DESCRI PTI ON MASK BLANK AND METHOD OF MANUFACTURI NG AN | MPRINT MOLD 5
Technical Field [00011 This invention relates to a nethod of

manuf acturing an inprint nold (stanper) for use in the production of a
sem conductor integrated circuit or the |ike or of an optical conponent
havi ng an optical function provided by a fine 10 pattern or for use in
the formation of a fine pattern on a magnetic disk and relates to a mask
bl ank for use in the manufacture of the inprint nold. Background Art
[0002] 15 Generally, fine pattern formation is carried out by a

phot ol i t hography nethod in manuf agipsdREPRORCESSes of a sem conduct or
devi ce. A nunber of substrates called photonasks are normally used for
such fine pattern formation. The photomask is generally such that a

i ght-shielding fine pattern conprising a mnetal thin filmor the like is
provi ded on aMASHK 8hANKANE MES HEID OF MA&lUFAET 28 INR SN I RBGT M&EyD met hod
is used also in the manufacture of the photomask. [0003] The phot onmask
or an inprint nold serves as a master for transferring the sane fine

pattern Ln rge rs. The dinmensional accuracy of the pattern fornmed.
on the phot hﬁﬁ@?@%@uy af fects the di nensional accuracy of a 25 fine

pattern to be for(%%ﬂln the case .of the inprint nold, the sectional
shape of the pattern'also affects the shape of a fine pattern to be

formed. Wth the Thl@ﬁﬁ&é’rﬁi@ﬁ%la‘cé%ﬂo’gﬁl_%fr%tdicgrhgz&e#ﬁ.ﬂgﬁgri%aﬁ ir%ﬁﬂ?\ﬁ% ctor

circuit, the dimension of a pattern is reducec us the photomask or
the inprint (smnpehSorlSPin @aWrd@ettidn of @ deavicontiugifinRgrHE@eieuit or the ,
Particularly, in the case of the inprint nold, since "pattern transfer is
carried out likemot blears apca camepnéhichaveguar epticat Gunctioy previeeplby a fine

10 pattern or for use in the formétion of a fine pattern on a magnetic disk and

relates to a mask blank for use in the manufacture of the imprint mold.

Background Art

[0002]

15 Generally, fine pattern formation is carried out by a photolithography
method in manufacturing processes of a semiconductor device. A number of
substrates called photomasks are normally used for such fine pattern formation.
The photomask is generally such thai a light-shielding fine pattern comprising a
metal thin film or the like is provided on a transparent glass substrate. The

20 photolithography method is used also in the manufacture of the photomask.

[0003]

The photomask or an imprint moid serves as a master for iransferring
the same fine pattern in large numbers. The dimensional accuracy of the
pattern formed on the photomask directly affects the dimensional accuracy of a

25 fine pattern to be formed. In the case of the imprint mold, the sectional shape
of the pattern also affects the shape of a fine pattern to be formed. With the
improvement in integration degree of a semiconductor circuit, the dimension of

a pattern is reduced and thus the photomask or the imprint moid is also required



to that of the pattern of the sem conductor circuit and therefore the
inprint nmold is required to have higher accuracy than the photonask.

Li kewi se, a 5 conponent having an optical function provided by a fine
pattern such as grating is also required to have a pattern di nension and
pattern accuracy less than a target wavel ength and therefore the

phot omask or the inprint nold for the 2production of the optical
conponent is also required to have a fine and high-accuracy pattern. 10
[0004] In the manufacture of a conventional photomask or inprint nold,
use i s matehade highnasicdurack Maviicudary, ththe caise wf tHe iptprimionl @inddhe | i ke
formed on a transparent substrate of quartz glass or the like and, after
coating a patemtirasfertis carriesloutioartke sameessiale, teataqeiradiaschiacyidequsdl ng

el ectron beam exFosure or the like 15 and, using this resist pattern as a

mask, the ihihgiefihepastest ehibe &%ﬂl@%@w qlreswfhaa t'ﬂ@fﬁfﬁ)f@m&ﬂnﬂﬁtrﬂ@mid(rrask

pattern). {0005’ nthe i nt m)’?l dttfa) radlatellght in
P el o) IsTenRired vk MR afkurdfran ik At KEWISGed on t he

: |
tL?QSf:’Zég”E? RBRESEHAI AR B rdiftaln ﬁg%‘ﬁ#%dwgtfﬁ’grﬁ%‘é@ﬁ e gfing® ' "

substrate jssa/gh rréi%} ifely t@fﬁae@taersvlat@mam%rsymaﬁd paAtENhREFIS A6 thah ot he thin

filmpattern. For exanple, as a neans for etching the th|n film

cont ai ni ngta:rgemamngtaEamsaene@reoherphbmmm%rq:hie inRpbrire nedldl Mgy tHei ng

di ammonium cerium (IV) nitrate or dry etching using a m xed gas of a

chl ori ne- bagatiicjas ohthe aptiggecompdridn 1y alsh eequimddo tene arfieoarad | y known a
met hod of form ng a thin filmpattern 3 conprising a plurality of |ayers
by the useh@h-agaAIcYRHEN et chi ng, thereby

10 [0004]
In the manufacture of a conventional photomask or imprint mold, use is
made of a mask blank having a thin film of chromium or the like formed on a
transparent substrate of quartz glass or the like and, after coating a resist on the
mask blank, a resist pattern is formed using eleciron beam exposure or the like
15 and, using this resist pattern as a mask, the thin fiim is etched to thereby form a
thin film pattern {(mask pattern).
[0005]
In the imprint mold, in order to irradiate light in transfer, there is a case
where a stepped pattern is formed on the transparent substrate using the thin
20 film pattern as a mask. Also in this case, the pattern dimension and accuracy
of the transparent substrate is directly affected by the dimension and accuracy
of the thin film pattern.
[0006]
For example, as a means for etching the thin film containing chromium,
25 use is normally made of wet etching using diammonium cerium (IV) nitrate or
dry etching using a mixed gas of a chlorine-based gas and oxygen.
[0007]

There are conventionally known a method of forming a thin film pattern



i nprovi ng nonuniformty in etching wwdth and depth of the chromumfilm
(see, &e.g. Patent Docunent 1. JP-A-2005-530338), a nethod of formng a
relatively thin filmpattern using a resist pattern as a mask and
further, using the fornmed 5 thin filmpattern as a mask, formng thin
filmpatterns of second and subsequent |ayers, thereby enabling a
reduction in thickness of the resist (8ee, e.g. Patent Docunent 2:

JP- A- 2006- 78825), and so on. [0008] On the other hand, for a magnetic
di sk for use as a hard disk or the like, 10 use has conventionally been

made of a b@mbﬂéiﬂg% slbralityofiaydrs oy the uvé 6t munisiageeamiid, ehdrebg and
narrow ng spaces between data tracks where infornmation 1s to be
recorded, tnyaoring recindeintity iartéching wikle and déptisdftthe chimwmeiver filnt (see,
increase in density has reached the limt with the conventional technique
and it haShEaim Racument s JPA-2epyP3033& ey mathed phiormisigca relalivedy t her mal
fluctuatiop.l henonenon between the adjacent ks. Recently, there
nas been pHUBBCEESIS NG 3 FES SHERBH RaRIrEar o LERES wstiEcR 'eind ned: um
(Discrete [Ir rdi j ' ferr R

(O scred e s oBE6e 4 4 ek tobina BEAUNEBind S 80R B AR, e
magnet i cal |ayetes phétbB chi9IAg e??é‘d&cﬁ?rﬁ‘ﬁfthic%ﬂeé@@ﬂ% rél_él%t @EB, BApufBnt S .
intended to i nprove the sighal quality by renoving groovi ng) a nagnetic

mat eri al apDopomehpPsIRIAREINESP8826) f &id §¢e6ar di ng. Further, after the
grooving, grooves are filled wwth a nonmagnetic material, thereby
realizing the an@808bm | evel surface flatness required for a nagnetic

di sk drive. 25 As one of the techniques for this fine-width grooving, the

i nprint techni quenitle otheshand ol ajmagnetic slsk fof nee as adwrddisk adbe likg.oposed
a hew %éfpeugeeﬂhé’ rgor?\%nlti%%aﬁly t4>een made of a technique of minimizing the width of a
magnetic head and narrowing spaces between data tracks where information is
to be recorded, thereby achieving an increase in density. However, the
increase in density has reached the limit with the conventional technique and it
has become difficult to ignore a magnetic influence and a thermal fluctuation
15 phenomenon between the adjacent tracks. Recently, there has been proposed
a new type medium called a discrete track type medium (Discrete Track
Recording Medium; hereinafter referred to as a DTR medium} in which data
tracks of a magnetic disk are formed so as to be magnetically isolated from
gach other.
20 [0009]
The DTR medium is intended to improve the signal quality by removing
{(grooving) a magnetic material at portions unnecessary for recording. Further,
after the grooving, grooves are filled with a nonmagnetic material, thereby
realizing the angstrom-level surface flatness required for a magnetic disk drive.
25  As one of the techniques for this fine-width grooving, the imprint technique is
used.
[0010]

Further, there has also been proposed a new type medium called a



patterned nmedi um (nedi um adapted to record a signal as a dot pattern)

whi ch has been devel oped fromthe DTR nedi um by further increasing the
density. Also in pattern formation of this patterned nedium the inprint
technique is considered promsing. 5 [0011] Patent Document 1:

