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| nventi on: PHOTOVASK BLANK AND METHOD FOR MANUFACTURI NG PHOT

Technical Field The present invention relates to a photonas mu@ﬂm"" se
4 n manufacturing a sem conductor integrated circuit or the Il

an accurate fine pattern, 10and a nethod for manufact uri- ng—tl%e—pﬁ%if—%#asL
Background Art In recent years, witlh increasing integration of

'sem conduct or devices such as |arge-scale integrated cirecui tSWHM II"L"HI”I“W-'
circuit patterns have been increasingly 15m niaturized. For

of such fine circuit patterns, thére Ka®k Hedh Ta Idéhahd to thin intgggennect

patterns and contact hole patterns which formcircuits. These patterning
are comonly carried out by photolithography using a photonask, thus
| eading to a 20denmand to finel Fiade, odcdcimeatieinerftgran:t he pattern of the
phot omask, whi FHIGRINASK asLANKEANRrMETHOD FOR MANUFACTURING PHOTOMASK
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Technical Field
The present invention relates to a photomask blank
for use in manufacturing a semiconductor integrated
circuit or the like including an accurate fine pattern,
10 and a method for manufacturing the photomask.
Background Art
In recent years, with increasing integration of
semiconductor devices such as large-scale integrated
circuits (LSI), circuit patterns have been increasingly
15 miniaturized. For implementation of such fine circuit
patterns, there has been a demand to thin interconnect
patterns and contact hole patterns which form circuits.
These patterning are commonly carried out by
photolithography using a photomask, thus leading to a
20 demand to fineiy and. accurately form the pattern of the
photomask, which serves as a master.
A common method for manufacturing a photomask
pattérn is as follows. A resist film is formed on a
photomask blank with a light blocking film formed on a
25 - transparent substrate such as a glass substrate.
Thereafter, a pattern is drawn on the resist film by
light or an electron beam. The resist film with the

pattern drawn thereon is developed to form a resist



A common nethod for manufacturing a photomask pattern is as follows. A

resist filmis fornmed on a photomask blank with a light blocking film

fornmed on a 25transparent substrate such as a gl ass substrate. Thereafter,
-a pattern is drawn on the resist filmby Iight or an el ectron beam The

~resist filmwith the pattern drawn thereon_is devel oped to forma resi st
pattern. The resist pattern is used as an %tching mask to etch the |ight

bl ocking film Thus, a pattern (photomask pattern) -including a |ight

bl ocki ng portion and a light transm ssion portion is forned. Wth the

5i ncreasi ngl y RPREEEDri zESpREEaTds PAFHIEY 1S (4R UriinidTy § WSt IfA Pased

oL chi ng usi ng DS SRERSRES BB rin CPREenSh adin | Pty AbikF S at s for
accel orati on voPTaGE ER 'oPAbt PG achLaVE TTGR redhuB oA Gepored (o a
For an el ectron Boam T Hareates T RE Anpunt oF T5ereei TARE pact i TS ough.
the resist fil mwbeasthgivesiist aksr3vliceehed dnd sthedrawmg.cHdence,
di sadvant ageously, the resist may becone | ess sensitive. Thus, the resist
for use in mandtaetiti ig Aostly based on electron beam exposure.
.Furthérmore, the etching is mostly based on dry etching
using gas plasma.
For an electron beém lithography apparatus for use
10 in drawing patterns, every effort has been made to
increase acceleration voltage in order to achieve high
resolution in response to a demand for pattern
miniaturization. However, a higher acceleration
voltage for an electron beam-increases the amount of
15 electrons passing through the resist film when the
resist- is subjected to the drawing; Hence,
disadvantageously, the resist may become less
sensitive.
- Thus, the resist for use in manufacturing a
20 photomask is mostly of a chemical amplification type
that is very sensitive. A typical chemical
amplification resist uses what is called a photoacid
generator that generates an acid by means of light or
an electron beam. A negative resist is a resist a
25 portion of which is subjected to a crosslinking

reaction with an acid generated by irradiation with

light.or_an electron beam and thus becomes less soluble



20phot omask is nostly of a chem cal anplification type that is very
sensitive. A typical chemical anplification resist uses what is called a
phot oaci d generator that generates an acid by nmeans of light or an el ectron
‘beam A negative resist is a resist a 25portion of which is subjected to a
crosslinking reaction with an acid generatﬁd by irradiation with [ight or
an el ectron beam and thus becones | ess soluble to a solvent (developer). A
positive resist is a resist that is nade nore soluble.-by an acid generated

by irradiation _wth I| ht oréf %égctron eam to renove a protective group
froma resin. 'Fl?e Facl & §ofer' §5¥8 LR as & ARt F e % %hain

reaction by, starti 9 or he next eactlo Thus

such a chenlcal 5&%%?E|€§tﬁénnhég|s qﬁ%ﬂad&ﬁhfgbe &faﬂﬁﬂ%ﬁﬁ%ﬁ?a.hlgh

resol ution in gpite.gthelng gensl iy Eﬁxt( B8 o] A1 EXAM] ekl &&mnt
an o

1). 10 The light blocking filmfor t hot ormas I'S nost rned of

a Chro”iUU‘CO”BOE@@teéthW@herh%ﬁ&h@%'@|ﬂ@§fﬁrnﬂkﬂg éﬂ%&‘@bﬁgy
conmpound i s stacked on a transparent .substrate or a phase-shift f|In1forned

of a silfcon caepeund. aFuetheF®r o &apRkRe! (Mg i ada dasonl Agercqr oposed
in which a silicon conpound is used as a light blocking filmand in which a
hard mask or aeaatpief| ettirventi lom fooomed iofy & hehmeErtumezanpaund or a
chromummnetal filmis stacked on the light blocking film(see, for

exanpl e, PatenfhBscusesh 2) cheokioadyemplilf itded ipmotreredsk Hlaankhen which a
chem cal anplification resist is provided directly on the film containing
chronmium the 8F¥8585&888t PénaFrhdRIBEIoR PRGN KERCIAT i irs isPdtticoP fr esi st
may be degradegsat t he |nterface bet ween the film_containing chrom um and

25t he cheni cal ﬁBPlF?BﬁfFéﬁeflﬁﬁF SPELi FrEFPe ﬁﬁéﬂ@ﬁeHQﬁngﬂﬁﬂhflcatlon
resist js shaped I|i h t.t am when he re5| i s of t|ve
i . P lf“ﬁ 1§Wn %90 ?{ né;n f\M]. e q;toarlnan kg% %(

type and is shaped u -|ﬁ wh e’ resi s

This is becaus oggf aghdnlg 880 g?BﬁQuhpc%m %ﬂ% a'% ;ﬂﬁhe&ﬁ%é?fﬁgron

pair) in the chrom nlconpoun eactivate |on 0 acl
film formed of such a chromium compound is stacked on a

transparent substrate or a phase-shift film formed of a
silicon compound. Furthermore, a photomask blank has

15 been proposed in which a silicon compound is used as a
light blocking-film and in which a hard mask or a
antireflective film formed of a chrbmium compound or a
chromium metal film is stacked on the light blocking
film (see, for example, Patent Document 2).

20 However, in the photomask blank in which a
chemical amplification resist is provided directly on
the film containing chromium, the cross-sectional shape
of the chemical amplification resist may be degraded at
the interface between the film containing chromium and

25 the chemical amplification film. Specifically, the
chemical amplification resist is shaped like a hemming

bottom when the resist is of a positive type and is



5resist which is |located near the interface. If the cross-sectional
shape of the resist is thus degraded, a deviation froma desired size
occurs when the filmcontaining chromumis etched using the resist pattern
-as an etching mask. Specifically, with the 10positive resist, the henmm ng
bott om shape prevents mcro spaces or hoIQE from being properly formned.

Fur t her nor e,

Wi th the negative resist, the dug-in shape causes the resist

‘pattern to be coll apsed during devel opnent or cleaning. 15As neans for

sol ving these

,..a method for stacking a filmformed of a silicon

obl e :
conpound contaghﬁﬁﬁdn L&Rr Gt 1oh "R TR FRHiSH nie Hr GRS for

exanpl e,

Pat Do t _3). , .the film.containing chronium i t
[\ y 6 ERad B "ary 20BNy Wl 7 i 197 TR P oy et chi ng

substantial ly

usi ng oxygen- cggh%i ﬁifarilg G é%rhiar%%d( CH Q- N gatolr}élrjgi:r{ .t he fric!mmd‘ ormed of a

silicon conpoun

ontaining no chromumis anti al y € thed by the

dry etching usEeafagzsxaerebca@ta@t&iv%@ec%' 8 o CHO): taéaydf the Ay

25et ching using f

uorine (F). This increases the nunbers of steps and’

condi tiofs forrthesdr ynekehiiRY 12304t e rCYele itHt®E fale production of a

phot omask.

Furt her nore, this method is di sadvantageous for rate control

for an etching appanét theand odefeeictimmagensidpe AdditHeonadd st the whiys
et chi ng usi ng oxygen-containing chlorine (01/0) is less directional and
results in i sotlegpiadedt chi dgvibldence f rihe asides icfeda Sfiidemosantrad mitregn
chrom um whi ch has been patterned by the dry etching using
oxygen- cont ai nthg Ehlwr cretdéniage chromitfatl sofe tidhed jusmhnfdortied nsfsist

silicon conpound contai ning no chrom um and whi ch has been patterned by the
dry etching uspﬁ@tern as ah etching mask. Specifically, with the
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positive resist, the hemming bottom shape prevents
micro spaces or holeé from being propérly formed.
~Furthermore, with the negative resisﬁ, the dug-in shape
causes the resist pattern to be collapsed during
development or cleaning.

