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DESCRI PTI ON PHOTOVASK BLANK AND PHOTOVASK 5

TECHNI CAL FI ELD [0001] This invention relates to

phot omask bl anks and photonmasks for use in the

m crof abri cati on of sem conductor 10 integrated
circuits, charge coupl ed devices (CCD), liquid crystal
di splay (LCD) color filters, magnetic heads or the

i ke. BACKGROUND ART 15 l00021 In the recent

sem conduct or processin E y, a challenge to
hi gher i nt egr apbupophskaBgANRCAND PROEOMAERD circuits
pl aces an increasing demand for mniaturization of

circuit patterns. There are increasing demands for
further 20 reduction in size of circuit-constructing

Wi ring patterns and EufrBaft #rkggti on of contact
hol e patterns for ‘ceff= inter-|ayer
[060ddecti ons. As a consequence, in the manufacture of

CirC%ﬂi%fﬂﬂ#@ﬁ%ﬂ%%E&ﬁ%x@@okewﬁﬁbip&a%k Bi@nkd hLAa

phot ol 1 t hogr ap of formng such wiring patterns 25
phakamaskea€prnhupe pat teensicrofabRhrghioRaphppemyponductor

in?é@ﬁb@bﬁlﬁirbﬁhtbﬂgcﬁﬁﬁg?_&bﬁﬁyé& gaﬁiggsg(tsnmeegfduid
o, neet . m piaturizatign. demand, n_grder
oy Ay HaPRPEnbECcEPERS BhiFhAciaEREbrR haptEnch tne
1lirbot omask substrate, it is of first priority to forma
~high accuracy resist pattern on a photomask bl ank.
Since the photolithography carries out reduction
projection in actual | \BAGRGRAINDG dRTseni conduct or

{Oggaqtrates, the photomask pattern has a size of about
4 tines the actually necessary pattern 35 si

ze, byt an
accutde I erent FEMLCoRREREATAREOFaRRIRY. tofpnologY. a
chphokageskosnivheg antegratignhnaf largathealeefntegdated

c1hpuTrasp1aPeR! Bt A5¢ths o, deRhfl kol "Rint BEuPTLEELSn of
circuit patterns. There are increasing demands for further
reduction in size of circuitéconstructing 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 fo:
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.

[c003]
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 witten has a

size far snmaller than the wavelength of |ight

exposed. If a photomask pattern which is a nere

4-tinme nagnification of the circuit feature is used, a
arS R %d'l@g nlignkle tﬁaat QHBS baRblar Ackbfragy

trans rre to the reSist filmdue to influences such
fodd.opingp EFPASULR-er f er ence occurring in the actua
[oRfvatjol i t hography operation. To nitigate t hese

i nfl nc s, in so cases, .the mask .n tern

be AT 1 G S SRR, PURIAL L o0t
ciactuial pattexnt tpabeewrittesa. has ahapeet@arwhmehlehethan the

Wa%%ll%‘ﬁéa;%d %2%.'1%%{1: %%go%: gg'ern%f Y, ﬁ}gﬁ{w@@h a%%@rﬂ SWI'I:I'::’ch is
a meahnd|¢gwe agndftigating pﬁotbﬁagkrgaﬂteﬁﬁétargois used, a

Hapld! o2 e pondely to?ehE" BRYLBMASRS PRl Badnothe
hographi'c performance I's sonetiimes represented b%g

trémﬁﬁmm tos dhet FEF1sks fidm Aue tosdPELPEREPENFRCHY
oﬂthbﬁggﬁﬁ&@tfbﬁ%@béeécbﬁrkhﬁgphﬁtQﬂ&shcﬂﬁamrpheselmghography

OBRER ARy WP CREPLOBERA o8 o 6T SREFS  nbh fojpe cases. the

phbésmbuklpnttbmmlmusecbssdeylgcedthe phehebet Whgrhphy more

t e te sin
colfpits Tndn BE5 BRRHY' L-REIETRALRGTR R U2, " Snape I
whﬂ@hnéaeb§0f@ﬁ#ﬁﬁg gptpratopREi BrOKAMAtYnCcarERELARRSKOPC) is

apphiakly.havheg, aat'tﬁatpﬁé%éﬂﬂlrEhé'ii&ﬁﬁgﬁhﬁmfwtﬁﬁﬂﬁﬁlogy
atte el ectron be

bstr at
 £ogeOBtaaPS: BhpGORgk, BEFLETRRaRL8Pn TeRULRGS, RoRLEnSR"

acb&&bbylp@obessihgp&bthbﬂ asTian Eif thograsphiS(Opé¢ih®ormance is

ol b LBEIEAR LT, S ChEDE 880k Bh ST € e

an at
rejsiodtioni diuiltg tpatﬂethogrﬁppvo@eygﬂﬁgdugncahﬁuebosemask

erEb glﬁﬁ'QE%bnhggrEHﬁirEB' ¢bngageOh hEﬁlhﬁﬁ'iEsBlhﬁhéh

he sane [evel "as in the prior art prior
acﬁFﬁP&UuWPigpléﬁ eﬂHélrEPlBrongPFﬁFsﬁhﬁﬁlERﬁeggsPéutlon

1ipatt aedeskagyn fas @ppephotaliehobeaphgsubeghtn. a As a
sohTBobrrhic. PrBcBeoLhL SR B hkC L PrEARARR
[o0asds, 2

A photomask pattern is generally formed by forming a
photoresist f£ilm on a photomask blank having a
light-shielding film on a transparent substrate, writing a
patterﬁ using electron beam, and developing to form a resist
pattern. Using the resulting reéist pattern as an etch mask,
the light-shielding f£ilm 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 f£film at the same level as in the
prior art prior to the miniaturization, the ratio of film
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 mniaturization rmust entail a thickness
reduction of resist film [0006] 5 As to the
light-shielding filmmterial which is etched using
the resist as an etch mask, on the other hand, a

£ o Rl TR R PaRRKenPE8R100080580 5 LOpBAREL CC
iR 1R 285

cnrom um conpoun I'ns are a yS enp ecause
Thegeferg.e thlenmmatﬁancsércmﬂ BugH @tw’tﬂ-har thhekpess

reldiRitiopl o F@saked EQ1lhe standard process has been
est abl i shed. Typical of such filnms are

[ Iléﬂt shielding films conposed of chrom um conpounds
necegsaryo fitle Phigiharask dlaames £idin Afaﬁmajmlcha&er

CUABRY rioresspUogd; gns SRl HEsRe B, e ftRr pana, 2
nufbe3- v¥-naterialBahene Betur pmoposed. JFIH\QMKE¢IEQ5A83
ch% ALl o Ee %ﬁﬁﬁp%léb Fggd tﬁﬁggeéﬁPfeﬁgﬁtbé@auégggﬁége are

at ent erence
kngwpgan ngsbesi AfngteRlesi wathr Feepertngonknehr eiching and

th@OEFEBﬁdQE:H 9&6%99 RhECB&&nf @E:tﬁ’ﬁ!’l.ﬁ!ﬁhém bamshéai '&f such

. co films ofte
£330 5, 19 0bF BRARLALAG, EALRE FPRRBSER SR EREGRLAR. |
compolnag neceasargdfoutphbhbmagh blahks feri AtFféekoaimer

LeBBEA81RobEABRLCT  fLchEpbe5hs cpEBGRTcbgHta Eibbe vacn
a hhickpesls afhBghtpeidl omi 8 meportedl iwsIBtAN2@035195479

(phhahtahb9@§eﬁeé Ebth§C§UQ66§ @bsnaﬁg(pahsﬂt ﬁ@fef@ﬁce 2),

pose of _achieving g | ution and
achéaP§89setRétePFgH9 sﬁP Pé?%g(PFFﬁPﬁaB%fﬁﬁﬁnﬁ%s3%o be
[opbevilewed so as to find a transition fromthe approach
relyi onl.y on_the resist.performance t.o
oo SR BisoRacopRaiagRY GRICERS ffv SFrping whion
isper tommancdrygsewching pﬁOOG?sAfeu chzombum based films such

asLEﬂEBmiﬂheEghgguﬁhlElg?EeBE@Eﬁngégeﬁ EQ?&blifﬁ% of etching

rom um base mat er | udi es ave
orgapic KAdBS bResemanprbedt .t hef |eiasing thfliearyied put

th¥éfghf a35h§_ﬁn£abu§tl ﬂlme béghitathi ehdhsgeti b £0e Pefist
pa?é%pgﬁasépgﬁéﬁgi% ,hg/ a Stea?s]g F(’)fb\ szo%)e1 dgllﬁlculty for
the resist to have both a high resolution and etch re51stance
that allows for high accuracy etching. Then, for the purpose
of achieving high resolution and high accuracy, the
light-shielding f£ilm material has to be reviewed so as to
find a tramnsition from the approach relying only on the
resist performance to the approach of improving the
light-shielding film performance as well.

[0008]

Also, as to light-shielding f£ilm materials other than
the chromium based materials, a number of studies 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 [0009] On the other hand, it has |ong been a common
practice to use a hard nmask for reducing the |oad on
resist during dry etching. For exanple, JP-A 63-85553
(Patent Reference 5) 5 discloses MoSi2 overlaid with a
S 02 film which is used as an etch mask during dry

[ 68 ing of MoSi2. It is described that the SIQ2 film
can al so function as an antireflective film [0010]

10 Fr@m the @ther handli ebt Hza® loran beafe @rcommarl practice

OSIIléé:Iqu}.Jf‘d %s]@%':@d egqau?%‘%? O IolnI ‘i‘e‘g‘igft' li®-ing dry

can be readily etc condi ti ons

ebft‘d}ll?gquPﬁeexamylet-cHPn@ 6ﬁat35§aasé§ate dBREQESNES 5)
dlrﬁswdesf iMdBi TB'G&r.@éEd #iss! @ssdlo, frarinexaimalch iish ubdd as

il Bt Y Sy B, | Tidifesorives

thEHfGﬂ&ndBiZ)f1hhlcaﬁ alhsohfbasttahl| ysuare antitrefbéctive
fﬁﬂﬂi con and nol ybdenum = 2: 1. Al so, JP-A 4-246649

atent Reference 8) discloses a netal silicide film
[0Q1O0k hese netal silicide filns have insufficient

chen Eadm %r@@lﬂdéw {4 A0 S HH R i S AP ricie

final_ step of 'the photomask_ fabrication process, and
H&%QﬁQﬁﬂﬁiﬁmf wﬁ@PeFHélﬁM ﬁ@lapgeﬁﬁﬂeSl@ﬁpﬁdenﬁ}lméseWhlch
canh®ephdddly preped! hﬁﬁe&h%tfchhmgs @onlad t iBRENEBrN£luorine

durl .the . cl anl 0011 5 Pat en ere
g 450 Bag e L FRy e 0. ob 13b. ALLR. ©fifey are
dlﬁ@ﬂsmﬁﬁﬁ4&®r Exempll.eRefiar JFcd 83-85PpaBc{PakantnReference
2 .P R 2 1- 0 Pat
P i L 4Ry PR BREC R resEpCelR ) hADIR AR 2147
ﬂtﬂ%@afew&p@ﬁt TRef @ldne& whigh haglEEGi&’?usPaP-eﬁtllm of
siRetoncred MmoldBalnhm246649 . P@i@@t Feigrenseedio I dtent

Re%e%%%%%Sa)_éisg SRV e ol B VN ©im. 211 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 1: JP-A 2003-195479

Patent Reference 2: JP-A 2003-195483

Patent Reference 3: Japanese Patent 3093632

Patent Reference 4: JP-A 2001-312043
JP-A 63-85553
JP-A 1-142637
JP-A 3-116147
: JP-A 4-246649
: JP-A 7-140635

