PHOTOVASK BLANK, PHOTOVASK AND FABRI CATI ON METHOD THERECF Fi el d of the

I nvention [0001] The present invention relates to a photomask, a
phot onask bl ank, whi chi sar awmat eri al of t hephot omask, andf abri cati on net hods
t her eof . Background of the Invention [0002] In recent years, in order

to meet the demand for miniaturization of circuit patterns required for
i ncreasi ng the packaging density of large-scale integrated circuits,
advanced sem conductor m cromachini ng techni qgues have becone extrenely
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integrated circuit essentially requires a technique o I'nning wres of
wWring patterns in the circuit or a technique of mniaturizing a contact
hol e pattern for interlevel wiring of a cell. The trend toward _ _
i ni at urizeéi@noofticé renvénpasherns of large-scale integrated circuits is
bei ng accel erated because it is the nost effective approach to increase the
oper ati onl &pekld thereof and reduce the power consunption thereof. [0003]
The present invention relates to a photomask, a photomask
blank, whichisarawmaterial of the photomask, and fabrication

methods thereof.

Background of the Invention
{0002]

In recent years, in order to meet the demand for
miniaturization of circuit patterns reguired for increasing
the packaging density.of largeﬂscale integrated circuits,
advanced semiconductor micromachining technigues have become
extremely important. For example, increasing the packaging
density of a large-scale integrated circuit essentially
requires a technique of thinning wires of wiring patterns in
the circuit or a technique of miniaturizing a contact hole
pattern for interlevel wiring of a cell. The trend toward
miniaturization of circuit patterns of large-scale integrated
circuits is being accelerated because it is the most effective
approach to increase the operation speed thereof and reduce
the power consumption thereof.

[0003]

Most of such advancedmicromachining techniques are based
on the photolithography technigue using a photomask.
Thergfore, the photomask, as well as the exposure apparatus

and the resist material, is an essential technigue for



Most of such advanced m cromachini ng techni ques are based on the

phot ol i t hography techni que using a photonask. Therefore, the photomask, as
wel | as the exposure apparatus and the resist nmaterial, is an essenti al
technique for mniaturization. Therefore, in order to provide a photomask
having a wiring pattern of thinned wires and a mniaturized contact hole
pattern descri bed above, devel opnent of a technique for formng a finer and
nore precise pattern on a photonmask bl ank has been pursued. [00041 To

forma highhyapteckseiPhot orask natd eAR ORadr PROpPERSHe HBEbEBhEski t 1S
essential that a resist pattern formed on a photomask bl ank is highly

preci se. Maehngl € rarEel plangeansef condued orisebsinatenineduciiand

proj ection photolithography is performed, and therefore, the size of the
pattern foonkdconhdhe pabtenaséessrabedt aboue.t iaeslapmbatgefas the size of
the pattern forned on the sem conductor substrate. However, this does not
mean t hat tepbnigge rfer ifrrmwmg lfe fapesi shdnmefe tivee prge arat feormed on t he
photonmask is relaxed. On the contrary, the photomask pattern has to be
formed wi PRORPHAEF plaeksiadn PAan PRESPEttern provided on the semi conduct or
substrate_after exposure. [0005] Furthernore, at present, circuit
patterns WWPPEén on sem conduct or ‘substrates by photolithography are

significantly | 1_conpared with wavel engt hs of, .exposure light. Thus, if
reducti on prof%% Pgﬁf%§%8§§¥£%%§%ﬁﬁ g?ﬁggaﬁgﬁﬁf%?dESFé%ﬁé g?ﬂgfkhas a
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substrate through 4- magni fication Is used to perform

pattern cannatthigadiaichbin by hignsiepredi 08t o wihs, LB Shaldnifideeat o
interference of the exposure light or the |ike.
semiconductor substrate, reduction projection
photolithography is performed, and therefore, the size of the
pattern formed on the photomask is about four times as large
as the size of thepattern formed on the semiconductor substrate.
However, this does not mean that the restriction on the
precision of the pattern formed on the photomask is relaxed.
On the contrary, the photomask pattern has to be formed with
higherprecisionthan thepatternprovidedon the semiconductor
substrate after exposure.
{0005]

Furthermore, at present, circuit patterns written on
semiconductor substrates by photolithography are
significantly small compared with wavelengths of exposure
light. Thus, if reduction projection exposure is performed
using a photomask that has a photomask pattern formed from
a circuit pattern on a semiconductor substrate through 4-fold
magnification is used to perform, the photomask pattern cannot
be faithfully transferred onto the resist f£ilm due to

interference of the exposure light or the like.



[ 0006] Thus, as a super-resolution mask, there are comonly used an
OPC mask that corrects the optical proximty effect, which degrades the
transfer characteristics, by the so-called optical proximty effect
correction (OPC) and a phase-shift mask that nakes the phases of adjacent
aperture patterns different by 180 to nake the optical anplitude at the

m ddl e of the adjacent aperture patterns zero. For exanple, the OPC nmask
has to have an OPC pattern (a hammer head, an assist bar or the |ike) that
has a siz half or less the size of the circuit pattern has to be
formed. Besides, a half-tone phase-shift mask, which has a region

transparent torhiie exPSMER Qo and ¢h hhaRshueen ~reW kI Nat  has

controlled transmttance and phase-shift capability, I's known as a

techni que drhabcpiom das tacf eatty HHEEPYedali 650t 08y aFg Jucdeliy; uged
because it does not require significant nodification of the nmask design.

[ 0007] degrByqusC altey ,t ratnesT froran g & phind OIBS K 1pat £18d Nso acPhnd @r esi st
filmis formed on a photomask bl ank having a light-shielding filmon a

t ranspar emipisigssit pabegintihyg photot esestedtioni (ORC) agidabephass hslanfel ectron
beamto wite a pattern thereon, and the photoresist filmis devel oped to
provi de amMasd sthagatadres. thisemhagsinge® edjassst qrattierre asaaiewtehi ng mask
for the light-shielding film the light-shielding filmis patterned to form
aphot omas Kbdifiegiont br Brekotntotheaopthcaphorphbtidpattt dhe, niddls

i mpor t ant na%;.theiphotogesist filmthin for_the reason descri bed
bel ow. [0 ]Q,he adjacent aperture patterns zero. For example, the OPC

mask has to have 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 formed. Besides, a half-tone
phase-shift mask, which has a region transparent to the
exp.osure light and a translucent region that has controlled
transmittance and phase-ghift capability., is known as a
technigque that provides a greatly improved resolution and
‘widely used because it does not require significant
"modification of the mask design.
[0007]

Typically, when forming a photomask pattern, a
" photoresist film is formed on a photomask blank having a
light-shielding film 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 pattei:n. Then, using the resist pattern as
an etching mask for the light-shielding film, the
light-shielding filmis patterned to forma photomask pattern.

In order to form a fine photomask pattern, it is important



If the resist pattern is mniaturized wi thout reducing the thickness of the
resist film the aspect ratio (that is, the ratio between the resist film

t hi ckness and the pattern width) of the part of the resist serving as the
etching mask for the light-shielding filmincreases. In general, as the
aspect ratio of the resist pattern increases, the pattern beconmes nore
susceptible to degradation, and if the resist pattern is used as the
etching mask, the precision of the transfer thereof onto the

| i ght - shi aeldinge ith® geereasesst #idm exikerdCase, rapabh 8bsthepkasi st
pattern may fall or peel off, resulting in a defective pattern . Thus, as

t he phot omasilowpattern becones finer, the thickness of the resist filmused
as the etching mask for the light-shielding filmhas to be reduced to avoid
an undesi rl@asi0g Igr eat aspect ratio. The aspect ratio is desirably equal to
or less than 3. For exanple, when formng a resist pattern having a pattern
wi dth of 70 nmtft héatm%kwésrsaibﬁemhéi& adinda tiug igesi walfhpugquatiuednegr | ess
than 210 nm &000 As for the material of the |ight- shleldlng film
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establ i shed as a standard proceSs step. exanpl e apanese Pat ent

Lai d- Open d\i%thQQﬁ:ﬂeg@HQ:@%%% increases, the pattern
andRegi st eredJapaneseH i | it yModel No. 3093632, there have been discl osed

exenpl ary widdagidl ies 0k uphepemsle mbaa&@rawhm@mnhaw@daiEighé-ﬁéb@bﬁing film
made of a chrom um conpound that has a |ight-shielding characteristic

requi red foerttaeygphatsonessid Hankhe esti gnioth froxs ¥ Friex poser s i¢H040] the I'n
general, the light-shielding filmnade of a chrom um conpound is patterned
by oxygen-tard-=diirot heeeghoad odiie éiohitnghikdwever {1 budhceeelsieng ofnen has a
significant effect on an organic film such as the photoresist. Thus, if
the |ight %PéFHF’ﬁ@ F39m ﬁaﬁ%rBfOfatBﬁrWh?r?étﬂﬁiﬂmﬁmﬁg rthed nephg a
relatively thin resist filmas a mask, the resist is damaged during the
etching, THE -COATTBUIAY Mo 6F ERG T Esh et TpaPt erflthangid aﬁat?rpa?g

difficult t accugatel% transfer,.th onﬁw nal re ﬂ attern onto
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the resolution and the etching resistance. Specifically, the phot or esi st
filmhas tethe Bdedidyief ehBadchd @ve1 8t ghafad 850l P @k ampid | ®ntRI NNi Ng
forming a resist pattern having a pattern width of 70 nm, the
thickness of the resist is desirably equal fto or lesgss than
210 nm.
{00091}

As for the material of the light-shielding f£ilm that is
patterned using the photoresist as an etching mask, many
materials have already been proposed. Among others,
chrome~-metal £ilms and chromium-compound films can contain

a large amount of information about etching, so that, in

practical, such chromium compounds have been always used asg



of the photoresist filmhas to be limted to assure the etching resistance
during the patterning step. [0012] Thus, in order to forma highly
preci se photomask pattern while reducing the burden on a photoresist to
reduce the thickness thereof, it is necessary to optim ze the structure
(i ncluding thickness and conposition) of the light-shielding filmto be
patterned. [0013] As for the material of the light-shielding film
many investigations have al ready been made. For exanple, in Japanese Patent

Lai d-Cpen M. 20047342048 chRehgoht LERANLAA AT SYATRLS I WAlEN @ antal um

metal filmis used as a |light-shi‘elding mf or "Ar'F ‘exposure. I n i's

exanpl e, aiigmtabuieBial Film EsoMSeHeasnd odight SRR Mgl Wl 2
tantalumoxide filmis used as an antireflection layer, and the two | ayers

are etchedsuisé tgnaihl ugrépeabasetegassphastBnanbiicChrbscs8l atdyel il i kely
to damage a photoresist , in order to reduce the burden on the photoresist

during et cédiagplg 00l ] Japanesdoevait Ievah- dfesds are@tchigxy gongid i on is
selected, as far as the two layers, the light-shielding filmand the
antirefl ect?oh-12yé83 aadRedichietradiagaoaby Uthd iphotlodet Net 389 aresk
reduction of the burden on the photoresist is limted, and it is difficult
to suffici €My atg Sepn Aésgépend esrmplghlys preetsees arfmetiodonafska fi ne
phot omask gf%éﬁgpbﬂhgggggvezilight~shielding film made of a chromium

compound that has a light-shielding characteristic required

for a photomask blank designed for ArF exposure.

(00107}

In general, the light-shielding £ilm made of a chromium
compound is patterned by oxygen-and-chlorine-based dry
etching. However, suchetchingoftenhas asignificant effect
on an organic film, such as the photoresist. Thus, if the
light-shielding film made of a chromium compound is etched
using a relatively thin resist £ilm as a mask, the resist is
damaged during the etching, the configuration of the resist
pattern changes, and it is difficult to accurately transfer
the original resist pattern onto the light-shielding film.
[0011]

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 exists a tradeoff between the resolution and the

etching resistance. Specifically, the photoresist film has

tobemadethinnertoachievehigherresolution,whilethinning



Alternatively, there has been known a technique of reducing the burden on
the photoresist during dry etching by using a hard mask. For exanple, in
Japanese Patent Lai d-Open No. 63-85553, there is disclosed a techni que of
dry-etching a netal silicide filmusing a Si02 filmfornmed on the netal
silicide filmas an etching mask. [0016] However, the SiQ2 filmhas a
poor conductivity, so that a problem of charge-up tends to occur during
exposure to an el ectron beam Furthernore, defect inspection of the

phot omask ol @nk phs thyRisaald ¥i based 00 vkheihetLe¢Ancs, tere v l'i ght

havi ng a wavel ength of 257 nmis used for the defect i1nspection of” a mask

for ArF-expesdtencel Buafigey R acoUWeatglnyy achigve the defect inspection,
the reflectance for the light of that wavel ength has to fall within a range

of about 10o0taj20 % However, if the Si02 filmis used as an etching nask,
there occurs a problemthat the Si02 filmhas an excessively high

refl ectance, whheh, iint erfieres fiprh 4 hégléyqotecinspebbitonaskGliAern As
descri bed above, conventional photomask bl ank structures cannot

sati sf act ghilllg Feductihg ddearmiiifdsm Kinghl phywriegissi forimtiesivasf tdd i ne

phot omask ggttern on the light-shielding film This problemis particularly
serious i APEREPEESetBETEOPhot bresREFBF SBRBL R | igshyhe s Hgreos ur e

| i ght havin hort wavel engt h of 250 nm or | ess for which high resol ution
s requir SAPPRPEIAS A FFRTCRS BN 6aNRAT L ESON] sy be I - 514 4 M Wavel engt h

of the ex re ligh nmes, shorter, the design of the light-shielding
filmfor %g?#iﬁa bg %F%%%%“ﬁ%%cise phot omask pattern that can reduce the

burden on;phgaRphot oresi st becones nore inportant. Description of the
| nvention

As for the material of the light-shielding film, many
investigations have already been made. For example, in
Japanese Patent Lald-Open No. 2001-312043, there is reported.
an example in which a tantalum metal film is used as a
light-shielding film for ArF exposure. In this example, a
tantalum metal film 1is used as a light-shielding film, a
tantalum oxide film is used as an antireflection layer, and
the two layers are etched using a fluorine-based gas plasma,
which is relatively unlikely to damage a photoresist, in order
to reduce the burden on the photoresist during etching.
[0014]

However, even if such an etching condition is selected,
as far as the two layers, the light-shielding film and the
antireflection layer, are etched using only the photoresist
asamask,reductionoftheburdenonthéphotoresistislimited,
and it is difficult to sufficiently satisfy the demand for
highly precise formation of a fine photomask pattern.

[0015]



[ 0018] The present invention has been devised in view of such

probl ems, and enbodi nent(s) of the present invention seeks to provide a
phot omask bl ank that has a light-shielding film having a configuration that
allows highly precise formation of a fine photonmask pattern through
reduction in thickness of a photoresist used as a mask for formng the

phot omask pattern, and a photomask fabricated using the sane phot omask

bl ank. [0019] A phot omask bl ank according to aspects of the present

i nvention w | IM@%W bet.de cri bc%% belhoavg. e0@0][12 ccordin kCE%I a first

aspect of the presént i nvertion, thére 1% prviHed apHEt oHE ank
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exposure |1 ght ormed on the transparent substrate, acteri

the |i ghtyshiphdidith fiaki hagoa d:0tdh1d hiseknessn 0f o BAQ AP PL 3 L€§5en 70 % OF

nore of which is accounted for by the thickness of a chrom um conpound that
has an opd calz-densiztythOPp peraikiiosed N hnRess e 8£08By DAL AL Qh ! €SS for

| i ght having a wavel ength of 450 nm
a metal silicide film using a Si0, £film formed on the metal
silicide film as an etching mask.
[0016]

However, the 5i0, 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 reflectance thereof,
and light having a wavelength of 257 nm is used for the defect
ingpection of amask for ArF-exposure. Inorder toaccurately
achieve the defect inspection, the reflectance for the light
of that wavelength has to fall within a range of about 10 to
20 %. However, if the 510, film is used as an etching mask,
there occurs a problem that the Si0, f£film has an excessively
highreflectance, whichinterfereswith the defect inspection.
[0017]

As described above, conventional photomask blank
structures cannol satisfactorily meet the demand for highly
precise formation of a fine photomask pattern on the
light-shielding £ilm. This problem is particularly serious
in the case of a photomask for photolithography using exposure
light having a short wavelength of 250 nm or less for which
high resolution is required (KrF: 248 nm, ArF: 193 nm, F,:
157 nm). Thus, as the wavelength of the exposure light becomes

shorter, the design of the light-shielding film for forming



[ 0021] Preferably, the total thickness of the light-shielding filmis
equal to or less than 80 nm [0022] In addition, preferably, the
optical density (OD) of the light-shielding filmis 2.5 to 3.5 for Iight
havi ng a wavel ength of 193 nmand/or 2.5 to 3.5 for light having a

wavel ength of 248 nm [0023] The light-shielding filmmay be a

nul tilaygrnhy hﬁyt?@%c@@@ﬁpﬂﬁt@m§§m0§aateﬁnptmam|d@nofeﬁagersheamwﬂdﬁﬁ

upper nost | ayer o he multilayer filmpreferably has a thickness of 10 to
40 nm [8824he photoRseier dbdyomehemphot tmpekedhank has a |ight-shi el ding
filmhaving a thickness of 100 nmor |less that has a high etching rate and
a low netal percentage content. Thus, if a thin

Description of the Invention

{oo18]

The present invention has been devised in view of such
problems, and embodiment({s) of the present invention seeks to
provide a photomask blank that has a light-ghielding film
having a configuration that allows highly precise formation of
a fine photomask pattern through reduction in thickness of a

photoresist used as a mask for forming the photomask pattern,

and a photomask fabricated using the same photomask blank.

[0019]

A photomask blank according to aspects of the present
invention will now be described below.
[0020]

according to a first aspect of the present invention,
there is provided a photomask blank comprising: a transparent
substrate; and a light-shielding film for exposure light formed
on the transparent substrate, characterized in that the light-
shielding film has a total thickness of 100 nm or less, 70 % or
more of which is accounted for by the thickness of a chromium

compound that has an optical density (OD) per unit



photoresist film (for exanple, a chemcally anplified photoresist film
havi ng a thickness of 250 nmor less) is fornmed by application and used as
a mask, the damage occurring during etching is substantially reduced.

[ 0025] As descri bed above, the photomask bl ank according to an
enbodi ment of the present invention achieves an increased dry-etching rate

by adapt tpgcikhesthbekpesssand ‘comasidd @drofl iepah Hayig t0 peidetth of
desired optical characteristic and by providing a light-shielding film
havi ng a4bownmet al percentage content. Therefore, the | oad on the
photoresist, which is used as a mask for form ng a photomask pattern,
during dfg08ithing is reduced, a practically acceptable |evel of etching

resi stance is_assured, and thus, the thickness of _t he phoioresist. filmcan
be reduced. TRAELFE2PE¥cordihg tW2he tEHFERSTENt O6f H’ig piﬁ%‘?ftssl?ﬁ/fe TDn,

reduction.in thickness, of th o] Sist_film which is required for

form ng glFWnéspﬁgP3;a§ﬁ 85t?%$% &ﬁ%ﬁ h?gﬁ&precision, is achieved. [0026]
Accordinqobgz? second aspect of the present invention, there is provided a
hal f-tone phaSe-shift nask blank conprising: a transparent substrate; a
transl ucent fihmdmMioiom psesedeiwipedchbaseshidflt ¢apabtyi t(gbandfa the
predeterm ned transmttance for exposure light formed on the transparent
substr at @icandsaikiightgshifelai ngsf i IImF orped dn5t héotr ansiaidenthadiing =
characterized in that the translucent filmhas a region that contains both
silicon FsVElgndthol ghdeddm PRbRNHRE t Re Sl i &Pt s ef8F ngl ¥91Hm Rayigg a

t hi ckness of .60 nm or. | ess, wherein 70 % or nore the total thickness of the
Iight-shW@W&#ﬁ&gFg}Hﬁigéﬁcﬁﬁunted for by the thickness of a chrom um
conpound[5Q§P has an optical density (OD) per unit thickness of 0.025 nm1
or less for #ght havi ng a wavel ength of 450 nm [0027]

The light-shielding £ilm may be a multilayer £ilm that
contains a stack of a plurality of layers, and the uppermost
layer of the multilayer film preferably has a thickness of 10
to 40 nm.

[0024]

Preferably, the photomask blank has a light-shielding film
having a thickness of 100 nm or less that has a high etching
rate and a low metal percentage content. Thus, 1f a thin
photoresist  £ilm (for example, a chemically amplified
photoresist film having a thickness of 250 nm or less) 1is
formed by application and used as a mask, the damage occurring
during etching is substantially reduced.

[0025]

As described above, the photomask blank according to an
embodiment of the present invention achieves an increased dry-
etching rate by adapting the thickness and composition of each
layer to provide a desired optical characteristic and by

providing a



Preferably, the thickness of the light-shielding filmis equal to or |ess

than 50 nm [0028] The translucent filmmy be a multilayer film
and at |east one layer of the nultilayer filmis preferably a layer that
contains both silicon and nol ybdenum [0029] In addition

preferably, the optical density (OD) of the light-shieldingfilms 1 . 2 to
2 . 3 forifhghthaviagavavel engthlavdingl 93 nimwandfedall. ﬁeroeﬁtagéorc¢m@ﬁnt
having a wavel ength of 248 nm [0030 . Preferably,

| i ght - shTeeBERAGEEI ntBeakGREi PRy &PSf PRAYCRES 188nt 3SR 1§ éb‘%@d? F f ddifty

of | aver 5, AR LBUBPSL RSl faceokhe Y Sy didiibdpo2 thisdagss

of 10 to
a practically acceptable level of etching resistance 1is

assured, and thus, the thickness of the photoresist film can be
reduced. That 1is, according to the embodiment of the present
inventicon, reduction in thickness of the photoresist £ilm,
which is required for forming a fine photomask pattern with
high precision, is achieved.

[c028]

According to a second aspect of the present invention,
there is provided a half-tone phase-shift mask blank
comprising: a trangparent substrate; a translucent film having
a predetermined phase-shift capability and a predetermined
transmittance for exposure light formed on the transparent
substrate; and a light-ghielding film formed on the translucent
film, characterized in that the translucent film has a region
that contains both silicon (8i) and molybdenum (Mo), and the
light-shielding £ilm has a thickness of 60 nm or less, wherein
70 % or more the total thickness of the light-shielding film is
accounted for by the thickness of a chromium compound that has
an optical density {OD) per unit thickness of 0.025 nm* or less
for light having a wavelength of 450 nm.

[oo27]

Preferably, the thickness of the light-shielding film is

equal to or less than 50 nm.

[oo28]

10



Preferably, 70 % or nore of the total thickness of the light-shielding film
formed in the photomask bl ank according to the present invention is
accounted for by the thickness of a chrom um conpound that has a chrom um
content of 50 atomic%or less in terms of atomc ratio. [0032] In
addition, the light-shielding filmmay conprise a chromumnetal film
having a chrom um content of 50 atomc %or nore in terns of atomc ratio
and a first and a second chrom um conpound fil m having a chrom um cont ent

of 50 atom c less in ter of atomc ratio, and the chromumnetal film
maybe disposegﬁﬁéﬁﬁﬁgﬁﬂfﬁﬁﬂgfFgﬁﬂbﬁ@ghgﬁn?CWH&S&EGYFFIﬁ%gﬁd fH8 &é&cond
chrom um- i 3 . n.addi tiaqn he '
l'ight- shileel gl n%?%l %&%o%%?%‘séeaﬂpﬁrt&tlagﬁg glgrgc%sn(}mc%greorﬁbulrﬁ Fet 87 Fi I m
having a GIOMIR LON b +19f s 50 AL0M £a BT yHBELuA N terns of atonic ratio

and a first, a second and a third chrom um<conpound film having a chrom um
content gfgc®atomc %or less in terns of atomc ratio, and the first
chromumnetal filmmay be di sposed between the first

chr oni um conmpauwngdfiil prodt harseaend wheasi ot coapaand iftid pop prd: £he second

chromummnetal filmmay be di sposed between the second chrom um conpound
fil m and itilgghtt-Hehride ohion® dbwmdenipound 2f.Blfnr L0B4having awavelength

of 193 nm and/or 1.2 to 2.3 for light having a wavelength of

248 nim.

[G0301]

Preferably, the light-shieldingfilmisamultilayer £ilm
that contains astackof apluralityof layers, and the uppermost
layer of the multilayer £ilm has a thickness of 10 to 30 nm.
[0031]

Preferably, 70 % or more of the total thickness of the
light-shielding £ilm formed in the photomask blank according
to the present invention is accounted for by the thickness
of a chromium compound that has a chromium content of 50 atomic 2
or less in terms of atomic ratio.

[00327

In addition, the light-shielding film may comprise a
chromium-metal £ilm having a chromium content of 50 atomic %
or more in terms of atomic ratic and a first and a second
chromium~compound filmhaving a chromium content of 50 atomic %
or less in terms of atomic ratio, and the chromium-metal film
may be disposed between the first chromium-compound film and
the second chromium-compound f£ilm.

[0033]



Preferably, the second chrom um conpound filmhas a thickness of 3 to 30
nm [ 0035] In addition, the light-shielding filmpreferably has a
reflectance of 30 % or less for light having a wavel ength of 250 nmto 270
nm and the light-shielding filmmay have an anti-reflection capability.

