DESCRIPTION Title of the Invention: PHOTOVASK BLANK, NMETHOD FOR
MANUFACTURI NG PHOTOVASK, AND METHOD FOR MANUFACTURI NG PHASE SHI FT MASK
Techni cal Field: [0001] The present invention relates to a

phot omask bl ank for a photomask used in manufacture of a sem conductor
integrated circuit or the like. Mre specifically, the present invention
relates to a binary mask bl ank and a nethod for manufacturing a photonask

usi ng such a mask bl ank. Backgro : 002] A mcrofabrication
technique is a very inportant ba&r‘%ﬁ@ﬁb e inthe field of sem conductor

technol ogy, and the research and devel opnent thereof have been progressed
for further finer mcrofabrication. In recent years, particularly, wth
hi gh integration of a | arge sdiie of the@giadrtivh:ci rcuit, refinenent of

circuit patterns, wirin atterns, or contact-hole patterns for wring
bet veen | afEHaTOMAHHBLANIIVERHODEQR pIUNHEACIAIR ARG PHOEGUESKS or

Connecti on' i t RYRAGE  BGERF O BIRFPACFURREEEHASI AR T MARIS: ommsk

production to be used in the process for photolithography in
m crofabrication, a technique for formng fine and correct circuit patterns
(mask patTemimdgalféelcbegun to be demanded. [ 0004]

[0001]

The present invention relates to a photomask blank for a photomask
used in manufacture of a semiconductor integrated circuit or the like. More
specifically, the present invention relates to a binary mask blank and a method

for manufacturing a photomask using such a mask blank.

Background Art:
[0002]

A microfabrication technique is a very important basic technique in the
field of semiconductor technology, and the research and development thereof
have been progressed for further finer microfabrication. In recent years,
particularly, with high integration of a large scale integration circuit, refinement
of circuit patterns, wiring patterns, or contact-hole patterns for wiring between
layers forming a cell has been progressed, and a request for microfabrication
technology has been increased.

[0003]

In connection with this, even in the field of technology for photomask
production to be used in the process for photolithography in microfabrication, a
technique for forming fine and correct circuit patterns (mask patterns) has
begun o be demanded.

[0004]
In order to high-precision processing by lithography technology, the

precondition is to form a photomask pattern with high precision. Generally,
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In order to high-precision processing by |ithography technol ogy, the
precondition is to forma photonmask pattern with high precision. CGenerally,
1 reduction projection is performed when formng a pattern on a

sem conduct or substrate by photolithographic technique. The size of the
pattern formed on the photomask is therefore approximtely four tines

| arger than the side of the pattern forned on the sem conductor substrate.
However, thjs does not nean that the desired precision of the pattern

formed on"GHEIBRABIRENR isPerIMed Whea{OIRRdaPREER PBrdEamgpndystor
i d : . LSl f t th
et concughen s 55 Sy e, PR R TR0 B T AP, L

obt ai ned gt stioteiGR i thdr€O8S hpproximately foul GES 1Brgdtaheh ithd 8RAGHe
technical field, the size of a circuit pattern to be drawn is considerably

smal | er t patternferned enhdhgsamidondugtur substsateus dtbweaverghjsodessenotTimaan in t he
case of fgrmn hot omask pattern wth a just four-tines larger circuit
pattern, a&ﬂ?gidlaﬁ’lsg?é)é}f‘éﬂﬁﬁnoq t‘%‘ﬁeoaqu{'ﬂé?omé‘gﬁmi beghiraiasy 'ﬁr%@?"eéxposure,
i nfluenc kr KoM ¢ ﬁ[@(p& r 1.q]-nal
shape caﬁ%g?qgeptaggﬁlﬁoé@%g?hotﬁ%}o thgérfo ot or ég%{;rta??'i ﬁ?négg%r'éﬁgg)ﬁ%ghuct or
subst r at eof 4 pPa6H formed on the photmmssicas a rhbsieefsdesired oaid Righef afored on t he
phot omask i s made nore corrgl icated than an actual circuit pattern to reduce
an ef f ectthgn anectaglrattarn ghtained aftereXddserer the 1ike. The shape of such a
pattern p gf for exanple, an actual circuit pattern subjected to optical
pr oxi n‘ityrrlﬁ 8 ection (OPC). [0007] Hence, along with a decrease in

size of a circyptodafd BhitolitholiaBI teBR SIEASKD RE QERSS AGird GCHMHEo has been
al so desired in a li'thographi ¢ technique for form ng photomask patterns.

Al t hough Bé tihegn aplopngidefailyrameadie miyarb thee wavekesgth oh lighimia bagugegisfolrut i on,
as descri bed above,_ the precision of a pattern forned on the photomask as a

mast er i SWPOSHFRd TRHDelrhign&RSeRfefarming #n PAetamask petterm Vot & msd aft er

exposure..Th R . tion; ' fior ' f hot omask
pattern if(s) ugﬁﬁrr”gsstlé@c?tg[}&f'és%?érﬂi g@gr;ﬁ@ﬁghérﬁc%eérﬂéad@?g\?hicﬁ% i%teﬂgb‘:ﬁ%%hy for
form ng ariltchBsare, nfRRMcEs HUGhRsfcPBsan or[gﬁ}%?dhape. As a r8s@iengéal , when
form ng a photomask pattern, a photoresist filmis forned on the surface of
t he phot ar@ékelblshakei wanhbthba Iiagbierssidi edrddondhé i photgesisuniiled oh a
transparent substrate, sngg%a pattern is then drawn (exposed) on the

phot or esiSSMEPNINGEQ" sPstiadet ron beam Subsequently, after obtaining a
photoresi[gﬁt)o attern after devel opi ng the exposed photoresist film the

| i ght-shiteldi'ng filmis etched by using this photoresist pattern as a nask

to obtain a l|ighorfd edsisNthdrbidre) a patteat formBaicot iteh bhotdintdslki Banbdé | M
pattern thus obtained is served as a photomask pattern.
more complicated than an actual circuit pattern to reduce an effect of the above
light interference or the like. The shape of such a pattern may be, for example,
an actual circuit pattern subjected to optical proximity correction (OPC).
[0007]

Hence, along with a decrease in size of a circuit pattern, a higher
precision processing technique has been also desired in a lithographic
technique for forming photomask patterns.  Although lithography performance
may be expressed in limiting resolution, as described above, the precision of a
pattern formed on the photomask as a master is desired to be higher more than
an actual pattern obtained after exposure. Thus, limiting resolution required

for formation of a photomask pattern is almost equal to or higher than one

required in lithography for forming a pattern on a semiconductor base.
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[ 0009] In this case, the above photoresist filmshould be thinned
dependi ng on the degree of fineness of the |ight-shielding pattern. This is
because, when formng a fine light-shielding pattern while keeping the

t hi ckness of the photoresist film the ratio (aspect ratio) of the

t hi ckness of the photoresist filmto the size of the Iight-shielding
pattern becones | arge and causes troubles of failed pattern transfer,
falling d@%n fr peeling off of the photoresist pattern, or the |ike due to
det eri or aPP8Rl of the shape of the photoresist pattern. [0010] As a

material of theg,l| =5h) [ g0 etfr ent. strate,
many ki nds of rq;gt rlar?g I’gévrg%s}gn@%réngggﬁg%pggg%,éﬁgﬁéﬁ){?ﬁéﬁ?%“ﬁ&%ver, a
chr oni um fearpe WidtheasurRrenvftha ghokahhdk BRER iReAaNs e IRfht BHRIYIkGIMhew on

etching, for exanple. [0011] Dry etching of a chrom unm containing

mat eri al WPHREdsOy8HEaNsPRiENY SLbsirated abg acpattarnie theamdewn (exposgdeochi ng. 1 n
many case, owever hl orine-containing dry etching has a rtain | evel of
ability th be@ﬁﬁ%%r@ﬁhi ¢ #3 ?&mfh&?ﬁ n %%%S%@@ﬁ%ha €[ 0 ﬁ%’f"ﬁ%@i st
pattern i ¥ R g St | t - k to
rch a1 IHOIRE) B Myl ARARIERIE, e (ReRRE  PROIRERL St TR oo
much to ilghtshiclying Hilor isnetchedtiay nising thiy pelotdresigt pbttem Besallrhask ke pr oper

photoresi st pattern, which should be transferred to a light-shield film
cannot beekiginr adiahy-shiedding dfilnel peietme Tiheg hghtsHiielpton i) |patterodhos
I n order ayaql. incopveni ence.. a photoresi st material having
excel | entébg?'@%i}ﬁ"gS%&%Bsﬁsa%ﬁﬁoﬁ’&a%e[@vem‘quested. However, such a
phot or esijgpogmt eri al has not been known yet. For this reason, to obtain a
i ght-shielding (film pattern having high resolution property, a
| i ght - shi el di ndn this casetteeiabova photgrebisyfiler sipowdd desthingedaapending en
required. L0013\]% . For a |ight-shielding fil.m having higher
processi nfe #eipa ey fnenessehilag lignt-shigldiempalieimonalhisds Seravsanvaer enpt to
i ncrease et chi; . i - shj.el di ilmis rte he
at t enpt gﬁﬁ'ﬁ'\’/’\]ﬁané lrgﬂghﬁ@ﬁrﬁ%ﬁélg%ﬁpggﬁ%ﬁow@lc?ntk%lgﬁ{ngn%é ath(f:c%ﬁ% 3% ngfa unt of a
l'i ght el gimeéresisPfiklthe ratio (aspect ratio) of the thickness of the photoresist film to

the size of the light-shielding patiern becomes large and causes troubles of

failed pattern transfer, falling down or peeling off of the photoresist pattern, or

the like due to deterioration of the shape of the photoresist pattern.

[0010]

As a material of the light-shielding film mounted on the transparent
substrate, many kinds of materials have so far been proposed. Among them,
however, a chromium compound has been practically used because of much
know-how on etching, for example.

[0011]

Dry etching of a chromium-containing material film is generally
performed by chlorine-containing dry etching. In many cases, however,
chlorine-containing dry etching has a certain level of ability to etch an organic
layer. Thus, in the case that a photoresist pattern is formed on a thin
photoresist film and then used as a mask to etch a light-shielding film, the
photoresist pattern is also etched too much to ignere by chlorine-containing dry

etching. As a result, the proper photoresist pattern, which should be

3



For exanple, Patent Literature 1 (WO 2007/74806 A) discloses a technique
for reducing photoresist filmloss at the tine of chlorine-containing dry
etching by using a material mainly containing chromum (Cr) and nitrogen
(N) and having an X-diffraction peak of substantially C N(200) as a
light-shielding filmmaterial to enhance a dry-etching rate. [0015]
Furthernore, Patent Literature 2 (JP 2007-33470 A) discloses the invention
of a photomask bl apk ere [ts, cC osition, filmthickness, and a | am nated
st ruct uretf%f?sze%rﬁﬁjtg’ol%/,\q@é’é'isbﬁi‘ﬁ T8t oeanel MesicPERCHY draRieRadct thand

refl ectanggl e st f,ying to increases a dry-etching rate by making the
conposi til@t?{ﬂ’%ﬂhhﬁrﬂkﬁm um cont ai ni ng conpound of the light-shielding film
rich in ljoghg] el ement and | ow in chrom um conposition as conpared with the
conposi tion of the conventional film Ctation List Patent Literatures
[0016] Patent LUNt@Eat de eavbid \BOCR GO MBS 0GR, Rapdatoresisk matariel Daviog

2007-33470 AHPa{: e%.tph'l‘i teratyure 3:hJP 61- 138257 ClPat nt Literature 4: JP
2009- 80515 K Pat HENNG: dPSBINGSs -hasp bRsws-EABEEEdA pATQNEVE" t 8YCht uRe 6: JP

2006- 78804hdhoraiBrahYtcpil tﬂégeﬁcﬂvﬁ mowp@e.c%rmgfg oh?l%ﬂbtain.a

However, the technique as scri bed above, where a t element IS added
to a chr dightushiztdibai(fitm) gatierrpbavidg higstasphdiss propkenty, ediphtishiddihgKilress of a
photoresist filmby increasing the dry-etching rate of a |ight-shielding
film hasmMeiesial BRYIBgN@ airsaerastgecurpopisgequired.  wWhen using a

i ght-shi[ﬁp%é]ng filmin which a light element is added to a chrom um based
conpound,-"the light-shielding filmshould not only ensure its inproved

g}] g ?;the: ?t e bitoraks GigRNSMERIIRY SGRT erﬁévsﬂég:dh@ﬁéi Ciloce8dh@ BbB%racy as
stics because the light-shielding filmis al so served as an
optical fdédmparp00ti] a conventional material an attempt fo increase the etching rate
of a light-shielding film is reported, the attempt allowing a chromium compound
to contain only a certain amount of a light element.
[0014]

For example, Patent Literature 1 (WO 2007/74806 A) discloses a
technique for reducing photoresist film loss at the time of chlorine-containing
dry etching by using a material mainly containing chromium (Cr) and nitrogen
(N) and having an X-diffraction peak of substantially CrN(200) as s
light-shielding film material to enhance a dry-eiching rate.

[0015]

Furthermore, Patent Literature 2 (JP 2007-33470 A) discloses the
invention of a photomask blank where its composition, film thickness, and a
laminated structure are suitably designed to obtain desired transmittance T and
reflectance R while trying to increases a dry-etching rate by making the
composition of a chromium-containing compound of the light-shielding film rich

in light element and low in chromium composition as compared with the

composition of the conventional film.

Citation List

Patent Literatures



For exanple, a decrease in optical density cannot be conpletely avoi ded
when the addition of a light elenment is carried out to enhance an etching
rate. In fact, therefore, the filmshould be thickened. In this case, even
t hough the etching rate of the light-shielding filmitself increases, the
etching tine is prolonged as the filmthickness increases. Thus, an effect
isunwillingly limted in view of shortening the total etching tinme. [0020]
As a nethg% hgr processing a chromi umcontaining filmwth high precision,
there i s B°Rbwn method in which a hard mask film made of a 5

silicon-cont ai rﬁ’é’t.@nf"[‘?ﬁe‘?&ﬁﬁ‘éé% Jg@?@@@i ocess auxiliary film(see, for

exanpl e, Patent Literature A and Patent Literature 4. JP

2009- 80510 A). Hdi6atlliterature 2: JPIOOOVEI3470Mce the etching resistance of the
silicon-containing naterial against chlorine-containing dry etching
i ncl udi ng oxygdreteat lHtarabie B eP&it138267gh, the hard mask fil m made of a

silicon-containi naterj al ,c fficiently thinned. Wen the hard
mask film whi %aqgg%lﬂtqra@ega&g?@bpmgf% is used as a processing

auxi liary fil mpaeritRhRse st JPI20ORIMARAes, there is alinit on

hi gh-preci sion of pattern transfer because of burden or the like on the
phot or esi st patRaent ldteratuee 6i dié 260653808 rAi ng. [ 0022] For these

reasons, in order to manufacture a high-precision binary nmask, and its
nodi fied type masks, such as a zebra-type nask and a Levenson-type phase

shift ma V. j for high-precision processing of a
chrom umsgc%rr']] al i(ﬁdgth#aﬁggbgﬁﬁhas been desired. It is necessary to increase

the et chimihni¢ésl ®lograhi ght -shiel ding fil mmade of a chrom um containing
mat eri al b%/ a technique different fromthe conventional one. [0023]
The presdfbiTlnventi on has been made in consideration of the aforementioned

roblemand its,object, resides in providing a novel technjque that can
Pncrease a dry-?'g}%‘feﬁ'gthleafle@ﬂﬁ‘ﬂuﬁ qe{pe?@gr Ceflf ¥y Weri‘efr%%ﬂalét %lp_nhent IS

o o RS ORI TR0 8 SRR i, )
film Solthickeess mfPaolphetore§igl4lim by increasing the dry-etching rate of a
light-shielding film, has the following disadvantage:
[0018]

When using a light-shielding film in which a light element is added to a
chromium-based compound, the light-shielding film should not only ensure its
improved efching rate but also ensure predetermined optical containing
characteristics because the light-shielding film is also served as an optical film.
[0019]

For example, a decrease in optical density cannot be completely
avoided when the addition of a light element is carried out o enhance an
etching rate. In fact, therefore, the film should be thickened. In this case,
even though the etching rate of the light-shielding film itself increases, the
etching time is prolonged as the film thickness increases. Thus, an effect is
unwillingly fimited in view of shortening the total etching time.