Patent Reference

LT}

Patent Reference

Patent Reference
Patent Reference

LT~ - R I R ¥
(1]

Patent Reference
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Problemto be Solved by the Invention [0012] The
present invention has been nade in order to solve 5
t he above problens, and its object is to provide a
phot omask bl ank which endows a photomask with both a
high resolution and a high accuracy etching

capability for fiprdp URE Ig¥e P attern,
especially as n y invol ving
exposur e t Gadiiiiim Ao eIy th 39RntiRn0r | ess
t han 250 nm such as exciner raser 1ig .e., a
[QQkﬁbnask bl ank conprising a |ight- shleldlng fllm

whi Cmmmﬁ@sa{@hﬁﬂvdﬂﬁmth@é‘m&msﬂaﬂm i 18 dﬁwi- tﬂb solve

t he reS|st Lduring etchlng per ati.on and whi
e e REORHAIA - AP L5 LD R Pnd 1 REOHAGR & Photomask

'blcdrﬂeamhigcrsteemqvaqlﬂ gihiot omask5 whifth pthosmiigh resolution

pat %ﬁ#S§ﬁ£%%&§5%mdﬂ¥ﬁgahggowagg%§]gg '8 angg?%kflner

pf&ﬂomaﬁét Dlad texroh| @mpe[cdma]y 25 needed ént shei ve
pﬂd%\bqatthg,@trl %?o%v%qwfigl R&poluiret 28dhBgne’ BE' S'T&avl&ah‘sngth

I nvent or und that "a film contalni ng s [ i con and
eqyal, §ﬁsi°ef Jfssoithan 259 §E‘eé‘i‘1f3Pc agaprs eﬁﬁémﬁFgPréFer light,

i-lé-gh:& @hb%bﬁlia&k Ibll@m:r bbmb@i%ﬁ.ﬁ@sgf %ilghghbhﬂfal_dilnlg film
el eng e SS t han n e ecl

Wi GERIbE, S8Red Gathof Snkl BeEREnkRRL TRRR, Soche
reﬁﬁbﬂsdwhﬁub amehlugedpemathenaand whdchhhasaktfifiiighent

ch%ﬁ&cﬁ&egkﬁphliE?bdk&ﬁ%ﬁ'%hebﬁhbﬁvggeE?%TPnskgﬁ ﬁE&uiEite in

hem ca en the rat
th§pEBPFP@aPEngénufﬁétPﬁ@eEFP@ﬁSFs apﬂe§|959§9méﬁkthﬁglng a

makkNdaR#erd0£b2Rtal udeagr ¢hedbiotbR8sRr BE8AK.I nventi on
provides a photomask bl ank and a photomask as defi ned

below. Caim1: A photomask blank fromwhich is
produced a phoMesmsk £oR5Sotrmnigsictheg Brbbasmpar ent
3 ﬁtrate and a mask pattern fornmed thereon including
transparent regions and effectively opaque regions to
expodakdnig ghmtenstiveadinyeistdgationsattoas®lve the

outstanding problems, the inventor has found that a £ilm
containing silicon and a transition metal in a specific ratio
has higher light-shielding property to exposure light of a
wavelength'equal 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, the present invention provides a
photomask blank and a photomask as defined below.
Claim 1:

A photomask blank from which is produced a photomask
comprising a transparent substrate and a mask pattern formed
thereon including transparent regions and effectively opaque
regions to exposure light, characterized in that a
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l'ight-shielding filmof one or nore |layers is forned
on a transparent substrate with or w thout another
film(A) intervening therebetween, at |east one |ayer
(B) of the Ilayers of which the light-shielding film

i s conposed contains 5 silicon and a transition netal

ligﬁtqgh eiﬁgﬁg?gﬁﬁﬁ’oﬁngnEth g%kgcggyﬁfg i?efor ed on a

ransi til on ar e presen : I Con neta nmol ar
traasparentssubstraieowithr ari withensi apotheRefpiBt bhhsk

inQE@Q&nQEgCEﬁbEb%etW@%h@'BttméabﬁaaﬁétlﬁgerlQBWEbﬂ|thé
nol ybdenum, Cl ai m 3:; The phot gnask ank of claim1 or. .
layerghefeWhiche the 1Paa§rsgﬁslﬁayarfggw oF Fﬂ@PPﬁgér§°ntalns
si0ficohi ahdt hetrhnghtishi mkdangaki hainscomppneatsf uandethe

.contains.at.least 15.0n I n e f oxygen,
5133 BpB, BRAAReC SR RBR L LBRaMRAL he  BRGPSNERTbRant ot
siddgonrmetfalchailas ratdo3pf dhébeln(sbpyic ratio).
Clé%ﬂg?EShielding filmhas a thickness of 20 to 50 nm

a

im5: The photomask bl ank of an¥ponq of clainms 1
to 4Theymhodionask Planghelfsiilalis dg MWhekels Sper txpgsition

methinidnmodgbleslnective film and the antireflective
fiilmcontains as a main conmponent a transition netal

Claimi dide oxide, 25 transition netal silicide nitride,
t r anghiel @hotemsks iblanklef edpdm 1i de, 2t r shereionthe at

al._silicide ycar hi.de %e Si.ki on. | silicide

16l Son GBS BV ER! Dhderabbatebt PRICAEIAL o\
liGhtrBUéeiéibgdﬁilmléEnﬁemPQQ§¢h@upﬁb@§nﬁsﬂﬁé}aﬁkabf1eaSt
on&'éigﬁéntwgéiéb%ehh?rbﬁaBﬁkgéﬁn niet8bedi hhai 88rbén,

nmol ybdenum silicide. Claim7: The phot omask bl ank of
Clgd® bte of clains 1 to 4, wherein said

| i ghtrhehiptlodionGisk WDank @feang dne b alalms 1 to 3,

antireflective,. film d the.antjreflecii %'
wngEheh; Aetas 1 GnkarRielAsatont 1 DR ofi ShiSEphEE"bE 20 to 50
nmchrom umnitride, chrom um
Claim 5: J

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.
Claim 6:
The photomask blank of claim 5, wherein the transition

metal silicide is molybdenum silicide.

Claim 7:

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 chromium oxide, chromium nitride, chromium
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-6 oxynitride, chrom um oxycarbi de, chrom um
carbonitride or chromumoxide nitride carbide. Caim
8: The photomask bl ank of any one of clainms 1 to 7, 5
wherein the other film (A) conprises a phase shift
film daim9: A photomask conprising a transparent
ox@%ﬁ%&&%&%‘%Hid%id%ﬁ%&y%%&%&ﬁ%,f%hE%%ihﬁ?E%%Bohﬁﬁkﬂﬁéngr
transparent_regions an effectively opaque regions to
chaopdam ©XijdghmitgHiden Gegbigepr oduced fromthe
cighat @rask bl ank of any one of clainms 1 to 8  [0015]
Int i nvention antireflective fil e
o' s ot R s Jhatth, i @G GRS AL (haE 1 to 7.
whereddi rohet othlear diilnt A )apbmpefisest avehiiskmshd £fiafilmt
Cl%ih{gnsition nmetal 1s silicide conpound such as a
transi'tion netal silicide oxide, transition netal
si | i & ddhatiomaske compaisingod krenkparenti sebstrate and a

ma%ﬁyBEEEkgﬁ’fBEﬁEaiEh@feaﬁtfﬁcfﬁ&iﬁ%c%&éﬁ@ﬁﬁ%éﬂﬁj%egions and

transition netal silicide carbonitride or transition
effeCiiveilyi ePagueokPHLORF t P RXRLF TRl igHe which is
prodgbeds Eremdithe phbovmask thEamd ahtanefdmectorelbim® 1 to 8.
[oﬁ? be etched by fluorine dry etching, ensuring very
igﬂ etching processability. [0016] In another
enbodinreiite vileregiiidrhe aan taintdfdedidteiotd viei [Ehlm mayade of
a13p6REATLAMHAMAYRE SHI013%0] ERRAN U HAd entichiment

omumnitride,” chromum oXynitride, omum
whexgpdar bhge antdmedtecwivar BdAmt isdmade efr entoansxbéen metal

SADLEAEC COMpRLAR, ohion bl atrshsekdbATmELLM 30d: thto oxide,
antire ectiv II.mare Suyc a e ¢can e L.
tr3Pgk Loy metAly SA kAR, BLELLAR, | hranehtiopaHobal siliciae
oxphitesigded wrbheitisnbmbaali aildetageokgchlhbide, rtsantition
hen cal LLity dugi [ ' $7 3 s
mefafl ERTAENG0 CRropRaWEl b of MRl THIAY RirhT pivicide
oxphet DikeRde eaicblidwinghe Light-shielding £ilm asd the
angggﬁfiaEquea%QQhﬂbaa be bRenbAVeY! E28oksnd 8PPt 8FBEKNg,

- ensuring very high etching processability.

[0016]
In another embodiment wherein the antireflective film

is 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 using a thin resist f£ilm.
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 the invention is a photomask blank
having a light-shielding film possessing high light-shielding
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having a light-shielding filmpossessing high
light-shielding -7 property and chem cal stability,
whi ch can be etched or processed under sufficient
etching conditions or within a sufficient etching
time to mnimze the damage to the resi st during
and & t n
prBhEE pell ERelitea, BFabitdliyy cwinPh Oah b pfcled, of
progesised vodexd spEficienkty etghangt ﬁen@b‘ylawu ernyithén a

sulEell e e%%ﬁ&ﬁgaEgﬂe“tbhmiﬁlmﬁﬁée@ﬁ@ 85ms 881 €6 Ehénke51st
aspect rati o an enab gﬁ | gher accura&phot On'as

dugdngephchdngat BYRD YHERRFER BESPRrpREekdeRd THEIM 1s
ov@B&‘A&ﬁGﬁlthoahS]anEhﬁeflecslees ghemat i'Ther evhies hayd it aan be

foRfaRFEda I BIYotEn, DRapROY WP R ACTRP | R ORF R css

assocdapeddendch ah therepsecaf desdbtyfblmaaspect ratio and

S e T R R

showi ng the filmthickness dependency of the optica

density of |ipghErsbiebRip@1bN GF ofr BRakxRE®! e 1 and
arative Exanples 1T"and 2 relative to Iight of

[Oﬁégglength 193 nm FIG 4 is a graph showing the film
t hi clTEss 1 d.@md'ehQMaQ:ﬁ.ct h&e@:ptshmllngeasbt:yspﬁtaerlng
chro filmr Iat t . of gth 193 nm

apggrg?&g 4vsng &?ngsgﬁel§av % " dependency
of ﬁTﬂS(ﬂﬂlhﬁma @ﬁﬁphtﬁhowlaq ¢Qﬁtf9ﬂmetunn§nﬁssn1of

h
degé enhgﬁc'gf ?h@ oﬁt!i. i* &éﬁQEﬁr oy Egligﬁ—léy@l’{féf@ﬂﬁ& £ilm

n% he re ectance antire ctive
of EXE}HBF-G skepphhKe tof Eslaﬁppéswevg.le%@ IBESTS MEHERRGRL 9 3
nmCARRYING QUT THE INVENTICN [0019] Now t he i nvention

is d ed in furt det,ai | ot omask

b anf 16 Shd s Ay GREPEn SPev IR heELds SRRERER .
depenmjensyngfatheanppacaht desubityab€ ahdhb-simitklding films of
Example 1 and Comparative Examples 1 and 2 relative to light

of wavelength 193 nm.
FIG. 4 is a graph showing the film 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 inclﬁding transparent regions which
are transparent to exposure light and regions which are
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pattern fornmed thereon including transparent regions
which are transparent to exposure |ight and regions
which are -8 effectively opaque to exposure |ight,
that is, sufficiently opaque to provide a practica
Iight shield when used in pattern exposure as a

orm ng ?I nge% shi e;‘%&%gflaﬁmil s C%ﬂ%ttr E{%t egg@fmmnﬂy

ORI st%mlwwm@mqtmﬂ@stlmam \ﬁihﬂ-hldr wwemuateci in

pA e lexddduPd MY YHIMDridK, eb@h&esﬂot&halsﬁaﬁiamels
| ayer of 'the layers of which the_ light-shielding film

