TITLE OF INVENTION Light Pattern Exposure Method, Photomask, and Photomask Blank
TECHNICAL FIELD This invention relates to a light pattern exposure method using a photomask,
as applied in the microfabrication of semiconductor integrated circuits. It also relates to a photomask
blank and a photomask prepared from the blank. 10 BACKGROUND ART While semiconductor
integrated circuits are used in a wide variety of applications, an increasingly finer circuit design is
required for such goals as a higher density of 15 integration and a saving of power consumption. In
liaison with the demand, the circuit-forming hthograpi®y nvelking @xposure through a photomask uses
a light source of shester WAVEISNOB,IR.L2E ' RadEe BllietiTage. Jndhe advanced Wogianhy
process for current use on a commercia 1llaass, the 20 light source Tor exposure has shif ad Trom KrF
excimer laser light (248 nm) to ArF excimer laser light (193 nm). The lithography using ArF
excimer lasey light of greater energy was foungdegause: damaggs to the mask, which were not found
with KrF excimer laser light, One problem is 25 that on continuous use of the photomask, foreign
matter-like growth defec?g}ﬁ)?m:l e pRdtGmaRk S ThE8e Yronti HFEME HrR AZ5KAOWN as "haze".
The source of hazetformatioirwas foimedydstieved teppsidednithetgrewthofarmmontamisulfate
crystals on the mask pattern shifacs. It j5 currepty 30;helieved thatorganic matter participates in haze

formation as well. Some approaches aré known to overcome the haze problem. For example, with
respect to the grBWry eRfetts Torhed Bifte PHOBREEK BIGH RorffitdiTradiatiBhBIArF excimer
laser light, JB-A 2008-276002 describes that the photomask must be cleaned at a predetermined
stage before the photomask can be continuousE!X gi&%@:?}o AEA 2010-156880 discloses that haze
formation can be inhibited by oxidative treatm a photomask blank. Nevertheless,
as the dose of ArF excint8rilaseskynripratigtet foirpattaratesnsier increasesethephiotomask is given
damages other thaphaze: luwasdeunghat the line 10.width.ofdhe mask patierm changss in

accordance with the cumulative irradiation energy dose, See Thomas Faure et al., "Characterization of
binary mask and“§ferftated pIRRE Shfft ARsKHIBRKETE! 827 AR Rt Bréc of SPIE vol.
7122, pp712209ih:te:g12200+1 2nbhis problem isthabasithe d=capidative iradiatipnsenergy dose
increases duringhjggg-t%@ igradiation of ArE.excimer Jaser. light, ﬁtlﬁ‘g% %f_) 2 substance which is
considered to be an oxide of the pattern material grows outside the fil patl)érn, wﬁerelf)l)?the pattern
width changes. |Ei$feporfed that tHE MaBROrEEG&NaTRY canictbe 2O estordd Byeldating with
SC-1 (aqueous amnonRialpguenusohydiogen perexide) as tiseskinithesahovermentiongd-haze removal
or with sulfuric afildé%%ueou%hydro en geEOXide. It is believed that the damage source is utterly

. iy " ine)
different. The above AHGE pSints Ut that UporT expoaire o a” @ commerclial basis, the
20  light source for exposure has shifted from KrF excimer laser

light (248 nm) to ArF excimer lager light (123 nm).

The lithography using ArF excimer laser light of
greater energy was found to cause damages to the mask, which
were not found with KrF excimer laser light. One problem is

25 that on continuous use of the photomask, foreign matter-like
growth defects form on the photomask. These growth defects
are also known as "haze". The source of haze formation was
formerly believed to reside in the growth of ammonium sulfate
crystals on the mask pattern surface. It is currently

30  believed that organic matter participates in haze formation
as well.

Some appreaches are known to overcome the haze problem.

For example, with respect to the growth defects formed on the



25 circuit pattern through a halftone phase shift mask which is the mask technology useful in
expanding the depth of focus, substantial degradation is induced by pattern size variation resulting
from alternation of a transition metal/silicon base material film such as MoSi base material film by
irradiation 30 of ArF excimer laser light (this degradation is referred to as "pattern size variation
degradation™). Then, in order to use_an expensive photomask over a long period of time, it is
necessary to ad&?é%%cfﬂ%% itPedtatiGr f &erf—“bi]téﬁgﬁﬁﬁl Ohftterfi'siz&ValEton dEiradation
excimer laser light.gRPatentr-Dacument 17 53R 2A 2008:216G02 (ldSP- 84 16T priatenhDocument 2;

JPJ\20104568@94&%%30&90&65}§§etermined stage before the photomask can be

continuously used. Also JP-A 2010-156880 digcloses that haze

)]

formaticn can be inhibited by oxidative treatment of a
surface of a photomask blank.
Nevertheless, as the dose of ArF excimer laser light
irradiated for pattern transfer increases, the photomask is
given damages other than haze. It was found that the line
10  width of the mask pattern changes in accordance with the
cumulative irradiation energy dose. See Thomas Faure et al.,
"Characterization of binary mask and attenuated phase shift
mask blanks for 32nm mask fabrication,® Proc. of SPIE vol.
7122, pp712209-1 to 712209-12. This problem is that as the

15  cumulative irradiation energy dose increases during long-term
irradiation of ArF excimer laser light, a layer of a substance
which is considered to be an oxide of the pattern material
growg outside the film pattern, whereby the pattern width
changes. It is reported that the mask once damaged cannot be

20 restored by cleaning with SC-1 (aquecus ammonia/agueous
hydrogen peroxide) as used in the above-mentioned haze removal
or with sulfuric acid/agueous hydrogen peroxide. It is
believed that the damage source is utterly different.

The above article points ocut that upon exposure of a

25 circuit pattern through a halftone phase shift mask which is
the mask techneclegy useful in expanding the depth of focus,
substantial degradation ig induced by pattern size variation
regulting from alternation of a transition metal/silicon base
material f£ilm such as MoSi base material film by irradiation

30 of ArF excimer laser light {(this degradation is referred to

as "pattern size variation degradation'"}. Then, in order to

uge an expensive photomasgk over a long pericd of time, it is
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necessary to address the pattern gize variation degradation

by irradiation of ArF excimer laser light.
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SUMMARY OF INVENTION

Technical Problem

25 As pointed out in Non-Pateni Document 1, the pattern
gsize variation degradation by irradiation of ArF excimer
laser light does scarcely occur when light is irradiated in a
dry air atmosphere. Exposure 1in a dry alr atmosphere is
regarded as a new approach for inhibiting the pattern size

30 varlation degradation. However, the control of a dry air
atmogphere adds an extra unit to the exposure system and

gilves rige to electrostatic and other problems to be managed,



5: JP-A 2004-133029 io Patent Document 6: JP-A H07-181664 Patent Document 7: JP-A
1404-125642 Patent Document 8:

leading to an increased expense. Under the circumstances,

the inventors attempted to improve the film material of a

photomask so as to enable long-term exposure in a common

atmosphere that does not need complete removal of humidity
5 (typically having a humidity of around 50%) .

The photomasks used in the lithography using AxF
excimer laser light as light source include halftone phase
shift masks which use a transition metal-containing silicon
base material, typically a molybdenum-containing silicon base

10 material. This silicon base material is mainly composed of a
transition metal and silicon, and further contains oxygen
and/or nitrogen as light element (e.g., Patent Document 3),
cor further containg a minute amount of carbon and/or hydrogen
{e.g., Patent Document 4}. Suitable transition metals used

is include Mo, Zr, Ta, W, and Ti. Among othersg, Me is most
commonly used {(e.g., Patent Document 3), and sometimes a
second transition metal is added (e.g., Patent Document 5).
For the light-shielding film as well, a transition
metal-containing silicon base material, typically a

20  molybdenum-containing silicon base material is used.

While the pricr art halftone phase shift f£ilm uses the
aforementioned material to achieve a phase ghift of exposure
light and a necesgsary amount of attenuation, it is preferably
designed sc as to provide the film with a high refractive

25 index by incorporating & certain amount of nitrogen and to
acquire cptimum optical and chemical properties by adding a
necegsary amount of oxygen (e.g., Patent Document 6. In
particular, the film material adapted for ArF excimer laser
light is given the required physical properties by

30  incorporating a larger amcunt of nitrogen than that for KrF
excimer laser light, and copticnally, adding a relatively
gmall amount of oxygen. Nevertheless, when a photomask usging

such a material is irradiated with a large dose of



JP-A 2007-033469 Patent Document 9: JP-A 2007-233179 Patent Document 10: JP-A
2007-241065 15Non-Patent Document 1: Thomas Faure et al., "Characterization of binary mask and
attenuated phase shift mask blanks for 32nm mask fabrication," Proc. of SPIE 20vol. 7122,
pp712209-1 to 712209-12

high-energy radiation, the mask undergoes significant pattern

gize variation degradation by irradiation of high-energy

radiation. Then the service lifetime of the photomask is

shorter than the regquirement.

5 When a photomask blank is processed into a photomask,
sometimes the light-ghielding £ilm material is not ramoved as
designed, with such undesired residues becoming defects known
as "black defecte." Since the photomask is prepared by the
time-consuming lithography procesgs, it is desirable that if

10 black defects are formed, the photomask be repaired sc¢ that
it may be used again.

As the effective technigue of removing black defects
by local etching of a silicon base material film, Patent
Document 7 discloses electron beam defect correction using

15 flucrine. Howeveyr, many optical films (e.g., halftone phase
shift films and light-shielding films) made cof transition
metal/silicon base materials having a low transition metal
content are difficult to correct black defects by such a
technique. In the attempt to correct defects on mask pattern

20 by directing a beam of high-energy radiation in a
fluorine-containing gas atmesphere to generate fluorine
radicals for thereby etching away black defects, often a
sufficient etching selectivity ratio ig not available between
the film and the silicon oxide substrate. Thusg the attempt

28 to strip off black defects causes the substrate to be etched
at the same time.