[ 0036] The light-shielding filmmay be a nultilayer filmthat
contains a stack of a plurality of |layers having different optical
characteristics, and the uppernost |layer of the nmultilayer filmpreferably
has an extinction_ coefficient (k) of 1.0 to 1.5 for light having a

wavel engt h of To3d%hippodye 119bt - Pigled iy {1 1% M5y GRIBET eoma fiTisdnt

mat eri al of . the uppeinmpst |ayer of the nultilayer filmis chrom um oxide,
chrom|ﬂﬂ%ﬁqrq(ﬁ?éﬁhéﬁghﬁﬁqﬁﬁaﬁ&ﬁﬁq%iéi#“éﬁﬁ”ﬁ%ﬁap@PE@Wﬁ&ﬁbC°85ﬁP§nts
(atom ¢ goQ: ). of gen, Jpitrogen and carbon.in.the filmat depths of 0.5 to
1.0 nn1f%€%f¥ﬁgﬁ§hr aéeogﬁ%?ﬁg:ﬁhgé?ﬁgéf I%§8?lgr%ar%?§Fg%Eh 66F3rng to the

oxygen coptelbna Sh&TLIRD rEOM £ 1 Fh CARONEEHEAM having a chromium

content of 50 atomic % or less in terms of atomic ratio, and
the first chromium-metal filmmay be disposedbetween the first
chromium~compound £ilmand the second chromium-compound £ilm,
and the second chromium-metal £ilm may be disposed between
the second chromium-compound film and the third
chromium-compound f£ilm.

[0034]

Preferably, the second chromium-compound £ilm has a
thickness of 3 to 30 nm.
{00351

In addition, the light-shielding £film preferably has a
reflectance of 30 % or less for light having a wavelength of
250 nm to 270 nm, and the light-shielding f£ilm may have an
anti-reflection capability.

[0036]

The light-shielding film may be a multilayer film that
contains a stack of a plurality of layers having different
optical characteristics, and the uppermost layer of the
multilayer film preferably has an extinction coefficient (k)
of 1.0 to 1.5 for light having a wavelength of 193 nm.
{0037]

Preferably, a primary constituent material of the
uppermost layer of the multilayer film is chromium oxide,

chromium nitride or chromium oxynitride, and the percentage



[ 0038] Preferably, the phase-shift mask bl ank has a |ight-shielding
filmhaving a thickness of 60 nmor |less that has a high etching rate and a
| ow netal percentage content and is formed on the translucent film
containing both silicon and nol ybdenum Thus, if a thin photoresist film
(for exanple, a chemcally anplified photoresist filmhaving a thickness of

250 nm oL, % £55)s | %a%‘; pedaby appli.cali om and,diseds 8¢ éafrséh 1hh%h@armgen
occurring during etc Ing i § substdantiall'y reduced. [0039

descri begd: ahayenst g phasershirf to maskebbank eccanding t@f alﬂh@”ﬁ@(ﬂﬂdﬁlﬁsﬂ)f
the present invention achieves an increased dry-etching rate by adapting

the thickagss apd casmosid i aBceiaeagh dayehet expieyi deortalesi eedhioptdgeal
characteristic and by providing a light-shielding filmhaving a | ow netal
per cent agéncent ent cafbernefoneent he | oad on the photoresist, which is used
as a mask for formng a photomask pattern, during dry etching is reduced, a
practicalby3atceptable | evel of etching resistance is assured, and thus,

the thickness of the photoresist filmcan be reduced. That is, accordlng to
the enbodi menPreferaklyr esthe i BaAer 6hitEedmesikon Hlankhi defes$ of L ¥ -

photoresist film which is reqU|red for fornln% a fine photonask pattern
wi th hi ghhpeeéisgohilms hgahingver.t {@@Q@TS of SRcaBt dihg*£8S ahleibédimeht

of the present invention, the dr chln te is increased b redu ing the
chr onmi unf*é8ht @rFtCh(ll%rE%E? nj‘ntdh I ﬁ@’ﬂ npe&‘?ﬁ?‘éﬁﬁf o‘fori“‘_n‘%n nd' "t

i gh hiel d fil k b k d
chgohiznigﬁﬁéagﬁﬁghn]o FBP ES%gP ; a?hecqh %%ﬁg%s Qi {88%'%ﬂ?%re
t her eof |s ag Qﬁeﬁ totﬁﬁgyld a d%% :% é?éféglgyaﬁfgger g&lgngggyefqie

the | oad"SHY otoreS|st mhlch 'S as a nms ornlng

phot omask, pa &sfm w@lgay BhERLRG e educedy spPrAticalles Acoepinpl e
| evel of etcglng tance |E assureé, ang thus, the thickness of the
photOfeShﬁtJyljgégylyg redueed.pyt 09431 ication and used as a mask, the
damage occurring during etching is substantially reduced.
[0039]

As described above, the phase-shift mask blank according
to an embodiment of the present invention achieves an increased
dry~etching rate by adapting the thickness and composition of
each layer to provide a desired optical characteristic and by
providing a light-shielding film having a low metal percentage
content. Therefore, the locad on the photoresist, which is used
as a mask for forming a photomask pattern, during dry etching
is reduced, a practically acceptable level of etching
resistance 1is assured, and thus, the thickness of the
photoresist f£ilm can be reduced. That 1sg, according to the
embodiment of the present invention, reduction in thickness of

the photoresist £ilm, which is required for forming a fine

photomask pattern with high precisicn, is achieved.
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In particular, in order to reduce the thickness and assure a sufficient

| ight-shielding effect, the light-shielding filmaccording to an enbodi nent
of the present invention has a structure including a stack of a

i ght-el enent-rich and chrom um poor filmand a thin chromumnetal film
Thus, the thin chromumnetal filmcan enhance the |ight-shielding effect,
reduce tﬂ?OEBLeSS exerting between the stacked filns, and provide a
sufficie ohductivity. [0042] That is, according to an enbodi nent of

the present iﬂ&g@%&@ g tPers CafnbgipERYi ded @dhotogesk bhakkttibal, the
satisfies all of a plurality of requirenents including control of the

optical gharagteihst rarko iy OMideLas ned teansihgt anee chrand urefde@tance
R, stress teduction during filmdeposition, and control of the conductivity
of the |ightrehiehdi naef ilimandelahkaws doermamit)onodf taef i hisgiphationslsking
pattern on the light-shielding filmwth high precision. [0042a]

Accor di ngite aofhi tHeaspesctonéskhebbaelsentonpaesd i om th het e donrviaedl a
phot omask fabricated using a photomask bl ank according to the first or
second asheotiivfi-bheegr eseght aéaldong deStinbedeh@r et bef Orick]eps2Fnd

stack structure thereof is adapted to provide a desired optical
characteristic. Therefore, the load on the photoresist, which
is used as a mask for forming a photomask pattern; during dry
etching is reduced, a practically acceptable level of etching
registance 18 assured, and thusg, the thickness of the
photoresist £ilm can be reduced.

[o041]

In particular, in order to reduce the thickness and assure
a sufficient light-shielding effect, the light-shielding film
according to an embodiment of the present invention has a
structure including a stack of a light-element-rich and
chromium-poor f£ilm and a thin chromium-metal £ilm. Thus, the
thin chromium-metal film can enhance the light-shielding
effect, reduce the stress exerting between the stacked films,
and provide a sufficient conductivity.

[0042]

That is, according to an embodiment of the present
invention, there can be provided a photomask blank that
gatisfies all of a plurality of requirements including control
of the optical characteristic to provide desired transmittance
T and reflectance R, stress reduction during £film deposition,

and control of the conductivity of the light-shielding film and

14



According to a fourth aspect of the present invention, there is provided a
fabrication nmethod of a photonask bl ank characterized in that the nethod
conprises a step of applying a chemically anplified photoresist to the
surface of a photomask bl ank according to the first or second aspect of the
present invention described hereinbefore to forma chemcally anplified

phot or esi st ofk! MhaYl bR UH CKNessOf p280opakRr b&66erh0Q4PCkne 1ight-
According to a fifth aspect of the present invention, there is provided a

fabricatgg@emaghgdfgjmawphgtgm@gkpgaaﬁagbgtized in that the nethod
conprises a step of applying a chemcally anplified photoresist to the
surface gboazphot omask bl ank according to the first or second aspect of the
present invention described hereinbefore to forma chemcally anplified
phot or esi st f Rkpoldavingg ot [ ckhdssl 0bs@8Ot nmbdr thesspreBRREF DESSRE Rt ON
OF THE DRAW NGS [0043] [Fig.1AJFigure A is a schematic cross-sectional

vi ew f or thekast tat inupvaidaskeapl photonaalkt uFabnicated gmsigia ekdi PEetemask

formed in a ﬁhotonask bl ank according to the present invention;
blank according to the first or second aspect of the present

invention described hereinbefore.
[0042Db]

According to a fourth aspect of the present invention,
there is provided a fabrication method of a photomask blank
characterized in that the method comprises a step of applying a
chemically amplified photoresist to the surface of a photomask
blank according to the first or second aspect of the present
invention described hereinbefore to form a chemically amplified
photoresist film having a thickness of 250 nm or less.

[0042¢c]

According to a fifth aspect of the present invention,
there is provided a fabrication method o©f a photomask
characterized in that the method comprises a step of applying a
chemically amplified photoresist to the surface of a photomask
blank according to the first or second aspect of the present
invention described hereinbefore to form a chemically amplified

photoresist film having a thickness of 250 nm or less.
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[Fig.1B]Figure 1B is a schematic cross-sectional view for illustrating an
exenpl ary structure of a light-shielding filmfolLued in a photomask bl ank
according to the present invention; [Fig.1Cl]Figure 1Cis a schematic
cross-sectional view for illustrating an exenplary structure of a
light-shielding filmformed in a photomask bl ank according to the present

i nvent i opphFi SxdBkEboEce 4P tsEapgrephicior illustrating the dependency of
the optical characteristic (transmttance) of the light-shielding filns

shown inrgbgeyes A to 1C on the conposition (chrom um percentage content)

thereof; [Fig.2]Figure 2 is a graph for illustrating the dependency of the

reflectance foribighl haviggra wavelisngt he giie®@57imereisiselseics ivsed fwirew

defect inspection of the photonask bl ank, on the chrom um percentage

content 66rt hid luginatsiice| dingexddaniphary structure of a light-shielding
film formed in a photomask blank according to the present
invention;

[Fig.1B] Figure 1B ig a schematic cross-sectional view
for illustrating an exemplary structure of a light-shielding
film formed in a photomask blank according to the present
invention;

[Fig.1C] Figure 1C is a schematic cross-sectional view
for illustrating an exemplary structure of a light-shielding
film formed in a photomask blank according to the present
invention;

[Fig.1D] Figure 1D is a graph for illustrating the
dependency of the optical characteristic (transmittance) of the
light-shielding films shown in Figures 1A to 1C on the
composition (chromium percentage content} thereof;

[Fig. 2] Figure 2 1is a graph for illustrating the
dependency of the reflectance for light having a wavelength of
257 nm, which is used for defect inspection of the photomask
blank, on the chromium percentage content of the light-
shielding film;

[Fig.3] Figure 3 1is a graph for illustrating the

dependency, on the chromium percentage content, of the
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[Fig.3]Figure 3 is a graph for illustrating the dependency, on the chrom um
percentage content, of the dry-etching rate determ ned based on the clear
time in the case where the light-shielding filmis etched by
oxygen- and- chl ori ne- based dry etching; [Fig.4A] Figure 4Ais a
schematic cross-sectional view for illustrating an exenplary structure of
alight-shielding filmfornmed in the photomask bl ank according to the
present invention; [Fig. 4B] Figure 4B is a schematic cross-sectiona

v ov for ALLUSLIRLARG, a0, SIS SUUELYTS, o 2L Sl g, LT

formed in the p S | ank "accor di ng e prese

[ Fig.4C] ELgur i at ) - i opa i r illustrating an
exenplarygéggug?%gg g?éaffggﬁ?%%%?%ﬁgﬁﬁg§$?%n?$o%ﬁéhgﬁkgghe phot omask bl ank
accor di NGy 4PN RE CERNE i AV EPLEOR: ary etchihg, 4D Figure 4D is a graph

for illustrating the wavel ength dependency of "the refl ectance of the

|'i ght - shi el di ngrifd |4v5] skeWarkndkiguaescddni0idGross-sectional view
for illustrating an exemplary structure of a light-shielding
film formed in the photomask blank according to the present
invention;

{Fig.4B] Figure 4B is a schematic cross-sectional view
for illustrating an exemplary structure of a light-shielding
film formed in the photomask blank according to the present
invention;

[Fig.4C] Figure 4C is a schematic cross-sectional view
for illustrating an exemplary structure of a light-shielding
£film formed in the photomask blank according to the present
invention;

[Fig.4D] Figure 4D is a graph for illustrating the
wavelength dependency of the reflectance of the
light-shielding f£ilms shown in Figures 4A to 4C;

[Fig.4E] Figure 4E is a graph for illustrating the
wavelength dependency of the transmittance of the
light-gshielding films shown in Figures 4A to 4C;

[Fig.5A] Figure 5A includes schematic cross-sectional
views for illustrating various stack structures of
light-shielding films that the photomask blank according to
the present invention can have;

[Fig.5B] Figure 5B is a graph for illustrating the
wavelength dependency of the reflectance of the

light-shielding films shown in Figure B5A:



[Fig.4E] Figure 4E is a graph for illustrating the wavel ength dependency of

the transmttance of the light-shielding filns shown in Figures 4A to 4C,

[ Fig. 5A] Figure 5A includes schematic cross-sectional views for

illustrating various stack structures of light-shielding filns that the

phot omask bl ank according to the present invention can have; [ Fi g. 5B]

Figure 5B is a graph for illustrating the wavel ength dependency of the

reflectance of the light-shielding films shown in Figure 5A

[Fig.5C] Figure 5Cis gra h for illustrating the wavel ength dependency of

t he transnlttéﬁﬁg(ﬁckhe'ﬁpgﬁt5§hﬂélélQ§QQq|ﬁ%§ﬂﬂi&¥ﬁﬁ¥Qﬁkﬂﬂ

[ Fi g. 6A] cl udes sc ss-sectional views for

|IIustreuW?%%%%ﬁ$ Uus %?%%§62?¥U%EH£%§ ﬁfaPﬁﬁﬁﬁggﬁPglafnﬁhﬁllns that differ

in positi e [Fig.6B] Figure 6B is a
fggéﬁléhfg{&m%¥he re Iec%wg1£g ﬁ

graph for strating ance c a?ac?er|St|cs of the

l'i ght - Sh'eld'q@dkihﬂﬁfSB@@@rb”éi*ﬁH&fh&%% schematlifd grééL -ELgut gn 24 1 ncl udes

schemati c cross-sectional "views for illustrating stack structures of
| i ght - shigd &l 10edi | 151 MW 201 8g | ¥ 8hi o€k egeatxr kehuapdrelr gpi um poor film

formed on the side of the surface;
light-shielding films that differ in position of a
chromium-metal f£ilm therein;

[Fig.6B] Figure 6B is a graph for illustrating the
reflectance characteristics of the light-shielding films
shown in Figure 6A;

[Fig.7A] Figure 7A includes schematic cross-sectional
views for illustrating stack structures of light-shielding
films having a light-element-rich and chromium-poor f£ilm
formed on the side of the surface;

[Fig.7Bl Figure 7B is a graph for illustrating the
reflectance characteristics of the light-shielding films
shown in Figure 7A;

[Fig.8A] Figure 8A includes schematic cross-sectional
views for illustrating exemplary structures of
light-shielding films having a plurality of chromium-metal
films serving as transmittance adijustment films;

[Fig.8B] Figure 8B is a graph for illustrating the
reflectance characteristics of the light-shielding films
shown in Figure 8A;

[Fig.9A] Figure 9A is a schematic cross-sectional view
for illustrating an exemplary structure of photomask blanks

according to the present invention;



[Fig.7B] Figure 713 is a graph for illustrating the reflectance
characteristics of the light-shielding filnms shown in Figure 7A

[ Fig. 8A] Figure 8A includes schematic cross-sectional views for
illustrating exenplary structures of light-shielding filnms having a
plurality of chromumnetal filnms serving as transm ttance adjustnent
films; [Fig.8B] Figure 8B is a graph for illustrating the refl ectance
characteristics of the light-shielding filnms shown in Figure 8A;

[Fig.9A] Figure 9A is a schematic cross-sectional view for illustrating an
exenpl ary strUcétigr-&Rdf PRELSRRZR 15 arkd o diny 4% a4 ismeslerienvent i on;
[Fig.9B] Figure 9B is a schematic_cross-sectional view for illustrating an
exenpl ar y£ et Pdctai e a0 5h 6 ofueRP b R kS Bechraf iy BhatmaasieBéat Fnvent i on;
[Fig.10] Figure 10 s diagramfor illustrating an exenplary arrangenent
of a fil n'ﬁl%‘g ‘gjr[ﬁ‘ or’ a %r%’[g en% Js‘bﬁ??‘g’r?% apparatus ) used for

fabricating a phot onask:blank 3gcording;ta, Lhe RS8P %y
exemplary arrangement of a film deposition apparatus
{sputtering apparatus) used for fabricating a photomask blank
according to the present invention:

[Fig.11lA] Figure 11A is a diagram for illustrating an
exemplary process of patterning a photomask blank according
to the present invention;

[Fig.11B] ¥Figure 11B is a diagram for illustrating an
exemplary process of patterning a photomask blank according
to the present invention;

[Fig.11C] Figure 11C is a diagram for illustrating an
exemplary process of patterning a photomask blank according
to the present invention:

[Fig.11D] Figure 11D is a diagram for illustrating an
exemplary process of patterning a photomask blank according
to the present invention;

{Fig.l1l2A] FigurelZ2Aisaschematiccross-sectionalview
for illustrating an exemplary structure of phase-shift mask
blanks according to the present inventions;

[Fig.12B] FigurelZBisaschematiccross-sectionalview
for illustrating an exemplary structure of phase-shift mask
blanks according to the present inventions;

[Fig.12(C] Figqurel2Cisaschematiccross-sectionalview
for illustrating an exemplary structure of phase-shift mask

bianks according to the present inventions;



[Fig.11A] Figure 11Ais a diagramfor illustrating an exenplary process of
patterni ng a photomask bl ank according to the present invention;
[Fig.11B] Figure 11B is a diagramfor illustrating an exenplary process of
patterni ng a photonmask bl ank according to the present invention;
[Fig.11C] Figure 11Cis a diagramfor illustrating an exenplary process of
patterni ng a photomask bl ank according to the present invention;

[Fig.11D] Figure 11D is a diagramfor illustrating an exenplary process of
patterni ng a photomask bl ank according to the present invention; [Fig
12A] Fi gur e Y288 sERGHEET £ 8r b8s? HAFTHAITRA e et 510k A8t i ng an

exenplary structure of phase:shi mask bl anks according t e_present
Tvent Lorgrens A e POSR0E B L L e PRS e P BN S RERRI T "BrsRs bBRR onal vi ew
fori"‘“ﬁ{éﬁféﬁh@ﬂu?&ﬁﬂ?! YsShEughyLe. pf phase-shift mask bl anks

0 the

accor di ng resent imventions, [ Fig . 12C] Figure 12Cis a
schemati c crogs~3eqignakyiyeWel 9kpi 1§ UStdaldNth a0, XEMRIAMA 1SiUghure of

phase-shi ft mask "bl anks according to the present i|nventions;
exemplary process of patterning a phase-shift mask blank
according to the present invention:

[Fig.13C] Figure 13C is a diagram for illustrating an
exemplary process of patterning a phase-shift mask blank
according to the present invention; and

[Fig.13D] Figure 13D is a diagram for illustrating an

exemplary process of patterning a phase-shift mask blank

according to the present invention.

Best Mode of Carrying Out the Invention
[0044]

In the following, best modes for carrying out the present
invention will be described with reference to the drawings.
[0045]

{Example 1: Light-shielding £filmof photomask blank according
to pregsent invention)
[0046]

In order to enable reduction of the thickness of a
photoresist used as a mask for forming a photomask pattern,
damage to the photoresist duringetchingof the light~shielding
£ilm that is patterned using the photoresist mask has to be
reduced. To this end, it is essential to reduce the time
reguired for etching of the light-shielding £ilm by reducing

the physical thickness of the light-shielding film to be



[Fig. 13A] Figure 13A is a diagramfor illustrating an exenplary process of
patterning a phase-shift nmask bl ank according to the present invention;

[Fig. 13B] Figure 13Bis a diagramfor illustrating an exenplary process of
patterning a phase-shift mask bl ank according to the present invention;

[Fig. 13C] Figure 13Cis a diagramfor illustrating an exenplary process of
patterni ng a phase-shift mask bl ank according to the present invention; and
[Fig. 13D] Figure 13D is a diagran1for illustrating an exenpl ary process of

patternin hase-shi ft bl ank according to the present invention.
Best NbdeDBFCEaTY) A BE PR THOBRE COR [ DDARFCRing =Rhe: fE FBFI o ng,  best

nodes for yi t th resent invention will be described with
referencel%gﬁg %ﬁg?fén glF‘ﬂ045] (Exanmpl e 1: Light-shielding film of

photonaskigbgpk according to present invention)

Investigations by the inventors have proven that.the
etching rate of the light-shielding film can be achieved by
reducing the metal percentage content of the £film. This means
that high-rate etching can be achieved by designing a
chromium—basedlight-shieldingfilm,which:bscommonLyused,
to reduce the chromium content (percentage content) of the
Film.

[0048]

For example, in the case where a light-shielding film
of a chromium compound is dry-etched using chilorine Qas
containing oxygen (& gas mixture of Cl, gas and 0, gas), the
etching rate increases as the chromium percentage content
(atomic %) of the light-shielding film decreases. Therefore,
bywreducing1jnachromiuntpercentage content of the filmwhile
increasing the percentagecontentofalightelement, high-rate
etching of the light-shielding film can be achieved, and the
burden on the photoresist mask can be reduced.

[0049]

However, 1f the light-element percentage content of the
chromium-compound film is increased while reducing the
chromium percentage conterit thereof, the extinction
coefficientkis reducedat longerwavelengths, andas aresult,
the transmittance T is increases, and the light-shielding
effect is reduced. Thus, if the chromium percentage content

of the film is simply reduced, the thickness of the film has



[ 0046] In order to enable reduction of the thickness of a photoresist
used as a nmask for form ng a photonask pattern, damagetothephotoresi st
duringet chingofthelight-shielding filmthat is patterned using the

phot oresi st mask has to be reduced. To this end, it is essential to reduce
the time required for etching of the light-shielding filmby reducing the
physi cal thickness of the light-shielding filmto be patterned and/ or by
increasing the etching rate of the light-shielding film [0047)

I nvestigaLions. by the inventors have proven_that the etching rate of the
1 gt - shi P QAT T BAA e Qe SUR e By AOTILT RO R el ey e ge

content ofcff tﬁh!@hé@ﬂ&h%ﬁﬁﬁﬁﬁiéﬁﬁ%ﬁﬁgﬁgrg%ﬁ%%%%ﬂQﬁ;fé%ﬂ%%i l.eved by

designing a chrom um based | Ich 1's commonly used, to

reduce th@o¢9£9§kH”&ﬁ@”6§3ﬁiﬁ9§rEﬁﬂbég@,CQB%%D&L,OEehﬂ%fwdﬁ“bf[Q%%Bl
For exanple, in the case ere a light-shielding filmof a chrom um

conpound &scHidgetohed Usi BEheR Qbi-ae , gaBegant Qi Nt AXYIEN teaw@dads M Xture
of Cl2 gas and 02 gas), the etching rate increases as the chrom um

per cent ageéncpabeat ofatbail et&hiof theel bght reldiveltdiong offi [thededn@ases
Therefore, by reducing the chrom um percentage content of thefilmhile

i ncr easi nghihknpescent age content of a light elenent, high-rate etching of
the light-shielding filmcan be achi eved, and the burden on the photoresist
mask can beOPeduced.

In addition, as described earlier, a photomasgk blank isg
subjected to defect inspection before patterning. The defect
ingpection is typically based on the reflectance of l1ight of
aninspectionwavelength, and thus, theoptical characteristic
of the light-shielding film has to be designed so that the
reflectance théreof is neither excessively high nor low and
falls within an adequate range in order to achieve the defect
inspection with high precision. That is, control of the
reflectance of the light-shielding £ilmis an impoxrtant factox
for achieving the defect inspection of the photomask blank
with high precision.
foo51]

As described above, indesigning the light-shielding film
of the photomask blank that allows reduction of the thickness
of the photoresist mask, the chromium percentage content of
the chromium-based light-shielding film is reduced while
increasing the percentage content of a light element in order
to increase the rate of dry etching, and the composition of
the chromium compound and the thickness d of the
light-shielding film have to be selected so that the

light-shielding £ilm has desired extinction coefficient k



[ 0049] However, if the light-elenment percentage content of the
chrom um conpound filmis increased while reducing the chrom um percent age
content thereof, the extinction coefficient k is reduced at | onger

wavel engths , andas a result , the transmttance T is increases, and the

i ght-shielding effect is reduced. Thus, if the chrom um percentage content
of the filmis sinply reduced, the thickness of the filmhas to be
increased in order to assure an adequate |ight-shielding effect as the

| i ght -shi.el ding fil and th .t is difficult to attain_the orjigina
pL?posZ,%ﬁﬁﬁ%mggthg%ﬁ%tioﬁng?r?t%eé?3 ?ﬁg t%%m?n ° 6Fﬁgrfﬁgpds,i?here is a
trade- of f t i e f i t jon. of the film
t hi ckn_esgd%ﬁ‘pt\(g)lg)gf' 1d n&{ﬁ‘ ﬁc'sags dlv%rlg%e %a}ggd%%%iﬁﬁb%d%]g%{fg;figﬁp sgt omask

bl ank is subjectedst 9 gehiest i Epspeatd-Hehorerpaht et BYa: fher daf ect

inspection is typically based on the reflectance of |ight of "an inspection
wavel engtys and HAus ail heiqptd almohad Befer | stiecalird he |ight-shiel ding

filmhas to be designed so that the reflectance thereof is neither
excessi vglaogrigh nor low and falls within an adequate range in order to
achi eve the defect inspection with high precision. That is, control of the
refl ect ance ofutlibekmghte- sireldithg fhelonnis:adn Wigpomcamt fodcttdwe f or
achi eving the defect inspection of the photomask bl ank with high precision.
[ 0051] deposition process for forming the photomask blank by stacking
a plurality of layers, strain (stress) exerted between the
stacked layers has to be sufficiently reduced, and the
photomask blank has to have a predetermined range of
conductivity required when the resuliting photomask is used.
[0053]
That 1s, in order to accurately form a photomask having
a fine pattern on the light-shielding film, a plurality of
reguirements including control of the optical characteristic
to provide desired transmittance T and reflectance R, stress
reduction during f£ilm deposition, and control of the
conductivity of the light-shielding £ilm have to be satisfied
at the same time,
[0054]
Thus, the light-shielding f£ilm ¢f the photomask blank
made of a chromium compound according to the present invention
has a composition richer in a light element and poorer in
chromium than the conventional £ilm in order to increase the
speed of dry etching, and the composition, thickness and stack
structure of the light-shielding film are appropriately

designed to provide desired transmittance T and reflectance

R.