[0020]
As a method for processing a chromium-containing film with high

precision, there is a known method in which a hard mask film made of a
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To solve the aforenentioned probl ens, the photomask bl ank according to the

present invention includes a light-shielding film having a nonol ayer

structure or a nmultilayer structure where the light-shielding filmis

provided on a transparent substrate. Here, the light-shielding filmhas an

optical density of 2 or higher and 4 or | ower and has a

reflection preventing function. The light-shielding filmincludes at | east
rs made, of a ch&gniun} ontaining material, and the at Ieast one

f
gpet ﬁe I aé@?%n -RRAaINgI9 Mateiialis Used BREIIRFR Arxikany dimi(seedas exsamyle,
chromi um sgptaj ping , ed. %'53'63 15@?#1"%‘3’?191 bdtBn L;Pe%ﬁ]rezt JP.200 %(%ﬁf Aply. the

chrom um containi ng nateri Inc {1 has Areont ht>0F Y1 h O not
under 0. OoRipres than the content of chrom umin atomic ratio and not over
2 tines than the content of chromumin atomc ratio. [0026] The
li ght - shi el di ndi®wevRmainceéhe etrhingurasistance nhtheasfllcqrh@ontamgsmamaéof are

made of a_chr mcont |n| mat.er i al |
the | ayer%g%?gtt rl'r?egﬁ?n gy fyn%tcg"ingdpﬂhg‘ngél%% ’%POES%P'@@ﬂ%’\@bnt ai ni ng
material GeMAHThask g nlidd% of §&4Rbn- contatnmgﬁﬂﬁte‘?l’éf‘@ﬁﬁat B guffzcsen;[ﬁ/

chrom umcontaining material is any one of romum neta chro

oxi de, chthimiedm WWhen thes hardrroaskifiineantich eanobt bereasiyotynridd, lasdased:béom um
oxi de carbide, chromumnitride carbide, and chrom um oxide nitride

car bi de, AmICEERSINGh YNt Eloht ‘é”qﬁrn@%%ﬁlf”‘élﬂmﬁ’ﬁ’@paﬁl H@rwﬁ g §rrut19n one of a

tin-chro r um ni chr om um
car bi de, nﬁ@@p’f‘% %ﬁpu%# 33?5%@%%@81’8 %ed@H%SnPﬁ:hug% EﬁJ %hrom um
nitride csidibRRistpatefd S tHERME s Emgni tride car b| de. [0029] The
phot omask bl ank according to the present i nvention has a hard mask filmon
the |ight[0O882kl ding film The hard mask fil mmay be configured to have
et chi ng resistﬁpce to chlorine-containing dry etching includi ng oxygen.
[ 0030] or these reasons, in order to manufacture a high-precision binary
mask, and its modified type masks, such as a zebra-type mask and a
Levenson-type phase shift mask, a novel technique for high-precision
processing of a chromium-containing material has been desired. |t is
necessary to increase the etching rate of a light-shielding film made of a
chromium-containing material by a technique different from the conventional
one.
[0023]
The present invention has been made in consideration of the
aforementioned problem and its object resides in providing a novel technique
that can increase a dry-etching rate of a light-shielding film made of a
chromium-containing material while assuring various characteristics, such as

optical and chemical characteristics, required for the light-shielding film.

Solution to Problem
[0024]

To solve the aforementioned problems, the photomask blank according
to the present invention includes a light-shielding film having a monolayer

structure or a muliilayer structure where the light-shielding film is provided on a
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Preferably, the hard mask fil mcontains silicon, and further contains at

| east one of nitrogen and oxygen as a light elenent. [0031] The

met hod for manufacturing a photomask bl ank according to the present
invention is a method for manufacturing a photomask using the above bl ank
to forma light-shielding filmpattern. The nethod includes a step of

subj ecting the |layer nmade of the chrom um contai ni ng naterial including tin
to chlorine-containing dry etching including oxygen. 32] In the

net hod f olrangnaieaiciUpsiiaie - a pergs aslightishigldingdiwdias a@opbcafﬁi@nﬁrtb@éat

i nvention i.n ht - shi fil rn step as
an et chi n MR 80 o Bpfl Rfhd Lo PaliRRyRRbE BRetn. prBe gl
under t hejidrtghieigingel fhng ihdilded S a3ubkgst e@néo b URdyehe- GRAGA! rﬁfngadry
etching to carry out pattern transfer on the transparent substrate.

Advant agedusniimemirdainingl maseridaloanfl G083t least onelaf theelapemsmadei ovention, a
light-shielding filmfornmed on a, photomask bl ank | s configured as_ one

havi ng a FRRBIEVGONRIPNE: (hatedsl 4 n'ﬂﬁ@'?l%fy& cyemitcentaifing cgtiedie of the
| ayers 'S;n@Iud?r?égtr made of a chrom umcontaining material, and at |east one
of the layers d& of a chroni um cont ai ni ng material is made of a

chrom umopespi ning material including tin. The |ayer made of a

chrom umcontai ning material including tin can cause a significant increase
in the etching referably, theechromiurofcoptdiaingmeatieoat lachidrr@mba@acmaHWt

nar o mas RO DGRt UOR RO timesdhal b cpBlk ag ArpaLRe et feto ahd o "
i ght - shi gliqiyag 2ft!rﬁ§s}]{k%nrtﬁg%ﬁf’ent%@@hF&Fﬁtuﬁf Sohtic katig?0ssi bl e to carry out
pattern transfelr wth high precision ere ore since the pattern transfer

to the lijgopephielding filmresults in high precision patterning, it
becones possible to manufacture a binary mask, a Levenson nask, or the |ike

on whi ch hi gh- prheclightahigdinodim m@YfQ@r@ﬁ!ﬂlgur@ sefthaealtthedayers berexfawi ngs

are made of a chromium-containing material.
[0027]

In this case, all the layers of the light-shielding film may be made of a
chromium-containing material containing the tin.
[0028]

For example, the chromium-containing material is any one of a
chromium metal, chromium oxide, chromium nitride, chromium carbide,
chromium oxynitride, chromium oxide carbide, chromium nitride carbide, and
chromium oxide nitride carbide, and the chromium-containing material including
tin is any one of a tin-chromium metal, tin-chroamium oxide, tin-chromium nitride,
tin-chromium carbide, tin-chromium oxynitride, tin-chromium oxide carbide,
tin-chromium nitride carbide, and tin-chromium oxide nitride carbide.

[0029]

The photomask blank according to the present invention has a hard
mask film on the light-shielding film. The hard mask film may be configured to
have etching resistance to chlorine-containing dry etching including oxygen.
[0030]

Preferably, the hard mask film contains silicon, and further contains at

7



[ 0035] FIG 1 is a cross-sectional diagramillustrating the
configuration of a photomask bl ank according to an enbodi nent of the
present invention. FIG 2 is a diagramillustrating a process for
manuf acturing a binary mask according to an enbodi ment of the present

I nventi on. FIG 3 is a diagramillustrating a process for

manuf acturing a Levenson type mask according to an enbodi nent of the

resent vention 4 is a_cross-sectional diagramillustrating
Fhe conf|Gﬁ?b?”%ﬁfBWDSGBHEFdﬁﬁgﬁnGﬁéh%ﬂﬁé$@P§P fg to anot her enbodi ment of
t he prese@b venti on. FIG 5 is a diagramillustrating another
enbodi nent” of “a process for manufacturing a binary mask. FIG 6 is a

di agram il | ust rpxhe mgetaa@tf@erm§maﬂumﬁ@ta PhAomaek asiani YocHRIMG A6tHEI Ny a
Levenson type nask. FIG 7 is a diagram schematically i1llustrating

t he confi gigsant mweofiomisdevieiboddedmpoufadtyriret @ réuhnmmw? gsingtthermboive
Enbodi 03 , I naf t t t resent
vent | onb BKI1O0R e denbstiokiod 1ot eAtibe T BS PRI eldiSaBIStoD Of e
term"li QQEb & ﬁ”e”lﬂg%r‘ gﬁy’chéegh%mfﬁ? %ofwietu B%étrégiaﬁmcmﬁ%edi A t{?

e ["'ecti on

absor bi ng e posur stinctio rom term Tantl

filn thathlpries-eontainieg H%lechmgaﬁcﬂudmgtoxyg@nt his specification, unless
ot herwi se_noted, the term"light-shi eI ding filnm is used as one that
i ncl udes Ré2heani ngs of both terms "Ii ght- sh| elding filnt and
t hat th IS a need

"anti-reflecti Llm ntio above. case
of di stingui shﬂHJR?HBeEhQPﬁ|WﬂFH a%‘ﬁ'f'@?cﬁ Raaﬁ" ISE‘Ect %Fr??ird'F'Qf Pgé?l on
Film' frosre88RIin0&RREN, Wisily fHRSRFEIshickihg SilARAAR MBBRIMES by 8 step as
an etching mask, a phase shift film or a transparent substrate provided under
the light-shielding film is subjected to fluorine-containing dry etching to carry out

pattern transfer on the transparent substrate.

Advantageous Effects of Invention
[0033]

In the present invention, a light-shielding film formed on a photomask
blank is configured as one having a monolayer structure or a multilayer
structure, at feast one of the layers is a layer made of a chromium-containing
material, and at least one of the layers made of a chromium-containing material
is made of a chromium-containing material including tin. The layer made of a
chromium-containing material including tin can cause a significant increase in
the etching rate at the time of chlorine-containing dry etching including oxygen.
[0034]

Thus, burden on the photoresist pattern or hard mask pattern at the
time of transferring a pattern on the light-shielding film is reduced, and therefore
it is possible to carry out pattern transfer with high precision. Therefore, since
the pattern transfer to the light-shielding film results in high precision patterning,
it becomes possible to manufacture a binary mask, a Levenson mask, or the

like on which high-precision pattern is formed.
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term"light-shielding film responsible for function of absorbi ng exposure

light is referred to as an "light-shielding |ayer" and the term
"anti-reflection film mainly responsible for function of preventing
reflection is referred to as an antireflection |ayer. [0038] As

descri bed above, in order to provide a photomask blank in response to the
request for further mniaturization and hi gh-precision of |ithography
technol ogy for formation of photomask pattern in recent years, it is
necessary to increase the etching rate of a light-shielding fil mmade of a

chrom um | tefd a technique different fromthe conventional
one at thgﬁé?%’gg?ﬁ%{é?’rﬁ%?%@schl orine-containing dry etching including

oxygen. [ @033} As a result of investigating an increase in
dry-etching rate of a chrom umcontaining material as a |light-shielding
filmmterial, ke picsctrosssestinme diggrae flbstrationtthe anfigudtipneotthi ng rate

ith t, t | ori ne- cont ai ni et chi i ncl udi b

51 gni 11 CaREg s GO AP G FORIRGr B0 RSB DHVEGHL ol ni ng
fi caht?y AcP dth AR HE0 i e ing

resent i nvent g Bodopoorart ISEHS Y BreLdts R iR RS o

present i mashtacoordimeiouateenmdoldirgdtt-cfihelpedgeat friviemtibavi ng a nonol ayer
structure or a multilayer structure, the Iight-shielding film being

provi ded on a thisnSpgaecieg@supdivsliebng aHsocesshior srarsifagtagng il lievieasoan
optical densi of 2 aor higher and 4 or_|l.ower and has.a

reflectio P%r"é%%h??ﬁ?ﬁ‘f‘ﬂﬁ% ”0?{?8?%8"‘1'}?Qﬁthes?{ﬁéﬁﬁﬁ%ﬁ&@?ﬁ'qr}n i ncl udes at | east
one of layers maee Ofs 8 GHEQILMBIREMiAIAMN NuSBLER %e.&ﬂﬁgg%oﬁtoﬁ gast one
of the layers made of a chromumcontaining matertal is e of a

chr om um plwotbaiask iipnkedaoirdihgito @hothiengnmbodimeA0dflthe present idvantgnt - shi el di ng

filmformed usi ng}na | ayer made of a chromummaterial is publicly known.
For exanpl e, Pdt/Bnt 152 &tiagrape ilpsiatiey goethel empadimand of @ procsss 6 al | the

| ayers of i - Shi i.ng filmare made of a chrom um containi ng
materi al .méﬂp‘{a%gfﬁ‘g’gésing%ﬁ}aﬁkéture in which part of a l|ight-shielding film

is provided as G ByR'a WaGan! iIRsERIRTAABIEISRALOERBE TR iRbodszeRyr for
exanple, Patent Literature 5: JP 2006-146151 A and Patent Literature 6: JP

2006- 7880nanifachningmpl.eversant typé nmask. | i ght -shiel ding fil mof the present
invention is applicable to any of these structures, [0042
v ! ! %G‘ Cf Ps a diagra schematuScaI[y itil?stral%ing the[ conﬁg;uration of a

device used for dry-etching.