An cobject of the invention is to provide a photomask,

a photomask blank therefor, and a light pattern exposure
method using the photomask, the photomask having a pattern of
36 optical film which when used in pattern exposure using ArF
excimer laser light or analogous light having high energy and
short wavelength asg compared with the conventional light, and

even after a large cumulative dose of irradiation energy,



SUMMARY OF INVENTION Technical Problem 25As pointed out in Non-Patent Document 1, the
pattern size variation degradation by irradiation of ArF excimer laser light does scarcely occur when
light is irradiated in a dry air atmosphere. Exposure in a dry air atmosphere is regarded as a new
approach for inhibiting the pattern size 30 variation degradation. However, the control of a dry air
atmosphere adds an extra unit to the exposure system and gives rise to electrostatic and other
problems to be niaraged; s |eatlihG 18 ah'intreéasedExpense Wadat fiveiciresmbstamcest the inventors

attempted to impequenthe film mpaterial of aphetoprask.so asdeenahledong-teyn sxposyre in a
common atmosphere that does not need complete removyal of humidit ,S%t pically having a humidity of
around 50%). Tl?%%’pﬁ&%meéss %Egslesgl fir the ﬁiﬁ%é?éjﬁﬁﬁﬁsﬁ]eglﬁ ex %rlﬁerrlaaé%? light as light
source include haktomeiptase shiitmaskstwhith ubera transitiore matakgostadmingfsilicen base

material, typically. afpolylidentim;contaiping. silicon base 1Q matgrigl This siligon;base materialis
mainly composed of a transition metal and silicon, and further contains 6xygen and/or nitrogen as light
element (e.g., PBREDDEGMEMSE)° 6f FifrtHEr EGitiins a minute amount of carbon and/or hydrogen
(e.g., Patent Document 4). Suitable transition metals used 15 include Mo, Zr, Ta, W, and Ti. Among
others, Mo is most commonly used (e.g., P ent Qogun%entPS bgildmsometimes a second transition
metal is added (e.g., Patent Document 5). mfﬁejhg%rsﬁmgm@ﬁm as well, a transition
metal-containing silicon Biese tibitadal: typicaiy a20 molysdedurresontaiting silicorrbasbanaterial is

used. While.thedariorart halftane phase shift film uses theaforementionedmaterial tg achieve a

phase shift of ex osure,li%ht and a necessary amount of attenuation, it is preferably designed so as to
provide the film Wit & High reftattiva 258 mtex By indofssrating < certiih 8mduit of Hifog&fiand to
acquire optimumigpticat anel colxeinicat properties bleadding a necessan:amointdtoxygen (e.g.,

Patent Document 8).IpsRaiticular. in, lim smaterialadapled, o AF sxcier, aset oft s given the

required physical properties t()]%/ 30 incorEQratlng a larger amount of nitrogen than that for KrF excimer
laser light, and opfi§HalfysdiRg™ Fetatvely staIf aRfurittof Oxyten. Neverttreiesd adhen e
photomask usingssueh agnaterialisdradisted with alargedase of 1highenergydadiation, the mask
undergoes significant rn size variation degradation by irradiation of high-energy radiation. Then
the service lifetime %?ﬁ?aitgﬁ%%rlﬁ% igtgﬂ%%f%g?hraen fhe Fe&ﬁ?@r%n%sﬁﬂlh%% & %%otomask blank is
FwocessedinK)a#ﬂﬁhQQﬁﬁm@Y using a photcomask, and which allows for the

above-described etching step for correcticn of klack defects.
With respect to the instability of transition

20 metal/silicon base material caused by photo-excitation, the
inventors formed the following hypothesis. When a transition
metal/silicon base material, for example, molybdenum/silicon
base material is continucusly irradiated with ArF excimer
laser light in moist conditions, a nitrogen-containing

25 molybdenum/silicon base material undergoes a chemical change
like cxide conversion as a result of nitrogen being liberated.
In judging such chemical change susceptibility, the valence
of an individual element must be considered. The valence of
an element multiplied by its content represents the relative

30 number of bonds of that element in the material. It is
believed that the chemical change susceptibility is
correlated toe the products cof elements (product = valence

multiplied by content).



sometimes the light-shielding film material is not removed as designed, with such undesired residues
becoming defects known as "black defects.” Since the photomask is prepared by the time-consuming
lithography process, it is desirable that if io black defects are formed, the photomask be repaired so
that it may be used again. As the effective technique of removing black defects by local etching of a
silicon base material film, Patent Document 7 discloses electron beam defect correction using 15

fluorine. However, many &iptieal fifin§(€.g2Prafoferstiase dinft il ARY sigheshielding films) made of

transition metal/siligan-base matesiale having. a lenctransition metal contentiare difficult to correct black
defects by such a technigue. In the iltgeng, pt to correct defects on mask pattern 20 by directing a beam
iti ta gﬁ

of high-energy radidtion i 8 HUBFHE-CSAtTRG GRS SiMaSFHeR o GE e rE RO N ratficsls for
thereby etching dway bizck-defectd, oftem aisufficient etching betectivitysratinss ewot @vailable between

the film and the silicon, oxide sybstrate. %&Es@t BLed>Jastip oftlackdefects.canses the

substrate to be etched at the' same time. An object of the invention is to provide a photomask, a
photomask blank-tierefdtt ahl 5 fghtpattérmtetBodfedmetriod Sy tHelpREMRask:dhe photomask
having a pattern et38<opticaifdmrwhich: nhen-used irepatte i e xpesure. using:ArF=excimer laser light

or analogous light having high.enerqy, and.shart wayelenath,as compared with (e conventional light
and even after a farge cumulative dose o rradiation energy, inhibits pattern size variation degradation
resulting from filficgiraT Alteitdtiore 8P photamasie by irradiatingrlighitl endisstablistiesa sufficient

selectivity ratio relatiye 40 the ssbstiate dudng;the efghing step efdheiglection peam.defect
correction method using fluorine for correction of black defects. Solution to Problem Regarding the

transition metal-&5HtafiAg SHicoRBaSE 18 mAREHEMOY referrdd 555 RaTsitibh ThetatAilicon base
material) used as batftone=phasel stift filme ordhe dikes thef invemtersthaderefferis te develap, a film

material which experiences minimal,patter.size variation deqradation resyling from guality alternation
. . est

of the film material even 15 when it is’irradiated with ArF excimer laser light in a controlled humid

atmosphere as cBhiohiFus&d Vit the RthodtapRy usiig aphétohRasik EnE WhicH BoRS fokRthe
above-descripedieighing-stepos corraction efdlack defeats £With egspectite the dastability of transition

metal/gilicon base material (e.g., halftone phase shift film
or light-shielding film) so as to meet the gpecific formulae,
the pattern size variation degradation by irradiation of ArfF
excimer laser light ig substantially regtrained. The film

20 material having such a composition can establish an etching
gelectivity ratic relative Lo the substrate. Then the method
of correcting defects on mask pattern by directing a beam of
high-energy radiation in a fluorine-containing gas atmosphere
tc generate flucrine radicals for thereby etching away black

25 defects 1s applicable. The invention is predicated on these
findings.

In one aspect, the invention provides a light pattern

exposure method comprising irradiating a pattern of light to a
resist f£ilm through a photomask using ArP excimer laser light

30 as the light source. The photomask used is such that it has
been lrradiated with ArF excimer laser light in a cumulative
dose of at least 10 kJ/cm®. The photomask comprises a

transparent subgtrate and a pattern of optical film of a



20 metal/silicon base material caused by photo-excitation, the inventors formed the following
hypothesis. When a transition metal/silicon base material, for example, molybdenum/silicon base
material is continuously irradiated with ArF excimer laser light in moist conditions, a
nitrogen-containing 25 molybdenum/silicon base material undergoes a chemical change like oxide
conversion as a result of nitrogen being liberated. In judging such chemical change susceptibility, the
valence of an indidieies dlerREHP At IE BoRSRIETE8 I PReVRlSAc®Y arrelenidtrhaliplied by its
content represents the ¢elatives30 pumbenof bands of thatelementdn themateriaktis believed that
the chemical chan(%a su%cept' ilét¥ is correlated tho Ehe %r.(iducts of elements (groduct = valence
multiplied by con(fenﬁfan ® Badedon theabove ypo esis e ifvEASIE mads g)?ﬁ’e(?%eﬁ?s as
follows. Photomasiks havingea fifm of trarsition metalsilicombdse mdtermhwvetd prepared. Many film
samples of transition metal/silicon base material containing nitrogen and/or oxygen were formed while
varying the contentgg&tr LJ;%it(Bonmm%g< sili Yy nitrogen and oxygen. The film samples were irradiated
with ArF excimer laser Vg}; in cumulative ‘doses. The photomasks were compared with r sgect to
- pattern size variation degradation. io It was found that the size variation degradation of the mask
pattern by cumulatiye-iragiation;ef Ag-exgimerdaser, kghtis gorrglated to the contents of transition

metal, silicon, nitrogen and oxy%}en; and that this correlation is comffliant with the above hypothesis. By
adjusting the contents of the 154fdiciidd etérhents frvthg opticit film of ffafsiffon metal/sifidon base
material (e.g, halftone phase shift film or light-shielding film) so as to meet the specific formulae, the

pattern size vari%t}ilon gggracdation Qytigfrglgisaltj&nogf ﬁé% ;;Q(Cicm%@%?@r _{Igh& jcs {sﬂgbst@ntiallgl gestrained.
The film 20 materla‘ﬁavmg duch a composition can establish an etching séieét’lvitﬁlraﬁo relative to the

substrate. Then e Afethod Ot eoffectingedefetis Bn rhask patteradiidirecting a Beamtoftiigh-energy

radiation in a flugriRe-eontaining gasatmoshherado gengratesfluecing padicals for therehy,stghing away
black 25 defects is aﬁ) licable. The inventign is predicated on these findings. In one aspect, the
i

invention provid&&'A TigRt patieh? Bxposars sthbi Torpiisihg iftalidtiry & ptisthof iight to a resist
film through @ photemaskaising ArEcexcidrriasertlight 3thas the light source. The photomask used is

such that it has been irr%atgdp\ygq @%Ee%x%l:%d%%%@htéﬂé %%qgv&dggg qg éfgllleast 10 kd/cm2.

The photomask comprises a transparent substrate and a pattern of optical film of a material
comprising a trafSifish et haVfifg potsitialy <t valenee 6H6;%ilddiy dnd hitfogsteard/or oxygen.
The contents of traasiiondanetal zsilicananitnogen aadiexygeg-a theapiicat fikm meet both the formulae
(1) and (2): 5 6xCm/100 - 4xC51/100-0.89(1) 6Cmx3CN/ : .
(6me6Cm+6me4Csi+%%rﬁ?§%}}hef6éﬁ%§f%0+t XAEG A RIS b TERB)

20  for use in a light pattern exposure method comprising
irradiating a pattern of light to a resist film through the
mask using ArF excimer laser light as the light socurce, the
photomask being such that it may be irradiated with AxF
excimer laser light in a cumulative dose of at least 10 kJ/om’.

25 The photomask comprises a transparent substrate and a pattern
of optical f£ilm. The pattern is cbtained by forming an
optical f£ilm of a materiazl comprisging a transition metal
having potentially a valence of 6, silicon, and nitrogen
and/or oxygen on the substrate and patterning the film,

30  wherein the contents of transition metal, silicon, nitrogen
and oxygen in the optical f£ilm meeting both the formulae {1)

and (2):



10 wherein Cm is a transition metal content in atom%, Cqg i is a silicon content in atom, CN is a
nitrogen content in atom% and Co is an oxygen content in atom%, except for an outermost surface
region extending from the film surface remote from 15 the substrate to a depth of 10 nm. Ina
preferred embodiment, the photomask has been treated for defect correction by directing a
high-energy radiation beam in a fluorine base gas atmosphere. In another aspect, the invention
provides a photomask2() foo 0se indaxlighy pattera expastpe method comprising irradiatingia pattern of
light to a resist film through the mask using ArF excimer laser light as the light source, the photomask
being such that it may be irradiated with ArF excimer laser light in a cumulative dose of at least 10
kJ/cm2. 25 The phdiémask:coffprises G trafsparent stibsttatemartd a paiern of optical film. The pattern

is obtained by forming an optical film.of@ material sempiising agransition naefal having ppigntially a
valence of 6;silicon, and nitrogen and/or oxygen on the substrate and patterning the film, 30 wherein
the contents of transition metal, silicon, nitrogen and oxygen in the optical film meeting both the
formulae (1) andw(23x6XCIY108 -AxXC4160A40.8A(HBEGMX3EmMEnt in atom%, Cs is a

