- 1 - DESCRI PTI ON PHOTOVASK BLANK, PHOTOVASK AND
METHOD FOR PRODUCI NG THOSE Technical Field [0001]

The present invention relates to techni ques for
fabricating a photonmask bl ank and a phot omask used for
fabricating a sem conductor integrated circuit, a CCD
(charge-coupl ed device), a color filter for an LCD
(liquid crystal display device), a magnetic head and
so on. Background Art [0002]. Finer circuit patterns
have grown in demand in re§b&n§e to finer processing
of sem conductor devices in recent years,

par t.| jn response to higher Ievels of
inté%%%%?%#?@% | arge scale integrated circuits. In
order to achieve finer <circuit patterns, a techni que

for making fine lines in a wiring pattern, naeking up
a ciPHOUPMASKy BLANKNIPHOROMASK AREI NEYH@Df FdHe PROOUL BN T@bsA
contact hole used for wiring between |ayers nmaeking. up
a cell, and other techni ques are necessary. These

ki n@gchidfcaiaki&ili ng have been perforned by optical
l'ithography using photonasks, and thus techni ques for

foriobeellf i ner photomask .patterns with high precision

have been demanded. [0003] .In order to forma
phot oradRke ieserh Hveatphotorimdes tubsichat gued tdoxhi gh

Pregivdieidd 4 Spi cesig%i to first form2- a resist

pattern on ﬁthSﬁ%“% ARE i PRt 9gieski usesh for
fabricating a semiconductor integrated circuit, a CCD
(charge-coupled device), a color filter for an LCD {1liquid

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

Background'Art
[000G2]
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 intégrated circuits. In order to achieve finer
circuit patterns, a technique formaking fine lines inawiring
pattern making up a circuit, a technigque for making a fine
pattern of a contact hole used for wiring between layers making -
up a cell, and other techniques are necessary. These kinds
of patterning have been performed byoptical 1itho§raphy using
photomasks, and thus techniques for forming finer photomask
-‘patterns with high precision have been demanded.
[0003]
In order to form a photomask pattern on a photomask

substrate with high precision, it is necessary to first form




Actual ly a sem conductor substrate is processed by
optical Ilithography using reduced projection, and
thus the size of a pattern fornmed on a phot omask used
in this exposure process s 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 witten by optical |ithography have
been nmuch snmaller than the vel engt hs of
exposurelight in recent year$§. Wien a pattern sinply
four tinmes as large as the shape of a witten circuit
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of Fodie paunted oaxpbe Wubst2apdot onask pattern
(so-called OPC pattern) having a nore conplicated
shaB%nFHan an actually witten circuit pattern nmay be

used in C s...[00Q5 As, descri bed above, al so
in. |ithography ?g@ﬁﬁ%aﬁggkf8?lt%ﬂﬁﬁﬁrﬁﬁﬁﬁlﬁﬁﬂTBﬁﬁgklcal
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optical lithography techniques for performng i ne
pr GEEeST¥FR) ladaht dimi TerrduicYenrss ubfitenab g tartn SOinply fdur

quﬁhgd reiolution isﬁgenerally used as an index of

| i thogr aphy®*Peffo e Pk YER L e clEgpit patfern is

| ubeg ra%D@ﬁhB@GﬂB]ﬂH&ti?brn, 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 1light during exposure, a photomask pattern (so-called
OPC pattern) having a more complicated shape than an actually

. Wwritten circuit pattern may be used in some cases.

[0005]

| 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
limitedresolution is generallyusedas anindexof lithography

performance.  However, in reality, a lithography technique




for a process of patterning a photomask requires a
limted resolution equal to or higher than that of an
optical Iithography technique for a process of
printing a pattern forned on the photomask onto a
sem conductor substrate. [0006] Photonmask patterns
have been mainly fornmed by el ectron beam exposure,
t hough an exposi ng nethod using |ight has been
avai | abl e. Generally, a photoreS|st filmis first
formed on a photomask bl ark3i hcl uding a |ight
shleldlng | ayer on a transparent substrate, a pattern
itten on the photoresist filmby an electron

is
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pattern as an etching mask for a mask |ayer. An

or diEREPSA REskhe Bhetomask oatpawiseaicdnéueiagt srbsofaten

ant ipgdd ective layer and a light shielding |ayer.
[006 As finer photomask patterns are forned, finer

resi St Phat dnfiskSpatterh 8 'HRe. bednahh i Ye S fedSb le1ect ron
pattern is nmade finer wthout reducing the thickness

of Beamefnpsure| fhough asiegbosiyear he ok wefngsl yh tatahbag
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(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 layer has
. @ laminated structure of an antireflective layer and a light
shielding layer.
[0007]

As finer photomask patterns are formed, finer resist
pattern_s are formed. Whenonly aresist pattern is made finer
without reducing the thickness of a resist film, a resist
part acting as an etching mask for a mask layer increases
in aspect ratio {a ratio between the thickness of the resist
film 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 lay_er with the resist pattern serving

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




4 the resist pattern may fall or cone off, so that
pattern | oss mayoccur. Therefore, as f inerphotomask
patterns are forned, it is necessary to reduce the
thi ckness of a resist used as an etching mask for
patterning a mask | ayer and prevent an extrenely high
aspect ratio. [00081 Incidentally, a nunber of

mat eri al s have been already proposed as |ight
shielding filmmaterials for performng patterning on
a mask layer by using a resi$t-as an etching mask. O
these materials, regarding etching of a chrom um
compgund film a large anmount of information is

avai PEbF 15t RptipaR ey flalles, comecpffHineo cbapa@tters loss
al Wapss; a | qht hi el di fil]mmterial, which
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doc @feftciing ypgsdn e masteminmpdrd@kehape: and prevent an

20035489 ‘ . .and Pat ent. docunent 3 (Japanese
Regi st e‘?“geg'i)&f?tf tafp%%le’fatm.‘ 3093632) di scl ose

exafpbes] of the configuration of a photomask blank in
which a light shielding filmhaving a |ight shielding
proper t yretdaatddly ofa piatcanas knddeakss hakeAbder 4ROSAHIE
is r%%es af althrlom um conpound. The thickness of the
|i ght POSAT TilAgRt i Thierding Eidn myaniaks fon perfTrming
anGpdthBrhiMibn &Rkl bi MY DG LDLe L0 ckness, [s
. s
patterned only wwth a Yesist r%agke.lg'feﬁefﬁ )'Els A™ ?b(mmg
s himas#i. ng)f_f th@mﬁaﬂeﬂﬁl@m Hegdridi iy Ek-ﬂfi:hinﬁ M@@ Hitomium
conpound filmis %eneral |y patterned by chl ori ne-based
dr ompound £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,
Patentdocumentl(JapanesePatentLaid—OpenNo.2003-195479).
'Patentdocumentz(JapanesePatentLaid-OpenNo.2003~195483),
and Patent document 3 (Japanese Registered Utility Model No.
3093632} disclose examples of the configuration of aphotomask
blank in which a 1light shielding film having a 1light shielding
property demanded of photomask blanks for ArF exposure is
made of a chromium compound. The thickness of the light
shielding film is set at about 50 nm to 77 nm, and the light
shielding £ilm having this thickness is patterned only with
a4 resist mask.
[0009]
A light shielding £ilm of a chromium £ilm and a chromium
compound film is generally patterned by chlorine-based dry

etching containing oxygen. In many cases, this etching



et chi ng contai ni ng oxygen. In many cases, this etching
5 condition produces an etching effect that is not
negligible on an organic filmsuch as a resist. Thus
when etching the light shielding filmitharel atively
thin resist filnmserving as a mask, the resist is
damaged and the shape of the resist patternis
changed during the etching, so that it becones
difficult to precisely transfer the original resist
pattern onto the light shiePding film [0010)

However , is technically difficult to allow a

photor St which is an organic film to have etching
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However, it is technically difficult to allow a
photoresist, which is an organic film, to have etching
resistance {plasma resistance) enabling a high resolution
and 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 £ilm 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] Japanesé 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




Problemto be solved by the invention 6 - [0011] As to
a material of a light shielding film a nunber of
exam nation exanpl es have been al ready avail abl e. For
exanpl e, in Patent docunent 4 (Japanese Patent
Lai d- Open No. 2001-312043), an exanple is reported in
which a tantalumnetal filmis used as a |ight
shielding | ayer for ArF exposure. |In this exanple,
the tantalumnmetal filmis used as a |light shielding
I ayer and a tantalumoxide-fblmis used as an
antireflective layer. The total thickness of a mask
| ayer _including these two |ayers is set at about 70
nm U°9*3Hdition to such a layered structure, in order
to redu | oad.on. _a resist during the etching of

5 Bo 2 Hargliar of F‘a{sﬂe‘?"t FRISIERGIEHY £ | Srmber

the mask | ayer
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resi st. However, even if such etching conditions  are

sel 8¥ampile. ain Baftrtt dovument He( Jamtiesa Phbent €si8iopen No.

[im ring the etching of the nmask | ayer as | ong
as {’1@9 13.13?1#5 P’s‘?ﬁ' EXYRIG IshrRoriad 1awhicl pltaat plen ey

havEngs ast @déd ast B KRS ui_7 m used only
with the resist ser v?%g §%€él§§p‘§t c?ﬁre%gg‘r’rﬁ?&& [fFPpguTe-
t hubn dhi$ iectainplé o thaftantaeah netasatiisf s asB@eL BOfight
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to such a layered structure, in order +to reduce a load on
a resist during the etching of the mask layer, the mask layer
is etched by fluorine gas plasma that causes relatively less
damageontheresist. However . @venif suchetchingconditions
are selected, a reduction in the load on the resist is limited
during the etching of the mask layer as long as the light
shield‘ing layer and antireflective layer having a total
thickness 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 formatioh of a f£ine mask
pattern.
[0012]
On the other hand, techniques for reducing a load 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 £ilm

while using, as an etching mask, a Si0, £film formed on the




techni que of performng dry etching on a netal
silicide film while using, as an etching mask, a 5i 02
filmfornmed on the 7 netal silicidef ilm However,
the Sb2 filmis |l ess conductive and thus charge-up
may occur during el ectron beam exposure. Further, a
defect inspection of a photonmask blank is generally
performed based on a reflectivity, and |ight having a
wavel ength of 257 nmis used for a defect inspection
of a mask for ArF exposuré. 7For a correct defect

i nspection, a reflectivity of about 10%to 20%is
necessary _ in light having this wavel ength. However,
whereyel FELiFdedian. | FpReear de Si0s K1 HyLadese cqnfctive
ref gt 43t t 1.0 L] oES hi gh and
|t il Shabeet B niy ookl A AREUTR B0 oo LiglRlire.
des Furbeer aboyisct ihspbetiayef 8 phot skl RNRlistderally
conventional photomask blank, it is difficult to
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for ' fj-ne_phot omas attern. This problem
o Wit B 4o o POTLRSRSIGR & BfkSE parvedtioport =
Ar Fmexp Gt BrF Bxpbduits . ©XRASH! Sortriedtt e fldt Pnsidilibn, a
wavel ength and a high resolution is necessary. [0014]
Therpflesdavitnetmbroh 108 whezl ghe decassamwinligiebeving

pro&l‘ierrs ang ‘ggﬁiil as, its object the provision of a
phot 6rradRYVeLTAR - alP¥gVPhotBisis Re1edh ibeabie fiimps an

t hee iMAhg MR, Db Ke £1 19 vREPIETRRK &b r}g_&mgﬁacgmes too

a
configuration -capable of reducing a fo
phdtimhesngtinisedenss aritAskhaimTetor Mdp@gcgiphot onask
pattern_and capable of formng a fine photomask
patli®@tAlwi th high precision, and the photomask bl ank

has phyﬁé q‘i%lscribed.above,- in the layered structure of the
conventional photomask blank, it is difficult to sufficiently
respond to a need for high-precision formation of a fine
photomask pattern.. This problem is serious particularly in
a photomask pattern for ArF exposure in which exposure light
has a-short wavelength and a high resclution is necessary.
[0014]