Description of Embodiments
[0036]

Hereinafter, an embodiment of the present invention will be described
with reference to drawings.
[0037]

The term “light-shielding film” may refer to a film having a function of
absorbing exposure light in distinction from the term “anti-reflection film” that
prevents reflection of light. In this specification, unless otherwise noted, the
term “light-shielding film” is used as one that includes the meanings of both
terms “light-shielding film" and “anti-reflection film” as mentioned above. Inthe
case that there is a need of distinguishing the term “light-shielding film” and

“anti-reftection film” from each other with respect to the above meanings, the
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In other words, the photomask bl ank according to the present invention
includes a light-shielding filmhaving a nonol ayer structure or a

mul tilayer structure, the light-shielding filmbeing provided on the
transparent substrate, the light-shielding filmincludes at |east one of

| ayers made of a chrom umcontaining material, and at |east one of the

| ayers made of a chromumcontaining material is made of a

chrom um cont ai ni n aterigl including tin, [0043] First, the )

chr omi um SRt JOHI-Ag el i resRensibie T funslion of aBtowiag plassure i

Since a c ] A npter | » at. and. . chem.cal

tabi 11ty Coel R SR B e R 9k R GRR b e A P Beci ar 1
a | i ght - shagplodisitge for Funddhest ippdvenBhg ¢eflddiionad FSTBITBING BB a AHtierdarbar | al  has
a high resistance agai nst fluorine-containing etching gas, it can be safely
used as al@yet.ching mask for patterning a silicon-containing material wth
fluorine- iining dry etching. [0045] For patterning a

chrom um ining material film chlorine-based dry etching is commonly
perf ormed. HOWeN@Hes Gl SiSre ANbRIGR U Brdlide BTHRIMaLINGLHRI ggn etches
a phot oresi st use or patterning too ch to'rgnore. Thus, there 1s a
limt to toakiee aegesstsforf furthet inmiattonetioar .ardheighepieelsicn off lithogiapeypat t ern
on the photoresist becones difficult as the resist filmis nade thicker. In
ot her wor eehnglogidrriforpation pf photemaskoatiaen indsrent yearm itiganacessary to

hl ori ne- i ning d hi ng i ncl udi kes it difficul
o Cerne anghe B Celorfihg T ARk | O o MRS B iraftd ' Fo0he) ©
I'n consi defdhiigm-IntSHEHY ﬁza@ér&ﬂ' @Bﬁﬁﬁu?%iﬁewlfmﬁxh&r&meﬁﬁémd for

pattern formation in which a hard mask is formed on a chrom um cont ai ni ng

mat eri al 6né At tredinméef Catrping out beloripe avetsieidglwry ebdhong imehaiimg akygerg dry
et chi ng ilﬁ)cl udi ng oxygen. According to this nethod, the problemof the film
| oss of tI883PEsist filmdue to chlorine-containi ng dry etching including

oxygen can be splv. 04,7 o f. t jal, of .such a

hard mask i ncl u/gée agﬂF?{élgnéfci)nnvtegP%?thngq %ﬁﬁ%@?%gmﬂi ?ﬁ/'gghﬁtde%aec Hoédgwi th

f1 uori ne-gphAdmLdmtaihhge hihémd a6 ﬁg%mé@m@@iimeﬁiaﬁérﬁiﬁ,cﬂ]eaﬂﬁééb?ﬁ

chl ori ne-containing dry etching including oxygen (see, for exanple, Patent

Li t er at urisvaytorg nhaueli tfoend aubatiati aa  donetohinggratey geith orespaatoden i n
material further, conta carbon in such material, a

mater 1l SUNRPRGNIY ABhetchGHRRIb SRS GREReSIONTeaTaRCRRSe | con, a
L e P 8 BN (ONAED, PR dhouCOuddald oo
light-shielding effect, and completed the present invention.
[0040]

The photomask blank according to the present invention includes a
light-shielding film having a monolayer structure or a multilayer structure, the
light-shielding film being provided on a transparent substrate. The
light-shielding film has an optical density of 2 or higher and 4 or lower and has a
reflection-preventing function, the light-shielding film includes at least one of
layers made of a chromium-containing material, and the at least one of the
layers made of a chromium-containing material is made of a
chromium-containing material including tin.

[0041]
A light-shielding film formed using a layer made of a chromium material

is publicly known. For example, Patent Literature 2 discloses a structure in
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[ 0048] In a nmethod using such a hard mask, first, a hard nmask
pattern is obtained by transferring a resist pattern on a hard mask film
and a pattern formation is then carried out on a chrom unm contai ni ng
material filmby chlorine-containing dry etching including oxygen using
such a hard mask pattern. [0049] The use of such a hard nmask
technol ogy, the problem of burden on the resist pattern at the tine of
etching the chrom umcontaining material film However, since the etching
resi st ancwhish alhthedpyeis of ightehieldinodimaredgade of atgheomhraciontainivgt ai ni ng

dry etching,includi oxygen. i ot necessari | no there i.s alimt to
e the NG Hhns k MHRERRE i Rl 7RISR had f o e Rt dlmes ' ™

Ci rcunst a?ﬁﬁ/ﬁied hs b3aflriha@dibt alcPrdMitn-8Bn@NTNS WA PAGLEaBRK e&Qﬁwg?e,C' reuit
having a fine pattern of 20 nmin mninmum/line wdth by using the hard mask
t echnol ogRatgn®@Q86fature 5: JP T006-1461 5 hdsarimbBatahe fitesduteos rHhLAGE- ABBO7
conventional nmethod with a novel nethod for_ etching a chrom um . contai ning
material A rPRNMREOYRBERY /Y the dighteaisiding iMasth aresent IMvsokan is I n
t he case ] 1 ining material filmby sputtering, a

hi gh- purigéplkﬁpggm%%mgﬁéggé%%%g free of any netal inpurity is commonly
used. In meagral, this is due to the reasons such as an enpirically known

fact that a decrease in etching rate of the chrom umcontaining materi al
fil moccurs whén adheewvaids; thauphetpmiaskhiladdacenrding te ihe presant dneatinnng

b N
e "SRG SRR Ry b IRy o AR RARIAN " e
present imeenight-shizdlieg cdim! etdddédeapr Raeht ohavert lgrerdy niadwdi 6 qut t hat,
when tin is included in the chromumcontaining material film an increase
i n et chi ngrpatiemamiiaisingt maierial, randofat dapslyiong elitthe hleyerisnénadmtdi ai ng dry
etching ic Crlopn%%gm%)t(g: f?\% I"[Laqu“SIgl] is made of a chromium-containing material
including tin.
[0043]
First, the chromium-containing material including tin will be described.
[0044]
Since a chromium-containing material has comparatively good
chemical stability, it has been widely used as an optical film material, especially
a light-shielding film material. Since the chromium-containing material has a
high resistance against fluorine-containing etching gas, it can be safely used as
an etching mask for patterning a silicon-containing material with
fluorine-containing dry etching.
[0045]
For patterning a chromium-containing material film, chlorine-based dry
etching is commonly performed. However, chlorine-containing dry etching
including oxygen efches a photoresist used for patterning too much to ignore.
Thus, there is a limit {o make a resist film thin. However, the formation of a fine
pattern on the photoresist becomes difficult as the resist film is made thicker.

In other words, a measurable film loss of the resist fiim due to the
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I n other words, conventionally, filmformation of a chrom um contai ni ng
material filmis perfornmed to avoid contam nation of nmetal inpurities in
the filmby using a high-purity chromumtarget so that the etching rate of
the chrom umcontaining material filmis prevented fromdecreasing. In
contrast, based on the above new finding, filmformation is performed so
that tinis intentionally added to a chrom umcontaining material film

[ 0054] _ According to the investigation of the present inventors, the
content (€ebpdeaceatainy Wy etehing maUding driyaan doalkes ﬁitﬁf@C%tt@lpiaﬁBFrf Blmis

preferably not. under 0.01 tines.,more preferably not under 0.1 tines,
further p %?ﬁ'ﬁ%ﬁ”?%%@'%@gter@?gm ﬂﬁ'@gt%ﬂs'{’ﬁe content of chromumin
atom c ra#doqe][OOSS] A chrom umcontai ning material filmwhere the
content of tin is not under 0.01 times than that of chromumin atomc
rati o has a si gnidonsaetratjon ofcsushseproblarh) thgre iateepwiridbyr krgevre redthadfodi ti ons
for chlori ne-cgfnt ainin et ching including oxygen. This effect becones

d
| arge as paiterg ﬁ’f’@ﬁﬁo%f?”ﬂr "ffi' l“i‘c?@'&‘s@'@?k'{*ﬁé@b"@%t@mPrﬁhFOfo“”f‘W@”E%'_ﬂif‘@nt of
L s MOeRAE 1B ol T IsSp URSLen BPCRRFRRSCRRIN B oo™ | o2

to a difficulty 1'n obtarning a antta

char act er jnghidpsy @dydehos ﬂtﬁbmﬁn? tdtHid ARtISEY, ARG Braiemt GFitRé Mgn BdsesfitRk. Thus,
the content of tin is preferably not over 2 tines, nore preferably not

under 1. Sresisiefdnt kg tohghlosinectantaiming dry aiding ineluding pRAESB] can be At

| east one l.ayer of |ayer made of a chrom umcontaining material is

i ncl uded.SGﬁY%‘iat t he above concentration is included in at |east one of the
| ayers ma{(é I a chromumcontaining material. That is, there is no need of
including tin at the above concentration in all of the layers made of a

chrom um cont ai biargplerioe theamateral ohsfict shard hefsk-isdluge diliognicohtainihg
practice, however, it is preferred to contain tin at the above

concent r aataiigisn whith cay &es etsbet axiio fdprge-conBong rdriefeleng ¢nd sleow ot al

| ayer thi kness_of .the |a erﬁﬁrﬁde o_f a‘]chrorgéymtcBnt alning material, which
forma |1 GROTGHTETHRTGE AGRS Aot el Y SERBoaIScY Haag pTapGher |
Needl ess (@05 3yn eﬂéﬂngté)epé@mpﬁte%uw%)! I e il 4 nﬁatfeﬁb{nclbntagm I'tiple

| ayer structure may be made of a chrom'umcontaining material, and all the

| ayer s megxygent@i nittoigenaih siticora o veatedalcemtheatdootainingO0&stboihe such a
chrom umcontaining material |ayers containing tin may be equal in content
rati o of Materieh 2HPal@rahcoplainiey adragsitioar estalfanghogskeen M6t MEPIOR tiR r espect

R T T e R
oo oo (o S BIRTEAREREETL 8 0 change 1 e
[0048]

In a method using such a hard mask, first, a hard mask pattern is
obtained by transferring a resist pattern on a hard mask film, and a pattern
formation is then carried out on a chromium-containing material fiim by
chlorine-containing dry etching including oxygen using such a hard mask
pattern.

[0049]

The use of such a hard mask technology, the problem of burden on the
resist pattern at the time of etching the chromium-containing material film.
However, since the etching resistance of the above hard mask material against

the chlorine-containing dry etching including oxygen is not necessarily enough,

there is a limit to make the hard mask into a thin film. [n particular, under
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For exanple, if the upper layer is designed to be atin-free |ayer or a

| ayer having a low tin content ratio and the | ower |ayer is designed to be
a layer having a high tin content ratio, only the etching rate of the | ower
| ayer (on the substrate side) can be increased in contrast to the etching
rate of the upper layer (on the surface side). Thus, an over etching tine
can be set short. On the other hand, when the |ight-shielding filmis
designed so that the tin content ratio is |lower at the substrate side, it

i fs gossi bPeesept sifsumptansescit ishdifficy Ey”]tﬁkﬁi l@iar@wf@syfe @IﬁlpB]rﬁ‘ﬁﬁh der ghe tine
S1ore pies A _ -
Chat a1 ERMheahQ ting pattem 05 pRERE iR Ynar MieB P PBLG el b fon

are chronmimygkesdidiiddyng material |ayers, the content of tin may be not
under 0.01 times than the content of chromumin the entire thickness of

the 1ight[09A0el ding film Alternatively, for exanple, the follow ng
variations are plicable: The content of tin in a |aye repared with
enphasi s on refﬁg‘&’i't)ﬁaﬁﬁj&‘?@n‘g‘?w&df i?nfﬁﬁ(?%?? FFh%/CBBVQﬂtW‘@[ B%th 4 ditoAe
prepared i L = shi.el ding O . L, may
bt epar od i, "ERa T ot Ring oL ool el o b R 2 G T e
of tin nobumeddo s=0mBik pattes.t han the content of chromum or in contrast,
only the il‘i)%éﬁ}ra may prepared with enphasis on |light-shielding function

reflectio venting function have the content of tin not under 0.01 tinmes
than the content,of chromum [0060] . . The above.chrom um cont ai ni ng
mteri al ol uli M 49 9oHRpesh g R R NEORBAG by SRUG 13
tin-chrong Liady cHrb PSRt WM M SN QL L T

tin-chrom ﬂﬁrgﬂcrgr biydce,r til n- cﬁ@gfﬁ urﬁ%mo%ﬁ?%?)if tglyqplé{r%l gm)o[ d%dgﬁﬁggnlgar bi de,
tin-chr omused.nilbrgetheralathis ded ueatedthiel reasbtm®suchmae xindempiritaildenean Bacde. Anong
them tin-chromumnitride, tin-chrom umoxynitride, and tin-chrom um oxide
nitride chebpdfecseaseifreirbinodpisobiherdyremiumicootaining material EHruaptws of a

tin-free i nt al.ni.ng . tial ,incl hr omi um. al . and ,chrom um
compounds e St s BuraL e e P s B Gt aPdbc.

chrom um px¥pittdrirge, chrom um oxi de carbide, chromumnitride carbide, and
chrom um oxi de nitride carbide. Arong them chromumnitride, chrom um

oxyni tri d@052hd chrom um oxide nitride carbide are particularly preferred.
[ 0062] t hough the chrom um contai ning material |ayer containing

tine of the preS¥hres VEW‘E’?BW"%H%V%&QHW ¥ PEEREREH Ygriews expmMiations known
met hod fo, faoﬁ{ﬂ(ﬂg%rgcéc%’&b%lr iﬁ&%g%ﬂﬁgﬁ%tgﬁﬂgi@% of 'aaililﬁeﬁi’a%{en&fs e, for

exanpl e, Paten teratures _ excel uni formty
can be eaghirbihigbt@ni@idingshArial (BHE ekl desiBadlexibafly astHeGiFPUtALEI ng or

RF sputtering.
result, the present inventors have completed the present invention by finding
out that, when tin is included in the chromium-containing material film, an
increase in etching rate occurs at the time of carrying out chiorine-containing
dry etching including oxygen.
[0053]

In other words, conventionally, film formation of a chromium-containing
material film is performed to avoid contamination of metal impurities in the film
by using a high-purity chromium target so that the etching rate of the
chromium-containing material film is prevented from decreasing. In contrast,
based on the above new finding, film formation is performed so that tin is

intentionally added to a chromium-containing material film.
[0054]
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[ 0063] When carrying out sputtering filmformation of the

chrom umcontaining material |ayer containing tin of the present invention,
a chromumtarget added with tin (tin-added chromumtarget) may be used.
The chromiumtarget and the in target may be independently provided to
carry out co-sputtering (sinmultaneous sputtering). Alternatively, a conplex
target having a chromumregion and a tin region in a single target nay be

used. Furthernore, c,o-s%tter_i ng may be carried out using both the above
conpl ex target AFEPTERY Ehithpiinysstigatien of[ hesatesent inventors, the eadentof

adding ti chram.umta Lt A ' | _1in ar may be
added as CREEEIoN AR a8 utod RNk R T R Rrebly §d0es,