As descri bedabove, in designing the light-shielding filmof the photomask
bl ank that allows reduction of the thickness of the photoresist nask, the
chrom um percentage content of the chrom umbased light-shielding filmis
reduced while increasing the percentage content of a |ight elenent in order
to increase the rate of dry etching, and the conposition of the chrom um
conpound and the thickness d of the light-shielding filmhave to be
selected so that the light-shielding filmhas desired extinction
coeffici%Q{ %i (transmttance T) and reflectance R as an optical film In
addi tion, 4% lhe case where the i ght-shielding filmis conposed of a

plurality of Lavers, shg)iot:shiehding, (Llmhas g have an adeguat e

mul tilayer structure. [ urt her mor e # view

poi nt of Nq,depositlqn ;RLACESS A Akl Or 109t he phelanesk  bl,gok by stacking
g acﬁe

a plurality of Fayers, strain (stress) exerte etween the's | ayers
has to besuf flalien ly ¥eguced otk thecphot eneskol @hlohgs to have a

predet ermi ned range of conductivity required when the resulting photomask
is used. dd@¥Hition anthatl th$n F1Aré&era teohageUmbRinalf ehMaaphotgmask

having a fine pattern on the light-shielding film a plurality of
requi r emantdidencheditng cdardg0l thafrdde apt i €al ccharacseff s¢ient o provi de
desired transmttance T and refl ectance R stress reduction during film
deposi t i gri,ghdndstciontdiolg effehe . cdhdeidhiivi tlyrohithendtisght i Shicelndeag fil m
have to be satisfied at the same tine.
only increase the light-shielding effect but also reduce the
stress exerting between the stacked films and increase the
conductivity. Thus, the resulting photomask blank can
satisfy the plurality of reguirements including control of
the optical characteristic to provide desgsired transmittance
Tauuireflectancéfh stress reduction during £ilm deposition,
and control of the conductivity of the light-shielding film
at the same time.
[0056]

As described above, the light-shielding film of the
photomask blank according to the present invention has a stack
structure including a £film having a light-element-rich and
chromium-poor composition and a thin chromium-metal £ilm. In
the following, however, characteristics of the film having
a light-element-rich and chiromium-poor composition, which is
essential in the pregent invention, will be first described.
fO0O57]

Figures 1A to 1C are schematic cross-sectional views for
illustrating exemplary structures of light-shielding films

formed in a photomask blank according to the present invention,

and Figure 1D is a graph for illustrating the dependency of



[ 0054] Thus, the light-shielding filmof the photonmask bl ank nade of
a chrom um conpound according to the present invention has a conposition
richer in a light el ement and poorer in chromiumthan the conventional film
in order to increase the speed of dry etching, and the conposition,

t hi ckness and stack structure of the light-shielding filmare appropriately
designed to provide desired transmttance T and refl ectance P. [0055]

The light-shielding filmof the photomask bl ank according to the present

i ti h St k st j | i fil havi

e o st e s et the boer U Eertali et Aot Rereri 1 m o a
h i t.al i.n. d i ‘

Ut 1ot et grilshl &b 5 EEE Bl Red RS (e AP hREEREN Doy

onl y T nCrease. dhe chialsShi ekl nor 68 hecin bl AL 6oL eduas.t e 51 LR85

exerting ween the stacked fi and 7 ncrease the conductivity. Thus, the
resul ting phatienasie ddank cae s@lduwiingd ke Plaunakintym@bm 84¥hE epeaLs

i ncluding control of the optical characteristic to provide desired

transm t teanees | gk reafinecy anc @ rRmastings somiicling ctbmigml Ebhmeaposi ti on,
and control of the conductivity of the light-shielding filmat the sane
time. [0GbbBlone prirvAsipgebcplded aboze, ophechight trshephdeny fubmtef the
phot omask bl ank according to the present invention has a stack structure

i ncl udi ngpubstinahehad md diiffinre dire wbrenvijueh perdeciiege ganpesit ebdposition
and a thin chromummnetal film In the foll ow ng, however, characteristics
of the fiI5HIPAVIRRF LI iHe -ePehedt-rich and chrom um poor conpositi on,
which is esseq}ial in the present invention, will be first described.

[ 0057] [0058 :

Specifically, the light-shielding £ilm A contains 41
atomic % of Cr, 46 atomic % of O, and 13 atomic % of N. The
light-shielding £film B contains 43 atomic % of Cr, 37 atomic %
of O, and 20 atomic 2 0f N. The light-shielding fiimC contains
45 atomic % of Cr, 31 atomic % of O, and 24 atomic % of H.
[0059]

These chromiumoxynitride films allhaveathickness about
47 nm. Furthermore, the substrate 11 may be a common
transparent substrate of CF; or aluminosilicate glass, rather
than guartz.

[0060]

The chromiumpercentage content is determined byelectron
spectrum for chemical analysis (ESCA) and is an average value
of the chromium content of the light~shielding film for the
entire thickness of the film. The chromium content of a
typically chrdmium—based light-shielding £film is about 55 to

70 atomic %. However, the chromium content of the

light-shielding film according to the present invention is



Figures A to 10 are schematic cross-sectional views for illustrating
exenpl ary structures of light-shielding filnms formed in a photomask bl ank
according to the present invention, and Figure 1D is a graph for
illustrating the dependency of the optical characteristic (transmttance)
of those light -shielding filnms on the composition ( chrom um percentage
content) thereof. The three light-shielding films (A B and C illustrated
in the drawings are all chrom umoxynitride films (CrC]\l films) 12 primarily

I Iy
Cr anapar cotdiart £ dREtT S02 1 LOaREBFY B 1 F CHEG“a pencoRPayE teont ent
and oxygegfp &?i‘%ﬁ] gopt mflgggéﬂ’ redug egpem fically, the

| i ght - shi el di ng con ai ns om ¢ % of Cr, 46 atomic %of 0, and 13
atom c % phodN; The light-shielding filmB contains 43 atom c%of Cr, 37
at om c%o? 0, and 20 atomic %of N The light-shielding filmC contains 45

atom ¢ % of Crgn 3hiat epbei¥iehtQonanth@4 Ahior & 6181 f:Q@P8kving - These
chromiumoxynitride filns all have a thickness about nm Furt herm)re

t he substa atterdidi umyp e e COIBTRD NS PEN 80t a 8URSEN Atdr elorGFAagl be

al um nosilicate glass, rather than quartz. [0060]
referredtozﬁ; ‘metal £ilm". Forexample, the light-shielding
film according to the present invention is designed in such
amanner that the thickness of the chromiumcompound £ilmhaving
a chromium content of 50 atomic % or less accounts for 70 %
or more of the total thickness of the light-shielding film.
Alternatively, the light-shielding film may be designed in
such a manner that the thickness of the chromium compound f£ilm
having an optical density OP of 0.03 (nm™') or less per unit
filmthickness for 1light having a wavelength of 450 nm accounts
for 70 % or more of the total thickness of the light- shleldlng
film. Here, the "optical density per unit film thickness"
means the OD of the light-shielding film (dimensionless)
divided by the thickness of the light-shielding £ilm (nm).
[060621]

Figure 1D is a graph for illustrating the wavelength
dependency of the transmittance of the light-shielding films
A, B and C. From the results shown in this drawing, it can
be seen that changing the chromium percentage content of the
light-shielding film can change the transmittance {and
reflectance) thereof. In particular, the transmittance to

lightofeawavelengthshorterthan2481un,whichj&;awavelength

used for KrF exposure, can be substantiallykept constant while



The chrom um percentage content is determ ned by el ectron spectrum for

chem cal analysis (ESCA) and is an average val ue of the chrom um content of
the light-shielding filmfor the entire thickness of the film The chrom um
content of a typically chrom um based light-shielding filmis about 55 to
70 atomc % However, the chrom umcontent of the light-shielding film
according to the present invention is equal to or less than 50 atomc %
In this way, the amount of chromumis significantly reduced. [0061]

In this specification, the light-shieldin i | mhaving a .chrom um

per cent age* BHhtEhtt 6t t%@“ﬁf“&ﬁl%@“%eor(aﬁgr’égﬁil Cg]@“?@? e’??%dht%‘%é)ﬁ' ffet al

film'. Faqr_e aryps%t% fhe |}9€ﬁé§h§§éd}uﬁg filmaccording to the present
e

i nvention s gnecf)l?%esuch anmanner that the thickness of the chrom um

conpound {fd'dﬁ)rg]havi ng a chrom um content of 50 atomc % or |ess accounts for
70 % or nore of the total thickness of the light-shielding film

Al ternativelypiihee bopd -shirelbdi 8grfil M oBYabendasignediidb it asmanner
that the thickness of the chrom um conpound film having an optical density

OD of 0. 03idHimdy Hrwd-RsBeP@rn UnEt257 | am] hiekeesssf asebi gbt havikng a
wavel engt h of 450 nm accounts for 70 % or nore of the total thickness of
t he | i ghtirsdpesttdidigofi the pHertematsheh Y apk | eal tdengidymiper pertenftabm
t hi ckness" means the OD of the light-shielding film (dinmensionless) divided
by the taokiess of the fight - ¢ elbdivng i [thishmMray0062] the Figure 1D
is a graph for illustrating the wavel ength dependency of the transmttance
of the | i'githistitetahHd ifHas Rev B aft CcBropi gm RPecerEege SUHAM: PA thi s
drawing, it can be seen _that changing the chrom um percentage content of
the |ight*SH@ihg A5 heSan PAfafyd StHE ARt 2R08 Y dNd tPefPeét ance)
thereof. IL.n particular. the . transmttance to.light oé wavel ength shorter
han 243 TS wht GRS BeRAvAILoT Usad for ok Yotk P ERRCha0"
SUbStantW%thhﬁ%%tpﬁggigﬁgg,m@hgechromium percentage content of the

light-shielding £ilm is preferably designed to be equal to

or less than 47 atomic %.

[0064]

The chromium percentage content can be controlled by the

amount of reactive gas introduced for sputtering, and the lower

limit thereof depends on the kind of the reactive gas. For

example, if the reactive gas is oxygen, supposing that the

number of charges of chromiumis +3, the stoichiometric amount

iz 40 atomic %, and the theoretical lower limit is 40 atomic %.

However, the actual measurement of the chromium percentage

content may be reduced to about 35 atomic %. It can bhe

considered that the percentage content is lower than the lower

limit of the stoichiometric amount in this way because the

number of charges of chromium can be a value other than +3.

[0065]

Figure 3 is a graph for illustrating the dependency, on

the chromium percentage content, of the dry-etching rate
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changing the transmttance (and reflectance ) for light of a wavel ength

| onger than 248 nm [0063 ] Figure 2 is a graph for illustrating the
refl ectance of light of a wavel ength of 257 nm which is used for defect

i nspection of the photomask bl ank, on the chrom um percentage content of
the film As shown in this drawing, the light-shielding filmhaving a
chrom um percentage content of 47 atomc %or |ess has a reflectance of
about 10 to 20 % Thus, it can be seen that, in order to achieve defect

i nspection mﬁth_highﬂgrecision t he chrom um_ percentage content of the

I

light -sHiStErAGeE Rered pPBf EhabFYeaesitgiEd o thE E64&1 “P66r H'Ess t han 47

atomc %J0064] . . . The_chrom um percentage conten an _be controlled by
t he am)unJ{tl Ol?trséréjc?llg/;'én a’glitﬂ“ﬁt C?% ﬁgé‘geéo? gpat t&r Fgﬁ?legngyt he lower limt

ther eof dRpeods-Ofal b1 LI OhaLlig d:8ACLLYEn0aS 1 0L (BXAMRL el ine

reactive g I'S oXygen, supposing t nunbe chargés of chromumis

+3, the stol QBRI G AFRWRL shSwhAOi AL L a%waRd i@%ém&{%&&liﬁ ower

l[imt is 40 atom c % However, the actual neasurerent of the chrom um

per cent ages £RAtENODTRYTRE 4 8sipeLee tth B s 3% At 8B EhPbml bm AN P& o
considered that the percentage content is lower than the lower limt of the

st oi chi onget¢v Ldand wigd irddilsway dieqause: tha quibey «@Fff celtarnggsnafs chr om um
can be a val ue other than +3. [0065]

on the compositionandlayeredstructure thereof. Ontheother

hand, the light-shielding effect of chromium is required as

a masking capability.

[0066]

Thus, in order to estimate the time required to remove
the chromium film formed so that a required light-shielding
effect is achieved by dry etching, the dry-etching rate in
terms of OD is defined as described below. The dry-etching
rate in terms of OD is defined as the OD of the chromium £ilm
divided by the dry-etching time (that is, [the dry-etching
rate in terms of OD] = [OD of the chromium film/dry-etching
time (sec™)1).

[0067]

Asg is apparent from Figure 3, the etching rate of the
light-shielding film having a Cr percentage content of 52 to
100 atomic % is about 0.0035 sec™™, and the etching rate in
terms of OD abruptly increases once the Cr percentage content
becomes equal to or lower than about 50 atomic $. This effect
ismoreremaxkableforshorterwavelengthsandissufficiently

achieved for a wavelength equal to or shorter than 248 nm.

{0068]



Figure 3 is a graph for illustrating the dependency, on the chrom um
percentage content, of the dry-etching rate determ ned based on the clear
time in the case where the light-shielding filmdescribed above is etched
by oxygen-and-chl ori ne-based dry etching. It is to be noted that the
dry-etching rate shown in this drawing is represented in terns of OD. The
adequate thickness of the chromumfilmto provide a required |evel of

| i ght-shielding effect depends on the conposition and | ayered structure
thereof. On the other hand, the light-shielding effect of chromumis
requi red as aCRagienid aagaBiTetinm Loghsshieldiggdd st deFi86¢Est i mat e
the tinme required to renove the. chromumfi] o .that a required

fornfd S
|1 ght - ShIFITIHETER PRETLTS BT c by @y e LHF it LERE GPSYSPENFG rate in
D 15 def Tt S ThBEAOUN [ ne 1hr OHE GACrr I T o OL6ed B & e AP o%Pchi ng.

he “¢hréit G Ficl i of Vi y-etchi ng

time (had R bl du¥ael 8N DS B8 ghob kol Plu LDy hie ohr o um

filmdry-e sec- IS apparent from Figure 3,

the etchigpg.date of, the. light -shi ehdi perdhiomhayvhng- ante1aengentage content
of 52 to 100 atomc % 1s about 0.0035 sec-1, and the etching rate in terns

of OD abrgdyddhdHenedsesr anemt be L£enpetcest agen ¢onkeeita besaneseegual to or
| ower than about 50 atomic -tlL This effect is nore remarkable for shorter

wavel engtihsarapdsgiga stufiéiduiverttdghiagchireved f beras wiva) eagtihe égoabved or
shorter than 248 nm [ 0068] J
by appropriately adjusting the chromiumcontent. TIn thisway,
the dry-etching speed can be increased by reducing the amount
of chromium in the chromium-based light-shielding film to
providealight-element-richfilm, andthus, highspeedetching
can be performed.
f0069]
]J1designing1juaphdtomask:blank,1ﬁmzcomposition<nfthe
light-shielding £film is determined by comprehensively taking
into account the optical characteristics (including the
extinction coefficient k and the refractive index n) thereof
that make the etching speed, the total thickness of the
light-shielding £film, and the reflectance and transmittance
to light having a predetermined wavelength fall within théir
respective adequate ranges. Howevern, according to the
present invention, the Iight-shielding £ilm is designed that
has no metal region (metal film) that primarily causes
reduction of the etching rate of the light-shielding £film or
has an extremely thin metal £1ilm used only as a transmittance

adjustment layer.

[0070]



Conventional chromumlight -shielding filns are designed for |ight having
passed through a blue filter (having a wavel ength of 450 nn) . In this
case, it is difficult to inprove the etching rate in terns of QD by
adjusting the Cr content. However, in the case of the chrom um

| i ght-shielding filmdesigned only for light of a short wavel ength equal to
or less than 248 nm the dry-etching rate in terns of OD can be inproved by
appropriately adjusting the chromumcontent. In this way, the dry-etching
speed can be increased by reducing the anmount of chromumin the

chr oni um baseds PGREFIREEI Abagef i 148 tld Priovilde I imght lrepeaeRtingi ch film
a.nd thus , high speed etching can be perfarned. I n designi ng

0069
t he phot dradR b ERAE S he I It iioh "61de RE P SH‘E‘LQHP@} af ngRFPRATRS
det i d i | t aki i t th t |
det o e Y SO TR ot AR S BB 0t o e ve
| ndex ) dheneal, hhat BRke e, SHoNNGLeReed bIS (LBl LEKDRRS O L he

| i ght - shi'el di ng and the re ctance an ransm ttarnce I ght havi ng

a predet grimned: wavel 80qich 3! And\ébbbﬂi&?ﬂ%n&%%&%%tda‘&%ﬁﬂaepéféﬁc? anges.
However, according to the present invention, the light-shielding filmis

desi gned e hasiaROcHBbAL uhegk-@t  FBd&l (drdNy). t hatc HFhd®Id byseayges
reduction of the etching rate of the light-shielding filmor has an

extrenel ¥iti Rigmisl t o nmus egowintyl Bsb AL 1 £ Ans dpaneel adj ust ment | ayer.

[ 0070] As descri bed above, the light-shielding filmaccording to

t he presemarnamentionds, fdadésoprafeoapdanchaf tdler ortopgandcenteght

el ement. The conpound may be chromumoxide (GO , chromumnitride (CrN)
chr om umfe@dlcambitde n( aGarey of chitenPUmvenis do EhebPyEIENCENCE$nRNd
chrom um oxynitride carbide (CrONC) , rather than chrom um oxynitride
(aooN) . Eris W thin@asa ot ofi 1 ht a o’ ¢ bh SarfPE bt CorPes 92 VeR¥ optica
characteristics, it . is preferable that the nitrogen content falls within a
range of Sltlf 55 Y% 1P he” x?/gg‘ﬁ %(ﬁ)n"i'é?ﬁlcf a%Ig1 s within a range of 10 to
60 atoniﬁo%hlﬁnd t he carbon content falls within a range of 0 to 40 atom c
t. [0071] The Light-shielding filmof the photomask bl ank according

to the presentpnlVenid ol £k 08; TR ObnB 1 8hAgkS WL LA gy a | ow
chrom um percentage content as Shown in Figures A to 1C or conposed of a

stack of @ Rn Yrdaendf 1ha¥ens havand vdi LhrbeaEaChECR simpeEs CeNyage
contents.
having a low chromiun&percentage content as shown in Figures
1A to 1C or composed of a stack of a plurality of lavyers having
different chromium percentage contents.
{o072]

Figures 4Band 4Care diagrams forillustratingvariations
of the optical characteristic of the lighf-shielding f£ilm
composed of a stack of layers having different chromium
percentage contents (a relatively-chromium-rich layer and a
relatively-chromium-pooxr layer). A light-shielding f£ilm A
is composed of a single laver having a thickness of 47 nm and
containsg 41 atomic % of Cr, 46 atomic % of O and 13 atomic %
of N {already shown in Figures 1A to 1C). Light-shielding

films D and E are both light-shielding films composed of a

stack of two layvers having different chromium contents {(l2a
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[ 0072] Figures 4B and 4C are diagranms for illustrating variations of
the optical characteristic of the light-shielding filmconposed of a stack
of layers having different chrom um percentage contents (a
relatively-chromumrich |ayer and a rel atively-chrom um poor |ayer). A
light-shielding filmA is conposed of a single |ayer having a thickness of
47 nm and contains 41 atomc %of C, 46 atomc %of 0 and 13 atomc % of N
(already shown in Figures lAto 1C). Light-shielding filns D and E are both
| i ght -shi el(ﬂi ng .fil rrg conposed of. a st%c, of two Jary[‘ers havi ng different
chrom umThtéitls (138 LHHaE 19h) S L AHHE i ghFPeRP UGS it shoWiein Fi gure

4A is the_ sanme as _the, light-shielding.filmA_shown.in_Figure.]lA [0073]
The 1i ght=% ‘?e‘i‘%i%%ef%lr%’gg g %‘?Anffg?"%gﬁb%“r‘QM g AR B r{ehilg:‘kness of 47

nm and is[(%)m)?sed of the upper layer 12b having a thickness of 20 nm and
containing 41 atomc %of C, , 46 atomc %of 0 and 13 atomc 96 of N and

the lower |ayghel2aghavkigedaiNhciingss Hodl iR adrE Ul BhBiNgo431atomi c %
of Cr, 37 atomic % of 0 and 20 atomic %of N The light-shielding filmE

shown in i gekige 4£ 057 antnlidl s dinploresso plciduppe andyies corpesedqof the
upper layer 12b having a thickness of 20 nm and containing 41 atom c % of
Cr, 46 atoanhickmets®b@nd nkidaad ooheaimaohgM landohhe 3l @fer, l[ayetodPazhavi ng a
t hi ckness of 27 nm and containing 45 atomc %of C, 31 atomc %of 0 and
24 at om cc®p@farN IThattamsic tthefuppend daper dov2ly devele 12ieghevdhigekhdi ng
films D and E have the same conposition as the light-shielding filmA, but

t he | owerthigieiasy 28 2 hefewtd gansadsapast i psasidi ¥ Périent 3 ramnttesr
respective_ upper. | ayers. _[Ooozéff]n Here, the chromumrich | ayer and
the chrofifult p86r 2Pa§EP™are® AWndti t Thed bt i sk b R Fadlo¥P chroni um
oxi de, chrom.umnitride, chrom oxynitride rom um Qxycarbi de,. chrom um
it e ol B HEPGH AhPEiR Gt BRom TR ea bl 15 COMBpEE s 4B

and 4C 5@%&%3@& O#x'géi’ﬁ% h%Q!E%infg ?fc}s{ ;é‘eéls!ﬁgf)?ﬁ Ma bbhisthapLve

pur poses. ourse, the _ I'l'mcan be conposed of a
stack of fhraemdc Le bl MBe havimg- d Ifrenenhachs o 4m Per cankagggcont ents.

the lower layexr 1l2a havihg a thickness of 27 nm and containing
45 atomic % of Cr, 31 atomic % of O and 24 atomic % of N. That
is, the upper layers 12b of the light-shielding films D and
E have the same composition as the light-shielding f£ilm A,
but the lower layers 12a thereof have compositions different
from thelir respective upper layers.

