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DESCRIPTION PHOTOMASK BLANK AND PHOTOMASK 5
TECHNICAL FIELD [0001] This invention relates to photomask blanks
and photomasks for use in the microfabrication of semiconductor 10
integrated circuits, charge coupled devices (CCD), liquid crystal display
(LCD) color filters, magnetic heads or the like. BACKGROUND ART 15
[0002] In the recent semiconductor processing technology, a challenge to
higher integration of large-scalerplegratpe rejfguits places an increasing
demand for miniaturization of _circuit patterns. There creasing
demandsﬂxfuﬂhaﬁﬁ?ﬂ&ﬁﬁ%gn%%éﬁg(ﬁ%ﬂcggggégﬁﬁ%nngnng
patterns and for miniaturization of contact hole patterns for
cell-constructing inter-layer connections. As a consequence, in the
manufacture of circuit patter t for use in the
photolithography of forming gru\%(” %&BRB 5 and contact hole

[ O9dtelns, a technique capable of accurately writing finer circuit patterns is
neededﬁagnqerm@wmimatﬁé;aﬁmsdmapdo[s@ﬂa]sm ertienksfaimia

igher.a PhgomaRk RAlIsH] e B ANAIUIBRK SDSUHE bRk or

hforst pnonty to orm a high accuracy resist pattern on a photomask b
ingpge #e PHotIRNSGRphFRARRS &ﬁ‘?@&&@tlcﬁ?ﬁfrbf@c‘iloﬁ(iﬁ%btuﬂ§7qulé
crgrotadsidd seteconfuCioy substratesi iheepisotomesheatteridredsa gizethe
1i§fabout 4 times the actually necessary pattern 35 size, but an accuracy
which is not loosened accordingly. The photomask serving as an original
is rather required to have -1 an accuracy which is higher than the pattern
accuracy following exposure. BACKGROUND ART

[goo02]
In the recent semiconductor processing technology, a

challenge to higher integration of large-scale integrated
circuits places an increasing demand for miniaturization of
c¢ircuit patterns. There are increasing demands for further
reduction in size of circuit-constructing wiring patterns and
for miniaturization of contact hole patterns for
cell-constructing inter-layer connections. As a consequence,
in the manufacture of circuit pattern-written photomasks for
use in the photolithography of forming such wiring patterns
and contact hole patterns, a technique capable of accurately
writing finer circuit patterns is needed to meet the
miniaturization demand.
[0003]

In order to form a higher accuracy photomask pattern
on a photomask substrate, it is of first priority to form a
high accuracy resist pattern on a photomask blank. Since the
photolithography carries out reduction projection in actually
processing semiconductor substrates, the photomask pattern
has a size of about 4 times the actually necessary pattern
size, but an accuracy which is not loosened accordingly. The
photomask serving as an original is rather required to have
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[0004] Further, in the currently prevailing lithography, a 5 circuit pattern to
be written has a size far smaller than the wavelength of light exposed. If a
photomask pattern which is a mere 4-time magnification of the circuit
feature is used, a shape corresponding to the photomask pattern is not
transferred to the resist film due to influences such as 10 optical

adNEHEIENEEPGAHINY NE Rkl Phioilitheraghy 1RefalRR ki cy

£ (TLI.ILIgate these influences, in some cases, the photomask pattern must be
? es@’ﬁ%%QO%f(gwoagp%r\ﬁhich is more complex than the actual circuit

[ G2fedn, i.e., a shape to which the so-called optical and proximity

correctiai-{pRe) isitb anplietiihent aythereresent the ithesaphypny, a
K "iﬁ:‘/a{‘%re‘%*%}a%”%ehg%&ﬁ%ﬁs H"%EE%”%"J‘?E reayires ghigher. v pan the
accuracy processing method. The lithographic performance Is sometimes -
WHEBHRBATY IRF a H&HHhuRTRSSHRttion. /s o PRofiRibrPfbitare which is
a IEﬂmaphy:?i:melweaigjnilf_ﬁphﬂﬁxumsi@@:pmq&ﬁshagﬁeﬁd&namﬂdaredQOused, a

sHIAYE RAXiuD{8selytien AeRUrat.WhikhdR egyalio.qf grgates than

the resolution limit necessary for the phatolithography used in a
I ARRESTR RS oEBSsinG S udiAd™ SWftorAsk bR sy such as
orphivtarhadin pettderis yea etaltyforhad bipfotrhiagac phalorpbistfilhi bhegraphy
opheianask blank h@&i&@l@tEgE&f&@diﬂﬂfgﬂﬁb%%léérﬁnﬁﬂ?%ﬁéuéﬁgé@; the
writing a . pattern using electron beam, and developing to form a resist
D e R s b T b LML 88 oot TRSROHe s more
campi-shicldhig ik SEhEa Inte ERHIShRAGRET Pattérne iy ad aBBARR t&C
wﬂmmﬁﬁtqﬂ;e &m—ligm-sbieldipgipaueranﬁ PHRCRSHINDHE C@ds&etbatqtiwhile( OPC) is
agBainiainingphie , thickness Of he Lesi filmial the samelevalAS iR o100y

prior art prior to the miniaturization, the ratio of film 35°thickness o

£ FatRht AR PREFENF o RACHTTEShBhEr ASEILEGR, heltésiReT

 aqeatkeacprgite sedegmdede preventirtheffdctivh quatteph franpfer fanothimce is

soH¥RE fR3CSredresented by a maximum resolution. As to the
resolution limit, the lithography involved in the photomask
processing step is reguired to have a maximum resolution
accuracy which is equal to or greater than the resolution
limit necessary for the photolithography used in a
semiconductor processing step using a photomask.

[0005]

A photomask pattern is generally formed by forming a
photoresist film on a photomask blank having a
light-shielding film on a transparent substrate, writing a
pattern using electron beam, and developing to form a resist
pattern. Using the resulting resist pattern as an etch mask,
the light-shielding film is etched into a light-shielding
pattern. In an attempt to miniaturize the light-shielding
pattern, if processing is carried out while maintaining the
thickness of the resist £ilm at the same level as in the
prior art prior to the miniaturization, the ratio of £ilm
thickness to pattern, known as aspect ratio, becomes higher.
As a result, the resist pattern profile is degraded,
preventing effective pattern transfer, and in some cases,
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there occurs resist pattern collapse or stripping. Therefore, the
miniaturization must entail a thickness reduction of resist film. [0006] 5
As to the light-shielding film material which is etched using the resist as
an etch mask, on the other hand, a number of materials have been
proposed. In practice, chromium compound films are always employed

erhcusedisre areshen aviupheahaludies Wi iepegipdber

etchlng and 10 the standard process has been established. Typical of

s ale Ry HEERTRdRG FHRS oM S54Eh Sehearhiutn ok
reghresiary f@f phewhsdskidildnks for ArF excimer laser lithography, which
{doglggje chromium compound films with a thickness of 50 to 77 nm as

report in JP- -19547 aten ferenc JP A

2003- 4%% (Qq?egllJF?lgfgrer?ée ; ﬁpianese J%eﬁthoh%(%bé'ﬁ
e tEhfehURdiR e e )T pobTt Fﬁﬁveﬂ}ére&%e‘ﬁﬁtﬁiﬁtalﬁmgt&ﬂomféléﬁ/ hand, a
nueibbingoshinia tis icansmieaviy sehing psgrassdor chiprpivarbased films
o 4 QBTN LompoUELIgR Af SPRANAHE lore are

organic films_ to some extent. If etching is carrlggpout through a thin resist

KnaHD: R HEnSer BFHEIREIY l;3:<'5’tt(117rf9| TR B ItqgﬁltﬁsﬁBF%%ﬁ and
theliffretidin farr th epnesist 6 hhas bbtea hight sdsbilginedand tighikesistafcesuch

fla%maet@éowﬁwﬁmghf&w% eﬁafimg EReH QL HERUTRRSS rfifum

achievi resolution nd h| accur cy, ? Ilght shleldln f|Im
com%?ena%%agg?o SBETEVEwed s as r?%ﬁ BARBHS 73 ﬁﬁ’é aprGats T
1awhdéﬁwrmh¥es®tlﬁa¥brmb@d@ tedapprosthatmppradng thlens with
a mﬂ@mﬂ&@&dmﬂ fim peyformaneeaas weho W8] AMsu@sA02003-195479

(ﬂmgsbr%{%@g th'a'Sﬁhﬁr dﬁel%bt%gm@ﬁ“wab& 9%5“%%& 2),

number of stu ave been made. One example of the latest studies 1s

e IRRAGTEES R RAEREIRe ligRESKRIHG AkeRST ArfsErRErIader
[olxb@draphy. See JP-A 2001-312043 (Patent Reference 4).

However, oxygen-containing chlorine dry etching which
is a common dry etching process for chromium based £films such
as chromium compound films often has a capability of etching
organic f£ilms to some extent. If etching is carried out
through a thin resist film, accurate transfer of the resist
pattern is difficult. It is a task of some difficulty for
the resist to have both a high resclution and etch resistance
that allows for high accuracy etching. Then, f£or the purpose
of achieving high rescolution and high accuracy, the
light-shielding £ilm material has to be reviewed so as to
find a transition from the approach relying only on the
resist performance to the approach of improving the
light-shielding £ilm performance as well.

[0008]

Also, as to light-shielding film materials other than
the chromium based materials, a number of situdies have been
made. One example of the latest studies is the use of
tantalum in the light-shielding film for ArF excimer laser
lithography. See JP-A 2001-312043 (Patent Reference 4).
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-3 LO009] On the other hand, it has long been a common practice to use
a hard mask for reducing the load on resist during dry etching. For
example, JP-A 63-85553 (Patent Reference 5) 5 discloses MoSi2 overlaid
with a SiO2 film, which is used as an etch mask during dry etching of
MoSi2. It is described that the S'02 film can also function as an
[Ogggﬁeflective film. [0010] 10 From the past, studies have been made on

metal_silicide films, especially molybdenuym siligide films, which c .
readify ety ﬁﬁm%ﬁﬂaétoﬁ itl%r‘lg fc':;ro ﬁgofﬁ]%elapé e%%%%gﬁ ‘?:t:.ce
to cassesfdveddnmaek (6 essigerivc i@y the disadsem Be&ighpfifing dry

et%ﬁiﬁ@?'%é% é%%ﬁgﬁ%@?{ergng;a agass\fi@% {H268% (Re%?ée 5)

. Reference 6), an -A3: e e [

dl%% ﬁ’:gﬁ')? urs%’ %Jﬁlrr? ofF %l %%%r% igl%tryngo y%};ﬁjﬁ%}? 1. Az%égg\]@P-A ?d 28

an 4efABB AT RREr8RTe 8F At h Hbt=ilicitt fihf. ARFRESLPed

thatetahsilidde films havednsufficient anerhicah sabiliante2d thedmicxttive

fiflll?gning as the final step of the photomask fabrication process, and
articularly when the films are made thin, may lose the physical

IOgilé)plerties the film should maintain during the cleaning step. [0011] 25
PaterF Referehee agk-A 2008195478V PakaRRIG@PceR: DPLAL

5129g§é@5f§§m8@te@&55&r§m@9 Jndapparsaifatent 369363 X Paient which
G
drpaedriRgioreriea B: JPUA 9S2£60Y S1FNRGRERER GRS AR 140BBY are
a1 - DERCHOSERE SRahpEINVENTION 63-85553 (Patent Reference
5), JP-A 1-142637 (Patent Reference 6), and JP~A 3-116147
(Patent Reference 7), all of which basically use a f£ilm of
silicon and molybdenum = 2:1. Also, JP-A 4-246649 {Patent
Reference 8) discloses a metal silicide film. All these
metal silicide films have insufficient chemical stability to
chemical cleaning as the final step of the photomask
fabrication process, and particularly when the films are made
thin, may lose the physical properties the film should
maintain during the cleaning step.
{0011]

Patent Reference 1l: JP-A 2003-195479
: JP-A 2003-195483
: Japanese Patent 3093632
JP~-A 2001-312043
: JP-A 63-85E553
: JP-A 1-142637
: JP-A 3-116147
: JP-A 4-246649
: JP-A 7-140635

Patent Reference
Patent Reference
Patent Reference
Patent Reference
Patent Reference
Patent Reference