The present invention is designed in view of these
proble!ﬁs and has as its object the provision of a photomask
blank and a photomask fabricated using the photomask blank.
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 required for a defect inspection and so on.

Means for solving probliem



properties required for a defect inspection and so on.
Means for solving problem8 [0015] A first invention
is a photomask bl ank conprising a light shielding

| ayer of a netal filmwhich cannot be substantially
etched by chl orine-based dry etching containing oxygen
((d + 0) based) and can be etched by chl ori ne-based
dry etching not containing oxygen (C based) and
fluorine-based dry etching (F based) and an
antireflective layer of a mefalf conpound fil m which
cannot be substantially etched by chlorine-based dry

etcﬂggﬁ ot containing oxygen (C based) and can be
etc 3 at | east one of chlorine-based dry etching
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films, has an optical density OD of not | ower

reI athiag étheﬂavetcbragt anufreflgosive ldyeghdf aAr@thas
i ckne nmto 50 nm [0018 Moreover, it is
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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).

[0016]

The metal film is preferably a metal or alloy mainly
composed of at least one metallic element selected from
tantalum (Ta), tungsten (W), zirconium (Zr), hafanium (HEf),
vanadium (V) , niobium (Nb), aluminum (A1), and germanium (Ge).
[0017]

Further, it is preferable that the light shielding layer
is made up of aplurality of metal £ilms, has an optical density
0D of not 1owerlthan 2 relative to the wavelength of exposure
light, and has a thickness of 15 nm to 50 nm.

{00181}

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 a chromium compound £film and a silicide£ilm. The chromium

compound is preferably a compound mainly composed of chromium




t he wavel ength of exposure light and includes at | east
one of a chrom um conpound filmand a suicide film
The chrom um conpound is preferably a conpound mainly
conposed of chromum9 oxide, chromumnitride, or
nitride chromate. It is nore preferable that the
chrom um conpound has a conposition ranging from 30
to 85 at.% chromum (Cr), 0 to 60 at.% oxygen (0), O
to 50 at.% nitrogen (N), and 0 to 20 at.% carbon (C).
[0019] Moreover, the silicid8 ts preferably a conpound
mai nly conposed of silicon oxide, silicon nitride, or
silicqn oxygen nitride. It is nore preferable that

t he oﬁlEFci MAum pitrdapoin nbhridnghngmdteom 10 isombFe
at . % aklLy L), 60 _at. % oxygen (0), 0 to 57
at . ﬁi‘h‘%ﬁ%e%n Q?ﬁf} ,th§n$a€’6°“%18m36°m%°t‘%"% Baf (i fopegsition

[ 002@hgimeeoanl 30ad 85 bB. { BYESHkI @D eo IRt f
fabricating a photomask using a g%lg{'o%a%k&glggh oxygen
i ncl(BYi Mgtars0 afy rifromeni M9 .| a0 6f 28 aetatacsmOONd
fil {£h cannot be substantially etched by
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[0020]
Second to fifth invéntions are methods of fabricating

a photomask using a pPhotomask blank including an |

antireflective layer of a metal compound film which 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 ((C1+0)

based) and fluorine-based dry etching (F based), the

antireflective layer being stacked on a light shielding layer

of a metal film which cannot be substantially etched by

chlorine-based dry etching containing oxygen ((C1+0) based)

and can be etched by chiorine-based dry etching not containing

oxygen (Cl based) and fluorine-based dry etching (F based).

The methods includes the following steps:

[0021]

The second invention includes a first step of patterning

the antireflective layer by (C1 + O)-based dry etching using



The met hods includes the foll ow ng steps: [0021] The
second invention includes a first step of patterning
the antireflective layer by (O + 0) -based dry
etching using 10 a resist mask fornmed by patterning
on the principle surface of the antireflective |ayer,
and a second step of patterning the |ight shielding

| ayer by C -based dry etching using the patterned
antireflective layer as a hard mask. [0022] The third
invention includes a first-stlep of patterning the
antireflective layer by (O + 0) -based dry etching
using a resist mask formed by patterning on the

pri feTpie tshaska fermest by pathexningf o thewringypte sanface
sec t ernjn the light shielding.|layer
by %[%gta{%e%&di%{?fg?%%l%ﬁgia Si'ngt h‘-iesg'ﬁ%l‘il SFFR QL patteining
ant itheflig@ti st el ayef 18geR vharid bEBSK arl00%Hing M ng the
fourth invention includes a first step of pa?ternlng

t hePakternet] aptineglbaliore Bayér lwsadhalrd neiskhi ng usi ng
a r$36§§] mask formed by patterning on the principle
surface 'of the antireflective |layer, and a second

- step of rRAttherRiiRGed fion 1ldNkesY Piﬂéﬂ“gt%?% r;_)::1k‘ll.¥e-.rning
terne

Cl -based dry etching using the pat
ant thefhbictafilect e Laysr by HaLd Opshasdd0dRAbtoniligy b4 frigh
i nvention includes a step of successively patterning

t he® ARETTeMPEEOFReR dyepatditdning opi Eim pshheinfiengurface
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anttheefidnt eufelding layer by F-based dry etching using the
ipatterned antireflective layer as a hard mask.
[0023]

The fourth invention includes a fFirst step of patterning
the antireflective layer by F-based dry etchingusingaresist
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 dry etching using the

patterned antirefiective layer as a hard mask.
[o024]

The fifth invention includes a step of successively
patterning the antireflective layer and the light shielding
layer by F-based dry etching using a resist mask formed by

Patterning on the principle surface of the antireflective
layer.
[0025]

In the second to fifth inventions, the resist mask

- preferablyhas a thickness of 75 nmto 350 nmand more preferably

has a thickness of 100 nm to 250 nm.



| ayer. [0025] 1In the second to fifth inventions, the
resi st mask preferablyhas a thickness of 75 nmto 350
nm andnore preferably has a thickness of 100 nmto
250 nm - 11 - (0026] Further, it is preferable to

i ncl ude, subsequently to the second step of the
second to fourth inventions or the step of F-based
dry etching of the fifth invention, a step of
additionally providing a second resist mask forned by
patterning on the patterned Hdntireflective |ayer after
the resist mask is renoved, and a step of patterning
the antireflective layer and the Iight shielding

| ayd®%891dry etching using the second resist mask.
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anegghg%pnask bl ank | s used for- reducing a | oad on a

resi st rni%%oﬁﬁ}ﬁféPHQViqﬂﬂg Bt¢AMMG Sefivk meskyfumedngy
t hepd©fdFRlh@BHr0ind pRRPLAIEBS Knt ;E&?Eineal]g &P Gfter, the
iTns K Kg up t

conmpositions and thi maki hese

I cknesses o
| ayeesisirwagh dgerbyowd, cah@th stBpr b )pattevhihddna

phot omask bl ank that has a configuration capabl e of

r edttAGTLeP 1 8dleve BB dighbshigddingrivvey by fdnye

PhodiofBay ddhbeifle dicblalidll pecliel on and has
physi cal ~ propértires requifte or
Effect of the invention
[0027]
In the present invention, materials having different
etching characteristics (different kinds of material} are
selected as the materials of the antireflective layer and
the light shielding layer, the configuration of anewphotomask
blank is 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 layers are properly selected, thereby providing a
Photomask blank that has a configuration capable of reducing
a load on the resist mask and forming a fine photomask pattern
with high precision and hasg physical properties required for
a defect inspection, and a photomask fabricated using the

photomask blank.

"~ Brief Description of the Drawings

[0028]




a defect inspection, and a photomask fabricated using
the photomask bl ank. Brief Description of the

Drawi ngs [0028] 12 Figure 1 is a sectional schematic
view for explaining an exanple of the basic
configuration of a photomask blank according to the
present invention; Figure 2 is a sectional schematic
view for explaining a structural exanple in which the
phot omask bl ank of the present invention is
configures as a phase shift ¥ask blank; Figures 3Ato
3E are drawi ngs for explaining a process exanple for

explaining the processing process of the photonmask
bl ank acc8PBF yif o FRECINdeREReIREdAt TiAY TAF qupdaining
to &h Smpdt W RS dadic URALUNA A bh S bnoPLOEES R ank
exanpl e for explalning the p?oce53|ng prgcess of a

phasecstiihg t@stheb badderaCaatEtIGnt 0 t he present
invention; and Figures 5A to 51 are draw ngs for

expl ai nFAgu%e deddidsepiinnedsschemplie fiew Explexipdphning

t he [ racess . qf ase shi.ft mask, bl ank

accar dr g o, prameleiimicniye BbP e aeek PhEPER=BFent

~ theiuiiebs {HQRA2:gubbsPhet & Phake SHREEY FhaEk Hradi,INt
shielding |layer 13 antireflective layer 14 buf fer

| ayer 15igunelsi 38 tot3pee drayéngs for explaining a process

example for explaining the processing process of the photomask
blank according to the present invention:

Figures 4A to 41 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 5I are drawings for explaining a second
brocess example for explaining the processing process of a

phase shift mask blank according to the present invention.

