PHOTOVASK BLANK, PHOTOVASK AND FABRI CATI ON METHOD
THEREOF Field of the Invention [0001] The present
invention relates to a photonmask, a photomask bl ank,
which is a raw material of the photomask, and
fabrication nethods thereof. Background of the
I nvention [0002] In recent years, in order to neet
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- large-scale integrated circuits, advanced
sem conduct or m cromachi ni ng techniques have becone
Febetlige s ythiempektamt onfFor exanpl e, increasing the
packaging density of a large-scale integrated circuit
[®@9®aritially requires a technique of thinning wires of
Wring patterns in the circuit or a techni que of
mi ni Bhepreiseg tal woen @oen melle tepata & phoftamaskt,ea lphotlomask
- wiring of a cell. The trend toward mniaturization of
bdapkyivhish tepravolater il of he nhutegrasiedandifebuiitstion
1s_being accel erated because it is the nost effective
mﬁﬁﬁPGﬁc%hFﬁePﬁcrease t he operation speed thereof and
reduce the power consunption thereof. [0003] Mbst of
such advanced ni cromachi ning techni ques are based on
lLth a chni que usi ng a phot omask.
B%EEPP$§%§ b%hggé ?$¥en k°"as well as the exposure
[ggpafatus and the resist material, is an essential.
technique for - 1. mniaturization. Therefore, in
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of thinned wires and a mniaturized
miniaturization of circuit patterns required for increasing

the packaging density of large-scale integrated circuits,
advanced semiconductor micromachining techniques have become -
- exXtremely important. For exaMple, increasing the packaging

density of a large-scale integrated circuit essentially

requires a technique of thinning wires of wiring patterns in
the circuit or a technique of miniaturizing a confact hole
pattern for interlevel wiring of a cell. The trend toward
miniaturizationofcircuitpatternsoflarge—scaleintegrated
circuits is being accelerated because it is the most effective
Happroach to increase the operation speed thereof and'redﬁce-
the power consumption tﬁereof.
[00031]

Most of such advancedmicromachining techniques are based
on the photolithography technigque using a photomask.
Therefore, the photomask, as well as the exposure apparatus

and the resist material, is an essential technique for



contact hole pattern described above, devel opnent of a
technique for formng a finer and nore precise pattern
on a photomask bl ank has been pursued. [0004] To
forma highly preci se photomask pattern on a phot omask
substrate, it is essential that a resist pattern
formed on a photomask bl ank is highly precise. vwen
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pattern provided on the sem conductor substrate after
fgﬁﬁééure [ 0005] Furthernore, at present, circuit
patterns witten_on sem conductor substrates by
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exposure or the like. 2 [0006] Thus, as a

patpern rﬂi&(ﬁlelﬂ bantReho tdied $k AlCab8TROAbYL btsl%s as large

as the size of the pattern formedon the semiconductor substrate.
However, this does not mean that the restriction on the
precision of the pattern formed on the photomask ig relaxed.
On the contrary, the photomask pattern has to be formed with
higherprecisionthanthepatternpxovidedonthesemiconductor
substrate after exposure.
[0005]

Furthermore, ét present, circuit patterns written on
semiconductor substrates by photolithography are
significantly small compared with wa§elengths of exposure

light. Thus, if reduction projection exposure is performed

using a photomask that has a photomask pattern formed from

a circuit pattern on a semiconductor substrate through 4-fold
magnification is used to perform, the photomask pattern cannot
be faithfully transferred onto the resist film due to

interference of the exposure light or the like.




an. OPC mask that corrects the optical proximty
effect, which degrades the transfer characteristics,
by the so-called optical proximty effect correction
(OPC) and a phase-shift mask that nakes the phases of
adj acent aperture patterns .different by 180 to nake
the optical anplitude at the m ddle of the adjacent
fggéétre patterns zero. For exanple, the OPC nask has
0 e an OPC pattern (a hammer head, an assist bar
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exposure light and a translucent region that has controlled

. transmittance and phase-shift capability, is known as a
. technique that provides a greatly improved resolution and

"widely used because it does not require significant

-modification of the mask design.

[0007]

Typically, when forming a photomask pattern, a
" photoresist film is formed on a photomask blank having a
light-shielding £ilm on a transparent substrate, the
photoresist £ilm is irradiated with an electron beam to write
-a pattern thereon, and the photoresist film is developed to
provide a resist pattefn. Then, using the resist pattern as
ah etching mask for the light-shielding film, the
"light-shielding film is patterned to form a.photomask pattern.

'In order to form a fine photomask pattern, it is important




If the resist pattern is mniaturized w thout reducing
the thickness of the resist film the aspect ratio
(that is, the ratio between the resist filmthickness
and the pattern w dth) of the part of the resist
serving as the etching mask for the |ight-shielding
filmincreases. In general, as the aspect rati o of

[ tt.er s, .the beco
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paitLrn is used as the etching nask, the preci si on of
the transfer thereof onto the light-shielding film
fdeesgpses. In an extrene case, a part of the resist
pattern may fall or peel off, resulting in a

def ectfi tRephbsesd. pdtitsrn as hﬁﬁlﬁ'&%ﬁ:ﬁ&%&kw1ﬁﬂbh€r:Beducmng
becones finer, the thickness of the resist filmused
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to be reduced to avoid an undesirably great aspect
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oéftfe,pz'resFl?{ting in a defective pattern. Thus, as the photomask
pattern becomes finer, the thickness of the resist film used

-as the etching mask for the light-shielding £ilm has to be
reduced toavoid anundesirably great aspectratio. The aspect
ratio is desirably equal to or less than 3. For example, when

forming a resist pattern having a pattern width of 70 nm, the
thickness of the resist is desirably equal to or less than

210 nm.

[0009]

As for the material of the light-shielding film that is

- patterned using the photoresist as an etching mask, many

materials have already been proposed. Among others,
chrome-metal f£ilms and chromium-compound films can contain
a large amount of information about etching, so that, in

practical, such chromium compounds have been always used as




exanpl e, in Japanese Patent Laid-Qpen Nos. 2003-195479
and 2003-195483 and Regi stered Japanese Utility Mode
No. 3093632, there have been di scl osed exenpl ary
structures of photomask bl anks, which have a
l'ight-shielding filmnmade of a chrom um conpound t hat
has a light-shielding characteristic required for a

hot omask bl ank designed for ArF exposure. [0010] In
BRCPAFSTiRE PF GHbe shi GREr ABLALAMARALLE] andhFerming the
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changes, and it iI's difficuit to accurat y trans?e
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film [0011] However, it is technically difficult to
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both high resolution and patterning precision and
dompowtd ithag haesa dtigide-shis fdEmasharachesikitacatequired
atterning process is used, there exists a tradeoff
viedhattaasis dtianlordesitoned fer chihgexpessrance.
%ﬁfcifically, the photoresist filmhas to be nade
r to achieve higher resol ution, while thinning -

5 the ph m.has to b ted t
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etching. However, suchetchingoftenhas asignificant effect
on an organic film, such as. the photoresist. Thus, if the
' light-shielding film made of a chromium compound is etched
using a relatively thin resist £ilm as a mask, the resist is
damaged during the etching, the configuration of thé resist
pattern changes, and it is difficult to accurately transfer
the original resist pattern onto the light-shielding f£ilm.
[0011]

However, it is technically difficult to make the
photoresist, which is an organic film, have both high
resolution and patterning precision and high etching
resistance. As far as a conventional patterning process is
used, there exists a tradeoff between the resolution and the
etching resistance. Specifically, the photoresist film has

to bemade thinner to achieve higher resolution, while thinning




whi | e reduci ng the burden on a photoresist to reduce
the thickness thereof, it is necessary to optim ze
the structure (including thickness and conposition)
of the light-shielding filmto be patterned. [0013]
As for the material of the light-shielding film many
investigations have already been nade. For exanple, in
ganese Pat ent Lai d- Qpen No. 2001-312043, there is

O%ﬁw‘ﬂe‘&%ﬁﬁil@ Bas GRibenl i bed doms seraltheiekehing
s_used as ht - shi el di n filnifor Ar F exposure.
F%S%Siiﬁaglce%(éﬁ'}ﬁ]é?ggath‘? At dAt¥81mis used as a
~ﬂdéh ~shielding film a tantalumoxide filmis used
as anm antireflection layer, and the two |ayers are
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etching. [0014] However, even if such an etching

woRGiddsentherseFecieds naaefsaarg&d i Zeayes Sstztdtecure
light-shielding filmand the antireflection |ayer,

(dmeletdohedtiibckge saland bemphsivies) if tRé KiARK.shielding
reducti on of the burden on the photoresist is limted,
fadan ito be deffieqmed.t 0. sufficiently satisfy the
demand for highly precise formation of a fine _
[9Rdtdmask pattern. [0015] 6 Alternatively, there has
been_known a techni que of reducing the burden on the
photbreSts: AR gt ek iy wh%ﬁwwm & ok many
a Japanese Patent Lai d-Op .
18&?@%&@%?%& Bevd’ qEzRoTe koA Born- qu%osfexample in

Jgg))éhég‘é@ r$_qa| ' | Ngl %Jll lﬂé’iﬂ:ﬁgtgere 1s reported.
rnmea on t

an example in which a tantalum metal film is used as a
light-shielding film for ArF exposure. In this example, a
tantalum metal film is used as a light-shielding film, a
tantalum oxide f£ilm is used as an antireflection layer, and
the two layers are etched using a fluorine-based gas plasma,
which is relatively unlikely to damage a photoresist, iﬁ order
to reduce the burden on the photoresist during etching.
[0014]

However, even if such an etching condition is selected,
as far as the two layers, the light-shielding f£ilm and the
-antireflection layer, are etched using only the photoresist
as amask, reduction of the burden on the photoresist islimited,
and it is difficult to sufficiently satisfy the demand for
‘highly precise formation of a fine photomask pattern.

{0015]




silicide filmas an etching mask. [0016] However, the
Si 2 has a poor conductivity, so that a problem of
charge-up tends to occur during exposure to an

el ectron beam Furthernore, defect inspection of the
phot omask bl ank is typically based on the refl ectance
thereof, and light having a wavel ength of 257 nmis

used for the defect inspection of a mask for
Ar F- 8XpBEBRELVELY or §BPTEONEE cHPGRekPOWACRi EQEhRfgue Of
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structures cannot satisfactorily neet the demand for

shiigblie preri ae har srthe@Rgofagkli ne phot omask pattern

on the light-shielding film This problemis

[paididcul arly serious in the case of a photomask for

phot ol i t hography usi ng exposure |ight having a short

- wavelerrier of tiEs §ifm Dl dss Bopoehi odnduitgivity, so that
resolution is required (KrF. 248 nm ArF:. 193 nm F2:
aproblgm ofGiarges uth & epgdve kengepubf dyhine grpaauee to an
#i Et becones shorter, the design of the
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0 pattern_that .ca rlece he burden on_the
P AIEE St Rk Ther Lo SR et <ians? thof et
ax%%\oﬂ%g)]tﬂtoﬂaeﬁﬁgl fWaRr%l%%g%?xl JF dzéaiy n}nhfs hg\éﬁn}éézg I%he defect
inspection of amask for ArF-exposure. Inorder toaccurately’
achieve the defect inspection, the reflectance for the light
of that wavelength has to fall within a range of about 10 to
20 -%. However, if the $i0, film is used as an etching mask,
there occurs a problem that the SiO; film has an excessively
highreflectance, whichinterfereswith the defect inspection.
[0017]

As described above, conventional photomask blank
structures cannot satisfactorily meet the demand for highly
precise formation of a fine photomask pattern on the
light-shielding £film. This problem is particularly serious
in the case of a photomask for photolithography using exposure
light having a short wavelength of 250 nm or less for which
high resolution is required (KrF: 248 nm, ArF: 193 nm, F,:

157 nm). Thus, as the wavelength of the exposure light becomes

shorter, the design of the light-shielding f£film for forming




The present invention has been devised in view of such
probl ens, and an object thereof is to provide a

phot omask blank that has a light-shielding film
having a configuration that allows highly precise
formation of a fine photomask pattern through
reduction in thickness of a photoresist used as a nmask
for formng the photomask pattern, and a photonmask
arigh baPagcisgsi plae tereasis pe tiiesmolipak dsinankdusedies borden
Sol ving the Problem [0019] In order to attain the
OBptBet PheseresdgtaBssemes BREEOHMEIBRTEANENK accor di ng
to the present invention has features described

bel ow. [0020] A photomask bl ank according to the

.Lhvention s _a, photomask bl ank conprising: a

D?%%%%E%%%ﬁtSﬁuéﬁ?ré?g?ngﬁan a light-shielding filmfor

Pf599éMr€o!théoi9§ﬁ§?yoﬁgéhﬁ?g%§?gﬁgafent substrate,

characterized In t lelding filmhas a
[b@igk t hi ckness of 100 nmor less, 70 %or nore of
which is accounted for by the thickness of a chrom um

conprid pridiinthasventephi Bak €688 dev{<dd iRe% i b£8such
t hi ckness of 0.025 nm 1 or less for light having a
prebbéeagnd af o858cnmhdidF] s tirmferaid i phdtenaekablank
t hi ckness of the light-shielding filmis equal to or
thathahanladghhnshfiedd2hg fhlmddivimgn a poefiégabayiobhehat
optical density (OD) of the light-shielding filmis
- ablows gy pgieciisghf ormot hgnaofey dlieggphotomask pattern

- through reduction in thickness of a photoresist used as a mask
for forming the photomask pattern,. and a photomask fabricated

using the same photomask blank. -

- Means for Solwving the Problem
" [0019]

Inorder to attain the object described above, a photomask
blankaccording tothe present inventionhas features described
below.

- [0020]

A photomask blank according to the present invention is
a photomask blank comprising: a transparent substrate; and
a light-—shiel‘ding film for exposure light formed on the
transparent substrate, characterized in that thé
- light-shielding film has a total thickness of 100 nm or less,
70 % or more of which is accounted for by the thickness of

a chromium compound that has an optical density {OD) per unit




of 193 nmand/or 2.5 to 3.5 for light having a

wavel ength of 248 nm [0023] The |ight-shielding
filmmay be a multilayer filmthat contains a stack
of a plurality of layers, and the uppernost |ayer of
the multilayer filmpreferably has a thickness of 10
to 40 nm [0024] The photomask bl ank according to the
present invention has a light-shielding filmhaving a
Ehjckiesss off 0 1025 mm Oror less fomtliwhe hakiigh @tehiedgngth
rate and a | ow netal percentage content. Thus, if a
othi4 Op@Bt-oresi st film (for exanple, a chemically
ﬁﬁ?lified photoresist filmhaving a thickness of 250
[0 |l ess) is formed by application and used as a

K h . duri hi | i -
CubsPEREFERPIYy Shedptay 08s5knRsd et e dd il sifdng
fgﬁ t Qg u%h?@% %%cqr%inqhto %Benmpresent invention
achi eves an i ncr eased gry-e chi'ng rate by adapting

[obe2yhi ckness and conposition of each |ayer to provide
a desired optical characteristic and by providing a 9

|1 ghtn Hiltdidly prbaebavipy nd epriBhel adfy 88 o
conte%t. Theref%re, the ?gad onﬁ?he photofﬁ%ﬁg?,q(mfthe

laphethshselgedgdsiln isask 403, § ebri1AgH RGBS velength
pattern, during dry etching is reduced., a
ofrbed iromlangl /agcepbabd €3 | o \felr dfigat-changng as ivgsivaiegtits of
assured, and thus, the thickness of the photoresist
2481 An-can be reduced. That is, according to the
resent invention, reduction in thickness of the
[gﬂ%§$resist film whichis required for formng a

fiT“%ﬁﬁ“?éﬂH%*% fgfé¥g5\¥£f$ gy%hbe a multilayer £ilm that
contains a stack of a plurality of layers, and the uppermost
layer of the multilayer f£ilm preferably has a thickness of
10 to 40 nm.

fo024]

The photomask blank according to the present invention
has a light-shielding film having a thickness of 100 nm or
less that has a high etching rate and a low metal percentage
content. Thus, if a thin photoresist film (for example, a
-chemically'amplified.photoresist film having a thickness of
250 nm-or less) is formed by application and used as a mask,
thédamageoccurringduringetchingissubstantiallyreduced.
{0025]

As described above, the photomask blank according to the
present invention achieves an increased dry—etching rate by
adapting the thickness and composition of each layer to provide

a desired optical characteristic and by'providing a




precision, is achieved. [0026] A photomask bl ank
according to the present invention may be forned as a
phase-shi ft mask bl ank, which is a half-tone
phase-shift mask bl ank conprising: a transparent
substrate; a translucent film having a predetermnm ned

phase-shi ft capability and a predeterm ned
transn1ttance for osure light forned on the
Jr%tﬁ%-p%rﬂe%&d%@flm gavana @ ldv ghtadhperdembade lanntent .
formed on the translucent film characterized in that
“ET}F‘er‘%ﬁ%?% ddehiload r‘?unh§§eaPF@§P6ﬁS?-ﬁ5t- whbeh ol psuged frs a
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The translucent filmmay be a nmultilayer film and

. regadirednéolraferrndng e fiulet iphaytemnakikl g\ameahet:@rcﬁbhygﬁ
| ayer that contains both silicon and nol ybdenum
PFggzgﬁonhniaddbhﬁ@Nedpreferably, the optical density
& of the light-shielding f ilmis 1. 2 to 2.3 for
[PPgRE having a wavel ength of 193 nmand/or 1.2 to 2.3

for A pgll?)ttor:}n%\gknglgnl\é\%vcec!oerr&gltnhg 82 thze4];8>r2rsnent invention ma

Y
be formed as a phase-shift mask blank, which is a half-tone
phase-shift mask blank comprising: a transparent substrate;
- a translucent film having a predetermined phase-shift
capability and arpredetermined transmittance for exposure
light formed on the transparent substrate; and a
light-shielding film formed on the translucent film,
characterized in that the translucent film has a region that
contains both silicon (Si) and molybdenum (Mo}, and the
light-shielding film has a thickness of 60 nm or less.
[0027]

Preferably, the thickness of the light-shielding film
is equal to or less than 50 nm. More preferably, 70 % or more
the total thickness of the light-shielding film is accounted
for by the thickness of a chromium compound that has an optical
density (OD) per unit thickness of 0.025 nm™* or less for light

having a wavelength of 450 nm.

[0028]
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[0030] Preferably, the light -shielding filmis a
multi-layer film that contains a stack of a plurality
of layers, and the uppernost |ayer of the multilayer
filmhas a thickness of 10 to 30 nm [0031]

Preferably, 70 % or nore of the total thickness of the
light-shielding filmfornmed in the photomask bl ank
according to the present invention is accounted for

by tHeethranptagenbffiple Hraw kena apdduddndratfidas and at
chrom um content of 50 atomic % or less in terns of

1gaski ene A3¥eT Pdoshe Mt bR eT Filn Ae proferably alil@yer
filmmy conpri a. chromumnetal filmhaving a '
f,nFoﬁPﬁﬁF&Bﬁt éﬁ?goﬁl%e}cgfloﬁfl{y ‘%’Sé'}’dﬁﬂfl@'i n terms of
8b9gyc ratio and a first and a second chrom um
conmpound film having a chrom um content of 50 atomc %
or | ' .2 IT5 1 & 3Ll t .
chr oy S i pPreBERRLY Wild BpeRlth diheacy (gR) of the
1ihet sARE O HEFaamPEYNd) frigl oM 138 tIREA
cﬁr om um cghrrpgtmd fil ?n ngle;S?EgrﬁLB?ﬁ addirhth %w,avtef}gngth
of i p¥8 mhiagladtiorg1f 2l #o MRY3 E@APLI§RtahAYBhg aamﬁv@l%?%d of
chromummnetal filmhaving a chrom umcontent of 50
248onmc % or nore in terns of atomic ratio and a first,
a second and a third chrom um conpound film having a
[@930ki um content of 50 atomic %or less in terns of
atomc ratio, and the first chromumnetal film maybe
di sga&EPIRt ibehheAd ghitrshiedi9ioe fikdre begauntt ¥1ayemAdlm
t he second chrom um conpound fil and the second
et GAPER-RERS L35 AF W%@J&%ﬁgéeyséﬁm@@# thegppermost

18580 ¢hrom, Yy gompoupd, film and, the third. 16 to 30 nm.

[0031]

Preferably, 70 % or more of the total thickness of the
light-shielding £ilm formed in the photomask blank according
to the present invention is accounted for by the thickness
of a chromium compound that has a chromiumcontent of 50 atomic &
or less in terms of atomic ratio.

[0032]

In addition, the light-shielding film may comprise a
chromium-metal £ilm having a chromium content of 50 atomic %
or more in terms of atomi;: ratic and a first and a second
chromium-compound filmhaving a chromium content of 50 atomic %
or less in terms of atomic ratio, and the chromium-metal £ilm
may be disposed between the first chromium-compound £ilm and
'~ the second chromiur_n—compouné film.

[0033]
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chrom um conpound film [0034] Preferably, the second

chrom um conpound filmhas a thickness of 3 to 30 nm

[0035] In addition, the light-shielding film

preferably has a reflectance of 30 %or |less for

i ght having a wavelength of 250 nmto 270 nm and

the light-shielding filmmy have an anti-reflection

capability. [0036] The light-shielding filmnmay be a

mul t Thagshd tiiidnm thmlighbnshietding fadk mefy comprise athirst

of layers having different optical characteristics,

agdd & FECOpPerhbenivyyRetal fhgm having & ehgomigm content
referabl¥ has an extinction coefficient (k) of. 1.0

029 %t‘P‘B c% é’r'Ft MR%Gi HY Ee%é%%ﬁ&t’ﬁ‘lﬁfr‘} %orﬁ‘ﬁd a first,
[ 0037 ti t of

o 50k P 1y BB TR GBS LB B ot
o Sl S0 O PO e EY Ao 11 ana

oxynitri e per ce age con om¢c

t% M&e&r%iﬁﬁ%&éﬂ% GARAMLL ﬁm‘é?%sfeh'ﬂ@tv?éerij@ﬂé %irst

to 1.0 nmfromthe surface of the uppernost

ch@)bﬁtﬁ.uﬂlﬁ-%ofngbéhacfld%&ﬁd RS dd X NEEE COMREHENE £11m,
nitrogen content > carbon content. [0038] The

aplashe sietbnadeckerdih k- REEAL df 1lgn Intayt M@ AREPpeR’kd between
invention has a light-shielding filmhaving a

thki skresd chro®@umrrompbesd fhan had &héi ghiedchi ng
rate and a | ow netal percentage content and is forned

chrompant campPuaént 1wl m
[0034]

Preferably,‘the second chromium-compound f£ilm has a
thickness of 3 te 30 nm.
[0035]

In addition, the light-shielding film.preferably'has a
reflectance of 30 % or less for light having a wavelength of
250 nm to 270 nm, and the light-shielding £ilm may have an
anti-reflection capability.

[0036]

The l1ight-shielding £ilm may be a multilayer f£ilm that
contains a stack of a plurality of layers having different
optical characteristics, and the uppermost layer of the
multilayer £ilm preferably has an extinction coefficient (k)
of 1.0 to 1.5 for light having a wavelength of 193 nm.
{0037] |

| Preferably, a primary constituent material of the
uppermost layer of the multilayer film is chromium. oxide,

chromium nitride or chromium oxynitride, and the percentage
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contai ning both silicon and nol ybdenum Thus, if a
thin photoresist film(for exanple, a chemcally
anplified photoresist filmhaving a thickness of 250
nmor less) is forned by application and used as a

mask, the damage occurring during etching is
substantially reduced. [0039] As described above, the
phase-shi ft mask bl ank according to the present
cppent o tautice? e ofaoxyaen eadddofiep- and idapiporr angHey£ilm
adapting the thickness and conposition of each | ayer
at AR ERF RE 8 -GetPrd ot £Eam therarifags ofc thedqubpermost
rovidin a light-shielding filmhaving a | ow netal

1B¥PE Mt AFE OO RCeATCOTHHRY dibiLBe PFEIPRLPYiPtthe nitrogen
hotoresist, which js used as a mask for formng a

cgﬂg?ﬁﬁagkcﬁEP?%rﬁ?nb%?fng dry etching is reduced, a

[gagg?ically acceptabl e I evel of etching resistance is
assufed, and thus, the thickness of the photoresist

i1 M 3hh 6 THRPYGE Ga sk @1 drke .a%%%%&éklﬁgstlsooo : teht_)eresent

present invention, reduction in thi
ipheh 01 68 1 19ds fd 1Mgntiseh d1ine 4 meHal@hgf 87 PhdkAess of
fine photomask pattern with high precision, is
6@achm evediess khat] 0240k nAghoedbhR@nyorabe ghre@S&Niow metal
invention, the dry-etching rate is increased by
pexckiriage tdenitdnibmuin Tonfemted e rigss i inguidivacdnightilm
el ement content) of the light-shielding filmof the
CoHE bhiR% e dh ks slokpar eahdvndlybdsonyent Fopsl, if a thin
chrom umbased |ight-shielding film and the

PROFRGRESE dnftd t (I xamthf e 2 (thamisially amphidiied
rovide, esired optical characteristic. _Therefore,

P e A TmE Gk B cRneRR AT LopGiR 685 h L sigkmed

b)I %pﬁ%ﬁk;@gnaarf’é‘ gtsgga a-SSk aenaéstke,r %hedélarnilang% gE:Xu%E:(::Llﬂlgn ]i:'fng

etching is substantially reduced.