As means for solving these préblems, a method for
stacking a film formed of a silicon compound containing
no chromium, on a film containing chromium (see, for
example, Patent Document 3). However, the film
containing chromium is not substantially etched by dry
etching using fluorine (F) but by dry etching using
oxygen-containing chlorine (C1/0) . Ih contrast, the
film formed of a silicon compound containing no
chromium is not substantially etched by the dry etching
using oxygen-containing chlorine (Cl/0) but by the dry
etching using fluorine (F). This increases the numbers
of steps and conditions for the dry etching and thus a

cycle time for production of a.photomask. Furthermore,



10fluorine (F), which is anisotropic. This causes an error in the size of
the final photomask pattern. Furthernore, if the two filns with the
different sizes are used as an etching mask to further etch an underlying
film the cross-sectional shape of the 15underlying film may

di sadvant ageously be degraded. Prior Art Docunents Patent Docunents

Pat ent Docunent 1: Jpn. Pat. Appin. KOKAI Publication No. 4-226461 20Pat ent
‘Docunent 2: Jpn. Pat. Appin. KOKAI Publication No. 20-268980 Pat ent
Docunment 3: Jpn, .Pat. Appin. KOKAI Publication No. 18-146151 Summary of the
| nventi on 25Pr bBEENPESIRE $61 (édapyaphéIrAientiogsn rate Coafradi d@F 6" t he
present invention iLs to provide a phatamask bl ank that enabl.es a ttern to
be properly f8fﬁBanw@8§§fF6P538P5iﬁﬁ?ﬁﬁz BRGBI9Ement - %%dltlongi Yo

the dry etching using oxygen-containing chlorine (C1/0)
is lesé directional and results in isotropic etching.

5 . Hence, the size of a film containing chromium which has
been patterned by the dry etching using oxygen-
containing chlorine deviate from that of the film
formed of a silicon compound containing no chromium and
which has been patterned by the dry etching using

10 - fluorine (F), which is anisotropic. This causes an
error in the size of the final photomask pattern.
Furthermore, if the two films with the different sizes
are used as an etching mask to further etch an
underlying film, the cross-sectional shape of the

15 underlying film may disadvantageously be degraded.
Prior Art Documents
Patent Documents

Patent Document 1: Jpn. Pat. Appln. KOKAI
Publication No. 4-226461
20 Patent Document 2: Jpn. Pat. Appln. KOKAI
Publication No. 20-268980
Patent Document 3: Jpn. Pat. Appln. KOKAI
Publication No. 18-146151
Summary of the Invention
25 Problem to Be Solved by the Inventioﬁ
An objéct of the preseht invention is to provide a

photomask blank that enables a pattern to be properly



According to an aspect of the present invention, there is provided a

phot omask bl ank wherein a second 5filmis stacked on a first film the
first filmcontaining chrom umand which is not substantially etched by the
-dry etching using fluorine and which is etchable by the dry etching using
oxygen-contai ning chlorine, and the second _film containing no chrom um
10and which is etchable by dry etching usiﬁg fluorine and dry etching using
‘oxygen- cont ai ni ng chl orine. According to an aspect of the present

i nvention, thehgiis rovided a nethod for manufacturing a photonask,
conprising a p Jﬁﬁﬁgk bl ank wherein a 15second filmis stacked on a first

film theé firs filnyﬁont Hqug}sﬂﬁgp%iggghd which is not substantially

etched by the Fv”é c(Fﬁg us| M Ao which is etchable by the dry
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chrom um and 20which 1s e e Ing usin gori ne anandry

et chi ng. usi ng @REIRN-COMANIMh SN HdNSrask blank OFEAGI A LeSLShndi th a
pattern on the second film and using the resist .as a nask to

etch thesfirst ffiilhmidbandhdiel secend £iddn byid he- ks yr £t £hi pg14Si ng oxygen-
contai ni ng chlori ne. :
containing chromium and which is not substantially
etched by the dry etching using fluorine and which is
etchable by the dry etching using oxygen-containing-
chlorine, and the second film containing no chromium
10 and which is etchable by dry etching using fluorine and
dry etching using oxygen-containing chlorine.
According to an aspect of the present invention,
theré is provided a method for manufééturing a
photomask, comprising a photomask blank wherein a
15 second film is stacked on a first film, the first film
containing chromium and which is not substantially
etched by the dry etching using fluorine and which is
etchable by the dry etching using Qxygen—containing
chlorine, the second film containing no chromium and
20 which is etchable by dry etching using fluorine and dry
etching using oxygen-containing chlorine;
forming a resist with a pattern on the second
film; and
using the resist as a mask to etch the first film
25 and the second film by the dry etching using oxygen-

containing chlorine.



Advant age of the Invention The present invention can provide a photomask
bl ank that enables a pattern to be properly fornmed. Brief Description of
Drawings 5FIG 1 is a cross-sectional view schematically showi ng a basic
-configuration of a photomask bl ank according to an enbodi nent of the
present invention; FIG 2 is a crosss;sectional view schematically
showi ng the basic configuration of the phoz omask bl ank 10according to the
‘enbodi ment of the present invention;, FIG 3 is a cross-sectional view
schemati cal | owing a part of _a nethod- for manufacturing a photomask

Y hghedst, Pt

according to

t iESprEYERT % ention; 15FIG 4 is a

cross-sectional view,schenati %al.ln;(lest%ovm' ng a part .oé%the nmet hod for

manuf acturi ng a phot gr?aéjk accor di ng 1o O@xanapr} &%

f
he %k?%%%?S]f nventi on;

resen 1

FIG S1s a crgssnpechhonghayiey %CE%E%Qf%akkyb%P%ggg%%gl Fodel the

net hod for

manufacturing a photomask according to ‘e present

invention; FIG 6 is a crosssedt imnalr Miewschienmtdeahdy showing a part of
t he net hod for manufacturing a 25phot omask according to Exanple 1 of the

present 5
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FIG. 1 is a cross-sectional view schematically
showing a basic configuration of a photomask blank
according to an embodiment of the present invention;

FIG. 2 is a cross-sectional view schematically
showing the basic configuration of the photomask blank
according to the embodiment of the present invention;

FIG. 3 is a cross-sectional view schematically
showing a part of a method for manufacturing a
photomask according to Example 1 of the present
invention;

FIG.‘4 is a cross-sectional view schematically
showing a part of the method for manufacturing a
photomask according to Example 1 of the present
invention;

FIG. 5 is a cross-sectional view schematically
showing a part of the method for manufacturing a
photomask acqording to Example 1 of the present
invention;

FIG. 6 is a cross-sectional view schematically
showing a pdart of the method for manﬁfacturing a
photomask according to Example 1 of the present
invention;

FIG. 7 is a cross-sectional view schematically



invention; FIG 7 is a cross-sectional view schematically show ng a part
of the nmethod for manufacturing a photomask according to Exanple 1 of the
present invention; FIG 8 is a cross-sectional view schematically 5show ng
-a part of the nmethod for manufacturing a photomask according to Exanple 1
of the present invention; FIG 9 is a cross-sectional view
schematically show ng a part of the met hod® f or manuf acturing a 10phot omask
‘according to Exanple 1 of the present invention; FIG 10 is a
cross-sectional view schematical 'y showi ng a. part of the nethod for
manuf act uri ng SBCPRBEoRRER Tac &dr ditifg MG Neda st te MR IBH ad{e! ks éht
15invention; FIG 11 is a cross-sectiqgnal view schenatically show ng a part
of a met hod foPhﬁﬁﬁﬁﬁﬁgtGFFﬁ§dé“€h5Fbﬁﬁ§Em’ét Aing 1% BBEARI%e 2 of the

pr esent invention'PﬁOFlG. 12 is a cross-sectional view schematically

show ng a partlIcWe &°1ét hod f or manuf act uri ng a phot omask according to

Exanple 2 of the pr%§%0t8iQ%e%tkg%és—sectional view schematically

5 showing a part of the method for manufacturing a
photomask according to Example 1 of the present
invention;

FIG. 9 is a cross-sectional view schematically
showing a part of the method for manufacturing a

10 ° photomask according to Example 1 of the present
invention;

FIG. 10 is a cross-sectional view schematically
showing a part of the method for manufacturing a
photomask according to Example 1 of the present

15  invention;

FIG. 11 is a cross-sectional view schematically
showing a part of a method for manufacturing a
photomask according to Example 2 of the present
invention;

20 FIG. 12 is a cross-sectional view schematically
showing a part of the method for manufacturing a
photomask according to Example 2 of the present
invention;

FIG. 13 is a cross-sectional view schematically

25 showing a part of the method for manufacturing a
photomask according.to Example 2 of the present

invention;



FIG 13 is a cross-sectional
manuf acturing a photonask accordi ng.
FIG 14 is a cross-sectional

met hod for
invention;

pr esent
a part of the nethod for
‘of the present
schematical ly 105homﬁg§ %_part of the method for manufacturing a photomask
according to ExarrplgI ‘oft 4 g

| nvention An e
with reference
are optimlly
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descri bed whi ch,enabligs 20f ormation of a fine pattern and accurate control

of a
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view schematically 25showi ng a part of the

invention; and FIG 16 is a cross-sectional view
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FIG. 15 1is a cross-sectional view schematically
showing a part of the method for manufacturing a
photomask according to Example 2 of the present
invention; and

FIG. 16 1is a_croés—sectional Qiew schematically
showing a part of the method-for manufacturing a
photomask according to Example 2 of the present
invention.

Mode for Carrying Out the Invention

An embodiment of the present invention will be
described below with reference to the drawings.

In the present embodiment, materials are optimally
selected which have different compositions and which
can be etched under the same dry etching conditions. A
photomask blank will be described which enables
formation of a fine pattern and accurate control of a
pattern size, which are objects of photomask production
corresponding to pattern transfer for the half pitch
45 nm generation and beyond.