Description of the Symbols

[0029]

11 photomask substrate

12 light shielding layer

-13 éntireflective layer

14 buffer layer

15 etching stopper layer
16 phase shift layer

17, 17a resist £ilm

betail Description of the Invention




16 phase shift layer 17, 17a resist film Detai
Description of the Invention 13 - [0030] The present
invention will now be described with reference to the
acconpanyi ng drawi ngs. The inventor et al. have
earnestly conducted studies to solve a problem of
reducing a load on a resist mask that 1is used during
the formati on of a photomask pattern. As a result, it
has been found that by optimally sel ecting and
conbi ni ng materials having-di¥ferent dry etching
characteristics for an antireflective |layer and a
light shielding |ayer that nmake up a mask |ayer, it
is 38§§Pble to reduce a load on a resist mask during

the for [ f hqt.omask pattern and obtain a
phot ormsrﬂlilte( g?%s(r)]ekt %%f“gcd O BarF b fsscriked with

r equef@ebndeOto &lﬁeﬁes&mﬂﬁ%@ﬁﬁtd%iﬁgg. so on. [0031]
For a light shielding |ayer included in a conventional

phot onmaske birgentor et @dnehawt epiradstdy @bnducted studies

antireflective er . has been selected in view of
faciTitattohPaf RPISORELRY Gnlodt opra meaBFt craskobhat

ProfesseaHANGRg £NE BN €S §FLd er t he
l'i ght shi el di ng I ayer h%\%/lgnsig‘?n%&?mlé@% S,knggggern, As a
cha¥ereslde | Bt ihas, beerd faupd oeas befolialil 1g S¥cting and

processing the antireflective |ayer and the |ight
~ shi%8 f‘ﬂb‘% Bpdprigks heging Widdenprth dryr eschingmsk

pr Qiﬂagggté}ﬁ.stttﬂgs aﬂ;ﬂ ragf ngfﬁe\éﬁ.el:@y‘reer .langongZ a light
shielding layer that make up a magk layer, it is possible
to reduce a load on a resist mask during the formation of
@ photomask pattern and obtain a photomask (blank) having
physical properties required for a defect inspection and so
on,
fo031]
For a light shielding layer included in a conventional
_photomask blank, the same material as an antireflective layer
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
rcharacteristics, and a process of etching and processing the
antireflective layer and the light shielding layer 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 Xinds of material) are selected

- asmaterials of an antireflective layer and a light shielding



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 |ayer
and a light shielding 14 |ayer and a | oad on a resi st
mask during the formation of a photonmask pattern is
reduced using the etching selectivity. [0033] Wen
using the etching selectivity of the antireflective

| ayer and the light shieldi Fayer, a resist mask can
be used , for exanple, only as the etching mask of

the antireflective |layer and the |ight shielding |ayer
can BEETHFh AR 98 AFFEsAEt praske AREENS Fhier Eomaddpy cof

| ayey kT ribed |later).
e e R e TR S SRR bRy bl SRR PR
a cliangel of the shape of a resist pattern is

consi derably reduced, so that the original resist

pat t er n Y& §EiRg & gtehimgsfedeptivity efhthaantimilect ive

| ayegL gmﬁtfﬁH'TQ b@e Lig t{._s ieIdiG? | ayer with the
ye h
patterned antirePlect |1\7‘egf%l"§/lel|aygjér A48t APk gon be
masksed PESEHed:RMBILEE bn1PNas OFRS le tBAIA S WaskSoPI Gl sel Y
transferred on the light shielding layer. [0034]
Mor @higief logtiver heyeomhidgthatlight ofhiendipy dlegrmskan be
bl a&[% eﬁfb t heir&r&sent 1|: nvention, the tine of etching
usihg TR Bt HRak e iERELe Sy e IaKken #p a hard
t !’1|11(2?}@?&‘(5.3‘&)<=:‘é’:‘fi.f:*'i’ca(lQ:i;l &dsaBed Q.atéf“p.ucﬁg ‘a Iggﬁzf,oé gﬁaa on
fine phot omask pattern does not cause a too‘'hig
aspiet residtomaskl it re@icgDanibh eciangaVver kHY ehhgdtor a
about pattern transfer_ accuracy reduced by a
det&Ft 1|: gt:-lgaern is considerably reduced, so that the original
resistpattern is precisely transferred to the antireflective
layer. Byetchingthe1ightshieldinglayerwiththepatterned
antireflective layer serving as a hard mask, a predetermined
photomask pattern is precisely transferred on the light
shielding layer.
[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 avoid problenms

~about pattern transfer accuracy reduced by a deteriorated
shapeofapattern,apatternlossduetoapartiallyexfoliated
resist pattern, and so on.
[0035]

. The materials are selected under the «wonditions 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
materials 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 photonmask bl ank described in

Japanese Patent Lai d-Open No. 63-85553, the
reflectivity of the antireflective layer is not so

high as to make a defect tnepection difficult. The
present invention will be nore specifically described
bel ow i n accordance with the followi ng enbodi nents.

[ Enif6di Aetffest ifpegtion Badi so conf i Thirsat nohikd the

phot Dbl ank 0037] ,Figure 1 is_a sectiona
schg%agtg'?%n\?f]g\f/‘]v Qh&t["& ﬁlﬁPﬁgdesgﬁlaﬁ%ﬁm daBngsfe PRESRE

co nfl‘.ia?“@ﬁeinoﬁo ofszagpkes 0 'ﬂ%kr@fﬁﬂlfiv.@{y thepLesent
i nvention. The photomask bl ank includes, on one
pri Retpreflegt v dapér asphot osmHighubhsttcaimakd la @ fEetal

filmas a_light shielding layer 12. The netal film
can?%fpe‘%é% dHSEARR Y | TPRiRASSE By vemSiomatidds e Bexe

et cBp&d £1 oM PEH B9 X KE Qwiég%c*'éghbg%§%gtﬁr¥'110wing
etching) and ‘can be etched by C o1 ne-based gry

et cemingliment<ont ai ni ng oxygen (C -based dry etching)
and, fluorine-based dry etching (F-based dry

et cHimbgfiimenthd Inhot onmsk bl ank further includes, on

the dgsght shielding layer 12, a netal conpound film as

(Basic configuration of a photomask blank)
[0037]
Figure 1 is a sectional schematic view for explaining
an example of the basic configuration of a 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
cqntaining oxygen ((Cl + O)-based dry etching) and can be
etched by chlorine-based dry etching not containing oxygen
(Cl-based dry etching) and fluorine-based dry etching
(F-based dryetching). . The photomask blank 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 etched
byat least one of chlorine-baseddry etchingcontaining oxygen
({Cl +.0)-based dry etching) and fluorine-based dry etching

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




an antireflective |ayer 13. The netal conpound film
cannot be substantially etched by chl orine-based dry
etching not containing oxygen (C -based dry etching)
and can be etched by at |east one of chlorine-based
dry etchingcontaining oxygen ((d +-0O-based dry
etching) and fluorine-based dry etching (F-based dry
etching). The photomask substrate 11 is not 16
particularly limted and may be an ordi nary
transparent substrate made ¥f -quartz gl ass, CF2,
alum nosilicate glass, or other materials. [0038) In
this case, the conditions of (C + 0) -based dry

et cRFRGIHAF el RHSRA awhaiayi besarc omdémio iakhypasedt

for o ] et chi on chrom um_conpound
11 RBELE Ao SENRLER e8! . SogmligRII3oRTy Blass.
et chirngtiaemaeérRakti cularly limted. For exanple,
the mxing ratio of chlorine gas and oxygen gas (Cl2

gasI9038has) is set at 1:2 to 20:1 in terns of the
volurme _flow rate ratio, and inert gas containing
hel i um &Rd148 8RS FRe feaditinne RffCdeVabpsegdrysirhing
hasn@e @R &oWn E6%H tibA sz LA
a vglbﬁrre flow rat etr gtigoco\gggﬂg?g%a%qﬁi 'g%gir brgzélrﬂaet)%i%gémm%%g
.chl &y sécyrsy ortacthrgpitmesonioiond SAINST adtid Ahé \eopEo € L6th
on thz metal filmused as the light shielding |ayer
of ThdChroPbiResedfininRtehingary netapartiguiarinainited.
t hegubsGaignt iment.s, including the present
embodi nent, %éttch% mrql‘gg&él sr%n&feo V?Ah?j ﬂrlgn%sgas aRa Xygen gas
contca wasg ah gisi) s s@at {3 Jol: 9 8bamLbe AReS661me

oxygen gas with a flowrate of 9 sccm and helium gas

- wi tHHO¥ Fatsuwrrkie endgestcgas containiggubeliun Rnd 8m on

et %Q'n{k%eﬁ%%@l%%begs rt.ye.s-sll?"llru.?tﬂer:]:,tihtehgshggt;oneéorllfsirsm?atd that
when oxygen gas is mixed with a volume flow rate ratio of
5% or higher relative to chlorine gas, etching does not
substantialljr proceed on the metal film used as the light
shielding layer of the photomask blank of the present invention.
In the subsequent embodiments, including the present
embodiment, -etching gas mixed with gas containing chloerine
~gas with a flow rate of 20 sccm, oxygen gaé with a flow rate
of 9 scom, andheliumgaswithaflowrate of Bolsccm is introduced
into an etching chamber, a pressure in the chamber is set
at 2 Pa, and then dry etching is performed.
[0039]

Moreoy_er, 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. [00391
Moreover, in the conditions of O -based dry etching,
the volune m xing ratio of oxygen gas is set |ower
than 5% relative to chlorine gas. It is generally
preferable to use only chlorine gas as etching gas.
In this enbodinment, only 17 chlorine gas with a fl ow
rate of 20 sccmwas used and etching was perforned
with a pressure of 2 Pa in the chanber. [0040] The

gas used for F-based dry etdAing is
fluorine-containing gas such as CF4 and C2F6. Gas

containing oxygen and so on nmay be added when
nec&8L%Fine 93¢ Vhilsa Fepouitarfi 20 G2FB wissugesd ambetching
C2F | flowrate of 20 ,sccmis_used, and a
pr egg%ra%eﬁlyr?&@%% Wc tan%eprrﬁsgug%tozfag 8? B Lo As a
nmet gbofdaj mfor the light shielding [ayer 12 having
such etching characteristics, a netal filmminly
conposedhe (fasmused sfoguEhbased dny adtwhifigals t ungst en

(W l&inconiuq%rZ%% ,__hafnium (Hf), vanadium (V), .
ni obT R CRETO SRS UAT CAFY 254y afeTFani GA7 ceafaining
av adzyafane hnd ' extlngdjon
coeffi ci eﬁ?atmﬁﬁnaméﬁygmkg%é?éﬁfﬁn%%}%% T iIh Gﬂsght
havémpdanemt/.e CeMogds @b d@, nonlis ecFf giis AL Eh exXFasuwrste

and thus these materials are advantageous to a

r edifc €P iFBr 15 pptk f@dsa PRREsRrodnathy ichambemyisheet add
as ,sipgl e layers or a plurality of different netal
films may be stacked to formthe |ight shielding

| ajen41pP. Moreover, the conpositions

As a metal f£ilm for the light shielding layer 12 having
such etching characteristics, a metal film rmainly composed
of metals such as tantalum (Ta), tungsten (W), zirconium{Zr).
hafnium (Hf), vanadium (V), niobium (Nb), aluminum (Al), and
germanium .( Ge) is available. These materials have a higher
extinction coefficient than 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 layers
or a plurality of different metal films may be stacked to
formthe light shieldinglayer12. 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.