COQF IS PYc SMIRY  aildighd sRd@ldingafdilm 6 RBEapT more

leéifrRich GO HieeMaTend Gubia ratle bvﬁ.‘ltg. adwtitBout another
a i co

£ e g ph RSP SRER  Bh1E55E ORIV Phethe
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east one 1 ayer ayers
S%C@ﬁl PR fde itgapsditilend med ol Iaﬁ‘ﬁl pregnpzbsea shoul d

s10QRoR fetall FRlardRdtdd baN! t1'5°‘i '(EEBJm.cV\QSHb? t he
sili.con and the transition netal are present at a

[0020]con/ netal nolar ratio of 4-15:1 (atomc ratio),
t hat Irs, tHeetpiraombisk &lhnkb off thl dfivenftaiong) thlen

138585308 344 B L8 shobEL B, FpBLEISEEEE ERm or
mudiflialyeye £iflin. m At tlégsprefhertayer haf di¢ laperlsyef svhich
tn@f 1\&6&1‘1‘:'15 gaidkhghkﬁfh gls deﬂgEbleH‘ Eﬁoﬁf&peéﬁgaﬁﬁnéﬂﬂcon

[icon an transition metal as maln conponents
anﬂhér@?ﬁnﬁﬁélgplm@SﬁlanUheFﬁéntFHﬁsﬁ%iéﬁoﬁeﬁaﬁ the

tr?h?i@ﬁbnaheﬁaiih??oﬁkﬁﬁbﬁk EQ|3f52§1&6h¥?eFBl4mé?ai ratio
ratio). Ls.n r mul ti er

oty Rxd%a L, (RLCRYR Fapap)"r shek dfr| BESER £rL’ShiEs hhy
(abemfior madias .a Imyparvidelathon $iwgks |layer afidim is
pr%ﬁ@9§bh'gﬁegﬁhgk ES”Lng&BQ h@%ﬁér ﬁgggé%§8§£¥¥t¥rn§br the

I con“and transrtion  me -contal

- mulkidpvendfihm. 30tt tanppaferredubiatatdl theolayerneof which

thbi ﬂﬂbh%hbﬁhelﬁﬂnﬁ' kmmib BamBosEaNc6REM KAEilicon and a
stability i T undergoes no thickness changes

o traﬂﬁ}ﬁéon metai as main components wherein the silicon and

25

30

a5

the transition metal are present at a silicon/metal molar
ratio of 4-15:1 (atomic ratio). It is noted for the
multilayer £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 £ilm 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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cl eaning. For the ArF |ithography photomask
application, a 35 filmthickness change equal to or

| ess than 3 nmduring cleaning is required. It is to
be noted that the light-shielding filmcan be damaged
under conditions of -9 cleaning requisite to the

f |y cl
TS S qBULAE R S5 e SRR R s
egmrda sy tcriaarumg lwighh & FwWlfliniy gerior-minydedgen peroxide
mi08ire Aé@h)atéc? rﬂﬂaﬂf‘ tﬂ@tﬂ,ﬂnﬁe led dli® \?g %%I@o‘?:‘fr%n:c% 1s

conductivit min or to a

1q5tom Aéﬁ&r@¥ﬁ§nG5°9p§H°§%§o§GrEaF€ Bpetheonlpeiricrn
cdﬂtﬁlrﬂﬂﬂ\fhqu{ ailﬁh)'tl#esltﬁﬂ.n]f qlrnt hr&%xp%: %Rz@»ifdoﬁ:mt if@ﬂ.m ERem
SNl e N Il MmO e .l nventl on ETEIn

G HE SRS SXEART S §q EhAHEREn DRBMLr, &0 Lithography

s tteype ﬂhnms?ggaﬁheﬂ:ih rEayen telsidr _(E$h<|e 1D:|.§hﬂ|t- sﬁ:l.eldlng film of
| | m e LIt

erd SV B el 80 nbaee Paltdo BERdschnl
Erangitiion metadc dis amtéu;mwéxecalbomeopemuésed[ m@}e ensures

Vth@iﬁlg"l%%lﬁf sﬂil tﬂalrg te'iaS ihals0d Eﬁleﬁ&%a fg\e*ab&ﬁlttk}e and

15 light-shie m_.1.S conposed | nc
eles1tdde mﬂuqtaﬁﬂgwu A2 lddmgs tdithiaobhet rapgere Pt
preaftddally liccaptdble Phyi¢all progperius . hafnium and
[055? i ke. Molybdenumis nost preferred for dry

Hlng processability. [0023] 20 In order that a
fi | mEspuslidsedbhruw t@Eiolonasnsitnon oetads af which the

LAt Baetahy S ud sopposed Moftne hbuybBehiR, o
tapitgdums hitangsikgnsi CoPadd -anigkeils evpbadive. f tLkpnikE,

n16©EﬁmnaEz|1Q&oﬁﬁ.uln| ghhfmue.l dlaﬁa fthlamlﬁﬁg ankd 1 PhdSeim Ves
25 a e case .of ftone ghase shift

d
moﬁﬁsgkﬁﬁﬁﬁfegtﬁQrcgﬁBlﬁ&F HgopracﬁﬁFﬁpﬁﬁ t¥hase shift
[oDR2BMh |ight- shleldlng filmand antireflective film

e i e R N R ke il
assaofriémahiavengosgiﬁeguﬁetl Lgboht-Fhaelddogt Abifitm in the
cagenbel Bl BBmAbhl§00s@8R0bkhaRy! haeﬁ HE%& &:ﬁf&&ag a

nponent s .may consi st essent 1 al lcon an
llgpgngpgpéﬁlng film and an antlref ectlve £ilm, the
combination of light-shielding f£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
film 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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metal, or may further contain |ight elenents such as
oxygen, nitrogen, carbon or the like as additiona
conmponents. Since sufficient light-shielding is not
~avai | abl e soneti nes when 35 these |ight elenents are
cont ai ned above a certain level, it 1is desired for a

r.ef err.ed e Lnent. of the |nv nt| oto Kk
by s TR ol b w3t 180 b ERGgeme
nubungug'dnﬂuyaﬁhqnunynﬂdm¢Saeawhvbbenguhllgg om fkas than 20
1{0‘&@5 x?b% Q!okhg'é GORLeRLDa82%R BE gaual thQ Oio
ess t"onto an

e oxyden content be equ
aﬁﬂmﬁ-eé§dﬂﬁﬂ?@ﬂ}akﬂﬁnﬁheaﬁ@téép§@P5PP$ PﬁenﬂéFQBeﬂ carbon
an@p%&gﬁbno%eﬂl wRieo &3 ReRs phand4oxwu@emshe equal to

|.ess than 40 atonts [0024] Also, the
Fdﬂt shielding filmpreferably has a thickness of 20
to 5alwo, Atha iném-tdhxé{lnﬁs»fg |fidsn tpsfedblynhas a '
|ent t i el ding, effec yai [ e.,i.n
th%&& e%S caseggqln%gkgkss % OP im ﬁhfﬁﬁag%% 15%@ tidh 20
nmpr@@@imqygnhmhmgh;ﬂﬂﬂu@lﬂesgsefﬁa¢tngsanphlckneésble in

soﬁﬁu%'as‘é% Or 1he8RckBaNo£ 258 A g lﬁ’e&@&@r%ff;{::&&’ééssﬂ{g

il mstress may cause warpage to the substT
WlF@OESFh1P5r?ﬁéSm QRving &l § ﬁskﬂﬁﬁﬁ1@aﬁaﬁet909ﬁeée§§ than

2508 nhr hﬁngbecm&ieh edE£ikulLi, f erMBiLANsRYe8BUMKGT LAGse Swarpage
& gﬁgo é 3 as the S|nplest nmet hod of forming a

h g HESIEH®°*m and t he sputtering is the preferred
[oDi2Bh f or mati on nethod in the present invention as

el | .pnthe 4@ iﬁ%ﬁﬁ*lﬁ?ﬂ Banl BY %o%%etdarbgetwell known

contalnln SI icon an ransition net
me¢hadsel |Ealmafp§matzaﬁm4bm spuitening| :t%rwqrehy uged as

thbabhﬁPQEstSthﬁ@a [ Ebﬁﬁihb'thaﬁbgbngaﬁsbflﬁﬂlUﬁﬁédthe
ecting priate gnes froma, silicon tar

SPRLEREIERL L9y ther Do bentet: L1in EpapgeLononehofobh tie
presenti inoentdoal a%SW(eU.EI.anSTlte orargéil used imayiedbe a single
takBpYCEh Al 1581 L0 LRI ahH cr BB L e BE s §a 1O
congrgdied retis ﬁ@pemrnatto\mgnltheuwmntmzesrmmg:atlo of

81ﬁhEHhCQBt@bQ§51%QGB ﬁh%gﬁnhﬁysﬂéhaaﬁu9¥¥geﬂy selecting
ni trogen, and carbon, such I m can be deposited
approprlate ones from a smllcon target a transition métal
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 £ilm contains light elements such as oxygen,
nitrogen, and carbon, such a f£ilm 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 £ilm used herein may be
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30 reactive sputtering wherein an oxygen-cont ai ni ng
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 35 filmdescribed above may be
angV B ad 1By 20hs! 88 LRGLLKCLRE! kL1 GRIRG ALY L he
ntireflective filmuse erein my be of
emh@ﬂnmkﬁﬁﬁnafﬁlﬁﬁtﬁptHé@@hfPﬁepFepﬁ§ﬁPh§1%£5
[oB8Bbhqdi nents are often used for processablllty [0027]
One enbodi nent. i s an antirefl ective flln1mﬁ
sui t &A% SpRatimertyds AL paddres 1eathven g+ ﬁ‘ewnlch is
sub.ﬁgbtl.esiivhehdlthg ahitliFefilecsivel fahmoanflytkée chightissimbelding
e_resist ko T apiLr [ g
£13g0 pken sihudtellobi0 bRlRn S PnCRbb: FERTHL UF o' ten
maskl.i cThies canpbvetileccive st hln reostainh aset aMaigl [dagipgment
a efhﬂgltﬁﬁﬁnﬁbk'?nS?FE@L é'bbﬁggﬁna'gﬁbﬂeaslg transition

transition neta I Cl e oxXy de, transition netal.

mesali siddcddpc arhlge, trARAELPBNTAERA| S3ilcidgenitride,

tr&ﬁémembhrmgeal b&mman&eoaxyﬁiablaellergﬁsgxid@ metalde
e an

t
51§ 3P L. oRREoERIARY aF§oPF LHLPR: BREMRE b LoTTe et RoRyErLde.
trénsithenl mghtlishitlididg dkideanttplééecarbid® amgdithe like.

