to etch off the film under the sane )
can trhrddy fheordrsnfasedrdtiy mtatdas cand| the paterial
| onger, .than that for the secaond |ight-shieldable film
£OILIY | 114, AL AT b don@TTGEbI, Srdested £ram
4 . | optical film15 are.made of silico
anchly PR GRLAE, PPLELSon] b Ffde " 81 TR 0uihat 0o,
s1ONYH {1 A8 PLLOE AL S RNGKA 48T UBS BoR¥ L fEnsition-metal
silicon/transition-netal nitride or
ni tohld€ OVt ab A Bl Bdn SR 1 Td i tNQd Idd® thdn1hRe.
formed by a well-known techni que “as disclosed In
In dagatesk, Ralettdmpd i € 61 A AN i krlddPSB theOFh £X@BBk¢cal
For exanple, the filns nay be formed by reactive
- £1lapl$ beel dup i nahsatthaspties e lehra inefot ithe asrdbp8ical
m xture of a reactive gas and an inert gas such as
filgwr ddhafsiag time dpipro preiqutig-ecbroi abch orf HftHeafgdid uhder
~silicon and nol ybdenum or nol ybdenum sili ci de.
thegsameagppdithorps dheesppend 1hghtrshieldable £ilm 14 is
| i ght-shieldable film213 is primarily conposed of
FAR Hhdle fChridig BECnd rlteh t et bpd daple film 14.
i de

| e £ o torh i dnple £l
o £F; BBCEraPaRREFSCkRENFaRb By b PF GBRYA/APRES §ilm 14

1o

. andBld th9Pbptical £i1lm 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
Laid-Open No. 7-140635, for example. For example, the films
may be formed by reactive sputtering in an atmospﬁere 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
film 13 is primarily comp.osed of chromium oxide, chromium

nitride, chromium oxynitride, chromium oxycarbide, chromium
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techni que invol ving reactive sputtering using chrom um
as a target can be adopted. These sputtering
processes may 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

ni APl SaMPRILBY cﬁh%r?(mﬁ{? &%ﬁ%fﬁf égr{)!@{asndae%u known

conposi ti on. exanpl e fhe case o
tedhid fhd @n%l%@%a%ltx@ Qbﬁgtegﬁﬁg ﬁgﬁﬁgaéhggrnlﬁrﬁ as a

used. In the case of formng a CrON a mxture

tatfet GaihTOgead6pvEAL NI Ng gas, such as hQ NC2, N20
and NO and an oxygen-contai ni ng gas, such as 02, N20,

NOTarese BpAL tegingqitodasddemagassob d Drdd hHgoartENCDC)
film a mxture of a carbon-containing gas, such as

POWGS PP N b 1CHY high fintemuercye ARFI miowe y astppdyc lands may
N2, NO2, N20O and NO, and an oxygen-contai ni ng gas,
be gfc khgsnagnekpon fype NERoAhErCLPpess ThedpUtbenipiegas
2. fabrication process of photonask bl ank) Wth
may heo Ay iBerhi 9agx e as Ay andi Ne - pelhp faadfdarey gas is
fabrlp f providjn phot omask bl ank
oS @fyt€ e ’g'%‘? eSO 28 nRFERERAL AORDRELEiRR: | For
e § 0 the_exanp
exif 1 HhRpEEs F hothuhad GO gin as*h%waﬁﬂgcw%ﬁwmg
gaézl guc% é.§ @,SQE%d C §0%fe cfeé%é %‘F‘ko}élﬁi‘i’ CrON 1lm
l'ustrating an arrangement a sputterlna appar

a mis&dlref oF Eoﬁﬂ%ﬁggéﬁecéhfﬁinhhghﬁa§h' shaable N, 'ﬁbOf N,O

t he photomask blank according to the present
and NOgNaha@ran lokyidds dimd itting igefker 8068 &4MBN, al,d 1 NO and

denotes a transparent substrate, which - 26 is a
NO,6-isalsedct dngharcasard fouhdingaseCrort eridne.e anietalke
of a carbon-containing gas, such as CO, CO, and CH;, a
nitrogen-containing gas, such as N;, NO,, N,0 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 film (light-shielding film)]

FIG. 2 is a schematic cross-sectional view ’for
illustrating an arrangement of a sputtering apparatus used
for forming the first light-shieldable film of the photomask
blank according to the present invention. In this drawing,

reference numeral 11 denote_s a transparent substrate, which
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101 denotes a chanber, reference nuneral 102a denotes
a first target, reference nuneral 102b 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
1s LRBALG ROYREaHBR heSqh Rt - AR YL Aa Dl 25 de AdMed nifteral
and second targets, respectively. In this exanple,

101 dRrdted aldigfe 1023 e e ceh@id A 1A LPHeno?BY PPi¥st
the target is sputtered to forma first

targehi - sbf et eabe enfihbéradf 16DpbogtHEtethe S5BULLAST LBYgBRS
was Ar gas, and the Ar gas and N2 gas were introduced
referencépumeadi®s détotas dlspwttatdngafad Onset Mrafidrdnce
sccm respectively, to achieve a gas pressure of 0.1
numRrah lpddannhai gasmutinte. refaréncamunmraleb®$ dgnotes
tenperature was 120C, and a_ discharge power of 1000 W
a sphstaafie agtedingeteplear god Tpferenes aumgrakatld 6pl and

being rotated at,L 30 rpm thereby formn a .
106k ASRATH RPPPF RARBHAT SR APBRNCRDIFS 30 e Sienand
first light-shieldable film
se (‘Tq{%(ha'ts?%fﬂ%% di PRI He chromiumnitride film was

014 LIAOTRC A Bl €EFSUAPACH) 13 0, MG

and]?ﬁ%)njﬁ [es ongrdd ghis ﬁ%&é@é@é& to! Bof@nyi pefLection

Usi ng the sp ering apparatus constructed as

ligHtowhidladdle £ 1nf oFeeMdnlight - Qﬁbebﬁﬁlﬁlt_@rﬁ_hb”bas was
(antireflection film was formed on the first
Ar lgaght <sid elhdalblre ofeisl mifld ght gabi ekdengnttblateat DEEEDYRe
formng a light-shieldable filmof a photomask bl ank
chambegr 4Ph@t & lowerpres eft 10 e kod. 4 Boenf,i retpéatieély,
27 102a used in this step was a silicon (Si) single
to @%eé;[e’ Hfs pressure 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 £ilm to a thickness of 40 nm, which serves
as a first 1ight-shieldable film (light-shielding film). The
chromium-nitride £ilm was 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 film (antireflection film)]
Using the sputtering apparatus constructed as shown in
FIG. 2, a second light-shieldable film (antireflection film)
was formedon the first light-shieldable film (light- shielding
film), thereby forming a 1light-shieldable film of a photomask

blank according to the present invention. The first target
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the second target 102b used in this step was a
nmol ybdenum silicide (MSi 3) polycrystal. The gas fl ow
rate was set so that the gas pressure in the chanber
during film formation was 0.1 Pa, and a
nmol ybdenum si | i ci de-conmpound film (MOSIN film was
formed while the substrate was being rotated at 30
103PMsedehl fh LAl iats I r %%m
and Nezao gaiﬁ? éz?é fpl ?&vs?%tss elalolfd%cl)]f ég\’éﬂr)n \é;\i/elfr?geﬂlg ﬁ’“tzls(o uce'démld
th@Ssdend Prat st ngozuj]a@sé@tgntBﬁighgg@ngrwéglat o achi eve
a gas pressure of 0.1 Pa in the chanber, discharge
mo Jydvirrsund{ s V00c Mia a3l ) Vpoeyergpphiled The ddie SNW Bate
target and the Si target, respectively, and then, the
wadg idet fsor wheitohheagastpressundiire tHwe chaodieratisrihgwEslm
being rotated at 30 rpm Then, the filmwas forned to
forpatiknasd - bPaalsme 2 e hvhdgniume sidhtdideoisdnpound £ilm
changing the filmformation conditions as follows:
(Mo %F&&%)r‘%&% formedewhi lgdhe subsisase wantheinmrotated

at c:ﬂ)arrber 101 was gradually decreased to 5 sccm and
the fw rate of the N2 gas introduced into the

or SBEEE 11 S A RSN o' G0 REHE o SRC Bt e
gasPare! 3R f?ﬂee t(% b Wed o i‘ﬁgggd}l}%g %g %E&%ﬁ%ﬁ@}:{:gring

100 W and scharge power app
o ah@6! tNeSChAREEASAAL o 388 1 ¥keln ' :
ga iWe d%&es %Jéiaﬁ‘of 0:1 Pa

. formation <conditions, a filmcan at has a
in tice Thamiberq i YERsh €8 hoSteriCo £11700 W AnWhohwiha L£Loph ha
of a transition netal or nitrogen in the filmvaries
to ghadiesliytafdéi mdophe sl thirgek , Asespddiitely| Gsid enen,
second |ight-shieldable filns, the third optical film
thej £im formaitiod vad agarhedsput e thrg s tmpipnl Atwass being
' constructed as shown in FIG 2. As described earlier,
rotated at 3¢ rpm. Then, the film was formed to a thickness-
of about 20 nm while continuously 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 sccm 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 such filmformation
conditions, a film can be formed that has a “composition
gradient structure” in which the content of a transition metal
or nitrogen in the film varies gradually.
[Third optical film]
As with the first and second 1ight-shieldable £ilms, the

third optical film is also formed using the sputtering
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in the case where the third optical filmis a
hal f -t one phase shift layer, the filmis preferably
made of silicon oxide, silicon nitride, silicon
oxynitride, silicon/transition-nmetal oxide,
silicon/transition-netal nitride or
silicon/transition-nmetal oxynitride. Thus, the
apSRHLt &S bBAstR0Lgekdlal SRBLRARGIBLE! ¥ . Seﬂseﬁéggrgﬁgﬁg(yr&Qer,
on the conmpound formng the half-tone phase shitt
in lt3ebasathd Ae tHY EHir@PbhERbalidiMm § sf QB WWEL phase
generally the-sane conditions as the second
shifghtaydr eltdabl s i 1B gasHdad aheve okfheihaldon 0%@de,
phase shift |ayer nmay be a conposite film conprising
sibiegomokitofide ) nsibicanfdrypibtrtdapositi ons. The
_hal f-tone phase shift layer is designed to have such a
sikipositansi thon-mekali eagidel agbliopnpbranbayéonfikiral
.made of one or nore materials selected from anong
N1l e sddilsar /AFansl Han e tahmsmn i tande of Thus.40he

d a h%se,shift of about = 180. A specific exanple of
spY ke Iq PoERE 15 FRRE ORE T ¢ Bs e lericed dgRPRALRT S the
' | t irst._t t. 10 d NbZr Si 4
e R R A R R
; 0 Y ' tQ th rSi 4
P PR T IR RO, Bl "o AR SRS Siey ol Tons

as HRSITRIGAL b Mast - 181 a4 9t &t £6h @t aégcfg%atgﬁasgy

sputter-formng an optica adj ust nment er to a

t hiraknessr ofod8 pHA S dier 15 URShah8yde a EBfiposite film
sputtering gas used was a m xture gas containing Ar

compadisiatlg a §tavkraf ef Oim$ G ANE NE- GRS catpd sfiltaWnsat eThe
of 20 sccm and 02 gas at a flowrate of 5 sccm The
halfadomee phase ighitfite laghanbics desigued ptd teavagsuwas set
at 0.15 Pa. 29 Then, the discharge powers applied to
compiesifpdpnstbatt theeingdwt igrersertmnybilager Thomgedet of
430 Wand 1000 W respectively,
oneormorematerials selected froni 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 aMoZrSi, sinteredbody as the second target 102b, discharge
povers 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 gas containing Ar gas
at a flow rate of 8 sccm, N, gas at a flow rate of 20 sccm

and O, gas at a flow rate of 5 sccm. The gas pressure in the

chamber during sputtering was set at 0.15 Pa.
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and the sputtering gas was changed to a m xture gas
containing Ar gas at a flowrate of 15 sccm N2 gas
at a flowrate of 100 sccmand 02 gas at a flow rate
of 1 sccm Under these conditions, while the
substrate 11 was being rotated at 30 rpm a