As shown in FIG. 1, a photomask blank (phase-shift
mask blank) 15 according to the embodiment of the
present invention comprises a phase-shift film 12

located on a transparent substrate 11 and which is not

to Exanple 2 of the present
vi ew schematically show ng a part
-of the nethod for manufacturing a photomask according to Exanple 2 of the
invention; 5FIG 15 is a cross-secfional view schematically show ng
manuf act uri ng a phot omask according to Exanple 2

YQut the
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pattern size, which are objects of photonmask production corresponding to
pattern transfer for the half pitch 45 nm generation and beyond. As shown
in FIG 1, a photonmask bl ank (phase-shift 25 mask bl ank) 15 according to
-t he enbodi nent of the present invention conprises a phase-shift film12
| ocated on a transparent substrate 11 and ich is not 10 substantially
etched by dry etching using oxygen-contaiﬁing chlorine (01/0) and which can
"be etched by dry etching using fluorine (F). The photomask bl ank conprises
| ocat ed 50n the phase-shift film 12

| i ght bl Ki fil fi t fi 3
oot St ot oy BRes RS ek B SR PR ¢ ho dry
t chi i fl I F d.whi b tch by t d t i
rvnen cont atnERIEu R by EndBT bR T, SEhuti Bar daaraid By, o'
d fil 1 d 1.t h i bl Ki fil 3 t aj
e ang whr ¢ oLBRahecualnab e lidine G9¢ Dild Iicko it Sotal 1Lng e

the dry etchingopsi-ngd9X¥gen5EoNtai R :Qh (. )i-1hnats | film
(second film 12 %ontgining %oglggﬁgggggﬁpgﬁglBﬁglﬁ%éﬁ?Jgpo?ﬁ|£§%%%%§

(first f§1m 13ncentapRkBg-ehr@ri WA ar @ 2danelehed ity ddherianeinchidtg usi ng
oxygen-contai ning chlorine (C1/0). The film (second film 14 containing no
chrom um and t#hbkiphase- nshi stubsitbmti2 ldne eetotized Hyy tihee ddry estathinyg usi ng
using fluorine (F) and which can be etched by the dry
etching using oxygen-containing chlorine (Cl/0). The
photomask blank comprises a film (second film) 14
10 located on the light blocking film 13 and coﬁtaining no
chromium and which can be etched by the dry etching
using fluorine (F) and the dry etching using oxygen-
containing chlorine (C1/0).
That is, the film (second film) 14 containing no
15 chromium and the light blocking £ilm (first film) 13
| containing chromium are dry etched by the dry etching
using oxygen—containing chlorine (Cl1/0). The film
(second film) 14 containing no chromium and the phase-
shift film 12 are etched by the dry etching using
20 . fluorine (F). |
Here, fused silica, CaF2, or aluminum silicate
glass can be used as the transparent. substrate 11.
The phase-shift film 12 is formed of a silicon
compound mainly comprising silicon oxide, silicon
25 nitride, or silicon oxynitride and in which metal is

contained. For the phase-shift film 12, the ratio of

contents and film thickness are selected as needed to



20f luorine (F). Here, fused silica, CaF2, or alumnumsilicate glass
can be used as the transparent substrate 11. The phase-shift film12 is
formed of a silicon conmpound mainly conprising silicon oxide, silicon
-25nitride, of silicon oxynitride and in which netal is contained. For the
phase-shift film 12, the ratio of contents.and filmthickness are selected
as needed to 11 adjust transmttance and phase difference with respect to
"exposure wavel ength. The value of the transmittance with respect to the
exposure mavele % and, a nDst @6mhen pr qﬂctlon(9§ a

2
phot omask is 5f] ﬁaFF'%ESHﬁﬁéﬁiéncﬁu?Pﬁe he Sral'ie of e phase
difference wt r8§P8§ErEOWBQ%1%§§g§fEﬁ g%V§%%%&$%f f@ éé%ﬁ%ﬁfégééké”ees

and at nobst 19 ees when hotonas
conpl et ed. The&@tMakegﬁeaﬁetgelt%t %Q@%u&%e%@eq rﬁ Qi @_ecbﬂsse g
10pattern to be exposed and on condition he Iight blocking film

(first film 13neoAtanbsBg40Rr QRkdMpirddachBbal cForpet Jridgr mai nly
conpri sing chrom um oxi de, chromumnitride, or chromumoxynitride, or a

metal fi3m or abnallgycbinpirenadnl y Fhmeormmosieng telr omdlura ctheHd ghtase
bl ocking film 13 may contain a nonnetal elenment such as carbon or fluorine.
The film thi ckAe§Senénchevkighrebbecki tg fhlemekpoissirat Wegasiter@-mmsand at
nost 120 nmand is preferably selected such that for the Iight blocking
film 13 and at least 170 degrees and at most 190 degrees when
production of a photomask is finally completed. These
values are selected as needed depending on a design
10 pattern to be exposed and on conditions.

The light blocking film (first film) 13 containing
chromium is a metal compound film mainly comprising
chromium oxide, chromium nitride, or chromium
oxynitride, or a metal film or an alloy film mainly

15 comprising chromium. The light blocking film 13 may
contain a nonmetal element such as carbon or fluorine.
The film thickness of the light blocking film 13 is at
least 30 nm and at most 120 nm and is preferably
selected such that for the light blocking film 13 and

20 the underlying phase-shift film 12, the transmittance

with respect to the exposure wavelength is at most

0.1

o\°

The specific atomic composition of the light
blocking film 13 containing chromium is such that for
25 example, chromium (Cr) = 30 to 85 at%, oxygen (0) = 0
to 60 at%, nitrogen (N) = 0 to 50 at%, and carbon (C) =

0 to 20 ats.



20t he underlying phase-shift film12, the transmttance with respect to the
exposure wavelength is at nost 0.1% The specific atom c conposition of the
| ight blocking film 13 containing chromumis such that for 25exanpl e,

-chrom um (Cr)

= 30 to 85 at% oxygen (0) =0 to 60 at% nitrogen (N =0 to

50 at% and carbon (C) = 0 to 20 at% 12 Alternatively, the |ight bl ocking
film 13 containing chrom ummay be an antiteflective filmformed by
'stacking a plurality of types of chromumwth different conpositions. In

fl 5wi_t h th | h i
dosi rably 11t t B Fa SErdRave, e ot ORI 1 ererholy at nost 15%
So_as Lo supr ess, guli haLY L6 L6ekLen heLyeen he Sotarasle apd 2

this case,

proj ection surface

uri e. ér, theTre ance Wwth respect

to a wavel engt b 0Ckop, exauRkenq287 0k hak use: ik Jeef lactiniagpect i on

for a photomask bl ank Or a phot

esirably set to, for exanple, at

nost 30% so aswienahlewedehectenbeshe jaeeur atrel tndet ected. rHya dddandd
contai ning no chromum (second frln 15is at least 0.5 nmand at nost 10 nm

in filmshi cknessh respect to the exposure wavelength is desirably
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limited to, for exampie, at most 20% and preferably at
most 15% so as to suppress multipath reflection bethen
the photomask and a projection surface during exposure;
Moreover, the reflectance with respect to a wavelength
(for example, 257 nm) for use in reflection inspection
for a photomask blank or a photémask is desirably set
to, for example, at most 30% so as to allow defects to
be accurately detected.

The film 14 containing no chromium (second film)
is at least 0.5 nm and at most 10 nm in film thickness.
Furthermore, the film (second film) 14 containing no
chromium desirably has a film thickness of at least
1 nm so as to be accurately stacked by a method such as
reactive sputtering and with possible damage during
development and cleaﬁiﬁg of the photomask taken into
account. Moreover, if the film thickness of the film
14 containing no chromium is reduced to at most 5 nm,
when the dry etching using oxygen-containing chlorine
(C1/0) is carried out using a resist formed on the film
14 containing no chromium, etching of the film 14

containing no chromium can be completed quickly. This

enables a reduction in damage to the resist.



Furthernore, the film (second filn) 14 containing no chrom um desirably has
a filmthickness of at least 1 nmso as to be accurately stacked by a

nmet hod such as reactive sputtering and with possible danage during 20
-devel opment and cl eani ng of the photonmask taken into account. Mreover, if
the filmthickness of the film 14 containing no chromumis reduced to at
nost 5 nm when the dry etching using oxydéh-containing chlorine (C1/0) is
‘carried out using a resist forned on the film 2514 contai ning no chrom um
etching of the film14 containing no chrom um can be conpl eted quickly.
This enabl es a redudtioi 9 Fdradgd @ of tHe Fesfertaining no chrgRingrnore,

the film 14 containi,ng no chr.omi um contains transitio tal . Exanpl es of
the transiti oncﬁ&tﬁilq%n&r@&‘é%%&@ﬁﬁﬁ ( MOy Sa|%’%[:ﬂ'(q§%)t}r%1&ﬁbg (W,

arconn ) AR ) SERLED (1 A YSIL)  lerr

Al.ternatively, (me fziilrrgo}]{u%oqtzafi)ni f’h\%ﬂ&#r um. Ry, qm§i bl,)con?ﬁ)&d de,
i [ et Si

silicon nitride, "or “silicon oxyni'tride I 'ch corlt ai ns an ion netal .

10The spsci fi ¢ nat@iiug q@Bfhi.9unRli@leHun e Tl dreld pant gl ni dgn 00, £hyyom um
is such that for exanple, nolybdénum (Mb) accounts for 10 to 100 at % of the

sum of the nol ghdene®s( MF) eairthigly iG¥tdsY)ng FU@IAY €L vy | efis of
easi ness of etching processing for the dry 15etching using
oxygen- cont ai nifagmc Al4orione a(iGih@) nomalntedeinumn(dyb )bedesii Tiaddry @etaant s f or
30 to 100 at% of the sum of the nol ybdenum (Md) and silicon (Si). As
descri bed aboveilikenphdtariaek Iplrask 11i%-drs oxynitride which contains

the transition metal.

10 The specific atomic configuration of the film 14
containing no chromium is such that for example,
molybdenum (Mo) accounts for 10 to 100 at% of the sum
of the molybdenum (Mo) and silicon (Si). Furthermore,
in terms of easiness of etching processing for the dry

15 etching using oxygen-containing chlorine (C1/0),
molybdenum (Mo) desirably accounts for 30 to 100 at% of
the sum of the molybdenum (Mo) and silicon (Si).

As described above, the photomask blank 15 is
configured.to enable a photomask to be formed by

20 selecting the composition and film thickness of the
film 14 containing no chromium (second film) as needed
and consecutively etching the film 14 containing no
chromium (second film) and the light blocking film 13
containing chromium (first film) by means of the dry

25 etching using oxygen-containing chlorine (C1/0).

Conditions for the dry etching using oxygen-

containing chlorine (C1/0) may be well-known ones for



configured to enable a photomask to be formed by 20sel ecting the
conposition and fil mthickness of the film 14 containing no chrom um
(second film as needed and consecutively etching the film 14 containing no
-chrom um (second film and the light blocking film 13 containing chrom um
(first film by neans of the dry 25etchinq4using oxygen-cont ai ni ng chlorine
(C1/0). Conditions for the dry etching using oxygen- containing chlorine
(C1/0) may be well -known ones for 14 use in dry etching a chrom um

conmpound film %gg are ot pa t.icularly limted. Chl ?éiﬂlgrlﬁgés%c?n%%%)ﬁ%egngas

as well as inert ‘gas such-as NSRRI yo”blélmm%?é‘a’.oﬂf’

for the dry etc¢hi i 5f 1. yor.i E . he | - kno es r.use in
d(r)y et chi né a g)lg ir&ggﬁigggﬁgo&ﬁg&ﬁeﬁ gr?éllg?fén%otg\%aratﬁu%%}l I?Jnﬁotae%.