[0039]

As described above, the phase-shift mask blank according
to the present invention achieves an increased dry-etching
rate by adapting the thickness and composition of each layer
to provide a desired optical characteristic and by providing
a light-shielding film having a lowmetal percentage content.
Therefore, the locad on the photoresist, which is used as a
mask for forming a photomask pattern, during dry etching is
reduced, a practically acceptable level of etching resistance.
is assured, and thus, the thickness of the photoresist film
can be reduced. That is, according to the present invention,
reduction in thickness of the photoresist film,'which is

required for forming a fine photomask pattern with high

precision, is achieved.
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reduced, a practically acceptable |evel of etching

resistance 1is assured, and thus, the thickness of the

photoresist film can be reduced. [0041] In

particular, in order to reduce the thickness and

assure a sufficient light-shielding effect, the

light-shielding film according to the present

i nvention has a structure including a stack of a

[100&)- el ement -rich and chromi umpoor filmand a thin

chromumnetal film Thus, the thin chrom um net al

fil nPEGATEARA fetha@ e semt Enyentlony. dheedry-¢talytey rate

the stress__exerting between the stacked filnms, and

15 BT R Sed b Fefertng dbsaehRT Ny copserns) (1ngngasing the

accordi.ng tq the present invention, fhere_can__ bhe

| lﬁﬁg‘ i &&&g‘gngh&’&ﬁﬁé‘%%bP£n%p‘Fh§t‘L9§£t‘Féf*leérgl&ﬂ f&?“‘a"f the .
rality r ' .S..0 nc ' control of .the '

PBoitolbast/ g G LR Wi Rt St BhrBna Wi basea

15 6RRSEWELARG AT AN, difd et @ﬂﬁ@kﬁaf St a#r?& STRWGH QR ture
d fil an of the

aring filmdéposition, contro

thepduetisidapoiath Prbvgab-as&a @ilcucm;ié 1&M dRdrackbristic.
allows formation of a fine photomask pattern on the
ThegbFfoghi, etHenYohd | o WiHd ghabiEGEH1S] dhidRiEFused as a
DESCRI PTION OF THE DRAW NGS [0043] [Fig.1A] Figure | A
- maskafgr Haneming e phstematkopat torew dining ldms etahiing is

an exenplary structure of a light-shielding film
reduaed. inpraphbtahds kasemtiabdeckr ik hgftakathipreséatance
_invention; [Fi%.lB] Figure 1B is.a schematic

1g asuced: gy thsewthe thickness of the photoresist film
can be reduced.

[00417}

Inparticular, in order to reduce the thickness and assure

‘asufficient light-shieldingeffect, the light-shielding £ilm
according to the present invention has a structure including
-a stack of a light-element-rich and chromium-poor film and
‘a thin chromium-metal f£ilm. Thus, the thin chromium-metal
filmcan enhance the 1ight-shieldingeffect, reduce the stress
—-exerting between the stacked films, and provide a sufficient
‘conductivity.

{00427

That is, according to the present invention, there can

be provided a photomask blank that satisfies all of a plurality
of requirements including control of the optical
-characteristic to provide desired transmittance T and

- reflectance R, stress reduction during £ilm deposition, and

control of the conductivity of the light-shielding film and
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for illustrating an exenplary structure of a
light-shielding filmfornmed in a photonmask bl ank
according to the present invention; [Fig.1C] Figure
1C is a schematiccross-sectional view for
illustrating an exenplary structure of a
light-shielding filmfornmed in a photonmask bl ank
according to the present invention; [Fig.1D] Figure
aH ¢ws of omatignrof |4 ukiretiinfatsk deperdenan dfhe he
opti cal characterlstlc_ébransn1ttance) of the

11 ght - eint el 4 g §3dmgvisHoi g Igefisden A to 1C on the
conposition (chrom um percentage content) thereof;
[Fig 2] Figure 2 is a graph for illustrating the

vvavel %@:RPJ?{AE dfeﬁﬁcmﬁ[b{gg ulslegh$ oll:a\éie?gc?

g5 tion of the photonmask blank, on the chrom um
percent age content of the |ight- shlelding film

[ Fi 918k ghhayr ep %ﬁf*e 4295 8RD sbRbmik i USLLGLd I n&e%@fo?an view

dependency, ‘on the chrom um perceni agée conte

forl511d6¥ratehynth eabApdat-gr i Rest Has e ;
time in the cgse wher 6 thg | i'ght - Shl§|d?2§b®% %%ﬁ%ldlng

fatlohgbrimed dry gephatdmelskobilankbasedrdiygetehithg; present
[Fig. 4A] Figure 4A is a schematic cross- sectlonaP

ipiventifogr; il lustrating an exenpl ary structure of a
light-shielding filmforned in the photomask bl ank
accom%ﬁgl% thiegyredBnis 4 achanpbie Jritiss 4RjciFaualeview

4B is.a schematic cross-sectional view for

£oF] h%w%ﬂ“ﬁal%% 2B BRPPRI JT ¥ A eopE a 1ight -shielding

h sh| in ilmformed in the photomask bl ank
féé@o%a d %e %Pég@ﬁﬁk blank according to the present

inventlon

-[Fig.1C] Figure 1C is a schematic cross-sectional view
for illustrating an exemplary structure of a light-shielding
film formed in a photomask blank according to the present
invention;

[Fig.1D] Figure 1D is a graph for illustrating the
- dependency of the optical characteristic {transmittance) of
the light-shielding films shown in Figures 1A to 1C on the
composition (chromium percentage content) thereof:

[Fig.2] Figure 2 is a graph for illustrating the
dependency of the reflectance for light having a wavelength
of 257 nm, which is used for defect inspection of the photomask
blank, on the chromium percentage content of the
~light-shielding film;
[Fig.3] Figure 3 is a graph for illustrating the

dependency, on the chromium percentage content, of the
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invention; [Fig.4C] Figure 4Cis a schematic
cross-sectional view for illustrating an exenplary
structure of a light-shielding filmformed in the
phot omask bl ank according to the present invention;
[Fig.4D] Figure 4D is a, graph for illustrating the
wavel engt h dependency of the reflectance of the
light-shielding films shown in Figures 4A to 4C
dry-gt4bing gate detesmangdabhsédron | thstelkgamginee in the
wavel engt h dependency of the transmttance of the
cpSghiheRretirndightmshd R nUn LRl uiss etghedo bEC;

ure 5A includes schematic cross-sectional

EfﬁF’lg Ezééli & I18§iLP3t‘Pﬁ§e9aleé¥ﬁ§t§P&BH st Luglt urEs of

[igh

WS %'gﬂf»g Wt %eﬁﬁ‘ﬁ?ﬁ%gg%’??%\%'cmrga%gﬁew
gepen ency %fr?q% re?'f'éi?f# %%;&Hj:%go |gl~l|t1 i F‘éﬁ%ﬁrgmg

fihh”ﬁoﬁl?@dwhd Rufd Hb?:oﬁié klﬁla{mf'agc Qﬁdgﬂ\%%& t%% bi—fe%ent

graph for illustrating t wavel engt endency 0
1hh§ntiaﬁ§m ttance of the I i ght-shielding filnms shown
in Figure 5A; [Fig.6A] Figure 6A includes schematic

Cr OSEFERCAB PnatigutiectB fHb sEhetfdt B idiMAIdduis cilackiew
structures of light-shielding filnms that differ in
foositiwrteitiag shraxdmpiary ait diciturehef ei highErgh6BlLding
Figure 6B is a graph for illustrating the. reflectance
fiharkeaegd gn gheophohempshhblank elaionding e tdleopmesant
Fi gure 6A;
invention;

[Fig.4C] Figure 4C is a schematic cross-sectional view
for illustrating an exemplary structure of a light-shielding
film formed in the photomask blank according to the present
invention;

[Fig.4D] Figure 4D is a graph for illustrating the
' wavelength dependency of the reflectance of the
light-shielding £ilms shown in Figures 4A to 4C;

[Fig.4E] Figure 4E is a graph for illustrating the

“wavelength dependency of the transmittance of the
light-shielding films shown in Figures 4A to 4C;

[Fig.5A] Figure 5A includes schematic cross-sectional
views for illustrating various stack structures of
light-shielding films that the photomask blank according to
the present invention can have;

[Fig.5B] Figure 5B is a graph for illustrating the

wavelength dependency of the reflectance of the

light-shielding films shown in Figure 5A;
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[Fig.7A] Figure 7A includes schematic cross-sectiona
views for illustrating stack structures of
light-shielding filns having a light-elenment-rich and
chrom um poor film formed on the side of the surface;
[Fig.7B] Figure 7B is a graph for illustrating the

refl ectance characteristics of the |light-shielding
films shown in Figure 7A; [Fig.BA] Figure 8A includes
schekBipe56l odbigus iBhals aiamapl diox |3 gt tatigng the

exenpl ar ¥tstructures of light-shielding films having
Wé‘V&Il@F’éﬂ JeBENERRGH O FBeatrapspittapeei A Abe

SRR Rt b B
EiSL eigréEEFlg 5 tE?gué t%é?gﬁglégﬁaﬁhFngs 32¢%100a1
v%%sfagcﬁgae %%EW @gglb Lugtnak ggrae{csasgg%%fy

structure o S accor

1egﬁ§eghlémagﬁblQﬂlmé7th§§ thgeﬁBkansgiﬁlSE b &

schemati ¢ croSs-sectional view [ustrati ng an

cﬁteﬁmhﬁLMesaguggmmetﬁgrgmﬁgonask blanks according to
the present invention; [Fig.10] Figure 10 is a di agram
for [FigséBht iMgnare 6BXdrplaaigraph FogeENusArat ifig Fhe
deposition apparatus (sputtering apparatus) used for
refbectantcagchapaotenbskibsank thecbidhhgshbelfitng films
-ﬁresent i nvention; [Fig. 11A] Figure 11A is a diagram
Bvni tRuELgatenghan exenplary process of patterning a

phot omask bl ank according . to the present invention;
[Fig.7A] Figure 7A includes schematic cross-sectional

views for illustrating stack structures of light-shielding
films having a light-element-rich and chromium-poor f£ilm
formed on the side of the surface;

[Fig.7B] Figure 7B is a graph for illustrating the
- reflectance characteristics of the light-shielding films
shown in PFPigure 7A; |

[Fig.8A] Figure 8A includes schematic cross-sectional
views for illustrating exemplary structures of
‘light-shielding £ilms having a plurality of chromium-metal
films serving as transmittance adjustment films;

[Fig.8B] Figure 8B is a graph for illustrating the
reflectance characteristics of the light-shielding films
shown in Figure 8A;

[Fig.9A] Figure 9A is a schematic cross-sectional view
for illustrating an exemplary structure of photomask blanks

according to the present invention;
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[Fig.11B] Figure 11B is a diagramfor illustrating an
exenpl ary process of patterning a photomask bl ank
according. to the present invention; [Fig.11C] Figure
11Cis a diagramfor illustrating an exenplary

process of patterning a photomask bl ank according to
the present invention; [Fig.11D] Figure 11D is a
diagramfor illustrating an exenplary process of

patt EFhgngBa phichwormagR b$ ankchenatiicngros ©- sdet prmsemtiew
invention; [Fig.12A] Figure 12A is aschematic
ferosslustrabhag an exempdanyl stseetinrageimhextiond g planks
structure of phase-shift mask _blanks according to the
aﬁF€§QﬁP9iﬁ?eﬁgﬁoﬁ§?5FFFg}EZBPtFP§are 12Bis a

schepmtic cross, -sectional view for illustrating an
exenﬁb?ylé{rts%tw d0 griade ERgmath£r Hlgpigating an

ing_to_the present _inventions; .[Fig. 12C . Figure

B Rk e ahPRnthEo8E. e EY B arPpaliof ppperath
(SRUrTEETR Al AP AL i HEbLLSa PlaBuaaRo Stha by pr.an
abEbgalall +51 gHEeptdleh® @ndbagismfor illustrating an
exenpl ary process of patterning a phase-shift mask

bl ankri@Ccrox fi 79 du@el N@APL &SEMiddeanticini g rbiBhg an
Figure 13Bis a diagramfor illustrating an exenplary
epenpissy rezddeod pgtaephang- s pHd tomksdk llanik according
according to the present invention; [Fig.13C] Figure

ta3thespuesengr dnvéntioht ustrati ng an  exenpl ary

process of .Eb{)at terni ng a fhase-_shift mask bl ank )
accorftithg 1Rl t KdgpreséhB invemtiagramfer Kldupippting an

Flr%;ure 13D is a diagramfor illustrating an _
exemplary process of patterning a photomask blank according

to the present invention;

[Fig.11C] Figure 11C is a diagram for illustrating an
exemplary process of patterning a photomask blank according
to the present invention:

[Fig.11D] Figure 11D is a diagram for illustrating an
exemplary process of patterning a photomask blank according
to the present invention:

{Fig.12A] Figurel2Aisaschematiccross-sectionalview
for illustrating an exemplary structure of phase-shift mask
blanks according to the present inventions;

[Fig.12B] Figure 12Bisaschematiccross-sectionalview
for illustrating an exemplary structure of phase-shift mask
blanks according to the present inventions;

[Fig.12C] Figure12Cisaschematiccross—sectionalview
for illustrating an exemplary structure of phase-shift mask

blanks according to the present inventions:
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exenpl ary process of patterning, a phase-shift mask
bl ank according to the present invention. Best Mde
of Carrying Qut the Invention [0044] In the
foll ow ng, best nodes for carrying out the present
invention will be described with reference to the
drawi ngs.. [0045] (Exanple 1: Light-shielding film of
phot omask bl ank according to present invention)
[ 0046Fig} k3t ddiiguwreddd ésreaddtrgnam ofort Hd iusitgatdsyy an
of a_ photoresist used as a mask for formng a
eERBPIRRIK PFRCEEFNCT BATAGEREBIL ﬁePF}ﬁéﬁoﬁbéifgt mggki hgank
etching of the light - shielding filmthat is
aGGOraiAgd tasth§ Pgssﬁﬂ& P¥ERELORusk has to be -
reduced. To this end, .iit, .S essential to reduce the
FeltFa gt Lo eiite ank.gdof Tias T ck pidiE g g e
i ySsi i cknpe f e
epubidsy Backus, B PrERephthy A°BlaRt: bGe mral Byan
[ LNgot e LA+l .the |ight-shielding
a???%?ﬁ?gogg]Eﬁ?nggg??ggt?%ﬁgﬁé§5§he i nventors have
provemi g hedc | heiRirehinBe 13t& Pfaddin ldahtiagbiseditidg an
filmcan be achieved by reducing the nmetal percentage
eremp Eatyoprobes§i bm pdbtérnengsa phatebsphet ah8sk blank
et ching can be achi eved by designing a chrom um based
atecghdigdi bdthhg présenbhichenticommandly used, to
reduce the chrom um content (percentage content) of
t he [Eig¢ﬁ3qlgoﬁgpure‘l3D is a diagram for illustrating an
exemplary process of patterning a phase-shift mask blank

according to the present invention.

Best Mode of Carrying Out the Invention
[0044]

In the following, best modes for carrying out the present
invention will be described with reference to the drawings.
[0045]

(Example 1: Light-shielding £ilm of photomask blank according
to present invention)
[00461

In order to enable reduction of the thickness of a
photoresist used as a mask for forming a photomask pattern,
damagetothephotoresistduringetchingofthelight—shiélding
film that is patterned using the photoresist mask has to be
reduced. To this end, it is essential to reduce the time
required for etching of the light-shielding film by reducing

the physical thickness of the light-shielding £ilm to be
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For exanple, in the case where a |light-shielding film
of a chrom um conpound is dry-etched using chlorine
gas containing oxygen (a gas m xture of Cl2 gas and
02 gas), the etching rate increases as the chrom um
percentage content (atomc % of the |ight-shielding
fil mdecreases. Therefore, by reducing the chrom um
percentage content of the filmwhile increasing the
peadrtcamedg@andgere by dhcxehisghy &hemetchihiggiratet ef the
etchlgg-of t he Ilght-shielding filmcan be achi eved,
ieddia@n fda™-he photoresi st mask can be
reduced. [0049] However, if the |ight-elenent
[8 ntage content of the chrom umconpound filmis
i ncreased rom um per cent age

whi [ h
R R e A
d at | | d It th
et%?lli% gwt.e (%‘%%{e \ﬁﬁ:é% e%@ﬁ'&id:ﬁ ﬁim cg e ﬁl.chllg%'ﬁél by

trans ance creases, t S

relahesh 't%.é ﬁgﬂﬁf%erﬂélf&’ade c+ e&@ Egg&c}&ﬁnﬁﬁﬁﬁcenf means

conten of the I'mis sinply red e th ness

tohtt Beghl-kArBastéfinhochA bacaeﬁﬁséeanb?résélgﬁlﬁasare
an adequate light-shielding effect as the

chirghtinshbakdang dtid mahiad idsi 1int, Wisidh §kidcdndoniypused,
attain the original purpose, that is, reduction of the
tet chiinget tive. charproiurercomdrests; (phercentsge coatenaf)f of the
between increase of the etching rate and reducti on of
figa-film thickness. [0050] In addition, as descri bed
earller a photonmask blank is subjected to defect
Héﬁéctlon bef ore patterning. The defect |nspect|on

is aII based on the refl ectance of ht of an
insd% éﬁbt the gﬁgetwggretﬁelbgptcg ielding film

o%hgrgﬁ}: r%l compound is dry-etched using chlorine gas
containing oxygen (a gas mixture of Cl, gas and 0, gas), the
etching rate increases as the chromium percentage content
(atomic 2} of the light-shielding film decreases. Therefore,
by reducing the chromium percentage content of the film while
increasingthe percentage content of alight element, high-rate
etching of the lighi:—shielding £ilm can be achieved, and the
burden on the photoresist mask can be reduced.

[0049]

However, if the light-element percentage content of the
chromium-compound £ilm is increased while reducing the
chromium percentage content thereof, the extinction
' QOeffic-ient' k isreducedat longer wavelengths, andas aresult,
the transmittance T is increases, and the light-shielding
effect is reduced. Thus, if the chromium percentage content.

of the film is simply reduced, the thickness of the film has
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of the light-shielding filmhas to be designed so that

the reflectance thereof is neither excessively high

nor low and falls within an adequate range in order

to achieve the defect inspection with high precision.

That is, control of the ref |ectance of the

light-shielding filmis an inportant factor for

achi eving the defect inspection of the photonmask bl ank

e by incghagedcispoder[ioasiurasudedequbbd ldlgnte shiielding

desi nin the light-shielding film of the photonmask

eBIEER eal 1805 - Foiiediing fofln handHikumedd ipfiffdcult
hotore3|st mask, .the .chrom um percentage content of

tPhé‘téﬁula i 85§€&nlatlgﬁf1r§ﬁ’|s€| d.t‘n’letf iiem redugdiongot the
' l.e ncreasin ent e content_of_a |
$Pbida RCor Ut St RerdRe CRREST 47 o e A e Eﬁﬁgeen
[ ound, and t
. 1fRephe GTRAR' birghafh ﬁ%@%h?@ PRICFTAengve S £
thekpaked so that the Ilght shleldlng fil mhas desired
extinction coefficient k -. 21 (transmttance T) and
[vekbgctance R as an optical film In addition, in the
case where the light-shielding filmis conposed of a
pl urbd idadiafi dray assde s eibé@lianshiieal danghbtbashaidnk is
have an adequate nultilayer structure. [0052]
seujetteddogiefeominbperedbnitsafone patpeirntingt tTree defect
deposition process for form ng the photomask bl ank by
insperthgn i pypdgelly baspdyenr $hesrefilnctepcessi Light of
exerted between the stacked Iayers has to be

ag &PFP@P@&PPW\«V&}tmh amed thes . fha ophskab FBAKaRASTEstic

conductivity required

Eﬁ? ?}gf@gﬁ £ rabﬁﬁggﬁf &q,bggdesigned so that the

. reflectance thereof is neither excessively high nor low and
falls within an adequate range in order to achieve the defect
inspection with high precision. That is, control of the
reflectance of the light-shielding film is an important factor
' for achieving the defect inspection of the photomask blank
with high precision.

[0051]

As described above, in desig_ning_ the light-shieldingfilm
of the photomask blank that allows reduction of the thickness
of the photoresist mask, the chromium percentage content of
the chromium-based lith«shiéidi—ng film is reduced while
increasing the percentage content of a light element in order
to increase the rate of dry etching, and the composition of
the chromium compound and the thickness d of the
Aight-shielding film have to be selected so that the

light-shielding f£ilm has desired extinction coefficient k
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[0053] That is, in order to accurately forma

phot omask having a fine pattern on the

light-shielding. film a plurality of requirenents
including control of the optical characteristic to
provide desired transmittance T and refl ectance R

stress reduction during filmdeposition, and contro

of the conductivity of the light-shielding film have
(trabemd tpofecT) andtiwf samndar® ap08844ptidais fitlme In
| ight-shielding filmof the ghotonask bl ank- nmade of a
sgRisAPEm éBnpbengagecwhgragthe Lhehprebéatdingeftionis
has a conposition richer in a light el ement and poorer
CPRPOERACPT (ANRIRER e eén%xﬁﬁf%na#her iliglity shigddipg film
.increase the Beed f dr& #chlng and t he
hagnb8sPaygnant A EQHQ & BHGTSLFERT §FFHEFBF% of the
[bbggﬁ shirelding filmareappropriately designed to

prOV|de deS|red transmttance T and reflectance R -

22 die, | +ahh ol Lt ddd el thes Ahale

bl an acco I ng t resent |nven I On st ac

débwﬁ: %ﬁ Prddeidi AGr eor&hh@m@/bﬁstamask blank by stacking
[ 1ght-elenment-rich and chrom um poor conposition and

agpli-al ity eofla afy 0t (@t a3 sOr dgerted HEEWSEEn the
the thickness thereof and to ensure sufficient

stagkeédshapédsngaef tecbe Fhefidbianthyoredura®) adnd i tine
can not only increase the light-shielding effect but

rhotonaskubbarkehast teskaexeat pngdbbeweined heasgacked
filnms and i ncrease the conductivity. Thus, the

G%@WFW@%H@@#&@@@ mhgRk thanresat 151y nhpdoglaghkaliptysed.
.[00 rqu|renents i ncl udi ng control of

That is, in order to accurately form a photomask having
- a fine pattern on the light-shielding.film, a plurality of
requirements including control of the optical characteristic
to provide desired transmittance T and reflectance R, stress
" wreduction during film deposition, and control of the
conductivity of the light-shielding £ilm have to be satisfied
at the same time. |
{00541

Thus, the light~shielding f£film of the photomask blank

- made of a chromium compound according to the present invention

. has a composition richer in a light element and poorer in
chromium than the conventional film in order to increase the
speed of dry etching, and the composition, thickness and stack
structure of the light-shielding film are appropriately

- designed to provide desired transmittance T and reflectance

R.
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the optical characteristic to provide desired
transmttance T and reflectance R stress reduction
during filmdeposition, and control of the
conductivity of the light-shielding film at the sane
time. [0056] As described above, the |ight-shielding
filmof the photomask bl ank according to the present
i nvention has a stack structure including a film
[RA%PAg a light-element-rich and chromi um poor
conposition and a_thin chromumnmetal film In the

f ol | TR AdIhkoRelel dinadiddat of toeirhotymasieblankprgeirdgng

ht-el enent-rich and chron1un}poor composi tion,
tﬂhrfe% PEesSeREcHYERtion thas p'? .%ﬁﬁ% ifaludgag a

descri

£ fohal TRScPodeoRECETBRAPEVPLRE PBA SHFPOSPPSPPRE
csmgapkgiggn%ﬁg% $ i1l @t 2 PAELALAR AALLP 1] RS €o

onmas accor € presen

rbAYER £RA, thﬂeﬂnggQUEﬁeé fsaﬁdgEépQﬁEQEeiEhf%&&%&h@g

t he dependency o e optical aracteristic

1{§RANSAI b1 aNEg)e fe dthOS@hel ﬁlﬂiﬁ ool dinge fd1 FB1AdDRot
conmposition (chrom um percentage content) thereof. .

ofle idureadd ghe- Bhilet dsnpeiding {#xedt 80d alBo reduce the

~illustrated in the drawings are all chrom um '

- sorgss texeleting i Hatevdadr Qe idtaskel? filimwamindy increase the
contai ning chromium fornmed on one principal plane of

cemduptichtyy tHmsspdientrefinkiing slstomask 1maaﬂ~d can
dlffer i.n chrom um percentage content and __oxyge

szb talbee @&ﬁaelﬁ‘ttY P@OWFngﬁtg@r‘quC&Fllc}uaﬂ-ﬁ@ control of

g B o PR R atar Tk Cifohy P opei N dRged Eransnit ance

T and.reflectance R, stress reduction during £ilm deposition,
- and control of the conductivity of the light-shielding film
at the same time.