JP- A- 2005- 530338 Pat ent Docunent 2: JP-A-2006-78825 Disclosure of the

I nvention 10 Problemto be Solved by tle Invention [0012] Wth the

i nprovenent in integration degree of a sem conductor circuit,. its
pattern is required to be further mniaturized. Also in the case of the

nmagnet i ¢ dpatierntd enatiumatheldium pahpietno fedbréblidfabs ddtadiefdVehitm t he
inprint 15 nold (stanper) for use for the DTR nedium or the patterned
medi um | f hasbeepdeveloped Fomi the LR mssiilm iby fikhdmioeweasingtthe Hensityar i ses a
probl emin etchi ng for, for exanple, a chrom um pattern even using an

et chi ng nefsedn pattein fleapatign of tisPatiegnast megipnsttbaimprinttaehniges is- nent i oned
wet etching using.diammonium cerium (lV) nitrate is advantageous in that
a problem Wd%{gdrpé%mﬁw"ecessi on or 20 di sappearance hardly occurs, but
on the ot her harrﬁ 1jihere are problems that the sectional shape of the
chrom um patter 8oe]s not becone vertical, that etching bias occurs in

whi ch the phiRDdRLiehii S ptobaldsisAgasdori zontal direction in pattern
section with respect to the resist pattern, and so on. [0013] 25 On the

ot her handPaiemt Doeumheyt 1 cPry20667882he m xed gas of the chlorine-based
gas and oxygen, although the vertical sectional shape of the chrom um
pattern is obtained as conpared with that in the wet etching, there

ari ses a problemsuch as resist recession or disappearance. Further, I|ike
ins5 Disclosure of the [nvention

10 Problem to be Solved by the Invention

[0012]

With the improvement in integration degree of a semiconductor circuit,
its pattern is required fo be further miniaturized. Also in the case of the
magnetic disk, the demand for pattern miniaturization is strong in the imprint

15  mold (stamper) for use for the DTR medium or the paiterned medium. If the
pattern is miniaturized, it is known that there arises. a problem in etching for, for
example, a chromium pattern even using an eiching method of either wet
etching or dry etching. The above-mentioned wet etching using diammonium
cerium (V) nitrate is advantageous in that a problem such as resist recession or

20 disappearance hardly occurs, but on the other hand, there are problems that the
sectional shape of the chromium pattern does not become vertical, that etching
bias occurs in which the chromium film is etched in a horizontal direction in
pattern section with respect to the resist pattern, and so on.

[0013]

25 On the other hand, in the dry etching using the mixed gas of the
chlorine-based gas and oxygen, although the vertical sectional shape of the
chromium patiern is obtained as compared with that in the wet etching, there

arises a problem such as resist recession or disappearance. Further, like in



the wet etching, there are a problem of the occurrence of etching bias in
which the chromumfilmis etched in the horizontal direction in pattern
section, and so on. [0014] 5 Wat particularly arises as a problemis
that, in either etching nethod, nonuniformetching bias and etching
depth are obtained depending on the etching widths. For exanple, it is
known that when etching portions sinubtaneously have a narrow w dt h of
100nmor less and a large width of 1 m or nore, there occurs a
phenonenon in which the narroww dth portion 10 becones rel atively narrow

and shal | othiel wetedtchinggthdesaife. a pfobldme oetrehbdtarienes of dichfrgrisasiepenidhng on
the etching width, it is difficult to performcorrection such as data
bias to ad]hmhromwmflhelwtdhm etherreiaoital direstiposu patterfirdestipn cdideso
occurs nore remarkably when the wet etching is carried out. [0015] 15
Further, iBNthe dry etching using the chlorine-based gas contai ni ng
oxygen, etching Bhggfeds not only in a thickness direction of the resist
but also in the[ i zontal direction in section of the resist.

Therefoge, the Wﬁppé’ﬁlcﬁlﬁﬁy a iﬁéé 54 aﬁﬂmg@%§%ﬁt | élttﬁgr 8{2: R{H[M? gl mis

dry-etched and, as resu he " throm um pa Fso

changes w h@mfrﬁ@ﬂafétcﬁlﬁg bl aMétbning deBﬁ] mwamaa déﬁé%ﬁ%bh%ét chi ng.

Further, since the chromumpattern itself is gradua tched in the

hor i zont al eithingotidths. i FFos egdiinple, |tﬁé1m1<yWIﬁtHamfhehf‘eﬂcmhg ﬁﬁrtldi‘rﬁlspat tern
becones narrower than a desired dinension and it may happen that such a
nar r ow- wi dsimytianeeusly haee hfnagiosapidéaos1 00D b6less Ziﬁdl%ullatguawldtln bf t)ire

pattern is mniaturized, in addition to the problemaof etching bias of
the chr omi 9hMPIg. Ajereaschsc? PBﬁ”‘P@eP%B‘s‘@@C‘&F'&Q)”%rﬁo‘@’ﬁ@dfthmqm%ss of the

2oL ot b5 S ENAT R BhrBRPRR) PR B e
reduction jieFE3dHdimy on the etching width, it is difficult to perform correction such
as data bias to adjust the line width beforehand in exposure. This problem
occurs more remarkably when the wet etching is carried out.
[0015]

15 Further, in the dry etching using the chlorine-based gas containing
oxygen, etching proceeds not only in a thickness direction of the resist but also
in the horizontal direction in section of the resist. Therefore, the width of the
resist changes while the chromium film is dry-etched and, as a result, the width
of the chromium pattern also changes with respect to the width of the resist

20 Dbefore the etching. Further, since the chromium pattern itself is gradually
etched in the horizontal direction in section, the width of the chromium pattern
becomes narrower than a desired dimension and it may happen that such a
narrow-width pattern itself disappears.

[0016]

25 Further, if the pattern is miniaturized, in addition to the problem of
etching bias of the chromium film, restriction is imposed also on the thickness of
the resist and, if the thickness of the resist becomes approximately three times

or more the pattern width, there arise problems such as a reduction in resolution



6 during exposure of the resist and pattern collapse after the formation
of the resist pattern. When the chrom um pattern is forned by dry
etching using the chlorine-based gas containi ng oxygen, the resi st
gradual |y di sappears by the etching and, therefore, if the thickness of
the resist is set small, the resist 5 di sappears before conpletion of the
formation of the chrom umpattern so tBat chrom um portions not to be
etched are also etched. In the dry etching using the chlorine-based gas
containing oxygen, the resist of a thickness equal to or greater than
that of chdoingiexposue®osieadsistand peiternicollapstesftdrohefdrmatiah ®f the

nonuni formty in etching depth, additional etching of twice or nore |ong
i s 10 car r rastst paitesmnd Whers thedehromipm pattetnds fermsedizsdrycdtching usingithe
decreases. Therefore, the thickness of the chrom umfilm capabl e of

pr event i ngCRiPERgrpased aas cantating oxweensthe resigh gragkialy ﬁ‘éapﬁeﬂrﬁ Pyl to

bout 1/3 of  that pf, th tt
having  wPEIIOANAMIF L ol Rabickiras S TRk 56 yhl ey EZpaﬁ{E of

prevent4 ng 208 & ‘M(]l ot

t hi cknesss gggb’h %re ggrﬁet?%ﬁ}p?%r%t‘ﬁcggg %ﬂ%;&ébﬂen@ﬁom gg%'téar an(% of the
resi st aft ghrofiGhi dttides ﬁéi%‘be@éﬁ@ﬁre'%etche@ I*HQhQQiryl' biﬂﬂn@%éﬁ’g be

equal to or less 'than the pattern wdth. [0017] |In the neantine, the

phot omask trenghddrirebbadan gad ¢ortaiaimg dxiygen, thblr@élstlcﬁg thitflknpss Equatagee i f the
thi ckness of the thin film(light-shielding film pattern is reduced. For
exanpl e, i greaterdhan thajiof ehforanmopcossumednsiunhesfindrder towiiginate
(transmttance of 0.1%or |ess) at 193nm being the wavel ength of an ArF

exci mer | aB%‘FU“‘ftOIﬁ@‘tY il %ﬁ@ﬁ@gsde@i‘hstﬂﬁ’@'tﬁaﬁi %tphma@a@me ormreé%wﬁ
h t ) t
onty I+ frkAdlh S5, 380 ﬁaﬁ%gt FEhIARRE & niTedi i orfe Eﬁ‘?ﬁ%ﬁgi on

is 45nm Hovew it
pattern occurs ur| n&ctﬁﬁ f%nrqﬂrja ﬁ@f\é%b@% ﬂwﬁé@ﬂgﬁéﬁ;%ag%ﬁc{@ escrl bed
above, therddidtiip dﬁgﬁetbhmgp@nmé@tcdamsv@af fhat of the resist.  For example,

when the resist pattern having a width of 30nm is formed, the thickness of the
resist capable of preventing collapse of the pattern is 90nm or less, while the
{5 thickness of the chromium film capable of preventing disappearance of the
resist after etching is about 30nm or less, i.e. being limited to be equal to or less
than the pattern width.
[0017]
In the meantime, the photomask cannot obtain sufficient light-shielding
20 performance if the thickness of the thin film (light-shielding film) pattern is
reduced. For example, in order to obtain an optical density of 3 or more
{transmittance of 0.1% or less) at 193nm being the wavelength of an ArF
excimer laser, the thickness of the pattern made of, for example, chromium is
required to be at least 45nm or more. Taking into account only the thickness of
25 fhe pattern, the limit of the pattern dimension is 45nm. However, since the
recession of the resist and the chromium pattern occurs during the formation of
the chromium pattern as described above, the limit of the paitern dimension for

enabling accurate production is greater than 45nm.