[0074]

Here, the chromium-rich layer and the chromium-poor layer
are constituted by films primarily made of chromium oxide,
chromium nitride, chromium oxynitride, chromium oxycarbide,
chromium nitride carbide or chromium oxynitride carbide.
[0075]

Figures 4B and 4C show stack siructures composed of two
layers for illustrative purposes. However, of course, the
light-shielding £ilm can be composed of a stack of three or

more films having different chromium percentage contents.
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Furthernore, the stack structure may contain a thin nmetal filmthat serves
as a transmttance adjustnent |ayer. [0076] As shown in Figures 4D
and 4E, these filnms have substantially equal transmttances (T) of about 2
%to light having a wavelength in the vicinity of approximtely 200 nm (
specifically 193 nm , which is used forArF exposure . However, the
transmttance (T) and the reflectance (R) to |light of |onger wavel engths
significantly vary with the structure of the light-shielding film The
stack structure of the light-shielding filmhas an advantage that the

desi gn f '8k BIFTISET s TEGOSE AT SAFMY TSRS £ dOPat éd Wi Rt ¢ hé 11m
light-shielding filmconposed of.a single_layer having equival ent optical
charactef@%??c e?%%%u%%ngh r??@%%Egﬁ?%%d?ﬂ@uggwﬁPgahaggrdesigned usi ng the
conpositiﬂﬂ§nggd t hi cknesses of the upper and | ower |ayers as paraneters.
[0077J nparing the reflectance and transmttance between the

Tght - shi el di pg, i, QA0 drrddefs dif Nk | eREkabE 21l Thgyence 10
transmttance between these Tilnms Iin awavel ength range of 200 to 600 nm

t he wyelm&ﬁ@p@mﬁwﬁaﬁ tt-ha sheflraelarceri ot hisouwavel engtih ghange
significantly differ between the filns. The refl ectance of the

| i ght - shited-elimg o wariel eingytabaut the %l ol t¥ hewh dpierdoseifheed Bpom ohat he
light-shielding filmD. The optical characteristics behave in this way
because thepeeifiecdt hhe é9depandshiorh tiihesoot f cahrFefdpectance poegpeetry at t he
interface between the upper and |lower |ayers of the light-shielding film
that is, Wetrdnghétsppee((TAm)d themeffidgsttiancd hdekon dsdttwetAonlyer] ayer s
while the transmt tance is substantially determ ned by the chrom um
content OfF¥NEENFght - Shiel 8 fRR Y nYarY nvbERebhfoF 85 uCRurEgRE- $RPel di ng

filmhaving desjred reflectan can be provided by appropriately

sel ect i ngbtgrfgt'cﬁ Jr%%gm% Jf-]nf’Ehrgﬁ:ieurﬁ egnﬁr‘b%if%%nofh Throm umrich
| ayer and, 1 chrom um poor. laver._From the viewoint, of .the photomask
bl ank_ desigh it (hEt T F Mt | wbarer ot StREE R pbdTaRce (n

ref ractive Lidox A, A0 heoseadi Ly poniFolLedeh! cbhBLhT grencesn chrom um

content between the layers Iis equal 1o or greater t atomc % [ 00781
I'n addi tijoynhit-ngr LU @M N PRI cdRYSEebayENg gihghat i¥eby hawighrom um
percentage content formed as the uppernost |layer as in the exenplary

|'i ght - shieehdingLdnt nspshoan cafagteessdBeanded4&ubs tnkended to assure the
anti -reflection effect of the light -shielding film That is, the

-chr om umpiggrt 4 styier 1 doregrefh Jas clahebe pibes hapsd d [weyierg afhet hembbghtishikel di ng
filmserves as an anti-reflection layer, so that the light-shielding film
can have and ghicérlessean . tigh wrenehdr Lhdad, Lafetheschrominghepeor | ayer
is located on the side of the substrate, the in-plane uniformty of dry

et chi ng ddtPbel advant ageously readily assured.

Conmparing the reflectance and transmittance between the
light-shielding films D and E, there is no remarkable
difference in transmittancebetween thesefilms inawavelength
range of 200 to 600 nm, the wavelength dependency of the
reflectance in this wavelength range significantly differ
between the films. The reflectance of the iight-shielding
film E is about 5 % lower than the reflectance of the
light~shielding £film D. The optical characteristics behave
in this way because the reflectance depends on the optical
reflectance property at the interface between the upper and

lower layers of the light-shielding film, that is, the
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00797 The conposition and stack structure of such a light -shielding film
are appropriately selected so that the photonmask bl ank fabricated has a
required optical characteristic. Preferably, the light -shielding filmis
designed so that the transmttance to exposure light is equal to or higher
than 0.01 % and equal to or lower than 5 % and the reflectance to |ight
havi ng a wavel ength from 250 nmto 270 nmis equal to or higher than 10 %
and equal to or lower than 20 % In order to assure high patterning
precision, the physical filmthickness is preferably small. The total

t hi cknessSbfEeFeP ¢S AP SH REBTAGLHTF APAEXST REBVEBR Y e¥%- Yhifess than

100 nm - and. Uprg putenabl v, gausLLo-0r,less. Lhan. B0, nm. [R0BOL .,

Figures 5 are diragrans I hg exenplary op

char act it o5 ofe HLADLLAN €106, A £ 1 he NOjQIASK,flank pocording to

the present invention. Figure Is a emati c cross-sectional view for

i1 ustrati nayerdous: $1as ke Sid Ued W 8§ fadd ORLlashbel 8bpgntl! BBy Hos. 1, 2, 3
and Reference 1. Figures 5B and 5C are graphs show ng refl ectance

char act erpsé+£ée @B¢ dppaiapHikitanges char ol et hs dies e@fe ddeeid Eghbmshiel di ng
films, respectively.
content between the chromium~rich layer and the chromium-poor
layer. From the Vieﬁpoint of the photomask blank design and
thefilmdﬁpositionprocess,thedifferenceinfefractiveindex
An can be readily controlled if the difference in chromium
content between the layersisequal toorgreater thanbatomic%.
[0078]

In addition, the chromium-poor layer having a relatively
low chromium percentage content formed as the uppermost layer
as in the exemplary light-shielding films shown in Figures
4B and 4C is intended to assure the anti-reflection effect
of the light-shielding film. That is, the chromium-poor layer
formed as the uppermost layer of the light-shielding film
serves ag ananti-reflectionlayer, sothatthelight-shielding
film can have a low reflectance. On the other hand, if the
chromium-poor layer is located on the side of the substrate,
the in—plané.uniformity'of-dry'etchingw:an be advantageously
readily assured.

{0079]

The composition and stack structure of such a
light-shielding film are appropriately selected so that the
photomask blank fabricated has a required optical
characteristic. Preferably, the light-shielding £ilm is

designed so that the transmittance to exposure light is equal
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[ 0081] Light-shielding films Nos. 1, 2 and 3 conprise a substrate 11
and a first light-elenment-rich and chrom um poor film12a, a thin
chromummetal film 13 and a second |ight-elenent-rich and chrom um poor
film212b stacked on the substrate 11. It is to be noted that the structures
of the light-shielding films Nos. 1, 2 and 3 differ fromeach other only in
t hi ckness of the first light-elenent-rich and chrom um poor film 12a

| ocated on the side of the substrate 11 (the filmdeposition tinmes are 240
sec, 230 sec, and 200 sec, respectively) and are substantially equal to
each ot hetoiar tHigdledesbanf 0t Ae Setvhddddigho- erehenerr fepnahd c®mg um poor
film1l2 | ocated on the side_of the surface (the filmdeposition tinme is 240
sec) and e tHfiIGFdR st tond i0RtoRP P Ret afa Yo AR a8 (R Rem 143 e f6ési ti on

filmis 66_sec). Here, .a reference s le,(Ref. 1) is | i ght - shi el di ng
11 m conpbbEaTbiiry SHREA TP gt o iRn AL H OB SR e HOGE FOMATLY (Lhe
t hi ckness, expressed in terms, of fil Sitli ti s 540. sec). The

| i ght-el e%%%xtg)-zﬁ ¢h afnndogﬁregn?%rﬁspsouolig g?ﬁﬁé%t%g\%nfﬁst%%%%l%}%m )r%ls'8 are

chrom um gyl 141 dey 141 91 (O 1L MB) e g0alh N {1 | PR desek bed above

with reference to Figures A to 1C shown in Figure 5C

conpar ed ¥ {hidHes GENVRALT QNd - S ONd Uiy Basied s ki ﬁbéfébh@i%‘ d1 k@ the
chrom um percentage content of the light-shielding film(Ref. 1) conposed
only of the léghtrrelemd vini,CRinancthothy @Fe@REAry f idgnal? tdes o3 griski cant |y
reduced, and the extinction coefficient k thereof is reduced accordingly.
As a resutihantd@ dmght-shielding filmhas an increased transmttance T and
a reduced light-shielding effect. Therefore, in order to assure that such a
light-el eb@®@®8Ckich and chromium poor film 12 has a sufficient

Iight-shieldigg effect, the thickness thereof has to be increased. [0083]
igures 5A to 5C are diagrams for illustrating exemplary

optical characteristics of light-shielding f£ilm of the
photomask blank according to the present invention. Figure
S5Aisaschematiccross-sectionalviewforillustratingvarious
stack structures of light-shielding films, Nos. 1, 2, 3 and
Reference 1. Figures 5B and 5C are graphs showing reflectance
characteristics and transmittance characteristics of the
light~shielding films, respectively.
[0081]

Light-shieldingfilmsNos. 1, 2 and 3 comprise a substrate
11, anda first light-element-rich and chromium-poor £ilm 12a,
a thin chromium-metal £ilm 13 and a second light-element-rich
and chromium-poor film 12b stacked on the substrate 11. It
is to benoted that the structures of the Light-shielding £ilms
Nos. 1, 2 and 3 differ from each other only in thickness of
the first light-element-rich and chromium-poor film 12a
located on the side of the substrate 11 (the film deposition
times are 240 sec, 230 sec, and 200 sec, respectively) and

aresubstantially equal toeachother inthickness of the second



To the contrary, if the light-elenent-rich and chrom um poor filns 12a and
12b and the thin chromumnetal film 13 are stacked as in the case of the
light-shielding films Nos. 1 to 3, asufficient light-shielding effect can
be achi eved because of the thin chromumnetal film 13, That is, the thin
chromumnetal film 13 can be used as a transmttance adjustnent |ayer for
the light-shielding film [0084] In addition, as can be seen fromthe
results shown in Figure 5B, by stacking the |light-elenent-rich and

?215 ect ar q}rﬁ %]h@?“]tz l"gﬁa& df ﬁ%gwﬁﬂﬁhﬂéghrbéhiﬁf‘é?&@#%%“ et hat eL he
i ght -shi.gg) llgﬁxéfgmm Gt £1 LRGBIRSEN| RYGALI 0N, Ll Gompii ses the

st ack of om um poor e thin

chronmi Umﬂ?%ﬁicf(hé% 13 ﬂ?écﬁréﬁﬂﬁﬁeﬂef:s&'f‘i%ﬁﬂ??th@aélﬁl &Qﬁﬁ\@sﬂ%y preci se

defect inspection and can be flexibly designed to have a required

l'i ght - shisgligi nds; efd ecdo) [ 0882k, a reflfredcll @3kl qlrding 1fyi 15 izs conposed
of a stack of a light- el ement-rich and chromi umpoor film1l2 and a thin

chr om ummejial - Siddndih AF ilm thappsesedhliynyenii Diighbotlendyt theciadvant age
in the optical characteristics design described above can be provided, but
al so streﬂsiRxthMmumqgonrtﬁe1$thzk(ﬁh¢rnhmmin@@mdaxpm@sgﬁdlMprbmemmnt of the
stack filmcan be achieved. [0086]

of £film deposition time is 540 sec). The light-element-rich

and chromium~poor £ilms shown in these drawings are chromium

oxynitride films (CrON films), as with the films described

above with reference to Figures 1A to 1C.

foos2]

As shown in Figure 5C, compared with the conventional
chromium-based light-shielding £ilm, the chromium percentage
content of the light-shielding film (Ref. 1)} composed only
of the light-element-rich and chromium-poor f£ilm 12 is
significantly reduced, and the extinction coefficient k
thereof is reduced accordingly. As a result, the
light-shielding film has an increased transmittance T and a
reduced light-shielding effect. Therefore, in order to
assure that such a light-element-rich and chromium-poor £ilm
12 has a sufficient light-shielding effect, the thickness
thereof has to be increased.

[0083]

To the contrary, if the light-element-rich and
chromium-poor f£films 12a and 12b and the thin chromium-metal
film 13 are stacked as in the case of the light-shielding films

Nos. 1to3, asufficientlight-shieldingeffect canbe achieved

because of the thin chromium-metal £ilm 13. That is, the thin



Anong ot hers, the stress reduction of the stack filmis an effect described
bel ow. A conbination of a chromumrich layer (a netal filn) and a
chrom um poor |ayer allows control of the stress in the |ight-shielding
film Typically, a tensile stress occurs in the chromumrich layer, and a
conpressive stress occurs in the chromi umpoor |ayer. Thus, an appropriate
conbi nation of the chromumrich |ayer and the chrom um poor |ayer can nmake
the stress in the entire light-shielding fil mapproach zero. For exanple,

if the chrom um poor |ayer has a thickness of 30 to 45 nm and the

chr om umatizsnimyeretiials fa tthilckriess f B¢ 2D EXessi¥ea”cen t he
light-shielding filmcan be sufficiently reduced. [0087] In addition
gener al | RAXIFENSghtl-aSHTe g ¥e IRt rduyth +etrd ot hlile a conductivity of
about 1 5g§§q%kand a practically sufficient |evel of conductivity can be
achi eved q orporating the thin chromummnetal filmin the

i ght - shi el di gg fhlm  Far example, while the | Lt shielding fblmof the
ref erence sanple ? 5“1y €6nposed®of “a"singlle 1'ayerhas®a®sHEdt *Fesi st ance

of aboutﬁgﬁ;n%QQ;A 3 n%ﬂg%ﬂﬂ teshigl '{mbié$ég%u@{§ht%§hstructure No. 1

shown in gure ave a 1ow sheet resistance of about 100 Q sq.

[0088]  chronfi @R 041a0d $Badkea di AYTARIE thel thhhustiahiNg-ge£ghati onship
bet ween the position of a chromumnetal filmserving as a transmttance

adj ust nerHilmayer, kReardfubttshiel sif nghd illigranddihe giefd eahaneanobet he
light-shielding film Figure 6A includes schematic cross-sectional views
for illustadatdeniy vahieusesmtiackeadt thetilirgs: -cfhie ghingliiehdangofding , Nos. 4
to 6 and reference 2, that differ in position of the chromumnetal film
and Fi gurt® 8Bes towss andf [iavtedricieore Haralc temipt i £5s ofhe heta¢lghe £ stivel di ng
films. For conparison, the reflectance of a light-shielding film(Ref. 2)
conposed 1gaht -srlepantgiticdl efehtEH WP H ot titn poornd i tie i Bl so shown.
0089
[ ] chromium-metal £ilm 13 has a reduced reflectance that allows
highly precise defect inspection and can be flexibly designed
to have a required light-shielding effect.
[0085]

If a light-shielding £ilm is composed of a stack of a
light-element-rich and chromium-poor film 12 and a thin
chromium-metal £ilm 13 as in the present invention, not only
the advantage in the optical characteristics design described
above can be provided, but also stress reduction in the stack
film and conductivity improvement of the stack film can be
achieved.

0086}

Among others, the stress reduction of the stack £film is
an effect described below. A combination of a chromium-rich
layer (ametal £ilm) and a chromium-poor layer allows control
of the stress in the light-shielding film. Typically, a

tensile stress occurs in the chromium-rich laver, and a

compressive stress occurs in the chromium-poor layer. Thusg,



The light-elenment-rich and chrom um poor filnms shown in these drawi ngs are
chrom um oxynitride filns (CCONfilns) as with the filnms described above
with reference to Figures 5A to 5C. The structures of the |ight-shielding
filmse Nos. 4, 5 and 6 differ fromeach other in thickness of the first

i ght-el enent-rich and chrom um poor film 12a | ocated on the side of the
substrate 11 (the filmdeposition tinmes are 250 sec, 200 sec, and 150 sec,
respectively) and in thickness of the second | i ght-elenent-rich and
chrom um poor film.12b Iocgted on é@% %_ of the surface (the film

deposi t i o GPRESPAE t56°E8REabHHT HeHI IR PR IFEET VTV Cand are
subst anti Ilg ualogo ?gch otherm bckn%%%S%fl%h%hphro l%%}netal film
(the filny ep03| TONCTiTATTS 568 Se s Tt6 “be ot €d Phat t he

|i ght-shig [ a Bhg gf er e nd) are
formed to % ve éﬁs%ggta ti gaua ctotg thl% %egggﬁpiﬁe ep05|t|on

tinme is S00-&8fdm- &QQ%Oiayer haé¥h=¥m&Mkﬂéb§qd&U@% @8 4§hﬁnr%ﬁh§Qﬁﬁﬁce of

the light-shielding filmvaries with the position of the chrom umnetal

filmi13 afgréenas-+ocHexdeaseadsatiheiPosdds o 6f td o ahr ofhaimdrRisal film 13
is closer to the substrate 11. This is due to interference of |light. [0091]
The wavel mgtive at ight ehhibedlinghtishi ekdi bg bulfmikasntthe kevwestdr.ef |l ect ance
depends on the optical distance of the light-elenment-rich and chrom um poor
film12b (@0&7bptical distance is proportional to the filmthickness )

For exanple, as the light-element-rich and chrom umpoor film 12b becones

t hi cker (the'ﬁﬂlﬁ@@#t¥ﬂﬂ tFsRiel engtire at ioht chhinédingesiliet fect ance is.
achi eved becones longer. To the contrary, as the light-elenment-rich and
chromtﬂﬂﬁﬁﬁﬁ1¥¢¢n¥92%aﬁ%c@n§§“@%Fﬁh§%t¥tﬁ@ EPP/ENG. k8)/sa .t Fedaavel engt h at

whi ch t he_ | owest fle nce i.s achle d beco shorter. In this way, any
Fof |t anBE Ehar L F & G L BEVBb: 4 WS By ISt PG ThECPREERAeet. of
the lIghtbflfﬁ@%@péf&piggdtﬁgrPﬂlthﬁgg&thLﬁg%%E film in the
light-shieldingfilm. Forexample, while the light-ghielding
film of the reference sample (Ref. 1} composed of a single
layer has a sheet resistance of about % * 10° Q/sqg, the
light-shielding filmhaving the structure No. 1 shown inFigure
5A can have a low sheet resistance of about 100 Q/sqg.
[o088]
Figures 6A and 6B are diagrams for illustrating a
relationship between the position of a chromium-metal f£ilm
serving as a transmittance adjustment layer in a
light-shielding film and the reflectance of the
light-shielding film. ¥Figure 6A includes schematic
crogss-sectional views for illustrating various stack
structures of light-sghielding films, Nos. 4 to 6 and reference
2, that differ in position of the chromium-metal film, and
Figure 6B shows reflectance chafacteristics of the

light-shielding films. For comparison, the reflectance of
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[ 0092] Figures 7A and 7B are diagranms for illustrating the fact that
the reflectance of the light-shielding filmaccording to the present
invention is predonmnantly determ ned by the |light-elenent-rich and

chrom umpoor filmlocated on the side of the surface. Figure 7A includes
schematic cross-sectional views for illustrating |ayered structures of

| ight-shielding films, and Figure 7B shows refl ectance characteristics of
the light-shielding filns. Here, the light-element-rich and chrom um poor

fil h h le h t fil Cr ON
i Lobedpt ERECSRE R BB G SR BT Pt e 1 hese
d t f t

e, ha Torot e PREREL 2%?5”%?’%‘98%@9‘9@%80% A T

| i ght-el epgogs i ch and chrom um poor film 12a | ocated on the S|de of the
substrate is 200 sec (in ternms of filmdeposition tine), the thickness of

the chrom um netal ikbltmelBnics tL0Q 3e6nbidht k1B Qfodd ERAePasidd an time),
and the thickness of the light-elenent-rich and chrom um poor film 12b

| ocat ed ohhéhe dicdeinofs re shrbatemisc@ 00 siBde (Hinrsel 0BoRfe fidgn deposi tion
time). As for the light-shielding filmNo. 7, the thickness of the

| i ght - el el -Fhefidnd desomiladebevei virth2eefocated tan Fikerrsisdeaof t he
substrate is 150 sec &ln terms of filmdeposition tinme), the thickness of
the chronfimdret Ahef priuesures 06 See Yight evivbe biing [ihldepdoisti 6n time) |
and the t icheés oé t he Ilght el enent-rich and chronlun}goor_flln112b

| ocated O i G beTt FECBuPRGReCtREDshsERICKACFEr fiE BRef fiRFHeposi ti on
time). t t-shieldin th| kness_of the

[ gnt - e ehbdie e SRR LR b e 8 %68?“?[“{“%0?%%@& Gl oA tee 1 BBSot ¢ he

subst r at e §. 200 36C sub@t&%rtras 12 cLhLm £8RogiAd On#c;,n”%)m&fe he Lhglness o

the chromumnetal film113 1s sec (In ter tine),
and the thicknessset:, tQﬁd'iQﬁ“ge"d EROLLERG D a9 ShE O Wil 1PA0L ki Lm 12b

| ocated on the side of the surface is 150 sec (in terms o “Tm ep05|t|on

tinme). the second light-element-rich and chromium-poor f£ilm 12b
located on the side of the surface (the film deposition times
are 150 sec, 200 sec, and 250 sec, respectively) and are
substantially egual to each other in thickness of the
chromium-metal film (the film deposition film is 100 sec).
It is to be noted that the light-shielding films No. 4 to 6
and the reference sample (Ref. 2) are formed to have a
substantiallyequaltotalthickness(thefilmdepositiontime
is 500 sec).
[0090]

As shown in Figure 6B, the reflectance of the
light-shielding film varies with the position of the
chromium~-metal £ilm 13 and tends to decrease as the position
of the chromium-metal film 13 is closer to the substrate 11.
This is due to interference of light.

[0091]
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[ 0094] As can be seen fromFigure 7B, the refl ectance of the
light-shielding filmaccording to the present invention is predom nantly
determ ned by the thickness of the light-elenment-rich and chrom um poor
film12b located on the side of the surface and is not significantly
affected by the thickness of the chromumnetal film 13 interposed between
the upper and | ower |ight-elenent-rich and chrom umpoor filnms 12b and 12a.
[ 0095] Figures 8A and 8B are diagranms for illustrating exenplary
structures of a light-shielding filmthat has a plurality of chrom um net al

films as tran§ﬁ$%F@Wﬁ%%eédﬁﬁéﬁﬁéﬂ%lQWWtﬁ§?hh@hFh%hé?iééﬁg 1lpppas the
chromumnetal filns. Figure 8A shows ht shleldln fi

havi ngonl }8H&EHr BRT GAF &FHQQH%W%% é%ﬁﬁ’gﬁiéﬁhﬁﬂ?fllns
havi ng t nd 1 F 88

Yot 1 oo andaSBhoPLEREREC 2ich! a8, fh88ny, aﬁPWﬁi %?Lé. P B Gy

i ght -el ¢ |
chrom um SrosePEEde o et PR R ns B gg;mggg FIOue SR 2150

as the light-element-rich and chromium-poor £ilm 12b becomes
thicker {the film No. 6), the wavelength at which the lowest
reflectance is achieved becomes longer. To the contrary, as
the light-element-rich and chromium-poor film 12b becomes
thinner (the £ilm No. 4), the wavelength at which the lowest
-reflectance is achieved becomes shorter. In this way, any
reflectance characteristic can be obtained by adjusting the
thickness of the light-element-rich and chromium-poor £ilm
12b.

[0092)

Figures 7A and 7B are diagrams for illustrating the fact
that the reflectance of the light-shielding film according
to the present invention is predominantly determined by the
‘light-element-rich and chromium-poor £film located on the side
of the surface. Figure 72 includes schematic cross-sectional
views for illustrating layered structures of light-shielding
films, and Figure 7B shows reflectance characteristics of the
light-shielding f£ilms. Here, the light-element-rich and
chromium-poor £ilms shown in these drawings are also chromium
oxynitride films (CrON films).

[0093]

All the light-shielding f£ilms illustrated in these

drawings have a total thickness of 500 sec in terms of film

deposition time. As for the light-shielding film No. 5, the



Al the light-shielding filnms illustrated in these draw ngs have a total

t hi ckness of 500 sec in terns of filmdeposition tinme. As for the
light-shielding filmNo. 4, the thickness of the light-elenent-rich and
chrom um poor film 12a | ocated on the side of the substrate is 250 sec (in
terms of filmdeposition tinme) , the thickness of the chromumnetal film
13 is 100 sec (in terns of filmdeposition tine), and the thickness of the
|l ight-elenent-rich and chrom um poor film 12b | ocated on the side of the

surface is 150 sec %ﬁn terps of filmdeposition_tinme). As for the
|i ght - shi PSS NGRSl LERE- Fiﬁ?@ﬁﬂésgl‘a}“ he q:li”g‘?i‘[‘l‘é?eﬁ’%‘?ﬁ Filh and

h f I t t f . th trat 200
Corms of PP aEROSRET bri 4 fo)'e The ThPERAEE Cor® He ossfﬁ%oﬁmrﬁwsafe?. m
13 150 fa d Ny f th
Ilghf elen%ﬁ%%§¢c€&EJgﬁ:Q?o%#hz¥p§%$§%ﬁigﬁﬁé nﬁ%%g?gdgl glé%%ggif ?he ©

surface i 0:5€C.(hpnt As for
t he I|ght§§%?Eﬁ§|%S ?PO g%gs(gg {%%ﬂg?ﬁ@Qﬁ %ggﬂ%§6%$?l? 0%% eleﬁ%“%-rlch

and chr Omﬁﬂx@m}cﬁéésﬁbﬁ%ﬁéﬁ@{@%%éﬂ'@azﬁ(ﬂﬁaﬁﬁch&%m%ﬁblsbro%tr%llﬁn 200 sec
(in ternms of filmdeposition tine), the thickness of achrom umnetal fil m3a

l'ocat ed onziheoshdedobnt tiee ssthdé rat & Hes sH@ e (kn2ber8sc of ixf iddpnteposi tion
time) , the thickness of a chromummnetal film 13b |ocated on the side of

t he surfaed if31B0dsposiicnoneitimedf. f i Asrdeposite dntgme)shidihing £ilnm

t hi cknessofal i ght-el enent-rich and chrom um poor film 12c interposed

bet ween t W@ -cArofhegmtidckinesis wf e dddhi3ielieseBd sdeh(iamd erms of film
deposition time) , and the thickness of the light-elenent-rich and

chr oni um FEGCTFTPPIE Fodat sd2okPtherdivde toe FRECsOF fldte SWPsiBEt®ec (in

r f f|| ition ti
terms o TEQ%POS(EmPte%nggf film deposition time), the thickness

of the chromium-metal £film 13 is 100 sec (in terms of film
deposition time), and the thickness of the light-element-rich
and chromium-poor £ilm 12b located on the side of the éurface
is 250 sec {(in terms of film deposgition time). As for the
light-shielding £ilm No. 8, the thickness of the
light~element-rich and chromium-poor £ilm 12a located on the
side of the substrate is 200 sec (in terms of film deposition
time), the thickness of the chromium-metal £ilm 13 is 150 sec
(in terms of £ilm deposition time), and the thickness of the
light-element-rich and chromium-poor £ilm 12b located on the
side of the surface is 150 sec (in terms of film deposition
time) .

