-1 - DESCRIPTION PHOTOMASK BLANK, PHOTOMASK AND
METHOD FOR PRODUCING THOSE Technical Field [0001] The
present invention relates to techniques fer fabricating a photomask blank
and a photomask used for fabricating a semiconductor integrated circuit,
a CCD (charge-coupled device), a color filter for an LCD (liquid crystal
DiSpERIaON), a magnetic head and so on. Background Art [0002] Finer
circuit patterns have grown in demand in response to finer processing of
semiconductor devices in recent years, particularly in response to higher
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r CII‘CUIt patterns; a techn or maklng ne lines’in"a wiring pattern
making up a circuit, a technique for making a fine pattern of a contact
hole used for wiring between layers making up a cell, and other
Retiiguesla®@iedabssary. These kinds of patterning have been

erformed by optical lithography using photomasks, and thus techniques
foorofgﬁmg finer photomask patterns with high precision have been

demandrel d0Q%dnin ACLIA U 3 ODINIATEPAL L L Olgask
substrate with high precision, it is necessary to first form -"a resist
patieticen bughcioplask dlerikwiblL 8igh pregisidibhotomask used for
fabricating a semiconductor integrated circuit, a CCD

{charge-coupled device)}, a color filter for an LCD (liquid

crystal display device), a magnetic head and so on.

Background Art
00021

Finer circuit patterns have grown in demand in response
to finer processing of semiconductor devices in recent years,
particularly in response to higher levels of integration of
large scale integrated circuits. In order to achieve finer
circuit patterns, a technique formaking fine 1ines inawiring
pattern making up a circuit, a technigue for making a f£ine
pattern of acontact hole used forwiring between lavers making
up a cell, and other technigques are necessary. These kinds
of patterning have been performed by optical iithographyusing
photomasks, and thus techniques for forming finer photomask
patterns with high precision have been demanded.
[00G3]

In order to form a photomask pattern on a photomask

substrate with high precision, it is necessary to first form



Actually a semiconductor substrate is processed by optical lithography
using reduced projection, and thus the size of a pattern formed on a
photomask used in this exposure proéess is generally about four times as
large as the size of a pattern to be printed on the substrate. [0004]
However, the sizes of circuit patterns written by optical lithography have
HERSTHAENRRAAIRT TR tie Navetswayshs bl anxjpowdrehlighitgh recentision.
ngrs.z\_lx_{hen asgat_tern si@g four times as large as the shape of a written
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influence of interference or the like of light generated during exposure.
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extremely hizh precision on a photomask serving as a master of a written
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ﬂgeé)é li Q'fj_ 9?1':@@9 exp %yere, a gggtoa ask pattern (so-called OPC pattern)
aving a more comﬁlica ed ?hape fhanan actually written circuit pattern

no@y he used in some cases. (0005] As described above, also in

lithography techniques for obtaining photomask patterns, high patterning

accurdoyisveesirdueasin epidatlithoghiap by technigs es for petfosnipg ical
- fine, processing on semiconductor substrates and so on. A limited
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times as large as the shape of a written circuit pattern is
used as a photomask pattern, it is difficult to transfer the
shape of the photomask pattern as it is on a resist film due
to the influence of interference or the like of light generated
during exposure. For this reason, it has been necessary to
form a photomask pattern with extremely high precision on
a photomask serving as a master of a written circuit pattern.
In order to reduce the influence of the interference or the
like of light during exzposure, a photomask pattern (so-called
OPC pattern) having a more complicated shape than an actually
written circuit pattern may be used in some cases.
{00051

As described above, also in lithography techniques for
obtaining photomask patterns, high patterning accuracy is
desired as in optical lithography techniques for performing
fine processing on semiconductor substrates and so on. A
limitedresoluticonisgenerallyusedas an indexof lithography

performance. However, in reality, a lithography technique



_ for a process of patterning a photomask requires a limited resolution
equal to or higher than that of an optical lithography technique for a
process of printing a pattern formed oh the photomask onto a
semiconductor substrate. [0006] Photomask patterns have been mainly
%ormed b}é electron beam exposure, though an exgosing method using

Gt FaFHBERSSy AfaiE tEETAANY, & prRReSRE fint Rt REnfRdéAifed
phetomasilagk.inguqing @ﬂi%ﬁéﬂiéﬁdi@aé%e&g“ta &&a”asgage% ical

substrate, a pattern is written on the photoresist film by an’elec
andtleeyphaptoresist il ipdevetaped, ps@ i 2 ©ish PaKe s Abtginedern
After that, a pattern (photomask pattern) including a light shielding part
SRgEetafBIUERAt PAA tSMATE WY gsing SeaiamstdiatibnT as wrs bloking
gﬁéﬁﬁfzr a mask layer. An ordinary mask layer has a laminated structure

an antireflective layer and a light shielding layer. [0007] As finer

photoraask paHSINS Ake-forme dh Hoer £esist Ralefys EB%:I%@% \é]{faggtron

only a resist pattern is made finer without reducing the thickness o
Pesigt fiposesist tiartigtting axao siohinganasiifasa mask gyemhas been
increases._ in asgect ratio (a ratio between the thickness of the resist film
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filmbyanelectronbeam, and thephotoresist filmisdeveloped,
so that a resist pattern is obtained. After that, a pattern
{photomask pattern) including a light shielding part and a
translucent part is formed by using the resist pattern as
an etching mask for a mask layer. An ordinary mask laver has
a laminated structure of an antireflective layer and a light
shieliding layer.

[0007]

As finer photomask patterns are formed, finer resist
patterns are formed. Whenonlyaresist pattern ismade finer
without reducing the thickness of a resist £ilm, a resist
part acting as an etching mask for a mask layer increases
in aspect ratio (a ratio between the thickness of the resist
£ilm and a pattern width). Generally, when the aspect ratio
of a resist pattern increases, the shape of the pattern is
apt to deteriorate, reducing the accuracy of transferring
the pattern to a mask layer with the resist pattern serving

as an etching mask. Moreover, in extreme cases, a part of



- 4 the resist pattern may fall or come off, so that pattern loss may occur.

Therefore, as finer photomask patterns are formed, it is necessary to

reduce the thickness of a resist used as ‘an etching mask for patterning a

mask layer and prevent an extremely high aspect ratio. [0008]
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of a chromium compound film, a large ‘amount of information Is ava
frepiactivat ese paghtomesghopotthek i Alnaysd s has A ighl ishieldiR@g as
film material, which has been substantially established as a standard

PRo&ICIHPE 2. EBF eREMPRETAES M dBegihcht 1qDapafe ST PYRIHE an
i ..2003-195479), Patent document 2 (Japanese Patent
PR R S S b ot

pen Ard Patent document 3 (Japanese
Regigred Utility Model No. 3093632) disclose examples of the
configuration of aphotomask blank in which a light shielding film having a
light sRiefeidenirabpéity dermandetrobgho@haskdilankefor Ardeexpobteady
is made Qf a chromjum compound. The thickness of the light shielding
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pateinedbyitivainerbased diys, regarding etching of a chromium
compound f£ilm, a large amount of information is available.
In practical use, a chrome compound is always used as a light
shielding film material, which has been substantially
established as a standard processing process. For example,
Patent document 1 (Japanese Patent Laid-Open No. 2003-195479),
Patentdocumentz(JapanesePatentLaid~OpenNo.2003-195483),
and Patent document 3 (Japanese Registered Jtility Model No.
3093632) disclose examples of the configuration of a photomask
blank in which a light shielding filmhaving a light shielding
property demanded of photomask blanks for ArF exposure is
made of a chromium compound. The thickness of the light
shielding £ilm is set at about 50 nm to 77 nm, and the‘light
shielding film having this thickness is patterned only with
a resist mask,.
[0009]

A light shielding film of a chromium £ilm and a chromium
compound film is generally patterned by chlorine-based dry

etching containing oxygen. In many cases, this etching



etching containing oxygen. In many cases, this etching - 5 condition
produces an etching effect that is not pegligible on an organic film such
as a resist. Thus when etching the light shielding film with a relatively thin
resist film serving as a mask, the resist is damaged and the shape of the
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an organic film, to have etching resistance (plasma resistance) enabling a
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However, it is technically difficult to allow a
photoresist, which is an organic f£ilm, to have etching
resistance (plasma resistance) enabling a high resolution
ané high patterning accuracy. Thus in order to reduce the
load on a resist during the etching of a light shielding film
and form a photomask pattern with higher precision, the
selection of a material of the light shielding film has to
be reexamined.

[Patent document 1] Japanese Patent Laid-Open No.
2003-195479

{Patent document 2] Japanese Patent Laid-Open No.
2003-195483

{Patent document 3] Japanese Registered Utility Model No.
3093632

[Patent document 4] Japanese Patent Laid-Open No.
2001-312043

[Patent document 5] Japanese Patent Laid-Open No. 63-85553

Disclosure of Invention

Problem to be solved by the invention



Problem to be solved by the Invention 6 - [0011] As to a material of a light
shielding film, a number of examin_’atig)n_examples have been already
available. For example, in Patent document 4 (Japanese Patent
Laid-Open No. 2001-312043), an example is reported in which a tantalum
Qé%tﬂ {ilm is used as a light shielding layer for ArF exposure. In this
xaiipte, the tantalum metal film is used as a light shielding layer and a

tantaluyg oxide, il isysech ag ang aptirgflectiye;laygr Jhedowl thigknesz,e -
of a mask layer including these two layers is set at about 70 nm. In
afidéloamicaddiva |ayerad Mémichiaesinbardar tieekde aslvad ib baeSiFor
during the etching of the mask layer, the mask layer is etched by fluorine
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the resist’is limité dunﬁ%‘g e mask layer as %Irllg as

Highi shieldisedayey and apiveflestive leygphawpe A B HiGknessiure.
about 70 nm are used only with the resist serving as an etching mask. It
istiisigiffctamplsuffitieatlyasdtistym medthibrfignpiecisondamatioight
a fine mask pattern. [0012] On the other hand, techniques for reducing a
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Laid-Open No. 63-85553) discloses a
including these two layers is set at about 70 nm. In addition

to such a layered structure, in order to reduce a load on
a resist during the etching of the mask laver, the mask layer
is etched by fluorine gas plasma that causes relatively less
damage on the resist. However, even if suchetchingconditions
are selected, a reduction in the load on the resist is limited
during the etching of the mask laver as long as the light
shielding layer and antireflective layer having a total
thicknéss of about 70 nm are used only with the resist serving
as an etching mask. It is thus difficult to sufficiently
satisfy a need for high-precision formation of a fine mask
pattern.
[0012]

On the other hand, technigues for reducing a locad on
a resist during dry etching by using a hard mask have been
attempted in the past. For example, Patent document 5
(Japanese Patent Laid-Open No. 63-85553) discloses a
technique of performing dry etching on a metal silicide film

while using, as an etching mask, a S$i0, film formed on the



technique of performing dry etching on a metal silicide film while using, as
an etching mask, a SiO2 film formed on the 7 metal silicide film. However,
the Si02 film is less conductive and thus charge-up may occur during

electron bearn, exposyre-yEULber, a defed! insnection.of a phoIomASK ;e

"Blank is gené’r%ﬁly pelf]fbrm%%ebaséd on a reflectivity, and light having a

=wavelangth-gf of; 25/ nmis; used for adefect inspestionrof aanask 4o Arfe .
exposure. For a correct defect inspection., a reflectivity of about 10% to