[o042]

In order to allow such a metal film to act as the light

shielding layer 12 of a photomask, it is necessary to provide

asufficient light shielding property against exposure light




of these netal filns are not limted to single

el ements and an alloy of two or nore netals sel ected
fromthe netallic elenents nay be used. [0042] In
order to allow such a netal filmto act as the |ight
shielding layer 12 of a photomask, it is necessary to
provide a sufficient |ight shielding property against
exposure light 18 wused in a photolithography process
and it is preferable to have an optical density (OD)
of 2 or higher relative to-edposure |ight.
Particularly in order to set the OD value at 2 or

hi gher ~for the photomask for ArF exposure (exposure

| i gHtSeRaife fepipptplithd®phi) pravebti oyl Stitsabkeferable to
of the present

L] [ f hot k bl ank
Py LB W epeet A 8PT3% 205 Mtnar relqthvorte exposure
pr ef18GRbl y pastici1at By ML Phed 85 S Flim[% LQ&&A@? br g@afé%r

when the thickness of the neta mis too
| oa&obdbePhetonank frgahnF éxpdshee deebbngredl e Smvel BHGLR
thigﬁgﬁss of 50 nm or less is preferable for precise

pat T ernifg BACHRT F4ifRbLe aRpLicAtigniofyidie piwptopagBlank
Fur bhGihe bBgsdIR! ShydddiBaToYE YRl BN NONICLAL SoqUT N, A5,
oxygen, nitrogen, and cafbon. Ven the ‘retar Tir
conisapnefextabdyrsaira! M fim @k Brgert aion Bis¥ e rOhal®! hen
t he Iight shielding property of the |ight shi el di ng
| ayHte HRtdmeseffethamatal fifdenbeo diakge cal Toadbebmdsn
a Il Lpedeontical density., . Particularly in the
case of & photonas ch%f‘%lﬂfc’f%?sf aBPYR & FMFRngsBmf Bk
f ororALEs €XR0pMELerdbliel BoP Rkl 80! fatiR2hi Ml WrOPRY Jrfd?ﬁ
carbon are 30 at.t or less, oxygen is 10 at.%or le€ss,
shielding layer 12.
{0043]

Further, the metal film may contain nonmetals such as
oxygen, nitrogen, and carbon. When the metal film contains
the nonmetals of a certain amount or more, the light shielding
property of the light shielding layer deteriorates and it
becqmes difficult to obtaina pfedetermined' 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 can be formedon the photomask
substrate by a known and ordinary technigue 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. -Wor less. [0044] Such a light shielding |ayer
can be fornmed on the photomask substrate by a known
and ordinary techni que including a vacuum deposition
met hod and a sputtering nethod. However, a sputtering
nmet hod using a target containing a predeterm ned 19
netal makes it possible to easily obtain a film of
high uniformty. [0045] As a material of the
antireflective layer 13 prow?ded on the light
shielding layer 12 nmade of materials selected thus, a
chrom um conpound or silicide is selected. A chrom um
conPGht akegatt Ippsailie dobgashiorbteibgs ddlurgf high
etcﬁhﬂgnmﬁggtaining oxygen ((C + 0) based) but has
etching resfstance to chlorine-based dry etching not
confeo4sng oxygen (C based) and fluorine-based dry
etching (F based). Further, silicide can be etched by
f1 uori néspadedental efctingntirdfiset)vdtayehaks provided
resgégﬁpcgigﬂzc?lorjne-based dry etching containing
oxygen (IO 9)1H4E8T) 1T thl n@t FEdeR s seteniaty
NOt thufd0MY GHhafdin Am QXN BETh A 2l s DATEEL is{gg%gl q.TaR bfikomium
shows, for better understanding of the o oW ng
exptanpaundnis eashlyetchanast ehilstints-Hdseadeng \Btcunaer

t he gr etchiqg conditions of the materials ("ETCHED
| ndToRRPLRTng YOS (o) Sapet} BRiwas tehinpeERTHEDe

i nQh&ﬁh%%zﬁéﬁﬁaseﬁhEQ%@8h£§5%b€¥%né%&%§£8QL%SQA?bf%ééﬁ&r
- and fluorine-based dry etching (F based). Further, silicide
can be etched by fluorine-based dry etching (F based) but
has resistance to chlorine-based dry etching containing
oxygen ((CL + O} based) and chlorine-based dry etching not
containing oxygen (Cl based).

{00461 |
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).

[0047]
{Table 1]
LAYER MATERIAL F c1 (CL+F)
based based based
ANTIREFLECTIVE | CHROMIUM NOT NOT
LAYER COMPOUND ETCHED | Ercuep | ETCHED
ANTIREFLECTIVE NOT NOT
LAYER SILICIDE | ETCHED | poeppp | grcED
LIGHT ' NOT
SHIELDING METAL FI
IELDI LM| ETCHED | ETCHED | opoen




[0047] [Table 1] LAYER MATERIAL F O (d +F) based
based based ANTI REFLECTIVS CHROM UM NOT NOT ETCHED
LAYER COVMPOUND ETCHED ETCHED ANTI REFLECTI VE SI LI Cl DE
ETCHED NOT NOT LAYER ETCHED ETCHED LI GHT NOT

SHI ELDI NG METAL FI LM ETCHED ETCHED ETCHED LAYER 20 -
[0048] A chrom um conpound fil m having such etching
characteristics includes a filmminly conposed of
chrom um oxide and chromumnitride or nitride
chromate. The chrom um conpE®urdf il mmaycontain
nonnetal s such as carbon and fluorine. The
antireflective filmmay be formed of a chrom um
compol®t8Xf i | m havi ng a single conposition. Mreover,
chrom un‘gt oY ound filns having a plurality of

di fferent % Sﬁgﬂg‘? £ropund, £ fayingeech §LERINE an
‘ant ichetd &1 @1 LAY RE1uable fgﬂh 'mragfli{f %togiiégséf‘xg on@hmi 1§
chrom um conpound filmcan be obtal ned by a known

net hyidde aut chsoni@actiity 846 ot hi Bf i chiimage . C e BhuBhHsn
a target. [0049] The specific atom c conposition of
t he® Q}}ﬁdlﬁ}ﬂ.@m §optpinnonmetals such as carbon and £luorine.

The antireflective £ilm may be formed of a chromium compound
film having a single composition. Moreover, chromivm
compound f£ilms having a plurality of different compositions
may be stacked to form an antireflective layer. The
antireflective layer of the chromium compound film 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. Forexample, the atomic
composition ranges from chromium (Cr) = 30 at.% to 85 at.%,

- oxygen (O) = 0 at.% to 60 at.%, nitrogen (N) = 0 at.% 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
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
layer of the chromium compound £ilm having the composition
and the thickness has a reflectivity of 10% to 20% rela«tive
to light havinga v&avelength of 257 nmvwhich is arepresentative

. wavelength for inspecting a reflectivity.




filmis selected such that an extinction coefficient k
is 0.2to 1.0 relative to exposure |ight. For
exanple, the atom c conposition ranges from chronm um
(Cr) =30 at.%to 85 at.-*, oxygen (0) =0 at.%to 60
at.% nitrogen (N = 0 at.%to 50 at.% and carbon
(O =0 at.%to 20 at.% Wen the antireflective

| ayer is formed of a chrom um conpound, the thickness
is determ ned according to conditions including the
wavel ength of light used for2Jnspecting a mask. Wen
fabricating a mask for ArF exposure, the thickness is
preferably set at about 15 nmto 30 nm The

ant i f%PPdctive |ayer of the chrom um conpound film

havi ng t iLtion .and the thickness has a

refl ect ii\}f?l)c/&o% gid:gsf%t 8 3Pa‘—tels\:}'8%a’fib%?,icaﬁ?rﬂ’fvibﬁﬁeg\
vav eirgngtdhial dntaniinfiogPgds (Qc!lep_rcf)_sﬁéléééz)i ¥f4d thus is
wavel ength for inspecting a reflectivity. 21 [0050]

An SMEFeRFAPlecte slampge ipt thyp etebisd pmbcéss. However, by
chl grine- based. dry etching containing oxygen ((C +
0) %3‘%%%’)“%1%%8 thigtness %§g%ﬁﬁtbrsf%%s= errtq phout
et ch5ngh REOSESH, HIABYEfernifg SLIHUEI | QKN

of the antireflective Iaeyrélr ?o a%?){%té}gtfgg%rlng%%oiﬁ §
t hecpatheerompigtefl hdfiorantlia ehhpetdfy €hé st Gt tRen is

conpl eted before the shape of the resist pattern is
chgﬁbaéweﬂybxﬁ daggae- | £t &s tHhys pessiljies teotransferethe he

R R T R s G e e
t henighopeeeisilonng characteristics includes a film
con[to%lsgllng silicon oxide and silicon nitride

A silicide filmhaving the above etching characteristics

includes a £film containing silicon oxide and silicon nitride
or silicon oxygen nitride (silicide film) and a film formed
by containing oxide and nitride or silicon oxygen nitride
of transition metals in these films (a film of a silicon
transition metal compound). These £ilms may contain carbon.
~ The antireflectiver layer may be formed of a silicide f£ilm
havingasingle 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 include, for
example, molybdenum (Mo), tantalum (Ta), tungsten (W),
zirconium (2Zxr), hafnium (Hf), vanadium (V). and niobium (Nb).
Molybdenum is preferable in view of ease of etching. When