[ 0056 ]

As described above, the light-shielding film of the
photomask blank according to the present invention has a stack
structure including a £ilm having a light-element-rich and
chromium-poor composition and a thin chromium-metal £film. In
the following, however, c-haracteriétics of the f£ilm having
a light-element-~rich and chromium-poor composition, which is
essential in the present invention, will be first described.
[0057])

Figures 1A to 1C are schematic cross-sectional views for
illustrating eéxemplary structures of light-shielding £ilms-
formed in a photomask blanl; according to the présent invention,

and Figure 1D is a graph for illustrating the dependency of
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l'ight-shielding filmB contains 43 atomc %of Cr, 37
atomic % of O and 20 atomc % of N The
light-shielding filmC contains 45 atomc %of C, 31
atomc %of 0, and 24 atomc % of N [0059) These
chrom umoxynitride filnms all have a thickness about
47 nm Furthernore, the substrate 11 may be a common
transparent substrate of CF2 or alum nosilicate gl ass,
thet oprt ichhachquactzris®@60) tranemiitamicen per thnsage
content is determ ned by electron spectrumfor
1égti-shil cdAAngst sl (:ESTAN earmini s Bl aly échgenvah percehtage
the chromi um content of the light-shielding filmfor
Cpﬁéenéﬁtt%r%f ek s threehbleht nghimbd g Sdilow (A. B and
]tlrint of a p| cally chrom um based_Iight-shielding
pEtapbat 5 toe PRt @m% HdwehgomipRe oxynitride

'fég“é' TLERORCRL RS o2 i m%%&ﬁ%g#eﬁ@ln%ﬁfﬁewgrﬂ fgrmed
off ohE> ﬁ???gg.gnﬁﬁggéﬁ > ahlghRafalfy, rh0RsBIPHRE oBhre

sﬁBﬁE.‘rEtE ai b Ofna tderd ONin %ﬂreclnﬁtﬂrg Hérldqénl%%\é'en Qon%ent and

chrom um percentage content of 50 atom c % or nore nay

oR@gericpereefthgeasonthal filn'. For exanple, the
light-shielding filmaccording to the present

[oagehtion is designed in such ~a manner that the
t hi ckness of the chrom um conpound filmhaving a
chr dnegnCiorr eyt . ofh&S 0L glorm shdé bt ine skl Fouwrdrstdiors 41
.70 % or nore of the total thickness of the
aF?'@h‘t’-%rﬁfeICG“l ngof atanic A} taf kbt iangl §3 ahemic ¥ of N. The
m may be designed in such a manner

LAt Thbe LRLRRTIIR BoGa e i SHEHR BB er| § atomic &
0f£ 0, and 20 atomic $0of N. The light-shielding £ilmC contains
"45 atomic % of Cr, 31 atomic % of O, and 24 atomic % of N.
[0059]
These chromiumoxynitride £ilms all have a thickness about
- 47 nm. Furthermore, the substrate 11 may be a common
transparent substrate of CF; or aluminosilicate glass, rather 7
than quartz.
[0060]

The chromiumpercentage content is determined by electron

- spectrum for chemical analysis (ESCA) and is an average value
of the chromium content of the light-shielding film for the
entire thickness of the film. The chromium content of a
typically chromium-based light-shielding film is about 55 to
70 atomic %. However, the chromium content of the

- 1ight-shielding film according to the present invention is
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havi ng an optical density OD of 0.03 (nm1) or |ess
per unit filmthickness for light having a wavel ength
of 450 nm accounts for 70 % or nore of the total

thi ckness of the light-shielding film Here, the
"optical density per unit filmthickness" neans the
CD of the light-shielding film (dinensionless)

di vided by the thickness of the light-shielding film
ey, to] 0061 s Fi tthare SDDaitemd. cgRaphlf orhig hwist,r ahiengmount
t he wavel ength dependency of the transmttance of the
ofj GhrowAm dpngipnificapntlB zeducedrrom the results
sha inthis drawing, it can be seen that changing
Iif)f:fé\ﬁlrc}hrom' um percent age content of the

l'ight-shielding.filmcan change the transnittance (and
Fef | LR A PR A6 PO  pEPE kA -SH ARl A i havans
t ' vel engt.h _short t han. 248 nm_ which
3 ghgg%%lé%@‘?%r\{@t%ef cg’(;crer%r ﬁfegéogg?'g?ccarfnbé“ore may be
spbsi-aqtd y st an i =) o296 i ng_the, ..
R PR A Ot B ytepne gy ThphE sh 81 aing
f%%@é&icﬁﬁ.ﬁ?ﬁgﬁﬁ:h@hﬁﬂegéﬁtnﬁhv&l@@ﬁg’ﬂl id 'd%lér'%rﬁ}d §$n?such
graph for illustrating the reflectance of |ight of &
awaviekengidt tihe 2b1 cRALsWRIFCHhd Sh¥sRuh @ond@@elfiimhaving
i nspection of the photomask bl ank, on the chrom um
a peroemt ayeordenttentt 60 ahemit| oSl eshpwdotinitlsi For 70 %
drawi ng, the light-shielding filmhaving a chrom um
oparrtodgsheohobal Wiickvess arfi ¢hd dighesshihaidang £ilm.
reflectance of about 10 to 20 % Thus, it can be seen
Attggnativelgerthe Hditevhiadidang ifidpemaohe deshgheghin

reci sion, the chrom um percentage content of the

SYTRIRSHIS dPRG TRe MhiskpreFaiPe HeseHE cogppend £ilm

| to r. Less th 47 atom c %
haﬁgﬂ?g an op 1cai 'aensza.gy (ZD ofrH.OEI o(nm'_l) or less per unit
film thickness for 1light having a wavelength of 450 nm accounts
for 70 % or more of the total thickness of the light-shielding

film. Here, the "optical density per unit film thickness“.

‘means the OD of the light-shielding film (dimensionless)

divided by the thickness of the light-shielding film {nm).
[0062]

Figure 1D is a graph for illustrating the wavelength
dependency of the transmittance of the light-shielding films
A, B and C. From the results shown in this drawing, it can
be seen that changing the chromium percentage content of the
iight-shielding f£ilm can change the transmittanée (and

reflectance) thereof. In particular, the transmittance to

~lightofa wavelength_shorter than 248 nm, which is a wavelength

used forKrF exposure, canbe substantially kep_t constant while

~ 25 -




[0064] The chrom um percentage content can be
controlled by the anount of reactive gas introduced
for sputtering, and the lower I|imt thereof depends
on the kind of the reactive gas. For exanple, if the
reactive gas i s oxygen, supposing that the nunber of
charges of chromumis +3, the stoichionetric anount
is 40 atomc % and the theoretical lower limt is 40
chiaowiegdheHbnersni tthecactaml rnefdsurtemert) 6brt heght of a
chrom um percentage content may be reduced to about
wayedeaeith doengercihape 248om8i-der ed that the percentage
content is lower than the lower [|imt of the
[9083dhi onetric amount in this way because the nunber
of charges of. chrorri}ghm can_ﬁ a_val ue other than +3.
f8

[ 0065 PUEP ks § 952 SETRLIEEr HhE ffifetance of
t h h i t t . _of

1ARRET AR S walid 1 hiEn® UE T hReT BT 0T Bk koo fiegect

1&%?@;:?%85%‘%9%%%@2%&%% %%ghkq 55 LRCLA NS dh bl centage

cOXYERR- 8Rdtall ehiRe- basedhahy £4 ChhDg- altdwidg! Ccbé
noted that the. dry-etching rate shown in this

1dgAv-BEik3dLapr £5RNheing a l@iBnitin PPrcdhtagdasBiénht of
t hi ckness of the chromumfilmto provide a required

4VextbmdE &ightishs chaki ng wffleaitaapends aout 1® to 20 2.
conposition and | ayered structure thereof. On the

- Thuferdt ¢rmbe sden thght igwiak hg aefifiecte défedt dnsperitsdon
required as a masking capability. [0066] Thus, in

wHER il G iian + fBet cheonéyli peBcebtagemsvan tarHe of the
chromumfilmfornmed so that a required

11 9ht SRAPLAURAGE L EP R (PTRE RN WY stephonnd) tax ORi Rgual to
o£hfegéyiﬁéﬁhhgga£g$$ciQ.
f0064] ‘

The chromium percentage content can be controlled by the
- amount of reactive gas introduced for sputtering, and the lower
limit thereof depends on the kind of the reactive gas. For
example, if the reactive gas is oxygen, supposing that the
number of charges of chromium is +3, the stoichiometric amount
is 40 atomic %, and the theoretical lower limit is 40 atomic %.
However, the actual measurement of the chromium percentage
content may be reduced to about 35 atomic 2. It can be |
considered that the percentage content is lower than the lower
1imit of the stoichiometric amount in this way because the
number of charges of chromium can be a value other than +3.
- [0065]
Figure 3 is a graph for illustrating the dependency, on

the chromium percentage content, of the dry-etching rate
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terms of OD is defined as described bel ow. The
dry-etching rate in terns of ODis defined as the CD
of the chromumfilm divided by the dry-etching tine
(that is, [the dry-etching rate in ternms of OD] = [OD
of the chromumfilnmdry-etching tinme (sec-1)]).

[0067] As is apparent fromFigure 3, the etching rate
of the light-shielding filmhaving a Cr percentage
dedsrepnedf bagedo onl fhearcdwior %ine abolhe)ces8swherel the
and the etching rate in terns of OD abruptly

tighteghdsigirg f‘fﬁémodeﬁgrfé@ﬁ@ag@w@nﬂénﬁtcb@éohas
0?{gual to_or Iome%gtgan about 50 atomic % This effect

9B 8FeIREBPE ~PEF eSS 8F ARG erldt hE taRe peted that

f | d f th |t
L ST B IR LRSS0 Y
e ERRTbETN | Sthe 28bGLALE S S S FREMI b 1 £1m to
, pﬁf‘@Viﬁ@nStPe@ﬁ:Lf’é@ el dF ]Fltﬂl'ﬁ: %@&%ld]%]d %fq"efcft' ﬁ\ébtends

to inprove the etching rate’in terns

ofdhiésddnihd 16 6% af@NagRired SOMEYAITe ERet6E C asaﬁ] fhe bRBer
~chromum|light-shielding film designed only for [|ight

hahda sheriigmv-aliergidisfedfdor: 0F tiessmitals 24Juifed as
the dry-etching rate in terns of OD can be inproved
apyaghpnopcapabliyibgj usti ng the chrom umcontent. In
this way, the dry-etching speed can be increased by
[9P@eeti ng the anDunt of chromiumin the chroni um based

l'i ght - shleldln% ilmto _provide a |ight -elenent
-ri ci4s 4 iR o &, eﬁFbﬂ@B@eﬁ%@cﬁﬁWﬂ;r@ﬁ%+q9§ to remove

E tt?egflg%q%glgﬁl l[,qalglﬁlg% r%n%gdeSI %QI nga trg%ug?:%tdoﬁgﬁtb!shlgldlng
effect is achieved by dry etching, the dry-etching rate in
terms of OD is defined as described below. The dry-etching
rate in terms of OD is defined as thé OD of the chromium £ilm
- divided by the dry-etching time (that is, [the dry-etching
rate in terms of OD] = [OD of the chromium film/dry-etching
~ time (sec™)]).
[0067]

© As is apparent from Figure 3, the etching rate of the
light-shielding film having a Cr percentage content of 52 to
100 atomic % is about 0.0035 sec™!, and the etching rate in
terms of OD abruptly increases once the Cr percentage content
becomes equal to or lower than about 50 atomic . This effect
| ismore remarkable for shorter wavelengths and is sufficiently
achieved for a wavelength equal to or shorter than 248 nm.

[0068]
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light-shielding filmis determ ned by conprehensively
taking into account the optical characteristics
(including the extinction coefficient k and the
refractive index n) thereof that make the etching
speed, the total thickness of the |ight-shielding
film and the reflectance and transmttance to |ight
havi ng a predeterm ned wavel ength fall within their
r espect veret boegl aheomdngds.ghdcwhierl d iagoi lhngre deshgned
present invention, the light-shielding filmis
fgesigabd hhAwinghmpgsaedntbhabugbgohlpsefalkter| fhaviag a
primarily causes reduction of the etching rate of the
RYERETgRM O Sy - m PR EIRESARP okt AERISE HaHIE hefaprove
t{lilmus'ed only as a transm ttance_ adjustnent | ayer.

BOTHIN NS &2 el BTMBR AL PY, ARRRS BRI LA gPRGenT -
T R R R S Eh e R
 CBRBECUAY KRR, F Donog AT B il oo
AN T DRy L e FRr O TR Sene GP e hproved

b¥ bbPr-dpRe sitkl19h @itk €00y tRkIcMRIdmih &ntdt4 calrn this way,
characteristics, 1t is preferable that the nitrogen

tlc® dirgrHe t dhdldgs spe ki dara beanger &ds & by bddad Dy 14 ambant
oxygen content falls within a range of 10 to 60

ofatgdmrondgm aiml the chrbowihumebésad lightsshiéehding fahgeto
of O to 40 atomc % [0071] The light - shielding

PEFOVIAE ligd tled eoerdk Wilcinikd liecandithy s . hd ahtrperdetahing.
i nvention_can be conposed of a single |layer having a

- CY\Pe MY WAPRr cent age content as shown in Figures

- [0069]

In designing the photomask blank, the composition of the
" light-shielding film is determined by comprehensively taking
into account the optical characteristics (including the
eﬁ:tinction coefficient k and the refractive index n) thereof
that make the etching speed, the total thickness of the
light-shielding film, and the reflectar_lce and transmittance
to light having a predetermined wavelength fall within théir
;r'espective.adequate ranges. However, according to the
present invention, the light-shielding £ilm is designed that
has no metal region (metal f£ilm) that primarily causes
reduction of the etching rate of the light-shielding £ilm or
has an extremely thin metal film used only as a transmittance
adjustment layer.

[0070]
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1A to 1C or conposed of a stack of a plurality of

| ayers having different chrom um percentage contents.
[0072] Figures 4B and 4C are di agrans for

illustrating variations of the optical characteristic

of the light-shielding film conposed of a stack of

| ayers having different chrom um percentage contents

(a relatively-chromumrich |ayer and a

r el akbvidgexibadiatoveqothkayeght - #hiée piing HighlbBgording
filmA is conposed of a single.layer having a

tohitbkenpreseht4inventihdn tomaidasoZh atcoponmt off Chrodfum
atomc %of 0 and 13 atomc % of N (already shown in

apdq léght glegent).. Theieompeueiddnaigbe ichnenibreriide 4€€0) ,
both |ight-shielding filnms conposed of a stack of two

chroriumni ey CrN) o rENEMR IR GV EBRPEALS(GUOG) . ghromium
and.12b .The, |Li- -shielding fil mshown in Figure 4A

o 8% g arirdec (Lol Ao B Ao SHOVEE | RrORC)
[ e 0073] The Light-shielding.filmD shown in

rg:tgg‘%eﬂﬁé‘ fas 410 Sfiyn%ﬁ?&gﬁe&r%ﬁ 47 Iﬁlmkﬁﬁlasi ease of

£6 :t.he p .havj ng .1 hi ckness of

B ek satla oy (YT abZRs B o SopBa bl OG0 O

cRaffdtd318t 98¢ 28 Gfs PMrardrbBee! ONSE dHY Bl t1ddehaNbRBent
a thickness of 27 nmand cont ai ni ng 43 atom ¢ R of

£&11s JieoinaL radgeloansl 120 sat 80bai&Df the dR9gen content
light-shielding filmE showmn in Figure 4C has a total

fahlskmiddd nof rddgarofand tioss ¢ atpnsed , afd the dippein t6yeént
12b having a thickness of 20 nmand containing 41

falbwi¢ithoh @rradgeaedHnPctos 69 Atemic 18. atomic % of N
and the lower layer 12a having a thickness of 27 nm

[8%H tontaining 45 atomic %of Cr, 31 atomic %of O

andqﬁéftomc %of N That is, the upper |ayers 12b__
of e {1ght-Shielding TAlmAS Prapgotomask blank according

. to the present invention can be composed of a single layer

having a low phromium percentage content as shown in Figures
1A to 1C or composed of a stack of a plurality of layers having
different chromium percentage contents.

[o072]

Figures 4Band 4C are diagrams for illustratingvariations

of the optical characteristic of the light-shielding film

composed of a stack of layers having different chromium

percentage contents (a relatively-chromium-rich layer and a

relatively-chromium-poor lay_er) .- A light-shielding film A
is composed of a single layer having a thickness of 47 nm and

Q

contains 41 atomic 2 of Cr, 46 atomic 2 of O and 13 atomic 2

of N (already shown in Figures 1A to 1C). Light-shielding

films D and E are both light-shielding f£films composed of a

stack of two layers having different chromium contents (12a
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E have the sanme conposition as the |ight-shielding
filmA, but the Iower layers 12a thereof have
conpositions different fromtheir respective upper

| ayers. [0074] Here, the chromumrich [ayer and the
chrom um poor |ayer are constituted by filns
primarily made of chrom um oxide, chromumnitride,
chrom um oxyni tride, chrom um oxycarbide, chronm um
apidt ¥2klke. cditls dégbt-shiehiling Bddm shiove LaFdicgere 4A is the
[0075] Figures 4B and 4C show stack structures
sgpfposedher Ligbt-phjefdingr £illmyst showpeipuFpovas. 1A.
However, of course, the light-shielding filmcan be
[88iiPdsed of a stack of three or nore films having

2 RS AT TR Bavir koo oo
(BB LD DR T AEES AP s

firkls ' : I ] T .
BB 30031008 LobbL 80Ul {20 W SPERS dLelic

o¥i 6l Ahd Y1 9faehRi O M & Yard0Q M okaRealaleeahby 483ing a
nm,which is used for ArF exposure. However, the

- thiekssss o2 ? nnldnd@edniche niall £Thasme o(Rbrter | Bghtdlic 2
| onger wavel engths significantly vary with the

"oft0 wotdure atomhe % ldmit - shhel digtgr st a1 dieg Hidek E shown
structure of the Ilight-shielding filmhas an

indVaonegyelG hats ghtotedi ynickhexs bdf i47% nms and is composed
substantially increased conpared with the

of tHRupsael Ay ey LLPia i s8d chhegssiingp am ankeontgingng

al ent optical characteristics because the

equi v _ [
1 R o Pdl R 1 16 @R DS @FsPgRed L4 HPHife  of N and

: 'tlr:(t:é) 'I%%Seirt ié’;“r‘ér 12a having a thickness-of 27 nm and containing
45 atomic % of Cr, 31 atomic % of O and 24 atomic % of N. That,
is, the upper layers 12b of the light-shielding films D and
E have the same composition as the light-shielding f£ilm A,
but the lower layers 12a thereof have compositions different
from their respective upper lavers.
[0074]

Here, the chromium-rich layer and the chromium-poor layexr
:are- constituted by films primarily made of chromium oxide,
chromium nitride, chromium oxynitride, chromium oxycarbide,
chromium nitride carbide or chromium oxynitride carbide.
[0075]

Figures 4B and 4C show stack structures composed of two
layers for illustrative purposes. However, of course, the
‘light-shielding f£ilm can be composed of a stack of three or

more films having different chromium percentage contents.
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and t hi cknesses of the upper and | ower |ayers as
paraneters. [0077] Conparing the reflectance and
transmttance between the light-shielding filns D and
E, there is no remarkable difference in transmttance
between these filns in awavel ength range of 200 to
600 nm the wavel ength dependency of the reflectance
in this wavel ength-range significantly differ between
Fuprgheiciwrse , THee sthtkattanod wie mag dondlatinshitdlidi mgtal £ilm
filmE is about 5 % lower than the reflectance of. the
thagheegkes| asng trepeblt¥pecepeddubtonatatererstics
behave in this way because the refl ectance depends on
[PRL5Epti cal reflectance property at the interface
bet en_the ers_of

| | g S SHPRYR ﬁ‘geéjrfl’a‘?ﬁe? h mﬁr‘%da Fe th%’g;t"lt’ T Frerkaee

t d bet h .
spRBtah ey Eial Rt 2Rl Pry e ﬁlé% b%’q% Light
A LB, o O R 5 ey g o
(éﬁébﬁﬂamfﬁq&é@rﬁﬂ ﬂ&ﬁ&h%%é@ﬁ @&pﬁeprelx%@u&e However,

selecting t difference in chrom um cohtent between

théerehisaTitBEnceCiT ) &Y thand ik tehid KM PAAight ¥ 8bnger
From the vi ewpoi nt of the photomask bl ank design and

wihelénbhhdepbgnifboapt bgesarythetdi fheretocectire of the
refractive index An can be readily controlled if the
lﬂghtE$hheédingcﬁibwiumhexﬁﬁaﬂk Setwerire Ref [tHeers i s
uaI to or greater than 5 atomc % [0078] In
tt Ploheleheg chibhi ks poorafegetagevikgt athe| designy
Iom10hron1un1percenta e content forned as the

fb%’ﬁje?%%'?yl Jai‘/e?Ub%tEalP %%Y ckRFPPAT S | TR TRA ¥ HF R gthe
l]a% gs%g %Qsalﬁ? _:|, i S e@md ac éfnglg.{]ée gj?grtlgav:mg )

| | SO OTCR1 PR
equivalent optical characteristics because the
light-shielding film can be designed using the compositions
and .thicknesses of the upper and lower layers as parameters.
[0077F}

Comparing the reflectance and transmittance between the
iight-shielding films D and E, there is no remarkable
difference in transmittance betweenthese films inawavelength
range of 200 to 600 nm, the wavelength dependency of the
reflectance in this wavélength range significantly differ
between the films. The reflectance of the light—shielding
film E is about 5 % lower than the reflectance of the
‘light-shielding £film D. The optical characteristics behave
in this way because the reflectance depends on the optical
reflectance property at the interface between the upper and

lower layers of the light-shielding film, that is, the
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of the light-shielding film That is, the

chrom um poor |ayer fornmed as the uppernost |ayer of
the light-shielding film serves as an anti-reflection

| ayer, so that the light-shielding filmcan have a

| ow refl ectance. On the other hand, if the

chrom um poor |ayer is |located on the side of the
substrate, the in-plane uniformty of dry etching can
dig fadearicaeoush refreadiilve iastw »thetiveerdhe Thgers, while
conposi tion and stack structure of such a

Bheghrarsmit tReRe £5 sHftendppidyr fateryised &n the shromium
t hat the phot gnask bl ank fabricated has a reqU|red

cophess © cﬁgﬁa&FSPFsFP&elgﬂgﬁe?&Bmy, Ipeother words,

L' -

fﬂ‘“‘%ﬁ%@iﬁ?}@r&?Eléwgbswagfﬁgﬁ?g?ggl@q ?380*3'2“% ogp ze
PR O BBV S AN
c%ﬁ%@ﬂtﬁ@%% tﬁe%%&#mﬂﬂ%iyiéﬂiﬁ?@r%ﬁﬁqjﬁgc%EQBQum poor

equal to or an 20 % In order to assure h

-1BgEer NFAG AHRC 'vibﬂﬁoz.hheof nJHéSpﬁah:ofnhbm ﬁi‘éx‘ﬂk RS drS and
preferably small e total thickness of .

thiegiinnsdd sl € i b océ s PRk i EFey eadadln i‘@fr@étiﬁé Sndex
than 100 nm and nore preferably, equal to or |ess
Anhaan8be nead 008 Gon ftelkea® iFA the ACFTee eticag ﬁ.&ITB!herfn:Lum
illustrating exenplary optical characteristics of
cpp§hant Higitaeginnid o layes s kquaghe onaskabeatkaaccaronhygs .
~ to_the present invention. Figure 5A is a schematic
rgpasd -sectlonal ViGM/f or iIIustrating vari ous stack

strugtures of % hi el. di n i 1.ms, Nos and
Ret ol A0ELELOpi i EPBBRAH BeoR P sapAE  SHonE AL Ively
) lgxsféhetcotrﬁum percentage content formed as the uppermost layer
as in the exemplary light-shielding f£films shown in Figures
"4B and 4C is intended to assure the anti;reflection effect
~of the light-shielding £ilm. That is, the chromium-poor layer
formed as the uppermost layer of the light-shielding film
servesasananti-reflectionlayer, sothat thelight-shielding
film can have a low reflectance. On the other hand, if the
‘chromium-poor layer is located on the side of the substrate,
the in—plané:uniformity'of dry etching can be advantageously
readily assured.