Fluorine gas igeGomaBnkyeCE4 4@k GBS and By ke daxedk Wiiteditrogen gas or
inert gas such as helium lolgurther nore, when a photomask is forned using

t he phot omask bl ank Flgtha ri@3iest dondiarimeE aorThand idf@(é@ﬁ@mﬂ%flhém 14
containing no chromum As a material for the resist film a chemca
anplification fésostinkorFel eetyr e eam-knchegroaely icr pref ermkdyy used whi ch
15enabl es an accurate pattern to be formed. The resist may be either
positive or negathiag Fheitésbst chimpouing, ffidm exah@me ratt | east 50 nm and
at nost 350 nmin filmthickness. In particular, if a photomask requiring
formati on of aPRrhécpagtérnlimitedhe Fluorine gas is commonly CF4 or

C2F6 and may be mixed with nitrogen gas or inert gas
such as helium.

10 Furthermore, when a photomask ié formed using the
photomask blank 15, a resist is formed on The film
(second film) 14 containing no chromium. As a material
for the resist film, a chemical amplification resist
for electron beam lithography is preferably used which

15 enables an accurate pattern to be formed. The resist
may be either positive or negative. The resist film
is, for example, at least 50 nm and at most.350 nm in
film thickness. In particular, if a photomask
requiring formation of a fine pattern is to be

20 produced, the resist film is at most 200 nm in film
thickness because in order to prevent the péttern from
being collapsed, the film thickness of the resist film
needs to be reduced so as to preclude an increase in
the high aspect ratio of the resist pattern. On thé

25 other hand, the lower limit of the film thickness of
the resist film is determined with conditions such as

the etching resistance of material of the resist film



20produced, the resist filmis at nmost 200 nmin filmthickness because in
order to prevent the pattern from being collapsed, the filmthickness of
the resist filmneeds to be reduced so as to preclude an increase in the
-hi gh aspect ratio of the resist pattern. On the 250t her hand, the | ower
limt of the filmthickness of the resist glln1|s determned with

condi tions such as the etching resistance of material of the resist film
"15 conprehensively considered. Thus, the filmthickness of the resist film

t | t 50 t fil f t | but
3 e SR T L2 00 T8 S oo
bl ank (bi nary ggsghglgggl ?g&o gglﬁga%g I m% tf tgg%fg@sent

i nvention conprises a OCkI ng ranspar ent

substrate 21 aﬁgmmghfb§m@et %UQSEamn'o%' &rbét%&q@qdm tl@engiye etching using
oxygen- 10containing chlorine (01/0) and which can be etcheJ~by the dry

et chi ng usi ng %fg@étaglngt Thgsphotopmrsk bl ank 25 conprises a hard nmask
film(first filnm 23 located on the light blocking film22 and contai ni ng

chrom um and whi ch As mabwauhsat anti.abl,y setpthedns i e aBdr ybietaht ngatisi ng
fluorine (F)and which can be etched by the dry etching using

oxygen- cont ai nphgnkhl-2pi aecofding) toTheephoboragiensl adk t2% comsenges a film
(second film 24 located on the hard mask film 23 and contai ni ng no

chrom um and mhm%%n%hﬁnb@O@Péhéésb§ Ltheh2oBlpckiani dg losi2dg HaagdEiche( F)

and the dry etching usi ng oxygen-containing chlorine (01/0
y a trgnspargnt ggbstrate 21 a%d whlch 1s(not )

substantially etched by the dry etching using oxygen-
10 containing chlorine (C1/0) and which can be etched by
the dry etching using fluorine (F). The photomask
blank 25 comprises a hard mask film (first film) 23
located on the light blocking film 22 and containing
chromium and which is not substantially etched by the
15 dry etching using fluorine (F)and which can be etched
by the dry etchiné using oxygen-containing chlorine
(C1l/0). The photomask blank 25 comprises a film
(second film) 24 located on the hard mask film 23 and
- containing no chromium and which can be etched by the
20 dry etching using fluorine (F) and the dry etching
usiné oxygen-containing chlorine (C1/0).
That is, the film (second film) 24 containing no
chromium and the hard ﬁask film (first film) 23
containing chromium are dry etched by the dry etching
25 'using oxygen-containing chlorine (Cl1/0). The film
(second film) 24 containing no chromium and the light

blocking film 22 are efched by the dry etching using



That is, the film (second filn) 24 containing no chrom umand the hard mask
film(first film 23 containing chromumare dry etched by the dry etching
25" usi ng oxygen-containing chlorine (C1/0). The film (second filn) 24
-contai ning no chrom um and the light blocking film22 are etched by the dry
etching using 16 fluorine (F). the conposition and film

t hi ckness of the transparent substrate 21 gre simlar to those of the
‘above- descri bed transparent substrate 11. 5The light blocking film22 is
formed of a silicon. R@gund mai nly conprising silicon oxide, silicon
nitride, or siFﬁ88ﬁ 8§y ride and in which netal is contained. For the

| i ght bl ocki ng fllggége,t gm;%;k%d@l€¥gg &;f¥¥%t{b 4}34@§ k@ﬁgs are

sel ected as 10need t' 0 "adj ust transnl ance an ase d| erence W th

respect to eXpQ?HEEg‘A@‘é%‘te%%E@tJ?% ¥al ue.o fsfnﬂ% Aidancer "Mé‘ respect

to the exposure wavelength is preferably selecte to be at nost 0.1% when

production of apphetasBekibedf ikrahlpacenr! aiedt aAl tiarnativel y, the l'i ght
bl ocking film 22 may be an antireflective filmformed by stacking a _

plurality of silicorheonpewtdslwiddind fifianert2 conmsitdonst d nsihisogase,
the reflectance with respect to the exposure wavel ength is desirably
limted to, foromranpHemaanly0Opospr26%ngne ipricicer aidiyegt sidsitcctb% so as to
suppress nultipath reflection between the photoMask and the projection
surface duringhékpbdar ecrMsieoven, ogbr@lfcgflld@ctaal@ce-nmhhqhegrmet@tl tis t he

wavel ength (for exanple, 257 nnL for use in reflection inspection for a
25phot omask bI%ﬂRtGFnﬁdphoFBHH ej 41gb§i PapIcyiset ftidm g the ratio

of contents and the film thickness are selected as

10 needed to adjust the transmittance and phase difference
with respect to exposure wavelength. The value of the
transmittance with respect to the exposure wavelength
is preferably selected to be at most 0.1% when
production of a photomask is finally completed.

lé Alternatively, the light blocking film 22 may be
an antireflective film formed by stacking a plurality
of silicon compounds with different compositions. In
this case, the reflectance with respect to the exposure
wavelength is desirably limited to, for example, at

20 most 20% and preferably at most 15% so as to suppress
multipath reflection between the photomask and the
‘projection surface during exposure. Moreover, the
reflectance with respect to the wavelength (for
example, 257 nm) for use in reflection inspection for a

25 photomask blank or a photomask is desirably set to, for
example, at most 30% so as to allow defects to be

accurately detected.



exanple, at nost 30%so as to allow defects to be accurately detected. 17
The hard mask film (first filn) 23 containing chromumis a netal conpound
filmmainly conprising chrom um oxide, chromumnitride, or chrom um

- -oxynitride, or a netal filmor an alloy filmminly 5conprising chrom um

The light blocking film23 may contain a gnnetal el ement such as carbon or
fluorine. The filmthickness of the hard sk film23 is at |least 2 nm and
"at nost 30 nmand is preferably set to at nDst 5 nmso as to reduce danage

 h i st during,10etching. f f tion of th
har d mask 111 m (111905 FPRY D35Contal g i i 13 SR “5%?%' that of
he above-d ht. b Th
the above-descy b?%ﬁlluhg Bt b ‘élé%a”gc hYle %1% pau) a:m%tlﬁl%% Pﬁo (Seco €

ranges of specitic confi ura Fon-and ness o film 24

containi ng no chrgl; um 'o§labm Eﬁ&ohguﬁnh%%rqfdet h%ra%\i%nﬁﬁg?c“ bed film 14

contai ning no chromum AS déscribed above, thé photomas ank 25 is
20configured t@x?ﬂ@b&@dé pbet anaskatio thenf ormaeh By 138 eGtimendhe y

conposi tion and filmthickness of the film (second film 24 containing no

chrom un3 as needrgrasdngopaecut imel y T@kchiingtt e dddimg2 4 identzd miayg no
contain a nonmetal element such as carbon or fluorine.
The film thickness of the hard mask film 23 is at least
2 nm and at ﬁost 30 nm and is preferably set to at most
5 nm so as to reduce damage to the resist during

10 etching. |
The range of specific configuration'of the hard

mask film (firs; film) 23 containing chromium is
similar to that of the above-described light blocking
film 13 containing chromium.

15 The ranges of specific configuration and thickness
of the film (second film) 24 containing no chromium is
similar to those of the above-described film 14
containing no chromium.

As described above, the bhotomask blank 25 is

20 configured to enable a photomask to be formed by
selecting the composition and film thickness of the
film (second film) 24 containing no chromium as needed
and consecutively etching the film 24 containing no
chromium and the hard mask film (first film) 23

25 containing chromium by means of dry etching using
oxygen-containing chlorine (Cl1/0).

Furthermore, when a photomask is formed using the



chromium and the hard mask film (first film 23 25contai ni ng chrom um by
means of dry etching using oxygen-containing chlorine (01/0). Furthernore,
when a photomask is formed using the 18 photonask blank 25, a resist film
-is formed on the film (second film 24 containing no chrom um The

mat eri al

and filmthickness of the resist .filmare simlar to those of a

resist filmforned on the above-described%%iIrn(second film 14 containing

‘no chr
enbodi

om um
ment ,

the.s

by the dry etcﬁpﬁg

In the phot omask bl ank according to the above-descri bed

d.fil i nj hrami um and_whi ch be, et ched
SRk DPPR e dhd S ry Bt ot TR e g ent L0

Locontai ni ng_Ghlarhne <5 st agked n, {16, § ISt {144 gont 8l i g, £hy.ond um and

whi ch

i S not

substanti a

ching using fluorine and

y ‘efche y ry

which can be etghed:by the Gy et ¢ ng.disiag Oxygen; cont al ning chiorine.