AsFeﬁeekgghggtRchﬁ%?QE hké& hEQSiﬁragﬁhtéQQmﬂfé§$ Hf&ﬁ%ltlon

metadht iéﬂmeita,famgdf fpm thej Lhghtt ghilehdimsef hljnnpse preferred
agRigfersgd. e%éﬂ&gﬂ fbééﬁ Eﬁﬁ¥¥¥7n¥ﬂe ﬂf&hsitlon metal used

antireflective fil ﬁreferabl has_an ato
hergiPod st PERERRAPAY| thecpapg ¢ eiPaFnB% Lightoshielding £ilm,

withom®liybasauin BBifigt Abst 1Prévebreatonto Si, 0 to 60
[Og % 0, 0 to 57 atons N, and 0 to 30 atonfo C, and to
ide an optical density OD between 0.3 and 1.5,
pr ef dnatihisbhemhbodimedt; &he antireflgcitivet fidmppraferably
i ght [ S 5 ngt h
hageggrﬁggggc EémPB§FKESﬁ “h§cﬁ i§1%EEe§é g?éafaﬁge of 0.2 to
25aﬁ¥9ﬂ§f¢€éﬂﬁ&§lpplWﬁvﬁlre%omF9h5?h@t9B%e$%ng?ht%fGO atom¥

0, |Oghb S?SQQOEQTNlnSﬁacblﬁﬁ Becéﬁéﬁ%ycduﬁhﬂgto provide an
| on. or

optigrlcfpstednols Pelrorh foRcRbtl T SxchFEgeraply, betueen
0.5hanéngse,okfelbtive30onexpdstheckhght wiie(ite Phickmess is

wi%ﬁin 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 30 nm. A thickness of 20 to 25 nm is
preferred especially for the ArF excimer laser lithography.
Since the antireflective £ilm has dry etching characteristics
equivalent to those of the light-shielding film, 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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30 preferred especially for the ArF exciner |aser
l'ithography. Since the antireflective filmhas dry
etching characteristics equivalent to those of the
light-shielding film the light- shielding film and
the antireflective filmcan be etched in a single

fﬁrto forma light-shielding pattern. -12 [0029] The
an efl ective filmcan be forned by well-known

met hotBe Fpbinef eetbye chilm cehhdreiframed by stedd:-kpwn

méﬁhoégm"Qﬂk'ﬁb%hbarg?&eﬁruhéagﬁﬁ§eiﬁoﬂbab$ Eéﬁ@@tlng an
target, 5 transition netal target, and i con and

aRRLRs katsh takged 9% e gq bRy ft"'é’l"gét §1(J1%€Péi targeti-de
tﬁaﬁfsgﬁﬂ:i&)n rfitth]l RRIFGEYY] R @athc}m 1 Fthah@gtllﬁna
ctlv s, or xtur.e Q reacgtive
ot oty doe 1S el 1Bl Hndes et oAt
pd&eﬁommmga lggacthﬁrq GiRteHingtinea emacdiivengaiss oana gas
nB3dre AP IRl SANAIR0 38R RN CRRPARCHlln.
rom um conpoun su rom um-oxi de rom dm
Se{ﬁ 48 e, 7 A0SR Su rhFatignis Rederengigr 8i-um oxycar bi de,
[ o@¥gom um carbonitride, chrom umoxide 15 nitride
carbide or the like, The chlori ne dr etch| ng whi.ch
s a T5% Qe R RT3 AT A HEA G durids
cotfaitAlRe asdamigEn t:mnt;imem:s las chasmpuey compbynfosnthdas a

f|| S Iy s._an. antireflective
o, e ehrenol S 33k, Ropfulbiifieihe”
chaeinfijugi exycanpide.c wnnwrdm“es:@nbang@radezochromlum oxide

ni"?}ﬁt:ﬂcfeeféﬁ%%tid\ée olr! lt‘ﬂeOfll‘i{l%r OMbHD CRTPR &R beEcrifdShich
to conple

t1on before causi ng an SI gni |cant dana e
ist @ tyeicedsiedchingoPrpenss & PéhP¥}§ g, pempounds dan cause
daﬁﬁtgersﬁfﬂcﬁﬁﬂievﬁ‘efs:ﬂslﬂhatsh%h:e:vg.ouaifyﬁ‘lbb@.h;t@ﬁ guy.etThifile £ilm
cann et.c e g { S | 1 n | 0 tne -
1 BB SO 12, B8 ARG AP ELrSs S B EhPokhifkness of
abmnrq)d.@nd:q SOetnohds, salflfz.g:ﬁ.emhl élndlwhgchi thrickneasnragge an
anj:' lﬂeﬂ% ctARe ARSI YALTRLR Bﬁﬁﬁd Fl)é Bla“g"tbﬂsd to

I'ng using the antlrelec rve fil'mas an
coﬁ'ﬁ@-l@tlmerbeé@é‘et Galisd ngo aRyy ﬁlQPé-ﬁlFéM:stiéﬁééeoFo the
re&hls@m um conpound, the antireflective

[0031]

The etching of this antireflective film, that is,
chlerine dry etching cannot etch the light-shielding £ilm of
the invention. Once the antireflective film of chromium
compound is etched, a light-shielding £ilm containing silicon
and transition metal is etched by fluorine dry etching using
the antireflective 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]

Iﬁ this embodiment, the antireflective £ilm preferably ;
has an atomic composition which is set to the range of 30 to
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filmfunctions as an etch mask so that high accuracy
etching 1is expectable. This enbodinent is preferred
in the case of deep trenching at the etching stage,
for exanple, when the mask is used as Levenson-type
phase shift mask. 35 [0032] In this enbodi nent, the
lecti rbl 1 C
aé‘r‘ét&nﬁ Eeliyed éd“aﬂ!dﬁ%ﬁc?‘ ¢ rang:&%(??&%ogi . and 0, to. 20

osltion which i1s set
a’@ﬁ % Crand §@ BOPEEhID, ORIJtQﬁlS@%ISdm% QD Hedweeno 0.3 and

129, ﬁ@f’@f&lﬁ%ivﬁéé}{ QiR 100, GRA1 AR b @fosure

bet ween 3 and . 1.5, preferably between 0.5 and 0
1%%‘1‘%“‘7*%‘&“ tJotFexﬁb’s‘iﬁfheS% idghtwidihdf ithe @An@en descrdbed below.
Awhrt&tt(gh titee Hﬂ[tgﬂcrc&é:‘s: rdﬁafiﬂléaarm%re&wdﬁiw EitlRe vath_es with

t hi ckn t tire ve mvaries with_ -t .
olg R 7 P et 2ok dnsrAcit oh delielhpry Guring
faluriortidmbry ome orf drheughadfontask ,phiteomadiiretfiection

[ ef f j t
M s SR, ffrtcn B Tnibidiely 8 35 o 30 om. 2
thlsclﬁteét%rqfeoﬂféstgécafamw ifopnefermed especiaddyr £omy the ArF
 antireflective filmof this type can be
fonng by wel | - known net hods. The net hod often used
nis by using a chromumtarget, and performng
reactThve mpmteflélgtive af flfm rdiﬁiCttH:Me B85 WamA e Eormed by

vl i e | ¥ 088 rRAE AP hBT bbencBoesth 1 §ony ustng
a lqhnqwé-quhdta;tm tﬂr@wlpeaffqrmrngnmmtme spotireringl An a
réyéﬁfyé”§a§'5¥nélq%§ h&&&d%@ %&dlngg ckqhéngakhﬁnaoan inert

antireflective X grOV| et ween
985 ST areist Fafe sna né4pﬁaﬁt(§ht%w|%@fm=me 92).
[ dfoya lexanpl e, an etch stop film a translucent film a

PRESeibld il el o Nt B i o
d#fﬁﬂnﬂnhnﬁﬁomtﬂhenjﬂ@h& -sihdied:da alg Eﬁamkanﬁ the
aﬂﬂffaﬁféy%i oto%g Q%%&de?h%ﬁﬁ%%%ﬁs§hgftransparent

processi ng t I nvent

Slth’setvf@rt@e@nﬁolﬁledllﬂﬂéﬂeﬁhiﬁlééggdééémdl B§ToRxamelRer an etch

stop £ilm, a transluce.nt film, a phase shift f£ilm of MoSi or
MoZrSi, or the like.
[0035]

Described below is the methed 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 f£film. Reference is first made
to the embodiment wherein the antireflective £ilm 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 sllicide compound. In this step,
surface treatment is preferably carried out for reducing the
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a transition netal silicide conpound or a chrom um

conpound 30 is used for the antireflective film

Reference is first made to the enbodi mnent wherein the

antireflective filmis a transition netal silicide

conpound. [0036] First, a resist pattern for witing a

CI CUIt s forned Gﬁ{he otonask bl ank
1%

mage
e ?&’.?%f‘%é%t%%t’?qﬁ% ni; gurface,
P’Sid’r Ct@ec@mmf ﬂﬁe tivd i sstt epThes uebacmoaeeafnemfaee

| f
CREERE o T8 QB RU RRON Shade e ©
hq#amthmlmtdxﬁgmmzame (rr@m%)t .oxT e Hpgs tongeade sdfl.icon
s@ffeﬁ@&%r&é@ﬂ#‘%eﬂ& ys'd NDga ﬂqg:lfeﬂ%e%ircfoﬁﬁ%ctor

hexanmet h ne di si azane

WEFEROI TS oEﬁP“?%-‘-‘ur faelch rJ@atmﬁfeergﬁémyS wmﬁmqn;te@sbar
exgbgimg siave csmsb&tare ﬁﬁirﬁlfea(i.{xl&aﬂzlﬁfgi)(‘a%%%t isClori By

bl t.ed n btrateto
PR it e Yo ahing Shin o Phedtitgcene The
surﬁ&nertreqﬁuﬁnu(mnﬂnmxzaﬁzﬂne dﬁmmrnymdéaQE @meatgenblems
tIt Y %réc% %IE)%I ens to as fi ne

patter apse an strlp 7] Next, a resist
[G83%kial is coated on the surface treated substrate

(photmk B Bokis nch A 1 fIdRel JfSind sfdﬂf@cem

te resist must be selected in 15 accordance
trgated (RIRSERRE QuRhOtoMaRk Drhankdd anfs GEaegblte form a
repasitt ifdd mr Aﬂgap'prgprﬁ_&i:étrﬁﬁiﬁtiﬂhﬁt csapsdaﬁé@ged in
n-.bearin ners.are us
aBotihice oS ¥ R AR SR BRR oo Fably.
pPogiHiivie et megadtivientreisiisits mageerinded cbopriiséng aromatic
SKEIRHORRIELAITD pAAOHRIFRS iR ULACIAES 12 BFE@%@?YV\QSES EB

t he |nvent|on 1S e tivel cabl
wridding pLaGfsshodnd icheaigad Mm@égfwﬁhrﬁsw@ mpspydals

areheised tfdi:al’tlfeo mnc&owat%&a@_hgr :sha%btnaen paateketapd

Ll Par t
prgdefie. dhe3e, Bheonvehtine 1% poFACIIVAATARPRILcabLe
[oloB®BHogr aphy mask, the film thickness is preferably
equalpdd Us I HSFMP bl d'Bavd'd 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 film
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 film thickness is preferably egual
to or greater than 75 nm, and more preferably egual to or
greater than 100 nm, although it depends on the etch
resistance 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 f£ilm 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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nore preferably equal to or less than 250 nm .
Cenerally the lower Iimt of the resist film
thickness is preferably equal to or greater than 75
nm and nore preferably equal to or 30 greater than
100 nm al though it depends on the etch resistance of
: is s t e
wgdR A CrontinbqOREFLbRE, ApHlaLr LD dQUATIERS SB¥ectea
aRRﬁQR;%PQﬁFﬁﬁ%ﬁePﬁé@ﬁﬁ“ﬂé@éaeﬁé§¢sﬂsﬁﬁ conbi nat i on
[od3dy an aromatic resin based bottom|ayer f|In1or a
surface 35 inagi ng process using an aronati
cheni ¥398 Wbt &P Fefesist fiago s |P§F“f8ﬁ'“\‘/?ndt hYy EB
uggidlmebzba&e 1&@hftaqerhﬁeay:uag agemtgémerallp EB iitzadliation
ating con ryin ns are. selecte
B teRtes b B AR e FERe bR S 5o meng
chemiitcald yommp Liddiestt resyi siie ipensednedmbyeEBriting is
AT [ I50 rcadi.ati-ag. nera
I e e B e e By g e Eh the SPange o 3

top R0t A em WhEpELewed Heyi keat ytxepinen b prd Fuhsqquent

det@QbpmeiRI e VEbirnNg kesigenphikkynperformed with an
rgy anount in the range of 3 to 30 nC/ cn?,