[0079]

| The composition and stack structure of such a
‘.light—shielding film are appropriately selected so that the
photomask blank fabricated has a required optical

- characteristic. Preferably, the light-shielding film is

designed so that the transmittance to exposure light is equal
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characteristics and transm ttance characteristics of

the Ilight-shielding filnms, respectively. [0081]

Li ght-shielding filnms Nos. 1, 2 and 3 conprise a
substrate 11, and afirst light-elenment-rich and

chrom umpoor film11l2a, a thin chromumnetal film 13
and a second |ight-elenent-rich and chrom um poor
film12b stacked on the substrate 11. It is to be
toobedhidiatr tearstor.¥dt &r esd cdqudie tid gt 1eheel thay F i9,mend
Nos. 1, 2 and 3 differ fromeach other only in

thei chhdtestancet te ¥ighit havgimg el eaveliength Smem 250 nm to
chrom um poor. film 12a |ocated on the side of the
240paP it €ARY ttReOF| PhoRRH IR P St PREsegral Aqp ogedower

sec, and 200 sec, respect.ivel and are
tE‘GBs%%ﬁt i aFPW%%ﬁ}%\FOt%S%‘Hg X%EQFHFER RIECIFiqhe the

ofpares Foih hifRheRe T8 b r%?r?ﬁ‘ﬁégs%?l%ii”e“[‘hﬁ%%m
tﬂﬁeﬁﬁégko&f:t %E%iﬁhgll'gh%%%&l?g%ll 1‘5%{9&?&1’?‘3‘?9{( 31:411%1 to

rom um ne on
0@61é§§)th$ﬁrf00 Sk ef&{@%égm@f%ﬁa%qu Lydad 2o or less
l'ight-shielding filmconposed only of
thiaghgeehgnent-rich and chrom um poor film 12 (the
t hi ckness expressed in terns of filmdeposition tine
[088640 sec). The light-element-rich and chrom um poor’

films shown in these drawi ngs are chromium oxynitride

fi | isiguGreENSRI tandC, ans diladraisef o1 [idsl st ingdexabpiery

with reference to Figures 1A to 1C. [0082] As shown
ophirplurkasa-tevhphicd of t hight-sbheb@dingniilm of the

chrom um based light-shielding film the chrom um
PB%F%‘E%%’&Q%M%@F&?FG@#‘& ke themresand dovgntiiom - REigure

sed onl of the Ilgft el ement-rich and
-5 F %%}c ﬁaﬁ)ﬁ? 1§eF§10n viewforillustratingvarious
. stack structures of light-shielding £ilms, Nos. 1, 2, 3 and
-Reference 1. Figures 5B and 5C are graphs showing reflectance

-characteristics and transmittance characteristics of the

light-shielding f£ilms, respectively.
{oo81}

Light-shielding filmsNos. 1, 2 and 3 comprise a substrate

11, andafirst light-element-rich and chromium-poor £ilm 12a,

a thin chromium-metal film 13 and a second light-element-rich

and chromium-poor f£film 12b stacked on the substrate 11. It

is to benoted that the structures of the 1light-shieiding films

Nos. 1, 2 and 3 differ from each other only in thickness of

the first light-element-rich and chromium-poor £ilm 1l2a
located on the side of the substrate 11 (the film deposition
times are 240 sec, 230 sec, and 200 sec, respectively) and

are substantiallyequal to each other in thickness of the second
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significantly reduced, and the extinction coefficient
k thereof is reduced accordingly. As a result, the
light-shielding filmhas an increased transmttance T
and a reduced light-shielding effect. Therefore, in
order to assure that such a light-elenent-rich and
chrom umpoor film 12 has a sufficient
light-shielding effect, the thickness thereof has to

lhghitreteasnd - ri0A83ld chrdrfiftmtc@idraryim i2thecated on the
l'ight-elenment-rich and chrom um poor filnms 12a and

sif2k aefidHeheurfianechriomifaimmdepdsitiomtlineaie 34 A ckeed and
as in the case of the light-shielding films Nos. 1 to
ig, thi ckifed o theldhglomigin-elediadgf el 83t( tdent bn dehoeibiion
because of the thin chromummetal film13. That is,
TEAw €Ri R638ecthr dintAm metiatarenael Fammiad Rrfed s i a

‘transm ttance adjustnment |ayer for

1 ke sbnpifanagts rprﬁorm%ezq i gafd%t Fbﬂhtagl%'aﬁn'&eﬂch
f h | 5B

'aflﬁigwéfﬁi”wtaéﬂéﬁf b 2ahbRe s %&&P%ﬁyﬁﬁf $5atthns
ect o Celoﬁ%p rﬁ?gh ghugg%jet al‘I‘P Qié %1é19§nt rich

afl&m:l.ﬂu pod® 288 k&l ok & ’tﬂQE & Stﬂeﬁxlrﬂ'igﬂg alrlel Qﬁrorﬂlum

according to the present 1nvention that conprises t

ogyAtkrofet ALImd | ghtorel MR )./ laghwaked €RBORE Uk P@OScribed
film12 and the thin chromumnetal film 13 has a

abedeceilthetteetamece thariqhtonsia htghly. preci se def ect
i nspection and can be flexibly designed to have a
{oe@gRired light-shielding effect. [0085] |If a

light-shielding filmis conposed of a stack of a
As shown in Figure 5C, compared with the conventional

chromium-based light-shielding £ilm, the chromium percentage
content of the light-shielding film (Ref. 1) composed only
of the 1ight-elenient~rich and chromium-poor film 12 is
significantly reduced, and the extinction coefficient k
thereof is reduced accordingly. As a result, the

' light-shielding film has an increased transmittance T and a
reduced light-shielding effect. Therefore, in order to
assure that such a light-element-rich and chromium-poor £ilm
12 has a sufficient light-shielding effect, the thickness
thereof has to be increased.

[0083}

To the contrary, if the light-element-rich and
chromium-poor films 12a and 12b and the thin chromium-metal
film 13 are stacked as in the case of the light-shielding films
Nos. 1lto 3, asufficient light-shieldingeffect canbe achieved
because of the thin chromium-metal £ilm 13. That is, the thin

i
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l'ight-elenment-rich and chrom um poor film 12 and a
thin chromumnetal film13 as in the present

i nvention, not only the advantage in the optica
characteristics design described above can be

provi ded, but also stress reduction in the stack film
and conductivity inprovenent of the stack film can be
achi eved. [0086] Anong others, the stress reduction
chiromiemstacklf flidmi 83 aanebkeabedeasr abedahemawtalce
conbi nation of a chromumrich layer (a netal film
adigsamentodeyprpbor thpedighltowbieddtiingl filwf. t he
stress in the light-shielding film Typically, a
[P€8/4ill e stress occurs in the chromiumrich |ayer, and
a conpressive stress occurs in the chrom um poor

| ayet? afttiom, A8 L R isasr & The giessltshehown in
hr om jch ; the, chrom g
FRakee: B cbFost FRipfcton, f1ghtr lRbeLRr e aPngnri | m
h - I pf ot '
- <REBRIRRTROSE X L A TRy 2b e d S R (ReBRLam-meta1
- £ERROM URHd GREQREAS o7 LRECKNARE- A1 21 dth SENR dhbe
stress in the light-shieldi ng m can be

réahébgi entlds hedHsethat (PRBY1ghp- 8H4LTBORg MENEHRELY-ding
the light-shielding filmis required to ﬁave a

teotRdchraséyt ofinedRtiod kKRAEOcomptisesptast seakkyof the
sufficient |level of conductivity can be achieved by

liglobrpbemenhgridie dmdnciohooiumapoetafiliml h2i aniheéhe thin
light -shielding film. For exanple, while the

chygpiumhnetal fg 1l LBrasd a hedpetdrestechmpte thRdf allpws
gogﬁosed of a single Ilayer has a sheet resistance of

precisgedef gt ingPeqtign aaficandbad ¥aximhadeagoned
tcg ea\§€t: réjcééjéz?i:!\'é)d J}igstt]gwhiglgiggrgffect .
[0085]

If a light-shielding film is composed of a stack of a
light-element-rich and chromium-poor film 12 and a thin
chromium-metal £ilm 13 as in the present invention, not only
the advantage in the optical characteristics design described
above can be provided, but also stress reduction in the stack
film and conductivity improvement of the stack film can be
achieved.

[0086]

Among others, the stress reduction of the stack f£ilm is
an effect described below. A combination of a chromium-rich
layer (a metal f£film) and a chromium-poor layer allows control .
of the stress in the light-shielding film. Typically, a

tensile stress occurs in the chromium-rich layer, and a

compressive stress occurs in the chromium-poor layer. Thus,
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5A can have a | ow sheet resistance of about 100 @ sq.

[0088] Figures 6A and 6B are diagrans for illustrating

a relationship between the position of a

chromummnetal film serving as a transmttance

adjustnment layer in a light-shielding filmand the

refl ectance of the light-shielding film Figure 6A

i ncl udes schematic cross-sectional views for

arl appropriage vambdnsitdoackt tdier dotombsmefich layer and the

light-shielding films, Nos. 4 to 6 and reference 2,

qhypmigit-pery dayesi ciaon meket ihec stawissmigettile fnitire

and Figure 6B shows refl ectance characteristics of

ldgbt shgmtlodfide FdilRy 2PPEREChFEL YO NpEPT sbtiamphe. if the
eflectance of 36 a light-shielding film(Ref. 2)

COEPISBI PORTY 18¥ S BaF R KRGHRS OcR0akg 45 nm. ‘and the

SRR Lo PP B oo
sh1E88 9581005388, BTUMTLANY DL IR AL (G hucea.

(oekenence to Figures SA to 5C. The structures of the
light-shielding films Nos. 4, 5 and 6 differ from

eachxﬂta@ditﬂoﬁbi%&ﬂ@ﬁélpi,tﬁﬁefii§$t;shie1din £ilm is
light-elenent-rich and chrom um poor film 12a Tocated

regulied sbdRaok hheofidfstiaieyldr(hbeuti hMdoRep e a
times are 250 sec, 200 sec, and 150 sec,

prespécailigl sifEimient Lkivelnes sopfductttisridgcoad be achieved
light-element-rich and chrom um poor film 12b | ocated

bynipgargpaatsngt feesthiacebromduninatdépdiilm én thees

~,are 150 sec, 200 sec,_and 250 sec, respectively) and
1ight-shpeldhpp &iHp - eqfiar ergmpden Btid& the lightkfbislding

f%g% g€2§ﬁgnfg é%%éﬂefééégférFiéﬁJ'?)d?ﬁ§E§JQ431J¥ gﬂ%&ﬁgla
layer has a sheet resistance of about 5.* 10% Q/sq, the
light-shielding filmhaving the structure No. 1 shown in Figure .
5A can have a low sheet resistance of about 100 Q/sq.
[0088]

Figures 6A and 6B are diagrams for illustrating a
relationship between the position of a chromium-metal film
serving as a transmittance adjustment layer in a
light-shielding film and the reflectance of the
l1ight-shielding film. Figure 6A includes schematic
cross-sectional views fof illustrating various stack
structuresofljghtnshieldingfilms,Nds.41x>6andreference
- 2, that differ in position of the chromium-metal film, and
Figure 6B shows reflectance chafacteristics of the

light-shielding films. For comparison, the reflectance of
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It is to be noted that the light-shielding filnms No. 4
to 6 and the reference sanple (Ref. 2) are forned to

‘have a substantially equal total thickness (the film

deposition time is 500 sec). [0090] As shown in
Figure 6B, the reflectance of the |I|ight-shielding
filmvaries with the position of the chrom um netal

film 13 and tends to decrease as the position of the
%h"rlo‘%ﬁjﬁnﬁ AR 15 (Refy Hercampasrd audst ofi @ 11.

Thi:S. | ue .to dnterference of light. [0091] 37 The
TS S S A R i ik @hown.

t reflectance depends on the optical distance of
the 'light-elenment-rich and chrom um poor film 12b
(theqgpty e e.d S PO L] - fil .
t hi cEness@tFo(?i%(%{n%F%%&l g‘é%%?#?%%b-é?%%\%ﬁ‘ T gRown 4n
et CHE WL HGE RO chirbi LD Ly ' |
No. 6) , thgh\/\/avelcengttrwL ato igﬂﬁt?%eé ﬁlcnlmqﬁ[(cgsbﬁefﬂ*ﬂ as

wighl ehtaftEns sdaedi 8@l DREATRS thopeeEredBe 8 Figures 5a
contrary, as the light-elenment-rich and chrom um poor

toi P 1Zthédevonestuttey ofethét heghtlsmNelafdg #iEns Nos. 4,
wavel ength at which the |owest reflectance is :
5a8RbebedibEeonEromhenchr othart hins tivbgknasy of the first
refl ectance characteristic can be obtai ned by

lightiseiagerharich akhebs oriumnpopighi ln|I@eehocated amthe
chr on%nqlg:‘ré)oor film 12b. Loog._zlr Figures 7A and 7B are
4&g? GRS dtli A§PPhEl{AcdePepREiemeines are 250
éfl e of .t | ht-shleI%.n fllmac_coqun to
Stﬁé %sr:de%%%t' gﬁgeg S eq?’srﬁls&? 1Ff§ﬂ'ﬂ}yaﬁ@tje‘} n5Fs of
tﬁ@esecond light-element-rich and chromium-poor f£ilm 12b
located on the side of the surface (the film deposition times
are 150 sec, 200 sec, and 250 sec, respectively) and are
substantially equal to each other in. thickness of the
chromium-metal film (the film deposition film is 100 sec).

It is to be noted that the light-shielding films No. 4 to 6

“and the reference sample {(Ref. 2) are formed to have a

substantially equal total thickness (the film deposition time
is 500 sec).
[0090]

As shown in Figure 6B, the reflectance of the
light-shielding film varies with the position of the
chromium-metal £ilm 13 and tends to decrease as the position
of the chromium-metal £ilm 13 is closer to the substrate 11.
This is due to interference of light.

{0091]
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l'ight-elenment-rich and chrom um poor filml ocated on

the side of the surface. Figure 7A includes schematic
cross-sectional views for illustrating |ayered
structures of light-shielding filns, and Figure 7B
shows refl ectance characteristics of the

light-shielding filnms. Here, the |ight-elenent-rich

and chrom um poor filnms shown in these drawi ngs are

al so W wavedengtiimt whdehf therd igGtONhfieldshg £10098hs the
Al'l the light-shielding filnms illustrated in these

bewed hgsehbeetanceot depenis korsthof opoicakodistdrsaroHithe
film deposition tinme. As for the light-shielding film

Nogh B element gpich Mg dypmunpoqy gidmeldhehtbejeptical
nd chrom um poor film 12a | ocated on the side of the
@%%?I?%‘% &SProRy tdanad; to tBpdel kb iekpebos Forgrample .

t .. the, thijckr f th i tal__ fi 3
St LR Pl G S BEUT Pl Tb et Snes
FN Y i ' - el - d_.chroni

S SRRl L0 b 00 o R P BT OB vest
PTG Ao LRGN GRS o A0 bpEPeey. o
treg it + H eredmdrl € Ak Hld Qmmm@rop&iﬁ e ih3d 195 PRbmes

on the side of the substrate is 150 sec (in terns of
fHidrmedegasict FODMINGENM ) ,t BRet dbekDessth oft Wwhech the lowest
chromumnmetal film213 is 100 sec (in terns of film
wedpegitiagre tistechisved hecomesk seestelr.t hen this way, any
light-elenment-rich and chrom umpoor film 12b | ocated
&t ajjqfe chpragd exdsticecansbe b tadaed hyt @@ imws bing the
fil m deposition t[neL. As for the |ight-shielding ]
Hckngss 8f the Lhpkknedsmeptrréchi gpd-Sreomhmpreay £ilm
3%%% chrom um poor film 12a |ocated on the side of the
strate is 200 sec (in terns of filmdeposition

: [0092]

Figures 7A and 7B are diagrams for illustrating the fact
that the reflectance of the light-shielding film according
to the present invention is predominantly determined by the
‘light-element-rich and chromium-poor £ilm located on the side
of the surface. Figure 7A includes schematic cross-sectional
views for illustrating layered structures of light-shielding
films, and Figure 7B shows reflectance characteristics of the
- light-shielding films. Here, the light-element-rich and
chromium-poor £ilms shown in these drawings are also chromium
oxynitride films (CrON films).
{0093]

All the light-shielding films illustrated in these
drawings have a total thickness of 500 sec in terms of film

deposition time. As for the light-shielding £ilm No. 5, the
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time), the thickness of the chromumnetal film13 is
150 sec (in terns of filmdeposition tine), and the
t hi ckness of the light-elenment-rich and chrom um poor
film212b located on the side of the surface is 150
sec (in ternms of filmdeposition tine). [0094] As
can be seen from Figure 7B, the refl ectance of the
light-shielding filmaccording to the present
thverpeos 45 thsy ddafitnedemgnderdchi ard dPyromium-poor £ilm
thickness of the Ilight-elenment-rich and chrom um poor
173 dhoratadeht B Gidenet Bhelsudstrrdesis 2tk sgrd(iB terms
_ %ﬁt |gn|f|cant$¥ affected by the 39 thickness of the

ol

RethL &F‘fé i Hierpdskachg e the THppRmetal
A0 oot o 08 G655 ot gtresoBA i GEo L g i) - ana
A ;«aﬁ%ﬁm%&rgfmm—mormm
g%%ﬁ%fe@%%zﬁs‘f SR8t AR B0 AR e

SHPBLm lde@iisithion] ding )i | A8 Aewifge onl dgh@b‘hleldlng film
chrom um net al f|In1(hbs 4 and 9) an

No ght - shieeltth iRgkrid d sTRofhaHeN @ ilghtt - Ifepintmriehaland i | M
(Nos. 10 and 11). Figure 8B shows refl ectance
airamsigimepostd ¢4 1of 12hebecatgitors thel didg 6f [tte: shidrstrate
the light-elenment-rich and chrom um poor filns shown
%ﬁwlﬁpg%¢@e(ant&mmSabgof%hv@hmanuﬁwwnltnmaé filendhiCkDes s

- filnms). [0096] Al the light-shielding filns
qf) |thet ChropivR-FrEed faﬂm%ﬁgss hb@ ¢ otidl e s £ilm

of 500 .sec_jn terns of film
deposition t:}.me} , and the thlckness of the 1ight-element-rich

and chromium-poor £ilm 12b located on the side of the surface
is 250 sec (in terms of film depdsition time). As Ffor the
light-shielding £ilm No. 8,_ the thickness of the
light-element-rich and chromium-poor film 12a located on the
side df-the substrate is 200 sec (in terms of £ilm deposition
time), the thickness of the chromium-metal £ilm 13 is 150 sec
(‘in terms of £film deposition time), and the thickneés of the
light-element-rich and chromium-poor £ilm 12b located on the
side of the surface is 150 sec {in terms of film deposition
time).

[0094]

As cah be seen from Figure 7B, the reflectance of the
light-shielding £ilm according to the present invention is
predominantly determined by the thickness of the
light-element-rich and chromium-poor £ilm 12b located on the

side of the surface and is not significantly affected by the
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deposition tinme. As for the light-shielding film No.

4, the thickness of the light-elenent-rich and

chrom um poor film 12a | ocated on the side of the
substrate is 250 sec (in ternms of filmdeposition

time), the thickness of the chromumnetal film13 is
100 sec (in terns of filmdeposition tine), and the

t hi ckness of the light-elenent-rich and chrom um poor
thilgknebzb olffotheedhonmihe-setel of 1 1thel 3 unftaapdsed e tween
sec (in ternms of filmdeposition tinme). As for the
thegrrpehapfidiomg rfiight Nd.en@n g abhiek nbsemafunt peor £ilms
| ight-elenent-rich and chrom um poor film 12a | ocated
g% @€ di2@e of the substrate is 200 sec (in terms of

f| | m deposition time), the thickness - 40 of the
L0 um nmetal fil m13 is 150 sec (in ternms of film

d hi ck

P L BRa A T e 8% G AT baRa kbt Lot PRntano exempdary
s‘%&utct?:glep'ogﬁf% r.']!.tllrgﬁlts %ﬁl&?ﬁ% ' Sf%]?rg tsl'acﬁ %ﬂaré geﬂfsré)_{ity of
ch&%ﬁhuﬁhhékgﬁnQlﬁhknhgbfréﬂgmiiﬁ%ﬁég(%%ﬁﬁﬁﬁﬁéﬁﬁtﬂfims and

i ght-element-rich and chrom um poor ocat ed
tee ktReesitderoitnkhensvRsumahneths 299m8eC KifulLr 88 Shows
film deposition tine), the thickness of a
lephorshiendt al fiilny H3eind 66 a3 ot e@hddiei B -dee 101 £hem (Nos.
substrate is 50 sec (in terns of filmdeposition
4tamd)9) &hd tightkreskebling chilowi bavieg diwd chmomigh-metal -
| ocated on the side of the surface is 50 sec (in terns
fé#mﬁl (Nraepd8i epanliime)Figure 3higkenssreflectance

ight-element-rich and chrom um poor film 12c

: CPﬁF@FﬁﬁgéatBQFm@@nﬂ?ﬁ%e T shaedkd Eng 15i4ms 138ea8d the

is.50 s rrBoffllm deposition time and
1E3Ber R SpaBler e 168 T i Red S Podns Shoun Th Figure

8A are also chromium oxynitride films (CrON films).

- [0096]

All the 1light-shielding films illustrated in these
drawings have a total thickness of 500 sec in terms of f£ilm
deposition time. As for the light-shielding film No. 4, the
thickness of the light-element-rich and chromium-poor film
12a located on the side of the substrate is 250 sec (in terms
of film deposition time), the thickness of the chromium-metal
film 13 is 100 sec (in terms of film deposition time), and
the thickness of the light-element-rich and chromium-poor £ilm

12b located on the side of the surface is 150 sec {(in terms

~of film deposition time). As for the light-shielding film

No. 9, the thickness of the light-element-rich and
chromium-poor £ilm 12a located on the side of the substrate

is 200 sec (in terms of film deposition time), the thickness
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and chrom um poor film 12b | ocated on the side of the
surface is 150 sec (in terns of filmdeposition

tinme). [0098] As for the light-shielding film No. 11,
the thickness of the light-elenment-rich and
chrom um poor film 12a |ocated on the side of the
substrate is 75 sec (in terns of film deposition

time), the thickness of the, chromumnetal film 13a

dfo ddee ¢hanentive -giede@ loff itlive 1§ulbst LaPeses b6On seertis npf £ilm
terms of filmdeposition tinme), the thickness of the
danasditdmmeiae) . ﬁqqﬁll%tiflllé’@a?éé oh theel ighfe efengnd -rich

surface is 50 sec_(in terns of filmdeposition tine)

%GPEP@RHESBOBF 4E [1i29nL 0GR BRAAN FhEnShiR OF the surface
f,i 12 t d..41 Dbet th
il GRhOCR ST oFad T PR R TG i n er ms

% fllnldep03|t|on time), and the thickness of the
Ilght el ement-rich and chrom um poor film 12b | ocat ed

~on the egide,gfqt e S L;ﬁi?%gb@ ég\gm%@& (18, "B ckness

fil mdeposition shown inh Figure )

off tm@qﬂgﬂuamﬁ@mﬁ bh& AdSomPukl p6&¥ icliinPi2a locatea

chrom um net al | ms as transmittance adjustment
ohi lthe, stilde loaf Iteret b tfatiehad gt = qligi R@firsNof Film

reduced, and the degree of reduction in reflection
deéppenddonohimég, ditst ahdekbebweef & bbrbwdum-metal £ilm 13a
chromummnetal filnms (or the thickness of the '
lpcghedepanbhe - $idd ehd hohsovisimageor sf bPnsed2Cin terms of
- [0100] In the case where the light -shielding film
_-ffté}n %gp@%@ ffdme) , the thickness of a chromlum metal £ilm
I3b located on the side of the surface is 50 sec {(in terms
0ffilmdepositiontime), the thicknessofalight-element-rich
and chromium-poor film 12c¢ interposed between the
chromium-metal fiims 13a and 13b is 50 sec (in terms of £ilm
deposition time), and the thickness.of thelight-element-rich
and chromium-poor £ilm 12b located on the side of the surface
is 150 sec (in terms of film deposition time).
[0098]

As for the light-shielding f£ilm No. 11, the thickness
‘of the light-element-rich and chromium-poor £ilm 12a located
on the side of the substrate is 75 sec {in terms of film
deposition'fime), the thickness of the chromium-metal f£film
13a located on the side of the substrate is 50 sec (in terms:
‘of film deposition time), the thickness of the chromium-metal
film 13b located on the side of the surface is 50 sec (in terms

of film depeosition time), the thickness of the

light-eleément-rich and chromium-poor film 12c¢ interposed
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is formed with a plurality of chromumnetal filns, it

is preferred that the distance between the
chromummnetal filnms (that is, the thickness of the
light-elenent-rich and chrom um poor filminterposed

t herebetween) is equal to or nore than 3 nmand equa

to or less than 30 nm This is because light of a

wavel engt h of 193 nmforns a standi ng wave between .

bekweehr bhe uphnenbin fhe bl tHilng ddgased $8bthatltheec (in
transm ttance of the light-shielding filmis reduced,

tgr@st RE fLighfleppsdétdpRgtépedet 2nd EhRatBégknpesoef the

1 Eég He 2: Basi¢ structure of photonask bl ank)
BRoopLaBehE SiFE Shd FETRMIMERROFC LBIZRLEERbRGIOn the
vi.ew fo illustrat.in n_exepplary structure of a . .