151 f a chem ca

anplification rests is provided directly on the film

contai ni ng chr erbed ofrha aeisd sith fa 1RO @k Pfort ko LNt vl gaptidd gat i on
resist which is located near the interface between the resist and the film -
contai ni ig chr @aiinm(secdeactiivaed.4 Homeemidg Othe-qiiasent enbodi nent,

- the filmcontaining no chromumis fornmed directly between the film
cont ai ni ng chr om umland hehehottemacad ik fa catidimg esi sthe adlbbovweng t he
acid in the chem cal anplification resist to be prevented from being
deactivat ed. THE§Ccrihed2sappeopeinat e theoseosest ifdnial shpel ofng heo r esi st

can be

10

15

20

25

chromium and which can be etched by the dry etching

using fluorine and the dry etching using oxygen-

containing chlorine is stacked on the first film

containing chromium and which is not substantially

etched by the dry etching using fluorine and which can

be etched by the dry etching using oxygen-containing

chlorine.

If a chemical amplification rests is provided

directly on the film containing chromium, the acid in a

portion of the chemical amplification resist which is

located near the interface between the resist and the

film containing chromium is deactivated. However, in

the present embodiment, the film containing no chromium

is formed directly between the film containing chromium

and the chemical amplification resist, allowing the

acid in the chemical amplification resist to be

prevented from being deactivated. Thus, the

appropriate cross-sectional shape of the resist can be

cbtained.

Furthermore, if the film containing chromium is



obt ai ned. Furthernore, if the filmcontaining chromumis 19 not
substantially etched by the dry etching using fluorine (F) and which can be
etched by the dry etching using oxygen-containing chlorine (C1/0), while
»the filmcontaining no chromumis not substantially etched by 5the dry

et chi ng usi ng oxygen-containing chlorine ((Q1/0) and which can be etched by

the dry etching using fluorine (F), the sﬂ e of the film containing

‘chrom um devi ates fromthat of the filmcontaining no chromum This is
because when the fil ont ai_nin hronm um and 10t he fil.m contai ning no
chrom um are ePSEeEF%FESW&%%QE%ﬁ&&E%%iﬁ@%3%§ Y. Ot it ¢H or i ne
(C1/0), which is., r.Opi-G, .4 C i_ne | t.h, t.he e I usi ng
fluorine (F), \?%F%E%f gﬁﬁséﬁ’gg’?‘éc%%é}v?g e{]chcceile\;)é'llre en{heeg%%iéntgén}%ﬁg%

configured suchstRat okhgehoCRMRAS ;i c%ﬁQﬁggkghgﬂ%Q%qeﬁﬁgﬁ$at{ﬁ%ffif%

contai ning no chromum are sel ected as nee hat I 1'mcontal ning
no chrom um i scehyaeheRgd ndsichg oa% YigeN-<C gl S LY 1f1iine CHL .pghis
elimnates the need to conbine the dry etching using oxygen-containing

20chl ori ke (CltB}, dwkhi ehchs nigsQisiopi ©x e ddve admyi ref i g iusd n@ I fanor i ne
(F), which is anisotropic. Thus, the deviation of the size between the film
cont ai ni ng chrenilunhant the bkl mtcortdaiby rmgenalrohredgrinimacars ey r educed,

avoi ding the deviation of size of the 25final photonask pattern and
degradati on of fEpessnesdEl i otde shape odf tihiee fiddedopitg rfiingnchromium

deviates from that of the film containing no chromium.
This is because when the film containing chromium and

10 the film containing no chromium are etched, the dry
etching using oxygen-containing chlorine (Cl1/0), which
is isotropic, needs to be combined with the dry etching
using fluorine (F), which is anisotropic. However, the
present embodiment is configured such that the

15 composition and film thickness of the film containing
no chromium are selected as needed and that the film °
containing no chromium is dry etched using oxygen-
containing chlorine (Cl/O).' This eliminates the need
to combine the dry etching using oxygeﬂ—containing

20 chlorine (Cl1/0), which is isotropic, with.the dry
etching using fluorine (F), which is anisotropic.
Thus, the deviation of the size between the film
containing chromium and thé film containing no chromium
can be reduced, avoiding the deviation of size of the

25 final photomask pattern and degradatioh of cross-
sectional shape of the underlying film.

Furthermore, the film containing chromium and the



Furthernore, the filmcontaining chromumand the 20 f

chrom um can be etched under the sane etching conditions,

il mcontaining no
that is, the dry

et chi ng usi ng oxygen-containing chlorine. Thus, the film containing

- -chromum and the filmcontaining no chromi umcan be 5con

secutively etched.

As a result, the cycle time of photomask producti on and the managenent | oad

of the etching apparatus can be reduced, and the appropr
‘cross-sectional shape of the photonmask pattern can be 10
use of such a 0 nufactu in hot onask blan

provi des a pho?‘Etlpl %Ovr#th Palfine %§€%1%HF ert arg(iecuertaci éﬁCl;

correspondi ng tgnthe patitern transter f%atth qialdrpid g

15and beyond. Moreover, the conp osi ti'on and

iate -size and
obt ai ned. Thus, the
hot omask

LF%?ﬁ%d %erein and
SeAmITey o

cont ai ning no 6&39@%%@&%ﬁ%@%ﬁdo%%nréeedeﬁéso a0 ﬁ%blfoﬁ%rﬁifry

etching using fluorine (F). Thus, when the fil'm'l ocat ed

under the fi

cont ai ni ng 20cbhesintmmi &ndlry:het @ﬁ@@\ @SIntG ifl iy ie dHomituye ddd meont al ni ng

no chrom um can be sinmultaneously renoved, elimnating t
speci al step fopnemtytierdyi rgchkd.fil m containing no ch

he need to add a
romunt this wll

be described below in detail. 25The chrom um conpound nainly Conprises
chrom um oxi de, chr 8/ @mrsistditde ther cyirlem tumenxofirthdtdea sind

productioh and the management load of the

etching

apparatus can be reduced, and the appropriate ‘size and

cross—-sectional shape of the photomask pattern can be

10 obtained. Thus, the use of such a method

for

manufacturing a photomask blank and a photomask .

provides a photomask with a fine mask pattern

~accurately formed therein and corresponding to the

pattern transfer for the half-pitch 45 nm

15 and beyond.

generation

Moreover, the composition and film thickness of

the film containing no chromium are selected as needed

to also enable the dry etching using fluorine (F).

Thus, when the film located under the film containing

20 chromium is dry etched using fluorine (F),

the film

containing no chromium can be simultaneously removed,

eliminating the need to add a special step for only

removing the film containing no chromium;

described below in detail.

this will be

25 : The chromium compound mainly comprises chromium -

oxide, chromium nitride, or chromium oxynitride, and

the transmittanée and reflectance of the film can be



the transmttance and refl ectance of the filmcan be 21 adjusted by
varyi ng the content of oxygen or nitrogen. The present invention wll be
descri bed below in detail by taking exanples. -Exanple 1 As showin FIG 1,
‘t he phase-shift mask bl ank 15 conprises the phase-shift film 12 | ocated on
the transparent substrate 11 and which iszqot substantially etched by the
dry etching using oxygen-containing chlorine and which can be etched by the
“dry etching 10using fluorine. The phase-shift mask bl ank 15 conprises the

i ght bl ocking fj.lm 13 Located .on the phase-shift film 12 and. cont ai ni
chiom um and WACIR IS SEBSCAR 110 VLAY By TREHT P BUeH RISl ng.

fluorine and which t che t.he dry. etchin 5usi|

oxygen- cont ai ni ng cﬁ?%??ﬁgsm%ﬁéqﬁﬁéggggﬁ}ﬂ%Jgth%ﬁ%% c%f%%% H%l%%nﬁ?ises
the film14 lo ont l:igh I jhg film 13 and containing no

chrom um and wg?%%qéa%ybgggﬁgﬁegxgggﬁﬁtﬂdry etching using fluorine and the
dry etching using oxygemieontai ning chlorine. 20Here, the transparent
substrate 11 is, for exanple, fused silica. The phase-shift film1l2 is
formed of a siliconasompeundna@ind.y IcomHd SHikefaii Examd e, bBahk con oxi de
and in which netal is contained. For the phase-shift film 12, the ratio of
contents and 25pherfiskem theckhess-shd fselfddired 2as amsadet dro @ ust t he

transmttance and phase difference with respect to the exposure wavel ength.
The val ue of t R&ansgagANtt ghestrate 11 and which is not substantially

etched by the dry etching using oxygen-containing
chlorine and which can be etched by the dry etching

10 using fluorine. The phase-shift mask blank 15
comprises the light blocking film 13 located on the
phase-shift film 12 and containing chromium and which
is not substantially etched by the dry etching using
fluorine and which can be etched by the dry etching

15 using oxygen-containing chlorine. The phase-shift
photomask blank 15 comprises the film 14 located on the
light blocking film 13 and containing no chromium and
which can be etched by the dry etching using fluorine
and- the dry etching usihg oxygen-containing chlorine.