[ &%ﬂomed by heat treatnment and subsequent 10
. deveINmrm,ntusIng wha TesasEts paiaierer resul@A4g] fiient the

abBVEn R0 JCRLo b RA hELR, AL 108 T LATLLRES2PEYR 15
et@h@ﬁed Inntmqssemm@’mmmobftmeazamm@fecé@we/efﬂmmif

thbfe¥%th% &%CEhﬁﬁlb& Bﬁ&rbﬁdaowhlﬁykﬁo%ﬁ|flﬁ&fﬂﬁe dr
| uori ne et ching process, .the antirefl ectlve ?m

et&ﬁ'&“ﬁh@rq"iegﬁt'-§HF’ePBFFr§eﬁLPﬁFéHﬁ pélm; apdgthe

li@hmﬂshf&l&&@:l&lgy:flllfn can Bksetpheaadl bh.ﬁulh&he@ﬂshlrg hert is
antire tl mils tce sSnl e In

a13B poRsipie; than, ofcerrier Al tarstigekife 63lh 38 afchea,

thbnlubhs—shseldAnglEm&mfiexygehedlbh arahdorine dngtetching

Icle's“éI deyg “'Q"Ungaéé ngtfﬂrﬁhgﬁ ?ﬁﬂf%ﬁé‘ L4 dn s s:l.t:l.on

gen- s (T ansi t | on net al pound.
hééllcﬂﬂetﬁ@mﬁﬁygénl§oﬁ9§n?tﬁhe@hebﬁﬁtﬁr%%i@c?fve

oxygem-ishoge! trahgme&ohhﬁathmes@ﬂ@@&eceaﬁu otn@f 1hetched.

Ifcg hggggbgéghg %b%ghﬁggke Sﬁt&ggff 1ve|§£ilvesfgg

higher than the oxygen content of the light-shielding £ilm,
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 strippéd 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
£ilm such as metal silicide oxynitride film which is a
translucent f£ilm can be simultaneously etched under the same
etching conditions as is the light-shielding film. Then the
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all ow ng for higher accuracy processing. [0041] After
the light-shielding pattern is formed by etching, the

resist is stripped off with a predeterm ned 30

stripper solution, resulting in a photomask having t he

I'i ght - shi el di ng f|In1pattern formed thereon. 'S

t hat i case Lft phas f

LT o din 2 P 4 ANE 3 PP SR Lo BB e %‘%ﬁhsx fiédSe
shif tmmasiksh and d.eviepsionaltypieapbashi Bhiﬁat maslﬂs or a
(0Bl silicide conpound 35 filmsuch as netal silicide

oxynitride filmwhich is a_ translucent filmcan be

si mul ¥rid G3petth Rhaatl shife maghs . foghiexgmple, it is a
coh@itdl Praktide thathe bhﬁ@b %huekdpagt&rhnhsThaambhe after

wigfid ehec ot Ll ao Sy s e EBhn fRapartindly HoRSvea.

Inntﬂmﬁ qaya42h.mmsum¢ aaseoatephagaiﬁhaﬁﬂ pasﬁarnéda_f
oo ' o i Rpctyf TIRRALORL, REchEoiyciERE =i

patterm i i ng
anfﬁ:urmfrimtem ﬁslplalamﬁalthyb Adgbteghieldingi §idmsareaetched

aWaSS byl al %l%%%tl%@ Qg @t@ﬁﬁmﬁabk%eﬁg acﬁi’rﬁh:&g dfking, the

stan ard technique, "after antirefl ective

compl@ting cfe erticb‘lﬁpgs Rifet@endightnrhieldingefilnocafahe
gulmgea fblyuar hv&&.ldkhoﬁhC Red@inpt@eeSSor! axhipiest BRi gtection

ot 45 BB PR °B, B “Rot B BELRALRIGS - | L B the

llbhtdshéeﬂﬂdng dfilet dsedtahedsawaydbyeat chhoofine dry etching

l8CLANGRe Ahﬁoo V‘@%Eh&ﬂgr of! Qﬂ% éﬂh%lggfﬂgcﬂb@ ES1nm as

etched away by | orine y et ching rocess
mepd.oagd @POEPGhPﬁgroﬂtphénanpﬁpebﬁeEFﬁV@n efm akt 15 noted

théenh pRe¢oRRABKEeH1AYR! ost %an60ﬁ§ﬁrb§tﬂ6ﬁVﬁﬁéédof| hni s
t hat aﬁﬁgotonas bl ank of cggstructlon free

an&flr&%le&ﬁt”ﬁe Bt £¢8 PP RFESRSHE pPEc €edfy PRECESS as

deszmabpdoabsyeas described above. 20 [0043] Reference

[ooi qom1nade to the second enbodi rent wherein the
antlreflectlve filmis a chrom um conpound. It is _
descReferengs tie mosdmesien tohdhemsskopd smbedisiend wherein

the antireflective f£ilm 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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phot omask bl ank. The procedure taken in this
enbodi nent 25 until a resist pattern is obtained is
‘the sanme as in the previous enbodinent, i.e., a
resist pattern can be fornmed by the same procedure as
in the enbodinent wherein the antireflective filmis
a &nli TRt o5 lalsloC infle cBR QUBroelgednS¥taSh§§ﬁ
is a y et ing step where etching is 30 perforned by
ACLUIWICET-i ne dry etching process, espeC|aIIy a chlorine
[ 0@y jet chi ng process using oxygen-laden chl ori ne.
Dur i the chlorjne dry et.ching, ani.c fil such
no. o Pt FeqoRsiing 4 hd e Radturaciyn fhe Gty LG of
tH@ &d@hﬁea@mgldﬁhghﬁﬂgm H@menangeﬂheoaﬁnubeﬁheebased dry

to 3 outﬁgsllﬁ¥3§négnﬁ£é8£§ %|ﬁ56$sf% é@idﬁgﬂﬂ%:ééim

enisuires ﬁﬁm@-bét@us@.ﬁncugabmtpndeessgnQyWhgrethbe chromium
co?%i ﬁfkﬁﬁh#%%'@ﬂéﬂaﬁEE§Qf§eE€§b§tf&ih”bﬁ§¥bnghe %Zlé of an

. ness nm can processe at a hi
et&@cwﬁgbybqqamﬁﬂ ther chropdyy; ggmpeURdnfdkBr 15cROFE a8 9hed at
aluh@yeEahb&gn@ﬂba%eﬂharbighbn&hbeldAf@bfitmﬂésS@a@ﬁgﬁﬁa

resfstndS) FORLBORLY hoPEPRATCENLnPE. tebba1ge” Sohploting a
phb¢9maaknuraeyapsecEBS|c@rmhsmm ¢drepaimd nvased conpound
an%?EEEEECE Gl el ﬁcblVﬁsghlHkpgﬁyatgﬂfw%gkelﬁf8@80e551ng

] RSk Decause t] rom um conpoun mis
ingpc BefexensQnaltyoey Phager Fhéfbamagkdpy énchRragesaingrinto a

phh%bssﬁh%ﬁ mhﬁ% hh%&h%ta'ﬁhﬁké'Eﬁﬁﬂtbflﬂmprfgﬁtékﬂhﬁﬁé this
t echni letin Becaus

sk.
PIORPENT wﬂ@o GRFagesus WgﬁPuFBFIBBFP€€°PtIﬁFEﬂanEween the
tragsepatentn sabshrarsk and pheckighigshielldiag £ilm must be

Levenso phase shif sk or in processing into a
trfgc% ?sg eﬁﬂ aﬁ%@? 359%8 ‘phase shift film for

‘[Oeﬁédple thIS procedure i s advant ageous when the

undergRa hld’ﬁ?z%ﬂ{ Weem g g ErdRS R Rboteb Sitled! %.sa@‘inally

t he Ilgh filmmist be trenched deep I¥
Cl&é@&ﬁaﬁéFF SFGGE5F° agithe BH@F@Eﬁ§kPP€§§FFPn§1F BRE and/or

athauebammo&hﬁp-lh irBgkhy pegbragedmiktiirayl toimptedthd the
photo% ﬁgen Pe££ gﬁlxég{gignd/ 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 declihe 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.

' [0046]

In general, in chemical resistance tests of immersing
for one hour in an ammonia - hydrogen peroxide mixture
(agueous ammonia : hydrogen peroxide : water = 1:1:30 in
volume ratio) and a sulfuric acid - hydrogen peroxide mixture
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aqueous ammoni a - hydrogen peroxi de m xture,

conpleting the photomask. If the light-shielding film
does not have sufficient chemcal stability to

wi t hstand cl eaning 25 conditions during the cleaning,
the 1ight- shielding filmis over-renoved or undercut

t t T t
(PELRE D) S8 Bate Eonddille &t A SRR s
thege bfxﬂamq m@ks:miengq g driialusias Wiange equal to or less
tﬂﬁ:gfstﬁxﬁmsé%;%éﬁk? *%J&ﬂn%ﬁw WAnkSar2Bd 13l S8 bo%n the

pr obl em 30 ine of antireflection function
coptielong are grraarfied Gl siachowy peddiee dmop she gdove
PISH14INES Y The ifAlmshercane Qﬁvbﬁ%&bhaﬁﬁﬁbkbanﬁﬁlckness

halftone sks 0046 I.n ner al e
R ke et (P & el il Dy taogn tests.
prmmnnngaexcé@&hnxunhqmmuam(ktahDMane(o@aqmﬁmnﬂbaannonla
i# é# eroxide : water = 1:1:30 in volume ratio)
a sulfuric acid - hydrogen peroxide mxture -18
(sulfurlc acid : hydrogen peroxide = 4:1 in vol une
ratio), those films that gygar@do a thi ckness change

%ggﬁf to or less than 5 nm especially equal to or
sl than 3 nmin both the conditions are regarded

sati sn‘::aa:ﬁpws odind I @snpg a8 i E}bsﬁlvp?_l.és psr:.@olﬁmn Y ow for

Liafitong R d et Siiiah SHECABraRtdtcde.not

1@mﬂﬁﬂdu;h9uﬁﬁdent chemical stability (or chem cal
{dd%%]stance) 10 EXAMPLE [0047] Exanpl es and

Cbnparat|ve Exanples ar e gi ven bel ow for illustrating
e g slicehlo Exampdesi dn3is not linmited

thefqt’lﬂbtdrﬁhél@%ﬂn]@(%&i}i la 3 dgromarald gy Eiampl es

dﬁgﬁaéwgtgﬂgﬁﬁépla ks haV| %I!Igﬁ glyelgF %o&iow1ng
r PTEPEEE e 80y e

priogieldnmeng procedure. 20 Usi ng a DC sputtering

appar@éi’l‘f‘g hé‘vﬂ@gsﬁty%}:éﬁr%eta%;%atus 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 l106a, 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 MoSi £ilm 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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shown in FIG 1, a light-shielding filmconposed of

silicon and nol ybdenum was deposited on a quartz

substrate. lllustrated in FIG 1 are a substrate 1, a

chanmber 101, targets 102a, 102b, a sputtering gas

inlet 103, an exhaust 25 port 104, a substrate

otatjing platform 105, and_ po supplies 106a, 106b.
At R Ot i ¢ o Sont BB B, 14gliEog henfs in RS
regsetbant nl heht - shiel diate sf showas nekadminkds byaESA) are

afstabhish & pLessure 30 of 0.05 Pa in the .
er Mo

sputtering cha Two targets were used herein: a
[92Qkt as the transition netal source and a Si
(single crystal) target aspdgwe Silicon source. The
predet erm ned di scharge powers shown in Table 1 were

féd to fnhne g gCcti e Targers ' ‘ DT AL, 35
rotated atidht3poweM| ENMis wa fﬂfgf kﬁ%ﬁ%i I m gl'rl%gﬁ\f:eﬁ?ent