FR0% és nesessdncin lightdraviagnthis wavelengtte However whea tisidg + 1y
the Si0-> film as an etching mask, the reflectivity of the Sjo, film becomes

S0 Highcand fiéferéd with thé defetnspettion 2f6013] AL desdiibed®  °

wépgygntgmeo_@y%@d structure,ofthe, canventional photomask blarkeit i, s

difficult fo sufficiently respond to a need for high-precision formation of a
sfine photomask-pattern. This prablenxis:seriousaifticularlyrineection, a
photomask pattern for ArF exposure in which exposure light has a short

rHaveRsigthtand a Mgh tescllitiohds Tiktesganf fEO EAFEmBbditihts bF v 1nd

he present invention %eek (0] Proviqle a photomas&glanﬁ@nd a
t%ﬁétor‘ﬁ%‘é%%%ggfed Using thé photomask “blank. The E)hoiomasII(n blank °"

has a-configiration.capabte of rreducing a lead: o acphatoresistaused as aoo
mask when forming a photomask pattern and capable of forming a fine
rplibtomask npattéerwithvhigh preeisieAsaind thephotoniask blank has
[%%%%i(]:al properties required for a defect inspection and so

&s described above, 1n the lavered structure of the
conventional photomask blank, it is difficult to sufficiently
respond tce a need for high-precision formation of a £fine
photomask pattern. This problem is serious particularly in a
vhotomask pattern for ArF exposure in which exposure light has
a short wavelengih and a high resolution is necessary.
[D014]

Embodiments of the present invention seek to provide a
photomask blank and & photcmask fabricated using the photomask
lank. The photomask blank has a configuration capable of
reducing a load on a photoresist used as a mask when forming a
photomask pattern and capable of forming a fine photomask
pattern with high precision, and the photomask blank has
physical properties reguired for a defect inspection and so

OIl.

Means for solving problem



on. Means for solving problem 8 [0015] Embodiments of the present
invention provide a photomask blank.comprising a light shielding layer of
a metal film which cannot be substantially etched by chlorine-based dry
retehing containing oxygen ((Cl + 0) based) and can be etched by
chlorine-based dry etching not containing oxygen (Cl based) and
fluorifebageds=dry=etchingh@ basedyandancantheflective Lidyer of aahetals k
compound film which cannot be substantially etched by chlorine-based.
PARPEtcHIAG ot dohtdinmg By Gén (€t Bised) ard Thnbd &téHed by at™* "
Aegst ong.of chiaring-paged.dry -efching containing oXYgeRUCLE D) cxcning
based) and fluorine-based ‘dry etching (F based). [0016] The metal film is
cprefetablya metaler alloycmainly ccompased),; of ahleastzenemetaltiched by
element selected from tantalum (Ta) tungsten (W), zirconium (Zr) ,
Chafmidie () Seanadivm TV HiebidmH(NBY = Bfdmidtim PANI%hd (€1 based)
ermanium (Ge) [0017] Further, it is preferable that the light shielding _. .
el thad o5 61 & Aty ST hetal B Rab o Gfcal Aehaty O5dr™
1Roklower than,2selativertpdhesvavelgngih of, expasure lightsandhasaaily
thickness of 15 nm to 50 nm. [0018] Moreover, it is preferable that the
camtireflectivelayer: asoa €xtidction coefficientk of Q124011 0vefativesto (C1

ggged) and can be etched by at least one ¢f chlorine-based dry
etching containing oxygen ((Cl1 + ) based) ang fluorine-based
dry etching (F based).

[001e]

The metal film is preferably a metal or allcoy mainly

composed of at least one metallic element selected from

tantalum (Ta), tungsten (W), =zirconium (Zr}, hafnium (HE),
vanadium (V), niobium {(Nb), aluminum (Al), and germanium (Ge).
[0017]

Further, it 1s preferable that the light shielding layer
is made up of a plurality of metal films, has an optical
density OD of not lower than 2 relative to the wavelength of
exposure light, and has a thickness of 15 nm tc 50 nm.

[0018]

Moreover, it is preferable that the antireflective layer
has an extinction coefficient k of 0.2 to 1.0 relative to the
wavelength of exposure light and includes at least one of &
chromiwn compound film and & silicide film. The chromium

compound 1s preferably a compound mainly composed of chromium



wavelength of exposure light and includes at least one of a chromium
compound film and a silicide film. The chromium compound is preferably

a compound mainly composed of chromium 9 oxide, chromium nitride, or
Jritride chromate. it isynore jpreferable.thatthe chiomium compeund:hag a .
composition ranging from 30 to 85 at.% chromium (Cr), 0 to 60 a-.%
paxygerr(0), 01080 at.% nitrogem{N), and0to.20 at. 8 carbon (€)oo $6019pr
Moreover, the silicide is preferably a compound mainly composed of
I&lion dxide SsiliCor fitfide 261 SiliCon Fxygen ‘hitride “It 1§ nfotePreferabra en

t the silici as a composition ranging from 10 tg 57 at.% silicon (Si

15 8 206 e ()L RTBT atoh hgort ) a0 6 1 30 A apon te
rearben (C). [0020] A first aspect of the present invention provides a

method of fabricating a photomask, comprising: a step of preparing a
photoffraskatiank iridlading ar-adtreflectiveslayeridfva metaloeormpounginly
film which cannot be substantially etched by chlorine-based dry etchin
FOEESHaiNing Dxygen (Cbased) “and Cah bE-sfchied by at feast e 8f ¥ 95"
-ghlorine-based dry efching gontaining oxygen((C1#0) based)and ,.: 4
fluorine-based dry etching (F based), the antireflective layer being
cstacked tonra lightcshieldingtaye? of a metad filh whichcannotbe, 0 to 60
substantially etched by chlorine-based dry etching containing oxygen
AC1+0¥ ba%ed) and canBe efctEd by BhicritieBasdd drgtétchingfnot® 2t %

Ccaorrgg]ijniqg}o.xygen (Cl based) and fluorine-based
(00201

d

A first aspect o

Hh

the present invention provides a
method of fabricating a photomask, comprising: a step of
preparing a photomask blank including an antireflective layer
of a metal compound film which cannot be substantially etched
by chlcrine-based dry etching not containing oxygen (Cl based)
and can be etched by at least one of chiorine-based dry
etching containing oxygen ({(Cl+C) based; and fluérine—based
iry etching (F based), the antireflective layer peing stacksd
on a light shielding laver of a metal film which cannot be
substantially etched by c¢hlorine-baszed dry etching containing
oxvygen ({Cl+0) based) and can bs etched by chlorine-based dry
etching not containing oxyvgen (C1 based) and fluorine-based
dry etching (F based), a first step of patterning the

antireflective layer by (Tl + O)-based dry etching using



dry etching (F based), a first step of patterning the antireflective layer by.
(Cl + 0)-based dry etching using 10 .a resist mask formed by patterning on
the principle surface of the antireflective layer, and a second step of

= patterningthey light shieldinglayer by:Giybased ety etehingusingdheace ot
patterned antireflective layer as a hard mask. [0022] Embodiments of the

t peeseritingéntion prevideva method nchadinga firstistep of patterningtthehe
antireflective layer by (Cl + 0) -based dry etching using a resist mask

LisHhed By pattetfiing d¥the Principe Sairfale SFthe antireflactivas t&fkr, ©°

»anda gegond.step of patterning. the light shiglding, layer by F-based dry

etching using the patterned antireflective layer as a hard mask. [0023]

{ Alternate embodiments of the present invention provide a method

including a first step of patterning the antireflective layer by F-based dry
etchingrasinga tesistrhask forred By pattefiing 'oH the prinéiple Jufsce

e L s St elot, Loy
playeras a hardjnask. [9024} Eurthes embodiments-efi the presentormed by
Invention provide a method including a step of successively patterning the
vantirsflective tayer-and the light shielding faver by F-based adryietehirgrtive
lgiflgg,a I:aenscliSt énagé(gggrgegggppaétfemgg é)enrtzbieng the light shielding
layer by F-based ary etching using the patternsed
antireflective layer as a hard mask.

[0023]

Alternate embodiments of the present invention provide a
method including a first step of patterning the antireflective
layer by F-based dry etching using a resist mask formed by
patterning on the principle surface of the antireflective
layer, and a second step of patterning the light shielding
layer by Cl-based ary etching using The patterned
antireflective layer as a hard mask.

(00241

Further embodiments of the present invention provide a
method including a step of successively patterning the
antireflective layer and the light shielding laver by F-based
dry etching using & resist mask formed by patterning on the
principle surface of the antireflective layer.

[0025]
In embodiments of the present invention, the resist mask

preferably has a thickness of 75 nm to 350 nm and more

preferably has a thickness of 100 nm to 250 nm.



principle surface of the antireflective layer. [0025] In embodiments of the
present invention, the resist mask preferably has a thickness of 75 nm to
350 nm and more preferably has a thickness of 100 nm to 250 nm. 11
%005\267] Further, it is preferable to include, subsequently to the second step
§6me embodiments of the present invention or the step of F-based dry

etching of the further embediments;, of thepresentinyvention, a.gtepef y <o

additionally providing a second resist mask formed by patterning on the
tpatternedhantireflective dayer aftéotiienesist mask is:remmeved,candasstepn

of patterning the antireflective layer and the light shielding layer by dry
cétchitiy 65 the Secoric resist sk Eflecof e inventio [GO7PI e

resent invention, materials having different etching. racteristics. ...
e o o Mt iy Be “Selbcian ot S aine o
santireflectiveslayermand:the o kight shieldipgdaver; the configurationef 8= rned
new photomask blank may be used for reducing a load on a resist mask
apy irsifigeheetehingyseleetiVifye difing tis forinatiohioflé phgtoriask and a
pattern, and the compositions and thicknesses of films magrilnog u%the e

I558rs ThayBe propety seldtted” théfeby providing & photomask f%né 1ght

dhat may, have.a .configuration capable of reduging,a Joad on.the.resists ..
mask and forming a fine photomask pattern with high precision and
Effect of the invention

roo27]

In the present invention, meterials having different
etching characteristics (different kinds of material] may be
selected as the materials of the antireflective layer and the
light shielding laver, the conflguration of a& new photomask
blank may be used for reducing a load on a resist mask by
using the etching selectivity during the formation of a
photomask pattern, and the compositions and thicknesses of
films making up these lavers may be properly seiected,
thereby providing a photemask blank that may have a
configuration capable of reducing a load on the resist mask
and forming a fine pheotomask pattern with high precision and
has physical properties reguired for a defect inspection, and

a photomask fabricated using the photomask blank.