Patent Reference

WO =~ 4 b WM

Patent Reference



Problem to be Solved by the Invention [0012] Embodiments of the
present invention seek to solve the above problems, and to provide a
photomask blank which endows a photomask with both a high resolution
and a high accuracyetchm caablllt for form|n a finer photomask

pattern, especially asmee cddd | iNolving exposure
to light of a W@\fggggg}p e%u )
laser light, i.e;aphotoma

[O&arfBe etched without any substantlal Ioad to the resist durlng etching
operdtidnodnaiavhich hds shfficient shemicat stabilitydutag the-masklve the

ab&iRaning steprequisite '@@%EB@?&@%‘?QB@%&%‘% PEACESS: . ANAR ondows
hotomask havi mask pattern forme using the photomask blan
Eﬁﬁgér?s %?%o"fx%ﬁ@ ?? @P él) f%bl%? Ykt ekteheivedr %gﬁgéatﬁéﬁcy
et gpivctheabatstanditg problémsithedndentonhas foundthas filmttern,
esmeniaining silicansantba transition rpetat ina spegjfie; Ftio b@ﬁéﬂgﬁ%
QXEEQEHQ'%”QP&%E%VEO EXPOSURE k?f wavelength equal fo.orless .,

han 250 nm, especially ArF excime aser ﬁt than thec romlum ase

nm fﬁﬁﬁg%ﬁléh%g @%lrﬁ%ﬁeja?ﬁ%ﬁd%habanhoug% theZHeRTcarstamilifgiank
conpatieved fow in thghdrt,dhisechenticallyistable whén then ratio fatlstirtheri thout

an}spggﬁgﬂéﬁg@aIgl%ﬁyﬁntB@nf%@r%ga@é %@i%@@@%ﬂ@%ﬁ% eration
oramng empogaiments ol resent inve pro

“h1dn aﬁdgpanoﬁomasﬁas d“eﬁn%g r\:\lll T g‘?&grﬂiéf}fcég firgpe mask
C %@bb%@ofsﬁr@br@@émﬂaﬁvém@mtﬁ&@ @W@a@@a phtorhask blamkdfiomess;
andvhichlis produtecha phatpraaskcomprsiog ariranspasent subsyyate.and a

phdgg%ggttg%ww thereon including transparent regions and effectively
opaque regions to exposure light, characterized in that a

Means for Solving the Problem

06123

Making extensive investigations to solve the
outstanding problems, the inventor has found that a film
centaining silicon and a transition metal in a specific ratio
has higher light-shielding property to exposure light of a
wavelength egual to or less than 250 nm, especially ArF
excimer laser light, than the chromium based films which are
used in the art, and that although the chemical stability is
believed low in the art, it is chemically stable when the
ratio falls in the specific range. The invention is
predicated on this finding.
[0014]

Accordingly, embodiments of the present invention
provide a photomask blank and a photomask as defined below.

In accordance with a first aspect of the present
invention, there 1s provided a photomask blank from which is
produced a photomask comprising a transparent substrate and a
mask pattern formed thereon including transparent regions and

ffectively opague regions to exposure light, characterized

in that a



light-shielding film of one or more layers is formed on a transparent
substrate with or without another film (A) intervening therebetween, at
least one layer (B) of the layers of which the light-shielding film is
composed contains silicon and a transition metal as main components,
and the silicon and the transition metal are present at a silicon/metal

liqﬁgE%#%%i%E%ﬁ5fH@%9®E’f‘8)691 % Sit gE%mﬂEQXQEm@d on a

lybdenum. THe at Teast one layer (B) of t e layers of which the

CrapRRakRIdinG itA 1S 8bMpBsed nty flithareon&itrarRast bié elément

intsetected frontbrygdre itesgen atd carboh. The lightyshielding filin inay

1a18ve athigkness of 20 to; 56 nmyytihe) lightshielding fimanay. beoyersitk 2 ins
. -With an argirefl ctive film, and the an'~ireflective film may contain asa. .

Sl]rﬁ%ﬁnco?ﬁlponaen Sransition metal Silicide oxide, fFansiton metal Silicide

s1ilitwde, gaasitionr metarsilididéToxyaitAde AFshsStioremetal flicitle

s 1 oxyearhide; dlansition- metatsilicide ¢atioritrideosrtransitionimetal silicide

oxideyjitide,carbide; The fransition metal silicide fay he molybdenum

silicide. The light-shielding film may be overlaid with an antlref%ectlve film, .

and the &niifefletiive filh ha) comtain-as & maincomipdient A chfomitm =&
11 aixideslchedmiumg nitfide, ChrominpmsGokyrityidé) chiomiurooxyicarbids, least
on&hramin cathonitride or reRremisxide nitrde garbide. T he:ether film

() may comprise a phase; shit fim, n aeoordance ity a second aseedt; <
of the presenfg invention, tcli'ler IS prowérédya pﬁotomas comprising a
50 tfghsparent substrate and a mask pattern formed thereon including
transparent tegionssade efféctively dpaque;/régionss¢e exposwedightn
anﬂwy%%f%e%gggegfﬁﬁnﬂ§%Bh9§%@@§%§ﬂ§@%lective film may contain
as a main component a transition metal silicide oxide,
transition metal silicide nitride, transition metal silicide
oxynitride, transition metal silicide oxycarbide, transition
metal silicide carbonitride or transition metal silicide
oxlide nitride carbide.
The transition metal silicide may be molybdenum
silicide.
The light-shielding £ilm may be overlaild with an
antireflective film, and the antireflective film may contain
as a main component a chromium oxide, chromium nitride,

chromium



of the first aspect. [0015] In embodiments of the invention, an
antireflective film may be disposed on the light-shielding film. In one
embodiment wherein the antireflective film is made of a transition metal
silicide compound such as a transition metal silicide oxide, transition

metal silicide nltrlde transition -n taL silici e 0x nltrlde tr nsm nm
O G cAiie LaTaion L SEide oo 60 Banahione
ﬁ@%@?ﬁm@éb%efﬂhﬁ&eéﬁrbﬁéf’éﬁéqii@ht- shielding film and the

antirefleetivettilercadi be etehediby fluoninel dry etchingsenstring verylm.
high qtﬁh'gace%é@bw%ml@é%@ﬂatfg%ﬁ@&l%ow%éé’hs@géﬁ%

antireflective film is made of a chromium compound such as a chromium

INgRiHe wéhronﬁﬁm%uti-ﬁie%ﬁ?’ fGith SxyAitr éﬁ#&rﬁﬂ%?&féd?&d@
trehasmikpn caborittide ot chiromiu ﬁf@&iﬁeﬂmﬁmrmrﬁm@qﬂe thereon

indightshiglding filkp angrthe Ja@@i%ﬂ&&tiaﬁcﬂ“f@ﬁ@@b@bemt theyean begions
tof‘é'g rocessed using ‘%«Hﬁ%ﬁeﬁ%” C%“B %%.tﬁ& A without ;1

ntial'damage to theé resist, emlca uring
Ofcle&?ﬁndﬂs‘-’%%t@%%%ﬁ BENEFITS OF THE INVENTION [0017] The
{ 0pAdtomask blank having a light-shielding film as constructed according to

embogiments of the inventien is,a aw@%§&@|aw%§eflecm@
flL%ht sahledlng f”mp ossessm ggh li sh| dln %i)éh one
Fifcal ‘Stabfty: wﬁ%(ﬁ can tc‘h]e JC%§ &r-Slfficieht
emtshifig GonHitions of withfh an S{#ﬁtﬁéﬁt@étt:hﬁ’@ t#‘fﬁéltb hiiniviige tie” 2
;r@amag&i@ thetesisk during-Richingrevemniwbenithe ight-shielditg-filahisne tal
Sl?lqyeé i tﬂfere éfﬁ@%%%ﬁ"%% nhe resigtcanie fomed .o cieion

re atlve y avoiding the pro lems
metal lclde oxynitridg, transition metal silicide

oxycarbide, transition metal silicide carbonitride or
transition metal silicilide oxide nitride carbide, the light~
shielding film and the antireflective f{ilm can be etched by
fluorine dry etching, ensuring very high etching
processabllity.

[0016]

In ancother embodiment wherein the antireflective film
1s made of a chromium compound such as a chromium oxide,
chromium nitride, chromium oxynitride, chromium oxycarbide,
chromium carbonitride or chromium oxide nitride carbide, the
light-shielding film and the antireflective film are such
that they can be fully processed usihg a thin resist film.
They can be processed without substantial damage to the
resist, and the chemical stability during cleaning is
satisfactory.

BENEFITS OF THE INVENTION

[0017]

The photomask blank having a light-shielding film as
constructed according to embcdiments of the invention is a
photomask blank having a light-shielding film possessing high
light-shielding
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associated with an increase of resist film aspect ratio and enabling higher
accuracy photomask pattern formation. 10 BRIEF DESCRIPTION OF
THE DRAWINGS [0018] FIG. 1 is a schematic view showing a DC
sputtering apparatus having two targets used in Examples. FIG. 2 is a
graph showing the film thickness 15 dependency of the optical density of a

paliohisshigIding filoh & Fomelesbielativg, (oJight a7 WaNelenoi 248 8-

and 19 m. FIG. 3is raph showing the film thjckness depend,erﬁz of
PTREGRACH MRS o HRCSHEMInG LR 2GR eRsa 2 thin a
sufdrhpachiVe Es@niplos 1181%d 2 9cRiivd b ight thewaeslaagthtto3-he. resist
ddrend i&]?cgr@ﬁa sh@wé];ng miem wﬂs@lrnﬁgﬁtd@m?@f e aptical

ensit chromium film relative . to_li wavelengt 3 nm. 25 EIG.

O%ll%%r%p‘%ls ovﬁﬁg tneL %v%%gﬁegn%ﬁggégpégéﬁby (Jﬁn %‘e (%gt?cazf%seﬁgi}:y of ™ be
£ or G- Skl @ikd Tirhio f EddmplBRe TeRY, 25l §idph SHstviRg o ems
assavelaigil dependancyi ntihearefiectiinee of aptiefleativsfilsscoratio and
enXIIQRgSk Dlanks gU%ﬁ?Q%fi§k8t%ﬂ&%ﬁy%yﬁygﬁdq%Bé&%%E%%NG

OUT THE INVENTION [0019] Now the invention is described in turther

detail. From the photomask blank of the invention is produced 35 a

photomask compHEBRhEE BESERARTHEL Ohh OFatFBRJDRABENGRttern formed
[ dbgeepn including transparent regi which are transparent to exposure

light a gigns, which are -8 effectively opaque, to expasyre light, that is,

L oladie o T Lkl SOCHIEIY A e GHRE BRAaR
app@Ratsad apHoo Rusk FRRIpRSoRRR% BianExambaAsHucted by

forming edight-shielding filiprof sivewdingoneh® layeIm onlat kanspasent

aepisHalE Yt T oYL 29l sensity of a light-shielding £ilm

of Example 1 relative to light of wavelength 248 nm and 193

nm.

FIG. 3 is a graph showing the film thickness
dependency of the optical density of light-shielding films of
Example 1 and Comparative Examples 1 and 2 relative to light
of wavelength 193 nm.

FIG. 4 is a graph showing the £ilm thickness
dependency of the optical density of a chromium film relative
to light of wavelength 193 nm.

FIG. 5 is a graph showing the wavelength dependency of
the optical density of a light-shielding film of Example 1.