(OCmXOC AL IBL ACMAACTHDC IO O 20, XA ACI X HAUACII GNP 094(2) 5
wherein Cm is a transition metal content in atom%, Csi is a silicon content in atom%, Cm is a nitrogen

content in atom98hd-Cri§s ah GRUGEFCORIER YT atdmeb CBXoeptf6EaR ditermbsPatRaresegion

extending from the filmsuriace remete am igythe-swbstratertora depitr 984 Oor e £i@ preferred

embodimenlté the rans r;setrgg gubs’ggtea is.a stilkilcoon o>£i(()1e substrate, and an etching selectivity ratio of at
least 4 is established Betwesn the opticaiiﬁ andfthe sifiton oxide substrate. 15In a further aspect, the

invention provides a photamaskhidrk fredn suiick anphotontdsk sraeperedpwhergintthetphotomask is
used in irradiating.a patfefn ofligRt ;2 resist film using AfF.excimer, lagerdight asthelight source, and

the photomask may be irradiated with ArF excimer laser 20 light in a cumulative dose of at least 10

kJ/cm2. The photdmaskHiadk chfisitses atrdiphentEGostate ST ahSpiet Fitlofid Mfaterial

comprising a tramsitionmetal having pateniiatlyia:vatenee of 6, silicon, and nitrogen and/or oxygen,

Whenﬁnth%gonuﬂnsOf§%n§ﬂgﬂ£g%g¥’aspect, the invention provides a
photomask blank from which a photomask is prepared, wherein
the photomask is used in irradiating a pattern of light to a
regsist film using ArF excimer laser light as the light source,
and the photomask may be irradiated with ArF excimer laser

20 light in a cumulative dose of at least 10 kJ/cm®. The
photomask biank comprises a transparent substrate and an
optical £ilm of a material comprising a transition metal
having potentially a valence of 6, silicon, and nitrogen
and/or oxygen, wherein the contents of transition metal,

25 silicon, nitrogen and oxygen in the optical film meet both

the formulae (1) and (2):

6xCy/100 - 4xCg/100 £ -0.89 (1)

30 6Cyx3Cy/ {6CyXxBCy+6Cyx4Cg; +6Cux3Cy+6Cyx2Co+
4C51X4C5i+4C5iX3CN+4Cgixzco) = 0.054 (2)



25 silicon, nitrogen and oxygen in the optical film meet both the formulae (1) and (2): 6XCm/100 -
4XC51/100-0.89(1) 306CmMX3CN/ (6CmX6Cm4-6CmX4C5it6CmX3C0-6CmX2C0+
4C5IX4C51+4C5I1X3CN+4Cbhay2C0)0.094(2) wherein Cm is a transition metal content in atoml, Cmi is
a silicon content in atom, Cm is a nitrogen content in atom% and Co is an oxygen content in atom%,
except for an outermost surface region extending from the film surface remote from the substrate to a
depth of 10 urn. & sefefed embotlifA8ht thetraispate APsISsFateis - sHliEon Gxideesabstrate, and
an etching selectivity ratip ebat least #-isastaklished hetwegntheapticabfilnaand the; siligen oxide
substrate. 10In the(goregoing embodiments, the transition metal is typically molybdenum.
Advantageous EFects df TiveRticH T Re opticar filk oftraHSifion nidtaiSitic ﬁ”ba%é P8 A has the
advantage that thepadtern size. variatioe dégrgddtiom réselting fronmguiaity altemmatiorfobthe transition
metal/siliconbasg material filoy typically MoSi.base material film) by cumulative irradiation of ArF

excimer laser light is restrained within the permissible range. Even 20 when the cumulative dose of
ArF excimer laser light irf&diatiBR Shcreates SHRCHGRE A tte fntifr e 6P o BROISIHRE G can be
performed over & {ong tine withoukacstihstanrtial-patterarsize vadatinn:degradation-ef dight pattern and
without changing the. pattern expasure condition of the.expasure top|. The optical film not only
inhibits pattern s%fza:ala\}agri:Sft?or‘?L %e%?gc?gtic%n 6)% c%%%@gﬁ?ﬁgd)g?%wn?%ﬁt g ) ggt%% iS ejsﬁjgahsﬂufficient
etching selectivityratishEvehliken bradikcdefeces a¥é ¥6rmed on the mask pattern, defect correction
can be made by directing.a beam:0f-3Q,highyenerayiradiatian, wpically-electronpeam.n & o
fluorine-containing gas atmosphere to generate fluorine radicals for thereby etching away black
defects. BRIEF éﬁ]@ﬁg INGS FIG. 1 is a diagram showing line width variation
versus value of formula (1) (A value) in Experiments, with a regression line. FIG. 2 is a diagram

showing processing rate versus vqi%gﬁ{%rélggﬁs(%ﬁ@e\@ge)}p Expetiments, with a regression line.

The optical fiim of transition metal/silicon base

15 material has the advantage that the pattern size variation
degradation resulting from quality alternation of the
transition metal/silicon base material f£ilm {(typically MoSi
bage material f£ilm} by cumulative irradiation of ArF excimer
laser light is restrained within the permisgible range. Even

20 when the cumulative dose of ArF excimer laser light
irradiation increases, the light pattern irradiation of
rhotcolithography can be performed over a long time without a
substantial pattern size variation degradation of light
pattern and without changing the pattern exposure conditions

25 of the exposure tool. The optical film not only inhibits
rattern size variation degradation by cumulative irradiation,
but also establishes a sufficient etching selectivity ratio.
Even when black defects are formed on the mask pattern,
defect correction can be made by directing a beam of

30  high-energy radiation, typically electron beam in a
flucrine-containing gas atmosphere to generate flucrine

radicals for thereby etching away black defects.
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DESCRIPTION OF EMBODIMENTS 10A photomask such as halftone phase shift mask or binary
mask for use in the light pattern exposure method of the invention is prepared from a photomask blank
comprising a transparent substrate such as quartz substrate and a transition metal/silicon base
material film disposed on the 15 substrate, the film being formed of a material comprising a transition
metal, silicon, and nitrogen and/or oxygen. The transition metal/silicon base material film may be
formed as a halftone phase shift film,3ights hisging AT OF the’ IkEAMLOE embodiment wherein the
transition metal/silicon 2@-pgse;material filmds a-halflope-phase, shift fim, the.fim.should provide a
predetermined phase shift (most often, about 180) and a predetermined transmittance (most often, 1
to 40%) relative (6°AFE ExEMEFIaREr ightds Ihe Bxp&sute fift. InanGtREr eRBddimett Whérein the
transition 25 metabsitieen baseimaderial film is a light-shielding film, the film alone should have an
optical density of at least 2.0, pteferably at | 2.5 if another light-absorbing film is absent. If another
Iight-absorbir% film (e.g.,%gfto%eiéhgse%ﬁ%%%% gP éjtﬂc ges%szt%?ﬁﬁ%%% gr%s%n\tietﬁ%%ﬁm 30is
combined with thé@athr ighf-abaetfingFim @ provite afroveraffildiging ah-dpfical density of at
least 2.0, preferapbyatleast2.9ine. First, a size variation occurring as the cumulative dose of
irradiation energy of ArF excimer laser light increases is discussed. Regarding the mechanism that a
size variation is induced in a film of material comprising a s transition metal (typically molybdenum),
silicon, and nitrogen and/or oxygen by EaiRIGUSIy radiaivigtheMENIWith ArF excimer laser light in
the presencg, of water, the igveptorsdermedithe follawing hupathesis. .1,; £1) Yhen gxcited by

irradiation of ArF excimer laser light, 10 transition metal nitride undergoes chemical reaction to convert
into oxide. At thi’pBtYtHEPFAnSitibnIAEtal Acts Gs o AGEIERRToR TRt aftEo S FSn 8Tet 2t @1&¢tric charge
due to photo-excitation:ttiggeting oxide eepuetsiofrom @)Sikeamatombiecomesmn-inkikitory factor

against 15 chemical chan gnbcy isrglaﬁjsigtion of ArE.excimer Iastezr Ii%%.s@ ince_the orbit participates in

: t . o S
the in-and-out transfer bf electric ¢ argreaf tﬁespurgau%? ofthe ntimbers of bohdable Bonds of individual

elements can be tisgicas sprindekder te degred o prammbtivhaor ihhbticH epsizedvariation: 20 It is

presumed fram thisdamaethesiscthat the magnituderof-size variation.ean bgevalbgted:by. computing a
difference between the jndexes of promotion and inhibjtion of size variatjion. Then a variety of material

samples containinh?a 25 r&Rsitioh thetal havify potshtidly & Gafh RS 6 SifkoiP&Rd nitrdgen and/or
oxygen were prepared:iA size vatiatigs induced bper imadationloffAlfm exeiynérlaseright was

m?asurfef\ : g\ore'aati%qff%@ri@&ﬁog@pgﬁ@@@ and fize, vapiatian, wasgyaluated, Itwas,found,that the
value or A In one embodiment wherein the transition metal/silicon

20 base material £ilm is a halftone phase shift film, the film
should provide a predetermined phase shift (mest often, about
180°) and a predetermined transmittance (most often, 1 to
40%) relative to ArF excimer laser light as the exposure
light. In another embodiment wherein the transgition

25  metal/silicon base material film is a light-shielding film,
the film alone should have an optical density of at least 2.0,
preferably at least 2.5 if another light-absorbing film is
absent. If another light-absorbing film {e.g., halftone
phase shift film or etch resistant film) is present, the £ilm

30 1is combined with the other light-absorbing film to provide an
overall film having an optical density cof at least 2.0,

preferakly at least 2.5.
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A = 6xCm/100 - 4xC51/100 wherein Cm is a transition metal content in atom% and Csi is a silicon
content in atom%, as speculated from the material composition, is correlated to the size variation
induced when ArF excimer laser light is irradiated under humid conditions s in a cumulative dose of at
least 10 kJ/cm2, and that a material having a lower value of A undergoes a less size variation upon
irradiation of ArF excimer laser light. Nevertheless, many transition metal/silicon base materials
having a low value of A &&taBlish andagefficianitatehingoslestiviteratid idistive o siicoroxide or

substrate, which ig,crucial whendhgdnethad,ef directing. asheam ofhigh-energy radiation in a
quorine-containiré%l as atmosghere to generate fluorine radicals for thereby locally etching at the point

of beam irradiation'is SpFfEd 58 Re TBITSSt pretéfadbiack GRfedtTorrattivh metfiod. THAEs, these
materials raise aweew problem thdtifeceatréction miethod fis mat applicablencr i s Regaxding the relation

of etching sefectivity ratie and material campasition. the inveniqrs then,formed the, 20 following
|

hypothesis. (4) In the EB-irradiating defect correction method, fluorine radicals serve as reaction

species to form tFarSitGs inétaffitarias &R shtos fubHIe WS re by et anrdiien hetdi/siffton base
material constituting Wefectsds cemeovetk 25:Sincgrreactionre ferra fhiofidesis iniiated byrelectron
migration, inclusion of atgggti sus%e%%@eéﬁ%yl@argg transfer B%osyides a likelihood of reaction. (5)

Since it is believed that transition metal readily ¢ gng s itSR/alence bond state and is likely to take on

or 30 give off eleéfric #amryesxtadtesh Migiaticrifraimithe ransitibnaxetalgariieipates irvbiticon

reaction. (6),Singe the bond.befwean frapsition metal.and pitragen seives.as anicleys for in-and-out
transfer of electric charge, the progress of reaction largely depends on the number of such bonds.

From the above R§pStresisithe f6ifdwing idlefived. RS Brovides thafike tansitth Métd 55 dne
having s potentially & valerveuwef 6 suchrasamdlyhdenumroriangstergelectric charge due

to photo-excitation triggering oxide conversion.
(2) 8ilicon atom becomes an inhibitory factor against

15 chemical change by irradiaticon of ArF excimer laser light.
(3) S8ince the crbit participates in the in-and-out transfer
of electric charge, the product of the numbers of bondable
bonds of individual elements can be used as an index for the
degree of promoticn or inhibition of size variation.