Brief Description of the Drawings

(0028



has physical properties required for a defect inspection, and a photomask
fabricated using the photomask blz_in' Brief Description of the Drawings
'0028' 12 Figure 1 is a sectional schematic view for explaining an
example of the basic configuration of a photomask blank according to the

preseg,t.inventi(in;.Figure 2isa sec}lionagschematic view for explaining a
structtra? example-fh Which the photomask iianiCol thebretEnt 39‘?’1%%?1“9
dnConbigiies asea phassait Akl ais 19 Ui SoFA 10 o UG8 18A%ink

for explaining a process example for explaining the processing process of
dleephdtongadio btdrk accordimy tdthe ptesamt invention; Figures 4A to 41
are drawings for explaining a first process example for explaining the

proce£SfProcessSofa SHrAdCHff sSiIeBRRkACEHRIING & tFEBlesERing

dwenlien, 20 ElguBs oM0RT AlG AANINGS 10 SRRINAGE 980N et
process example for'explaining the processing process of a” phase“shi
Tnasiaklask acsowhing taythespresantEnyantian. sheseriptioamofihenk ;

Symbols [0029] 11 photomask substrate 12 light shielding layer 13
antirefd@nedayep 1bgfertyciudwdpbmotstoppeplkytning a process
example for explaining the processing process of the photomask
blank according to the present invention;

Figures 4A to 4I are drawings for explaining a first
process example for explaining the processing process of a
phase shift mask blank according to the present invention;
and

Figures 5A to 51 are drawings for explaining a second

process example for explaining the processing process of a

phase shift mask blank according to the present invention.

Description of the Symbols
00291

11 photomask substrate
12 iight shielding layer
13 éntiraflective layer
i4 buffer laver

is etching stopper layer
16 phase shift laver

17, 17a resist £ilm

Detail Description of the Invention



16 phase shift layer 17, 17a resist film Detail Description of the Invention -
13 - [0030] The present invention will now be described with reference to
the accompanying drawings. The fnvenhtor et al. have earnestly conducted
studies to solve a problem of reducing a load on a resist mask that is
¢158e§1 cﬁuring the formation of a photomask pattern. As a result, it has been
8 d that by optimally selecting and combining materials having different

dry etehoFherelenslifedt 28 A WEedIuG Iayer f00 19N, Weling
layer that make up a mask layer, it is possible to reduce a load on a resist

m&skcdurieg the dimationefipa phaiogmaskpatiars and obtain a

photomask (blank) having physical properties required for a defect
inspedtith ARTEBTER. [003&] ForavRjheakRRitd yeenat@finstudies
onventional phataomask blank, the same material as an antireflective
e A e S AR P e ATt Bt that

fabrgalipanocessthgnesheketectyedayeorndithg dghtshielding o

layer have similar etching characteristics, and a process of etching and
neeuddsing théaantiveftectivedaye rdmaithietigiv shietdiny laet das begnand
Somoining Taceriats Raving disfaront dry Seohing )
characteristics for an antireflective layer and a light
shielding layer that make up a mask laver, it is possible
to reduce a load on a resist mask during the formation of
4 photomask pattern and obtaiﬁ a photomask (blank) having
physical properties required for a defect inspection and so
on.

[0031]

For a light shielding layer included in a conventional
photomask blank, the same material as an antireflective laver
has been selected in view of facilitation and simplification
of the fabrication process. Hence, the antireflective layer
and the light shielding layer have similar etching
characteristics, and a process of etching and processing the
antireflective layer and the light shielding laver has been
used with a resist mask provided on the antireflective layer.
[0032]

In contrast, the present invention uses a new
configuration in which materials having different etching

characteristics (different kinds of material) are selected

as materials of an antireflective layer and a 1light shielding



In contrast, the present invention uses a new configuration in which
materials having different etching chagacteristics (different kinds of
material) are selected as materials of an antireflective layer and a light
shielding - 14 layer and a load on a resist mask during the formation of a

amaglg pattepis reduced using.thg aighing selectivity, 00331 Yhen
ﬁ%‘l‘%g the etching selectivity of the antire'—:%eléecti\gieg I?ayg ;ér?tge th%ﬁﬁ%ﬂon of
shiblsingayepatesish maskexhnded used gfenexammenbeastheivity.
etching mask of the antireflective layer and the light shielding layer can be
ke by using the patterned antireflective layer as a hard mask

(specifically described later), As a result, a load on the resist mask.is .
reduclg’gl%%clf 8¢ bﬁ%éa &%ﬁgg%ﬂgpseeg‘feg GELisE RS BhiidEabRFtive

Tegsedsne (06 e giainah tesielprylerjeprecisele kany! et AUE ve
antireflective layer. By etching the light shielding layer with the patterned
useideflective layemepheng aslyha roask sat pretietemered grhothmask
pattern is precisely transferred on the light shielding layer. [0034]

FEEOVEL At ConiRiraitth ShelpiBismabi elfkoer favisesean be
dnysntion,Jhetime ¢ eetcga%@g‘é%ﬁ% h%ﬂ%ﬂ%%ﬂaesééséfgoitgﬁ% %%‘l% Yard

" the thickness of aresist e reduced. There ore,Ja me pho
medterNdeasiialcalse adoeRideaspeekialio anditispansive t9 awid on

problems about pattern transfer accuracy reduced by a deteriorated

the resist mask is reduced and a change of the shape of a
resist pattern is considerably reduced, so that the original
resistpattern is precisely transferred to the antireflective
layer. Byetchingthelightshieldinglayverwiththepatterned
antirefliective layer serving as a hard mask, a predetermined
photomask pattern is precisely transferred on the light
shielding layver.

[0034]

Moreover, with the configuration of the photomask blank
of the present invention, the time of etching using the resist
mask is shortened and thus the thickness of a resist can be
reduced. Therefore, a fine photomask pattern does not cause
a too high aspect ratio and it is possible to aveoid problems
about pattern transfer accuracy reduced by a deteriorated
shape of apattern, apattern loss due toapartiallyexfoliated
resist pattern, and so on.

[G035]
The materials are selected under the conditions that

the antireflective layer has physical properties required



shape of a pattern, a pattern loss due to a partially exfoliated resist
pattern, and so on. [0035] The mqteiigls_are selected under the
conditions that the antireflective layer has physical properties required -
15 for a defect inspection and so on. Thus, unlike the conventional

shetomasle iyl dssprued i Jagepose ERlentykaid-Open N, 07 8555

the reflectivity of the “antireflective layer is not so b make & defect
sapestienshicubnbieREasent Nvertiar yul-bgdaore, spagifiealle rPatent
described below in accordance with the following embodiments.
Iegbodnreniiy]- (G086} $8asSic cohigmetidaof Svphitomask biank) [0037]

%‘i%ggure 1 is a sectional schematic view for explaining an example of the

fEESTE R ATSh SPY Phottin &K ISRk BdrdRe Predcht ISRt SRFECt
photmask hlapkdpeludes, onene prRgRieSWIACEAf ARNQIONRSKe more

substrate 11, a metal film as a light shielding layer 12. The metal film
£pandf headiibstasiaity stohed bywhnrira:basethdey widtinghe@dabivging
oxygen ((Cl + O)-based dry etching) and can be etched by chlorine-based
el B8t containing oxygen (Cl-based dry etching) and
(‘l}gogggibaseg dlr){)etching (F-based dry etching). The photomask blank
urther m%%es, n the light shielding layer 12, a metal compound film as

[0036]
{Basic configuration of a photomask blank)
[0037]

Flgure 1 is a sectional schematic view for explaining
an example of the basic configuration of # photomask blank
of the present invention. The photomask blank includes, on
one principle surface of a photomask substrate 11, a metal
film as a light shielding layer 12. The metal film cannot
be substantially etched by chlorine-based dry etching
containing oxygen ((Cl + O)-based dry etching)} and can be
etched by chlorine-based dry etching not containing oxvgen
{Cl-based dry etching) and flucrine-based dry etching
{F-baseddryetching). The photomaskblank further includes,
on the light shielding layer 12, a metal compound film as
an antireflective layer 13. The metal compound £ilm cannot
be substantially etched by chlorine-based dry etching not
containing oxygen {(Cl-based dry etching) and can be eifched
byat least one of chlorine-baseddry etching containing oxygen
({CL + O0)-based dry etching) and fluorine-based dry etching

(F-based dry etching). The photomask substrate 11 is not



an antireflective layer 13. The metal compound film cannot be
substantially etched by chlorine-ba_seg ry etching not containing oxygen
(C1-based dry etching) and can be etched by at least one of
chlorine-based dry etching containing oxygen ((Cl + 0) -based dry

hi flyorine-based dry.etching, (F-based dry etching). The
Sl bR R SR e TSR
etsthrary dransparend sSuhsitaie rpade of quaytz diRssi G641 alpResicales
glass, or other materials. [0038] In this case, the conditions of (Cl + 0)
drasethhy aegiiagimby-be known conditions conventionally used for

erforming dry etching on a chromium compound film, and the conditions
+ 0) -based dry etching are not particularly limited. For example, the

mixingrats, 9L uQine qas Ad BYIEN 93% (7 935 %033 Br3fLabhifng

~ to 20:1 in terms of the volume flow rate ratio, and inert gas contaihing

hefumears serordadiixed nhafoIneassannh Fulheisbhag deeperforming
confirmed that when oxygen gas is mixed with a volume flow rate ratio of

8% of highet Fetdtive FERMIiHE gamBrmh 8528 naindubdiangamditions
B SIS U S e Lo SIS i cos.
eabinRRtS incliling $1e gresant ccA MINSRLRICHINY 938 BXGHMas
gas containing chlorine gas with a flow rate of 20 sccm, oxygen gas with
&dbwgate 6L seciansdielaimigas withea flows rateeain@0 s€chis volume
introduced into an etching chamber, a pressure in the chamber is set
flow rate ratio, and inert gas containing helium and so on
is mixed when necessary. Further, it has been confirmed that
when oxygen gas is mixed with a volume flow rate ratioc of
5% or higher relative to chlorine gas, etching does not
substantially proceed on the metal film used as the light
shielding laver of the photomaskblank of the present invention.
In the subsequent embodiments, including the present
embodiment, etching gas mixed with gas containing chlorine
gas with a flow rate of 20 sccm, oxygen ga§ with a £low rate
of 9 scom, andheliumgaswithaflowrate of 80 scomis introduced
inte an etching chamber, a pressure in the chamber is set
at 2 Pa, and then dry etching is performed.
[0039]

Moreoverl, in the conditions of Cl-based dry etching,
the volume mixing ratio of oxygen gas is set lower than 5%

relative to chlorine gas. It is generally preferable to use

only chlorine gas as etching gas. In this embodiment, only



at 2 Pa, and then dry etching is performed. (0039] Moreover, in the
conditions of Cl-based dry etching, thg volume mixing ratio of oxygen gas
is set lower than 5% relative to chlorine gas. It is generally preferable to
use only chlorine gas as etching gas. In this embodiment, only - 17

ch oripfn as with agi,cx)vg rﬁ%of 20 scem was used and etchi

S .
SligHal sas Witk e mlom fare Gr Y ccdh YRS Reed pid s kghing
dasFhased dix tching i flyeHae¢eRtaldNg 9ag sUghas-CEA andS2F6.