MoSi ON f|i | m wd®) depoditheshicf 0 t he den¢mnts of $ili ¢atoms)
gnd_to fhe
I

and noly d%gum shown |imatTable 1 N o

pr edet erlni #8d 1 hi'®kndss by torftt ol|l i N the %219 |Nitrogen| Oxygen
itijonyid me. _The|cont.ents of llight € enents in the

s L T T LY ad 38 erbirBa by Bsch °

ERLfp1e2% SO ghpWp i1gy Tabl £41. | [OQPO]}  § Tabl g, 1 Tar get 0

Sputteriing gas!{light lel enen Lnpyt power Si - fl ow

1

exaifecoNt eafo | Weo atjomser (fcogy (atem®d| ratig) si Nb o

A—N—O1+-Nit-rofen-Oxygen—Exanple 11 920 18091120 0
EfarpleEXgnpb® 2| 84 160 k1l RO £ 0|0 G Exanpl e|3 £40 7

on 4.1 Ian N Al N feonaal ol 4 Q20100 Q- 11 29N £ 1 117

VU 191 [2U U U0~ U OATITPT C + JZUTOU0 J- U J — oL 1
Efompipl® |5 9200 B0 & 1|2(®:10 2 2B 6 Cotnparat;"ve Exzamplle 6
Comp a0 I T RO 0 00 ConmparatTve—720-280—¢ 12

550 450 1:1 20 0 0 0 0

E eVl

Comparative
{ Example 2 720 280 2:1. 20 0 0 0 0
Comparative . '

Example 3 1000 0 1:0 20 0 0 0 0
[0051]

Chemical stabilit 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]
Blectric conductivity
For samples having a light-shielding £ilm deposited to
a thickness of 39 nm, the electric conductivity of the
1ight—shielding film was measured by a four-probe sheet
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Exanpl e 2 Conparative 1000 O 1:0 20 0 0 0 O Exanple 3
[0051] Chenical stability (chenical resistance) 10
Sanpl es having a light-shielding filmdeposited to a
t hi ckness of 39 nmwere i Mmersed for one hour in an
ammoni a - hydrogen peroxi de m xture (agueous anmoni a
.dr,.Q &LOX M t n r |o)
Tes %iimﬁﬁtu aC| TGW@ g?oﬁ%%ség%%Q#d%M%#¥ggl & Yrta.
Th@sahﬁmﬂmﬁ acedshohydaug@nbls Beroxide = 4:1 in vol une
[dﬁﬁ@ 0), follow ng which a change of filmthickness
was detern1ned The results are shown in Table 2.
[0052] Electric conducti ¥2}e28 For sanpl es having a
light-shielding filmdeposited t a thickness of 30

nm the electric congujg,hlcmcﬁ%sgf t l|1m I[thgdxinesshi el di ng
skl s

filmwas measured shimgreas@ Py esj st ance

met er MCP-T600 by (M Ry ni caj SEQUEICLt d. | cofmactivity
results are shown |i n Taetexi® [ 00533 Y%m?enu—l | m (Q/0)

t hi ckness Fi | mt hilcknedmersigauct i jon Qﬁmgﬁg&gase by

anmoni a - hydroger sul f ufe Cbnduct|V|uym)perOX|de

d(,l U = IIyUI OgceETn IIIIEIbI OTT er UXI [S] (llﬂJ IIIIIETS [0]4]
EwmleE&anm e 1 0.7 0.1 486" Exanple 3 0.4 206 486

qg g 3 0.2 0 og0 Exa e 4 0.l O 4%94 Exanmpl e 5 296
84 Conpardtive ample 1 ifilmloss 26,5 38
Example 3 ‘ 0.2 0 680
Example 4 0.8 0 470
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 £film was measured by a spectrophotometer,
provided that light was incident on the transparent substrate
side. The resulfs are shown in Table 3. FIG. 2 plots the
£film thickness dependency of the optical density of the
light-shielding £ilm of Example 1 relative to light of
wavelength 248 nm or 193 nm. FIG. 3 plots the £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 metéllic Cr film and the film thickness
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Conparative Exanple 2 17.7 2.4 96 Conparative Exanple

3 0.2 0.2 1082 5 [0054]

Dependency of optica

density on filmthickness and wavel ength to For

sanples in which a light-shielding filmwas

depo

sited

to the varying thickness shown in Table 3 under the

above-descri bed conditions,
denenstenay Anenees ians wROVRedBurel iy 3a®
i ght was incident
The results are
filmthickness

resfpeeiticeilat.onet er,

(sl

provi ded

e transparent substrate 15 side.
in Table 3. FIG 2 plots the

t he opti cal

t hat

nd°BE61 Y40

dependency of the optical Tdbdei 8y of the
light-shielding filmof Exanple 1 relative to |ight of

f the

wavel engt h 248 nm

pr 193 nm

FI G

ot§ &pe film

4 Bk

t hi ckness dependenkty of the opti c: "ty of the
Frghnt-shrefding 20 T'Ilh'%negg :Xﬁ.]mkfes% Elnghg%qgﬂ gt Lrg%kness
Exanples 1 and 2 relabivi to T'sghim of [waved gagt i 1 nm
ExpmplEor ref erence' g--sake, -the--optical-densi-ty -off-~------"=-""
netallic Cr filmand tihesfil mth2aclenesg -21os 4.00
dependency thereof{ are showniin Table 3 andF-G4,
respectively. [005p]ThIehsiegs3| OD at 193 |nm Thi ckngss
E%%iignfss Thi cknesp_ TA? cRnesp__ 21 _nm. 31 nm39. nm/50.nm.____.
gnple 1 -------- "5 02
----------------------- 2t l------.- 1.56 2.38 3.05
4. 00 Thrckness 39 %%@g‘pl 4
TTTTTTTTTTTmmmmmes -3 mr - [ -ttt -
Eguwd2e Fhi ckness 38 mmrExanpl-p-3---------f-o-mmommmem e oo mem ooy
------------------ R T R R L B C
Thickness
‘ 40 nm
Example 4 == = [eessessssssspbosemsseossossfemrr oo oo omefm s e s
2.93
Thickness
40 nm
Example 5 = Feeemememmmcemcececmcmemeno oo m——semmmm o m o m o
2.88
Thickness Thickness Thickness Thickness
‘ 39 nm 46 nm 48 nm 60 nm
Comparative Example ] [=wr-=r-------[---------comlrrooo oo cnse s o
' 2.45 3.00 3.15 4.00
Thickness Thickness Thickness Thickness
23 nm 33 nm 39 nm 55 nm
Comparative Example 2 |[--=v=---rrocfo---—--oo—oofism o m s e S
1.74 - 2.60 3.05 4.00
Thickness
39 nm
Comparative Example 3 |[---s---rm----f----c--mmmnmoomomoomumm e mmm e
3.10
Thickness Thickness Thickness Thickness
14 nm 24 nm 32 nm 46 nm
Cr film = Femememmmeeseelmmmmmemm ool m o e e m s m e
0.73 1.23 2.08 2.76
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3.08 Thickness 40 nm Exanple 4
---------------------------- 2.93 Thickness 40 nm

2.88 Thi ckness Thi ckness Thi ckness Thi ckness 39 nm 46
[08%118 nun 60 nm Conparative Exanple 1

2. 45TBe00ight5shieddingi Ekhmsef Threrpdesl THi bk skhickness
of Tﬁbﬁkaﬁﬁﬁa*aéiﬂy NEDH 33m A S %k B LGN, (RdPa &) | ok dpcudlx 0

b°’1h7at othe wapelengbh of L3haue anf At edpAarisrs from FIG.
2, EdenphS§tBating superior light shield to the chromium based

lightpnshyelaing E5H(58R F TG ckhes B¥TISORETESE: Hi%m 24

light32hibeldfngnE{imfof nComparative Example 1 with a

thb°5§ei5 gf aBgrExﬁ%ate£§ T% ea? o flc qen51ty of
kgﬁs & I tFe 3,
deﬂQnBE}Q@§n§nn8p&i&ﬁifﬂ@@ﬁttdiﬁfefﬁﬁ&@ ih(hi ihﬁﬁeﬂd“from

o e B R L0 7. e
ll@ﬁﬁedh;l.éll.dhhg_Shi.BhdeﬂQCémﬂ)mai'B:Bﬁe Aftampgle Byhaword rteiggh
sniff et ki ecta by b Mieat oGt el ey
[o@pFical density of about 2.5 at the wavel ength of 193

nma P%%ﬁ%r{r9§?Fkﬁb imghiosﬂﬁgﬁaﬁﬁﬁﬁfimﬂ 099 nm thick) of
Ex§$32é icagée wavgigggsh dependencyISE 1t£cggt1cal 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]

It 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 f£ilm becomes possible; Furthermore, since the
light-shielding f£ilm 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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the metallic chromumIlight-shielding film (see FIG
4). The light-shielding filmof Conparative Exanple 3
has a high sheet resistance, failing to nmeet electric
conductivity. [0057] is Further, for the
l'ight-shielding film (39 nmthick) of Exanple 1, the

wavel engt h dependen of its optical densit was .
maa&ifepﬁflﬁs(jpsyca%pesi‘?oam{t‘a*ﬁag BTank PELtHe ifeption
unﬂb@gﬂeslmiﬁhﬁﬁzéd patseen fipen vhfiabjondisven when

f|In1 Egé an excellent optical density
0

°1eag%hgs ﬁgkg maveFeRg? si de, denonstrating

[0058At - shi el ding properties suited for DIN
Ex b &ggrgp@g [0058] It is seen fromthese results that
mask bl ank of the invention, jts

i ghtPI%OQa@l]ﬁwé’lﬁPF‘ﬁ] kRinaRY stlspbéteaicsaehnggo?
llQhQUBﬂialaﬁ.ng EhimkasgSanf anboréf #6civée ef Blm Vdepasited on

a wavel engt ess than 248 nm
a sHlCkrate! WErprbtonaced P inEhe  Fohloviad RTRedite
[0phOﬂonask ob;alned therefron1have excellent
'Arﬁﬁfﬂﬁ%éﬁx{@ f;&lr nP%? ﬁ%%%b%n%;ﬂ!%rli‘%iget ?oﬁpgﬁgldng
(Exammle¥hbs93duggests that the light-shielding filmcan
be m&«stthl anq&ghtthgh%y_aghghmmm r(BﬁEMsan belrfﬂugedmlc

accordln , an | rovenent In tte
rasaemraeylaaeat BRACKReER NeE 527 YRS %?Offﬂ rdeg the

sahkél Bohatelvfispassihl Bxampléhernore, since the 35
[Oh'git-shielding filmis fully resistant to ammonia -

ogen peroxide mxtures and sulfuric acid -
hydr dgent .paisdxigde DRI sputésrdognepbpratud havingahwag

ta§ﬁl:—3’ﬂ§' a8 g@ﬁﬂ%ﬂﬁfk .28, n&ﬂ%&ﬂyéﬂ@é@f@ésﬂm%f

mask ank of t I nvention undergoes _m ni m zed
mOEHPQEPHmsF%élvaﬁﬁaP%Bﬁéd%v%ﬂsmﬂ%ﬂ°st%%n?% th& eps are

1lgﬁﬂeah§dld£ﬂ85911m5 Bt sy addo! CHIHS_JﬁsNaitnlaS flow
cafB08 ¥ TRRK PhER) M | Gl %t 5 P
wewner tnpregaced by abetbdoebsbvabhiyshracedsrpressure of 0.1 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. 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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wag HeRE Hefste | TP tHIHERNSR A10Wh it