In the cagAd®f 0CArfibSInRus peerefdly et iuddeH 9l NENREL Muthdr HrefBbR Mbing
target and a tin-free target, the concentration of tin in an indrganic

mat eri al finden @adinhes tdinudbe edntent o Chrapyivoointatommid rediot he surface area

rati os ofE}togf(a§ respective targets but also by controlling electric power to
be applie leach target. [0066] Particularly, if there is a need

of changi ng theArﬂrh&i%«&ﬁé@@%gﬁgﬁggﬁgmH@e?@rtﬁé“éblﬁt&ﬂ”&aitiﬂiiEgncS‘Eat eri al

including tin layers or a nge tn ratio of chromumto
tin in a ahtgl 6.01aYietes thansthdttelr cm@Miemc & Kit@dicortioudhdta aigafiddmgt i on of
a tin-containing target and a tin-free target or a conbination of targets
with diff Bcesasedi ptcbdia eates upder Bengeal sgonsiiisinse iprpellering-gontainsgwden t he
targets. a result. layers wiith different desired ti,n content tios can
be. For medet BbTEding SKBeR. T PlrenbocRes dame: s Persurhael 80 o tne
|1 ght - shi pcdlduds! | ROl IRHCSE e IR iih s St BRRKUBAY SRhRL.
according to the conposition of the film In order to adjust an optical
concent r aHoweyvet, e axeessf corgant of énspay tead tm awdifflcuttp ui tobtainghggadiland t he
addi tion of one or nore elenents selected from oxygen, nitrogen, and carbon
are perfoh#dadj sepsiaatialy « e csaraewidharagieristiosmasor heseowfofr alipingei cl y

known chr om 0 teri I . . r ex e, only
argon gas&_qr?gy @'étﬁs@%'ﬂmgwg%{%]‘f ﬁ%ﬁgﬁéﬁ?%%ﬁ?g; t"?;\[% ?rﬁf%rgﬁﬁraﬁoﬁioﬁgp %Znor ganic
material finkB) hirb [HORFaMPtNAOMAEIN 8 fih88tthgh SRBINGT LRrAMALALTMBSmMIEh the
case of filmformation of an inorganic material filmcontaining a |ight

el enent, radiactive sputtering may be carried out in one or nore kinds of

reactive ﬁ%@gﬁ such as nitrogen gas, nitrogen oxi de gas, oxygen gas, or
carbon ox bas, or m xture gas of any of those reactive gas and inert gas

such as argon. At east one layer of layer made of a chromium-containing material is
included. Tin at the above concentration is included in at least one of the
layers made of a chromium-containing material. That is, there is no need of
including tin at the above concentration in all of the layers made of a
chromium-containing material, which form a light-shielding film. In practice,
however, it is preferred to contain tin at the above concentration in the layers
corresponding to 50% or higher of the total layer thickness of the layers made
of a chromium-containing material, which form a light-shielding film. The value
is more preferably75% or higher. Needless to say, all the layers of the
light-shielding film in a multiple layer structure may be made of a
chromium-containing material, and all the layers may contain tin at the above
concentration.
[0057]

The chromium-containing material layers containing tin may be equal in
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[0069] Furthernore, in the case of designing a light-shielding film having
a chromumcontaining material |ayer containing tin, the anount of a |ight
el enent added nay be found within in the rage used for designing a publicly
known chrom um containing material |ayer. [0070] The flow rate of
sputtering gas is adjusted suitably. The gas flow rate may be constant in
the process of filmformation. Alternatively, the gas flowrate may be

changed according to the target conposition when there is a need of
changi ng EpRfeahhatin obfinoley gy s mayur diferant Fregeane mnothei withess

direction The .ahove | ayer e,.of hr pmi u ont ai.ni ng

mat eri al fensh%ggfc;n%c?ri}tﬁn%@bog t@ﬁﬁ&&%ﬁ@?l m%Bﬁpgﬁﬁ? ecﬁﬂq%:hﬁawo?ff I cation
to a publ it NgHRMMIdInG S dddsehetl meed td B o RalyadistibUtddiineeadif laydl ng a

| ayer made of a chromumcontaining material as a structural elemnment.

[0072] and may rhavii 3 prafle, which Ipasbbi conycdatratinn otiramgieuim thenthacloiasy

material |l ayer having ,.a nultiple | ayer structure may be replaced with the
above chrg’ﬁg‘ﬁm”c@ﬁpg] dir 'Oﬁi\f’g?ﬁ%ﬁer-l ayer of the present invention. Al the
layers of (ffag;! i ght-shielding filmnmay be replaced with the

chrom um%ont Li ning material layer. [0073] Hereinafter, the design

of the light-shi@l earaple ifrthefudoee Iayese iiesighedntol 9@ aviih-frebaaed 6f by

descr bedi'aygep g;\ﬂxg a low tin content ratio and the lower layer is designed to be a layer
having a high tin content ratio, only the etching rate of the lower layer (on the
substrate side) can be increased in contrast to the etching rate of the upper
layer (on the surface side). Thus, an over etching time can be set short. On
the other hand, when the light-shielding film is designed so that the tin content
ratio is lower at the substrate side, it is possible to easily detect the end by
monitoring of chromium at the time of dry-etching.
[0059]

More specifically, for example, in the case that all the layers of the
light-shielding film of the present invention are chromium-containing material
layers, the content of tin may be not under 0.01 times than the content of
chromium in the entire thickness of the light-shielding film. Alternatively, for
example, the following variations are applicable: The content of tin in a layer
prepared with emphasis on reflection-preventing function may be different from
one prepared with emphasis on light-shielding function; only the layer may
prepared with emphasis on reflection-preventing function have the content of tin
not under 0.01 times than the content of chromium; or in contrast, only the layer
may prepared with emphasis on light-shielding function reflection-preventing
function have the content of tin not under 0.01 times than the content of
chromium.

[0060]
The above chromium-containing material including tin is any one of

chromium compounds, such as a tin-chromium metal, tin-chromium oxide,
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When using as a photonmask the light-shielding film provided on a
transparent substrate, it has a function which shades exposure |ight
substantially in a pattern formation part, and prevents sensitization of
phot oresi st menbrane. [0075] Thus, in general, materials and filmthickness
are designed so that the optical density thereof against the exposure

| ight can be 2 or higher, preferably 2.5 or higher when used as a nmask. In

general, the optjcal density is designed so as to be 4.0 or |ower because
an opt i cafinGBFRANKYN of NifIdE, or tilcgispiuMbadiarbidean tihelaemise owaynitride,

reflectiop;: v 1 ng;fu LOR. : s e - of, providing a
| ayer hav??]'ghfoe {l}éi?)lg( (’)Jne- %%Eat%/@%t Fl%]%%goﬁ#c i oergﬁ {;%gsds‘éurgﬁgmé?rggm 1 a

t ranspar epkidgUbgkid@t earbidte ORirh6eRy #RAST tiv-c8midrh Mithd€ Kmschremidhe
refl ection-preventing function |layer are also desired so as to be desired
val ues, rexyditideyany linTiheomafm esidanittidecaskigesare partigarly srepereddr abl y

desi gned tg% %i% or less 35%or less, for exanple. [0077] Such a

| i ght - shi Gi g filmis provided as a nultilayer structure and all the

| f the likght.~shi eleding: fi - : I A i i
it S

chrom um clahdimi mgtarahe chadmitent@npoGd ©GPHs bRfniuMbIber chrbrilia entire
thi ckness of the light-shielding film the etching rate of the filmcan be
si gni fi cafitide.| alicszyed candige, ebmdi eXwviside orchepimisim nexidencaibideng dry

et ching cgntai.ni ng, oxygen. as C ared wth. a Light-shielding filmincluding
onl'y | ayeraronid Birke tids; and elgmIHh e aitrfa GaRdter | AMona e { e

et ching tEmmnfidi MidehehfdhRerh ohﬁ%%b and chromﬁmgie@m;widetéé%sb@_ya% s made
of a chrom umcontaining material including tin make up 75% or higher of

t he |i ghtpaticeladypgeferdech I n particular, when all the layers are those nade

of a chromumcontaining material including tin, an effect of shortening
t he abovel086&hi ng time can be remarkably achi eved. Such an effect of

damnge of ‘a redibioushrE: e Rt poldlfipg iie Bl Bt cBfieubd g S e
i ght - shi gledibRE ifvehtibn ASarg be eBithbd @cd@ir&hﬂ%eéiﬁimiw k9oWn Shi@lod fg film
pattern can be obtained. [0079] On the other hand, the etching resistance
of the chiocomingha dypicali ahiromium-containing material layer (see, for example, Patent
Literatures 1, 2, 4, and 5), a film excellent in uniformity can be easily obtained
using a sputtering method such as DC sputtering or RF sputtering.
[0063]
When carrying out sputtering film formation of the chromium-containing
material layer containing tin of the present invention, a chromium target added
with tin (tin-added chromium target) may be used. The chromium target and
the in target may be independently provided to carry out co-sputtering
(simultaneous sputtering). Alternatively, a complex target having a chromium
region and a tin region in a single target may be used. Furthermore,
co-sputtering may be carried out using both the above complex target and the
chromium target.
[0064]
In the case of adding tin to the chromium target, it may be added as a

metal tin or may be added as a tin compound such as tin oxide, tin nitride, or
[TO.
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material filmcontaining tin under the conditions for fluorine-containing
dry etching is equal to or higher than the etching resistance of the
tin-free chrom umcontaining material. [0080] In the case of
patterning a light-shielding filmincluding a chrom um containing materi al

| ayer on the surface side and other layers, silicon-containing materi al

| ayers, first, the chrom umcontaining naterial |ayer containing tin on the
upper side is processed by chlorine-containing dry etching including oxygen
to reduce[®®5len on a resist pattern, and the patterned chroni um contai ni ng

material |ayer gcoptaining.tin is then us a har sk.lo _carry out

T uor | ne- cont ai i 15 Gro% & ctatirnpUf e SERtefie sd Sl B Mol ayer on
the | over (h8eand 8QRltee target, thd BohdhtiiEBh RSk RIntiRkrainid AR ASRAL
invention, a hard mask film may be provided on the upper side of the

| i ght - shi ednlbegdjisted norordn bylengoliegtthe sedbce gpes rateo st of thaeespestivpar ent
substrate, the hard nmask being confjgured to have etching resistance to

chl ori ne- Esaetsiaut RepOPY CRAER N e RRHICLRAWRY t@i@g%?ﬁ\%ﬁitp@aﬁ itAgebossibl e to be
processed 0@66 | uori ne-containing dry etching or chlorine-containing dry

et chi ng i{m udi ng oxygen. [0082] Materials for such a hard mask are

descri bed i n Papgmiculariyeifatidre & hnnéed adfl chamsieg fthealdtly, of hehrBRiighi al s
i ncludi ng a tantal um conpound, a haf ni um conpound, a silicon-containing

mat eri al bemtesinmthey chramignstentaiming: rzaterianimcaidng tisolayesnoaiannegd mit eri al
free of a transition netal.. Erom a, vi ew point of .processability, a
L T con- cacamn chy e et of copgiin Bkl b ShoRuBke: p-aputlefing™s

si licon-contann tendal.: jr QA i ferred.
TRk e G s S R R B U e
si | i con- cambabmatprmefalardgais Miithediffaregs tiarsontaity il ehange tintapplivd powant al um
zirconium hafnium niobium vanadium cobalt, and nickel. Anong them one
cont ai ni nigtiorhsatyeasbentargels: et a sesylk davess wibvgiBerant desised daonignt
characterj %.ti CS. Exanpl es of the silicon-containing materi al

0084
cont ai ni n§ 'ﬁﬁlcﬁ‘B&J@n@ﬁmllaﬂcl ude ol ybdenum si|ici de oxi de (MSi0), a

x: yggenu[@ogyl i ci ge nitride ((jl\/bSi N), nol ybdfang(r? silici flga pgr bi dgd( MoSi g:)d a
(VDS 0) 3 mol yErtesputaning gbdesottini e famlide of Nb& gh-Shitling fiybdsnum
silicide t?})éi gr%sg;]tt irnivgler(?ti(():ﬁle risbisgi?atghlfvggile%t\l% according to the composition of the

film. 1n order to adjust an optical concentration, the use of reactive sputtering

with sputtering gas and the addition of one or more elements selected from

oxygen, nitrogen, and carbon are performed just as in the case with the

film-formation of a publicly known chromium-containing material fayer.

[0068]

For example, only argon gas may be used when the film-formation of a
tin-containing inorganic material film that does not contain a light element is
performed. In the case of film-formation of an inorganic material film
containing a light element, reactive sputtering may be carried out in one or more
kinds of reactive gas, such as nitrogen gas, nitrogen oxide gas, oxygen gas, or
carbon oxide gas, or mixture gas of any of those reactive gas and inert gas
such as argon.

[0069]

Furthermore, in the case of designing a light-shielding film having a
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[ 0085] Exanpl es of the silicon-containing material free of a
transition netal include silicon oxide, silicon nitride, silicon
oxynitride, silicon oxide carbide, silicon carbide nitride, and silicon
carbide oxide nitride. [0086] Patent Literature 4 (JP 2009-80510 A)
illustrates that a light-shielding fil mnmade of a chrom um cont ai ni ng
material in which all the layers are free of tin is processed using a hard
mask filmmade of a silicon-containing material. The hard mask filmis
fornmed coffpyeMibMyEfainiiddkatesiahiayrr a_ntaining b aregurdof adiobi elenagrdr |

[ 0087] i ke the pr nt _inavention, .on the.other hand, in the case
of a1 gntddse abbf f PG TEr it 7abe PerrBebRu S Ao6Mky Khodge, made
of a chroghridfiGRNsHIAhMg MBteRfal Rlyekncl uding tin, a hard mask filmhas an
enough thickness of 50 nmor |lowér, and there is no problemoccurred in

practice V€Al if he thickness of the hard mask filmis 20 nmor |ower. Even
if it is less than,10 nmor lower, the light-shielding_filmcan be

processed. [ 0ogBje flow rate olgputiginggias, satiustedustitably; ¢ The gesdlavwaiRness of
h hari1 i , t i
1 ght -sh P g Ephpiaft EREDEDRR: drifimTBARch | AfhdRERARS (s ho

processi NGt@aedy 186 ¥hamyedacdtrtiingee Uhe targkP8&Pbosition whenlihers @d naggat i on of
the hard mask filmis not restricted to one that can be renoved after

processi ngf ehanging {keiaenelimgff ivgenser thes amssed of mitkegemin i thicknesse 5, a

har d maskd.fi LM may be fornmed in a light-shielding filmthat is configured

such t hat %iOM con- cont ai ni ng material is provided on the surface side of

the li ght[voglyi”el ding filmand a chromi umcontaining nmaterial is provided on

the substrate side thereof [0090] In this kind of the

| i ght - shi el di ngiHe hbeve lges inhadenof s whiremiingongiditing ahateaykinchindensur f ace

side thereof is processed by fluorine-containing dry etching. A

si | i con- cOAY ab@i spsientialyapppligabls it eedificaliani é) @ @yiblielyaknawd nask
ont aj material |a

pattern. | np.qther words, .the silicon- e r ovi ded as
ebart of ISR SR e 1 SRR SR GhelPvRE HRGR B sk
film. FuH-Beidmi@ntdgindnaksnl 8s aidtheitac@BhRingi Ng material pattern as a
mask, the chromumcontaining material |layer 1s processed by
chl ori ne-[08%RRi ni ng dry etching including oxygen. At this tinme, when the
chromium containing material |ayer contains tin, an etching tinme can be
short ened. in this case, the publicly known chromium-containing material layer

having a multiple fayer structure may be replaced with the above

chromium-containing material layer of the present invention. All the layers of

the light-shielding film may be replaced with the chromium-containing material

layer.