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

undeferd, €8s @ LS8 Ge Qfow‘éx@aﬁﬁllgﬁr’ﬁ@ DS rERE target
di scharge powers applied to the MoZrSi 4 target and

- and hReSi target wetkecltdrang® dol4a olWanWiauh 0@ sPectively,

respectively, and the sputtering gas was changed to a
andrithieusput Yasingnisa wasghimgsas tata aikitawer@gde cohtaining
sccm N2 gas at a flowrate of 50 sccm and 02 gas at
Ar g3% ¥k ratelef mikeoni Undeecmt Més@asoadi @ ddow wiaitlee of

the substrate 11 was being rotated at 30 rpm a

10%&?%@%;}& 9l Ftored Wb 1p tehi Gk e L5 - 2@nd@m these
under a gas pressure of 0.1 Pa. In this way

cony FLhe @ W et t ekt e i r&ﬁ%ﬁ%@ﬂe@"
truct the t
w0 Al R Y Ty THESONS S8 TRRRse Ry 10 nm

‘m#. o 2 Ydfafredyde of a0k 2? | %2&1 “herng the
i ANK e ROTBN d S ¥ d g%wfe'xrss @fﬁe& %3>°Eﬂe MoZrSi,

Ilght shieldable filns for under e conditions

tafifRC A dha By aridet Riadd ickinded @o 1o W%ﬁ&d 1000 W,

I'i ght-shieldable film as ahardmaskwas checked

reshaduwmniws=ly y angl the eqplittieariass ghs wdadhaggrd Bo C‘ekfh@.&%ure |

of 100 nm was applied to the second |ight-shieldable
gasf idomtayichipat Per wad by al €tvwonalbeant3d st haly galsy attoa

forma resist mask. Using the resist nask as
floghagkette §€copem |angh. gaisi @t dablewirdge of 5 sccm. Under

(antireflectionfilm
these conditions, while the substrate 11 was being rotated

at 30 rpm, a surface layer was formed to a thickness of 20
nm under a gas ‘pres'sure of 0.1 Pa.

In this way, the half-tone phase shift layer was formed
as a laminated 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 descfibed
above, the practicality of the second light-shieldable f£ilm
as ahardmaskwas checked. Achemicallyamplifiedphotoresist
{having a‘tt_lickness of 100 nm) was applied to the second

light-shieldable f£ilm and patterned by electron-beam
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was patterned by fluorine-based dry etching (with the
flow rate of CF4 being set at 80 sccm the applied
bi as being set at 60 Wand the pressure in the
chanber being set at 2 Pa). By observation of the
cross section of the photomask blank after the
patterning using a scanning electron m croscope, it

uwﬁé?gaﬁﬁ R ek 86 Sk mﬁ.ecwngipgg?sigb%sk as

phot omas bl ank was adequate, an
a mas@h it b sldh e ghicl Bh 1 6h a3 =5 Bt fhRg; FLEML c¥R8nHlim)
substantially etched. From this fact, it was
wasopdttemced o SlsSienohddd iry St dapl @it [the £low
(antireflection film was able to adequately serve as
rate heff Crebéingrsgatate8o sgemhethéerapplightbsds deadaly eet
film (light shielding filn). [Optical density] Using
at (e plamdo ek pbrgakThaknnghe hehdmbetr bethgesoindat 2 Pa).
l'ight-shieldable filns formed under the conditions
dedtr Pheervabbor oft e spepsdleaicindl of thfe pietomask blank

i ght-shieldable filmin the case where Iight was
afera‘SM&’artrﬁ%‘Pﬁ’é’ USRS ShiSEPARERS eleckrenomickescope.

Nt L T
w1l P 655 (R Lot POGLORSEO BLBRS, am
4R M09, o N O] U, ree

thixegaed ,| i ghias Botlrdahled thht thdleclon®PidhRakhRg1a8b1e
thi ckness of 23.4 nmthat overlies the first

£iln hintshied Idadtion Hil1M) Atsshowe ito blegudtalyngerieas
optical density for light - 31 having a wavel ength of

a hpdd maskafozbpat t8roingndhehfidrsitt Livght -ehnbildapdet Fallm
an optical density of 2.5 or higher was able

(1ight shielding film).

[Optical density]

Using the photomask blank having the first’land second
light-shieldable films formed under the conditions described
-élbove, the optical density of the light-shieldable film 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 film made of CrN (Cr:N = 9:1) having a
thickness of 40 nm that is formed under the conditions deséribed
above and a second light-shieldable f£film made of MOVSiN having

athickness of 23.4nmthat overlies the first light-~shieldable

film. As shown in this drawing, the optical density for light
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to be achieved for ArF exposure light. The second

i ght-shieldable filmof the photomask shown in FIG
3 wasfornmed by continuously changi ng thefil nfornation
conditions as follows: first, when the filmformation
was started, the flowrates of Ar gas and N2 gas
introduced as the sputtering gas into the chanber 101

haVBi§ é@&véieﬁBtﬁC&@lﬂ‘ﬁFﬂ%&%C alh? %pt%ﬁteh}c{ L#{l;bué,o it was

achi eve a gas pressure o er’; "an

A b tiralt dinS6PREea1p paki £d -. '
cotarget and the S? ﬁg?ée?@aé§g§sg% gtsf%gt%%gﬁgp§?%oaa}e

to rnespechisedy ; Féhexnr téepbsene al egpf . t he Ar gas
introduced into the chanber 101 was gradually
. dedheasedohd Bigiticrgh peiidabbe fillmoEatiee ¢hdtitmadk gadwn
i ntroduced into the chanber 101 was increased to 50 :

in EEG nmitwasabdrimesd by qrast rewsskiechangihgRae £hln formation
- chanber; and the discharge power applied to the MSi 3
condirigans\ad derklarwed £brdbo wiemnthe héilinsEhumgbipoweas
applied. to the Si target was increased to 900 W
Stafl\%fjefl ditft Fipsp&Fdat oy dReand Meypassingrefeced as
hot sk bl ank haying the first and second :
the) BONE SR 00 I8 o L PEPNERP o HERPRRAN L (RFR Gifh AitoRQ scom
ribed . ] i-ght s launched intg_the
and! 8 B rp R BB e £ 3hEVE B qeR: BrsPoere prRc
Haf tREt Sthd ef i €Qq; i a i
Fa spectr ophot%ﬁfe{ eél?&nt er elb[ﬂ;/i glegrﬁsﬁﬁﬁg:%t Nav el %Rﬁ%ﬁed

 to dependsnse HfgdPean @i hCtdVidabgdt @erd is2t2a4 980 W ana
showing a result of measurenment” of the reflectivity

300wy réspbtthanlpy thave| EHYE Dewirane ¥ the AP JDi n PRb&ERced

600 nm Table 1 shows a summary of filmformation -
int®2theoobanbensl® brway ajrsatuall s aldiresa as .tol 5t 8cém, and

Here, the evaluation sanples Nos. 1 to 3 have a
theSiEﬂ}gwerag@ecpf steorllk: gas introduced into the chamber 101
was increased to 50 sccm to achieve a gas pressure of 0.1 Pa
in the chamber; énd 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 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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l'ight-shieldable film and the eval uation sanple No. 4
has a doubl e-layer second |light-shieldable film As
can be apparently seen fromthe result shown in FIG
4, for a wavelength of the ArF exposure light (A= 193
nm, alowreflectivity of 10%or |ower can be

achi eved, and for an inspection wavel ength (A— 257

corﬁﬁtl&m é%l}/é{:%/_%ﬁ agamﬁfegaﬁgst 0 f % Iezp% 2 the

range o Was conf i r med tha

evdBla@fod h§a:¥q?i&§ ngss. of b h? aﬁ?@@ ng %Hﬁﬁ.eSEh legag%%fgd

film(antireflection fil ara ge o

Lidiet %Mdéﬂﬁerﬁiiﬁadﬁﬂ tﬁhé @'vélhﬁaﬂ:lcﬁ‘htsan&ﬁ\é b.24 has
wavel engt h of 257 nm can be nade to fall within a

a dautgbe ofadértoeldfd aighe-sypetabdblef €eimi nspection
apparatus can be used for inspection. As for the .
evdsueanobe sapgaeeNoly FedrhEroputher ragupbvetiownan FIG.
kept constant during formation of the second

4, [figghta vhivellealgith DIfl theahdFtéepesutentigiittile = 193 nm),
transition nmetal in the filmhas no gradient. In this

a low gefdemidrdd vnoth LOReor t 1 PHRT fetndte @sdsevifid f énghor
filmformation conditions (film formation conditions

an iwmcctﬁ% yayeAeaHthof A ne? T T W) + ithe rﬁtftlQICtilfYJ{tE{ecan

adJ the wavelength d ndence
Ae({% g%f | Vit l)‘g?e]a?r,lg%n%‘% gg F%f ?@%tl vity for
| t e e
?PI s gm: Wis élﬁlfﬂﬁ'lpeeaﬁ.tEh o wayelengt b ghéqqalcggn%%shof

ult to  contr ecause,

théntsaeanamrw 0151 d THate %ﬁlhptanwfefﬂaégg&ﬁ ﬁfm)h@aus

transition netal and nltrogen have a gradi ent,

witdiifd areaege ide ast £HC0 @ CQﬁEfféfEQétiSvn_’@?tﬂ&eﬁ:htehﬁl ht
region close to the substrate and the regi on cl ose Sg

having lae waweflatey tits ofTalsl7, ngo chhabet hadaulkbi phel within a

reflection conditionis rigid. In addition, the
rangecofdl0 itgh20shiaidlabtepical defect inspection apparatus
can be used for inspection.

As for the efraluation 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 éontent 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 because, compared with other conditions in
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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filmof the evaluation sanple No. 3 has a snmall
content (at% of the transition netal. Wth such a
conposition, the wavel ength dependence of the
reflectivity tends to beconme greater, because the
“extinction coefficient k beconmes smaller for |onger
wavel engths. 34 C7/ m VI ri Ob 1'i " Nd Nd OO-

tol byl gokebls A AekTy g0 o0t el iRl
cozﬁldi’zlt;i??_'ﬁ%s%:%id\! Z19 &d&i{i&n} thel\éeéénd\llggﬁtg sBiEllidalﬂle
film of the evaluation sample No. 3 has a small content (at%)
of the transition metal. With sﬁch a composition, the

wavelength dependence of the reflectivity tends to become
greater, because the extinction coefficient k becomes smaller

for longer wavelengths.
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do O0Ori Op O00 00OO VAIE 0©0ZZZO0 O
44 O [Chem cal stability (chem cal resistance)] Using
t he photomask bl ank having the first and second

| i ght-shieldable filns formed under the conditions
descri bed above, the chem cal stability (chem ca
resi stance) was checked. Specifically, the photomask

bl antheesca et st ity eEnSHIBAL a8y H5 L8EEe PEr OXi de

m xture (ammonia water : hydrogen peroxide : water =
1 :Uding 3thd iphotaimek natamy havindthd @First2aBddd Bedbnd
sul furic acid/hydrogen peroxide m xture (sulfuric
liglet ushiajdabgerf ideroXodmed uhder thercoml inbonatieakribed
for one hour, and then, the change in reflectivity of
abeye. phae ofeRical ankabhdifEaéghenigsilngeaistance) was
spectrophot onet er.. The neasurenent result showed that,
ch? eél

t1 $RREITR HondhejpbetPhegkabbirk wak igmensed An
an ARRFEL s B o 0B L e
oo B4R, OB, 2 P5eEUERU B 10D B nows
and 3Rl bR30 PRURE OGRS Aly BEIGLY OIS I x Wk (LRIRLY,
to this exanple, a fabrtication process Tor providing

acidl Rhalyargen peRexa dahat gmask (tilr?%l@ﬁ{éo'i:git@.%)t)ofor 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 (chemicél resistance}.