‘_t_a.r_get_n,sed herein was a Cestarget. BMO =4.5:1

[0060] to Antireflective filmof nolybdenum silicide
conpound (Exanples 6-9) First, a light-shielding film
(Si:M=9:1in atomic ratio) having a thickness of
25 nm was deposited under the same conditions as in
Exanple 1. i5 [00611 Next, using a DC sputtering
[0 fratus having two targets as shown in FIG 1, an
antireflective filmof nolybdenumsilicide nitride
was HepbsiveingnatsieandagdbtnagnetRhPd ispt iM% i ng
e £ a'élt&ci@mm&lg@s fallm of
ap 1%6815%5.\3 ﬁ{axﬁﬁ%% ﬁﬂéﬁ"@‘ﬁ'd@ﬂ

SCCM a 2 gas at . sccm were int Q _as
ChEQuuEr AHYHEIELAR H57 A ad on e Lhghtzenie1dind
£1BRUL ispiitterdhyRisesTWALt gagets weFkowsedtbeoti b0 acom, N,

| \ |
929 i@ P (A9 GaBEst Ha LnECET FEBR B0 gauced so as

to ksl Dgh povpa s mfesAtre 5F W dnPa85m \Whee rspurtdeniag
chid *\gsﬂa%% Ya rtg%t at%tesga mgg%t kﬂ\ag' % c?éh'tEEgE-Ee A

t'e was his way, a MySi_.N
dif¢hangmpeiegotf b, 6 Ik Was 4in A (CForfatgrs While the
suﬁ@éﬂéiﬁj@%{% | FoBatid Mt 36 i:nPf 4nbthibkawas, car @cON) £ilm

and to the thickness shown in Table i%\ezlé;:on rolling
¥%ilm of
coRtF S LG CEH® Qle)sb 4 Fixioom | ismel0- 12) First, a
[Géé%ft-shi elding film(Si:M = 9:1 in atomc ratio)
ng a thickness of 39 nm was deposited under the
35 sane conditions as in Habple 1. -24 [0063] Next,
using a standard nmagnetron DC sputtering . apparatus

having 4 ﬂgﬁ\ggﬁeicﬁﬁaf rR{bxaBLd I ef l@eirtMectfikd M OfThickness
chroni um oxyrurltuﬁl de was dep@)sl ted| on t hdm (nm)
Ilght sHief uIIIU 5—Fm O[JUlll:‘IIII:J gdasSEs, Ar as at a
Exhhw satle of 10 sccm| N2 gas at BO sccm and {02 gad®
at—15-sgcm were intrgduced so as |[to establish—=gas

expeesurg of 0.1 Pa in the sputter(n s:%%n‘g The 23

Example 8 28
P I o 57
Example 10 i5
Example 11 39 CrON film 20
Example 12 30
[0065]

Optical density
For the above-prepared photomask blanks, the optical

‘density (OD) of the 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 film
has a thickness of 23 nm (summing to 48 nm, combined with the
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di scharge power of 1,000 Wwas fed to the Cr target
~while the to substrate was rotated at 30 rpm In this
way, a O ON film was deposited to the thickness shown
in Table 4 by controlling the deposition tinme. [0064]
Tabl e 4 Light- shielding Thi ckness Antireflective

. Thi ckpes fil n1(n )
1150588 aang Faepl ot | R T e, e B
ch@ ok Sin bhb&ﬂBIlgBt bh;élalﬁgaﬁplm Qs i She Fgemptally BGoick
iI . e 5,L0 t
engud b G478, potBFRcthfeRieadoor Riout F Ailn order to
pr@wuﬁeahn gptagnéudyns¢£y of Bh8. |$gagegh$et@¢ﬁgth¢|n1

pHW%%mggﬁsBﬂﬁﬁkbﬁfathépgﬁbéﬁﬁmghoﬂfisﬁs P6VELRE thbékness
g ht was incident on the transgarent substrate side.

reﬁﬁgtF@§uPFQnaWEe§h6wﬁiBHtT§BF@1d ng sb148 204 8Qensi ty
andfiraroued igeOriehabireelbmihagbl . of vvavel ength 193 nm
[Oiﬁsgbtained when the antireflective film25 has a
Phdkness of 23 nm (summ ng to 48 nm conbined with
tependndy ght rﬂﬁxﬁaﬁanpdidnﬁthiﬁﬁnass @nd maveflengih
f act ﬁd}atﬁrfe YR a s b@NExaRpebd! BU1bL! Ehaust
be genera i ck "enoug give a total thickness
wagelgpaith erﬁnﬂencwraérrﬁéleﬁtév¢aewaﬁ dpterminednky 1§

spaktdo ho%HHGQéks FB@%lHEG §h99019§H§kw5§aﬂﬂcﬂ&eﬁﬁeon the
invention al

n1th|cknes r educt ev
flmeﬁuafﬁpshﬁlgﬁ. el TR FesHHr S RrS S shogt (iblakh 1 and FIG.
6.fiAén ¢sen | prdmarahlle 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.

[0067]
Table 5
Reflectance (%)
oD
Wavelength 257 nm Wavelength 365 nm

Example 6 2.78 15.6 33.7
Example 7 3.00 12.5 C27.4
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 19.0
Example 12 4.39 16.0 14.2
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[ 0066] Dependency of reflectance on thickness and
wavel ength to For the photomask bl anks of Exanpl es
6- 10, the wavel ength dependency of refl ectance was
determined by a spectrophotoneter, provided that
l'ight was incident on the filmsurface side. The
[qﬁiy ts are shown in Table 5 and FIG 6. As seen from
e 5 and FIG. 6, a reflectance of 10 to 15 20% i s
Nl .-. :\. AV ek 8R87 i.-., ref anga anen the

ant Irmﬁé eﬁhbvsmésk nﬁai@@k@ W& kﬂ&ﬁézééﬂ tHe: T ddr 1% an
to 37 rOV|n a p055|b|I|t of i nspection Mﬁth a
;RY@‘-' G&Pﬂ’*'eldtf‘eimé*&'t d@aEous) GETPD 1S, *
hjl'tﬁb:l»g&srB ;%fdmancaqa(ﬂ@r =00 \W&\39 dpgtiol2mé matio) or a

oL EI0S Wiy i e

hfﬂﬁﬁﬁ&hE?QMDK&ddBﬁNﬂﬂkaIhOV@IﬁmertdliZB .2 ARzbapge af

| 4. 0
* Chem ca st]vg%l 1t C nc;%rﬁlé% a?% %t%%%o%?ﬁ%%e%oggﬁgéoopc
{(FrimadzunGER nher g’@ eFoPOEHethGUPOPﬁlﬁhon% f-'achange of
réﬁaﬁdt%afb@%[@;ﬂéiﬁél@ﬁgﬂf ese(saw;wa% amntﬁaa hgdr ogen
o e . I N volune r
adifiiahuating T i mihation of GOT.BroGEdLAL PEGPAENS
[ hydrogen peroxide = 4:1 in volune ratio). A

c g ef | ectance was determ ned by a
SB Steﬁogéneter UV- 2400PC ( Shi madzu Corp.). Under

bot h @hetkerphetemask tthlanhafyExsmpl® fof ltediemicd attern
walP RISl b3 GB MRy W33 gl ¥ ch@ﬁﬁ%ﬁiﬁ.gahh@ﬁllkﬁéd

el imnation of any practical problens

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 f£ilm and the
antireflective film, proving that the light-shielding f£ilm
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 f£ilm was patterned by chlorine/oxygen dry
etching (Cl, = 80 sccm, O, = 2 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, demonstrating no

significant invasion of the light-shielding f£ilm by etching.
Next, the resist was removed from the blank in which the CrON
antireflective £ilm had been patterned, and fluorine dry
etching was then carried out (CF, = 80 sccm, 60 W, 2 Pa). As
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Dry etching On the photomask bl ank of Exanple 6, a

resist pattern is was fornmed by EB |ithography using

a chemically anplified resist (filmthickness 180

nm. Using the resist pattern as an etch nmask, CF4

dry etching was carried out (CF4 = 80 sccm 60 VV 2

ss-sectiQ th u r

a rg% l&éd %hde%a esggnﬁﬁﬁ e% ﬁ8§ E%bgg Sééyféﬂ is
satdsflacto2¥ .t bads hapetGDSt Weret Eheudcbgt‘se%@ctlil@n was
llﬁﬁk'%%%%ﬁ%ﬁﬁg %ﬁ?m 8R4S ﬁesaﬁﬁiﬁeﬁﬂéeélbétﬁfﬁﬂ tﬁ& is seen

"1 ght | m an antireflective fil

fremo¢hﬁ@etﬁ5FU# 3 Fh@ﬁtt§ﬁ|EFQNnQHFFFﬂ¥1%ﬁﬁlYﬁefllm can

- sedel G@f hetlardembhicknvAaA bRepaiyREPSHi&NdONE Simp Dy

flLuorine dry etching.. 25 [0070] Separately, on the
pabkerdsdsk bl ank of Exanple 10, a resist pattern was
[ODOEHEd by EB lithography using a chemcally anplified

resi i.mt |ckn
antire ]?qg“ huevé£h go%"wés r%%t er r1ecI1’tE ?ﬁ?glnl ne?ox%%n
neaayssa@Yettbmckge(ss:l of=the seem:togsedzlgcnmdww P

phgﬁbmaékpﬁg%ﬁ tﬁ@cbheeoﬂgskhﬁlﬁﬁﬁubf|Hﬂesiﬁ#éﬁﬂi@nmﬂén be
observed under scanni ng el ectron m croscope. As a

drﬁE§GFFalﬂﬁér§ﬁ§5§dof the etched cross-section was
[oBabijsfactory, denonstrating no significant invasion

E of helllght shielding filmby etching. 35 Next, the
—Eéggigf—%as renoved fromthe blank in which the CrON
ant i refladcttione fphlamehstiilfde maskt béankdywaanfabrioated and
y i the (Efet ﬁQ 3 &P
enff g BLENRRE Y5%o! e Peshetoile (Bivt BlupcgdzDions.

crosdtsddie Gtamts asdrstadegey, °5né|°anSFBE)§k\AHF‘§

debeditcbebyeanghbietz! bﬁﬁ%tﬁﬁté' 8Eng intm sgdatéevy a
antireflective film ese results

SPRRLETIRG GPERSHHLPRCPFREERTe SRR ELRLIE by iaing
Mobasd, nebktedhed Bddy ldmphta i edidigie fadymtisdl geatspartteding

taL-gglé] Ik %ﬁghgﬁ fﬁﬁﬁggh?ﬁe §8Hl=.l-sof 566 SwSEEA ihé‘éotﬁeto

ceséar esrst “used in produci ng a
thQOMpﬁﬁﬁéﬂa@mdfﬁbrﬁd#meftﬂbotm@ﬂ@lwrofa eqtatdng dhe

sub8®rl®e 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 sccm of N,, and 1 sccm of O,, 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 sccm of
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dramatically reduced. [0072] Exanple 13 A hal ftone
phase shift nmask bl ank was fabricated and 15 then
processed into a hal ftone phase shift mask as foll ows.
At the start, a first layer of 10 nmthick was
deposited on a quartz substrate of 6 inch square by a