20 It is presumed from thig hypothesis that the magnitude of
gsize variation can be evaluated by computing a difference
between the indexes of promotion and inhibition of size
variation.

Then a variety of material samples containing a

25 transition metal having potentially a valence of 6, silicon
and nitrogen and/or oxygen were prepared. A gize variation
induced uvpon irradiation of ArF excimer laser light was
measured. A relation of material compogition and size
variation was evaluated. It was found that the value of A:

30
A = 6xXCy/100 - 4xCg /100
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(a) is a product of content by valence (= 6) of transition metal, (b) is a product of content by valence (=
4) of silicon, (c) is a product of content by valence (= 3) of nitrogen, and 10(d) is a product of content
by valence (= 2) of oxygen, few bonds are formed between light elements, and the total amount of
bonds between two elements is the sum of (a)x(a), (a) x(b), (a) x(c), (a) x(d), (b) x(b), (b) x(c), and (b)
x(d). It is then recognized that a proportion of the amount of 15 transition metal-nitrogen bonds: (a) x(c)
relative to the totahamount §s usedhas arFrindexandicativé of thé progriess:obreaction. Withia fecus on

this index, an eteging sgleciity satio was.mepstred, and aelation efaterlal camppsition to 20

etching selectivity ratio was further evaluated. It was found that the value of B: B =
6CMX3CN/(6CMXBEMIBEMRACSTH+EERRIENIBEMRIE0F4EZiXAESRELTXBENAELHST0) 25
wherein Cm is a ransiiorn metalleantent inyatom b, G548 A siieonconte niuin:alosdynEm is;aitrogen
content in atgm% and Ga s, An.qxygen caniont In alom: a3 spaculated from the materia
composition, is correlated to the etching 30 selectivity rafio, and that a'material having a higher value
of B establishes BHighéretching selettivityaativalue pis doreleedsased bathesé findings that a

silicon base matexialcontaining a-iransitignfnetal hawing-patentiall-aalence offishould have an A
value of up to - 0.89 (i.e. e%ual Sg% r more negative than -0.89) and a B value of at least 0.094.

Described below are the%%o%r% Red TFihe IS patteh BkpBsdrs fictRBd Bt ¥fe invention and a
photomask blankfordhé photbmaskg a 1Fhevpliotensskeblankab definethas confprisiigattransparent

substrate and an.qpiical film of & maferal comprising a.transition metal. silicon, and,pitrogen and/or 10
oxygen, sometimes referred to as "transition metal/silicon
substrate, which is crucial when the method of directing a

beam cf high-energy radiation in a fluorine-contzining gas
atmosphere to generate fluérine radicals for thereby locally
etching at the point of beam irradiation is applied as the
15 most preferred black defect correction method. That is,
these materials raise a new problem that the correction
method is not applicable.
Regarding the relation of etching selectivity ratio
and material composition, the inventors then formed the
20  following hypothesig.
{4} In the EB-irradiating defect correction method, fluorine
radicale serve as reaction species to form transition metal
fluoride and silicon fluoride whereby the transition
metal/silicon base material constituting defects is removed.
25  8ince reacticn to form flucride ig initiated by electron
migration, inclusion of a portion susceptible to charge
transfer provides a likelihood of reaction.
(5) Since it is believed that transition metal readily
changes its valence bond state and is likely to take on or
30 give off electric charge, electron migration from the
transition metal participates in silicon reaction.
(6) Since the bond between transition metal and nitrogen

gerves ag a nucleus for in-and-out transfer of electric
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base material." With respect to the composition of the optical film, the contents of transition metal,
silicon, nitrogen and oxygen in the optical film meet both the following formulae (1) and (2) except for
an outermost 15 surface region extending from the film surface remote from the substrate to a depth of
10 nm. 6xCm/100 - 4xC51/100-0.89(1) 206CmX3CN/
6CMX6CmM-E6CMX4Csi-F6CmMX3CNA-6CmMX2C0+ 4CsiX4Cs1+4CsiX3C0-4CsiX2C0)0.094(2) Herein
Cm is a transitiofi A&t cohtehtii 2I6RP8, C5 iseRsiticon chntatin dermiEms alvitrogen content
in atom% 25 and,GeJs-anexygen cagtent in atom%. The blank is processed into a photomask
comprising the transparent substrate and a mask pattern obtained by patternjng the J%gtical film.

Although a film of this transitior AietalSiior Bade Fatétal Utddrgoss 4 patteth Si76Vaitation upon
irradiation 30 of AtF excimerladed light theHmetwidth Matiationdsdimifed tom® mmrdnigss even after ArF

excimer laser lightbas beemirradiated.ip a cumulatiye. dose of 0 klcma, Also the film.establishes an

etching selectivity ratio of at |léast 4 relative to the quartz substrate, aIIowing the fluorine-assisted EB
defect correctionfethdd fo Bepiifed®t oMt butdrnGst SBffacéTefior exterfiifig Froth the film
surface disposedheanote from the substrate to a depth of 10 5 nm is excluded in defining the
composition of the optical film, because the outermost surface region of, the transition metal/silicon
base materal i Has & High JEGras of bAoAt b fo WmORPReNt CWidsion o bedhlee the fim has
sometimes been Subjéstedl torfofeat oxidativetraatmentinlerder to éhdoWw shidmicziresistance

during cleaning offesistance to, atmospheris axidation. Tharejsa possipility tlgg{ty%rélﬁ the outermost

surface region of the film is outside the compositional range although the remaining re%;%)n of the film
has a compositiorF¥ohSiiig 1§ fiomiiag (5 BATER) 18Fhe™SGIACE Fegiith&liig Fitfickness of the

described order hashe:sighifisahtiimpaet.ea:the patteramsize: variation degradation and the, etching
selectivity ratio necessarg for defect correction. The optical film of the transition metal/silicon base zo

material having a 8ormpBsitioh?ConfGriminéfto formulag™(Ly ARd (2) Bkcest for #RE otferintst surface

region undergoes oMy ligtted paltermsizevariaion-degrasiationevercwhes ikisitradiated with ArF

excimer laser light over a long term,_or differently stated, even when the_cumulative dose of
15 trangition metal-nitrogern bonds: (a} x(c) relative to the

total amount is used as an index indicative of the progress
of reaction.
With a focus on thig index, an etching selectivity
ratic was measured, and a relation of material compesition to
20 etching selectivity ratio was further evaluated. It was

found that the value of B:

B = 6Cux3Cy/ (6C,X6Cy+6Cyx4Cay+6Cyx3 Ct

6Cyx2Ca+4Cei X4 Cqy+4Ce i X3 Cr+4Cq1x2C,)
25

wherein Cy 18 a transition metal content in atom%, Cu is a
silicon content in atom%, Cy is a nitrogen content in atom%
and Cy is an oxygen content in atom%, as speculated from the
material composition, is correlated to the etching
30 selectivity ratic, and that a material having a higher wvalue
of B establishes a higher etching selectivity ratio.
It is concluded based on these findings that a sgilicon

base material containing a transition metal having



25 irradiation is increased. In the process to be employed in the future for light pattern exposure
through a photomask, the photomask is required, from the standpoint of economy in the immersion
lithography or the like, to satisfy that the size variation 30 of the mask pattern is below the permissible
level until the cumulative irradiation energy dose reaches about 10 kJ/cm2. For the 22 nm pattern rule,
the permissible level is of the order of +5 rim. On the other hand, when black defects which can be
generated upon procassheg iitoa phétmaskaré cormeted by thedludkineadagicalfetehingemethod, an
etching selectivity ratjo of at least.4, mustbe,established hatweenthe-optical Jim.anpd thessilicon oxide
substrate in order to carry out the correction without causing damages to the transparent substrate
(typically silicon 8Rit&orquéartz GB&frafe)® 4 film of transition metal/silicon base material conforms to
formulae (1) and (2) exceptsfor the dutenmestsurfate regionpitesn accainmodate thege o
requirements. Suitahle gptical films. include a.phase shift fily, typically halftone phase shift film,
light-shielding filin, and antireflective film. In the embodiment wherein the haffione phase shift film is
designed for a pRas&@shffEéf iSPebGRCES0B the halftone phase shift film as a whole may have an
appropriate thickness in the:range eh59oriS0Rm. snake preferakly &0n10-99 118. When a high light
absorptive layer and a low i gt absor tivg Ia%e(rjare combine t(%bc?nstrgct a st{:uctur consisting of
uniform composiﬁgﬁqugrrs?% is Srelfgrr%d hat the ﬁ%%lffg% a lsoﬁ}pf)lve‘i‘aff‘gr ff4vé a thickness of 1
to 30 nm, especiaftyBrtos20nne ahdathelowoligmteatsorptive iayer havelarthickness 30/t 120 nm,
especially 4Q to ZQ.nm.In the.case.ebsuch multilayes stucture, ifis preferred farimproved chemical

resistance 25 that the high light absorptive layer be disposed closer to the transparent substrate. To
improve the detecfidh S&HsTivif o inspectionSWaFEength, this ERBRUTHeRtth&Y alsttake the form of
a three-layer strugture-giwhichra landight-absotptive layeiis sandwieked between daw high light 30
absorptive Iayer%.locrraO f%LH (%rnrgugg%é%r structure i% 1\)Nch:g((::gfigﬁ H%htm %té%or]g)éigg Ig ers and low light
absorptive layers are alternately sta ed in oraer on‘the transparent substrate (either of the layers may
be first). Prefetred 8garfiplasidbthelmateridl déntafifgRiansitiom metak silset: and nitrogen
and/or oxygen ofwhich-the eptical flmds,farmeddneltde-izansition metal/silican@xynitridg, transition
metal/silicon oxide nitride carbide, transition metal/silicon nitride, transition metal/silicon oxide,

transition metal/sificors BafBida Hitride, AndFansition mefdlsilicon carbide oxide.

6xCu/100 - 4%xCg: /100 < -0.89 (1)
20 6CX3Cy/ {6 CuXECy+6C x4 Co;+6C X3 Cx+6CyX2Cot
4cSiX4CSi+4CSiX3CN+4CSiX2CO} 2 O .094 (2)

Hereln Cy ig a transition metal content in atom$, T 1is a
silicon content in atom%, Cy 18 a nitrogen content in atom®
25 and Cy is an oxygen content in atom%. The blank is processed
into a photomask comprising the transparent substrate and a
mask pattern cobtained by patterning the optical f£ilm.
Althcugh a film of thisg transition metal/silicon base
material undergoes a pattern size variation upon irradiation
30 of ArF excimer laser light, the line width variation is
limited to 5 nm or less even after ArF excimer laser light
has been irradiated in a curulative dose of 10 kJ/cem?. Also

the film establighes an etching selectivity ratioc of at least
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The transition metal having potentially a valence of 6 (meaning that the transition metal can have a
valence of 6) 10 is typically at least one element selected from molybdenum and tungsten. Of these,
molybdenum is most preferred from the standpoint of dry etching. The content of transition metal is
discussed first. If the transition metal content is high, the contents of other elements are relatively low,
15 making it difficult to adjust the compositional ratio of respective elements so as to meet the required
optical propertiegincildingwrefractivedndereand tealsrittaree add forimglaeh@) and (2). Then in the

transition metal/siticon base aterial film.except for the outermast sudace regian, 20,the ransition

metal content is preferably at least 5 atom%, more preferably at least 6 atom%, and up to 12 atom,

more preferably up to 10 atdn A" RIS fH tHE r ARs kioremetal/ SRcGTHase n%fé?ia??iﬁn%%dépt for the
outermost surfacesregiier, thessilicenicontentds preferably atlpast-30 25-atom%synare-preferably at

least 35 atom%, and.up tQ 5 u%tgy%)nné%r i%r%%rat%é up to 45S %E%rg%. In the tran?ition