(Example 3: fabrication process of binary photomask)

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

FIGS. 5A to 5E are diagrams for illustrating a fabrication
- process of a binary photomask. First, a photoresist film 16
is applied onto a light-shieldable £ilm 12 on a substrate 11
{(FIG. 5A), and the photoresist 16 is patterned to form a resist
pattern 17 for circuit patternwriting (FIG. 5B). Preferably,

before applying the photoresist film 16, the substrate is
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the present invention will be described. In the
followng description, it will be supposed that the
photomask is a binary mask. FIGS. 5A to 5E are
diagranms for illustrating a fabrication process of a
bi nary photomask. First, a photoresist film1l6 is
applied onto a light-shieldable film 12 on a substrate

sutfacd tea dd +ARdabibe %?g%ﬁfﬁééé eéln%prl RALLRLREd %Ris

forma resist pattern 17 circuit tern witing
trddiebBlis PhebRIAA! Ho prHRAIGHE tRRPEYE NG if KD Ba&b;ih%%één
0

film16, the substrate is 36 surface-treate

£1reioi e it frarrsed focdn e Ping hefeodr Al Bind '@t ikgtai s
intended to prevent the resist mask having been
sulfsemianipaittepned frompeeling off or falling during a
subsequent step. The nost preferable surface treatnent
i s Thepmgséspreferabllel sirfesei hyeahmestr face pfotéss of

substrate (actually, the surface of the
alkylgilyxgatdinatbe shrfpcasehidhresabstmpte §araratdy. the

sed in_sem conductor. manufacturing

NDS) |, I !
5uéﬁ%%%%?%ggggﬁgéﬁﬂgﬁhﬁ%ﬁﬂﬁki%nﬁ%%%hﬂﬁ%@@g sugfgce
[ . ts. Thi b ; t e
e e PSS BT o
. f I di. tdy. [
marfitell ol ALeddSl Tl SR el SR NSNS
 surSalRCired tqhd! E%eat&%t.or@ﬁ%§t?yésésgeeﬁgd%%%ﬁ@itea by

witing apparatus used f ormng t ot onas|
expRating’ thel¥Rivtdate A fRILLIRFd YudUAYER LW IdddY a

. resist used conmonly for fine patterning, a positive

surffype Gireatgehityagdenie oredlite AP el vitly aHW|iEface

containing an aromatic noiety is used. To fabricate a
trepiimesipakenitt oa thien subsdittadren swarfaven cal |y

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
patte:x;ning, a positive type or negative type resist composed
of a polymer containing an aromatic moiety is used. To
fabricate a photomask with a finer pattern, a chemically
amplified resist is preferably used.

The photoresist £ilm 16 is appropriately patterned, and
the thickness thereof falls within a range that allows the
film to function as an etching mask. In particular, in the
case of fabricating a photomask designed for ArF exposure,
which requires fine patterning, the photoresist film 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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anplified resist is preferably used. The photoresi st
film1l6 is appropriately patterned, and the thickness
thereof falls within a range that allows the filmto
function as an etching mask. In particular, in the
case of fabricating a photonmask designed for ArF
exposure, which requires fine patterning, the

rébot [ fd ; ativel [

P prev&e)aﬁt%eo adsnli);acﬁlelr%taaisg toﬂét}'ggﬁogfe r gﬁg%%ia%gwﬁi%ghfm or

lessid the thickness of the photoresist film1l6 is 37
preferably 350 nmor less and is nore preferably 250
nmoor theesshe@nhaha, otherLdwead, 1inter lciwvehe ihiitkabskhes
t hi ckness of the photoresist film216 is determ ned

the phpteresdistef ylmdld ng degnimed icoepatihen sderdivt taksng
. concerning the etching resistance and the like. If a
ingg gengijearm kiommaenditions ysercertieg t the kebsking t he
hotoresist film16 is preferably 75 nm or nore and
registance preideabl¥e 1 0d hmtaPissderes kst matendel igf used,
adopting a " tilayer resjist technique" that involves
end WA eR pEEe R G S 101 18 7 IS REARASeq S B
N d, lLower Ll mimde an aromatic resip or a
or Rl a8 o BY Dre AT T R s alh EheGade

oe sz a7 AL SR Lt WL SN Ly

and a sil I cone- ace

contb@bRit il NassetfisithgaBBOLer §S5$1 1 J.)Jlglb%)ge&afegfn and

t hi nner than the val ues descri bed above. cour se,
a lbwerappimeeidocandatonat280drd &ttn Yy kNYsRFPE88SiRlging

the photoresist are appropriately selected depending
techmigue "r ¢diatt inveddzesPal tembimMatidly o 4 Rthemically

photoresist film16 can be conducted by irradiation
ampliiff eid gromatidwe wersis®B and adisitliisrories-based surface
treatment agent, the total thickness of the photoresist £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 depending on the resist
used.

Patternwritingonthephotoresist £ilm16 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 ucC/ cm?, and, then, a heating treatment

and a development treatment are conducted to provide the resist

pattern 17.
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typically adopted, which is a preferred nmethod for
formng a fine pattern. For exanple, in the case
where a chemcally anplified resist is used and
witing is conducted by irradiating the resist with
EB, a pattern is typically witten on the resist
using an el ectron bean1having an energy density

r angly %Jdﬁﬁn?’ I: 30+ G PP s 1 1GMN 2 22 RGN £

treat ment evelo ment treatnent are condgg?taern

thd Sddnd Q‘?Lgtlﬁeu ékﬁ%l%ab]@tﬂleﬂnﬂ 1 em3& iEheor %ﬁH'ctt'lBQ as
resist pattern 17 is used as amask to pattern the

an e Alightrshiel gdab{erd| | seild thal decdma function as
an antireflection film(FIG 5C). The second

lidhtgishisdlicdisiod | £ I [1M 14 ieS fd 1 pmipariay cymposedsed a
of a silicon-containing conpound, so that the second

siliiggm-~@intE dabe donpoudd caso behpht tlee nedcbyd
fluorine-based (F-based) or non-oxygen

Ligi-eahied dadelkel @dlnh ddeaqn dvsy L@ttcnﬁmgad bmoﬁéuerine ~based

accordlng to the present invention,

(F-paged n%rsage&xaﬂfneqleh%vgnem%ﬁdﬂgh besed) deriebrbing.
to th hot t, d th

Ho“ﬁ%l?&le Gc?gréjg{d?éilr 7 13"'%908 rﬁ’%s?%t H%@Fﬁg cBﬂ‘Fai (nei ng

flu%%%ﬁjf can 8e8 C%{:ﬁvé’hl;%)‘ e.féssa %O me' t “%He

uorlne con alnlng ga

pho% e%q%h ?g LHE& h' %‘h%t %’5']%{?& EB tﬂg%lfdorﬁ]tne ~based dlay

1 ght IS primarily conpose
etc@lfmgw&%maumub%l%tco%%&ﬁmd Yds), ehtheds EBYSand NEF,.

resist pattern 17 functions only as an etching nask

Howle@lert, hainsAg@nd ddghtsisdh edslab) e ddn Me Haachaiefie,
the thickness of the resist pattern 17 can be reduced

f luasiha- camtidirciany forect e wsquiretd ching mask for the
second light-shieldable film 14, so that the aspect
ralpothis etching step, the first light-shieldable f£ilm

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 £ilm

14. Therefore, the thickness of the resist pattern 17 can

be reduced as far as it can function as an etching mask for

the second light-shieldable £ilm 14, so that the aspect ratio
can be prevented £from incréasing , and the patterning precision
can be improvedr.

Then, the photoresist 17 and second light~shieldable £ilm

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

the first light-shieldable £ilm 13 by

oxygen-and-chlorine-based ((C1+0)-based) dry etching (FIG.

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

condition of the oxygen-and-chlorine-based dry etching, and
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can be prevented fromincreasing, and the patterning
preci sion can be inproved. Then, the photoresist 17
and second |ight-shieldablefilm 15 having been
patterned are used as an etching nask to pattern the
first light-shieldable film 13 by
oxygen-and-chl ori ne-based ((Cl1+O -based) dry etching
welEtknowh Yxy fely - fadt EEUbAEnECBLELEL 8PP S B¢ dYwhich has
i nposed on the - condition of the
comxgythonatilyitdes nsehaxead dityy eethingla chitdmidth- compound
wel | - known oxygen-and-chl ori ne-based dry etching which
tihpsancbavased ondldiy ebemples ethé orixdmpeetrahingpf chlorine
chrom um conpound filmcan be used. For exanple, the
gagiandcavigen gagf (Eht sfhe Ogarshdsogpient gyl ddow
.. 02 gas) is set at a volune flow ratio of 1:2 to
rabype of ghif &P il @R aydpert 19as ufuchs aspheddum, is
.therew th., required. Here, it is confirped that, if
mid g TR 65 FREROLER- oujgt dos 1P ORT OFTRG gt i 45
%. 3, [ ' Ll icon-cantaini ng,conppound form.n
the Pand c08 rak 8 §r S HAE BTt M1 GRIBR G057 Be Pr
i e 516 \k [ ,
niE e BT e PR A dUbod Forming, the segona
1idrt {Hve IdaBb PEBE NI M0i §Mnbhes 58608 L i hi 8ht ¢ EEhﬁb@'ab' e
film14 is stripped of f (FIG 5E) , and ?lna
cl @anthgsivagppditicthiisj oF ehel Eapit kil dhpFeIF 135 is

a mxture of sulfuric acid and hydrogen peroxi de and

comp eibadu e Thenanthomi-as i wétpert tanch hy dengenipgonxtiesecond
. thereby finishing the binary photomask. (Exanple 4:

Llighdatdglidable §ddost 6fiphssepphidf ¢£fUFAS. Y1) h aneyéidal
-, to this exanple, a fabrication process for providing
cleanjngis mf\mlqmuﬁsnﬁgi el papingddn . ssichosar dingure
=10 %he, resent invention will be descri bed.
of sulfuric acid and hydrogen peroxide and a mixture of ammonia
water and hydrogen peroxide, thereby finishing the binary
photomask.

(Example 4: 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. 6A to 6I are diagrams for illustrating a 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 described earlier, before applying the

photoresist film 18, the substrate is preferably
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FIGS. 6A to 61 are diagrans for illustrating a
fabrication process of a phase shift mask. First, a
first photoresist film18 is applied onto a
light-shieldable film12 forned on a substrate 11
with a phase shift layer 15 interposed therebetween
(FIG 6A), and the photoresist film18 is patterned
L LSt oI 28] p e or._circui ttern
Sub a0 PRl o) PEREb gL T Blrt Ak bbby BB

FulPRb¥hbfe | hrepBoLeaesbIbckib ARa ERScRHBSE' BEC the
preferably 40 surface-treated to reduce the surface

phebergyitbeneeli. arEuthbegamecaspaekeri Bdasabeeki.on and
t hi ckness of the photoresist used are the sane as
destire becvdlidvey fIilketressistnpaftent IedisstspataeraimbSk
is used as a mask to pattern the second

to|pghteshi theapteond| highttBhieldabde Eahwmt ldnthatads to
antireflection filmby fluorine-based dry etching

fupgtion ey  avhaptireEleckion, £4int bpaflupning-pgsed dry

[ d_of f |G 6D), d d ph [ fil
et?éiﬁgaf§1§pp?égd and Lat?grngd?efggregyo¥g:ﬁ?kzta o
d i St. t .20 (FIL.G .. The. d
¢ ok | TReck P TS AT o dohia T HRSd L (FAS -
. . : T . . desi
oo Sk SLABHA LR LRI, LETRLDR, By 08 L

pattHENESS Hferdtif RHifd a0 L8Ra! f@é‘iﬁﬁiﬁ%ﬁﬂo?o{ Kg% .