@ silicon transition metal compound (for example, MoSiON)

obtained by selecting molybdenum as such a transition metal



or silicon oxygen nitride (silicide film and a film
formed by containing oxide and nitride or silicon
oxygen nitride of transition nmetals in these filns (a
filmof a silicon transition netal conmpound). These
films may contain carbon. The antireflective |ayer
may be fornmed of a silicide film having a single
conposition. Moreover, suicide filnms having a
plurality of different conpositions nmay be stacked to
form the antireflective lay @ - [0052] Transition
nmetals contained in the filminclude, for exanple,

nol ybdenum (M), tantalum (Ta), tungsten (W,

zi r denigad £0F the rathrefiddt)ye Lapediand thé anaickflieobiwsm
(Nb).ra Ml ybd%num S lJgref erable in view of ease of

et chiPRg- “WRSFPL18eS it Ghe dighlk Fhioliingt lnyedo pivtagable
(f olet@Xa1S, ad RO as %&Qﬁf@wg¥h3€|c§§|§359%tion of th
nol ybdenum as such a transition neta - $p 1s use

f or anhérefilectbfd agdrver khy eantdlthn & g i el eeld Yeght
l ayer is conmbined with the |ight shielding |ayer,

pr eFBieHing Laxati f§ the deRteldy fadmchppapanesp thatgnt
compi, Naty f _ jfeflective l.ayer. of the
Canvaliopalafl 2fi-a2bd P R p shorkigh Bos Py epn e
t heobtarihab i fH hAyh prbapanese Patent Lai d- Qpen No.
2001- 312043. Thus a photonmask pattern can be obtai ned

wi t A%3dh precision. [0053] Further, the suicide
COMPOUEt Bl I5 Lo e SRR S B
Carcoa€aoRiy a0 e Ank PRV TELIRAG-ankRt i SR 1Por carbon
in these £ilms can be obtained by a known method. For example,
the known method includes reactive sputtering which is
performed in reactive gas or mixed air flow of reactive gas
and argon by using silicon, molybdenum silicide, molybdenum
and silicon, or molybdenum silicide and silicon as a target.
[0054]
The specific atomic compoéition of the silicide €£ilm
-is also selected such that the extinction coefficient k is
0.2 to 1.0 relative to exposure light. For example, the
composition ranges from a transition metal (M) = 0.2 at.$
to 25 at.%, silicon- (Si) = 10 at.% to 57 at.%, oxygen (O)
=0 at.% to 60 at.%, nitrogen (N) = 0 at.% to 57 at.%, and
carbon (C) = 0 at.%40 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 a mask. When fabricating a mask for ArF exposure,
the thickness is preferably set at about 15 nm i:o 30 nm. The

antireflective layer of the silicide film having the




t he known nethod includes reactive sputtering which is
perfornmed in reactive gas or mxed air flow of
reactive gas and argon by using silicon, nolybdenum
silicide, nolybdenum and silicon, or nolybdenum
silicide and silicon as a target. [0054] The specific
atom c conposition of the silicide film is also

sel ected such that the extinction coefficient k is

0.2 to 1.0 relative to exposure |ight. For exanple,
the conposition ranges from3a-transition netal (M),)
= 0.2 at.% to 25 at:% silicon.(Si) = 10 at.%to 57
at.% oxygen (0) =0 at.%to 60 at.4, nitrogen (N) =
0 alCOIPP‘P-‘bit&?naﬁnw/d:handliC&mémhaé €) refDesa!tiv%tyooBaoatto
W g@gnel ant gflect ve |layer. is_ forned

si | i°Ci a tl’i’ s ¥ER aRPETIAngLh %’E@o"f’d%"hg"hlf:ﬁ is

condi fé#i@§eh€l§ﬂ1'+@'t&9v 1Eﬁ vRvekenghlopfy ng.ﬁ gp%fl%%i? 16y,
inspecting a mask ?abrlcatlng a or E
expb8esr™, the thlckness is preferably set at about 15
nmto 30 nm The antireflective |ayer of the silicide

fil m hali¥ ngPtiaing theydight shiglding t%@erhw&rt@@s has
8 I GGG Y0l ad 0l 10108 BbcheL ALl Lt wiih, a

wavel ength o a rep K sen |ve
waviiee agt trdflkct DéP ackbh tan B@felt%ﬁéﬁ\&ish)ﬁg a[é&fiél- sk
conmbi ning the |light shielding |ayer and the

antqr’rdeFlFeéEN-‘?ﬂéh{nay-bﬁqurange siche@bysigg the patterned

sti.cs,. the antireflective | ayer can be
%L%ngé%?ﬁflge 1%§%ﬁ:aﬁdgﬁl ™4 %2¥e shi el di ng | ayer

canobsset ched by using the patterned antireflective

| ayer as a hard mask. [0056]
In other words, when selecting a chromium compound as

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). 1In this dryetching process, the metai film
of.the 1ight 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 1ight shielding layer
can be etched by chlorine-based dry etching not containing
- oxXygen (Cl based) or fluorine-based dry etching (F based).
Moreover, the antireflective layer is not substantially
etched in chlorine-based dry etching not containing oxygen
(Cl1 based} and fluorine-based dry etching (F based) which
are the etching conditions of the antireflective layer. Thus
the pattern shape of the hardmasgk includingthe antireflective
layer is not changed and a photomask pattern can be formed

on the light shielding layer with high precision.



In other words, when selecting a chrom um conpound as
a material of the antireflective layer, patterning is
performed on the antireflective |layer by using the
resi st mask through chlorine-based dry etching
cont ai ni ng oxygen ((d + 0) based). In this dry
etching process, the netal film of the |ight
shielding layer is resistant to chlorine-based dry

et ching containing oxygen ((Cl + 0) based) and thus is
not substantially etched. Tt efore, by using the
patterned antireflective |layer as a hard nask, the
light shielding | ayer can be etched by chlorine-based
dry [®08R) ng not containing oxygen (O based) or

fluoringgpasgg_dr etQthg F based). Moreover, the
antir ef '8P 61‘%%39 FidifdEe A st Bats=ialy of etéhed i n
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based) and fluorine-based dry etching
ar e tolfebes ehiing ecoinidid bpnsind théeeaidt nafk eChhve&dinary
layer. Thus the pattern shape of the hard mask

i ncFatHHy fLHR has reittisedyvbioh Fgsistangeournépmanded and

ap - forped n the light -
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sel endtilngg F-besédlarfaetaniiy €5ietchod shbBessively with the

antireflective layer, the antireflective layer is
subfedyied of ¢he- patimefdegting Hiaggr byt (rSilAgidéenadiing

na%KbaéquL%jnng. resigt%%iln1gas relativel%éhigh
resi stance andef e 2c oYt (Ao 8 oFeHShaRREt BT FRRgPe
Thlﬁz_lﬁ‘tﬁf’e]\.&h@.ﬁﬁﬁ@eiﬂhél etddify BPGUdNY F-based dry
etching is etched successively wth the etching of
t hd Eghedingfnitegdi ve | ayer of silicide enabling F-based
dry etcping, a load on the resist pattern can be
{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 photomaskblank is configured as aphase shift
mask blank. A transparent or translucent phase shift layer
16 isprovidedononeprinciple surface of 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 £ilm formed by combining these films.

Further, the absorber material of the phase shift layer 16




relatively light in the etching process. [Enbodi nent

2] [0058] (Phaseshift mask blank) [0059] A mask

bl ank of the present invention nay be configured as a
phase shift mask bl ank. [0060] Figure 2 is a
sectional schematic view for explaining a structura
exanpl e of a photomask bl ank of the present

i nvention. The photonmask blank is configured as a
phase shift rmask blank. A transparent or transl ucent
phase shift layer 16 is prd¥i ded on one principle
surface of aphotonask substrate 11. A light shielding
| ayer 12 and an antireflective |ayer 13 (described
aboV@Y ke EeRkRfedritith f\hadfiehegaberidietphage a dhailftone

| ay A jety of known phase shift filnms can be
use?h?%g hﬁg¥3%§§%¥shift | ayer 16, and the phase shift

| aygposilp may be a conposite filmforned by conbining
these filnms. Further, the absorber material of the
phase shiyerd fgpptdd a3514 arad 15ein dplgaced2 vaiteh aabuffer
halitone terial to forma hal ftone phase shift

| ayeryo 60817" LEHEPS HERBLRJ-HET14 TREG 15V aTSFRGarRe
ar aBydPdf h&desshBY Wut2Re FHoGLEMN 1Y §ét§ﬂ%§%ﬁ %c%}e’o?:rding to

These | ayers are not always necessar
pr ottiedappldsat topupusgbsaceba phogoniayk bImkappit £ahbédess
purpose of a photomask blank. It is needless to say

t hat® FAE PHr6ViNg BRobisicReoh fhe druiifay ckaves bhdindy oF Hae

etching stopper layer 15 is not limited to the phase shift
mask blank of the present embodiment and thus these layers
may be provided in a photomask blank configured as described
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-layer filmmainly composed
of siliconoxideandsiliconnitrideorsilicon oxygennitride,
Oor a composite film in which these films are stacked. |
[0063]

When the phase shift layer 16 is made up of a film for
-attenuating transmitted light, the film 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

. in these metals (film of silicon transition metal compound) .
These filmsmaycontaincarbon. Further, the phaseshift layer
16 may be formed using a transition metal thin film as a

transmitted light attenuation f£ilm.




etching stopper layer 15 is not limted to the phase
shift mask bl ank of the present enbodi nent and thus
these layers may be provided in a photomask bl ank
configured as described in Enbodinent 1. [0062] As
descri bed above, various configurations are avail able
for the phase shift layer 16. A preferable exanple of
a highly transparent filmincludes a single-I|ayer
filmminly conposed of silicon oxide and silicon
nitride or silicon oxygen ni3&i-de, or a conposite
filmin which these filns are stacked. [0063] Wen
the phase shift layer 16 is nade up of a filmfor
cattl®@4ling transmitted light, the filmincludes

afilmmaiply made of silicon oxide and silicon nitride
or silicom oWgé?fs%ﬂjrﬁtd%a’(es‘i t¢ cpo el Rynarbate FRILAT
f or mageBy t@n@n&ﬁﬁﬂgs@.gi%!d}gma@éﬂaakt i .daedj%%tghl el that
oxygen nitride of transition netals "in-these ne S

(fi lnsbiglsi-layen filanet trivani iejar £60RNMAHRI b The Sbove

films_nmay contain carbon. Further, the phase shift
| ay BREHSIAdPSHR traRABRtt taara a2t tantdy pad aphage shift

fil transmtred light attenuation film 26 -
[oog}ﬁfﬁﬁé’ﬁ %‘%é’stgkéée- shift layer 16 is a hal ftone
phageoes]i ft | ayer, the conposition of materials is
adj usted such that a single-layer filmor nultilayer

fil m naieopelertingevas anmaterial ©fhike phiasensnifitt bagos
shi ft. anmpunt of about 180.