FIG. 6 is a graph showing the wavelength dependency of
the reflectance of antireflective films on photomask blanks
of Examples 6-9.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019]
Now the invention is described in further detail.
From the photomask blank of the invention is produced
a photomask comprising a transparent substrate and a mask
pattern formed thereon including transparent regions which
are transparent to exposure light and regions which are
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film intervening therebetween. At least one layer of the layers of which
the light-shielding film is composed contains silicon and a transition metal
as main components, and the silicon and the transition metal are present
at a 10 silicon/metal molar ratio of 4-15:1 (atomic ratio). [0020] In the
photomask blank of the invention, the light-shielding film may be either a

e 1R 11 I @ anblayap Blgn A Iqa@we lapgrofithe layarg fkient 1y
o vghlch 15 the Ilaht hleldln%fll Ls C(im %sh%uldfgn in S|I|con dand a
B rsh&Rion metal 'wherein con an ransition me W Ard resen

PERRFRcoHPREAIFROIRF rz@tloPléﬁE@E@ﬂatorﬁié&aﬂb)?'@l@ét%}%éﬂv@éh 4t

coat 1oid t IomNe @dt@hlhﬂgoatiq.u.ghﬁ-snglemuerg‘ilmﬂ&@oﬁe&r@%m more
to_proyi roces r.t uIt r.flm, it.is

la%[g?egrre th%tdgﬁgggy%ﬁ%ggf \%ﬁyﬁw E(E ﬁ%ﬁtss el mg% r#?g ggma%gg -

£idahtdif RchR™b HRETSHRGEHRER as nJrE@ﬁfE)oﬂBﬁtsWé’r’éer%ethe
lagtkoon arftl whd tlansiienIngtat arcpeeténhgt & silmodsnetalmols@Scontains

s1"PHIa Of 4atril datomic £atia)o i inaeted ok the: multilayspfiloy et aang the

tun%sten layer, tantalum Ia[}[/er or the like mag%ae formed as a layer other

s A We SMdot BRd tHEREHGA AletletsHaf RY&F B EcAtam between
sithicgsilidoredad tranditivnradtadcofitatnind kyef ahomhe 30atkdsparent
[ osubsyrate. [0021] The light- shielding film must have such chemical

stablllt¥ th%tht un% o!%gsko tgu %ss %h%%%es durin ﬁgc st:leanlr%q1 For the
|ca

ArF I|thog Stomas application, a il iCKNess dhange equal
Lighor 184l ﬂ@ﬁnﬁ&%%d“%‘l’e%@%ﬁ%%lréd SiRgehel AFRE thaliheor a
mulight-Shaigdding film caralie Haawigeshiendeivendibionsios -9 sp@pif which

tHE YISl £Q gﬂﬁe&a@ﬂ@%&mnE@C&Hﬁm%ﬁssh%ﬁp_@&'a&é;ﬂ%ﬂn% Yheon

a sulfuric acid - ﬁBrO en peroxide mixture (SPM) so that the

aﬁﬁﬁﬁsﬁ%ﬁﬂﬁéﬁ% gﬁ&;E;whereln the silicon and the

transition metal are present at a silicon/metal molar ratio
of 4-15:1 (atomic ratio), that is, between 4:1 and 15:1
{atomic ratio}). In particular, a single layer film is
preferred in order to provide higher processability. For the
multilayer film, it is preferred that all the lavers of which
the light-shielding film is composed contain silicon and a
transition metal as main components wherein the silicon and
the transition metal are present at a silicon/metal molar
ratio of 4-15:1 (atomic ratio). It is noted for the
maltilayer £ilm that a tungsten layer, tantalum layer or the
like may be formed as a layer other than the silicon and
transition metal-containing layer, specifically between the
silicon and transition metal-containing layer and the
transparent substrate.

{0021]

The light-shielding film must have such chemical
stability that it undergoes no thickness changes during
cleaning. For the ArF lithography photomask application, a
film thickness change equal to or less than 3 nm during
cleaning is required. It is to be noted that the
light-shielding film can be damaged under conditions of
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lost. Also attention should be paid to the electric s conductivity of the film

in order to avoid the film from charging-up upon exposure to electron

beam in the lithography step for mask pattern formation. The

light-shielding film of the invention wherein the molar ratio of silicon to

transition metal is within the above-specified range ensures 10 that a
o 1%@5{*@(9@@@1‘_&1@&!}@ & €henucalistadailtiy st dnatectiaccondl chivibe tadleng

within ranges of. practically ac - physi ro i 2 ;
o o o e L RSPl Ehroide
migtasrgpdsEihcRRlethalybiBfurhl bRt e LR P SEh AT AT, 15
1o¥anadinm ditartitex tiiohiush@rtdniven greidiuby aridetheliketric

COM%WE is, Pash ereferrad far drvishing oeassabiliey. 0973l 26nn
order that

I a film deposited on a photomask function _as a film.hav
cher@iRAr Reh (WA dFRPHY SintRe Se8se 5PR cBRTbAY urglelg b‘:Ln%rilm graphy
s tep sk dtamkecompnading enlighoonitding filnThsd dhahtirdltaddiing, thélm of

+neoRinatien of lighkshieldina,finwand antieeflestive filsi. 1 25 @mdtio the
case, of a halfto

e phase shift mask. blank. the c inati f (o]

ErpRsse-dint fﬁr%?gﬁ‘gfht?s%g 4 é%%fﬁm{(%ﬁ d%n?i?é‘re%%g)égﬁ? o ﬁ%ﬁr%la%eggr? ares
theyttical Yéadif- Dol ainast 20 hasiidafpainigsl §rakid ity and
e 18RacHically 64 last 8 Bfatiel hiexposith lightt Fhema3@the fif

containi ili Lrapsit S 9 apanents may consist
Prg“s?snce]h%%r}ﬁ/l%f %?ﬁ%org %nd t%nlgifg%%ggéétaﬁg%?rﬁn%%%%ér contain light
[ 0&8&knts such as oxygen, nitrogen, carbon or the like as additional

compmmt@lﬁgcefswikjiéﬁﬂiight-@hmﬁ@iS’notﬂ@\?@rlh%le)ﬁombﬁm?ésthe
14 gga%@ﬂ@@%ﬂ?‘%ﬁ@egﬁd@&ﬁﬁﬁf@?eﬂzﬁbﬂm@ R 18D dRytelnl, i

ired for a preferred embodiment of the inventive photom

tai?&?&‘b‘ﬂmo‘fh%ﬁ?ﬁl%ﬂk a%l%%fle for KFE™ (l){1 'ex‘ééﬁlgr éé%'r'liﬁ??%rgapgy at
nﬂwa@ﬂmngmim%pﬁﬁﬂmatﬂﬁﬁnium, and the like. Molybdenum is

most preferred for dry etching processability.
[0023]
In order that a film deposited on a photomask function

as a film having sufficient light-shielding ability, in the
case of a commonly used binary mask blank comprising a
light-shielding film and an antireflective £ilm, the
combination of light-shielding £ilm and antireflective film,
and in the case of a halftone phase shift mask blank, the
combination of a halftone phase shift film, light-shielding
£ilm and antireflective film should have an optical density
OD of at least 2.5, specifically at least 2.8, more
specifically at least 3.0 relative to exposure light. Then,
the film containing silicon and transition metal as main
components may consist essentially of silicon and transition
metal, or may further contain light elements such as oxygen,
nitrogen, carbon or the like as additional components. Since
sufficient light-shielding is not available sometimes when
these light elements are contained above a certain level, it
is desired for a preferred embodiment of the inventive
photomask blank, i.e., a photomask blank adapted for ArF
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nitrogen and carbon contents each be equal to or less than 20 atom%

and the oxygen content be equal to or less than 10 atom, and especially

the total content of nitrogen, carbon, 5 and oxygen be equal to or less

than 40 atom. [0024] Also, the light-shielding film preferably has a

thickness of 20 to 50 nm. At a film thickness less than 20 nm, sufficient
eﬂ@ﬁkﬁbiﬁl@%@ff@%ﬁ@wgﬁ%@f iw%@m& ﬁhs_ezsaian ﬁfﬁCf.ﬂrﬁan Ghe

.Nm, high accyracy processing with a thin resist having a thickness equ
R RGEE, T 580 ok n o e SIS AR LS o T8 Ed Bhan 20
atabagedtdie KpEaat. F00isl Pee fNChidRIRMIdeSH FEFmcH
a tynwell dnowes pethedst Filehiormatiah yospgtetingfs aammeydy usedrbon,

ar®® & slaplgst mgthed of fogning.a hompgenggus, filgyand the

sputtering Is the preferred film formation method in the present invention
[ #éll. The target used may be a single 20 target containing silicon and
transitiohsmetat rea 1dgriitotled refid foen #illto 16:¢ fAKSIAYVEIgSa aatio

tﬂcﬁmfgggt%ﬁ_?%tig Ws?iaﬁt?ﬂay !%&aéjuﬁleﬂ?b)tﬁ?éﬁ%%@ppé%%ﬂaﬁﬁan 20
ones 1mam a, siico I , ransition me get, and fargets, 1jcon,

i AR R LR A SR b o) i EB GO 1

s ofpRIteRiIAg Brealot teEseRstaefiabfe@yr thd POVREARPREY tBTREessing
wiSelegledRangetse dtiis Dot ieg vehethibeklighfsshieidiy fitm eantaiesdigbhan
z53Je?ﬁﬁf‘}nsg§'6“°é’eo%%%y%“fﬂ889%?1 %&d £RH0N, $YEL 8 DLADE e warpage

eposited by 30 reactive sputtering wherein an oxygen-containing gas,
tittb§e FeBAERRHG gas or carbon-containing gas is added to the
[ (spriBtering gas as a reactive gas. [0026] In the practice of the invention,

the_'ig%%ﬁiﬁlﬂgfxgt 3arfildescgbed aboye Mm@k be SvaHaIdYYith80 1 -kxnown
antireflective, film. Generall th% antireflective film used herein May be
meiﬁods. Film formatidon by sputtering is commonly ‘used as

the simplest method of forming a homogeneous film, and the
sputtering is the preferred film formation method in the
present invention as well. The target used may be a single
target containing silicon and transition metal in a
controlled ratio from 4:1 to 15:1. Alternatively, a ratio of
gsilicon to fransition metal may be adijusted by selecting
appropriate ones from a silicon target, a transition metal
target, and targets of silicon and transition metal
(transition metal silicide targets) and controlling the
sputtering area of the selected targets or the power applied
to the selected targets. It is noted that when the
light-shielding film contains light elements such as oxygen,
nitrogen, and carbon, such a film can be deposited by
reactive sputtering wherein an oxygen-containing gas,
nitrogen-containing gas or carbon-containing gas is added to
the sputtering gas as a reactive gas.
[0026]

In the practice of the invention, the light-shielding
film described above may be overlaid with an antireflective

film. Generally the antireflective film used herein may be
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any of well-known films although the following two embodiments are often
used for processability. [0027] One embodiment is an antireflective film
which is 5 suitable when the antireflective film and the light-shielding film
are simultaneously etched using the resist as an etch mask. This
antireflective film contains as a main component a transition metal silicide

anﬁ@gow@dguma@@ trangsiion: reaieh glicidesxidal tursitignywetal
ilicide nitride, 10 transition metal silicide ox nltrld ion metal
ISD?cﬁe ox\%/car Ide, cfr%%nsrflon mgta% s]flc%re cargonltrloli # nsition metal
[ 08ilididle oxide nitride carbide and the like. As the transmon metal used
hereinpihe exaroplangiransiioanmeials dkBlratetlifoe the lghtwinleldings

su&'%ﬁ PLofeIreqd i a&&&f&ff&%’&%@%ﬁ%ﬁw thestrangjiiqn Eiﬁ.@llding

used herein |§£referab y the same as in the light-shielding film, with

£l HER S PBSREHON Dt el 0 H] 1R i Rfndckfheht, e 2P eteh
maahtireffetiee fint pref€abdt Poehasiam atomicaconspesitien walch issepanent

a Wa@gg%:p(glq £l £D ateonPe I@ESHioRaIRE 101190 G atan%oraln 940 £i6h
atom% 0, 0 to. 57 at % N, and 0,t0.30 ato % C, a dto %rowde an

me&ﬁﬁta?a%ﬁg’% en'd 3 APH 8D pre‘?era%ly detheencoBand 1,
tragai/ieitorexpatade mmt§#ﬁ7@ﬂq@'§%q’§25 s iHelemgeetal

s:ﬁi@.@i@édcb@%xmfaw,g hetheribickneas @t thaa aptieilectiee Harvendtride,
e NG URVRERIT 2 ﬁl%%edogia%spf%ee%&scszmggrlaga the like.