12 to be finall'y provided 1s lower t

6EpAt treleNs @EohQerddiase ptitfdrn bayet FlameH1ehed @68 a hAnner
order to prevent the part of the second Iight

thatshheldiajH te- Hienayps €d 1w 1h £l ha1n oSt dia fiPMcEhaBgiraa
~in physical property until the etching process is
redign.y Asofipreaetlypibtal nphese adhioft raskseabrdfineness of
- photoresist film which serves as a protective film
thg patdienn f dihg ngigheasieieldable £film 12 to be finally

‘provided is lower than that of the pattern of the phase shift
layer 15. Therefore, inorder to prevent 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-shieldable film 14 having been patterned are used as
| an etching mask to pattern the first light-shieldable film
13 by oxygen-and-chlorine-based ((Cl+0)-~based) dry etching
(FIG. 6F). The condition of the oxygen-and-chlorine-based
' . dryetchingisalso the same as describedearlier. For examplé,

the mixture ratio of chlorine gas and oxygen gas (Cl, gas :
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i nportance to the etching resistance than to the
resolution. Then, the second resist pattern 20 and the
second |ight-shieldable film 14 having been patterned
are used as an etching mask to pattern the first
light-shieldable film 13 by oxygen-and-chl ori ne-based
((C1+O - based) dry etching (FIG 6F). The condition
0, YashNEOXY PR aandmglhlgfg £i%uP2aRdo 0EY1PECHL 15 Ardan
he 'sane as descri earlier or exanp

indHKtgHE, TAld® £ HdiliQinl NG D@8 xaRd t?l’é‘i%%@.t@la%s( Qéau%éd
- 41 02 gas) is set at a volune flowratio of 1:

In2his waf, Pattiaiingass tam:ih@mth@mtandabadﬂf&q% 12 is
therewith as required. In this way, patterning of the

compltedhi el dable film 12 is conpleted. As described
earlier, the phase shift layer 15 is nade of silicon
oxifde desicriided piardide,. theipbasexsimiftileyer 15 is made
silicon/transition-netal oxide,

OFf s¥111eri t9%H3e t | phlheenl nikridedesilicon oxynitride,

. silicon/trapnsition-nmetal oxynitride or the like in

SlJo’r SRR/ Pranstitopmetat np¥ide ay%+11@3°eéhr%sé&ﬂ@dmﬁyal

R A A RS . o
e C n

orddh Midind had8ldnble 16y E8E°PR %o 98 SPLRLA Py

fllﬂﬁt:ltr?é—rba?s%d 8 ehedingO &R tth{: ﬂ)ﬁ’a NG fé¢ S_Ltated: 15 is

| i ght - shi el dabl"e film I3 nmade o it om U base

pat@@id@byt Eihofrl.iﬂ(ét-'bﬁ@%daar?neﬁéﬁfﬁ§| ver£itehiNg t&RSKihe
Thus, the first light-shieldable film 13 functions as

- pargt ﬁﬁﬁ:lhel’ PecdidlIighirt -shd AdaAF { Dn 1Rct e 3. idd Ebvered
layer 15 (FIG 6G . In this exanple, the conposition
witdndhehiselooess refs itste paiitase 200 fils kayhed]Ssar ehat it is
designed so that the clear tine of the phase shift
thy fjastibighteshigddpbdei £dlmt b3 mate offf at fhromium-based
material that functions as an effective etching mask. Thus,
the first light-shieldable £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
phasé 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 f£ilm 14. If the clear
time is set in this way, the second light-shieldable film 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 film 13 made of a chromium-based

- 42 -



phase shift [ayer 15) when the fluorine-based dry

etching of the phase shift |ayer 15 is perforned

under the same condition as the second

light-shieldable film14 is |onger than the clear

time of the second light-shieldable film114. If the

clear tinme is set in this way, the second
matésih1 Sl 4abbe £hd P4 oS eL¥ 1k 7 i

the etching step ol? {Hh_e pﬁas%ﬁgﬁé}egte Fé)}éfr%nil)%y Eglg chde
is Woepibte &t E8YILESE YR dohaCPEPY 8 bt 1 ¥ 20t hepd g%hing

i ght-shieldable film 13 nmade of a chrom um base

cor@i t e ef oAl thenphase Ohihe payéroisthgyPhasgesBbi-hined
| ayer 15 that 1is not protected by the second resi st
acgatding 29.a Thel kikiowy commohtmethddl t he phase shift
| ayer 15 nmay be determ ned according to a well-known
corfifsm nehd 63 rs T gh tttsb ife Iidstb e frhtm 18 hiwdlidhihad bbovme
13, which has beconme unnecessary as a
unneeRR S AR A9 b ld g ~ghijed daddey £d limdéds zempypidcahder a
& e.th n? conditign of the chrom umbased material (FIG
Y52 eFGRf Y condd tdopnfithe shaomiym-bagedmatariak AFIG-
on co light-shieldgble film114 is stripped
ST FiBaciYes e sclibng Hed R herRetd sinmirieh g e
' U che. ixture of sulfurlc aci
e S S i a5 23 T b EoBp el ki gar )

. r i fini [ < Se
oA 5 0 S 1P o

‘as d Rk StrpitAircu: 58YabadifdRshaf 8oL §0LAA LhitbEre
first light-shieldable film13. In this case, a first

of pivodniasiatied shhfitcyeaPpbirostideNt héreby finishing the
light-shieldable film12 (FIG 7A), the photoresist

phagiel phigt sasdkt.terned to forma first resist pattern 19
for circuit pattern witing (FIG 7B) , and the first
r eBFsEhpunt éRnFIGH. | BAyked7hs themskcomd pegsbsh fdetern

secqnd | ir%ht - shi el dabl e :
20 may be formed after etching of the first light-~shieldable

film 13. 1In this case, a first photoresist £ilm 18 is applied
onto a light-shieldable film 12 (FIG. 73}, the photoresist
film 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 film 13 by oxygen-and-chlorine-based
((Cl+0)-based) dry etching (FIG. 7D).

Then, the first resist pattern 19 is stripped 6ff (FIG.
7E}, and a second photoresist film is newly applied and

patterned, thereby forming a second resist pattern 20 (FIG.
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film214 by fluorine-based dry etching (FIG 7C). Then,
the second light-shieldable film14 (and the first
resist pattern 19) is used as an etching nmask to
pattern the first |light-shieldable film13 by
oxygen-and-chl ori ne-based ((Cd +0) -based) dry etching
(FIG 7D) Then the first resist pattern 19 is

_ fil
7ngr% y appei (dﬂ(? atter edﬁgﬁﬁi@#%ﬁ%gﬂ .
fl&@ﬁﬂi@—ﬁ&ééétdﬁf‘téﬁéﬂlﬁg (@&clffé’mfﬂ e rdpe

phase shift layer 15 is patterned by uor i ne-based

11.ghity- S8 L1 dib 1 SPECin i LRInabe 1dFe of thsbmibndbhseh akhdakhial
film 13 nade of a chrom umbased material is used as

is aseaf hecan \eef By a3k g masaN§d efrdier attihey pattern
the phase shift layer 15 (FIG 7QG. The first
to |flghtplase| slabfe Tayer 185 (HIGh Wa3 . bethomef msiecessary
as a light-shieldable film is renoved under a
11 ghfyi shle a1 lgo Adi.t WbA chf hahcbedemmiunnadesIRpry as a
_rmtenaljﬁiFlG?H) Finally, the second resist _pattern
Rl He. sJe%o’ﬁ%mOVﬁe'amm@ﬁFePdsﬁpecﬁﬂ—| ﬁf*-smlng

ff G d fi I
i B8 The' éﬂﬁivﬁaﬁ%%adﬂaeﬁaeoﬂ%ﬁ&ﬁIése@l i xFHPaLLY.
the seséngd”ﬂ*es:&Cl %ft dlltj% glen ]grré%)él%dg%a %chgl%éngr

anmonta wa

115111ot oma\(-ﬂgiF‘E)l{lee Eaﬁg's}ﬁgiégﬁgg%ﬁ 1?? | el da% A}?{T¥lnal

clé%fnlqﬂj' DFIHNGRITUAAII n§ B EDESn ER rU.IJ.%lo Ng @42 AR! £mixture
properties of a binary photomask bl ank having a

‘of SEeLPBflitiadila shd dlydaldlgen péAbRBAE andf a A1 &R1LLE d¥Mhmmonia
compound, specifically, CrON, will be described. The

wa teirr st d hiyghiogein pd el @e | ithenebivght n B4t bhglitheg phd g9 shi £t
' mastkh.e

(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 f£ilm made
of a chromium compound, specifically, CrON, will be described.
The first light-~shieldable film (1light-shielding £film} 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 descdribed.

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

light-shieldable film made of CrON was formed using the

sputtering apparatus shown in FIG. 2. Specifically, Ar gas
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bi nary photomask blank is a CN filmconposed of
chromumand nitrogen in the conposition ratio
(atomic ratio) of 9:1 and having a thickness of about
40 nm and the filmformation condition is the sane
as that described above wth regard to the exanple 2
and thus will not be further described. On the first

waé'dﬂgd Hy %h@aQFﬁttEmge 8k, C&Ni A@a328@Nd Fiow rate of
l'ight-shieldable fil eo Cr ON was forned using

15 tdeom S Pyt d&4 1910 adpPawat dite SPOWS bBchl &d2, gas at a flow
Specifically, Ar gas 44 was used as the sputtering
ratesf bBhdchn wese ahtaoduaed aiheo adhe divasbeml N2t gashdleve
a flowrate of 30 sccmand 02 gas at a flow rate of
a gag preswmuanerat 9 nl Padiuctide chambelre cHaelpee -falm-dormation
achieve a gas pressure of 0. | Pain the chanber. The
hegting |temferatuieowashadz o’ @y grehgeddscherpaspd@ec,ofad@oo
a di scharge power_ of 1000 Wwas applied to the Cr
W vas YR LIRT te the Subsreat é’@il%geb"éﬂh“gtr?%? dicpatbeing

R R S %@é@i&%&i&lﬂé bl
to 3@&1%1}4&%%169 Qxbo];ll n-l; %vc ronb}.lv %a;/ 1re<‘:‘d.)ec\1‘\:@.0n

m conpose rom m

flﬁﬁ‘d ".’[“hter ?ﬂfamﬂ}'}n bﬁgf’ntl%rl QPP By lyf LY aréf‘bﬁ fgﬁnp%ﬁlposed

ratio) e 2 shows a summar
of RERSLdRS(OF) | NexPh&gr vophoaﬁaaﬁktiabaeh ¢RYPELhSitRE
the first and second light-shieldable filns stacked in
_conpgbsSi t MRy ratald € atohlightrathiogl d&bke1Egal upib DO 1 (<BBws a
Unit Measurement Measurenent filmstructure condition
sumns o £ Piopeatt idenst tthefbind 8 phntdm24 kRef deie tompirising
193 nm 16.7 CrOV CrN Four - poi nt
the first and second light-shieldable £ilms stacked in this

way.
Table 2
Light-shiel
| 19 t-shieldable Evaluation item Unit MeasuFeTent Measurement
£ilm structure ] condition value
Optical density A = 193 nm 3.24
Reflectivity % A = 193 nm 16.7
CrON/CrN Four-point
h i .
Sheet resistance |[ohm/sq probe method 27
Thickness A o-step 589

{Optical densityl}

FIG. 8 is a graph showing a wavelength dependence of the
c_)pt-ical density of the light-shieldable film of the binary
photomask blank according to this comparison example in the
case where 1light was launched thexreto £rom the substrate side,
measuredusing a spectrophotometer. Asshown in this drawing,

the optical density for light having a wavelehgth of 193 nm
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Sheet resistance ohm sq. probe nmethod 27 Thi ckness A
a-step 589 [Optical density] FIG 8 is a graph
showi ng a wavel engt h dependence of the optica

density of the light-shieldable filmof the binary
phot omask bl ank according to this conparison exanpl e
in the case where |light was |aunched thereto fromthe

wa%@é&{: at Q. s huwiwa%dcéﬁfgmé?i%ggl%taf&ggg%ggfgghsity

own i'n thi's dfaw ng, € op

of bl @8&1‘ gﬁL‘éjH& Ra¥ayie] €79t Be YchliB3rdiNeor: fRe A4BS e?BBHhre .