enabl i ng accurate production is greater than 45nm 7 [0018] In an actual
phot omask, due to restrictions such as the presence of an antireflection
film recession of a resist, etching progress in the horizontal

direction in section of a pattern, nonuniformty in etching depth
depending on 5 the line wdths, and uniformty over the entire surface of
the mask, the limt of the pattern diffension that enables accurate
production of a chromumfilm having a thickness of 45nm and havi ng an
optical density of 3 or nore at an exposure wavel ength of 193nmis about
twi ce the patterf@od8ension. Therefore, there is a limt in achieving
pattern mniaturization with the 10 conventional technique. [0019] As a
met hod of sol vi nky atoacinaf@hoiomask, tluette hestyctiingtsuchrag tte présavicetdfian
chromum film the above-nentioned nethod di sclosed in Patent Docunment 1
is known PRUNGASEIPNIIMRreressiomapatresish eteRg POORpsANphe harizanjalof | ayer s

is f d by .15 .mul ti - hi ng. .l hi t h ,th h

nonunt for 500 1BeRarg o BB ich o 60aty by e ERNGEeRITHERTBIRY ¢ her e

nonuni f 4 . RPN ¢ her

w dth ot e ESORR and LAY Sler it RNEE Mgt RF R R8P The IR IEEI Ty 4

reduction tHy pattedk ARRSNSION HHA N 8BI8 hc¥ttafdprlodluchGPidt 4 Bfrohftimifii™ Ny a
fine pattern, or the like, thus being still unable to 20 sufficiently

sol ve the having aahickpesshbfetfhm and @anegah gptiehi darsity af Biorendgratddtahn.
[0020] Further, as a nethod of reducing the influence on the pattern

wi dt h due exposurewanglengih ofek3om isiahoat tieé e phtteredirnémgjon.o t her eby
enabl e a reduction in  thickness of the resist, the above-nentioned

met hod di sdNBEERre; hemisehtimitsn pekigwagpateisminigfurzationwitichiea rel ativel y
thin fl;lém gatter.n i S formed using a resist pattern as a mask and
further, u ?rﬁvgenglﬂgalf S?W\u.ﬁu‘?‘hi n filmpattern as a

[0019]

As a method of solving nonuniformity in etching width and depth of the
chromium film, the above-mentioned method disclosed in Patent Document 1 is
known in which a thin film pattern comprising a plurality of layers is formed by

15  multi-stage efching. In this method, although nonuniformity in etching depth is
improved by an etching stopper, there is no disclosure about a method of
preventing recession of the resist width that causes nonuniformity in etching
width, a method of enabling a reduction in thickness of the resist which is
required for forming a fine pattern, or the like, thus being still unable to

20 sufficiently solve the prior art problems in terms of realizing a fine pattern.

[0020]

Further, as a method of reducing the influence on the pattern widih due
to a change in resist width during dry etching to thereby enable a reduction in
thickness of the resist, the above-mentioned method disclosed in Patent

25 Document 2 is known in which a relatively thin film pattern is formed using a
resist pattern as a mask and further, using the formed thin film pattern as a

mask, thin film patterns of second and subsequent layers are formed. In this

method, a chlorine-based gas containing oxygen is used as an etching gas for



mask, thin filmpatterns of second and subsequent |ayers are forned. In
this nmethod, a chlorine-based gas containing oxygen is used as an
etching gas for 8 use in etching the thin filmusing the resist pattern
as a mask, but since recession of the resist pattern occurs during dry
etching, there is a problemthat the excellent pattern accuracy cannot
be obtained. [0021] 5 Therefore, thisginvention has been nade in view of
the above-nentioned prior art problens and has an object, firstly, to
provide a mask blank that can forma fine pattern with high pattern

accuracy iued inestoming tigethind 8im 0§ingthd raaidt PhitemMl 45 4 siaRPBIYsiddd, secondly,
to provide a nethod of manufacturing an inprint nold formed with a

hi ghl y acctecasson ohthepasisepatiersiocgursidurisgany atamigk thdrank a piisies that
Solving the Problem [0022] Specifically, in order to solve the

above- ment heR¥aelanipRERE 2Gyracy capnohbepblaitthas the fol | owi ng
Structures. [OO%ﬁéz (Structure 1) A mask bl ank conprising a thin filmfor
form ng a patter Un a transparent substrate, wherein said nmask blank is

a mask pl ank for i | RS | d manuf acturing
met hod étohat etc&@r%fgéﬁttg@ '%@gﬁﬁgsﬁfﬁﬂgﬁqﬁ 'ﬁﬁ{f}é@é}‘ substrate by dry
et chi ng usi S H AV i i ; Lp: said
Chin £11 m e TGN IATaR BRI Paq ¥ SBRR S KOOy

| ower | ayefslanis &iad cap e hayiempatierd Wit hqfati@riatsirhey incBBinaamifacufhr omi um
(Cr) and nitrogen, and said |ower layer is forned of a materi al

cont ai ni ngofargimprmtpeich (stampar) andoseasely, of poaitead metl{okhdf or cont ai ni ng

at | east one elenment of hafnium (H) and zirconium (Zr) or its conmpound
and capabl Bapyfagkiring as igHeat mold formed with a highly accurate fine pattern using

10  such a mask blank.

Means for Solving the Problem
[0022]
Specifically, in order to solve the above-mentioned problems, this
15 invention has the following Structures.

[0023]

(Structure 1) A mask blank comprising a thin film for forming a pattern
on a transparent substrate, wherein said mask blank is a mask blank for dry
etching adapted to an imprint mold manufacturing method that etches each of

20  said thin film and said substrate by dry etching using an etching gas
substantially free of oxygen, wherein:

said thin film comprises a laminated film of at least an upper layer and a
lower layer, said upper layer is formed of a matetial containing chromium (Cr)
and nitrogen, and said lower layer is formed of a material containing a

25  compound mainly composed of tantalum (Ta) or containing at least one element
of hafnium (Hf) and zirconium (Zr) or its compound and capable of being etched
by dry etching using a chlorine-based gas.

[0024]



by dry etching using a chlorine-based gas. [0024] 9 (Structure 2) A mask
bl ank according to Structure 1, wherein said upper layer of said thin
filmhas a thickness of 1.5nmto 3nm [0025] (Structure 3) A mask bl ank
according to Structure 1 or 2, wherein said 5 lower layer of said thin
filmhas a thickness of 3nmto 1 Onm [0026] (Structure 4) A mask bl ank
according to any one of Structures 1 t8 3, wherein a resist filmto be
formed on said thin filmhas a thickness of 100nmor |ess. 10 [0027]
(Structure 5) An inprint nold manufacturing nethod conprising etching
sai d upper | ayer(StmdtusaPlyl lAonesk blayk acedrdigitd Sthicturéivl, mhiereit Baidrask bl ank
according to any of Structures 1 to 4 by dry etching with a

chl ori ne- baRRef lges of saisthinilindias,a thickoess obkypgentaadmor m a pattern of
said thin film ng éahen etching 15 said substrate by dry etching with a
fl uori ne-based 39 2si ng said pattern of said thin filmas a mask.

posei bl e to provelRcthaLk Afidino Bk FEERRMAdD SR s Sl ni oh
bat t e s acfsARel Bf S48 1FANIHAEEY fickhe@or 4iRRG Abyp! d. |[0029] - Furt her,

according to thi's invention, it is possible to provide a nethod of 25
manuf acturing arfoppgrint nold fornmed with a highly accurate fine pattern
using such a mask bl ank.

(Structure 4) A mask blank according to any one of Structures 1 to 3,

wherein a resist film to be formed on said thin film has a thickness of 100nm or
less.
10 [0027]

(Structure 5)  An imprint mold manufacturing method comprising
etching said upper layer and said lower layer of said thin film in the mask blank
according to any of Structures 1 to 4 by dry etching with a chlorine-based gas
substantially free of oxygen to form a pattern of said thin film and then etching

15  said substrate by dry etching with a fluorine-based gas using said paitern of

said thin film as a mask.

Effect of the Invention
[0028]

20 According to this invention, it is possible to provide a mask blank that
can form a fine pattern with high pattern accuracy in the manufacture of an
imprint mold.

[0029]
Further, according to this invention, it is possible to provide a method of

25 manufacturing an imprint mold formed with a highly accurate fine pattern using

such a mask blank.