Sf)"ﬁ%t %rmélke bsluarﬁaceaclcsoag?nﬁeF o(?‘i\e w3 filrW'eﬁ'FPBﬁ?'tlon

tkﬂey@ich a light-shielding film12 is fornmed on one
princi pal plane of a transparent substrate 11 nade of

[6B3s4z or the |like that serves as aphot omask
substrate. The light-shielding film12 has the | ayered

strund WiwHeSe Fhgdrabane W tihd agayid —F&i@l@i@?féﬁ@ﬁ'lﬁl Bas
and can serve not only as a "light-shielding filnf

abpluahsdt@sof adhaohi wef hethal opiink mas Theahshitb&nsygch
a conposition is wused because it has excellent

-ag¢ias bioert ifdtlinss tine redileg tdnyge @f thiengight-shielding film
characteristics, conductivity, and chem ca

1y ggidcatoeanfiusfiegraet dfe redyie bijear dn tied isisdtiomadkpends
bl ank according to the present invention is_ designed

oy 4he distenceobe brean fdk tver chppmriwnpsetat filgs (or the

thickness anq c sition of the
tth:'ckness of the QLG[.% t-element-rich and chromium-poor f£ilm

12¢) .
[0100]

Inthe casewhere thelight-shieldingfilmfor ArF exposure
is formed with a plurality of chromium-metal films, it is
| preferred that the distance between the chromium-metal films.
(that is, the thickness of the light-element-rich and
chromium-poor film interposed therebetween) is equal to or
more than 3 nm and equal to or less than 30 nm. This is because
light of a wavelength of 193 nm forms a standing wave between
the chromium-metal films to attenuate, so that the
transmittance of the light-shielding £ilm is reduced, and the
light-shielding effect is enhanced.

[0101]
-(—Exampie 2: Basic structure of photomask blank)

[0102]
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light-shielding film12 are selected so that the
optical density OD of the light-shielding film12 for
light having a wavelength of 193 nmfalls within a
range of 2.5 to 3.5. Such an optical density OD can
be achi eved by setting the thickness of the film
within a range of 50 nmto 80 nm However, in order

"to reduce the dry-etching time to inprove the

patt Bigumg PAedssaoachéhatibi ckogsssettibealiviewsfor
preferably set within a range of 50 nmto 70 nm
ldvgiratdng ke exemplaaydstrnctheecafeanbbptomhek blank
phot omask bl ank according to the present invention is
AFEOTr YRR FOEheauiaseat biventien mBhish xAfkgbkpsbiedding
the thickness and conposition of . 43 the

Fhilm, 25 HiSe ARG Yt PPnPRe BF&NSAPEdt B4oBE PRaf transparent

AL i A o
B8 %Eres ey LRt Y AP ERKECL O e aéiea

sthBvubhi BedckaBE8 25060 ML ﬂ%fﬁntﬂw%&a@h@ 1 and
ching ti

order to reduce the dry-et me to 1 nprove the
chat $8FRENFo P 881 $1 89,4 18 It WNRSIH Qg A bl 8150 as

preferably set within a range of 60 nmto 90 nm
ah0dfbl rerbetheonaseimhermd e 1ni gt ssidhebdeb@pbsitidd is
~has a nmultilayerfilmstructure in which aplurality of
usagdrecdiase ng: hdisf ¢éxcehl enpidicatactariadtiers dhicdsdang dry

st acked on each other as shown in Figure 9B, for
eeaipg echaractepiatbes edoconduct heityr | amd ychembeahl of

t he uppernost |ayer is chrom um oxide, chrom um
- TEF15FRC®r chromi umoxynitride, and the percentage

nts (atomc % of oxygen, nitrogen and carbon. at

LICETN -

In the case where the photomask blank according to the
present invention is designed for fabrication of a mask for
ArF exposure, the thickness and composition of the
light-shielding film 12 are selected so that the optical
density Ob of the light-shielding film 12 for 1light having
a wavelength of 193 nm falls within a range of 2.5 to 3.5.
Such an optical density OD can be achieved by setting the
thickness of the filmwithin arange of 50nmto 80 nm. However,
. in order to reduce the dry-etching time to improve the
patterning precision, the thickness of the £ilm is preferably
set within a range of 50 nm to 70 nm.

[0104]

On the other hand, in the case where the photomask blank

according to the present invention is designed for fabrication

of a mask for KrF exposure, the thickness and composition of

- 43 -




of 0. 5to 1.0 nmfromthe surface of the uppernost

| ayer are selected so that the oxygen content > the
nitrogen content > the carbon content. In addition,

the thickness of the wuppernost |ayer preferably falls
within a range of 10 to 25 nm Furthernore, in the

case where the photomask blank according to the

present invention is designed for fabrication of a
theski§nt - 4 Fe PADOAS Wikm iReate qEIsddtid sioSthaef €i@kiptical
sel ected so that the extinction coefficient k of. the
deppdtyoeD ofayee bighhesimigldimyefilm |1 fforr |lighit having
having a wavel ength of 193 nmfalls within range of
ajwvgvedengsh p91963 mm fahbewitlelcandianianoflésd ited. 5.
above, the reflectance - for light having an inspection
SighePBngPEiC230deBS2 7Y AR C8Bn ebéchéaareriyb&oﬁterc&lmd the
tg&d a satisfactory dry-etching rate in terms

RRBESS SR T HAWAS .Qﬁﬁn$%ef&%ﬂ%FPQQ%nmth@owever

sur f f th can. be

- afghyfereto 5ﬁ§ufﬁ2%?f dev-SrCHpho e 0 sBrPr o e
- % khifl S;ffeg{ayg QACT dhe98NRLALN: L fheg%m nggrg%gga%ly

res erning precision can

saelQZthM%algahas B2aSE6 k' UGt YpEnR! the phot omask

bl ank according™ to the present invention has been
{0dessyi bed above, the "photomask bl ank" may be a
structure that has a chemcally anplified photoresist
fil mmpriwe atsdey windredelon Iightisiidiaie ing f2/mas a
- 12. Here, the chemcally anplified photoresist is
mygbtdlagpendiddmigtricstuls jhiishspluvalahd ofSlagens Ablvéng
for fine patterning. In this case, the chemcally
difperent ap Pl lo chairsic tenimtiis sf @rﬁe@t@vka@ phy iedght hgher

- chemcally_
as shown in Figure 9B, for example, it is preferred that the

- primary material of the uppermost layexr is chromium oxide,
. chromium nitride or chromium oxynitride, and the percentage
contents (atomic %) of oxygen, nitrogen and carbon at depths
_ of._ 0.5 to 1.0 nm from the surface of the uppermost laver are
selected so that the oxygen content > the nitrogen content
> the carbon content. In addition, the  thickness of the
-uppermost layer preferably falls within a range of 10 to 25
nm. Furthermore, in the case. where the photomask blank
according to the present invention is designed for fabrication
of a mask for ArF exposuré, the composition is preferably
selected so that the extinction coefficient k of the uppermost
layer of the multilayer film for light having a wavelength
of 193 nmm fa]__ls within range of 1.0 to 1.5.

fol06]
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anplified photoresist to a thickness of 250 nm or

| ess. [0108] Such a thickness of the chemcally
anplified photoresist filmis adopted because, in the
case of fabrication of a photomask for ArF exposure
that requires fine patterning, the resist filmis
required to be relatively thin to avoid high aspect
ratios. [0109] In principle, a thinner resist film

pr oviddsrathet tenditban Wdeamribdd tdtveesitdie patftiectance
i s damaged during etching, the pattern fidelity is
fogdbteldt Houaean i geeetimm B velliegigtths h2 80 ding 7Pihm} can
according to the present invention that can be
bﬁeaaﬁﬂyl& @ﬁéarpége@r ean@ aRtigfagtiihgyieEaiag rate
conventlonal ones, a thinner resist filmcan be used.

igy 'agﬁ"ﬁgof o1 gansberag SRt ndradtifiiErABs stiot bRSOLGIkY of
I Kin b hi d.
<Pk Reed LT RSB b B Bipamece.

fil h
Bl iE e ERE ot s e THaRe R BT TR E P miSickaca
g@h%i’*h@grr 931 $LaNegaof th?haEeé' Al Hakg%hglt PQ%EEQU]Y;

however, the thicknéss o

pPEE] 81 8AI $aBUHEl mbkenehiABAE than 75 nm and nore
preferably, equal to or nore than 100 nm [0111] The

fohemijcal ly anplified resist used may be of a positive

type or a negative type. A well-known resist, in

par tWitilethe bastiess istuafue b trwgrhatainerskab 1 duale engoading

aromatic structure is preferably used.
to the present invention has been described above, the
"photomask blank" may be a structure that has a chemically
amplified photoresist £ilm previously formed on the
light-shielding filﬁ 12. Here, the chemically amplified
photoresist is used because it is highly sensitive and is
suitable for fine patterning. In this case, the chemically
amplifiedphotoresistfilmisformedbyapplyingthechemically
amplified photoresist to a thickness of 250 nm or less.
[0108]

Such a thickness of the chemically amplified photoresist
film is adopted because, in the case of fabrication of a
photomaskjin:ArFexpoéurethatrequiresfinepatterning,the
resist £ilm is required to be relatively thin to avoid high
éspect ratios.
[0109]
In principle, a thinner resist film provides a better

resolution. If the resist pattern is damaged during etching,

the pattern fidelity is reduced. However, since the
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[0112] In the present invention, the spreadability is
very inportant. For exanple, the photoresist for

formng the chemcally anplified photoresist filmis
added with (or contains) a surface-active agent with

a percentage content of 10 to 1000 ppm for exanple,

and the percentage content of a solid constituent is
adjusted to be equal to or less than 10 wei ght % of
ghorguie digy fedm adgdmrding doectlae tires eadentveatiled that
to the chem cally anplified photoresist may be a

G fofc deadiilve eAgBeC rRgvicent ai pRoRteUr¢bekingttiee than
constituent. having a fluorine substituent, a

WP 9Res - 26D afiaT Terbet @W%bs "rﬁﬁﬂonf—‘&* using
f t nt t

e B R i v 8 B s A AV OEohRets « EHD weing
>Q£Hh(§4£ °%oﬂ£%§£§ (Exanpl e 3: Phot omask

examnpl e ‘'of patterning process)
ﬂdygbﬂ Flgure 10 shows an exenpl ary arrangenent of a
film deposition. apparatus (sputtering apparatus) used

for rhalddiaaldn gt ie RERELMBHE t) 20K AHGUIGING: P thBGesist
present i nvention, and Figures 11A to 11D are

ﬂﬁlagn&wme&%&ﬂﬂdewsb@abbm@re&&ngiﬁﬁuba&ﬁkﬁh@Pﬁ%&dOBccount
patterning the photomask bl ank. [0115] In Figure 10,
vegfiouencendamdprak idcliedbhgstize tearispay ardsisthste atfe,the
which is a 6-inch rectangular quartz substrate,
rppgistampferipd . suffpteablyl. dmivdeees Wie ttfieajuwgsy of the
substrate are finely polished. Reference nuneral 101
I&@ﬁéﬁe§lémchﬁnﬁﬁﬁferab equal to or more than 75 nm, and
more preferably, equal to or more than 100 nm.

| fO111]

The chemically amplified resist used may be of a positive
type or a negative type. A well-known resist, in particular,
a resist of a polymer material having an aromatic structure
is preferably used.
f0112]

In the present invention, the spreadability is very
important. For example, the photoresist for forming the
chemically amplified photoresist film is added with (or
contains) a surface-active agent with a percentage content
of 10 to 1000 ppm, for example, and the percentage content
of a solid constituent is adjusted to be equal to or less than
10 weight % of the organic solvent. The surface-active agent
added to the chemically amplified photoresist may be a

surface-active agent that contains a surface-active

constituent having a fluorine substituent, a surface-active
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reference nuneral 102a denotes a first target,

reference nuneral 102b denotes a second target,
reference nuneral 103 denotes a sputtering gas inlet,
reference nuneral 104 denotes a gas outlet, reference
numeral 105 denotes a substrate turntable, and
reference nunerals 106a and 106b denote power

supplies that apply a bias to the first and second
aeagettdiat aordadinsy @ poienlie) sutifede-esttitvar gensti2aent
and the second target 102b used were both

havigd e Hee B R laqiaine sebstbinennera ghiicosgositdiingng
film, First, as qutterin% gas, a gas m xture
%ﬂﬁﬁgiqﬂgﬂ§'APx-a47”*§§§€ath§EHQ§N rate of 15 sccm N2
[%ﬁﬁjﬁt a flowrate of 30 sccmand 02 gas at a flow

rate ‘of 15 sccmwas introduced into the.chanber 101

AT B IR oo 3,58, LT SOIGpthng

pdcelsghar get 102a and the second target 102b while the
substrate 11 was being rotated at 30 rpm thereby

‘fbanming a CON filmhaving a chrom um content of 50
atomc %or less in terns of atomc ratio to a

t hi ckhgase 0L0 76hews 4R 1d4émpTaey COPdbhi@nSnt 06f a £ilm
deposition of the light-shielding film can be changed
depovditiions apppsattepelidpng tenihbeapphmatasposstioforor
desi gn of the stack structure. For exanple, in the
fahsécaphrpeaapipONGask| hilaskt acberfidngetie the present

.sputtering gas introduced may contain one or nore ]
RVRBELER. @5‘%0%%9‘6’6?& alhiteyl Yagresiaurams tpp ildostapging
one_or nore kinds_of nitro%en-containing

CO as
28, ERSURIREY REPCEAT RE RAUTERBIBY HbPePRPhg@agk blank.
[ﬁfxgﬁn-containing gas, such as CO2, NO and 02 or

er contain

In Figure 10, reference numeral 11 denotes a transparent
substrate, which is a 6-inch rectangular guartz substraté.
‘Typically, the surface and end faces of the quartz substrate
are finely polished. Reference numeral 101 denotes a chamber,
reference numeral 102a denotes a\first target, referénce
numeral 102b denotes a second target, reference numeral 103
denotes a sputtering gas inlet, reference numeral 104 denotes
a gas outlet, reference numeral 105 denoteé a substrate
turntable, and reference numerals 106a.and.106b dencte power
supplies that apply a bias to the first and second targets,
respectively.

[0116]

The first target 102a and the second target 102b used

were both chromium-metal targets for forminga light-shielding

film. First, as spﬁttering gas, a gas mixture containing Ar
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an inert gas, such as Ar, Ne and Kr, m xed with these
gases. In particular, CO2 gas or CO gas that doubles

as a carbon source and an oxygen source is preferably
used fromthe viewoint of in-plane uniformty of the
substrate and controllability of the fabrication
process. Furthernore, the various kinds of sputtering
gases may be introduced separately into the chanber

;s adme fhowl kate dhelSpattmr i Nig ggesed mayf lowwr matedof 30
and introduced into the chanber. [0118] The CrON film
$¢47 ARSLxHREMuR £dpteretefofh( Sasemicvas igrtrdaskiwedinto
éigns of atom c ratio preferably contains 40 to - 48

-ShaRPeETo B P, 2glyieve 33 DRI/ WIE RTafd 1283 dnsphe

BBeae AGCHEIALEE HE O ToPOR W Was (xPiiied i sagh of
Pl BiB8E, 18- 58snPodt i i et b % Bpigithe
ShBstratl, 81 WOBRAL LR SE90 Vit B ehtnin
C2OANEE 180 h 8% 1 Rg a0 orerdidme Al B0 CatrMii® & or less

~preferably, the G ONC filmcontains 40 to 45 atomc %
iaf tErms1b£t atdMiat ALE0% 6T a dhidkntos58rayemug. % of 0
and 5 to 15 atomc %of C [0119] Wen performng
[Ppai7érning in mask fabrication using a photonmask
bl ank according to the present invention, first, a
chefleatbpdahpbnéifed Gepisittigisef ftiblent lgh theati gl Ging £11m
thickness of 250 nmor less is formed by application
C@n bg ghanaadhbn vpraaus wayrs depehintoaadkel idakcomppehtion.
copnprjses the transparent substrate 11 and the
°-‘Fi‘g%l-%mi°eﬁ gy sEACH TETHGERRS- t FeeT Sompwdieri 4R hha case

Wltlg:ii‘é: lé%%:%?\lcd :(:e f n'rt .ng %% baebgc\)/J'?mé/\é E lghé‘.es %rt%etrg.ntghgeas introduced
may contain one or more kinds of carbon-containing gas, such
as CHy, CO; and CO, one or more kinds of nitrogen-containing
~ gas, such as NO, NO, and N, and one or more kinds of
oxygen-containing gas, such as C0O,;, NO and 0, or further contain
an inert gas, such as Ar, Ne and Kr, mixed with these gases.
In particular, CO, gas or CO gas that doubles as a carbon source
and an oxygen source is preferably used from the viewpoint
of in-plane uniformity of the substrate and controllability
of the fabrication process. Furthermore, the various kinds
of sputtering gases may be introduced separately into the
chamber, or some or all of the sputtering gases may be mixed
‘and introduced into the chémber,
{o0118]

The CrON f£ilm having a chromium content of 50 atomic $%

or less in terms of atomic ratio preferably contains 40 to
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exanples 1 and 2 stacked on the substrate 11 (Figure
11A). Considering that typical photoresist filnms have

a thickness of about 300 nm the thickness of 250 nm
means that the film thickness is reduced by about 17

% As described earlier, such a structure having the
chemcally anplified photoresist 14 applied thereto

can al so be considered as the "photomask bl ank".

5004 R@hicPr odrCt p ¥oritoed$ artonxfid ReoPphotodess Ho 60landmlic 3
a surface treatnent to reduce the surface energy of
ofHe. sMorgcerafenibloh, thhECSRbE bl sionttafinisd 4 40i4S abohec %
formed (the surface of the 49 light-shielding film
'°f253ri:sl et SPaBE9mper ¥ tfhdapd dPde? TG atgmdgeftof 0. In

éﬂ? such as peel-off and falling of the fine
ﬁ ePH, '3 FBWG&?&F‘P hayinda ﬁ’@ra‘“éﬂ”ﬂﬁﬁlﬁé‘wﬂt %?e”;? Ffomic 3

d f
b e BECE B O SRS A A esbltare 0 o
sRUALBGPC LY JImxaren By gl 94| aegn e { AOR) gﬂ&%d Stomic 3
onmonly used e Sem conduct or ~“nanu uring

| EVQC&%& 5 ¥o ANk AiGARI GrSEl | GRIFDGRALEe HYTFACRhe cron
0treat ment aogent '?héL surface of the substrat eyama ® be ¢

£eXR0&86HtL9ngaso oo WL tdmily kace treai send ﬁg%{ﬂomﬂi % of
the surface treatnent agent nay be directly applied

Nt o30heoshof acemiof 3t b ouhatr at eo (613tbmithe of C.
photoresist film14 is shaped into a resist pattern
[QFitflire 11B). Using the resulting resist pattern as a
- mask, the light-shielding film12 is patterned by
- oxy JEemperdiogringe PbaSeandng dnohtsly (Figat YrCpsing a
Finally the remai ning photoresist film14 is renoved
: pltnat%rpg.ﬂcolél%nk according to the present invention, first,
- achemically amplified photoresist film 14 having a thickness"
- .of 250 nm or less is formed by application on a principal plane
+0of the photomask blank, which comprises the transparent
substrate 11 and the light-shielding film 12 having the
composition and thickness described above with regard to the
examples 1 and 2 stacked on the substrate 11 (Figure 113).
Considering that typical photoresist £ilms have a thickness
of about 300 nm, the thickness of 250 nm means that the film
‘thickness is reduced by about 17 %. As described earlier,

such a structure having the chemically amplified photoresist

14 applied thereto can also be considered as the "photomask

blank".

[Cc120]
Prior to formation of the photoresist film 14, a surface
treatment to reduce the surface energy of the surface on which

the photoresist f£film 14 is to be formed {the surface of the
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phot omask (Figure 11D). [0122] |In this exanple, the
clear tinme of the light-shielding film12 (by

chl ori ne- and- oxygen- based dry etching) is 300

seconds. Thus, conpared with the clear tine of 480
seconds of the conventional |ight-shielding film the
clear tine is substantially reduced. In addition, the
photoresi st (nmask) after the dry etching was observed
viighlt -shdeddinggf eledijons pir«f asatole peafdrinednin idrdsasto
confirmed that the damage to the photoresist was
preygtédrbebaens . ofuctheas epkerel 1 off gind Haldligwr oft itime. £fine
50 [0123 (Exanmpl e 4; Phot omask bl ank, and second
patiREhe ‘%@P?Q¥ﬁ¥%@d“5#§6é3%9b¥@q@%TtStﬁ9§ﬁéwaﬁﬁrécess
will be described also with reference to gur es

10
BeleP ARG Sﬂ?fﬁac?h"e‘f%ﬁ‘i‘%‘?f&'el’rﬁrﬂ BePoehE 4 ki lstivlating
epasi tion eri ng_appar at S t
e e e EE&S’F‘F%@Q%%EPFM
a pare te, -

(B8 ) haBRETEr BonnBiag, LBLE 1fCEER, bSnEePpblBles, ooy
maﬁaeaaeqr&hg ?989@gstaBQeBtﬂQEbofﬁﬁglcmgiflgeﬁhbased
chrom um nefa argefs f or ornmng alight-shielding
sticka-ent+88theADNSRGERN! MRSIhAH e IJESthed8ubstrate may
sputtering gas, a gas mxture containing Ar gas at a
bélexpost@ 8 gis DECBUChNE @St @de afd omdrtt @ageht30or the
sccmand 02 gas at a flowrate of 15 sccm was
sitnf aod doea timend 4fien € naybtee diféctdysagip kel do tdassurface

pressure of 0.1 Pa in the chanber. A discharge power
opf the substrate. :

[0121]
The photoresist £ilm 14 is shaped into a resist pattern

(Figure 11B). Using the resulting resist pattern as a mask,

the light-shielding f£ilm 12 is patterned by
oxygen-and-chlorine-based dryetching (Figure 11C). Finally,
the remaining photoresist film 14 is removed to provide a
photomask (Figure 11D).
[0122]

In this example, the clear time of the light-shielding
film 12 (by chlorine-and-oxygen-based dry etching)} is 300
seconds. Thus, compared with the clear time of 480 seconds
of the conventional light-shielding f£ilm, the clear time is
substantially reduced. In addition, the photoresist (mask)
after the dry etching was observed with a scanning electron
microscope, and then, it was confirmed that the damage to the
_photoresist was. reduced because of the reduction of the clear

time.
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500 Wwas applied to each of the first target 102a and
the second target 102b while the substrate 11 was
being rotated at. 30 rpm thereby formng a CrON film
having a thickness of 30 nm [0126] Then, Ar gas at
a flowrate of 30 sccmwas introduced into the
chanber 101 to achieve a gas pressure of 0.1 Pa in

t he chanmber. A di scharge power of 500 Wwas applied to
IKHcAB] of the first target 102a and the second tar get
102b while the substrate 11 was being rotated at 30
(Esramafet e Rpotomaskgb hanky amd gepenflmxarnls ek madstegfning
15 nm - 51 [0127] Furthernore, a gas m xture
RGeS Ting Ar gas at a flow rate of 15 sccm N2 gas at

[%QU%?N rate of 30 sccmand OZ gas at a flow rate of
sccmwas i ntroduced into the chanber 101 to

hi f.0.1 Pa i h b A
ST BB DL SRR 5 o Fd O I B e

di scharge

Ffiigrlﬁlest Y %tn dl Q%ﬁ £@"n g lbh € $h& oggrgﬁg?ﬁéﬁfl' ?é% \é\ﬁ% L? ie %I)l/l

the substrate 11 was being rotate

de@oRiing onn EpPArhthkM b M’:tﬂgrﬁn]lghji%ﬁﬂfﬁﬁus Pfi XN dne as
this way, a light-shielding fiTmhaving a tota

debiceiBesisawdvd O anid tHE HuytradeuebdWi 6l sWas transparent
accounted for by the chrom um conpound film having a

- sghstmratim, cehieht iofa GOimtlomer tararulas sruartixsubstfrate.
atomc ratio, was forned. [0128] The conditions for
[8&B8dition of the light-shielding film can be changed
i n various ways depending on the film conposition or

desi §re of 1¥He targst idAkiand thpseaseaditardet 9gb used

cang)mh,re a OCONC filmis to be forned, the ) N
Wgﬁﬁ é‘ﬂ canaag_lrﬁx-ﬁ@er%’ggagets for formingalight-shielding

filmon the transparent substrate. First, as sputtering gas,
a gas mixture containing Ar gas at a f£flow rate of 15 sccm,
N, gas at a flow rate of 30 sccm and 0, gas at a flow rate
of 15 sceom was introduced into the chamber 101 to achieve a
.gas pressure of 0.1 Pa in the chamber. A discharge power of
500 W was applied to each of the first target 102a and the
second target 102b while the substrate 11 was being rotated
at 30 rpm, thereby forming a CrON film having a thickness of
30 nm.