[0073]

Hereinafter, the design of the light-shielding film of the present invention
will be briefly described.
[0074]

When using as a photomask the light-shielding film provided on a
transparent substrate, it has a function which shades exposure light
substantially in a pattern formation part, and prevents sensitization of
photoresist membrane.

[0075]

Thus, in general, materials and film thickness are designed so that the
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[ 0091] As descri bed above, by enploying a chrom um contai ni ng
material including tin as a light-shielding filmor the like, an increase
in etching rate at the tine of chlorine-containing dry etching including
oxygen can be achieved. In addition, sufficient etching resistance to
conditions for fluorine-containing dry etching can be secured. As a result,
it becones processable in high precision. [0092] A process for
manuf acturing a bi nary mask qsing a photomask bl ank including as a

st r uct ur abpieatpieneiy thereel againsidnefexgostiedight #Ro diet donhigheratrefarablyi s
publicly (see, for exanmple atent docupents. 2 1o 6).. reinafter,
Phe respectt SbEnunc iped BSR Pasky Bllac Pl lenyicohiantys s8] 0003,
A layer megdesqb s £BRTHWEY 5EAUNEpHE Yehahy bNgloust Mghéi IBag3 Mo BR
dry-etched wth chlorine gas containing oxygen in a manner simlar to a

| ayer 22 unaeldrenf overcbflestionrprevantmngiungtiomt eri al free of tin, and it shows
a significantly high etching rate as conpared with the | ayer nade of a
chrom um ining material free of tin under the same conditions. [0094]

Dry-etching on I r 4 ] i.ni dneludin
ti % can begcar riltnre}ﬁec?uég o{@?&t@%@hpf@%tﬁ%é%%@ o@h%r?g?wgegjggh%ﬂﬁQﬁoxyge%
gas at a fAeXisufiace adie 6CH2 tgmdSpardd® dasiratd, the optibdl d8nsityl 4l s of

volunetric flowrate, and optionally m xed with inert gas such as helium
[ 0095] thicknesg\é theardfiggtion-pralenting dundticonyenareraise desicedhae asitabe

including,ti.n as an etchin sk_is used as an etching.mask and a film
under - suciearadyelisse eaRenTho o5 dOTS PTG KEPEBESIAT RIFIPrab¥hi ng,
for examphgeifas e o8¥Ainbagsbiaor kBe fRBxafpzed. Bxanples of the gas
cont ai ni ng Erfguorl né i nclude uori1 ne gas, ggs cont ai ni ng carbon and
fluorine [ga¢h as CF4 and C2F6), and gas containing sulfur and fluorine

(such as SF6). Furthernore, these kinds of gas containing fluorine can be
m xed with fluobucieaflighéshedding fibn iapronded s aniisyer stiidue and @ gas nay
be added yi th gas . of ngr the like iif required. [0096]. . FIG 1
’s & cr ostleudutBidhe B ieiRne 8 are  Falt ohd Wb gkt Pbling materflot onask
bl ank acc i ﬂ%;rég?n f { H QR ini i

enbodi mnféﬁﬁg‘%lr%é@gﬁ{fﬁgt e f”gaf?reeémﬁe%Pgﬁ?%ﬁ%@@%%@ﬂ"‘%@Eﬁeiig”af'orned on
t r anspar ecéntainigj vetpyl50%her Wablee dfithbterding ehidikmesst ofl the2lighs-shieddingf a
chromi umcontaining material including tin. A process for manufacturing a
bi nary mallR, uiengtcahing rateparike clilm wanohe| sigaificartly dngreaged under the

conditions for chlorine-containing dry etching containing oxygen as compared

with a light-shielding film including only layers made of a tin-free
chromium-containing material. Thus, the eiching time can be shortened.
[0078]

Preferably, the layers made of a chromium-containing matetial including
tin make up 75% or higher of the light-shielding film. [n particular, when all the
layers are those made of a chromium-containing material including tin, an effect
of shortening the above etching time can be remarkably achieved. Such an
effect of shortening the etching time allows the light-shielding film to reduce
damage of a resist paftern o be received in process of etching the
light-shielding film. As a result, a high-precision light-shielding film pattern can
be obtained.

[0079]

On the other hand, the etching resistance of the chromium-containing
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[ 0097] Fig. 2 is a diagramillustrating an enbodi nent of a process
for manufacturing a binary mask. First, to the light-shielding film2 of

t he photomask blank illustrated in the FIG 1, a photoresist is applied to
forma resist film4 (FIG 2A). [0098] Next, in order to carry out
patterning to obtain a resist pattern for to carry out patterning for
protecting the portion of the light-shielding film2 to |leave it untouched,

el ectron beans are irradiated in pattern on the resist film4. After
subsequentaieriaisfilgy caatpipingntithiunsled toe epnditonse dors flupane-spntaining @wt ai ned

FIG 2A 9 [ hi ' tt K. th
1 gt - o TG 1 19945 tos SpellBemaiod e bishics T8t A TR yindiehi ng
i ncl udi ngcipeytem-édténingChateNalt his time, the light-shielding film2 made
of a chrom umcontaining material including tin has a high etching rate.

Thus, an EX08Aing tine is shortened to reduce danage of the resist pattern
5. As aresult, it is hi %nh-g{ecision attern transfer can be carried out.
g

[ 0100] _ The tlhgna‘l’&?ﬁ eBRleMINgG ¢ 8r nightshieldingy dtimpyingludingt cRi ng. As
a result, cl?romi{}r%[é’odﬁigllﬁxg S A8fR ?aé%ﬁj & Itﬁgﬂ%«?ﬁﬁé Ul .o%h?rhgfef%\eg_son

type mask is al'so pro bl'e"using the b ustrated I

Here, a tyipcoretosapigy mgetifldais@nNipar gt ciidhstmadehtdinirgl @akdtl Waydr be
descri bed below. Alternatively, instead of engraving the transparent
subst r at egonfainingstin andhe Wppei sideds pranesped ditchiiineecataining diyretshiop as a

o 1T con ot U OMBY BerdR Bate" oL AL Ao B Lt el m
T o SN A sk cSing ) Lol 8By < ol Pl 2 o
a resist fo bamrg oUElflaoriB&)containing dry etching of the silicon-containing material

layer on the lower side.

[0081]

In the photomask biank of the present invention, a hard mask film may
be provided on the upper side of the light-shielding film, or on the side thereof
opposite to the transparent substrate, the hard mask being configured to have
etching resistance to chlorine-containing dry etching including oxygen while
being possible to be processed by fluorine-containing dry etching or
chlorine-containing dry etching including oxygen.

[0082]

Materials for such a hard mask are described in Patent Literature 4 in
detail, specifically, the materials including a tantalum compound, a hafnium
compound, a silicon-containing material containing a transition metal, and a
silicon-containing material free of a transition metal. From a view point of
processability, a silicon-containing material free of a transition metal or a
silicon-containing material containing a transition metal are preferred.

[0083]

Examples of the transition metal contained in the silicon-containing

meal include tungsten, molybdenum, titanium, tantalum, zirconium, hafnium,

niobium, vanadium, cobalt, and nickel. Among them, one containing

20



[ 0103] Next, in order to carry out patterning to obtain a resi st
pattern having an openi ng corresponding to a renoval portion of the
light-shielding film2, electron beans are irradiated in pattern on the
resist film4. After subsequent steps of devel opnent and so on, a resist
pattern 5 is obtained (FIG 36). [0104] Using this resist pattern 5
as a mask, the light-shielding film2 is patterned by chl orine-contai ni ng
dry etching including oxygen (FIG, 3C), At this tinme, the |ight-shielding
film 2 ma@@hdequehisdiieigmesoiemimyinyPrint of peacespivoudiaiacternstidgsas a hi gh

et chi ng r@b§.4 Thus, an etching tine is shortened to reduce damage of the
resist pattern 5. As a result, it is high-precision pattern transfer can be

carried out. [OfPbhples of the RficORIRIMIRGhg AtEfalPBbhBINS rhélyh&amyad by dry
etching (FIG 3D), and additional photorésist is then applied to forma

resi st fiineiutte (Riyhdedigm Hilidds]oxide (MoSHB¢ mesiadybdenium 4lilicide sifpidect ed to
i el ectron beans, and the subjected to predeterm ned

patterni@\éggj tion %f , ae,
steps of INdpn@RtyPEgaURY Lliciders cribidn « (MeSiKdsi at Mplyhdarying: skigideng an

openi ng : ing ti.gn. pf tr nar strate 1
was obt a?ér’\wggé(wawhe% i seirﬁg@tt tsg'rIa 'r?%'s &pget h(’:ads?é@gsg(ﬂ%§b§’r m%d SO

t hat the sogbaenteh tREtdet nipffd b@fbi@eagmbsmpraﬂdeh@wbc@h@ﬂ’s@dicicﬂéh@xiaed
portion of the light-shielding film2 nmay be exposed. This is because the

| i ght - shi @itrigieneprbideniMOSIBRINCIof a chromi um containing material including tin
has a sufl{Oi %gnt |y high etching resistance to fluorine-containing dry

et chi ng. 8 ] Subsequent |y, fluorine-containing dry etching is

carried out to @%aﬁﬁpl&@%fetrﬁ%r é}f&dggg@ﬁtégﬁlg PRAEHANTRE dfhe iRk

substrate 1 by a predeterm ned thi's case, the engraving 1s

carri ed omtlusle sibedn toxiiee nglicave ditside t sitkcorhaxyaitritent ditiddabxitekesrbidghase
di fference of approxinmately 180 degrees of ex_E)psure light with respect to a
porti on whitga edeide Riltkieacedsilisgpsarbite oxidenpitridsxposed and engraved (FI G

3. [ 010[%]086]

Patent Literature 4 (JP 2009-80510 A) illustrates that a light-shielding
film made of a chromium-containing material in which all the layers are free of
tin is processed using a hard mask fiim made of a silicon-containing material.
The hard mask film is formed comparatively thick as much as a thickness of 90
nm or higher,

[0087]

Like the present invention, on the other hand, in the case of a
light-shielding film including as a structural component a layer made of a
chromium-containing material including tin, a hard mask film has an enough
thickness of 50 nm or lower, and there is no problem occurred in practice even if
he thickness of the hard mask film is 20 nm or lower. Even if it is less than 10
nm or lower, the light-shielding film can be processed.

[0088]

Furthermore, the lower limit of the thickness of such a hard mask film
depends on, for example, the thickness of the light-shielding film. However, if
it is lower than 1nm, sufficient processing accuracy may be not secured.

[0089]
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The remaining resist pattern 5 is renoved by dry etching. As a result, a
Levenson type mask is conpleted (FIG 3H). 25 [0109] FIG 4 is a
cross-sectional diagramillustrating the configuration of a photomask bl ank
according to anot her enbodi nent of the present invention. In the enbodi nent
illustrated in the figure, on a light-shielding film1, a light-shielding
film2 and a hard mask film3 for etching a chromumcontaining nmateri al
are formed. The_whole light-shielding film2 is formed by filmformation
with a chroni unfeeseaiigiiratomnaf &1a Bardimaskitiinnip Wtrres{rm@ié one that can
Furthernnég, the hard ma be, et ched ynder the

k fil i fil. :
Comar e onb; el bftel BRcesaingt A idhtSnldffbr R, Y alieuedt B PSR ¢
chl ori ne- coaRIBI 5105 HaYd §hadd Nln Iksy Bdi RemadYaen Jiglﬁoéhiglllﬁiﬁf@)fi%n thdyeighar d

mask film 3 contains silicon and further containing at |edst one of
ni t rogen eofigwgdenuchsthat bi giitoretentaming Amatexalnis! prosfdesiuch the rmatriaceal is a
silicon oxjde. process for manufacturing a binary mask

0111] .. ... A !
usi ng su_cﬁ'dﬁ ] tgﬁﬂ‘g@gﬁhlﬁ’@’%@uﬂ("m r?é'@_ ASYniugreontatning material is FFP&'.deQ_ is a
di agram i bbﬁ%%?é%t%?%%{é%ke&nbom ment of a process for manufacturing a

bi nary mas ard mask film3 of the photomask bl ank
iIIustratg}ﬁ)gioQ the FIG 4, a photoresist is applied to forma resist film4
(FIG 5A). [0113] Next, in order to carry out patterning to obtain a
resi st pattern othiphkindelithg lighpshielding diimt riee |sililon-eaviteintignatédiah 2 to be
| eft untouched, el ect.ron ge ns aée irradie@ted in, atte,(rn.on the resist film

4. After G580 das PULeH S5 NSFEOLISFYRERTSEHY LepTiie-ContpinadrvRlchigen 5 i s
obtai ned pFRlif2or8Intaining material pattern thus obtained is used as a hard mask

pattern. In other words, the silicon-containing material layer provided as a part
of the light-shielding film is also functioned as a “hard mask film”. Furthermore,
using such a silicon-containing material patten as a mask, the
chromium-containing material layer is processed by chiorine-containing dry
etching including oxygen. At this time, when the chromium-containing material
layer contains tin, an etching time can be shortened.