FB 0 ]élgaéeq?@ail%%aglggg Efuorlne—based dry etching (¥ based),
the following advantage is obtained: the dry etching process
of the phase shift layer 16 combined with the light shielding
'J.ayer does 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
fluorine-based dry etching (F based) includes a £ilm mainly
made of silicon oxide and silicon nitride or silicon oxygen

-nitride ( silicide £ilm) and a film formed by containing oxide
and nitride or silicon oxygen nitride of transition metals
. in these films (a film of asilicontransitionmetal compound).
These films can be used as either of single-layer films oxr
films making up a composite film of a halftone phase shift
film by controlling the content of oxygen and nitrogen or
transition metals in the films. 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 £ilmmainly composed of these




When selecting, as a material of the phase shift |ayer
16, a material. enabling fluorine-based dry etching
(1" based), the follow ng advantage i s obtained: the
dry etching process of the phase shift |ayer 16
conbined with the light shielding |ayer does not
becone conplicated nore than necessary and dry
etching can be perfornmed with high precision. [0066]
An exampl e of the halftone phase shift film enabling
fluorine-based dry etching- (¥ based) includes a film
mai nly made of silicon oxide and silicon nitride or
silicon oxygen nitride (silicide film and a film

f or ROEPBYndHNERd f mgtakifddm mmihly tokpkesed ofihely®denum
oxy itri.de of transition netals in these filnms (a
fil %%gf g%n%%uf“c% HpgREeR i on metal conpound) . These

fil nemeedinR@tUsfed as either of single-layer filnms or
films making up a conposite filmof a hal ftone phase
shi ie671 I m by controlling the content of oxygen and
nitroggen or_ transition netals in the filnms. An

exafPfE e LiF theprereesing prefete of ehotemask biLapk)
i nc a conposite filmobtained by conbining the
silicide film a silicon transition netal conpound

film arInahelpidiskh€ietBodihdAtTBal b¥afiOS @fe YrolbBESEng
27 conpounds, and a netal filmminly conposed of
mo| BARFERS P el tenatiablankwiiligéesribpEnh 8t whotoBdsk

R L R VR IV -
exampkhe Ofo 11091 R§ W§I2hBFion, 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 transpareht 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 £ilm having the
composition and thickness desqribed in Embodiment 1 and an
antireflective layer 13 made of a chromium compound are
sequentially stacked on a transparent photomask substrate
11. A resist f£ilm 17 is formed on the antireflective layer
_13 (Figure 34). Inorderto prevent the occurrence of problems
such as the exfoliation and falling of a fine pattern in the
- subsequent process, it is preferable to perform surface
treatment for reducing the surface energy of the photomask
substrate 11 before the formation of the resist f£ilm 17.

[o070]



process of aphotomask blank will be described. The
phot omask bl ank includes an antiref |ective |ayer of
a chrom um conmpound. In the follow ng expl anati on,

t he photomask blank is a so-called binary mask bl ank
(see Figure 1) in which only a |ight shielding |ayer
and the antireflective |layer are provided on a
transparent photonask substrate. [0069] Figures 3Ato
3E are process drawi ngs for explaining the processing
process of the present enbodi®ent. First, a |ight
shielding layer 12 including a netal film having the
conmposition and thickness described in Enbodi nent 1
and an “RF Pf%‘fe‘lbée tjefhofl gfe the Furkdee direatoénioingimdes
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the surface of the photomask substrate 11 into gas of

t hehetpmafkesubsénapehl . agdrihen a resist is applied and dried
on the photomask substrate 11 to obtain the resist film 17.

As a matter of course, the conditions of applying the resist
and the method of drying the resist are properly selected
according to a resist material.

[0071]

The used resist is properly selected according to awrite
system used for preparing a photomask pattern. As a resist
for electron beam (EB) writing, a positive or negative resist
having an aromatic skeleton in a polymer is generally used.
When fabricating a phptomask having a finer pattern, it is |
preferable to use a chemical amplification resist.

[0072]

The thickness of the resist £ilm 17 is set such that

an excellent pattern shape is obtained and the resist f£ilm
-17 can act as an etching mask. Particularly when fabricating
a photomask for ArF exposure requiring the formation of a

fine pattern, it is necessary to set a relatively small




or a nethod of directly applying the surface treatnent
agent onto the surface of the photomask substrate 11.
Such surface treatnment is perfornmed to reduce the
surface energy of the photomask substrate 11, and
then a resist is applied and dried on the photomask
substrate 11 to obtain the resist film17. As a
matter of course, the conditions of applying the
resist and the nethod of drying the resist are
properly selected accordindg®e a resist material.
[0071] The used resist is properly selected according
to a wite systemused for preparing a phot onask

pat t{®AAkneRs FoF dbp stesiffidmelkt torpresyant (@EBrspedtt ratgio
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in view of overall conditions
@ 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.

[0074]

Aresist pattern can be obtained by processing the resist
£ilm 17 configured thus (Figure 3B). Although writing on the
resist £ilm 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 a chemical amplification resist 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/om?, and heating and
development are performed after the writing, so that a resist

pattern is obtained.



such as the etching resistance of a used resi st
material. When using an ordinary resist material, the
thickness is preferably set at 75 nmor nore and nore
preferably set at 100 nm or nore. Wen using

"mul tilayer resist nmethod" with a conbination of a
resist using a silicone resin and a lower filmusing
an aromatic resin and "surface i mging method" wth a
conbi nation of an aromatic chemical anplification
resist and a silicone surfac®0 t+reatnent agent, the
total thickness of the resist film17 can be snaller
than the above values. [0074] A resist pattern can
be oftfiPhed by processing the resist film17
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witing, so that a resist pattern is obtai ned.
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conditions, the etching rate of an
15 om to 30 am, 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.

[0676]

The 1ight shielding layer 12 ig patterned after the
patterning of the antireflective layer 13 (Figure 3D). As
described above, a metal f£ilm made of metals such as tantalum
and tungsten and an alloy is so resistant to etching as to
prevenf: substantial etching in chlorine-based dry etching
containing oxygen ((Cl + 0) based). Therefore, in order to
etch the light shielding layer 12, the etching condition is
changed to fluorine-based dry etching (¥ 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 chrémium compound film serving as
the antireflective layer 13 is not substantially etched in

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




organic filmsuch as a resist is higher than that of
fluorine-based dry etching (F based). Although damage
on a resist pattern is added during the etching of
the antireflective layer 13, the thickness of the
antireflective layer 13 of a chrom um conpound can be
generally set at about 15 nmto 30 nm enabling high
preci sion processing with a resist pattern having a

t hi ckness of 100 nmto 250 nm The thickness of the
resist is sufficiently |arge¥l than that of the
antireflective layer 13 to be etched. [0076) The
light shielding |layer 12 is patterned after the
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of #he paitgbtned thet ditke lrayﬂt KFlamt 1 £dMa@RiMMon the
Tﬁﬂgnd filmserving as the antireflective layer 13
terped apiraf lagtave Haveirnl3 disyexfeliaied, bas ébatrd

antlré??égf¥3§é gygrl%%qgt% %%?gﬂfg?egf?%t%$sSﬁmpletEd
et qiviggre @K (hard mask) and hi gh-precision
processi ng can be perfornmed with ease. [0077]
[Embodiment 4]
[0078]
(Processing process example 2 of a photomask blank)
[0079]

In the present embodiment, an example of the processing
Process of a photomask blank will be described. The photomask
blank includes an antireflective layer 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 layer and the antireflective layer are

provided on.a transparent photomask substrate. Thus the
Processing process is similar to that of Figures 3A to 3E.
.A process of forming a resist pattern (Figures 3A and 3B)
canbe performed incompletely the samemanneras the processing
of the binary mask blank including the antireflective layer
of a chromium compound (described above), and thus the
explanation thereof is omitted.

[0080]




After obtaining a mask | ayer 18 nmade up of the
antireflective layer 13 and the |ight shielding |ayer
12 that are patterned thus, the resist film17
remaining on the patterned antireflective layer 13 is
exfoliated, so that a binary photomask (having no
phase shift effect) is conpleted (Figure 3E)

[ Enbodi nent 4] [0078) (Processing process exanple 2
of . a photomask bl ank) [0079] In the present

enbodi nent, .an exanpl e of 1% processing process of a
phot omask bl ank will be descri bed. The phot omask

bl ank i ncludes an antireflective |ayer of silicide.
The phofhamasklettink sfliclde preesemateriaddiofettie Wi | | be
al so tdes§ iQed s a so-called binarg mask bl ank in
whi RESRTYEEiTe dAYSE it aTGTPEYRIe Lndetnet the F-pased

ant igh8hi6F tdonB 8T A SrafAY 98d: AN ibEals RALenNt

phot omask substrate. Thus the™ processing process is
si ntedativelyhbiglofrebigtanes B84\ R-ba3Ed e¥cHimQCesmdef the
formng a resist pattern (Figures 3A and 3B) can be
per foP CHoR b IcaRdt §iloph ce CUHB I EiRn dre eTEpENSSY oces
S [ I incl udi-ng. i h

ot oy aehEly RplBkdedTOBly PR dhlindbiirBi Bt can ve
( destehidioth@Rome) F-1Rizddidtehi i on@XPlanat idweveReha0fhe
is omtted. [0080] 32 When selecting suicide as a

mat 35ea Pt gchnruccgrei v erekitgielt dysenecessary to set the

%elghﬁ.%%ﬁégﬁl to%eegi Iez.ls es%.tﬁgingf Fglisb' egitioeg Colg ggmgé)en doi:ct:liu?rn:ing
during the etching of the metal film. Therefore, considering
a8 reduction of the thickness of the resist, it is preferable
to adopt amethod of £irst patterning the antireflective layex
_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 silicide can
be used as a mask for Cl-based dry efching performed on the
light 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}
[c082]

In the present embodiment, an éxample of the processing
'process of 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.