[0094]

As can be seen from Figure 7B, the reflectance of the
light-shielding film according to the present invention is
predominantly determined by the thickness of the
light-element-rich and chromium-poor £ilm 12b located on the

side of the surface and is not significantly affected by the
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[ 0098) As for the light-shielding filmMNo. 11, the thickness of the

| ight-elenent-rich and chrom um poor film 12a |ocated on the side of the
substrate is 75 sec (in terns of filmdeposition tine), the thickness of
the chromumnetal film13a |located on the side of the substrate is 50 sec
(in terms of filmdeposition tinme) , the thickness of the chrom um netal
film13b located on the side of the surface is 50 sec (in terns of film
deposition tinme), the thickness of the light-elenment-rich and chrom um poor
film12c interposed between the chromumnetal filnms 13a and 13b is 175
sec (in tERABKBLSH| Pin Hepodririme)al fHaldn tihe irfiednesd deliwpen
light-elenent-rich and chrom umpoor film 12b | ocated on the side of the
surface i §P¢50PEEATT hOY e e 98 ~Fiemeddpsdicty i tihemy-um-pegydyt Lms As
shown in Eégure BE if the light-shielding filmhas a plurality of

chrom um af P %%'as transmttance adjustnent filns, the refl ectance of
t he Iight-égbg ding filmis reduced, and the degree of reduction in
reflectioﬁ epends on the distance between the two chromumnetal filnms (or

t he thickness [ eIRN 1 L ] (] |
0100] Ié? %i?%gggﬂ&%gée th%l%?gﬁ?g?gﬁfg%g?%gg%??ﬁéfg$%§P%g§iposure

is formedswitBrarpkWald tygat-eghierhuny el ah fidihas b puPiefeyrad that
t he di stance between the cﬁroniun}netgF films (that is, the thickness of
t he |ight erleneti-nhe€ehlantdims as transmittance adjustment films and
the effect of the chromium-metal films. Figure 8A shows
light-~shieldingfilms havingonlyone chromium-metal £film {(Nos.
4 and 9) and light~shielding films having two chromium-metal
films {Nos. 10 and 11}. Figure BB shows reflectance
characteristics of these light-shielding f£ilms. Here, the
light~element-rich and chromium-pooxr films shown in Figure
BA are also chromium oxynitride £ilms (CrON films).
[0096]

All the light-shielding f£films i1llustrated in these
drawings have a total thickness of 500 sec in terms of film
deposition time. As for the light-shielding f£film No. 4, the
thickness of the light-element-rich and chromium-poor film
12a located on the side of the substrate is 250 sec (in terms
of film deposition time}, the thicknesgs of the chromium-metal
film 13 is 100 sec {in terms of film deposition time), and
the thickness of the light-element-richand chromium-peor £ilm
12b located on the side of the surface is 150 sec (in terms
of film deposition time). As for the light-shielding film
No. 9, the thickness of the light-element-rich and
chromium-poor f£film 12a located on the side of the substrate

is 200 sec (in terms of film deposition time)}, the thickness
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chrom um poor filminterposed therebetween) is equal to or nore than 3 nm
and equal to or less than 30 nm This is because |ight of a wavel ength of
193 nmfornms a standi ng wave between the chromumnetal filns to attenuate,
so that the transmttance of the light-shielding filmis reduced, and the
light-shielding effect is enhanced. [0101] (Exanple 2: Basic structure of
phot omask bl ank) [0102] Figure 9A is a schematic cross-sectiona
view for illustrating an exenplary structure of a photomask bl ank accordi ng

to the present invention, in mhiggﬁa |ight-shielding film12 is forned on
one pri n@patt pIFHEHFIE Te Shk plat-dht H S ubs it e (r?gﬂéted?m"hl?afrtfilﬁf t he

[1ke that, serves; as .aphqtommak oubstrate.  The Ll ghtpshislding fijm 12 has
the | ayerea structure scri bed ‘abovée w regar 0 t he eXanple and can

Serve no'tar?ﬂc#fg)fhi%m"wl U £59ke] NG JdddY ogu%héls%ﬁeaaf @'},ﬁirr%fc{eec“ on

film The t1l I such a conposition is use ecause 1t has excellent
characteri stigs é&@'Pﬂﬁn9%€&¥ gkching ghahagtebhskime,) .conductivity, and

chem cal resistance. [010
[0097]

As for the light-shielding film No. 10, the thickness
of the light-element-rich and chromium-poor £ilm 12a located
on the gide of the substrate is 200 sec {(in terms of f£film
deposition time), the thickness of a chromium-metal £ilm 13a
located on the side of the substrate is 50 sec (in terms of
film deposition time), the thickness of a chromium-metal £1ilm
I3b located on the side of the surface is 50 sec (in terms
of filmdepositiontime}, the thicknessofalight-element-rich
and chromium-pcor film 12c¢ interposed between the
chromium-metal films 13a and 13b is 50 sec {in terms of £ilm
deposition time), and the thickness of the light-element-rich
and chromium-poor £ilm 12b located on the side of the surface
is 150 sec (in terms of film deposition time).

[o0981

As for the light-shielding f£ilm No. 11, the thickness
of the light—element—xﬁxﬁland.éhromium—poox‘film 12a located
on the side of the substrate is 75 sec (in terms of film
depesition time), the thickness of the chromium-metal £ilm
13a located on the side of the substrate is 50 sec (in terms
‘of film deposition time), the thickness of the chromium-metal
film 13b located on the side of the surface is 50 sec (in terms
of f£ilm deposition time}, the thickness of the

light-element-rich and chromium-poor £ilm 12¢ interposed



In the case where the photonmask bl ank according to the present invention is
designed for fabrication of a mask for ArF exposure, the thickness and
conposition of the light-shielding film12 are selected so that the optical
density OD of the light-shielding film12 for |ight having a wavel engt h of
193 nmfalls within a range of 2.5 to 3.5. Such an optical density OD can
be achieved by setting the thickness of the filmMthin a range of 50 nmto
80 nm However, in order to reduce the dry-etching time to inprove the

. BRI o _ ry-etehh mo (e
P e of R U180 cridfbAlREIS e kN Fal Ak | Bl SRS P i ey o
the phot qnasis Bk A¢ LMl NG {8, thg. P es Lyvent on, d

desi d for
fabrication of a nmask for KrF exposure, the thickness aﬁ%ségnpgggtion of

the |i ghtyisftieldidigerfi | M A2 antiecSEbREERIp SO thialn 1 B8 QA €24 Sepsbty OD of
the light-shielding film12 for light having a wavel ength of 248 nmfalls

W t hin agiadlgeofth2. buk@ade5is SUEh st qpid ealrmdedsi £y1616aHs beigghi eved by
setting the thickness of the filmMthin arange of 60 nmto 100 nm .

However, tiimedr.der to reduce the dry-etching tine to inprove the patterning

preci sion, the thickness of the filmis preferably set within a range of 60
nmto 90 [BA%910105] In the case where the light-shielding film 12 has
a multilayer filmstructure in which a plurality of layers having different
opti cal charaéﬁeﬁh@ﬁpcénaF%S%E%dﬂ%dJéhtg@cHlébﬁeﬁhé§1§héﬁhfihmﬁmgﬁre 9B,

for exanpl e, i%ﬂ#ﬁagreferred that the primary material of the uppernost

| ayer is RO i Ye, US4 | el o7 " hroraRaioky ¢ i de, and the
t t ent t om 9 , L& . t. depth f
b5 to. 1 SR Fhangar i be bt e PREAE R st S YRy Pl R 8o T hat
the oxyaqn £OALERR “ad§2l ALOAE0 LODLERLTohNR, CRERRLGOR #llentl
the t t rably fa

addi tion, I ckness o upper nost |'ayer prefe S Wthin a

range of ol0the &5sPAhcEWdNRIdIPESe thot A-SGREG WISF £ tha Rhebempsk bl ank
according to the present invention is designed for fabrication of a mask

for ArF exgesuie:s idie teemeghtiencmsnprefienabhy selesied-soothalhhe
extinction coefficient k of the uppernost |ayer of the multilayer filmfor
| i ght hawi2eg .a wavel ength of 193 nmfalls within range of 1.0 to 1.5.
[0100]
Inthe casewherethe light-shieldingfilmfor ArF exposure
is formed with a plurality of chromium-metal films, it is
preferred that the distance between the chromium-metal films
(that is, the thickness of the light-element-rich and
chromium-poor f£ilm interposed therebetween) is equal to or
more than 3 nm and equal to oxr less than 30 nm. This is because
light of a wavelength of 193 nm forms a standing wave between
the chromium-metal films to attenuate, so that the
transmittance of the light-shielding film is reduced, and the
light-shielding effect is enhanced.
{0101}
(Exampie 2: Basic structure of photomask blank)

[0102]
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[0106] Under the conditions described above, the reflectance for

| i ght having an inspection wavel ength (250 to 270 nn) can be readily
controlled, and a satisfactory dry-etching rate in terns of OD can be
assured. In addition, the basicity of the surface of the |ight-shielding
filmcan be nmade adequate, and the effect of a chemcally anplified resist
on a photoacid generator is reduced, so that a high resist patterning

preci sion can be maintained. [0107] Wil e the basic structure of the
phot omask bl ank according to the present invention has been described
above, the "pHéObREsRlighi® SEPTHE 1€ SRt et hasl e cdiefri cal |y
anplified photoresist filmpreviously forned on the Iight-shielding film
12 Her o, 1 CHUNIREI 7% SHETHITEN PROEGHEErsPt| 8 RBRHOBREAUBLAPK s hi ghly
sensitive and js suitable for fine patterning. .In this. cas e chemcally
2o 11 et agitd Pe 4 Fridrat pBF el st S Pnekd 4 Redeherfiat Ayndnpl | 11 ed
phot or esi.st 1 hi . S 0 t hi ckness
of the cﬁéﬁﬁégfﬁjugnp I ?@d&%ﬁﬁg%r%£%§%1¢$?n?%égédgﬁt%dt 2¢a %g?an t he

case of falydiGali o phad PNALLPESErittle ANF BXRPSURS LhAL A pRGULLGSKI I Ne
patterning, the resist filmis required to be relatively thin to avoid high
aspect rahitdsrdt@l09he light-shielding £ilm 12 has the layered
structure described above with regard to the example 1 and
can serve not'only as a "light-shielding £ilm” but also as
an antireflection film. The £ilm of such a composition is
used because it has excellent characteristics including dry
etching characteristics, conductivity, and chemical
resistance.
[0103]
In the case where the photomask blank according to the
present invention is designed for fabrication of a mask for
ArF exposure, the thickness and composition of the
light-shielding film 12 are selected so that the optical
density OD of the light-shielding film 12 for light having
a wavelength of 193 nm falls within a range of 2.5 to 3.5.
Such an optical density OD can be achieved by setting the
thickness of the filmwithinarange of 50nmto 80 nm. However,
in order to reduce the dry-etching time to improve the
patterning precision, the thickness of the £ilm is preferably
set within a range of 50 nm to 70 nm.
[0104]
On the other hand, in the case where the photomask blank
according te the present invention is designed for fabrication

of a mask for KrF exposure, the thickness and composition of



In principle, a thinner resist filmprovides a better resolution. If the
resist pattern is damaged during etching, the pattern fidelity is reduced.
However, since the |light-shielding filmaccording to the present invention
that can be readily etched requires a shorter etching tine than
conventional ones , a thinner resist f ilmcan be used. By using a resist
filmhaving a thickness of 200 nmor less , high working precision can be
achi eved. [0110] In addition, the lower limt of the thickness of

t he re5|§h %ggkssggg rnlneg%g geggﬂ gelyééqﬁkﬁgthnto gccoynt

vari ous cond| |n resrstance mat eri a

Typi cal | ¥iendqueyep, o%hghghﬁgﬂ%s h% Ptaﬁgr eShAt 151 KO P1pheTALAPhY equal to

or nore than 75 nm and nore pre era equa to or than
0111] a wavéi@nghencgabliyy ﬁ&pkh&nédwigﬁhﬁt au§§gg€a¥fb§ of r@ positi ve type

or a negative type. A well-known resist, in particular, a resist of a
pol ymer maicer iadl opavicag. & maiaBione i et Wt i vt aferabl yingethe [ 0112]
thicknessof thefilmwithinarangeof 60nmto 100 nm. However,
in order to reduce the dry-etching time to improve the
patterning precision, the thickness of the film is preferably
set within a range of 60 nm to 90 nm.
[0105]

In the case where the light-shielding film 12 has a
multilayer filmstructure inwhichapluralityof layers having
different optical characteristics are stacked on each other
as shown in Figure 9B, for example, it.is preferred that the
primary material of the uppermost layer is chromium oxide,
chromium nitride or chromium oxynitride, and the percentage
contents (atomic %) of oxygen, nitrogen and carbon at depths
of 0.5 to 1.0 nm from the surface of the uppermost layer are
selected so that the oxygen content > the nitrogen content
> the carbon content. In addition, the thickness of the
uppermost layer preferably falls within a range of 10 to 25
nm. Furthermore, in the case where the photomask blank
according to the present invention is designed for fabrication
of a mask for ArF exposure, the composition is preferably
selected so that the extinction coefficient k of the uppermost
layer of the multilayer f£ilm for light having a wavelength
of 193 nm falls within range of 1.0 to 1.5;

[0106]



In the present invention, the spreadability is very inportant. For exanple,
the photoresist for formng the chemcally anplified photoresist filmis
added with ( or contains) a surface-active agent with a percentage content
of 10 to 1000 ppm for exanple, and the percentage content of a solid
constituent is adjusted to be equal to or less than 10 weight 1; of the
organi c solvent. The surface-active agent added to the chemcally anplified
phot oresi st may be a surface-active agent that contains a surface-active
constituent having a fluorine substituent , a surface-active agent that
contai ns a noMiPdlic t&Gr FREEEdONFe IEGREEPEGeAPONRYI hGenErPEREF AT PUOr i ne
silicon containin substituen m_xture thereof.

bstit t ,
D0115]  ( DERALET. RERbE G IS R ABPE M CaERT £ 1RO BR A1 Tr 2pAte) Py

brocess) g Hhlla iy, oot A0 SHOU 0, FSMLALY (AL anostEnl gt a film
deposi ti on apparatus (%put eri’'ng apparatus Used ¥ 61 ¥t abri cath ng a

bhot omask; bl A6e06H1 Agh k. LISRLASNt | eIt 00, and Fiaurey DA to

110ar edi agr ans ustrating an exenplary process of patterning the

phot omaske bl ankral@1dBltne 1ightDshi@YACN0F i TRIBHEDE SndHEBHRlGuhEdeNot es a
transparent substrate, which is a 6-inch rectangul ar quartz substrate.

Typi cal | yand hResdnface oand cprehit-acas ahplheigaalds Substd phetakeilii nely
pol i shed. Reference nuneral 101 denotes a chanber, reference nuneral 102a
denot es adnesttdarigetyedefed enoce thuneral higRbrdenstepaateeacand t ar get,
reference nuneral 103 denotes a sputtering gas inlet, reference nuneral 104
denot es Pufasi ol etan rief grabiceainmeral 105 denotes a substrate turntable,
and reference nunerals 106a and 106b denote power supplies that apply a
bias to tHE 4Tk st and second targets, respectively.

While the basic structure of the photomask blank according
to the present invention has been described above, the
"photomask blank" may be a structure that has a chemically
amplified photoresist film previously formed on the
light-shielding film 12. Here, the chemically amplified
photoresist is used because it is highly sensitive and is
suitable for fine patterning. In this case, the chemically
amplifiedphotoresistfilmis formedbyapplyingthe chemically
amplified photoresist to a thickness of 250 nm oxr less.
[0108]

Such a thickness of the chemically amplified photoresist
film is adopted because, in the case of fabrication of a
photomask for ArF exposure that requires fine patterning, the
resist film is required to be relatively thin to avoid high
aspect ratios.

[0109]

In principle, a thinner resist film provides a better

resolution. If the resist pattern is damaged during etching,

the pattern fidelity is reduced. However, since the



[0116] The first target 102a and the second target 102b used were
both chromumnetal targets for formng a light -shielding film First, as
sputtering gas, a gas mxture containing Ar gas at a flowrate of 15 sccm
N2 gas at a flowrate of 30 sccmand 02 gas at a flow rate of 15 sccm was

i ntroduced into the chanber 101 to achieve a gas pressure of 0.1 Pa in the
chanber. A discharge power of 500 Wwas applied to each of the first target
102a and the second target 102b while the substrate 11 was being rotated at

30 rpm th?ﬁﬁgysggég?EQ affIé?§¢%£E%&ﬁ%V£$ﬁ¥%%§ggggkgn‘QQQEEQ%B%%V%P atom ¢

% or | ess terns atom<c ratio to-a ess o nm

The. condi bLange Lo dePpSt 108 Afedlie-dd dhloaiil flAing. {14 cafl, bs ghanged in

vari ous ways dependi ng on t m conposition or design of the stack
structurecofPbn€X8nRt &ndd) 4R igase Mhera aCiNG bhMden ]E opbefigigred , the

sputtering gas introduced may contain one or nore kinds o
car bon- coataigiigigr gas haviely a$hChtneGoh ANd06ER 00N Y, ADER WorkdhOf

ni t rogen-contai ning gas, such as NO, NO2 and N2 and one or nore kinds of
oxygen- coptachsmhgngasn bachchseC@@., NO and 02 or further contain an inert
gas, such as Ar, Ne and Kr, mxed with these gases. In particular, CO2 gas
or CO gasliPhafldoubl es as a carbon source and an oxygen source is
preferably used fromthe viewpoint of in-plane uniformty of the substrate
and control | abt? pe¢igionpd veal i Ba tpiokke $hipkneserab £ be newd afar i ous

ki nds of Eﬁgttering ases nmay be introduced separately into the chanber, or
some or af 18 LPneck E??%??néygSgﬁgrﬁﬁﬁnﬁévﬁ#Xe&agﬁHgiﬁPF@d@G@&Wnﬁto t he
chanber . Lg%%gLs conditions including the etching resistance of the
resist material. Typically, however, the thickness of the
resist film is preferably egual to or more than 75 nm, and
more preferably, egual to or more than 100 nm.

for11]

The chemically amplified resist used may be of a positive
type or a negative type. A well-known resist, in particular,
a resist of a polymer material having an aromatic structure
is preferably used.
f0112]

In the present invention, the spreadability is very
important. For example, the photoresist for forming the
chemically amplified photoresist f£ilm is added with (or
contains) a surface-active agent with a percentage content
of 10 to 1000 ppm, for example, and the percentage content
of a solid constituent is adjusted to be equal to or less than
10 weight % of the organic solvent. The surface-active agent
added to the chemically amplified photoresist may be a

surface-active agent that contains a surface-active

constituent having a fluorine substituent, a surface-active
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The CrON filmhaving a chrom umcontent of 50 atomc t or less in terns of
atomc ratio preferably contains 40 to 50 atomc %of C, 10 to 35 atomc
% of Nand 25 to 50 atomic % of 0. Mdrre preferably, the CrON filmcontains
40 to 45 atomic %of C, 15 to 30 atomc %of N and 30 to 50 atomc % of O.
In addition, a CONC filmhaving a chrom um content of 50 atomc %or |ess
internms of atomc ratio preferably contains 40 to 50 atomc %of C, 10 to
35 atomic %of N, 25 to 50 atomc %of O and 5 to 15 atomc %of C Mre
pr ef er abl the OTONC filmcontains 40 to 45 atomc %of C, 15 to 30

htom ¢ SR S o 0 AL E BROTOD Grict BT R0 15° LB 095 b teentol19)
When per f,0i.m atterni i.n. mask.fabrication using a photomask bl ank
acoor di ng t o R ROS hEEH ERub BB e b O i e P GRBR A P

phot or esi gy, £4 4 0pdé hayi ‘%}EMIC‘&(%%%&;?ZSO nmor less is forned by

application on a principa ane of t phot omask bl ank, which conprises
the transpareni substrate 11 and the light-shielding film 12 having the
conposition and thickness described above with regard to the exanples 1 and

2 stacked mwadipiEe SUbBHhbabRadk HIFQY) anklA) rsConsdmierd R hhatetMphgal
photoresist filnms have a thickness of about 300 nm the thickness of 250 nm
nmeans t hairddwes4j|l mthickness is reduced by about 17 % As described
earlier, such a structure having the chemcally anplified photoresist 14
applied tHekketb can al so be considered as the "photonmask bl ank". [0120]
Prior to formation of the photoresist film14, a surface treatnment to
reduce the sufféd¥erdér GyouF e EFHMPAEE Yo WA eeie: pHotorigsimt film 14

isto be({orma,d (the surface oe‘ the .
eposition apparatus (sputtering apparatus) used for

fabricating a photomask blank according to the present
invention, and Figures 11A to 11D are diagrams for illustrating
an exemplary process of patterning the photomask blank.
[0115]

In Figure 10, reference numeral 11 denotes a transparent
substrate, which is a 6-inch rectangular gquartz substraté.
Typically, the surface and end faces of the quartz substrate
are finely polished. Referencenumeral 101 denotes achamber,
reference numeral 102a denotes a first target, referénce
numeral 102Z2b denotes a second target, reference numeral 103-
denotes a sputtering gas inlet, reference numeral 104 denotes
a gas outlet, reference numeral 105 denotes a substrate
turntable, and reference numerals 106a and 106b denocte power
supplies that apply a bias to the first and second targets,
respectively.

[0116]

The first target 102a and the second target 102b used

were both chromium-metal targets for formingalight-shielding

film. First, as spﬁttering gas, a gas mixture containing Ar
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light-shielding film212) is preferably performed in order to prevent

probl enms, such as peel-off and falling of the fine pattern,
fronmoccurringduri ngasubsequent step of the process. A preferred surface
treatnment is a process of alkylsilylating the photomask substrate surface
by hexanet hyl di sil azane (RVMDS), which is commonly used in the sem conductor
manuf acturing process, or other organic-silicon-based surface treatnent
agent. The surface of the substrate nay be exposed to gas of such a surface
treatment agent, or_the surface treatnment agent maybe directly applied to

the surfa@®®oftthet aBstrht et [BA2AFCM. No Ihfe 4Fhét drlest sete Ioh B2 i s
shaped into a resist pattern_(Fiqure 1 %%. Using the resulti gAresist

Fern ASoam LR 0o WEE 14 £ LRI T G 1 T3 o bRt ) TS
giyggmaﬁgﬁghé L1 0e; b?@fdggré/c et chi ng\é;(aFi qure S11rcf:i)sb. %| alplayefﬁ.{/]t he remaini ng
photoresistiﬁé%#?%ris reaneJr%o pro de a 6%6fon§§ (Eigurénlf%f. [0122]

[ thts cxREBbEr ! Ne BlfAlalddBolrd BE 5balk SO Al Nfed ddNeter BY |

chl ori ne- and- oxygen- ry etching) is 0 secon hus, conpared with

the clearthd i ff ¢ 489r §E€01WEa Qind N L YRR A ANBlgdd At hirghdl Reefi I M the

clear tinme is substantially reduced. In addition, the photoresist (nmask)
after theséhyceheli NY wws RS vedawieihad Soanhh NGy e riMicgigoscope, and
then, it was confirned that the danage to the photoresist was reduced
because ofrofiefibducsviomgod dibeorclwarcdritnt dOBBlatomic % or less

in terms of atomic ratio to a thickness of 70 nm.

[0117]

The condiftions for depositionof the light-shielding film
can be changed invariousways dependingon the £filmcomposition
or design of the stack structure. For example, in the case
where aCrONC £filmis tobe formed, the sputteringgas introduced
may contain one or more kinds of carbon-containing gas, such
as CHy, CO; and CO, one or more kinds of nitrogen-containing
gas, such as NO, N0, and N, and one or more kinds of
oxygen-containing gas, such as C0O;, NO and 0; or further contain
an inert gas, such as Ar, Ne and Kr, mixed with these gases.

In particular, CO, gas or CO gas that doubles as a carbon source
and an oxygen source is preferably used from the viewpoint
of in~plane uniformity of the substrate and controllability
of the fabrication process. Furthermore, the various kinds
of sputtering gases may be introduced separately into the
chamber, or some or all of the sputtering gases may be mixed
and introduced into the chamber.