20 Here, the transparent substrate 11 is, for
example, fused silica. The phase-shift film 12 is
formed of a silicon compound mainly comprising, for
example, silicon oxide and in which metal is contained.
For the phase-shift film 12, the ratio of contents and

25 the film thickness are selected as needed to adjust the
transmittance and phase difference with respect to the

exposure wavelength. The value of the transmittance



22 with respect to the exposure wavel ength is at |east 2% and at nost 40%
when production of a photomask is finally conpleted. Furthernore, the value
of the phase difference with respect to the exposure wavel ength i s b5at

|l east 170 degrees and at nost 190 degrees when production of a photomask is
finally conpl eted. The |ight blockipg film(first filnm 13 contai ning
chromumis a netal conpound filmmainly conprising, for exanple, chrom um
"oxide. The filmthickness of the 10light blocking film13 is at |east 30 nm

and at most 120, pm and L8 Seleeted sugh that, fon the l ight blacking £i1m 13
8 t Trlm-™t t ance Wltah

and the underlying phase-shi he transm't respect to the

exposure wavel gagthel fodt 108t wfleh%:18Tae ) W Seqend Jida) 14 cont ai ni ng

. e o
no chrom um cont ai ns nol ybdenum (transition netal) e f11m14 containing

no chrom umisrahah gastompnBrand atru@sk rhoMd,i Rifd VAL Jgmess pse
specific atom c configuration of the, film 14 containing no chromumis

20such that fodiexapphee whktybdespsraceourhs e®poklirto wHHR 1tptof itdhe sum
of the nol ybdenum and silicon. Furthernore, in terms of easiness of etching
processifhg forathkedsy &76hHdagrassngnaxygemosantl@ionideg refdsonibea ( C1/ 0)
nmol ybdenum accounts for 30 to 100 at % of the 25sum of the nol ybdenum and
silicon. production of a photomask is finally completed.
The light blocking film (first film) 13 céntaining

chromium is a metal compound film mainly comprising,

for example, chromium oxide. The film thickness of the

10 light'blocking film 13 is at least 30.nm and at most
120 nm and is selected such that for the light blocking
film 13 and the underlying phase-shift film, the
transmittance with respect to the exposure wavelength
is at most 0.1%.

15 The film (second film) 14 containing no chromium
contains molybdenum (transition metal). The film 14
containing no chromium is at least 1 nm and at most
5 nm in film thickness. The specific atomic
configuration of the film 14 containing no chromium is

20 éuch that for example, molybdenum accounts for 10 to
100 at% of the sum of the molybdenum and silicon.
Fﬁrthermore,.in terms of easiness of etching proéessing
for the dry etching using oxygen-containing chlorine
(C1l/0), molybdenum accounts for 30 to 100 at% of the

25 sum of the molybdenum and silicon.

Now, a method for manufacturing a phase-shift mask

using the phase-shift mask blank 15 will be described



Now, a nethod for manufacturing a phase-shift mask using the phase-shift
mask blank 15 will be described 23 with reference to FIG 3 to FIG 10.
FIG 3 to FIG 10 are cross-sectional views schematically show ng the

-met hod for manufacturing a phase-shift mask using the phase-shift nask

bl ank 15. 5The method for manufacturing a2§hase-shift mask using the
phase-shi ft mask bl ank 15 includes a step“of consecutively pattering the
‘I'ight blocking film(second filn) 13 containing chromum (first film and
the film 14 containing no chrom by nmeans of the dry etching 10usin
oxygen-containwﬁgkcﬁﬁgﬁFﬁchC%Fb¥Eh' S sHoiir ih ¥ 1%, %&
resist film1l6_is f.orned t.he film 14 of .the phase-shift .mask ,bl ank 15,
whi ch containsakg ¢ PgﬁiS%Etfﬁga}egﬁgysléqggqfHﬁﬁﬁﬁiﬁﬂsgﬁﬁﬂqqi i on
resist. The resj i 16 .i.S,c.15far e, at..l.eas - nost
350 nmin fil mﬁ%%géng?sr. ﬁah%fajcil“%érrﬁx%sn%ghc?\ﬁn S|hnl éa%%, q{'Enl e@ier on beam
| it hography ap?ggggughgagtmgng%lggkthg.dramﬁngs) is used to draw a pattern
on the resist film16 forned on 20 the film 14 containing no chromum 1In
this casg, an el ectrae heamodns can memerfay: tdensid o Yhasd-GHEPGELHR. After
the draw ng, a heating treatnent and a devel opnent treatnent are carried
out to form a patherhbhenphheeresiist fualsin b8ank5Thernncdsideown stred-IldE 5,
the resist film16 with the pattern forned therein is used as a nmask to
consecutively parseentielyi pattsedondthiel ight blocking film (second

film) 13 containing chromium (first film) and the film
14 containing no chromium by means of the dry etching
10 using oxygen-containing chlorine (Cl1/0).
First, as shown in FIG. 3, a resist film 16 is
formed on the film 14 of the phase-shift mask blank 15,
which contains no chromium. The resist 16 is a

cheémical amplification resist. The resist film 16 is,

15 for example, at least 50 nm and at most 350 nm in film
thickness.

Then, as shown in FIG. 4, an electron beam
lithography apparatus (not shown in the drawings) is
used to draw a pattern on the resist film 16 formed on

20 the film 14 c¢ontaining no chromium. 1In this case, an
electron beam has an energy density of 3 to 40 uC/cm2.
After the drawing, a heating treatment énd a
development treatment are carried out to form a pattern
in the resist film 16.

25 ' Then, as shown in FIG. 5, the resist film 16 with
the pattern formed therein is used as a mask to

consecutively pattern the film (second film) 14



24 containing no chromumand the light blocking film((first film 13
contai ni ng chromi um by neans of the dry etching using oxygen-containing
chlorine (C1/0). Furthernore, the phase-shift film12 is not 5substantially
-etched by the dry etching using oxygen- containing chlorine (C1/0) and
thus remai ns unpatterned during the present step. Then, as shown in FIG 6,
after the film 14 containing no chroniun1éﬁﬁ the |ight blocking film13
"10cont ai ni ng chrom um are patterned by -the dry etching using
oxygen-contai ni ng chlorine, the renain“gg resist film1l16 is strigped and

renoved. The r ESTERAN 18 G e rdPped antt $ehovedc by ar §2 & chi ng, but
inth t l e,, i j ected t. t. strippi.ng using a_15r el ease
agent . © T g T RS 1 e B BT AT ngt nePEh ok um
d light bl ocki £ | ; j i omumwih the n formed

?Eer e:g are uslé%%gasldé; ?a%%f%%ﬁ%me—%q a;lr%rg e(\z%s%?]fjfn?i F?n”l@ by the dry
etching 20usi ngfr Qe Fleh S YHAQI D €5+ t@ﬂrﬁijhfnﬁ%e&@-ﬂd film 14
containing no chromumis renmoved can al so be etched by the dry etching
‘using flgorine s tand iias Mh s SHRIDRA Y i, the-pr esand 1 §¢ ePxydbe-1 i ght

bl ocking film (first film "13 containing chromumis 25not substantially
et ched by the doytetichimg diSioidne (C1/0) and thus remains unpatterned
during the present step.

Then, as shown in FIG. 6, after the film 14
contaiﬂing no chromium and the light blocking film 13

10 containing chromium are patterned by the dry etching
using oxygen-containing chlorine, the remaining resist
film 16 is stripped and removed. The resist film 16
can be stripped and removed by dry etching, but in the
present example, is subjected to wet stripping using a
15 release agent.

Then, as sown in FIG. 7, the film 14 containing no -
chromium and light blocking film 13 containing chromium
with the pattern.formed therein are used as a mask tb
pattern the phase-shift film 12 by the dry etching |

20 using fluorine (F). Furthermore, the film (second
film) 14 containing no chromium is removed can also be
etched by the dry etching using fluorine (F) and is
thus removed during the present step. The light
blocking film (first film) 13 containing éhromium is

25  not substantially etched by the dry etching using

fluorine (F) and thus remains unremoved during the

preset step.



fluorine (F) and thus remains unrenoved during the preset step. 25 Then,
as showmn in FIG 8, aresist film1l7 is formed on the light blocking film
13 contai ning chrom um and the transparent substrate 11. Then, as shown in
«FIG 4, the electron beam lithography 5apparatus (not shown in the
.drawings) is used to draw a pattern. Ther%§ftér, a heating treatnent and a
devel opnent treatnent are carried out to rma pattern in the resist film
"17. Then, as shown in FIG 9, the resist film17 with 10the pattern forned
therein is used as mask to pattern the i ht blocklng fl 3. contalnlng
chroni um by neans o%htﬁé &m ng* Jsitrg +4 ni%

chl ori ne- (01/0% rme% gha%%eshl gj 2 |sfﬁ3_ 31 sta tla“hﬁ etched by the
& i

dry etching uSing oxygen- E8ntaiPRin remai ns

unpatterned duthagntli BhESERE $:&Rcparent Efa;%%&@aﬁghesfﬂm i 2ag0 Lhe

remaining resist film117 is strippe renmove e resist Tilm17 can be

stripped and rgﬁewﬁdlhypdt;y Qt CRinag .« 1RIM: ddh HR@20RMERRUa SXaPl e, is
subj ected to wet stripping using a rel ease agent. Through t he

above- descri bedpstepsyst haophasewshiifit theskiraaGeeigdiNg ¢ o fxan eidawfa t he.
present invention is conpleted.
pattern. Thereafter, a heating treatment and a
development treatment are carried out to form a pattern
in the resist film 17.
Then, as shown in FIG. 9, the resist film 17 with
10 the pattern formed therein is used as a mask to pattern
the light blocking film 13 containing chromium by means
of the dry etching using oxygen-containing ;hlorine
(C1/0). The phase-shift film 12 is not substantially
etched by the dry etching using oxygen-containing
15 chlorine (Cl1/0) and thus reﬁains unpatterned during the
present step. |

Then, as shown in FIG. 10, the remaining resist
film 17 is stripped and removed. The resist film 17
can be stripped and removed by dry etching, but in the

20 present example, is subjected to wet stripping using a
release agent.

Through the above-described steps, the phase-shift
mask according to Example 1 of the present invehtion is
completed.