Gas containing oxygen and so on may be added when necessary. In this
edfgadiment, C2F6 gas is used, only C2F6 gas with a flow rate of 20

sccm is used, and a pressure in the chamber is set at 2 Pa. [0041] As a

metal rF‘iTH"f_ f&tatﬁe‘ﬁ;‘l’f? sﬁ_%iﬁg_%r%‘?ﬁzqﬁ(/irﬁf%ﬁéﬁ%téiﬁng
§f§6§q%%$!§§ngvzl'?§%§g§é’g %ﬁo#pgﬁgda Of rpetals such as taptalum

(Ta) , tungsten ium affiutn (1), GahadiGm (V). plobium. -

4ibyealumimina4Abnand yoesa adiia d G isnavallables Jhese matarials
have a higher extinction coefficient than a chromium (Cr) metal film in
HYhORATAG B wWaBieagth 65193 & used YoICATE aqpostish andEthee rate
(%%eé% materials are advantageous to a reduction of thickness. These

e

S MAY b&SFéed S8 8IRyIBTSRFLTS 4 PIBfn SrdheRnt maak at

fillpg may be stacked to form the light shielding layer 12. Moreover, the
compositions
[0041]

As ametal film for the light shielding layer 12 having
such etching characteristics, a metal f£ilm mainly composed
of metals such as tantalum (Ta}, tungsten (W), zirconium (Zr),
hafnium (HEf), vanadium (V)}, niobium {Nb), aluminum (Al), and
germanium (Ge) is available. These materials have a higher
extinction coefficient then a chromium {Cr) metal £film in
light having a wavelength of 193 nm used for ArF exposure,
and thus these materials are advantageous to a reduction of
thickness. These metal films may be used as single lavers
or a plurality of different metal f£ilms may be stacked to
formthe light shieldinglayer 12. Moreover, the compositions
of these metal films are not limited to single elements and
an alloy of two or more metals selected from the metallic
elements may be used.

[0042]

In order to allow such a metal f£ilm to act as the light

shielding layer 12 of a photomask, it 1s necessary to provide

a sufficient light shielding property against exposure light



of these metal films are not limited to single elements and an alloy of two
or more metals selected from the metallic elements may be used. [0042]
In order to allow such a metal film To &€t &s the light shielding layer 12 of
a photomask, it is necessary to provide a sufficient light shielding property
against exposure light - 18 used in a photolithography process and it is

Pr&iEratile 10 PRAFE &/ RS ERRVE I DT OTHT 28Fhijhet feREoE ¢gable to
xposure_light. Particularly | er to.set the OD value at 2 or higher for
ﬁ;ﬁ.%e ail o QIk?grf/&{r?és%plééE%q OEOZ o Iﬂa# r E a?ﬁ.ve f'é;ser::]{r%?sure

I e I"GIE a
e photomas re (exposure wavelength =

engbing stiiahleapplisatonab tphatosaaskiblonls f the Rresest nigher
invention, the thickness of the metal film is preferably set at 15 nm or
frgerhepietothas hdind; WMhEeitbe thicknésspbihermactaldfitnystoslength
large, a load becomes too heavy in the etching process. Thus a thickness

BRSO AT o RRRLE I SRS 16t PRRISEBIARIAG SARPTGTOAR IRk
layerd 2. (0431 Further. the metal film may e%ﬁé@sn Fn %E?%If gmes £ilm

oxygen, nitrogen, and carbon. When the metal film contains
henparelalsrefitn gestainamDs 0 b A erthedightshieiging tpeperinal, thigien
light shielding layer deteriorates and it becomes difficult to obtain a

Phediimlrreissphdaltden gt aRaficlidysint e daggef.apictefhaskcomes
Pla(gllgé)arl fabr'%ag%ll% a félé)tomasg for ArF exp%sure, it ig{&;?%?rrablet at
Rrogen aiith BrE 30 RIFTEE oxy§BHTs 1-RiGBES O 20 nm
or less 1s preferable for precise patterning of the light
shielding layer 12.

[0043]

Further, the metal £ilm may contain nonmetals such as
oxygen, nitregen, and carbon. When the metal £ilm contains
the nonmetals of a certain amount or more, the light shielding
preperty of the light shielding laver detericrates and it
becomes difficult to obtain a predetermined optical density.
Particularly in the case of a photomask blank for fabricating
a photomask for ArF exposure, it is preferable that nitrogen
and carbon are 30 at.% or less, oxygen is 10 at.% or less,
and the total of nitrogen, carbon, and oxygen is 40 at.% or
less.

[0044]

Suchalight shielding layer canbe formed on the photomask
substrate by a known and ordinary technique including a vacuum
deposition method and a sputtering method. However, a

sputtering method using a target containing a predetermined



and the total of nitrogen, carbon, and oxygen is 40 at.% or less. [0044)
Such a light shielding layer can bejo%fgeg on the photomask substrate by
a known and ordinary technique including a vacuum deposition method
and a sputtering method. However, a sputtering method using a target

tainin redetermined - 19 metal makes it possible tQ easily gbtajn
R B PE ALS Bt P PRI ETE berph
erovidachopythe light shielding layer 12 made of materials selected thus,
a chromium compound or silicide is selected. A chromium compound is
EBSihBdtched by chlorine-based dry etching containing oxygen ((Cl + 0)

based) but has etching resistance to chlorine-based dry etching{)not

contai 'ﬁg?o%‘éﬁr("@f di)t%ﬁdq‘%mﬁ@@a%@*&jdﬁ cteiRg (bR ded
g s, e i by ot e A0 GG EPOSE0o

ut has resistance to chlorine-based dry etching containing oxygen

thbasedrandahiatoedsset doreicing ek eenéINEGRYJEeR(Chromium
based). [0046] Table 1 shows, for better understanding of the following
eXPRAYREN Idckingicharadehstc e rdekey ) oaddanedddratchinghing

ggg@%\xﬁ_ﬁf?@eﬁénggrﬁ%gET I—&I)Eg indicates_that etchi_n% IS erf,ormelglce
an indicates B%iHg Y3k SRS SLEEAEREANG T oA
tochlorine-based dry etching not containing oxygen (Cl based)
and fluorine-based dry etching (¥ based). Further, silicide
can be etched by fluorine-based dry etching (F based) but
has resistance to chlorine-based dry etching containing
oxygen ((Cl + Q) based) and chlorine-based dry etching not
containing oxygen {Cl based).

[0046]

Table 1 shows, for better understanding of the following
explanation, etching characteristics (tendency) under the
dry etching conditions of the materials ("ETCHED” indicates
that etching is performed and "NOT ETCHED" indicates that

etching does not substantially occur).

{00477
[Table 1]
LAYER MATERIAL F €1 (C1+F)
based based based
ANTIREFLECTIVE CHROMIUM MNOT NOT ETCHED
LAYER COMPOUND FRCHED ETCHED
ANTIREFLECTIVE NOT NOT
LAYER SILICIDE | ETCHED | pwmoppp | ETCHED
LIGHT NOT
SHIELDING METAL FILM ETCHED ETCHED
LAVER ETCHED




(00473 [Table 1] LAYER MATERIAL F CI (CI+F) based based based
ANTIREFLECTIVE CHROMIUM NOT NOT ETCHED LAYER
COMPOUND ETCHED ETCHED ANTIREFLECTIVE SILICIDE ETCHED
NOT NOT LAYER ETCHED ETCHED LIGHT SHIELDING METAL FILM
E'E]Cq‘lalgg) ETCHED NOT LAYER ETCHED - 20 - [0048] A chromium
compound film having such etching characteristics includes a film mainly

compasedfGhi amiWBmRWdR ANechiomilm Aifride ok niffidg chromate.

The chromium compound f ilmmay contain norimetals such as carbon
cinaifhiotiae i sthicantirefleathes filmEmay IneatonDe o cbeainafMchromium
compound film having a single composition. Moreover, chromium

TR

BRG ARSI PR ARP ST Rifferé AecEpRRRERs nTAghromium

Shagsada R ananigiesiva INEL NS Snlienettle el O PPy orine
cnromium compour%ﬁﬁm canbe 0 alne(fbya nown me OdnSUC as )

TRACHVE: SPUHErNgr USSR ERFOMMRS Adanacs I3049LThansReCiiempound
atomic composition of the chromium compound film is selected such that
Bhlaxtivevdmeoeffieions kds @R10 L0 iadative Mpexmostre light: ¢rotum
ggggopt!l%éhfej.a}}z?lgﬂﬁaving a plurality of different compositions
may be stacked to form an antireflective layer. The
antireflective layer of the chromium compound £ilm can be
obtained by a known method such as reactive sputtering using
chromium as a target.

[0049]

The specific atomic composition of the chromium compound
film is selected such that an extinction coefficient k is
0.2tol.0relative toexposure light. For exami:le, the atomic
composition ranges from chromium (Cr) = 30 at.% to 85 at.%,
oxygen (O0) = 0 at.% to 60 at.%, nitrogen (N} = 0 at.% to 50
at.%, and carbon (C) = 0 at.% to 20 at.%. When the
antirefiective layer is formed of a chromium compound, the
thickness is determined according to conditions including
the wavelength of light used for inspecting a mask. When
fabricating a mask for ArF exposure, the thickness is
preferably set at about 15 nm to 30 nm. The antireflective
iayer of the chromium compound £ilm having the composition
and the thickness has a reflectivity of 10% to 20% relative

to light having awavelengthof 257 nmwhich is arepresentative

wavelength for inspecting a reflectivity.



composition ranges from chromium (Cr) = 30 at.% to 85 at.%, oxygen (0)
= 0 at.% to 60 at.%, nitrogen (N) = 0.a1.% to 50 at.%, and carbon (C) =0
at.% to 20 at.%. When the antireflective layer is formed of a chromium
compound, the thickness is determined according to conditions including
‘IIE%%Z elength of light used for inspecting a mask. When fabricating a

sk for ArF exposure, the thickness is preferably set at about 15 nm to

30 N be-antirefloctive 1 lyarof the shreaium compernafilmadng the.
composition and the thickness has a reflectivity of 10% to 20% relative to
fight havingregwaveltajthiob2bZ mewhidCikt arrepyebastadiyeawavelength.s
for inspecting a reflectivity. - 21 - 00501&%% ordinary resist is not so
FESSER TP ERoFReBRRRE ) tBFing T ohERINERGEES (CHOWs baBedPY

%‘ggﬁ!ﬂﬁ? SR ‘Bi&?t %38‘@962#‘ Q%?t%{%@@%a%%evsé '%%‘%%V%rg Dhout

cing he thi ess of the antireflective layer to out m to 30 nm,

ilsepattesning afrihe emdireliaciiverayry 6an-beLampletackbeioraiee 1ayver

shape of the resist pattern is changed by damage. It is thus possible to

TRihSter wenbligihatrdudiqratdihombameantiretbetivebiet it bigin is
A silicide film having the above etching characteristics

%(%gggéla{f(ﬁ% Bfing diicd’ o§g‘gsarﬁ]°§ﬁéol?11rﬁtrfb% bratdRoxygen
gitride (silicidedim) gndha il farped + Ry containing: oxide and pULde.op; +y
silicon oxygen nitride

high precision.

{0051}

Asgilicide filmhaving the above etching characteristics
includes a film containing silicen oxide and silicon nitride
or silicon oxygen nitride (silicide £4ilm) and a f£ilm formed
by containing oxide and nitride or silicon cxygen nitride
of transition metals in these f£ilms (a film of a siiicon
transition metal compound}. These £ilms may contain carbon.
The antireflective layer may be formed of a silicide £ilm
havingasingle composition. Moreover, silicide £ilmshaving
a plurality of different compositions may be stacked to form
the antireflective layer.