TRibrication or use of @‘E otomas e antireflection effect Is generally
Asetdifed BRATHEKABSIER S 13186 B ik HiBin R PRI, ibappsition
mepreierdd pagdntaliyeir frerAthexdiingriasériigicagraghfi Bincerthepreferred

aganirefleglive flm-hasg %%BE&M%@SN%@QW@J@H&@Jap%‘eqfatheusea
light-shielding film, the_light- Shle|dl film andag‘hea re{,l%ctl\ge filgn.can

heﬁ@%&h‘bﬁ REESRERP p%%ﬁﬁ‘% ight-shibIdiRg patiEm: - ng film,

with melybdenum being most preferred.
foozs]

In this embodiment, the antireflective film preferably
has an atomic composition which is set to the range of 0.2 to
25 atom% transition metal, 10 to 57 atom% Si, 0 to 60 atom%
0O, 0 to 57 atom%¥ N, and 0 to 30 atom% C, and to provide an
optical density OD between 0.3 and 1.5, preferably between
0.5 and 1.0, relative to exposure light when its thickness is
within the range described below. Although the thickness of
the antireflective film varies with the wavelength of light
used for inspection necessary during fabrication or use of
the photomask, the antireflection effect is generally exerted
at a thickness of 15 to 3¢ nm. A thickness of 20 to 25 nm is
preferred especially for the ArF excimer laser lithography.
Since the antireflective film has dry etching characteristics
equivalent to those of the light-shielding f£ilm, the light-
shielding film and the antireflective film can be etched in a
single step to form a light-shielding pattern.
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The antireflective film can be formed by well-known methods. The
method often used herein is by selecting an appropriate target or targets
from a silicon target, 5 transition metal target, and silicon and transition
metal-containing targets (metal silicide targets), and performing reactive
sputtering in a reactive gas or a gas mixture of a reactive gas and an inert

gs]uch as argon. See JP-A 7-140635 (Patent Reference 9). 10 [0030]
The other embodiment is an antireflective film contaln%%) as a main

componBfit SRhSHTMEESHPBuRGHCR3R PEhFSHRT oRifie” BirorfiRT™
menithidé schrdfhie nnexyradides whmromniied dxgmrdeiehmnmectlng an
apppitides Chioryum @dde dpdutrslergahidg of ihe dke. Tthe-ellerine
drx etc{nr&whlcg is %a)#gacl etchlaggrgcess for clatro |um c%ngounds
nte

can cause dama es I'eSIS? as prewousff/ POl Im Is
me ey -sféqweéwméﬂea% flirme b tmsthikadgieoft %@9@9 to 88%hm

pe¥ sulfiaieny iredieh thicknessyangaqniz) antiretiedfivedilyaef diromiuas
n
%9@&%0& gscan he g o Slfﬁgngﬁﬁmg gﬁ&‘?u ANRI9DHICANG o

amage to the resist. e etc IS an ectlve film, that'is,
Sefy &ﬁoﬁwgd%ﬂ&@ﬁﬁﬁg %ﬁ%‘%t&ﬁﬁ%’?@%?%hl%?d‘mg film of the

[ edvan}ion. Once the antireflective film of chromium compound is etched, a

light-shgldingcay-canpibiigmeiieon anshiransiignmedal i eichethhy
qu rine dry etchlr%g USII’I& the antireflective f&m as.an etch mask. Then

AHHE S0 R Mo STEREE S Bnfithh Wohifb iR pgand such as a
clamreﬂé@uveumm fuRBHOTS A8 an-etgH Afask BoPRaL HIg hartuideyieehing

chs expesiabley EBisrambodintertis prefexed dhthercase, ofcHeep ienchivgde

jﬁéé'l%gtcgﬁlgoii s Stﬁé%mf"?c V‘éh[eo 1@ ] In %'.‘c? L%Seéi‘f,ﬁz tghing which

evenson-type phase shift mas IS em
1SrfirdfEREGE HIrk brORRSIPIRELSS af il Céb’i’f?ﬁb@ﬁ'?brﬁﬁﬁi&ﬂ%%t fePtheCause
damagesf 80 tdhe resist as prev1ously pointed out. If the film

is used solely as an antireflective f£ilm, a film thickness of
about 15 to 30 nm is sufficient, in which thickness range an
antireflective film of chromium compound can be etched to
completion before causing any significant damage to the
resist.

[0031]

The etching of this antireflective f£ilm, that is,
chlorine dry etching cannot etch the light-shielding film of
the invention, Once the antireflective film of chromium
compound is etched, a light-shielding film containing silicon
and transition metal is etched by fluorine dry etching using
the antireflective f£film as an etch mask. Then due to the
high etch resistance of chromium compound, the antireflective
£ilm functions as an etch mask so that high accuracy etching
is expectable. This embodiment is preferred in the case of
deep trenching at the etching stage, for example, when the
mask is used as Levenson-~type phase shift mask.

[0032]

In this embodiment, the antireflective film preferably

has an atomic composition which is set to the range of 30 to
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-13 85 atom% Cr, 0 to 60 atom% 0, 0 to 50 atom% N, and 0 to 20 atom%
C, and to provide an optical density OD between 0.3 and 1.5, preferably
between 0.5 and 1.0, relative to exposure light when its thickness is
within the range described below. 5 Although the thickness of the
antireflective film varies with the wavelength of light used for inspection

g snegesmarncayring fabrmtigponuise ofcthe@hsmramstheiana'mﬁleotim 20

at%ff%%ta? ggngrally e rt%&éa&%ﬁ%ﬁ%& %99@ b tﬁlgmg%%of@% and

nrh is preferre especia Ié e ArF 10 lithography. [0033] T
1 érmr?ﬂ'@cﬁﬁr@af%yofttﬁ’é"%?ﬁéc nDedBméd dy %%f’r?(ﬁi‘)% rﬁ@trﬁ’a%‘)‘fﬁée
1 imgrthoghefteni dsed:-hékaim ésslay lisingialchronmiven taagge ade perftpmindgoelow.

A1'EAS I SRYETING IBidh &8 £EREVEIIASONA B8F KIS Of 218ACHSGAS with

and an inert gas such_as argon. See JP-A 7-140635, (Patent Reference

the) waHSAARINE PbiohgRE bféﬁﬁ%f HF i RRRES TRt Stfere i 109
f afrarhchd ight-shielaisg fitfh Ghe tipd00 emairdtlectibe fipn bixelid privided

eﬂﬁwgﬁméh@ggﬁaqwte%@ﬁﬁ@@lamd shﬁcmmﬁﬁé@dim;ﬁilq;sfqr? 30 nm. A
e, an a translucent film, a phase s MoSi or
a&r% Sr £ (I:{ f(fgsg.w%n ' Dedcho %gllaw |S?ﬁ8 ﬁf&g%f %{r)(;:du%lr?g ArE

11d5bﬁ§t?éﬁ1§§k using the photomask blank of the invention. As described
[ cd®wE, the process of processing the photomask blank of the invention

traversgs sqme %efi@alf@a dgpepdigg %@Qe%ea Bapsiign fstaka by

silicide compound or a chromium compound 30 is used for the

wednhir BMER e T REferentRSs TRTRNAE 15 Bl BAROMAETBhdRiPihd s g
a antireficictive fimde &, tranditipe nistahdifidde sampuonds [D0BE¢ FikrBg aln a

rd8eit pattgrafopwrig n?@s“ﬁ%ﬂ%f@% 3 isdawnadendhe phatPraaskinert
gégagég via %Qég“”e € QQEJP A 7-140635 (Patent Reference 9).
[0034]

In the photomask blank of the invention, another film
different from the light-shielding film and the
antireflective film may be provided between the transparent
substrate and the light-shielding film, for example, an etch
stop film, a translucent film, a phase shift f£film of MoSi or
MoZrSi, or the like.

[0035]

Described below is the method of producing a photomask
using the photomask blank of the invention. As described
above, the process of processing the photomask blank of the
invention traverses some different steps depending on whether
a transition metal silicide compound or a chromium compound
is used for the antireflective film. Reference is first made
to the embodiment wherein the antireflective film is a
transition metal silicide compound.

[0036]

First, a resist pattern for writing a circuitry image
is formed on the photomask blank having an antireflective
£ilm of transition metal silicide compound. In this step,
surface treatment is preferably carried out for reducing the
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film of transition metal silicide compound. In this step, surface treatment
is preferably carried out for reducing the -14 surface energy of the
substrate (photomask blank) surface, prior to coating of the resist. The
best mode of surface treatment is by alkylsilylating the surface with
hexamethylene disilazane (HMDS) or other organosilicon 5 surface

stealing a&?@ﬁ;?o%‘ﬁ]%)é Uéﬁ% Htik@b%eWﬁﬁﬂ@%ﬁaéﬁn%ﬂ@ﬁﬁt}lr%urfaw ,
rocess, which is l’ipref(%rabg im Iemerilzted eﬁgossin%[hg substrate tg

P Pi@?regﬁnﬁ%%iéﬁ aag r Y% eecﬁlnyscoating Re tred ing%g%n‘t) o fhar+ace

trepfmenthd ssrtacelikadimichy heifibliged e seutFReReYoEdch

hdifaﬁ@_ﬂllﬁ_y@eaﬁeﬁwﬁﬁﬁa&’hifé'apﬁﬂmﬁ %Epﬁiiﬁﬁei(OQﬁ?daiﬁﬁ,ia.&QS&i

material is.co nt rfa reated syhstrate (phot .

Emarr?d’ﬁl r%e(f o1 o%%%ag r%gi%éﬁ |I?nn.%§rr1&r§8€% rig’tgear(li(ife'srt1 n?@sét)ggea%@f?cgt%?‘fﬁ Fsor

MagreBRIHEESVRT ReePfag Wiy $TsBRPHESIR PréfctBBy SRR IRE dY

exegRiive resist mateytale cempasitigearamadit isieletgasieaging potyrbgrs

a: e s5ed Yt ‘El‘?é"ytE&%eeE‘tEﬁthQQQQPr%‘@%é“@&??&t@“y The

amplified resist materials are used for the micropatterning photomas

k
SURAASECITE 25T B IS RABIFRR ifiEn R et RRAGeIf pplicAbi@T o Lems
aq0a3sieT pafebistdilmshbakskavnd tisitkigusiwighin the range where it
[ (A@E-Ferm a satisfactory pattern profile and function as an etch mask.

Partic r}lé/twhgnjij ig ,defc,ireg 1o} 3_2; ‘_Igrni s?f!:noe atlern as,an Aglflr ace
Iithograp‘%y rhask; the fiim Thickness is preferaab y equgl to or less than

trsptad, 840 SRS prefeRORPEGSA t& bRNSE tARA 2B04RA. Cenéri the
rdewstlirmi Dh the xasispiipvihiclaress iepicterabhsequal welregreater ihan

adebP8aa0d e refrrablycoualio; o 30 oreater hap P nms Althgugh v,

It depends on the etch resistance of the resist. It is noted that the film
PRRitkANSs by MRIRIHEP SRR WA ESE bildyer FOBET Hroass ey 5Le
sksillicohenebiadrased psikymeecombinativgsed for the commonly used EB
writing process, and chemically amplified resist materials
are used for the micropatterning photomask manufacture
process where the invention is effectively applicable.
[0038]

The resist f£ilm should have & thickness within the
range where it can form a satisfactory pattern profile and
function as an etch mask. Particularly when it is desired to
form a fine pattern as an ArF lithography mask, the £ilm
thickness is preferably equal to or less than 350 nm, and
more preferably equal to or less than 250 nm. Generally the
lower limit of the resist £ilm thickness is preferably equal
to or greater than 75 nm, and more preferably egqual tc or
greater than 100 nm, although it depends on the etch
registance of the resist. It is noted that the film
thickness may be further reduced where a bilayer resist
process using a silicone resin based resist in combination
with an aromatic resin based bottom layer film or a surface
imaging process using an aromatic chemically amplified resist

in combination with a silicone base surface treating agent is
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with an aromatic resin based bottom layer film or a surface 35 imaging
process using an aromatic chemically amplified resist in combination with
a silicone base surface treating agent is -15 utilized. Coating conditions
and drying means are selected appropriate for a particular resist used.
[_0039] Image writing on a resist may be performed by EB 5 irradiation or
ut?&@é@ﬁ?iati@gat.tﬂﬁ%n%ﬁhﬁaz Ebﬁfﬂa@ﬂllli igaypratpriedamethotdoselected
orming, fine patterns. re a_chemica lified resist is used, image
agﬁlﬁﬁﬁ’&gfsa %n%PaII‘Iyape?FoJ%Jé%uvgl raﬁeesn%%?g%%ﬁlht in the range of 3gto
[ 093 HC/cm2, followed by heat treatment and subsequent 10 development

to formmagsiskpateny [OR4E] Next ssingdhevesipepaitamaasiings
3908, Ahovestepanan eidhnaskdhe gt stisidipg fimds eiehadiation
~this embodiment of the antireflective film, if 15 the etching is carrﬁgbé)ut bg
153 vanmainir oM BiYA efching BrOLERS, e h RS TCHEE firm P
chkghit shialgi n_gniﬂquateh_xb e_twédisimaItawaﬂ;sl)i.mﬂiseamiﬁbissﬁblé-ﬂ]at
sefi e UEEIE 1D lbedg b i eng o

| racess. In this case, a film of oxygen-ric

t°n§ﬁ§ﬂ6ﬂ9%bun%§i%f 8&%%Xu&&%}n§ﬁ§%ﬁ&ﬁain%ﬁﬁﬁ%o sequent
desapeprsitort tanditemnetaesiicide B8POURA is etched. If the oxygen
[ oerignt of the antireflective film is set higher than the oxygen content of

the light-shielding film, .25 then th i ive {i n
mask,HgﬁCOWin‘gl%Pﬁgﬁ%F aé:ceusré%fl nﬁ)o%lg(s%}é 0%%‘%?%%?1?\53%3 &I&h

abigjie-shkedng patereikIormagioy g ingt IR redidigd Litpetiowith a

e tyedaternined hiQ skipped saletian o sthimgan miptwidmatik havifgithe if

enLEBIIR0 I PRLPIR PTBIRE thgrapnrdis NeiRAnin@uiadhe sasa ey
alftone phase shift masks or Levenson- )
etching process, the antireflective f£ilm and the
light-shielding film can be etched simultaneously. It is
also possible that once the antireflective film is etched,
the light-shielding film is etched by a chlorine dry etching
process. In this case, a film of oxygen-rich transition
metal silicide compound is not etched, but a film of
oxygen-short transition metal silicide compound is etched.
If the oxygen content of the antireflective film is set
higher than the oxygen content of the light-shielding film,
then the antireflective film can serve as an etch mask,
allowing for higher accuracy processing.
[0041]