- mm 18 e C of the oprtica
metal/silicon base material fiim except for the outermost Surface region, tﬁe oxygé)n content should

preferably be up ¥é 20 aterA%s:SFoo-highearr oxygen 301eatent yeay feadbfo td6: 0w ansatehing

selectivity ratio relatiye te the subsirate te.applyi the highnengrgy-beamidefegt-carreetion method using
fluorine base gas. Also the ox é;en content should, prefer,abl)gﬁbf? at least 3 atom%, more_ preferably at

least 5 atom%. ATt685w kh BRYgéR BRESIPHTE eontEht 6t nittdgsh PSR for Methf st be
increased to acqbie neressang spticarprope;ties.cand asfaresult, dhe gattera sizeyanationin

degradation afteg loqg:term a,liadiation gt Ar- excime laser gt isingreased,y o, In the transition

metal/silicon base material film except for the outermost surface region, the nitrogen content should
preferably be at fe&&t 25226 %> nidraFefsrably et ekt Stratorhith FFhe Padg@etisifféd ifecessary
refractive io indexrand tapgmittancenhen-te exygenr contentds Within the spegificaranges Also the
nitrogen content%lould grefer%blgnbaelugto S50 a t%%. Aﬂ[ tggehigh a nitrorgen content,otpet %ttern size

variation degrada ion %?te‘??gﬁg-%erm iradiation of ArE excimer IaSer ﬁé?hlt r%ajf/eﬁel?ﬁ%:rease . 15The

transition metal/siicah baseamaterize filrh ynay forherconin caflsombiydrogeh andirdie-gas elements
in low contents. The cantent-af such an element is, preferably 41 105 atemys and more prgferably

carbon should not exceed the impurity level. . o
has no significant impact on the pattern size variation

degradaticn and the etching selectivity ratio necessary for
defect correction.

The optical f£ilm of the transition metal/silicon base

20 material having a composition conforming to formulae {1) and
(2) except for the outermost surface region undergoes only
limited pattern sgize variation degradation even when it is
irradiated with ArF excimer laser light over a long term, or
differently stated, even when the cumulative dose of

25 lrradiation is increased.

In the process to be employed in the future for light
pattern exposure through a photomask, the photomask is
required, from the standpoint of economy in the immersion
litheography or the like, to satisfy that the size variation

30 of the mask pattern ig below the permissible level until the
cumulative irradiation energy dose reaches about 10 kJ/cm®.
For the 22 nm pattern rule, the permiszible level is of the

order of +5 nm. On the other hand, when black defects which
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20The transition metal/silicon base material film may be deposited by well-known techniques. Among
others, the sputtering technique is preferred because a film featuring homogeneity is readily deposited.
The sputtering technique may be either DC sputtering or RF sputtering. 25A choice of target and
sputtering gas depends on the layer construction and composition. The target may be a single target in
which a ratio of transition metal to silicon is adjusted appropriate or a combination of targets selected
from a transition fi#etabtargetcx siliednuargetrandes 30reanisition metad/sitivantasgat. Where plural
targets are used thefatio-of trgnsitjen metal 1o silicon;may be cantrglled by adjusting the sputtering
area of an individual target or by adjusting the power applied to an individual target. Particularly when
a multilayer structire S condttuctdl sy Edmbining*high ﬂb’rﬁ%ﬁé‘brﬁﬁ&@%% REIOW ight
absorptive layer, the camtentaf ttansitiandnetat inthe digh tghtiabsaiptivedayer and-the towdight
absorptive layer may, be independenty, chanded by the aboue:deseried method, f.the low light
absorptive layer has a low transition metal content, then the contents of the remaining elements may
be readily set so ‘&&3osipeet e destedpticat proseries. THE ARroyerignarorodien content may
be adjusted by effeeling seastive spuiteringusing NikagenContaining gas ansdéar exygen-containing
gas as the reactive spuite ingoglags while adj stin%ihe ﬂi rategdof these gases. This is true when

tbo :

other light elemeRts §ti¢h asCarboh and Rydrogen afe 15'a EXarmplesot thetreattive gas used

herein include nitrogengas; oxygéagas; aititogen txidegasccanpordexidetgas;shydrocarbon gas,
hydrogen gas, and the like.In-addition, a rare gas such as helium, neon or argon gas may be used.
20As mentioned above, the optical film at its outermost surface may be provided with a surface

oxidized layer for the purposecttabifizittthe frfSTHE Mekiss forfoRAf g tHe Suffadés oxidized layer
include air oxidatigr bt atmpspheric anddaticisanddoreed oxidativedreatment Ihedoraac 25 oxidative

trgatment of a traggéti%% &%ggﬁgig%g@gsgimgyeri%fiIt[:% @%gg #er!e%r egk’fffoé le%ag@%e, by treating .
with ozone gas or ozone water, or by heating at a temperature o about CSuchas oven heating in
an oxygen-contaftfiad st sphree, [aiF anhdaling sané Yaserdsediing. T d8gfasd B0 oxidized layer

has a thickness f#to 10wm, and athickness ghatleast 1m4s syfficient tp,be effective-as.an oxide
layer. The surface oxidized layer having a thickness of this order has no substantial impact on the

pattern size variation d&g; by [HESBHSH of ArF Sxditieftasér fight™ Althdlghthe™Siface
oxidized layer may bésforimed By increasingrthe Howrrate lof oy §épldurmgsthecspotteriag grocess, it is

preferably formed by the,above-mentigned air axidation or forced gxidafive reatment after the optical

film has been deposited to the desired composition conforming to formulae (1) and (2) because the
IayerfonnedtheﬁﬂﬁPéBﬁﬁﬁhéWé%%%ﬁﬁéEﬁ;Of uniform composgition layers, it is

20  preferred that the high light absorptive layer have a
thickness of 1 to 30 nm, especially 5 to 20 nm and the low
light absorptive layer have a thickness of 30 teo 120 nm,
egpecially 40 to 70 nm. In the case of such multilayer
structure, 1t is preferred for improved chemical resistance

25  that the high light absorptive layer be disposed closer to
the transparent substrate. To improve the detection
sensitivity to inspection wavelength, this embodiment may
also take the form of a three-laver structure in which a low
light absorptive layer is sandwiched between two high light

30 absorptive lavers, or a four or multilaver structure in which
high light absorptive layers and low light absorptive lavers
are alternately stacked in order on the transparent substrate

{either of the lavers may be first).
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In the case of a halftone phase shift mask blank from 10 which a halftone phase shift mask for use in
the exposure method of the invention is prepared, like conventional halftone phase shift mask blanks,
a light-shielding film may be formed on the halftone phase shift film in order to provide a full light
shielding region thereon. Although the 15 light-shielding film may be made of any desired materials, a
film of chromium base material which can be also utilized as an auxiliary film for etching process is
preferred. With respect t@ tivd eonstructienmahelscormpobitiomedfethedightsshieldivigfiim, a number of

reports are known, far4Q example . from,Patent, Documents 8 and, 9, Ereferably.he light-shielding film

is constructed by forming a Cr base light-shielding film, and further depositing thereon a Cr base
antireflective film‘“fBiLF@d%&ﬁg%ﬂéEﬁ n fromt tHé liGRESRRIdRG AR TheRgrt<rRIding film and 25
antireflective filmreach rayl he @ sioglentayer © a mudtilayets stiuekirel The matetials farthe Cr base
light-shielding film .and. antireflective film include,chromium alone, chromium.oxide (Cr0),.chromium
Aitide (G BT o IO {C) A B (CIONY 0 Ehrg s im SRS CrO0),
chromium nitride t&kBRIES(GANGTY dridl EBroritns kideoritigs sarbidei(CroNeybide THe Crdsase
light-shielding filngand-antikeflectivefimamayibe deposited hyseagtiMe sputtering. The reactive
sputtering process uses a targﬁet of chromium alone or g target of chromium having one or more of

oxygen, nitrogen and carbon added terdto “FE splttéHng Jas e an frer gas ‘Such 48 AF He, Ne or
Kr, to which a gastsstected fromts oxygengontaining gassa hitrtogenzeontaininglgas-andf &)

carbon-cona%ining@aaﬁwi%%ﬁq@aggewmm%gssgﬁg&&mp@&i%@é@ filp,heing geRosiled is added.

In another version of the embodiment wherein a light-shielding film is provided, an auxiliary film or etch
10 stop film of cHBMItHTEESE Tatétfal DS closedinPaieht Boctfenitrs ity Be foffiad on the
halftone phase shiitfilat,zanmmbailightshielding-tilen of. a .transiioncmetal{sikicor: base Lomapound be

formed thereon. The phatomask blank be _pro d into a photomask 15 by a standard
technique. For ef(naengl%?‘e lshéﬁ%o%%sﬁﬁé{:e% Xsﬁﬁ%: magﬁéb g}ﬁk é::orr%%ﬁ%%lgog h%?f%gnpe %%%E%ns%ifﬁilm and a
light-shielding filfigrrantirefleetive fitth of chromiem sadseedteriak depeditdd trereohanay be

processed as follpyys: fzirst-agesist flmadapted for-electronbeam(ES) 2R lithograghy 4s formed on
the halftone phase shift mask blank, exposed to a pattern of EB, and developed in a_ conventional way,

forming a resist gattetic Whiife e TESiSCpatte AR JiftEindd s d&SH At cAMG mask,
oxygen-containing-ciplerinedzasendiy:étoning ésf carriet-eut foddransterringtheniasistnce and

formulae (1) and {2). Then in the transition metal/silicon
base material film except for the cutermost surface region,

20 the transition metal content is preferably at least 5 atom},
more preferably at least 6 atom%, and up to 12 atom%, more
preferably up to 10 atom%. Also in the transition
metal/silicon base material film except for the outermost
surface region, the silicon content ig preferably at least 30

25 atom%, more preferably at least 35 atom%, and up toe 50 atom%,
more preferably up to 45 atom%.

In the transition metal/silicon base material film
except for the outermost surface region, the oxygen content
should preferably be up to 20 atom%. Too high an oxygen

30 content may lead to too low an etching selectivity ratio
relative to the substrate to apply the high-energy beam
defect correction method using flucrine base gas. Also the

oxygen content should preferably be at least 3 atom%, more

-18-



25 pattern to the chromium base material film. While the chromium base material film pattern is used
as etching mask, fluorine base dry etching is carried out for transferring the pattern to the halftone
phase shift film. If any region of the chromium base material film is to be left as a 30 light-shielding
film, a resist pattern for protecting that region is formed. Thereafter, the unnecessary chromium base
material film is stripped off by oxygen-containing chlorine base dry etching again. The resist material
is removed in a denwéatishalnrennerayieldingtahélftodd phase shift amaskiygen Wheteitack defects
are formed on the photemask: the: defect carrection-methad of directing a.heam.of high-energy

radiation in the presence of fluorine-containing gas to generate fluorine radicals for etching is

applicable as longaS - PREGHAER 7 breSaredFomRthesHdtd RfasieBRnkSace oraify o the favention.
As the etching methodsthe ES «lefect carfectier methed iusing fluerineds @advantageous. 10The

fluorine-assigted ]Er%gggecgicgrr_ecrtiqpr@eép(% s dlhergirn '_lsigiﬁglofsediirﬁ'c‘%%% gg4-125642 (Pate_nt
Document 7) wherein a film which can be etche Wltﬁ%luqnne base gas Is su%Jected to local fluorine
base dry etching for corrééting tefecssitthis nisthad /& flubtivie-Eentininggasisuéh &8 15 XeF2 gas

is supplied to a phetempaskde bertepaitadswerebythedluaringreantaining-gas-mpleculesadsorbed
to the surface of the figgto be corre?}ted. An electron beam (ES) is then directed to a point of
f

correction to be &tche Letpon fidorite Te lib&iatad fron 8 fluoRneScaitating20'gas molecule

whéretpon
adsorbed. The thusdideratec:flaofine fBactsatittre pontof cofrecticpsesfoymrirdmsitionmetal fluoride

and silicon flyoride, whergupgon these products vqlatilize off that is, defects are gtched away, The

fluorine-containing gas may be any of well-known 25 gases for fluorine-base dry etching, including
carbon fluorides SR8 %tiorinated Fydrotafsorid such B6EEB, CHEZRRIEREIXRESIEFF I like.
These gases maydesysed atane ooiry admixturecand furtherincambinatian-with oxygen gas.