[00521

Transition metals contained in the film include, for
example, molybdenum (Mo),., tantalum (Ta), tungsten (W),
zirconium {(Zr), hafnium (Hf)}, vanadium (V), and niobium (Nb).
Molybdenum is preferable in view of ease of etching. When

a silicon tramnsition metal compound (for example, MoSiON)

cbtained by selecting molybdenum as such a transition metal



of transition metals in these films (a film of a silicon transition metal
compound). These films may contain_carbon. The antireflective layer may
be formed of a silicide film having a %thTe composition. Moreover, silicide
films having a plurality of different compositions may be stacked to form
the antireflective layer. [0052] Transition metals contained in the film

T HEE O EXERpIED R R o} PRRBIER T ffstE g et Lve
gg%ggitirg %%M@Hrgﬁﬂil \Ei%ag@tégx\(zvgh%.@l 'ER'&'E&Q}, pﬁ‘eferable

Malybdenum is preferable in view of ease of etching” Whén a silicon
recisiion metal chmpesdLforexmparieaMeStON) eliabeddyistleetinad he
molybdenum as such a transition metal - 22 is used for the antireflective
yer it ee Bhireliadne dhyerss miisihua o Gre figRmshrddiitpldyiaht
referaple etching is achieved as compared with a combination of the
%rl] |[reesf egfzﬂgeafaa Fof ﬂﬁge tg%?alﬁr%nof:ggjﬁlrfg Jgifa theE li ﬁP%ﬂf‘éﬁﬁnE ?gfé}t
04 the. tardaluge filmdo Japaneses Patenl, & ald RAuhA s%08LBL€PE3-an ve
Thus a photomask pattern can be obtained with high precision. [0053]
Fotdneneifievsilicidéxdginppued fistabtained by containing silicide and the

silicon transition metal or carbon in these films can be obtained by a
#himethod. For example, the known method includes reactive

sputtepg lish is, perfoimed in Leadtiye asramixad alfflow obraggtive
gas and argon by using silicon, molyg num silicide, mo yg&enum
containing silicide andthesilicon transitionmetal or carbon
in these films can be obtained by a knownmethod. For example,
the known method includes reactive sputtering which is
performed in reactive gas or mixed air £low of reactive gas
and argon by using silicon, molybdenum silicide, mclybdenum
and silicon, or molybdenum silicide and silicon as a target.
[0054]

The specific atomic composition of the silicide £ilm
is also selected such that the extinction coefficient k is
6.2 to 1.0 relative to exposure light. For example, the
composition ranges from a transition metal (Mir) = 0.2 at.%
to 25 at.%, silicon (Si} = 10 at.% to 57 at.%, cxygen (0)
=0 at.% to 60 at.%, nitrogen (N) = 0 at.% to 57 at.%, and
carbon (C} = 0 at.% to 30 at.%. When the antireflective layer
is formed of silicide, the thickness is determined according
to conditions including the wavelength of light used for
inspecting amask. When fabricating a mask for ArF exposure,
the thickness is preferably set at about 15 nm to 30 nm. The

antireflective layer of the silicide film having the



and silicon, or molybdenum silicide and silicon as a target. [0054] The
specific atomic composition of the silicide film is also selected such that

the extinction coefficient k is 0.2 t6 1% rélative to exposure light. For
example, the composition ranges from a transition metal (Mtr) = 0.2 at.%

to 25 at.%, silicon gsg = 10 at.% to 57 at.%, oxygen (0) =0 at.% to 60
SPORIFHEGER (RPS O-BEUFIISKAESS ARF carB&f {ert bW to Bo%tto

2% WQ%? é‘?@@”ﬁ&efﬁ%ﬁ% Iy %rhi%f‘%%vg%gef{ﬁ%ﬁd% h%%ﬁ?&%@cﬁ is

determined accor Ing td conditions In wavelengt used

rdppacting acnaskwiihendabtinatiog a Magk i A§ expesiectigity.
thickness is preferably set at about 15 nm to 30 nm. The antireflective
[3@% %1 the silicide film having the - 23 composition and the thickness has
a reflegtivi% éo?}FlO% to 20% relative to light with a wavelength of 257 nm

which ¥ £RIRESeM &I R aveBRG it SiehioRng a¥efle @Rty F56055)
Brooraanina hed olsBe diag laverand e, Bl e dhe aXeLhadid oo,

such etching characteristics, the antireflective layer €an be etched using a
tésisamatkedne 81 sleelthing lnyessapabe etahed susiag dhe pattemnathsk
antireflective layer as a hard mask. [0056] In other words, when selecting

forsiUH oA dlay e nsltBriae of tisd etk cesiia e Raktsinged
55 PELORTES Ve AYeliective Igue! PY,dsipg the resist
[0056]

In other words, when selecting a chromium compound asg

a material of the antireflective layer, patterning is
performed on the antireflective layer by using the resist
mask through chlorine-based dry etching containing oxygen
({C1+0) based). In this dryetching process, the metal film
of the light shielding layer is resistant to chlorine-based
dry etching containing oxygen {({Cl + O} based) and thus is
not substantially etched. Therefore, by using the patterned
antireflective layer as a hard mask, the light shielding layer
can be etched by chlorine-based dry etching not containing
oxygen (ClL based) or fluorine-based drv etching (F based).
Moreover, the antireflective layer is not substantially
etched in chlorine-based dry etching not containing oxygen
{Cl based) and flucrine-based dry etching (F based) which
are the etching conditions of the antireflective layer. Thus
thepattern shape of the hardmask including the antireflective
layer is not changed and a photomask pattern can be formed

on the light shielding layer with high precision.



mask through chlorine-based dry etching containing oxygen ((Cl + 0)

based). In this dry etching process, t e metal film of the light shielding

layer is resistant to chlorine-based dry etching containing oxygen ((Cl + 0)

based) and thus is not substantially etched. Therefore, by using the

[g% ed antireflective layer as a hard mask, the light shielding layer can
e etched by chlorine-based dry etching not containing oxygen (Cl based)

or flugfingsbasac er:eighing £ basedks Moraquar hmantirefleglive layer

is not substantially etched in chlorine-based dry etching not containing
axygea (@dizsed ) andefiuorhe Fasetlmy biehiny - lmased) vehichbdrec ted
the etching conditions of the antireflective layer. Thus the pattern shape

fhe PERRAMPIRY Stteetife Na5det ReSthanddt aRaRary
. I iglding | ith,high
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etching by using the resist mask. An ordinary resist film has relatively

engh ksistdndeegede dne edopkiitivgsiof Ftivdeedl stethag Thoslaven Wndihe
Is etched successively with

the metal filln enabling F-based dry etchin succe .
GHEP AR ol HE RIS Fh AT bf LREEE SBcHig e haBed AP L ing
Feiphibgaadeqd 8pdha resistpations cap bey relatively gl £as-£1ching pe

process. [Embodiment 2] (0058]
relatively light in the etching process.

[Emboediment 2]

[0058]

(Phase shift mask blank)

[0059]

A mask blank of the present invention may be configured
as a phase shift mask blank.

{0060}

Figure 2 is a sectional schematic view for explaining
a structural example of a photomask blank of the present
invention. The photomask bl.ank isconfigured as a phase shift
mask blank. A transparent or translucent phase shift layer
16 isprovidedononeprinciple surfaceof aphotomask substrate
11. A light shielding layer 12 and an antireflective layer
13 (described above) are sequentially stacked on the phase
shift layer 16. A variety of known phase shift £films can be
used for the phase shift layer 16, and the phase shift layer

16 may be a composite £film formed by combining these f£ilms.

Fuarther, the absorber material of the phase shift laver 16



(Phase shift mask blank) [0059] A mask blank of the present invention
may be configured as a phase shift @gsg blank. (0060] Figure 2 is a
sectional schematic view for explaining a structural example of a
photomask blank of the present invention. The photomask blank is

A291GU"SA 83 e B, MAICHERG mIAnepatent PLUANPLENY ¢ - one
phase shiftlayer 16 is provided on one principle surface ofa photomas
pshbswaten 14+ Allighé shielding layer 12 and an antireflective layer 13
(described above) are sequentially stacked on the phase shift layer 16. A
VBAE4 Jof known phase shift films can be used for the phase shift layer

16, and the phase shift layer 16 may be a composite film formed by
combi %eﬁ%s ?%E?%uﬁﬁe%h@%ﬁsé%e’r%ﬁéﬂ% the Phasé shlE £er

layge 162> dnay beyeplaced dﬂg& hfdﬁ&aoé‘%maa:]fg-{% élg %%g%%g%agp@enot

phase shift layer. [0061] Layers denote are a

dlifey dayeceant anetbhitgsateppeciayte d hesedayers:aig nican@ysg to
necessary but are provided as required according to the application
PiFBER b PHABRESCEEAIC T & PeedrEssis Bapt thelpiavibrrddess

Eg]e ggge{é%%ert %b ar%ngé(%; #kﬁlgo%tcg?qigt%)npé)&ej%g%ﬁr J;S is nat limited to thehe
phase“shift “‘mas nK of the present e t %%%ﬁu%%hggléi@%rgz
AL RE Provigeddn @L@%@Q”@ki@aﬁléﬁoﬂﬁwﬁg@st@e%@%ase shift
mask blank of the present embodiment and thus these lavers
may be provided in a photomask blank configured as described
in Embediment 1.

[0C62]

As described above, various configurations areavailable
for the phase shift layer 16. Apreferable example of ahighly
transparent £ilm includes a single-layer filmmainly composed
of siliconoxideandsiliconnitrideorsiliconoxygennitride,
or a composite f£ilm in which these films are stacked.
[0063]

When the phase shift layer 16 is made up of a film for
attenuating transmitted light, the filmincludes a filmmainly
made of silicon oxide and silicon nitride or silicon oxygen
nitride {silicide £ilm) and a film formed by containing cxide
and nitride or silicon oxygen nitride of transition metals
in these metals (£ilm of silicon transition metal compound).
These filmsmaycontaincarbon. Further, thephaseshiftlayer
16 may be formed using a transition metal thin film as a

transmitted light attenuation film.



in Embodiment 1. [0062] As described above, various configurations are
available for the phase shift layer 16, A preferable example of a highly
transparent film includes a single-"lafesr film mainly composed of silicon
oxide and silicon nitride or silicon oxygen nitride, or a composite film in
which these films are stacked. [0063] When the phase shift layer 16 is
cﬁaﬁ‘&p of a film for attenuating transmitted light, the film includes afilm

mainlynmade,of sican.oxideand sligennitride orsliceR SXNOEALAILIAR 5 £+
(silicide film) and a film formed by containing oxide and nitride or silicon
Daygen nitHde adimapsiiondnetsis ma thaseanetals (fdmjefstlicdnsteansitomt
metal compound). These films may contain carbon. Further, the phase

%h#ﬁﬁ?&ﬁ‘lm b‘é‘-fbﬁn%ﬁ IR & hayREioAIBtaP e fikd a§?3f above
eI i 2s Joon Whep e Lo

a8 ﬁ. &l .ag a (?
alftone pnase s compaosition or mal erials’is’a JUS

Shehihat,a singleslayerdim or multilayer film made of the above
materials has a transmittance of 2% to 40% and a phase shift amount of

Bpoat180. [0065] When selecting, as a material of the phase shift layer

16, a material enabling fluorine-based dr etchin%(F based), the following
achantRTSEAE R e 2y 2BARE HIode @ (e Phase shift layer

16, amaterial enabling fluorine-based dry etching (F based),
the following advantage is obtained: the dry etching process
of the phase shift layer 16 combined with the light shielding
layer deces not become complicated more than necessary and
dry etching can be performed with high precision.