Sp%hge‘j' a8 feBesH! | gcfb Ygﬁ'gfg:h shelrGlel \étbéouz?bﬂlg @nd

Sintered bo si ngl e cryst
SeifknE 4 PR PICHYRS OF Godi 7g-a i BeKEFoRS p@h@se othift
£960 WU thiRRY Wil ThildgayZr Si 4 and S targets,

re%fectlvely and rotating the substrate at 30 rpm
g the process, a gas m xture of 8 sccmof Ar, 20

sceméxt, orﬁl’ﬂléhlmtrbrfé ﬂ%sm%ﬂnﬁﬂ azcm@:ed s the
t er. e sur er| ng was
LR £ T0° o0l VARG, B4 BR8P AbRTERTY
anthnefi lgctbdyes Hddm iof i@ﬂ@@dehuwa51depm§etBdtmhdeeas in
; . 5
Ex%E@ﬂM)%g gié}%t ;ﬂ%&{%&%%dp%gg !B\.ﬁgaﬁ\é gegcéggﬂé 43 ﬁ{V ERample
6 deaiyithddmessp@ft 40 Ay 8% ttbealgabtrrﬁmaﬁ-élag islm and 20
nns FoH qfheAra,nt&%fﬁ_@@m% K2 1manorHi S cPienddd 2. halftone

PHGRSC S o iagko § LR hpsang] SraRBhE Sh4SKALPA FLYr apf on

aﬁﬁinaﬂhﬂmtﬂvamf&lmenamuhadedBEhmheba changlng t he

[d@ harge powers so as to apply 430 Wto the MdZrSi 4
tg%get and 1,000 Wto the Si target, changing the
sput 1@ ithe el fitone phase shifd gesy bdamkof aaresggt

pa&@%&h@%asz%oﬁ%edaﬁ9 kBSQSQhBPrgﬁhyrﬁkﬁﬁbng thémically
substrate at a gas pressure of

amglified /!Eeﬁérlsl’ctéﬁélﬁ‘hégé%ﬁpﬁﬁ 2 Pl Aias GHing e psist
patthiesn\as. a[nOQEEzh masNeXt:F odry h@td‘tﬂiﬁg Ofes F&'Eﬁﬁﬁ.eﬁi’nld‘dt (CF,

%nggﬁ%“aﬁ g%@f ?%:Sgn%|ﬁﬁ9 FB Eﬂg |C|:('ive “£ilm,
1lightt-isthd eddling fElanphd ﬁaiétenevphaeateuiﬁy Ehdmsarffhe
enBpBIRHULE @EchinG¥@9R! Betected 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 f£ilm 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 film 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 scecm, 60 W, 2 Pa). At the

. point of time when the antireflective film had been etched,
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6 to a thickness of 10 nmfor the light-shielding film
and 20 10 nmfor the antireflective film This yielded
a hal ftone phase shift mask bl ank having a
light-shielding filmand an antireflective film

| am nated thereon. [0076] On the hal ftone phase shift

a r =
o gl ot 58 San ReBchECRRO'ED, LELTRY BicFlng
80t I$|c@ime§§ W502nRp) . UKoy each r@%l@te Tiakmsor rEhes eti}ﬁipomt of
et%ttﬁlﬂgn%lé a@%éc%u el6hl AOr¥eSeEhhEEdcREhgé GH11s 80
sccm Pa) for etching the antireflective film
mqﬁléﬁFl§ﬁ'élﬁﬁﬁéePFFﬁPﬁnd hal ft one phase shift film
[0DlY8 120 endpoi nt of etching mas detected froma
‘refl ectance cha ring a reflectance,
Loorh e S 0m, 4 ¢hel BRekoRrEtatngver RPBREFRG under
a hahhhdng eﬂba$eoahmﬁbrpabbpem fihélngsas$apa$fa¢h0mmsetched
rst [ S rek £
Sha? atlgéér€§$€¥g éﬁéda? %ﬁ%g%zéhﬁh gngégﬁ§¥) | rﬁh
acagntnblaannephaSpraaﬁatr@nsma§tea¢¢ped out to an

[o@ylqr frame portion where a |ight-shielding pattern
was _to be left, after which light was irradiated to

Examplecddire surface of the substrate being processed

fr omHyhemE sbﬁték@r%eifdnr@r aer J.hOEﬁthEQGI 1Bheapnan.'fenne

of ate syrrace ere the a 0] rn
pofsg 3 Eias LiBcRes: hRASTEERLOR hoSpltrt SFshRAE "o
thdsvhh&ﬁedpefphﬁbagshifbsfslm pat 1egiht t slatelding eEilm of
mowgﬁdkﬁﬁh Eh!chﬁe Eﬁ?oaﬁeén£598§1389i$éQﬁlﬁﬁdofh@hromium

t1on ere ftone pattern was sent

| oxw@nﬁgiﬂﬁeaﬁeénsﬁxe@werihO !Ieﬁﬂ RYRFCARERE Wy 4the ysame

pr@béﬁuﬂg aeslﬁaﬁkaﬁglewo(ﬁEfﬁ—tﬁﬂcﬁﬁeﬁ &f) W xfi’mPaeor the
n re |
LighsroBiehduts Faam AR PG nehiEeE  th crrfl et ettt offn.

Thhyg €iglded athhnﬁgo@éjphase89h$ftnmaﬁﬁ Mlazk Hagvikgra

:liggggg?gaiﬁ ﬁ]kgim %H& Qﬂdgﬂf Eefieaﬁ%f@ifEhME@aminated

a reflectance c ange e nonitoring a
thegepaet ance. 5 [0078] A cross section of the mask
[oBabjern was observed under

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
film. -

[0081] ,
Next, the resist pattern was stripped by a standard
technique, and a resist f£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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a scanning el ectron mcroscope, finding a satisfactory

etched shape. The hal ftone phase shift filmwas al so

found acceptable in phase and transmttance. 10

[0079] Exanpl e 14 By the sane procedure as in Exanple
a hal ftone phase shift filmwas deposited on a

wéjéjaéélﬁrisé{ﬁ Al %q}ih tiﬁ’#es 1ajgﬁzlif11e% cRigee £ ﬁ!ihft aﬁ?ltle@ which

dlng enunlsl Icid

ths Ja#ﬁhi?'eﬁhlé:]tqw ffilm ofas mt&heanwofé}m ¥y d%t%%llm (C1, =

sSHBM ¢l were ramer ceakedaby bhetBaNBilig Oceﬂélféndﬁoz.nt of
in Exanple 10 to a thickness of 10 nmf

etelyita e dtarted AR 2EFeThecsARCRe C g‘ﬁ‘PgPeP’Pé&E"u ve
mdniterindis ndfdletdntenal ft one phase shift mask bl ank
[¢F¥%fg a 20 light-shielding filmand an antireflective
| am nated thereon. [0080] On the hal ftone phase
shi f tA nesks®| sekiien reSithe mrek &J‘d‘thﬂa’sx fwassdbsgrved under

al 4HH£ (qﬁgg d Y f
(%% Iﬁpqéhesgﬂgbgl qﬁﬁ %f% s?s?gﬂﬁgﬁ?g?%rgsetChed
shapest cAhgabR1LEAREr PRaBEXFHEAR dfsylretw nglfrstowndri ed
acdtépdbhiz IBOnNEEMark? trahsi@it¥ane8. W 2 Pa) for
patterning the CrON antireflective film Then CF4 dry
etching was carried out (CF4 = 80 sccm 60 W 2 Pa)
for 30 etching the light-shielding filmand hal ftone
phase shift film [0081] Next, the resist pattern was
stripped by a standard technique, and a resist film
was fornmed again. A resist 35 pattern was forned so
that the resist was left only where a |[|ight-shielding
pattern was to be left. Using this resist pattern as
an etch mask, chlorine/oxygen dry etching as above -30
was carried out to etch the antireflective film after
which the light-shielding filmwas etched by Cl2 dry
etching (G2 = 80 sccm 60 W 2 Pa). For each of the
films, the endpoint of etching was detected froma
refl ectance change while
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5 monitoring a reflectance. [0082] A cross section of
the mask pattern was observed under a scanning
el ectron m croscope, finding a satisfactory etched
shape. The hal ftone phase shift filmwas al so found 10
acceptabl e in phase and transnmittance. S1 CLAI Ms:
CL M .phot omask bl ank from which is produced a

otomask conprising a transparent substrate and a

nask pattern formed s thereon including transparent

1 regl Qf‘%)l‘ﬁﬁdmﬁécke(ﬁlafﬁd Yromaghechr 8gi 9ﬁﬁdﬁ1@eﬂxﬁ0§’b~be0m35k

characterized in t t-shieldin
Lhsang: amreoeRpErRY SUPBERBESOTY. 2 PARSpRPEhph Formed
th&ub&hrahelwﬁhhgomrwhhbambnannegﬁonﬁ|hnﬁ(é&fectlvely opaque

n|n n, B of
T 10 O Iaye s o %MEEgﬁ% gﬁ%rhﬁ?é ﬁggﬁdléy€?aﬁ A
llabwpabe@ldongafném QEIQBGnOEnEOQthQﬁGPﬁléﬁ ﬁ@?@ﬁda@n a
tfaw ga%%EEOE%BE%ra%%dw&%ﬁ o%lhiﬁﬁau@nénbﬁﬁeirﬁﬂﬁmt(mn

are present at a ['i con/ metal _nol ar g
1n$ﬁ¥geﬂlPStGHP€GP&FW@?H-15t21e¢ﬁE PRBt LA¥SK bP nR Fhe
1ayewst$ wwh@hewhethagh&alﬁubnamngnfiam is ﬁbhpbdeduomntalns

si11cbh® R PoTERnearIgh frssiaptr Tadh GapbRReRLs,(ifatne

silliiglon- ahﬂetuengrhnbimusncmﬁpaQedréupthsentontaﬂns at
L . Nj d
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to 3, wherein sald l'ight-shielding filmhas a

2.thi Ckl‘ifesiﬂrﬁfto%%stl@ pIAnkMo2212imINe Rhetenamsknel afnefition
mqtaéhone claine 1 to 4, wherein said

FSSWPéWHpﬁ&“W|In1|s overlaid with an
antireflective film and the antireflective film
cont Ransi biog.
3. sili ?fhaee OX|t(?mar‘L§{)rbtlra}E%tl}e?%a?fet %i- Itzl Ci ggr??{nr |tge at
leﬁﬁ&n@mbldﬂYﬁEtdB)Spfl¢h@elaU§¥ﬁIPflﬁblchrﬁh§|tlOn

14! E@Ehihhhghgefgimpirbb@ﬁpo%é@”?hftﬁ@r BBhehifik! hei east
bonitride™or transition netal silicide Xi de

ongj ediegeng,yspilgeted from oxygen, nitrogen an carbon

4. The photdmask blank of any one of claims 1 to 3, wherein
said 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 ﬁhotomask blank of claim 5, wherein the transition
metal silicide is molybdenum silicide.
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as 6. The photomask bl ank of claimb5, wherein the
transition netal silicide is nolybdenumsilicide. -32
7. The photomask bl ank of any one of clains 1 to 4,
wherein said light-shielding filmis overlaid with an
antireflective film and the antireflective film

cont t 0 i ,
7 o oo BiRe fffRel ERARO R arlh O BIRRE L ko ¢,
whmpneciay lsiadgl ldlghdmalvheddidbanifidhdd soeverfaddi WitbxRrBe

aﬂﬁfﬂéfkéd%%@@ @ﬁlxﬁ éEB?tﬁgoﬁﬂ%§§Ef§E@%&v@ffiﬂm BBﬁtQEns as

| al ms 7, wnereln the other m (A) conpr.ise '
ﬁlﬂié’e %mnerrm A ChmﬂgumA°§H§?on&§FE'°E‘érh‘B‘r pdtRgds ShTomium
oﬁyﬁmafeentch&tamitdnatc&y@&&baderra&hrmhhmr Bakbbhkdride or
t her.eon |n%%¥ Q%. ansp nt regions and effectively
CRRPIHRR O didsn D¢ ﬁéﬁ) i‘ght, which is produced
fromthe phot omask blank of any one of claims 1 to B.
8. 33 mhe photomask blank of any one of claims 1 to 7,
wherein the other film (A) comprises a phase shift £ilm,

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