3. 0, thus, it was confirnmed that an optica
densiaveledfgth AePerddcGhy oS-a¥l€0,408, pchi eved for
the ArF exposure. [Wavel ength dependence of
r efiihec tiinienyli tthef thensidf) eaftidie riafHtecihan 1ight is
when light is launched into the |light-shieldable film
lawyfchetbiphottdenbkgt asiie hdabldifiigm of thieplonnpeasisbhank
exanpl e was neasured using a spectrophotoneter,
acqyigidyy) ety riopatis o exampl e waepeadentedofisihg a
reflectivity. FIG, 9 is a_graph showing a result of
SR 1 HhereltY Letermining thehvavalength
wavel engt h. rgangi ng. from 190 nmto 600 nm The
depshdens Oﬂiﬂﬁﬁgﬁ"%ﬁﬁt%ﬁlqme ArF exposure wavel ength
(agem 1 hi.gher than 15% apd it was
CoEFE nadk? Bhat B HiibiEing XRepul} fErdsdiient of the
£1RJd18Gk1 24 % @ A !
TESUTfi ol e t%’rl o%vg%/‘gﬁﬁ?f’%% g"ra‘%/%%ﬁﬁ ‘b £rom 190

nm t8fd et t ¥nafrdPfedi Pt H S d3bhe HFI¢Rd 'ﬂr’fh%ﬁpoere

conpari son exanple for the |ight "having a wavel engt

waveflleYt (M £ 936im) FhsHidie2Pian9G o hala Q]j:tvyé@; E8hfirmed

def ect inspection apparatus can be used for
thajtnisipis didficul 4 {o sedaye tieenef hectsEebtg for the exposure

light-shieldable filmis
wavelength to a sufficiently low value (10% or lower)_. The
reflectivity of the light-shieldable film 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
_1ight of a wavelength of 257 nm is set at 10 to 20%, the
reflectivity for the light of the ArF exposure wavelength
cannot be redﬁced 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 1ight having a wavelength
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a chrom um conpound film if the reflectivity thereof
for the 1light of a wavelength of 257 nmis set at 10
to 20% the reflectivity for the light of the ArF
exposure wavel ength cannot be reduced to 10% or

|l ower. To the contrary, the photomask bl ank according
to the present invention that has the second

I I [ il
or S PRTURLARD S AR SR b
L R L R

wavel ength 46 of

r ef(imeeiiptied % .f Qe doh@ |é}éﬂﬂ{pl%f oft rieatﬁrlceﬁc)ﬁﬂﬁ?‘lﬁfocess of
wavel ength to 10% or | ower. (Exanple 6: second exanpl e

phatfoniadlt icldrlon process of photonmask bl ank) Wth
regard to this exanple, there will be described a

sedidrktt ergapletofthhe dednmip bay i then® ad4ds bleolescribed a
providing a photomask bl ank according to the present
seqopndemamptehaf Hdwe fidlristatiionrpraesss i bed providing a
regard to the exanple 1. [First light-shieldable film
phqyqmagk dlpskdpragoriiay] to|the mressndhjnwealtdon ghat has

thsputterl ﬁ% paratus used for formng a first

Q¥¥hqqnWﬁtQ1Rﬁﬁﬂ¥ﬁmﬁ% arfxasRter di ng
i8] B8t Fdfoioa sﬁm‘i%r%s S“"““rrebgfgn
Ihr @ﬂ%?aéﬁglrngf%béiggt € %ﬂgper n?e%%%alﬁ Fr%? aPs?[Glfor

rectangul a subs

Fordng %sfarg@amsﬁt EREERANES e 102@% éoﬁﬁ?%ﬂgéﬁ%i‘a

first tar get, reference nurrera es a secon

acdoridgelg, tbeftﬁéeﬁﬁésBﬂﬁeiﬁbeﬁg§oﬁeﬂ§t 88n8tralB¥bheikNghown
gas inlet, reference nuneral 104 denotes a gas

in BUGl.eg, raf aftaEne drawieigy| rkderdene! aamdraubstr akfotes a

rotating tabl e, and reference nunerals 106a and 106b
trapsperentosebstrate, which is a 6-inch rectangular quartz
substrate, reference numeral 101 denotes a chamber, reference
numeral 102a denotes a first target, reference numeral 102b
~denotes a second target, reference ﬁumeral 103 denotes a
sputtering gas inlet, reference numeral 104 denotes a gas
outlet, reference numeral 105 denotes a substrate rotating
table, and reference numerals 106a and 106b denote power
supplies that apply a bias to the first and second targets,
respectively.

In thisexample, the first target 102a is a chromium targef .
and only the target is sputtered to form a first
light-shieldable f£ilm 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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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 sputtered to forma first |ight-shieldable film of
chrom um The sputtering gas was Ar gas, and the Ar
gas and N2 gas were introduced into the chanber 101
1Imov¥ rates of .10 sccm.and 4 s&&m respﬁ% d vel to

f
pre] 1-}11 idve M gasloﬁlr SR P DR R t"ﬁaeS er
dlﬂl_azﬂfee gBh'eE* 58T I@8b GN wﬁ%aaggﬂ 1iEAPEraldlice g@§gé%0&11e

i scharge power 0O Wwas applied tdo the C

thet aﬁagtrwﬁel Fl walteb8iRg§iFrat £ dd avas0 hginJ therdbgde 8tmBhg
rpm thereby formng a chromumnitride filmto a

a chhbminmssietide fillm W ahtiseEmesss @F 20 frin Swhich serves
light-shieldable film (light-shielding film. The

as glfigwitulighitrsidice Xdaml eviid 1m (Xl 4 shioabpiosgdidm). The
chromium (Cr) and nitrogen (N) in the conposition

Chm&tj{@-(ndttéﬁd@ Falmepsoa CrN Gl conpoBed ¢Sehmemium (Cr)

i ght-shieldable filn] Using the sputterl ng appar at us
anchh§FPH€f‘ebN hens ﬁBWnC‘P'ﬂPOﬂ-%IOE ratiedafenic ratio} 9
Cllal? sgleldablefllm(antlreflectlonflln) was
( §idi the first Ilght- shi el dabl ef i | m

I f '
% EO HI %gSPFF‘IL"fg%LP %ﬁ“g“f"ﬁrmgrkm Blgaﬁk accordi ng
2
:ﬁv%aﬁgpg@éep OS] UpallB ) LR deRlg 10%niaec,
FIct.he, %EQQEQn&a.[ﬂ@it J&?Pei:@&glé Eit $aft$Pef@EcRion £ilm)

nmol ybdenum siTicide (MbSi 2) polycrystal. The gas flow

wasl e d\88 tHBIE 196t Daght DEh §33aRHEE Fulith { TidHE- SBED@Ing
during film formation was 0.1 Pa, and a nultil ayer

£1 1fn) [, ntlod rebyrdloyd eruanlsighitci saei-eciagoien d i LoSE N phidtdmask
was fornmed while
blank 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 f£ilm
formation was 0.1 Pa, and a multilayer film of a
molybdenuﬁ—silicide~compound (MoSiN film) was formed while
the substrate was being rotated at 30 rpm.

Specifically, Ar gas at a flow rate of 2_6 sccm and N,
gas at a flow rate of 10 sccm were introduced as the sputte:;:ing
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 film was started while the substrate 11 was

being rotated at 30 rpm. Once the thickness of the filmreached
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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
sputtering gas into the chanber 101 to achieve a gas
pressure of 0.1 Pa in the chanber, discharge powers
of 200 Wand 800 Wwere applied to the MSi 2 target

33 Qﬁd taﬁ‘n%tﬁext 25 Il wak mﬁﬁ%d \‘c%L)é tﬂggkhggg fa%&@ﬁ 119 nm

' mwas starte € Su strate

whbfé %I{t‘ltrﬁicﬁél cBAngRAY ﬁl@%lﬁﬁﬁféﬁh&kﬂ@ﬁ%&{di{%ns as

filmreached 8 33 nm another filmwas forned to a

follvwknens Mfowbate ckStidmrWid £nEPBELBHAUSI DS €ha dafber
the filmformation conditions as follows : the flow
10 stas gfradwm Ay dasricatseddtoed $oatmo, tdaed citeaiitiow Xdkte of
was gradually decreased to 5 sccm and the flow rate
theN: gre Netgadutedr batecthé mhoanter cibeas idtreased to
increased to 50 sccmto achieve a gas pressure of 0.1
50 meqmh fohachigiver; JasnRirepaure seh ge Boviéy thsprhembes :

%h MSj 2 target was decreased to 200 W and the

an £h%c%5§g? RYPET e%PEJol%%eto sT-h?al}ﬁ@%%z vegrget was
dtg 8 d | mf ti

aeda3HTEY o 2o Mg RO P RGP gﬂa’\%:‘ggpaﬁtlﬁdc e tee

Si (Efar ff.vas3§ncr% ge&r@ CB%'?) Qe f[?ﬁ&@ﬁ é { ff:}ﬂs f\tlon

antli ect ayer aVI ng a conposl |on gra |en

' corﬁilrﬁigd—gea 159%'%&%1&?@13% (h Efua 5 %ﬁr@&g%tfagl

or nitrogen in the filmvaries gra

(= BBi chB9SsmplodihBesesARE i nas e ldalhe fiddRivg 1ayer
preferably equal to or nore than 10 nm and equal to

having &$&ompa i%5 ograd idn t ¢ tepliteale Tin whids Mid BohBent
- first and second light-shieldable filnms, the third
of gpraonsli tfidnme tahloso f orogsn isi g fhemsputier grgdually .
apparatus constructed as shown in FIG 2. As described
Theddtlglness pf thiees azoyed Whghb-shieldabdedptlincks preferably

~a_hal f-tone phase
equal to or more than 10 nm and equal to or less than 55 nm.