[0066]

An example of the halftone phase shift f£ilm enabling
filuorine-based dry etching (F based) includes a film mainly
made of silicon oxide and silicon nitride or silicon oxygen
nitride (silicide £ilm) and a £ilm formed by containing oxide
and nitride or silicon oxygen nitride of transition metals
inthese films (afilmofagilicontransitionmetal compound).
These films can be used as either of single-layer f£films or
films making up a composite £film of a halftone phase shift
£ilm by centrolling the content of oxygen and nitrogen or
transition metals in the fiims. An example of the composite
filmmade up of these films includes a composite £ilm obtained
by combining the silicide £ilm, a silicon transition metal

compound film, a metal silicide filmmainly composed of these



of the phase shift layer 16 combined with the light shielding layer does
not become complicated more than acessary and dry etching can be
performed with high precision. [0066] An example of the halftone phase
shift film enabling fluorine-based dry etching (F based) includes a film

mainly made of sjlicon oxid d. silicon, nifride or silicon,oxygen nitride
TEREETHR) aRE% Ao iy EoAHH oF RERRA Rirfo BF LEARREm
£rdoenpitddent ansiiepdnetals in these films (a film of a silicon

transition metal compound) . These films can be used as either of
BiEmpteddymeditms br films making up a composite film of a halftone phase

shift film by controlling the content of oxygen and nitrogen or transition
K3&&i&Tin the films. An example of the composite film made up of these

' ' des osite film obtained by combining the silicide.fil
e S e S e T PR S e R B
coowwsed of these - 27 compounds, and a metal film mainly composed

of molybdenum and tantalum or tungsten. [Embodiment 3] [0067]
(Examigie thef pire prate suiipgiotent ofanphyasmpdsk bfafike [p388ldgsing
the present embodiment, an example_of the rocessin%nprocess of a

- RSHESK O RRRWIA BRI ATE e BRoUGRESK itk indiGRR rPmask
SISIealE AN ETQf 2 QT GOMPALYAY« INRS IPWING SXRIARAYARA .

the photomask blank is a
In the following explanation, the photomask blank is a

so-called binary mask blank (see Figure 1) in which only a
light shielding layer and the antireflective layer are
provided on a transparent photomask substrate.
[0069]

Figures 34 to 3E are process drawings for explaining
the processing process of the present embodiment. First, a
light shielding layer 12 including a metal £ilm having the
composition and thickness described in Embodiment 1 and an
antireflective layer 13 made of a chromium compound are
seguentially stacked on a transparent photomask substrate
1i. A resgist £ilm 17 is formed on the antireflective laver
13 {(Figure 3A). Inordertoprevent the occurrence of problems
such as the exfoliation and falling of a fine pattern in the
subseguent process, it is preferable to perform surface
treatment for reducing the surface energy of the photomask
substrate 11 before the formation of the resist £ilm 17.

[0070]



so-called binary mask blank (see Figure 1) in which only a light shielding
layer and the antireflective layer are jprovided on a transparent

photomask substrate. [0069] Figures 3A to 3E are process drawings for
explaining the processing process of the present embodiment. First, a

light shielding layer.12 including a metal film having the compasitjon n(%
thickresE HREEHBE tn R mEht T B ST hBeRE Ry 13 hiaigss
LR euoniyy componnd A sequeptially stackep:an-a tANPHRBE omask

photomask substrate 11. A resist film 17 is formed on the antireflective

daypert 8 {Biguye 343 ndn bedemie {dngveit sHd acauree(¢@DSirobidmish is
such as the exfoliation and falling of a fine pattern in the subsequent

T7EEESS s BT raBI S BBAGIR SURAOF (FERAHTR TR RERRFHR - and

f .phota stra f e formati f the,
T T T e G e
ieclydes i methed o doamingrakidsihs ok sdace oha photeMaskof the
substrate by using hexamethyldisilazane (HMDS), which is regularly used
nhetsemisbrritetdifabeidatidm progessodrich e thor agmicrsiidoresurfagent

treatment %%fnts. Further, it is pgssible to use a method of exposing the

GBS HRATE Opn SrREd U BEPAE S B G BHRE S (TR SR agent
cﬁg@@ttﬂéasmeﬂ%QJ@%ﬁ@'éﬁ@e!cy&{g@ssb%awéa&%t{gafm.entsqg@ﬂtsa%ce

the surface of the photomask substrate 11. Such surface treatment is

ez tormesiioiredpee thesadace enefgycef tiee surface energy of the
photomask substrate 11, and then a resist is applied and dried
on the photomask substrate 11 to obtain the resist £ilm 17.
As a matter of course, the conditions of applying the resist
and the method c¢f drying the resist are properly selected
according to a resist material.

[G071]

The used resist is properly selected according to a write
system used for preparing a photomask pattern. As a resist
for electron beam {EB) writing, a positive or negative resist
having an arcmatic skeleton in a polvmer is generally used.
When fabricating a ph_otomask having a finer pattern, it is
preferable to use a chemical amplification resist.

[0072]

The thicknes_s ¢f the resist f£film 17 is set such that
an excellent pattern shape is cobtained and the resist film
17 can act as an etching mask. Particularly when fabricating
a photomask for ArF exposure reguiring the formation of a

fine pattern, it is necessary to set a relatively small



photomask substrate 11, and then a resist is applied and dried on the
photomask substrate 11 to obtain thg fesist film 17. As a matter of
course, the conditions of applying theresist and the method of drying the
resist are properly selected according to a resist material. [0071] The

dsedlesisl is pronsily seleelad acorcing lo ayutite. systom useddor.. ..
preparing a photomask paf’fern. Sa resis'%ofo? efectron beam Writing,

frpRstive:eaayve resist tha\ing 85 AN YicshelleN N AROYMENIS nm
generally used. When fabricating a photomask having a finer pattern, it is
qrelerableadugeca ehpmida naipiificatdn adsistS007R)] diheltbickness of
the resist film 17 is set such that an excellent pattern shape is obtained
3R the resist film 17 can act as an etching mask. Particularly when

fabrical] i -
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fine pattern, it is necessary to set a relative ickness for
Hesisifiis1 /A0 Meve Alsanaspeat e ffroriesregste ddethickasssisns

preferably set at 350 nm or less and more preferably set at 250 nm or
Fusd [9738eOntRB YT MRS tha Ravardindt b0 thivkheds BRgaial.
W[I%SiSt film 17 is determined in view of overall condjtions such as_the

e

as th .
chi n%sr]éxsl%tfr{lceog aused rers‘?sﬁlrﬁgte[ﬁ‘af Shh Usmbeaﬁ%?'&ﬁgﬁ/gs +8
peeist majegak die hickresgis, Prefsrably 28t Al NPAEERES PPAJEerE: ¢

preferably set at

100 nm or more. When using "multilavyer resist method” with
a combination of a resist using a silicone resin and a lower
film using an aromatic resin and “"surface imaging method”
with a combination of an aromatic chemical amplification
resist and a silicone surface treatment agent, the total
thickness of the resist £ilm 17 can be smaller than the above
values.

{00741}

Aresist pattern can be obtained by processing the resist
film 17 configured thus (Figure 3B). Althoughwriting on the
regsist film 17 at this point can be performed by a method
of photoirradiation, a method of EB irradiation is generally
used, which is a preferable method for forming a £ine pattern.
For example, when a2 chemical amplification regist is used
and writing is performed on the resist by EB irradiation,
writing is generally performed with an electron beam having
an energy density of 3 mC/cm?® to 30 mC/cm?, and heating and
development are performed after the writing, so that a resist

pattern is obtained.



100 nm or more. When using "multilayer resist method" with a
combination of a resist using a silicong resin and a lower film using an
aromatic resin and "surface imaging method" with a combination of an
aromatic chemical amplification resist and a silicone surface treatment
B9EHE he total thickness of the resist film 17 can be smaller than the
above "values. [0074) A resist pattern can be obtained by processing the

resist file 44 eontigured thus (Rigyea-3B) ANQUALWHHRGRANIBRRIASE 1s

film 17 at this point can be performed by a method of photoirradiation, a
radthed st €D iradidgon pegdresell dspdewhichng aqueferablengetkggen
{ rf rming %fine attern. For example, when a chemical amplification

e
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veriting is ganerally performed with analsgtron Qﬁ%m(ff{aem SN an

density of 3 mC/cm2 to 30 mC/cm2, and heating and development are
eegfanhed&iften teavtitiag, 80 thai beresisé natiseis eblainetha80of
0075] The antireflective layer 13 of a chromium compound is patterned

"Homie-based iy eteting teatdifimpesden (Githopshsdarmigaren a

3C). As described above, r the (Cl +.Q)-based, etching conditions, the
e e g e e Tl R B O e

dieripehased dry alehins (R baged ABRUAR daRagROR A 88 ective
pattern is added during the etching of the

layer 13 of a chromium compound can be generally set at about
15 nm to 30 nm, enabling high precision processing with a
resist pattern having a thickness of 100 nm to 250 nm. The
thickness of the resist is sufficiently larger than that of
the antireflective layer 13 to be etched.

[0076]

The light shielding layer 12 is patterned after the
patterning of the antireflective laver 13 (Figure 3D). As
described above, a metal film made of metals such as tantalum
and tungsten and an alloy is so resistant to etching as to
prevent substantial etching in c¢hlorine-based dry etching
containing oxygen ({Cl + O} based). Therefore, in order to
etch the light shielding layer 12, the etching condition is
changed to fluorine-based dry etching (F based) or
chlorine-based dry etching not containing oxygen {Cl based)
before patterning is performed. In the etching of the light
shielding layer 12, the chromium compound film serving as
the antireflective layer 13 is not substantially etched in

any one of FF-based and Cl-based dry etching conditions. Thus



antireflective layer 13, the thickness of the antireflective layer 13 of a
chromium compound can be generally set at about 15 nm to 30 nm,
enabling high precision processing with a resist pattern having a
thickness of 100 nm to 250 nm. The thickness of the resist is sufficiently

@{Q%ﬁh&%’}gﬁé}gt@?@aﬂg§g§cﬁ\§e @@f f@fgrﬁeﬂ.%tcggg ]; %%7%.111-@@ ching

[
light shielding layer 12 is patterned after the patterhing of the
matireflective layesd B Eiguei3D) - Ascdesaibedmbnyes a metakilim made
of metals such as tantalum and tungsten and an alloy is so resistant to
RECHiRG 8BS G0 Ve efiBSEbstantial etching in chlorine-based dry etching
gﬁgrﬁ'rxng oxygen ((Cl + 0) based). Therefore, in order to etch the light

elding layer 12, the etching condition is changed to fluorine-based dry

etching {Ehasedh o1 ghinging-hased dry-ptching ngt.eantainingeoxygen (CI

based) before patterning is performed. In the etching of the light

shicidiad laydrid?; thevehrdmismdaanhpalbgifitnsséniitiag fheyer 12 that
antireflective layer 13 is not substantially etched in any one of F-based

Wt GRS dtehifg doRiitoPSIPRuS L3 the ARMERdGve |fer e
gﬁ%@}%@@%ﬁ@%ﬂ;@@ ng, nask @éf&ﬂlggg%k%%go@ggeﬂefsc'sg%” that a

rocessing can be pertormea wi ase. ro alnlngamas

sayesds prade-ne of theaantigfiestiva daveshl andthedight shieldingiayeea
12 that are patterned thus, the resist film 17 remaining on the

(Figure 3E}.