[0091]

As described above, by employing a chromium-containing material
including tin as a light-shielding film or the like, an increase in etching rate at the
time of chiorine-containing dry etching including oxygen can be achieved. In
addition, sufficient etching resistance to conditions for fluorine-containing dry
etching can be secured. As a result, it becomes processable in high precision.
[0092]

A process for manufacturing a binary mask using a photomask blank
including as a structural component a film made of a chromium-containing
material is publicly known (see, for example, patent documents 2 to 6).
Hereinafter, the respective steps will be briefly described by typical example.
[0093]

A layer made of a chromium-containing material including tin can be

dry-etched with chlorine gas containing oxygen in a manner similar to a layer
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[ 0114] Using this resist pattern 5 as a mask, the hard mask film3
Is patterned by fluorine-containing dry etching (FIG 5C). At this tine, a
high etching rate is obtained at the tinme of carrying out
chlorine-containing dry etching including oxygen on the |ight-shielding
film2 made of a chrom umcontaining material including tin. Thus, the

t hi ckness of the hard mask film 3 can be nade thin as conpared with the
conventional one. As a result, high-precisiaon pattern transfer becones

possi bl e. Naste1®]a chromiumegsdaiinennpierial §eagT tine Apd it Thaveda Bigdficagdl fi| m 2

as a mask,.the |1 -shiel di NP i n b ri ne:containing
dry et ont R AeP Il IE Bxyshitey e RyBE b 8F o BheG bR IITRG s oo o
pattern SpisferifmReast thyurttey tied shineGdnbitlensSE) . After renoval of the hard

mask film3 by fluorine-containing dry etching, a binary nmask is conpl eted

(FIG 5F)[009@117] A Levenson type mask is al so produci bl e using the bl ank
illustrated in FIG .6 1§ an,enbodi nent of a process

for manuf acturi'ﬁlﬁ’"gﬁ‘fﬁm[eg%ig{?em mase phsk.c rﬂ"‘ﬂ%?"@i@éﬂ'ﬁgemqt‘ﬁr' void an
7" e GPABRESh B B Spiiod STRUAL AlrE LIRS LRl gy apue |
consi der egxwafert s ADdemimiirelratlo €Sl NGds | LI gagenfthe 2nend@r 10h ©hebicfy
Pt Ocesses\}olumetric flow rate, and optionally mixed with inert gas such as helium.

[0095]

When a layer made of a chromium-containing material including tin as
an etching mask is used as an etching mask and a film under such a layer is
then processed by fluorine-containing dry etching, for example, gas containing
fluorine can be used. Examples of the gas containing fluorine include fluorine
gas, gas containing carbon and fluorine (such as CF; and CsFg), and gas
containing sulfur and fluorine {such as SFg). Furthermore, these kinds of gas
containing fluorine can be mixed with fluorine-free gas, such as helium, and
used. The etching gas may be added with gas of oxygen or the like if required.
[0096]

FIG. 1 is a cross-sectional diagram illustrating the configuration of a
photomask blank according to an embodiment of the present invention. In the
embodiment illustrated in the figure, a light-shielding film 2 is formed on
transparent substrate 1. The whole light-shielding film 2 is made of a
chromium-containing material including tin. A process for manufacturing a
binary mask using such a blank can be outlined as follows:

[0097]

Fig. 2 is a diagram illustrating an embodiment of a process for
manufacturing a binary mask. First, to the light-shielding fitm 2 of the
photomask blank illustrated in the FIG.1, a photoresist is applied to form a resist
film 4 (FIG. 2A).

[0098]

23



[0119] First, to the hard mask film3 of the photomask bl ank
illustrated in the FIG 4, a photoresist is applied to forma resist film4

(FIG 6A). [0120] Subsequently, a resist pattern 5 having an opening
around a engraving target portion of the transparent substrate 1 (FIG 66).
[0121] Using this resist pattern 5 as a mask, the hard mask film3

Is patterned by fluorine-containing dry etching (FIG 6C). At this tine, a
high etching rate is 27 obtained at the tinme of carrying out

chl ori ne- cont ai NeXg iloydet thragy ios Ingdiegnestg gariaiora reeist pgiemsiirdpdi ng
film2 made of chrom um cont ai ni teri I,.1) di tin. ,Thus, the

thi ckness oy pHEPFT ARG LRl ding B popisT aidhe RGN 2 I VA e
convent i opghiQRPed ledtrb§ dubins dtb HadibRE ifipditeRbh Md rddiAMHhes, Deeges

possi bl e. [0122] Subsequently, using the patterned hard mask film 3
as a masksubdezjuent bieps luf dedelogment en@ sbomp atresishpatidiy fislantained¢bié.ai ni ng
dry etchi ng I ncl udi ng oxygen (FIG 6D). [0123] The renmaining resist pattern
5 is renm¢BYd by dry etching (FIG 6E). [0124]

[0099]

Using this resist pattern 5 as a mask, the light-shielding film 2 is
patterned by chiorine-containing dry etching including oxygen (FIG. 2C). At
this time, the light-shielding film 2 made of a chromium-containing material
inciuding tin has a high etching rate. Thus, an etching time is shoriened fo
reduce damage of the resist pattern 5.  As a result, it is high-precision pattern
transfer can be carried out.

{0100]

The remaining resist pattern 5 is removed by dry efching. As a result,
a binary mask is completed (FIG. 2D).

[0101]}

A Levenson type mask is also producible using the blank illustrated in
the FIG.1. Here, a type of engraving the transparent substrate by etching will
be described below. Alternatively, instead of engraving the transparent
substrate, a substrate on which a transparent phase shift film such as a silicon
oxide film may be used as a substrate and the phase shift film may be then
etched.

[0102]

FIG. 3 is an embodiment of a process for manufacturing a Levenson
type mask. First, to the light-shielding film 2 of the photomask blank illustrated
in FIG.1, a photoresist is applied to form a resist film 4 (FIG. 3A).

[0103]

Next, in order to carry out patterning to obtain a resist pattern having an

opening corresponding to a removal portion of the light-shielding film 2, electron

beams are irradiated in pattern on the resist film 4. After subsequent steps of
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Subsequently, fluorine-containing dry etching is carried out to etch the
engraving target portion of the transparent substrate 1 by a predeterm ned
depth. In this case, the engraving is carried out so that the engraved
portion has a depth that nakes a phase difference of approximtely 180
degrees of exposure light with respect to a portion where the transparent
substrate is not exposed and engraved (FIG 6F). The hard mask film3 is
al so renoved by this fluorine-containing dry etchin 'E50125]
Addi tive PRRIGPROENEENG §O HFpRiresist Batﬁf%m# i§ qlitained (qugrﬁ t (FIG 60Q. The
resi st fi@ﬂbgi is subjected to pattern irradiation of electron beans, and
the subjected ' to predeterm ned steps of devel opnent and so on. As result, a

resi st pattern gsingaHiGesibt PREBING AE0H NGhadk e Qighflghibﬁﬁr%a;fiirlﬁomison wher e
the light-shielding film2 is desired to be removed (FIG 6H). [0126]
Subsequenpétjernadi g chierisercosiainingatyeetchlg nslugimpokygemérlG.gd€). stitel di ng
film2 is, patterned chl grine-containing dry etching including gxygen

(F1 & o1y s G (eniBht e aGTIFeS: Sedsadt 8r B chaigping Htang

et chi ng. ; I ; e MRSK ghs I ( )iy [ 0128]

[ Eval uat i @%Iﬁiﬁﬁﬁn@ﬁt ai‘r'%?ﬁ%ﬁﬁﬁ&%ﬁar act érabs?tlﬁgfsﬁ? fih&%s éﬂoﬁgn%ﬁ t8xarrp| e
of an expesdutenianiage ef/theuaksistgattebir 81 CAbROresRS 163 RighsprecRiorf pattarhor mat i on
was perforned on a square-shaped quartz substrate of 152 nmon a side and 6
nm i n t hi ¥RAEECHY ba Eiehatt eri ng net hod using co-sputtering with a

chrom umv\ﬁgﬂr gft and a tin target which were independently disposed to
obtain t gl ferent 44-nmthick CONfilms with different tin

concentration. TR aHhaining resisl BattERNS ?‘slnlgtlan%vetd By HFy ét@ﬁlgﬁ(r:(ﬂt. AhINap8s

adj usted by adjusting power 1 ndividual applied to t om um target and
the tin taddjional fhutdresishiy thes applied igisnma xésistdilof 4'dFgarBHas, oxygen gas,
and nit roRﬁBG?as.
The resist film 4’ is subjected to pattern irradiation of electron beams,
and the subjected to predetermined steps of development and so on. As
resuit, a resist pattern 5" having an opening around a engraving target portion of
the transparent substrate 1 was obtained (FIG. 3F). The resist pattern 5’ in this
case is formed so that the engraving target portion can be completely exposed.
The end portion of the light-shielding film 2 may be exposed. This is because
the light-shielding film 2 made of a chromium-containing material including tin
has a sufficiently high etching resistance to fluorine-containing dry etching.
[0107]
Subsequently, fluorine-containing dry etching is carried out to etch the
engraving target portion of the transparent substrate 1 by a predetermined
depth. In this case, the engraving is carried out so that the engraved portion
has a depth that makes a phase difference of approximately 180 degrees of
exposure light with respect to a portion where the transparent substrate is not
exposed and engraved (FIG. 3G).
[0108]
The remaining resist pattern &’ is removed by dry etching. As a result,

a Levenson type mask is completed (FIG. 3H).
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[ 0130] For conmparison, furthernore, a tin-free CON filmwas al so
formed using a O target. [0131] Two or nore of each of the above
three sanples of the chromi umcontaining material filnms were produced. The
conposition analysis of the chrom umcontaining material filnms was carried
out using ESCA (JPS-9000MC, manufactured by JECL). [0132] These
sanpl es were conpared with one another with respect to an etching rate
(clear tinpe) of a 44 nmthick chromumcontaining filmwth

chl orine- & ining dry etching including oxygen. [0133] FIG 7 is
a di agram sche | cal. il ustrati th onf lLauration of. evi ce _used for
chl ori ne-cont arﬁf(%igfc#é é’l"éﬁ%ﬁ&ﬁ{”ﬁ@?‘ﬂé?Pﬁf&‘éfé@ﬁf@thgt‘r‘noé’fﬁ%b%}o& t & erence
nurer al - 1phdpnMsisSbiank HEBRIing 18 HRMMCSMBoSPWHIST 1BkaSisesEinvEAtgenotes a
hi gh frequency oscillator for inductively coupled plasma (I1CP), 14 denotes
an ant ennén dbé | embsdideardt Pestaatedninl dhe fHudenones bglittsiticldingc finde, al7
denotes a,RI.E high frequency oscjllatqr, .13 denotes an exhaust opening, and
19 denot e'ééﬁ?;{“?d&%'gmlgé!'f”%ﬁﬂéa 5wk B L oagt 8¢ A HATSERSREAIBAD) y
illustratj . he Nt | ti of evi.Ge Of;f | HOEJ NEe- taining dry
etching as eei%ria%gdfdt)rg'é;d\?v. ﬁ&fm‘fﬁmg Y'bﬁpi@%@@%échﬁ‘ﬂ% %/agé gig)?pﬁq’gd%gut under

the fol | ofinnproenidntwitns chidigiunhoentapiies materigfindlbeinghmrber was set to 6
mrorr, 2 (185 sccm, 02 (55 sccn), and He (9.25 sccn) were supplied as
etchi ng ghB¥10h vol tage of 700 V (pul se) was applied to the R E high

[ eauency ooct L ahStmite. AP RSl A0 LR Aol PSlaERE) o
conditions for fluorine-containing dry etching and resist etching with
chiorine-containing dry etching including oxygen. For example, the hard mask
film 3 contains silicon and further containing at least one of nitrogen and oxygen
as a light element. An exampie of such a material is a silicon oxide.

[0111]

A process for manufacturing a binary mask using such a blank can be
outlined as follows:
[0112]

Fig. 5 is a diagram illustrating another embodiment of a process for
manufacturing a binary mask. First, to the hard mask film 3 of the photomask
blank illustrated in the FIG.4, a photoresist is applied to form a resist film 4 (FIG.
5A).

[0113]

Next, in order to carry out patterning to obtain a resist pattern for
protecting a portion of the light-shielding film 2 to be left untouched, electron
beams are irradiated in pattern on the resist film 4. After subsequent steps of
development and so on, a resist pattern 5 is obtained (FIG. 5B).

[0114]

Using this resist pattern 5 as a mask, the hard mask film 3 is patterned

by fluorine-containing dry etching (FIG. 5C). At this time, a high etching rate is

obtained at the time of carrying out chlorine-containing dry etching including
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Clear tinmes of the respective sanples of Exanple 1, Exanple 2, and
Conpar ati ve Exanpl e when chlorine-containing dry etching including oxygen
was carried out under the above conditions were obtained fromreflectance
measurenents on these sanples. The results are shown in Table 1. Here, the
clear tinmes are represented by a value relative to the clear tinme of a
sanple in Conparative Exanple defined as 1. [0136] [Table 1] Sanple
gn/OICrl(lm)I égyg;}e?n (c)jnetﬁé Ii[gihrtr—%gilg?cliiﬁé ifi\i/ne*r 5 er‘wlwgde&g ofE)ézagﬁrloemiamQé(}ngtai%infsgg moétggaiExanpl ©
including tin.  Thus, the thickness of the hard mask film 3 can be made thin as
compared with the conventional one. As a resuli, high-precision pattern
transfer becomes possible.
[0115]

Subsequently, using the patierned hard mask film 2 as a mask, the
light-shielding film 3 is patterned by chlorine-containing dry etching including
oxygen (FIG. 5D).

[01186]

The remaining resist pattern 5 is removed by dry etching (FIG. 5E).
After removal of the hard mask film 3 by fluorine-containing dry etching, a
binary mask is completed (FIG. 5F).

[0117]

A Levenson type mask is also producible using the blank illustrated in
FIG4.

[0118]

FIG. 6 is an embodiment of a process for manufacturing another
Levenson type mask. In this example, to avoid an increase in number of steps,
removal of hard mask film 3 and a carve lump of transparent substrate 1 are
performed simultaneously, and it is considered as the mode which does not
increase the number of etching processes.

[0119]

First, to the hard mask film 3 of the photomask blank illustrated in the
FIG. 4, a photoresist is applied to form a resist film 4 (FIG. 6A).

[0120]

Subsequently, a resist pattern 5 having an opening around a engraving
target portion of the transparent substrate 1 (FIG. 6B).

[0121]
Using this resist pattern 5 as a mask, the hard mask film 3 is patterned

by fluorine-containing dry etching (FIG. 6C). At this time, a high etching rate is
27



Conparative Exanple 0.0 1 [0137] As is evident fromthe above
results, the sanples of Exanples 1 and 2, which contains tinin a CONfilm
showed an increase in etching rate at the time of chlorine-containing dry
etching including oxygen as conpared with the sanple of Conparative

Exanpl e, which does not contain Sn. [0138] These sanples were
conpared with one another with respect to the dry-etching rate (clear tine)
of the CrONfilmof 44 nmin filmthickness. The above etching was carried

out under OPINGORT 816 e 8haptYipEoUtTERloNINGrepNiginiag ey efshingdnedinBer was

t to 5 F 02 (4 t chi
gas. o voPRah ot B iR SHERGI “Zirtde PEE U et Pl F BuSiie ngn
frequencyirefeiind 8h OrTﬁJs £ thiBkRBLEST tAE haZP mAskamntd BaPUs rﬂé@@hﬁﬁ 9@) was
supplied to the ICP-generatlon hi gh frequency oscillator 13. [0139]

d ear ti neemparachaviihe $pe convenienal| ese.of ABxanaselt] higx-pradisonr, pathatn
Conpar atlve §X Hgl e when fl’(fﬁgri ne-containing dry etching was carried out
under t he"aBYFEPEENEPE PBREP Rer e obt ai ned from refl ect ance neasurements on
t hese sarrﬁwj ? The results are shown in Table 2. Then, the ratio of clear
time of t uorine-contai ning dry etching to the clear tinme of the

chl ori ne- cont ai Sulgkqlieyitgt 6dihg ghe qritirméd thaox yaask fil 1310k 4 Tabdle tBb

light-shielding film 2 is patterned by chlorine-containing dry efching including
oxygen {FIG. 6D).
[0123]

The remaining resist pattern & is removed by dry etching (FIG. 6E).
[0124]

Subsequently, fluorine-containing dry etching is carried out to etch the
engraving target portion of the transparent substrate 1 by a predetermined
depth. In this case, the engraving is carried out so that the engraved portion
has a depth that makes a phase difference of approximately 180 degrees of
exposure light with respect to a portion where the transparent substrate is not
exposed and engraved (FIG. 6F). The hard mask film 3 is also removed by
this fluorine-containing dry etching.