[(Third optical f£film]

As with the first and second light-shieldable films, the
third opt.ical film is also formed using -the sputtering
apparatus constructedas showninFIG. 2. Asdescribedearlier,
~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 fiim is formed under generally the same conditions

as the second light-shieldable film described above.
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shift layer, the filmis preferably made of silicon
oxide, silicon nitride, silicon oxynitride,
silicon/transition-netal .oxide,
silicon/transition-netal nitride or
silicon/transition-netal oxynitride. Thus, the
sputtering target is appropriately sel ected dependi ng

on qihe had m&a@dﬁllflg%g' giglf@g]a%]{ mggnﬁ?gap glp%m file £i1m

| ayer, the t optic
corﬂﬁf‘fﬁﬁﬁ%% hackase £ONdE 16O s dilie c%%wyitmns The
I'1 ght ieldable filmdescribed above. - 49

hahgl foh@nshpbasenshi fiayayets st@n@dCﬁﬁpﬁa’véesﬁbh”h
conprising a stack of filns of different conpositions.

coriies i tibdii -thate thbhasingle f Layeay er naldedageedtibm heade of
such a conposition that the single-layer or

ongarmidrpmatérial sradé eot eddimooamonyg ¢ homtcede a¢sibed above
sel ected from anong those descri bed above have a

haye ghsiransaideagice of 200 40¢ anghasehalser shdftapdumbout
180. A specific exanple of the filmformation is as

189 ol | BviEpeqfig exguphg of Shesthyn éoe”ﬂwxialn 38 ahéofilpys.-

B e T
v e v o R

| poﬁéﬁéb‘?ﬁdséb v?%rkp%obhﬁr i%gj tltl(;%][d' f{gr %E%@ZE@P} kG2get

adj ustment layer to at nm on

and Wh¥ Bat fatdet, Tf@sﬁ@é%i%lﬁg WSl &15afk Wb rivd Ytwas
gas containing Ar gas at a flowrate of 8 sccm N2

beigaf mitarcld aW Batpwf tHerssMspaitd 2 f@3midig anf bpWical
- rate of 5 sccm The gas pressure in the chanber
ad jhatimgnts fayesr tog wadckelesat of. (b nMaon Ttten sublstrate 11.
di scharge powers applied to the MbZrSi 4 target and
The spuditerdmnge gagensed engcal Nk U8 Wwasl codd@iwing Ar gas
reifectlvely, and the sputtering gas was changed to a

at g floe g @dhdaissicly N2 gas at a flow rate of 20 scom

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

7 Then, the disdharge 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 sccm and 0, gas at a flow rate of 1 sccm. Under these
cpnditions, 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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Ar gas at a flowrate of 15 sccm N2 gas at a flow
rate of 100 sccmand 02 gas at a flowrate of 1 sccm
Under these conditions, while the substrate 11 was
being rotated at 30 rpm a lowstress |ayer was
formed to a thickness of 40 nm under a gas pressure
of 0.25 Pa. Furthernore, the discharge powers applied

gag SHIF UG Mo geRi® relheki Folh,SF P E SuoRg: pho?
flcﬂ@%a‘ﬂ@sofgﬁr@@&nta‘i’l@? ”Eé‘suéf-‘ a £108 r25 WAL, ngUfe‘fler

gas at a flowrate sccm gas at a - flowrate
thée LomBaliciyd 0Ai92S tak 3ubk@Waltal €10kas ﬁEEHb LBfgtea
these conditions, while the substrate 11 was being
at R atpad aabuaﬁab@magres:uwfaacmh:ﬁmr twas tRiorRHeLES 8f 20
t hi ckness of 20 nmunder a gas pressure of 0.1 Pa. In
nm turidemeay gashepred durtoref phasePshi ft | ayer was fornmed
as a lamnated structure conprising the three |ayers,
t hdn this waw diei balfatpoet pease sty layed vassforsed
| ayer and the surface |ayer. [Evaluation of
as @ edofErussiregdPRPrésisy thpythrefedayers, that
. light- sh| el dable film Using the photomask bl ank
' 1S'c P& Pr&ailhédf]PF'SI{“e&ﬁdl?éf@Endthﬁl Lov-Shreffabpger and
d under the conditions described above,

thet ﬁéln%ﬁgfs £&&5-onal conf i gurat i 03 of the ) .
I ble Ll
SRR ELAACLE LS FIEMAY ottt Gle B |

' drym@%ch%‘&owlﬁ@'lﬂu%ﬂl%qd%fgﬁ%;;k%]ﬂ@ﬁt shi el dabl e film and

patterned by electr t hography to forma

I egk$hgMekph&Bbidsk A anikesbipriBeKg dhef PBSK anld$econd
second light-shieldable film (antireflection film

1ighas shdlel @apd@ bylhs Formiet haged the/conditions described

above, the cross-sectional configuration 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 film and patterned by
‘electron beam lithography to form a resist mask. Using the
resist mask as a mask, the second light-shieldable f£ilm
(antireflection film) was patterned by fluorine-based dry
etching (with the flow rate of SFs being set at 18 sccm, the
flow rate of 0; being set at 45 sccm, 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 mTorj:).

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

the first light-shieldable film (light-shielding f£ilm) was.

- 51 -




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
being set at 325 Wand the pressure in the chanber
being set at 5 niforr). At this point in tinme, from
observation of the cross section of the
[ ~.shi.el fil fte e t i ng.using . a..
nof Al A0 Stk kbR A " Pl ppf s gmen
thd#H ar E OBk 1 STV (a6 e ecitionl @i
e bacond Plaht PR ab e Al e - o 242
wad afle ito W AR d I RG rvddls Eh8asACARLK for patterning
l'ight-shieldable film(antireflection film was able
thd & iaddnlapalty shakeldadd eaf hamd( gkt fOriqaai gy Fing) .t hen
first light-shieldable film (light shielding film. In
addiddian ori t wasyasnddmivedretatth&het fidrkikr $1ght-shieldable
_light-shieldable filmwas able to adequately serve as
- filgy wag mkleptaguienuatélyioseriee bascan detcket shipgagainst
Then, the first light-shieldable filmwas etched by
flugidie Rased drardt &t ng (with the flow rate of Cl2

e, eSO L o T
| ' . 0 | CP .
SN TR (T
) setP&itN¥s SEL Al &{Eﬁ%@ ratles e bé(z Bh%pg%%? e&ﬁﬁSmsccm, the

patterni ng of t entire l1ght-s

F£1oPIa@W BE HENGPRYILEP 49,10 REGESHhE! RIE voltage being
cross-sectional configuration (whether side etcﬁlng

setOEEUS @Y ,0EhBOLQP WsweiNBekag &Y REWO 0O SRId @hkOPressure

Table 3 shows a summary of the observation results.
in Ebe ehhmbbe beghy-sét e tlabimTolid)s therebysriabbRingt tRe
first light-shieldable film(C film has a thickness
. patglernigon it &he¢ ehé&isecdadhki-ghtieddnblldablidmii |Mollowing
(MOSi N/ MbSi (N)
the patterning, the resulting cross-sectional configuration
. {whether side etching occurred or not) was checked by SEM
obsexrvation. Table 3 shows a summary of thé observation
results. For all the light-shieldable films in this table,
the first light-shieldable £ilm (Cr film) 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 film
light-shieldable film
(at%)

0 Side etching occurs

5 Adequate

10 Adequate

45 ' Adequate
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film has a thickness of 51 nm Table 3 M ninmum
content of Cross-sectional configuration nitrogen in
second of light-shieldable film 1ight-shieldable film
(ate) O Side etching occurs 5 Adequate 10 Adequate
45 Adequate 52 FIGS. 10A to 10C show SEM i mages for
.illustrating the cross-sectional configurations of
dry-etched |ight-shieldable filnms whose m ni num
contents of nitrogen in the second |light-shieldable

Filppa e 1t GilCsnbQ e iﬁx‘é{ébs( ELG 13198 t%%@i%]. the
) b ntly se

ate (FIG 10C). As can be appar seen romt

croddl 4 880ESnal NSokf Dg8raLbhONGE §0PLEALRARI ON of the
dry-etched |ight-shieldable film (whether side etching

ligiscusisi OIdaole fAapRNERoss Mitei mancontt edft sNof Midefbdeh in
the second Ilight-shieldable film In addition, it is
the lsmovrid at ghitt shieldabileofdhmcar entatizs ( BoGal 1a%) o5 at?
hi gher than 5 at% the occurrence of side etching is
(FEapgridss ead dfdath (@F¥equdo€)or ods-santhormpparently seen
configuration results. Taking into consideration the
fropdiiase SEYsERAgRE. dHY Crasfe suitiarabronfdgygat ion of
hthe second _light-shieldable filmis preferably equal,
the sdrst-4 - e ddda (Fhedhemoréfie: RhR13PI
at % Tabl é sho a nmary. of tge dependences of the
ool T I BRBFREB 1 SHPAHTHFIbh Ohry. CREHLAb g Fecona
11%@-‘03‘2{&%&14 el TR O R 4 1€ 9 8886 SholACehlE St ARle
nitrogencontent isegual toorhigher than5at%, the occurrence
of side etching is suppressed, and an adequate cross-sectional
configurationresults. Takingintoconsiderationtheresults
described above, the content of nitrogen in the second
light-shieldable £ilm 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—etched1ight—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| light-shieldable dry-etched
film (nm) f£ilm (nm) light-shieldable £ilm
3 51 Adequate
10 : 51 Adequate
15 : 45 Adequate
20 45 Side etching occurs
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i ght-shieldable filnms, observed in the sane manner as
descri bed above. Table 4 Thickness of Thickness of
Cross-sectional first second configuration of

i ght-shieldable |ight-shieldable dry-etched film (nm
film(nm light-shieldable film 3 51 Adequate 10 51
Adequate 15 45 Adequate 20 45 Side etching occurs -
53 Fromthe results shown in this table, it can be

seen that, if the thickness of the first f
[ .
P ERELR Lh A g L 462080yl 8038,

if |4t el 8ab! o FLha £8P PaYegRD-2ASEYALB1e £film falls
cross-sectional configuration. Taking into

wigiohsidleaageont 3 he. 18suh] hdlesael 8€6n2R\VEscdHe, and the
t hi ckness of the second light-shieldable filmis
drypretfchiabd| Vigguathi @l dibh®r £ilkhaga’d Shaten andadgaabteo
or less than 55 nm and the thickness of the first
cr¢$%ﬁﬁe@#ﬂ@ﬂ@k&¢@nfi¢mmasi@nef@hﬂﬂqgeinnﬂ ¢ansrdemaeion
than 5 nmand equal to or less than 15 nm [Optica
tthﬁﬁﬁQ%ﬁSlﬂﬁ#ﬁfckﬁﬂpﬂhﬂﬁmaskh%lbhkch%¢$ﬁgthbh¢iﬁgﬂond
nd second ht-shi el dable filnms formed on the

r?tlkl%%ﬂﬁlﬂeat %agrpr%ﬁ%r%%ﬁﬁqws t@e8EMeHR) than 25
on S 55BN L A TS e

fiﬂé.tgtlti'lgigf %hq.%q.deag]!el q:l:lflrmoq ! h?:e era rl%{t %q%.la to or more
nmeasured using a spectrophé%éheter
than 5 nm and equal to or less than 15 nm.

[Optical density]

Using the photomask blank having the first and second
light-shieldable films 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 f£ilm from the substrate side was
measured using a spectrophotometer.