[Embodiment 41

[0078]

(Processing process example 2 of a photomask blank)
[6079]

In the present embodiment, an example of the processing
process of aphotomask blank will be described. The photomask
blank includes an antireflective laver of silicide. The
photomask blank of the present embodiment will be also
described as a so~called binary mask blank in which only a
light shielding laver and the antireflective layer are
provided on a transparenit photomask substrate. Thus the
processing process is similar to that of Pigures 32 to 3E.
A process of forming a resist pattern (Figures 22 and 3B)
canbe performedincompletely the same manner as the processing
cf the binary mask blank including the antireflective layer
of a chromium compound (described above), and thus the
explanation thereof is omitted.

[0G80]



patterned antireflective layer 13 is exfoliated, so that a binary photomask
(having no phase shift effect) is campleted (Figure 3E). [Embodiment 4]
[0078] (Processing process example 2 of a photomask blank) [0079] In
the present embodiment, an example of the processing process of a

photogagsk blankewillhe,deserieds Ihe photgmask hlank iclygles an
antireflective layer of silicide. The photomask blank of the present
antbiodifibat wil/belalgse rdeseribhedpas: & spalledtainesy arask blamk tased
which only a light shielding layer and the antireflective layer are provided

%ﬁ%ﬁi%ﬁﬁs&&%ﬂiﬁﬁafbmaéﬁ SBBSHABTYhES s brotEs3igproeass is
SO0t ALRUISS 3010 26 AR SLIOTINAAIESSIRAELN 1
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ijgures erformed in comﬁleteel\'y Fhe same manner as

#he Rreeessinieh oh he-binant Mask hlanininglydingrthsaniikeliestivedayer

of a chromium compound (described above), and thus the explanation
thacef ieoritted 0088532 V¢ nvsietéctiiesitieitelas almatdrt afahebe
antireflective layer, it is Ereferable to select the F-based etching condition,

SHFBRMERARSIEAM dicRares SreRtRH FRFGEERRce HPRSYREd 1n the
@é@é“&fumc?ﬁt@%c%é@éﬁge‘?tgﬂ@ﬂﬁ‘? ‘,j“ﬁi"liécﬁiggecé‘é‘a‘?&p%f%@?dme
concurrently (successively) with the metal tilm that can be

thickness of a resist in consideration of damage occurring
during the etching of themetal £ilm. Therefore, considering
a reduction of the thickness of the resist, it is preferable
tc adopt amethodof first patterning the antireflective laver
by F-based dry etching and then patterning the 1ight shielding
layer by Cl-based dry etching. By performing such two-~step
etching, the patterned antireflective layer of gilicide can
be used as a mask for Cl-based dry etching performed on the
iight shielding layer. Thus even when the thickness of the
resist is reduced, a photomask pattern can be obtained with
high precision,

[ Embodiment 5]

[0081]

(Processing process example of a phase shift mask blank)

(00821}

In the present embodiment, an example of the processing
process ¢f a phase shift mask blank will be described. The
phase shift mask blank includes a phase shift layer under
a light shielding layer of a metal £ilm.

foo83]



etched under the F-based etching condition. However, in the case of such
successive etching, it is necessary tgi et the thickness of a resist in
consideration of damage occurring during the etching of the metal film.
Theref ore, considering a reduction of the thickness of the resist, it is

prefergble to adgpt a method qQf first patterning the antireflective layer b
F-basg&%‘%yrgﬁzhgifg‘g%a%d%he%n A e Mght ShidldHef 1Ry ST ocess

@m@@%@@Bﬁa@ﬁ%&%@%@s@%ﬁ%mg%fh&@gg@nt

antireflective layer of silicide can be used as a mask for Cl-based dry
agttiudd performelinonitberighs shittdingrlayers d lfsteve pivdendhe £+ mask
thickness of the resist is reduced, a ﬁphotomask pattern can be obtained

St high RIS SR niBo difteRe SETOVENIProce BRI ®EeSS ekampiaa
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example of the processing” process of & phase S K wil

dlescibach ddies Prmge shillrnask Mankdroludesia phase shifdayerunftfes
a light shielding layer of a metal film. [0083] - 33 Figures 4A to 41 and
Fgard 5/Cl SaRrrdeoteplress ddrbwingsnipl ekplbinity¢he precassimer
%rocess of the gre_sent embodiment. In the#ocessing process of the

e SRTOREER B EnRAIG8F aa P iR die a4 PRt R dorimge)
aniesistpatien (Rgwesd 204 45,204 Flouies 34 Afb)

[0084]

After the patterning of an antireflective layer 13, a
light shielding layer 12 and a phase shift layer 16 are etched
to form a phase shift mask pattern. The processing process
can be offered in several variations.

[0085]

Figures 4A to 41 show an example in which the light
shielding layer 12 and the phase shift layer 16 are
simultaneously patterned under the F-based etching conditicn
without reapplying a resist film 17 used for patterning the
antireflective layer 13 (Figure 4D}, and then the remaining
resist £ilm 17 is exfoliated {(Figure 4E}. Further, in this
process example, a resist mask (second resist mask) 17a is
formed (Figure 4F) which covers a portion finally left as
a mask layer and a portion where the phase shift layer is
removed (a portion where a substrate is exposed). The
antireflective layer 13 and the light shielding layer 12 are
removed by etching in the other portions by the above technigque

(Figures 4Gand 4H), andfinally the resist mask 17a is removed,



and a process of patterning an antireflective layer (Figures 4C and 5C)
can be performed in completely the sgme manner as the processing of
the binary mask blank (described above) and thus the explanation thereof
is omitted. [0084) After the patterning of an antireflective layer 13, a light

shielding '&ysaéé@%&9@%&@@”&@8&&3%%&6%&@%i\yo.hlasl%is

shift mask pattern. The processing process can be offeréd In severa
metiatianss [008%le it esvhaiotdle Shovi ak eXanpleds Whickrtheslightmade
shielding layer 12 and the phase shift layer 16 are simultaneously
YatrerFdd-bfdéethaatpased etching condition without reapplying a resist
f%r&]ﬁ?‘? used for patterning the antireflective layer 13 (Figure 4D), and

[t en the remaining resist film'17 is exfoliated (Figure 4E). Further, in this

process exaRIRS A EiSmBEl {araGoRd resist faskad /248 10EMRLsk 17a
(Figure 4F) which covers a portion finally left as a mask layer and a
iporfiomrwdiere sha phaseesift layer ie sémovedTagorégatvhese esist is

substrate is eﬁi%sed). The antireflective layer 13 and the :qitg'nht shielding
ARpreape iRy Bidngnthe BRELiORIcRaR S SBIER Layer

removed, - 34 S0 that a phase shift mask'is comp igure IS

TheeElAs prefermble whearke satigliecive layixdbbisdnasie iohagitisideng
material. [0086]

light from the back side of a photomask substrate 11, the
resist is exposed only in an area where the phase shift layer
16 is removed. Therefore, by developing the resist, a resist
mask shown inFigure 4F iscompleted, whichprotects theportion
left as the mask layer and the portion where the substrate
is exposed.

{0087}

However, in this process, the thin resist 17 is removed
by etching in the etching process of the light shielding layer
12 and the phase shift laver 16 (process from Figures 4C to
Figure 4D), so that the surface of the antireflective laver
i3 may be exposed and etched. When etching occurs thus on
the antireflective layer 13, characteristic values such as
a2 reflectivity may be deviated from design values. For this
reascen, in the process of Flgures 42 to 41, it is necessary
to set a large thickness for the first provided regist film

17.

[0088]



In the present embodiment, the second resist mask 17a is formed using a
negative resist. The negative resist i§5applied on the front side, and a
portion where the mask layer is left on the resist film is exposed by
pattern exposure. Thereafter, when the entire surface is exposed by

radiafing, Jight from (heback side %%%%Q%t%“sa%‘fs Setrartgslf'éé.nl.h%ilm 17
resist is exposed only in‘an area where the phase shift layer IS

waRovedveharsiere: Ry deysiaping-His sist 1 resistyiskishowibinadopt

Figure 4F is completed, which protects the portion left as the mask layer

ametirogoribrowhérrthersuibstiete  shexposetir B¢ tHowelayem thid 1s
rocess, the thin resist 17 is removed by et_chiné:n the etching process of

hEHERATSHBIRIRER AL 5 1 thENh AR SHRE EYBF I8 {FroEeTrdm once
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13 may be exposed and etched. When etching occurs thus on “the

mnisaflective fayeisl T ahanaeteristie ¥alle astehan fg eflecnysmeyiifod ,
deviated from design values. For this reason, in the process of Figures
WretcrrieRnh«estay arsdreikge tHivknessvertheirdspRefddgively

regiélt fiIEn d;]l7dg0%8% -e3€53tlg%lqrder to redusce the tlénigbnéess %fthe rggia%e of
Bt 1 Wil 3veiding e &%p?gb?gr%,ﬁfs%% SibE o & 8p§ua
#nethackahRattesaing wheadbe anfirelechve yandd Sra-CHomidtivity
compound film, the antireflective layer 13 once

or the like is not deviated from a design value.

[0089])

To be specific, after removing the resist f£film 17 used
when the antireflective layer 13 is patterned (Figure 5D},
the resist film 17a is additionally provided on the
antireflective layer 13 and patterned thereon {Figure 5R},
and finally only aportion to be left as a mask layer is masked.
When the phase shift layver 16 is a halftone phase shift layer
{halftone phase shift mask), demand for a finer mask layer
patternisrelativelylow. Therefore, itispossibletoselect
a resist material used for re-application while placing
importance on etching resistance rather than a resolution,
so that the surface of the antireflective layer is protected
from the subsequent etching process. Further, when using the
same resist material as the resist mask of the antirefliective
layer 13, it is preferable to set a large thickness for the

resist. Next, the light shielding laver 12 and the phase shift

layer 16 are simultaneously patterned under the F etching



and then forming another resist mask covering only a portion finally left as
the mask layer. According to this meghod, the surface of the antireflective
layer 13 is positively protected over the etching process, and thus the
surface of the antireflective layer 13 is not etched or a reflectivity or the
ikeds.no ' . i lue ol ific, afte .
T BBk A i eoning
rRafierped 4bigeires 5D), the resist film 17a is additionally provided on the
antireflective layer 13 and patterned thereon (Figure 5E), and finally only
[#@PBRibn to be left as a mask layer is masked. When the phase shift layer

16 is a halftone phase shift layer (halftone phase shift mask), demand for
2 fineh hiEk IBDF JRRUBHT e o f R B/t G oaRiETo 1 OF

é@ﬁfhx@iﬁi%ﬁ@&ﬁh“ﬁé@@%é‘%@@@ﬁ?@ﬁ Whilg PIRLINGS IBIRCTEANGE: ng

on etching resistance rather than a resolution, so that the surface of the

wititgflelctverdayerde protected Frammthe subseguent etchigonoResFigure
Further, when using the same resist material as the resist mask of the

ShtirefRERAE 813t Raslg@hdraiid ¢ éreIariamidkhedsagqhal £1lm

resist. Next, the light shielding layer and hase_shijft | 16 are,
O oy K A (R G xS R s ot

fantEefleative laver dBiasaa elenenaask thiaweata M Sfertinask
patterning, the antireflective layer 13 of

is completed {(Figure 5I).