Brief Description of the Drawings



Brief Description of the Drawings 10 [0030] Fig. 1 is a schematic
sectional view of a mask blank for the manufacture of an inprint nold
according to an enbodinment 1 of this invention. Fig. 2 shows schenmatic
sectional views (a) to (e) for explaining inprint 5 nold nmanufacturing
processes according to the enbodinment 1 of this invention. Description
of Synbols [0031] 50 mask blank 10 510 substrate 52 conductive film 53
light-shielding film 54 resist film55 lamnated filmpattern 15 Best
Mode for Carrying Qut the Invention [0032] Herein, a supplenentary
description w | |[0bg80pi ven of the above-nentioned Structures 1 and 5. 20
[ 0033] As described in the Structure 1, a mask bl ank conprises a thin
filmfor form niggal jsa sehemalic sedtioaalsyew oht sadishlank ér théeramiufadtirte nmask
blank is a mask blank for dry etching adapted to an inprint nold

manuf act ur Ph@) iFRRIE dnald aecordittheanegmhodimenhd of fisirveni®and t he substrate

by d t chi t chi ng.25 q. bstantiaglly f . Of 4 ,
wherei n: the thiOT? SAPESERTEAL SeqtaRnbuPER PRl GF cXpaINBE AL upper
I d I (P terl

contai n g EF SRl E AriestPe Poco@HR o e kB neh FoL R Eveflona o

Description of Symbols
[0031]
50 mask blank
10 51 substrate
62 conductive film
53 light-shielding film
54  resist film

55 laminated film pattern

15
Best Mode for Carrying Out the Invention
[0032]
Herein, a supplementary description will be given of the
above-mentioned Structures 1 and 5.
20 [0033]

As described in the Structure 1, a mask blank comprises a thin film for
forming a pattern on a transparent substrate, wherein the mask blank is a mask
blank for dry etching adapted to an imprint mold manufacturing method that
etches each of the thin film and the substrate by dry efching using an etching

25 gas substantially free of oxygen, wherein: the thin film comprises a laminated
film of at least an upper layer and a lower layer, the upper layer is formed of a
material containing chromium (Cr) and nitrogen, and the lower layer is formed of

a material containing a compound mainly composed of tantalum (Ta) or



a material containing a conpound mainly conposed of tantalum (Ta) or 11
containing at |east one elenent of hafnium (Hf) and zirconium (Zr) or its
conpound and capabl e of being etched by dry etching using a

chl orine-based gas. [0034] 5 According to the mask bl ank of this
invention, it is possible to forma fine pattern with high pattern
accuracy in the manufacture of an inprint nold or the like. Since the

|l ight-shielding pattern can be fornmed as a highly accurate fine pattern
usi ng the mask bl ank of this invention, a highly accurate fine pattern

can al so beoftaminedaif Ieasta)r@aélémfaﬂt@ﬁhetfiﬁamql—ﬂhérﬁkﬁti@cﬁﬁni@ﬂqzt)r@til@ to be
formed by 10 etching using the light-shielding pattern as a mask. [0035]

Herein, a gbmpourdibed capablswtheing eichipgaby drysai@ing asimgi sclyerime-ahsed used
as the transparent substrate. Since the glass substrate is excellent in
fl atness 8fe snoot hness, when pattern transfer onto a semni conductor
substrate is 15 ®§$ffrmd usi ng a photonmask, high-accuracy pattern
transfer can be #Yed out without causi ng strain or the like of a

f | i ran the | o
bl ank. fordry" et AprRanOte 1 maSRBlark dt o Mvehflod it RXRESEA 6! B e nod
that patt efiRg pafiernQait h:’bh%aftt@iﬂ“ac%@lrété ig“%li%fnfyn)éfa%t@r@id?%nlﬁipﬂﬁt RIS Chi ng

gas substantially free of oxygen. 0 In order to accurately forma

fine patteths likeor Sincenthkdighshialdtrer pattein chabkfpiniahasamighoy ategsie t here
are things to be acconplished such as reducing the thickness of a

resi st, sufipe gatemngisingethetroaskiglapk ofjitésiniventdi, sthighly essirate finepattera

hori zontal directi otn in ,section of ah resi st pattern, and suppressing the
etching pfFRyREeLeferard ﬁy 3 BIIHSTB Y 1ha ananaroidsupsihalgto erfetbe®hY i n

secti Ot of e%h?n@i L?sirﬁg'; {hrg light-shielding pattern as a mask.

[0035]

Herein, a glass substrate such as a quartz substrate is generally used
as the transparent substrate. Since the glass substrate is excellent in flatness
and smoothness, when pattern transfer onto a semiconductor substrate is

15 performed using a photomask, high-accuracy pattern transfer can be carried out
without causing strain or the like of a transfer pattern.

[0036]

The mask blank of this invention is a mask blank for dry etching
adapted to an imprint mold manufacturing method that patterns at least the thin

20  film by dry etc'hing using an etching gas substantially free of oxygen.

[0037]

In order to accurately form a fine pattern, for example, a pattern of
half-pitch 32nm or less, there are things to be accomplished such as reducing
the thickness of a resist, suppressing the etching progress (resist recession) in

25  a horizontal direction in section of a resist pattern, and suppressing the etching
progress (etching isotropy) in the horizontal direction in section of a thin film
pattern. When a thin film pattern is formed by wet etching, the etching

progress in the horizontal direction in section of the thin film patiern occurs



pattern. When a thin filmpattern is formed by wet etching, the etching
progress in the horizontal direction in section of the thin film pattern
occurs 12 essentially, and therefore, dry etching is preferable for
formng a fine pattern as in this invention. [0038] Wen formng a thin
filmpattern by dry etching, in order to reduce the 5 thickness of a
resist, there are a nethod of reducingi2he etching rate of a resist and a
nmet hod of reducing the etching tine of a thin filmto be patterned using
a resist pattern as a nmask. [0039] 1In dry etching processing for an

i mprint nokdsergially,xed thesfok, dh achiag is pleferableasy Bemidtps figs patain as been
used heretofore as an etching gas, ile the mask blank of this invention
is a mask Ml tiskinvemtiadvy et ching using an etching gas substantially free
of oxygen. Particularly in dry etching with a chlorine-based gas
substantial ly f r W38} oxygen, the etching progress in the horizontal
direction in secW’on of .areﬁi er than that in etching

S attern is snall

15 with a chl ori NEeH4LERNG &t %ﬁ?@?ﬂf%@gzﬂﬁ%éﬁ%w thefder fo fedupe 8 pl e to
SUppress an; ' ' ' f [ : f . thi .

vent o NEARRH ) ReSuf RS 2R Bim@nbES) HaugHathe oo e B pyetPe of
oxygen is I i the
over 1 ayer o O e e R e i 80
oxygen reprexistipasiennis amhaska case where no oxygen is 20 contained at all,
but al so a case where even if oxygen generated in an etching apparatus

is contained, th@088htent thereof is 5%or |less. [0040] |In order to

reduce the etching tinme of a thin film, there are a nmethod of increasing
the dry etchi ng Mg edghing PrRICASSING fRrias IMPrvhMOlS. Fedixedas efehinsiieof 25

r educi g t gﬁd %Q)i/é:eknn 35 ggr];erglly} E(iagn Liséﬂér%toqgrepe?st ér? Feﬂ:%ﬂig géasr, tv&h(l:lgltﬁé 'y inan
mask blank of this invention is a mask blank for dry etching using an etching
gas substantially free of oxygen. Particularly in dry etching with a
chlorine-based gas substantially free of oxygen, the etching progress in the
horizontal direction in section of a resist pattern is smaller than that in etching
15  with a chlorine-based gas containing oxygen so that it is possible to suppress a
change in dimension of a resist.  Therefore, in this invention, dry etching with a
chlorine-based gas substantially free of oxygen is most preferable as dry
etching of the upper layer and the lower layer of the thin film in the mask blank.
Substantially free of oxygen represents not only a case where no oxygen is
20 contained at all, but also a case where even if oxygen generated in an etching
apparatus is contained, the content thereof is 5% or less.
(0040}
In order to reduce the etching time of a thin film, there are a method of
increasing the dry etching rate of a thin film to be patierned and a method of
25 reducing the thickness of a thin film to be patterned. Particularly in an
exposure mask, a thin film is required to have a certain or greater thickness in
terms of ensuring the light-shielding property at an exposure wavelength and

therefore there is a limit in recucing the thickness of the thin film. Accordingly,



exposure mask, a thin filmis required to have a certain or greater
thickness in terns of ensuring the |ight-shielding property at an
exposure wavel ength and therefore there is alimt in reducing the

t hi ckness of the thin film Accordingly, 13 it is necessary to select a
material with a high dry etching rate as a thin film (pattern form ng

| ayer). In the nask blank of this inveion, the thin film conprises a

| am nated filmof at |east an upper layer and a | ower | ayer, wherein the
upper layer is forned of a material containing chromum (Cr) and

nitrogen. bisShdteesdyao dBRRE alnfatefialiviithoX hidihaey ebohiRKRAS Y6 thih filke
at nosphere after the film formation and baking in a resist coating

process, a(paitgn drpingtlaperg Indhe meask ignk oftthigiimeghtion, tiecthinfdmwi th, for
exanpl e, a chlorine-based %as substantially free of oxygen and, further,
the upper wpl@rrlsa‘sa%lams@teﬂ nohat leasi an vprer layeranskm owsr stemwia@ra@bus
anmoni a, sulfur acid h eI’OXI de mx%ure or_the Iike in 10
exposure n‘é‘@wgﬁ’&ﬁ wprmégafg %@COPF’“”'QQE O ALICE) B DIROSEN] ower

hYer a8 SliEe e Gpé%rﬁ%‘?a?éﬁ%ﬁaw‘?%osn@ogﬁ A A A
substanti ajolyafiée n&’Baklﬂ(f;Y ahed d%fﬁﬁ rSedsE! & hR dr SRR GRGE chA pehe
F Retes bt BRUTAG PAE ol )

above- nmenti oned cl eani ng. terial, can

mat erial tfishine@nh @tdh&gﬁ:vm@ rfaoymn;mel é.lk:thﬁe%@@@@ag sgbstbafﬁlﬁfl fr8 ¢fTa) and
i s capabl e of being etched by dry etching using a chlorine-based gas. In

this i nvenbiygen and] urthenptbe ngpsulaberdisas 4 euffickeansestanceatdicledaagy witr
TaHf Zr is preferable. It is also possible to select a material in which,
usi ng suchaguenasEsrponingassifarihage hwrdtogena;ler%d%mhtmwmmhl@rmal such
as, for_exa