After the light-shielding pattern is formed by
etching, the resist is stripped off with a predetermined
stripper solution, resulting in a photomask having the
light-shielding film pattern formed thereon. It is noted
that in the case of halftone phase shift masks or Levenson-
type phase shift masks, a silicon oxide film which is a
typical phase shift material or a metal silicide compound
film such as metal silicide oxynitride f£ilm which 1s a
translucent film can be simultaneously etched under the same
etching conditions as is the light-shielding film. Then the
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type phase shift masks, a silicon oxide film which is a typical phase shift
material or a metal silicide compound 35 film such as metal silicide
oxynitride film which is a translucent film can be simultaneously etched
under the same etching conditions as is the light-shielding film. Then the
-16 invention is advantageously applicable to halftone phase shift masks
1 nJ¥h be¥ENsaD-yag phasg shifk Mpsks plPPddbindhe Cang Of Phase shilk e
masks, for example, itis a 5 common practice tﬁarf% phase shift pattern is
ShabhelBSHS M %ﬁ%ﬁ@%?—%ﬁlé’f@lﬁg A s pARAN removed. In
[ ohi2dase, a resist is coated again and patterned according to a standard
technimﬁeataf%rdﬂa@h Hieﬂ;%ﬁié@‘|mtxiil§€i|mﬁlﬂ§beﬁ§bt-&m&iﬁﬂﬂ@ﬂlrﬂt is a
are etche . awa a flugrine dry_etchi In thi Ing, t
RO Lriar it LIS Tt o seah ) SRR, (e cor
whielkhb@nkéahtiqsd el eiample By RAE&RIP of ErdhRB HtBhsYorremoved.
Indairtkor-akeefleatance iAlsoi whendhedlightsshielding fimtis etohsdl away
addeagHRInELNY AlthiRadpdreeenhabie ek Aka gl e

antireflective film as. mentioned above, over-etching can be prevented. It

A o AR Bho AP atb ot HIBhSREAOAIRE drefl are stohed
avantirbffectivéfirmmcamebalptocebsbd iy thasasrsprocess sl desdiieidng, the
c @tggtﬁog‘f:i_]é%‘léfﬁ{ﬁ{%_efiﬁ_%E@Q%@ihﬁﬁéia&%@lﬁﬁﬂgﬂn@ah be

. erein e ant ectuve 1l IS a chromium.compound..lt IS .describe .
S Do o e e AT TEERTRRUADE S B b taon
ofpieotehed Rkemn ows dabeaihent 2F uReid REIAERernAd 8Btaifétpis the
lithrisaspa asdithe piavious eebadéteatvae., Byreaisthatetineardby etching

pr@é@ﬁﬁ by, t %a@ﬁci’r%‘ie_dé’iél‘?fﬂq the emhodiment Wheel e £iim as

antiretlective film is a transition metal silicide compound. The next stage

meR tigRRdc ARG Cep AKER SRS SKPPeRSREPEY R ibrind firy S noted

thetthiaggirotesss skpbdialfckacf the construction free of an
antireflective film can be processed by the same process as
described above.
[0043]

Reference is now made to the second embodiment wherein

the antireflective film is a chromium compound. It is

described how to produce a photomask by processing the
photomask blank. The procedure taken in this embodiment
until a resist pattern is obtained is the same as in the
previous embodiment, i.e., a resist pattern can be formed by
the same procedure as in the embodiment wherein the
antireflective film is a transition metal silicide compound.
The next stage is a dry etching step where etching is
performed by a chlorine dry etching process, especially a
chlorine dry etching process using oxygen-laden chlorine.
During the chlorine dry etching, an organic film such as a
resist can be etched as well, as opposed to fluorine dry
etching. However, the antireflective £ilm generally
functions at a thickness of about 15 to about 30 nm, and this
etching is completed in a brief time because it is intended
only for the antireflective film. Then a resist f£ilm having
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chlorine dry etching process using oxygen-laden chlorine. During the
chlorine dry etching, an organic film such as a resist can be etched as
well, as opposed to fluorine dry etching. However, the antireflective film
generally 35 functions at a thickness of about 15 to about 30 nm, and this
etching is completed in a brief time because it is intended only for the

a ¥nfireflective filp. Then eoresiy il havindbel Hadbiskress aftlQD t0igh0

acnm can be processed at a high accuracy. [0044] For processing at a
ﬁﬁﬁSFXCcuracy, the etching of 5 the light-shielding film is changed to

[ Ofidckihe-based dry etching. This type of etching of the light-shielding film

ensur%%afg&eh@gbia@uwyapmgﬁsiﬁgaﬁm&&wchmumtcmng of
co nd film he anti ctive fi the.r t k

oo TREH 5 1 el BB 6 0 o v
etflorie-badbd 8ntaRaiRE AAkresaf tﬁélereéiﬁﬂgts"tﬁaﬁg‘égﬂlrég £ilm
enpiedeteranned efhhitglie . aompieting pryuhntenasly Béeawseithe chromium

ool 8miuMcemparndhased, antipafiective fln gan hepisedasat ofdle of an

mask in processing intQ a Levenson-type phase shift mask or in
e BEa R TGRS phBee SHRMALR T GURBO Raceiafli Himhfgh etched at

aldxdryplel s inecdhreds ddyastbhghdng whekftheuridetcoaipm. the
re%%tr%éiiﬂéggettﬁ%ﬁnpf&ae'ﬂﬁ?ﬁﬁ@%ﬁg@%ﬂ&i@&f&lﬂ@gﬁﬁ@,mu_stn@ﬂ.eting a
o PR SR Sl R sl g el o
anhbaeRlanhéy aghiiels aﬁamaﬁaauq%re@e@aer%mé Mfdifreln processing
ine@mpletiag #ies ahotapasipHithe lightShieldiag fitr doespiotdeveing into a
privfficient gherpicalstaalitglo withsiaad clgaping 25 epndiiges Qﬂéﬁ%ﬂée, this
cleaning, the light-shielding Tilm iS _over-removed, or undercut beneath the
Pr&rﬁﬁ@ﬁéﬁiv&?ilrﬁ@%&%@‘?%e%‘iﬂeW@ol&rﬁ%c&aﬁif%égf“d Gnesse the
trmaspacembcyg rdimayemasid shei-bhehhasitsigsifgng £ilm must be
trenched deeply and accurately.
[0045]

The photomask resulting from the above step is finally
cleaned with sulfuric acid - hydrogen peroxide mixture and/or
agueous ammonia - hydrogen peroxide mixture, completing the
photomask. If the light-shielding film does not have
sufficient chemical stability to withstand cleaning
conditions during the cleaning, the light-shielding film is
over-removed or undercut beneath the antireflective f£ilm.
This gives rise to the problem of a significant decline of
mask accuracy for binary masks or tri-tone masks using
high~transmittance halftone mask blanks, and also the problem
of a decline of antireflection function where the
light-shielding film is present only at the periphery as in
the case of low-transmittance halftone masks.

{00461

In general, in chemical resistance tests of immersing
for one hour in an ammonia - hydrogen peroxide mixture
(aqueous ammonia : hydrogen peroxide : water = 1:1:30 in

volume ratio) and a sulfuric acid - hydrogen peroxide mixture
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high-transmittance halftone mask blanks, and also the problem 30 of a

decline of antireflection function where the light-shielding film is present

only at the periphery as in the case of low-transmittance halftone masks.

[0046] In general, in chemical resistance tests of immersing 35 for one

hour in an ammonia - hydrogen peroxide mixture (aqueous ammonia :
(s*r?aaﬁfgg% pa@@ae: ! Water cgdil | 3R o volune-rafio) and arsuliiic acitio) .,

rogen peraxide mixture -18 (sujfur id,; hy roxide z 4:1.i

th\% Sm%eﬁ%ﬁg)?c >tiflfgl)ege %Prﬁse fiiat l%]dgi%(% g%éj%é:]ggls o anpg%e@éﬁlftg OJ?P tess
thals Sham 5 MAPESIcEdl &firdtto bP 128 th&F3 iR bdtPkeln Poth the
cotaiitianssarereqgarcgshrsbiid fadan/sddeairgmdhe Ebeve Srpmobidms.above
proia fims of dhesinvention yederdo thigkogss £hapgas WibinHie-iangedn

these chemical resistance tests, proving excellent chemical stabilit

| or

Pangfital' 1eddBnERF 15ABRRMBL 16647 e g8 a’ﬁa%&%aééiv‘éests ‘
prExdmplesare Hherthalbarfbeallusitaing ths inveptionlxhbagh the
raBYgRURLIS Not limited thereto. 15 [0048] Examples 1-5 & Comparative

Examples 1-3 Photomask blanks having a light-shielding film deposited

on a substrate were prepared by the following procedure. 20 Using a DC

sputtering apparatus having two ta¥fgéBlEshown in FIG. 1, a
[ dgh-phielding film composed of silicon and molybdenum was deposited

on a dyarz subsirate IIuSARAIDFIG. 42162 Substrate 4; 8 80aMDRSy ror
i

101, targets a, 102b, a Sputterin ?éas inlet 103, an exhaust 25 port
11f0¥ﬁi'arﬁ‘%ﬁﬁr%té:maﬁﬁ§ Bt ﬁi& Nadbwdte sdpyifticdy, 1oebot
1ijpp481 thereto.
[0048]
Examples 1-5 & Comparative Examples 1-3

Photomask blanks having a light-shielding f£ilm

deposited on a substrate were prepared by the following

procedure.

Using a DC sputtering apparatus having two targets as
shown in FIG. 1, a light-shielding film composed of silicon
and molybdenum was deposited on a quartz substrate.
Illustrated in FIG. 1 are a substrate 1, a chamber 101,
targets 102a, 102b, a sputtering gas inlet 103, an exhaust
port 104, a substrate rotating platform 105, and power
supplies 106a, 106b.

[0049]

Sputtering gases were introduced at the predetermined
flow rates shown in Table 1 so as to establish a gas pressure
of 0.05 Pa in the sputtering chamber. Two targets were used
herein: a Mo target as the transition metal source and a Si
(single crystal) target as the silicon source. The
predetermined discharge powers shown in Table 1 were fed to
the respective targets while the substrate was rotated at 30
rpm. In this way, a MoSli film or MoSiON film was deposited
to the contents of silicon and molybdenum shown in Table 1
and to the predetermined thickness by controlling the
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Sputtering gases were introduced at the predetermined flow rates shown
in Table 1 so as to establish a gas pressure 30 of 0.05 Pa in the
sputtering chamber. Two targets were used herein: a Mo target as the
transition metal source and a Si (single crystal) target as the silicon
source. The predetermined discharge powers shown in Table 1 were fed

dégo@fﬂf@He%ti\ﬂ?etarg@ﬁeweilﬁﬁf@xﬁ}@%@tqwgﬁﬁoﬁ%éh%@ 351 Pehdn
is.way, a MoSi film or!\/i SION f [—? depg1e ed to th
le t

cont f
resitbhei bW et ﬁld\ﬁﬁ othe pregeterlne ) are
alhickabosiby -”Q;Onﬂ’élhﬂ}g tAe -19 deposition time. The contents of light
[ Rigments in the resultant light-shielding film (as determined by ESCA) are

also shown in Table 1. [0050] 5 Tablg 1 Target Sputtering gas Light

element input power Si:MO flow ratée content (N) (atomic (sccm) (atom%o)
Tatio)y STvpATNZ € g|@|1\:utrog T OXygan EXaRE 192082 9T J00 0 Qiement
Example 2 84,860 Ao%e20 Q 09 QoExample I 840 £6:25:1 20 @ O O @ontent
Example 4920 80(8}1 20 5 X(&tomiEkample 5 92090 9:1 20 10 2 23(gtom?)