FI1IG. 11 is a graph showing a relationship between the
optical density (OD) 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 light-shieldable film not higher than 20 at%,

the optical density for light having a wavelength of 193 nm
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FIG 11 is a graph showng a relationship between the

optical density (OD) and m ni mum ni trogen content of

the photonmask bl ank having a first |ight-shiel dable

filmmade of CN (Cr:N = 9:1) having a thickness of

10 nmthat is formed wunder the conditions described

above and a second |ight-shieldable filmmde of MSI N
waSavold A d hhkdRESS , Gft wds cBAF PAEAXYRIH dESpt PEar density

first.light-shieldable film As shown in ?hls

of dr.@avetididr &ad dB16aYBeOichil SvddMJY Lthedsr ¢ re,
of the second light-shieldable filmnot higher than 20
at %hWaudiergpth cdpalehsicy ddrréfhbdthaikypy a
wavel ength of 193 nm - 54 was about 3. 0, and thus,
i t Blds dohfis mmatrapiiatshawvisyst iac slavedesiotith depeddencer of
hi gher was able to be achieved for the ArF exposure.
the yfdiesigiri e pénbackight rahietdabie i detexrnined by
$h showi ng a wavel engt h dependence of the

me T LG R (AREGGARDHA CRibl 19 FAtEDEdtN &d the
i . US| t Jo] ! ter, th .
ref Yoo BT g, 1 U e PEREPIOY et haveclied e the
i dH ' | ' -shiel dabl e fi.l f
v 0N B S LR L ene
fitdOHnd &L slod! 1 diht 15n { 01 880G UNHEI Ml hforrﬁ%& 4455805 the
descri bed above. The neasurenent wavel engt ranges

cod T3 dUBOLIBAD 4ovds Gale B ARNARIHY YraSREM 4G
“the result shown in this drawing, for light of the

ranyds epes ures vavetenged fX. = 193 nn), a | ow
reflectivity of 10% or |ower can be achieved, and for
t hés| cghtbefandmrdmisihe ctdeon fwaretkagtds M sh2fwh A this
the reflectivity can be made to fall within a range

dragfing) tfor20%ghtheds, the WaF espbisuredwilrellenigtht (2 ease3
where the second |ight-shieldable film

nm)., At 1PEFcte SR FRjof 403 gyl lovayeran be achieved, and

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 toalayerwithhighnitrogencontent, the reflectivity
can be 10 to 20% for the light having a wavelength of 257 nm,
Vand 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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filmhaving a conposition gradient structure in which
the nitrogen content has a gradient froma |layer with
low nitrogen content to a |layer with high nitrogen
content, the reflectivity can be 10 to 20% for the

i ght having a wavel ength of 257 nm and a typica

def ect inspection apparatus can be used for

| NgneGld Ahe $hdt¥mak ttﬁ%ntkh IS thle tfa%s'tasé%h WebBna

high nitrogén content (I ncluding a conposit

11gnae&1emla@g1@rfhm‘safbﬁm@utdﬁdéxathéraﬁldm‘tﬁ&lé @e%@rﬁ@ed
[Chem cal stability (chem cal resistance)] -

abdize ngthdecipdnt cansktdbankthaychgmibel f Hesis aaﬂca¢caad
l'ight-shieldable filnms formed under the conditions

Chefelced | bé&pecdfoed1livhe theephobbmaskibhlanly weahdmmealsed in
resistance) was checked. Specifically, the photomask

an pMEAR1GABY Arages aenoxidanintrne danpdnagaatser okivdsogen
n1xture (ammoni a water : hydrogen peroxide : water =

pexoxide .: ggtern=vhl:uke: r3f ildp) VPéPmen%am} ) fov one haur

and dn 80 SuREbELA SRR Ao Porauide, BritBreal; 'ﬁ%}f-uric
el W B e 15 PRy TSk
hmﬁpe%tnrdo@ﬂ%ho”ffl Fchdbi§e Scrﬂbré%}lu;l otf % V‘ﬁﬂo%QﬁéSk

for all the 'condition above,

b1drd Iw%pg i d Mk B 1Ry €4 @tr&éhé@éné‘f%i‘\’as A OF

| ower. Thus, it was conflrned that the photomask

medhaninethitisert asHyeed i ekt Y ot TALi et CHSRAE R ons
stability (chem cal resistance). Wile a photomask

desyimiiedaborei, nth¢ clidigyepiaseatléovenitPForadwavelength
phot omask fabricated using the photomask bl ank have

of Bednnmdwasr 2Heer wawer ef dharsce ittowesagphEdyrmelethat the
exanples are intended only for illustration of the

phojopask bilapknexbhbibed a prastdesddy sufficient chemical

stability (chemical resistance).

While aphotomask 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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invention is not limted thereto. It is obvious that

the exanples can be nodified in various ways w thout
departing fromthe scope of the present invention,

and various other exanples are possible within the

scope of the present invention. The present invention
provi des a photomask that is finely patterned with

chi gl preci sion and a phot onask bl ank used for

provi ding the photomask. - 56 Cains 1. A photonmask

bl ank, conprising a light-shieldable film forned on a
1subsAr ap>tiohakk i sOJIarna;ns pasEiti shi By exaoosurgathgdea&am@ film

hi |d bl fi
PEE Bneo AR St e P A aie T CoberPaTE aldyts the

1smﬁalblmlﬁrﬁﬂlﬂdaﬂm@rﬁsim avelkyi ngltﬁﬂi]@-sfhllb$ﬁable film

ab eln Y |d f| and. s
% é%? Elg#l % %%4&%% I ectlvgﬁy f%ﬁﬁ%l o% dgﬁgged film
OV‘?WmQhTJéﬂ dabssi hqu-SbaiﬂdiahlESfllm,ght shi el dabl e

Fi | maconmni sea:@ | Ayalk aaamggé%ocorm%@dsﬁeﬁ%w U 1
that is not substantially etched

C‘%Hﬁﬁtﬂﬁ%llba%’é‘&ta‘?’? St éﬁiLﬁgllgélﬁdS%Ja?ldiaé’éEOﬁJdlml

li ghtaishi et danl e figher eorrses afhﬁyer coMpiBRG | Ya  layer
ound that is

co ed of a sjlicon-containjn
PEHIEBIE SPRBRTSHy Bt CHMPTBYY | (07 | r@basd Mty BECAPAGLAILY
ethebhby phiotcaitaskbddeainkracehdingg 4ral cl aim 1, wherein

sai d S|I|con gon&alq: cgqﬂﬁyndjgi silicon, OXIde
sa Co d 1

siligan nistF 3 Lok goﬁeox AItr| comprises ayer
p@mﬂmr@én/tqqmnssedcnmfne@aJsuixpdErcontalnlng compound that is

hiicongt [ j.trid .
o (g tr e al ey T e 278, *SH Bhot omask
bl ank according to claim2, wherein said

2. The photomask blank according to ¢laim 1, wherein said
-silicon-containing compound is silicon oxide, silicon nitride,
‘silicon oxynitride, silicon/transition-metal oxide,
~silicon/transition-metal nitride or silicon/transition-metal

oxXxynitride.

3. The photomask blank according to c¢laim 2, wherein said
transition metal is at least one metal element selected from
among titanium (Ti), wvanadium (V), cobalt (Co), nickel (Ni),
zirconium (Zr), niobium (Nb}, molybdenum (Mo), hafnium (HE),

- tantalum (Ta} and tungsten (W).
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transition netal is at |east one netal el enent

sel ected from anong titanium (Ti), vanadi um (V)
cobalt (Co), nickel (N), zirconium (Zr), niobium
(Nb), nolybdenum (Md), hafnium (Hf), tantalum (Ta)
and tungsten (W. 57 4. The phot omask bl ank accordi ng
to any one of clains 1 to 3, wherein said second

- 1o T B BofiARI LK JC0 A5 A0 S Gy BREN Cbligk 2, o
3, Wéirﬁ@atlﬁ cbabfath i r@hfef&égl?sﬁﬂﬁ‘%as an Bpglcal

i ght-shieldable filmhas an optical density o

ded i 8 of aF. 2 heo eXPPSEse thdhdxpSsudde1 Pt omask bl ank
according to any one of clainms 1 to 5, wherei n sai d

second light-shieldable filmhas a thickness that is
equal to or nore than 10 nm and equal to or |ess than
5. 55The pAotodhaesphblanksachbadkngcooraiaig 4Q whermi6, said
wherein said second light-shieldable filmhas a
seqafit diahy 1site datdg flilm dasr ampoptilirad @6ngdatandf 0.5
equal to aor less than 55 nm 8. The phot omask bl ank
to &'&rfrﬂrngtfteo HRPIHeE ofiMBaims 1 to 7, wherein the
extinction coefficient k of said second
l'i ght-shieldable filmat a wavel ength of the exposure

- o 885 pR8EoRaBl Biladic Ao Ty FabeShe R S1oubh g to
5, %hQPEéﬁ@ﬂcﬁjaﬂc%Jd ﬁ’gpt~FhIQ§d%%%°P§fnjﬁ \kﬁisagkthlckraess

accoraing to any one erei

 thalt istedb @t Wre}nGQGQl €ndh 18 nda bkl SyRAL " DY 1ess than
conposed of chrom um netal, chrom um oxi de, chronlum

55 hnt.ride, chron1un1oxyn|tr|de, chr om um oxycar bi de,
chromumnitride carbide or chrom umoxynitride
carbi de. - 58

7. The photomask 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 film.

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

carbide or chromium oxynitride carbide.
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10. The phot omask bl ank according to any one of clains
1to 9, wherein said first |light-shieldable film has
an optical density of 0.3 to 3.0 for the exposure
light. 11. The photomask bl ank according to claim 10,
wherein said first light-shieldable filmhas an
optical density of 0.5 to 2.0 for the exposure |ight.
12. The phot omask bl ank according to any one of clains
1 to 11, wherein said first |ight-shieldable film has
108 tWE lﬁﬁﬁt%mééi@bl‘a%kegéébrhﬂn? Sy LA o2 @%%Pg

equal to or less than 3. The phot omas
9, aeROrdingsdnd ottt DA ghheadieidn &tk Ffil®thas an optlcal
| i ght-shi el dabl e f|In1has a thickness that is equal to
dewsihpreftthadb bonm anfdoequhk eapokulresdighan 25 nm 14,
The phot omask bl ank according to claim 13, wherein
said first light-shieldable filmhas a thickness that
is equal to or nore than 5 nmand equal to or |ess
11 hathe phafemask Fhankremedikod|tankladmnot @i nhameianpaid

one of clains 1 to 14, wherein at |east one of said
fl]f"ﬂ &1qh5ﬁh%®r%ﬁé1ﬂ has ap@ridicpls@esRdty of 0.5 to
|eldable fli s a multilayer structure
CEP PTG | ayers stacked
succeSS|ver - 59 16 The phot omask bl ank accordi ng

to any one of claims 1 to 15, further conprising an

12 Op'iﬂh%abhf)‘tbgﬂﬁgﬁtﬂf k%&%&&%&ﬁ%‘ﬁé’hoﬁgbﬁ m?”di to

said |ight I el da omask

11 26herdindsh 0 Gt AtdR 16 ghWneiSidl Rk 6 o
f|In1h§V|ﬁg a phase sﬁift ayefﬁﬁ?%}fT e]g otohggbkﬁegs

thatl ank egqoeor dbngr troid aj:tmnl% nwhenai dgsal do R s3Nichhn
| ayer is a half-tone phase shift layer, and the
50 nm.