[0125]

Additive photoresist is applied to form a resist film 4' (FIG. 6G). The
resist film 4’ is subjected to pattern irradiation of electron beams, and the
subjected to predetermined steps of development and so on. As result, a
resist pattern 5’ having an opening around a engraving target portion where the
light-shielding film 2 is desired to be removed (FIG. 6H).

[0126]

Subsequently, using this resist pattern 5" as a mask, the light-shielding
film 2 is patterned by chlorine-containing dry etching including oxygen (FIG. 61).
[0127]

The remaining resist pattern 5’ is removed by dry etching. As a result,
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Sample Sn/Cr(nol/nmol) Clear tinme ratio Exanple 1 0.19 13.6 Exanple 2 0.11
11.1 Exanple 0 10.3

a Levenson type mask is completed (FIG. 6J).
[0128]

[Evaluation experiment dry-etching characteristics]

As an example of an experiment for evaluating dry-etching
characteristics, film formation was performed on a square-shaped quartz
substrate of 152 mm on a side and 6 mm in thickness by a DC sputtering
method using co-sputtering with a chromium target and a tin target which were
independently disposed fo obtain two different 44-nm thick CrON films with
different tin concentration.

[0129]

The content of tin in the CrON film was adjusted by adjusting power
individually applied to the chromium target and the tin target. Sputtering gas
was a gas mixture of argon gas, oxygen gas, and nitrogen gas.

[0130]

For comparison, furthermore, a tin-free CrON film was also formed
using a Cr target.
[0131]

Two or more of each of the above three samples of the
chromium-containing material films were produced. The composition analysis
of the chromium-containing material films was carried out using ESCA
(JPS-9000MC, manufactured by JEOL).

[0132]

These samples were compared with one another with respect fo an
etching rate (clear time) of a 44-nm thick chromium-containing film with
chiorine-containing dry etching including oxygen.

[0133]

FIG. 7 is a diagram schematically illustrating the configuration of a
device used for chlorine-containing dry etching including oxygen. In the figure,
reference numeral 11 denotes a chamber, 12 denotes a counter electrode, 13

denotes a high frequency oscillator for inductively coupled plasma (ICP), 14
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[0141] As is evident fromthe above results, In each of the sanples
of Exanples 1 and 2, which contain tin in the CGONfilm in conparison with
t he sanpl e of Conparative Exanple, which does not contain Sn, there is an
increase in ratio of clear tine of the fluorine-containing dry etching to
the clear tinme of the chlorine-containing dry-etching containing oxygen.
Specifically, the ratio between the clear tinme of the chlorine-containing
dry etching including oxygen and the clear tine of the fluorine-containing

dry et chi Agnpies@an antenpgeritpl e §pnpigsapamplearts dengtes a flat elggtrode, 17

i ght-shielding fi Lnckudin | 1. -shi el ding | ayer_ and an.

anti - rof | SE0PEY 4 RIENGRLEAl e fony bR F5MER ATt B CaBlling. anc

di rect - cuRenindtBYt & AN ChIBEVI 6, Balfo |dciids i @l didtgamayeiematiédiym (46 nm
in filmthickness) made of chromum tin, and nitrogén was formed oOn the
quart z sublsstratirg tHeoderBiguration of audevige wed dof fleoreet cardaigetgsdryaetchingmi um
target and tigbtcﬁrglet, as targets, filmformation was carried out on the
quartz suB8CEsEeHbEIBWati on at 30 rpm Sputtering gas used was Ar and

ni trogen gﬂ%@dj usted so that the inside of a gas chanber could have a gas
pressure 0:05 Pa. [0144] When the conposition of this

|'i ght -shi el di DQDW&hir}g&ﬁa& YA gat @Hdth&ERSIdwing cOREitiGhs: PAeindér= 6: 1:
2 (atomic ratio). [0145] On the light-shielding | ayer,
filmfornatasstreef e chambaravasesatito® mager Ch238nscem).fO th seakhesd) nade

of chr om Wi et i KRRER, 0 S OXXASH 85 O3 fSSe O oBX (3LRY) Bas
applied to the RIE high frequency oscillator 17, and a power of 400 W
(continuous discharge) was supplied to an ICP-generation high frequency
oscillator 13.
[0135]
Clear times of the respective samples of Example 1, Example 2, and
Comparative Example when chiorine-containing dry etching including oxygen
was carried out under the above conditions were obtained from reflectance
measurements on these samples. The results are shown in Table 1. Here,

the clear times are represented by a value relative to the clear time of a sample

in Comparative Example defined as 1.

[0136]
[Table 1]
Sample Sn/Cr(mol/mol) Clear time(Relative value)
Example 1 0.19 0.63
Example 2 0.11 0.85
Comparative Example 0.0 1
[0137]

As is evident from the above results, the samples of Examples 1 and 2,
which contains tin in a CrON film showed an increase in eiching rate at the time
of chlorine-containing dry etching including oxygen as compared with the
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[ 0146] Using two different targets, a chromumtarget and a tin
target, as targets, filmformation was carried out on the quartz substrate
inrotation at 30 rpm Sputtering gas used was nitrogen and oxygen and

adj usted so that the inside of a gas chanber could have a gas pressure of
0.1 Pa. [0147] When the conposition of this anti-reflection |ayer
was investigated by ESCA, it was & : Sn: N: 0 =5 1. 2: 5 (atomc
ratio). [0148 Consequently, there was obtained a photomask bl ank
wher e theSBthj%ﬂ okGpeiparattyel xpsrplgayeichdagssii cantpim®Nant i - ref | ecti on | ayer
made of Cr[ are stacked as a light-shielding filmon the quarts
substrat e. 49] Subsequently, chem cal anplification negative

resist was appl TRgse?238mpled WetdlicokipResd vhdoh8&ihothdl RRk e8spectasp@aur e and
devel opment to carry out patterning. Next, using this resist pattern as a

mask, drydetetehing wis (daar fimd) olitherCrONniilst ofr 4 gas irofilnt IHiomass. adtdteoxygen
to pattern the | i,%ht-shi elding film et chi_ng was carried
I

0150 ) Dry, |
out under 3PR¥E FENHRI WES cERIGIE ieﬂg:un@%é tgﬁ]nwiow@swﬁéﬁ@mt RS fer was
Tt 5]
:5ppl ioed Sé%(fgp C &n%eé%@ng&\s@? 58@*‘%5593‘%?(9T%@@%@%@”‘gg’ﬁf@g? thﬁﬁ{ ﬁe R E

hi gh frequensyuppldd bataithihd,garnch dolpReess 64 \AQ&:rWr(L@g@tdimge}iM@@har ge)
was supplied to an ICP—Egen.eratl on high frequency oscillator 13. [0151]
Fi nal |y, @ppliacedo sthewhdt: r bigbviaquencya opeidiaion, 14 Bnéad ypowek oha32o dMpl et ed.

[0152] (continuous discharge) was supplied to the {CP-generation high frequency
oscillator 13.
[0139]
Clear times of the respective samples of Example 1, Example 2, and
Comparative Example when fluorine-containing dry etching was carried out
under the above conditions were obtained from reflectance measurements on
these samples. The resulis are shown in Table 2. Then, the ratio of clear
time of the fluorine-containing dry etching to the clear time of the

chlorine-containing dry-etching containing oxygen.

{0140}
[Table 2]
Sample Sn/Cr{mol/mol} Clear time ratio
Example 1 0.19 13.6
Example 2 0.1 11.1
Example 0 10.3
[0141]

As is evident from the above resuits, In each of the samples of
Examples 1 and 2, which contain tin in the CrON film, in comparison with the
sample of Comparative Example, which does not contain Sn, there is an
increase in ratio of clear time of the fluorine-containing dry etching to the clear
time of the chlorine-containing dry-etching containing oxygen. Specifically, the
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[ Enbodi nent 2] A light-shielding filmincluding a |ight-shielding

| ayer and an anti-reflection |ayer was forned on a quartz substrate by
using a direct-current sputtering device. As a light-shielding |ayer, a
film(46 nmin filmthickness) made of chromium tin, and nitrogen was
formed on the quartz substrate. [0153] Using two different targets,
a chromumtarget and a tin target, as targets, filmformation was carried
out on the guartz substrate in rotation at 30 rpm Sputterlnﬁﬁgas used was

Ar and ni [3ti9gestwach K clepeding of Hhe qhirinesepriaining srygsdchingipdrdivsul d have
a gas pr eé%sg;{e% M gleogleglaumé%*%é ﬁu?rirga Bontg%dﬁ?&&ﬁg@%g%' tféon: of this 1-

| i ght-shie I'nvesti N=26:
2 (atomc H)@Tni]més] [0155] Ch t he I i ght -shi el ding | ayer,
fllmformatlon of an anti-reflection layer (23 nmin filmthickness) made
of chrom i#¥2lin, and nitrogen was carried out by using a direct-current

sputtering devw&e 1??] Using two different targets, a chrom um
target and a ti as targets, filmformation was carried out on the

quartz substratg |;|§mr Q@@ fitn 3ShdiTh S%utﬁgq{tlstp‘%@'ﬁﬁaﬂég% \é\%?ﬁ{ glahr ogen

and oxygen and adj tste hat the 1nstde o gas c ave a
gas pressantereffeclion [&ger v{zzﬂ;lﬁ)?z]ned on a quéhiersubseratobpesing @mref;t i:lh’tir@‘at

anti-reflection |layer was investigated by ESCA it was O : N: 0=5
1. 2 : sPytiaringi dévieg.i ofs a light-shielding layer, a film (46 nm in film thlckness)
made of chromium, tin, and nitrogen was formed on the quartz substrate.
[0143]

Using two different targets, a chromium target and a tin target, as
targets, film-formation was carried out on the quariz substrate in rotation at 30
rpm.  Sputtering gas used was Ar and nitrogen and adjusted so that the inside
of a gas chamber could have a gas pressure of 0.05 Pa.

[0144]

When the composition of this light-shielding layer was investigated by
ESCA, itwas Cr: Sn:N=6:1: 2 (atomic ratio).

[0145]

On the light-shielding layer, film-formation of an anti-reflection layer (23
nm in film thickness) made of chromium, tin, nitrogen, and oxygen was carried
out by using a direct-current sputtering device.

[0146]

Using two different targets, a chromium target and a tin target, as
targets, fitm-formation was carried out on the quariz substrate in rotation at 30
rpm. Sputtering gas used was nitrogen and oxygen and adjusted so that the
inside of a gas chamber could have a gas pressure of 0.1 Pa.

[0147]

When the composition of this anti-reflection layer was investigated by
ESCA,itwas Cr: Sn:N:0=5:1:2:5 (atomic ratio).

[0148]
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[ 0158] Using a direct sputtering device, a hard mask film (20 nmin
filmthickness) was forned on the anti-reflection |ayer. [0159]

Using a Si target as a target, filmformation was carried out on the quartz
substrate in rotation at 30 rpm Sputtering gas used was Ar and oxygen and
adjusted so that the inside of a gas chanber could have a gas pressure of
0.1 Pa. [0160] Consequently, there was obtai ned a photonask bl ank

where the |ight-shielding Iﬁ%/er made of CrSnN and an anti-reflection |ayer
made of Cr SnON &8NSLYYEHHY- dgrel Masy obfained aadehptemask na@ekowhero the a hard

mask fil ”]@ﬁptlgsirﬁétéfﬁ e H%P %Q?({a%‘@@%nﬁl“%%rQﬁeantg-gegj@f%n Javer m%(?l%s(ﬁquent Ly,

chem cal a I cat’i on negatvé resi st was appli n kness, and

t hen subj ceSRON AreatpeiEd £ anghUsieldpiyBIR oh eh&guans Substafte. Patterning.
Next, using this resist pattern as a nmask, dry-etching was carried out with

fluorine YH49% o pattern the hard mask film [0162] The above et ching
vas cartled Out Ul chlf, Dbt AR S05in I ek, BLERS RG0! 1
o o AR UEL A0 B Sl RS SRRl OAEC L0 e
was suppl patterning. heNdx@Pageg ¢higtresist paigdrnf aequansh, dpaitthing avaslSarried

out with mixture gas of chlorine and oxygen to pattern the light-shielding fitm.

[0150]

Dry etching was carried out under the following conditions: The inner
pressure of the chamber was set to 6 mTorr, Cl; (185 scem), Oz (55 scom), and
He (9.25 scecm) were supplied as etching gas, a voltage of 700 V (pulse) was
applied to the RIE high frequency oscillator 17, and a power of 400 W
(continuous discharge) was supplied to an ICP-generation high frequency
oscillator 13.

[0151]

Finally, the resist was removed. As a result, a binary mask was
completed.
[0152]

[Embodiment 2]

A light-shielding film including a light-shielding layer and an
anti-reflection layer was formed on a quariz substrate by using a direct-current
spultering device. As a light-shielding layer, a film (46 nm in film thickness)
made of chromium, tin, and nitrogen was formed on the quariz substrate.

[0153]

Using two different targets, a chromium target and a tin target, as
targets, film-formation was carried out on the quartz substrate in rotation at 30
rom. Sputtering gas used was Ar and nitrogen and adjusted so that the inside
of a gas chamber could have a gas pressure of 0.05 Pa.

[0154]
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[ 0163] Next, dry-etching was carried out using m xture gas of

chl orine and oxygen as etching gas to pattern the light-shielding film

[ 0164] The above etching was carried out under the follow ng
conditions: The inner pressure of the chanber was set to 6 mlorr, C2 (185
sccn), 02 (55 sccm, and He (9.25 sccm) were supplied as etching gas, a
vol tage of 700 V (pulse) was applied to the RIE high frequency oscill ator
17, and a power of 400 W (continuous di scharge) was supplied to the

| CP- gener at i on WM hecepieresitirs ef isdight-gheldir ypr was invesgligaded by t he
resi st wagqre{moy, rgsukt . [ Y k was conpl eted. [0166]

[ Exanpl e ' t\ﬁgsﬁisg}ftﬁzﬁl% éi‘d?zn@lt(?ﬁ{cngaﬂﬁﬁl uding a light-shielding | ayer
and an anfotg5¢f | ection layer was formed on a quartz substrate by using a

direct-current sputtering device. As a light-shielding layer, a film (46 nm
in filmthickne@y)thedight-ghieldinplayamfilmifarmalian of an sgtémnefiemiondayerd28n t he

At Subst b v eb R el PSSt e b gt and
o Sy ARl A AT 0 ops veed uas e and it rogen
of 0.05 P@156]

Using two different targets, a chromium target and a tin target, as
targets, film-formation was carried out on the quartz substrate in rotation at 30
rpm.  Sputtering gas used was nitrogen and oxygen and adjusted so that the
inside of a gas chamber could have a gas pressure of 0.1 Pa.