Comparatiye 550 450 1] 2€ 535t Example 1 Gomparatlye 73Q:286.# bxygen
20000 0:Exampl )arative-1000 Example-3-011:0-20-6{0-0-0
ejGp1: Chemiegab stabilino (chenncal resistance) 10Gample®having & 0
—tight=shietdingfitmdepositedtoa thitkness of 39 m were immersedTor, o
Epreeheut in ad Hnmont4 4:1 20 0 0 0
Example 3 940 60 15:1 20 0 0 0 0
Example 4 920 80 g:1 20 5 2 11 7
Example 5 920 80 9:1 20 10 2 23 6
Comparative |  5g, 450 1:1 20 0 0 0 0
Example 1
Comparative . 0 0
Example 2 720 280 2:1 20 0 0
Comparative . 0 0 0 o
Exanple 3 1000 0 1:0 20
[0051]

Chemical stability (chemical resistance}

Samples having a light-shielding film deposited to a
thickness of 39 nm were immersed for one hour in an ammonia -
hydrogen peroxide mixture (aqueous ammonia : hydrogen
peroxide : water = 1:1:30 in volume ratio)} or a sulfuric acid
- hydrogen peroxide mixture (sulfuric acid : hydrogen
peroxide = 4:1 in volume ratio)}, following which a change of
film thickness was determined. The results are shown in
Table 2.

[0052]
Electric conductivity
For samples having a light-shielding film deposited to

a thickness of 39 nm, the electric conductivity of the
light-shielding film was measured by a four-probe sheet
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hydrogen peroxide mixture (aqueous ammonia : hydrogen peroxide :
water = 1:1:30 in volume ratio) or a sulfuric acid - hydrogen peroxide
mixture (sulfuric acid : hydrogen 15 peroxide = 4:1 in volume ratio),
following which a change of film thickness was determined. The results
are shown in Table 2. [0052] Electric conductivity 20 For samples having
r & lightzshieldingdim senasited dowy thigknassiai3d BRefecdlects. , Ltd.
T condug;t\)ztlt of the i ht-shieldirllarg thoq wgs measured by a four-probe
RS ESe: itARcE N8 MEP-3800 by ‘Mitsubishi Chemical Co., Ltd.
[ OfrRs3rlesults are shown in Table 2. [0053] Table 2 Film thickness Film
thickness reduction by increase byrampaonia - hydrogen Conductivity
peroxide acid sulfuric - hydrogen (Q/D) immersion peroxide (nm

immersion (nm) Example 1 0.7 0.1 486 Exampie1d k5 Hcfe296 |Example
30.20680 Example 4 0.8 D470 RS pie 5 0.5:0884sComparative
Example 1 film loss 26.9 %ﬁm@ampamaahb@&xarggg‘zlil‘?rgg.gn% Conductivity
Comparative Example 3]0.2 0.2€£08X¢ [0054] deqicy of opticdl?/0)
density on film thicknesg and ngg‘ﬁﬁth 10 [For sampdeioin which a
light-shielding film was (nm)
Example 1 0.7 0.1 486
Example 2 1.5 0.4 296
Example 3 0.2 o 680
Example 4 0.8 o 470
Example 5 0.5 0 584
Comparative Example 1 film loss 26.5 38
Comparative Example 2 17.7 2.4 96
Comparative Example 3 0.2 0.2 1082
[0054]

Dependency of optical density on film thickness and

wavelength

For samples in which a light-shielding film was
deposited to the varying thickness shown in Table 3 under the
above-described conditions, the optical density of the
light-shielding f£ilm was measured by a spectrophotometer,
provided that light was incident on the transparent substrate
side. The results are shown in Table 3. FIG. 2 plots the
film thickness dependency of the optical density of the
light-shielding film of Example 1 relative to light of
wavelength 248 nm or 193 nm. FIG. 3 plots the f£ilm thickness
dependency of the optical density of the light-shielding
films of Example 1 and Comparative Examples 1 and 2 relative
to light of wavelength 193 nm. For reference's sake, the
optical density of metallic Cr £ilm and the f£ilm thickness
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deposited to the varying thickness shown in Table 3 under the
above-described conditions, the optical density of the light-shielding film
was measured by a spectrophotometer, provided that light was incident
on the transparent substrate 15 side. The results are shown in Table 3.
FIG. 2 plots the film thickness dependency of the optical density of the

aé}%&@i@&fynQﬂ@@&ﬁxml%ﬁcr@@tiyﬁ te §ghtofs wayglenggh 248 nm or
93 nm. F

G

. 3 plots the film thickness dependency of the optical density

reSRRE TidNEMelding 20 films of Example 1 and Comparative Examples 1

[ Girfeb2 relative to light of wavelength 193 nm. For reference's sake, the
optical density of metallic Cr film ang;thesfilm thickness -21 dependency
thereof are shown in Table 3 and FIG. 4, respectively. [0055] Table 3 OD

at 193 nm Thickness Thickness Thickness Thi(():gnegs 21 nmm 31 nm 39
a n
nM 50 nm Example 1 --q-------mmmmmmmmmmmmm oS D DL L 1.56 2.38
3.054.00 Thickness 39 nr@l—ﬁéﬁﬁé@'@ 2 Thickness Thickness Thickness
-------------------------------------- 21--am-----|3.023Thicknegs 38nmrExamples8 nm
Bxample b oo [IIIIINIIIIE OB Thicknegs 40 Tun Exafmple 4
------------------------------------- 1.36 12 93%Thfckness 40 rin
Thickness
39 nm
Example 2 200 peemesmeecece koo cseasssammor s efs s s se
3.02
Thickness
38 nm
Example 3 2= 00 @ Fermmeeeeececceeeeseeeeconfrmses oo
3.08
Thickness
40 nm
Example 4 =0 Frecessssecscbemeseeess e msessmseo e s s o
2.93
Thickness
40 nm
Example 5 =000 pesmemmeessee b ssssesscfsm e s o s e
2.88
Thickness Thickness Thickness Thickness
: 39 nm 46 nm 48 nm 60 nm
Comparative Example 1 f------ressmrmprmmec oo mofr e s s s
2.45 3.00 3.15 4.00
Thickness Thickness Thickness Thickness
23 nm 33 nm 39 nm 55 nm
Comparative Example 2 F----es-ss--ofrrss-ssm oo e S m s o m s
1.74 2.60 3.05 4.00
Thickness
39 nm
Comparative Example 3 I ---------sssfmmmrrre s s oot s e s T o T
3.10
Thickness Thickness Thickness Thickness
14 nm 24 nm 32 nm 46 nm
Cr film = peeeeseememe oo cmsssmsfro s mre s s s m oo S T
0.73 1.23 2.08 2.76
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Example 5 ------m-mmmmmm e 2.88 Thickness
Thickness Thickness Thickness 39 nm 46 nm 48 nm 60 nm Comparative

EXample 1 ------mmmmmmmm oo oo 2.45 3.00 3.15 4.00
Thickness Thickness Thickness Thickness 23 nm 33 nm 39 nm 55 nm
Comparative EXample 2 ---------mmmmmm oo 1.74 2.60

[ 08491400 Thickness 39 nm Comparative Example 3 3.10 Thickness
Thoe TGS e dine 10 S5 MR P e B khckness
of lighteshietding tftdyof Exampledswith sobickpeds dsiapbioxifbtdPAathm - ©
bogﬁg an Oﬂtiéalmdﬁf@f ity el ogE 3 Do boitinakifie waelengthof 483mniend FIG.
nm as seen from FIG. 5 2. demgnstrati perior Jight shi
2 ‘C %Hrﬁﬂr%%%%ldrlﬁgﬁt?%ﬁgﬁ?ﬁg f%l s%eglgl%%%. %?/) cg&n%‘?agtgﬁgg“%mebased
liggh-sdigheime diidsmpaetivEEwanidle 1 RithSPRbERSdss e
1igpproximaielyi4nmihas af apsngldensityof Bbanp2.& dt the wavelength
f S FlG.3,.,1Q de ting nQ.sigifigani differepc
T e iy ey o o
abeRE [yhe-shieldifg iR E S afife EXAne 354 fﬂigﬁrgﬁeg?(:' 3.
degnmﬂama;tmbn@u)Hﬁgméﬁimmmto@iﬁﬁﬁﬁynﬁﬂﬁﬁ@15ﬂ§hﬂmﬁhﬁﬁlﬁefrom
th%g hizstiglding 1?@?;.@%&%@%?@- EK%@P&Agthfib\dawed%thm. 4). The
.dependenc its optical density was determipe .
11 RN T S T Shpurve Exambfe 3 nas a nish
sheet resistance, failing to meet electric conductivity.

[0057]

Further, for the light-shielding film (39 nm thick) of
Example 1, the wavelength dependency of its optical density
was determined by a spectrophotometer. The results are shown
in FIG. 5. As seen from FIG. 5, this light-shielding film
has an excellent optical density on the short wavelength
side, demonstrating light-shielding properties suited for DUV
lithography.

[0058]

I+ is seen from these results that in the photomask
blank of the invention, its light-shielding film has an
optical density of around 3 at a thickness of about 40 nm
relative to light with a wavelength equal to or less than 248
nm and that the photomask blank of the invention and a
photomask obtained therefrom have excellent light-shielding
properties as compared with those using a chromium based film
as the light-shielding film. This suggests that the
light-shielding film can be made thinner, the dry etching
time can be reduced accordingly, and an improvement in
patterning accuracy due to a thickness reduction of the
resist film becomes possible. Furthermore, since the
light-shielding film is fully resistant to ammonia - hydrogen
peroxide mixtures and sulfuric acid - hydrogen peroxide

mixtures commonly used as cleaning solution in the mask
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in FIG. 5. As seen from FIG. 5, this light-shielding film has an excellent

optical density on the short wavelength 20 side, demonstrating

light-shielding properties suited for DUV lithography. [0058] It is seen

from these results that in the photomask blank of the invention, its

light-shielding film has an 25 optical density of around 3 at a thickness of

abaut 40 nm relative to light with.a leng | 1.0 S4d
e e oS RO OYRERIENEHE (3 OL e 1R At Ron
Un@BRARRFHBISTIOH RN cRAEERER HHEShEdNG OBl EifiPared
clwihihesesttsipg asatwomepadiasad film 30 as the light-shielding film. This
[ oB4ggests that the light-shielding film can be made thinner, the dry etching
time_can be reduced accordingly, and an improvement in patterning

g a thickness reduction of the resist film becomes possible.

Furthé@rhvotepsinge tieadk#glhbdmialkiingnfipkistrlpy ksl sthavi @monia -

11 BHATOgRR QI Pxesiilres anghs Hivficacid e Bydreges pPRroXidgosited on

mixtures commonly used as cleaning, solution in the mask -
@ FREIERIE ES- L Shoto o Wk S E R Seanre
[ ORBRihized pattern size variations even when cleaning steps are repeated.
[2039]r& Fraaipies 6£121 Rhommaskyblaskwfbigdryimasie blamkpphading a
gight=shieldipg ilm and an antireflective film deposited on a substrate
W ¢ y the following procedure, é00605]12_11'0 Antireflective filn,g of .
molybBaF&Hh siftide- 85npBiha L ERen 12 B-d)FHirdia TigRt shidflikt i<
ra(SitMo kEdri g atonic iking havier £ thicknessof @epaa ieddapsitedthe
salRIJha 153Ba £opditions medpg@mple 1. 15 [0061]

[0061]

Ex

Next, using a DC sputtering apparatus having two
targets as shown in FIG. 1, an antireflective film of
molybdenum silicide nitride was deposited on the
light-shielding £ilm. Sputtering gases, Ar gas at a flow
rate of 5 sccm, N, gas at 50 sccm, and O, gas at 0.2 sccm
were introduced so as to establish a gas pressure of 0.1 Pa
in the sputtering chamber. Two targets were used herein: a
Mo target as the transition metal source and a 5i (single
crystal) target as the silicon source. Discharge powers of
150 W and 850 W were fed to the Mo and Si targets,
resbectively, while the substrate was rotated at 30 rpm. In
this way, a MoSiN film was deposited so as to contain silicon
and molybdenum in a Si:Mo ratio of 4.5:1 (atomic ratio) and
to the thickness shown in Table 4 by controlling the
deposition time.