25 Example 2

As shown in FIG. 2, the photomask blank (binary

mask blank) 25 according to the embodiment of the



25Exampl e 2 As ‘'shown in FIG 2, the photomask bl ank (binary mask bl ank) 25
according to the enbodi nent of the 26 present invention conprises the
light blocking film22 |located on the transparent substrate 21 and which is
-not substantially etched by the dry etching using oxygen-containing
.chlorine (01/0) and which can be 5etched gy the dry etching using fluorine
(F). The photomask bl ank 25 conprises the Rard mask film(first film 23
‘located on the light blocking film 22 and containing chrom um and which is

not substantlally et hed by .t.he dr etchln sing fl r|ne (F) nd whi ch
10can be et che8 by ! elgﬁé% 3§§é&19ﬂﬁn ihmn%

(C1/0). The phg%%gﬁéﬁ gba@% ZQr |g%g£§§%tr1 Jégrné 3Qa%7|#q%§24 | ocat ed

on the hard nm cont arning no ¢ nPe et ched

by the dry etch'oregsla sRg Hf % rﬂw%t@e@%dy té}lee ld‘%g;eyeteém

oxygen-cont ai ni ng ch orine 1/0). conpos tlon‘gnd film

t hi ckness of tBﬁgb%ﬂﬂ%%%ﬁﬂhﬁﬁb%ﬁl@tﬁn@ 16/03' @A@rwﬁpcﬁ@a%@xfémthe

above-described fransparent substrate 11 he 1'i ght bl ocking fi 22 is,

for exanpl e, skkiben byi dee @mr20whicth MEt@ids oM@ med r)For the |ight

bl ocking film 22, the ratio of contents and the f|In1th|ckness are sel ected
as needed to aghusbmahk blangm2ttt aovoe niisteds reespecird amddie BXposSUferst

wavel engt h. The value of the transmittance with respect to the exposure
wavel engt h 25i §1am) ndst 10cawewhem pihedddtghen kdfock iptwtionas kR4 saarfd nal |y

conpl et ed. o , , ,
containing chromium and which is not substantially

etched by the dry etching using fluorine (F) and which
10 can be etched by the dry etching using oxygen-
containing chlorine (Cl/0). The photomask blank 25
comprises the film (second film) 24 located on the hard
mask film 23 and containing no chromium and which can
be efched by the dry etching using fluorine (F) andlthe
15 dry etching using oxygen-containing chlorine (Cl1/0).
Here, the compcsition and film thickness of the
transparent substrate 21 are similar to those of the
above-described transparent substrate 11. The light
blocking film 22 is, for example, silicon oxide in
20 which metal is contained. For the light blocking film
22, the ratio of contents and the film thickness are
selected as needed to-adjust the transmittance with
respect to the exposure wavelength. The value of the
transmittance with respect to the exposure wavelength
25 is at most 0.1% when production of a photomask is
finally completed. |

The hard mask (first film) 23 containing chromium



The hard mask (first film 23 containing chromum 27 is a netal conpound
filmmainly conprising, for exanple, chromumoxide and is at |east 2 nm
and at nost 5 nmin filmthickness. The ranges of specific
-configuration and thickness 5of the film(second film 24 containing no
.chromumis simlar to those of the above-described film 14 containing no
‘chronmi um Now, a method for manufacturing a binary mask using the

‘bi nary mask blank 25 will be described with 10reference to FIG 11 to FIG
16. FIG 11 to,FIG 16 are cross-sectional views schenmatically show ng the

met hod for mandfaét TRy £BEA? Gy ¥ hceo"Ef?rnb’a?Jf‘?rfas@OEI glnk i5.25The
thod f tyri bi. k using 15the binary nas an

"l udes a St o8 B esn SATVaTy Aoy The harde 11 ot 131 161 m 23

contai ni ng chrgmi.um-and H'ﬁe.ffiillnmt(hslec%%%% film 24 containing no chrom um by

means of the dry etching using oxygen-const'ai ning chlorine (C1/0). 20First,

as shown in FIG 1l7a r8s fd i 151 £ or gyesl [
bi nary nmask bl ank 25T, V\hrfa?rﬁsorﬁﬂai@r%%nloﬁcirom u%?%%téeﬁ;?hg%}éﬁ%gfm
thi ckness of tbBe resi $ti1ar q ssiddnlarr itigh)t Bos e 4:1he apove-desari hgd: & esi st

film16, shown in FIG 3.
' similar to those of the above-described film 14
containing no chromium.
Now, a method for manufacturing a binary mask
using the binary mask blank 25 will be described with

10 reference to FIG. 11 to FIG. 16. FIG. 11 to FIG. 16
are cross-sectional views schematically showing the
method_for manufacturing a binary mask using the binary
mask blank 25.

The method for manufacturing a binary mask using

15 the binary mask blank 25 includes a step of
consecutively pattering the hard film (first film) 23
containing chromium and the film (second film) 24
containing no chromium by means of tﬁe dry etching
using oxygen-containing chlorine (Cl1/0).

20 First, as shown in FIG. 11, a fesist film 26 is
formed on the film 24 of the binary mask blank 25,
which contains no chromium. The material and film
thickness of the resist are similar to those of the
above-described resist film 16, shown in FIG. 3.

25 Then, as shown in FIG. 12, the electron beam

lithography apparatus (not shown in the drawings) is

used to draw a pattern on the resist film 26 formed on



25Then, as - shown in FIG 12, the electron beamlithography apparatus (not
shown in the drawings) is used to draw a pattern on the resist film 26
formed on 28 the film 24 containing no chromum After the drawing, a
-heating treatnment and a devel opnent treatnent are carried out to forma
.pattern in the resist film26. Drawi ng conditions and devel opnent
conditions in this 5case are sinilar to tidse shown in FIG 4, described
“above. Then, as shown in FIG 13, the resist film26 with the pattern
formed therein is u%re}ld %s a mask to consecutively pattern the film 24

cont ai ni ng no F&hridnium arrPiife HArd HasK Fen e ontAE B gt khr SARUNR28 by
nmeans .of' the dry etching using gxygen-containhing chlorine (C1/0). :
Furt her nor e, tﬁeﬁelad:ﬁtngo%orcelﬁtﬁ%qti Ia%‘g? i‘ge‘f'ﬁ)]to b ant$AFT5 et 2h®d by the
dry etching usi n-cqont a ni ng chlarine (01/.0) and. thus.rennjns
15unpat t er ned 5%%%?@%@%%&53?%%% _athern J’Irhétr‘nhg a%e%h%%g}%“ﬁé 14,
after the film IdM ; Ly | i o) i i

cont ai ni ng chr(g)fgr:ié!ilVJ\)?rL:Pl 3@5?1511%;{5?15%53{%@%2%2%&:&%&&&0 I nlg@lucg)ﬂ?%g{lrg thim
oxygen- cent ai NicAgChlrer isehi 1he e rMHJYNEHRE Stn 209fd | M 26id Scsigdpped and
removed. Conditions for stripping and renoval of the resist film26 are

simlar to thoseoskown in FIG 6, described above. ~ Then, as shown in
FIG 15, the film 24 containing no chrom um and hard nask 23 cont ai ni ng
chromiumw th Then, as shown in FIG. 13, the resist film 26 with

the pattern formed therein is used as a mask to
consecutively pattern the film 24 containing no
10 chromium and.the hard mask film containing chromium 23
by means of the dry etching using oxygen-containing
chlorine (Cl1/0). Furthermore, the light blocking film
22 is not substantially etched by the dry etching using
oxygen-containing chlorine (Cl/0) and thus remains
15 unpatterned during.the present step.
| Then, as shown in FIG. 14, after the film 24
containing no chromium and the light blocking film
containing chromium 23 are patterned by the dry etching
using_oxyéeh—contéining chlorine, the remaining resist
| 20 | film 26 is stripped and removed. Conditions for
strippiné and removal of the resist film 26 are similar
to those shown in FIG. 6, described above.
Then, as shown in FIG. 15, the film 24 containing
no chromium and hard mask 23 containing chromium with
25 the pattern formed therein are used as a mask to
pattern the light blocking film 22 by the dry etching

using fluorine (F). Furthermore, the film 24



25t he pattern fornmed therein are used as a mask to pattern the |ight

bl ocking film22 by the dry etching using fluorine (F). Furthernore, the
film24 29 containing no chromumis renoved can also be etched by the
-dry etching using fluorine (F) and is thus renoved during the present step.
.The hard mask 23 containing chromumis not substantially etched by the dry
etching using fluorine (F) and thus renai s unr enoved during the preset

‘st ep. Then, as shown in FIG 16, the hard mask 23 contai ni ng

chromiumis removed by the dry etching using oxygen-containing chlorine
(C1/0), and th&EFEriThity MO HR 13 €3RAFRE. Cahea FghbebPbeRPAGOYI I m

22 i's not subst |1y etched the dry etching using oxygen-containing
chl ori ne (C:l/O)%efhdia ﬁ§¥ e%%H%%FQﬁwf% e b?eE%FSSF%Bove

Through the aboye-.des rlbed Ste the bi nary. k 15ac rdln to. Exanple 2
RIS 1 01T 1 B e 1he A o rentOane: Bkaftpl 6s of

of the present VIR i G RS
the present Inygptinnnave fy e%u%"f‘e@&a’ ‘gl%dlrgt}ho%\@é/ﬁ d g et tell ?Hg' on
T
is not limted to the above- géscrl d{ neﬁ% exanp sean% n be
varied fer i nphemery atiy W Wft:jt Aeparting- 4 omd h?ﬁ&@&%@%&%&r esent
i nvention. Mreover, the abov escri bed enbodi nent includes various |evels
of inventions, umyipﬁﬁﬁeau%tmmyentlons can be extracted by conbining the 25
di scl osed consti t uent requi renents together as needed. For exanple, even if
some of the dISCIosémanwuastanuunrxnnEIGﬂm&ﬁs die henodvedskan3i nvention
can be extracted
containing chromium is removed by the dry etching using
oxygen-containing chlorine (Cl1/0), and the remaining -
10 structure is cleaned. The light blocking film 22 is
not substantially etched by the dry etching using
oxygen-containing chlorine (C1/0) and thus remains
unremoved during the preset step.
Through the above-described steps, the binary mask
15 according to Example 2 of the present invention is
completed.
The embodiment and examples of the present
invention have been described. However, the present
invention is not limited to the above-described
20 embodiment and examples and can be varied for
implementation without departing from the scope of the
present invention. Moreover, the above-described
embodiment includes various levels of inventions, and
various inventions can be extracted by combining the
25 disclosed constituent requirements together as needed.