20 suctP a Q?HFF‘pg@ﬁﬁ ”@V?%V'@Q:Brﬁﬁﬁﬁsﬁs\n tygdﬁg%g@glﬁ’alﬁ ﬁ"rmelel}rQ?N@(/ %’T Ede o
ehar 9e-up, ofHE R B BEr 400 TRREY e el By FEO AR P o
Atk At tyale AS EIas ARAETRANC
conpound (Exygrentnd ha¥ a bificiehk@bistdribe tbhié BB6ve-ientiSnéd 8leaning. As
such a material, there can be cited a material that contains a compound mainly
15 composed of tantalum (Ta) and is capable of being etched by dry etching using
a chlorine-based gas. In this invention, a Ta compound such as, for example,
TaHf, TaZr, or TaHfZr is preferable. It is also possible to select a material in
which, using such a Ta compound as a base material, a secondary material
such as, for example, B, Ge, Nb, Si, C, or N is added. The lower layer made of
20 such a Ta compound can have conductivity necessary for preventing charge-up
during electron beam writing in the manufaciure of a mask and, further, it is
possible to obtain a large contrast in alignment.  Alternatively, as a material of
the lower layer, it is possible to select at least one element of hafnium (Hf) and
zirconium (Zr) or its compound (e.g. HfZr or the like) and, further, it is also
25 possible to select a material in which, using such a material as a base material,
a secondary material such as, for example, B, Ge, Nb, Si, C, or N is added.
[0041]

Of the thin film, the upper layer formed of the material containing



25 possible to select a material in which, using such a material as a
base material, a secondary material such as, for exanple, B, Ge, Nb, Si,
C, or Nis added. [0041]] O the thin film the upper layer fornmed of the
material containing 14 chromum (Cr) and nitrogen is preferably
optimzed in thickness so that it is preferably entirely oxidized by
exposure to the atnosphere after the fidm fornmation and baking in the
resi st coating process to thus achieve a good dry etching rate in
etching with, for exanple, the chlorine-based gas substantially 5 free of
oxygen. |t cheomiusf @rabhe nitiogentidh praierably dpiyrdzedrini thicknbse/eo that it is
| i ght-shielding property and be optimzed in thickness so as to have a
t hi ckness Prefeebhaentirelyroddized by expdsune ta theataedpiepracdtepsha 8irm of , for
with, for exanple, the

le, half-pitch 3 J I b t chi ,

Shrart . bbb SRR ooRbalhS B Bpbih s ohh B
int of view i HUS ot ok e | .
Pt ooty ffing, it I bl S, Pl e BB o S BB, ©

| : LS | TN t i
oi?/girzc(ag gtﬂrteegfslﬁgy%%'oifggrg%%%? 'S ?éc:%%%querarﬂgﬂ facg élo?lyteLeI isower
| ayer due lighteahglaingeprbpertnand be @bt n ehikieds Jos fol hdel Pidhess and,

further, the surface oxidation of the |ower |ayer proceeds due to baking
i n the resinstessaay fardonming edine lifetandspade pdtteyeof, fer exaimple iz pituhe
because it significantly reduces the etching rate in etching with, for
exanpl e, tBEnenerdessiy B Wit feugaraple; theloplarinedbasedpaggestantialihpede

t he etchi n? prcg?)ress. On the other hand, if the thickness of the upper 20
| ayer is gréStBOXY9h 3nm oxidation by exposure to the atnosphere after
t he flihmforrratct'((@q goes not proceed entirely so that there remains a
regi on of the ? yer where etching with, for exanple, the

S\m g[]i |n§ Pﬁﬁ gdngtﬁﬁ:pn? g?%ﬁagﬁl 'ke)f‘biéw, infthRSnREntBKY #MhicRn&dd & thelppbPiahErceed,

is preferably in the range of 1.5 to 3nm. If the thickness of the upper layer (e.g.
CrN) is less than 1.5nm, not only the upper layer is oxidized but also an oxide
layer is formed at a surface of the lower layer due to exposure to the

15 atmosphere after the film formation and, further, the surface oxidation of the
lower layer proceeds due to baking in the resist coating process. This oxide
layer is not preferable because it significantly reduces the etching rate in
etching with, for example, the chlorine-based gas substantially free of oxygen to
impede the etching progress. On the other hand, if the thickness of the upper

20 layer is greater than 3nm, oxidation by exposure to the atmosphere after the
film formation does not proceed entirely so that there remains a region of the
CrN layer where etching with, for example, the chlorine-based gas substantially
free of oxygen is difficult io proceed, which is thus not preferable.

[0043]

25 Of the thin film, the lower layer formed of the material that contains, for
example, the compound mainly composed of Ta and is capable of being etched
by dry etching using the chgorine-based gas preferably has a thickness in the

range of 3 to 10nm in this i{ivention in terms of mainly imparting it the



[0043] 25 O the thin film the |lower layer fornmed of the material that
contains, for exanple, the conpound mainly conposed of Ta and is capable
of being etched by dry etching using the chorine-based gas preferably
has a thickness in the range of 3 to 1 Onmin this invention in terns of
mainly inmparting it the 15 conductivity. [0044] |In order to suppress
etching in the horizontal direction inigection of a thin filmpattern,
there are a nmethod of selecting a material that requires the 5 inpact of
ions for the progress of dry etching and a nethod of adding an etching
gas that proedtéswitp deposit on side walls of a pattern. Since the etching
rate of aresist 1s small in etching wwth, for exanple, a chlorine-based
gas substanti al [0p4#tee of oxygen, if use is nade of a deposition gas
(e.g. a gas containing at |east one of carbon and silicon and chlorine
or fluorine) thathagesifppHpsessetshipgiimhehorizogial gipetionin sectian af &i | m
pattern, there is case where foreign tter unable to be repoved is
feposi ted i palefertere arr acnehe of SplEMaR mistene e terdkes et cni ng
(overetghicrk r i i ef ore,
s phor Hibattet IERIBEU RS DI T $BRgIE rindd AT 15

subst anti alghy thi§RoMicede 885bsitloh $i804rlls 6 h@mofsm&lr fﬁelr&clfiﬁﬁirat@ nfilm

f
for form ng a pattern on the substrate is not particularly ted, but
among al |, chaspsibtiersimdl ifickehingwith,for srirhpld, & hlopinefteisabilgasci t ed.
According to the sputtering filmformng nethod, it is possible to form
a uni f or m substanlially free dixaygeh,; i kseissnadd dta depositivs gps &.graghe. Wien 20
form ng, for exanple, a TaHf filmas the |lower |ayer of the thin film
accor di ng 8ntaineg ablgaskenagf ¢arbon pod gilinen Apd kblering or Hrgdte)dBabri si ng a
TaH a0y J,8H38g: 82 uha SPKL D L ATim AT hERTE 2% 20 Brgon

foreign matter unable to be removed is deposited on the pattern surface and
side walls in additional etching (overetching) or depending on the surface area
of the resist. Therefore, it is preferable not o add a deposition gas in eiching
with a gas substantially free of oxygen.

15 [0045]

A method of forming the thin film for forming a pattern on the substrate
is not particularly limited, but among all, a sputtering film forming method is
preferably cited. According to the sputtering film forming method, it is possible
to form a uniform film with a fixed thickness, which is thus preferable. When

20 forming, for example, a TaHf film as the lower layer of the thin film according to
the sputtering film forming method, a target comprising a TaHf alloy is used as a
sputtering target and an inert gas such as argon gas, helium gas, or xenon gas
is used as a sputtering gas introduced into a chamber.  On the other hand,
when forming a chromium nitride film as the upper layer of the thin film

25  according to the sputtering film forming method, a chromium (Cr) target is used
as a sputtering target and a mixture of nitrogen and an inert gas such as argon
gasorhemnngasmLmedaéasmﬂmﬁnggasmﬁomxmdhﬂoachamben

[0046]



is used as a sputtering gas introduced into a chanber. On the other hand,
when formng a chromumnitride filmas the upper layer of the thin film
25 according to the sputtering filmform ng nethod, a chrom um (Cr)
target is used as a sputtering target and a m xture of nitrogen and an
inert gas such as argon gas or heliumgas is used a:!~ a sputtering gas
introduced into a chanber. [0046] 16 s described in a later

enbodi ment, the nmask blank of this invention may have a configuration in
which a resist filmis fornmed on the thin film [0047] As in the
Structure 5, thisad gesdiibedin Brigt 8/HodinériPihethasioblenR o/ ina&htdd N9
nmet hod that etches the upper layer and the |lower |ayer of the thin film
i n the maskmialydrake af cdrifigardtionemhahn dyesibt yilne ictoirmgd wsi theg t@n film.