[0062]
Antireflective film of chromium compound (Examples 10-12)

First, a light-shielding film (Si:Mo = 9:1 in atomic
ratio) having a thickness of 39 nm was deposited under the

same conditions as in Example 1.
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Next, using a DC sputtering apparatus having two targets as shown in
FIG. 1, an antireflective film of molybdenum silicide nitride was deposited
on the light-shielding film. Sputtering gases, Ar gas at a flow 20 rate of 5
sccm, N2 gas at 50 sccm, and 02 gas at 0.2 sccm were introduced so as
to establish a gas pressure of 0.1 Pa in the sputtering chamber. Two
ofEgats were used herein: a Mo target as the transition metal source and
a Sl (single crystal) target as the silicon source. Discharge powers of 25
150 VIS 858 Hbr 14007 TR SF £ BetaCruREh i MRl
apthersithstrabawisgomted. ag3e rparge thisamayaatiosSN éptwes £ilm of
cndeRAsiiRdseAs io-soniaipasilic aogvaalybeenw in aodiMenata afing
.4.5:1 (atomic ratjo) and to the thickness s@owngg Tgblrea%gyoctoni@”igg n N
flﬂ'f&'i%O%%B&ﬁBﬁ i%eqafb%%z] htiftéchive firr o Ehromiam compound: ©E
gaiEainFles 20c1P) Eirgt, 8:ligRsshdlding MRS Ve ol iradngedrati) as
tohaynapithiskngsyak3P peswasdlappsied upderthet BB sepiet cenditians

ondRibExamAle 1 54 DPOFL AP Halg Al derdmadagiian DG,

Spu ?erlng apparaatu aving a single target, an antireflective film of )
digbana® BSHRIdOR s R Meldh hedighRshBRiify s ihsshultBids the
s B gaa At adtovt eate aof 1890sacpm Nz Igasthti30 wegm, andGRgdd. 1m
wat%t 1R peqm wefe dfroghiceh 0.5 doLstallish aigasRiessure 8601 Pain

e sputtering chamber. The target used herein was a Cr target. A
COFEERILLHHWE D RAFWF-HAR &S the Cr target while the 10
[ Ofubklirate was rotated at 30 rpm. In this way, a CrON film was deposited
to the thickness shown in Table 4 g coatrplling the deposition time.
[0064] Table 4 Light-shielding Thickness Antireflective Thickness

Light-shielding Thickness Antireflective Thickness
£ilm {nm} Film (nm)
Example 6 is
23
Example 7 25 MoSiN £ilm
Si:Mo=4.5:1
Example 8 28
£ilm
Example 9 gg?ﬁo=;:l 37
Example 10 15
Example 11 39 CrON film 20
Example 12 30

[0065]
Optical density

For the above-prepared photomask blanks, the optical
density (OD) of fhe light-shielding film was measured by a
spectrophotometer, provided that light was incident on the
transparent substrate side. The results are shown in Table
5. An optical density of around 3.0 relative to light of
wavelength 193 nm is obtained when the antireflective £ilm
has a thickness of 23 nm (summing to 48 nm, combined with the
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film (nm) film (nm) Example 6 19 Example 7 23 25 MoSIN film
Si:tMO=4.5:1 Example 8 28 Example 9 MoSi film 37 Si:M0=9:1 Example
10 15 Example 11 39 CrON film 20 Example 12 30 15 [0065] Optical
density For the above-prepared photomask blanks, the optical 20 density
(OD) of the light-shielding film was measured by a spectrophotometer,

11%{8%5'0'?9:3@%&&9{5 v@asifgidentonghe ; Ha%weeksmr%é@etﬂge a

results are shown in Table 5. An optical density of around 3.0 re ﬁzjr%/e t

CHigA bR RRAE th 1SRG Sh GRS SHER (RE ShtRNeBEASHRT 28 et ok
erthitknessaiv3 mm {suamitd icksems, cdmisined withbthem-281 Order to

ﬂwﬁi&ﬁleﬁing MhJﬁ'ﬁéﬁywoB@isfaft treﬁgﬁel@r@gwaatzasime
Ight-shieldi genera thic ugh tq give a tota
f?%’%ﬂgilfo bqﬁ orderto prow&ifgn%ptl%alrdefr?&ity o?% kness
r%i}gg’esmhevme emat@ndgwblbnﬁ%%ﬁi@menﬂé#meﬁé f&¥iim
aﬂbigkeeaedeﬂuetimewerawbem@dig{aﬁmejding film and an antireflective

re laminated. [0066] Dependency of reflectance on thickness and

wav enth 10 For the hotomask blanks of Examples 6-10, the
7 thi =N and,wavelenqth

TTCU Uy

spectrtnmtmndezktmaghswaﬁ ifGiehanyt lorsthe- filin stitiece
wa%ee ISy @ﬁ%{éﬁ%‘ﬁ)’“d‘% Table 3 APAHE WL usRUTHOALEARIG B

and FIG. 6, a reflectanceof 10 to
spectrophotometer provided that light was incident on the

film surface side. The results are shown in Table 5 and FIG.
6. As seen from Table 5 and FIG. 6, a reflectance of 10 to
20% is obtained at the wavelength 257 nm or 365 nm when the
antireflective film has a thickness in the range of 19 to 37
nm, proving a possibility of inspection with a commercially
available defect detector.

f0067]
Table 5
Reflectance (%)
oD
Wavelength 257 nm Wavelength 365 nm

Example 6 2.78 15.6 33.7
Example 7 3.00 12.5 27.4
Example 8 3.22 7.7 18.7
Example 9 3.66 6.5 10.8
Example 10 3.72 17.7 25.2
Example 11 3.94 15.5 18.0
Example 12 4,39 16.0 14.2
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Is 20% is obtained at the wavelength 257 nm or 365 nm when the

antireflective film has a thickness in the range of 19 to 37 nm, proving a

possibility of inspection with a commercially available defect detector.

[0067] 20 Table 5 Reflectance (%) OD Wavelength 257 nm Wavelength

365 nm Example 6 2.78 15.6 33.7 Example 7 3.00 12.5 27.4 Example 8
[obé47y-7 18.7 Example 9 3.66 6,5 10.8 Example 10 3.7217.7 25.2

Example 11 3. 94 5 _1 . amfle }2 439 1% 0 14 -26 [0068]

C%%ﬁ!\i tabitity (chiemfca e %k blanks were
|mmer§'éa@fm1mfeommnta¥ﬁahﬁnmae RIRGIE P PefERTt comfktipeur in an

anfREHEQUS. ampaige® Hstrogarmpeidda rwaleiquidiid) invaduda ratio)
({ a_sulfuric aC|d Kf dro% %romq_e rim Hr%{ﬁuggﬁﬁﬁgldrgﬁr&pegr a
perogﬁe PrARVolunie ran% A chan e of reflectance was determined

swatgﬁecmwnm&mv%m%ﬂﬁnaaﬁésﬁp f FHderpbth fftd ¢

hyebhe s sp theogtiatg e-of4l-QL refte ctavicenat wanielerigth 26chamnges (E8s

réEiQH&nQSWQétréE@%P&ﬁﬁ%'“S’?OQ. %ﬁ@%@f@ﬁﬁ‘@’c@ﬁ@%@?su‘{ﬁ%ﬁioyc
ry etching On the photomask blank of Exs%r%%]%]aﬁ resist ttern 15

kst B RB ithoRIHY g the e TR

rafitknesn 80 am)vwaemlpthethsiSt pansriwas ahestsh Phaik, EF4 dry
aHeNag Was ey it O Ut (G4 maBQ 66CHE G, Briddt A0S pBeBlimef.
(¢ th% § sulting structure was observed under a scanning electron

micrfascope. As a result,
Dry etching

On the photomask blank of Example 6, a resist pattern
was formed by EB lithography using a chemically amplified
resist (film thickness 180 nm). Using the resist pattern as
an etch mask, CF, dry etching was carried out (CF, = 80 sccm,
60 W, 2 Pa). A cross-section of the resulting structure was
observed under a scanning electron microscope. As a result,
the shape of the etched cross-section was satisfactory, and
no steps were found between the light-shielding film and the
antireflective film, proving that the light-shielding film
and the antireflective film can be patterned in one step by
fluorine dry etching.

[0070]

Separately, on the photomask blank of Example 10, a
resist pattern was formed by EB lithography using a
chemically amplified resist (£ilm thickness 100 nm). The
CrON antireflective film was patterned by chlorine/oxygen d4dry
etching (Cl, = 80 scem, O, = 2 scom, 60 W, 2 Pa). A crossgs-
section of the resulting structure was observed under a
scanning electron microscope. As a result, the shape of the
etched cross-section was satisfactory, demonstrating no
significant invasion of the light-shielding film by etching.
Next, the resist was removed from the blank in which the CrON
antireflective film had been patterned, and fluorine dry
etching was then carried out (CF, = 80 sccm, 60 W, 2 Pa). As
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20 the shape of the etched cross-section was satisfactory, and no steps
were found between the light-shielding film and the antireflective film,
proving that the light-shielding film and the antireflective film can be
patterned in one step by fluorine dry etching. 25 [0070] Separately, on the
photomask blank of Example 10, a resist pattern was formed by EB

a '%@%Qif@bytﬁg‘gsﬁa henugally,ampified resistdiilm tigkness 100m).
The CrON antireflective film was patterned by chlorine/oxygen dry 30

saddFRgIEP Y80 NP D25 SRECHEED \KOBBL) PRIWEEL sHRfion of the

lirgktitin stldturg Wastobserded badend igeafibéwfdlfeetrfn nicroscopés seen

fr‘gﬁlafﬁﬁt@%_ﬂi‘%§ﬁﬁf€§ Qéﬂaect eﬁﬂae_dzeqssaelﬁﬁmmh_ : i?_fiﬂlcﬂrjlm can
emonstrating no. significant invasion of the light-s ing fi etching.

SCTTR A% e PTG RS FortBIah RO DT TS e iHe Cr 18

pagriteafieciive film had been patterned, and fluorine dry etching was then

[ oeayniqd out (CF4 = 80 sccm, 60 W, 2 Pa). As -27 a result, the shape of the

etched.cross-section w. isfactory,.and nqQ steps_ were f bejween
the light-ghie |ﬁg%i rﬁe:\i%itﬁé a%%i%%e%?ﬁe%‘?fm?lfis%%e% ?%gr% tI?esH%e

negegRaiat the CkorEEnRENSAR MM SN B8/ etds BIFRFF K When
phibedighsrhiichng filne iphpattenesk [@QALE-rom thiedolegoamng: fesnltsaihisoe

dr%ﬁé‘ttﬂéﬂlﬁynfgﬁ%%?éé thickness of the resist used in producing a 10
photgmask ffom the photomask blank of the invention can be dramatically

[6R4aded. [0072] Example 13 A halftone phase shift mask blank was
Exfampds#ted hind 15 then processed into a halftone phase shift mask as

follows, Abthersiad, prissidayeiof d GiasKrhickamas deposttenorcageartand
tﬁ%ng%g%gggggﬁk%lgﬂgtyéaftone phase shift mask as follows.

At the start, a first layer of 10 nm thick was
deposited on a quartz substrate of 6 inch sqguare by a
sputtering deposition process, specifically by using a
MoZxrSi, sintered body and a S5i single crystal as sputtering
targets, feeding a discharge power of 560 W and 1,000 W to
the MoZrSi, and Si targets, respectively, and rotating the
substrate at 30 rpm. During the process, a gas mixture of 8
scem of Ar, 20 sccm of N,, and 5 sccm of O, was introduced as
the sputtering gas. The gas pressure during sputtering was
set at 0.15 Pa.