For example, even if some of the disclosed constituent

requirements are removed, an invention can be extracted



30 provided that a predeterm ned effect is exerted. Industrial

The present invention selects the appropriate ranges of
the | ayer structure, conposition, and film 5thickness of the photomask

-bl ank and the steps and conditions for manufacture of a photomask. The
spresent invention can thus provide a photgnask with a fine photonmask

Applicability

‘pattern formed therein and correspondi ng

8 the pattern transfer for the

"hal f pitch 45 nm 10generati on and beyond. Expl anati on of Reference Synbols
11 . . . Transparent substrate 12 .. Phase-shift film13 . . . Light
bl ocki ng fil m P¥gYaded thag pyprgdetermings siEfachishiexrted Resist film

17 . . . Resist film21 .

bl ocking film

- Thansese HpHANLIR RGP - - - Lo

The present invention selects the appropriate

~ranges of the layer structure, composition, and film

10

.15

20

thickness of the photomask blank and the steps and

conditions for manufacture of a photomask. The present

invention can thus provide a photomask with a fine

photomask pattern formed therein and corresponding to

the pattern transfer for the half pitch 45 nm

generation and beyond.

Explanation of Reference Symbols

11
12
13
14
15
16
17
21
22
23
24
25

26

Transparent substrate
Phase-shift film
Light blocking film
Film

Photomask blank

.- Resist film

Resist film
Transparent substrate
Light blocking film
Hard mask film

Film

Photomask blank

Resist film



23 . . . Hard mask film24 . . . Film25 . . . Photomask blank 26 . . .
Resist film 31 CLAI M 1. A photomask bl ank wherein a second filmis
stacked on a first film the first filmcontaining chrom umand which is
-not substantially etched by the 5dry etching using fluorine and which is
setchabl e by the dry etching using oxygen-%ontaining chlorine, and the
'second fil mcontaining no chromi um and whi'ch is etchabl e by dry etching
‘using fluorine and dry etching using oxygen-containing chlorine. 102. The
phot omask bl ank according to claim 1, wherein the first filmis at |east
one of a light blocking filmthat is @tl12a5t®3® nmand at nost 120 nmin

fil mthickness and an antireflective fil nd a hard nask filmwhich are at
| east 2 nm and at nost %Ogﬂﬂqqp %%ﬁQ$i_ P a Secon%.%# phot onask.

bl ank according,ta,claiml, herein,ihe first, f1lmis a metal compound film
mai nl'y conprising chromum oxi de, chrdnlumln%rlde, or éﬁron1un1%xyn|tr|de,
or a netal fi|Hh?Bm@ﬁma%hgywkhbﬁl%@”%5%'%d%gggﬁfﬂé¥l§”gfgﬂéﬁnby the

.5 dry etching using fluorine and which is etchable by the
dry etching using oxygen-containing chlorine, and the
second film containing no chromium and which is
etchable by dry etching using fluorine and dry etching
using oxygen-containing chlorine.

10 2. The photomask blank according to claim 1,
wherein the first film is at least one of a light
blocking film that is at least 30 nm and at most 120 nm
in film thickness and an antireflective film and a hard
mask film which are at least 2 nm and at most 30 nm in

15 film thickness.

3. The photomask blank according to claim 1,
wherein the first film_is a metal compound film mainly
comprising chromium oxide, chromium nitride, or
chromium oxynitride, or a metal film or an alloy film

20 mainly combrising chromium..

4. The photbmask blank according to claim 1,
wherein at least one of a light blocking film, an.
antireflective film, a hard mask film, a phase-shift
film, aﬁd a transparent substrate which are not

25 substantially etched by the dry etching using oxygen-

containing chlorine and which are etchable by the dry

etching using fluorine is provided under the second



4. The photomask bl ank according to claim1, wherein at |east one of a
light blocking film an. antireflective film a hard mask film a
phase-shift film and a transparent substrate which are not 25
»substantially etched by the dry etching using oxygen-containing chlorine
sand which are etchable by the dry etching using fluorine is provided under
"the second 32 film 5. The photonggk bl ank according to claim1
“wherein the second filmis at least 0.5 nmand at nmost 10 nmin film

t hi ckness. 56. The phot omask bl ank according to claim11, wherein the second

filmcontains €iamsition netal. 7. The photonmask bl ank according to -
claim6, wherein the transmssion netal is selected from nol ybdenum
tantal um tungsten, ozi r &8 BmetvaRTikuR L a0V @R AR N AP nE-bbim - 8.

The phot omask b] ank ,according to claim®6, wherein an atom c configuration
of the second YPERFEE &0€hSERANGt A 1Tt difsiat deafst dl- SadtbAS ForMQuit | east
10 at% of a sum,of the tr. ns&hio metal and silicon. 159. The phot omask

bl ank accordingstmcFQiﬁf§W & gpﬁsﬁhe second filmis silicon oxide,

silicon @i tride, or 6s_i I ir%%n ?%W&ngsikd%l;aﬁ%t %cryfg%nfer%nt% té’f)api al .

10. The photomask bl'ank “according to _ in aresist’ film of
fi I mthickness,gt beastnB0sBRbAR £l ,TOSH 350 NP 17 ied it 4he second

film

7. The photomask blank according to claim 6,
wherein the transmission metal is selected from
molybdenum, tantalum, tungsten, zirconium, hafnium,

10 vanadium, and niobium.

8. The photomask blank according to claim 6,
wherein an atomic configuration of the second film is
such that the transition metal accounts for at least
10 at% of a sum of the transition metal and silicon.

15 9. The photomask blank according to claim 1,
wherein the second film is silicon oxide, silicon
nitride, or silicon oxynitride containing transition
metal.

10. The photomask blank according to claim 1,

20 wherein a resist film of film thickness at least 50 nm
and at most 350 nm is formed on the sécond film.

11. A method for manufacturing a photomask,
comprising a photomask blank wherein a second film is
stacked on a first film, the first f£film containing

25 chromium and which is not substantially etched by the

dry etching using fluorine and which is etchable by the

dry etching using oxygen-containing chlorine, the



11. A method for manufacturing a photomask, conprising a photomask bl ank
wherein a second filmis stacked on a first film the first film containing
25chrom um and which is not substantially etched by the dry etching using
sfluorine and which is etchable by the dry etching using oxygen-containing
~chlorine, the 33 second film containing ﬁ% chrom um and which is etchable
"by dry etching using fluorine and dry etching using oxygen-cont ai ni ng

*chl orine; forming aresist with a pattern on the second film and

using the resist as a_nask to etch the first filmand the second film by
the dry etchinSeEQPHgfgi?géﬁpééﬁﬁﬁqﬂlﬂf(HHQﬂm%ﬂﬁ ard WiKeC et hod for

manuf acturing a ot omask 10accordi.ng to .claim 11, wherein the first film
is at |east on8t§£abiﬁi Mt EWo@ﬁéijﬁﬁIWﬁ%q%ugﬁ%PEﬁnq(ﬁﬂé B rfir AP %t nost
120 nmin fil AL Gk n t.ireflective filmand a hard mask film
whi ch are at Fggg?gzg%ﬁ?ﬁﬁdgggQﬁggﬁngoﬁ%n%ﬁ% 9’1 m t hi ckness. 1513. The

met hod for manufact gbi-Rg @ ghqggggﬁyvggﬁfgpi 5é¥ﬁﬂéﬂrﬁﬂéﬂs¥@@ﬁ§!n t he

first filmis a metal conpound filmmainly conprising chrom um oxi de,
chromungnitri deimer sghrom um oxynitride, or a netal filmor an alloy film
mai nly conprising chromum 2014. The method for manufacturing a phot omask
using the resist as a mask to etch the first film
and the second film by the dry etching using oxygen-
containing chlorine.
12. The method for manufacturing a photomask

10 according to claim 11, wherein the first film is at
least one of a light blocking film that is at least
30 nm and at most iZO nm in film thicknessland an
antireflective film and é hard mask film which are at
~least 2 nm and at most 30 nm in film thickness.

15 13. The method for manufacturing a photomask
according to claim 11, wherein the first film is a
metal compound film mainly comprising chromium oxide,
chromium nitride, or chromium oxynitride, or a metal
film or an alloy film mainly comprising chromium.

20 14. The method for manufacturing a photomask
according to claim 11, wherein at least one of a light
blocking film, an antireflective film, a hard mask
film, a phase-shift film, and a transparent substrate
which are not substantially etched by the dry etching

25 using oxygen-containing chlorine and which are etchable
by the dry etching using fluorine is provided under the

second film.



according to claim 11, wherein at |east one of a light blocking film an
antireflective film a hard nmask film a phase-shift film and a
transparent substrate which are not substantially etched by the dry etching
+25 usi ng oxygen-containing chlorine and which are etchable by the dry
~etching using fluorine is provided under tgF second film 34 15.
“The method for manufacturing a photonask a cording to claim 11, wherein the
‘'second filmis at least 0.5 nmand at nost 10 nmin filmthickness.

16. The met hod for ufacturing a gﬂg%onask 5according to claim 11,
wherein the second fid'm QG S Ry hRtarring & PhagomaRg ppt hod
for manufacturing a photonmask accarding-to claim 16, whergein the

transni ssi on r’rﬁfglorfjémgel Scted 't 37‘}1’ Uy 1§ aﬁ%?rb?en Piﬁﬁgjs? eht

10zi rooni um hataiumy vanadiam ANGAOB gy 1o g5 1dSn e, JE hOd for

manuf act uri ng a phot omask according to claim erein om ¢

configuration of thqfﬁecqqumgﬂgdésgggﬂhégﬁﬁaégﬁ&iﬁgwgigﬁgpoﬁ?ggl accounts

for at least 10 at% of a sumof the transition 15netal and silicon.

19. The pet hodatebrammhdf et Wiaieh aphairmresk aotorsidhd of clmi ddddaimberein
the second filmis silicon oxide, silicon nitride, or silicon oxynitride

cont ai ni ng trahskhsanioet aletad020. The net hod for manufacturing a photonmask
according to claim11l, wherein a resist filmof filmthickness at |east 50
nm and at nost 350 Am.i s Ther medhod tirer seconthdtidmng a photomask

according to claim 16, wherein the transmission metal
is selected from molybdenum, tantalum, tungsten,
10 zirconium, hafniuh, vanadium, and niobium.

18. The method for manufacturing a photomask
according to claim 16, wherein an atomic configuration
of the second film is such that the transition metal
accounts for at least 10 at? of a sum of the transition

15 metal and silicon.

19. The method for manufacturing a photomask
according to claim 11, wherein the second film is
silicon oxide, silicon nitride, or silicon oxynitride
containing transition metal.

20 20. The method for manufacturing a photomask
according to claim 11, wherein a resist film of film
thickness at least 50 nm and at most 350 nm is formed

on the second film.