[01i8]

The CrON film having a chromium content of 50 atomic %

or less in terms of atomic ratio preferably contains 40 to



(Exampl e 4; Phot omask bl ank, and second exanpl e of patterning process)

[ 0124] This exanple will be described also with reference to Figures
10 and 11A to 11D. The arrangenent of the fil m deposition apparatus
(sputtering apparatus) is the sane as descri bed above, and the substrate
used is also a transparent substrate, which is a 6-inch rectangul ar quartz
substrate. 01251 The first target 102a and the second target 102b
used were both chrom umnetal targets for forming a |ight-shielding filmon

t he transﬁ[}g&%%énlscubs{%ﬁﬁe 16i g st35 a s tét;oeor%&y ‘8(2325 ag Iao tur@

cont ai ni ng as at a om1ra B*Scem at”"a € of 30

sccm and D209asydte 3 LlFQWAL é(e 1;:1{ ém%mm nlta%ag%csg Pkt f@ chanber

101 to achieve a gas pressur 0.1 Pain t anber |sc ar ge power

of 500 Wywesrapplsi ed 8 Lashi Ofy brenfhratzd argel 19emiand Jhe seggnd target
102b while the substrate 11 was being rotated at 30 rpm thereby formng a

CrON fil radvavt gh 2 atdd@¥O €33 mafadith @B cH ibim contenth®@soAr gRs-at a flow
rate of 30 scan was introduced into the chanber 101 to achieve a gas

pressure @f s Ban iterdne othandoeric Aadiischaege rpongr cohta@dsWvasoappl i ed
to each of the first target 102a and the second target 102b while the
substrat &0 Rheasiché ng €ot atedtat3 Batopmce thefeBly 2Drim ¢ at@mifi Bm havi ng

a thickness of 15 nm £0127]
of O and 5 to 15 atomic % of C. More preferably, the CrONC

film contains 40 to 45 atomic % of Cr, 15 to 30 atomic % of
N, 30 to 50 atomic % of O and 5 to 15 atomic % of C.
[6119]

When performing patterning in mask fabrication using a
photomask blank according to the present invention, first,
a chemically amplified photoresist £ilm 14 having a thickness
of 250 nm or less is formed by application on a principal plane
of the photomask blank, which comprises the transparent
substrate 11 and the light-shielding film 12 having the
composition and thickness described above with regard to the
examples 1 and 2 stacked on the substrate 11 (Figure 11A).
Considering that typical photoresist films have a thickness
of about 300 nm, the thickness of 250 nm means that the film
thickness is reduced by about 17 %. As described earlier,
such a structure having the chemically amplified photoresist
14 applied thereto can also be considered as the “photomask
blank".

[0120]

Prior to formation of the photoresist £film 14, a surface

treatment1x)reducethesurfa¢eenergy&ﬁfthesurfacecn1which

the photoresist film 14 is to be formed (the surface of the



Furthernore, a gas m xture containing Ar gas at a flowrate of 15 sccm N2
gas at a flowrate of 30 sccmand 02 gas at a flow rate of 15 sccm was

i ntroduced into the chanber 101 to achieve a gas pressure of 0.1 Pa in the
chanber. A discharge power of 500 Wwas applied to each of the first target
102a and the second target 102b while the substrate 11 was being rotated at
30 rpm thereby forming a CONfilmhaving a thickness of 25 nm In this
way, a light-shielding filmhaving a total thickness of 70 nm 70 % or nore

of which was accounted for t he. chrom um conpound fil m having a chrom um
content | o O BB ELAL ) i G S REE LPARES, LhaS dray hed. | [0128]

The condi tions for position.of the li shi el di f|| e changed in
various VAYS depéidi c1)(;Lgeﬂtl)sn tHe |alsmp(?(§3r%‘pg’§ |or‘1aeof$j lggs?ggﬁ’ %gfahg *Efack

Structurg,, {al, eXf‘Pﬂ%%’cd Ex"g&@éﬁ%@%&&%%&é}é@ﬂ&d&&?@esgﬁmEd !

t he sputterlng dgas |ntro may contain on

car bon- cq:ng%ﬁwgee%r% 3% abhibn tOR aaaﬁo%s%eaﬁzkyﬁ!gwy&heﬁﬁgof
ni trogen-contai ning gas, such as NO, NO2 and N2 and one or nhore kinds of

oxXygen- CiHaAIgHdthngas: Susdt Bst CRurMrangy ORefhmb Uh{ DL s €0k aha an inert
gas, such as Ar, Ne and Kr, mxed with these gases. In particular, CO2 gas
or CO gas({HMiat) d@uﬁlcﬁs Bs caom:bm $Oeid CEn anle aBe@XygRAUSOUECE 1S
preferably used fromthe viewpoint of in-plane uniformty of the substrate
and cont n@rudsEdtivyingf pivecdsbr i @ateomeprocessicrail heonpbasedihe vari ous

ki nds of sputtering gases may be introduced separately into the chanber,

or somne cﬁurdiqc%ftrtq‘?é“ﬁlﬁ tafdniy gd%es shafAse witxddeanubbhrpddused i nto t he
chanber . 0129 ] The CrON filmhaving a chrom um content of 50

at oni c %tﬁ? el}‘é’§’§eidnt?e8ﬁ§ of oz Sr"éfﬁfﬁ’epgféﬂ'feeﬁ"té‘lﬂ"f EGRI&i n8T4be0 50

atomc % of Cr 35 atomco/ 5to 50 c %of 0. Mre
preferab|~°91rft%de POREPER AT SPAS HR0Rt oSS TR R o bp (e SYBIRGE 30, at oni ¢
% of N ang %t%toe&rg %of O In addition, a CONC fil mhaving a
chrom um content of tomic %or less in terns of atomic ratio preferably

contains (4 410 50 atomic %of Cr, 10 to 35 atomic %of N 25 to 50 atomic %
of 0 and 5 to 15 atomc % of C I\/bre preferably, the CrONC filmcontains 40

to 45 atom c Ymefpkbtotesior3finhan ¢s%Rhphla B0td & 5@sakenhgePeph O and 5
to 15 atomic % of C. [0130]

(Figure 11B). Using the resulting resist pattern as a mask,
the light-shielding film 12 1s patterned by
oxygen-and-chlorine-based dry etching (Figure 11C). Finally,
the remaining photoresist film 14 is removed to provide a
photomask (¥Figure 11D).
[0122]

In this example, the clear time of the light-shielding
£ilm 12 (by chlorine-and-oxygen-based dry etching) is 300
seconds. Thus, compared with the clear time of 480 seconds
0f the conventional light-shielding f£film, the clear time is
substantially reduced. In addition, the photoresist (mask)
after the dry etching was observed with a scanning electron
microscope, and then, it was confirmed that the damage to the
photoresist was reduced because of the reduction of the clear

time.
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When perform ng patterning in mask fabrication using a photomask bl ank
according to the present invention, first, a chemcally anplified
photoresist film 14 having a thickness of 250 nmor less is formed by
application on a principal plane of the photonmask bl ank, which conprises
the transparent substrate 11 and the light-shielding film 12 having the
conposition and thickness described above with regard to the exanples 1 and
2 fornmed on the substrate 11 (Figure 11A) . Considering that typical
photoresif6 %%5ns have a thickness of about 300 nm the thickness of 250 nm
means that"t filmthickness is reduced by about 17 % As descri bed
earlier, t,ru hayi t.he_chem cal anpl.ified otoresist 14
appl i ed tﬁ%%%?%lgéﬁ §$§%8%35%5%%?8%788 é%a?%%é%bao 3ﬁh%§£ﬁﬁaﬁﬁmF“Fb131]
Prior to fproetipn of the photoresist film14, a surface treatnent to
reduce the surface energy of the surface on which the photoresist film14
is to be fersed (the surface of the light-shielding film12) is preferably
performed in order to prevent problens, such as peel-off and falling of the
fine pattern, fHiGMeBCEIHId RG 10UMeNGed cSURRT WS Stialh e ddhieni06ess. A
preferred surface treatnent is a process of alkylsilylating the photomask
subst r at eF sgufacel byah@xahet byl UiBi | azeneattMiS}menhi 60 tkecOnmmNly used in
t he sem conduct or manufacturing process, or other organic-silicon-based
surface tieResihiomgamardhes siyfulceeving ppabstval el srehdesamepased t o gas
of such a_surface treatnent agent, or the surface treatnent agent may be
directly ppFrretrd §bove .sapd ghbphEasghasedties alge3ptransparehs
photoresist film14 is shaped into a resist pattern (Figure 118). Using the
resul ti ng®PReITE M patiittil &5 & hadech Fetrq et AUdintg pubmtrates
pat t er ned, by, oxygen-and-chl ori ne-baseddryetching (Figure 11C . Finally,

t he renai%lng hotoresist film14 is renoved to provide a photonmask (Figure

11D) . The first target 102a and the second target 102b used
werebothchromium-metal targets for forminga light-shielding
filmon the transparent substrate. First,assputteringgas,
a gas mixture containing Ar gas at a £low rate of 15 sccm,
N, gas at a flow rate of 30 sccm and 0, gas at a flow rate
of 15 scem was introduced into the chamber 101 to achieve a
gas pressure of 0.1 Pa in the chamber. A discharge power of
500 W was applied to each of the first target 102a and the
second target 102b while the substrate 11 was being rotated
at 30 rpm, thereby forming a CrON £ilm having a thickness of
30 nm.
[0126]

Then, Ar gas at a flow rate of 30 scom was introduced
into the chamber 101 to achieve a gas pressure of 0.1 Pa in
the chamber. A discharge power of 500 W was applied to each
of the first target 102a and the second target 102b while the
substrate 11 was being rotated at 30 rpm, thereby forming a

Cr film having a thickness of 15 nm.



[0133]
(by chl or
with the

(mask) af

In this exanple, the clear tine of the light-shielding film 12
| ne- and- oxygen-based dry etching) is 300 seconds. Thus, conpared
clear tinme of 480 seconds of the conventional |ight-shielding
film the clear tinme is substantially reduced. In addition, the photoresist

ter the dry etching was observed with a scanning el ectron

m croscope, and then, it was confirmed that the damage to the photoresi st

was reduced because of the reduction of the clear tine.

Basic str

i nvention

of MSi ,
be deposi

y&ﬁgig of phase shift mask bl ank according to the present
5

[0134] (Exanple 5:

] The phot omask bl ank according to the present

I nvention ma :ggpg' d.a hift mask bl ank. In_this.case, in

deposi tion o?qfhe f%ﬁ#gghf%%ﬁ%ngqgﬁﬁﬁé a- Fgﬁgﬁﬁgé%F ??Fn?%ﬁi?ﬂﬁﬁé a

region c I nd | hi.C (SH) a
AR M G IR St e

et £1be taeadugentchhlwanildtRendeseinhedthat@amber 101
to achieve a gas pressure of 0.1 Pa in the chamber. A discharge
power of 500 W was applied to each of the first target 102a
and the second target 102b while the substrate 11 was being
rotatedat 30 rpm, thereby forminga CrONfilmhavinga thickness
of 25 nm. In this way, a light-shielding film having a total
thickness of 70 nm, 70 % or more of which was accounted for
by the chromium-compound film having a chromium content of
50 atomic ¥ or less in terms of atomic ratio, was formed.
[0128]

The conditions for deposition of the light-shieldingfilm
canbe changed invarious ways dependingon the filmcomposition
or design of the stack structure. For example, in the case
where aCrONCfilmis tobe formed, the sputteringgas introduced
may contain one or more kinds of carbon-containing gas, such

as CHy, CO; and CO, one or more kinds of nitrogen-containing

.gas, such as NO, NO, and N, and one or more kinds of

oxygen-containing gas, such as CO,, NO and O; or further contain
an inert gas, such as Ar, Ne and Kr, mixed with these gases.
In particular, CO, gas or CO gas that doubles as a carbon source
and an oxygen source is preferably used from the viewpoint
of in-plane uniformity of the substrate and controllability
of the fabrication process. Furthermore, the various kinds

of sputtering gases may be introduced separately into the

region
Imis to



[ 0136] The conposition and stack structure of the |ight-shielding
filmof the phase-shift mask bl ank are appropriately selected so that the
mask bl ank fabricated has a required optical characteristic. Preferably,
the light-shielding filmis designed so that the transmttance to exposure
light is equal to or higher than 0.01 % and equal to or lower than 5 % and
the reflectance to light having a wavel ength from 250 nmto 270 nmis equal
to or higher than 10 % and equal to or lower than 20 % In order to assure

hi gh tt ' i Si t ical fi t hi ck i f bl
crmal | TG L EPBEnGT (1 s BRoFBIAbLY Hacr ghes T REVE 5o ot X
t hi cknessarg(gulargtg@d\?ée& le:?té hﬂp g(?h%%%ms?] Figure 12A is a

schemati ¢ cross-sectional Vview trating an exenplary structure of
ahal f -t ongs phape- shift mask bl ank according to the present invention, in
which a translucent film 15 having a predeterm ned phase-shift capability

and a predet erfnedolr aASAI LAADEE & LIXNOSH &did @t ioy f5or pRdmge gne
princi pal plane of a transparent substrate 11 nade of quartz or the |ike

t hat serwes s aphoterask oFubsbmaice ratard paelfeghbishicehdiang sf ubmed2 i s
formed on the translucent film15. The light-shieldingfilnl2 has

t hel ayer edstartuctiur € adeser.i bedkc@bBovetuwmih ¥ egaNcani® 25hecex@mplomil- and can
serve not only as a "light-shielding filn but also as an antireflection
film | n <ditiere pheferapdiucdr CEPNAiLE cenhahad 40t omd Spamelshi ft | ayer
contai ning_an absorber material that is_a half-tone material containing
both sil iTokH-SiP A If iRl dnPEMI) 2ndh? 9 rPoRrteés & ToMosifion is
used because. it has .ent characteristics including dry etching

Char act o BT HEAON oI bELP ML o - FREPSEBRCET PERIETC & 11 the

case where the half-tone se-shift sk _bl ank cording.to the,present
i nvention i sleasessilgnné:(?rfnésr %%Zgr cati gr?r%gfo grﬁ%ﬁaﬁ%y ﬂ?ﬁtgﬁ“ﬁgs&pe?ﬁt he

t hi cknes QS|.ki t | - shi el di fq a 2| egted so
t hat the%o(g?l?cca rgc}eonts)i%tgpb(i))f(z)f&teﬁe54 I%ir%ﬁ'ti@sﬁi ‘gfgighgé% irﬂorln%fzgﬁgr ?Llci ght havi ng

of O and 5 to 15 atomic % of C. More preferably, the CrONC
f£ilm contains 40 to 45 atomic % of Cr, 15 to 30 atomic % of
N, 30 teo 50 atomic % of O and 5 to 15 atomic % of C.
{0130}

When performing patterning in mask fabrication using a
photomask blank according to the presgsent invention, first,
a chemically amplified photoresist £ilm 14 having a thickness
of 250 nm or less is formed by application on a principal plane
of the photomask blank, which comprises the transparent
substrate 11 and the light-shielding £ilm 12 having the
composition and thickness described above with regard to the

- examples 1 and 2 formed on the substrate 11 (Figure 11A).
Considering that typical photoresist films have a thickness
of about 300 nm, the thickness of 250 nm means that the film

thickness is reduced by about 17 %. As described earlier,

such a structure having the chemically amplified photoresist
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a wavel ength of 193 nmfalls within a range of 1.2 to 2.3. Such an optical
density OD can be achieved by setting the thickness of the filmwthin a
range of 25 nmto 60nm However, in order to reduce the dry-etching tinme to
i nprove the patterning precision, the thickness of the filmis preferably
set within a range of 25 nmto 50 nm [0139] On the other hand, in
the case where the photomask bl ank according to the present invention is
designed for fabrication of a mask for KrF exposure, the thickness and

iti |Liyaht s shiel ding fil | : i cal
Gonsi ty. ODNoToRHot i gRE=Sh ot Raor P 19nF SPErEg e o Thvitengt n of

248 nm fajhgpwthin a range of 1.2 to 2.3. Such an optical density OD can
be achi eved by setting the thickness of the filmMthin a range of 30 nmto
70 nm Hoyeyer,) in order to reduce the dry-etching tine to inprove the
patterning precision, the thickness of the filmis preferably set within a
range of 30 nettoBdforhftdéh of the phHotbeecase fuhier @4t he dirghiceshi el di ng
film12 has a multilayer filmstructure in which a plurality of |ayers
havi ng di ffestmendpta callucharecbarifstiecsnar gy sttacke duat aeachn offieth as shown
in Figure 12B, for exanple, it is preferred that the primary material of

t he upper Fpstprirayeresssthiiomt UM &b de, behfomrash fitie i derforce hrfordhem
oxynitride, and the percentage contents (atom c % of oxygen, nitrogen and
carbon attHeptnshdelainatict T @ 20nd £ iR FHea Rt PEEE odedhan e mdst | ayer

r I hat. t he oxygen content > the nitr.ogen content
are se ecéggvggttprobiems, g&hh as peé&-ofé and falling of the fine

pattern, fromoccurring during a subsequent step of the process.
A preferred surface treatment is a process of alkylsilyvlating
the photomask substrate surface by hexamethyldisilazane
(HMDS), which is commonly used in the semiconductor
manufacturing process, or other organic-silicon-based
surface treatment agent. The surface of the substrate may
be exposed to gas of such a surface treatment agent, or the
surfacétreatmentagentmaytxadirectlyappliedtx:thesurface
of the gubstrate.
(061321

The photoresist film 14 is shaped into a resist pattern
(Figure 11B). Using the resulting resist pattern as a mask,
the light-shielding film 12 is patterned by
oxygen-and-chlorine-based dryetching (Figure 11C). Finally,
the remaining photoresist £ilm 14 is removed to provide a
photomask (Figure 11D).
[0133]

In this example, the clear time of the light-shielding
film 12 (by chlorine-and-oxygen-based dry etching) is 300

gseconds. Thus, compared with the clear time of 480 seconds



> the carbon content. In addition, the thickness of the uppernost |ayer
preferably falls within a range of 10 to 25 nm [0141] Furt her nor e,
in the case where the hal f-tone phase-shift mask bl ank according to the
present invention is designed for fabrication of a nmask for ArF exposure,
the conposition is preferably selected so that the extinction coefficient k
of the uppernost |ayer of the nultilayer filmfor |ight having a wavel ength
of 193 nmfalls within range of 1.0 to 1.5. [0142] Under the

condition% %gggé%ggg?ggﬁﬁgi £Q§%£§££g§§?$g§0%$imlhgptcg%é&ngi%n i nspection

.1
mavelengfh can“be rea rolled, a saFls?actory

dry- ot chig Sabe.id) LPLIR00aD eAN.de: ARST e bALAAALLEAR, (hliapasi cf Ly

of the surface o shi el di ng m can equate, and the

effect of,rq GhemeCallye BRRELE R8s rasd Stvad & that 9aghdi A§NET 8L OFoh S
reduced, so that a high resist patterning precision can be naintained.

[0143] microE®dd ansbucest, fiitd WhiSomyihtedahaant e alfiagl €ol ayer film
but also a multilayer filmincluding two or nore | ayers having different
conposi t ipkrs cas: Shitwraknr d&digte @ bE2Busfeon £ etanpkduckhohhef casecbéat he

mul tilayer filmstructure, at |east one of the |layers constituting the

t ransl ucdrimef.i | m 15 shoul d contain both silicon andnol ybdenum |In addition,
such a single-layer or nultilayer translucent film1l5 is adapted to have a
transmitti®@dddlof 2 to 40 % and provi des a phase shift

{Example 5: Basic structure of phase shiftmask blank according
to the present invention)
f0135]

The photomask blank according to the present invention
may be configured as a phase shift mask blank. In this case,
in-deposition of the light-shielding £film, a translucent £film
that has a region containing both silicon (5i) and molybdenum
{Mo), such as a region of MoSi, is provided on the surface
on which the light-shielding film is to be deposited. The
translucent film will be described later.

[0136]

The composition and stack structure of the
light-shielding film of the phase-shift mask blank are
appropriately selected so that the mask blank fabricated has
a reguired optical characteristic. Preferably, the
light-shielding £film is designed so that the transmittance
té exposure light is equal to or higher than 0.01 ¢ and equal
to or lower than 5 %, and the reflectance to light having a
wavelength from 250 nm to 270 nm is equal to or higher than
10 % and equal to or lower than 20 %. In corder to assure high

patterning precision, the physical f£ilm thickness is



of about 180 degrees, for exanple. In some cases, the translucent filmcan
be adapted to provide a phase shift of 10 degrees or |ess. [0144] I n
the case where the translucent film15 has a nmultilayer structure, the
optical characteristic of the translucent film 15 can be readily adjustedif
the two ornore | ayers constituting the translucent film 15 include a

| i ght -absorbi ng | ayer and a phase-shift layer. In this case, an unsaturated
nmetal conmpound form ng the |ight-absorbing |layer is preferably an

unsat ur a%ﬁ:‘lf@%ta%gysiéniafﬂﬂe. %i?deii@r{—%@ﬁ tl‘Hi?{gﬁ%&gL?nt ?ils $d gl e, Qxyni tride,

or an unsaturated-netal sui cide oxynitride ca T the case of the
unsat ur?‘h%@;i@?xte%! 3 hhGkds 03148 chhechighte@bsorhl ng hayer (foptghns 0.2 to
80 atomic %of M 19 to 90 atomc %of S and 0.1 to 60 atomc % of O.

Here, thegmcharacter "M denotes a transition netal, such as nol ybdenum ( M)
. In the case of the unsaturated netal suicide oxynitride, the

| i ght - abgenhbing | ayer preferably contains 0.2 to 80 atomic %of M 19 to 90
atomic %of Si, 0.1 to 50 atomc %of 0 and 0.1 to 50 atomc %of N In the
case of the uRsgtwreatled net al ssihleraitde extyrsst-rdedd icarddi de,ew Hr

| i ght-absorbing | ayer preferably contains 0.2 to 80 atomc %of M 19 to 90
atom ¢ %idfluSitrading an 48eapdairy Yeofctirof attm U5 apnplkase oshiNfand 0.1 to
30 atomc %of C [0145] Such unsaturated conpounds can be fornmed by
react i ve™gfifit PdAnkg ASFApHrshriatdly Bt UM chHeE Hht Oxy gih-Woketai ai ng gas,
a nitrog%n-containingﬁggs and a carbon-containing gas as sputtering gas.
The rati GTARSHYER g™ it rsged hrft REGHoPTuf el Rigtoptisitel y adj ust ed
by using the.reactive.sputtering.technigue, .and thus, the optic

char act sFrRere any H5 BB Rl i TS Ehe S Pisrinty Rl g
advantagggu§g¥mbgpggvggg ﬂ$¥ﬁ%&pal plane of a transparent substrate

limade of quartzor the like that servesasaphotomasksubstrate,
and a light-shielding film 12 is formed on the translucent
filml5.: Thelight—shieldingfillehasthelayeredstructure
described above with regard to the example 1 and can serve
not only as a "light-shielding f£ilm" but also as an
antireflection £ilm. In addition, the translucent film 15
is a half-tone phase-shift layer containing an absorber
material that is a half-tone material containing both silicon
(Si}) and molybdenum (Mo). The film of such a composition is
used because it has excellent characteristics including dry
etching characteristics, conductivity, and chemical
resistance.

[0138]

In the case where the half-tone phase-shift mask blank
according to the present invention is designed for fabrication
of a mask for ArF exposure, the thickness and composition of
the light-shielding film 12 are selected so that the optical

density OD of the light-shielding film 12 for light having



In addition, as a material for the phase-shift layer, a nmetal silicide
oxide, a netal silicide oxynitride and a netal silicide oxynitride carbide
are preferably used. In the case of the nmetal silicide oxide, the
phase-shift |ayer preferably contains 0.2 to 25 atomic %of M 10 to 42
atomc %of Si and 30 to 60 atomc %of 0. In the case of the netal
silicide oxynitride, the phase-shift |ayer preferably contains 0.2 to 25
atomic %of M 10 to 57 atomc %of Si, 2 to 20 atomc %of 0 and 5 to 57
atomc %of N Int se of th tal, silicide oxynitride carblde t he
Dhase. shid (AT e aﬂb‘iﬁ/%ﬁf’%ﬁeﬁs 6. i, D ARIRE oot T 228 1o 57
atomc%fS| to. 20, atom. ¢, % . qf Yat c%fN 0.5 to 30
atom c %olfc}b arA %ﬁ’tlcﬂieéc SaJr"%QgtOB gT’\llfJ geno e%egeﬁ%{ si’ ﬂqgﬁ"nﬁe'f:g such as

nnlybden iéﬁhésigk4iLafllmvmiﬁgﬁg %aB @%ﬁ?§§'§4?$%ﬁ%ﬁ1caﬁoggv gr”Ed by

reactive sputtering by using a a silicon target and’a netal

silicide {argejcApRs oprh@te! Vhéeh§91@90ﬂ§ﬂén@hﬁg ‘EB EBF::SQEP‘E%“ on of the
phase-shift |layer to be forned and by appropriately introducing an

OXygen- CQsY @t dk ifith @ @%e A sAidil, 0988130 dH NG £0ase AU € drBeBraeNL Al ni ng
gas along with an 1 nert gas, such as neon, argon and krypton. [0148]

Wi | e t hesdasittisin uet tiiegef of hes hakf tet Bnenmhase shift mask bl ank
according to the present invention has been described above, the "half -
-tone phas&l¥hi ft mask bl ank” may be a structure that has a chenically
anplified resist filmpreviously formed on the |ight-shieldi n% film212.
Here, the chefichhfyodrpr ibRindd phRotler e5isst wherastlae pawdisssk bilanki ghl y
sensitive and is suitable for fine patterning. In this case, the chemcally

anpl i fi ecPPHITGIESTS Hhe PFﬁ??gtfld’rVr?@d:W 1P Sepagecheo T hRF SRy Rl i f i ed

ph0t0r65'5é51ma3k orh&%§%x%%§%¥%,nt e thggﬁneés an&.comp051tlon.0f

the light-shielding £ilm 12 are selected so that the optical
density OD of the 1light-shielding £ilm 12 for light having
a wavelength of 248 nm falls within a range of 1.2 to 2.3,
Such an optical density OD can be achieved by setting the .
thickness of the filmwithinarangeof 30nmto 70 nm. However,
in order to reduce the dry-etching time to improve the
patterning precision, the thickness of the film is preferably
gset within a range of 30 nm to 60 nm.