[0126]

Then, Ar gas at a flow rate of 30 sccm was introduced
into the chamber 101 to achieve a gas pressure of 0.1 Pa in
the chamber. A discharge power of l500 W was applied to each
of the first target 102a and the second target 102b while the

.substrate 11 was being rotated at 30 rpm, thereby forming a.

Cr film having a thickness of 15 nm.
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may contain one or nore kinds of carbon-containing
gas, such as CH4, CO2 and CO one or nore kinds of
nitrogen-containing gas, such as NO NO2 and N2 and
one or nore kinds of oxygen-containing gas, such as
COX2, NO and 02 or further contain an inert gas, such
as Ar, Ne and Kr, mxed wth these gases. In
particular, CO2 gas or CO gas that doubles as a carbon

[BldTle. and an oxygen source is preferably used from
the vie of in-plane uniformty of the substrate

ol nt
and E@ﬁm@mamam @yga%fmitzﬁén?eamqnmijrxirmmﬂmsgs at a flow
Furthermore, the various kinds of sputtering gases

LR 6’5 LAt FEMe e S85arkt 81 FLPHtERENOE 3P sermnBRA, Opgas
b oo (R BRGS0
o S URTRETRERES S is%f’vatﬁﬁtciw Abefy § Higgharge
AT 20 Fid 8 SR B (0 10
a@@NtAENSe 49n & Or Syt A & \A/Fhqu @he &éb&?r%@eaif)ma% %’elng

of N and 30 to 50 atonmic %of O addi ti on,

rhithmeat 3@ rpms MheHebp £t 8t a @EOEQE iAlnOWe€1 g aQ‘hﬂcﬁ%& SS
interns of atomc ratio preferably contains 40 to 50

o&it 2Frinan % Th €hiis Way,0aIbighomweiti dadindFfidm havbAg a total
atomic % of 0 and 5 to 15 atomc %of C. Mire

tpickeesghl 9 ThenCr ANCE bicl mpreontfiwisicl) was 45 catuprtied Tor
of Cr., 15 to 30 atomic %of N, 30 to 50 atom c % of

by She ShEeRismaeempeund ofilm Hangey a wWhaengant comtegt of
in pask fabrication using a photonmask

ernin
Elﬁ Rmésc%raFnéeﬁﬁ {RetprBSeRt RHOBAF SALiP:r¥ps fgrmed.
{pE gacally anplified photoresist film 14 having a
I'ckness

The conditions for deposition of the light-shielding film
can be changed in various ways depending on the filmcomposition
or design of the stack structure. For example, in the case
where aCrONC £ilmis to be formed, the sputteringgas introduced
may contain one or more kinds of carbon-containing gas, such
-as CHy, CO; and CO, one or more kinds of nitrogen-containing
-gas, such as NO, NO; and N, and one or more kinds of
oxygen-containinggas, such as CO,, NO and 0, or further contain
an inert gas, such as Ar, Ne and Kr, mixed with these gases.
In particular, CO; gas or CO gas that doubles as a carbon source.
and an oxygen source is preferably used from the viewpoint
of in-plane uniformity of the substrate and controllability
of the fabrication process. Furthermore, the various kinds

of sputtering gases may be introduced separately into the
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of 250 nmor less is formed by application on a

princi pal plane of the photomask bl ank, which

conprises the transparent substrate 11 and the
light-shielding film 12 having the conposition and

t hi ckness descri bed above with regard to the exanples

1 and 2 fornmed on the substrate 11 (Figure 11A).

Consi dering that typical photoresist filns have a
qhmieTes 8T e ssurld0of nihe tdpa tttifinigegssef &Y hermixed
means that the film thickness is reduced by about 17
apd Antgeducesedndgr Hher chagbeR-a structure having the

(qxzy cally anplified photoresist 53 14 applied
i dt o can al so be considered as the " phot omask

bl ank’. [0131].. Prior. to f tion of [he phot i st.
Fi | s, CEOR R irish e SR Ohb etk L i ghonic &

o 3k8Y of, ‘chmé usf aagf%&fc r'tgicbe %l{aegegéeg%ﬁ; e3n¥aihd To to

IS to be Torned € su

slol 8bbns8iLbe @9, hid 1193 diPrRlLhelAR Xn@?{)ﬂ; ?Bgﬁg dtbmic %

order to prevent problens, such as pee

oftad | | R@refpidedduis,, BREICION £11RBLACEHRE 410t U SMoic 3
subsequent step of the process A preferred surface

offr €af NEBttd SoaapoaLess «ff Nahkyl 30110 &0l AGomiibes of 0. In
phot omask substrate surface by hexanet hyl di sil azane
a@ddvbspn , whCeONC f idonhavi yg aselicomith eosdepntont 6 O0tatromic $
manuf acturing process, or other organic-silicon-based
oxyteateln recrmemnt afomic Hdiguriredereblivheosdibdnsate to
be exposed to gas of such a surface treatnent

SQGEHIMLG® GHe CraulPate 17 GO TagEnl: Ay 15 9 Atemiy §
o8P qugé%gF}ag s%rfgce% of the_substrate: 0132¥ The

%h@t%ﬂ Pl At PAFs®shbped MAEE RIPEETEP Fat tBENCFONC
film contains 40 to 45 atomic %2 of Cr, 15 to 30 atomic % of
N, 30 to 50 atomic % of O and 5 to 15 atomic % of C. |
{0130]

When performing patterning in mask fabrication using a
photomask blank according to the present invention, first,
a chemically amplified photoresist £ilm 14 having a thickness
of 250 nm or less is formed by application on a principal plane
of the photomask blank, Which.compriseslthe transparent
substrate 11 and the light-shielding film 12 having the
composition and thickness described above with regard to the
examples 1 and 2 formed on the substrate 11 (Figure 11A).
Considering that typical photoresist films have a thickness
of about 300 nm, the thickness of 250 nm means that the film

thickness is reduced by about 17 %. As described earlier,

such a structure having the chemically amplified photoresist
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(Figure 11B). Using the resulting resist pattern as a
mask, the light-shielding film12 is patterned by
oxygen-and- chl ori ne-based dry etching (Figure 11C).
Finally, the remaining photoresist film14 is renoved
to provide a photomask (Figure 11D). [0133] In this
exanple, the clear tinme of the light-shielding film
12 (by chl ori ne-and-oxygen-based dry etching) is 300
1dcappdd ed- tiipuetocomparlerd Wet honhdderedrasithe JpMB®mask
seconds - 54 of the conventional light-shielding film
kCl-ear time is substantially reduced. In addition,

blge
Eg %hotore3|st (mask) after the dry etching was
LG5S ved with a scanning electron mcroscope, and

bhot BFLT <56 f@mpsidBert Eifaaggtg?”?ﬂgtﬁ%&ﬁ? forf gurtece
B o B B B R S
th@VSHEtQEésL9%3§llmTﬂP 1@%0%3%0?41138‘( &%ﬂ%ﬂ%é Vf the

t he present 1 nvention may be con gur as a

15Bhtt shask dBhanki1hnA)his $ASEerably PREGD N Rfoddis to
light-shielding film a transliucent film that has a

pregean poobaknsNgstichhasipé&DiofSign@ThIMINP I HHe fine
(Mo), such as a region of MdSi, is provided on the

pattéane fmm evreghrime dhirdhy-shues cdquen € sitppicE tive beocess .
deposited. The translucent filmw Il be described
A pxedfreregt g favhanentpeit iisrm andcssackf skydsadlyloting
tﬂgephotomask substrate surface by hexamethyldisilazane
(HMDS}, which is commonly used in the semiconductor
manufacturing process, or other organic-silicon-based
surfa¢e treatment agent. The surface of the substrate may
be exposed to gas of such a surface treatment agent, or the
surface treatment agent may be directly applied to the surface
of the substrate.
[0132]

The photoresist f£ilm 14 is shaped into a resist pattern
(Figure 11B). Using the resulting resist pattern as a mask,
the light-shielding film 12 is patterned by
oxygen—and-chlorine~baseddryetching(Figurelld). Finally,
the remaining photoresist film 14 is removed to provide a
_photomask (Figure 11D).

{0133]

In this example, the clear time of the light-shielding

film 12 (by chlorine-and-oxygen-based dry etching) is 300

seconds. . Thus, compared with the clear time of 480 seconds
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l'ight-shielding filmof the phase-shift mask blank are
appropriately selected so that the mask bl ank
fabricated has a required optical characteristic.
Preferably; the Ilight-shielding filmis designed so
that the transmttance to exposure light is equal to
or higher than 0.01 % and equal to or lower than 5 %
and the reflectance to |ight having a wavel ength from
oZ50hancév@rfioml diefuialshiieldink ghan, ttee clEh?dand is
equal to or lower than 20 % In order to assure high
spastentiad lyreedgded, tIreaghjéionl .tHe pmotivirelsiess(nask)
referably smal | . The light-shielding filmis
aﬁftéffe?e-]aﬁl 9y b ves ﬁaser*aetidfhth teh ﬁ@ﬁlﬁéwgeqijaptron
to or less than. 60 nm [0137 gure 12A
niERERROPE - cﬁ“b%§h§é‘ct?~5r‘f%§}s Grehiree 1?1?"‘}%§Pf=°‘a‘?‘?”’f‘@g%r¥° the

PR ReRLE s § eihCe i Srdits o e RERHG tI0R ot Grear

gnslucent film 15 having a predeterm ned phase-shift
capablllty and a predetermned transmttance to
16xpegure light is fornmed on one principal plane of a
tranSparent substrate 17 nade of quartz or the |ike

(ERahp3eniesasttc 3t PRethre B SpiasdIBRt F 8@ sk BiMhIdaccording
light-shielding film12 is fornmed on the transl ucent

£bi thelpredbet! ighénsboérhding film 12 has the | ayered
structure described above with regard to the exanple
f013amdl can serve not only as a "light-shielding filnf
but also as an antireflection film In addition, the
t r arli¥le edwotofigsiy blanksageonfiing oie thisapseshntt inegmiion
contai ning an absorber material that is a half-tone
MR RE FaPLegRraAmh @ EBPﬁesﬁ‘IH%%ﬁ‘aSFSP}a%]ﬁd ot Fhaderease .

_A%P). The filmof such a conpositian
in-deposition of the light-shielding £film, a translucent £ilm

that has a region containing both silicon (Si) and molybdenum
(Mo), such as a region of MoSi, is provided on the surface
on which the light-shi-elding- film is to be deposited. The
translucent f£ilm will be described later.

[0136]

The composition and stack structure of the
light-shielding film of the phase-shift mask blank are
appropriately selected so that the mask blank fabricated has
a requi'red optical characteristic. Preferably, the
light-shielding film is designed so. that the transmittanée .
to exposure light is equal to or higher than 0.01 % and equal
to or lower than 5 %, and the reflectance to light having a
wavelength from 250 nm to 270 nm is equal to or hiéhér than
10 $ and equal to or lower than 20 2. In order to assure high

patterning precision, the physical film thickness is
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used because it has excellent characteristics

including dry etching characteristics, conductivity,
and chem cal resistance. (0138] |In the case where

the hal f-tone phase-shift mask bl ank according to the
present invention is designed for fabrication of a

mask for ArF exposure, the thickness and conposition

of the light-shielding film12 are selected so that
preéegpbilyalsmaddnsi Tlye CDight t feieélghbg shibhdimgpfefard@ly
for light having 56 a wavelength of 193 nmfalls
dgstianadate dagee of tbtal dhdcknessyepuah bptoxaleseridiany 60
OD can be achi eved by setting the thickness of the

O Imwithin a range of 25 nmto 60 nm However, in

i ég?é to reduce the dry-etching tinme to i nprove the
ﬁ' rning precision, the thickness of the filmis

f bl . W thi f 25 5
PO 176" AT e B e Rl el Bl b o
_ | ; . o
15265 0888 Ko Bl W oriP R L B0ubPul DO REERL L LAY BALLAT shi et
m.?_.b.ﬁ bhhRkNESS0RAENEOPROSHE] ?E’e%fentt Eﬁvgha%fm?h&ﬁ'ym%gh a

ilm12 are selected so that the optical densit
tohnshacénhghtishi ebdhagihyl B p2ehotelhPhbahphhBE-sRift

wavel ength of 248 nmfalls wthin a range of 1.2 to
c@pdbilBug hnde pptdetd rabnsd ty a0bmi 2R aheeae e eyesuby 1ight
~setting the thickness of the filmwthin a range of
igFawmed or0opm pHEbneYpal planerdfm ttoansgacenthsubstrate
dry-etching time to inprove the patterning precision,
11 gade Rt RIEs oF thad il thasspreesagls Bhosaragk spbatyate,
range of 30 nmto. 60 nm_ [ 0140]

and & light-shielding film 12 is formed on the translucent
film15.. Thelight-shieldingfilml2has the layeredstructure
. described above with regard to the example 1 and can serve
not only as a "light-shielding £ilm" but also as an
antireflection film. In addition, the translucent f£ilm 15
is a half-tone phase-shift layer containing an absorber
material that is a half-tone material containing both silicon
(5i) and molybdenum (Mo). The film of such a composition is
used because it has excellent characteristics including dry
etching characteristics, conductivity, and chemical
resistance.
[0138]

In the case where the half-tone phase-shift mask blank
accordingtothepresentinventidnisdesignedforfabrication
of a mask for ArF exposure, the thickness and composition of

the light-shielding film 12 are selected so that the optical

density OD of the light-shielding f£ilm 12 for light having
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In the case where the light-shielding film12 has a
multilayer filmstructure in which a plurality of

| ayers having different optical characteristics are
stacked on each other as shown in Figure 12B, for
exanple, it is preferred that the primary material of

t he uppernost layer is chrom um oxide, chrom um
nitride or chrom umoxynitride, and the percentage

& dRvEdenqtat ¢f d9%) nef fatygerithinrageaanamdtar Hortaat2- 3.
depths of 0.5 to 1.0 nmfromthe surface of the

A AP YILAd, densitye | ULicaP b8 achievssd by getting the
Y N PR
4T Sl S S IS5 e,
PSSl broBislon] o 06S0L0D SO S MGERE gty

- sF w@APASURE rahlde ©FMReSiHid @ 59 npl.eferably sel ected
so that the extinction coefficient k of the uppernost

[loayper; of the multilayer filmfor light having a
wavel ength of 193 nmfalls within range of 1.0 to 1.5.

[ 014Q} tldethelrechanddiild ahe dese e ahe\thotditask blank
refl ectance for |ight having an inspection wavel ength
acegegdingArothepresen thnvendidy isdesignesdfonffidbaication

satisfactory dry-etching rate in terns of CD can be

ofsa sk frx Rubieyresurfe Pesithickness amd oamosdd ish of
thhe_light-ﬁhielding%gilnwcan be made adequate, =~ and

Ret t9 bethte L & hdni Walt Ry BRI @S 88 thabihe optical

hot gacj e ergtfr IS rg%t ed, s tggg a_high resist
BRI ET PR o PorE LR St g i Y o 1980t ReFhng
a wavelength of 248 nm falls within a range of 1.2 to 2.3.
Such an optical density OD can be achieved by setting the -
thickness of the filmwithin a range of 30 nmto 70 nm. However,
'in order to reduce the dry-etching time to improve the
patterning precision, the thickness of the film is preferably
set within a range of 30 nm to 60 nm.
10140]

In the case where the light-shielding film 12 has a
multilayer film structure inwhich apluralityof layers having
different optical characteristics are stacked on each other
as shown in Figure 12B, for example, it is preferred that the
primary material of the uppermost layer is chromium oxide,
chromium nitride or chromium oxynitride, and the percentage
‘contents (atomic %) of oxygen, nitrogen and carbon at depths

of 0.5 to 1.0 nm from the surface of the uppermost layer are

selected so that the oxygen content > the nitrogen content
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[0143] The translucent film 15 may be not only a
single-layer filmbut also a multilayer film
including two or nore |ayers having different
conpositions as shown in Figure 12C, for exanple. In
the case of the nmultilayer filmstructure, at | east
one of the layers constituting the translucent film 15
shoul d contain both silicon and nol ybdenum 1In
>addi®t iS@FPosuSRntEndi.ngle- pdgétior. nihej thjekness of the
translucent film1l5 is adapted to _have a
YRRSTLIASY &ﬁé’@roPr%f?Ba‘AéYog%lfﬁoS pHdhides zapggsefshe fho 25
58 of about 180 degrees, for exanple. In sonme cases,

ie translucent filmcan be adapted to provide a
[Bﬁ%ﬁﬁ shift of 10 degrees or less. [0144] 1In the
case where the translucent film 15 has a nultil ayer

str U?Eklfﬁerﬁlgf? oRty £/ LA AGLELL it?l)%.i Ig%]?é < ’{:é‘xge phase-shift

translucent film 15 can be read

maWRk Blaf® R dod¥ahy €9NHd brbkBat {fiRdyans Hﬁc&é‘éi%ﬁ deor
15 include a light-absorbing |ayer and a phase-shift

fhbydcatliont bEsaoassk Bo UNSRAtdipiRt-dTeitde cHafRRUAGon is
form ng the |light-absorbing layer is preferably an
pupfetrabdyesle hetbdd sid ithiate thei detiant Uos ados B beli et &l of
silicide oxynitride, or an unsaturated netal silicide
thryapperdest akdieie off thehsut hsdapertfiblyngar ddatddhaving
metal silicide oxide, the |ight-absorbing |ayer
AcBAVELARIBN20E 0188 n@t SALeswwdtnip T9nge 96 ArBnte do5-

{gi ?; and 0.1 to 60 atomc % of 0. Here, the
ﬁ cter "M denotes a transition nmetal, such as

T Il R85 Tt B S TE Bce

. ? 1 .
silicloe oxyni

f@fe.lfa, kﬂ?)i}ﬁ?riggrgr?ii%%p%c?tito% §QV§18H}3E1&0/€£§0 Mo %90 trf?n )gg:an
atomtc %o )

be readily controlled, and a satisfactory dry-etching rate

in terms of OD can be assured. In addition, the basicity of

the surface of the light-shielding film can be made adequate,

and the effect of a chemically amplified resist on a photoacid

generator is reduced, so that a high resist patterning

precision can be maintained.

[0143]

The translucent f£ilm 15 may be not only a single-layer
film but also a multilayer film including two or more layers
having different compositions as shown in Figure 12C, for
example. In the case of the multilayer f£ilm structure, at
least one of the layers constituting the translucent £ilm 15
should containboth silicon andmolybdenum. Inaddition, such

a single-layer or multilayer translucent film 15 is adapted

to have a transmittance of 2 to 40 % and provides a phase shift

¥
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0.1 to 50 atomic %of 0 and 0.1 to 50 atom c % of N.
In the case of the unsaturated netal silicide
oxynitride carbide, the |ight-absorbing |ayer
preferably contains 0.2 to 80 atomc %of M 19 to 90
atomc * of Si, 0.1 to 45 atomc % of 0, 0.1 to 45
atomc %of Nand 0.1 to 30 atomic %of C  [0145].
Such unsat urated conpounds can be formed by reactive

Gp@boet A§ doyleggipespr fareFampleoduErngomp cases, the
ag%en cont ai ni ng as, a ni trogen cont ai ni ng gas and
rlbl&ﬁné‘-oﬁtl&rﬂn%@ fdaptegl tospPEpULder f RAPLR Shifd of

rati o_anon )iy nitrogen and carbon can be

B Sespers: 8ty 15 JUSt ed by using the reactive
[%ﬁldtterl ng technique, and thus, the optical
char zlct eristic can be adjusted, and the design

fl exi it aagéomg%eaaa/ gagseﬁélaxﬁ ;éfigfngﬁﬁgltaﬁ é%i@ugg,er

addition, as a materi a
sPRbBkusdl Cileopxidgn &aﬁ&deﬁéﬂﬁ 98 R4 d ﬂ?céx‘ﬂf’ f§lm

metal suicide oxynitride carbide are preferably used

1brodrtee easeilghdijne teatat t15é kidiodensrd Ugyeth %onst:.tutmg
phase-shift layer preferably contains 0.2 to 25
thtotrandiwtedt Al d.542net.adizca % iofhiSiatmssk-b 3y tiaye® and
atomc %of 0. In the case of the netal silicide
aorhasersdéftt hayphaselshiliis |cgmes, prrefwrsityriond anetsal
0.2 to 25 atomic %of M 10 to 57 atomc %of Si, 2
cpPPopngt kprRing tdte dighd -sbserbing: baver vhopnefanablyean
case of the netal silicide oxynitride carbide, the
uBﬁﬁE'éri‘F?‘flt mehgdy SblléFéiiﬁbPi‘il% nt ahnensptyrapedsmetal
0 % 0
554 28 8o, b @rpituide, opfceaf, BREReuRacodsnefabosilafidoo,

?r%t ng:rﬂé“ rbiag N aﬁ{eer?% OCJL-ent%eesurﬁétr@PSIéd metal

suc nol ybdenum
silicide oxide, the light-absorbing layer contains 0.2 to 80

atomic % of M, 19 to 90 atomic % of Si and 0.1 to 60 atomic %
of 0. Here, the character "M" denotes a transition metal,
such as molybdenum (Mc). In the case of the unsaturatedmetal
silicide oxynitride, the light-absorbing layer preferably
" contains 0.2 to 80 atomic % of M, 19 to 90 atomic % of Si,
0.1 to 50 atomic % of O and 0.1 to 50 atomic %2 of N. In the
case of the unsaturated metal silicide oxynitride carbide,
the light-absorbing layer preferably contains 0.2 to 80
-atomic % of M, 19 to 90 atomic % of Si, 0.1 to 45 atomic %
of O, 0.1 to 45 atomic % of N and 0.1 to 30 atomic % of C.
[0145]

Such unsaturated compounds can be formed by reactive
sputtering by appropriately introducing an oxygen—containing

gas, a nitrogen-containing gas and a carbon-containing gas
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[0147] Such a phase-shift |ayer can be formed by
reactive sputtering by using a netal target, a
silicon target and a netal silicide, target
appropriately sel ected depending on the conposition
of the phase-shift layer to be forned and by
appropriately introduci ng an oxygen-containi ng gas, a
ni trogen-contai ni ng gas and acarbon -contai ni ng gas
& oyt w%rhng aasi nefhre gatio gmohgascygsan, nhgogemadd carbon
krygton [0148] - 60 Wile the basic structure of the

¢ OPRE oprasdedRigdivshadkbpgirgddtordangive spydtering

1§ﬁ§$ent i nvention has been _descri bed above, the
f\thu(ﬁwea%ﬁ%s s kPpeRHSR Ishanactaris e carbegéiigeded.

t . has _a.chen cal |f| ist film
a&ihi P ?F‘ﬁlﬁ%}r %X?;HHE?W%’M edg’adi‘i’?gq%‘i%Yl'z‘“‘vaed
the chemcally anpllfled photoresi st is used
beca se it is highly sensitive and is suitable for

fi neIHaEE&H?i £
chem cal | yanp |f|edﬁ%otoreS|st f%fﬁ?ﬁ%p gﬁﬁé hﬁft layer,

aARPt ¥l BY1ibhaeaMLh ik tadd 11 &hPHRYRY 885 8L dn@l Ametal
t hi ckness of 250 nmor |ess. [0149] uch a thickness

safl iicheéechreya Ciatide aapbliticat-ppoboeeabsy uddd .M I8 the case
adopt ed because, in the case of fabrication of a

offhiche medlalf 9l ik Fdengddear, ccidhphaseqgehi€s fayer preferably-
patterning, the resist filmis required to

CcPBlatas| Qe? ytq RiSnatenmag¢ot PthMghlO dapddt atamiost ¢HE50Rnd
I n princi a thinner resist filmprovides a better

3PeE8) P B OmH»‘ P het r@si din fhet ase fdhhageatalr shgicide

etc
oxynltrgde the phase-shift layer preferably contains 0.2 to

25 atomic % of M, 10 to 57 atomic % of Si, 2 to 20 atomic %
of Oand 5 to 57 atomic $ of N. In the case of themetal silicide
oxynitride carbide, the phase-shift layer preferably contains
0.2 to 25 atomic % of M, 10 to 57 atomic % of Si, 2 to 20 atomic %
of O, 5 to 57 atomic £ of Nand 0.5 to 30 atomic % of C. Again, .
the character "M" denotes a transition metal, such as

- molybdenum {Mo).