[0083] |




relatively high resistance to F-based etching. Under
the F-based etching condition, etching can be
performed concurrently (successively) with the netal
filmthat can be etched under the F-based etching
condition. However, in the case of such successive
etching, it is necessary to set the thickness of a
resist in consideration of danage occurring during
the etching of the netal film Therefore, considering
a reduction of the thickness33of the resist, it is
preferable to adopt a nethod of first patterning the
antireflective layer by F-based dry etching and then
pat t er nifigurhe 44 thtilstmdeFdgumpes bayer Shyard bbts etodeys

etc erf rmng such two-step etchin t he
pat {& arn 9“69 178 aéBH%’I/ Eh¢ BYQesFAng DreEpsR of %he pggsent

use @mﬁ&lﬁneﬁﬁs k Ifnoﬂ'hegrogééﬁlg‘?ﬂ%cggg i q:g{nh 2)%5{5% l:éaﬁfgt R0k

the [light shielding layer hus even
t hi bkawds sildhistiuted t5itdlesesdradnged, a proket o s orming
pattern can be obtained with hlﬁ% preci sion

[ ErrBo‘Eﬁ*H@ﬁt pafjterpoffigurep 4 aad; aﬁﬂofﬁi@@eéx%ﬁrﬁmé )
a pQﬁ’éS lﬁlyctags %;l%t@%?ﬂ':hig ?1%919§ J]:eglecttlve [':xegre g%¥es

enbodi nent, an e € processiing a
phat® asidi 5€) rmﬁ:kbbl pitifovinéd i€ comsLeidigd thJ rb%mepﬁaﬁﬁer
shift mask bl ank includes a phase shift |ayer under a
i oftit TRy |Pépe1aﬁ§mga§ﬁéth®1blaamtnask foillank ([G@6E8}begBabove)

5 el i, LR BLAE B L8 oh A0 Dot process
Pr 4998k ]

- 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 4I show an example in which the light
shielding layer 12 and the phase shift layer 16 are
simultaneously patterned under the F-based etching condition

without reapplying a resist £ilm 17 used for patterniﬁg the
antireflective layer 13 (Figure 4D), and then the remaining
resist film 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 shiff 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.qther portions by the above technigue

(Figures 4G and 4H), and finally the resistmask 17a is removed,




enbodi nent. In the processing process of the phase
shift mask blank illustrated in these draw ngs, a
process of formng a resist pattern (Figures 4A and
4B and Figures 5A and 5B) and a process of patterning
an antireflective layer (Figures 4C and 5C) can be
performed in conpletely the sane manner as the
processi ng of the binary mask bl ank (descri bed above)’
and thus the explanation thereof is omtted. [0084]
After the patterning of an &% rreflective layer 13, a
light shielding |ayer 12 and a phase shift |ayer 16
are etched to fornma phase shift nmask pattern. The

pr o@@s§h¢ig applowes shiftamable iof Conplbted tRitpmral 41) . Th.‘l.s
varla L'géﬁ% g\W%ures 4A to _41 show an exanp

in %ﬁ LR@TPEgFbLe B|taﬁer?g1t|1595+e°fzvar%@1rﬁﬁé%}?a%ﬂe
shi b gq%gﬁclﬁeq&&er§éfultaneously patterned under the
F- based etching condition wthout reapplying a resist

filwpegeluised for patterning the antireflectivelayer
13 (Figure 4D), and then the remaining resist film17
is exf oIIi“aYlE%I PEF?‘b‘tPr gmbdimepty  the seconpg H‘F§151b|“@€bs!57a

exagrpl erlﬁ.‘ §F3 'B\%ﬁﬁt%&e%gngs{ eSJI'I'Slt masét%ve h o Ifl'gF e:lﬁ

forme Figure covers a ort| (hal’

as appIiRgkon eyeEréitls fad.Ohkd arpd&h;%ﬁ whdee AhaSfasikidfer
| ayer is renoved (a portion where a substrate is

expbsdgft Oméhealrﬂsllﬁéfﬂﬂém Weeﬂpayeﬁ W3 pahteitrh expegpite .
h d hi t he

ot F R o o B g AP BER AL B O PPy T BRI i

4H)1Lgh@nfir5m Rak! Yadk8188Sh Bﬁé&nﬂa@ k&nd &'meﬁl %e

so that a phase shift mask is conpleted (Figure 4
Thiresist is exposed only in an area where the phase shift 1ayer

16 is removed. Therefore, by developing the resist, aresist
mask shown inFigure 4F is completed, whichprotects the portion
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 layer 16 (process from Figures 4C to
Figure 4D), so that the surface of the antireflective layer
13 may be exposed and etched. When etching occurs thus on
the antireflective layer 13, characteristic values such as
‘a reflectivity may be deviated from design values. For this
reason, in the process of Figures 4A to 4I, it is necessary
to set a .large thickness for the first provided resist £ilm
17.

i0088]




method is preferable when the antireflective |ayer 13
is made of a silicide material. [0086] |In the
present enbodi nent, the second resist nask 17a is
formed using a negative resist. The negative resist is
applied on the front side, and a portion where the
mask layer is left on the resist filmis exposed by
pattern exposure. Thereafter, when the entire surface
is exposed by irradiating light fromthe back side of
a photomask substrate 11, th -resist is exposed only
in an area where the phase shift layer 16 is renoved.
Therefore, by developing the resist, a resist nask
shown i nliFegder tafrediceortpl ttiaknenhi ath the ofesats fine 17
por i« l@ | eft .as the mask | ayer and the portion where
t he "SUDE FEInY Sthey gty Pr[’%%ﬁé‘?] 1t {RpEE1b1e tonpdopt

Pr 0GE&Sthdd&r Lk PelfiS) StanZ iR 5&%)’%‘1 CP}.’V géqu' s

.the etching process o e |1 ght

and a blerguiiasecaipolihd |FHyYel the éwtnféﬂz&&cfiﬁnl&ygﬂ nesodiée
ure 4D), so that the surface of the

ant |aPégﬂh€eﬁ%l?%ﬁé?th%rﬁwtwsém@mnar@m 2 lpegtion

Whep; o the antireflective |
13, @cﬁ%ir:l c?gfr%os H%ﬁvg\ggés&gﬁgh 2‘5 cor(li”é? Itgc%ﬂfv %‘{/

be deyisirgdcd raMtHe S ré@le@Sivel hydNi1S 15€58QILivbily
the process of Figures 4A to 41, it is necessary 'to-
set PEPYegitge qvnircmveggclfw praselssr sAndkbws dbd swEhase of

fi l{phe rtelsll[e% ef:i:Pfﬁ }ﬁyer ?rBdJ.esr nctai(:) e&%gggeort Iaqere}fglag#:({]flsi:%
.or the like is not deviated from a design value.
[a089]

To be specific, after removing the resist f£ilm 17 used
when the antireflective layer 13 is patterned {Figure 5D),
the resist film 17a is additionally provided on the
antirefiective layer 13 and patterned thereon (Figure 5E),
and finally only a portion to be left as a mask layer is masked.
When the phase shift layer 16 is a halffone 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

- £rom the subsequent etching process. Further, when using the
same resist material as the resist mask of the antireflective
layer 13, it is preferable to set a large thickness for the
resist. Next, the light shielding layer 12 and the phase shift

layer 16 are simultaneously patterned under the F etching



whi |l e avoi ding the above problem it is possible to
adopt a nethod of patterning, when the antireflective
| ayer 13 is a chrom um conpound film the
antireflective layer 13 once and then form ng anot her
resi st mask covering only a portion finally left as
the mask | ayer. According to this nethod, the surface
of the antireflective layer 13 is positively

protected over the etching process, and thus the
surface of the antireflecti3fe-layer 13 is not etched
or areflectivity or the like is not deviated froma
desi gn value. [0089) To be specific, after renoving

t he %éi%feolf bY w19 dbedntiwheflactévarinyeefllead auetchysy
13 is gﬁerned Figure 5D), the resist filml7ais
addfﬁlon Y9/ 8r okt ‘ded on the antireflective |ayer 13
and pavgerned thereon (Figure 5E), and finally only a
portion to be left as a mask |layer is masked. Wen

t he phad€tehitiiis| pytetterhfing s thehaltiirefite Phiaee 1696t 113 of
| ayer hal ft one phase shift nmask), demand for a finer
nmasR FREyBLum FarPet ig reppyrd DEl ()Pll bR -TFargdfioy @tching

5. 088 Bhepllr SRldasal £38 Fa LBLE it b2 Rlek Figure

re-application aci-ng ~ i mpor
r esbS} . anaetdmtingy, ﬁrthalhg:htrsﬁﬂ@lmih@ﬂa 59213 mé A £ilm
surface of the antireflective |ayer | s protected from

t hel%Eﬁ‘E‘éfﬁﬁe‘?ﬁ Cétfmqﬁgdam etaddog (FFlJnglherSH)wtrehtlnsragist
ﬁn? eslst 4 ée& S tt h esi st mask of the
antl FefTective Taferd15° ey gFgP%tﬂh@Sf’o‘ﬂ’é‘&t mask
| arge cbip derdS $riQird l3g) resist. Next, the light
shielding layer 12 and’ the phase shi ft | ayer 16 are
si h90f&heously patterned under the F etching 36
conditign by using the antireflective |layer 13 as an
et chin gﬁm t is nécessary 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 seta relatively large thickness for the first
provided resist to easily keep the resist in the processing
process of the antireflective layer, the light shieldinglayer,
and the phase shift layer or it is necessary to design the
thickness in consideration of the denaturation of the
~antireflective laver in the processing process.
[0052]
When processing a blank for a phase shifft mask using
a silicide £ilm as the antireflective layer, the resist can
bereappliedin the same steps as the case where fine processing
is necessary for the mask layer, in the processing of the
blank for the phase shift mask including the antireflective
layer of the chromium compound.

[0093]




mask (Figure 5F). [0090] After this patterning, the
antireflective layer 13 of a chrom um conpound is
renmoved by (G + 0) -based dry etching wusing the
provided resist film17a as an etching mask (Figure
5G). After that, the Iight shielding |ayer 12 of a
nmetal film is renoved by C -based dry etching (Figure
5H) and the resist film17a is exfoliated, so that a
hal ft one phase shift mask is conpleted (Figure 51).
[0091] When it is necessarys7te finely pattern the
mask layer, it is preferable to reapply the resist

i mredi ately before the etching of a light shielding
pat t er n.Thenphdtiomaghsklankt of | thenecesadr Wnvenshin and the

rel ag}i ¥e| | arge thickness for the first provided

r esP&p ?'?)Q/sé‘ag?'?’ifl%éﬁﬁ @9, Eke Rhotamasle Ylagkelayes feen
ro t b Lye , NN .