chl ori ne-based gas substantially free of oxygen and then etches the
substrate by dryl084¢&hing using a fluorine-based gas. [0048] 10 In this

invention, in the, nanufacture of ., .for exanple, an inprint ld, the
upper |ayer and t%”’l@ﬁ;@irqc&yﬁ%: Hyis yyentio b |q9ﬁ1%lgppélp&ﬂp(rﬁby dry

et chi ng  usj | arj.ne-pas ' fr f _OX n using
a resi st5 pa}thn[glg}’J %@ﬁg%@ﬂ@h@@éﬁ&ﬁ%ﬁ%‘@g iﬁﬁ%&%&%} gh%heok‘ﬁ%{)r%eﬁgg‘%pat tern
of the thinHd HiR indhA kY i [ | W\? s a mask, the
substrate its[etlc_ led g?éry ?L% 25@%%3&?3&%"%5@ u P?’lhg ased gas.
Therefore, dilonid-Basedfas sybRActHID Freddf !@ﬁlyg%@@‘arﬁ@ﬂwmﬁhéé%er%sﬁhtepat tern
formed on the mask blank is only the thin filmand, further, the

t hi cknessesbypfint étehingpsing afleoriranbasddegdsower | ayer of the thin filmcan
be optimzed in terns of fine pattern formation so that even if the

t hi ckness of thdOP4&li st filmis thinner than conventional, a fine

f d .2 i th, i | agk. of th hi ¢k
Pgtsit g: n1(3: ?80281 C’Hﬁ% m&en‘%h |?1%e (r:naa%ﬂ‘apcggure% , fo? exémglet, a'n?mgﬁrsltsmgrd,

the upper layer and the lower layer of the thin film are etched by dry etching

t he

using the chlorine-based gas substantially free of oxygen using a resist pattern
on the mask blank as a mask, thereby forming a pattern of the thin film, and
then, using the thin film pattern as a mask, the substrate is eiched by dry
15  etching using the fluorine-based gas. Therefore, an object of dry etching using
as the mask the resist pattern formed on the mask blank is only the thin film and,
further, the thicknesses of the upper layer and the lower layer of the thin film
can be optimized in terms of fine pattern formation so that even if the thickness
of the resist film is thinner than conventional, a fine pattern can be formed
20  without causing lack of the thickness of the resist.
[0049]
In this invention, in terms of forming a fine pattern of, for example,
half-pitch 32nm or less, the thickness of the resist film formed on the thin film
can be set to 100nm or less and is preferably set to the range of particularly 40
25  to 80nm.
[0050]
Hereinbelow, the best mode for carrying out this invention will be

described in detail with reference to the drawings.



In this invention, in ternms of formng a fine pattern of, for exanple,

hal f-pitch 32nmor |l ess, the thickness of the resist filmfornmed on the
thin film can be set to 100nmor less and is preferably set to the range
of particularly 40 25 to 80nm [0050] Hereinbelow the best node for
carrying out this invention will be described in detail with reference
to the drawings. 17 [00511 This enboditvent 1 is an inprint nold for use
i n manufacturing processes of a sem conductor device. Fig. 1 is a
schematic sectional view of a mask blank for the manufacture of a nold
according to thi oefhodinent 1 and 5 Fig. 2 is schematic sectional views
for explaining inprint nold manufacturing processes. [0052] As shown in
Fig. 1, a mask blkikes®opbimenisleisian imiprist wolsoidr neain hansfactwoimgi gured to
have a lam nated filmof a conductive film (]ower |ayer) 52 and a 10

| i ght - shi el RiOR§STES %B(%B@ingt@rrqew aerg a1 tS&$C§tentﬁthrﬁ9§H0Fai vigw 6f ar der

over a transgﬁb%rrtﬁ( @stn[‘gt 51 Thi J dl Eﬁ?' i s roducted the
fol lowi ng W8 3 &hitachia ard ol acsaaBh fo M bR RLo e
152mm x 4 hi Fiﬁtr‘ﬁ%scﬂef’n%hcss%&\%nﬁﬁne\bffotr QQEWQSfMprﬁHl?r%IH %aeftu?atcth oy ©

introduced 1 Ato a sputiering appara conprrsing an al

tant al um ( Tghcaggbshaf ni um (Hf)  (tantal um hafnium = 80:20 in atomc
rati o) was sputtered in an argon gas to formthe conductive film52 made
of a tantal um haf{ads@h al | oy and having a thickness of 7nm and, then,

W t hout exposure to the atnosphere, a chronium 20 target was sputtered in
a mxed gas of arAposhewilimirigr b,g@matsbbl&iﬂﬂrﬁ(tﬂ@euﬁﬁimthﬂﬁ empodiment 1 is

configured to have a laminated film of a conductive film (lower layer) 52 and a
10  light-shielding film {upper layer) 53 and a resist film 54 in this order over a
transparent substrate 51. This mask blank 50 is produced in the following
manner.
[0053]
A synthetic quartz substrate (size 152mm x 152mm x thickness
15  6.35mmj) as the transparent substrate 51 was introduced into a sputtering
apparatus. Atarget comprising an alloy of tantalum (Ta) and hafnium (Hf)
(tantalum:hafnium = 80:20 in atomic ratio) was spuitered in an argon gas to
form the conductive film 52 made of a tantalum-hafnium alioy and having a
thickness of 7nm and, then, without exposure to the atmosphere, a chromium
20 target was sputtered in a mixed gas of argon and nitrogen to form the thin film
(light-shielding film) 53 of chromium nitride (chromium:nitrogen = 35:65 in
atomic ratio) to a thickness of 2.5nm. Over the quariz substrate thus formed
with the laminated film of the tantalum-hafnium alloy film and the chromium
nitride film, the resist film (ZEP520A manufactured by Zeon Corporation) 54 for
25 electron beam writing was coated to a thickness of 50nm, thereby obtaining the
mask blank 50 for use in this embodiment 1.
[0054]

Then, using an electron beam writer, a line-and-space pattern of



(light-shielding film 53 of chromumnitride (chromumnitrogen = 35:65
in atomc ratio) to a thickness of 2.5nm Over the quartz substrate thus
formed wth the lamnated filmof the tantal um hafniumalloy film and
the chromum nitride film the resist film (ZEP520A manufactured by Zeon
Corporation) 54 for 25 electron beamwiting was coated to a thickness of
50nm thereby obtaining the mask bl ank850 for use in this enbodi nent 1.
[ 0054] Then, using an electron beamwiter, a |line-and-space pattern of
18 half-pitch 20nmwas witten on the resist film54 of the mask bl ank
50. Then, Haligitch0sm Wat mrfiénwasthdeysbidiraddt of themmask blask 50. paitdérer n 54a,
t hereby obtaining a nold manufacturing blank. [0055] 5 Then, the nold
manuf act ur ithey rasigidikn Hdrwasidewalopeachle fors agesiphpattarn 58aathevety dbtainoduced
into a dry etching apparatus and subjected to etching with an
oxygen- f r e@ BRIdIPARSaGHIENg e by forming a pattern 55 conprising the

| am nated film O[ﬂor%fgf tantal um hafniumalloy film (conductive film 52)
and the chromu tride film(light-shielding film53) as shown in Fig.

2(a). Il this 10 ' ' i '

refl ect ?_ng opti c-la_ﬁg@’ﬁ eﬁ@%?ﬁ&ﬁ]@%@gﬁﬁ?bi@%%& gy%ﬂ%é%g!r#k@?e@r?ﬁahe sane
dry etchi n%@ﬂﬁﬁé@ﬁd&ﬂinﬂfﬂdﬂﬁ@tbhiﬁg apphRGuiand bWsieLiE 18 2%@hd ¢ifrah gas was
carried out to etch the quartz substrate 51 using 15 the lamnated film
pattern 55 oxggen-frasichlarinergalsy tieosl fogmingauipatiean 58t doemprisir thehown in Fig.
2(b). In this event, the etching time was adjusted so that the depth of
t he quart z |gatna@diilgeoiibe dandamonhafnivm alley, filmn(condestivedilmda) ianthtbde
pattern sectional shape, a blank for ev ation produced in the sane
manner as C%@E'P%@'H“%JH%("%%%?IQWSHEW?’SSﬁéﬁgﬁvgd'ﬁ%&-\%a)a pathier n

secti oqousi

e@gnﬁ an etching end point was judged using a reflecting optical end point
detector. |
[0056]
Subsequently, in the same dry etching apparatus, dry etching using a
fluorine-based (CHF3) gas was carried out to etch the quartz substrate 51 using
15  the laminated film pattern 55 as a mask, thereby forming a quariz pattern 56
shown in Fig. 2(b). In this event, the etching time was adjusted so that the
depth of the quartz pattern 56 became 70nm. Herein, in order to confirm the
pattern sectional shape, a blank for evaluation produced in the same manner as
described above was broken to thereby observe a pattern section using a

20 scanning electron microscope. As a result, the resist pattern disappeared so
that a surface of the chromium nitride was exposed. The thickness of the
chromium nitride, which was 2.5nm before the etching, was reduced to about
1nm, but it was confirmed that the width of the quartz pattern 56 was
approximately equal to that of the pattern 55 comprising the laminated film of

25  the tantalum-hafnium alloy film and the chromium nitride film and that the depth

of the quartz pattern 56 was uniform.