[0140]

In the case where the light-shielding f£ilm 12 has a
multilayer film structure inwhich aplurality of layers having
different optical characteristics are stacked on each other
as shown in Figure 12B, for example, it is preferred that the
priméry material of the uppermost layer is chromium oxide,
chromium nitride or chromium oxynitride, and the percentage
contents (atomic %) of oxygen, nitrogen and carbon at depths
of 0.5 to 1.0 nm from the surface of the uppermost layer are

selected so that the oxygen content > the nitrogen content
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Such a thickness of the chemically anplified photoresist filmis adopted
because, in the case of fabrication of a photonask for ArF exposure that
requires fine patterning, the resist filmis required to be relatively thin
to avoi d high aspect ratios. [0150] In principle, a thinner resist
filmprovides a better resolution. If the resist pattern is damaged during
etching, the pattern fidelity is reduced. However, since the
light-shielding filmaccording to the present invention that can be readily
etched requjres a shorter etching tine than conventional ones, a thinner
resi st fign#%%nc%ﬁb%‘ée‘a‘?“%“ﬁsin‘g“aa‘?@s‘fls‘%nfi*f*?ﬁh‘a*\‘ﬁﬁ}@n%%h?ék%%s of 200
nmor less, a hi wor Ki n eci.sjio n be_.achieved. [01 In

addi tion ?p??ép?%%;%a ??ﬁé%%#eﬁ%é;grﬁ%qﬁ% 8 Re™ P BY S?E%#qﬁ¥1§5

det erm negd, by conprehensively taking into account various conditions
including the etching resistance of the resist material. Typically,

however, f&esihickness of the resist filmis preferably equal to or nore
than 75 nm and nore preferably, equal to or nore than 100 nm [0152]

Furthermore, in the case where the half-tone phase-shift
mask blank according to the present invention is designed for
fabricétion of a mask for Ar¥ exposure, the composition is
preferably selected so that the extinction coefficient k of
the uppermost layer of the multilayer f£ilm for light having
a wavelength of 193 nm falls within range of 1.0 to 1.5,
[0142]

Under the conditions described above, the reflectance
for light having an inspection wavelength (250 to 270 nm) can
be readily controlled, and a satisfactory dry-etching rate
in terms of OD can be assured. In addition, the basicity of
the surface of the light-shielding £ilm can be made adequate,
and the effect of a chemically amplified regist on a photoacid
generator is reduced, so that a high resist patterning
precision can be maintained.

61431

The translucent £ilm 15 may be not only a single-layer
£ilm but also a multilayer film including two or more layers
having different compositions as shown in Figure 12C, for
example. 1In the case of the multilayer film structure, at
least one of the layers constituting the translucent film 15
should containboth silicon andmolybdenum. Inaddition, such
a single-layer or multilayer translucent f£ilm 15 is adapted

to have a transmittance of 2 to 40 % and provides a phase shift



The chemcally anplified resist used may be of a positive type or a
negative type. A well-known resist, in particular, a resist of a polyner
material having an aromatic structure is preferably used. [0153] In
the present invention, the spreadability is very inportant. For exanple,

t he photoresist for formng the chemcally anplified photoresist filmis
added with (or contains) a surface-active agent wth a percentage content
of 10 to 1000 ppm for exanple, and the percentage content of a solid

constitugg% ég ggjﬁgéqgatqegg e g@leto oiele3§ thQ %gimelghé % of the
organi ¢ sO vent' e’ strfacesacttve %%%% addét 6" he™ thgni %?Iy anplified
phot or esi éfa%ﬂ’uéén@ Ul 3G6r Bt %}ﬁ%?%%”%ot &f@@%l&%& WfAceactive
consti tuent aving a uori ne substrtuent, surface-active agent t hat
contains gy NQN;PRALS SHr{acg: active constituent having neither a fluorine
substituent nor a silicon containing substituent, or a m xture thereof.
[0154] (BExgnpie 6: Phase-shift mask bl ank and first exanple of patterning
process) [0155] Figure 10 shows an exenplary arrangenent of a film
deposi ti on appar abasaeputid e itheg Bppes Bhds) t gsaa fohakabmugatiingea
hal f -t one phase-shift nmask bl ank according to the present invention, and
Fi gures 18trtotddd dhe ahagrahshhorciteristiatohyghan exenpleeyt fideess of
patterning the hal f-tone phase-shift mask bl ank.

l15canbereadilyadjusted if the twoormore layersconstituting

the translucent film 15 include a light-absorbing layer and

a phase-shift layer. In this case, an unsaturated metal

compound forming the light-absorbing layer is preferably an

unsaturated metal silicilde oxide, an unsaturated metal

silicide oxynitride, or an unsaturated metal silicide

oxynitride carbide. In the case of the unsaturated metal

silicide oxide, the light-absorbing layer contains 0.2 to 80

atomic % of M, 19 to 90 atomic % of Si and 0.1 to 60 atomic %

of 0. Here, the character "M" denotes a transition metal,

such as molybdenum (Mo). In the case of the unsaturatedmetal

silicide oxynitride, the light-absorbing layer preferably

contains 0.2 to 80 atomic % of M, 19 to 90 atomic % of Si,

0.1 to 50 atomic % of O and 0.1 to 50 atomic % of N. In the

case of the unsaturated metal silicide oxynitride carbide,

the light-absorbing layer preferably contains 0.2 to 80

atomic % of M, 19 to 90 atomic % of Si, 0.1 to 45 atomic %

of O, 0.1 to 45 atomic % of N and 0.1 to 30 atomic % of C.

[0145]

Such unsaturated compounds can be formed by reactive

sputtering by appropriately introducing an oxygen-containing

gas, a nitrogen-containing gas and a carbon-containing gas



[ 0156] In Figure 10, reference nuneral 11 denotes a transparent
substrate, which is a 6-inch rectangular quartz substrate. Typically, the
surface and end faces of the quartz substrate are finely polished.

Ref erence nuneral 101 denotes a chanber, reference nuneral 102a denotes a
first target, reference nuneral 102b denotes a second target, reference
nunmeral 103 denotes a sputtering gas inlet, reference nuneral 104 denotes a
gas outlet, reference nuneral 105 denotes a substrate turntable, and
reference nuneral s 106a and _106b denote omer supplies that apply a bias to
the T1 st A ST ger S TREpLEAGE by A} £ 00em AR TRTE | ucent

film 15, | tone €1 shlft l.a contal an ahsorhb naterlal t hat
is a halfc?oﬁxzﬁaP Pfacon ai uSt%§§% é%ﬁi L4 5%%1%%3% Gﬁ](wb) is

formed on, E@ﬁn@igtﬁglt Y ) a{(ﬁe%um% Jﬂe{ :Qseélc}géﬁt %rsaeﬁfe’;{ds“cé@ S step

is a single cry I con target, e secon used in this

step is aspal ¥ﬁéY§é§i%hn§1é@iNPﬁfﬁy%a§ﬁ|de§'a€hﬁzaﬁd\&%é’8uél%f Q%pmmfd gas flow
rate was set so that the gas pressure in the chanber during film deposition

was 0.1 Paiaagnd a nol ybdenum silicide conmpound film (MSIN film was
formed while rotating the substrate at 30 rpm [01581 Speci fically,
filmdepositionnwaddstasd pdadya ik redisci MprArtigaphais ea dfHigw riatveof 20 seem
and N2 gas at a flowrate of O (zero) sccminto the chanmber 101 to achi eve
a gas presugtmiofidi¢ifa oxidehea oledaesiliapbly prgnatdideharde npower of 700
Wto the MpbS13 target and a di scharge power of 300 Wto the Si target, and
rotati ng FhéisdBseteatel Wildg c3pPifm arheneferabilvamgcedn FheMasevi ng a

t hi ckness of about 20 nmwas fornmed by continuous|ly changing the film

deposi t i oft*c'dHuMEREHsSHh-Stith OF Hfannkhe PRAC S K& fTolPY 3T 88 PP gas and N2
trod d t h D d 50

doom 't ecpattroaryl rﬁﬁi S BLEhis T M Thr el Bt b b L O

Pa, and thg gbsgﬁ%% aggwm 'dﬁg %t&g%@ rlaha8Y, lar}Ql:LQﬁd%I target

were gradually c ange respectively
Under suchfiLndepeatt i I% g%%usqm,t Bay gfqﬁleeﬂuraw;uewts Iy mthat has a

conposition gradient in which the tranS|t|on nmet al “cont ent and the nitrogen

content gpaddabhycchangescam ke f50r BRGmic $ of Si, 2 to 20 atomic %
of Cand b to 57 atomic ¥ 0of N. In the case of themetal silicide
oxynitride carbide, the phase-shift layer preferably contains
0.2 to 25 atomic % of M, 10 to 57 atomic % of Si, 2 to 20 atomic %
of O, 5 to 57 atomic % of Nand 0.5 to 30 atomic % of C. Again,
the character "M" denotes a transition metal, such as
molybdenum (Mo).
[0147]

Such a phase-shift layer can be formed by reactive

sputtering by using a metal target, a silicon target and a
metal silicide target appropriately selected dependingon the
composition of the phase-shift layer to be formed and by
appropriately introducing an oxygen-containing gas, a
nitrogen-containinggas andacarbon-containinggasalongwith
an inert gas, such as neon, argon and krypton.

[0148]
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[ 0159] Then, a light-shielding filmvas formed on the translucent film
using a first target 102a and a second target 102b that were both
chromumnetal targets. First, as sputtering gas, a gas m xture contai ning
Ar gas at a flowrate of 15 sccm N2 gas at a flowrate of 30 sccmand 02
gas at a flowrate of 15 sccmwas introduced into the chanber 101 to
achieve a gas pressure of 0.1 Pa in the chanber. A discharge power of 500
Wwas applied to each of the first target 102a and the second target 102b

while the subgiale chb WAS: bl nB,EphALESk Al S0npm: hepeby forning a OroN

filmhaving a chrom um cont ent 50 at omi cY% or less in-terms of atom c

rati o to madibiwknewsatoASi AR +60LR0] present ThEVERRHLEI QRS f,QLdeposition
of the light-shielding filmcan be changed in various ways dependi ng on the

fil mconposddiDedramtes gnnef "hherstask shaset o 6t M s1e%AMRKe, mh the case
where a CrONC filmis to be forned, the sputtering gas introduced may
cont ai n dre @rstmretddandshaf hear borheosntalniyngmgas.£isdcheas s€HE: 1602 and
CO, one or nore kinds of nitrogen-containing gas, such as NO N2 and N2
and one dIrsitreaikindmwedrypgem donhdi-mlig lghsg suth Bs. CB2xre ,NGhand 02 or
further contain an inert gas, such as Ar, Ne and Kr, mixed wth these
ases. | PGt armpddd 1gdsPiap t oo ghst tisaes dddisicesisasit isahbghlyour ce and
9 . . . .
an oxygen source is preferably used fromthe viewoint_of in-plane
uni f or m tSPBH ThE® 808s1T &% TR o bAT rioteaBREEEFdP It hel ® dbdisca8FBRA process.
Fur t her myr,e 1{1h .varigus kinds .of utterin ases may he introduced
e chdf ‘ '
separately 1Ato t gihéﬁg‘%}ef“%l&gpshoo Oroermac‘iqg?)?mtlﬁéfoéf R 7RB1Y48Es may be
m xed and.yMJRAHcEeH 1P t0 NG SATRE o Q@Y to a thickness 6f 250 '
nm or less.
[0149]
Such a thickness of the chemically amplified photoresist
film is adoptéd because, in the case of fabrication of a
photomaskiﬁn?ArFexposurethatrequiresfinepatterning,the
resist £ilm is required to be relatively thin to avoid high
aspect ratios.
{01501
In principle, a thinner resist film provides a better
resolution. If the resist pattern is damaged during etching,
the pattern fidelity is reduced. However, since the
light-shielding film according to the present invention that
can be readily etched requires a shorter etching time than
conventional ones, a thinner resist filmcanbe used. Byusing
a resist film having a thickness of 200 nm or less, a high
working precision can be achieved.
[0151]

Inaddition, the lower 1imit of the thickness of the resist

film is determined by comprehensively taking inteo account
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The CrON filmhaving a chrom umcontent of 50 atomc %or less in terns of

atomc ratio preferably contains 40 to 50 atomc%of C, 10 to 35 atomc %
of Nand 25 to 50 atomc % of 0. Mdrre preferably, the CON filmcontains 40
to 45 atomic %of C, 15 to 30 atomc %of N and 30 to 50 atomc %of 0. In
addition, a CONC fil mhaving a chrom um content of 50 atomc %or less in

ternms of atomc ratio preferably contains 40 to 50 atomc %of C, 10 to 35
atomc %of N, 25 to 50 atomic %of O and 5 to 15 atomc %of C. Mre

pref er ablysr {dies GG ¢4 G Rl dish 4 He0 ARTAATC Hs0hnEle, oF5¢he 30
atomc %of N, 30 to 50 atomic %of 0 and 5 to 15 atom c A)of C (0162]

When per frorgd dtg npattderdil Ng Tvip ikaSK f  abokeatiron tusl rgiakhakk- benene
phase-shi ft mask bl ank according to the present invention, first, a

chem cal |sesingt ifiled phaioresiagilf idgnald thavirngoaret iheknessnaf 208 nm or

|l ess is formed by application on a principal plane of the half-tone

phase- shifarerasie i zakly wheaha t ohprés esordettpansp@rent substrate 11 and
the translucent film15 and light-shielding film 12 having the conpositions
and t hi ckifds¥es described above with regard to the exanples 1 and 5 stacked
on the substra e 11 é ure 13A).. Considering that typical photoresist
films have a tHS % Eﬁﬁgpjéﬁﬁ“%ﬁ?s%ﬁE‘Fﬁ?%ﬁﬁ¥§§36?E?B@Shﬁ¥ﬁéans t hat

thefllmthlckne55|s r.educed by E? 7‘V As descr.i bed ear| such a
struct ur & W&V P A RIS c5PPy Fi Bogﬁo’f%?Je%?stmlﬁa‘ébb?‘i‘ieﬂrt her et o

;:gnf glr ﬁgﬁbgﬁggﬁ %gr (g% ¥%SI st%@ﬁsln?]ﬂq f\}lng%%agkg rea rrenl?é tmr:%ducgr!tﬁ(ra

surface enen®eir-dhe, ssidace on which the photoresist film14 is to be
formed (the surface of the light-shielding film212) is preferably perforned
i n order ftoagwievent problens, such as peel-off and falling of the fine
In the present invention, the spreadability is very
important. For example, the photoresist for forming the
chemically amplified photoresist film is added with (or
contains) a surface-active agent with a percentage content
of 10 to 1000 ppm, for example, and the percentage content
of a solid constituent is adjusted to be equal to or less than
10 weight % of the organic solvent. The surface-active agent
added to the chemically amplified photoresist may be a
surface-active agent that contains a surface-active
constituent having a fluorine substituent, a surface-active
agent that contains a nonionic surface-active constituent
havingneither a fluorine substituent norasiliconcontaining
substituent, or a mixture thereof.
[0154] |
(Example 6: Phase-shift mask blank and first example of
patterning process)

f0155]
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pattern, fromoccurring during a subsequent step of the process. A
preferred surface treatnment is a process of alkylsilylating the photomask
substrate surface by hexanet hyl di silazane (HVDS), which is comopnly used in
t he sem conduct or manufacturing process, or other organic-silicon-based
surface treatnent agent. The surface of the substrate nmay be exposed to gas
of such a surface treatnent agent, or the surface treatnent agent may be
directly applied to the surface of the substrate. [0164] The

phot oresi st fidimukd i1 shiaRed dDtOcdng BSiPtaPRbL8ERLFi gHrg £3B). Using the
resulting resist pattern as a mask, the light-shrelding film12 and the
transl ucemépdsimdd appapather egubyeodxygenpandathkqr usedbased dry etching
(Figure 13C). Finally, the renmaining photoresist film14 is renoved to
provi de af pitiot oaaskg (Fibgurfe th318) php@8&65hift masknbiimie mxanplieg tthe cl ear
time of the light-shielding film 12 (by chlorine-and-oxygen-based dry

et chi ng) ¥The 200 sarondsveThuen . conpdtiatings hihd c|lédr abendiefrd@8 seconds
of the conventional |ight-shieldi ng film the clear time is substantially
reduced. 9 abtlesoratihe photveBBISTY (RESKESEf 0Er PREEHR)NEt EAPng was
observed with a scanning el ectron m croscope, and then, it was confirned
that the hEGECRD PHeSpnetoF EsTeskvBsaPrEduced because of the reduction of
t he cl eariéi'grge] [ 0166]

InFigurejuL reference numeral 11 denotes a transparent
substrate, which is a 6-inch rectangular guartz substrate.
Typically, the surface and end faces of the quartz substrate
are finelypolished. Referencenumeral 101 denotes achamber,
reference numeral 102a denotes a first target, reference
numeral 102b denotes a second targeﬁ, reference numeral 103
denotes a sputtering gas inlet, reference numeral 104 denotes
a gas outlet, reference numeral 105 denotes a substrate
turntable, and reference numerals 106a and 106b denote power
supplies that apply a bias to the first and second targets,
respectively.

[0157]

As a translucent £ilm 15, a half-tone phase-shift laver
containing an absorber material that is a half-tone material
containing both silicen ($i) and molybdenum (Mo) is formed
on the gquartz substrate 11. The first target 102a used in
this step is a single crystal silicon (Si) target, and the
second target used in this step isapolycrystalline molybdenum
silicide (MoSi,) target. The gas flow rate was set so that

the gas pressure in the chamber during film deposition was



(Exanpl e 7; Phase-shift mask bl ank, and second exanpl e of patterning
process) [0167] This exanple will be described also with reference to
Figures 10 and 13A to 13D. The arrangenent of the fil mdeposition apparatus
(sputtering apparatus) is the sane as descri bed above, and the substrate
used is also a transparent substrate, which is a 6-inch rectangul ar quartz
substrate. [0168] As a translucent film 15, a half-tone phase-shift

| ayer containing an absorber material that is a half-tone materi al

cont ai ni ng, pekN §hl1!&%1@%%@&%&@&%‘2%”&%{0%%& £1 1 RT IR QD £ AR quart z
substrate 11. The first target 102a used in this step is a single crystal

silicon (B9 tadgel Witk thet seconditar gebsvsadei At BoSrphep is a

pol ycrystal line nol ybdenumsilicide (MSi3) target. The gas flow rate was
set so thatiihpe gas pressure in the chanber during fil mdeposition was 0.1
Pa, and a nol ybdenum silicide conmpound film (MSI N filn) was formed while
rotating the $pestifdceldty.30ipeppliédon was st8peeidhcahltypdiicimg
deposition was started by introducing Ar gas at a flowrate of 20 sccm and
N2 gas athla 94Wh & &ifw qizerd) deandmtand e granedr aldioworathi eve a
gas pressure of 0.1 Pa in the chanber, applying a discharge power of 700 W
to the MPS 8 ¢ZfTgek SSRM B R S8R POREP lo?-/o IOt BFeEaRget, and
rotatingcgyﬁ)éggsttate 11 at 30 rpm_Then, the translucent filmhaying a

t hi ckness”of” -dbbdt Y20 FREPOT metPBYY tohtd StisUEI3F Ehagiohg °thé OPi | m
oot | AL BE, L eSUP Tl TR Nl LS o (AP B, fhe%20 2

N2 gas introduced 1'n wer change 6"6 sccm and

50 scem gespactdivelyg WA HEERIHM &b 1938 PIESSH &d Rhhe er at 0.1
Pa, and tﬁé di schar ge pomerslggglied to the MbSI 3 targetpénd ?ﬂgggi t ar get

were gradual larchangedd & 00 Wanch PO iesReG iokelaboudnder ngughsfil m

deposition conditions, a "gradient structure" filmthat has a conposition
gr adi ent fiarmvdd shcbhe ihnansilyi @mmeiad teortianidansk L hsomibbhagenoaont ent
gradual |y change can be forned.

in such a manner that the flow rates of Ar gas and N, gas

introduced into the chamber 101 were gradually changed to 5

scom and 50 scem, respectively, while keeping the gas pressure

in the chamber at 0.1 Pa, and the discharge powers applied

to the MoSi; target and the Si target were gradually changed

to 100 W and 900 W, respectively. Under such film deposition

conditions, a "gradient structure" £film that has a composition

gradient inwhich the transitionmetal content and the nitrogen

content gradually change can be formed.

[0159]

Then ,alight-shielding filmwas formedon the transiucent

film using a first target 102a and a second target 102b tha.t.

were both chromium-metal targets. First, as sputtering gas,

a gas mixture containing Ar gas at a flow rate of 15 sccm,

N, gas at a flow rate of 30 sccm and O, gas at a flow rate

of 15 scom was introduced into the chamber 101 to achieve a

gas pressure of 0.1 Pa in the chamber. A digscharge power of
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[0170] Then, a light-shielding filmvas formed on the translucent film
using a first target 102a and a second target 102b that were both
chromumnetal targets. First, as sputtering gas, a gas m xture contai ning
Ar gas at a flowrate of 15 sccm N2 gas at a flowrate of 30 seem and 02
gas at a flowrate of 15 sccmwas introduced into the chanber 101 to
achieve a gas pressure of 0.1 Pa in the chanber. A discharge power of 500 W
was applied to each of the first target 102a and the second target 102b

whi | e t hessubgt pakeaddi vas bsi d8ck ot atesh ati 30 rpqdherehy L, ining a O ON
filmhaving a thickness of 20 nm [0171] Then, Ar gas at a flow rate

of 30 seegewasd bargduceshb Mo thanchanberrkd: 10 ashivyeng gasapgessure of
0.1 Pa in the chanber. A discharge power of 500 Wwas applied to each of
t he first atargepm l@Rarabg fdemiserant-craf b hEQ@Ab gdcheomhemsedstamt € 11 was
being rotated at 30 rpm thereby formng a O filmhaving a thickness of 7
nm [ 0172F 50 atomByr # er deise, 1a tgagearokt at entontat i ng Artlgascratsa | ow
rate of 15 seem N2 gas at a flowrate of 30 sccmand 02 gas at a flow rate
of 15 sccRfwd8 PRtroduced into the chanber 101 to achieve a gas pressure of
0.1 Pa in_the chanber. A discharge power of 500 Wwas applied to each of
the first [Péﬁaét 102a and the second target 102b while the substrate 11 was

bei tated at 30 ot f ' CrON film hayi t.hick
of 20 m. 1 n tRre Ry R hopedib e er BF R B Ay PRG AP0 BLAR e hess of
47 70_..% - Whj : b h 1 um.C d
{11 havi S AR B i oAt e oy eg oAb floa e BT AU PR GRIL O

ratio, “@érf@égggn df QW3 drack strikeuc@ndi FLens:fep1 deppsidlon. Q. the
i ght-shielding filmcan be changed in various ways depending on the film

conposi ti @Reek adesigns 0i mtike: Staekrab UG SHutfesr XdFRLe ntivbdieL£ase
where a CrONC f ilmis to be formed , the sputtering gas introduced may

cont ai n omeyotomodEn kinkdsrafiocaniontsc ofit @i hbag-gastastthgaga£HbudaO? and
CO, one or nore kinds of nitrogen-containing gas, such as NO NO2 and N2
and one ogsndliie KOadsn®fCO, one or more kinds of nitrogen-containing

gas, such as NO, NGO, and N; and one or more kinds of

oxygen-containing gas, such as C0O,, NO and 0; or further contain

an inert gas, such as Ar, Ne and Kr, mixed with these gases.

In particular, C0O; gas or CO gas that doubles as a carbon source

and an oxygen source is preferably used from the viewpoint

of in-plane uniformity of the substrate and controllability

of the fabrication process. Furthermore, the various kinds

of sputtering gases may be introduced separately into the

chamber, or some or all of the sputtering gases may be mixed

and introduced into the chamber.

{0161]

The CrON film having a chromium content of 50 atomic %
or less in terms of atomic ratio preferably contains 40 to
50 atomic % of Cr, 10 to 35 atomic % of N and 25 to 50 atomic %

0of O. Morepreferably, the CrON filmcontains 40 to 45 atomic %

of Cr, 15 to 30 atomic % of N and 30 to 50 atomic % of 0. In
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oxygen-cont ai ni ng gas, such as CO2, NO and 02 or further contain an inert
gas, such as Ar, Ne and Kr, mxed with these gases. In particular, CO2 gas
or CO gas that doubles as a carbon source and an oxygen source is
preferably used fromthe viewpoint of in-plane uniformty of the substrate
and controllability of the fabrication process. Furthernore, the various
ki nds of sputtering gases may be introduced separately into the chanber,
or sone or all of the sputtering gases maybe m xed and i ntroduced into the

chamber. [837#on. a gr&ta@ N LRy @aef/ﬂlgcgg £ R S%OEQ&%@EGE%O atomi ¢

%or less in terns of atomc ratio prefe y contailns 0 atom c % of

Cr, 10 topB518t8me fe@hs Nhand 25 d &R0 A% %0y GolN & PrAf arpbly, the
CrON filmcontains 40 to 45 atomc %of C, 15 to 30 atomc % of N and 30

to 50 atogbcateic® dcaddidi 8,33 HNG fd ol RaviHot@ Shrpmdnie gont ent  of
50 atomc %or less in ternms of atomc ratio preferably contains 40 to 50
atom c % of @and® tw 35 atomic % of &N, Mwitc hidfatraibicy Yotofe Cramd: 5 to 15
atomc %of C. Mre preferably, the G ONC filmcontains 40 to 45 atomc %
of Cr, 15figm3gortahe 98 dfo NS 30omd.c5@ afofirc ¥ ofo Bk dnio A ®fatomc %
of C. [0175] When performng patterning in nmask fabrication using a
hal f -t oneNpha8et8hbPt 2 hawke bk ank gcé@@dﬁngot gSt péopiesé&neti fvention, first,
a chem cal | aﬁ'rpl ified photoresist film 14 having a thickness of 250 nm or
less is f ?ir@%l by application on a principal plane of the half-tone

phase-shift k_ bl an% whi ch Cﬁr{gri ses the trag arent substrate 11 and
the transl ucent™ ¥t PRTSAHEY PGt SERTBLATF R FFF MRS HY (e Aposi ti ons

and thi Ck’ggff‘e‘gog‘%iﬁf(%?g%@%i'}&%ohbigﬂgr9038{%?9%%%%?58%@6‘“ 5 stacked

on the substrate gure nsidering typiC §E6PEsi st

films havenged bt 6kness-f Qbﬁﬁm%%m%ﬁ@fti@dcgﬂgﬁérgg i E@%m gans that
the filmthickness is reduced by about 17 % As descri eJcLi earlirer, such a
struct urenbavh§ G the cehedscad 125 annl of 18 Phat 8 BReStby application

on a principal plane of the half-tone phase-gshift mask blank,

“which comprises the transparent substrate 11 and the

translucent film 15 and light-shielding film 12 having the

compositions and thicknesses described above with regard to

the examples 1 and 5 stacked on the substrate 11 {(Figure 13A).