Adsorption of etchant gas may be carri d.out,é{or ex le, by lacing a photomask to be repaired
in a vacuum char%-tl)g% ga%l iﬁfgﬁin\@agéﬁﬁéﬁe 6 rraé?gg %nggg ?oéj (—g[ ﬁ}%ﬁ tg Be corrected over a
predetermined tirker ThESFHGINTESRISTpreteiainy copRarsd tatmore fleorireceemtaiting gas may be

adsorbed. Etching conditigns gengrally:ivglugle-a chamberpressue of up,to-9.13:Ra, an-assist gas line
pressure of 50 to_3,000 Pa, and a beam accelerating voltage of 0.5 to 20 key. As the system for

carrying the corré&tdmfetfiGl iRtd’s pracile, 4 BIGgam Based Aasierepdir- SRR MER T Hom Carl
Zeiss is most advantageossly Usedcont efhedifjhtpattean expesuare: methpd«dfdhelinventionds by

preparing a photamasicfiom:ihepaaiomasih apand projecng AV gxcimetdaser gl to the patiern
IIm on

of 10 transition metal/silicon material f the photomask to  radiate ArF excimer laser light to an
object (resist film}RiotghthkegRétomask for thereby exposing the object to the mask pattern of light.
The irradiation of ArF exadimerdaseslightmayde eitben dnclithegsaphy o immersionlithography.

deposited by well-known techniques. Among others, the
sputtering technique is preferred because a film featuring
homogeneity is readily deposited. The sputtering technique
may be either DC sputtering or RF sputtering.

25 A choice of target and sputtering gas depends on the
layer construction and composition. The target may be a
single target in which a ratio of transition metal to gilicon
is adjusted appropriate or a combination of targets selected
from a transition metal target, a gilicon target, and a

30 transition metal/silicon target. Where plural targets are
used, the ratic of transition metal to silicon may be
controlled by adjusting the sputtering area of an individual

target or by adiusting the power applied to an individual
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15 The invention is useful particularly when a wafer of at least 300 mm as a work to be processed is
exposed to a pattern of light by the immersion lithography with the tendency that a cumulative
irradiation energy dose increases within a relatively short time in commercial scale microfabrication.
20lt is a serious problem that when a mask pattern of a transition metal/silicon base material film is
irradiated with ArF excimer laser light, the mask pattern experiences a variation of line width. The
permissible threstrold of patisrntwicth differswivith the Todsk pattern, sespediallyethies25 pattern rule

applied thereto. If yariatigns age small, e photomask may hefurther-used by carrecting. the conditions

and resetting the irradiation conditions of an exposure system. When the photomask of the invention is
used, the pattern'&§i¥e VFatioNFaGRGRIBNBY fitadiation GFGREHs 36 stbabmtiaigMilgsfong as the
cumulative irradiation enengydoseds tess Han L O-kd/amze Evendivhen thewumufative irradiation
energy doseSexcggds 10 k‘]/%mlza the pattergesiz% ggriatigg Ige%ag%g%n b igradé%tion of light is

minimal, allowing tﬁgﬁ%ﬁ%atten}{ %g(p%%ﬂre fo be c&jn?fﬁuedtw hout rese tiné/ the transfer conditions.

EXAMPLES SERpsrihefesare §rembsaiondfor fuktHerdllustratingsttie mventibhiatthoughethe invention

is not limited thereta. Expetiments 4.t0; 3rAdde sputiering.system-wasHeadsd with twe farggts, a 10
MoSi2 target and a Si,tar,%et, and Ar gas, 02 gas and N2 %as were fed thereto as sputtering gas. While

a quartz substrate WASSPUR & S0 FAM° a'Shgielaya? Sondistifig FmaR bRl “sififsn, nitrogen, and
optional oxygen wasidepbsitedion thesubstraie to form a transition metal/silicon base material 15 film

(molybdenum/silicon basg, matgrial film) %&ﬁ%&! 7&9@@@%@& &Qa%%f%bgg%%eggi&@n%ghe

composition of these 9 transition metal/silicon base material films exce b-surface region that
extended from tHe fIRT SuttdcE 36 A dEFtheBHE6 fiM Was 8hRITzBd B ESTA CPORERE h fFtStransition
metal/silicon basermaterialtilimea-lighttshielting die of ehremiurshase,matptiakwas:deppsited using a
Cr target and spufterjng gases ﬁg%g%l-% a CrON I%yer of 20 nm thick was, ¢ ePSosllt(S-:-dtblyugeedlng Ar,

N2 and 02 gases In a flow Pé‘%(%’[:rg %?(3‘12 Lazes of these gases.
when other light elements such as carbon and hydrogen are

15 added. Examples of the reactive gas used herein include
nitrogen gas, oxygen gas, nitrogen oxide gas, carbon oxide
gag, hydrocarbon gas, hydrogen gag, and the like. In
addition, a rare gas such ag helium, neon or argon gas may be
used.

20 As mentioned above, the optical film at its ocutermost
surface may be provided with a surface oxidized layer for the
purpcse of stabilizing the £ilm. The means for forming the
surface oxidized layer include air oxidation or atmospheric
oxidaticon and forced oxidative treatment. The forced

25 oxidative treatment of a trangition metal/silicon base
material film may be performed, for example, by treating with
ozone gas or ozone water, or by heating at a temperature of
about 300°C such as oven heating in an oxygen-containing
atmosphere, lamp annealing, and laser heating. The surface

30 oxidized layer has a thickness of up to 10 nm, and a
thickness of at least 1 am is sufficient to bhe &ffective as

an oxide layver. The surface oxidized laver having a

thickness of this order has no substantial impact on the

w20~



25 1:2:1, a Cr layer of 7 nm thick was deposited by feeding only Ar gas, and a CrON layer of 20 nm
thick was deposited by feeding Ar, N2 and 02 gases in a flow rate ratio of Ar:N2:02 = 1:2:1. In this way,
a light-shielding film of chromium base material having a total thickness of 47 nm was formed, 30
yielding a photomask blank (halftone phase shift mask blank). Next, a positive resist film for EB
lithography was formed on the light-shielding film. The resist film was exposed to a pattern of EB,
forming an iso-line tisespagezdinesandispacedroded pattern having adiretwidthof Gt Fo 2 With
the resist patterndmade-etching.-maskythe light-shielding-fil wasrdry-etched:with chigrine hase 5

etchant. Then the transition metal/silicon base material film was dry etched with fluorine base etchant.

Finally the light-ShielfBfig fifn Was FEmE8Ed 1Y ShIBrihe Baseds StEnfit Sfsidg XshdtBfask

(halftone phase shifttnasknhavings:paitetn of the trafsition metalisikcompasramaterial film. 10In an

environment.of 23C and humidity 40%, the photomask thus obtained was irradiated with ArF excimer
laser light ha{%ving a%u se \E;vrllrgthog%zog Hrzl an a%ﬁée gﬁergé%%% ?oxégstrﬁj]f%?ﬁﬁﬁve\&gﬁrr}lguIative
irradiation energy He3€ reaehel Bo-RI/chiZMAREKpoktife 395t PERES3500PM LIRS Tech Japan

15 Corp.) and a light:saureed:PxRre220:(Gpherent GrabH) were used. The size-ofthe pattern of
transition metal/silicon b?se m terigll film was measure undereakgcanning electron microscope

LWM9045 (VistetH 1S tetstming how the pattérn si28 vafed witer the pattern was irradiated with ArF

excimer laser 20 light. It Wastéissarved that thé1Hie width picreasedhat A rate propertionét-tartime
independent of the, type éngasﬂ%%%@%ﬂé&f@r@hﬁ@%pag@msf%frdiﬂsée%ty\pﬁea%q?ﬁagwgth' changes
|

(increases) of line width were averaged. The average was 25 expressed in a relative value provided

that the average hahge @9 hi§ ot ESGIeTiABNES IS 1CRISE S chiahitfe C6EERbAAIYto a cumulative
irradiation dose ofa1@ kdiom D mas-cemptitedfram shemeasuredichanga {Eheiling widihchange data

are shpwn in Tal%lg tholgnet%;gro Witghtgeh%qrgg%s ofp %O F[gsg%gt%vte %Il nents on 3@@)@5 of the film as
deposited, and p otted in FIG. 1 as a function of Avalue corresponding t6

provide a full light shielding region thereon. Although the

15 light-shielding £ilm may be made of any desired materials, a
film of chromium base material which can be also utilized as
an auxiliary £ilm for etching process is preferred. With
respect to the construction and composition of the
light-shielding film, a number of reports are known, for

20  example, from Patent Documents 8 and 9. Preferably the
light-shielding film is constructed by forming a Cr base
light-shielding £ilm, and further depositing thereon a Cr
base antireflective fiim for reducing reflection from the
light-ghielding film. The light-ghielding film and

25 antireflective [ilm each may be a single layer cor a
multilayer structure. The materialg for the Cr base
light-shielding f£ilm and antireflective film include
chromium alone, chromium oxide (CrQ), chromium nitride (CrN},
chromium carbide (CrC), chromium coxynitride (CJrON),

30 chromium oxvycearbide (CrOC), chromium nitride carbide (CrNC),
and chromium oxide nitride carbide (CrONC).

The Cr base light-shielding film and antireflective

film may be deposited by reactive sputtering. The reactive

P b



the left side of formula (1), that is, 6xCm/100 - 4xC31/100 (value of formula (1) on the abscissa of FIG.
1). Table 1 Content(at%) Value of formula(l) (A value) Line width change (relative value) Line
width change (nm) corresponding to cumulative dose of 10 kJ/cm2 Mo Si N

sputtering process uses a target of chromium alone or a
target of chromium having one or more of oxygen, nitrogen and
carbon added thereto. The sputtering gas is an inert gas
such as Ar, He, Ne or Kr, to which a gas selected from
5 oxygen-containing gas, nitrogen-containing gas and

carbon-containing gas in accordance with the desired
composition of a film being deposited is added.

In another version of the embodiment wherein a
light-shielding film is provided, an auxiliary film or etch

10 stop £ilm of chromium base material as disclosed in Patent
Document 10 may ke formed on the halftone phase shift £ilm,
and a light-shielding film of a transition metal/silicon hass
compound be formed thereon.

The photomask blank may be processed into a photomask

15 by a standard technique. For example, a halftone phase shift
mask blank comprising a halftone phase shift film and a
light-ghielding film or antireflective film of chromium base
material deposited thereon may be processed as follows.