[0073]

Then, a second layer of 40 nm thick as shown in Table
1 was deposited while changing the discharge powers so as to
apply 430 W to the MoZrSi, target and 1,000 W to the Si
target, changing the sputtering gas to a gas mixture of 15
scem of Ar, 100 scem of N,, and 1 sccm of 0,, rotating the
substrate at 30 rpm, and setting a gas pressure of 0.25 Pa.
[0074]

Further, a third layer of 20 nm thick was deposited
while changing the discharge powers so as to apply 430 W to
the MoZrSi, target and 1,000 W to the Si target, changing the
sputtering gas to a gas mixture of 5 sccm of Ar, 50 scem of
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sputtering deposition process, specifically by using a MoZrSi4 sintered
body and a Si single crystal as sputtering 20 targets, feeding a discharge
power of 560 W and 1,000 W to the MoZrSi4 and Si targets, respectively,
and rotating the substrate at 30 rpm. During the process, a gas mixture of
8 sccm of Ar, 20 sccm of N2, and 5 sccm of 02 was introduced as the

%tgja 9 405 5035 PIERLLR NG ROVUGINA PaBeZa POLH! O Pina
en, a second fayer of 40 nm thick as shown in Table 1 was

S%’f)b%ﬁe&mﬂnﬂé PEAFTEIRe s dhatgd Dowdts BB HE B EpBy 4D AT *
f ihen Mies Sebtiaadetesindi b, 000 twalre Si 30 target, changing the
[ GP¥Hering gas to a gas mixture of 15 sccm of Ar, 100 sccm of N2, and 1

sccm aof 02, rotatin trate at a gas pressure

of 0.25¥8%t foc?fh]gﬁ}iﬁ?th}é? §iRfa i’raé%? %r]ndft % I d8posited 35
1ighite-cHabeintite dddmrgé Mb@@moﬁpﬁ-ﬁl% vnel the
alMa£SH4 lrgeland 1000 W otherdidaiget sahenginethe: spUldRIingsgas
Q0% Qe S SCm Ol A B9 SR Uapl N3 A0, SLLM 08 pxampie

Ex3 ing the SUbStrate S o, and setting a ga pressure of

6 HeftehetPHadenasi M wasoBtdiRgd hahid hah tiophrbe Hhiag, htReand 20
nohatftanetplasenshitt i ea ight-shiclding filmief makybdedum Silicidaand

pl?é‘séngﬁ?ﬂfﬁt'\‘rf‘a@ﬁ‘ Bﬁmwﬁaﬂbﬂac@wwdgz@éa&& ﬁ“@ﬁﬁnv\éﬁ&% an

overcoated by the same procedure as in Example 6 to a thickness of 10
ant i rShhE AR ENETTY SRMARE R G RETHRP Me antireflective film. This
[ 88slédd a halftone phase shift mask blank having a light-shielding film and

an aniggflestiverfimdaniiaaierbareon: {307 S tedalffone phasest
pEELeIR RS o RET by BRI TG IR A2k A" BRI AT Y
amplmfled re31st {film thickness 250 nm). Using the resist
pattern as an etch mask, CF, dry etching was carried out (CF,
= 80 sccm, 60 W, 2 Pa) for etching the antireflective £ilm,
light-shielding f£ilm and halftone phase shift f£ilm. The
endpoint of etching was detected from a reflectance change
while monitoring a reflectance.
[0077]

Next, to etch the light-shielding film on the halftone
phase shift pattern, the resist pattern was first stripped by
a standard technique, and a negative resist was coated to
form a resist film again. Pattern irradiation was carried
out to an outer frame portion where a light-shielding pattern
was to be left, after which light was irradiated to the
entire surface of the substrate being processed from the
backside in order to protect the portion of the substrate
surface where the halftone pattern had already been etched
away. The resist £ilm was developed, forming a resist
pattern that the resist was left only in the outer frame
portion and the portion where the halftone pattern was
absent. Using the resist pattern as an etch mask, CF, dry
etching was carried out (CF, = 80 sccm, 60 W, 2 Pa). AT the
point of time when the antireflective film had been etched,
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amplified resist (film thickness 250 nm). Using the resist pattern as an

etch mask, CF4 dry etching was carried out (CF4 =80 sccm, 60 W, 2 Pa)

for etching the antireflective film, light-shielding film and halftone phase

shift film. The 20 endpoint of etching was detected from a reflectance

change while monitoring a reflectance. [0077] Next, to etch the
cel@-phieldiaa fy erhediifions Preeei il BRI, the feaaaliain (c1, -

was fifst stripped 25 a standard technique, and a negative resist was.
80cgxte to a r%igﬁﬂm abjah. PARRP i athistioh Wa¥ carltiéd Sﬂf\i\é)c}&r? t of
e tmtenfyamespattte etede Bdgntshisdibg paarae wWdsmpdse Wil dter
moibichlightwas jirgadiatedsiodhe entire surface of the substrate being
{dproc ssed from the 30 backside in order to protect the portion of the

Qiftrate surface where the halftone pattern had already been etched

away. XFheresist fiae bt <L i, Ffing atbskn piaerPirgIved under
a :féh;bﬁﬁﬂ@&defégébltiﬂgheM&&fﬁ@ﬁ@eporﬂ@ﬁdﬂddha pedicinswaetsothe etched

alftone pattern 5 absent. Usi e fesist r ask,

SEEER iy TEE I A Dot (LY o a5 V123 Do) AL he
agsgmiteiikie WhePAS &Rt SchaB i FadM5een etched, -29 the
[ dight-3hielding film was etched by CI. dry etching (CI, = 80 sccm, 60 W, 2

E}fg@) For egch of the films, the endpoint of etching was detected from a

reflectance change while monitoring a reflectance. 5 [0078] A cr
sectiofr ¥f eS8 GaREAFR AR T sBR e LATF ™R J?Sang r% n]g aelcélc%t‘;%tone

phapeostopELfifdihy aweetistenon/ide e @nsimpduahs Hadretsiadse: shifp
tHim Was aleefeupn aseepablerinmhase andiignsmidnnee aifdogidn of
T
oxynitride as in Example 10 were overcoated by the same
procedure as in Example 10 to a thickness of 10 nm for the
light-shielding f£ilm and 20 nm for the antireflective film.
This yielded a halftone phase shift mask blank having a
light-shielding film and an antireflective film laminated
thereon.

foos0]

On the halftone phase shift mask blank, a resist
pattern was formed by EB lithography using a chemically
amplified resist (£ilm thickness 100 nm). Using the resist
pattern as an etch mask, chlorine/oxygen dry etching was
carried out (Cl, = 80 sccm, O, = 2 sccm, 60 W, 2 Pa) for
patterning the CrON antireflective film. Then CF, dry
etching was carried out (CF, = 80 sccm, 60 W, 2 Pa) for
etching the light-shielding film and halftone phase shift
£iim.

[o081]

Next, the resist pattern was stripped by a standard
technique, and a resist film was formed again. A resist
pattern was formed so that the resist was left only where a
light-shielding pattern was to be left. Using this resist
pattern as an etch mask, chlorine/oxygen dry etching as above
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this halftone phase shift film, a light-shielding film of is molybdenum
silicide and an antireflective film of chromium oxynitride as in Example 10
were overcoated by the same procedure as in Example 10 to a thickness
of 10 nm for the light-shielding film and 20 nm for the antireflective film.
This yielded a halftone phase shift mask blank having a 20 light-shielding

wg%mc% qaangreflective film lamipaes fharepacionEe] Omiae halfiane which
p

ase shift mask blank, a resist pattern was, fQrmeg.by EB lithograph -

tr{%iﬂd%%éﬁﬁ&&l%@ﬁnﬁiﬁ@dVfgﬁsfa(?i?x?%&ﬁ’essliog%f%gs%hjgn efﬂa
8 resistrpatedn ds ah dteh maBRicigodhe/okyJered&icesing Wies eafrqint of
et {Gh EQ SaePed 2 Be6i, R0 £2 R daicpatinening thenCIQN

antireflective film. Pi]ten F4 %ry etching was carried out (CF4 = 80 sccm,
MW SHBY) fr 3B etEing the light-shielding film and halftone phase shift
[ G2 J0081] Next, the resist pattern was stripped by a standard technique,

and a pesistdis waschormedagaineA mesizt apatem wasfoheersethander
2 lDedesishyas leltouyieren, bobbehiclnapaten was Kbalilbry etched

sing is Tesist pattern as an etch mask, c,hlorlne/oxygen dr etchéng as

ShaRfe - abeAfleeEuRBEREn FIH 4t EACBIVEn T LRGr SRR the

adigiapshielding filnpweasectahdd byaGigrdiy btchieg (CI2 = 80 sccm, 60 W, 2
Pa). For each of the films, the endpoint of etching was detected from a
reflectance change while 5 monitoring a reflectance. [0082] A cross
section of the mask pattern was observed under a scanning electron
microscope, finding a satisfactory etched shape. The halftone phase shift
film was also found io acceptable in phase and transmittance. -31
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CLAIMS: 1. A photomask blank from which is produced a photomask
comprising a transparent substrate and a mask pattern formed 5 thereon
including transparent regions and effectively opaque regions to exposure
light, characterized in that a light-shielding film of one or more layers is
formed on a transparent substrate with or without another film (A)
ciiRtaRening therebetween, at least one layer (B) of the 10 layers of which
the light-shielding film is composed contains silicon and a transition metal
as main components, and the silicon and the transition metal are present
1.ata shcohrisimanisld laikof2as: ¥id@emid fatyomsigefh@ photomask

cdﬂﬁ%?@%?bb&“*ﬁgﬂﬁﬁakéd@hgﬁﬁﬁHﬁhﬁanﬁﬁ@ﬂdﬂﬁ@&ﬁlpab%dEﬂUHbrmed
3. The photomask blank of claim 1 ar 2, wherein the at least r
RS T O T G, (e TR o g ks A S eg vt Gpaue
reagGiRaiAs Be [P UHECS e kR el cehS AERESHAARS, AfrobBAand carbon.

1 #yihesphiivmasly biankoicanyaee of claime 11adenhetainfsaided on a

cBhksieliipo lig fes acbikiens o 20 {emilimage Pnlhe phofpryask
. blank of any one of claims 1 to 4, wherein said light-shieldi glrré%s
T ERARPAH 2RISR e e P eLIVE Fint Bonind b8

layeain ofmgbheht &trandifigh methlisilidite DxitlelBOdmrsititrosethicontains
s Silicide, nitride. dransifipgipeton siiside; oxyniificen tiepsonsnela) siisidetne
oxycarbide, tra SitiO_ll:’l metal silicide é:ggq_onitride or traggiéiogtm%tal silicide
S IO RitAR &b Tae 256 e PhdtBriask Bian® 6FASIm 5 wherein the
s ifareitofmetadl sindias issabiybdehufr dficide (BtomitherpitdiBhask
blank of any one of claims 1 to 4, wherein said light-shielding film is

2 overlaigwith.an apiirefleqtive, film, and fhe antreflocive Bl eoptainsA3at1on
main component a chromium oxide, chromium nitride, chromium
metal is molybdenum.

3. The photomask blank of claim 1 or 2, wherein the at
least one layer (B) of the layers of which the
light-shielding film is composed further contains at least

one element selected from oxygen, nitrogen and carbon.

4. The photomask blank of any one of claims 1 to 3, wherein
gaid light-shielding film has a thickness of 20 to 50 nm.

5. The photomask blank of any one of claims 1 to 4.
wherein said light-shielding film is overlaid with an
antireflective film, and the antireflective film contains as
a main component a transition metal silicide oxide,
transition metal silicide nitride, transition metal silicide
oxynitride, transition metal silicide oxycarbide, transition
metal silicide carbonitride or transition metal silicide

oxide nitride carbide.

6. The photomask blank of claim 5, wherein the transition
metal silicide is molybdenum silicide.
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5 oxynitride, chromium oxycarbide, chromium carbonitride or chromium
oxide nitride carbide. 8. The photomask blank of any one of claims 1 to 7,
wherein the other film (A) comprises a phase shift film. 10 9. A
photomask comprising a transparent substrate and a mask pattern
formed thereon including transparent regions and effectively opaque

reg'onsrﬁ’ ét’é%él gk‘ Wfé‘iﬂdsoEr%egﬁ@”&E“ cRAgIREapk blank of

any one o ms 1to
wherein sald light~ shleldlng film is overlald with an

antireflective film, and the antireflective film contains as
a main component a chromium oxide, chromium nitride, chromium
oxynitride, chromium oxycarbide, chromium carbonitride or
chromium oxide nitride carbide.

8. The photomask blank of any one of claims 1 to 7,

wherein the other £ilm (A) comprises a phase shift film.

9. A photomask comprising a transparenit substrate and a
mask pattern formed thereon including transparent regions and
effectively opagque regions to exposure light, which is
produced from the photomask blank of any one of claims 1 to 8.
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