[0157]

When the composition of this anti-reflection layer was investigated by
ESCA,itwasCr:Sn:N: 0O =5:1:2:5 (atomic ratio).

[0158]

Using a direct sputtering device, a hard mask film (20 nm in film
thickness) was formed on the anti-reflection layer.
[0159]

Using a Si target as a target, film-formation was carried out on the
quartz substrate in rotation at 30 rpm.  Sputtering gas used was Ar and oxygen
and adjusted so that the inside of a gas chamber could have a gas pressure of
0.1 Pa.

[0160]

Consequently, there was obtained a photomask blank where the
light-shielding layer made of CrSnN and an anti-reflection layer made of
CrSnON as a light-shielding film, and a film made of SiO as a hard mask film
are stacked on the quarts substrate.

[0161]
Subsequently, chemical amplification negative resist was applied 150

nm in thickness, and then subjected to exposure and development to carry out
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[ 0168] When the conposition of this light-shielding filmwas
investigated by ESCA, it was O : Sn: N=6 : 1. 2 (atomc ratio). [0169]
On the light-shielding layer, filmformation of an anti-reflection |ayer
(23 nmin filmthickness) made of chromium tin, nitrogen, and oxygen was
carried out by using a direct-current sputtering device. [0170]

Using two different targets, a chromumtarget and a tin target, as
targets, filmformation was carried out on the quartz substrate in rotation
at 30 rpnPalspininger iNRKtgasinadaig reeist Rattebyan adnasioxdy@iching vy oatied so t hat
the insid : c e l.d_hav pressure of 0.1 Pa. [0171]
When t he §%ﬁ%@zﬂgﬁiﬁaQ?g?%ﬁg&ﬁﬁﬁﬁ?FEW?Q@F%?@“Tayer was investigated by
ESCA, it mas2{r Sn : N: 0=5: 1: 2 : 5 (atomic ratio). [0172]
Consequently, there was obtai ned a photonmask bl ank where the

| i ght - shi el di ngThagboveraidbingfwds Safdedndit andanthe-fobdwiegtdooditiceper Thede of
CrSnON are stacked as on_th arts substrate.

[0173]  Inner p"ﬁ@?Hé%aﬁg}?lt {:ﬁ%éérghgége?%% PEasTol E}%gg%qu,%nq £i(4p was
oEPL L, ST, LSIRERE o e SUEAFE PP EHRARIE gl oo
dry- et chi wgsv@spliedr td eite CRIE i rhfm'q_hsltehép @rfla@dr, Amdogi ?@w@ﬂ%qu%}% as
etching gas to pattern the light-shielding film [0174

(continuous discharge) was supplied to the ICP-generation high frequency

oscillator 13.

[0163]

Next, dry-etching was carried out using mixture gas of chlorine and
oxygen as etching gas to pattern the light-shielding film.
[0164]

The above etching was carried out under the following conditions: The
inner pressure of the chamber was set to 6 mTorr, Cl, (185 sccm), O, (55 scem),
and He (9.25 sccm) were supplied as etching gas, a voltage of 700 V (pulse)
was applied to the RIE high frequency oscillator 17, and a power of 400 W
(continuous discharge) was supplied to the ICP-generation high frequency
oscillator 13.

[0165]

Finally, the resist was removed. As a resulf, a binary mask was
completed.
[0166]

[Example 3]

A light-shielding film including a light-shielding layer and an
anti-reflection layer was formed on a quartz substrate by using a direct-current
sputtering device. As a light-shielding layer, a film (46 nm in film thickness)
made of chromium, tin, and nitrogen was formed on the quartz substrate.

[0167]

Using two different targets, a chromium target and a tin target, as

35



The above etching was carried out under the follow ng conditions: The

i nner pressure of the chanber was set to 6 niforr, 2 (185 sccm, 02 (55
sccn) , and He (9.25 sccm were supplied as etching gas, a voltage of 700 V
(pul se) was applied to the RIE high frequency oscillator 17, and a power of
400 W (continuous discharge) was supplied to the | CP-generation high
frequency oscillator 13. [0175] Subsequently, a second resist film
(EB resist fil was applied, and then exposed and developed to forma

second r etaraetspHIM-ErMatian WS sAreseNtm) e auarts sulssiraihdp eotatign &t 89

The - aboveit « SPRlETY AT LSk wemArend Phibeh HiGREioRy BbRl B hage” "
per f or medop ghsichéfbel @odRShAVR 4 8BS pAEsIREbAGIOBPRHOr tion of 170 nmin depth
in the quartz substrate. [0177] Finally, the resist was renoved. As

a resul t, [H68venson type phase shift mask was conpleted. [0178] As

descri bed above, in the present invention, a light-shielding filmforned on
a phot omask bl a%e‘l”stﬁ"@o MEREen tBﬁe"Q?gﬁhwdd'agrmﬁbWéﬁéPV%fﬁrq%%m or a
mul tilayepsgid WGk HE 8y . @, 1igass - 9ne @ftcfﬁd&era‘ci Xers Is a layer made of a

0

chrom um cont di ning material, and at” Teast e of the layers made of a
chrom um pawoai ning material is made of a chrom um containing materi al
including tin. 0179]|. ~The layer nmade of a chromi um contai ni ng

mat eri al i ncl udPAghe lightcghieldingslayar, diirgromation of an petselleationHayen(@Bi ng rate

at the ti HI% i%ffilr%htlh%%ggé)cn%%g io icnﬂ)rgsru\{n,%ltn? rrlmiitpc%einr,]%lngdgx%egw.aqsegérried
out by using a direct-current sputtering device.
[0170]

Using two different targets, a chromium target and a tin target, as
targets, film-formation was carried out on the quartz substrate in rotation at 30
rpm.  Sputtering gas used was nitrogen and oxygen and adjusted so that the
inside of a gas chamber could have a gas pressure of 0.1 Pa.

[0171]

When the composition of this anti-reflection layer was investigated by
ESCA,itwasCr: Sn:N: O =5:1:2:5 (atomic ratio).

[0172]

Consequently, there was obtained a photomask blank where the
light-shielding layer made of CrSnN and an anti-reflection layer made of
CrSnON are stacked as a light-shielding film on the quarts substrate.

[0173]

Subsequently, chemical amplification negative resist was applied 150
nm in thickness, and then subjected to exposure and development to carry out
patterning. Next, using this resist pattern as a mask, dry-etching was carried
out with mixture gas of chlorine and oxygen as etching gas to pattern the
light-shielding film.

[0174]

The above etching was carried out under the following conditions: The
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[ 0180] Thus, burden on the resist pattern or hard mask pattern at
the time of transferring a pattern on the light-shielding filmis reduced,
and therefore it is 37 possible to carry out pattern transfer with high
precision. Industrial Applicability [0181] The present invention
provi des a novel technique that can increase a dry-etching rate of a

| ight-shielding filmnmade of a chrom umcontaining nmaterial while assuring

various characteristics, such as optical and chem cal characteristics,
requi red frErtEsHiTghel §1g ehambgr MasnbelRiT &r Brled, Silnd18% scepda 82 (56

Transpar et 2ib3hG34€ (& 25' i) W' Sigiled dsedni ShalBoorldge 7@y st 11 m
(pulse) was applied to the RIE high frequency oscillator 17, and a power of 400
W (continuous discharge) was supplied to the [CP-generation high frequency
oscillator 13.

[0175]
Subsequently, a second resist film (EB resist film) was applied, and

then exposed and developed to form a second resist pattern having an opening
at a portion where a quariz substrate was eiched.
[0176]

Using the second resist pattern and the above patterned light-shielding
film as masks, dry etching was performed with fluorine gas to form an engraving
portion of 170 nm in depth in the quartz substrate.

[0177]

Finally, the resist was removed. As a result, a Levenson type phase
shift mask was completed.
[0178]

As described above, in the present invention, a light-shielding film
formed on a photomask blank is configured as one having a monolayer
structure or a multilayer structure, at least one of the layers is a layer made of a
chromium-containing material, and at least one of the layers made of a
chromium-containing material is made of a chromium-containing material
including tin.

[0179]

The layer made of a chromium-containing material including tin can
cause a significant increase in the etching rate at the time of chlorine-containing
dry etching including oxygen.

[0180]
Thus, burden on the resist pattern or hard mask pattern at the time of

transferring a pattern on the light-shielding film is reduced, and therefore it is
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5 Resist pattern 11 Chanmber 12 Counter el ectrode 13 Hi gh frequency
oscillator for |ICP devel opnent 14 Antenna coil 15 Sanple 16 Fl at el ectrode
17 Hi gh frequency oscillator for R E 18 Exhaust opening 19 Gas inl et

CLAI V5 1. A photomask bl ank, wherein

possible to carry out pattern transfer with high precision.

Industrial Applicability
[0181]

The present invention provides a novel technique that can increase a
dry-etching rate of a light-shielding film made of a chromium-containing material
while assuring various characteristics, such as optical and chemical

characteristics, required for the light-shielding film.

Reference Sins List
[0182]

1 Transparent substrate
Light-shieiding film
Hard mask film

Resist film

O AW N

Resist pattern

11 Chamber

12 Counter electrode

13 High frequency oscillator for ICP development
14 Antenna coil

15 Sample

16 Flat electrode

17 High frequency oscillator for RIE

18 Exhaust opening

19  Gas inlet
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a light-shielding filmhaving a nonol ayer structure or a nultil ayer

structure is provided on a transparent substrate, t he
light-shielding filmhas an optical density of 2 or higher and 4 or | ower
and has a reflection-preventing function, the light-shielding film

i ncludes at | east one of |ayers made of a chrom um containing material, and
the at | east one of the |layers made of a chromumcontaining material is
made of a chrom umcontaining materjial including tin. 2. The phot onask

bl ank according to claim1, wherei nCLAIMS  { he chroni um cont ai ni ng materi al
including tin has a content of tin of not under 0.01 tinmes and not over 2

times than the content of chromumin atomc ratio. 3. The phot omask
bl ank accor di ng1t oAphatomdsiobladk, Wwheregin all the layers of the
light-shielding filmare made of a chrom umcontaining nmaterial. 4. The

phot omask bl anka dighbsbietdng ofilol diavirg, awmeoreilayer structurealdr ahmultiiggers of t he
| i ght-shi el di.n %ﬁ)m umr containing material contai ning

filmare made of a c
the tin. Strdetlre 'S§r°*aggmcﬁ§ HABNLHHOSYESr ding to any one of clains 1 to
4, wherein the lidHehRANIiIRA i A i i
chr o um et al , "SSREREMAT T SRR Shitas BRhSh) 8 2 &r Ao 2 S
chrom um ioxwenizindi s, a edfleatioprevdrdggdanttigde, chrom um nitride carbide, and
chrom um oxi de nitride carbide, the chrom umcontaining materi al

i ncl udi ng tin it§ealightsitdeldinga fit ninelidehi aimieast apne tafnlaykForimade oXi de,
tin-chrom itr] . tin-chrom um carbide, tin-chromumoxynitride,

tin- chrp%W%&&%&ﬁ%’Pg\gﬁggﬂ - omumnitride carbide, and tin-chrom um
oxide nitride opekitfast one of the layers made of a chromium-containing material is

made of a chromium-containing material including tin.

2. The photomask biank according to claim 1, wherein
the chromium-containing material including tin has a content of tin of
not under 0.01 times and not over 2 times than the content of chromium in

atomic ratio.

3. The photomask blank according to claim 1 or 2, wherein
all the layers of the light-shielding fim are made of a

chromium-containing material.

4. The photomask blank according to claim 3, wherein
all the layers of the light-shielding film are made of a

chromium-containing material containing the tin.

5. The photomask blank according to any one of claims 1 to 4,
wherein

the chromium-containing material is any one of a chromium metal,
chromium oxide, chromium nitride, chromium carbide, chromium oxynitride,

chromium oxide carbide, chromium nitride carbide, and chromium oxide nitride
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6. The photomask bl ank according to any one of clains 1 to 5, wherein
a hard mask filmon the light-shielding film where the hard nask film has
etching resistance to chlorine-containing dry etching including oxygen.

7. The photomask bl ank according to claim®6, wherein t he hard mask
filmcontains silicon, and further contains at |east one of nitrogen and
oxygen as a light elenent. 8. A nethod for manufacturing a

phot omask using a bl ank described in any one of clains 1 to 7, the nethod
conpr i si AR e e fchromium-contaiyng catyial niclugieg tirade apy tore of a
chrom um gont ai ni rial. i ing.tip to chlorine-containing dry

et chi ng iﬁ@%g‘ﬁ@ﬂgx@%ﬂ t'@@@ﬂ“ﬁg |9"8%‘?*-§%i"§f°d¥“ﬁ§" # 'ngpgir‘f‘é'?’ﬁ.mq‘{m o
A et hod Eambid@nti-arfdMiuRY cxyRREE SRichfoiRPK 8 LabBEaNk-GaSRTiMed N
any one of clains 1 to 7, the nethod conprising a step of:

subj ect i ngitiideecarbids, amddin-gironfiemaixidanhiimde ombideni ng material including tin
to chlorine-containing dry etching including oxygen to form a
light-shielding filmpattern, wherein usi ng the light-shielding

filmpattern ob ai IS S .21 chi VY ift film
or a transparelrﬁ' sEEgt%?témgrggvl?iggﬁﬁcr@g?lﬁ?h% ?ﬁé@%rﬁfe Igiﬁ?\%elf ﬁ?r‘él s
subj ect edwherdih uori ne-containing dry etching to carry out pattern transfer

on the transparent substrate.
a hard mask film on the light-shielding film, where the hard mask film

has efching resistance to chlorine-containing dry etching including oxygen.

7. The photomask blank according to claim 6, wherein
the hard mask film contains silicon, and further contains at least one of

nitrogen and oxygen as a light element.

8. A method for manufacturing a photomask using a blank described
in any one of claims 1 to 7, the method comprising a step of:

subjecting the layer made of the chromium-containing material
including tin to chiorine-containing dry etching including oxygen to form a

light-shielding film pattern.

9. A method for manufacturing a phase shift mask using a blank
described in any one of claims 1 to 7, the method comprising a step of:

subjecting the layer made of the chromium-containing material
including tin to chlorine-containing dry etching including oxygen to form a
light-shielding film pattern, wherein

using the light-shielding film pattern obtained by this step as an etching
mask, a phase shift film or a transparent substrate provided under the
light-shielding film is subjected to flucrine-containing dry etching to carry out

pattern transfer on the transparent substrate.
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