Oh e Serad U8 AU ERESAGENLYS IRLEC ordBehb A arp just

nec esamplest fordibeplgmehbitng tivd pkeeSR imvdinsh oty
the denaturation of the ,antireflective layer in the
pr oRESIT g ipYeRides. is godlimifnd, tpr tessss iemgodingindisk
for S j.f sk usjin a silicide filmas_.th
it TR fodilck o IR etk Spoddrients pie JitBan e

t hescae o8t BRS pRssddie 168R M LRAT 1118 sPEBCEST Blom | the
necessary for the mask layer, in the processing of the

bl AECEEPtigte thhtisethel farhmsk embedintinty &he available
er _of the chrom um conpound. [0093]

anti.reflective |a
37 wa.t%in Lghe scope ch the present invention.
Industrial Applicability
[0094]
The present invention provides a photomask including

a fine photomask pattern formed with high precision, and a

- photomask blank for providing the photomask.




The phot omask bl ank of the present invention and the

phot omask fabricated using the photonmask bl ank have

been described in the enbodi nents. These enbodi nents

are just exanples for inptedenting the present

invention and thus the present invention is not

limted to these enbodi nents. Various nodifications
ofrdfese enbodi ments are within the scope of the

present invention and it is obvious fromthe

description that other various enbodi nents are

available wthin the scope of the present invention.
lindustr makhAgpbifcabblitytih§094phIbempsrsesbmphvenhoOn
provi des a photomask including a fine photonmask

pat t eenstepned wrthahigb prebbsomaskantlaak pholoedisy an
bl ank for providing the photomask. - 38 - CLAIMS 1. A
rettHog fdfecitde davengol P hwttontasiompeomst |f9|1mgwhaCbt epnnot
~of preparing a_photomask blank including a

& iSHpEtestigd Lyagéehsa BYnﬁbéPréeﬁpbaﬁ@dfdrﬁwthhhnq not

S R Gl B
LR M LT e
DB Sl i o Y Y AT B

@B%ﬁ?e@@@@@ﬁv@aé&gﬁE@EBb@ﬁébﬁg§BEQ1P¥ghtsh1eld1§9 ?yer

| orine-based dry etching contal ning oxygen

basadnetandrean RRiehchgdnby 58'9&b§€aﬁ@§§@l§r¥tched by
etching not containing oxygen {C based) and

- . thueorine-based diryeettbhggddrt ddasied) oxygen ( (Cl + 0) based)

~and can be etched by chlorine-based dry etching not containing
oxygen {Cl based) and fluorine-based dry etching (F based),
a first step of patterning the antireflective layer by
~ {C1l + .0)-based dry etching using a resist mask formed by
- -patterningonaprinciple surface of the antireflective layer,
and
-a second .step of patterning the light shielding layer
by F-based dry etching using the patterned antireflective
layer as a hard mask;
wherein the resist mask has a thickness of 100 nm to

250 nm.

2. 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 chlorine-based dry etching not



a first step of patterning the antireflective |ayer by
(A + 0)-based dry etching using a resist nmask forned
by patterning on a principle surf ace of the
antireflective layer, and a&%econd step of patterning
the light shielding |ayer by F-based dry. etching
using the patterned antireflective |ayer as a hard

Q‘Rﬁiﬁal\Ml@fgeb&yb@% Nesi StsedPSKndasrA dhieeness v9f a£00east

nmto nm 2. A nethod of fabricating a phofonmask,

CORPLIESERUOr Bn8tBRs 08 OF gpardHih doetamasky bkaakn ((cl +
including an antireflective |ayer of a netal conpound

fO)l mawleidd h acainddtiorieesbbhseantirgl by catiahed Fbpased), the

chl ori ne-based dry etching not 39 containing oxygen

@atiyedddrtang bayebbedenghathdisedhonlaehsyht @ edfding layer

chl orine-based dry etching containing oxygen ((d +

@)f Bagedrladd 1y usiichechased aeySQbéﬁaﬁgleﬁtlwa%@ﬁed by
? antlreflectlve | ayer bei ng stacked on gh
Shiterdiifg |a§§@1rdr¥31&t5hﬁﬁsé%0rﬁq1rﬁm %Y%@ﬁn(o(tclb ) based)

BRI B s
I e
fi rStasflex%tOfst%%It %gr;ﬂéﬁ‘*gefrlﬂfné‘r%fﬂé %E%&‘eff‘i%c'tgyr%rl%er by

F-based dry etc si ng resi st nmas

- Pabheeni dely c@Rnad R LBEHELr8URERCEa O Ad¥ehed by patterning
antireflective |layer, and asecond step of pat?ernlng

theal pghhcspilel duprgatayer thy &htbhasededtyvet ¢hi/8g, and
using the patterned antireflective |ayer as a hard
mask;a second step of patterning the light shielding layer
by Cl-based dry etching using the patterned antireflective
layer as a hard mask;

wherein the resist mask has a thickness of 100 am to

250 nm.

3. .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 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 +
0) based) and fluorine-based dry etching (F based), the
antireflective layer being stacked on a light shielding layer
of a metal film which cannot be substantially etched by

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



wherein the resist mask has a thickness of 100 nmto
250 nm 3. A nethod of fabricating a photonask,
conprising: a step of preparing a photomask bl ank
including an antireflectiveld ayer of a. netal
conmpound fil mwhich cannot be substantially etched by
chl orine-based dry etching not containing oxygen (C

hasedin 88 APy ehabed kY hakeheds) ot PAEnfhot containing
chl ori ne-based dry etching containi'ng oxygen ((d +

QxyRRsedl 1 argkdd uede1hasede dp Y sl i P& tdh ibRs @) based) ,

the antireflective |ayer being stacked on a |ight

- shi el di agepayérsuoteashetdy patterhich chansttbeeflective
substantially etched by chlorine-based dry etching
dewyeai ahAgtbeyheah( (Qiel Ding Hayed) b40F-hadedadrpeetching
etched by chlorine-based dry etching not containing
SRGOrR FEF1phyedk tmandd by batderadag o ¢ ratighiipg g Furface
based), a step_of successively patterning the

St Pef PLiired Lerchydf adAdeThe | i ght shiel ding |ayer by

F-b d fching ,using a resist mask forne
Dt oP AT ReT Bt Ee ikt o1 B R T et S5 B M0 nm to
?Ebiﬁﬁilective | ayer; wherein the resist nmask has a

I'c

ness of 100 nmto 250 nm 4. A nethod of
fabricating a photomask, conprising: subsequently to
the second step of claim1 or 2 or the step of

i~ basgdndf Yo @t &Hi Agb P £ BN 3. pRosdEPsf Addhiional!ly
provi ding a second resist nmask forned by patterning

on- t henlpad qesmely ad ithef keebhvestayesr afddi 1t Be 2 or the
resist mask is renoved, and a step of patterning the
ahepr ef| Bebaged| dygr eandihbeof claim 3,

a step of additionally providing a second resist mask
formed by patterning on the patterned antireflective layer
after the resist mask is removed, and

a step of patterning the antireflective layer and the

light shielding layer by dry etching using the second resist

mask.

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 one metallic element
- selected from tantalum {(Ta), tungsten (W), zirconium (Zr),
hafnium (Hf}), vanadium (V), niobium (Nb), aluminum (Al), and

germanium {Ge).



l'ight shielding | ayer by dry etching using the second
resist mask. 5. The nethod of fabricating photonask

bl ank according to any one of clains 1 to 4, wherein
the netal filmis a netal or alloy mainly conposed of

at least one netallic elenent selected fromtantal um
(Ta), tungsten (W, zirconium (Zr), hafnium (Hf),
vanadi um (V), ni obi um (Nb), 4élun1nun1(Al) and

germanium (Ge). 41 6. The nethod of fabricating

phot omask bl ank according to any one of clains 1 to

6. Wheiemathbe di ghbr shitahndi Pigodcieelk bBarBd@cob®idf t8 any
plurality of stacked nmetal films. 7. The method of
babraiftcaflkings phabobpskerkanktlac dagdt nghicd dany 1oyer ak made
claims 1 to 6, wherein the light shielding |ayer has a
thiekrrepd urat i afmstacked mmta8. fThes net hod of
fabricating photonask bl ank according to any one of
clains 1 to 7, wherein the antireflective | ayer has an

extinction coeff|C|ent k to 1.0 relative to a
wavel BifgPRthof OéxB%%{ﬁ(@qlpghﬁhot@ma?ﬁeb%ﬂ%aacwfdmg to any

AR 67 L e, Uk PLank AGeat g 9,0, .00: O

S st one of a chrom um conpound fil m and
gngfgﬁﬁ %lfﬁ? 10. The nethod of fabricating

photonask bl ank according to claim 9, wherein the
chrom um conmpound i s a conpound mai nly conposed . of

ENr OMiH&M Xk e o FCREIWTI A AL tEHARmaQk #Y drfi Q@c&ml%ats any
11-. The nethod of fabricating photomask bl ank

ase efdicngit® Clai M, Shendier €hd shieidlieCdfe i Tay@r has an
conmpound mai nl'y conposed of silicon oxide, silicon
euttimcdeépn orosSifliicdont dxpden. Ditor Ld@.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 laver includes

at least one of a chromium compound film and a silicide film.

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

oxide, silicon nitride, or silicon oxygen nitride.




- 42 12. The nethod of fabricating photomask bl ank

according to claim 11, wherein the silicide contains

oxide, nitride or silicon oxygen nitride of a

transition nmetal. 13. The nethod of fabricating

phot omask bl ank according to claim 12, wherein the

transition netal is selected from nol ybdenum ( M),

tantal um (Ta), tungsten (W- 44 rconi um (Zr), haf ni um

(Hf ), vanadium (V), and niobium (Nb). 14. The net hod

of fabricating photomask bl ank according to claim 13,

wher erRe mBehdd 3fSiddr@BaPBIRbhbPorkdi B1dHIChEE MBS g to claim

aconcentration ranging from0.2 at.%to 25 at.% 15.

- The wietrhod tak fidbricatconga phobanmsknbt aitde acecal dtsg ok@gen
any one of clains 1 to 14, wherein the antireflective

Rrayerdd ssfmaderangitdfoncoapound fil ms stacked with

di fferent conpositions. 16. The nethod of fabricating

phot omask bl ank according to any one of clains 1 to

15, wherein the antireflective |ayer has a thickness
6@ . 15Tl'|xﬁﬁn?6h%xbo’ﬁrﬁabrlcating photomask blank according to claim

12, wherein the transition metal is selected from molybdenum (Mo),
tantalum {Ta), tungsten (W}, zirconium (Zr), hafnium (Hf), vanadium

(V), and niobium (Nb).

14. The method of fabricating photomask blank according to claim
13, whereinthe transitionmetal inthe silicide has a concentration

ranging from 0.2 at.% to 25 at.%.

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 o 15, wherein the antireflective layer has a

thickness of 15 nm to 30 nm.