[0147]

Such a phase-shift layer can be formed by reactive
sputtering by using a metal target, a silicon target and a
metalsilicidetargetappropriatelyselecteddapendingcnlthe
composition of the phase-shift layer to be formed and by
appropriately introducing an oxygen-containing gas, a
nitrogen—containinggasandacarbon—containinggasalongwith
an inert gas, such as neon, argon and krypton.

[0148]
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the pattern fidelity is reduced. However, since the
light-shielding filmaccording to the present
invention that can be readily etched requires a
shorter etching tinme than conventional ones, a
thinner resist filmcan be used. By using a resist
fil mhaving a thickness of 200 amor |ess, a high
wor ki ng precision can be achieved. [0151] In
addi Hhahe the bamike dtmiatugfe phethéitediessorsd phiase-shift
resist filmis determned by conprehensively taking
&gk Peddu fCcording ke ithgs pEesenti daventdiondheg bleen
et chi istance of the resist material. Tzqkfahby,
an

dﬁ&%&g’%ﬁr Sﬁ%"?hi the e delgt-tane rhaspsshiflpnasg may
f bl th 75 and ] .

0 & SERpYuPdlBhat PnlL ITSen BN iy i et o, £11m
i cal i f i d ymy._ be..qf it

SEUSOERL eI Ui Dl S LRGS0 P2 OSIALY e

cBRhlibath §ramp Pi £ £54 f}ho@ﬁar@:fsﬁgltyﬁ Eaggtcﬁé%%\%%%?\éi ﬁ h?ﬁgly

aromati c structure 1s pre erab

sphesehtel dVERkl O tdbEe HICAIRD It e YIn this case,
i nportant. For exanple, the photoresist for formng

thhehentienilagl dnyp il dd prelt pHes D& €51 Sin ifd # Sheéd BHEBP1ving
Wth (or contains) a surface-active agent wth a
ther ckembgal ty mmmt ifoéd Itheodddl: o o ahiekamglse of 250
and the percentage content of a solid constituent is
ngdphstiedsto be equal to or less than 10 weight % of
the organic solvent. The surface-active agent added
(95648 he chem cally anplified photoresist nmay be a

surface-active agent that contai ns.a surface-active
Sauceil a t-hlcq(negss of the chemlically amplified photoresist

film is adopted because, in the case of fabrication of a
photomask for Ar¥F exposure that requires fine patterning, the
resist film is required to be relatively thin to avoid high
aspect ratios.

[0150]

In principle, a thinner resist film provides a better
resolution. If the resist pattern is damaged during etching,
the pattern fidelity is reduced. However, since the
light-shielding film according to the present invention that
can be readily etched requires a shorter etching time than
‘conventional ones, a thinner resist filmcanbeused. Byusing
a resist film having a thickness of 200 nm or less, a high
working precision can be achieved.

[0151]
Inaddition, the lower limit of the thickness of the resist

film is determined by comprehensively taking into account
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constituent having a fluorine substituent, a
surface-active agent that contains a nonionic
surface-active constituent having neither a fluorine
substituent nor a silicon containing substituent, or
a mxture thereof. [0154] (Exanple 6: Phase-shift
mask bl ank and first exanple of patterning process)
[0155] - 62 Figure 10 shows an exenplary arrangenment
VEriQUuS crnddépesst iBAlugpRgate FiHhikne mafy spwmeads Fhe
used for fabricating a half-tone phase-shift nmask
THSARE Betsrdetg t BYPERRLBY ediiteVShve it FhighpessyQfeshe
13A to0 13D are di agra for jlJustratin n e | ar
TSEAEYELIR pat PEPATRAP IO 153 e MRS ARG 1 Rils)and
Lan I i_qu , . reference ral 11
n@%%b g?&§}§$QX§pgﬁgﬁ% Egué%twg?s,%%ﬁﬁcﬁeﬁggg‘6-inch

[096hkgngul ar quartz substrate. Typically, the surface
and end faces of the quartz substrate are finely

pol i @Héd}heﬁﬁfc%ﬂ@&c%gyﬂﬁ{é& r&@} sdant €had Kdafehositive

ref erence nuneral a denotes a first target,

typkaie acte gaties alypkQ2ba deilat-ehavnS 6808t arphrticular,
reference nuneral 103 denotes a sputtering gas inlet,
areéeishoef mupelgneiOfatendddshawdig@sano atdosiaticesereatere
numer al , 105 denotes a substrate turntable, and
ipepEpéntabivnuealls 106a and 106b denote power

sug lies that apply a bias to the first and second
(P34 géts respectively. [0157] As a translucent film

15, hal f-t one phase-shift |ayer
fh.ghe present invention, %ﬁe.spreadability‘is very

important. For example, the photoresist for forming the
chemically amplified photoresist £ilm is added with (or
contains) a surface-active agent with a percentage content
of 10 to 1000 ppm, for example, and the percentage content
of a solid constituent is adjusted to be equal to or less than
10 weight % of the organic solvent. The surface-active agent
added to the chemically amplified photoresist may be a
surface-active agent that contains a surface-active
constituent having a fluorine substituent, a surface-active
dagent that contains a nonionic surface-active constituent
havingneither51fluorinesubstituentnorexsiliconcontaining
substituent, or a mixture thereof.

t0154]

(Example 6: Phase-shift mask blank and first example of

- patterning process)

[0155]
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contai ning an absorber material that is a half-tone
material containing both silicon (Si) and nol ybdenum
(Mb) is formed on the quartz substrate 11. The first
target 102a used in this step is a single crystal
silicon (Si) target, and the second target used in
this step is a polycrystalline nol ybdenum silicide
(MbSi 3) target. The gas flow rate was set so that the
gas pievsear &0i shoiWe ehassempdarivngriehgenepdspefi enfids
63 0.1 Pa, and. a nol ybdenum silicide conpound film
demesiitiom @pragad uso(FRy s ia g SPRELRGUsHe usfss thox e
iab 30 rpm F0158 %gecificaggx, filn1dﬁgosition was
ICEFHY Prirbhub?hy Prasqyatifit paskohirakeagfording to
ccmand N2.gas at a flo ate of (zer sccmj.nto
e BeRRnlr 18880 RaoRer rBYef RoGaet A H oin i dimgtams
' A pl.yi j r r..Qf
O3 taoReLR Ty 35 kel dsy, pEARLES BEBa Rertiny fhe
hhn%_tshetﬁhggbhs@a%traggk!%qfh ¢ substrate 11 at 30
rpm Then, the translucent filmhaving a thickness of
{ahagty 20 nmwas formed by continuously changi ng
thefil mdeposition conditions in such a manner that

t he IhtuguwieesoofrdiegascaninbZagast denbitedus @dandip@rent
t he chanber 101 were gradually changed to 5 sccm and

-SBOstrale. rebpebt iy eh \§- ol edagsping dthengast psedsirete .

in the chanber at 0.1 Pa, and the discharge powers
TEppraddy . tehe mansSicsapdrefed tanes b Bhetguayetz wubstrate
%%aQUaIIy. changed to 100 Wand 900 W respectively.
atfddredyprtishedep St eRoecie ¥ bAg L denqfrarip shamber,

structure” f il hat has a conpqsition radient in
TRAPERDERCnERSTELt M0ARnHERP CetnPoRL St CeRb R L FaGERence
nﬁ-ﬁg£§ft1@£@d&eax{éiyesc %aﬂggo%”tgreg&? r n]?egf eJ_[eOrngg ]numeral 103
denotes a sputtering gas inlet, reference numeral 104 denotes
a gas outlet, reference numeral 105 denotes a substrate

turntable, and reference numerals 106a and 106b denote power

supplies that apply a bias to the first and second targets, .

" respectively.

[0157]
As a translucent £film 15, a half-tone phase-shift layer
containing an absorber material that is a half-tone material

containing both silicon (Si) and molybdenum (Mo) is formed

-on the quartz substrate 11. The first target 102a used in

this step is a single crystal silicon (Si) target, and the
second target used in this step isapolycrystalline molybdenum
silicide (MoSi;) target. The gas flow rate was set so that.

the gas pressure in the chamber during £ilm deposition was
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Then, a light-shielding filmwas forned on the
translucent filmusing a first target 102a and a

second target 102b that were both chrom um net al
targets. First,. as sputtering gas, a gas mxture
containing Ar gas at a flowrate of 15 sccm N2 gas

at a flowrate of 30 sccmand 02 gas at a flowrate

of 15 sccm was i ntroduced into the chanber 101 to
Gdhfaverrd yRelgbdsrumesbligide P‘é”‘lﬂ?‘ﬂ@eféﬁﬁnﬁéﬁ’&% £ilm)

di scharge power of 64 500 Wwas Iledto each of

e t?aﬁ"%td twgnmlﬁa TR 13 Bhe SUBSRE &gl &

\Qﬁil the substrate 11 was bei ng rotated at 30 rpm
by formng a CON filmhaving a chrom um cont ent

) er
Ohi oPRELEFLEAINE! £IPGROL FE IR Qo st £d BY b bR dboing
29eRR% kiton %ﬁotqhﬁah:lagek 8hi sbéanngna hmga&a%@% GiaReed e

i n~various way s epen I Ng on I'm COTTpOSI tion or

oS i(FRrof) &bem Ihackesd w%h%% 1@&&5@@&@3 a Had PRessure
case where aCCrONC filmis to be forned, the

ofpot tePanbn gdte |duamm&qedppmyngoatmml®®ﬁg@rdeHﬁ of 700
ki nds of carbon-containing gas, such as CH4, COQ2 and

WCOr bhe MeSimrtardendendf andisogengeopbweni o 3@A to the

such as NO, NO2 and N2 and one or nore Kinds of

Sdxygeaeteontafinragating thehswesooRte NG aafdd I@ mpm-  Then,

further contain__an inert gas, such as Ar, He and Kr,

tHFxEHaWEHCFHESEIb'as%%WHSF P e iFRRRSs OTo@P s 2& npOwas
hat doupl e u and an, oxy

£ S pE <oItt By Bty ShERHLRY SBR ATy FERBL Rt o EpRdit ions

n n f he. subst Late
oo R MR RS bk habr B PH CRpE 8k pRoREgas and M. gas

1EH£BHﬁEgﬁrfmt5 r\ﬁldé/%rﬂaﬂﬂj%f(:lﬂqswegg ifg&ﬁ%iinﬂg:rgﬁgfe% to 5
be 1 ntroduce separately into the chamber,

sé@ﬁ%rﬁf 58ldcchf, $88pSPELFEIY NG dFYnHenll gfdpressure
- in the chamber at 0.1 Pa, and the discharge powers applied
.to the MoSi; target and the Si target were gradually changed
to 100 W and 900 W, respectively. Under such film deposition
conditions, a "gradient structure" £ilm that has a composition
gradient inwhich the transitionmetal content and the nitrogen
content gradually change can be formed.

[0159}

Then, a light—shielding filmwas formedon the translucent
film using a first target 102a and a second target 102b tha-t
were both chromium-metal targets. First, as sputtering gas,
a gas mixture containing Ar gas at a flow rate of 15 sccm,
N:; gas at a flow rate of 30 sccm and 0, gas at a flow rate

of 15 sccm was introduced into the chamber 101 to achieve a

gas pressure of 0.1 Pa in the chamber. A discharge power of
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and introduced into the chanber. [0161] The CrON film
having a chrom um content of 50 atomc % or less in
terms of atomic ratio preferably contains 40 to 50
atomc %of Cr, 10 to 35 atomc %of N and 25 to 50
atomc % of 0. More preferably, the CGONfilm
contains 40 to 45 atomc % of C, 15 to 30 atomc %
N and 30 tQ 50 atomc Z_ of 0. In - 65 addition,
%ber"bweSf PPRLASd f9 g2€hrofi the cbhreht taFgsh Jaﬁ%fm@f%the

P B S 0 SR S G20 B
403030l Wicdlly %fﬁa(ifﬁ%' p ke Pn RO %/sﬁﬁggaﬁgfﬁ%l%nt
anggrSatJ'éjl‘:gS‘a ?om c t/%q{? 8?63]%&“#7@&3&62% ?r%ntélo kiibss

dJratdgerdyi ng i n mask fabrlcatlon using a half-tone

phase-shift mask bl ank according to the present

foneoytion, first, a chemcally anplified photoresist

film14 .- having a thickness of 250 nmor less is

f or nedelypna@ipliicast f @ndepos At poh 0@ fisd 1 phABesAfielieng film

hal f -t one phase-shift mask bl ank, which conprises the

candrspharged dubstiriatues vdy sddpehdingranishel € 2l conlposifion

and |ight-shielding film12 having the conpositions

Oé‘n éeﬁh%kﬂés@@ slextk shagcabsee Weh exgaplet oin tﬁtee case
nples 1 and 5 stacked on _the substrate 11 (Fi

Wi??ﬂ? aCr@n§i ey baiprigpi dhe Tt G garil Foduced

a. t hi ckness t he thi ckpess of

myg o R Rk mohe KondR OfnreknetecottelRa eds, sucn
b&’ﬁ Bﬁ @ECCS'i e r | Q]‘E_;d ?gr l I 3{{1':&1 nlt%&%te%u%tolﬂtalnlng

aV| em ‘car Iy anpri Stolfesi

gBRp! bﬁ@ht agrﬁbo &80 A& NLUPVHIYLIAS WGas of

phase- shi
- oxygen-containinggas, such as CO,, NO and O; or further contain -

an inert gas, such as Ar, Ne and Kr, mixed with these gases.
Inparticular, CO; gas or CO gas that doubles as a carbon source
~and an oxygen source is preferably used from the viewpoint ‘
of in-plane uniformity of the substrate and controllability
of the fabrication process. Furthermore, the various kinds
of sputtering gases may be introduced separately into the
chamber, or some or all of the sputtering gases ﬁay be mixed
and introduced into the chamber.

[0lel]

The CrON film having a chromium content of 50 atomic %
or less in terms of atomic ratio preferably contains 40 to
50 atomiec % of Cxr, 10 to 35 atomic % of N and 25 to 50 atomic %
of 0. More preferably, the CrON film contains 40 to 45 atomic %

of Cr, 15 to 30 atomic % of N and 30 to 50 atomic % of 0.' In
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mask bl ank". [0163] Prior to formation of the
photoresist film 14, a surface treatnent to reduce

the surface energy of the surface on which the
photoresist.film14 is to be forned (the surface of

the light-shielding film212) is preferably perforned

in order to prevent problens, such as peel-off and
falling of the fine - 66 pattern, from occurring
a¢iitigra & GrOBGUEtm bawpngfa cheopiovessitent pf éfteatenlic %
surface treatnent is a process of alkylsilylating the
BhdessadR 6586 af cakemiacdeabio HsefrstalA v e taddme 40 to

S%HNESQ' mg ich is connnnlg used in the sem conductor
RGPREEUFi My Cd?ro&é’s§° Br ERtC ot gdnle- 8P| Fe ol swc 3
f reat h face of_the substrate
ohd 38 L0 ResTR toptoficn ot ket e Crone
n €4nSurLf e en | rectl

Aa A bonBhahPhao k[ E IR 1E8E B8 s OB B i o
NPRORORESLAL atbhiil14 b 8NARAds! BL018 LESkiL RAbECEN
(Flgure 13B). Using the resulting resist pattern as a
[oask,] the Ilght shielding film 12 and the transl ucent
film15 are patterned by oxygen-and-chl ori ne-based

dry wetehipegrf{dingiiie pat3FCrnihighahl dask FEav M@ idi0 using a
photoresist film14 is renoved to provide a photomask
hakfgtrne18bhse[ 8266L mhakt hisnkxaopbeditpetol eae praeent
of the light-shielding film212 (by

ipWedEing. msﬁ(yg@h@mw prgldfiieg) phet@pesist £ilm 14
seconds. Thus, ared with the clear tinme of 320
hayipads th&PkPﬁésc ngﬁéﬂ PBNRY Ygsghisstpenes iy pppAicehdon

clear . tine i .
on a principal plane of the half-tone phase-shift mask blank,

}Which comprises the transparent substrate 11 and the
translucent £ilm 15 and light-shielding film 12 having the
‘compositions and thicknesses described above with regard to
the examples 1 and 5 stacked on the substrate 11 {(Figure 133).
Considering that typical photoresist films have a thickness
-of about 300 nm, the thickness of 250 nm means that the film
thickness is reduced by about 17 %. As described earlier,
such a structure having the chemically amplified photoresist
14 applied thereto can also be considered as the "phase-shift
mask blank".

[0163]

Prior to formation of the photoresist film 14, a surface
treatment to reduce the surface energy of the surface on which
the photoresist film 14 is tq be formed (the surface of the
light-shielding £ilm 12,) is preferably performed in order to

prevent problems, such as peel-off and falling of the fine
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substantially reduced. In addition, the photoresist
(mask) after the dry etching was observed with a
scanni ng el ectron mcroscope, and then, it was
confirmed that the damage to the photoresist was
reduced. because of the reduction of the clear tine.
[0166] 67 (Exanple 7; Phase-shift mask bl ank, and

second exanple of patterning process) [0167] This
BhprR- HFPI A5 udEd o Beng 8 SuRserueaitet et the process.

5
i 1q and_13A.to 13D. Th t of the film
heBserEran ShreaR sEoepRRE AP TR RPAs G Thlating

[ d,_ th bst r.at Yol
SR A BT AR S die WY ATl ne
t a0 : t
o SR S A R S

SO Reu B E P cd it diS A fodde JRLEHi R -based

contai ning both silicon (Si) and ol ybdenum (M) 1's

dwormeek WedliRemuadentsubshs aterddee The fid Sud9ftle may
102a used in this step is a single crystal silicon
KeSiexptomegietto gad éhesucdeeosdrfacgetroaenent addést St@P the
is a polycrystalline nolybdenum silicide (MSi3)

swripate tThatyest fHgentrede beabi sett spabbatedttretjasurface
pressure in the chanber during fil mdeposition was

9. 1they subysdateol ybdenum silici de conpound film (MSi N
fil was formed while rotating the substrate at 30

ﬂﬂ%ﬁ ][0169] Specifically, filmdeposition was started
by igégo qgé&? Ar g$§ﬂ9&4aiflq¥/r te of 20 sccm and

N2 gas I} ?%ﬁf? s shaped into a resist pattern
(Figure 13B). Using the resulting resist pattern as a mask,
the light-shielding £ilm 12 and the translucent film 15 are
patterned by oxygen-and-chlorine-based dry etching (Figure
13C). PFinally, the remaining'photoresist film 14 is removed
to provide a photomask (Figure 13D).

[0165]

In this example, the clear time of the light-shielding
film 12 (by chlorine-and-oxygen-based dry etching) is 200
seconds. Thus, compared with the clear time of 320 seconds
of the conventional light-shielding film, the clear time is
substantially reduced. In addition, the photoresist {mask)
after the dry etching was observed with a scanning electron
microscope, and then, it was confirmed that the damage to the
prhotoresist was reduced because of the reduction of the clear

time.

[01661]
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of O (zero) sccminto the chanber 101 to achieve a gas
pressure of 0.1 Pa in the chanber, applying a

di scharge power of 700 Wto the MoSi 3 target and a

di scharge power of 300 Wto the Si target, and
rotating the substrate 11 at 30 rpm Then, the
translucent filmhaving a thickness of about 20 nm was

f ormedby continuously changing the film deposition

EFrmicons dheser siidit Yrateth S g9 e lss of

Ar, .gas .and N2 gas . i ntroduced into the chanber 101
RidrE gyl & %f‘geﬁﬂnged to 5 sccmand 50 sccm

_[roﬁl%?glctively, whi |l e keeping the gas pressure in the
chanber at 0.1 Pa, and the di scharge powers applied

"to thg; | g t | 5 Qgﬁﬂg!
ch angga M%%gggﬁ%%gng%@% %leé%g g%%%ﬁﬁ%n er séur%:/ iy _ to
FilguPedeAQS idd 0N 320 WRAitIPNSeha aggaﬁ?@mten%t bECEHECE] 1m
filmthat has a conmposition gradient in which the
defpiRSitiiodN apphda teeni eptitasdihbeapphtagas) £ONE®Otsame as
gradual | y change can be fornmed. [0170] Then, a light
desluirdlbaidngbbv7é asas the mdot tdiee 1sedsi ¢ AR afidansparent
using a first target 102a and a second target 102b
supst-raker.ewbdch ¢hrant timcktzdctangelar diasty sadbstrate.
sputtering gas, a gas mxture containing Ar gas at a
[OR&RIrate of 15 sccm N2 gas at a flow rate of 30
sccmand 02 gas at a flow rate of 15 sccm was

| nt rdfRt daPRLSCeRS Ehiftoet. 0216 eRPRRATE - aklt layer
N R MUNA s O T LN .
BT BERACSETLRSE 07D AL LU AR (¥ e
ola¥hB0qAabbbCkiBSErQte 29. NMnd Bifldt target 102a used in
this step is a single crystal silicon (S8i) target, and the
second target usedin this step isapolycrystalline molybdenum
silicide (MoSi,) target. The gas flow rate was set so that
the gas pressure in the chamber during f£ilm deposition was
0‘. 1l Pa, and a molybdenum silicide compound film (MoSiN film)
was formed while rotating the substrate at 30 rpm.
[0169]
Specifically, filmdepositionwas started by introducing
‘Ar gas at a flow rate of 20 sccm and N; gas at a flow rate
0of 0 (zero) sccm into the chamber 101 to achieve a gas pressure
of 0.1 Pa in the chamber, applying a discharge power of 700
W to the MoSi; target and a discharge power of 300 W to the
Si target, and rotating the substrate 11 at 30 rpm. Then,
the translucent film having a thickness of about 20 nm was

formed by continuously changing the filmdepositionconditions
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Then, Ar gas at a flowrate of 30 sccmwas introduced
into the chanber 101 to achieve a gas pressure of 0.1
Pa in the chanber. A discharge power of 500 Wwas
applied to each of the first target 102a and the
second target 102b while the substrate 11 was being
rotated at 30 rpm thereby formng a C filn1having a
_thlckness of 7 nm 69 0172] Furthernore,

iR RUGHe A FROREHR ﬁaa/&r t&§s féPWarPItSﬁ/ Pt éroaaisagécﬂ? gas
A e S0 G ¥

okt rgéesescongmz?esﬁéﬁ#%s Peish Bob b BBer D BRgstice

_ 1‘;1' k8b LRLABL-1923y . Ansh T e, $aGRNG:;! g@gx?ﬁ?glg%ge%' Eﬁgéled

he substrate 11 was being rotate the

EOEfIé NS ON&&:%&’@ ayhddHisgkpgs§et Qe R gfaadarllgm bfanged

way, a light-shielding filmhaving a total thickness

tof 140 wnahd A a1, resgeof ivwli£h wasieacseuntradnf atpoBY¥tion
the chrom um conpound fil m having a chrom um cont ent
cohdibf@oatom tgfadiehtssruntuer!sE dim Bhatihasratompovdtion
formed. [0173] The conditions for deposition of the
graghent Hinsvldi ¢y the ltnansdrt ilga redioay edn i an b amidotise naysogen
dependi ng on the film conposition or design of the
CgﬁgéﬂtSEFG@PGiéY changgappnebei formedease where a

filmis to be forned, the sputtering gas
[gigmghuced may contain one or nore kinds of

or R e ”%&93%?8@3UCAM%?%@%@}&%&%?WM

B A0, 096 B SRS 30T
wehE rﬂoﬁ@éhrﬁﬂﬁhmaﬁe‘eﬁl ﬁéﬁ:gaé’éis Kr Fl@s)ﬁedag\"stpk}lttt%%i%g gas,

gases.
a gas mixture containing Ar gas at a flow rate of 15 sccm,

N> gas at a flow rate of 30 sccm and O; gas at a flow rate
of 15 scom was introduced into the chamber 101 to achieve a
gas pressure of 0.1 Pa in the chambexr. A discharge power of
500 W was applied to each of the first target 102a and the
second target 102b while the substrate 11 was being rotated
at 30 rpm, thereby forming a CrON f£ilm having a thickness of
20 nm.