First, a resist film adapted for electron beam (EB)

20 lithography is formed on the halftone phase shift mask blank,
exposed to a pattern of EB, and developed in a conventional
way, forming a resist pattern. While the resist pattern thus
obtained is used as etching mask, oxygen-containing chlorine
base dry etching is carried out for transferring the reglst

25 pattern to the chromium basge material film. While the
chromium base material film pattern ig used as etching mask,
fluorine base dry etching is carried out for transferring the
pattern to the halftone phase shift filwm. If any regicon of
the chromium base material £film is to be left as a

30 light-shielding f£ilm, & resist pattern for protecting that
region is formed. Thereafter, the unnecessary chromium base

material film ig stripped off by oxygen-containing chlerine

D0



0 Experiment 7.8 37.944.2 10.1 -1.048 0.60 3.8 2 7.8 37.441.7 13.1-1.028 0.55 3.5

10

15

20

25

30

base dry etching again. The resist material is removed in a
conventional manner, vielding a halftone phase shift mask.

Where black defects are formed on the photomask, the
defect correction method of directing a beam of high-energy
radiation in the presence of fluorine-containing gas to
generate fluorine radicals for etching is applicable as long
as the photomask is prepared from the photomask blank
according to the invention. As the etching method, the EB
defect correction method using fluorine is advantageous.

The fluorine-assisted EB defect correction method used
herein is disclosed in JP-A H04-125642 ({Patent Document 7)
wherein a f£ilm which can be etched with fluorine base gas is
subjected to local fluorine base dry etching for correcting
defects. In this method, a fluorine-containing gas such as
XeF, gas is supplied to a photomask to be repaired, whereby
the fluorine-containing gas molecule isg adsorbed to the
gurface of the f£film to be corrected. An electron beam (ER)
ig then directed to a point of correctien to be etched
whereupon f£luorine is libersted from the fluorine-containing
gas molecule adsorbed. The thus liberated fluorine reacts at
the point of correction to form transiticon metal fluoride and
silicon fluoride whereupon these products volatilize off,
that is, defects are etched away.

The flucrine-containing gas may be any of well-known
gases for fluorine-base dry etching, including carbon
fluorides and fluorinated hydrocarbons such as CF,, CHF, and
C;Fs, XeF, and the like. These gases may be used alone or in
admixture and further in combination with oxygen gasg.
Adscrption of etchant gas may be carried out, for example, by
placing a photomask to be repaired in a wvacuum chamber and
injecting a suitable flow rate of a gas to the film to be
corrected over a predetermined time. The photomask is

preferably cooled so that more flucrine-containing gas may be
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10.6 37.4 39.8 12.2 -0.860 1.00 6.3 4 6.6 45.539.3 8.6 -1.424 0.32 2.0 In5.143.2

(831

10

15

20

25

30

adsorbed. Etching conditions generally include a chamber
pressure of up to 0.132 Pa, an assist gas line pressure of 50
te 3,000 Pa, and a beam accelerating voltage of 0.5 to 20 kev.
As the system for carryving the correction method into
practice, an E-beam based mask repair system MeRiT® from Carl
Zeiss is most advantageously used.

The light pattern exposure method of the invention is
by preparing a phetomask from the photomask blank and
projecting ArF excimer laser light to the pattern of
transition metal/silicon material film on the photomask to
irradiate ArF excimer lasger light to an object {(resist film)
through the photomask for thereby exposing the object to the
mask pattern of light. The irradiation of ArfF excimer laser
light may be either dry lithography or immersion lithography.
The invention is useful particularly when a wafer of at least
300 mm as a work to be processed is exposed to a pattern of
Light by the immersion lithography with the tendency that a
cumulative irradiation energy dose increases within a
relatively short time in commercial scale microfabrication.

It i1s a serious prchblem that when a mask pattern of a
transition metal/silicon base matevial film is irradiated
with ArF excimer laser light, the mask pattern experiences a
variation of line width. The permisgeible threshold of
pattern width differs with the mask pattern, especially the
pattern rule applied thereto. If variations are small, the
vhotomask may be further used by correcting the conditions
and resetting the irradiation conditions of an exposure
system. When the photomask of the invention is used, the
pattern size variation degradation by irradiation of light is
substantially nil as long as the cumulative irradiation
energy dose is less than 10 kJ/cm®. Even when the cumulative
irradiation energy dose exceeds 10 kJ/cm’, the pattern size

variation degradation by irradiation of light is minimal,

424,



38.513.2-1.4220.322.0 64.340.242.213.3-1.3500.291.8 73.847.340.88.1-1.664 0.14

allowing the light pattern exposure to be continued without

resetting the transfer conditions.
HXAMPLES
5 Experiments are given kelow for further illustrating

the invention although the invention is not limited thereto.

Experiments 1 to 9

A DC sputtering gsystem wasg loaded with two targets, a

10 MoSi; target and a Si target, and Ar gas, O gas and N; gas
were fed thereto as sputtering gas. While a quartz substrate
wag spun at 30 rpm, a single layer congilsting of molybdenum,
silicon, nitrogen, and optional oxygen was depocsited on the
substrate to form a transiticn metal/silicon base material

15 film (moclybdenum/silicon base material film)} of about 70 pm
thick as & halftone phase shift film. The composition of
these 9 transition metal/silicon base material films except
for a sub-surface region that extended from the film surface
to a depth of 10 nm was analyzed by ESCA.

20 Next, on the transition metal/silicon base material
film, a light-shielding £ilm of chromium base material was
deposited using a Cr targst and sputtering gases.
Specifically, a CrON jayver of 20 nm thick was deposited by
feeding Ar, N; and ©; gases in a flow rate ratio of Ar:N,:0, =

25 1:2:1, a Cr layer of 7 nm thick was deposited by feeding only
Ar gag, and a CrON laver of 20 nm thick was deposited by
feeding Axr, N, and O, gases in a flow rate ratio of Ar:N;:0, =
1:2:1. In this way, a light-shielding film of chromium base
material having a total thickness of 47 nm wasz formed,

10 vyielding a photomask blank (halftone phase shift mask blank).

Next, a positive regist f£ilm for EB lithography was
formed on the light-ghielding film. The resist film was

exposed to a pattern of BB, forming an iso-line, iso-space,



0.9 89.046.539.84.7-1.3200.322.0 99.7 34.042.214.1 -0.778 0.85 5.4 On regression
analysis by the least square method using nine (9) points depicted in FIG. 1, the following correlation
formula was obtained with a correlation coefficient R2 being 0.90. The regression line is also depicted
in FIG. 1. Line width change (relative value) =

line-and-space model pattern having a line width of 0.1 to 2

wim .
With the resist pattern made etching mask, the
light-ghielding film was dry etched with chlorine base

5 etchant. Then the transition metal/silicon base material
£ilm was dry etched with fluorine base etchant. Finally the
light-shielding film was removed by chlorine base dry etching,
yielding a photomasgk (halftcne phase ghift mask) having a
pattern of the transition metal/silicon base material f£ilm.

10 In an environment of 23°C and humidity 40%, the
photomask thus obtained was irradiated with ArF excimer laser
light having a pulse width of 200 Hz and a pulse energy of 50
toc 200 mJ until the cumulative irradiation enercgy dose reached
30 kJ/cm®. An exposure system ArFES-3500PM (Litho Tech Japan

15  Corp.) and a iight source LPX Pro220 (Ccherent CGmbE) were used.

The size of the pattern of transition wmetal/silicon
base material film was measured under a scanning electron
microgcope LWMS045 (Vistec) to determine how the pattern size
varied when the pattern was irradiated with ArF excimer laser

20 light. It was cbserved that the line width increased at a
rate proportional to time independent of the type and size of
the pattern.

For patterns of different type and line width, changes
(increases) of line width were averaged. The average was

25 expressed in a relative value provided that the averags
change {19 nm} of Experiment 3 is 1. Alsc a change
corregponding to a cumulative irradiation dose of 10 kJ/cm®
was computed from the measured change. The line width change
data are shown in Table 1 together with the contents of

30 regpective elements on analysis of the film as deposited, and

plotted in FIG. 1 as a function of A value corresponding to
the left gide of formula (1), that ig, 6xCy/100 - 4xCg /100

{(value of formula (1) on the abscissa of FICG. 1).
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0.92 x A + 1.60 It is evident from this correlation formula that the A o value giving a line width change
within the permissible range of 5 nm when ArF excimer laser light is irradiated in a cumulative dose of
10 kJ/cm2 is up to -0.89. Thus as long as the silicon base material containing a transition metal having
potentially a valence of 6 meets formula (1), a film is thereof is fully restrained in pattern size variation
due to irradiation of ArF excimer laser light, and the line width change is restricted to 5 nm or less even
after irradiation in a cumulative dose of 10 kJ/cm2. 20 Experiments 10 to 21 A DC sputtering system
was loaded with two targets, a MoSi2 target and a i target, and Ar gas, 02 gas and N2 gas were fed
thereto as sputtering gas. While a quartz substrate was spun at 30 rpm, a single layer consisting of
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Content(at%) Value of formula(2) (B value) Etching selectivityratio (to 5102) Mo SiN 0 Experiment
10 7.8 37.9 44.2 10.1 0.099

On regression analysis by the least sguare method uszing
nine (9} points depicted in FIG. 1, the following correlation
formula was obtained with a correlation coefficient R® being

0.90. The regression line is also depicted in FIG. 1.

Line width change (relative value) =

0.92 x A + 1.60

It is evident from this correlation formula that the A
16  value giving a line width change within the permissible range
of 5 nm when ArF excimer laser light is irradiated in a
cumulative dose of 10 kJ/cm® is up to -0.8%. Thus as long as
the silicon base material containing a transition metal
having potentially a valence of 6 meets formula (1)}, a film
15 thereof is fully restrained in pattern size variation due to
irradiation of ArF excimer laser light, and the line width
change is restricted to 5 nm or legsg even after irradiation

in a cumulative dose of 10 kJ/cm?.

20 EXperiments 10 to 21

A DC sputtering system wasg loaded with two targets, a
Mo8i, target and a Si target, and Ar gas, 0O, gas and N, gas
were fed thereto as sputtering gas. While a guartz substrate
was spun at 30 rpm, a single layer consisgsting of molybdenum,
25 silicon, nitrogen, and optional oxygen wag deposited on the
gsubsgstrate to form a trangition metal/silicon base material
£film (meolvbdenum/silicon base material f£ilm) of about 70 nm
thick as a halftone phase shift film. The compesition of
thege 12 transition metal/silicon base material filmg except
30  for a sub-surface region that extended from the surface to a
depth of 10 nm was analyzed by ESCA.
Using an EB-based mask repair system MeRiT?® (Cari

Zeiss), the transition metal/silicon base material film thus
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4.7 117.837.441.713.10.0964.5 12 10.6 37.439.812.20.114 8.0 13 9.0 46.5 39.8

10

15

deposited was etched by placing it in a chamber pumped to a
vacuum of 0.13 Pa or below, and injecting xencn flucride gas
as the etching-assist gas to near the peint of correction.
The etching rate of fluorine-asgisted EB defect corraction
method was determined. By comparing it with the etching rate
of quartz substrate, an etching selectivity ratioc was
determined.

The etching selectivity ratio is shown in Table 2
together with the contents of respective elements on analysis
of the film as deposited. The processing rateg {(relative
values) corresponding to etching selectivity ratics are
plotted in FIG. 2 as a function of B value corresponding to
the left side of formula (2), that is,

ECyx3Cx/ (6Cux6 Cy+6Cux4 Cgi+6Cux 30+ 6Cux2C0+4Cai %4 Cei+4CeiX3Cx+4 Cay x2C

o) (value of formula (2) on the abscissa of FIG. 2).