Congidering that typical photoresist films have a thickness

of about 300 nm, the thickness of 250 nm means that the £ilm

thickness is reduced by about 17 %. Ag described earlier,

such a structure having the chemically amplified photoresist

14 applied thereto can also be considered as the "phase-shift

mask blank".

[0163]

Prior to formation of the photoresist £ilm 14, a surface

treatment to reduce the surface energy of the surface on which

the photoresist film 14 is tq be formed (the surface of the

light-shielding £ilm 12) is preferably performed in order to

prevent problems, such as peel-off and falling of the fine
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14 applied thereto can al so be considered as the "phase-shift nask bl ank".
[0176] Prior to formation of the photoresist film 14, a surface
treatment to reduce the surface energy of the surface on which the
photoresist film14 is to be forned (the surface of the |ight-shielding
film212) is preferably perforned in order to prevent problens, such as
peel -off and falling of the fine pattern, fromoccurring during a
subsequent step of the process. A preferred surface treatnment is a process

of al kyl sphykairhng tdieopbetsiRs kusubstd ahesalnhbace iy bexangiyldisi | azane

(HVMDS), which is commonly used in the sem conductor ranufacturing process,
or other argentersid isaetabasetestndaca st4 ealomnis agentky ke wiHface of the
substrate nay be exposed to gas of such a surface treatnent agent, or the
surface t tbet pbotomgsht smbgthetdi sectthyeapy iheddre thiya Swiflaceef the
substrate. [0177] The photoresist film14 is shaped into a resi st
pattern (FijbFe.18BYchUdisngomhienigsubedngnr édiestsepdtctoaduca®ra mask, the
l'ight-shielding film212 and the translucent film 15 are patterned by
oxygen- an2BHf 8FHEIBEs BHCEEF Set BRi A§REFI glveniscriliicea-basadhe remai ni ng
photoresist film314 is renoved to provide a photomask (Figure 13D). [0178]
In this eXURPPES FRE2EMERF £9RRYof T quq%m%lm%quqgtrﬁa&t? Y

enior i ne- R0d oy 0en- Pasedl Ay RLANLAArESc20PrSEERNTR A g i, SOTRA ed With
surface treatment agent may be directly applied to the surface
of the substrate.
[0164]

The photoresist film 14 is shaped into a resist pattern
(Figure 13B}. Using the resulting resist pattern as a mask,
the light-shielding £ilm 12 and the translucent film 15 are
patterned by oxygen-and-chlorine-based dry etching (Figure
13C). Finally, the remaining photoresist film 14 is removed
t.0 provide a photomask (Figure 13D).

[0165]

In this example, the clear time of the light-shielding
film 12 (by chlorine-and-oxygen-based dry etching) is 200
seconds. Thus, compared with the clear time of 320 seconds
of the conventional light-shielding film, the clear time is
substantially reduced. In addition, the photoresist (mask)
after the dry etching was observed with a scanning electron
microscope, and then, it was confirmed that the damage to the
photoresist was reduced because of the reduction of the clear

time.

[0166]
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of the conventional light-shielding film the clear tine is substantially
reduced. In addition, the photoresist (nask) after the dry etching was
observed with a scanning el ectron m croscope, and then, it was confirned
that the damage to the photoresi st was reduced because of the reduction of
the clear tinme. [0179] The phot omask bl ank and the phase-shift mask
bl ank and t he photonasks fabricated using the nask bl anks according to the
present invention have been descri bed above with reference to t he exanpl es.

However, theaeyaaphes peaserisned rahave ananint eRdedQing fd déJ%tff ating
t he present invention, and the present invention is not Ilnlte thereto. It

w1l be ap@ateﬁhlﬁ@ogrbﬁes@bove description that various nodifications of
the exanples are included in the scope of the present invention, and
vari ous ofhes7éxanples are possible w thout departing fromthe scope of the
present invention. Industrial Applicability [0180] The present
i nvention provides ex@phpleomask!l Hayidep @ ireti sk d ineipatafermerand @
phot omask bl ank used for fabricating the photomask. C ains
Figures 10 and 13A to 130. The arrangement of the film
deposition apparatus (sputtering apparatus) is the same as
described above, and the substrate used is also a transparent
substrate, which is a 6-inch rectangular guartz substrate.
‘[0168]
As a translucent £iim 15, a half-tone phase-shift layer
containing an absorber material that is a half-tone material
containing both silicon (Si} and molybdenum (Mo} is formed
on the quartsz substrate 11. The first target 102a used in
~this step is a single crystal silicon (Si) target, and the
second target used in this step isapolycrystalline molybdenum
silicide (MoSi;) target. The gas flow rate was set so that
the gas pressure in the chamber during film deposition was
0.1 Pa, and a molybdenum silicide compound film (MoSiN film)
was formed while rotating the substrate at 30 rpm.

[{0l691]

Specifically, filmdeposition was started by introducing
Ar gas at a flow rate of 20 sccm and N; gas at a flow rate
of 0 {zero} sccm into the chamber 101 to achieve a gas pressure
of 0.1 Pa in the chamber, applying a discharge power of 700
W to the MoSi, target and a discharge power of 300 W to the
5i target, and rotating the substrate 11 at 30 rpm. Then,

the translucent f£film having a thickness of about 20 nm was

formed by continuouslychanging the filmdepositionconditions



[1] A half-tone phase-shift mask bl ank conpri sing:

translucent filmhaving a predeterm ned phase-shift capability and a

predeterm ned transmttance for exposure light fornmed on the transparent

substrat e;

and a light-shielding filmforned on the translucent film

transparent substrate;

a

characterized in that said translucent filmhas a region that contains both
silicon (Si) and nol ybdenum (Md), and said light-shielding filmhas a

t hi ckness of 60 nmor |less, wherein 70 % or nore the total thickness of

sai d |ighty shiel di nghdddm Lisaacaount eshef oA OY bheathigkngss Qf @gchrom um

conpound that has an optical density OD per unit thickness of 0.025 nm -or

| ess for dhighiadiaad ngiad waeekbaagbhrol 0450 ne gt 2dudhey phetomas k dbkank
according to claiml1, characterized in that the thickness of said

| i ght - shistah agafid avis, egugledtoiworly ewbiflhadmre SimmchpIasTheephotrenask
bl ank according to claim1 or 2, characterized in that said transl ucent

filmis aln e idhapdrerf idtm0 .dndaat apdagheodd sichpageobovhasmabpiliader

o the MoSi,; target and the Si target were gradually changed
o 100 W and 900 W, respectively. Under such £ilm deposition
conditions,a“gradientstructure"filmthéthasacomposition
gradient inwhich the transitionmetal content and the nitrogen
content gradually change can be formed.

[0170]

Then, alight-shieldingfilmwas formedon the transiucent
£ilm using a first target 102a and a second targetf 102b that
were both chromium-metal targets. First, as sputtering gas,
a gas mixture containing Ar gas at é flow rate of 15 sccm,
N, gas at a flow rate of 30 sccm and 0; gas at a flow rate
of 15 sccm was introduced into the chamber 101 to achieve a
gas pressure of 0.1 Pa in the chamber. A discharge power of
500 W was applied to each of the first target 102a and the
second target 102b while the substrate 11 was being rotated
at 30 rpm, thereby forming a CrON film having a thickness of
20 nm.

[0171]

Then, Ar gas at a flow rate of 30 sccm was introduced
into the chamber 101 to achieve a gas pressure of 0.1 Pa in
the chamber. A discharge power of 500 W was applied to each
of the first target 102a and the second target 102b while the
substrate 11 was being rotated at 30 rpm, thereby forming a

Cr film having a thickness of 7 nm.



filmis a layer that contains both silicon and nol ybdenum [4] The

phot omask bl ank according to any one of clainms 1 to 3, characterized in
that the optical density (OD) of Said light-shielding filmis 1.2 to 2.3
for light having a wavel ength of 193 nm [5] The photonmask bl ank according
to any one of clains 1 to 3, characterized in that the optical density (QOD)
of said light-shielding filmis 1.2 to 2.3 for |light having a. wavel ength
of 248 nm [6] The photomask bl ank according to any one of clainms 1 to 5,
characterjgpg,{n that said light-shielding filmis a nultilayer filmthat
contains a stack of a plurality of |ayers, and the uppernost |ayer of the

nul t ilayer figypihastdl ckaassmektdPel odPaling Ar e RROLOFRSEK bl ank
according to any one of claims 1 to 6, characteri zed 1n that 7 0 % ornore

of the totatetdd clnesemf Nsagals |dght talivekditrgoki b §scracaaunt,egdaor by the
t hi ckness of a chrom um conpound that has a chrom um content of 50 atomc %
or |ess iattecmdwatfadt @m ¢s5rattw.wdSBlinThedpheldoimsk tHarnkaateor dohg to any
one of clainms 1 to

to achieve a gas pressure of 0.1 Pa in the chamber. A discharge

power of 500 W was applied to each of the first target 102a

and the second target 102b while the suﬁstrate 11 was being

rotatedatBOrpm,therebyformingaCrONfilmhavingathickness

of 20 nm. In this way, a light-shielding £film having a total

thickness of 47 nm, 70 % or more of which was accounted for

by the chromium-compound £ilm having a chromium content of

50 atomic % or less in terms of atomic ratio, was formed.

[0173]

The conditions for depositionof thelight-shielding £ilm

can be changed in various ways dependingon the filmcomposition

or design of the stack structure. For example, in the case

where aCrONC £filmis tobe formed, the sputteringgas introduced

may contain one or more kinds of carbon-containing gas, such

as CH,, C0O; and CO, one or more kinds of nitrogen-centaining

gas, such as NO, NO; and N; and one or more kinds of

oxygen-containinggas, such as C0,, NO and O, or further contain

an inert gas, such as Ar, Ne and Kr, mixed with these gases.

Inparticular, CO; gas or CO gas that doubles as a carbon source

and an oxygen source is preferably used from the viewpoint

of in-plane uniformity of the substrate and controllability

of the fabrication process. Furthermore, the various kinds

of sputtering gases may be introduced separately into the



7, characterized in that said light-shielding fil mconprises a
chromumnetal filmhaving a chromiumcontent of 50 atomic % or nore in
terms of atomc ratio and a first and a second chrom um conpound film
having a chrom um content of 50 atomic %or less in terns of atomc ratio,
and said chromummnetal filmis disposed between said first

chrom um conpound film and said second chrom um conpound film The

phot omask bl ank according to any one of Clains 1 to 7, characterized in

that sai dcﬂlxgt{)]é]?sm:e ls%im%go;r;ég%coofrpcrﬂes%%u%tfeirri ! gg‘ggt%o“?‘g%%]}gd mixed

chrom um ne i I'm having romum content o m or'nore in

terms of AL@M Gr+8hhQe@Nfhfof LSt ch@ndegond and a third chrom um conpound
filmhaving a chromum content of 50 atomic %or less in terns of atomc

ratio, angdpsaig first chromumnetal filmis disposed between said first
chrom um conpound filmand said second chrom um conpound film and said
second chrom umdretr@n fFilm havdhgpaseHrbai wnesosabAtS@E0NG atomic %

chrom um conpound filmand said third chrom umconpound film [10] The
phot omaskobl Bexks aioe dredinmeg 40 adlcatine &-aorid,prodhidradi By icaedhins t4tattesai d
second chrom um conpound i mhas a thickness of 3 to 30 nm [11] The
phot omasks®ladisimiat dorditiy 16 ey oadogficed abimdl anto23 00 Ehaerboteritzed in
that said l[ight-shielding film

of O. Morepreferably, the CrON £ilm contains 40 to 45 atomic %

of Cr, 15 to 30 atomic % of N and 30 to 50 atomic % of 0. 1In

addition, a CxrONC film having a chromium content of 50 atomic %

or less in terms of atomic ratio preferably contains 40 to

50 atomic % of Cx, 10 to 35 atomic % of N, 25 to 50 atomic %

of O and 5 to 15 atomic % of C. More preferably, the CrONC

film contains 40 to 45 atomic % of Cr, 15 to 30 atomic % of

N, 30 to 50 atomic % of O and 5 to 15 atomic % of C.

[01l75]

When performing patterning in mask fabrication uging a
half-tone phase-ghift mask blank according to the present
invention, first, a chemically amplified photoresist £film 14
having a thickness of 250 nm or less is formed by application
on a principal plane of the half-tone phase-ghift mask blank,
which comprises the transparent substrate 11 and the
translucent film 15 and light-shielding film 12 having the
compositions and thicknesses described above with regard to
the examples 1 and 5 stacked on the substrate 11 (Figure 13A).
Considering that typical photoresist £ilms have a thickness
of about 300 nm, the thickness of 250 nm means that the film

thickness is reduced by about 17 %. As described earlier,

such a structure having the chemically amplified photoresist



has a reflectance of 30 %or less for light having a wavel ength of 250 nm
to 270 nm [12] The phot omask bl ank according to any one of clains 1 to 11,
characterized in that said light-shielding filmhas an anti-reflection
capability. [13] The photomask bl ank according to any one of clains 1 to
12, characterized in that said light-shielding filmis a nmultilayer film
that contains a stack of a plurality of |ayers having different optical
characteristics, and the uppernost |layer of the nmultilayer filmhas an

Sxbi et on Rl SLECK) S BBk LA LN IRV Lag ppeyslangi o
mask blank".
[0176]

Prior to formation of the photoresist fiin114, a surface
treatment to reduce the surface energy of the surface on which
the photoresist f£ilm 14 is to be formed (the surface of the
light-shielding film 12} is preferably performed in oxrder to
‘prevent problems, such as peel-off and falling of the fine
pattern, fromoccurring during a subsequent step of the process.
A preferred surface treatment is a process of alkylsilylating
the photomask substrate surface by hexamethyldisilazane
{HMDS), which is commonly used in the semiconductor
manufacturing process, .or other organic-silicon-based
surface treatment agent. The surface of the substrate may
be exposed to gas of such a surface treatment agent, or the
surface treatment agent may be directly applied to the surface
of the substrate.

[QL77]

The photoresist film 14 is shaped into a resist pattern
{Figure 13B). Using the resulting resist pattern as a mask,
the light-shielding £film 12 and the translucent film 15 are
patterned by oxygen-and-chlorine-based dry etching (Figure
13C}. Finally, the remaining photoresist £ilm 14 is removed
to provide a photomask (Figure 13D).

[0178]

In this example, the clear time of the light-shielding

£film 12 (by chlorine-and-oxygen-based dry etching} is 200

seconds. Thus, compared with the clear time of 320 seconds



13, characterized in that said light-shielding filmis a nmultilayer film
that contains a stack of a plurality of |ayers having different optical
characteristics, a primary constituent material of the uppernost |ayer of
the nultilayer filmis chrom um oxide, chromumnitride or chrom um
oxynitride, and the percentage contents (atomc % of oxygen, nitrogen and
carbon in the filmat depths of 0. 5to 1. O nmfronthe surface of

sai dupperraost |layer are related according to the oxygen content > nitrogen

content > r.bon content. 5 he. phat.omask . bl ank, accor di t o.any one of
claims 1 ?%q:f‘f, Cé)ﬁlé’reartl%tlé)ﬁazlga & F\l-lt-t"ﬁglt%“et &nﬁi%ﬁg%sgh‘ﬁl%ﬁ a]::lg(%“}f c}ﬁe)r/n' cally
amplifie PSQE i f.i i ng.a I: SS r sai d
I?Bht-sh%% |ré¥¢?+%%yf%%?] e p%gtgﬁggﬁkgﬁénﬁﬁéééggzlng_Eg!gﬁ%§%915, _
charact eri zed. iyhd Rat, %%bﬂi%@e%ga&ﬂlﬁ!aﬁ%h!\f:i@lqram%@a‘?lrrﬁ%gs%lfe'clt@ohs a film

formed by application of a chemcally anmplified photoresi'st that contains

10 wei ghtmPeessd@ss, Ghataehi, di € st bHeNtmbA Bka OGRNEENS gk WeNt-nand
contains a surface-active agent. [17] The photonask bl ank according to
claim 16heharact e vzedredutbatbddmipevcethage aatient ooftidelear
surface-active agent in said chemcally anplified photoresist is 10 to 1000
ppm [ 18]tiFe. phot omask bl ank according to claim 16 or 17,

characteri zedi nt hat sai dsurface-acti veagentcontai ns a surface-active
constituem®iithht has a fluorine substituent. [19] The photomask bl ank
according to claim16 or characterized in that said surface-active

17
agent cont ai n&b® RORITORESKs BiLPaKeaRd: TR RIHET Tilikht Markt Hadknanther a

fluorine substituent nor ilicon containin bstituent.
éhe photomasks fagricat68<us£hg' he m%s ubfanks according to

the present invention have been described above with reference
to the examples. However, the examples described above are
intended only for illustrating the present invention, and the
presentinventionisruytlimitedthexeto. It will be apparent
from the above descripition that various modifications of the
examples are included in the scope of the present invention,
and various other examples are possible without departing from

the scope of the present invention.

Industrial Applicability
[0180]

The present invention provides a photomask having a
precise fine pattern and a photomask blank used for fabricating

the photomask.
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[ 20] A photomask fabricated using a photomask bl ank according to any one of
clainms 1 to 9. [21] A fabrication nmethod of a photomask bl ank
characterizedin that the nethod conprises a step of applying a chemcally
anplified photoresist to the surface of a photonmask bl ank according to any
one of clains 1 to 14 to forma chemcally anplified photores st film
havi ng a thickness of 250 nmor |ess. [22]

Af abri cat i onmet hodof aphct omaskchar actterdiizedi nt hat the met hod conprises a
step of applying a chemcally anplified photoresist to the surface of a
phot omask bl ank according to any one of clainms 1 to 14 to forma chemcally
anplified phgﬁoreﬁ%sl filmhaving a thickness of 250 nmor |ess. ABSTRACT
Al'i ght - shi el di nd® Fi3 0 T49)© ot expotidrie T Yht° 180 ¥ oF feE BHL@he pri nci pal

pl ane of a transparent subs%gat%)(;ég made of quartz or the |ike that
serves as a photonask Elibst Hate The 15ght - shiel ding film (12) can serve
not only as the - "l ght.- shi.el.di .n Lt but .also as_an_ ., ...
anti-refIectionefﬁéﬁﬂ%ﬁg%%ﬁégﬁﬁﬁlHﬁ%éqﬁigh%fgﬁ%égépﬁaegiPﬁ?ﬁg§sglgbtm

thi ckness of 100(;%19{11@?5%5%‘V%péd@ﬁéwﬁee@hwg‘n%aéefsggegt? for by the

t hi ckness of a chrom um conpound that has an optical density ) per unit

thi ckness of 0.025-88h1=fi0GHd ghtrmhavingna wayelengt b of ;1 430- 1, Lpgt he
case where the photomask blank is used for fabricating a mask designed for

ArF exposure, the itihinekress 1andqcenpasi & ieadoin the ki-ght- shi-el-dirngrmf i1 m
(12) are selected in such a manner that the OD of the light-shielding film
(12) is 1.2 to Zihdfaortc93cor 148 ammswadet eangs hoddghttilm has a region

that contains both silicon (Si) and molybdenum (Mo}, and

said light-shielding film has a thickness of 60 nm or

less,

wherein 70 % or more the total thickness of said

light-shielding film is accounted for by the thickness

of a chromium compound that has an optical density OD

per unit thickness of 0.025 nm™ or less for light having

a wavelength of 450 nm.
[2] The photeomask blank according to c¢laim 1, characterized
in that the thickness of said light-shielding film is

egual to or less than 50 nm.

[3] The photcomask blank according to claim 1 or 2,

characterized in that saild translucent film is a

T4



(6]

L7]

(81

multilayer £ilm, andat least one layer of themultilavyer

filmisalayer that containsbothsiliconandmolybdenum.

The photomask blank according teo any one of claims 1 to
3, characterized in that the optical density (OD) of said
light-shielding film is 1.2 to 2.3 for light having a

wavelength of 193 nmn.

The photomask blank according to any one of claims 1 to
3, characterized in that the optical density (OD) of said
light-shielding film is 1.2 to 2.3 for light having a

wavelength of 248 nm.

The photomask blank according to any one of claims 1 te
5, characterized in that said light-shielding film is
amultilayer film that contains a stack of a plurality‘
of layers, and the uppermost layer of themultilayer film

has & thickness of 10 to 30 nm.

The photomask blank according to any one of claims 1 to
6, characterizedinthat 70 % ormore of thetotal thickness
of said light-shielding film is accounted for by the
thickness of a chromium compound that has a chromium

Q,

content of 50 atomic % or less in terms of atomic ratio.
The photomask blank according to any one of claims 1 to

7, characterized in that said light-shielding film

comprises achromium-metal filmhavingachromiumcontent
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[10]

of 50 atomic % or more in terms of atomic ratic and a
first and a second chromlum-compound film having a
chromium content of 50 atomic % or less in terms of atomic
ratio, and

said chromium-metal film is disposed between said first
chromium-compound film and said second

chromium-compound f£ilm.

The photomask blank according to any one of claims 1 to

7, characterized in that said light-shielding film

comprises a first anda second chromium-metal filmhaving

a chromium content of 50 atomic % or more in terms of
atomic ratio and a first, a second and a third

chromium-compound £ilm having a chromium content of 50

o)

-atomic % or less in terms of atomic ratio, and

said first chromium-metal film is disposed_between,said
first chromium-compound film and said second

chromium-compound £ilm, and said second chromium-metal
film is disposed between said second chromium-compound

film and said third chromium-compound f£ilm.

The photomask blank according to claim 8 or 9,
characterizedinthat said second chromium~compound film

has a thickness of 3 to 30 nm.

The photomask blank according to any one of claims 1 to

10, characterized in that said light-shielding film



[13]

has a reflectance of 30 % or less for light having a

wavelength of 250 nm o 270 nm.

The photomask blank according to any one of claims 1 to
11, characterized in that said light-shielding film has

an anti-reflection capability.

The photomask blank according to any one of claims 1 to
'i2, characterized in that said light-shielding film is
amultilayer film that contains a stack of a plurality
of layers having different optical characteristics, and
the uppermost layer of the multilayer film has an

extinction coefficient (k) of 1.0to 1.5 for light having

a wavelength of 193 nm.

The photomask blank according to any cne of claims 1 to
13, characterized in that said light-shielding film.ié
a muitilayer f£ilm that contains a stack of a plurality
of layers having different optical characteristics, a
primary constituent material of the uppermost layer of
themultilayer film is chromium oxide, chromium nitride
or chromium oxynitride, and the percentage contents

(atomic %} of oxvygen, nitrogen and carbon in the film
atdepthsof0.5tol.0nmfromthe surfaceof saiduppermost
layer are related according to the oxygen content >

nitrogen content > carbon content.

T



[15] The photomask blank according to any one of claims 1 to
14, chéaracterized in that the phetomask blank has a
chemicallyamplifiedphotoresist filmhavingathickness

of 250 nm or less on said light-shielding film.

[16] The photomask blank according to ¢laim 15, characterized
in that said chemically amplified¢photor@sist film is
a film formed by application of a chemically amplified
photoresist that contains 10 weight % or less of a solid
constituent in an organic sclvent and contains a

surface-active agent.

[17] The photomask blank according to claim 16, characterized
inthat thepercentage content of the surface-active agent
in said chemically amplified photoresist is 10 to 1000

ppra.

[18] The photomask blank according to claim 16 or 17,
characterized inthat saidsurface-active agent contains
a surface-active constituent that has a fluorine

substituent.

[19] The photcmask blank according to claim 16 or 17,
characterizedin that saidsurface-active agent contains
a nonionic surface-active constituent that has neither
a fluorine substituent nor a silicon containing

substituent.
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[201 A hotomask fabricated using a photomask blank according
P

to any one of claims 1 to 9.

[21] A fabrication method of a photomask blank characterized
in that the method comprises 2 step of applying a
chemically amplified photoresist to the surface of a
photomask blank according to any one of claims 1 to 14
to form a chemically amplified photoresist f£ilm having

a thickness of 250 nm or less.

[22] A fabricationmethod of a photomask characterized in that
the method comprises a step of applying a chemically
amplifiedphotoresist to the surface of a photomaskblank
according to any one of claims 1 to 14 to forma chemically
amplified photoresist film having a thickness of 250 nm

or less.
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