[0171]

Then, Ar gas at a flow rate of 30 sccm was introduced
into the chamber 101 to achieve a gas pressure of 0.1 Pa in
the chamber. A discharge power of 500 W was applied to each
of the first target 102a and the second target 102b while the
substrate 11 was being rotated at 30 rpm, thereby forming a

Cr film having a thickness of 7 nm.
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In particular, CO2 gas or CO gas that doubles as a
carbon source and an oxygen source is preferably used
fromthe viewpoint of in-plane uniformty of the
substrate and controllability of the fabrication
process. Furthernore, the various kinds of sputtering
gases may be introduced separately into the 70

chanber, or sone or all of the sputtering gases may be
MXed and introduced into the chanber. [0174] The

CrON fil mhaving a chromi umcontent of 50 atomc % or

| ess FURthermeTst &t 9as drisiuke soertadissing Asngas nat 4o £low

to 5% gonic %0of C, 10 tg 35 atomic % of N and_25
Rt GTadOnTE Yy Bt 985 Abr & BEY FaER OF e SEPONRRA) Oy gas

PO 554 B R B ot efbost b ol S o
4 eSSy GREITAERD £ 00 BB "5 55 e

FhRIT 6700 ¥wad AP i3 %O%Eh%)fft}y? %ér%\}grtg:&get 102a

atomc % of .0 and™5 to 15 atomc %

e teeabbyonlNEakgdNG o fd WRiQ@NEBRNSURO: 1245 ALY Belthyg
of Cr, 15 to 30 atomic %of N, .30 to 50 atomic %of O

rathtedat 16 ramQibe r¥ef £ Emiid GlroNWiam perfiof Aith@ ckness
patterning in mask fabrication using a half-tone
ofhaewmshi fin pask wivank bightr tshmieldindEifmesaning a total
invention, first, a chemcally anplified photoresist
thiclress aAvEhdue. tHl Gkeesgose o50vhnrlywadsegscosnted for

_b%p%ngd‘b% appILcation on a principal plane of the
alRet SRECPHIReCLRPPEN Frals kLB | RANERY \oh iR BBy CoBE epfreof
sgra@sgaregt su&stra&e_ll and the translucent film15 _
nd "PI"ght “sRfel-8FRgPi FRFTS R4vALE™EReT2ERpo¥REi bAEMed

[aaq3ﬁhicknesses described above with regard to

The conditions for deposition of the light-shielding film
can be changed in various ways depending on the film composition
-or design of the stack structure. For example, in the case
whereaCrONC£ilmis tobe formed, the sputteringgas introduced
may contain one or more kinds of carbon-containing gas, such
as CHy, CO, and CO, one or more kinds of nitrogen-containing
gas, such as NO, NO, and N, and one or more kinds of
oxygen-containinggas, such as C0;, NO and O, or further contain
an inert gas, such as Ar, Ne and Kr, mixed with these gases.
In particular, CO; gas or CO gas that doubles as a carbon source
- and an oxygen source is preferably used from the viewpoint
of in-plane uniformity of the substrate and controllability

of the fabrication process. Furthermore, the various kinds

of sputtering gases may be introduced separately into the
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the exanples 1 and 5 stacked on the substrate 11
(Figure 13A). Considering that typical photoresist
films have a thickness of about 300 nm the thickness
of 250 nm neans that the film thickness is reduced by
about 17 % As described earlier, such a structure
having the chemcally anplified photoresist 71 14
applied thereto can al so be considered as the
chgpkea. sar fgomergyk aBlapk "the Sputtairimg gpses may rhg mdered
of  the photoresist film11l4, a surface treatnment to
apgdgdRéreducedr fiate &her §PaBPefhe surface on which the
{ﬁﬁghqresist film14 is to be formed (the surface of
“light-shielding film212) is preferably perforned

i ; t . I h | - of d .

(o) PHRE oAy ALY FAvR B SBonSHR B8 REE o o Hontc 5
t ]

<P ASPOLEN (O O Al Gty AR SRS, o

sphot SvBsle sehst I alets W aceml Bexamehhy! M4 ¢! 88 aomic &

(HVDS), which is commonly used in the sem conduct or
oFENUT RGk P HA85StheCrONEf 1IREBARKE NS 40 €6Mshas&Rlic 3

surface treatnment agent.. The surface of the substrate
offe§r, 5 expGsedtonigas off NSaall 30 sty fsacatbmeat gest 0. In
agent, or the surface treatnent agent may be directly
aggptied. taoCroNC fiiliebaving a dereuben candentOdy B0 atimic %
photoresist film14 is shaped into a resist pattern
OoF FLg8f eln 3BTy h@ ol g el i my efesiadrlyp gondedngs 48 to
- _mask, _the |jght-shielding filnw%z and the transl ucent
50 FTHMES & OF bEr LPrbRl By QHehSaRd- Bhi o7 o Bagdamic ¢
ry etchi (Eigqure. 1 q% €in |y, the remginin
Ogh%ta&}{ggl qs_t% 1;I.i5| %] ?Ellf:sg;’r :Fm ed%&oxye pre%era%ﬁy, tge CrONC
film contains 40 to 45 atomic % of Cr, 15 to 30 atomic % of
N, 30 to 50 atomic % of O and 5.to 15 atomic % of C.
[0175]

When performing patterning in mask fabrication using a
half-tone phase-shift mask blank according to the present
invention, first, a chemically amplified photoresist film 14
having a thickness of 250 nm or less is formed by application
on a principal plane of the half-tone phase-shift mask blank,
which comprises the transparent substrate 11 and the
translucent film 15 and light-shielding film 12 having the
compositions and thicknesses described above with regard to
" the examples 1 and 5 stacked on the substrate 11 (Figure 13A).
Considering that typical photoresist films have a thickness
of about 300 nm, the thickness of 250 nm means that the film

thickness is reduced by about 17 %. As described earlier,

such a structu_re having the chemically amplified photoresist
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to provide a photomask (Figure 13D). [0178] 1In this
exanple, the clear tinme of the light-shielding film
12 (by chl orine-and-oxygen-based dry etching) is 200
seconds. Thus, conpared with the clear tine of 320
seconds 72 of the conventional light-shielding film
the clear tine is substantially reduced. In addition,
t he photoresist (nask) after the dry etching was
lgbsppiléddviihdret s canmigp beeconshdened egsthopd phaseg -shift
then, it was confirmed that the damage to the
“Eﬁ%%dﬂ@%ﬂ%t was reduced because of the reduction of
the clear tine. (0179] The photomask bl ank and the
G- shift mask blank and the photonasks fabri cat ed

ing the mmsk bl ank rding.to t

?Jﬁ'vgﬁﬁsﬁ ﬂ%ﬁf@r@@iﬁﬁeﬁr Rsebh a6k e Suregee
| b

e AR S R YRG e FARr B n B pEgRe ¥ wnion

hh'évg%lt%ﬁ}es%‘% FE%S P egenty *b%V%BE:}nQEetg%%\?éeuHJEé & the

eto parent fromt

1%@@43@;1'&@15@511@@9\135 féf@ﬁw Hoddd® in order to

exanpl es are included in the scope of the present

prievesid pioblamg,VattBUSs0hEEL - SKAMMESF A B PHH AR fine
W t hout departing from the scope of the present

plattemi, ofront adostriay dipphigcabibséyuen 0 58e@p ofhehe process.
present invention provides a photomask having a
Apeefeerdd saniacectrearnent disor prasiesisl enkliydgiflydatfing
abricating the photomask. 73

the photomask substrate surface by hexamethyldisilazane
(HMDS), which is commonly used in the semiconductor
manufacturing process, -or ofher organic-silicon-based
surface treatment agent. The surface of the substrate may
be exposed to gas of such a surface treatment agent, or the
surface treatment agent may be directly applied to the surface
of the substrate.

[01771]

The photoresist £ilm 14 is shaped into a resist pattern
(Figure 13B). Using the resulting resist pattern as a mask,
the.light~shielding film 12 and the translucent £ilm 15 are
patterned by oxygen-and-chlorine-based dry etching (Figure
13C). Finally, the remaining photoresist £ilm 14 is removed
to provide a photomask (Figure 13D).

[0178]

In this example, the clear time of the light-shielding

film 12 (by chlorine-and-oxygen-based dry etching) is 200

seconds. Thus, compared with the clear time of 320 seconds
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CLAIM5 [1] A photomask bl ank conprising: a
transparent substrate; and a light-shielding filmfor
exposure light forned on the transparent substrate,
characterized in that said light-shielding filmhas a
total thickness of 100 nmor less, 70 %or nore of

~which 1is accounted for by the thickness of a chrom um

compound that has an optical density (OD) per unit

offthtb& nessvaliti@nd@l 3. ightl- dridlebind @ilm,ghhehaleay @ime is

wavel ength of 450 nm [2] The phot omask bl ank

subsbeditagliy veduaed; dhmeddidrionedthe phdiresist dmalsk)

t hi ckness_of said light-shielding film is equal to or

aftes tharB0 ahrhimy Wﬁ%oﬁﬁﬁmﬁfﬂswlbhaﬁ*ﬂ@%% §d-ecd ron
¢claim1 or 2, haracterized in that the

masagfﬁype@cﬁn%ft dltmagwogﬁ.%r"&.dnahwt%p%t gS5age o the
pgﬂgf’ 5%%? LT &Teéiggglda?ﬁﬁa‘tl%e H}ne T eo‘% %mn o tnd Mear

F racterlzed in that the optical density (OD) of said
Ight-shielding filmis 2.5 to 3.5 for light having a
(¢ayghength of 248 nm 74 [5] The photomask bl ank

accord| ng to any one of clainms 1 to 4, characterized

in thed @ ibud ghirishikebdangnti pRass - s@iftidddi@¥lank and
filmthat contains a stack of a plurality of |ayers,

- thacphdionupier fadbtricayerd abihfethiaihbiskayeanks laacdmbimy to

thi ckness of 10 to 40 nm [6] A half-tone phase-shift
thepesleartkimormpt ieik hgve been described above with reference

to the examples. However, the examples described above are

intended only for illustrating the present invention, and the

' present invention is not limited thereto. Itwill be apparent

from the above description that various modifications of the

examples are included in the scope of the present invention,

and various other examples are possible without departing from

the scope of the present invention.

industrial Applicability
[0180]

The present invention provides a photomask having a
precisefinepatternandjiphotomaskblankusedforfabricating

the photomask.
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a transparent substrate; a translucent film having a
predet erm ned phase-shift capability and a
predeterm ned transmttance for exposure |ight forned
on the transparent substrate; and a light-shielding
filmformed on the translucent film characterized in
that said translucent filmhas a region that contains
both silicon (Si) and nol ybdenum (M), and said

li ght-shielding film has é LR kness of 60 nm or

| ess. [7] The phot omask. bl ank according to cl aim6,
characterized in that the thickness of said

l.i,ght,- shi Id I I h
", B s%larﬂ‘a%q%og@%ﬁ%&n%‘g’ Lo claime or 7,
chargcgg% ﬁ?réﬁ ngszg?f%or algre the total thickness

—

of sai I'ng m 5 accounted for by the
t hi ck srﬁ&ﬂi HP1GOFRP ‘E”f81%é& the
density per un| hi ckness e or

IIghttraﬁgpageatw@\aﬁls%&att@,of 450 nm - 75 [9] The
phot omask bl ank according to any one of clains 6 to

8, chmapateerzeddi Dntiedt sed Ol trians wianl dindgnfiSmhas a
multilayer film and at | east one |ayer of the
nmul t kp&gdrthickmess cf Lapenmtdralesont 20 isobatdrsidfi ehfich
and nol ybdenum [ 10] The photonmask bl ank according to
any dRagtowigdfos by the thhakaesentzadcchrpnimt compound .
optlcal density (OD) of said light-shielding filmis

2 thad bas Ao opjhicHadeRgiky (B0 &I Rew UG Mgkﬁmss of
[111 gg phohonas bl ank according to any one
cl ai FsV 3" 0T &% 1708t haviag WﬁﬁQQﬂﬂh of 450

densﬁ&y (OD) of said

[2] The photomask blank according to claim 1, characterized
in that the total thickness of said light-shielding £ilm

- is equal fto or less than 80 nm.

. [3] The photomask blank according to claim 1 or 2,
characterized in that the optical density (OD) of said
light-shielding film is 2.5 to 3.5 for light having a

wavelength of 193 nm,

[4] The photomask blank according to claim 1 or 2,
characterized in that the optical density (OD) of said
light-shielding £ilm is 2.5 to 3.5 for light having a

wavelength of 248 nm.
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l'ight-shielding filmis 1.2 to 2.3 for light having a
wavel ength of 248 nm [121 The phot omask bl ank
according to any one of claims 6 to 11, characterized
in that said light-shielding filmis a nultilayer
filmthat contains a stack of a plurality of |ayers,
and the uppernost |ayer of the nultilayer film has a
t hi ckness of 10 to 30 nm [131 The phot omask bl ank
[&dcoFde rRhatrmrask ddandf acharding to anmy onehafactainyddto
in that 70 %or nore of the total _thickness of said
| i ghtt-sAPerarkgrizeth iv thaburid Hghtighiedding £film is
t hi cknes o% a chrom um conmpound that has a chrom um. .
cont BriPEbELEBYSE ot 1M GGl FEBESHAS gr FEAGK Of GhPdurality
rati 7 14] .The phot omask ,bl ank ording. o _any.
one. OF 14%hna tha e SRS IRSE 1o RS el e
l irgh{ zshiLekdL ' (ofa) I.S chrom umnetal film
haviﬁagahc%ggﬁgﬂ%?%ghfegnggfEéoﬂgfonic %or nore in
ternms of atomc ratio and a first and a second
chrom um conpound film having a chrom um content of
[60 & ALt N Se | B88sd s BF MEnDdk B DIE combdOsimgd
said chromumnetal filmis disposed between said
firsd taxcdnayanentonmeimchis) m and sai d second
chrom um conpound film [151 The phot omask bl ank
accoxr dimapsinent didmhasliaigmse predeté3miokdr pbasersbdft
in that said light-shielding film conprises a first
and @2Rakbhit¥handi anpredaterninedatragsmittanoni fiar
content of 50 atomc %or nore in terns of atomc
r at | SFRATUES fihaht farwed pny thgdtserfpaygent substrate; and

chrom 0 u fil mhaving a_.chrong um content of 50
a ff@ﬂ%~ %éT%ing f£ilm fogmed on the translucent fglm,

characterized in that said translucent £ilm has a region
 that contains both silicon (Si) and molybdenum {Mo), and
said light-shielding film has a thickness of 60 nm or

less.

{71 The photomask blank according to claim 6, characterized
in that the thickness of said light-shielding £film is

equal to or less than 50 nm.

[ 8] The photomask blank according to claim 6 or 7,
characterized in that 70 % or more the total thickness
of said light-shielding film is accounted for by the

- thickness of a chromium comp.oﬁnd that has an optical
density OD per unit thickness of 6.025 nm ' or less for

light having a wavelength of 450 nm.
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atomc %or less in terns of atomc ratio, and said
first chromumnetal filmis disposed between said
first chrom um conpound film and said second
chrom um conpound film and said second chrom um net al
filmis disposed between said second chrom um conpound
“filmand said third chrom um conpound film [16] The

@ggtonask bl ank according to claim14 or 15, )
r #&CePhoEaMp Rkt ALK Ao oyddded tehnvyiane eSnpdaals 6 to
a thickness of 3 to 30 hm - 77 17 ] The

fil h

plhotm o%«aﬁwﬁafrﬁ@%@m dithdhad St idasrs icens fipp is a

16, char.acterized.in that, said.light-shieldipng film

s TSNS ho Al s A8aS e ol D37 B R A g kv
I f 7 181. Th t

1 A0 00T, 4211 I3 R P,

characterized in that said |ight-shielding film has
an anti-reflection capability. [ 19 ] The phot omask

faloanknacsRs tbhdsk B Bk AReoiblatBBady dhe & claims 6 to
characterized in that said light-shielding filmis a

mul tid,ayesrddtarihad i00MHAt REedsiatd abnadipy WD) b¥ said
of layers having different optical characteristics,

and 1ltlgdtushdredodng aiem ok Lhe bol2i3 ayer Lidhm has-iay a
extinction coefficient (k) of 1.0 to 1.5 for light

havi Wgvedengkdl efgtll¥3ofmi93 nm [20] The phot omask

bl ank according to any one of clains 1 to 19,
characterized in that said light-shielding filmis a

lLtilayer filmthat contains_a stack of a plurality
phe) i’x}@% IR GRRAY: BiPrd BREOBAEREAFS I SDEePESEIRInS £ to

Pri mar v CoNSt LUENL s TRLGLI 8y 9T 118 UPRERIDRL f@ele Ohia

light-shielding film is 1.2 to 2.3 for light having a

wavelength of 248 nm.

tlZ] The photomask blank according to any one of claims 6 to
11, characterized in that said light ~shielding film is
a multilayer £iilm that contains a stack of a plurality
of layers, and the uppermost layer of the multilayer £ilm

has a thickness of 10 to 30 nm.

[13] The photomask blank according to any one of claims 1 to
12, characterized in that 70 % or more of the total
thickness of said light-~-shielding film is accounted for
bythethicknessofachromiumcompoundthathasachromium

content of 50 atomic % or less in terms of atomic ratio.
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the nultilayer filmis chrom um oxide, chrom um

nitride or chromumoxynitride, and the percentage
contents (atomic % of oxygen, nitrogen and carbon in
the film at depths of 0. 5to 1.Onmfromthe surf

ace of said uppernos t layer are related according to

t he oxygen content > nitrogen content > carbon

cont ent . % The phot omask bl ank according to an
ol EPecP%PH%meS Plank acrarddngr toery mmtehaﬁ ¢haims I to

hot sk .blank has a .chemcally amli
Bh ot glltggs iR EEHARh ¢ ™ it I?ﬁ‘)é/rgs r]*pl&PtZ 5fiftodng &ddm

Sgcir %l:fﬁ %tscfgfe'%‘ig cﬁsté'%féﬁr@@laﬂqgﬁa h%f”‘ﬁiﬁw%on Font
For moe By SSOTent: on Aots S cftend |dP dhgric gfbao ana a

phOtQﬁ%%%S%nhh%ts%%%hﬁ!%ﬁr%&1Wﬁ'@Bh %ﬁﬁﬁ Eggﬁ ﬁ%vﬁn x

solid constituent in an organic so vent an conta|

a  sWhirdaguaCédyeePgertso h2dhi EReoPNRULQTRS I‘celiln%ngf atomic

according to claim?22, characterized in that the

per centtdge aadt ent of the surface-active agent in

said chemcally anplified photoresist is 10 to 1000

PPM $2143 cHyonghut-eretsid Bl anki e ddepdised betetan maid Ghirst
23, characterized in that said surface-active agent

cont §hEemignsgpmpesndc it eofdsshidenecohdt has a
fluorine  substituent. [25] The photomask bl ank
accoF8FABITH-EPEPANPE 61193,  characterized in that

sai d surface-active agent contains a nonionic
surface-active.constituent that has neither a

[&glfofﬂg%h%%%a{st]y%ata ogcgoé :lLﬂgotno %%'}t 8'112' 09 claims 1 to
.'13, characterized in that said light-shielding film

comprises a first and a second chromium-metal filmhaving
a chromium content of 50 atomic % or more in terms of
atoﬁic ratio and a first, a second and a third
chromium-compound £ilm having a chromium content of 50
atomic % or less in terms of atomic ratio, and
said.first chromium-metal £ilm is disposed between said
first chromium-compound f£ilm and said second
chromium-compound film, and said second chromium-metal
film is disposed between said second chromium-compound

film and said third chremium—compound £ilm.
[16] The photomask blank according to claim 14 or 15,

characterizedinthatsaidsecondchromium—compoundfilm

-has a thickness of 3 to 30 nm.
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substituent. - 79 [26] A photomask fabricated using a
phot omask bl ank according to any one of clains 1 to
15. [27] A fabrication nmethod of a photomask bl ank
characterized in that the nethod conprises a step of
applying a chemcally anplified photoresist to the
surface of a photomask bl ank according to any one of
claims 1 to 200 to forma chemcally anplified .

3ok ShesphetempakHalam aaearklicehEgsany @B afcdpinms 1 to

Iessgé£28 A fabrication nethod of a_photomask )

char d-eFP2EaCERTERSE 11 fBatetHbY %&%‘i%’éﬁel&%ﬁléF has
I yi ically i fied photoresist to the

cur 20606 e STRRG Bt Braies Ebrdia o vt e math

claing Ldp r%ﬂol,ctoo i‘ﬂf ma chemcally anplified

phot oresi'st "Ti1m Having "a thickness of 250 nm or
| ess. 80

(18] The photomask blank according to any one of claims 1 to
17, characterized in that said light-shielding £ilm has

an anti-reflection capability.

[19] The photomésk blank according to any one of claims 1 to
18, characterized in that said light-shielding film is
a multilayer f£ilm that contains a stack of a plurality
ofiayershavingdifferentopticalcharacteristics,and
the uppermost layer of the multilayer £ilm has an
extinction coefficient (k) 0of1.0to 1.5 for light having

a wavelength of 193 nm.

{20] The photomask blank according to any one of claims 1 to
19, characterized in that said ;ight-shielding film is
a multilayér film that contains a stack of a plurality
of layers having different optical characteristics, a
primary constituent material of the uppermost layer of
the multilayer film is chromium oxide, chromium nitride
or chromium oxynitride, and the percentage contents
(atomic %) of oxygen, nitrogen and carbon in the film
atdepthsof0.5tol.0nmfromthe surface of saiduppermost
layer are related according to the oxygen content >

nitrogen content > carbon content.
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{21] The photomask blank according tc any one of claims 1 to

20, characterized in that the photomask blank has a

chemicallyamplifiedphotoresist filmhavinga thickness

of 250 nm or less on said light-shielding f£ilm.

[22] The photomask blank according to claim 21, characterized
in that said chemically amplified photoresist f£ilm is

a £ilm formed by application of a chemically aﬁplified

photoresist that contains 10 weight % or less of a solid
constituent in an organic solvent and contains a

surface-active agent.

[23] The photomask blank according to claim 22, characterized
inthat the percentage content of the surface-active agent
in said chemically amplified photoresist is 106 to 1000

Ppm.

[24] The photomask blank according to claim 22 or 23,
characterized in that said surface-active agent contains
a surface-active constituent that has a fluorine

substituent.

{25} The photomask blank according to claim 22 or 23,
characterized in that said surface-active agent contains
a nonionic surface-active constituent that hasrneither
a fluorine substituent nor a silicon containing

substituent.



[26] A photomask fabricated using a photomask blank according

to any one of claims 1 to 15.

[27} A fabrication method of a photomask blank characterized
in that the method comprises a step of applying é
Cchemically amplified photoresist to the surface of a

- photomask blank according'tO-any one of claims 1 to 20
to form a chemiéally amplified photoresist £ilm having

"a thickness of 250 nm or less.

[28] A fabrication method of a photomask characterized in that
the method comprises a step of applying a chemically
amplifiedphotoresist1x>thesurfaceofziphotomaskblaﬁk
accérding to any one of claims 1 to 20 to form a chemically:
amplified photoresist film having a thickness of 250 nm

or less.