Table 2
Content {(at%) Value of ?tch%ng
formula (2) se;igiiglty

Mo si N o (B value) {to 8i0,)
Experimelnt 10 7.8 7.9 44.2 10.1 0.099 4.7
11 7.8 37,4 43.7 13.1 0.096 4.5
12 10.6 37.4 39.8 12.2 0.114 2.0
13 3.0 46.5 39.8 4.7 $.082 2.0
14 a.7 34.0C 42.2 14.1 0.123 g.2
15 4.1 43.4 4£3.9 8.6 g.05¢ 1.0
ia 3.6 34 .7 29 .4 26.3 g.087 3.5
37 9.1 32.6 27,7 30.6 0.084 3.3
18 8.8 33.4 32.7 25.1 G.0%4 4.2
19 9.6 33.2 38.1 19.1 0.114 10.2

A29,




4.70.0822.0 149.734.042.214.10.1239.2 154.143.443.98.6 0.050 1.0 16 9.6

20 8.7 36.3 47.3 7.7 0.119

21 8.7 35.3 41.7 14.3 06.109
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34.7 29.4 26.3 0.087 3.5 17 9.1 32.6 27.7 30.6 0.084 3.3 18 8.8 33.4 32.7 25.1 0.094 4.2

10

15

20

On regression analysis by the least sgquare method
using twelve {(12) points depicted in FIG. 2, the following
correlation formula was obtained with a correlation
coefficient R® being 0.95. The regression line is also

depicted in FIG. 2.

log (Etching selectivity ratio) =
33.0 x B - 1.658
It ig evident from this correlation formula that the B

value giving an etching selectivity ratio of at least 4

relative to guartz substrate that allows for application of

the method of correcting defects on magk pattern by directing

a beam of high-energy radiaticn in a fluorine-containing gas

atmosphere to generate fluorine radicals for etching away

black defects is at least 0.0%4. Then as long as the silicon

base material containing a transgition metal having
potentially a valence of & meets formula (2), a film thereof
establishes an etching gelectivity ratic of at least 4

raelative to gquartz substrate and allows for applicaticn of

the fluorine-assisted EBR defect correction method.

31~



199.633.238.119.10.11410.2 208.736.347.37.70.1197.9 218.7 35.341.7

10

20

25

30

CLAIMS:

1. A light pattern exposure method comprising irradiating
a pattern of light to a resist f£ilm through a photomask using
ArF excimer laser light as the light source, wherein

the photomask used is such that it has been irradiated
with ArF excimer laser ilight in a cumulative dose of at least
10 kJ/cem?,

gald photomask comprising a transparent substrate and
a pattern of optical film of a material comprising a
transition metal, silicon, and nitrogen and/or oxygen, the
transition metal having potentially a valence of &,

the contents of transition metal, silicon, nitrogen
and oxygen in the optical £ilm meeting both the formulae (1)

and (2):

6xCy/100 - 4xCe /100 < -0.89 (1)

6CM><3CN/ (6CMX6CM+6CMX@CSE‘_+6CMX3CN+6CMXZCO'§‘
4Cqix4Ces+4Cei x3Cx+4Cqi%2C,) = 0.094 (2)

wherein Cy is a transition metal content in atom%, Cg is a
silicon content in atom%, Cy 18 a nitrogen content in atom$
and Cp; is an eoxygen content in atom%, except for an ocutermost
surface regilon extending from the film surface remote from

the substrate to a depth of 10 nm,
2. The method of claim 1 wherein the photomask has bheen
treated for defect correction by directing a high-energy

radiation beam in a fluorine base gas atmosphere.

3. The method of claim 1 or 2 wherein the transition

metal is mclybdenum.
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14.3 0.109 8.0 On regression analysis by the least square method using twelve (12) points
depicted in FIG. 2, the following correlation formula was obtained with a correlation coefficient R2
being 0.95. The regression line is also 5 depicted in FIG. 2. log (Etching selectivity ratio) = 33.0 x B -
1.69 10lt is evident from this correlation formula that the B value giving an etching selectivity ratio of at
least 4 relative to quartz substrate that allows for application of the method of correcting defects on
mask pattern by directing a beam of high-energy radiation in a fluorine-containing gas 15 atmosphere
to generate fluoripe radiggliofggt%g%gmg @\A@y&]gc%gegeq% i%gt Ie%sgeor.O%leQenraes ngg?%%the
silicon base material containing a transition metal having p(%entigﬁy a valence of 6 meets formula (2),
a film thereof estaplisfds$ AR téRFRPISBENVity rars BEAR a5t 4120 Felbtive toficFEz SiBstrate and

allows for applicatior-abthe:fluoringsassisted &S defecticorrectionmetheds GLAMS: 1A dight pattern

exposure methodS com erisin iréadigtigg a ggttgrn of Iight[&? a resist film thr ugh,gipho,tomask using 5
ArF excimer Tasef IGht 85 the Tight S80reE whareiR? ="tHe phdtormasktiseifis sdditat Fhas been

irradiated with ArFLaXcifet |laserilight ihzeeumulatire dose of attéastilG: kdtem2 oSaidtphcteatask
comprising a transpargnt.sabstrate and io a pattern of optical film of a material comprising a transition
metal, silicon, and nitrogen and/or oxygen, the transition metal having potentially a valence of 6,

the contents of transition‘ifiefhl PSREGHAN SHETPARE BX§gRn T TS b tiRAF fifH ME&HE bdt the

formulae (1) 15aadg{@ytern of optical film, the pattern being cbktained by
10 forming an optical film of a material comprising a transition
metal, silicon, and nitrogen and/or oxygen on the substrate
and patterning the film, the transition metal having
potentially a valence of 6,
the contents of transition metal, silicon, nitrogen

15 and oxygen in the optical film meeting both the formulae (1)

and (2):
6xCy/ 100 - 4xCg; /100 < -0.89 (1)
20 6Cyx3Cy/ {6CyX6Cy+6Cux4 Cgs +6Cyx3Cy+6Cux2Cq+

4Cg;x4Cqi+4Cg; x3Cy+4Cg;x2C,) =2 0.094 (2)

wherein Cy is a transition metal content in atom%, Cg 18 a

silicon content in atom%, Cy 1s a nitrogen content in atom%
25 and C; is an oxXygen content in atom%, except for an cutermost

surface regicon extending from the filwm surface remote from

the substrate to a depth of 10 nm.

5. The photomask of claim 4 wherein the transition metal

3¢ is melybdenum.

5. The photomask of claim 4 or 5 wherein the transgparent

substrate i1s a silicon oxide substrate, and an etching
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6xXCm/100 - 4xC31/100-0.89(1) 6CmX3CN/(6CmMmX6C0-6CmMX4Cs1+6CmX3C0-6CmX2C0+ 204 Csay4
Csr+ 4 CsiX 3 CN-F4 CsiX 2 C0)0.094(2) wherein Cm is a transition metal content in atom%, Csi is a
silicon content in atom%, CM is a nitrogen content in atom% and Co is an oxygen content in atom,
except for an outermost 25 surface region extending from the film surface remote from the substrate to
a depth of 10 nm. 2. The method of claim 1 wherein the photomask has been treated for defect
correction by directing-a high=enengy 30cradhatidrbeant in.a fleetinelbase:gasatmasphetre. 3. The

method of claim gjpogi%w%§%th&t&q@§ligogﬂ§@1{s molybdenym. 4. A photomask for use in a light

pattern exposure method comprising irradiating a pattern of light to a resist film through the mask
using ArF excimer laser light as the light source, said photomask being such that it may be irradiated

with ArF excimerdaser lightiRcx siausative goseehatieashl@ kdfenansaid phofamaskaomprising a
transparent subst@é% gnrg %Ipatt%g of Tr%Pqical film g};{e E)attern bggrg%gbtainedat%)/t 10 fo%nﬁing an optical

. 5 . W LIL. & O 3 1 11 ¥l rra gl =3 I
film of a matérial comprising a tRARSTIION metaf, sﬁcon, and nﬁrogen and/Gr gxygéen on'the substrate

and patterning theifilnt, the trarsitiontmétalthavingporehtialiycavatencssof 6] ilgg contentsaf transition

metal, silicon, nitiq%%r& 12214 Oxygen intbe.optical film m&gtieg both 1he formulag (1hand (2):
6xCm/100 - 4xC /100-0.89(1) 206CmMX3CN/ (6CmMX6Cm+6CmX4Csi-F6CmX3C0-6CmX2C0+

ACSIX4Csid-4CsEEECEHACERTE 094 (B} vinerdit € 1Y & (FRRiti6h btat oftentinabmivs, Cs, is
a silicon content in atom%g CiNisatnitroge ncdentent tnatonam25 and-Eadsareaxygen content in

atom, exce%for nQ tggmosgggrfgge region §xt§n€in Erom thecfilm syrface remote from the
substrate to a de%fh OL% ;Ot?r?m. 5. Tﬁ%ﬁﬁ?&omals mo%cla?mr%aw erein the transition metal 30 is
molybdenum. 6.FF5& phbtcHask ot claifif 4 16iB wheteintherwarsparepior oxygen, the

transition metal having potentially a valence of 6,
the contents of transition metal, silicon, nitrogen
and oxygen in the optical film meeting both the formulae (1)

15 and (2):

6xCy/100 - 4xCg /100 £ -0.89 (1)

6CMX3CN/ (6CMX6CM+6CMX4CSJ'_+6CMX3CN+6CMX2CO+
20 4Ce x4 Cq3+4Cq i x3Cx+4Cqix2C, 2 0.094 (2)

wherein Cy 18 a transition metal content in atom%, Cq is a

silicon content in atom%, Cy is a nitrogen content in atom%

and Cp is an oxygen content in atom$%, except for an outermost
25 surface reglon extending from the film surface remote from

the substrate to a depth of 10 nm.

8. The blank ¢f claim 7 wherein the transition metal is
molybdenum.

30
9, The blank of c¢laim 7 or 8 wherein the transparent

substrate is a silicon oxide substrate, and an etching

e 7



substrate is a silicon oxide substrate, and an etching selectivity ratio of at least 4 is established
between the optical film and the silicon oxide substrate. 7. A photomask blank from which a
photomask is prepared, 5 wherein the photomask is used in irradiating a pattern of light to a resist film
using ArF excimer laser light as the light source, and the photomask may be irradiated with ArF
excimer laser light in a cumulative dose of at least 10 kJ/cm2, said photomask blank comprising a
transparent 10 sufasteateianidan:woptical filn0f almaierial cemprsuiga sansitien metal, sikcon, and
nitrogen and/or oxygen, the.-transition metal having potentially a.valence of 6, the contents of
transition metal, giﬁ(%éﬁ,ar%it?%h%% gg}z& org%eﬁ% :fﬁelgpct)féla film 1F1T}13(-‘§ael:tfﬁn%tSi)th the formulae (1) 15and
(2): 6xCm/100 - 4xC51/100-0.89(1) 6CmMX3CN/(6CmMX6C0-6CMX4Cs1+6CmX3C0-6CmX2C01-
204Csix4Cs,+4C5,x3CN+4Cs,x2C0)0.094(2) wherein Cm is a transition metal content in atom%, Csi is
a silicon content in atom%, CN is a nitrogen content in atom% and Co is an oxygen content in atom%,
except for an outermost 25 surface region extending from the film surface remote from the substrate to
a depth of 10 nm. 8. The blank of claim 7 wherein the transition metal is molybdenum. 30 9. The
blank of claim 7 or 8 wherein the transparent substrate is a silicon oxide substrate, and an etching
selectivity ratio of at least 4 is established between the optical film and the silicon oxide substrate.
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