[00911]

When it is necessary to finely pattern the mask layer,
it is preferable to reapply the resist immediately before
the etching of a light shielding pattern. In this case, it
is necessary to set a relatively large thickness for the first
provided resist to easily keep the resist in the processing
process of the antireflective layer, the light shielding laver,
and the phase shift layer or it is necessary to design the
thickness in consideration of the denaturation of the
antireflective layer in the processing process.

(0092}

When processing & blank for a phase shift mask using
2 silicide £ilm as the antireflective layer, the resist can
be reappliedin the same steps as the case where fine processing
is necessary for the mask laver, in the processing of the
blank for the phase shift mask including the antireflective
layer of the chromium compound.

[0093]



a chromium compound is removed by (Cl + 0) -based dry etching using
the provided resist film 17a as an gth ing mask (Figure 5G) . After that,
the light shielding layer 12 of a metalfilm is removed by Cl-based dry
etching (Figure 5H) and the resist film 17a is exfoliated, so that a halftone
phase _shift mask is completed (Figure 51;}%)009%! When it is_ necessary

to finchBaRBREIRARAS LO/RF, Tio PRYCRINE B foabRiPRbIREGERa the
draerialel baiore Jhe&kehing of adight shislding pRUS, Mk this 6asedLn
IS necessary to set a relatively large thickness for the first provided resist
de sasip&dep the resisnbddE processinHaeec ssmidHe matiteflegtive sust

layer, the Ilggt shielding layer, and the phase shift layer or it is necessary
L YBRIFSASTNEINEREHT ESAS dErSIBROTERE derBRIASGR GHifethus the

golieflsctiye Javer i the proceesing progess. [0092] When processing 2

or a pnase sni mask using a sl ICide Tilm as the antiretlé

Tayalo e FRAUSHEEEa beJRaPRIedNdBE SamMR GRS RESNE FESRINESIE the
fine processing is necessary for the mask layer, in the processing of the

Ptapleforfthéiphaseshitinatihecitiding thedntiteflbstivdvapersofibem the
chromium compound. [0093] - 37 The photomask blank of the present

RFSHTOR RE tHe Photrhedk ERTiLakY GERG HasRAtENAER FAAAahd-e
degny desprbedinibe gmbediments Jhese srRedigients are just

Industrial Applicability
[0094]

The present invention provides a photomask inciuding
a fine photomask pattern formed with high precision, and a

photomask blank for providing the photomask.



examples for implementing the present invention and thus the present
invention is not limited to these embodiments. Various modifications of
these embodiments are within the scope of the present invention and it is
obvious from the description that other various embodiments are
available within the scope of the present invention. Industrial Applicability
[0094] The present invention provides3& photomask including a fine
photomask pattern formed with high precision, and a photomask blank for
providing the photomask. 38 - CLAIMS 1. A method of fabricating a
pHotamask, comprising: a step of preparing a photomask blank including
an antireflective layer of a metal compound film which cannot be
substaftidIiRFefchetf by ¥iofifré-bisetl @RPERRFTY nof eBREIFIRGT bxygen
(Cl basaed; and gan be etched by at I%%sot org&o{) hlr%in{e-gfi\s dry

te a

d
etching containing gffggﬁ%ﬁ + 05)}k1)ase%\3l and fluorine- asé%l-g%/ SPching
(mkased) -the antineflactivedayerbeing stagkechen sa light,shieldinglayer ne
of a metal film which cannot be substantially etched by chlorine-based dry
etehiritrodamining oxyge e {(Ch+Q)ibaskdyaddicarebeletclyeddiycontaining

chlorine-based dry etching not containing oxygen (Cl based) and
HE bSO SEATG T B Eaa SRSt OF Bt A et i ne-based

Sl T 0 Leae 0 SO S s
aisgcendrsiep oFpadtesaing the:light shiefdingdayer Dyyer being stacked on
alight shieldinglaverof ametal filmwhich cannot be substantially
etched by chlorine~based dry etching containing oxygen {{Cl + Q)
based) andcanbeetchedbychliorine-baseddryetchingnotcontaining
oxygen (Cl based) and fluorine-based dry etching (F based),

a first step of patterning the antireflective layer by (€1
+ 0)-based dry etching using a resist mask formed by patterning
cn a principle surface ¢of the antireflective layer, and

a seccnd step of patterning the light shielding layer by

Cl-based dry etching using the patterned antireflective layer as

a hard mask.

2. A method of fabricating a photomask, comprising:
subsequently to the second step of claim 1,
& step of additicnally providing a second resist mask formed
bypatterningonthepatternedantiref{lective layeraftertheresist

mask is removed, and



Cl-based dry etching using the patterned antireflective layer as a hard

mask. 2. A method of fabricating a photomask, comprising: subsequently

to the second step of claim 1, a step of additionally providing a second

resist mask formed by patterning on the patterned antireflective layer

after the resist mask is removed, and 39 a step of patterning the
antireflective layer and the light shieldifglayer by dry etching using the
second resist mask. 3. The method of fabricating the photomask

according to claim 1 or 2, wherein the resist mask has a thickness of 75

nm to 356 tein. 4. Thetmetiod cfifabrichiing thephotonmask accoidiigtd 1ght
claim_ 3, wherein the resist mask has a thickness of 100 nm to 250 nm. 5.
Fhé tnéttt of FabriCating Photsmask bisik dcE8riRg T8 hy” Tie’sf 2%
claims 1 to 4, wherein the metal film is a metal or alloy mainly composed

of at least one metallic element selected from tantalum (Ta) , tungsten

@QV) , zirseniumH(Z4) dafaim (H: vanaditemp L), sriabikin My dakuninumlain
(Al), and germanium (Ge) 6. The method of fabricating photomask blank
acE8rding THeR orid f ERAATE 118 3¢ iRérein thé Jikr Shidlding Iaferis 359
made up of a plurality of stacked metal films. 7. The method of fabricating
photomask blank according to any one of claims 1 to 6, wherein the light
shielding layer has a thickness of 15 nm to 50 nm. 40 8. The method of
fabricating photomask blank according to any

4. The method of fabricating the photomask according to claim

3, wherein the resist mask has a thickness of 100 nm to 259 nm.

5. ‘The method of fabricating photomask blank according to any
one of claims 1 to 4, wherein the metal film is a metal or alloy
mainly composed of at least cne metallic element selected from
tantalum (Ta), tungsten (W), zirconium (Z2r}, hafnium (Hf), vanadium

(V), niobium (Nb), aluminum (Al}, and germanium {Ge).

&. The method of fabricating photomask blank according to any
one of claims 1 to 5, wherein the light shielding laver is made

up ¢of a plurality of stacked metal films.

7. The method of fabricating photomask blank according to any
oneofclaimsltoé, whereinthe light shieldinglayerhasathickness

of 15 nm to E0 nm.



one of claims 1 to 7, wherein the antireflective layer has an extinction
coefficient k of 0.2 to 1.0 relative to a wavelength of exposure light. 9. The
method of fabricating photomask blank according to any one of claims 1

to 8, wherein the antireflective layer includes at least one of a chromium
compound film and a silicide film. 10. The method of fabricating

photomask blank according to claim 8£wherein the chromium compound

is a compound mainly composed of chromium oxide, chromium nitride, or
nitride chromate. 11. The method of fabricating photomask blank

according: tactainy @ fivhesein-thei siliciteiscaeempaund maidyding to any
composed of silicon oxide, silicon nitride, or silicon oxygen nitride. 12.

PRE réthod b fabriceting phbtsihask blank akesrdingtoidigimayer has an
wherein the silicide contains oxide, nitride ar silicon oxygen_ nitride of

R aToh e 15 TS ol oF MDAt phBt5 Atk biank A8 g ="
to:claim, 12, whersitt the transition metal is selected from molybdenum

(Mo), tantalum (Ta), tungsten (W), zirconium (Zr) , hafnium (Hf) ,

vanadium (V), and niobium (Nb). 41 14. The method of fabricating
photomask blank according to claim 13, wherein the transition metal in

the silidioe F&S A °CondentraiioR™ FaMGing T 2 ab 96 1 25405 18T 30y
slhag AligplicalnaPRoomask HARK 2°GelY POORN AN ALY Fuces

to 14, wherein the antireflective layer is made™ up of compound films

stacked svith gifferent compasiiansokbotha method pifabrcating de £iim.
photomask blank according to any one of claims | to 15, wherein the
antireflective layer has a

10. The method of fabricating photomask blank accoerding to claim
9, wherein the chromium compound is a compound mainlily compcsed

of chromium oxide, chromium nitride, or nitride chromate.

11. The method of fabricating photomask blank according to claim
3, wherein the silicide is a compound mainly composed of silicon

oxide, silicon nitride, or silicon oxygen nitride.

12. The method of fabricating photomask blank according to claim
11, wherein the silicide contains oxide, nitride or silicon oxygen

nitride of a transition metal.

13. The method of fabricating photomask blank according to claim
12, wherein the transitionmetal 15 selected frommolybdenum (Mo},
tantalum (Ta), tungsten (W}, zirconium {Zr), hafnium (Hf), vanadium

{(V), and niobium (Nbk).



thickness of 15 nm to 30 nm. ABSTRACT A metal film is provided as a

light shielding layer (12) on one principle surface of a photomask

substrate (11). The metal film cannot be substantially etched by
chlorine-based dry etching containing oxygen ((Cl + O)-based dry

etching) and can be etched by chlorine-based dry etching not containing
oxygen (Cl-based dry etching) and-luétine-based dry etching (F-based

dry etching). On the light shielding layer (12), a metal compound film as

an antireflective layer (13). The metal compound film cannot be
substamtialtyeatohadbys ahicrine-hased oty etchingl notkcontaintich gxyger aim
(Cl based) and can be etched by at least one of chlorine-based dry

etehirle EBRRaNIAG B3 §ERIGERF B) badedyanti hforifeibaseayyentration

giehing (Fbased). » .5 to 25 at.s.

15. The method of fabricating photomask blank according to any
one of claims 1 to 14, wherein the antireflective layer is made

up of compound films stacked with different compositions.

16. The method of fabricating photomask blank according to any
one of claims 1 to 15, wherein the antireflective layer has a

thickness of 15 nm to 30 nm.
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ABSTRACT

A metal £ilm is provided as a 1ight shielding laver (12)
on one principle surface of a photomask substrate {(11). The
metal £film cannot be substantially etched by chlorine-based
dry etching containing oxygen {{Cl + O)-based dry etching}
and can be etched by chlorine-based dry etchiﬁg not containing
oxygen (Cl-based dry etching) and fluorine-based dry etching
{F-based dry etching). On the light shielding layer (12),
a metal compound £film as an antireflective layer (13). The
metal compound f£ilm cannot be substantially etched by
chlorine-based dry etching not containing oxygen (Cl based)
and can be etched by at least one of chlorine-based dry etching
containing oxygen ({Cl + O} based) and fluorine-based dry

etching (F based).