[0057]

Then, a photoresist (iP3500 manufactured by Tokyo Ohka Kogyo Co.,



20 scanning electron mcroscope. As a result, the resist pattern

di sappeared so that a surface of the chromumnitride was exposed. The
t hi ckness of the chromumnitride, which was 2. 5nm before the etching,
was reduced to about 1 nm but it was confirmed that the width of the
gquartz pattern 56 was approximately equal to that of the pattern 55
conprising the lamnated filmof 25 thé9tantal umhafniumalloy film and
the chromumnitride filmand that the depth of the quartz pattern 56
was uniform [0057] Then, a photoresist (iP3500 manufactured by Tokyo
Chka Kogyo L) was@oatedito)a thicknessibedctron antthé atoie smnofactethylank t he nol d
manuf acturing blank fornmed with the quartz pattern 56 and then was

subj ect ed tformeagpwihiie ayartzpatieinissl and theg Iasaauljeniacicoprpasure ber eby
formng a resi st atter 57 for a stal ,structure shown in Fig. 2(c).
5 [0058] ThitFavielntighs and #&Ha'pam%lhﬁ Ev&wm%aﬁeasmtwrﬂﬁz fPeaj st
pattern 57 t ched usi xed sol ution of hydrofluoric acid
and anmoni Lﬂﬁ\éa? aﬂ%ﬁ“‘r“gﬂre(% Hrc]ggn‘?%rql on 4. 6w % NH4F concentration

36. 4wt % and the dBT resi st was renoved by predeterm ned acid cl eaning,
t her eby pr oduci ngb O pedestal structure 58 having a depth of, for

exanpl e, about 1FWeaAstheiaue méhufE¢thln§b@hkfcﬁlﬁéd"\ﬁﬁh tﬁ&@sls@ﬁhﬂéﬁwesiffllm

pattern 55 was renoved by dry etching using a chlorine gas, thereby
obt ai ni ng awvas wetrétohedobidge mixed ssiutiootad hgdsdficanic aoid dridgampejum [ 0059]
15 In the obtained inprint nold, since the sectional shape of the

| ani nat ed fluorige Pt coppemmtigast. QWV/&rMHd%COWET@?I@maﬁt%%)@ﬂdéhe@ﬂ‘te and

further the pattern ccuracy of the |am nated filmpattern 55 was al so
excel | ent, & 'ﬁfa‘f’@%F‘?{“%‘i&cglPYB et‘?rﬂ"'ﬁﬁfjn%qu NHge theely BEOFUGRE bt ai ned

also f 9% t he odas Al Ec,tzrucaﬁltetgé Havmg a depth of, for example, about 15um as shown in
Fig. 2(d). Further, the laminated film patiern 55 was removed by dry etching
using a chlorine gas, thereby obtaining an imprint mold of the structure shown in
Fig. 2(e).
[0059]

15 In the obtained imprint mold, since the sectional shape of the laminated
film pattern 55 was a vertical shape and thus excellent and further the pattern
accuracy of the laminated film pattern 55 was also excellent, a pattern excellent
in dimension and accuracy was obtained also for the quartz pattern 56.

[0060]

20 As the conductive film 52, use may be made of, for example, a

tantalum-zirconium alloy instead of the tantalum-hafnium alloy.

[o081]

Next, the best modes when this invention is applied to imprint molds
(stampers) for use in a process of removing a magnetic material of a DTR

25 medium by grooving and in a process of processing a magnetic pattern of a
patterned medium wil!l be described in detail with reference to Fig. 1 and part of
Fig. 2.

[0062]



[0060] 20 As the conductive filmb52, use may be made of, for exanple, a
tantal um zirconium al l oy instead of the tantalum hafniumalloy. [0061]
Next, the best nbdes when this invention is applied to inprint nolds
(stanmpers) for use in a process of renoving a nagnetic material of a DIR
25 nmedi um by grooving and in a process of processing a nmagnetic pattern
of a patterned mediumw || be described in detail with reference to Fig.
1 and part of Fig. 2. [0062] 20 In the case of an inprint mold in this
enmbodi nent 2, as a mask blank for use therefor, use is nade of a nask

bl ank 50 havi ng tithescume cftanuatodinematd infthis enﬁtﬁodlﬂnenmsde ®hezk ddhkised in
the enbodinment 1 shown in Fig. 1 except that a disk-shaped synthetic
quart z subsisedberefeivusgyisanaianta eraSbfblarﬁoﬁﬁrha‘ﬁdg Hhesamhe sknokise a6 tAt35mm
I s used as trans %rent substrate 51. Her ei nbel ow, there is

shown a secﬁféhfwaé Al aGeses inrdge gmbos} ¢rﬁt1 'lhﬁwrumf%a 1L1§56R1 tAatdr oovi ng

o Fro. 1, & %Zaf?aeoé?%iﬁ%ﬁ{ed'ﬁoﬂe&ﬂafuez%%@ﬁfﬂ@satc?'Fame? da M ucer
di anet e ofy,8HMANRG. %‘f’rmhpﬁ eg'a@%alt@ﬁﬁp%f%rﬁ%mt\“ﬁé et as a groove

patternformng area resrs I'n an area outside the circle
of the outer di r 65mmand in an area inside the circle of the inner
di aneter 20nm was entirely exposed using an electron beamwiter. Then,
in the groove p#ereinbelbos thengissheavn a sgywence gfahdrufacteribd aa itpriet Wi dt h
of 40nm and a 15 space width of 80nm was exposed by the el ectron beam
witer. Th enq:ldtfwéusaeiiapﬁ)@l@@vm@snrs@eSSi afra B4-inels DdBveediped £l arrpsisifiim

;[ Pne): Ieﬁ%/ L‘?pr |2%ﬁﬁ%l§f)[ﬂ:%&0ﬁ(§ﬂ%§ﬁﬂn an a?rea %\lﬂlrrgg ncgehdeby (r:gr?e/e%trﬁ)caélicelésnwnghe
10  an outer diameter of 65mm and an inner diameter of 20mm was set as a groove
pattern forming area and the resist film 54 in an area outside the circle of the
outer diameter 65mm and in an area inside the circle of the inner diameter
20mm was entirely exposed using an electron beam writer. Then, in the
groove pattern forming area, a groove pattern with a line width of 40nm and a
15  space width of 80nm was exposed by the electron beam writer. Then, the
exposed resist film 54 was developed and rinsed, thereby forming a resist
pattern 54a having the groove pattern. The imprint mold manufactured herein
is of the type that is used in a transfer process of direct transfer onto- a resist
film on the DTR medium and, therefore, 120nm-pitch tracks with a magnetic
20 layer width of 80nm and a groove width (nonmagnetic layer width when grooves
are filled with a nonmagnetic substance) of 40nm will be formed as a pattern of
a magnetic recording surface finally formed on the DTR medium.
[0064]
Then, the mold manufacturing blank formed with the resist pattern 54a
25 was introduced into a dry etching apparatus and subjected to etching with an
oxygen-free chlorine gas, thereby forming a pattern 55 comprising a laminated
film of a tantalum-hafnium alloy film {conductive film 52) and a chromium nitride

film (light-shielding fiim 53) as shown in Fig. 2(a). In this event, an etching end



is of the type that is used in.a transfer process of direct transfer onto
aresist filmon the DTR nedi um and, therefore, 120nmpitch tracks with
a magnetic 20 |ayer width of 80nmand a groove wi dth (nonmagnetic |ayer
wi dt h when grooves are filled with a nonmagnetic substance) of 40nmw ||
be formed as a pattern of a magnetic recording surface finally fornmed on
the DTR nedium [0064] Then, the nol d2manufacturing blank fornmed with
the resist pattern 54a 25 was introduced into a dry etching apparatus
and subjected to etching with an oxygen-free chlorine gas, thereby

form ng a patiterds p8gePDFInG i refedingaptibat & pdihd dateétop t ant al um haf ni um
alloy film(conductive filmb52) and a chromumnitride film