13. The photomask blank according to claim 12, wherein said
first light-shieldable £film has a thickness that is equal to

or more than 5 nm and equal to 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 egual 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 f£ilm
and said second light-shieldable film has a multilayer
structure comprising' a plurality of layers stacked

successively.
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hal f -t one phase shift layer is nmade of silicon oxide,

silicon nitride, silicon oxynitride,

silicon/transition-netal oxide,

silicon/transition-netal nitride or '

silicon/transition-netal oxynitride. 19. The phot omask

bl ank according to any one of clains 16 to 18,

wh . . . fi {c.oa fi 6.0 .
164t oy BSAheak bidh atBhkafo to WEPRRE S22 P08 o
15{ €hedhell dBpr1HHY 41889ptbat fGhin e Afd e 8L HaRdnGParent

filmby fluorine-based dry etching under the sange
subebfhtéoanassaaidisgaeNEnlicyAELIBI elidabl e filmis

| onger than the clear tinme for said second

l'ight-shieldable film 20. The photomask bl ank

according to any one of clains 1 to 19, wherein said
17 s e (Bl phioglomasiti bldak| acé¢otdimastaladint 16 efWleateion said

capability. 21. A photonask that is fabricated using a
opbhedbniblkbiank fhteokdvipdt e phgsenshaftclaves.1 to

20. - 60 22. A nethod of fabricating a photomask, the

met hod conprising: a step of providing a photomask

bl apk having a.light.  shieldaple filmconprising a .
187} e phgphertdh abk @99THTRT hyclaing { r ARGESaheaid

Limari C gsed of chrom.um that j

o S 10T b R s B R B P LR e od T
: y2rale s - [ [ e _fihr
ha P nS BRATR AhPEE AR SR Fag e B SN P d e g
nidFide CONPLESh By i tTildel 0 LOM R FLAYs LOIPRUREL L PBL S,

capabl e of being etched by fluorine-based dry etching
sikicétptran U { ok she vl se€60del bght - shieldable fil s
, collectively function as said light-shieldable film
sildd sureftmdn gt 1@ -meigpkavdysitohdel | ght - shi el dable film

by

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 fluorine-based dry etching, and the time (clear time)
required for etching off said optical £ilm by fluorine-based
dry etching under the same condition as said second

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

- second light-shieldable f£ilm.
20. The photomask biank according to any one of claims 1 to
19, wherein said second light-shieldable film 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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fluorine-based dry etching using a photoresist mask
formed on the second light-shieldable film and a
step of patterning said first |ight-shieldable film by
oxygen-and- chl ori ne-based dry etching using said
patterned second |ight-shieldable filmor resist film
as a mask. 23. A nethod of fabricating a photonask,

2bhe ﬂEﬁéﬂﬂédCQﬁrﬁdﬁihagtlnéiasbﬁgkdmésﬂroyﬂé“ﬂéghéd comprising:
phot onask blank sai d phot omask bl ank conprising an

opt i RalStEPI MicaPabiie8e Bei RPterenbd Byrkl Jurine- @ light-
sbﬁ@f&[ﬂabﬂiéyfﬁirﬁ?md&@rﬁgirﬁ’@d DIEidstr angpal-ent18ASt rAtR formed
erlght- hleld%ble f|In1forned on the o %icgl ,
o] P m - SAFRP I Yh e S e F HabfRY PRI CoMprio8PRESA PF r Shromium
tha@htsshmels&ﬂﬁuantuérijﬁﬂnmédomythEuoﬁxﬁa4hmseﬁiHnyaedching
i ril f r.om t hat _i,s. not .
? éb§?§ﬁf¥% @%%%@. g%ﬂ?eu&%ﬁ%e ‘ﬁ%&&lﬁ?y e?cﬁfﬁ%taﬁl bt
shigleedad f#l%ﬂnsaahletchnﬂ d ibhEnstoveddbyiagt tre coipsising  a

| sujgmn §Bﬂ1§ll@ﬁ%ecﬁhﬂa£‘&nd sai4 %%C%%aughafSBe%gaQé&ed by

I m conprising a si |1 con-contai ni ng ound
f%%Pp%BPeb%?e%é%rﬁg csFRRe 1Y Thatorpae- Bh§°e’fd &y sespphi hipht-

sisie1idadle S8 Ghef | It 1206k wOGORnEE QM -a3hisak dabl ¢ d-ishiB1dabie
fcollectlvely function as said |light-shieldable film

‘a step of patterning said second |ight-shieldable
fil mibystdﬁ @ﬁrbaetémnMﬁd daydekéﬁﬂnag1u§hﬂ§bﬁieﬁhﬁsle film by

t k th
#H% grsSIS dggﬁee?(ﬁln usag%p ePge Slsﬁgm% FoFfpgeon the
@h@ﬁbie@ﬂsﬁhnas&ammwflmeVHdlng a second photoresist
i {f
ITHSka ons% %@%att%léggﬂqgs flr %téﬂlh %Q%%)eéf {Hlm by

a step of patterning sali |rst
OFKP eno%%@#ﬂaﬁan%ma@ﬁﬁnérbm@lag yu@tr@h |Sﬁgd ued it read dsecond

1Rk R eha38e0Rthn lJrgbl s Shi ek dable of phoxas a hard
mask; a step of patterning said optical film by

fl uori ne-based
23. A method of fabricating a photomask, the method comprising:

a step of providing a photomask blank, said photomask blank
comprising an optical film capable of being etched by flucorine-
based dry etching formed on a transparent substrate and a light-
shieldable film formed on the optical film, said light-shieldable
film comprising a first light-shieldable film formed on the
optical film and primarily composed of chromium that is not
substantially etched by fluorine-based dry etching and a second
light-shieldable film overlying the first light-shieldable film,
said second light-shieldable film comprising a silicon-containing
compound that is capable of being etched by fluorine-based dry
etching so that said first and second light-shieldable films
cellectively function as sald light-shieldable. film;
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dry etching using said second photoresist mask and at
| east one of said first and second |ight-shiel dable
films as a mask; and a step of renoving the part of

said first light-shieldable filmthat is not covered
with said second |ight-shieldable film 24. A nethod
of fabricating a photonmask, the nethod conprising: a

st ep, of sp&OVddigig carPhot omask sblank, ll%ﬁ'tdslp:t&_tc@mkfllm by

bl ank conpri sing an opti cal f|In1capa | e of being
EEPUHEEBSS T4 (B REShIRE e 1Ay 2 ef LR h@hesP Rt T gk formed
ohranspacend 15yhstsaiadante illmght - shiel dable film

f d th t | fil ht - shi el dabl e
O R A i ol et R

powvitdiey Gptsemdndwwhntamdspwunmmskyonomp@ée@amterned second

%H@@%ygl lrpot substantially etched by
uori ne- ased ry etching and a second

| i ght - shtet dabl ratftierminyerdyd g rshe fiphstshieldable film by
okﬁ Laﬁal@ﬂfy%ghg Edéé@ dr§a@étﬁ§ﬁgoaghﬂé %@Ed §£%53f3@9|§%cond

m co r|S|n% a silicoh- containing conpound that is
lﬁﬁﬁhﬁpée ald&i AglRt3ched 5~ fMPS6F i ne- based dry et ching

so tdat ssep of i pdcedRth$esord dgegBhi shi b dapl €1 udih&8Bpaseq
dcoIIe |vel¥ function as said |I%ht shi el dable film

B2 SULBp B U PharPenSRgOshiesee F&Fﬁu%ﬁﬁ? §HPeFBa%?%§t one
ofldaﬁﬁ byrdd wadi necdras etgletshebthabig Wsimg = fi msték; and
phot oresi st mask forned on the second

light-shieldable film a step of patterning said first

| i ghtt - sttieel dabtandfviihg bye mxygeh- saidl dhilrot | hisstiiasbieldable

ﬂwtﬁsmg]gmtess:&gel%@l 8 PALLEENEd o3PS QRf —shieldable film.
't ght-shieldable filmor said first photoreS|st mask

as a mask; a step of renoving said first photoresist
mask and providing a second phot oresi st mask on said

atterned second shieldable film a step of
Dt P REHeE <55 AoBt 0ot 71 TP F bor e naSae eombrising:

a step of providing a photomask blank, said photomask blank
comprising an optical film capable of being etched by fluorine-
: based dry etching formed on a transparent substrate and a light-
shieldable film formed on the optical film, said light-shieldable
film comprising a first light-shieldable film formed on the
optical film and primarily composed of chromium that is not
substantially etched by fluorine-based dry etching and a second
light-shieldable film overlying the first light-shieldable film,
said second 1lighit- shieldable film comprising a silicon-
containing compound that is capable of being etched by fluorine-
based dry etching so that said first and second light-shieldable
films collectively function as said light-shieldable film;
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dry etching using said second photoresist mask and at
| east one of said first and second |ight-shiel dable
films as a mask; and a step of renoving the part of
said first light- shieldable filmthat is not covered
with said second light- shieldable film 25. The

nmet hod of fabricating a photomask according to claim

23 ory 24stapheyre fﬁ'&t't@r%gd JQur tslacéﬁ@pllgfﬁtesﬁhgﬂaﬂllermmm
for_ the part o aid second ht -shi e fil
b¥h5f”?¥$ﬁﬁo?a%%¥e?€@ e%ﬁh%ﬁgséﬁ&ngeéoﬁarﬁﬁoPBPEﬁﬁ%ﬁ%sﬁa§@Sk

fdBnesebn Shiod sekohdan ghhesgi@aapiéi mad;or sai d opti cal
film_26. The_nethod of fabricating.a phatongs :
accordlngePo°5H§“$gﬁ%l ﬁﬁlglﬁé qighgﬁguﬁﬂgﬁg}%:gﬁﬁﬂby
oxytencahdfedlgrige-tbdsiedm dincl erdiiigga phiage shiifit payerrned
R B T
RO ABSTRACT e TEE D1 SGLOSOHE AL SR =eT T HanIE *
mgg4im (12) is forned on one princi pal plane of an

Op“ Qsal | YSttebarbcﬂ)aEQHgVJ.% bséarl@t efJ_(IJSJC) ’pl:ﬁ:n:grtegfst mask and
light-shieldable film (12) has a first

PYIGRERE hPel5G5PTR PRPIACSEISY HABkaCBefdhd Patterned second
1idmghthséieidabteinf;i | m (14) overlying the first
Ilght shieldable film (13). The first t-shi el dabl e
1 PP 13550 o FREFRFNA SP4 ok ottt (1 1y Vet pifadaced

dﬂyyetbhimgluyanbaserb(éécbaeeﬁhouhr¢se$trmau; and &5 least one
Iaggdgj%tcgngosseec%ndoil chh:r ogllg?&aqiﬁ%g%f.lrﬁshraos_lmﬁumsk onad

chromi um OxXynitr] e Sec
Ilght shi el dabl e f|In1(14) is afilm that is

primaril se Sid.C nt ai ni u -
tha?%can¥€%823%.e%aﬁﬁﬁggb5%%30§?§pe%g %ﬁgg gﬁc Qaggght

shdieflglte Bidmdethadi |iscdipthidavieded ¥ith canldxyerand deght-
shSkhbsoid taiansi ti on- netal oxide,

silicon/transition-netal
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 film that is not covered
with sald second photoresist mask is set shorter than the clear

time for said optical film.

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.
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nitride or silicon/transition-nmetal oxynitride. FIG
1A, 1B 64

PHOTOMASK BLANK, PHOTOMASK AND FABRICATION METHOD THEREOF

ABSTRACT OF THE DISCLOSURE

A A light-shieldable £ilm (12) is formed on one principal
plane of an optically transparent substrate (11), and the
light-shieldable £ilm (12) has a first light-shieldéble £ilm
(13) énd a second light-shieldable £ilm (14) overlying the
first1ight—shiéldabiefilm(13). Thefirstlight-shiéldable
film (13) is a film that is not substantially etcﬁed by
fluérine—based(F—based)dryetchingandisprimarilycomposed
of chromium oxide, chromium nitride, chromium oxynitride or
the like. The second_light—shieldable film (14) is a film
that is primarily composed of a silicon-containing compound
that can be etched by F-based dry etching, such as silicon
oxide, silicon nitride, silicon oxynitride, '
silicon/transition-metal oxide, silicon/transition-metal

nitride or silicon/transition-metal oxynitride.

FIG 1A, 1B
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