(1'i ght-shi el di ng[@d6bin 53) as shown in Fig. 2(a). In this event, an
etching end 21 oint was judged using a reflecting optical end point
detector. [ 0065PuBse@liEAnIye sametdiy etrhing apparaushdietelipataings dry
et ching usinhg.a  fluorine-based (CHF,3‘1)1| Bas \/va]§I carried out to etch a
quart z subé@g%\'ﬂ%"bﬂieﬁéd:ﬂgﬁ) GESRS FAHPH QPEIR IFD A ParizesuRstateyl usingisk,

t her ebyforym ng.. 6 i i q. 2(b). In_this_.event,

t he etcﬁi néﬁ% %ﬁaﬁgq%@&@?@ﬁ%%St%h@?‘%ﬁ@eﬂeﬁég‘irﬁ“%ﬁi gt@‘l’@”ﬁt‘f _tf’g] ?)ittern 56
became 10015y, Hek .ﬁ%’z WA %ﬁﬁéeé&t%@fétéﬁm%ﬁue WAl ééjhgte%es%tgﬁf‘ﬁw'e shape, a
bl ank for evaluati r'oduced I n the sanme nner as escri bed above was

broken to tdaptesmhelpary pageRPbd BEECRHETDDMNA. USiehdndin Hidsciadinfen gheect r on
m croscope. As a result, the resist pattern di sappeared so that a

surface of galterrcéeadiohainshaiper adéankefor evglostienh. protecacincke aameahahher as
chromumnitride, which was 2. 5nm before the etching, was reduced to
about 1 niespiifed abaveswadhrakendel thenalby observie atatiern sealiogutsingapattern 56
was approxi mately e?rual to that of the pattern 55 conprising the

| ani nat1 d fSCRHIBE © PRENCERFEIPEm RS AIPSHIL 119 (RPISt PRHPALSAPREk 6 8% um
AU e g 08 R o kB P RS BRe o O

chromium nitride, which was 2.5nm before the etching, was reduced to about
1nm, but it was confirmed that the width of the quartz pattern 56 was
approximately equal to that of the pattern 55 comprising the laminated film of
15 the tantalum-hafnium alloy film and the chromium nitride film and that the depth
of the quartz pattern 56 was uniform.
[0066]
Then, a photoresist (iP3500 manufactured by Tokyo Ohka Kogyo Co.,
Ltd.) was coated to a thickness of 460nm on the mold manufacturing blank
20 formed with the quartz pattern 56 and then was subjected to exposure by
ultraviolet light and development in the area outside the circle of the outer
diameter 65mm, thereby forming a resist pattern 57 for a pedestal structure
shown in Fig. 2(c).
[0067]
25 Then, the mold manufacturing blank formed with the resist pattern 57
was wet-etched using a mixed solution of hydrofluoric acid and ammonium
fluoride (HF concentration 4.6wit%, NH4F concentration 36.4wt%) and then the

resist was removed by predetermined acid cleaning, thereby producing a



[ 0066] Then, a photoresist (iP3500 manufactured by Tokyo Chka Kogyo Co.,
Ltd.) was coated to a thickness of 460nm on the nold manufacturing bl ank
20 fornmed with the quartz pattern 56 and then was subj ected to exposure
by wultraviolet |ight and devel opnent in the area outside the circle of
the outer diameter 65mm thereby formng a resist pattern 57 for a
pedestal structure shown in Fig. 2(c)22[0067] 25 Then, the nold

manuf acturing blank formed with the resist pattern 57 was wet-etched
using a m xed solution of hydrofluoric acid and ammoni um fluoride (HF

concent r at ipgdedtabetrd6tud-B8-haang ardepdt o for3xafwdld)atand 1 5l@rad sowr igsi st
was renoved by predeterm ned acid cl eaning, thereby producing a 22

pedest al sthi@gdi(d).e Batheavhe tpraindiget fiimagiattefob5 evesmphreyvedhyudry £5thirgs shown
in Fig. 2(d). Further, the lamnated filmpattern 55 was renoved by dry
et ching udiSHY ackirriae gas. aeesbyiabiziehg asurrinl Myldhavingrthastiueiu®e havi ng

the structure shown,j ig. 2(e far use in vVin rocess of a DIR
medi um 5 0688 ﬂg-é@E%ﬁ?ﬁdéa)qr%v'ﬂwf%ﬁﬁa??éﬁ@g n?eﬁgu‘gecti onal shape

of the kam natedgddgim pattern 55 was a vertical shape and thus excellent
and further the pattern accuracy of the lamnated filmpattern 55 was

al so excel l ent, @ pRidREREXABAMENSId, siRc iHEaSIBRardHACRC W miNBRd |
obtained also for the quartz pattern 56. This 10 inprint nold was applied

to a groovifirg patteress was d Veetica shbpe tind ¢hief eXdERentredi fartapdthegsatier esul t
all the grooved DIR nedia had grooves transferred with high accuracy and
wer e quit e asgeielcy ehthe pooBaRd fith patigin 35hwas alee erealénica paitam pretiettses,

t here vvere_r’rgnufacture 15 an inprint mold (line width of the nold:

25nm  gr ooVd AReIFPHAN ﬁgcqupydwaggmﬁmed also for the quartz pattern 56. This

10 imprint mold was applied to a grooving process in the manufacture of DTR
" media and, as a result, all the grooved DTR media had grooves transferred with
high accuracy and were quite excellent.
[0069]
Through the same manufacturing processes, there were manufactured
15  animprint mold (line width of the mold: 25nm, groove width of the mold: 58nm)
for producing a DTR medium with a track pitch of 83nm and an imprint mold
(line width of the mold: 23nm, groove width of the mold: 10nm) for producing a
DTR medium with a track pitch of 33nm. As a result, patterns were excelient in
both dimension and accuracy. Further, these imprint molds were each applied
20  to a pattern processing process in the manufacture of patterned media and, as
a result, all the grooved DTR media had grooves transferred with high accuracy
and were quite excellent.
[0070]
Through the same manufacturing processes, there were manufactured
25 animprint mold (line width of the mold: 18nm, groove width of the mold: 7nm)
for producing a patterned rfgedium with a track pitch of 25nm and an imprint
mold (line width of the moléi: 20nm, groove width of the mold: 6nm) for

producing a patterned med;ium with a track pitch of 33nm. As a result, paiterns

— cm e e



for producing a DTIR nediumwi th a track pitch of 83nmand an inprint nold
(line width of the nold: 23nm groove width of the nold: 1 Onn) for
producing a DTR nmediumwith a track pitch of 33nm As a result, patterns
were excellent in both dinension and accuracy. Further, these inprint

nol ds were each applied 20 to a pattern processing process in the

manuf acture of patterned nmedia and, as23a result, all the grooved DIR
medi a had grooves transferred with high accuracy and were quite
excellent. [0070] Through the same nmanufacturing processes, there were
manuf act ur egre 2kcellent mpsaethidimehslof Bhtacwidty dFurtHes, theseimpi@nmolgs oove
width of the nold: 7nnm) for producing a patterned mediumw th a track

pi tch of 2Bwene &adh anpiiecbiiOi awpattemlmoc(esishi@ proceds iofthe menwfdadiyre cfOnm  gr oove
wi dth of the nold: 6n producing a patterned nedlumwith a track
pitch of 3BAHeMad rﬁeqi'@ﬁﬁ‘fdt as ﬁd?@@? 74 thesgrapyed L gledimbad @rayes di nensi on
and accura ese ach applied to a
pattern pr%%@gé%ﬁﬂ @85§CPHEF Hﬁﬁﬂ?é@fﬁﬁécgﬁwfpatterned nmedi a and, as
aresult, all the grooved DTR nedi a had grooves transferred with hlgh
accuracy and were quite excellent. 24 CLAIMS 1. A mask bl ank conpri sing
athinfilmfor formng a pattern on a transparent substrate, wherein
said nmask blank is a mask blank for dry etching 5 adapted to an inprint
nol d manufacturing nmethod that etches each of said thin filmand said
substrate by dry etching using an etching gas substantially free of
oxygen, wherein: said thin filmconprises a lamnated filmof at |east an
upper layer and a |ower |ayer, said upper layer is formed of a materi al
containing chromum (Cr) 10 and nitrogen, and said |lower |ayer is forned
of a material containing a



conpound mai nly conposed of tantalum (Ta) or containing at |east one
el ement of hafnium (Hf) and zirconium (Zr) or its conpound and capabl e
of being etched by dry etching using a chlorine-based gas. 2. A nask
bl ank according to claim11, wherein said upper |layer of said 15 thin
filmhas a thickness of 1.5nmto 3nm 3. A mask blank according to claim
1 or 2, wherein said |ower layer of aid thin filmhas a thickness of
3nmto 1 Oom 4. A mask bl ank according to any one of clains 1 to 3,
wherein a resist filmto be formed on said thin filmhas a thickness of
100nmor less. 20 5. An inprint nolg Amsuf acturing nmet hod conpri sing
et ching said upper layer and said |ower |ayer of said thin filmin the
mask bl ank according to any of claims 1 to 4 by dry etching with a
chl ori ne-based gas substantially free of _oxklgen to forma pattern of
said thin film and A Wesk slatiicegirsising athiafilnatas feyningeypadteshon@ with a
fl i ne- based ' [ d patt. f id thi i | 25 K.
vortne t?ésr%pageanst substl e,svz\il &rein said mask blank f% a mlars]kfbllamnk1 fgrS dr?/ etchinéml S
5 adapted to an imprint mold manufacturing method that eiches each of said thin
film and said substrate by dry etching using an etching gas substantially free of
oxygen, wherein:
said thin film comprises a laminated film of at least an upper layer and a
lower layer, said upper layer is formed of a material containing chromium (Cr)

10 and nitrogen, and said lower layer is formed of a material containing a
compound mainly composed of tantalum (Ta) or containing at least one element
of hafnium (Hf) and zirconium {(Zr) or its compound and capable of being etched
by dry etching using a chlorine-based gas.

2. A mask blank according to claim 1, wherein said upper layer of said

15  thin film has a thickness of 1.5nm to 3nm.

3. A mask blank according to claim 1 or 2, wherein said lower layer of
said thin film has a thickness of 3nm to 10nm.

4. A mask blank according to any one of claims 1 to 3, wherein a
resist film to be formed on said thin film has a thickness of 100nm or less.

20 5. An imprint mold manufacturing method comprising etching said
upper iayer and said lower layer of said thin film in the mask blank according to
any of claims 1 to 4 by dry etching with a chlorine-based gas substantially free
of oxygen to form a pattern of said thin film and then etching said substrate by
dry etching with a fluorine-based gas using said pattern of said thin film as a

25 mask.



